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ALGUNAS CARACTERISTICAS FISICAS Y COMPOSICION QUIMICA

— DE LA MANZANA DE MARANON (Anacardium occidentale 1.)" ]

A ORTIZ*
0 A ARGUELLO*

Some physical characteristics and chemical composition of the cashew apple
{Anacardium occidentale L. ) from different areas in Costa Rica are reported

Differences in physical characteristics are well marked compared with those in
chemical composition which are less detectable Apple and fruit from Trinidad variety

are bigger than for the local variety

Despite the obvious differences in external colowr, differences in chemical
coniposition between apples of the same variety were not observed Due to the high
conlent of ascorbic acid, the cashew apple must be considered a good source af

Vitamin C

Introduccion

tivado bdsicamente por su nuez y el aceite de su

cdscara, Wilson (10}, La importancia de un me-
jor aprovechamiento de la manzana (falso {ruto) ha
sido sefialada por Ohler {6}, v algunos productos de
elaboracién a nivel artesanal son descritos por Medina
(5) y Ohler (6)

E | marafion {Anacardivm occidentale 1.3 es cul-

En Costa Rica el procediniento de la nuez todavia
no ha superado el nivel artesanal y muy pocas canti-
dades de la manzana son aprovechadas en la elabora-
cidn de fermentos y pasa de marafién, Ortiz (7).

La informacidn disponible sobre la manzana es
escasa y proviene de otros paises, Lopez (4); Medina
(5). Este trabajo no pretende mostrar una carac-
terizacidn completa, sin embarpo, se espera que esta
sirva de base para un mejor aprovechamiento de
este recurso.

1 Recibide para publicacitn el 22 de abril de 1983,

* Centro de Investigaciones en Tecnologia de Alimentos
(CITA), Universidad de Costa Rica.

Materiales y métodos

las mediciones y anilisis fueron hechos en mara-
fion de fas variedades Trinidad v local, cuando el color
rojo y amarillo de la manzana estuvo completamente
desarroilado, {al y como se dispone en nuestro merca-
do. Las mediciones [fsicas se hicieron en 50 frutas de
cada tipo obtenidas aleatoriamente de lotes de 100 kg
procedentes de la region del Pacifico (1983).

Los datos de composicién quimica son resultado
de anilisis hechos en el CITA (1982). Se siguieron
los métodos recomendados por la AOAC (3) excepto
para azicares para el que se sipuid el método de
Gaines (2).

Resultados
Las observaciones de caracteristicas fisicas se pre-

sentan para las frutas rojas y amarillas por existir en-
tre estos mayor variacidn (Cuadros 1y 2).

Discusion y conclusiones

En general tanto el fruto como la manzuna de la
variedad Trinidad presentan dimensiones considerable-
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Cuadro . Caracteristicas fisicas* de la manzana marafion,
Fruta Variedad Trinidad.
— Rajo Amaritlo
X d.s, X d.5,
Ps Peso fruto g 1091 188 922 208
'aso manzana g 106 56 2731 9706 1692
Pidm. Superior
1, () cm 492 062 477 g 54
Manzana — e Dam. Inferior
(i) cm 4086 0.87 316 0.24
Longitud {§} cm 7.97 .97 791 074
o |
[\"J b Cuadro 2, Caracteristicas fisicas® de la manzanz marafion

Fig 1 Caracteristicas fisicas determinadas sobre la manza-
ny del maraiidn. ¢s = Didmetro superior (cm), ¢i =
Didmetro interior (em), L = Longitud {vm)

mente mayores que la variedad local; este hecho es de
gran importancia si se considera la produccion de
nuez, sin embargo, un aprovechamiente integral del
marafién deberd incluir fa manzana. Al respecto hay
que observar que esta {manzana) representa diez
veces el peso del frute para la variedad Trinidad y
cinco a seis veces para la variedad local {(Cuadros | y
2). Ademds las diferencias entre los pesos promedios
de frutos es aproximadamente 30% comparada con
las diferencias entre manzanas que es de 60%.

Las variaciones en composicidén guimica ne son
detectables considerando la sensibilidad de los mé-
todos utilizados; este resultado ha sido ya seflalado
por Lopez (4) quien enconird que las diferencias
entre las manzanas de diferente color se deben princi-
palmente al contenido de taninos.

Ei contenido de aziicar reductor y total, Gaines (2)
es muy similar en todos los casos por lo que se ha
reportado el valor de azicar total, Lutz y Takuo (1)
al trabajar con variedades brasileflas sefialan que casi
todo el azlicar presente es aziicar reductor.

Aunque analizado solamente para la variedad Trini-
dad el contenido de dcido ascorbico presenta un valor
relativamente alto (" 200 mg/100 g) dato también
sefialado por Lopez (4) y Medina (5) por lo que este
debe considerarse como una buena fuente de esta
vitamina

Cansiderando que la produccidn estimada de falso
fruto es de ~ 500 t/afio (8) solamente en la Zona
de Oroting, fa cual es sélo parcialmente aprovechada
y que existen planes para la sienbra de 3 000 ha (9),
se considera oportuno sefialar la necesidad de buscar
alternativas para un mejor aprovechamiento de este
recurso. Se espera que la informacion aqui presen-
tada contribuya a este propésito.

Variedad Jocal.

Rojo Amarillo

X d.s. X ds.
Peso fruto g 6 47 111 700 197
Peso manzuana g 3355 8.36 44 77 7.53
Didm Superior
(s em 3.52 ¢« 052 409 030
Diam Inferior
(g cm 266 {124 292 (122
Longitud (L) em 418 358 457 039

#*  Ver Figura 1.

Cuadro 3. Composicidn quimica {50 )} de la manzana de mara-

Aon*,
Variedad

1 rinidag! Local® Locat®
Humedad 88.10 8700 88.00
Proteina 1.50 1.00 100
Fibra G B8O 1.20 1.20
Grasu 010 g1c (30
Ceniza 0123 0.20 0.20
Azidcar (total) 720 690 706
Acidez {45 0.40 0.40
pH 4.00 400 400
®Brix 1609 9.50 10 00
Vitamina C* 205 50 - -

¥ Promedio plobal de faisos frutos rojos y amarillos para

cada variedad.

Procedente de Cébano, Puntarenas

Procedente de San Mateo, Alajuela

Procedente de Quepos, Puniarenas.

mg/100 g

Proteina: Nx6.25/ Grasa: Ext. éter petrdleo/ Acidez: do
milico

o )
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Resumen

Se presentan algunas caracteristicas [isicas y qui-
micas de la manzana del marafion (drnacerdium occi-
dentale 1) de diferenies zonas de Costa Rica. Las ma-
yores diferencias se observan en las caracteristicas
fisicas Las manzanas v la frutaenla variedad Trinidad
soirl dos o tres veces mayores que en la variedad local.

No obstante las obviss diferencias en coloracién
externa, no se observan diferencias en composicién
quimica entre los falsos {rutos de 1a misma variedad.
El contenido de dcido ascorbico es relativamente alto,
lo que representa una buenz fuente de Vitamina C.

Literatura citada

1. BERNHARDT, L. W.; HASHIZUME, T. Proces-
samiento: produtos, caracterizagio e utilizagio.
In Medina, I L. et al. Caju. Brasil. Instituto
Tropicais 4:89-148. 1978

2

. GAINES, T. P. Automated determination of
reducing sugars, total sugars and starch in
plant tissue from one weight sample Journai
of the AQAC 56(6):1 419-1 424, 1973

3 HORWITZ, W. Official methods of analysis of
the Association of Official Analytical
Chemists. 13th ed. Washington, D. C,
AQAC.ed 1980, 1 018 p.

4,

LOPEZ, H. C. Composigio quimica e aproveita-
mento da pera de caju de mogambigue.
Apgronomia  Mocambicana 6(2):119-131.
1972,

MEDRINA, J. C ¢ gl Caju. Brasil. Instituto de
Tecnologia de Alimentos Serie Frutas Tro-
picais 4. 1978, 178 p.

. OHLER, 1 G. Cashew. Communication Dept

ol Agricultural Research. Amsterdam, 1979,
260 p.

. ORTIZ, A. 1.; COOKE, R. D; QUIROS, R. The

processing of a date-like caramel from
cashew apple. Tropical Science. 24(1):29-38.
1982

MINISTERIO DE INDUSTRIA Y COMERCIO
{OSPI). Estudio de factibilidad planta pro-
cesadora de marafion, mango, tamarindo,
papaya, guayaba y tomate en Orotina.
San José. 1980, 101 p.

MINISTERIO DE INDUSTRIA Y COMERCIO
(SEPSEIC) Los diez proyectos agroindus-
triales prioritarios para el desarrollo agro-
industrial de Costa Rica. San José. 1981,

. WILSON, R. I. The market for cashew-nut kerne!

and cashew nut shell fiquid. Rep. Trop.
Prod. Inst. G91. 1975, 120 p.

Turrialba Vol. 35, No. 1, 1985, pp. 1-3



4 TURRIALBA: VOL. 35, NUM {, TRIMESTRE ENERO-MARZO 1985

Resena de libros

INTERNATIONAL RICE RESEARCH INSTITUTE.
Potential productivity of field crops under dif-
ferent environments Simposio realizado del 22 al
26 de setiembre, 1980 en Los Bafios, Filipinas
1983.526 p

En un esfuerzo por mejorar la situacion de los agri-
cultores, el IRRI {Instituto Internacional de Investi-
pacién en Arroz) organizd en setiembre de 1980 un
Simposio sobre el Potencial de Produccion de los Cul-
tivos en Diferentes Medios Ambientales. El texto
retne los trabajos presentados en esta reunion en la
que ecofisidlogos, especialistas por cultivo, discuten el
rendimiento mdximo alcanzado por las plantas y Ia
contribucion de los factores fisiclégicos de la produe-
cién al proceso

La obra se divide en cuatro secciones con 26 traba-
jos. Bajo el titulo de Conceptos Bdsicos, Medio Fisico
y Produccidn de Cultivos, se agrupan los capitulos de
iy clima, ii) el suelo como base para estimar la pro-
ductividad, i) bioenergia destinada al crecimiento de
las semillas, iv) las frutas y los tejidos de almacena-
miento, v) aspectos fisiologicos de la produccion de
cultivos y vi) logros y dificultades en el mejoramiento
genético de cultives tropicales.

La segunda seccidn, titulada Crecimiento y Rendi-
miento de los Cultivos, incluye trabajos sobre arroz,
trigo, maiz, sorgo, soya, [rijol comuin, rabiza, garban-

zo-gandul-mani, papa, camote-fame, yuca, cafia de
azlcar, paima aceitera y otros cultivos tropicales ar-
borescentes La mayoria de la informacion presentada
se refiere a aspectos fisiolégicos del crecimiento sin
considerar otras limitantes agrondmicas como control
de malezas, incidencia de enfermedades y plagas, etc.

El efecto de diferentes ambientes sobre el poten-
cial de produccion de los cultivos se analiza en la ter-
cera seccién. Se comparan los potenciales de zonas
temnpladas y tropicales, sistemas intensivos y extensi-
vos y la experimentacidn a largo plazo como una al-
ternativa para estudiar en forma sisterndtica el comn-
portamiento de los cultivos en diferentes medios de
produccion

La titima seccion trata sobre aumentos de produc-
¢ién como resultado de aplicar diferentes sistemas de
cultivo. Se mencionan [z optimizacion de la produc-
cion en los trépicos secos, los sistemas de produccidn
con bajos y altos insumos ¥ el crecimiento actual de
los sistemas de agricultura migratoria.

La calidad de los expositores hace imposible dis-
cutir por separado los 26 trabajos incluidos en la
obra, sin pecar de erudito o de ignorante La opinidn
del revisor es que el libro es excelente, una vez que
representa una actualizacién poco usual en aspectos
fisioldgicos de los cultivos, y refine el pensamiento
de las principales corrientes de investipacion al pre-
sente Se recomienda el libro a fsidlogos vegetales,
estudiantes de agronomia y biclogia v planificadores
con base agrondmica

ALFREDO ALVARADO
FACULTAD DE AGRONOMIA
UNIVERSIDAD DE COSTA RICA



FOLIAGE AND ROOT PRODUCTION OF FIELD--GROWN CASSAVA CULTIVARS

Tres cultivares de yuca (M Col

AS AFFECTED BY PLANT AGE!/

G GOMEZ*
M VALDIVIESO**

M Col 1684 y el hibrido CM 342-]1 70] fueron

evaluados por su produccion de follaje fhojas, pecrolos y tallos verdes) y raices, ast
como de tallos, a través del pertado comprendido entre los 6 y los 12 meses de edud de
tay plantas. El rendimiento del follaje fue afectado por las condiciones climdticas y por
la edad de la planta, disminuyo progresivamente en todos los cultivares desde el 6° has-
ta el 10° mes de edad de la planta, periodo en el cual la precipitacion disminuyo y la
temperatura ambiental aumenté El rendimiento de follaje del cultivar M Col 1684 fue
menar que el de los otros dos cultivares; a los 10 ineses de edad de la planta, el peso
fresco del follaje de M Cal 1684 fue de 1.3 t/ha comparado con 4 tiha para los otros
dos cultivares, La produccion de raices mostrd una tendencia a aumentar con la edad
de la planta. Se presenta nformacion sobre las proporciones relativas de los rendi-
mientos de follaje, tallos y ratces en relacion al peso fresco toral de la planta, asi
come los cambios en el contenido de materia seca de estas partes de la planta.

Introduction

assava (Manihot esculenta Craniz) is the most

important tropical root crop, cultivated mainly

for its roots, which are consumed in 2 wide
variety of food products (16). Howeves, the potential
use of cassava leaves as a protein-rich vegetable for
human nutrition has attracted a great deal of atten-
tion (1, 2, 3, 13, 20, 21, 24) while both the leaves
and the foliage have been sugpested as animal {eeds
(6,8, 18, 22},

1 Received for publication in Tuly 30, 1984,

Formerly, Head and Research Assistant, respectively,
of the Utilization Section of CIAT's Cassava Program
The authors are thankful to Dr. C. Wheatley and Ms
Cynthia Garver for their editing of the manuscript; to
Peborah de ks Caesta and Teresa Salcede for helping
in the laboratory analysis; and to Maruia Befarano and
Carmen Fuentes for stenographic work

* To whom correspondence should be addressed at:
Cenlro Agrondmico Tropical de Fnvestigacidn y Ense-
fianza, CATIE 7170, Turrialba, Costa Rica

ok Present address: Apartado Aéreo 70-22, Cali, Celombia

Leaf {4, 9) and loliage (leaf blades and petioles as
well as green stems) (14) yields differ among cassava
cuitivars and are also affected by plant age (4, 9) and
climatic conditions, especially temperature and
rainfafl (3). In 2 previous trial (9), fresh leaf produc-
tion of two cassava cultivars varied with plant age
and climatic conditions but, in general, it represented
around 4% to F1% of total plant fresh weight. Little
information is available on foliage production in
cassava cultivars and on the effect of plant age on
foliage yield of field-grown cassava,

The effect of plant age on dry matter distribution
and root yield has been reported (5, 19, 25) and
reviewed (12), but in most cases yields have been
estimated from @ limited number of plants (19, 25)
Although accessions from the cassava germplasm
collection at CIAT differ greatly in yielding ability,
several promising cultivars outyielded local culiivars

(7).

The present study evaluates foliage {leaves, peti-
oles and green stems), lignified stem and root yield of
three lield-grown cassava cuitivars, from the 6th to
the 12th month of plant age.

Turrialha Vol. 35, No. 1, 1985, pp. 5-10
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Materials and methods
1. Cassava growth conditions

Three cassava cultivars (cv. M Col 22, M Col 1684
and the hybrid €M 342.170) were planted at 1 x i m
spacing in adjacent fields, each of about 0.4 ha, at
CIAT, in Qctober 1981. M Col 1684 is a high-
cyanide-containing cultivar whereas the other two are
either low or intermediate in cyanide (7). Although
# local cuitivar {M Col 113) was also planted as a
control, a frequent high incidence of roiten roots
at the 8th and 10th months of plant age reduced root
yields considerably. Therefore, a complete set of
vield data for the local cultivar could not be collect-
ed. The information on foliage chemical composition
of the local cultivar was used for comparison with the
three cultivars of this study in another paper (10).

The soil had a pH range of 6.2 to 6.8, an available
phosphorus level of approximately 72 mg/kg (Bray
II) and, in general, good characteristics for cassava
production (15). The mean temperature during the
study period (October 1981-October 1982) was
23 7°C and the total rainfall during 12 months was
1196 mm with two dry periods (December-February
and June-August),

Before planting, cassava stakes were treated with
fungicides and insecticides to insure good germination
and healthy growth (17). Ficlds were kept weed [ree
and two applications, one of Dipterex and the other
of Sistemin, were performed at two and three months
of plant age to control cassava hornworms (Erynnys
¢llo) and thrips, respectively (17).

2. Measurements

Every two months, starting in Aprit 1982 (6
months of plant age) and ending in October 1982
(12 months), five arcas of 130 m® each, of each
cultivar, were harvested. Foliage {leaves, petioles and
green stems), older lignified stems as well as stumps
(original planting piece} and roots were separately
welghed in the field. The stump comprised the lower
portion of the lignified stem, up to a height of ap-
proximately 30 cm above ground level, and the
underground portion to which roots were attached.
The dry matter (DM) content of foliage, stem and
stump was determined by drying a known quanfity
of cach milled plant part to constant weight at
60°C. Samples of whole roots were also taken for DM
determination by the specific gravity method (11)
The analysis of variance method was used for statis-
tical analysis of the data (23).

Results

Figurc 1 shows the yield of fresh {oliage of the
three cassava cultivars between plant ages 6 to 12
months as well as the moenthly rainfall distribution
and mean ambient temperature recorded throughout
the study peried. In all three cultivars, foliage weight
declined progressively from the 6th to the 10th
month of plant age, during which time a decrease in
rainfall and an increase in ambient temperature were
recorded. Although foliage yield at the 12th month
of plant age was similar (P > 005) for all three
cultivars, M Col 1684 produced less foliage (P < 0.05)
than the other two cultivars at other ages; at 10
months it had a significantly lower (P < 0.05) foliage
yield of 1.3 t/ha compared to 4 t/ha produced by the
ather two cultivars.

Production of lignified stems, including the
stumps, did not follow & consistent trend {Figure 2)
but ¢v. M Col 1684 produced the lowest (P < 0.05)
stem vields 2t 6 and 8 months of plant age; part of
these differences could be due to the cultivar's
branching habit {(19). Root production, on the other

o MCol 22

e CM 342 170

+ M Co! 1684

o
T

Frash toliage (/hot

i Fianting

o i i i i 1
@ Biant oge {mosths) & 3] 0 12
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Fig. 1. Meteotological conditions (monthly rainfall
and mean air temperaiure  ————— y and fresh
folisge vield of thiee caossava cuitivars belween
plant ages 6 to 12 months Shaded columns
represent the plasting and the four sampling periods
Each value in this and the other figures is the mean
of five samples {total number of plants growsn in
130 m* plots each) * SEM.
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hand, tended to increase with plant age. Root produc-
tion of M Col 22 and CM 342-170 outyielded
(P < 0.05) that of M Col 1684 throughout the entire
study period except 2t 12 months when all three
cuitivars yielded stmilarly (P > 0.05} (Figare 2)

© M Col 22
10 o CM 342170
A 1 Col 16584

Slems + stumps Rools

20+

Fresh weigh (t/ha}

Plant age {smoriths)

Fig 2 Stem + stumps and root production ol three cassava
cultivars at four plant ages

Considerable variations, as evidenced by the large
standard error of the means (Figures 1 and 2), were
observed among the measure areas at each sampling
date. The relative proportions of harvested plants
to the initial number of planted stakes was slightly
lower for cv. M Col 1684 than for the other cultivars
{95 * 3% vs. 97 + 2% , respectively). Yield data are
expressed as the production per planted area and
therefore, were not corrected for the slight differ-
ences among the number of harvested plants at each
sampling date.

Conversion of the absolute fresh weight of [oliage,
stems and roots to their relative proportions in the
total plant weight allows a construction of more
consistent trends of growth changes of those plant
parts as aflected by cultivar and plant age (Figure 3).
Foliage weight at 6 months representied at least
20% (25% for M Col 22} of total fresh plant weight
and decreased progressively to around 10% for M Col
22 and CM 342-170 and 4% for M Col 1684 by the
10th month of plant age. Due to the onset of rains
after the [0th month, folisge yield at 12 months
represented from 10 {o 12% of total plant weight in
the three cultivars. Total stem yield was in the range
of 35 to 40% of plant weight, whereas the relative

M Cot 22 M Col 1684 CM 342-170
60} - -

5 .
Q. e Roots /
E 5G+ “ -
5 |
[
2
R - T
2 a0k L L
8
G A Stemn + stump -
{0 ke
g 30r L 3
B
c
A=}
=
& 20 + - -~
[
g
o
2
= . N 2
< or Foliage
o

Ll 1 3 ! { 1 { i 1 i l

O 8 8 10 2 0 6 10 2 0 & 8 10 12

Plant age {months)

Fig 3 Relative propertions, on fresh weight basis, of {oliage; stem + stumps; and roots to total plant weight of three cassava cullivars

as aflecled by plant age
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proportion of fresh root weight increased from 6
to 8 months and thereafter it remained at around
50% of total {resh plant weight (Figure 3)

Figure 4 presents the DM content of foliage.
stems, stumps and roots of the three cassava cultivars
from 6 to 12 months of plant age The DM content
in cassava foliage increased as foliage production
decreased. thus at 10 months foliage of M Col 1684
had the highest (P < 0.05) DM of around 34%_ Most
of the DM values in {olinge were in the range of 25
to 30% (Figure 4a) The stems of M Col 22 and CM
342170, which had similar (P > 0.05) DM contents
{range: 20-30% ), were consistently lower (P <0 035}
than that of M Col 1684 stems {25.35% ) throughout
the entire period (Figure 4b). The DM content of
stumps were in the range of 35 to 40% (Figure 4c)
and the differences among the three cultivars were
not significant (P > Q 05)

The DM content of whole roots of M Col 1684
was consistently lower (P < 005) than those of the
other two cultivars (Figure 4d} The DM content of
roots increased from the 6ih to the 8th month of
plant age to remain almost constant until the 10th
month incv M Col 22 and M Col 1684 and decreased
therealter: the root DM content of the hybrid CM
342-170 declined progressively from the 8th to the
12 month of plant age, at levels between those of the
other two cuitivars {Figure 4d)

ghe {n} Foliage {b) S1ems

il

20 - o o M Cal 22

4 o (M 342 176

a4 - A M Col 1684

Ory matier g/ 100 gl

ELN

30+

e} Stumps

. . , .
g B 0 2 0 6 # 0 12
Plom age {months)

Fig 4  Dry matter content of Folisge (1), stems (b, stumps
{c} and roots {d) of three cassuva cultivars at four
plant ages.

Discussion

The results obtained in this study showed that
cassava f[oliage (leaves, petioles and green stems)
production  was similarly affected by climatic
conditions and by plant age in each cassava cultivar
evaluated. but remarkable differences in actual foliage
yield were found among the three cultivars; the
results confirm those previously reported when leaves
(4, 53, rather than foliage, were measured. The exami-
nation of folizge and root yields suggests that a
cultivar, such as the hybrid CM 342-170, having a
persistent foliage production that could resist drought
periods {low rainfall and high ambient temperature)
supports an almost continuously increasing root
production

Under the experimental conditions of this study,
the optimum harvest time for both root and foliage
yield appears to be as carly a8 8 months of plant age
for M Col 22 and CM 342.17C and as late as one year
far M Col 1684

The potential use of cassava {oliage is becoming
incressingly important due to the develepment of
agroindustrial cassava production. especially for the
animal feed market. This scale of production nor-
mally implies an expansion in the area planted with
cassava, thus increasing the amount of foliage
produced as a crop byproduct. Fresh {oliage produc-
tion of around 4 to 3 t/ha, with a DM content in the
range of 25% to 30% , could be obtained. Another
paper {10) describes several parameters related to the
nutritional value of cassava faliage.

Summary

Three cassava cultivars (M Col 22, M Col 1684 and
the hybrid CM 342.170} were evaluated for [oliage
{leaves, petioles and green stems) and roat produc-
tion, as well as stem vyield, throughout the period
from the 6th to the 12th month of plan: age. Foliage
yield was affected by climatic conditions and by
plant age: it declined progressively in all cultivars
from the 6th to the 10th month of plant age, during
which time a decrease in rainfall and an increase in
ambient temperature were recorded. Foliage yield
of cv. M Col 1684 was lower than that of the other
two cuitivars; at 10 months of plant age, the fresh
foliage yield of M Col 1684 was 1 3 t/ha as compared
to 4 t/ha for the other two cuiltivars. Stem yield of
M Col 1684 was also the lowest at & and 8 months
of plant age. Root production tended to increase
with plani age Data are presented on the relative
proportions of foliage, stems and root yield to the
total fresh plant weight as well as changes in the DM
content of these parts of the plant.
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Notas y comentarios

Ricardo Bressani, Premio Mundia! ** Albert Einstein™

El Dr. Ricardo Bressani, ilustre cientifico guatemal-
teco, y prominente funcionario del Instituto de Nutri-
ciéon de Centro América y Panamd (INCAP), fue hon-
racdo en 1984 con el Premio Mundial de Ciencias.
“Albert Einstein”, otorgado por el Consejo Culiural
Mundial, con sede en Monteriey, México Se reconoce
asi su valiosa labor en el estudio del valor nutritivo de
los zlimentos de este continente, que iniciara hace
unoes 30 aflos con ia publicacién de las tablas de valor

25 WHOLEY, D W. and BOOTH, R. H. Influence
of variety and planting density on starch
gccwmulation in cassava roots Journal of
the Science of Food and Agriculture 30:165-
170 1979

nutritive de los alimentos de la regidn y dirigiendo y
colaborando en investigaciones en tormo a la nutrie
¢ion de lo poblacién de los trdpicos.

Su labor contribuyo al solido prestigio del INCAP,
junto con fa desarroflada por los fundadores de ese
instituio. Colaborador de la revista Turrialba, en iz
que ha publicado varias de sus investigaciones, el Dr.
Bressani es autor vy co-autor de mds de 450 publica-
ciones y ha escrito capitulos enteros de libros cienti-
ficos. Ha sido honrado con otros galardones y con
nombramientos 1 comisiones, paneles, cuerpos edi-
toriales y programas internacionales sobre nutricidn
humana, animal v tecnologia de alimentos. Turrial-
ba se complace en felicitarlo y en compartir la satis-
faccién que hoy sienten sus colegas vy amigos.
Adaiberto Gorbitz.



A NEW LOOK AT THE FORESTS OF PUERTO RICO'/

F H WADSWORTH*
R A BIRDSEY*

Un inventario reciente de los bosques secundarios en terrenos potenciales para la
produccion de madera en Puerto Rico, indica que casi fa mitad de ellos (52 000 ha) va
contienen, sin senthrarlos, una nueva cosecha potencial de drboles de 21 especies ma-
derables De estas especies estos bosques contienen por lo menos 100 drbolesfha de
12.5 hasta 275 con dap ¢ 250/ha de 2.5 hasta 12.5 em dap, De hecho contienen un
promedio mucho mds alto, de 176/ha de la clase mavor a 725/ha de la clase menor.
Este acontecintiento reduce a la mitad del drea a sembrarse 1o que plantea nuevas
interrogaites para investigarse. ;Como se regenerd este numero ten alto de drboles?
JSiguen este proceso los otros bosques secundarios? ;Cudn rdpido crecen estos drbo-
les? ;Responderian al tratamiento silvicultwral? ;Podria ser su produccion economi-

cameinte viable?

Introduction

ductive forests in Puerte Rico. Consumption of

wood and wood products on the island continues
to rise, yet with few exceptions they are bought from
elsewhere, already produced, processed, and pack-
aged. The Puerto Rican consumer thus provides
employment for possibly 20 000 workers elsewhere
and in addition pays for leng-haul transportation of
commodities that are bulky and heavy. Each year
their cost is nearly hatl a billion doflars

I t is time [or a new look at the potential {or pro-

While traditional outside sources of wood are
{acing future shortages (U S Forest Service 5),
large areas no lenger farmed in Puerto Rico have
reverted naturally to forest. Although the harvesting
of wood from Puerto Rico's forests is negligible and
by some is considered environmentally undesirable
it is time for a rational assessment of the potential
of local forests to meet prospective wood require-
ments

I Received {or publication on 9 Becember, 1983
The authors express appreciztion to Dr. Peter G Murphy
ol Michigan State University and to Dr Jack Cwel of the
University of Florida for reviews leading to improvements
in the manuscript.

* U8 Department of Agriculture Room T-16210 701
Loyola Avenue, 70113, New Orleans, USA

About 90 percent of Puerto Rico’s wood con-
sumption is in construction materials and pulp and
paper products that utilize primarily the high
strength/weight ratic of wood. These products
require lrees with straight trunks, 20-40 cm in diam-
eter, which produce strong wood or long, light-color-
ed fibers,

Other wood products, including [lurniture and
cabinetwork, paneis, turnery, art work, and musical
instruments, are more demanding but worth the dif-
ference. They reguire trees large enough to produce
wide boards, high proportions of heartwood, and.
above all, woods that are workable and at{ractive.

Wood energy might also come from forests in
Puerto Rico. However, fuelwood is expected to
remain much less remunerative than sawtimber or
pulpwood, and so might appear only as a by-product.
As such, its sustzinable production would contribute
insignificantly toward meeting island-wide energy
requirements at the level foreseen for present crop
maturity (Wadsworth, 7). Wood residues from the
forest and from processing could, nevertheless, con-
tribute substantially toward energy-sufficiency of at
least {orest industries.

Land for Timber Production

Puerto Rico's most productive soils clearly are
needed for food and forage, including coffee and

Turrialba Vol. 35, No. 1, 1985, pp. 11-17



12

Z TURRIALBA: VOL 35, NUM. |, TRIMESTRE ENERO-MARZO 1985

tree fruits. The next decade’s prospective markets
for tood and forage could be met with appropriate
modern production technology on 350000 ha
within  Puerto  Rico {Vicente, 6) Foresceable
residential, industrial, commercial, and transporta-
tion infrastructure will occupy another 120 000 ha.
These uses account for half of the island.

Of the other half, most has been cropped repeat-
edly and abandoned as submarginal for agriculture.
About half of it, some 220 000 ha, is too rainy, dry,
steep, rocky, or swampy for commercizl wood pro-
duction. This area, about one quarter of the island
and including all remaining virgin forests, would be
most beneficial if left natural indefinitely. Native
forests already cover and protect most of this area
The remaining lands, sbout 200000 ha in the
northern foothilis and slopes of the Cordillera, are
approprizte for wood crops and so comprise Puertlo
Rico's potential timbezriands

Timber Plantations

Construction sawtimber and pulpwood are re-
quired in quantities that necessarily involve high
energy costs for transportation from stump to
consumer. Local production, to be cost effective,
would have to be concentrated in rapid-growing
plantations with processing facilities nearby . About
100 000 ha, half of the potential timbertand, would
be required to supply Puerto Rico's predicted prod-
uet demand at the earliest probable harvest daie
Where practical, timber plantations should be
established on jands now unforested.

Native Secondary Forests

Puerto Rico's potentially commercial forests
are of two clusses. More than half are volunteer
stands that regenerated on abandoned cultivated or
pastured areas. The remainder is abandoned coffee
ptantations. These, depending on the period of
abandonment, contain coffee and shade trees more or
less invaded by secondary forest species (Weaver and
Birdsey, 8).

These forests are the only remaining potential
source of wood from those native tree species that
once provided innumerable useful products Because
of the continuing nced for such products, these
forests could have multiple potentiais

The Forest Survey
Puerto Rico’s potentially productive timberlands

were surveyed by the Forest Service in 1980 (Birdsey
and Weaver, ). The island was stratified to focus

on regions with commercial forest potential. Exched-
ed were the prime agricultural lands of the northern
coast and interior valleys and the dry southern coast.
The highest mountain regions were also excluded due
10 extreme rainfall or siopes above 60 percent. These
watershed forests are too susceptibie to deterioration
{or intensive timber production. The survey covered
a gross area of 436 600 hectares, enclosing the
200 Q00 ha of potential timberlands,

An initial estimate of current forest area was made
from a dot-count on 1:20 000 aerial photographs.
Field sample locations at the intersection of a grid of
tines spaced 3 kilometers apart were selected on U S
Geological Survey topographic maps and transferred
to the photos The estimates of forest area obtained
from the dot-count were adjusted according to a
ground check of land use ot each sample location.
Data on species composition and timber volume were
obtained from permanent sample plots established
at all forested sample locations. A detailed site
description was made for each forested location.

Forest Cover

Nearly half of the potential timbertand is forested
{Taple 1). More than 45 percent of the potential
timberiand is used agriculturally, and another 6 per-
cent has been recently abandoned These unforested
areas should be the easiest to plant with timber trees.
However, the compelling economics of concentrated
siting near transpertation and processing facilities
means that plantations might be destined for well

Table 1, Potential timberland by current cover.

Cover Area 935 percent
confidence
fimits
1000 ha
Forest:
Volunteer forest 592 26
Abandoned coffee shade 318.2 21
974 £33
Nonforest:
Abandoned farmland! 117 bl
Cropland and pasture1 90.9 31
102.6 k33
Total 2000

1 Noastoeked forest land.

2 Includes some active coffee plantations



WADSWORTH, BIRDSEY: FOREST OF PUERTO RICO 13

located areas that are already forested. To avoid
needless sacrifice of any of these forests that may
already be adequately stocked with timber species,
careful assessment of each is required

Sites

The classification of the timberlands by bropd
elevation and slope appears in Table 2 Elevation is
critical to forest composition. many of the (ree
species being unequally distributed through the eleva-
tion range. Siope is significant to watershed values
and the need for precautions in tree harvesting.
More than half of the timberland is between 45 and
60 percent.

The rainfall and physical soil properties of forested
timberlands are summarized in Table 3. The 2 m
annual isohyet separates the Subtropical Moist Forest
and Wet Forest Life Zones (Holdridge. 3). Three
of the four general soil types are derived from vol-
canic products. The deep clays are ultisols derived
generally {rom basaltic extrusives. The shallow clay
soils are inceptisols, tuffaceous in origin The sandy
loams are also inceptisols but derived from granitic
intrusives. The limestone soils are mollisols of variable
depth derived from tertiary sediments. Deep ciays are
the most widespread soils, particularly in the Sub-
tropical Wet Forest Life Zone In contrast, most of
the shallow clay and limestone soils are in the Sub-
tropical Moist Forest Life Zone The data show 54
percent of areas as Wet Forest,

Stocking

Prospective timber yields depend on the quality,
size, and number of the trees that compose the forest
Quality potential is defined fundamentally by species
Among Puerto Rico’s common trees at least 21
species are capabie of yielding products that will be
required in addition to the lumber, poles, and
cellulose from plantations. These species and their
uses (Longwood, 4} are listed in Table 4

Table 2. Elevation and slope of forested timberiand.

Elevation Slope (%) Total
(m) 025 2645 45+
Percent
(200 11 11 14 36
201400 4 : 16 23
401--600 2 3 11 16
600+ 3 18 25
TOTAL 20 21 59 100

Table 3. Soils and rainfall on forested timberland.

Soil group Annual rainfall

Less than More than Total
2Zm 2m

Percent
Yolcanic soils

BDeep clays 7 39 46
Shaliow clays 16 7 23
Sandy loams 7 7 14

Sedimentary soils
Limestone 16 1 17

Tota 46 54 100

Trees of these species must attain 30 to 60 cm
diameter at breast height (dbh) to yield their most
useful products. They must also form a crop that
can all be harvested at the same time, because partial
fellings damage residual trees

At full stocking a mature crop of timber has a
continuous canopy of tree crowns large enough to
produce rapid stem growth. For most Puerto Rican
trees this crown diameter must be aboui 20 times the
stem dizmeter at breast height. If at maturity the
trees average 40 cm dbh, a {uily stocked stand would
contain 200 trees per hectare with a basal area of
25 m?

The common impression that Puerto Rico’s {orests
are nof generally ready for harvesting was con{irmed
by the survey. The basal arep of timber species
averages only 43 m? per hectare, or less than 20 per-
cent of full stocking at maturity. In expectation of
this finding the survey assessed immature trees suit-
able for future crops

The larger trees in an immature crop are more
valuable and worthy ol culture because they are
nearly ready to harvest. The survey data suggested
that the largest diameter range likely to contain
adequate crops of immature timber trees would be
from 12,5 10 27.5 cm, or pole-sized trees

For fuil stocking, a pole-sized crop requires more
trees than a mature crop to compensate for antjcipat-
ed mortality. The survival record of protected and
tended crop trees elsewhere suggests that an allow-
ance for 20 percent tree loss should suffice (Dawkins,
2) So at least 250 pole-sized Lrees of timber species
per hectare are required for full stocking.

Turriatba Vol. 35, No. 1, 1985, pp. 11-17
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{able 4. Common timber species in natural timberland forests.

Scientific name

Common name

Highest use!

Andira inermis (W Wright) H B K.
Auchenavia capitata (Vahl) Lichl
Buctda buceras 1.

Byrsonina coriacea (SW.} DC
Calopiyllum calaba 1.

Cedrela odorata L

Cordig allicdora (Ruiz & Pav.} Oken
Dacryodes excelsa Vahi

Didyntopanax morgtotoni (Aubl ) D.+P.

Guarea guidoniag (1..) Sleumer
Hymenaea courbaril L

fuga fagifolia (1..) Willd.

Meliosma herbertii Roile
Micropholis chrysophylloides Pierre
M gareiniefolia Picrre

Necrandra spp.

Ormosia krugii Urban

Petitia domingensis Jacq.

Pouteria muldtiflora (A DC) Lyma
Spondias mombin 1.

Tabebuia heterophylla (DC)) Britton

Moca
Granadilio
Uear

Maricao
Muria

Cedro

Capa pricto
Tabonuco
Yagrumo macho
Guaraguao
Algarrobo
Guara
Aguacatilio
Caimitillo
Caimitillo verde
Laurel

Palo de matos
Capa blanco
Jacana

Jabo

Roble blanco

Turnery

Tumery

Jurnery
Cabinetwork
Cabinctwork
Cabinetwork
Cabinetwork
Cabinetwork
Plywood, matches
Cabinetwork
Turncry
Cabinetwork
Millwork
Cabinetwork
Turnery
Mitlwork, novelties
Millwork

Turnery

Turnery

Plywocod, mutches
Cuabinetwork

1 From Longwood (4)

Crops of pole-sized trees need not be fully stocked

to be worthy of protection and management rather
than conversion to plantations. Poles are nearly half
grown sawiimber. The conversion of pole stands to
plantations would mean their sacrifice in addition
to the costly process of land clearing. This cost would
not be required on the currently large area of cleared
and idle land. For these reasons, pole crops only
40 percent stocked, that is, with at least 100 pole-
sized timber trees per hectare, were assumed o be
“adequately” stocked. The survey showed that
23 600 hectares of the forests in Puerto Rico’s
timberlands meet this standard (Table 5).

Forests less than adequately stocked with pole-
sized timber trees may still be worthy of protection
and culture i adequately stocked with saplings of
good species between 2.5 and 12.5 cm dbh. These
smaller trees face a greater risk of damage or
mortality before they can be harvested. An allowance
of 60 percent for such losses means that full stocking
requires 500 saplings of timber species per hectare.
Then, assuming that 50 percent sapling stocking is
sufficient to eliminate the need for plantation
establishment, 250 saplings of timber species per

hectare were considered “‘adequate”™. The survey
showed that, in addition o the adequately stocked
pole stands, Puerto Rico's timberlands also bear

28 000 hectares with adequate sapling stocking
{Table 5).

Table 5, Area of adequately stocked! forests by timber
stand size and forest class.

Timber Volunteer Abandoned TFotal 95 percent
stand size forests  coffee shade confidence
limits
1 000 ha
Polctimber? 112 124 26 %17
Sapling? 21.1 6.9 280 1.8
Total 323 193 516 +25

1 Adequate timber stocking for poletimber stand is 100
trees/ha, and for sapling stands, 250 trees/ha

)

Poletimber trees range from 12.5 to 27.5 ¢cm dbh,

3 Saplings range from 2.5 to 12.5 cm dbh.
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Adequately stocked stands surveyed average well
sbove these minimum standards (Table 6). PPole crops
average 76 trees per hectare instead of 100. or 70
percent of full stocking. The average tree in the pole
crop has a diameter of 183 cm, well above the
minimum of 125 ¢m. The sapling crops average
725 trees per hectare instead of the 250 for adequate
stocking, nearly 50 percent above fufl stocking The
250 largest saplings per hectare average 7.7 cm dbh.
whereas the mininmuim requirement is only 2.5 em.

Table 6. Actual stocking of adequately stocked forests.

Timber Timber species stocking
stand size

Minimem  Average Minimum  Average

Trees/ha . Mecan dbh (em) ___
Poletimber 100 176 125 183
Saplings 250 725 25 524

a Increases to 7.7 for 250 largest timber saplings per hectare

All 2§ timber species are represented in these
adequately stocked forests, the most common being
guaraguao®, roble blanco, and moca (Table 7). In
addition 1o these timber species, the survey recorded
168 other tree species.

Table 7. Composition of adequately stocked forests,

Proportion of ail timber trees'

Species Poletimber stands  Sapling stands
Percent
Capa pricto 3 3
Guamu 13 4
Guaraguao 15 21
Maria 3 3
Moca 16 18
Roble dlanco 10 37
Yagrumo mache 11 1
Other timber a1 27
Total 160 106

1 Timber species only of polesize in poletimber stands
and only of sapling-size in sapling stands

Management Implications

The major conclusion is that more than a guarter
of Puerto Rico’s potential timberland area and more

*  Common and scientific names are listed in Table 4.

than half of the existing forests within it (51 600 ha)
are already adequately stocked with timber species,

A second conclusion is that if adequate stocking
occurred naturally in half of the existing forests
without any special cultural treatment, it may soon
tuke place also in other understocked forests. All
that appears required is continued protlection and
exposure {o the action of birds, bats, and the wind.
In fact, the understocked stands already contained,
on the average, 77 saplings of timber species per
hectare, nearly one-third of adequate stocking.

A third conclusion is that natural regeneration has
greatly reduced the land area needing tree planting,
These forests already adequately stocked need only
liberation, a practice much less costly than planting.
Then i planting is concentrated first on unforested
areas, the understocked [orests may naturally atfain
adequate stocking in the meantime and thus not
require planting either. The asggregate saving in plant-
ing might evenlually total 100 000 hectares.

A fourth conclusion is that the adequately stocked
forests contain more trees than is desirable, including
many non-timber species. On the average, about
85 percent of the trees in these forests are in excess
of full stocking, occupying space needed by the
maturing timber crop. For accelerated growth the
crop trees must be liberated from such competition,
and the sooner this process begins, the sconer crop
miaturity will be reached,

A fifth conclusion concerns the diversity of these
forests. Most of the species recorded in the survey
(168 out of 189) are apparently of littie or no direct
economic interest, even polentially. Yet cach species,
including animals as well as plants, is a component of
an ecological web that may be critical 10 the health
of the forest and the sustainable productivity of the
site. Some minimuim level of forest diversity must be
preserved. All trees, regardless of species, not interfer-
ing with the crop trees should be retained As the
crop trees grow and require more space, however,
these other species will have to be thinned; theis total
disappearance can thus be delayed a maximum period
during which alternatives, if needed, may be [ound
through research. Selecting crop trees solely for ap-
parent value potential should also be resisted. Rather,
the mix of crop trees should include several timber
species of less value as well as those thought most
promising. Too little is known about the ecology
of these forests and {future markets for their products
to warrant selection of only a few species

Research implications

Notwithstanding the evidence supporting inten-
sified culture of Puerio Rico’s forests, a continuing
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need exists to strengihen the scientilic basis for
management, reduce costs, und fully assess all
consequences.  Appropriate inquiries for research
include the following:

1 How valid are the premises of this analysis? The
prediction of future forest products requirements, the
consequent selection of iree species and sizes at
maturity, and the standards selected for {ull and
zdequate stocking are all based on incomplete infor-
mation and estimates. This provisional basis for forest
management needs scientific scrutiny

2. Where, precisely, are the adequately stocked
forests? On the map (Figure 1) they sppear to be
widety distributed throughout the potential timber
producing area. Before they can be studied or treated,
however, their extenl and boundaries must be
mapped more precisely.

3. Can we accelerate the process of natural
restocking? Adjacent forests that contrast sharply
in stocking of timber species suggest thal studies of
sites and histories of treatment might suggest
practices that could sceelerate the regeneration of
potential crop trees.

4, How productive are untended adequately
stocked forests? Repeal-measurement tree snd crop
growth-rate benchmarks are necded for comparisons
of treatments.

5. What responses can be expected from silvi-
cultural treatment? Reduction in competition for
light, moisture, and nutrients can be expected to
stimulate crop increment Research must determine
the best type and intensity of treatment. and monitor
secondary effects on the ecosystem as a whele,
including the preservation of the productive quality
of the site.

o CURRENTLY INADEQUATE STOCKING
° ADEQUATE POLETIMBER STOCKING
* ADEQUATE SAPLING STOCKING
mnnga EXCLURED FRDOM (1960 SURVEY

Fig 1 Location and charseteristics of 1980 forest survey
plots

6. How well can secondary forests redeem invest-
ments in  their production? Before widespread
support for investments in largely privately-owned
secondary forests is likely there must be more evi-
dence of the returns from alternative land uses,
including timber plantations. Small-scale, efficient
wood processing systems need testing or developing.
Assessment of their relative social benefits should
clarily the management roles of the government and
private landowners.

Native secondary forests, an unrecognized op-
portunity

All local evidence indicates that maturally regen-
erated forests of native tree species will prove inca.
pable of producing usable wood yields at a rate
comparable to intensively managed plantations of
pine, eucalyptus, and other rapid-growing tree
species. However, there can be imporiant compensa-
tions. Productive native forests once grew and are
regppearing throughout the potentisl timberlands,
some ol which are too steep and inaccessible for
piantations Native woods are distinct and today
worth more per unit than are woods of locally
proven rapid-growing plantation species; in the
marketplace, they could also be supplemental rather
than competitive

The private landowner may prefer native forests
because of low stand establishment and maintenance
costs which result in less initial investment than
conversion to plaptation,

These conclusions and previous knowledge about
silviculture in Puerto Rico suggest that we stimulate
timber species growth in these adequately stocked
forests. Their silvicultural treatment as a part of rural
development should be environmentally acceptable,
and economically preferable to continued importa-
tion of all timber products

Summary

A 1980 inventory of the secondary forests on
lands of timber production potential in Puerto Rico
has shown that about half of them (52 000 ha) are
adequately stocked with poletimber or saplings of
timber species to produce a second crop whithout
artificial regeneration, Twenty-one timber species
were identified Adequate stocking catled for 100
trees/ha of poletimber size (12.5 to 275 cm dbh)
or 250 trees/ha of sapling size (2.5 to 125 cm dbh}.
The means for the adequately stocked areas were
much higher than these minima, 176 poletimber
tree/ha or 725 saplingsfha. This finding reduces
drastically the land area in need of trec planting
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It raises new questions {or research. How did this
stocking develop? Is it developing on additional
areas? How rapidly are these trees growing? How
well will they respond to silvicultural treatment?
Will this treatment prove economic?
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Resena de libros

Metodologia para obtener semilla de alta calidad:
Arroz, frijol, maiz, sorgo. CIAT, Cali, Colombia,
1984,

El problema de la escasez de semilla de alta calidad
para el cultivo comercial de arroz, {rijoles, maiz y
sorgo en la regidn centroamericana y caribefia es,
de acuerdo al criterio de politicos y experios en la
materiz, resultado de 1z falta de informacion detalla-
da sobre: 1) las caracteristicas varietales de los cub-
tivos, 2} las normas y requisitos que deben observar-
se durante la produceidn de sus semillas y 3) un méio-
do para describir adecuadamente los correspondientes
cultivares. Esta prave deficienciz motivé la publica-
cidén de la obra de referencia, por parte de dos insti-
tuciones internacionales y el Comité Técnico Regio-
nal de Semillas de América Central y el Caribe

“Metodologia para obtener semillas de alia cal-
dad: arroz. frijol, maiz. sorgo™ es una coleccion de
materias extraidas de varias fuentes bibliogrificas. El
trabajo editorial estuvo o cargo de las Unidades de
Semillas y de Apoyo en Comunicacion e Informa-
cion, del Centro Internacional de Agricultura Tropical
—CIAT—, con sede en Cali, Colombia

En el prologo nos dice que la obra ofrece orienta-
ciones o sugerencias de aplicacion prictica. adecuadas
a las condiciones agronomicas y culturales de América
Central y el Caribe, aunque se admite que aquéllas
son susceptibles de interpretacion al aplicarlas en dife-
rentes paises o sifuaciones particulzres. No obstante,
se espera que “contribuyan a unificar las normas y los
estindares que incrementen el uso de mcjores semillas
para bien de la agricultura regional” (ibid , p x)

Consideramos que un documento de esta naturale-
za y con objetivos tan bien delinidos, estd plenamenie
justificado. Por tanto, deberia tener muy buena acogi-
da entre fitomejoradores de los mencionados cultivos
y entre estudiantes avanzados de Agronomia y Biolo-
gia, pues el libro también es diddctico.

La primera parte es un refrescamiento de concep-
tos Gtiles para hacer una descripeién satisfactoria de
cualquier cultivar Desafortunadamente, y to decimos

con pesar, la traduccidn al espafiol es sumamente
deficiente. No se tiene gue ser muy hdbil en el mane-
jo de nuestra lengua materna nien redaccion técnica,
para descubrir la cantidad de errores que ahi existen;
algunos son muy elementales, como por ejemplo: la
repelicion de ideas y conceptos clisices cuya com-
prensién es fdcil hasta para técnicos de América
Central vy el Caribe (los destinatarios); el uso de voca-
blos incorrectes, como ‘“variedad”, “progenie’ y
“efectos”, en vez de cultivar, descendencia y factores
(con relacién a “progenie”, permitasenos recordar
que en espafiel significa CASTA, ASCENDENCIA, lo
que, obviamente, es opuesto a descendencia) Pero el
uso de frases innecesariamente largas es quizd el error
mis frecuente en todo ¢l libro: esto lo consideramos
perjudicial porque causa confusion en el lector Sin
dnimo de guerer sentar cdtedrz en Fitoiecnia, estima-
mos nuestra obligacidn consignar aqui que la repre-
sentacion de fenotipo (véase la p. 5) por medio de i
ignaldad F = G + A + GA. es discutible En efecto,
nosotlros consultamos tres fuentes bibliograficas re-
cientes y stempre encontramos la misma definicidn:
el fenotipo (F) es producte de la interaccion de la
conslitucion genética (G) det individuo, con el am-
biente (A} Asi, F = GA, de donde se deduce que las
contribuciones independientes del genoma y ei medio
que rodes al organismo, estin sobrando en la ecua-
cién de referencia Y asi debe ser, pues desde un pun-
to de vista biolégico es dificil comprender como un
ser vivo puede integrar (metabolicamente), unas veces
si y otras ne, herencia y ambiente

Las cuatro parles siguientes contienen explicacio-
nes y. con mucho detalle, instrucciones para efectuar
la toma de datos en los respectivos cultivos. Final-
mente, en la quinta parte se dan las guias y requisitos
para la produccién de las cuatro clases de semilla
Al ipual que en el resto del libro, aqui hubiera sido
agradable encontrar, ademds de la excelente informa-
cion téenica, mayor uniformidad de estilo tanto en
la redaccion del texto como en la confeccion de ta-
blas, mejor uso del espafiol y menos repeticiones, Sin-
ceramente esperamos que esas fallas editoriales sean
corregidas en una préxima edicién de “Metodologia
para obtener semiilas de calidad: arroz, frijol, maiz,
sorgo’, pues el documento es realmente Otil y nece-
sario

EDUARDO JIMENEZ SAENZ
ESCUELA DE BIOLOGIA
UNIVERSIDAD DE COSTA RICA



ASPECTOS SOBRE A FERMENTACAO DA FECULA DE MANDIOCA. 11T —

DETERMINACAO DOS ACIDOS ORGANICOS! /

M P CEREDA®
U de ALMEIDA LIMAT®

The objective of this work was to survey the actual conditions of the fermented
cassava starch industries in laboratory, under similar conditions to those wsed in com-
mercial production We determined six organic acids and the method used was an acid

silicic coltann chiromatography

The following organic acids were detennined in samples of both, commercial and
laboratory fermented cassava starch  propionic, butiric, acetic, formic. suceinic and

lactic in fighly varied quantities.

Introdugio

jém das aplicagdes normais na alimentaglo, a
Amandioca ¢ utilizada também em fermenta-

¢des para produgdo de acetona, butanol. etanol,
alicerina, bebidas alcodlicas. etc. como relatado na
literatura por (4. 5, 22},

Na maioria dos casos a fermentacfio se faz apds
sacarificagio do amido, durante a qual formam-se
por hidrélise agticares fermentesciveis {maltose e
glucose) (13). Na fabricacfio da “tigquira™, aguardente
obtida da mandioca descrita por Lima {i18), a sacari-
ficacio do amido ¢ realizada por enzimas de fungos
come Monilia citophila, Aspergilius niger e Penicillivm

1 Recebidopara publicago em 20 de decembro 1983
Realizado com auxilio da FAPLSP
Se agradece Sra Fitima Helena Lima Goldori, pelo au-
xilio prestado no elaboragio da Literature citada e
FAPESP, cujo auxilio tornou possivel a realizagdo do
presente trabaiha

*  Professora Assistente Doutora do Departamento de Tec-
nologin dos Produtos Agropecudrios da Faculdade
de Ciéncias Agronémicas —~ Campus de Botucatu
~UNESP. -5 P

*#%  Professor Titular do Departamento de Tecnelogia Rural
da Escola Superior de Agricuitura “Luiz de Queiroz™ -
Piracicaba ~ 5 P

purpurogent que crescem sobre a massa cozida de
mandioca ralada. Quando a sacarificagfo se completa,
a massa ¢ dilujda em dgua e submetida a uma fermen-
tagio natural, apds o que se procede a destilagio da
“tiquira™.

Outros tipos de alimentos sic obtidos sem hidro-
lise prévia da matériz prima. Nestes casos, como 2
fermentagdo é natural hd formacfio de diversos dcidos
orginicos.

No Brasili diversos sfio os produtos alimenticios
obtidos por este processo Albuguerque (1) e Malta
(20), citam o carimd, a farinha d’dgua, a mandioca
puba. Alguns destes produtos tem preparo semeihante
a0 do polvilho azedo. No preparo da “farinha ddgua”
as raizes sio submetidas 3 aglio de microrganismos da
flora ambiente Albuquerque (2}, supGe tratar-se de
uma “fermenta¢io péctica”, devido a flora de Clos-
tricium sp, que 4 ao produto seu sabor e odor carac-
teristico. O produto tem cheiro butirico acentuado

Segundo Silveira (24), o polvilhe azedo é produzi-
do do polvilho doce através de uma fermentagfio na-
tural. A Hteratura nio esclarece a natureza das fer-
mentagBes que ocorrem. Leme Junior (16) supGe
tratar-se de fermentacio acética, butirica ou l[dtica,
e talvez, mais de uma concomitantemente Gravatd
(12), em seu relato sobre o polvilho azedo ou carimd,
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propde que a flora bacteriana ocorrente na {ermenta-
¢io desenvolve-se a custas dos aglcares fermentesci-
veis contidos no polvilho, produzindo dcidos (butini-
co, ldtico} e tembém acetons. Leme Junior (17), rela-
ta ainda que o produto é de cheiro caracieristico
e gosto azedo, devido principalmente. 4 fermenta-
¢do butirica, que é percebida pelo seu cheiro carac-
teristico e desagraddvel,

Cereda, Lima e Brasil (8) analisando 25 amostras
de poivilho azedo comercial, mostraram que a compo-
sigo quimica é muito varidvel, principulmente no que
diz respeito 3 acidez titulivel

Cereda (7}, sugerc que ests variacio provavelmente
se deve ds oscilagBes ocorrentes durante a fermenta-
¢io naiural do produto, apesar das mesmas sempre
apresentarem as caracteristicas de bolhas e espuma
descritas na literatura como indicande o final do
processo fermentative

Com 1 finalidade de esclarecer melhor este fato, no
presente trabzlho foram identificados ¢ dosados os
icidos orginicos, ocorrentes em fermentacles natu-
rais de fécula de mandioca.

Material ¢ métodos
Material

Amostras de Polvilho Azedo Comercial:

As amostras de polvilho azedo comercial, foram
obtidas em fibricas de polviiho azedo, procurando-se
cabrir as regides produtoras do pais.

No Estado de SZo Paulo, foram feitas visitas a
fabricas, onde foram recolhidas amostras e informa-
¢bes sobre a fabricagio, Aos demais estados foi solici-
tado o auxilio das Secretarias de Agricultura e, em
Minas Gerais, 4 Associagiio de Crédite Agricola Rural

As 25 amostras obtidas, com cerca de 500 gramas
cada uma, foram catalogadas e colocadas em vidros
rotulados, fechados e armazenados em local seco até
o momente de serem usados

Amostras de Polvitho Doce Comereial:

As amostras de polvilho doce comercial utilizadas
camo matéria prima para os ensaios de fermentacio
de laboratério foram obtidas no comércio. Utilizou-se
produto de boa qualidade, sempre da mesma marca
a fim de evitar tanto quanto possivel as variagBes
decorrentes da matéria prima utilizada.

Nos ensaios de fermentacfio foram utilizada técni-
cas qie permitissem obter o polvilho azedo em condi-
¢Bes sernelhantes ds da indistsia & que, a0 mesmo
tempo fossem passivels de realizarem-se em condigGes
de laboratorio,

Na determinagio dos dcidos orginicos, utilizou-se
o liquido sobrenadante destas fermentactes Em
alguns casos foram adicionadas mais de uma fragfo,
formando uma amostra composta.

Métodos
Ensaios de Fermentaciio:

Foram adotadas duas técnicas de condugio, segun-
do Cereda (7) a primeira sem troca de dgua (fermen-
tagbes nomero 10, 11, 12,13, 14, 15 e 16) e a segun-
da com troca de dgua a cada dois dias (fermentagBes
nimero 17, 18,19, 20 e 21).

Foram realizadas determinagiio dos Acidos Orga-
nicos, segundo o método de cromatografia descrita
por Faria (10). Uiilizou-se aparetho para coleta auto-
midtica de frag@es marca Gilson Lincar Fractionator e
coluna cromatografica de vidro. preparada com dcido
s'hicico PLA.

Resultados e discussiio

Os resultados das determinacdes dos deidos orgd-
nicos de vinte e cince amostras de polvitho azedo
comercial, estio reunidos no Quadro 1. Os teores
de dcidos nas fermentagdes realizadas em laboratdrio,
com e sem troca de dgua, estdo reunidos no Quadro 2
e 3. respectivamente

Pelo método utilizado, foi possivel determinar
a presengz dos seguintes deidos: butirico, propid-
nico, acético, formico, succinico e litico A literatura
mostra que estes sdo os mais frequentes no que se
refere a alimentos. Leme Jupior (16, 17), supde a
presenca, na fermentagiio de polvilho azedo, de dcide
acéiico, butirico, ldtico e talvez mais de um, concomi-
tantemente. A presenca de dcido ldtico em alimentos
fermentados é amplamente relatada na literatura
(14), inclusive em alimentos a base de mandioca (23).
Gravatd (12) faz mengdo 4 provivel existéncia de dci-
do succinico e litico no polvillio azedo. que dariam
ao produclo um gosto picante de queijo. Oke (23),
descreve a fabricagio de “gari”, um alimento fermen-
tado de mandioca, citande a presenga de dcido latico
e formico.

Muitos microrganismos sio relatados na literatura
como ativos produtores de dcidos orgdnicos, aiém
de outras substincias.
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Quadro 1. Teor de dcidos orginicos no polvilho azedo comercial (g/100 g).

ACIDOS ORGANICOS

Amostras

Butirico Propidnico Agético Formico Suceinico Litico Total

i 04680 00148 006035 00184 00248 B 0666 02531
2 002186 G.0148 001230 00437 04752 01743
3 906211 60222 (0346 00304 0 {649 01638 03370
4 04206 00186 00302 00240 00648 01630 03218
5 04363 00061 00119 0.0262 00600 03252 03597
6 01764 00740 0.0944 0 7560 1 1004
7 24103 060127 00613 0.0174 00632 02341 03390
8 {1035 0.008¢ 00046 - 04042 G 0850 0 2068
9 24169 0.0038 040012 G0O317 0064522 1814 0.2763
19 02288 0.3552 049192 00736 05192 01980 1 3940
1} 00220 - (¢ 0483 06502 03094 4399
12 0 60440 0.0163 09019 00386 00355 01608 02174
13 03520 00296 04192 : 04012 0 2340 1 0366
14 00123 0.0052 00483 006336 013067 02295
15 0303 0.0532 00450 0.0144 090940 00450 02819
i6 {1452 - 00696 01403 0.0944 - {14495
17 {1 1408 0.00%9 Q1312 01835 04726 11190 1 9864
18 0528 00355 0.0595 0047 04354 03240 §5219
19 ¢2112 061776 G6192 00552 0.6844 09720 21196
20 06.2332 0 G703 G 0672 00253 40354 0.0675 0.4989
21 00§76 B 0296 00115 0 1053 01872 04512
32 0.0170 {} GOBG 00206 0G356 00393 0 1800 G 30GS
23 0.0211 0 6036 0001y 06736 0.2065 00684 0.3745
24 0.0405 a0118 0 0806 04340 00625 01260 0.3554
25 00772 00363 00250 30115 3.5821 ¢731%

As bactérias homolermentativas do género Srrep-
tococcus e Lactobacillus produzem somente dcido
litico, enquanto que as do género [euconostoc,
heterofermentativas, produzem aiém deste, dcido
acético, dlcooi ¢ CO, (25} As bactérins do grupo
coliforme  (Eschericihia) e certas  Pseudonionas,
produzem icido {ormico, acético, succinico ¢ litico,
além de etanol, CO, ¢ Hy (11, 25) O mesmo oco-
rrendo com o Bacilius polyinyxa Jd as bactérias do
género Clostridium e Bacillus macerans produzem
dcido butirico, acético, CO,, H,, butano! etanol,
acetona e dlcool iso-propilico. O género Propioni-
bacterium e alguns outros anaerObicos produzem
grande quantidade de #cido succinico, propidnico
¢ acético (25).

Os resuitados obtidos. permitem verificar que na
fermentagiio da fécula de mandioca, dificilmente
ocorre um tipo isolado de fermentaciio, mas sim um
conjunto delas. Dentre as fermentagdes possiveis,
predominard aguela cujos microrganismos responsi-

veis, melhor se adaptem ds condi¢bes existentes
Isto deve ter scontecido nas fermentacBes comer-
ciais e nas fermentagdes efetuadas em laboratdrio,
com ou sem troca de dgua

A sensibilidade do método utilizado permitiu
a determinacio de dcidos orgdnicos, mesmo em teo-
res muito baixos. Apesar disto, é dificil a interpre-
tagio dos dados obtides, que sfio resultantes de agio
conjunta dos organismos presentes. E fato conhecido
que os dcidos podem ser consumidos pelos microrga-
nismos (6, 19, 25), e esta fato pode mascarar o resul-
tado real.

Do exame do Quadro 1, pode-se notar que no pol-
vilho azedo comercial. alguns dcidos estiveram presen-
tes em algumas amostras e ndo em outras. o que torna
dificil citar qual o mais importante. O mesme pode-
mos dizer das fermentagfes levadas a efeito em labo-
ratario (Quadro 2 e 3)
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Quadro 2. Teor de dcidos orginicos na fermentag o realizada em laboratdrio, com troca de dgua (8/100 g).

Amostras Dia de ACIDOS ORGANICOS

Fermentaga0 "y \ico  Propiomico  Acético  Férmico  Succinico  Litico Total
10 A 187 4 30% 0.0286 00262 0.0623 00475 00592 00797 03035
1A 4° 00018 0 0022 00619 0.0055 00177 00252 00543
1 17° 00318 0.0127 0.0297 00314 0 0479 0.1535
12 A 4° 0.0220 00072 00118 0.0180 0.0590
128 12° - 0 0444 0.0024 0.0046 0 0649 0.0900 0.2063
13 A 4° 00264 0 0444 - 0.0069 0.0089 - 0.1574
13 B 14° 0.0070 06053 0.0046 0.0328 00299 00374 0.1164
13¢ 20° GolLLL 0 0047 - 00106 00186 00147 00597
4 A 1° - , 0 0024 - 0.0177 06.0270 0 0471
14 B 6" 0 0097 00089 00166 00062 0 0086 00225 00724
14C 16° 0.0352 0074 0 0024 00023 0 0295 0 0630 0 1398
15 A 4° 0 0003 0 0004 0 0001 0 0006 00010 0.0023 40033
158 6a10"* 0.0012 (4 0020 0.0060 {1 0005 00014 0.0022 00079
16 A ¢ 00136 0 1029 0 0206 40203 00337 00772 {2673
16 B 3° 0.6004 0 0007 - - 00024 00014 0 0050
16C 1w’ 00168 00148 00133 00260 00324 61023
16 D 20° 0.0009 0.0096 : - 00130 0 0081 00316

*  Amostra constituida da mistura das fragOes coletadas a cada dia

Quadro 3. Teor de icidos orginicos na fermentagio realizada em laboratdrio, com troca de agua (g/100 g).

Amostras Diade _ ACIDOS ORGANICOS
Fermentagio .. - . . . .
Butirico Propidnico Acético Formico Succinico Latico Total
17 A 4° 0.0114 0 0048 4 0037 0.0059 0 0063 00321
i7B i2° - 00011 - - 0.0044 0.060940 00145
I8 A 3° 0.0046 0.0054 $4.0050 £.0025 0.0097 00158 0.0430
18B 13° e 0.0038 e 0 0008 4.0069 40012 0.0127
18C 18° 00018 0.0006 0.0023 0.0004 ¢ ole2 0.0045 0.02358
i9A 4° — 00048 4.003¢9 {0034 00139 00336 0.05%¢6
198 25° - 00018 0.0013 G.0010 0.0070 00220 00331
19C 30° 00018 00015 - 0016 40059 00014 00122
0 A 2° - 00111 - - - - 0.0i11
087 g° - - 6.0024 0.0023 0.0059 00270 0.0376
W0C 13° 0.0622 00044 - 00018 40071 0 0063 0490218
20D 260 - 0.0103 00027 - 0137 0.6096 0.0365
20E 30° 0.0059 00123 0.0064 - - 00225 00471
21 A 19° 0.0110 00044 C.00135 - (0047 0.0034 0.025¢0
21 B 26 - 0007 .0002 0.00065 G 0008 3.0002 0.0024
O maior teor total de dcidos encontrado, foi de menor de 0.1743 g em 100 g da amostra 2 (Qua-

21196 g em 100 g da amostra 10 {Quadro 1} e o dro 1},
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No Quadro 2 e no Quadro 3. observou-se que os
primeiros dcidos formados geralmente foram o ldtico
e o succinico. Também é possivel verificar que existe
a tendénciz dos dcidos sumentarem do inicio para o
final das fermentacies.

Houve pequena diferenga entre as fermentactes
conduzidas com ou serm trocs de dgua. a ndo ser quan-
to ao teor de dcidos formados. As primeiras apresen-
taram um (otal de dcidos mais baixos que as outras,
uma vez que estes acompanhavam o liquido sobre-
nadante quanto era retirado.

Conclusio

Tanto no polvilho zzedo comereial. como nas
fermentac@es realizadas em laboratério, foram detec-
tados os seguintes dcidos orginicos: propidnico. buti-
rico. acético. farmico. succinico e lditico; em teores
varidveis

Resumo

O polvilho azedo, ou fécula fermentada. é produ-
zido a partir de fermentag@es naturais. Com o intuito
de conhecer melhor o processamenio. e através de seu
controle. obter um produte de melhor qualidade.
foram identificadas e dosados seis dcidos orginicos. O
método utilizado foi a cromatografia em coluna de
dcido silicico e as amostras foram obtidas de fermen-
tagbes industriais ¢ de fermeniagSes conduzidas em
laboratorio.

Tanto no polhilho azedo comercial, como nas fer-
mentagles de laboratorio, foram detectados os se-
puintes dcidos orginicos em quantidades bastante
varidveis: propi@nico, butirico, acético, férmico. suc-
cinico e ldtico.
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MATCHING CROP REQUIREMENTS TO LAND CHARACTERISTICS IN A TROPEPTIC

EUTRUSTOX IN HAWAR'/

L. A MANRIQUE*
D0 HARRIS*
G UEHARA*

Los autores presentan el desarrollo de una secuencia de cultivos a base de maiz,
sova ¥ papa para un Tropeptic Eutrustox de Hawai . Se obruvo rendimientos de 2.0

a 25t ha™t de granc de sova, 36.0 t ha—' de tubérculos de papa y 10.0 t ha™

Yl

aprovechar el periodo cdlido de abril a noviembre para cultivar el maiz {mayo-setiem-
bre}y la soya (setiembre-diciembre), cultivando la papa en los meses muds frios (diciem-
bre-marzo) Se concluye que se puede obtener aumentos en rendimientos haciendo
coincidir los requerimientos de los cultivos con las variaciones estacionales del clima.

Intreduction

B ultiple cropping, the growing of two or more
| crops on the same land during one year, is a
ah & 4 widespread method of agriculture in the trop-
ics. There are obvious advantages of sustained year-
round production; however, it is also known that sca-
sonal temperature variation can markedly alter crop
yields even in the tropics This seasonal effect be-
comes grealer as one moves away from the equator
Therefore, developing cropping systems capable of
taking full advantage of the seasonal variation is
important for improved efficiency of crop produc-
tion in the tropics. This paper reports the resuits of
a cropping pattern developed for a clayey, kaolinitic,
isohyperthermic Tropeptic Eutrustox {rom Hawaii.

1 Received {or publication on October 2, 1984,
This work was supported by the Benchmark Soils Project
{Contract No., AID/1a-C-1108).

# Research Associates, Benchmark Soils Project, and Prof-
fesor, Department of Agronomy and Seil Science, Univer-
sity of Hawaii, Honolulu, Hawaii, 96822,

Materials and methods

Maize experiments, Maize (Zea mays L) experi-
ments were conducted at different times of the year
at Waipio, Island of Oahu, Hawaii, during 1978
through 1981. The soil al this experimental site
belongs to the Wahiawa series and is classified as
clavey, kaolinitic, isohyperthermic  Tropeptic
Eutrustox. Soil properties of this soil family were
reported by Ikawa (2). The mean annual rainfall at
Waipio {1978-1981) was 921 mm (Table 1) The
lowest rainfall period occurred in the summer months
(Tune-August). The mean annual temperature was
23°C, with a difference of 3 to 4°C hetween summer
and winter {(January-March).

Plots, 8 by 3 meters, with rows spaced at 75 cm
were planted with maize (hybrid X304C from Pioneer
Hi-Bred International). Planis were 23 cm apart in
the row, giving & population of 58000 plantsfha.
At planting nitrogen fertilizer was applied at
120 keg/ha and potassium at 100 kg/ha. Growing con-
ditions were near-optimum because of control of
water supply and pests. Field operations including
harvest followed standard procedures and guidelines

(1)

Tuyrialba Vol, 35, No. 1, 1985, pp. 25-28
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‘Fable 1. Climatic data (1978-1871) at Waipio, Island of
Quahu, Hawaii,

Month* Rainfall Solar Temperature
{mrm) Radia_tﬂj}on
107 Im ™
January 171.6 1236 223
February 105.9 1479 223
March 428 1793 23.5
April 8318 1953 244G
May 876 1036 246
June 613 2078 256
July 109 2133 263
August 267 2074 266
September 462 1978 26.2
October 124 4 1517 26.0
November 465 1425 49
December 942 1173 23.2

*  Summer {June-August), Winter (January-March)

Potato experiments. Potatoes (Solanum tubero-
sum, var. Kennebeg) were planted in the winter and
summer of 1980, Plots 8 x 3 meters were seeded with
potatoes spaced 35 cm apart in rows 75 cm apart to
achieve & density of 36 606 plants/ha Nitrogen fer-
tilizer was applied at 160 kg/ha and potassium at
120 kg/ha. Hall of the N fertilizer was applied at
planting and half at 30 days after planting. Irrigated
and nonirrigated plots were included in the summer
of 1980 All plots were irrigated uniformly until 30
days after planting, therealter water was applied only
in irrigated plots when soil water tension reached
0.50 bars Details of these potato experiments were
reported elsewhere (4, 5)

Cropping sequence. A cropping sequence of
potato-maize-soybean was grown during 1979 and
1980. Table 2 shows planting and harvest dates for
the different crops. The maize and potato experi-
ments in this sequence were similar to the experi-
ments described above. Soybean (Glyeine max L)
seeds were planted 5 cm apart with 75 cm between
rows, giving a4 popuiation of 266 666 plants/ha. Soy-
bean seeds were inoculated with strains of Rizobium
Japonicum. At planting nitrogen fertilizer was applied
at the rate of 40 kgfha and potassium at 100 kg/ha
Initially, the maize crop was planted on May 1, 1980;
however, an accidental application of herhicide in an
adjacent experimentsl piot severely affected germina-
tion and further emergence The crop was replanted
on May 20 and the harvest was delayed until Septem-
ber 30. This delay prevented planting the following
soybean crop at the scheduled time on the same
plots. To adhere to the planting schedule, soybeans

" were planted in adjacent plots on September 2, 1980

Table 2, Crop yields in the crop sequence potato-maize-

soybean,

Crop Year Date of Date of Yield

Planting Harvest tha™
Soybean 1979 August 20 November 30 25
Potatoes 1980 December 20 March 30 340
Muize 1986 May 20 September 30 100
Soybean 1980 September 2 December 9 20
Potatoes 1981 January 19 April 22 386

Since maize and potatoes are the two main crops
of this sequence, and soybean is simply a {ilier crop
for the months of September to December, the
results of the maize and potato experiments are em-
phasized here

Results

Maize yields. The effect of seasonal variation on
the length of the growing period of several maize
plantings is presented in Table 3. Maize growth in the
cool winter months was slow. Maize planted in
December and January did not reach maturity until
summer and took aimost 170 days. Maize planted in
March also prew slowly and reached maturity in sum-
mer. Maize planted in June and July matured nor-
mally in 130-140 days. Similar results were reported
by Ton er af. (3) it maize experimenis conducted in a
ischyperthermic {meaa annual soil temperature
> 22°C) Typic Haplustoll in Hawaii.

The number of days required to reach 50% tas-
seling was also dependent upon planting date. Sum-
mer plantings of maize reached 50% tasseling 20 days
cralier than winter maize crops. In studies comparing
days to tasseling and maturity in Tropeptic Eutrustox
from Hawaii, Puerto Rico and Brazil, Manrique and
Tsujil found that X304C generally takes longer to
tassel and mature in Hawaii and Brazil than X304C
grown in a similar soil in Puerto Rico. Delayed tas-
seling and maturity was attributed to seasonsl tem-
perature variation in the Hawail sites and also to
relatively cool temperature in the Brazil site. From
these studies, it is apparent that tasseling and
maturity differences between members of this tropical
sofl family are temperature related even though they
are focated in a narrow climatic range.

Maize yields were less dependent on scasonal varia-
tion than tasseling and maturity {Table 3). Yields
between 85 to 115 ¢ ha™ were obtained in most
cases. Similar yields between winter and summer

1 1983, unpublished data.
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Table 3. Number of days to tasseling and harvest and yields of maize as affected by seasonal temperature variation, Variety X304C.

Maize Prate of Air Temperalureb. °c Days to Grain Yield®,  Yield Production Rate,
PRSI . & - -4 el 4
Experiment Season Planting Planting Tasseling Tasseling Harvest tha tha = day

WhL AlLL 5 July 10, 1978 271 26.8 60 140 105 0075
BIG W Jan. 03, 1979 217 2390 86 170 113 0068
pit 3 June, 07,1979 253 254 64 139 100 0872
Al W Dec. 13,1979 227 234 79 167 83 0051
Al2 5 July 22, 1980 2512 231 57 134 107 0.080
ALJ W Mar. 06, 1981 234 2435 69 146 87 0.066

a  S5=summer, W= winter
b Air temperature for the months of planting and tasseling

¢ Yields correspond to the -3 85N, +0 B3P (code level) treatment of transler experiments

crops seem to be attributed to accumulated solar
radiation that winter crops benefied due to extended
maturity periods {3} However, grain yield per day
was greatly diminished in the winter crops.

Potato vields. Potatoes grown under the short days
of the winier season had a short growing season and
tuber initiation began at 40 days after planting
{(Table 4). Soil temperatures, measured at 20 cm
depth, ranged from 18 to 20°C (5) Potato grown
during the relatively long summer days had a pro-
onged growing season, tuber initiation was delayed
by 15 days and yields were reduced Soil tem-
peratures, measured at 20 cm depth, ranged from 24
to 26°C.

Cropping sequence. The cropping sequence devel-
oped in this soil family yieided 10.0 t ha™ of maize
in the summer followed by 20 to 2.5 t ha™ of
soybeans (Table 2} Potato yield in the winter of
1980 was 340t ha™ A tuber yield of 386 t ha™
was obtained in the winter of 1981, due mostly to
better seed and also to improved crop management

Discussion

The results of the maize experimenis demonstrate
that summer is the best season fo altain high maize
yields in short growing periods. The resuits stress the
importance of time in the context of more efficient
use of land and energy . Furthermore, the differential
respense of potatoes to seasonal temperature varia-
tion stress the importance of matching crops not only
to the particular soil family but also to seasens. The
results of this study paitern indicate that a summer
planting of maize, foliowed by a crop ol soybeans,
and # final winter planting of potato appears to be
one cropping sequence that makes elficient use of
land area and solar energy. This cropping sequence

tukes advantage of the warm periods with high
solar radiation, which fall between spring and
autumn, o grow maize and soybeans and uses the
winter months to meet cooler soil temperature
requirements for potate production. By matching
crops net only to a particular soil family but also 1o
seasons within a family, crop production can be
very much increased without increasing land area.

Table 4. Potato performance at Waipio, Island of Oahw,

Hawaii".
Parameter Winter 1980  Summer 1980
Air Temperature, °c 215-~234 232 ~-254
Tuber initiation, days 40 55
Growth period, days 100 120
Yietd™, t ha 34 2 254

1 Sources: Manrigue (4) and Manrique ¢f al. {3).
b lrrigated plots

Summary

A cropping sequence consisting of maize, soybean
and potatoes has been developed for a clayey,
kaolinitic, ischyperthermic soil family of Tropeptic
Eutrostox in Hawaii. Each crop required a land
preparation and growing period of 3 to 5 months.
Supplemental irrigation was provided using a drip
irrigation system. A soybean crop was grown between
September and mid-December giving a grain yield of
20 to 25 t ha™ . Between late December and early
Fanuvary, potato was planted. After 100 days, the
average tuber yield was 36.0 4 ha™ . Maize was grown
between May and September and yielded 100 { ha™
This cropping pattern was designed to take advantage
of the warniy, sunny period between April and

Turrialba Vol. 35, No. 1, 1985, pp. 25-28
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November to grow maize and soybean. Potato, which

requires cool soil temperatures for tuber develop-
ment, was grown in the winter months. Marked in-

creases in yields can be obtained on this soil by
matching crop requirements Lo seasonal variation,
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Colletotrichum gloeosporiodes ASSOCIATED WITH LESIONS ON BRANCHES QF
Lucalvptus pellita AFFECTED BY THE “MAL DO RIO DOCE” DISEASE!/

4 C DIANESE?
W.R C RIBEIRO*
IS ded MORALES*?

El hongo Colletrotrichum gloeosporioides (Penz ) Suce se aisié de lesiones situadas
ent rainas laterales de Lucalypius pellita F Mwell Bl gislamienio results patogénico a
plantudas y ramuas de B grandis w. Hill ex Maiden v a frutos de Carica papaya £,
Psidium guajava L., Mangifera indica L » Capsicum annum L E£7 significado de este
hallezgo se discute en relacion con el "Mal do Rio Doce”, importante enfermedad de
eticlogin desconocida que dafia las especies de Fucalypius en ef Estado de Minas Ge-

rais, Brasil.

Introduction

iseases causing fosses to Eucalyptus spp. in Brazil
have been limited to the Criphonectris canker (0,
7Y, rust (4, 5), damping off and teal spots caused
i)y Cvlindracladivom spp. (1, 8) and a discase of un-

known etiology catled “Mal do Rio Doce” or “Seca
de Ponteiros” (3). Although Colletrotrichum spp

have heen isolated {rom several Fucalyprus spp. (2,
9, 10) there is no report of an attack causing consis-
tent field losses in Brazil

This paper reports the occurrence and patho-
genicity of Colletotrichum gloeosporipides (Penz))
Sacc. isolated from lesions on lateral branches of
Lucalyptus pellita F. Muell affected by the “Mal do
Rio Doce™ disease in Belo Oriente. State of Minas
Gerais, Brazil.

I Received for publication in June 4, 1984
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for typing the manuscript and to Nestor Bezerra for the
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Material and methods

Isolation — Stems of ten-month-old plants contain-
ing lesions at the base of fateral branches (Figure 1},
were collected from five different Eucalyptus species
{Table 1}in August 1982 Fungal isolation in potato-
dextrose-agar (PDA) was performed after surface
desinfection with 1% sodium hypechlorite for two
minutes. The isolate UnB 750 of C gloeosporioides
was obtained.

Inoculation — Seedlings and branches of £ grandis
W Hill ex Maiden and fruits of red guava (Fsidium
gugfave L.), mango (Mangifera indica L) ¢v “Bowr-
bon", pepper (Caspsicum annum L ) cv lkeda, papaya
(Carica papava L) cv. Havaiano, eggplant (Solamum
melongena 1) cv. Embu, § gilo Raddi cv. Redonrdo
verde and orange {Citrus sinensis Osbeck) cv. Pera,
were inoculated with the UnB 750 isolate of C
glogosporioides. Single spore cultures were grown
on  PDA plates for 8 to 10 days and the conidia
produced were removed with sterile distilled water
to form a suspension (107 cells per ml). This inoc-
ulum was sprayed on ten-week.old seedlings of a
South African provenance of £ grandis and on
branches of an eighteen - month - old Rhodesian
provenance of the same species The fruits were
inoculated by placing five drops of the spore suspen-
sion on their surface within an area delimited by a
2 em dinmeter circle. Both plants and fruit§ were
inoculated after rupturing the epidermis with a
needie or by simple inoculum spray on healthy
materials. Inoculated samples were kept in a moisture
Sutéirated chamber for 48 hours before incubation at
25°C
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Fig. 1. Lesions at the buse of laterzl branchies {arrows)
churucteristically found on (A) Eucalypius grandis
(K. Tablelands provenance), (BY £ pellita (NE Coen
provenance) and (C) & wrophylla {Australiz 9003
provenance) affected by the “Mal do Ric Doce”
Colletotrichum  gloeosporicides isolated from (B)
£, pellita was pathogenic to 3 Rhodesian provenance
of £ grandis (D)

Table 1. lIsolation of Colletotrichum glocosporioides from
tive Enealyprus species affected by the “Mal do
Rio Doce™ disease in Belo Oriente, MG, Brazil,

1982
Species Provenance C glocosporioides
L camaldudensis  Gibb River -
E. grandis K, Tablelands -
£ pellita NE Coen +
£ punctata Manduri -
B osaligng Cesanook -
£ urophylfo Australia 9603 -

—gbserce or +presence of O gloeosporioides on lesions at
tie base of lateral branches

All experiments were done with three replicates,
and sterile water replaced the spore suspension on the
control treatments Results were recorded & week and
three weeks after inoculation on fruits or seedlings and
branches, respectively  Reisolations from the
inoculated areas presenting lesions always produced
typical colonies of C gloeosporivides

Results and discussion

C gloeosporioides was consistently isolated from
lesions found on lateral branches of ten-month-old
E pellita (NE Coen provenance) affected by the “Mal
do Rio Doce” (Figure 1) Although £ grandis, E
carnaldulensis Dehnh, E punctata DF., E. saligna
Sm and £ wophylla S T Blake showed similar
symptoms, attempls to isolate the fungus resulted
negative {Tuhle [).

When inoculated on £ graudis, the UnB 750
isolate was pathogenic on latersl branches of eighteen-
month-old plants and kiiled the top of ten-week-old
seedlings

o

[

provenance of £ grandis by Cofletotrichum gloeos-
poriofdes (isolate UnB 750) spray inoculuted on
intact seedlings (A} or on seediings pumctured
with o hypodermic needle {B), at 24 & 2 C using
a conidial suspension containing 147 cells per ml
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The etiology of “*Mal do Rie Doce™ disease is not
known. Although air pollution, flooding loliowed by
a period of water stress, mineral toxicity or mineral
deficiency are being considered as possible primary
causes of this syndrome. [fungal infection is not
definitely its main cause (3) However, infection by
C gloeosporioides can contribute to some of the
dieback and girdling of branches found in the field.
ag seen in the inoculation of a susceptible species
(Figures 1 and 2) Further characterization of the
isolate through the inoculation of {ruits of species
known as hosts of C gloeosporivides resulted in
higher puathogenicity tlowards guava, mango and
papays as compared to three solanaceous species
and orange (Figure 3 and Table 2}

It is important to determine il isolates causing
anthracnose on those fruil crops can inlect Euca-
lvptus Levels and genetic variability of the fungal
inoculum in the field, possible involvement of other

Fig. 3. Infection of Bourbon mungo (Mangifera indica) and
Red guuva (Psidium guafava) by Colletotrichum glo-
egsporioides  (isolate UnB 750} using drops of
conidial suspensions (107 cells per mi) placed on
punctured [roit epidermis (A and B) or on unwound-
ed epidermis (Cand D}, at 30°C.

hosts as inoculum sources and the host range of C
gloeosporioides within the genus Eucalyptus, are
major research lines to be considered in the future.

This is the first record of C gloeosporicides on
Eucalyptus pellita in Brazil. The data presented do
not indicate that this fungus will cause losses in the
area. although its high pathogenicity obviousiy
sugpests & potential {or epidemic action.

Bitancourt (2) found three Ewcelyprus species
attacked by C eucalypti and Viegas (10) indicated
CGlomerella eucalyptidea Averns-Saccd as pathogenic
to seven other Eucalyptus species and listed Gloeos-
poriunt encalypti McAlp. (= C gloeosporioides Penz )
as pathogenic te [ carynocalix F. Muell, The
relationship between the UnB 750 isolate and those
{ungi was not established

Table 2. Pathogenicity of Colletotrichion gloeosporioides
(UnB 750 isolate) to seedlings of Eucalyptus
grandis and to fruits of seven other species,

1 Pat} icity®
Host athiogenicity
Wound Intaet surface
inoculation inoculation

Lograndis
Psiditm gugjava
Mangifera indica
Carica papaya
Capsictm ahum
Solanrm melongena - -
£ gilo - -
Citrus sinensis - -

e TS

1 Except lor the 2 month old seedlings of £ grandis (South
African provenance) the ether incculations were on
ripening  fruits of Red guava, “Bourbon" mango,
“Havaiano”  papaya, “lkeda™ pepper, “Embu” egg-
plant and “*Pear" crange

i~

Inocutated material was kept for 48 hours in moisture
sntgmtcé conditions before incttbgtion for 3 weeks at
25°C (seedlingsy or one week at 30 C (fruits). The isolate
UnB 750 was obtained from branch lesions present on £
pelliea atfected by “Mal do Rio Doce” disease

3 Ipidermic wounds produced by a hypodermic needle

Summary

Colletotrichum gloeosporioides (Penz.) Sace. was
tsolated fromt lesions on lateral branches of Euca-
typtus pellita F. Muell. The isolate was pathogenic
to scedlings and branches of £ grandis W. Hili
ex Maiden and to fruits of Carica papaya L., Psidium
guajava L., Mangifera indica 1. and Capsicum annum
L. The significance of this record is discussed in
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IN COSTA RICA'/

SOIL-CO, EFFLUX IN SIMPLE AND DIVERSE ECOYSTEMS ON A VOLCANIC SOIL

J RAICH*
JOEWEL**

M. OLIVERA *#*

Resumen

El finjo de CO4 de un suelo relativamnente jértil fue medido en nueve ecosiste-
mas. Los ecosistemas  tentan  de 0,8 a 10 aiios de edad e incluyeron un suelo libre
de vegetacion, monocultivos de meling (Gmelina arborea) y yuca {Manihot esculenta),
¥ comunidades sucesionales que contenian de 80 a > 150 especies. Los flujos de CO,
se midieron en 6 u & repeticiones a intervalos de 4 horas durante periodos continios
de 24 horgs, empleando cdmaras ceivadas con dicali absorbente. Los flujos medios
de CO, oscilaron entre aproximadamente 9 y 18 g m™ d™, los patrones diurnos
Jueron inconsistentes. Los insecticidas no redujeron las tasas de emanacion de CO, en
los dos ecosistemas donde fueron aplicados. £1 suelo libre de vegeracion produjo las
menores cantidades de COy, sin embarge, otras diferencias en produccion de €O,
entre ecosistemas 1o se relacionaron claramente con varigeiones en cuanto @ edad de la
vegetacion, estatura, viqueza de especies o dreq superficial de rarces finas. La tempera-
tura del suelo no contribuyo en las diferencias de flujo de CO,, mientras que el incre-
mento del agua en el suelo fue asociado con una liberacion mds rdpida de CO,, proba-
blemente debido a un estimulo en la actividad de los microorganismos del suelo vio
de las raices. Se incluye wi restmen de datos sobre flyjos de CO de suelos tropicales.

Introduction

oils receive organic matter produced by the

gboveground plant community and, through

numerous pathways, converl mucih of it {o
CO4. This process-soil respiration-releases cnergy fo
the soil community and results in the liberation of
nutrients for use by plants. Organic matier catabolism
is therelore a major ecosystem process upon which
the entire plant/soil community depends.

1 Received for publication on May 21, 1984
This study was part of & cooperative research project
being conducted hy the University of Florida and the
Centro Agrendmico Tropical de Investigacion y Inse-
Panza, and was supported by National Science Foun-
dation grants DEB 78.10721 and DB 80-11136 We
thank W Cropper for comments

* School of Torestry and Environmental Studies, Duke
University, Durham, NC 27766, USA

Fx {Reprint requests) Department of Botlany, University
of Florida, Gainesville. FL 32611, USA.

#% Departamento Administrativo de Plancacion de Cundi-
namarca, Carrera S5a. No 15-80 Piso 12, Bopota,
Colombia

Measurement of CO, efflux from the soil surface
is probably the most widely used system of estimat-
ing the rate of soil respiration in site However, soil
regpiration and soil-CO; efflux are not synenymous,
although they are often assumed te be so Soil respi-
ration is the oxidation of organic matter in the soil,
and inchudes the respiration of roots and soil biotz. as
well as the physical oxidation of organic matter (19).
Soll-CO, efflux is the release of CO, into the atmo-
sphere, and therefore depends both on CO, produc-
tion in the soif and the physical process of gas lMow
out of the soil. However, most CO,; produced in a
s0il is eventually released into the atmosphere, so
soil-CO, efflux measured over relatively long periods
reflects soil respiration In seasonal climates the time
lag between respiration and subsequent €O, efflux
may be months long, resulting in CO, buildups and
fluctuations i the soil (7). In relatively aseasonal
environments, however, fluctuation in soil-CO,
concenirations should be damped, and CO, cfflux
should {rack soil respiration more closcly

The purpose of our study was to compare rates of
CQ; release from the sume soil occupied by different
kinds of young, fast-growing tropical vegetation. It
was our broad working hypothesis that soil-CO,
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efflux would increasc as soil microbes, organic
matter. and roots increased, and as the surface-soil
microclimate was ameliorated by the overtopping
plants Specifically, we predicted that seil-CO, efflux
would 1) be lower in ecosystems whose soit had been
treated  with
comparable compiexity that had not beea treated, 2)
increase with vegetation age, and 3) increase with
increasing vegetation complexily (ie. stature and/or
species richness)

Materials and methods

Soil-CO, efflux was measured on nine sites, al!
located within the Florencia Norte forest of ihe
Centro  Agronomico Tropical de Investigacidn vy
Ensefianza {CATIE), at Turrialbs, Costa Rica
(9° 53'N, 83° 40'W). All ecosystems were within
200 m of cae another and st an elevation of ap-
proximately 650 masl Mean snnual rainfall in the
area is about 2700 mm and the dry season extends
from December through March The native forest is
evergreen, and the area falls within the Tropical Pre-
montane Wet Forest life zone (36} or the Tropical
Ombrophifous Submontane Forest formation (37)
The study-area soil is a Typic Dystrandept of the
Celorado series (2).

The nine experimental ecosystems ranged from 0.8
to 10 yr old, were 0 to 18 m tall. and contained 0 to
> 150 plant species (Tabie 1), All of them except the

insecticide than in ecosystems of

young forest and the melina (Gmelina arborea Roxb.)
planiation were established after parts of the young
forest were felled and burned in early 1979 The
impacts of the slash and burn (including impacts on
s0il-CG5 efflux) were described previously {12) The
cassava planting (Manilior esculenta Crantz) had been
preceded by two crops of maize (Zeq maps L)
following the burn. The I 3-yr-old succession coniain.
ed aatural colonisis only; its composition had not
heen manipulated by the investigators. The enriched
succession consisted of successional vegetation to
which seeds of other species (10 000 seeds comprised
of 2 20 species per 225 m? plot per month) had been
added. The imitation was an ecosystem designed to
mimic the structure and function of naturaily
oceurring successional vegetation, but was comprised
of species-both wild and cultivated-chosen by the
investigators; naturzl colonists were weeded out The
vegelation-free plot contained some living roots con-
nected to plants whose stems were outside the plot
boundary. Detailed descriptions of vegetation struc-
ture, including roots, are reported by Berish (4, 3),
Brown {6) and Ewel et af (11}

Two of the vegetations-enriched succession and
cassava monoculture-had been treated with insec-
ticides as part of herbivore-reduction experiments {6},
The insecticide treatments began in early 1979 and
consisied of twice-weekly (or weekly enly, in the dry
seasan) applications of diazonone lo the foliage and
twice-yearly (most recently in May. 1980) applice-

Table 1. Characteristics of the ecosystems where 50il-CO, efflux was measured,®

Canopy
Ecosystem Species Richness Age (yI) Leaf Area Index Height (m) Root Aren Inde.\(b
Young forest >150¢ Al 6.0 18 ¢ £
Enriched succession i59 135 5.0 37 19
Enriched succession plus insecticide 81 15 5.4 17 no data
Succession 121 1.5 4.4 33 18
Imitation of succession 82 13 36 31 05
Melina monoculture 1° 32 51 11° 1.0
Cassava monoculture 1 68 29 29 1]
Cassava monoculture plus insecticide 1 89 33 29 01
Vegetation-free 0 3 G 0 0.5
a  Source: Berish (4, 5), Brown (5) and Ewel et al (31).
b Surface arez of roots <5 mm in diamcter, to a depth of 25 em per m? of ground.

¢ Estimated value

d Based on measurement 19 mo earlier {12}

€  Not including herbaceous ground cover, which accounted for 6% of leaf area
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tions of aldrin to the soil. Dinzonone is a broad-
spectrum, non-persistent organophosphate that has
low phytotoxicity and aldrin is a persistent, chlorinat-
ed hydrocarbon.

Three sets of measurements were made. all in
Aupust-September 1980, during the rainy season. A
set of measurements consisied of measuring soil-CO,
efflux at 4-h intervals for a continuous 24-h period
at six (first and third sets) or eight (second sei)
randomly selected locations within ecach of several
of the ecosystems described in Table 1. Soil temper-
atures were measured every 4 h beside a randomly
selected subset of the locations in each site Temper-
atures were measured with mercury thermometers
pushed 1 cm into the soil. On the bare plot the
thermomeiers were shaded with cardboard, to under-
estimate the actual soil temperatures reached in fhe
open. Soil moisture was slso monitored as a poten-
tiaily important factor influencing CO, efflux Six
samples were collected from each treatment four
times during each set of measurements: at the begin-
ning, at dusk, at dawn, and at the end. Soil moisture
was determined gravimetrically {oven-drying at
110°C) on soil samples taken from the surface 5 cm
next to each sample location

The first set of measurements was designed (o
answer fwo questions: 1) Did the insecticides affect
soil metabolism? 2) 1f so. was a relatively simple
ecosystem affected more than a relatively complex
one? Two vegetations (treated and untreated plots
of each) were used for this set of measurements: the
cassava monoculture and the 1 5-yr-old enriched
successionzl vegetation.

The second and third sets of measurements
involved CO, efflux as o function of vegetation age
and complexity The purpose of the second set of
measurements was to compare soil metabolism of a
young monoculture with that of an older mono-
culture, and to compare the soil metabolism of these
two monocultures with that of a diverse community.
The three ecosystems chosen for these comparisons
were the cassava (young monoculiure), the meling
(older monocutture) and the 1 3-yr-old successional
vegetation.

The third set of measurements was designed to
compare s0il-CO, efflux from a broad array of
ccosysterns that differed with respect to vegetation
age and community complexity. Six ecosystems
(listed in order of decreasing vegetation complexity)
were compared: 10-yr-oid [orest, 1 5-yr-old enriched
succession, 1 5.yr-old succession, imitation of succes-
sion, cassava monoculture, and a soil maintained free
of vegetation since carly 1979

Soil-CO, efffux was measured using a modification
{12) of Haber’s (14) method. Carbon dioxide released
from the soil surface was trapped in an inverted, 2-
liter plastic tub and absorbed with 25 ml of 1.0 N
Na OH The Na OH was supported 5 cm above the
soil surface in a Petri dish on a wire stand. The plastic
tub covered 186 cm? of soil surface, and the Na OH
had an exposed surface area of 62 2 cm® . Six Lo eight
such set-ups were used in each site during each experi-
ment. The rim of each tub was pushed 2 cm into the
soil to prevent atmospheric contamination of the
samples. Bach tub was left i place for 4 h, at which
time it was removed, the alkali was replaced with
fresh solution, and the tub was carefully repositioned
Measurements continued for 24 b

All samiples were kept in air-tight containers both
before and aiter absorption. In azddition, blanks were
run to account for CO, absorption during storage and
handling. Blanks were saniples that were poured into
the Petri dish and then immediately back into their
afr-tight cannisters; their sbsorbing time was therefore
zero. Two Dblanks were run at each 4-h interval.
Samples and blanks were titrated to the end points
of phenolphthalein  and  methyl orange with
05 N HCI The average amount of CO, absorbed by
the blanks was subtracted from each 4-h sumple, and
this value was used as 3 measure of so0il-CO, evolu-
tion. No {actor was used to account for CO, not
absorbed by the alkali. as has been utilized by cthers
(21. 22,32 39,40),

Results

The data. summarized in Table 2, were subjected
to analysis of variance using the SAS (30} general
lincar model procedure Rates of CO, efflux from
the soil surface varied signilicantly (P < 0 05) among
some treatments within days, from day to day within
the §3-yrold successional vegetation, and among
times within days. Diurnal patterns of soil-CO, evolu-
tion were not consistent, however, perhaps because
the range of temperatures encountered was not great.
In most cases the diurnal difference between maxi-
mum and minimum soil temperatures was 6°C or less,
a value exceeded only in one of the three sets of
measurements in the cassava monocculture (84°C)
and in the vegetation-free soil (11.9°C). Comparisons
below are based on the total amount of CO«
absorbed beneath each tub during each 24-h set of
medasuremeants.

Neither the vegefation type nor the insecticides
significantly affected soil-CO, elflux during the
first set of measurements. At the time of these
measurements soil moisture was significantly gieater
in the enriched succession (mean of 52.8% ) than in
the cassavz monoculture (mean of 42 8% ),
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Table 2, Soil-CO, efflux, soil moisture, and soil temperatures, Values are means £ standard deviations.

Ecosystem CO, efflux (g m™ d_i) Moisture (% ) Temperature (OC) min. max. ¢iff.
FIRST SET OF MEASUREMENTS

Cussava Y2112 411+58 20,6 290 84
Cassava plus insecticide Y12t 445525 20.6 250 44
Enriched succession 4120430 bssp+08 213 243 30
Enriched succession plus insecticide 2638 bsnoxrs 210 245 35
SECOND SET OF MEASUREMENTS

Succession M15£51 613k18 210 241 3.1
Cassava biogis Psgarg 215 250 35
Melina biyasag Psiaxag 210 230 20
THIRD SET OF MEASUREMENTS

¥Young lorest 17916 4608+0.9 216 24.0 24
Enriched succession bl3.7 207 05+ 22 21.5 238 23
Succession C127+34 fsg0+11 113 27.0 5.7
imitation of succession 114424 b50.6 t19 224 275 5.1
Cassava VR ELN “441%14 223 267 44
Vegetation-free 92%723 d337208 241 360 119

a, b, ¢, d Withinagiven sot of measurements, means in the same columa accompanied by the same superscript do not differ significantly

The diverse, successional ecosystem had signifi-
cantly higher s0il-CO. efflux (and moister seil) than
did either the cassava monoculture or the melina
plantation during the second set of measurements.
The rates of s0il-CO, evoiution in the two mono-
cultures were about the same.

Soil-CO, efllux and soil moisture were both sig-
nificantly affected by the type of vegetation during
the third set of measuremenis. The 10-yr-old second-
ary forest had higher rates of soil-CO, evolution and
more soil moisture than did all other sites. The vege-
tation-free plot had the lowest rates of s0il-CO, evo-
lution as well as the driest soil. Mean daily soil-CO,
efflux during the third set of measurements ranged,
from highest to lowest: secondary forest > en-
riched succession 2> siccession = cassava = imitation
of succession > vegetation-free soil. Soil moisture
varied in 2 slightly different manner: enriched succes-
sion = young forest = succession > imitation of
succession > cassava > vegetation-free soil,

Daily soil-CO, efflux was significantly (P < 001)
correlated with soil moisture by the following equa-
tion:

Y=24X 4+ 76 (r* =.61)

where: Y = mean s0il-CO, efflux (g m™ d™) and
X = mean soil moisture (% ). Dry-season data, collect-
ed in the same location and with the same method-
ology (12), were included in this regression.

Discussion

Rates of soil-CQ, eveolution on the sites reported
here (92 to 179 g m™ d™) are in the upper range
of values reported from other tropical arcas, with
the exception of a few apparent outliers (Table 3)
Considering the large aumber of factors that infiu-
ence s0il-CO, evolution rates, the diversity of tropical
vegetation types, and the short periods of time over
which most of the tropical soi-CO,-evolution data in
the literature are based, the site-to-site variation in
Table 3 is understandable. However, it is also likely
that methodological differences account for some
of the differences. All chamber techniques affect
the environment of the soil being measurad, if only
moderately, and all static systems {which includes
most values in Table 3) eliminate air movement over
the soil surface, which may be important (24, 33).
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Table 3. Soil-CO, cvolution rates in tropical ecosystems. Values are means or ranges and, unless specified to the contrary, are from
closed-chamber systems without air flow.

Location Relerence CO, efflux (g m=a™h Vegetation type
Brazil Coutinho and Lamberti (8) 29 Moist forest (white-sand soil)
Costa Rica Schulze (32) 90 Mature dry forest
326 Mature gallery forest
79 Savannah
380 Mature wet forest
61.3  2-yr-old wet-forest regrowth
Johnson er al (15} 14.3 Dry forest
50 Wet forest
Allen and Lemon (1) 20! 60-yr-01g wet forest
Eweietral (12) 12.8 8-yr-0ld wet forest
133 Cut-and-mulched site
16.8 Recently burped site
Raich (27) 125 Mature wet {orest
169 1-yr-old reprowth
India Singh er al. (35) 6229 Zizyphus sfrieh community
Gupta and Singh (13) 12108 Grassland
Rat and Srivastava {26} 10-~37 Dry forest
Upsdhvaya er ¢ (38) 27165 Grassiand ({our types)
Indonesia Wasnner {39} 41 Lower montane rain forest
Wanner ef gl (40} 59 Lowland rain forest
44 Strand forest
56 20-yr-old teak plantation
52 Grassizand
57 Ciump of trees in savannazh
58-61 Moniane rain forest {three gites)
{vary Couast Lamotte (i 8)2 8 Savannah
Malaysia Wanner (39) 5.4 Lowiand dipterocarp forest
Wanner ef af. (40) 66 Lowiand dipterocarp forest
6.1 Lowiand heath forest
Ogawa (23) 14.3 Lowland diptercearp forest
Anderson ef ¢f {3} 74 Heath forest
4.5 Altuvial forest
58 Dipterocarp {orest
6.3 Forest on limestone
Puerto Rico Odum et ol (?,4)3 67-114 [ ower montane rain forest
Witkamp (44) 65-14 Lower montane rain forest
1.1 Cloud forest
Thailand Yoda and Kira (43) 16.6 Dipterocarp savannah forest
123 Dry, monsoon forest
14 8 Rain forest
115-121 Three 4-7-yr-old teak forests
Yoda and Nishioka {46) 22 Dry-evergreen forest; dry season
219 Dry-evergreen {oress; wet season
Venezuela Medina and Zelwer {21) 8.3 Moist forest
42 Moist forest
23 Cloud forest
2.3 Lawer montane wet forest

Continues on page 38
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-

Location Reference CO, efflux (g m™ d } Vegetation type
09 Montane moist torest
50 Dry forest
37 Very dry forest

Medina ef al (22) 46 Wet forest on podsol

1.3 Vegetation-free podsol
27 3 mo after burn; podsol
33 1 {-mo-old regrowth; podsol
j4 13-mo-old regrowth; podsol
37 Wet forest on laterite
12 Vegetation-free laterite
43 1 mo after burn; laterite
20 6-mo-cld cassava; iaterite

Zaire Maldague and Hilger 20y 5.3 Githertiodendron forest
i1.7 Brachystegio torest
il4 Secorodophloeus forest
i24 Periodically flooded forest

1 Aerodynamic method

(083

Method unknown.

3 Also published much higher values measured in chambers with air flow

4 Qnxigen uptake measured with manometer.

Data presented here are most comparable to those
of Ewel er al (12) and Raick (27) in Costa Rica, and
Maldague and Hilger (20), Ogawa (25) and Yoda and
Kira (45} for other warm, moist tropical arcas

Other papers (21, 22, 39, 40) report s0il-CO,
effiuxes which are, in general, lower than those
reported here, although they were often obtained in
similar environments

In comparison with these authors, more hydroxide
absorbent was used and a larger surface area of the
hydroxide, for better CO, absorption (16), was
exposed in the present work. Schlesinger’s (31)
regression line, which relates seil-CO; evolution to
latitude, predicts a value of about 15 g m™® (™
for the site in whicl this study was carried out, Mean
values for vegetated plots in this site ranged from

1 d

gbout 11 to J8g m™ d

So0il-CO, efflux is the result of CO, production
in the soil and its subsequent diffusion into the
atmosphere, Insecticides that kill soil arthropods
might be expected to affect rates of CO, production,
but not diffusion. Although the aboveground insect
community was reduced by the spraying (6), any
effects on belowground populations were not reflect-
ed in the CO, efflux data. Most CO, released is

presumably generated by the activities of microbes
and roots, neither of which should have been greatly
affected by the insecticides used.

Vegetation can influence s0il-CO,  evolution
through its influence on organic matter production
{both roots and litter) and on microclimate The
prediction that CQ, efflux would increase with vege-
tation complexity was borne out during the second
and third sets of measurements, but not the first
At times the monoculture soils yielded as much
CO4 as did those of the more diverse communities
The ¢ vegetation-free plot, however, released COq
at a substantially lower rate than did any of those
with vegetation,

The young forest had the highest root area index
(RAT = 32, Table 1} and the highest average CO,
efflux (17.0 g m™ d™') This relationship did not
liold at the other end of the scale: the cassava mono-
culture had the lowest {inc-root biomass (RAI =0.1}),
but its rates of CO, evolution were intermediate
(11210127g m™ d7").

Although the rate of CO; evolution was greatest
from the oldest community studied (young forest),
the second-oldest community {melina monoculture)
had one of the lowest average rates. It is clear that
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CO, efflux is not dictated by vegetation age alone.
Age in conjunction with vegetation complexity may
influence CO, elflux, however, through its relation-
ships to root development, litter production, and the
s0il environment

If insecticides, vegetation complexity, and vege-
tation age do not cxplain the observed differences
in CO, eflflux, what does? The answer scems to be
abiotic factors. Numerous authors (10, 15, 17, 28,
41, 42, 43) have demonstrated a significant-and
usuaily positive-relationship between soil tempera-
tures and soil-<CO, evolution rates, particufarly in
explaining scasonal trends in temperale environ-
ments and day/night differences in rates of CO,
efflux. However, the highest soil temperatures af
the study site occurred in the vegetation-free soil,
which aiso had the lowest 50il-CO, efflux. This plot
had been bare for 15 yr at the time of the study,
so CO, production here may have been substrate
Himited. Soil temperature variations beneath vegeta-
tion were generally modest, and explain relatively
little of the variation in the data.

A more likely factor is waler. Soil moisture
conteni is well known 1o influence the rate of
s0i-C0.  evolution (9. 23, 28, 34) There
are least threc ways that soil water content might
Have influenced CO, efflux during the measurements
made in the present study

First, scit respiration might have increased with
increasing moisture, This wouild imply that the soil
hiota was water-limited, and not substrate-limited,
at the lower ranges of soil moisture measured here,

A second, but less Hkely, possibility is that water
might have displaced gas in the soil, incressing the
outward [lux of CQ,. Such a displacement would
have to have beer a short-term phenomenon, and
could have occurred only as long as soil water content
was increasing. The changes in soil moisture observed
during our 24-h measurements were not large enough
to account {or much increase in €O, Nux due to
displacement by waler, and the water contents
observed were not high enough to {ill any but the
smallest pores, so this phenomenon is unlikely to
have been responsible for most moisture-related
differences in CO; elflux.

Third, increased soil moisture may have resulied
in increased diffusivity of CO, out of the soil The
soii at the study site contains shrinking/swelling clays
and allophane. Over the range of soil moistures
encountered during the study (about 30% to 60% ).
the bulk density of the study-site soil decreases from
1.00 to 0.85 (29). The resulting increase in pore

volume might have increased the rate of CO, diffu-
sion out of the soil, but only if the space was
occupied by soil atmosphere rather than soil solution,
a8 CO, diffuses very slowly in water.

Soil water and temperature —like roots, microbes,
and organic matter— are, to some extent, under biotic
control. They also vary with season One might there-
{ore predict that communities with higher transpira-
tion rates would deplete soil moisture faster, resuit-
ing in less soil-CO, efflux during the dry season.
During the wet season (when these measurements
were made) differences between high-transpiration
and low-transpiration communities would be expect-
ed to be small; this fact was observed in the present
work.

This study was conducted on a deep, moist, well-
drained, relatively fertile soil: perhaps nearly ideal
conditions [or soil respiration. All of the communities
examined {except the vegetation-free plot) were
young and very productive. The combination of
conducive environmental conditions, year-round
growth, abundant fine roots, and high rates of litter
production make it likely that soil respiration rates
of tropical successional and agricuitural scosystems
on good soils are among the highest in the worid.

When such sites are cleared —and maintained free
of regrowth— they release CO, into the atmosphere
at a high rate until their soil carbon reserves are much
reduced: a process that apparently takes longer than
the 1.5 yr that the vegetation-free plot was maintain-
ed in this study. Unless they are intentionally kept
clear, however, recolenization is rapid. Successional
vegetation and plantations of cassava of melina ap-
parently produce sufficient organic matter to fuel soil
respiration at rates nearly as high as those of the pre-
disturbance forest.

Summary

Soil-CO; efflux was measured from nine eco-
systemns, all on the same relatively fertile soil. The
ecosystems ranged from 0.8 to 10 yr old and included
a vepetation-free soil, monocultures of melina (Greli-
na arboreq) and cassava (Manihot esculenta), and suc-
cessional communities containing 80 to > 150
species. CO, effluxes were based on replicated (n =6
or 8) measurements at 4-h intervals for continuous
24-h periods, using closed chambers containing alkali
absorbent. Mean CO, effluxes ranged from about 9
to 18 g m™2 d7'; diurnal trends were inconsistent
Insecticides did not reduce rates of CO, evolution
from the two ecosystems where they were appiied.
The vegelation-free soil yielded CO, at the slowest
rate, but other differences among ecosysteins were
not clearly related to differences in vegetation age,
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stature, species richness, or fine-root surface area
Soil temperature did not account for differences in
CO, efflux, but increased soil water was associated

with faster CO, release, probably because it stimulat-

ed the activity of soil microorganisms and/or roots.
Soil-CO, -efflux dala from the tropics are tabulated,
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TERMOMETRIA INFRARROJA EN SELECCION DE GENOTIPOS DE FRIJOL
(Phaseolus vulgaris 1..) RESISTENTES A 1A SEQUIA. 1. BASES FISIOLOGICAS'/______

G BASCUR*
M A CGLIVA®*
D LAING ###

It was evaluated if the index of drought determinated by means of canopy
temperature with an infrared thermometer represents the warter level of the plant with
the purpose to develop a screening method for the identification of water stress tol-
eraint bean (Phascolus vulgaris L. ) cultivars It was determined a good correlation be-
tween the index of drought and the phvsiclogical parameters, leaf water potential and
stomaral resistance. These data showed that the method of infrared thermometry may
be used as an index of water level jor identifving, under field conditions, bean cultivars

witl drougiit resistance.

Introduccidn

xisten diversos métodos para determinar el esta-
do hidrico interno de la planta (12) Sin embar-
4 g0, la mayoria son poco adecuados para condi-
ciones de campo, ya que las técnicas mis comines
requieren de un tiempo de equilibrio, que no permite
hacer un gran numero de mediciones sin alterar el es.
tado hidrico de fa planta La termometria infrarroja
permite estimar el estado hidrico del cultive por me-
dio de ios cambios en ef balance térmico de las hojas.
Mediante termometria infrarroja se puede medir la
temperatura de copa de las plantas en forma exacta
y ripida (5, 7). La técnica estd siendo usada en [a

i Recibido para publicacion o 5 de abril de 1984
El autor principal agradeee al Centro Internacional de
Agricuitura Tropical (CEAT) la celuboracion v finan-
ciamiento para la realizacion de este trabajo Parte de
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grado de M.Sc. en Pisiologin Vegetal, a fa Universidad
Federal de Vigosa, Brasit

* Estacién Experimental Ea Plating, Instituto de Inves-
tigacienes Agropecuarias, Casilla 5447, Santiage,
Chile

ok Direccién Recursos Naturales, Departamento Biologia
Vegetal Universidad Federal de Vigess, 36 570 Vicosa,
Brasil

¥k Centro Internacional de Agriculiura Tropical (CIAT),
Apartado Adreo 6713, Cali, Colombia

sctualidad para estimar las condiciones hidricas en
frijol (6, 9). Sin embargo, todavia no son muy cono-
cidas las relaciones que existen entre la temperatura
de copa, potencial hidrico y resistencia estomdtica
para frijol durante un periodo de deficiencia hidrica
Este trabajo se propone estudiar estas relaciones

Materiales y métodos

Bl experimento fue realizado en el Centro Interna-
cional de Agricultura Tropical CIAT (Lat.: 3° 30°N,
Long: 76° 22°W, Alt : 965 msnm) Palmira, Colombia
durante los meses de junio a setiembre de 1980, pe-
riodo correspondiente a la época de sequia.

Se estudid el comportamiento de doce cultivares
de frijol (Phaseolus vulgaris L.), cuya stembra se hizo
diferida y programada para que todas las variedades
tuvieran la floracion en la misma época. El disefio
experimental correspondio a un bloque dividido
constituido por los doce cultivares con y sin iriga-
cién El tamafio de la parcela fue de 3.5 por 40 m
con una densidad poblacional de 25 plantas por m?.
Todas las parcelas fueron regadas hasta el inicio de la
floracion mediante e} método por surco y con un in-
tervalo de cuatro dias. Después de este periodo, sélo
la mitad de las parcelas continuaron recibiendo riego
con la misma frecuencia hasta su madurez fisioldgica.

La sequia se indujo seis dias antes del periodo de
floracién. Durante el periodo de sequia, a cinco horas
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del dia: 06, 09, 12, 15 y 17 horas en plantas tomadas
al azar, se evaluaron los pardmetros que a continua-
cion se explican

Potencial hidrico de la hoja (¥ h): se delerminé
con una bomba de presion (2, 11, 12) durante 13 dias
del perfodo de sequia en la parte apical de la planta
(arriba de la tercera hoja verdadera),

Resistencia estomdtica abaxial (Rs): se midi¢ con
un pardmetro de difusidn con sensor horizontal (8,
10, 14), duranie 11 dias del periodo de sequia en un
folivlo de la sepunda hoja verdaders completamente
expuesta a la fuz

Temperatura de copa (te °C): se midi6 con un ter-
mémetro infrarrojo durante 16 dias del periodo de
sequia conforme a lo descrito por Fuchs v Tanner
{4), Fuchs er al (3), Hatfield {6} y Kretchmer et al.

(9).

Basados en las mediciones, se calcularon los si-
guientes indices:

Indice de sequia total (L.S. total): corresponde a la
sumatoria del diferencial de 1z tc "C entre el trata-
miento con y sin irrigacidn en todos los horarios vy
dias{l.S total =% Atc °Cdesden=1"dinan= 16"
dia de medicién) Como las mediciones fueron efec-
tuadas en cinco horarios del dia, se puede conocer el
indice de sequia por hora de medicion (1.S. hora =
(£ &1¢ °C) hora desde n = 1° dia a n=16° dia).

Porcentaje de reduccion de rendimiento: mide
en qué proporcion disminuyd la produccién de semi-
llas por efecto de la sequia con base en ¢l peso prome-
dio de los granos con el 14% de humedad.

Resultados v discusion

En la Figura [ se observa la variacion media diaria
de la Rs abaxial al medicdia, en los cuitivares “Bayos
Titan™ y “Negro Argei”, escogidos por haber presen-
tado grandes diferencias durante todo el periodo de
sequia. La sensibilidad estomdtica al déficit hidrico
fue mayor en el cultivar “Bayos Titdn", especifica-
mente a partir del 11° dia del periodo de sequin,
cuando alcanzd 20 5. cm™ | aproximadamente.

Ef aumento de Rs produjo como consecuencia au-
mentos en la tc °C por alteracién del proceso de en-
friamiento de [a planta Este efecto se visualiza mejor
cusndo se estudian los valores 1.8 total, durante el
periodo de falta de agua (Cuadro 1). Estos valores
muestran que los .5, total mayores fueron obtenidos
al medicdia y los mds bajos, en los horarios de las 06 y
17 horas. Los vaiores mds altos correspondieron a los

20
5
iy
fy
Iy
oy
i
ww e BAYOS TITAN -
- 1
16 NEGRO ARGEL C
l 1
1
— .
= ]
] 1 4
5 Coh
;12 ' v
u . L
— ¥
[=] 1
(3] )
= i
Q “ i
E \
s ' f
w 8- )
[ 1 1
' !
o] \
5 : '
c ' ,'
o i |
o ' ~ I
s 41\ AN
A \ ~ 4
@ vy - Ny
Hi T gt by T T T Tl ¥ ¥
2 3 4 T B 9 0 1t e It 18

Periodo de sequia {digs)

Fig. | Vaurlacion diaria de la resistencia estomitica abaxial
ol medio dia durante el periodo de sequia, en las va-
riedades “Bayos Titdin" v “Negro Argel”.

cultivares “Bayos Titdn”, “BAT-240” y “Hallados
Pinto 114" y los mds bajos a “BAT-44", “Cristal-Ba-
yo', “Negro Argel” y *'Nep 2.

Una mayor Rs produce un aumento en la tc °C,
la que aumenta ripidamente desde la maflana hasta
el mediodia. Entre ambos factores se establece una
relacion fineal presentada en ia Figura 2A. El efecto
del déficit hidrico se maniliesta en este periodo,
cuando ios estomas comienzan a cerrarse despuds
de que la hoja alcanza cierto valor de ¢ h. Este efec.
1o estuvo acompafiado por un posterior aumento
de la tc °C. La relacién entre 1.8, totai y ¥ h (Fi-
gura 2B) no mostyd una relacién iineal como los
obtenidos en experimentos preliminares realizados
por CIAT (3} La relacién £S. total y Rs se mostrd
idéntica,

Utilizande el 1S, total como pardmetro para clasi-
ficar el comportamiento de los cultivares al déficit
hidrico, se obtiene una distribucidn de etlos con base
enla £ 4t°Cyyh, de acuerdo a lo presentado en
fa Figura 3A. En ella los genotipos son distribuidos
en 4 cuadrantes, de los cuales los mds importantes
son los formados por un bajo 1S total y alto ¢ h
(D, y alte 18 total y bajo ¢ h (IH). Sin embargo,
como ¥ h represents un estado energético del agua
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Cuadro 1. Indice de sequia total e indice de sequra por hora para doce cultivares de frijol.

INDICE DE SEQUIA ¢°C)

HORA
Cultivar 6 9 i2 15 17 Total
BAT-18 38 43 56.6 556 158 166 2
BAT-44 i4 193 313 303 98 982
BAT-T9 28 333 663 59.6 198 1811
BAT--240 4.3 46 3 B4 9 147 233 2334
CCGB-44 25 195 47 8 415 it s 1228
Bico de Oure 35 383 729 612 218 197 7
NEP-2 43 247 566 450 127 143 3
Orico-Inia 41 32 4 759 589 18 4 189 7
Negro Argel 31 278 340 45.8 15.6 146.3
Hallados Pinto 114 40 437 732 614 212 2035
Bayos Titin 53 49} 8213 763 247 2385
Cristal Bayo 25 118 48 0 413 151 1307
800- (a)
Yn-490+487,41x
R%.86,49%
N=732
TG 6004
{+1]
-
<
i~
2
e
2 400+
L1}
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Fig 2 Reluacion entre el indice de sequin y (A} resislencia estomdtica abaxial promedio en los tres primeros horarios del dia, v (B}
el potencial hidrico de a hoja promedio de cinco horas del dia durante ef periodo de sequia en doce variedades de frijol
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en la planta, y ademds es un pardmetro muy variable,
esta relacion por si sola no permite clasificar a los ge-
notipos bajo condicién de sequia. Como la Rs depen-
de del déficit hidrico y consecuentemente provoca
variaciones en la t¢ °C, la relacién entre L. S. total y
Z A Rs representa mejor el comportamiento de los
genotipos en condiciones de sequia.

Esta relacion se presenta en la Figura 3B, donde
se observa un aumento en el L.S. total a medida que la
diferencia de Rs entre el genotipo con y sin riego es
mayor, con un r de 0.88 (significativo P < 0.01). En
esta figura, los cultivares localizados en el cuadrante
I presentaron la menor Rs y Tc °C (Negro Argel,
Nep-2, BAT-44 y C.C.G. B-44) hecho que demues-
tra que el proceso de refrigeracion no fue alterado
siendo estos cultivares poco afectados por el déficit
hidrico. Por el contrario, en el cuadrante III se ubican
los cultivares que durante el periodo de sequia tu-
vieron valores mayores para estos dos pardmetros,
evidenciando que el proceso de enfriamiento de la
hoja fue fuertemente influido por la sequia.

Finalmente, como el rendimiento es la expresion
final de la interaccién de los pardmetros menciona-
dos, en la Figura 3C se presenta la distribucion de los
genotipos segin el 1.S. total y la reduccion del rendi-
miento. Al igual que en el caso anterior los cuadrantes
I y 1I formados por los mds bajos y altos valores de
cada pardmetro respectivamente, son los mds impor-
tantes.

En el cuadrante I aparecen los cultivares Negro
Argel, Nep-2, BAT-18 y C.C.G. B.-44 los cuales pre-
sentaron un bajo LS. total y un bajo porcentaje de

reducciéon de rendimiento, situacién que indica que
agrondémicamente fueron muy pocos afectados por
el déficit hidrico.

Este hecho es concordante con los resultados del
estudio de los pardmetros de crecimiento que se hizo
para los mismos cultivares (1), determinindose que
los genotipos ubicados en los cuadrantes I, I y IV
no presentaron diferencia entre el tratamiento irriga-
do y no irrigado, especialmente en el indice y dura-
cién del area foliar, dependiendo su ubicacién sola-
mente de la distribucién de la materia seca y de la re-
duccién de rendimiento.

Se concluye que los resultados y relaciones obte-
nidas para los pardmetros fisiologicos muestran que
el LS. total puede ser usado para seleccionar cultiva-
res o genotipos bajo condiciones de déficit hidrico.

Ademds si se considera la rapidez con que se aplica
el método y la ventaja de que el termdémetro infra-
rrojo no necesita estar en contacto con la hoja, se
tiene un método simple y confiable para estimar el
estado hidrico interno de la planta. Por lo tanto el
método es eficaz para seleccionar, bajo condiciones
de campo, una gran cantidad de cultivares o genotipos
de frijol resistentes a la sequia.

Resumen
El presente trabajo tuvo como propésito evaluar si

el indice de sequia, estimado por la medicién de la
temperatura de la copa con un termémetro infrarrojo,
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representa las condiciones hidricas de fa planta y si
puede ser usado en condiciones de campo como un
método simple y ripido para seleccionar cultivares
de frijoles resistentes a sequeia,
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Notas y comentarios

Predatores camuflados engafan a comejenes en Costa
Rica

Muchos de los chinches predatores de ls familia
Rediviidae chupan {a hemolinfa de otros insectos, y
sus técnicas son directas. Capturan sus presas, ya sea
por persecucidon o emboscada, y les inyectan répida-
mente un agente paralizante, administrado con la
aguja hipodérmica que tienen como boca Una vez
que su presa estd iamovilizada. los chinches usan el
mismo pico punzante para sorber los jugos vitales
{hemolinfs) de su aliora quieto plato fuerte

Pars la mayoria de los chinches predatores, este
método de captura, sometimiento y almuerzo es
suficiente y exitoso, pero unas pocas especies usan
un métode mds satil en su caceria, el arte del camu-
flaje. Estos hemipteros predatores pegan pedazos
de detritus a sus exoesqueletos, produciendo lo que
debe ser un disfraz convincente. Escondidos debajo
de su pila movil de basura, estos predatores simple-
mente esperan que un insecto se acergue bastante,
y entonces se le van encima. El camuflaje de por lo
menos una especie de reduvidos, Salvavata variegata,
funciona, sin embargo, de una manera muy distinta
Este predator agrega una interesante variante a su ca-
ceria . . . usa el esqueleto vacio de su victima para
atragr a su préxima presa a su destino final.

Esta extrafia conducta fue observada en Costa
Rica por Elizabeth A MeMahan, de ia Universidad
de Carolina del Norte (Insectes Sociaux, vol 29,
p. 346) mientras estudiaba los métodos de repara-
cién de sus nidos empieados por el comején Nawsti-
termes corniger. Estos termitas, o comejenes como
se les llama en México, Centroamérica y el Caribe
hispano, viven entre lzs ramas de los drboles, constru-
yvendo sus nidos con una especie de pergamino que
ellos mismos elaboran, Cuando la pared del nido

conico es dafiada, los abreros de la colonia corren
al lugar a electuar reparaciones, mientras que los
soldados guardan las aberturas, listos para rechazar
a los posibles intrusos

En el curso de sus observaciones, McMahan notd
ninfas de los chinches predatores agazaparadas cerca
de las aberturas del nido Estas ninfas estaban cubier-
1as por una cosira espesa de pergamino, arreglada
come disfraz por los insecios, con pedacitos sueltos
del material de las paredes del nido, y los comejenes
soldados que guardaban el nido aparentemente no
notaban ningtin peligro. Cuando la oportunidad se
presentaba, las ninfas comejenes capturaban un
termita obrero vy se to comian, Después de qque el
chinche enmascarado habia terminade con su primer
comején, regresaba a la aberturs y dejaba al caddver
colgando dentro del nide Como los comejenes jut-
ciosamente ieciclan los cuerpos de sus camaradas
muertos, la “carnada” de los chinches predatores
atraia inmediatamente la atencidén de los comejenes
obreros, mientras éstos trataban de meter la cdscara
vacia deniro del nido, el chinche jalaba suavemente
su pesca, descartando la carnada, y devorando una
segunda victima. Este proceso era repetide varias
veces, usando como carnada lo que quedaba de su
comida mas reciente, hasta que el predator se sa-
ciaba de tanto comer

Los soldados de la colonia de termitas se daban
cuenta de que algo no marchaba bien, pero no eran
capaces de localizar ¢l origen de la molestia, entre
otras cosas porque los termitas son ciegos Cuando
desaparecia un obrero, los soldados ocasionalmente
corrian fuera de la abertura del nido, pero no eran
capaces de reconocer ai chinche predator como
intruso ;Como funciona el camufiaje contra un ene-
migo que no ve? Aunque el disfraz obvizmente no es
una defensa visual, probablemente sirve como un sub-
terfugio tictil y olfatorio. McMahan informa haber
visto termitas soldados vy obreros caminar sobre los
predatores disfrazados y especula que los chinches
camuflados deben haber tenido el olor, el sabor y
la textura de las partes exteriores del nido de come-
jenes Adalberto Gorbitz



TERMOMETRIA INFRARRGIJA EN SELECCION DE GENOTIPOS DE FRIJOL
—{Phascolies vulgaris 1.}y RESISTENTES A SEQUIA TL CRECIMIENTO Y PRODUCTIVIDAD! [ __
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The effect of water stress in the productivity of twelve bean (Phaseolus vuigaris
L) eultivars was studied by means of the growth analysis and infrared thermometry.

A great varigbility in the performance of cultivars was determined. Leaf area
index, crop growth rate, grain growtlt rate, dry matter of stems and branches and
percentage vield reduction were very much affected in the water stress susceptible
ctltivars  The cultivars least affected by the water stress did not show variability in the
growth parameters, yield components and percentage vield reduction. These cultivars
had been identified {in a previous paper} through the drought index estimated with the

infrared thermoneter.

Introduccién

a productividad del frijo]l en la mayoria de las
L dreas productoras de América Latina es depen-

diente de la cantidad y distribucion de las preci-
pitaciones. PPor este, fa disponibilidad de agua durante
el periodo de crecimiento parece ser unc de los prin-
cipales factores limitantes del rendimiento (8) No
todos los cuitivares presentan la misma respuesta
al déficit hidrico, situacion que indica que hay varia-
bilidad en la resistencia hidrica.

Bascur er al (2) demostraron que la termomeiria
infrarrofa, mediante el uso del rndice de sequia (£ 4

1 Recibido para publicacion el 28 de setiembre de 1984
E} autor principal agradece al Centro Internacional de
Apricuitura Tropical (CIAT)Y la colaborucion v (inan-
ciamiento para la readizacion de este trabajo Parte de
la tesis presentada por ¢l autor principal, para optar &l
grado de M Sc en Fistologiz Vegetal, a Ia Univessidad
Federal de Vigosa, Brasil

i Estacion Lxperimental La Plating, Instituto de Investi-
paciones Agropecuarias, Casilla 5427, Santiago, Chile

*#%  Direccidn Recursos Naturales, Departamento Biologia
Vegetal, Universidad Federal de Vigosa, Brasil.

Wkt Centro Internacional de Agricubtura Tropical (CIAT),
Apartado Acree 6713, Cali, Colombia

tc °C) representa el estado hidrico de la planta y
por lo tante permite identificar cuitivares o geno-
lipos de {rijol sometidos a deficiencia hidrics. Con el
proposito de validar a sensibilidad del método, en
este trabajo se analiza el comportamiento de los para-
metros de crecimiento y productividad en un grupe
de cultivares de frijol cuyas respuestas fisiologicas sl
déficit hidrico son conocidas,

Materiales y métodos

Doce cultivares de [rijol (Phaseolus vulgaris 1.)
fueron sometidos a periodos de sequiz en las mismas
condiciones descritas por Bascur et af. {2) Se utilizd
un disefio experimentai de bloque dividido, consti-
tuido por los doce cultivares con vy sin irrigacion

Una vez iniciado el déficit hidrico y durante todo
el periodo de sequia, se tomaron muestras de 10 plan-
tas cada 7 dias en todos los cultivares para determinar
el peso de fa materia seca de la planta en una estufa
de ventilacién forzada a 70°C hasta [a obtencion de
peso constante. Mediante el métode de submuestra
se determind el drea foliar de dos plantas en un medi-
dor automatico de drea [oliar.

Al momento de la cosecha y con base en una
muestra de plantas en 1 m?, se determind el numero
de plantas y los componentes de rendimiento: nime-
ro de vainas y peso de 100 semillas secas. La particion
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de fotoasimilados bajo condiciones de sequia se calcu-
16 por medio del peso de s materia seca de tallos,
ramas, vainas y semiilas.

El rendimiento se estim¢ con base en el peso de la
semilla obtenida de un metro cuadrado, y el conteni-
do de humedad al momento de la cosecha. Basado en
estas mediciones se estimé el porcentaje de reduccién
del rendimicnto para los distintos cultivares por efec-
to det déficit hidrico

Resultados

El andlisis de los pardametros fisiologicos demostrd
una gran variabilidad en el comportamiento de ios
cultivares frente al déficit hidrico (2). Hubo algunos
que fueron severamente afectados, como el caso de
Bayos Titdn, y otros como Negro Argel que mantu-
vieron su balance hidrico intemo.

En la Figura 1-A se puede observar que bajo condi-
ciones de sequia el cultivar Bayos Titan presenid una
tasa de crecimiento del cultivo, indice de drea foliar
y tasa de crecimiento de grano mds baja que el testi-
go irrigado  El comportamiento de la variedad Negro
Argel en relscidn a los mismos pardmetros (Figura
1-B) fue completamente diferente, ya que lanto el
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Fig 1 Tasa de crecimiento det cultivo, indice de area foliar
y tasy de crecimiente del grano pars las varicdades
¢AY Buyos Titin y {B) Negro Argel durante el petio-
do de sequia

tratamiento irrigado como el sin irrigacion presenta-
ron las mismas curvas, existiendo sdlo algunas dife-
rencias en el indice de drea foliar, el cual fue leve-
mente inferior en el tratamiento sometido a sequia
pero con valores mdximos muy préximos a 4.0,

La duracidon del drea foliar bajo condiciones de
sequia para el cultivar Bayos Titdn fue inferior a fa
de Negro Argel, lo que explica la baja tasa de produc-
cion de materia seca que presentd esta variedad. A
pesar de estas diferencias, la tasa asimilatoria liquida
en los dos cuiltivares presenté la misma tendencia
(Figura 2). Sin cmbargo, la caids de este parametro
fue mis rdpida para el caso del cultivar Bayos Titdn,
sin existir diferencias entre los dos tratamientos.

En la particién de fotoasimilados se observd un
efecto de la deficiencia hidrica en el peso de la mate-
ria seca de ramas -+ tallos, vainas, semillas y pesc de la
materia seca total de la planta (Cuadro 1} Este efecto
es concordante con el observado por otros autores
{4, 6, 9) bajo condiciones de campo.

Ademds se determind un efecto significative de la
falta de agua sobre la razdn de peso de la materia seca
det tallo 4 ramas/peso de la materia seca de lz planta,
fo que indica gue hubo un mayor acimulo de foto-
asimilados en ramas y tallos en detrimento del indice
de cosecha (razon peso de la semilla secafpeso de ma-
teria seca de [a planta). Estas relaciones fueron signi-
ficativamente afectadas y en la misma forma por la
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Fig. 2 Tasa media asimilatoria liquida de las variedades
Bayos Titin y Negro Argel durante todo el periodo
de sequia
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Cuadro 1. Distribucién de la materia seca en doce variedades de frijol.

Peso maleria Peso materia Peso semilas

Peso materia

Ruzon ramas  Razdn vainas/ Razdn semilfas/

seca ramas {allos  seca vainas seeas seca total tullos/total total total
() ] () &)

Irrigado 90 1a* M5 24844 41802 022 b 019 a 0359 a
Mo irrigado 03.80b 459 b 120t 229 8 b 0.29 a 0.20 a 0.50 b
Variedades
BAT-18 99 1ab 655 bed 186 2abe 350 8ab 0301 be 0.186 bede 0513 cd
BAT-44 134 3a 712 ab 225 3a 400 9a 0272 0.179 cde 0. 549 abed
BAT-79 81.3abe 606 bed [83 6abe 325 5abe (269 led 4.197 bede 0.533 bed
BAT-240 70 9 cde 75.8 ab 205 7ab 352 5ab G.214 cf 0211ab 0.565abe
CCGB-44 106 4a 77.0 ab 232 7a 410.1a 0346 de 0.197 bede 0556 abed
Bico de Ouro 63 4 cde 68 7 abc 204.1ab 336.2abe 0.207 ef 0.212 abed 0.581 abe
NEP--2 10234 854 a 216 7ab 404 54 0.253 cde 0214 abe (531 bed
Oriea INIA 62 7oede 526 cdei 189.7abe 304.9 abed 0214 ef 0174 de 06ila
Negro Argel 65 4 cde 591 bede 194 6 abe 319 2abe 3216 of 0186 bede 0.598 b
Mallados Pinto 114 473e 5G 1 det 148 3 bed 2456 bed 0193 1 0.264 bed 060340
Bayos Titin 5t .0de 46.6 cf 104 0d 2016d 0315 ab 0247a 0.437¢
Cristat Bayo T4 9 bed 3951 1203 c¢d 234 Bed 0352 a 0164¢c (483 de

*  En cada columna los valores sepuidos de fa misma letra no difieren significativamente al nivel de P = 0 03, segin la prucbha de DMS

sequra para el cultivar Bayos Titdn, el que presentd
valores estadisticamente diferentes a los determina-
dos para el cuitivar Negro Argel

En el Cuadro 2 se observa cf electo de Ia deficien-
cia hidrica sobre los compaonentes de rendimiento, lo
que también ha sido encontrado en {rijol por distin-
tos auteres (1, 3, 7) para el numero de vainas, peso
de granos y produccion de semitlas.

Al comparar los cultivares Bayos Titdn y Negro
Argel se observaron diferencias significativas para el
numero de vainas por m*, numero de semillas por
vaina, nimero de semillas por m?, correspondiéndole
los valores mds aitos g Negro Argel. El peso de 100
semitlas fue mayor en el cultivar Bayos Titdn debido a
que su tamafio de grano es mds grande que el de
Negro Argel.

Los valores para rendimiento muestran que Negro
Argel no se afectd mucho por la deficiencia hidrica,
ya que la reduccidn fue solamente el 26.2% , mientras
que en Bayos Titién ésta fue del 83%

Discusion
Las diferencias dentro de los pardmetros de creci-

miento y preductividad en los distintos cultivares se
deben a que los primeros efectos del déficit hidrico se

manifiestan como reduccion del drea foliar y aumento
de la resistenciaz estomadtica. Bste tltimo factor es el
principal responsable de la reduccion de la fotosinte-
sis en condiciones de estrés hidrico en frijol (5, 10).
Dependiendo del cultivar la magnitud de esta reduc-
cion afecta diferentemente la produccidon de materia
seca o la de semilla.

En el cultivar Negro Argel, el déficit hidrico no
afectd el indice y duracién del drea foliar, razdn por
la que presentd una mayor tasa de crecimiento. Esto
demuestra que su fotosintesis no fue alterada y por
lo tanto la cantidad de fotoasimifados no fue limi-
tante, quedando disponibles en cantidad sufliciente
para el llenado de vainas y posteriormente para el cre-
cimiento y desarrollo del grano, situacion que fue evi-
denciada por los mayores valores de los componentes
de rendimiento vy rendimiento de grano

Los resuitados obienidos en este trabajo mues-
tran que los cultivares cuyos crecimiento y produc-
tividad fueron menos afectados por el déficit hidrico
son los mismos que Bascur er al (2) seleccionaron
mediante el uso del termametro infrarrojo. Esto in-
dica que el indice de sequia propuesto, ademds de
representar el estado hidrico interno de la planta,
puede asociarse con la reduccion de rendimiento
y de esta manera ser utifizado como una metodo-
logia simple, ripida v de buena sensibilidad para se-
leccionar cultivares resistentes a sequia
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Cuadro 2. Efecto del déficit hidrico en [os componentes de rendimiento, y en la reduccién de rendimiento en doce variedades de frijol.
Niamero de Namerode  Nimero Numero Namero  Peso de 100 Produccién  Reduceibn
plantas vainas vainas por  semillas por semillas por  semillas semillas al  de la produc,
porm” porm” planta viing m- stcas (g) 14% hume- de semillas
dad g/m? (%)
[rrigado 23186 a% 21575 a 1i63a 4 30a 1233622 2332 246924 -
No irrigada 1292a 166 88 b 7.09b 3770 67981 b 1980 b 12853 b 4795
Variedades
BAT--18 2394 5 231 16be 1G28¢ 4 271h 108600 be 1681 Y 201 202 4565
BAT 44 23035 230 30c¢ 988 ¢ 4 322ab 100764 be 2191d 20594 4 34 .40
BAT-79 2461 a 225 83¢ 958 ¢ 4 35ab 101878 be 1750 of 10624 5178
BAT-240 2205 @ 232 16¢ 1024 ¢ 4 8Cab 116014 be 1770 ¢f 201.9Ca 60.24
CCGB-44 1366 . 301 83ab 13 34 ab 445ab F37637 ab 1663 22153 a 3368
Bico de Quro 2216 . 252 00be 1812 be 4 10bc 1076408 be 1850c¢ i91 14 2 6299
NEP-2 2355 356 66a 14 82 4 36al 160173 a 13.66 ¢ 19250 q 50.85
Orfeo INEA 23665 208 16¢ 843 cd 4 21 be 88227 ¢ 21154 209254 40.55
Negro Argel 23.77 4 231.33¢ 973 ¢ 4 96a P16676 be 1640t 202853 26 20
Hallados Pinio 114 2377 & 140 00d 566 de 350¢ 493 54 d 2993 ¢ 17938 ab 37.23
Bayos Titdn 400 110.66d 438 ¢ 2314 28421 d 3278 b 11343 b 83.09
Cristal Bayo 2244 @ 115.50d 490 ¢ 2704d 32707 d 3570 112981 59.27

*  En cada columna los valores seguidos de la misma letsa no difieren significativamente al nivel de P = 0.05, segin la prucha de DMS

Resumen

Mediante la técnica de andlisis de crecimiento y
termometria infrarroia se estudid ef efecto de I
deficiencia hidrica sobre la productividad de doce
cultivares de frijol (Phaseolus vulgaris 1)

Se encontré una gran variacion en ef comporta-
miento de los cultivares. Los que fueron afectados
severamente por la deficiencia de agua sufrieron una
fuerte reduccion del drea foliar, tass de crecimiento
del cultivo, tasa de crecimiento del grano, pero expe-
rimentaron un mayor acimulo de materia seca en
tallos v ramas, a la vez que tuvicron uns fuerte reduc-
cion del rendimiento

Los cultivares que {ueron menos afectados por el
déficit hidrico no presentaron variaciones en los pard-
metros de crecimiento, componentes de rendimiento
y reduccién del rendimiento, y corresponden a los
mismos que fueron identificados en un trabajo ante-
rior, mediante el uso del indice de sequia estimado
con un termoémetro infrarrcio
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BRAY, FRANCESCA. Science and civilisation in
China, Volume 6, Part 2, Agriculture. Cambridge
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China es, v slempre ha sido, un pais predominanie-
mente agricola. Tan asi es que los intelectuales han
estado describiendo sus pricticas por 2000 afios Es
posible trazar la tecnologia agricola china desde los
tiempos neoliticos, aunque los chinos proveen poca
informacién sobre la gente que reahmente realizaba
esa tarea. Aqui estd iodo, expuesto en forma erudita
y entusiasta por Francesca Bray, una sindloga tanto
en el campo como en la biblioteca.

Desde los tiempos mas lejanos, la agricubtura china
ha sido, a s vez, intensiva en muno de obra e intensi-
va en cultivo. Aun en el norte usaban muy pocos
animales de tiro. Pero esto, el mantenimiento de
métodos tradicionales no evitd la introduccion de
nuevas herramientas v nuevos cultivos,

Los cultivos primordiales eran el arroz en el sur
y los millos {Sorghunt) en el norte, ambos cultivados
con el taro {Colocasiz). La soya, el trigo, la cebada v
el cdffamo {para aceite y para tela) arribaron durante
el primer milenio A.C. Las habas, las arvejas y el ajon-
joli arribaron durante la dinastia de los Han (aproxi-
madamente entre 200 AC. y 200 DC. ~ los no si-
notogos hubieran recibido bien un cuadro de crono-
logia compargztiva). El 1€, alrededor del siglo IX, y el
algoddn cerca del siglo X1 Los cultivos del hemis-
ferio occidental, tales como el mani, el camote y el
maiz, aparecieron durante los siglos XVI y XVIL
Algo andmale fue que el lino se cultivase sdlo por el
aceite de linaza, no conociéndose su valor textil.

La forma mds simple de arado chino probable-
mente Hlegd con los nuevos cultivos de trigo, cebada
y cifiamo. Su perfeccionamiento durante los siguien-

tes 1000 afios fue paralelo al del de Occidente, aun-
que, segin Bray, quizds un poco anterior, Los chinos
desarrollaron el arado de hierro y encurvaron la ver-
tedera de hierro unos 1800 sfios antes de que ésta
apareciera en Europa.

Bray se inclina a aceptar la creencia de que la ad-
miracidén del periodo de la Hustracidn Europea por
todo lo chino fue causz no sbdlo de arados mejors-
dos (lo que parece posible) sino también de la sem-
bradora mecdnica de Jehthro Tull. Esto, sin embargo,
parece mis probable ser un caso de estimulo intelec-
tual que uno de transmisién directa como, la autora
lo demuestra. fue el caso de la sembradora

Auaque los fisideratas franceses escribieron erudi-
tamente sobre la teenelogia agricola china, es dudoso
que influyeran sobre los agricultores como lo hizo
Tull. Ef caso & favor de la invencién independiente es
fuerte en la agricultura y puede ser demostrada para
la grada de discos. Y no todas las herramientas chi-
nas fueron superiores {por ejemplo, la guadaiia) Y,
como la auiora discute convincentemesnte, nunca
hubo una revolucién agricols en China comparable
a la del siglo XVIIT en Europa. Es discutible el que
una revelucidn agricola fuese innecesaria ya que la
agricultura china cambidé progresivamente Pero, aln
hoy dia, muchos aspectos de la agricuftura china son
idénticos a to que fue hecho hace 1500 6 mds afios,

Este es el primer volumen de Science and Civilisa-
tion in China no escrita por su progenitor y editor de
la serie, Joseph Needham. Espero que Francesca Bray
me perdone si dige que, erudita y zbsorbida en su
tema como lo esella, le falts el toque de Needham de
transformar detalles masivos en un andlisis fascinante
en el que sus lectores son arrastradoes aunque no lo
deseen. Pero, aunque probablemente hay mds aqui
que lo que quisiera saber un no especialista, hay
mucho que podria ser de gran interés.

MARIE BOAS HALL
PROFESORA EMERITUS
IMPERIAL COLLEGE
LONDRES, INGLATERRA



DETERMINACION DEL AREA FOLIAR ENPLANTAS DE CARAOTA (Phaseolus vulgaris L.},
YUCA (Manihot esculenta CRANTZYY BATATA (Jpomoca batatas (L.) POIR ) UTILIZANDO

DIMENSIONES LINEALES Y DE PESO SECO DE LAS HOJAS!/

I ASCENCIO¥

Correlation and regression analyses are wsed in this study in order to determine
the most suitable equations Jor predicting leaf area in bush bean, cassava and sweel
potato. A high degree of correlation berween certain linear measurements and between
leaf dry weight and leaj area found Different vegression equations are given in each
case and the best predictive equations are selected on the basis of goodness of fit
(R? ) and standard error of estimate (SE). Besides, the best predictive equation for the
estimation of leaf area b bush bean, is compared with the gravimetric method through
the caleulation of two growih indexes, Net Assimilation Rate and [.eaf Area Ratio.

Introduecion

| drea foliar es uno de los pardmetros mis im-
portantes en la evaluscion del crecimiento de
4 las plantas. de alli que la determinacion adecua-
da del mismo sea Tundamental para la correcta inter-
pretacion de los procesos def desarrollo de un cultivo
Existen diferenies métodos para o determinacion del
drea foliar; Ia escogencin del método dependerd del
objetivo para cf cual se realiza la medicion y del nivel
de exactitud deseade en €l trabajo. Por otra parte cf
tamafio de fu muestra. la morfologia de la hoja y las
disponibilidades de tiempo y equipo por parle del
mmvestigador, son aspectos importantes & tener en
cuenta al seleccionar un determinado mélode. Cuan-
do fas plantas son individualizables, las medidas linea-
les de la hoja pueden utilizarse en relaciones mate-
nuiticas simpes, por ejemplo en e} caso de hojas muy
grandes como fas de banano, cafia de azicar o maiz

1 Recibido para publicacion ¢ 6 de mavo de 1984

La sulora desen expresar su sgradecimiento #l Dr
Yavier Garcia Benavides por sus valiosas observaciones
y sugerencias acerca del trabajo Al Ing Agr MS José
Luciani el haber permitido cosechar las hojus de yuea
¥y Dbatatz de fos campos experimentales def instituto
de Agronontia ¥ al Sr. Héctor Verde in realizacion del
ensayo e macetas: para el cileulo de fos indices TAN v
RAF en caracta.

¥ Universidad Central de Venezuela, Facultad de Agro-
nomin  Deparfamento de Botdnica Maracay, Vene-
zuehd

generalmente se determina ¢ drea como el producto
det large por el anche. Turner vy Lahav (13) calculan
el drea foliar de plantas de banano (Musa sp ) median-
te la relacion Area = ¥ 0.83LxB, donde I es la longi-
tud v B ¢l ancho de la heja. Chapman (5), también
recomienda la utitizacidn de medidas lineales simples
para la determinacién del drea foliar en ocumo, pues
el método no es destructivo vy ademds es de ficil
aplicacion en ¢l campo. Cuando se trabaje con fines
de anilisis de vegetacidon, cambios de biomusa y. en
general, cuando se utilicen prandes poblaciones de
plantas no individualizables, lo mds conveniente es
determinar el drea [lolizr de fas plantas utilizando
una submuestra representativa de la poblacion, sis-
tema este que también se puede aplicar a la deter-
minacidon del drea foliar de a copa de un drbol por
ejemplo

Los métodos utilizados en la determinacion del
drea foliar se encuentran ampliamente discutidos y
detaliados en Sestak, Catsky y Jasvis (11); sin embar-
go, cuando se utilizan dimensiones lineales o de peso
de las hojas como estimadores del drea, deben desa-
rroliarse in sife las ecuaciones de regresion haciendo
las correcciones y previsiores necesarias en relacion
at habitat, estacion, variedad y tratamientos (si ios
hubiere) para evitar deferminaciones erroneas. En fa
mayoria de los casos, las ecuaciones no son generali-
zables ya que los coeficientes caleulzdos son especi-
{icos para esa localidad, especie vegetal o variedad, de
alli que cada investipador se ves en la necesidad de
implementar  su  determinacion.  Sin  embargo, a
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veces es posible gjustar coeficientes unicos cuando
las plantas se desarrolian en diferentes ambientes
0 estdn sujetas & lratamientos que producen varis-
ciones en el peso o en la forma de las hojas duran-
te el desarrollo. Por ejemplo, Gomes et al (6)
obtuvieron los coelicientes para caleular el drea foliar
de plantas de sorgo en diferentes ambientes utilizando
una ecuacidn dnica y Hammer ( 7) no encontrd dife-
rencias al utilizar las mismas ccuaciones para estimar
el darea foliar en plantas de yuca cv MAUST en dos si-
tios diferentes (Lat 17°30°S Long. {46°000E y Lat.
26° 31'S Long 153° Q4E) Benincasa et al (3)
trabajando con plantas de caraota (Phaseolus vilgaris
L. cv ‘Carioca’) en un experimento a diferentes densi-
dades de siembra, calcularon un factor de correccién
comin para estimar cl drea durante la primera fase
del desarrollo de las plantas cuando predominan
hojas simples cordiformes y olro para la segunda
fase cuando predominan hojas trifoliadas con fo-
liolos elipticos. Por otra parte, no encontraron gife-
rencias significativas (P < 3% ) entre los cocficientes
obtenidos para caicular el drea foliar en los diferentes
tratamientos, por lo que generalizan ef uso de una
ecuacion de regresion lineal para esta variedad

Cuando se realiza un analisis del crecimiento gene-
ralmente se utilizan un gran nomero de plantas y aun-
que la cosecha implica la destruccion de las mismas,
el ndmero elevado de repeticiones de cada muestreo
y la frecuencia de los mismos podiian ser limitantes
serias en la utilizacidn eficiente dei tiempo duranie
la investigacién. Este trabajo liene por objeto analizar
la metodologia para determinar rea foliar en hojas
de cargota (Phaseolus vudgaris 1}, yuca (Maniliof
sculenra Crantz) y batata ([pomea batatas (1) Poir ),
utilizando dimensiones lineales y de pesc seco de las
hojas por medio de andlisis de correlscidn y regresidn
y comparar, para plantas de caraota, los valores obte-
nidos en el cilculo de dos indices de crecimiento, uti-
lizando en un caso el drea foliar estimada por medio
de una ecuacidén de regresidn y en otro por impresidn
en papel heliogrifico.

Materiales y métodos

Material Vegetal: Se utilizaron los datos prove-
nientes de un trabajo realizado con plantas de carao-
ta (Phaseolus vulgaris L) cv. ‘Coche’, cv. ‘Cubagua’ vy
cv. ‘Tacarigua’, Ascencio y Sgambatti {2); plantas de
yuca (Manihot esculenta Crantz) var. 2078, var. 2320,
var .‘Barinas’ y var ‘Sucre’ y plantas de batata ({poniea
batatas (L) Poir.) var LM-24 cultivadas en fos campos
de la Facultad de Agronomia UCV Maracay

Determinacion del drea y el peso de las hojas: Se
utilizaron tedas las hoias de las plantas de caraota
muestreadas durante el ciclo del crecimiento y un

amplio rango de tamafios de hojas escogidas al azar
dentro de la poblacién de plantas de cada variedad
o cultivar de yuea o batata. Las ldminas de las hojas
se imprimieron en papel heliogrifico {Ozalid, inea
azul 208-8) y la impresién de cada hoja (luego de
revelado en vapores de amoniaco) se recortd cuida-
dosamente. El drea de las hojas se determiné por el
método graviméirico de relacion drea-peso Sestak
et al (1) Todas lus determinaciones de peso seco
de las hojas y recortadas del papel se hicieron en una
balanza analitica Sartorious.

Determinacion de la relacion entre el drea foliar y
el peso seco de las hojas: a) Area foliar total por plan-
ta y peso seco totsl de hojas por planta: se utilizaron
plantas de caraota cv.‘Coche’ analizindose los datos
de muestreos efectundos cada cinco dias en 10 plan.
tas desde los 13 hasta los 63 dias de edad a partir de
la siembra b} Arca por hoja y peso seco por hoja:
se utilizaron plantas de batata var LM-24 Cada hois,
previamente identificada, se imprimié en papel helio-
grafico secandose posteriormente en la estufa a 70°C
durante 72 horas parz determinacién del peso seco
Se utilizé un tofal de 70 hojas.

Determinacién de la relacién entre el drea foliar y
las dimensiones lineales de la hoja: En el caso de las
hojas compuestas {caraota y yuca) se establecid en
primer lugar la correlacién entre las medidas lineales

L

-

Fig. | Dimensiones lineales utilizadas para calcular el drea
folinr en hejas de a) carsota, b) yvuca y ¢) batata,
(LL Largo; WW' Ancho)
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de uno, varios o todos los 16bulos de las hojas de yuca
y del foliolo central de las hojas de caraota y el drea
foliar total de la hoja. Se ulilizo un total de 70 hojas
de yuca var. 2078 y 25 hojas de cada una de las var

2330, ‘Barinas’ y ‘Suere’; 229 hojas de carpota cv.

‘Coche’. 162 del cv ‘Cubagua’ y 255 del cv ‘Taca-
rigua’.  Se utilizaron también 62 hojas simples de
batata var LM-24. En fa Figura 1 se muestran las
medidas lineales realizadas en las diferentes hojas;
en las hojas de caraota se determind el largo (1)
y el ancho (A) del foliolo central {el ancho mayor
y el largo desde la base hasta el dpice). En las hojas
de yuca se tomo el ancho mayor y el largo mayor del
16bulo central, el largo x ancho del Idbulo central
y la sumatoria de los largos de cada uno de los lobulos
de la hoja (£ L) En las hojas de batata se tomaron
el ancho en la parie mds ancha de la hoja vy ef largo
desde la base hasta el dpice

Anilisis estadistico de los resultados: Los resulta-
dos se analizaron utilizando fécnicas de anilisis de
regresion y correlacidn, gjustdndose las lineas a mode-
log de regresidn lineal. logaritmico, cuadrdtico. cubi-
co, geométrico, raiz cuadritica y gamma, selecciondn-
dose fas mejores ecuaciones de prediccion por la bon-
dad del ajuste (R*) y el error estandar de Iz estima-
cidn {SE). Los cdlculos se hicieron en el Centro de
Computo del CENIAP, en Maracay v utilizando un
minicomputador de mesa COMMODORE PET mod.
2007 Los procedimientos de cdlculo estin deseri-
tos en Meyer (10) y Sokal y Rohif {12)

Resultados

La estimacién del drea foliar por planta a partir
del peso seco de las hojas {peciolos y kiminas inclui

dos) se hizo en plantas de carzota cv. ‘Coche’, encon-
trindose coeficientes de determinacion altamente
significativos para los modelos de regresion lineai
(R® = 97,70% ), raiz cuadrdtica (R® = 97.65% )y
gamma (R? = 8844% ) Esto demuestra que en
principio esta eslimacion es adecuada para prede-
cir el drea foliar; se setecciond la funcidn lineal
y = 84, 1152 + 184, 4708 x por tener un buen
ajuste y ser mds sencilla de aplicar

La relacién entre el area foliar y el peso seco de
hojas individuales se establecio para plantas de batata
var L.M-24; se encontraron coeficientes de determina-
cion altamente significativos en casi todos los ajus-
tes efectuados: las funciones lineal (R* = 90,42% ),
logaritmica (R* = 9230%), cuadritica (R? =
90,87% ), raiz cuadritica (R* = 90,89% ) v gamma
{R® = 92.39% ) estimar bien el drea foliar de la hoja
a partir de su peso seco. La comparacion de los valo-
res de RZ,F, asf como también la graficacion de los
valores estimados del drea foliar utilizando la funcién
logaritmica y = 171,65 x 0,892 (R* =92 30% ) esli-
geramente mejor (Cuzdro | (a) y Figura 2) El drea
foliar especifica promedio de estas hojas fue de
214,83 + 25,16 cm? /g con un coeficiente de variacidn
(CV)de 11,71% .

La determinacion del drea foliar mediante Ia utjii-
zacion de dimensiones lineales de hojas de plantas de
caraota se hizo tomando en cuenta que la hoja de
caraola es compuesta y asimétrica, con tres fol{olos
de los cuales el central ha sido mds ampliamente utj-
lizado en medidas lineales. En este trabajo se utilizd
el ancho del foliolo central para estimar el drea foliar
total en cade uno de los tres cuitivares estudiados.
Pars el cv ‘Coche’, los valores del coeficiente de deter-

Cuadro 1. Ecuaciones de regresidn seleccionadas para la estimacion del frea folfar en hojas de batata var. LM-24 en funcién a) def peso

de Ia hoja ¥ b) del ancho mayor de [z hoja.

Variable Ecuacion de regresion r? % B SE
a)  Peso Seco Haja y =171.6507 x 38921 92,30 6.78 659
y =3 9598 + 181 5094x 90.42 7.81 776
b}  Ancho Mayor Hoja y =0 9804 x | 7814 95.76 6.65 596
vy =20 6727 +7.5385 x 94 73 5.46 542
y =8.2676 +3.6599 +0 2919 x* 95 22 5.71 633

y (ob} - ¥y (cule )
o B == st | £y
y (ob)

SE

Turrialba Vol. 35, No. 1, 1983, pp. 55-64



2

58 TURRIALBA: VOL. 35, NUM. 1, TRIMESTRE ENERO-MARZO 1985

60 4

50 -

40 -
3
o
<
2 30 -
b o
o 0.892
e y= 17165 x
[ 4 -
3 20 R=9230
-
(s}
'S
by}
@ 10 1
L

) ol 02 03

PESO SECO POR HOJA (g}

Fig. 2. Relacién entre el drea foliar y el peso seco de hojas
individuales de plantas de batata var LM-24.

minacion (R?) para los seis modelos de regresion
varian entre 89 y 95%; se escogid la funcién loga-
ritmica y = 2,757 x 1,892 (R? = 96% ) como la mds
adecuada (Figura 3a). En los casos de los cv.‘Cubagua’
y ‘Tacarigua’ también se seleccionaron funciones loga-
ritmicas con R? mayores del 90% , como puede ob-
servarse en la Figura 3b y 3c.

La hoja de yuca es simple y muy lobulada, encon-
trandose hojas que tienen hasta once 16bulos. Dada la
irregularidad en la forma de los lébulos y la incons-
tancia en el nimero de ellos, es muy importante esta-
blecer un criterio de medida al determinar medidas
lineales en estas hojas. Los coeficientes de correlacion
entre el drea foliar y las dimensiones de la hoja se
calcularon previamente para la variedad 2078, encon-
trdndose valores de r = 0,94; 0,88; 0,32 y 0,87 para
la correlacion entre el drea foliar, el largo del 16bulo
central, el largo x ancho del 16bulo central, la suma-
toria del ancho de 16bulos en la parte mds ancha y la
sumatoria del largo de I6bulos respectivamente. Con
base en esta informacién, se procesaron los datos
para los seis modelos de regresion entre el drea
foliar total y el largo del l6bulo central y el drea
foliar y la sumatoria de los largos de los 16bulos de
cada hoja. Dada la similitud entre los coeficientes
de correlaci6én para las sumatoria de los largos de 16-
bulos y el L x A del 16bulo central y el drea foliar res-
pectivamente, se podria recomendar con restricciones
en la utilizacién de cualesquiera de los dos pardme-
tros, ya que los valores de R* son inferiores al
80% para el modelo lineal. En el caso de variedades
con hojas cuyo loébulo central sea de anchos variables,
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se recomendaria la relacidn entre ¢l drea foliar v el
largo del Iabulo central y cuando se utilice el ancha,
deberia establecerse un criterio preciso del lugar en
toda la longitud del [8bule donde se va a efectuar
la mediciéon. Ea la Figura 4s se muestra la linea y
ecuacion de regresion de mejor ajuste para ia rela-
cidn entre el drea folinr v el largo del 16bulo central
de hojas de yuca var 2078 La luncion fogaritmica
y = 90,6417 x 2035 (R? = 90.4%) {ue la mejor ULili-
zdndose fa sumatoria de los lergos de los i6bulos. no
mejora significativamenie la exactitud de fa estima-
cidn, por lo que el exceso de trabajo no justifica el
pequefio aumento obtenido en la preeision de la
determinacidn

Esta 1ltima regresion también ajustd  mejor 4 una
funcion logaritmica y = 0,1532 x 15280 (R? =
91.5% 3 para Iz misma vaviedad, como pucede obser
varse en la Figura 4b

En el Cuadro 2 se muestran fas regresiones de me-
jor ajuste para la estimacidn del dres folinr en fun-
cion del largo del dbulo central de hojas de yuea var,
2078, var.*Sucre’, var ‘Barinas’ y var, 2320; de los seis
modelos caleulados pars cada caso se recomiendan
los que aparecen en el Cuadro 2 dado que en todos
los casos €l R% tiene valores superiores al 90% . Sin
embargo, se recomiendan especificamente los mode-
los logaritmicos para s variedades 2078, ‘Sucre’
y 2320 que tuvieron un porcentaje de error menor.
En el caso de la var ‘Barina’ se recomendaria el mo-
delo lineal,

Las hojas de plantas de batata son simples. aunque
de lorma variable. En la Figura 5a se puede observar
la relacion entre el drea foliar y el ancho mayor de la
hoja: como los cinco modelos de regresion calculados
fueron igualmente satisfactorios con cocficienie de
determinacién muayores del 93%. fa eleccion del
modelo mids adecuade, como puede observarse en el
Cuadro 1b, queda a juicio del investigndor En este
caso, de los ires modelos seleccionados se recomien-
da el modelo lineal y = -20,67 + 7.53x, ya que tiene
un porcentaje de error menor y ademds se calcula
con mayor lacifidad. En lo Figura 5b se observa a
relacidn entre el drea foliar y el largo de fa hoja. que
para estz variedad de batata LM-24 es peor gue
cuando se utiliza el ancho de Iz hoja lo cual puede
deducirse de I simple observacién y comparacion
de la Figura 5

Discusién

El andlisis de la relacion enire las medidas lineales
y el drea de las hojas en plantas de caraota, indica
homogeneidad entre los tres cultivares investigados
Las diferencias observadas en las ecuaciones de regre-
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sion de mejor ajuste son pequefias como se ha podido
observar en la similitud de los coeficientes by y by y
los coeficientes de determinacién en cada caso. Por
otra parte, estas ecuaciones son similares a las cal-
culadas para la variedad ‘Turrialba-4’ Ascencio y
Fargas, (1) para la cual también se considerd el
mejor ajuste el de una funcion logaritmica y = 2,19 x

1,965 (R? = 98% ), para la regresion entre el ancho
del foliolo central y el drea foliar total. Estas similitu-
des permitirian la utilizacién de un modelo Gnico
para ser utilizado en principio in situ, para los dife-
rentes cultivares de la misma especie; en efecto,
Loayza ( 9) calcula una ecuacién de regresion Gnica
entre el drea foliar y el ancho del foliolo central para
los cultivares ‘Turrialba-4’, ‘Porrillo’ y ‘Jamapa’ de
caraotas, para lo cual el mejor ajuste resulto ser una
funcién cuadratica de ecuacion y = 0,01571 +
0,0414x + 0,0178x% (R* = 89% ). La utilizacion de
ecuaciones especificas o generalizadas para distintos
cultivares queda a criterio del investigador y depende
de la rigurosidad que requiera la estimacién. De haber
diferencias significativas entre las ecuaciones para los
distintos cultivares, podria utilizarse como primera
alternativa para lograr la ecuacidon generalizada que
satisfaga un mayor nimero de variedades, el uso de
variables mudas adicionadas al modelo original.
Benincasa et al (3) determinaron el drea
foliar de hojas de caraota utilizando cada foliolo
en forma individual mediante coeficientes de correc-
cion establecidos entre el drea foliar determinada
por planimetria y por el largo x ancho de cada
foliolo en forma individual; este método es mads
laborioso pero representa una alternativa en el caso
de hojas compuestas en las que una sola medida
lineal sea insuficiente para la determinacion satis-
factoria del area de la hoja. Por otra parte, con base
en los resultados obtenidos en el presente trabajo, se
podria indicar que no es critica la escogencia entre el
ancho o el largo del foliolo central de hojas de carao-
ta como pardmetro estimador del drea foliar total,
aunque el ancho ha sido més ampliamente utilizado.
A manera de ejemplo se muestra en la Figura 6 la
relacion entre el largo del foliolo central y el 4rea
total de hojds de caraota cv. ‘Coche’; como puede

AREA FOLIAR TOTAL POR HOJA (cm)

o i 2 3 Kl 5 6 7 8 9 ] "
LARGO FOLIOLO CENTRAL (cm)

Fig. 6. Relacion entre el area foliar total de hojas de caraota
cv ‘Coche’ y el largo del foliolo central.
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Cuadro 2. Ecuaciones de regresion seleccionadas para fa estimacion def drea foliar en 4 variedades de yuea en funcidn del large mayor

del lobule central de 1a hoja.

Variedad Eeuacion de regresion r? % E SE

2078 y=06417x 2035 90.42 12 31 1203
“Sucre’ y=02663 x 2287 94.07 9 26 33.07
*Barinas’ y=02741 x 1316 90.42 1413 946
‘Barinas’ v =1216839 +179908 x 91 86 10.75 8 58
2320 y=0.1906 x 2 5036 9738 798 651
2320 v =170 9593 +23 1325 x 95 03 1047 831

vieb) - yivaic)
ThE = e | ()]
¥ (ob)

(Li - )2
SE -\
n-}

observarse existe una gran similitud entre estos re-
sultados y los obtenidos con la misma variedad al
utilizar el ancho del foliclo central

En el caso de los cultivares de yuca también se
observaron algunas similitudes entee los coeficientes
by v B, de la funcién logaritmica seleccionada para
estimar el drea foliar en funcidn del largo def 16bulo
central de la hoja. Como puede decirse del Cuadro 2.
la creacion de un modelo gnico seria igualmente lacti-
ble en este caso. En efecto, Hammer ( 7) recomienda
también una funcidén logaritmica de ecuscidn y =
000057 x 246 (R? = 95% ) para ¢! cv. de yuca
MAUSY, donde x es el largo del 16bulo ceniral de
la hoja y al igual que en nuestros resuliados, los
puntos en la grifica se encuentran mucho mds dis-
persos para valores elevados del dres foliar lo cual
podria sugerir que la precision de la estimacion es
mejor en ks primera parte de [a linea

En hojas de plantas de batata por ser simples, la
escogencia del método para ln determinacién del
drea foliar se simplifica, especiabmente en los casos,
como los muestran los resultados del presente trabajo,
en los que una sofa medida lineal es buen estimador
del drea.

La utilizacion del peso de fa hoja como estimador
del drea foliar tiene la ventaja de que economiza
tiempo cuando se muastrean un gran nimero de plan-
tas o cuando éstas forman una cobertura continua,
dificil de individualizar. En este caso la utilizacidn de

medidas lineales de las hojas podria ser demasiado
laboriosa, especinlmente si la planta tiene hojas muy
pequefias lo que ocasionaria a su vez un numero
elevado por unidad de dres de superficie de muestreo.
En este caso, si no se dispone, o no es adecuado el uso
de un planimetro dptico o de otro equipo similar que
permita el cdleulo directo del drea de las hojas, se
pedria utilizar una relacion drea-peso para lo cual
deberia tomarse en cuenta la variacién en el Area
Foliar Especifica (AFE) en cada muestreo. En al-
gunos casos se podrian observar variaciones en el AFE
de las hojas a lo largo del tallo de la planta y en ese
caso habria que dividir el tallo en zonas siguiendo la
misma metodologia descrita y establecer el AFE para
cada zona o nivel. Siempre y cuando el AFE no varfe
aprecizblemente o gue tenga una variacion constante,
se podria utilizar un factor de correccidn comuin. En
ef caso de las plantas de caraota utilizadas en este
trabajo, se compararon los valores promedioc dei AFE
para los fres cultivares durante el ciclo de vida de las
plantas con sus respectivas desviaciones y coeficien-
tes de variacion. La comparacion indica que las hojas
de las plantas del cv. ‘Cubagua’ tienen el espesor me-
nos variable seguidas por los ev. ‘Tacarigua’ v ‘Coche’,
pero dentro de cada cultivar las diferencias no son
significativas a lo largo del cicle de vidz de las plantas
por lo que en este caso en particular no serfan necesa-
rias las correcciones por AFE en caso de utilizar una
relacién drea-peso para determinar el drea {oliar. Ei
AFE calculada para las hojas de batata utilizadas en
este trabajo tuvo un valor promedio de 214,83 =
25,16 con un coeficiente de variacion del 11,71%, va-
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lores éstos que lampoce amerjtarian una correccion
del drea foliar calculada a través de una relacion drea-
peso. Sin embargo, si las plantas estuvieran sujetas a
diferentes tratamientos por riego, luz temperatura o
nutrimentos, sélo la comparacién de los valores de
AFE con sus respectivos coeficientes de variacion
para las plantas testige y ios diferentes tratamientos
podria indicar si el espesor de las hojas sufre varia-
ciones significativas en cada cosecha o muestreo.

Como informacion adicional, en el presente tra-
bajo se calibré el métedo para la determinacion
del drea foliar en hojas de caraota cv. ‘Tacarigua’
mediante la ecuacidén y = 3259 x 1,83 que se observa
en la Figura 3a contra ¢l método gravimétrico de rela-
cion del 5% de acuerdo a Sestak, Catsky y Jarvis (1),
{a determinacién mds exacta del drea foliar es la que
se realiza por planimetiia manual, la cual tiene un
limite mdximo de error del 3% En nuestro caso,
como el error experimental de la determinacion
grea-peso depende fundamentalmente de la precision
de las balanzas y de la calidad homogénea del papel,
se tomaron las previsiones necesarias para que lz me-
todologia fuese implementada en forma adecuada
Como se puede observar en la Figura 7, la recta de
calibracién vy = 25,30 + 1,051 x se compard con la
recta tedrica y = x {(43°C); en una coincidencia per-
fecta, 1a ordenada en el origen tendria gue ser cero,
Iz pendiente uno y el coeficiente de correlacion 1,00.
Como se puede observar, las rectas son casi coinci-
dentes, la pendiente calculada con un valor de
1,051 no presenta diferencias significativas con la

Cuadro 3. Area Foliar Especifica (AFE) en cmzf’g durante
el ciclo de vida de plantas de carnota (Phaseolus
vulgaris 1.} ev. 'Coche’, ev.'Cubagua’ y cv. ‘Tacari-
gua® (Datos Ascencio y Sgambati, 2}, n = 10

plantas.
Dias Area Foliar Especifica
*Coche’ ‘Cubagua’ “Tacarigua’

18 236.07 209.28 23276
23 21220 220.77 210 48
28 242,45 204.75 203 39
33 231 40 196.02 204,29
38 21020 241 32 2327.27
43 181.89 194.06 17327
48 33298 232 14 20801
53 169 .83 196.53 162 .30
58 184 84 175.66 172327
63 13250 168 15 169.61

7: 20240:£32.8] 203872003 196.35+2301]1
ey 165 9 82% 12.18%
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Fig 7 Compazracion entre el drea toliar total estimada por
planta {y = 3.259x 833) y ol drea foliar total cal-
culuda por impresion en papel heliogrifico, para
plantas de caraota ov ‘Tacariguy’

tedrica, el coeficiente de correlacion es alto y la orde-
nada en el origen perfectamente aceptable.

Por otra parte también se compararon los valores
obienidos en el cdlculo de dos parametros fisiomorfo-
lagicos del crecimiento de las plantas, como lo son
el Indice de Asimilacion Neta (IAN)} y la Razdn de
Area Foliar (RAF) calculando ¢l drea foliar para el

2an

24D

© Area Folier estimodo
——— Areg Folior coitulodo
200

RAF o /g

129

B0

40

¢ 7 14 21 28 35 a2 a8 56

EDAD CE L& PLANTA | gios)

Fig 8 Comparacidn entre los valores obtenidos al calcular
el Indice de Asimilacion Neta (EAN) cn plantas de
carzota ov ‘Tacarigua’ estimando el drea foliar total
por planta a pactir del ancho del faliolo central de
las hojus ¥ por impresion de las hojas en papel hetio-
grifico (Datos promedio de 3 plantas).
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Fig 9  Comparacion entre los valores obtenidos af calcular
Ta Ruzdn de Arca Foliar (RAL)Y en plantas de caraoty
ev “Facaripun” estimando el drea foliar total por plan-
ta a partir def ancho del foliolo veniral de Ja hojas
¥ por impresion de las hojas en pape! heliogrifico
{Datos promedio de 3 plantas)

mismo grupo de plantas de caraote, desarroliadas en
macetas vy cosechadas semanaimente, por medio de la
relacién drea-peso del papel y también la ecuacién
estimar el drez loliar a partir del ancho del foliolo
central para el cv ‘tacarigua’, y = 3,259 x1.83, que
aparece en la Figura 3a. Los detalles del cilculo y de
la interpretacion de los indices del crecimiento se
encuentrarr ampliamente discutidos en la bibiiogra-
fia Sestak, Catsky y Jarvis (1§); Hunt ( 8 ); Causton
y Venus (4 ) y estdn fuery de los objetivos del pre-
sente trabajo, Como puede observarse en las Figuras
8 v 9. existen pocas diferencias entre los valores del
IAN y del RAF calculados semanaimente al utilizar
el método gravimétrico o la ecuacion de regresion
para determinar el drea {oliar total de las plantas,
por lo gque es factible la utilizacién del andlisis de
correlacion y regresion y las medidas lineales de las
hojas de caraota cv “Tacarigua’ con un amplio mdr-
gen de confiabilidad

Resumen

El andlisis de correlacion vy regresidn simple se
utiliza en este trabajo para Ia estimacion del drea
[oliar en plantas de caraota, yuca y batata utilizando
dimensiones fineales y de peso seco de las hojas Se
establecen como criterios de seleccion de las ecuacio-
nes de prediccion, la bondad del ajuste de la linea
{R*), la comparacion entre los valores observados
con los calculados y el error estindar de la estima-
cion. Para el caso de caraota cv. ‘Tacarigua’, se com-
paran ademds los datos obtenidos en el cdleulo del
drea foliar por planta utilizando la ecuacion de re-

gresidn seleccionada y el método gravimétrico de
relacién drea: peso para determinar dos Indices del
crecimiento (Indice de Asimilacién Neta y Razdn
de Arca Foliar)
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Cor especies de notoria adaptacion a las condicio-
nes adversas del tropico, las raices y tubérculos
tropicales alcanzan a producir donde los cultivos
“convencionales’” no prospeian y sus rendimientos
por unidad de insumo invertide son dificilmente
superables. Tales atributos y la acuciante necesidad
de producir alimentos baratos en el trépico. han
determinado [a reciente atencion dispensada al
estudio de su potencial

Tropical root crops: Production and uses in Africa
es fa memoria del Segundo Simposium trienual de
la Sociedad Internacional de Raices Tropicales,
Fitial africana, celebrado en Camerin del 14 al 19
de agosto de 1983 Participaren 77 investigadores
de 16 paises que presentaror un total de 56 ar-
ticulos cientificos Los cultivos aludidos fueron,
principalmente, Ia yuca (Maniiiof esculentay y los
flames {Dioscorea spp), un nienor nimero de tra-
bajos consideraron al tiquisque (Xanthosoma sagi-
ttifoliunt) y al camote (Ipomoea bataras)

13, TURNER, D. Wy LAHAV, E The growth of
banana plants in relation to temperature.
Australian  Journal of Plant Physiology
10(1):43-53. 1983,

El Simposium centrd su atencion en la produccion
y utilizacion de las raices tropicales en Africa. En
cuanto a fa produccion. los temas tratados fueron
diversos: la proteccion de los cultivos, la evalua-
cion de germoplasma, fa propagacién in vitro v la
eficiencia de asociaciones de raices tropicales con
otras especies La prioridad de atenuar la reduc-
cién de la produccion debida al ataque de plagas y
enfermedades resultd reconfirmada. En cuanto
a la utilizacién, hubo aportes en los campos de la
alimentacién animal v e} mejoramiento de la cali-
dad de los preductos destinados ai consumo huma-
no. La conferencia inaugural del desaparecido Dr.
D. G Coursey sefialé las tendencias de la utiliza-
cion de las raices tropicales: en el mediano vy largo
plazo. la alimentacién animal vy la produccién de
bicenergia serdn los nuevos usos que se le adiciona-
rin a la indefectible produccidn de sustento
humano del presente.

Para quienes trabajamos con raices y tubérculos
esta memoria constituye una valiosa ayuda vy nos
permite comparar las experiencias desarrolladas en
Africa con las propias. Es este intercambio de ideas
y conocimientos el cimiento sobre el cual podemos
copstruir fa tecnologia necesaria para el desarrollo
rural, una prioridad comun al tercer mundo.

WERNER RODRIGUEZ MONTERO

CENTRO AGRONOMICO TROPICAL DE INVES-
TIGACION Y ENSENANZA, CATIE

TURRIALBA, COSTA RICA



PARTIAL STRUCTURE ELUCIDATION OF THE CARBOHYDRATE MOIETY OF
1,25-DIHYDROXYCHOLECALCIFEROL GLYCOSIDE ISOLATED FROM

Solanum glaucophylium LEAVES!/

M C VIDAL*
W LESCANG*
R AVDQLOV*
R C PUCHE*

La cromatografta de intercambio idnico de los complejos de boratos de los car-
bohidratos presentes en las hojas Solanum glaucophylium permitio el aislmmiento del
glicosido 1.25-diltydroxycholecalciferol El esterol estaba unido a una serie de fructo-
glucdsidos. La investigacidn de su estructura fina medianie oxidacion deida pervodica
demostré que la fructosa estaba enlazada a una unided de disacdrido [Glcp a l-2 Glc]

repetida 1, 2 6 4 veces.

La aglicona estaba unida al extremo reductor del sacdrido.

Introduction

lacoxyion and 8. glawcu) is a shrub growing in
Argentina, Brazil and Urugusy, common in
areas of low-lying poorly drained lands. The feaves of
this plant contain the glycoside of 1,25-dihydro-

S olanunt glavcophyllum (conspecific with 8§ ma-

xycholecaleiferol (8, 12, 23). Chronic ingestion of

the leaves by cattle produces a vitamin-D intoxication
state called “Enteque Seco” (24). The biological
activity of the leaves appears to be influenced by geo-
graphical location or climatic conditions and by the
development of the plant (it is higher in vegetative
than in reproductive state, 18). Although no phys-
iological function has been assigned to the glycoside
or the aglycone, some experiments suggest that the

i Received for publication on Aprif 14, 1984
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latter may have rhizogenic activity (4). This paper
reports a method for the isolation of the glycoside
and details on the {ine structure of its carbohydrate
moiety.

Material and methods

S. glaucophyilum leaves were dessicated at 60°C
for 12 hours and ground with a hand driven steel
mill. The powder was sieved through a No. 140 net
(U.S. Standard Sieve Series) to obtain a very fine
powder of mesophile. The latfer was exiracted with
chloroform in a2 Soxhlet apparatus for 16-24 hours,
losing 9% of its weight and leaving a cream-colored
powder, which was extracted with water at 37-40°C
for 5 minutes (one gram of powder with five ml of
water) and filtered with suction. The acqueous
extract contained 85% of soluble carbohydrates; it
was stored at —20°C

The hexose content of the acqueous extract or
chromatographic fractions was measured after acid
hydrolysis: the aliguot was made 0.1 N in HCI and
heated for 15 minutes in a boiling water bath.

Fructose and glucose were measured according to
Roe (20} and Washko and Rice (22), respectively.
Reducing sugars were measured with the Nelson
(14) reagent. Paper chromatography of fructo-
glucosans was carried out on Whatman paper No. |
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with butanol-pyridine-water (4:3:4) (11). Location of
spots was performed with the alkaline silver reagent

(15).

Ion exchange chromatography of carbohydrates.
Aliquots of the acqueous extract containing 15 mg
of hexoses were mixed with 1 ml of 50 mM sodium
tetraborate, adjusted to pH 8.6 (glass electrode) and
diluted with 10 ml of distilled water. A flocculent
precipitate was separated by centrifugation.

Chromatography of sugar-borate complexes was
carried out according to Khym and Zill (10). Amber-
lite CG-400 (100-200 mesh) was slurried into the
column (Ix23 c¢m) and successively washed with
200 ml of N HCI, 300 ml of 100 mM sodium tetra-
borate (pH 8.6) and 50 ml of distilled water. After
the column had been converted to the borate form,
it was equilibrated with 50 ml of 5 mM tetraborate.
The carbohydrate solution was passed through the
column followed by 250, 150 and 150 ml of 5, 15
and 30 mM sodium tetraborate solutions, respec-
tively. Fractions of 10 ml were collected while the
UV absorption of the effluent was continuously
recorded. The spectrum of selected fractions was
determined with a Beckman DU-2 spectrophoto-
meter.

The dihydroxycholecalciferol content of chro-
matographic fractions was determined extracting the
sterol after pH 6 hydrolysis (see below) and measur-
ing the absorbancy at 264 nm.

Stability of 1,25-dihydroxycholecalciferol glyco-
side and effect of enzymes. Aliquots of the pooled
chromatographic fractions containing the glycoside
were adjusted to pH 4, 5 or 6 and incubated at 30°C
for 24 hours under nitrogen. A drop of 2% sodium
azide was added to prevent bacterial growth. After
incubation pH was adjusted to 8.6 and rechromato-
graphed as indicated above, or extracted with organic
solvents (8, 12, 23). In other experiments, forty units
of a-amylase (Miles) or f-glucosidase (Sigma) were
added to pooled chromatographic fractions contain-
ing ca. 20 umoles of total hexoses, adjusted to pH 6
or 5, respectively. After 3 hours of incubation at
37°C, pH was readjusted to 8.6, chromatographed as
indicated above.

Analysis of fructoglucosans structure. Oxidation
of chromatographic fractions containing the non-
saccharide, with periodic acid, proceeded to comple-
tion at pH 4, 4°C in 16 hours. Periodate consumption
(7), formate (1) and formaldehyde (13) production
were measured. The product of periodate oxidation
was reduced with sodium borohydride and hydro-
lyzed (2). The neutralized solution was deionized by

passage through a mixed bed of ion exchange resins.
The eluate was made 5 mM in sodium tetraborate,
adjusted to pH 8.6 and chromatographed in the same
column described above. Analysis of fractions was
carried out measuring formaldehyde (13) produced
by periodate oxidation, against suitable standards.

Biological activity of 1,25-dihydroxycholecalcife-
rol glycoside. The ability to increase plasma phos-
phorus when administered to rats (5, 18) was
employed to confirm the presence of the glycoside.
Pooled chromatographic fractions (equivalent to 0.7 g
of dried leaves) were freed of tetraborate (25) and
injected intraperitoneally to each of five rats. Plasma
phosphorus (6) was measured before and 6 hours
after injection.

Results and discussion

Ion exchange chromatography of soluble carbo-
hydrates present in the leaves of S. glaucophyllum
revealed the presence of sucrose, a series of fructo-
glucosides, fructose and glucose (Figure 1). The first
peak was identified as sucrose because: a) it is eluted
in the position of authentic sucrose, b) equimolar
amounts of glucose and fructose could be measured
after acid hydrolysis, ¢) it gave a negative test for
reducing sugars and d) the rate constant for hydrol-
ysis in N HCI at 37°C (0.020 min™) was not signifi-
cantly different from that obtained with the standard
(0.019 min™'). Some unknown substance with
undefined UV spectrum was eluted simultaneously.

Inspection of analytical data of the second peak
(Table 1) indicated it was composed by a series of
fructoglucosides with glucose:fructose ratios 8:1, 4:1
and 2:1 (nona—, penta— and trisaccharide). Paper
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Fig. 1. Chromatographic pattern of soluble carbohydrates
of S. glaucophyllum leaves, eluted as borate
complexes from an Amberlite CG-400 column.
Fructose or glucose content of fractions is represent-
ed by a thick or thin line, respectively. The dashed
line indicates the UV absorbance.
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Table 1.

Analytical data of fructoglucosides isolated by ion exchange chromatography.

Fraction No. Glucose pmoles

Fructose umoles

Glucose Fructose

DHCC pmoles Reducing supars

pmoles®

(%)

139
520
1179
1440
832
416
177
209

w3

JEC TGS I D D = N O B 06 R O )
DO -~ O

i)
<

0.8
060
152
225
242
235
136
110

1.6 G135
86 0352 negative
78 G 85 23
64 0.79 160
34 045 190
18 0.14 260
20 0.07 i.20
19 none 130

negative

¥ Standard = glucose

chromatography ol pooled fractions confirmed the
presence of three oligosaccharides (Figure 2}, The UV
spectrum of these [ractions showed a maximum
gbsorbance at 282 nm, minimum ai 225 nm
{Figure 3). Biological setivity ol these fractions was
confirmed by biosssay. Pooled chromatographic {rac-
tions equivalent to 0.7 g of dry leaves per rat increas-
ed plasma phosphorus 6 hours after intraperitoneal
injection (Plasma P increase 140 % 0.7 mg/dl, n =35,
P <0 05).

Incubation of second peak fractions at pH 4, 5
or 6 for 24 hours produced some hydrolysis of the
fructoglucosans (30, 29 and 27% , respectively) and
compiete hydrolysis of the linkage with the aglycone
{no UV absorption could be detected in cluates,
upon rechromatography of pH 4-0 incubates).
Crystalline 1,25-dihydroxycholecalciferol in 5 mM
tetraborate reacted with the resin and could be
eluted with N HCI; the UV spectrum of the eluate
revealed two maxima (225 and 276 nm) and two
minima (210 and 255 nm) indicative of modification
of the steroid by passage through the column when
not bound to carbohydrates! . Extraction of the acid
incubates with organic solvents gave, without further
purification, the typical spectrum of the aglycone
(chloroform, maximum 264 nm, minimum 228 nm).

After incubation with a-amylase, 49% of the
fructoglucosans were hydrolyzed The remaining
oligosaccharides were ecluted from the column

1 The UV spectrum strongly suggests the formation of an
additional chromophore (unsaturaied--g-ketone) by
oxidation of the hydroxyi group at C-1. According to
Woodward's rules (16) such a compound would have g
calculated ax at 225 nm. The pre-existing triene
system woulll Siffer a small hypsochronic shift (y
279 nm (calc )) due to a smaller contribution of the exa-
cyclic double bond (between C-10 and C-19) now engaped
in the former chromophore.

ABSORBANCE

FRUCTOGLUCOSANS

GLUCOSE

FRONT

Vig. 2

ABSORBANCE

Fig. 3

T T T

1% 20 25 30
Cm

Densitometric tracing of a paper chromatogram ol

fructoglucosans previously isolated by ion exchange

chiromatopraphy. From left to right: nona-—, penta—

and trisnccharide. Standard: glucose

k3 1 1 P | )| i

220 240 260 280 300 3%0
nm

Ultraviolet spectrum of 1,25-dihydroxycholecalei-
ferol glycoside (DHCC-G) in 5 mM tetraborate solu-
tion compared with that of the free steroid (DHCO)
in the same solvent
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associated with the steroid. When incubation was
performed with f-glecosidase, hydrolysis of saccha-
rides was 11% ; upon rechromatography no UV
absorption could be detected in eluates. These experi-
ments indicated that most probably the linkage be-
tween hexoses is o and that with the steroid is §. The
latter conclusion agrees with other reports (8, 12,
23).

Periodic acid oxidation of the maior component
of fructoglucosides (the nonasaccharide) revealed that
the reagent was consumed in almost equimolar
amounts to the number of hexoses present (Table 2)
without formic acid production. These findings
discarded the 1-6 linkage between glucose units
and suggested that fructose had a furanose configura-
tion. Application of the Abdel Akker et af (2)
procedure for the determination of fine structure
revealed glycerol and glyceraldehyde (in a 1.2:1.0
molar ratio) as the only products (Figure 4) indical-
ing a 1-2 linkage between glucose units The slight
excess of glycerel over glyceraldehyde was interpret-
ed to indicate that fructose was linked to the
glucosan through its C-2. The 1-72 linkage explains
the lability of the saccharide to mild acid medium

(3)

The analytical data reported in Table | indicate

that the aglycone is bound at the reducing end of

the fructoglucosans. Note that in the first two frac-
tions the number of moles of sterol and fructose
coincide and no reducing power could be detected
In the next fractions, the sum of glucose equivalents
of reducing power plus aglycone coincided, within
experimental error, with the aumber of moles of
fructose. The presence of reducing fructoglucosans
can be explained by partial hydrolysis of the
glycoside alter coliection of the leaves.

Present results confirm other reports indicating
that the aglycone is bound to a sugar moiety of
variable molecular weight (17, 21). The calculated
molecular weights of the fructoglucosides (902,
1126, 1676) agree with the estimates of 1000-3000
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Fig 4 lon exchange chromatography of products obtzined
after periodate oxidation of 1,25-diliydroxycholecal-
citerol glycoside, followed by borohidride reductions
and hydrolysis. The full line indicate the actual
products obtained The deshed line indicate the
elution patiern of other possible products of the
reaction with 1~ 4 or 1 -~ 6 polysaccharides

The proposed formula (Figure 1) summarizes the
data obtained. The disaccharide uait {Glc o 1-2 Gle],
repeating 1,2 or 4 times is known as kaijiose (3). 1t
is uncertain whether the linkage between {ructose and
glucose is « or 8 and whether the steroid is finked
through its hydroxyl group at C-3 (as usual with
steroidal aglycones), C-1 or C-25,

R
i 7 1
i
HOCH HOCH
HOCH, 2 CHy 4 CHg
o ") a
04 H O H 7N ~
on on OH
H 0 # 0 In
n=1,2.4

Fig 5 Proposed structure of 1,25-dihydroxychoelecalciferol
glycoside present in S glewcophyffum leaves The
arrows indicate uncertain details of structure (see

(9) inferred from gel-filtration experiments. text}).
I'able 2. Stoichiometry of periodic acid oxidation of fructogluicosans.
Fructoglucosan Formate produced Formaldehyde
{hexose content pmoles) consumed pmoles umoles praduced pymoles
Expt i: Fructose = 0.96 - 0.93
Glucose = 7.56
Expt 2: Fructose =122 - 1.14

Glucose + 996
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lon exchinge chromatography is the simplest
method reported to date for the isolation of 1.25.
dihydroxycholecalciferol glycoside.

Sammary

Ion exchange chromatography of the borate
complexes of soluble carbohydrates from Selanum
glavcophyllum leaves allowed the isolation of 1,25-
diliydroxycholecalciferol glycoside. The sterol was
bound to a series of fructoglucosides Investigation
of their fine structure through periodic acid oxidation
demonstrated that lructose was linked to a disaccha-
ride unit [Gle, a 1-2Glc] repeating 1, 2 or 4 times
The aglycone 1Q\ras bound to the reducing end of the
saccharide
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ELECTROPHORETIC PATTERNS OF SOME Meloidogyne spp. FROM COSTA RICA' [ ...

R LOPEZ*

Se comparo las caracieristicas de diez poblaciones de Meloidogyne spp. de Costa
Rica obtenidas mediante la técnica de electroforesis con gel de almidon Se encontrd
que, con ungs pocas excepciones, los patrones enzimdticos de deshidrogenasa de mala-
to, isomerasa de fosfoglucosa, firmarasa, deshidrogenasa de « — glicerofosfato vy des-
Iidrogenasa de isocitrato podrian ser usados para diferenciar las especies de Meloido-
gyne estudiadas (M incognita, M. hapla, M. arenaria, M. exigua y M. salasi) Se encon-
tro diferencias intraespecificas en los patrones de las cinco enzimas entre dos poblacio-
nes de M hapla, y en los patrones de las mismas, excepto deshidrogenasa de isocitrato,

entre dos poblaciones de M. exigua

Introduction

zcters, and the presence within species of so-

called physiological races, are two of the most
mmportant problems associated with the taxonomy
of plant parasitic nematodes {1). These problems
have prompted the search for other approaches not
based entirely on anatomy and morphology, to aid
in the identification and characterization of species
and races of nematodes (I0). Among these ap-
proaches, biochemical systematics in one which has
provided new and helpful information about
nematodes and  their phylogenetic relationships,
complementing and extending the information pro-
vided by classical morphologically-based taxonomy

(9).

Biochemical systematics exploits the subtle
molecular  differences that underlic taxonomic
varfation (7). As suggested by Hussey (10}, the

T he variability of many morphological char-

I Received for publication on 22 October, 1984
Research supported by a grant from the Cansejo Nacio-
nal de Investigaciones Cientificas y Tecnologicas de Costa
Rica The facilities provided by D W Dickson, University
ol Floridu, are appreciated

*  Laboratorio de Nematologia, Escuela de Fitotecnia, Uni-
versidad de Costa Rica. San José, Costa Rica.

ultimate goal of taxonomy should be the classifica-
tion of the genotypes of the organisms. Practical
methods for the snalysis of the nucleotide sequence
in genes are nol currently available, Proteins, on the
other hand, are an expression of the sequence of the
nucleotides in a gene, and the analysis of these
molecules may provide an approach for comparing
the penotypes of nematodes.

Electrophoretic techniques allow the separation
and identification of specific soluble enzymes and
other nonenzymatic proteins. Many enzymatic
proteins have different molecular forms, with iden-
tical or similar substrates, called isozymes (15).

Electrophoretic comparisons of the isozyme pat-
terns obtained from individual specimens or mass
homogenates of a population, can give an idea of the
similarity between different populations (14).

The objective of this study was to use starch gel
electrophoresis to differentiate several species of
root-knotl nematodes found in Costa Rica,

Materials and methods

Nematode Populations

Ten peopulations of Meloidogyne spp. from Costa
Rica were studied. These were M. salasi (CR2), (1.3),
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M arenaria race 2 {CR4}, M exigua (CR7,9), M hapia
{CRI1C.14), and M incognita race 2 (CR3, 11, 12,
16). Most populations were increased on tomato, cv.
Rutgers. M exigua was increased on pepper, cv. Cali-
fornia Wonder, and M. salasi was increased on the
wild grass Ecliinochiloa colonum A mixture of soil and
builders sand (3:1 v/v, pH 7.1, 1 5% O M., 91 8%
sand, 6 2% silt and 2.0% clay) treated with steam at
100°C for 24 hours was used to grow the plants
Each pot was fertilized twice o week during the
first five weeks of growth with 100 mi of a 1% solu-
tion of Nutriso! {12—10--20). The pots were placed
randomly on a greenhouse bench and kept separated
from other populations by plastic dividers to avoid
contamination.

Sample Preparation

Sixty days afler inoculation, the root systems were
cut into sections approximately 3 cm long and
treated as described by Hussey (8), except for a few
modifications These modifications consisied of
agitating the flasks containing chopped roots in
200 ml of Pectinol 591 at 150 oscillations per minute
for 18-24 heurs, the vse of a 1.0 M sucrose sohition
for the centrifugation of the suspension of females,
and the transferring of the females directly from the
60-mesh sieve to a beaker with 2 155 NaCl solution
The females were collected free of debris, with a
Pasteur pitette. Twenty females of cach nematode
population, except M exipua, were placed in
polyethylene microcentrifuge tubes (7 x 30 mm
250 pd), the saline solution was removed and replaced
with 10 pi of 0.1 M K, HPO, buffer with 0.8% of
NaCl and 0001 M MgCl, (11). M exigua samples
were comprised of 40 females. Samples were stored at
— 85°C with no detectable loss of enzymatic activity
noted in most samples stored up to eight months

Starch Gel Electrophoresis

Horvizontal starch gel electrophoresis was perform-
ed on equipment modified from Bush and Huettel
(3). The modification consisted of using a plexiglass
U-shaped mold (15 cm long, 17.4 cm wide, | cm
deep, with fegs 1.5 cm long, 4 cm high and 174 cm
wide for helding the starch gel The bottom opening
along each leg of the mold were taped shut and the
mold was filled with starch gel solution The tape
along each leg was removed just prior to placing them
into the electrode buffer (17). The starch solution
was prepared by adding a mixture of 475 g of hy-
drolysed starch (Connaught Laboratories Limited,
Ontario, Canada) and 21 g of electrostarch {Otto
Hiller Co., Wisconsin, USA) to 450 ml of the ap-
propriate buffer for the protein system under anal-
ysis. Three buffer systems were used for the analysis

of the different isozymes C-buffer system {2) was
used for malate dehydrogenase (MDH), isocitrate
dehydrogenase (IDH), and malic enzyme (ME). Ca-7
buffer system was used for = — giycerophosphate
dehydrogenase (- GPDH) and glucose—6—phosphate
dehydrogenase (G~-6--PDH), whereas CA-8 buffer
systers was used for hexokinase (HK) {17). Poulik
and tris-ethylenediamine-tetracetic (EDTA)-borate
buffer system was used for phosphogiucose isomerase
(PGI) and fumerase (FUM) (3)

The nemsztode protein was prepared as described
previously (3), except that the prinding buffer
consisted of 0.01 M trisma base, 0 001 M EDTA free
acid in 500 mi of deionized water, pH 70,

At 2.5 cm from the cathode end of the starch gel,
two adjacent strips, 1 cm wide each, were cut with a
metal spatula. The strip closer to the end was tempo-
rarily removed and the second strip was slid back into
the space that was occupied by the first. The homo-
genate saturated wicks were blotted lightly and
loaded on the vertical edge of the large portion of the
gel, ca. 0.5 cm apart, starting from the latersl edge
The second strip of gel was then moved back to its
original position. and the strip which had been
temporarily removed was put into place. The gel
was gently pressed back together, and placed inside
a refrigerator at 5°. Bach gel was covered with plastic
food wrap, a glass plate was put on fop and then a
metal container with ice, to which NaCl had been
added. was placed on top of the glass plate (3) The
gels were electrophorized for 15 hours at 30 mil-
Hamps for the C-buffer system, 15 hours at 50 mil-
liamps for the CA-7 buffer stystem, 6 hours at 30 mil-
llamps for the CA-8 buffer system:, and 6 hours at
50 mitllamps for the Poulik and Tris-EDTA-borate
buffer system

After electrophoresis gels were removed from the
trays and sliced horizontally, that is, parallel to the
surface, into four slices, 2 mm thick. The sites of
isozyme activity were determined by immersing the
slabs in the appropriste enzyme reaction mixtures
The mixtures described by Steiner and Joslyn (17)
were used [or the detection of MDH, IDH, ME,
xGPDH, G-6-PDH, and HK. The reaction
mixtures detailed by Bush and Huettel (3) were used
for the determination of PGI and FUM activity,

The gel slabs were incubated in the dark at 37°C
for 15-75 minutes depending upon the enzyme. Once
stained, the slabs were removed from the reaction
mixture, washed with running water and photo-
graphed. They were immersed in a fixing solution
consisting of methanol, deicnized water and glacial
acetic acid (5:5:1, v/v) for 18 hours, washed again
with running water, wrapped in plastic food wrap
and stored in a refrigerator at 5°C.
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Two preliminary tests were conducted for each
system with a few samples, and after obtaining
consistent results, four gels were run with samples
from each population for each of the systems studied.

Results

All isozymes resolved migrated anodically on the
gels. The bands of each enzyme were numbered
consecutively beginning with the one nearest the
origin

Each enzyme is discussed separately, and the
results mentioned constitute an average of the four
observations performed in each case. The intensity
of the staining reaction on the gel surface was related
to enzyme activity  The results obtained with all of
the enzymes are illustrated in Figure 1.

Malate Dehydrogenase

M salasi showed four bands, with MDHI appear-
ing weakly stained at 25 mm from the origin. MDH?2
produced a heavily stained band starting 38 mm (rom
the origin. MDH3 and MDH4 appeared as two weakly
stained bands which started 46 and 61 mm from the
origin, respectively. In population CR7 of M exigue
two weakly stained bands were located 10 and
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25 mm (rom the origin, whereas CR9, the other M
exigug population, had one weakly stained band
which started 19 mm from the origin. Population
CRI10 of M hapla had a heavily stained band which
started 24 mm from the origin; there was evidence
of a weukly stained, narrow band located 34 mm
from the origin. CR14, the other population of
M. hapla, had three bands; MDH1 was heavily stained
and starled 54 mm from the origin MDH2 and
MDH3 were weakly stained, and started 64 and
75 mm from the origin, respectively M arenaria
{CR4) and M incognita (CR3, 11, 12, 16) had all
ithree bands located at the same position In all cases
MDH] was heavily stained and staried 34 mm from
the origin. MDH2 was weakly siained and started
34 mm from the origin. MDH3 was weakly stained
and started 42 from the origin. With the exception of
CR16, in which case the band stained heavily, all
MDH bands were weakly stained.

Isocitrate Dehydrogenase

Population CRIQ of M haple had two weakly
stained bands which started 33 and 37 mm from
the origin. CR14, the other M haplz population,
had three bands which started 44, 50 and 56 mm
from the origin. The IDH3 band was heavily stained
whereas 1DH1 and IDH2 were weakly stained. M.
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Diagramativ sketch ol comparative electrophoretic patterns of some Meloidogyne spp. from Costa Rica. Left to right: M. salasi
(CR2Y, M exigua (CRT7)Y: M. exigug {CR9); M hapla (CR10); M Japle (CRI4) M arenaria (CR4AY: M incognite (CR3: M

incognita (CRILY, M incognite (CRI2Y and M fncognita (CR16)
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areptaric CRA) and M dncognita (CR3, 11, 12, 16)
ali had three bands located st the same positions.
IDHT, IDH2 and IDH3 started 25, 34 and 40 mm
from the origin, respectively. With the cxception
of the bands of M arenaria, und 1DH3 of the M
incognita  population CRI2, which were heavily
stained, the other bands stained relatively weakly.

Activity of this enzyme was not detected in homo-
penates of M. selasi and M. exigua.

a—glycerophosphate Dehydrogenases

In AL selasi there was one heavily stained bund
which started 24 mm from the origin. Population
CR7 of M exigua had one weakly stained band
which started 13 mum from the origin. Population
CR9 of M exigua showed only one weakly stzived,
narrow band located 18 num from the origin Populs-
tion CR10Q of M hapla had two weakly stained bands,
which started 14 and 18 mm [rom the origin. CR14,
the other M haple population, had one heavily
statned band which started 17 mm from the origin.
All populations of M incognita had one band which
started 1 5 mm {rom the origin. In CR3 and 16 the
band was heavily stained, whereas it was weakly
stained in the other populations Activity of this
enzyme was not detected in homogenates of Af
arenaria

Fumerase

One heavily stained band, starting 4 mm from the
origin, was detected in M salasi In M exigua no
activity of the enzyme was detected on two occa-
sions, but when the number of females per samples
was increased to 100, population CR7 showed one
weakly stained band which started 9 mm from the
origin. CRY also had the same as described for CR7,
except that it was very weakly stzined. Population
CR10 of M hapla had one weakly stained band which
started 8 mm from the origin., The other M hapla
population (CR14) had one heavily stained band
which started 9 mm from the origin. All popula-
tions of M incognita had one band, heavily stained,
which started 4 mm from the origin

The activity of this enzyme could not be detect-
ed on homogenates of M arenaria

Phosphoglucose Isomerase

M. salesi had one heavily stained band which start-

ed 18 mm from the origin. A exigua had, in 3 out of

4 gels, one very wezkly stained band which started
16 mm from the origin Population CR10 of M. hapla
fad two heavily stained bands which startad 11 mm

and 16 mm from the origin, whereas population
CR14 of this same species had only one heavily
stained band. which started 10 mm from the origin
M grenaria and all populations of M incognita had
one heavily stained band which started 16 mm from
the origin.

No activity was detected for G~6—PDH and HK,
and no discrete bands were observed for ME,
although some smearing was evident on all gels
indicating enzyme activity.

Discussion

The starch gel electrophoretic analyses demon-
strated certain enzymes could be used to differentiate
among most of the species of Meloidogyie used in
this study. Thus isozyme patterns provide and addi-
tional criterion for the taxonomic classification of
these nematodes and confinms other electrophoretic
studies with root-knot nematodes (4, 5, 11, 12).

The MDH, IDH, =-GPDH, FUM and PGI pat-
terns revealed intraspecific differences in M exigua
and M fapla Each population of these two species
were collected from different localities in Costa Rica,
and also different hosts in the case of M hapla
Population CR7 of M exigua reproduced on tomato
to a limited extent, whereas CRY reproduced well on
this host. Some morphological differences between
males of both populstions were observed with the
scanning electron microscope (R. Lépez, unpublished
data) Regarding the two populations of M hapla,
certain morphological differences in several charae-
ters of the second-stage juveniles were noted also (R
Lépez, unpubiished data). It seems likely that the
populations of both 3 exigue and M. hapla differed
in their genetic composition. Therefore it is not
surprising to have found differences in their enzyme
patterns Moreover, these electrophoretic differences
could be considered as additional evidence that these
populations are physiologically different. Other
enzyme analyses should provide more confidence
in their identification by enzyme profiles

The comparison of four populations of M. incog-
nita race 2 showed that no differences existed in any
of the enzymes among these populations. Some slight
differences were found in the intensity of the staining
reactions of certain isozymes patterns, but they did
net seem to be important enough to be considered
diagnostic for a specific host race of M incognita

Several factors may be responsible for the failure
to detect enzymatic activity of G--6--PDH and HK,
and for obtaining only smeass in the ME gels. The
method of culturing, stage of development, physio-
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logical state of the nematodes, protein extraction
procedures, storage conditions of the protein extract
and the method of protein analysis are factors that
can induce variability in electrophoretic analyses of
nematode proteins These factors may influence the
number of proteins or isozymes that can be detected,
their electrophoretic mobility or both {11} Some or
all of these factors, or the interaction of some of
them could be responsible for the unsatisfactory
results. A similar explanation could be given
regarding the failures to detect activity of IDH in
homogenates of M selasi and M exigua, and of «--
GPDH and FUM in homogenates of M arenaria
In any case, it seems desirable to investigate these
aspects, not only with the same populations used in
this study, but with others of the same species, lo
determine whether the unsatisfactory results are
due to the specific population or to the method-
ology

Those enzymes which did not appear consistently,
or which appeared only after increasing the number
of females in the samples, ie, PGl and FUM in
homogenates of M exigua, may have concentrations
that were too low to be suitable for siarch gel electro-
phoresis. 1t is also possible that freezing affected the
activity of these enzymes

While tomato was used as the host for most
populations, pepper was the host for &/ exigue and
E colomem was the host for M salasi. Evidence
indicated that enzyme profiles may be influenced
by the plant on which the root-knot nematodes are
increased {11}, [2, 16} Dickson et al (5), however
repdrted identical enzyme patterns for M javanica
isolated from different hosts.

When possible it is desirable to propagate all of the
nematode populations on a common host to avoid
the possibility of their influence on enzyme profiles.
The use of life stages other than the females, such
as the egg or the freshly hatched second-stage
juvenile, which are free from plant protein, might
prove Lo be a more reliable subject for electrophoretic
analyses as was found for some round cyst nematodes

(6).

Starch gel electrophoresis is a promising approach
for the study of several specific enzymes in root-knot
nematodes, and could be used, in addition to those
based on morphology, responses of differential
plants, cytology and mode of reproduction, for the
taxonomic classification of this hmportant group of
plant pathogens.

Summary

Ten populations of Meloidogyne spp. from Costa
Rica were compared by means of starch gel electro-
phoresis With a few exceptions, malate dehydro-
genase, phosphoglucose isomerase, fumerase, « -
glycerophosphate  dehydrogenase and  isocitrate
dehydrogenase isozyme patterns could be used to
differentiate the species of Melpidogyne that were
investigated. Intraspecific differences were noted in
patterns of the five enzymes beiween two popula-
tions of M haple and in the patterns of all enzymes
except isocitrale dehydrogenase between two popula-
tions ol M. exigua
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Cambios quimicos inducidos en las sabanas de Uveri-
to (Edo. Monagas, Venezuela) por las plantaciones
de Pinus caribaea

Summary. A study on the changes in soil properties
caused by Pinus caribaea var. hondurensis plantations in the
Uverito savannah [Edo. Monagss, Venezuela) showed a slight
tendence to increass the naturai acidity of the surface soil
in otder plantations.

Active forms of iron and sluminium extracted with
oxaiate increased in the pine sites as compared with the
natural savannah; however, statistical tests were significant
mainly in the case of aluminium.

For exchangesble celcium it was possible (o record a
very small net foss in the soif beneath pine trees aithough
only few results were statisticatly significant.

The fact that iron and aluminium reactive forms increas-
ed, through the solubillzation induced by the ocrganic mate-
rigi indicate & possible future fimitation in the available tevels
of P and Mo; the former element is already known to exist in
a limited concentration in these ecosysterns However. the
active growth of the pine causes some soil enrichment after
long periods of tree growth

En la génesis de los suelos uno de los procesos que
contribuye en forma mds acentuada en la diferencia-
cion de los horizontes es el movimiento y posterior
deposicion de los materiales. Durante el desarrollo
del perfil pueden movilizarse diferentes sustancias:
arciflas, materia orgdnica, sales o iones inorginicos
y complejos drgano-metdlicos de Fe, Aly Mn (2, 16)
El traslado de la sustancia desde [os horizontes super-
ficizles a las zonas mis profundas puede ocurrir a
través de un proceso de lixiviacion, sin que los mate-
riales sean depositados en ninguna zonz de perfil; tal
es el caso de las pérdidas de elementos por drenaje

interno. Estas formas solubles pasan hasta el nivel
freitico y son eliminadas del ecosistema a través de
lzs corrientes continentales. En forma caracteristica
son eliminados un sinnimero de iones (K+, Na’,
ca®™, Mg, NHY, NOj, ete), que no se adsorben
especificamente al complefo suelo (15).

Algunos materiales migran de la superficie y se
acumulan en fos horizontes mds profundos. Dentro
de este contexio el proceso mis conocido es el de
podsolizacion, mecanismo de formaciéon de suclos
que se conoce desde mediades del siglo pasado (19).

En este trabajo se estudiardn los cambios quimicos
introducidos en los suelos de sabanas por plantaciones
de pinos de 5, 7 y 9 afios de edad. La comparacién
se hard con base en los datos obtenidos en perfiles
de suelos con la vegetacidon natural de la zona {gra-
mineas) y perfiles en donde la vegetacién natural ha
sido sustituida por especies introducidas (Pinus cari-
baea var. hondurensis).

Materiales y métodos
Ubicacion de la zona de estudio

La zons seleccionada se denomina Uverito, (Dis-
tritc Sotillo, Estado Monagas, Longitud 62° —
62°30" y latitugd 8° 30" — 8° 50°), presenta una alti-
tud de 50-60 msnm. La vegetacidn original de estas
sabanas estaba representada por una cubierta de gra-
mineas donde dominaba Trachypogon plumosus (paja
llanera o Zaets) asociada con ejemplares aislados de
Curatella americang (Chaparro} y Byrsonima crassi-
folian H. B. K. {Manteco) v a veces un bosque de
galeria poco deaso v bajo, formado por especies

Turrialba Vol 35, No. 1, 1988, pp. 77-83
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arbustivas y arboreas (4). El programa de desarrolio
de estos bosques de monoculfivo se inicid con la
siembre en 1969 de un milldén de plantas en 750 ha
y se persigue como finalidad del proyecto, teper
plantado para 1985 un bosque de [80 miliones de
plantas de Pinus caribaea var. hondurensis y Euca-
lyptus spp. en una extension de 140 000 ha.

La regidén presenta una precipitacion media anual
de 1098 mm caracterizada por lluvias de alta intensi-
dad y poca duracidén y una época seca donde se puede
presentar un periodo largo sin Huviss (5. 16);1a tem-
peratura media es de 25°-25 7°C.

Los suelos de la region de Uverito corresponden
desde ef punto de vista geoldgico a tz formacién Mesa
{(son aluviones muy meteorizados de una extremada-
mente baja fertilidad natural) La textura del horizon-
te superficial es arenosz con buen drenaje, pero, los
materiales finos aumentan en los horizontes profun-
dos haciéndose la textura franco arcitlosa (5).

El contenido de bases cambiabies es muy bajo por
lo que son comunes en fa zona los Arenic Oxic
Paleustult (5). Igualmente son también bajos los nive-
les de fésforo disponible y total (3). En lo que con-
cierne al fosforo disponible Lépez-Herndndez et al
(10) sefialan valores prdcticamente nulos. Un experi-
mento de fertilizacion realizado por los mismos guto-
res (11) indicd una respuesta inmediata del cultivo de
frijol { Vigna unguiculata var. Tuy).

Se escogieron diez sitios al azar dentro de las plan-
taciones de pinos de los afios (1969, 1971 y 1973).
Las mismas tenian al momento de iniciarse el estudio
9, 7y 5 afios respectivamente. Igualmente se tomaron
diez sitios al azar como testigos (sin plantaciones de

pinos) correspondientes a cada afio estudiado. Los
testigos se muestrearon en suelos de sabana muy cer-
canos a las plantaciones escogidas

En cada perfil analizado las muestras se tomaron
subdividiendo el mismo cada 15 cm, desde la superfi-
cie hasta 120 cm de profundidad. Las muestras fue-
ron tomadas con barreno y iuego de secar se pasaron
a través de un tamiz de 2 mm.

El pH de la suspensidén suelo-agus (1:5) se midid
de acuerdo con el método resefiado por Jackson {6).

Para la extraccion de las formas solubles de Al Fe
y Ca, se utilizd una solucién de oxalato de amonio a
pH 30 de acuerde con el mélodo propuesto por
MacKeague v Day {13},

Los anilisis de los elementos se realizaron por ab-
sorcion atomica en un Varian Techtron AAG,

Resultados y discusion

Cambios de pH en el perfil del suelo bajo la presencia
de Ias plantaciones

Si se compara el pH de las plantaciones del afio
1969 y 1973 respecto 4 su testigo se observa que para
casi todos los horizontes muestreados el pH del testi-
go es superior a fas zonas con pinares, mientras que
los suelos de los pinares del afio 1971 acusaran, en
todo caso, un pH mds bajo que sus respectivos testi-
gos {Cuadro 1} Se concluye que para la plantacién
del aflo 1969 ha ocurrido un descenso significativo
del pH del suelo (0.32 unidades de pH} en el horizon-
te superficial (0-15 cm), mientras que para los otros
casos las diferencias no fueron significativas Por el

Cuadro 1. Valores de pl en las plantaciones de pinos y sus respectivos testigos,

Horizonte Plantacion Testigo
{em)

1969 1971 1973 1969-1973 1971
015 4 49%* 4 45% 467 481 4.82
15 -30 4 64 4 58 476 4 8¢ 4.76
30 - 43 468 4 64% 4.85 4 82 479
45 ~ 60 4 87 4 70* 478 476 4 87
64 —~ 75 4 .80 4 58% 4 .82 4 82 4 87
75 - 90 4 84 4.62% 4 83 4 95 493
90 — 105 4173 4 68* 4178 475 496
105 - 120 4.73 481" 477 467 5.14

*

Diferencias significativas al 5% (Prueba de 1), en relacion con el respectivo testigo
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contrario, en la plantacion del afio 1973 en ninguno
de los casos hubo diferencias de pH entre el testigo
y la plantacion. En forma sorprendente, los suelos
de la zona de pinares del afio 1971 acusaron en
todos los casos, diferencias de pH estadisticamente
significativas con relacion a los testigos.

4 9_ /’&\
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r 47
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e B ANTACION
45 1 T
1969 Ig! 73

ANO DE ESTABLECIMIENTO
DE LA PLANTACION

I'ig 1. Efecto de la vdad de la plantacion sobre el pH (todos
ios horizentes)

La variacion del pH entre los suelos estudiados se
pueden atribuir, en primer lugar, & una cierta variabili-
dad en distancias cortas para suelos que pertenezcan
a la misma serie, tal vy como ha side sefialado por
Beckett v Webster (1), y Lopez-Hernindez (8, 9), de
tal manera que la diferencia observada no sea debida
al factor estudiado {presencia de pinares), sino a la
escogencia sistemdtica, en uno y otro lugar de suelos
con caracteristicas fisico quimicas diferentes. En
sepundo lugar el cambio en el pH puede deberse a una
cierta acidilicacion inducida por Ia presencia de pina-
res. Los deidos orgdnicos, polifenoles, etc., produci-
dos por esta vegetacion influirfan no sdlo el pH del
suelo sino también directamente sobre el complejo
de cambio produciendo una remocion de bases alca-
linas y alcalinotérreas y una mayor sustitucién de H
en el complejo coloidal (3,7, 1 7).

Fa mayor acidez de los suelos en las plantaciones
del afio 1969 (Cuadro 1) podria deberse a la segunda
explicacion, pero queda la duda si los cambios del pH
operados en la plantacion del afio 1971 sean debidos
mds bien a una variacion en cortas distancias

Las Figuras 1 y 2 representan el pH promedio en
las diferentes plantaciones (1969, 1971, 1973} venla
sabana natural. Resalta claramente que el pH decae
bajo ¢l efecto de los pinares y tal efecto es mds noto-
rio de los horizontes superficiales, disminuyendo con
iz profundidad.

-~ TESTIGO
4 9m PLANTACION
O = 15¢ms
qap--"""777 e i e
T 47
=%
4 6
4 5
T L L
1969 Tl 73 69

60 — ¥HEems
I5 — 30cms ‘____--—"*-_“__‘_
.“nl"_ o
.—-"
J b H T
73 E9 71 73

ANO DE ESTABLECIMIENTO DE LA PLANTACION

Fig 2 Lfecto de la edad de la plantacidn sobre el pH a 0-15, 15-30 y 60-75 ¢cm de profundidad.
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Cuadro 2. Determinacion del contenido de aluminio activo (ppm) en las plantaciones y sus respectivos testigos.

Horizonte Plantacibn Testigo
(em}

1969 1971 1973 1969-1973 1971
015 822 1004 1 544 396 388
15 -130 1116* g72* 2 048* 420 300
30 - 43 760 1032* 1324% 428 282
45 - 60 926* 1528% 2332% 436 280
60 — 75 1424% 1270* 1 764* 564 220
75 - 90 1 366* 1 456% 1308* 568 256
90 - 105 1410 1382%* 2976% 428 232
105 -~ 120 1652 1290%* T4316% 884 166

*  Diferencias significativas al 5% (prueba de T), en relacion con el respectivo testigo

Cambios en el contenido de Al activo por efecto de
la plantacion

En el Cuadro 2 se presenta la informacién sobre
los contenidos de aluminio active de los suelos es-
tudiados

Cuando se comparan los niveles de este elemento.
en los suelos de las plantaciones con relacidn a sus res-
pectivos testigos, destaca el incremento en la propor-
cion de aluminio soluble bajo el sistema de plants-
cion Tales resultados tiene una verificacion estadisti-
ca significativa en la mayoria de los casos.

No en todos los afios estudiados estas diferencias
fueron del mismo orden; asi en la plantacidn del afio
1973 ocurre la mayor acumulacion del aluminio acti-
vo en el perfil del suelo, por otre tado el menor in-
cremento en aluminio activo ocurre en las plantacio-
nes del afio 1969 Se puede concluir que como conse-
cuencia de la presencia de los bosques de coniferas ha
ocurrido una activacién de las formas solubles del
aluminio capaces de ser extraidas con el oxalato de
amonio Se sefialan entre otras sustancias acomple-
jantes: polifenoles y los dcidos benzoico, oxdlico,
citrico, filvico, madlico y shikimico (14, 18)

Otro hecho interesante es que en todas las planta-
ciones estudiadas la mayor activacion de las formas
solubles del aluminio ocurre en los horizontes mds
profundos {Cuadre 2, Figuras 3 vy 4), lo que sugiere
una posible migracién de este elemento a través del

perfii. Sin embargo, para presentar una conclusion
nwds firme al respecto es necesario un estudio mds
riguroso, haciendo uso de los métodos de la pedolo-
gia dindmica {19).
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Fig 3 Variucion del contenido Al en el perlil del suelo
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Fig 4 Variacidn del contenido de Al en cf perfil dei suelo

Un estudio similar ai aluminio se realizé con el
hierro extraiblie con oxalato de amonio. Si bien,
en general los resultados sefialan una tendencia a
generarse mayores niveles de hierro soluble en oxa-
lato per efecto de fa plantacidn, en menor nimero
de casos se obtuvo significacion estadrstica (16)

Cambio en el contenido de calcio cambiable por efec-
to de la plantacién .

Los datos correspondientes a la cantidad de calcio
de los suelos en las diferentes plantaciones se resumen
en el Cuadro 3. Estos resultados son, en todo caso

comparativos, ya que es necesario tomar en conside-
racidn que, por la facilidad con que el oxalato forma
complejos insolubles con ¢l calcio, no es un reactivo
adecuado para extraer niveles disponibles de Ca en
los suelos. Para la plantacion del afio 1969 se obser-
vi que en todos ios horizontes el contenido de calcio
del testigo es superior a las zonas con pinares. Igual
fendmenc se observa en el case de las plantaciones
del afio de 1971 y 1973, a excepeidn de algunos
horizontes

En lo que respecta al estudio estadistico {Cuadro
3), s6lo en 8 casos de 24 se encontraron diferencias
significativas entre log niveles de calcio de Tn planta-
cidn respecto a la sabana natural,

Con base en lu informacién suministrada en el
Cuadro 3 es posible sefialar una cierta lixiviacion de
las formas solubles del calcio en los perfiles del sueio
donde fue plantado el P caribaea.

Al parecer, el monto de calcio perdido en el eco-
sistema no es alto, si se compara con el efecto de las
mismas plantaciones sobre las formas activas del
aluminio. Tal discrepancia es normal, puesto que los
niveles de las formas lotales y activas de este Ultimo
clemento, por lo general supera en una buenz pro-
porcidn {en suelos tropicales, no calcdreos) los valores
correspondientes il calcio v al magnesio (12). Para las
plantaciones de pino ha ocurrido en el perfil una dis-
minucion en el contenido del calcio susceptible de ser
exiraido con el oxalato de amonio. La explicacién de
tal fendémeno, z diferencia del caso anteriormente dis-
cutido (aluminrio), radica en la sustitucidn en el com-
plejo de cambio de los bajos niveles de calcio cam-
biable por el hidrdgeno y el aluminio cambiable

Cuadro 3. Determinacién del contenido de caicio combiable (ppm) en las plantaciones y sus respectivos testigos.

Horizonte Plantacion Testigo
(cm)
1969 1971 1973 [969-1973 1971
015 61 45% 78 69 638
15 - 30 o6 44 65 67 64
30 45 §7% 3g* 65% 78 68
45 - 60 5% 57 62% 81 59
60 — 75 63 57 70 76 57
75 — 990 67 58 71 78 60
90 - 105 59 52 75 80 65
185 -~ 120 13 58 38* 87 55

*  Diterencias significativas al 5% {Prueba de T), en relacién con ¢l respectivo testige.

Turrialbz Vol. 35, No. |, 1985, pp. 77-83
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La lixiviacién de los cationes solubles alcaiinos y
alcalinotérrens es un fendmeno natural que ocurre
normalmente en los suelos en desarrollo (3, 17)
Este fendmeno se ve acentuado en zonas tropicales
que cuenten con suficiente precipitacion y drenaje
adecuade Como es obvie, el eccosistema forestal
de Uverito con sus suelos altamente arenosos, repre-
senta un medioc muy adecuado para que ocurra ung
intensa lixiviacion de esas bases

Resumen

En un estudio realizado sobre et efecto que tienen
las plantaciones de pinos (Pinus caribaea var. hondu-
rensis) sobre los suelos de las sabanas de Uverito
(Edo Monagas. Venezuela) se encontr0 un ligero in-
cremento de la acidez natural de estos suelos en ¢l
horizonte superficial de las plantaciones mas vigjas.

El contenido de aluminio y de hierro activo ex-
traide con oxalato fue mayor en las plantaciones que
en la sabana natural Sin embargo, las pruebas estadis-
ticas corroboraron esta informacion sdlo en el caso
del aluminio

En lo que concierne al calcio se puede sefialar uns
pérdida neta (muy pequefiz) de este clemento en
los suelos bajo pinares, aunque las pruebas estadis-
ticas sdko dan algunos de los valores significativos,

El hecho de que las formas reactivas de Fey Al
incrementan debido a una solubilidad inducida por el
material orginico aportado por los pinos, permite
sefialar limitaciones futuras en los niveles de Py Mo,
el primero de los cuales se sabe existe en una extre-
mada baja proporcién en esos ecosistemas Sin en-
bargo. el activo crecimiento de los pinos puede apor-
tar sustanciales niveles de nutrimento de las zonas
profundas del suelo a medida que la plantacion en-
vejece,
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Productividad de una cerca viva de Erviluing berte-
roaia Urban en Turrialba, Costa Rica.

Summary. Biamass production of an Erythrina berteroana
Urbran live fence with B months old branches was evaluated
The yield obtained from the pruning of 100 m of fence with
169 posts, was 319 of dry matter

In addition. the relationships batween the basal area of
branches and its dry weight. and between number of
branches per post and its production were determined

Some aspects about possibilities of living fences as a
potential resource in smali farms are discussed

El uso de postes vivos para el establecimiento de
cercas es muy [recuente en Costa Rica y otros paises
de América Central (8), siendo numerosas y variadas
las especies utilizadas de acuerdo a las condiciones cli-
midticas y culturates. Los agricultores han scumulado
amplia experiencia en la implantzcion y mancjo del
sistema “cerea viva™'; cada especie tiene sus propias
caracteristicas de crecimiento, practicas cufturales y
productos que pueden obtenerse, tsles como lefia,
maders, frutos, flores, forraje para el ganado y otros
animales domésticos, principios medicinales 'y otros

(4).

No se han hecho muchos infentos por caracieri-
zar y cuantificar los productos y subproductos que
pueden obtenerse de las cercas vivas. Budowski (4),
al comparar las cercas vivas con las cercas de postes
muertos para soporte del alambre de pua, encontrd
que ias primeras tienen los siguientes usos y ventajas:

1. Rinden diversos productos adicionales con valor
econdmico, ya sea como alimento humano, forra-
ie, productos medicinaies, incluyendo lefia y nue-
vO$ postes vivas para cercas.

$ud

Dan proteccion a cultivos y animales contra el
viento

3. Sirven como barrera para detener la erosion y
tienen un efecto beneficioso sobre el suelo.

4. Generalmente, duran mucho tiempo

5. Tienen un costo relativamente muy bajo o ningu-
no.

Sin embarge, el mismo autor anota algunos incon-
venientes, como: necesidad de un manejo cuidadoso,
dificultad en ievantar” o eliminar la cerca, proble-
mas de sobrevivencia de los postes vivos.

Si bien éstas y otras apreciaciones sobre cercas vi-
vas cubren aspectos cuaiitativos, aun no se dispone
de cilras para hacer una cuantificacidn mds precisa
de los beneficios derivados,

Actualmente en Costa Rica se conocen cercas con
las sigutentes especies de Lrythring: E. berteroana, £
costaricensis, £ cochleata, E fusca (£ glauca) y
ocasionatmente, £ poeppigiana

Turrialba Vol. 35, No. 1, 1985, pp. 83-86



84 TURRIALBA: VOL. 35, NUM. 1, TRIMESTRE ENERO-MARZO 1985

En escala mundial, sin duda esta lista es incomple-
ta, ya que no incluye observaciones de otros paises
y continentes; por ejemplo, en Panamd, se utiliza E.
edulis, y en Etiopia*, E. abyssinica. En Bali, Indone-
sia, existe una especie no identificada de Erythrina,
la cual fue descrita y fotografiada por Budowski, la
cual se usa en cercas.

Erythrina berteroana Urban, conocida como “por6
de cerca”, es una de las especies de uso mds frecuente
en cercas vivas (7, 8). Sin embargo, no existe atn sufi-
ciente informacion sobre la productividad de Erythri-
na berteroana y de otras especies usadas en cercos
vivos**. E| presente trabajo que tiene como objetivo
evaluar la produccién de biomasa de una cerca viva de
E. berteroana, en condiciones de campo, es de cardc-
ter exploratorio pues el Proyecto Erythrina CATIE-
CIID estd en marcha y fue programado para evaluar
la productividad, la utilizacién y las précticas relacio-
nadas con diferentes especies de Erythrina utilizadas
COmo postes vivos para cercas.

Materiales y métodos

Este estudio se llevo a cabo en terrenos del CATIE,
Turrialba, Costa Rica, a 610 m sobre el nivel del mar;
la temperatura media anual es de 22.3°C y la precipi-
tacién media anual es de 2 647 mm (5). El suelo per-
tenece a la serie “La Margot” fase normal, es un
Typic Dystropepts (1) franco arcilloso, de buena
fertilidad.

Se realizaron mediciones de la biomasa provenien-
te de la poda de una cerca viva de Erythrina berteroa-
na, proxima a la entrada principal, la cual fue planta-
da en 1979 por estacas de unos 2 metros. En 1981 se
hicieron replantes para reposiciones y aumentar la
densidad de la cerca. En la actualidad, la distancia
media entre postes es de 0.59 m. En el periodo de
efectuar la poda del 20 al 26 de setiembre de 1983,
las ramas tenfan ocho meses de edad y su longitud
media era de 2.05 £ 0.50 m.

Las mediciones se hicieron en 100 m de cerca,
en los cuales habia 169 postes vivos (Figuras
1 y 2). Se hizo una poda total de las ramas; se sepa-
raron las hojas de los tallos y éstas se pesaron in situ
¢ inmediatamente después de las pesadas se tomaron
tres submuestras de hojas y tres de tallos y se colo-
caron en bolsas plasticas para evitar pérdidas de peso

* A. Getahun, Nairobi, Kenya. 1983. Comunicacién perso-
nal.

** Para marzo de 1984 se espera concluir un estudio de la
productividad de Gliricidia sepium Steud, bajo tres fre-
cuencias de poda (3).
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Fig. 1. Relacién entre el drea basal de ramas de 8 meses y
su peso (kg/rama) en una cerca de Erythrina berte-
roana.
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Fig. 2. Relacion entre el nimero de ramas/poste y la bioma-
sa obtenida (kg de materia seca/poste) en una cerca
viva de Erythrina berteroana con ramas de 8 meses
de edad.

por evaporacién. Se determind en el laboratorio, el
peso fresco de cada submuestra; luego, se colocaron
en el horno a 70°C por 72 horas para obtener el peso
seco.

Resultados

El producto de la poda en 100 m de cerca fue de
1 107 ramas; en 169 postes vivos se obtuvieron
319 kg de materia seca (288 g/rama). En el Cuadro 1
se presentan los valores obtenidos.

Ademds, se hizo un muestreo al azar de 37 postes,
dentro de los 169 podados, a los cuales les fueron
cortadas 303 ramas; se midi6 el didmetro basal y la
longitud de éstas; asi como biomasa (peso seco).

Con los datos del didmetro medio de ramas/poste
se hizo un andlisis de regresion entre el drea basal me-
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Cuadro 1. Produccion de biomasa de una cerca viva de 100 m de longitud de Erythiring berteroana obtenida de 169 postes con ramas

de 8 moeses de edad.

Por poste (promedio)

Por 108 m de cerca

Contenido de materia Contenido de N total

seca {promedio de (%)
muestreo)
Numero de ramas 65434 1§07
Hojis 445 2350 ¢ 75 2 kg 2621 2% 2
Talios 144321 113 g 243 8 kg 278 L0 8% 1
Tutal 188821424 p 3190 kg 274+ 1 2% -

dia de las ramas/poste (em?® frama) v Ia biomasz medis
de la misma (kg/poste).

En fa Figura 3 se muestra el modelo (Y = -00759
+ 00614 X; r=08374%* N = 37) de mejor ajuste
lineal  También, se obluvo una regresion entre el nil-
mero de ramas per poste y el pese seco (kg) de las
ramas por poste, represeniada en fa Figura 4 con el
modelo {Y = 0 08638 + 027668, r = 0657%% N =
169),

Piscusion

Para ef pequefio agricultor en el tropico las cercas
vivas constituyen un recurso que tiene un aprovecha-
miento muitiple; su vaior efectivo es bien conocido
y valorado locaimente pero muy poco apreciado por
los investigadores, planificadores y en general, por los
profesionales de las ciencias forestales

En Costa Rica, se ha hecho un considerable es-
fuerzo, a través de los afios, por repoblar las cercas
con postes vivos. De ello ha resultado el estableci-
miento de varios miles de kildmetros de cercas vivas,
Este hecho se evidencia cuando se calcula el numero
de drboles plantados anualmente en las cercas, el
cual no aparece en ninguna estadistica, bajo ningun
renglon

Por otra parte, el perimetro de una hectirea ence-
rrada por una cerca vive de £ berteroana (400 m),
puede producir potencialmente mds de 300 kg de ho-
jas en ocho meses, cantidad que podria aumentar si
se varig la frecuencia de cortes; ademds, produce mis
de 4 000 estacas largas para implantar nuevas cercas
Cabe destacar que los 300 kg de hojas/ha representan
mds de 75 kg de proteina cruda equivalentes & unos
400 kg de un concentrado proteinico comereial

De la Figura 3 se deduce que ef drea basal media
de las ramas es un descriptor adecuado para predecir
la produccién de la biemasa de los postes individuales
y por consiguiente, sirve para predecir la produceidn
total de las cercas de una [inca, si se hace un muestreo
adecuado

WA T s

I'ig 3 Cerca viva podada a fa izquierda ¥ adn sin podara la
derechs en el momento de la medicion

Es interesante observar que en el muestreo hubo
postes particularmente productivos, este hecho puede
ser atribuido # que en la poda anterior {realizada en la
segunda quincena de enero de 1983) podrian haber
quedade algunas ramas aisladas sin podar, o bien, a
caracleristicas genéticas. En el futuro, se observard
con especial interés el comportamiento de estos
individuos altamente productores con el fin de
hacer una seleccién de material para reproduccion

Turrialba Vol. 35, No. 1, 1985, pp. 83-86
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Fig 4 Purte superior de un poste vivo de Erythring berte-
rogna inmediatomente después de la poada

La Figurz 4 muestra que el ntmere de ramas/poste
también es una variable 0til para predecir produccién.
A pesar de ser mis sencilla que la primera es menos
precisa, pero por ello no deja de ser Gtil para hacer
evaluaciones rdpidas en condiciones de campo.

Otro aspecto beneficioso de las podas periddicas
es que implican la muerte y la descomposicidn de
raicillas; aungue atn no se ha cuantificado el fend.
meno, es muy posible que contribuye a fa recircula-
cién de nutrimentos v a la aireacidn del suelo,

Resumen

Se evalud tz produccién de biomasa de las ramas
de una cerca viva de Lrythring berterogna Usrban,
que tenian 8§ meses de edad El producto de la poda
en 100 m de cerca, con 169 postes, fue de 319 kg de
materia seca,

Ademds se determinaron las relaciones entre el
drea basal de las ramas v su peso seco vy entre ¢l nl-
mero de ramas por poste y su produccion,

Se discuten algunos aspectos sobre las posibilida-
des de las cercas vivas como un recurso potencial en
fincas pequefias.

4 de junio de 1984,

G. BUDOWSKI*
R. O. RUSSO**
E. MORA H #**

* Jele DRNR, CATIE Turriniba
#t  Coordinader 2 i. Proyecto Erythring CATIL-CHD

®ik Acictente de Investigacion Proyecto Erptiring CATIE-
CHD
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A note on the qualitative damage caused to cocoa
pods by Sahibergella singularis (Hagl.) (Hemiptera:
Miridae).

Resumen. Se estudid el dafio causado por el mirida Sah!-
bergella singularis (Hagl.} {Hemiptera: Miridae) a mazorcas
de cacao Se encontrd una reduccidn significativa en el peso
de la rnazores. asf como en el paso del pericarpio, a niveles de
dafio supericres al 25% de la mazarca cubierta por lesiones.
No hubo diferencia significativa entre niveles de dafio {0, 25.
50 y 100% de la superficie de la mazorea con lesiones) para
las variabies peso de las semilias, longitud de ia mazorca,
anchura de la mazorca, numero total de semillas por mazorca
vy nimero de semillas deformes por mazaorca

The cocoa mirids, Salilbergella singularis (Hagl)
and Distantiella theobroma (Dist) feed on cocon
shoots, chupons and pods These mirid bugs have
a major impact en the cocos industry and their {eed-
ing activities alone have been reported to reduce the
vield of cocoa by about 20% —253% ol the annual crop
{1, 2).

It has been difficult to assess the direct damage 1o
cocoz pods and beans by the cocoa mirid because
of the indirect nature of the damage done during the
feeding activities of the bugs. Toxopeus and Gerard
(7) observed that very little differences existed be-
tween infested and uninfested cocoa pods unless in-
festation was at the ecarly development stage of
cherelies which would then wilt This report examines
the ultimate effect of the insect feeding by comparing
affected pods with pods {ree of infestation. It is
therelore easy to determine at what level appreciable
loss due to mirid feeding lesions could be recorded

Methods

100 ripe pods, harvested [rom Amazon cocon plots
planted at the Headguarters of the Cocoaz Re-
search Institute of Nigeria, lbadan, were selecied
monthly from January to December, 1980 at the pod
breaking depot. The pods were categorised according
to the incidence of mirid lesiones {marks of mirid
feeding on pods).

The categories were:

(i) Pods free from lesions;

{(ii) Pods with one quarter of the surface covered by
lesions;

(iif) Pods with hall of the surface covered by lesions;
and

(iv) Pods with almost all the surface covered by
lesions and having surface cracks (Figure 1)

The monthly selection for a year would therefore
cover all the seasons, including the light and heavy
crop seasons. It also covers the periods of high and
low mirid populations

Z

FREE
Fig | Incidence of mirid lesions on pods

Measurements were made of the length (em) width
(cm) and weight (g) of the pods. Pod husk weight (g)
was taken after breaking the pod and removing the
wet beanrs. Total bean numbers were recorded, as well
as number damaged (woody, deformed or germinat-

ing)

Results and discussion

Both pod and husk weight showed stalistically
significant differences (P > 5% ) when over hall of the
pod surface was covered with mirid lestons Table |
No significant difference was obtained in the weight
of wet beans (Table 1). Toxopeus and Gerard (7) sug-
gested that there was no difference in the fat contents
of the beans from pods with or without mirid lesions,

There was no significant differences in the length
and width of pods although pods with over half of
the surface covered by lesions were slightly smaller
than those free from lesions (Figure 1), There was
also no difference in the number of beans showing
deformity either when infested or when free from
lesion cover,

In effect, mirids like most sucking bugs impose
# drain on the host plants and probably introduce
toxic salive (3, 6).

Nuorteva (4) suggesied that the wounding of plant
tissues and secondary infestation by {ungi contribute
to the damage done to the plant. Mirids are insects
with appreciable mouth parts and may also damage
cocoa iissues in similar manner, in addition to
secondary  infection following mirid feeding
(Entwistle, 1),

Cocoa mirid {eeding is complicated and the
adverse effect of each stage during feeding is not
fully known. It may therefore be of interest if future
work could be centered on whether the salivary
glands of these bugs contain substances stimulating
or inhibiting plant growth, as has been demonstrated
in the case of sonie aphids and bugs (5, 8).
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Table 1. The effect of incidence of mirid lesions on cocoa pods and beans.

Extent of cover

Parameters Free /4 1/2 Fuli P>5% L.8.D.
Weight of pods (g) 55060 473 77 42019 435 70 * 74 89
Weight ol pod husk () 432130 366.43 32809 32670 * 59.59
Weight of beans (g) 118.30 137.33 9210 108.84 ns 2374
Length of pods (cm) i7.60 1705 16 45 16 40 ns 1412
Width of pods (cr) 854 8.25 8§01 830 ns 0411
Total bean number/pod 4432 36 84 34 .72 36 60 ns 0.441_;_
Total deformed beans/pod P04 G 64 108 2.60 ns 0.168

*  Significant at P > 5%
ns Not significant

+  Log transformation analysed

It is however interesting to note that the plant,
pods and beans may be able to stand an  appreciable
amount of mirid feeding lesions. If this is the case,
the heavy the use of insecticide, which has resulted in
a resurgence of new pests and resistance of insects to
insecticide, could be reduced and biological agents
{pazasites and predators) would become available
for use sgzinst the mirids.

The major differences recorded in attacked and
unattacked cocoa pods are inthe weight of pod husks,
and it is likely that the pods may be losing useful
materials (protein and carbohydrates). Some of the
items removed are either used by the insect and the
excess is excreted, as has been observed when aphids
feed on brussels sprouts plants {Van Emden, et af , 8)
If the loss in weight of pod husk from pods lesions
means that the insect is removing valuable nutrients,
it may be necessary to replenish the lost materials
artificially when pod husks are used in the fertilizer
and animal feed industry.

Summary

The damage caused 10 cocoa pods by the mirid
Sahibergelln singularis Hagl was studied Pod weight
and husk  weight were significantly reduced at
damage levels over 25% of the pod surface covered by
mirid lesions. There were no significant difference be-
tween damage levels (0, 25, 50 and 100% of the
pod surface covered by mirid lesions) for bean
weight, pod lenght, pod width, total bean number/
pod and deformed bean number/pod

January 9, 1984
A OJO*

* Cocoa Research Institute, Ibadan, Nigeria
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Determinacion preliminar de las malezas en tres dis-
tritos de San Carlos, Alajueta, Costa Rica,

Summary  All species encountered in a2 weed survey of
cultivated fields in three districts of San Carlos (humid
tropical zene, Costa Rical are Hsted, and & table given of
the predominant species according to district or crop species
Local differences in the weed flora were noted. which were
probably due to differences in drainage or in herbicide use
The flora consists of species which are mainly herbaceous,
and cosmopolitan in distribution

El proposito de este estudio fue determinar las
malezas que se encuentran en tres distritos del Can-
ton de San Carlos (La Fortuna, Pital y Venecia) y
qué especies constituyen un probiema pars los agri-
cultores. especialmente en las dreas en que el CATIE
estd trabajando {zona La Vega. La Fortuna, La Trin-
chera v Li Fama)

Debido a que hay poca informacion sobre las plan-
tas silvestres que invaden los cultivos en esta drea, pa-
recié conveniente presentar aqui una lista de las espe-
cies encontradas y un andlisis de las especies mds
COmunes y nocivas

Materiales y métodos

El drea de estudio esid ubicada en el Canton de
San Carlos. Provincia de Alajuela. Costa Rica entre
los 10° 19"y 10° 35" latitud Norte y fos 84° {8y
84° 80 longitud Oeste (6). Pertencce a la zona de
vida de Bosque Tropical Mumedo con transicidn a
muy humedo (7), ¥ las dreas de muestreo estdn entre
1GO-200 msnm, son de temperatura y precipitacion
altas y suelos dcidos (Cuadro 1).

El trabajo de campo se realizd entre octubre 1982
y febrero 1983, habiéndose visitado en total 31 cam-
pos de cuitivos: 10 de yuca, 8 de yuca en asociacion
con tiquisque, fampi o maiz, 4 de tiquisque o famps,
5 de pifta. | de majz. | de ayoley 2 de calé La selec-
cion de campos fue completamente al azar v sin

criterio previo y en cada campo elegido se aplico
la misma metodologia de recoleccidn de material
y tomgz de datos. La metodologia de recoleccion
consistio en el recorrido por surcos (excepto en el
ayote). colectando y poniendo en bolsas plisticas
cada especimen nuevo de maleza que apareciera en
ese campo. Los especimenes, agrupados por cultive
y localidad de procedencia, fueron lfevados al Herba-
rio del Instituto Tecnologico de Costa Rica, Sede
Regionat San Carlos, en donde estin preservados vy
depositados. Para su identificacién se llevaron al
Herbario del Museo Nacional de Costa Rica. En
cada sitio de muestreo se hizo una estimacién visual
y no cuantificada de la especie de malezas prevalentes
y cuando fue posible se preguntd al agricuttor cuales
especies de malezas consideraba mds problenwiticas,
qué nombre les daba y qué pricticas agrondémicas uli-
tizaba en su control. Ademds se tomd nota sobre la
impresion general de las condicicnes de drenaje del
lugar.

Para cada especie colectada se caleuio su presencia
mediante la {drmula (5):

Nimero de muestras en que aparece la especie.

06
Nimero total de muestras

y aquéllas en las que al menos en un tipo de culiivo o
en una localidad estuvieran presentes en el 50% o mis
de los sitios visitados se consideraron como malezas
comunes {Cuadro 2).

Como resultado de este estudio se prepard un ma-
nual de identificacién de las malezas comunes de San
Carlos (1)

Resultados y discusion
La Hista complets de las aproximadamente cienlo

cincuenia especies silvestres encontradas, se presenta
en el apéndice.

Cuadro 1. Variables ambientales de tres distritos del Cantén de San Carlos®.

Distrito Liuvia (mm/u) Temperatora (p.a.) Tipo de suelo PH del suelo
La Fortuna 2800 3200 32.-25 Andic Humitropept 83% entre 5--6
Pitsl 28003000 25 Andic Humitropept 719% entre 45
Veneciy 4000 4500 25 Typic Humitropept 77% entre 4 -5
¥ Ref 2

Turriglbz Vol. 35, No. I, 1985, pp- 89-96
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Una lista de especies presentes en el 50% o mis de
los sitios, por cultivo y por distrito se muestra en ¢l
Cuadro 2. Aunque este cuadro no indica fa {recuencia
de cada especie en un campo individual. las especies
encontradas en muchos sitios diferentes fueron tam-
bién las mds abundantes en cada fugar en particular,
especialmenie Digitaria bicornis (digitaria), Blechuun
brovwnei (camaroncillo), Borreria latifolia {miclcillo).
Hyptis capitata (biojo chirrita), Mimosa pudica (dor-
milona), Phyllanthes wringria {tamarindillo). Side
acuta y § rhombifolia (escobilla) Estas especies {lo-
recen todo el afio y producen semillas abundantes
que germinan ripidamente despuds de que el agri-
cuttor ha eliminado las malezas cxistentes con la-
branza o herbicidas de contacto. como paraquat.

De la lista del Cuadro 2. 13 cspecies son nativas
def Nuevo Mundo Tropical, 11 son pantropicales
y 3 son introducidas de otros continentes.

Aunque hay diferencias en el porcentaje de presen-
cia de varias especies en distintos cultivos. es imposi-
ble concluir, sin un estudio de [recuencia como hizo
Kellman en condiciones semejantes (4), si existian
asociaciones distintas de malezas

Se encontrd en cada campo de cultivo entre 16
40 especies de malezas, muchas de lzs cuales proba-
blemente ne son un problema serio, pero hay otras.
entre fas gramineas que representan fas especies mds
abundantes y nocivas. como Digitaria. Otras dos gra-
mineas que existen en la regién, en apariencia suma-
mente nocivas aunque ne estin incluidas en el Cuadro
2. son Paspatum fascicidarum (gamalote o gramalote)
y Rotrhoellin exaltata (zacate indio)

El gamalote cubre muchas dreas bajas v humedas
en La Fortuna. es sumamente agresiva ¥ su propa-
gacién es principalmente por estolones; al parecer
la propagacion por semiila sexual es escasa. pues no
se logro oblener germinacion bajo condiciones de
laboratorio durante dos afios de prueba (3} En San
Carlos florece solamente en noviembre y diciembre
y forma muy pocas semillas vivas. Sin embargo, segin
Doli y Argel (3} se sabe que las praderas irrigadas por
corrientes de agua que antes han cruzado por fotes de
gamalote, sufren la constante presencia de esta espe-
cie y la invasidon debe ser por medio de semilias o de
trozos de estolones.

El zacate indio se encontro unicamente en un cam-
po de pifia en Pital. el cual era considerado por 2l
agricultor como la peor malezz que tenra; esta gra-
minea es prolifera en la produccién de semillas,
dificii de controlar y en este momento estd exten-
diéndose en forma alarmante en Costa Rica (Soto,
A Comunicacidén personal Estacion Fabio Baudrit.
Alajuela, 1983).

Las malezas de hoja ancha son mds faciles de
conirolar ¥ los agricultores no las fuzparon tan pro-
blemdticas como las gramineas. No obstante con el
clima calido humedo del drea, muchos tipos de ma-
lezas pueden germinar y formar ripidamente una
cobertura densa que le hard competencia a los cufti-
vOs,

Las juncias no se presentaron tan frecuentemente
v Cyperus rotundus (coyolillo) conocida como una
de las peores malezas del mundo y comun en ciertas
partes de Costa Rica no se observé en los sitios visi-
{ados Las ciperdceas se enconfraron menos en pifiales
que en otros cultivos y menos en Venecia que en
oiros distritos (en %total de especies presentes). En
ambos casos los suelos presentaban, en general, buen
drengje. En contraste los suelos de La Fortuna son los
menos #cidos, pero muchos campos de cultivo se
hallan en tierras bajas y semi-inundadas ia mayor par-
te del afo, especialmente en la zona de La Vega; aqui
fas condiciones son aptas para-plantas de suelos hume-
dos o pantanosos como las cipericeas. En muchos
casos el uso de herbicidas de contacto. aparentemente
promueve la dominancia de gramineas en lugar de
especies de hoja ancha y es posible que esta prictica
explique la alta frequencia de Digitaria Otros inves-
tigadores en regiones tropicales también han observa-
do que la flora de malezas en dreas especificas depen-
de principalmente de factores edaficos y de las pric-
ticas de {os agricultores (4)

Keflman {4) en una comparacion de las malezas de
milpas ¥ de campos permanentes de cultivo de Belice
observd una gran diferencia. La flora de malezas en
las milpas era predominantemente nativa de origen y
contenia muchas especies leflosas (arbustos v drbo-
les). En contraste, la flora de campos permanentes
resulté mucho mds cosmopolita en origen y princi-
palmente consistié de especies herbdceas o semile-
fiosas; concluyd que las semillas de muchas especies
de drboles y arbustos han desaparecido del banco de
semilias de suelo En San Carlos, la mayoria de las
malezas son herbdceas y muchas de las especies tienen
una disteibucién muy amplia, considerdndoseles como
malezas cosmopolitas. Aunque se cncontraron piin-
tulas de arbustos como: Acacie sp. Cordia inermis,
Clibaditim  polygomuan, Vernonia patens, Phiptolaca
sp. v algunas especies de Melastomuceae, especial-
mente en sitios abandonados. nunca se observd
pidntulas de drboles.

Segun las observaciones de los autores. la estacion
experimental “La Montafia” de CATIE en Turrialba
que tiene un clima bastante similar y que fue defores-
tado hace muchos aftos presenta una {lora de malezas
muy semejante

Turriglba Vol. 35, No. 1, 1985, pp. 89-96



92 TURRIALBA: VOL. 35, NUM. |, TRIMESTRE ENERO-MARZO 1985

Apéndice 1. Lista completa de las malezas encontradas en cultives en 3 distritos del Canton de San Carlos,

Familia y Nombre Cientifico

Nombre Comiin

Area de Origen

ACANTHACEAE
Blec funm browse! Jussicn
Tivehergia alata Bojer ex Sims

AMARANTHACEAE
Albternanthera sessilis (LY R Brown ex DC
Amaranthuis spinosus L
Cyathula prostrate {L) Blume
fresine diffise Humb. v Bonpl ex Willd

ARACEA
Caladivn bicofor {Ait} Vent
Xanthosoing robustim Schoott

ASCLEPIADACEAE
Asclepias curassavica L

BORAGINACEAE
Cordia inermis (Mili )1 M Fohinson
Heliotropivm indicwm ).

CAPPARIDACEAE
Cleame spinosa Jacq

CARYOPHYLLACEAE
Dryimaria cordate (L) Widld,

COMMELINACEAE
Conumeling difficse Burn |
Tripogandra serrulata (Vahl 3 Handlos

COMPOSITAE
Bidens pitosa 1.
Calea pittieri Rob. y Greeaman
Chaptalia mueans (L ) Polak
Clibadium polvgynun Blake
Conyza honariensis (1) Cronguist
Eclipra alba (L} Hasskarl
Elephantopus hypomalgeus Blake
Emilia fosbergii Nicolson

Erechitites hicracifolia £ ) Ruf ex DC

Fleisciomannia sinclaivii (Benth en Oerst)
R M King v H. Robinson

Mikania nifcrantha H B K

Neurolaeng fobara {1 Y R Br.

Pyendovlephantopus spicaties (luss) Rohr

Sehistocarpha pamiculate Kiaft

Sclerocarpus phvillocephalis Blake

Synedrella nodiflora Guerin

Vernonia patens H. 8 K

CONVOLVULACEAE
Calonyvetion sp
Ipomoea nil (1) Roth
Merremia sp. afl umbellata (L) Hallier

Camarencitlo

Hierba de perico
Bledo mercolina

Velo de novia

Diubtillo, bencenuco viborans

Heliotropo, alucrin

Frijolilio, espucla de caballero

Nervillo

Canutillo, siempreviva
Canutillo morado

Botencillo, moriseco mozote, cardiflo

Batencillo
Hierba de Sun Antonio
Clavelille, pincet

Hierba de cabro

Oreja de burro

Espinilla
Fuerte

frompeta
Churristate

Nueve Mundo Tropical
Este de Africe

Pantropical

Nuevo Mundo Trop y USA
Nueve Mundo Trop. y Africa
Nuevo Mundo Tropical

Brasil
América Centsal

Nuevo Mundo Tropical

Nueve Mundo Tropical
Nueve Mundo Tropical

MNueve Mundo Tropical

Nueve Mundo Iropicat

Pantropical
Nueve Mundo Tropical

América Central y USA

América Centsal

Nuevo Mundo Tropical

Nuevo Mundo Trepical

Nuevo Mundo Tropical

Pantropical, USA

Pantropical

Hibride Istas del Pacifico
Occidental

Nuevo Mundo Tropival

América Central

Nuevo Mundo Tropical
Nuevo Mundo Tropical
Nuevo Mundo Tropical
América Central

Amésica Central

Nuevo Mundo Tropical
Nuevo Mundo Tropical

Nuevo Mundo Tropical
Pantropical
Pantropical
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Familia y Nombre Cientifico

Nombre Comun

Area de Origen

CUCURBITACEAFL

Melathria alf guadalupensis (Spreag ) Cong
Momordica charantis 1

CYPERACEAE

Cyperus diffistes Vahl
Cvperus hizulae (L) Retzius
Fleocharis elegans (H B K) Rom v Schult
Fintbrisesliy dichotoma (L) Vah!
Fimthristylis miliaceq (3} Vaht
Kyllinga prmilie Micluaux
Mariscus tenuds (Swartz) C B Clarke
Rivvne hospora radicans

(Scilecht v Cham ) Pleitter
Scieria pierots Pres
Torolinitent odoranan (L} S Hooper

DILLENIACEAE

Ferracera sp

EUPHORBIACEAE

Caperonia patuseris (1) 54 Hil
Clamaesyce Iirta (L.} Mill sp
Chamaesyce Ivssopifolia (L) Small
Luplrorbia heteropliyila 1

Fatropha gossypiifolia |
Phyllanthus urinaria 1

Ricinus commnunis L

GRAMINEALE

Acroveros zizanioides {1 B K ) Dandy
Axonoptis compressus {Schwarlz) Beauv
Brachiaria mutica {Fossk ) Stapl
Brachiaria fasciculate (Schwartz) Parodi
Bracliiaria sp

Cynodon dacrvion (L) Pers.

Digiraria bicornis (Lam ) Roem y Schull
Eleusine indica (L ) Gaertn

Homolepis aturensis (1. B K ) Chase
Ischaenm indicunr (Howit) Mersill
Ixophonis uniserus {Presl ) Schiecht
Oplisiments burmanii Beauv

Panicum pilosum Schwartz

Panicum polygonanon Shrad/P laxum Swartz

Paspalum conjugatunm Bergius
Paspaium decumbens Swartz
Paspalum fusciculapun Willd
Paspalum paniclatin 1.
Paspalum virgatim 1.

Paspalum sp

Penniseren purpnrewin Schumach
Rotthoellia exaltata 1 4

Setaria peniculata (Lam.) Beauy

Chayetilla
Pepinillo

Cortadera, zacate estredla
Junquillo, barha de indio

Fostorile

Lstreliita

Covolilio, zacate. corony, corocilo
asperi

Hivrba de sapo. polondrina erecta

Gotondrina, pastercilla, lechilla
frailecillo

Tamarindillo

Higuerilia

Zacate amargo
Pasto pard. olotilla

Pasto bermuda, grama dulce
Digitaria, arrocilio
Pata de gallina

Pasto honduras
Zacate de ratdn

Tepaldn, cola de gailo
Zacate amargo, pasto horquety horguetilla

Gamalote, gramaiote
Zacate cabezon, paja brava
Zacale de burro

Pasto elelante
Zaeate indio, caminadora
Gusenillo. rabo de gato

Nuevo Muado ropical
Vicjo Mundo Tropical

Pantropical

Nueve Mundo Tropical
Nueve Mundo Tropical
Pantropical y USA
Pantropical y USA
Pantropical y USA

Nuevo Munde Trop |, Africa

Pantropical
México-Argentina

Punitropicul

Nueve Mundo 1ropical

Nuevo Mundo Trapical
Nuevo Mundo Tropicsl y USA
Nueve Mundo Tropical y USA
Nueve Mundo Tropical

Nuevo Mundo Tropicai
Pantropical

Viejo Mundo Tropical

Africa, Asia
Pantropical
Africa

Africy
Florida-Cotombia
Adrica, Asia

Nuevo Mundo Iropical
Vicjo Mundo Tropical
Nueve Mundo Tropical
Asia

México-Argentin
Nuevo Mundo Tropical
USA, Argentina

Nuevo Mundo Tropical
México-Argentina
México-Argenting
Nueve Mundo Trop v USA

Africa
Viejo Mundo Tropical
USA-Argentina
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Familia y Nombre Cientifico

Nombre Comin

Area de Origen

LABIATAE

Hyptis capitata Jscquin

Hyptis ohtusiflora Presl.

Hyptis verticillata Jacq.

Hyptis victis Kunth y Bouché

Hyptis sp

Marsypianthes chamaedrys (Vaht) Kuntze

LEGUMINOSAE

deaein alf angustissina {(Mill) Kuntze
Catopogonitm mucunoides Desvaux
Cassia leiophvlia Vogei
Desmaodiun cantun

(3. Gmel) Schinz v Thellung
Indigofera suffructicosa Mili
Mimosa albida Humb & Bonpl.
Mimosa pudica 1.
Mimosa sonpjans H B K
Styvilosanthes guyanensis (Aubl } Schwartz

LOBELIACEAE

Hyppobroma longifiora (L )G Don

LYTHRACEAE

Cupliea carthagenensis {lacg.) McBride
Rovalg ramosior (1. } Koghne

MALPIGHIACEAE

Stigmaphiyium o boldrivmon juss

MALVACEAE

Malachra fosciata Jacquin

Sida aeuta Burn §

Sidla decummbens St Hill & Noauwd
Sida rhiombifolia 1

Urena lohata L.

MARANTHACEAE

Calathea sp

MELASTOMACEAE

Aciotis aft. Cevyana Cogn
Clidemia sp

MENISPERMACEAE

Cissampelos pareire L

OCHNACEAE

Sawvagesia erecta L.

ONAGRACEAE

Ludwigia decurrens Walt
Ludwigia octovalvis
L udwigia sp

OXALIDACEAE

Oxalis martiana Zuce

PASSIFLORACEAE

Passiflora foetida 1.

Bigje, chisrita, chan de cubeza

Yerba Sun Carlos

Vainidl, candeliilo

Pien-pica pega-pega
fiquetite

Dormitona
Darmiiona

Clavo de (risto

Gorrioncilto guayabilla

Borraja, malva rastrojera
Escobilla morada

Escobilly

Venadero

Clavito
Suifatillo

Norbe

Nuevo Munrde Tropical
Nuevo Muado Tropical
Nuevo Mundo Trapical
Nuevo Munde Tropical

Nuevo Musnde Tropical
América Central y USA
Nueve Mundo Tropical
Nueva Munde 1ropical
Pentropicad

Nuevo Mundo Tropical
Nuevo Munde Tropical
Nuevo Mundao Tropical

Nuevo Mundo Tropical
Nuevo Mundo Tropical

Nuevo Mundo Tropical

Nuevo Mundo Tropical
Nuevo Mundo Trop y USA

MNuevo Mundo Tropical

Nuevo Mundo Tropical
Pantropical

Nuevo Mundo Tropical
Pantrepical

América CentrabUSA

Nuevo Mundo Tropical

América Central-Colombia
América Central

Partropical

Nueve Mundo Tropical

Nueve Mundo Trop. y USA
Pantropical

Nuevo Munde [ropical

Nuevo Mundoe Tropical



COMUNICACIONES

85

Familia y Nombre Cientifico

Nombre Comiin

Area de Origen

PHYTOLACCACEAE
Plnveolacca sp

PIPERACEAE
Peperomia pellucida (1. H B K
Piper sp
Poromarphe peliata (L ) Mig.

RUBIACEALE
Barreria laevis (Lam ) Griseb
Borreria latifolia (Aubl ) Schum
Oldenlandia coryvimbosa L

RHAMNACEAE
Gonanig lupuloides (L ) Urban

SCROPHULARIACEAE
Lindernia crustaeea (L} 1 Muell
{ indernia diffusa (L) Weltsiein
Mecacardonia procunthens (M#ls) Small

SOLANACEAE
Cestruimn sp
Plivsalis angpulata |
Solanmn americanin Mifler
Solmuent Jamaicense Milier
Solanm rorvunmn Sw
Witheringia solanacrea 1 Heritier

STERCULIACEAE
Melochia afl melissaefolia Benth

UMBELLIFERAE
Arracacia xenthorrhiza Bancroft
Hydrocotvle leucocephala Cham . & Schiecht
Spanantiic paniculata Tacq

URTICACEAE
Laportea aestuans (1) Chew
Phenax sonneratti (Poir ) Wedd
Urera baccifera (L) Gaud

VERBENACEAL

{antana camara 1.
fantana irifolia L
Priva lappulacea (L.) Persoon

VITACEAE
Cissus sicyoides L

ZINGIBERACEAE
Costus sp

FIERIDOPHYTA
Aspleniun sp
Pityrogramma sp
Selaginella umbrosa Lems
Thelypteris dentat ¥ orsk

Lombricilla

Botoncito
Mieicillo

Farolilio chino. jabonciila

Tomatillo, hierba maora

Comalillo, acedera
Caricillo, papa miel

Ortiga

Ortigs, chichicaste

Cinco negritos, jaral, fruta de cabaflo

Cusisquite

Uva cimarrona, iast

Nueve Mundo Tropical

Nueve Mundo Tropical

Amcrica Central

Nuevo Munrdo Tropical
Nuevo Mundo Tropical
Pantropical

América Central

Viejo Mundo Tropical
Viejo Mundo Tropical
Nuevo Mundo Tropical

Nueveo Mundo Tropical
Pantropical

Nuevo Mundo Tropical
Nueve Mundo Tropical
Nuevo Mundo Tropical
Nueve Mundo Tropical

Pantropical

Colombia
Nuevo Mundo Tropicil
Nuevo Mundo Tropical

Pantropical
Nuevo Mundo Tropical
Nuevo Mundo Tropical

Nuevo Mundo Tropical
Nuevo Mundo Tropical
Nuevo Mundo Tropical

Nuevo Mundo Tropical

Ameérica Central
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Resumen

Se presents una lista de las plantas silvesires en-
contradas en un rcconocimiento de las malezas de
campos cultivados en tres distritos de San Carlos
{Zona Tropical Hameda) y un cuadro con las especies
prevalentes, segin distrito o tipe de cultivo. Se notd
diferencias locales en fa [lora. probabiemente refacio-
nadas con el drenaje y el uso de herbicidas. La flors
consiste de especies predominantemente herbdceas y
cosmopolitas en distribucién,

Reconocimiento

Los autores agradecen ai CATIE y al ITCR por el
uso de instalaciones y equipe:y al sefor Luis | Pove-
da por la identificacion de especies
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Basal sprouting in Pinus oocarpa.

Hesumen. La rebrotacidn basal de 318 arboles de Pinus
oocarpa Scheide fue evaluada en e! campo A los 27 meses
despugs del tratamiento, ia rebrotacidn fue abundante en
arboles con didmetros del tocdn de 6 ¢m 0 menos, pero
escasa en arboles mas grandes. La rebrotacidn comignza con
la produccién de una masz de retofios a ta base de!l tallo
Cominmente, en el transcurso de un afio, une o mds de esos
protes expresa dominanciz Sin embargo, s pianta puede
permanecer en el estado de retafios masales por tres afios o
mas. Al aumentar el grecimiento primario, los retofios asu-
men una postura mas horizontal, o que sugiere que a partir
de un retofio del tocon central se puede generar un aile do-
minante Lz mayoria de las plantas que produjeron retofios
tenian despuds 27 meses del tratamiento, un solo 1allo recto
gue cracié significativamente mds répide que plantas de una
edad comparable producidas por semilias

Basal sprouting is of widespread occurance in the
penus Pinus Stone and Stone (4) cite numerous
examples of important pine species which are capable
of sprouting from the base. Such sprouting is gencr-
ally limited to seedlings and arises from suppressed
buds located in the uaxils of the primary needles
immediately above the cotyledons.

Pinus oocarpa Scheide is an important timber
species native to Mexico and Central America which
is capable of forming basal sprouts (1. 3). Regenera-
tion by sprouting in natural stands is common and is
considered an ecological adaption to environments
frequented by wild fires {2) In contrast with other
pines, Venator (5) showed that basal sprouts in P
cocarpa originate from suppressed buds developing
in the stele just below the cotyledons. The basal
portion of the stem is characterized by a pronounced
swelling (Figure 1). Venator describes this as a “root
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Big 1 Basal swelling and the development of reot storage
organ in 18 month old £ gocarpg seedling Note the
profusion ol shoots and buds just ubove the lateral
f00Ls.

storage organ” and believes it may act as s site for
food reserve and provides added protection to the
suppressed buds. This gives P ooccarpa @ unique
ability to withstand the adverse effects of ground
fires.

Basal sprounting in P oocarpa has received little
critical evaluation. The present study examines the
development of sprouts and the relationship of
sprouting to stem diameter

Materials and methods

In 1978 a study area of approximately three
hectares was identified within the experimental forest
of the Escuela Nacional de Ciencias Forestales
(ESNACIFOR) situsted near Siguatepeque, Honduras
(approx 14°32'N and 87°50'W). The area was cover-
ed by an unevenzged natural stand of P, gocarpa. The
site was predominantly northeast facing with o 25°
slope and an clevation of 1100 m. The understory
vegetation consisted of a dense covering of grasses
and forbs and a sparse distribution of small shrubs.
The area was free from fire and grazing for four years
prior to treaiment. Near the end of the dry season
in June of 1978, all trees were felled as near ground
level as possible. The intent was to simulate the
action of a ground fire by killing all the above ground
cambial tissue. After extracting the merchantable
timber, each stump was identified with a numbered
stake and the stump diameter (outside bark) measured
to the nearest 01 cm. The population initially
consisted of 409 individuals.

The test was {irst evaluated in September of 1980,
27 months after treatment. The presence of live
sprouts was noted for each stump snd these were
classified as:

1} having a single dominant stem.

2) having muitiple dominant stems (noting actual
number)

3) having a group of sprouts not showing dominance.

The height of the tallest dominant stem or height
of the sprout mass was measured fo the nearest
0.5 em. In addition, a significant number of stumps
had dead sprouts. Apparently these stumps had
formed sprouts earlier, but the sprouts had died.
Consequently, each stump was examined for the
presence of dead sprouts and noted. A second evatua-
tion was made in August of 1981, 38 months {ollow-
ing treatment,

Stump sample were grouped into 2.0 cm diamieter
classes for analysis. Tests of significance among means
were conductied using the unpaired {-test:

XA~ X

caleculated t value =
Sz (NA 4 NB)

(N,) (Ng)

with degree of freedom = (NA ~1) -+ (NB -1

where Xp and Xp = arithmetic means for groups A
and B
NA and Np = number of observations for
groups A and B
57 = pooled within group variance =

sums of squares group A + sums of squares group B
(NA - 1% (NB—— 1)

Results

The incidence of basal sprouting by stump di-
ameter class at 27 months following treatment is
presented in Table 1. Of the 322 stumps which were
re-identified, 139 or 43% had live sprouts. Sprouting
ability was negatively reluted lo stump diameter with
97% of stumps with live sprouts being 6.0 cm or less
in diameter. The largest stump to have live sprouts
was 9.4 cm in diameter.

In addition to those stumps having live sprouts,
a significant proportion, 13%, produced sprouts
which died prior to evaluation. Although such sprouts
died during early development, they do show that
these stumps had the potential to sprout Perhaps
if environmental conditions were more favorable they
would have survived.
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Table 1. Basal sprout incidence.

Live sprout

Dead sprout

Diameter Class {cm) No. of observ, No. Y No. 9% Potential
sprouting %
00 -20 62 48 77 2 3 80
21 -49 149 74 50 23 15 65
4160 34 13 38 6 18 56
61 -840 15 0 0 5 33 33
81100 16 4 35 3 19 44
1010 ~120 5 0 & 2 40 40
121 -14 6 8 0 i 1 12 12
141 -160 3 ] 4 0 0 [
>16.0 30 0 IH 0 0 ¢
TOTAL 332 139 43 42 13 56

If these potential sprouters are included in the
assessment, the percentage of trees capable of re-
generating rises to 56% with the individual of greatest
stump diameter capable of sprouniing increasing to
13 0cm.

Of major interest is the development of the
sprouts. An examination of the relative expression of
apical dominance and height by diameter class at
27 months {Table 2) shows that 121 of the 139 indi-
viduals with live sprouts showed strong apical domi-
nance. Of the 121 plants expressing dominance, 96
had 2 single stem while 25 had multiple stems, ali
with two leaders, Generailly, the single-stem sprouts
were straight while the double-stem sprouts demon-
strated a characteristic basal curvature. After 27

Table 2,

Basal sprout apical dominance and height (m) at 27 months,

months, 18 trees remained in the mass sprout stage
and did not exhibit apical dominance (Figure 2). The
elongating shoots of these individuals produced weak
sterns which assumed a more horizontal posture with
time. Observations of these irees as well as additionsl
material suggest that in some cases the stem which
eventually gains dominance is produced from iate
developing buds activated from the central stump
and not from the laterally extending shoots
{Figure 3).

The overall mean sprout height at 27 months was
17 m (standard deviation = 0.65 m). A positive
relationship exists between diameter class and mean
hight for the smallest three diameter classes in the
“1 dominant stem” category (Table 2). However,

Diameter Class {cm)

{ Dominant siem

2 Dominant stems Sprout mass

No. G T hgt, No. % K het. No. % ¥'hat.
0020 33 69 16 3 6 Z3 12 25 07
21 ~40 34 73 1.8 16 22 a 4 5 0.8
41 -60 7 54 21 5 a8 26 1 0.6
6180 0 - - 0 - - 0 - -
811098 2 50 20 1 25 20 i 25 0.9
11290 0 - - 0 = - 0 -
121 - 149 0 - - i} - - 0 - -
141~ 169 0 - - 0 - - g - -
>160 0 - - 0 - - 0 - -
96 25 18
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Fig 2. Appearance ol basal sprout mass at 27 months
folfowing treatment. Although vach sheot is growing
well, none are exhibiting dominance

only the 00 - 20 cm vs 4.1 — 60 cm comparison
showed & significant dillerence in mean height at
the 95% probability level (calculated t = 261 with
38 deprees of freedom). In each of the smallest three
diameter classes, mean heights of the double-stem
trees are greater than those of the single-stem trees
The pooled mean height of these three classes is
1.7 m for single-stem and 22 m for double-stem
trees. This increased height grewth may be a lactor
of increased competition hetween stems within a
double-stem tree

During the second assessment in August of 1981,
38 months following treatment. only 86 individuals
with live sprouts could be re-identified and measured
The mesn height of the 86 plants was 30 m The
mean height for individuals common to the 1980 and
1981 assessments and showing dominance in 1980
was 3.2 m in 1981, and increase of 1.4 m over the
previous year The difference between the mean
heights of the single and double stem tree in 198]
was insignificant at the 95% probability level (calcu-

Fig 3 Close-up ol a stump sprout 27 after freatment This
individug] has produced a single, straight dominant
feader Note the posture ol the remaining latersl
shoots

fated ¢ = 1 .43 with 69 degrees of freedom) In 1980,
14 of the 86 individuals assessed in 1981 were in the
mass sprout stage By 1981, 10 had expressed apical
dominanee while 4 remained in the mass sprout
stage.

Discussion and conclusions

This study has shown that tree diameter is in-
versely proportional to sprouting capacity. Successiul
sprouting was common at basal diameters of 6 0 cm
or less and could possibly be extended to 10 cm if
conditions were optimal. Sprouting st diameters of
greater than 10 cm was rare. Almost 80% of the
sprouls showing apical dominance produced a single
stemm. Multiple stemmed individuvals all had twe
leaders Field observations in natural stands of P
gocarpg in Honduras have indentified area where
multiple stems predominate with the number of
codaminant stems r1ising to 5 or 6. Such areas
are usually frequently burned and heavily grazed
This suggests that multiple stems may be a product
of repeated damage. In addition. single stem sprouts
examined in this sludy were for the most part
straight. The observation that the characieristic basal
sweep of P oocarpa is associated with sprouting (4)
therefore seems doubtful

Additional  observations in the experimental
nursery at ESNACIFOR indicate that sprouting in £
oocarpa is linked with the smount of direct sun-
fight reaching the buds or sprouts. In 1978 a large
number of root stocks were produced in seedbeds
for use in a grafting program. The seedbeds werc
oriented in an east-west direction Grafting was done
in 1979-80 using a top clelt pgraft, but most of the
grafts failed However, this stimulated growth of the
basal sprouts. In March of 1981, 770 of the root
stocks were evajvated. The plants represented four
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geographical seed sources of P. gocarpa from Hon-
duras and had a mean diameter of 0.94 cm at 10 cm
above ground. 94% of the plants produced sprouts.
This is considerably greater than the 78% sprouting
of the 0.0.20 cm dismeter class in the field trial
Moreover, thoss rootstocks on the south facing side
of the seedbeds produced larger and more vigorous
sprouts  In the field trial, the test site was covered
by a fairly dense layer of grasses which dramaticaily
reduced the amount of direct sunlight reaching the
root collar and young sprouts. This may have
contributed to the lower sprouting and higher mos-
tality in the field trial.

Height growth of basal sprouts is good. Mean
heights of 1 7 and 3.0 m were recorded at 27 and 38
months following treatment respectively. A survey of
300 container grown seedlings established in the field
in October of 1978 in the same area as the sprouting
trial had a mean height in September of 1981 (40
months following sowing) of 2.4 m. The sprouts were
significantly tafler than the seedlings, but the dif-
ference was not as great as anticipated. This compar-
ison is confounded by the fact that the expression of
apical dominance and thus real height growth of the
sprouts can be retarded for three years or more
following treatment. Nevertheless, the rapid carly
growth rate of most sprouts could increase survival
by reducing their fire susceptibility period.

The iformation provided by this study plus ad-
ditional field observations suggests a general pattern
for basal sprout development in P oocarpa. The
ability to form basal sprouts is conferred at an early
age. Venator (5) stated that both “root storage
organs” and basal sprouts are present at 8 months of
age  Observations at the ESNACIFOR nursery
showed that seedlings of 5 months produced basal
sprouts. The maximum age {or sprouting is unknown,
but Chable (1) reports that successive burning and
sprouting of an individual can occur which increases
the absolute age of the tree considerably. Sprouting
ability may therefore be more a factor of diameter
than of age As demonstrated in this study, sprouting
is common at diameters below 6 cm and rare there-
after Within a few weeks following damage to the
main stem, a large group of succulent sprouts develop
at the base of the stem. These sprouts are common in
undamaged trees also, but their development is
suppressed by dominant shoots. Apparently, two
possibilities exist for the production of a main stem
from the damaged tree First, one or more of the
initially elongating shoots may continue develop-
ment and eventually pain dominance. Although the
direct assessment of how soon one of these shoots
is able to express dominance was not made, examina-
tion of growth data indicates that it can occur within

a year following injury. In a significant pertion of
individuals, & dominate stem is not produced within
the first year and the plant may remain in the mass
sprout stage for three years or more. In this case, the
initinlly developed shoots continue their primary
growtli, but assume s more horizontal posture with
time. It is suggested that eventually one or more buds
are activated in the central stump and develop into
the dominant stem. The first mode of stem develop-
ment is the most prevalent.

Summary

Busal sprouting of 318 Pinus oocarpa Scheide trees
was examined in the field At 27 months following
treatment, sprouting was abuandant in trees with
stump diameters of 6 cm or less, but rare in larger
trees. Sprouting begins with the production of & mass
of shocts at the hase of the stem. Commonly within
a year, one or more of these shoots express domi-
nance. However, the plant may remain in the mass
sprout siage for three years one more With increased
primary growth, these shoots can assume a more
horizoutal posture suggesting that a dominant stem
may generate from a newly developed shoot from the
central stump The magjority of plants producing
sprouts after 27 months of treatment had a single,
straight stem which grew significantly faster than a
secdling of comparable age.

April 12, 1982

P HOUKAL E. PONCE*
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Fungi associated with maize and bean grown as a
mixture by small scale farmers in Kenya, and their
control.

Resumen, Con el fin de observar los hongos portados en
elias, se analizaron semillas de dos cultivares de maiz vy dos de
frijol utilizados en mezcla por agricultores de paguefia escala
en Keniz. Los principales hongos recuperados fueron Fusa-
rium moniliforme, Aspergillus niger y Fenicillium sp para
maiz. ¥ Fusaritim seloni T sp phaseali v Peniciltium sp. para
las semillas de frijol. Bl hongo Penicillium sp mostro una
amplia distribucion en los cultivares de maflz y frijol
analizados

De tres fungicidas probados, el benomil fue el mds efec-
tivo en la reduccidn del porcentaje de recuperacion totat de
hangos v en el aumento del porcentaje de germinacian de las
semillas /n vitro, seguido por el captan vy el oxicloruro de
cobra,

The majority ol small scale fzrmers in Kenya who
constitute about 90% of the community, grow
maize (Zea mays L) and bean (Phaseolus vulgaris 1.)
as a mixture, These two are important {ood crops,
and one of the main factors which can limit its
cultivation is the incidence of sced-borne fungi which
are often associated with reduced emergence, yield
and seed quality (6, 9). The present study was, there-
fore, undertaken to identify and to determine the
percentage incidence of fungl associated with seeds
of maize and bean varieties which are grown repeat-
edly by smali scale farmers, and also to study the
efficacy of three fungicides for the control of seed-
borne fungi detected and percentage germination of
seeds in vitro

Materials and methods

Seed samples of hybrid maize and local var *Giku-
ku' znd local bean varieties ‘Gitury’ and ‘Wairemu’
commonly grown in Kiambu BDistrict were collected
from different small scale farmers 400 seeds ran-
domly taken from each cultivar were tested by the
stapdard  blotter method (7). Seeds were surface
disinfected in a solution of 2% sodium hypochlorite
for about 5 minutes and spaced (six maize seeds/
plate; eight bean seeds/plate) on {wo moist biotters in
Petri-plates  Plates were incubated at 24 £ 2°C
continuousty under artificial light Seedswere observed
after eight days of incubation as recommended for
routine seed health testing (7)

The effect of lungicidal seed trecatment on the
pereentage of occurrence of seed-borne fungi and
percentage of seed germination was determined by
using 200 seeds ol each ecultivar, surface steriiized as
ahove, in the suspension of a systemic fungicide
benomy! (Benlate 45 49% ai} and two other non-
systemic fungicides, capian (Orthocide 76 2% ali)
and copper oxychlorite (50.1% a.i) at the rate of
30, 20, and 30 pp active ingredientes per 20 g of
seeds respectively. Seeds were freated in sach
fungicide for about four hours. Non-treated seeds
served as control, and seeds were spaced and incubat-
ed in similar conditions as described before. Results
are summarized in Table 2.

Results and discussion

Nobie and Richardson {10) and Neergaard (9) have
listed more than sixly fungi associaled with maize
and aboul twenty or so on bean seeds from data
collected from different countries. In the present
investigation, however, only eight {ungi on maize
ané six on bean seeds could be detected using blotter
method and incubating seeds at 24 + 2°C under con-
tinuous artificial light. The genera of {ungi detected
from the seed lots of two cultivars of maize and bean,
and percentage germtination of seeds in vitro are
presented in Table | The majority of seeds tested
were [ound to be invaded with seedborne fungi, and
the percentage germination of seeds of all cultivars
wus poor, around 30 percent. The donimant fungi
recovered were Fusarivm  moniliforme, Aspergillus
niger and Penicillivm sp. from maize, and Fusarium
solani §. sp. phaseoli and Penicilliurm sp. from bean
seeds. Penicilliunm sp proved to be a wide spread
fungus on the seed lots of both maize and bean
cultivars

Aspergillus and Penicillium spp. are known to
sffect stored grain and invade seeds after harvesting.
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Table . Percentage distribution of seed-borne fungi and their effect on germination of two cultivars each é)t' maize and bean.
(Observation based on 400 seeds of each cultivar, using standard blotter method, incubstion at 24 £ 27C under continuous
artificial light).

Percentage of infection

Fungi Maize cultivars Bean cultivars
Hybrid Gikuku Gitury Wairumu

Fusarium moniliforme I8 26 2 -
F soiani { sp. phaseoli - — i4 3
Aspergillus niger 8 ig - -
Aspergillus flavus 3 2 - -
Penicillivm sp. 45 39 38 682
Epicoceunt sp - i - -
Stemphyitivn sp. - - H -
Chaetomiwm sp 4 i - -
Alternaria sp - - i i
Rhizopus sp. 4 - 5 8
Germination % 30 26 13 30

Table 2. Percentage gesmination in virro and fotal fungal recovery (IFR) of treated and non-treated seeds of two cultivars each of
maize and bean grown as a mixture (Observations based on 200 seeds, using standard blotter method and incubation at
24 £ 2°C under continuous artificial light).

Maize cultivars Bean cultivars

Treatments Hydrid Gikuku Gituru Wairumy

Germ IFR Germ IFR Germ TFR Germ TFR

%

Benlate 92 3 96 95 0 90 1
Captan 82 25 85 21 90 17 87 15
Copper oxychloride 70 36 65 28 68 22 66 33
Nown-treated 32 80 27 85 15 82 31 75
They may be present on the seed or may be as cultivars and the fungus compietely celonized the
dormant mycelium within the tissue of pericarp o germinated seeds, This species is pathogenic and
seed coat, Most of the maize and bean seeds were causes ear and kernel rol, stalk rot and the seedling
found to be invaded with the species of Aspergillus, blight of maize (10). In bean cultivars the percentage
Penicillium and Fusarium spp. causing seed and seed- recovery of this fungus was {ound to be 2% and thus
ling rots, and the seedling blight in some of the cases. has no considerable harmful effect on seeds Fusa-
Some of the seeds did not even germinate due to ritam solani . sp phaseoli was recovered from both
colonization of the fungus, particularly the Fusaritum cuitivars of bean, much more in ‘Gitury’ than ‘Wairu-
and Penicillium spp., and the sceds become rotted mu’ cultivar. This pathogen has been reported to be
Fusarium spp. have been reported fo cause seed seed-borne, causing severe post-emergence blight
decay (2, 4), and Aspergillus and Penicillium spp. {5).
reported to be prominent fungi associated with bean
seeds from Central Brazil (1). Fusaritm moniliforme Data presented in Table 2 shows the percentage

has been recovered fairly well in both of the maize germination in vitro and the total fungal recovery
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of treated and non-treated seeds of (wo cultivars each
of maize and bean It is evident that al} {ungicidal
seed treatment increased the percentage of germina-
tion with the reduction of the total fungal recovery
as compared to the control, of maize and bean
cultivars Of the three fungicides tested Benlate was
the most effective seed freatment followed by captan
and copper oxychloride in reducing percentage of
total fungal recovery and increasing percentage
germination in vitro Benfate completely checked
the fungal incidence in *Gikuku® cultivar of maize
and *Gituru’ bean cultivar while in other two cultivars
the total fungal recovery was very low. Benlate is
effective as seed treatment for other sced-borne
pathogens because of being 2 systemic {ungicide
which becomes systemic in seeds and seedlings (3, 8,
11}, Captan was equally effective increasing consid-
erably the percontage germination of both sceds
above 70%  Copper oxychloride was less effective
a5 compared to Benlate and captan

Summary

Seeds from two local cultivars each of maize and
bean grown as a mixture by smull scale farmers in
Kenya were tested for seed-borne fungi. The
dominant fungi recovered were Fusarivim monilifor-
me, Aspergillus niger and Penicillium sp. [rom maize,
and Fusariun solani £ sp. phaseoli and Penicillium sp.
from bean seeds. Penicillivim sp. proved to be a wide
spread fungus on the seed lots of both maize and
bean cultivars tested. Of the three fungicides tesied
Benlate was the most effective sced treatment {ollow-
ed by captan and copper oxycloride in reducing the
percentage ol total fungal recovery and increasing
the percentage germination fir vitro
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Produccién de biomasa y lefia en un rodal natural de

Eugenia salamensis Donn. Sm, en Guanacaste,
Costa Rica.

Summary. Fruta de pava (Fugenia salamensis Qonn. 5m)
grows naturaily from Mexico to Panama in the dry and wet
areas |t produces fuelwood of good quality, coppices well
even when subjected to trampling by cattie to which it is
not palatable

Analysis of the wood showed a specific gravity of
064 g/cms, 173 % 10° kJ/kg of calorific value in dry wood,
and 52% of water content. The five year old stand assessed
showed an annual oven-dry biomass production of 10 6 t/ha/
vear of which 7 & t/ha of dry fuetwood

Bugenia salmmensis Donn, Sm. pertenece a la fami-
lia Myrtaceae; se conoce con los sindnimos de £ oa-
xacana Standi., £ tomentulosa Standl., £ puwrpui
Standl., £ mexiae Standl., £ hiraeifolia Standl y Psi-
divny rensonimuom Standl (6. 7. 8, 12). Vulgarmente
se le conoce como fruta de pava (Costa Rica) y guaco-
co (El Satvador) (1, 13).

Eugenia salamensis cs una especie muy utilizada
pura lefia ya que su madera no produce humo, es pe-
sada v da buena brasa; ademds rebrota ficilmente en
cualquier época del afio, resuita dificil eliminarla
con cortas sucesivas, soporta el pisoteo y no es pala-
table al ganado; crece en potreres sobrepastoreados

La especie se encuentra en forma natural desde ef
notoeste de Méxice hasta Panamd La descripeitn
de sus caracteristicas botdnicas se encuentran en fa
Flora de Costa Rica, Flora de Guatemals y Flora Sal-
vadorefia (1,7, 8, 13)

Estudios taxondmicos en Costs Rica identifican
a la especie como [ salemiensis Donn Sm, var.
hiraeifoliz (Standly Mce Vaugh (7). Se la encuentra
¢reciendo en forma discontinua en las siguientes zo-
nas ecoldgicas: bosque seco tropical transicion a hu-
medo, bosque hitmedo trepical y bosque homedo
tropical transicién a perhiimedo, en la vertiente del
Pacifico desde los 10 hasta los 850 msnm; desde el
Parque Nacional de Santa Rosz en fa provincia de
Guanacaste hasta Santa Ana, cerca de San José,

En las dreas dedicadas a o ganaderia en el Paci-
fico seco de Costa Rica se han eliminado casi en
forma total los drboles y arbustos en los potreros, por
ta competencia de éstos con el pasto. Esta es posible-
mente la causa principal por la cual es poco comin
gn esta regidn de Costa Rica encontrar rodales puros
de E salamensis No obstante, en algunas dreas es
posible observar pequefios rodales dedicados a fa pro-
duccion de lefia. Donde los rebrotes se cortan perid-
dicamente para mantener limpios los potreros, se ob-

serva un aumerdo en el nimeroe de ejes por drbol pre-
vocado por rebrotes radicales, lo que le permite 2 la
especie ir poblando los potreros en forma lenta. El
proceso de sepoblacién natural se acelera en aquellos
sitios donde se encuentran drboles semilleros.

La produccidn de semillas ocurre en agoste a octiu-
bre; a pesar de ser abundanie es muy poca la regene-
racion natural gue se encuentra bajo los drboles. Sin
embargo, en algunos sitios se puede observar unu rpi-
da invasion de los poireros, posiblemenie al ser la
semilla diseminada por algunas aves, La semilla pre-
senia problemas para hacerla germinar; pruebas preli-
minares con agua caliente y dcido suifirico no han
dado resultados satisfactorios {(Comunicacidn perso-
nal de Luis Ortiz, CATIE, Turrialba, 1983).

Materiales y métodos

El estudio se realizd en ua pequefio rodal de rege-
neracidn natural de £ salamensis var. Juraeifolia de
aproximadamente cinco afios de edad (Comunicacidn
personal de A Zuftiga, propietario de la finca), aungue
algunos drboles tenian hasta ocho afies, de acuerde
a los anillos de crecimiento. El rodal estd localizado
en ia Libertad de Hojancha, Guanacaste a 10° 03
de fatitud norte, 85° 25 de longitud oeste 400 msnm.
Ecoldgicamente e} sitic corresponde a la zona de vida
hosque fropical htmedo {sisterna Holdridge) (5). La
precipitacion media anual es de 2223 mm distribuida
de mayo a noviembre; la temperatura media znual
es de 27°C. Los suelos son de origen igneo y sedi-
mentario con profundidades de un metre; son clasi-
ficados como Alfisoles o Inceptisoles (2)

En ef rodal se delimité una parcela de 225 m? para
cuantificar ¢l crecimiento y rendimiente de la especie
en términos de lefia v biomasa aérea total

Antes de cortar jos drboles se midid el didmetro
de copa en dos direcciones y el didmetro a 130 m
de altura (dap) de cada cje. Cada eje fue cortado a
1G ¢m del suele, luego se midid fa altura total y altura
comercial (hasta 2.5 em de didmetro). Para determi-
nar el peso verde de lefia, el fuste de cada eje fue sec-
cionado vy pesado en kilogramos (kg) agregando las
ramas con mas de 2.5 cm de didmetro. El material
restante fue considerado como follaje. De la suma
del peso de lefla mds follaje se obtuvo el peso verde
total de biomasa aérea por eje

Para determinar el peso seco de lefia y fellaje, se
tomé de cada quinto drbol (de seis drboies en total)
ung muestra de aproximadamente 500 g de lefia vy
de follaje verde separadamente. Para la muestra de
lefia se tomaron secciones de 10 cm del fuste y ramas;
el follaje se repicd para tomar una muestra mds
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representativa. En ef laboratorio del Centro Agro-
nomico  Tropical de Investigacién y Ensefianza
(CATIE) se determind ¢l peso verde de las muestras
y el peso seco a 105°C También se determing la
gravedad especifica utilizando el volumen verde y el
peso seco Muesiras de los mismos drboles fueron
enviadas al laboratorio del Instituto Tecnoldgico de
Costa Rica para determinar el poder caldrico de Ia
madera seca

Resultados y discusion

En la parcels evaluada se encontraron 28 drboles
con un total de 47 ejes; esto represents una densidad
de 1244 drboles por hectdrea y 2088 ejes (1.6 cjes/dr-
bol) Se encontraron cinco drboles con seis cjes. El
Cuadro | presenta el resultado de las variables ovalua-
dus.

Se detecto 519 % 6% de humedad en a lefia y
722 % 1% en el foliaje (2 105°C); estos factores pue-
den utilizarse para transformar los datos de rendi-

miento por arbol o por hectirea a peso seco. La ma-
dera presenta una gravedad especifica de 064 %
004 g/em?, y un poder caldrico de 17 3 x 10* kJ/kg
Psidium guajave L. otra Myrtaceae muy comin en las
dreas bajo potrero en las zonas humedas y muy htme-
das presenta una gravedad especilica de 0.56 gfom® y
un poder calérico de 18.6 x 10% kl/kg (4, 11). Rebro-
tes de cuatro afios de Guazuma wulmifolic mostraron
una gravedad especifica de 065 g/cm® en la misma
regidn de Hojancha (10).

Las descripciones de la especie no mencionan dr-
boles con alturas superiores a 5.0 m; nc obstante
en el rodal en estudio se encontréd una altura media
de 9.8 £ 32 m El dap promedio fue de 99 £ 2.7 cmy.
En un rodal aledano de aproximadamente 10 afios
de edad se encontraron drboles con alturasde 17.5m
y 35.0 cm de dap {Informacién personai de Emel
Rodriguez, Hojancha, Guanacaste).

El alto grado de variacidn que presentan el dap y
didmetro de copa puede ser consecuencia de la varia-

Cuadro 1. Caracteristicas por eje de las variables cuantificadas.
Promedio (X) Desviacion estindar (5) Error estandar de la Coeficiente de variacion

Variables media {§X) (CV %)

Dap (em) 99 30 04 30.3

Altura total It (m) 938 i7 02 17.1

Altura comercial {m) 79 i5 0z 191

Didmetro de copa® (m) 4 0 1.7 03 43.0

Peso total™* (kg) 820 57.3 84 699

Peso fefia (kg)** 69 492 72 713

*  Diimetro de copa del drbol

#%  Pego verde

Cuzdro 2. Correfsciones {valores 1) entre las variables de rendimiento de Eugenia salomensis en Hojancha, Guanacaste {coeficiente de

correlacion).
Variable i 2 3 4 5 6
i Dap 100
2. Altura total 0 p3ns* 160
3. Altura comercial 0 GB*** {(} Bk 1060
4, Didmetra copa 045* 028 0.32 1.00
5 Peso {otal 0 Bew+ G GYHRF 0.75 036 1.00
6. Peso leha 0 87k 0 Ggkax 0.74% 0.37 099k 160
* Significativo al 5%

#  Sipnificativo al 1% .
w43 Sienificative al § 19

Turrialba Vol, 35, No. §, 1985, pp. 104-107
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cion en ¢l namero de ejes por drbol observada. El
misma efecto de variacion se refleja en el peso total
y peso de lefta entre cjes

En el rodal de cinco afios se midio un rendimiento
total de bionasa aéres verde de 85.5 t/ha y de 7201t/
ha de lefia verde {37 5 t/ha de lefia seca). Esto equiva-
le a 17.0 tfafio de incremento nmedio anual de bioma-
sa aérea verde vy 14.3 t/ha/afio de lefia verde (7.5 t/ha/
afio de lefiz seca) En unrodal de Gmeling arborea de
54 afios en la misma regidn se cncontyo un rendi-
miento anusl de 144 t/ha de lefia verde (9). Se detec-
td una alia correlacion del dap, altura totsl y altura
comercial con peso total y peso lefia (Cuadro 2).

Por el alto grado de varizcion que presenta la varia-
bie digmetro de copa, ¢sta no estd asociada con las
variables de rendimiento. El alto grado de asocio
que exisle entre dap, peso total y peso lefia por eje
(Cuadro 2), permite desarrolfar modelos para prede-
cir ¢l rendimiento de la especie. Bl Cuadro 3 prescnia
el peso verde total y peso de lefla por eje de acuerdo
al dap. desarrollados con base en los modelos de re-
gresion simple a) y b).

Cuadro 3. Rendimiento en peso total y peso de leda verde
por eje de acuerdo af dap para Lugenia salamensis
var, hirgeffolia en Hojancha, Guanacaste.

() (5}
Dap Peso total Peso feiia
{cm) (kg/eje) (kgfeje)
5 132 10 4
6 205 16 4
7 297 241
8 40.9 336
9 543 435 0
10 7006 585
1% 88 7 76.9
12 108 6 921
13 1317 1125
14 1574 1353

Nota: Peso verde de lefia x 052 = Peso seco de lefia.

a) In P = 683718 + 240728 In dap
R* =94%  IF = 10 61
Lndap = logaritmo naturat de dap {mm)
InPt = jogaritmo natural de peso total (kg)

R* = coeficiente de determinacion
IF = indice de Furnival

by InPL = ..7.40374 + 249131 in dap
R? =95% ;IF =9.01
Indap = logariimo natural de dap (mm)
InPL = logaritmo naturai de peso de lefia

La seleccion de los modelos de rendimiento se
hizo con base en el coeficiente de determinacién (R?),
al Indice de Furnival (IF} (3}, v & la distribucion de
los residuales de los valores observados y estimados
(Figuras 1 v 2}; éstos muestran una distribucion bas-
tante aceptable después de haber sido eliminados
tres valores extremos de dap para obtener mejor
ajuste

404
20
E G * 1
5]
] .
<} .
-209
qud
¥ 1] 1 1
40 80 120 160

Y estimada

g 1 Comportamiente de los residuales del modelo de
prediceion de biomasa verde tatal

A6

Diferenesn

-204

- 40+

T [ Y
30 80 80 i20 150
Y estimods

Fig. 2 Comportamiento de los residuales del modelo de
prediccion de peso lefiz verde
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Conclusiones

El andlisis preliminar del rendimiento de £ sale-
mensis en un rodal de cinco afios, indica un rendi-
miento 7.5 toneladas de lefia seca al horno/ha/aiio.
Este rendimiento es 7.4% superior al de Gmeling ar-
borea en un rodal en la misma zona, pero con una
densidad de 777 drboles/ha (9).

Las ventajas que presenta la especie, ya citadas,
fustifican mayor investigacidn silvicultural para resol-
ver problemas como germinacidn de las semillas,
densidad de plantacién, manejo de rebrotes y lurnos
optimos de aprovechamicnto.

La capacidad de crecer en terrenos quebrados y
sobrepastoreados, plantean la posibilidad de plaatar
la especie en combinacién con la actividad panadera,
como plantaciones puras, bosquetes de refugio, cer-
cas vivas, o cortinas rompevienios.

Resumen

Fruta de pava {Fugenia salamensis Donn Sm.)
ocurre naturalmente desde México a Panamd en zonas
con épocas secas hasta scis meses. Produce lefia de
buena calidad, rebrota {Zcilmente, soporta el pisoteo
del ganado y no es palatable

Anglisis de fa madera indican una gravedad espe-
cifica de 0.64 gfcm?; con un poder calérico de 17.3 x
10* kJ/kg de lefia seca El porcentaje de humedad de
fa madera verde fue del 52% = El rodal de cinco afios
evaluado mostrd ung produccion de biomasa seca
al horao de 106 t/hafafio, de Ja cual 7.5 t/ha son
lefia seca.

12 de abril de 1984

R.SALAZAR*

*  Silviculler del Proyecto Lefa v Fuentes Alternas de
Cnergfa, Centro Agrondmico Tropical de Investigacion y
Ensefianza {CATIEN
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Para aquéllos que se dedican a i ensefianzg v 1a in-
vestigacion no muy a menudo aparecen sorpresas en
la literatura que les facilite el trabajo cotidiano En
gsta ocasion, Elsevier en su serie de libros sobre Desa-
rrollo de la Ciencia del Suelo ofrece una de estas sor-
presas

La Taxonomia de Suelos de los Estados Unidos ha
sido criticada por algunos por ia falta de explicaciones
genéticas o respuestas al por qué de los criterios em-
pleados. En un principio, los que la defienden se apo-
yan en el hecho de que en la misma Taxonomia se
establece que no es un sistema genético; otros, nclu-
yendo a su creador ¢t Dr Guy Smith, han dejado do-
cumentos recientes gque explican muchos de los crite-
rios empleados en este sisterna de clasificacion de
suelos.

El texto que nos ocupa, trata de razonar sobre la
génesis de cada uno de las drdenes de la Taxonomia
de Suelos complementando, ampliando y en algunos
casos explicando la génesis de cada orden, por prime-
ra vez cubierta en forma generalizada en el libro de
Buol, Hole y McCracken.

El capitulo sobre Histosoles es particularmente in-
teresante. En la introduccién se considera (i) el aspec-
to histérico del conocimiento de suelos orgdnicos, (ii)
un pequefio scdpite de definiciones de términos em-
pleados en ia descripcién de materiales orgdnicos v
(ii) su distribucidn, considerindose que cubren
4 31 millones de kilometros cuadrados, aproximada-
mente el 3.3% del mundo Se considera el ciclo de
acumulacién de materiales orgdnicos en lagunas como
el principal contribuyente en lz formacion de este
tipo de suelos presentindose velocidades de acumu-
lacidn entre 1.6 a 200 cm/100 afies (no se considera
el proceso de inversion de fondo de lagunas debido a
calentamiento diferencizl). En cuanto a la quimica
de estos suelos, se resumen las propiedades de la
fase acuosa asi como la de no-acuosa orgdnica y mi-
neral; quizds por razones de edicién no se incluye
informacién reciente presentada en un Taller de
Trabajo sobre material mineral en depdsitos orgd-
nicos realizado en Los Alamos, Nuevo México en
1983 Los aspectos fisicos y micrebiologicos de estos

suelos forman las sigulentes divisiones, ambas relacio-
nadas con las caracteristicas morfoldgicas de los sue-
los. Por tltimo se trata de clasificacidn, en donde se
deja preveer a los Limnist como un nuevo suborden
para agrupar materisles coprogenéticos con 6 &
mds por ciento de materia orgdnica. Un aspecto
no mencienado en el capitulo, de relevancia en el
maneio de estos suelos es la presencia de troncos,
equivalentes a la pedregocidad en suclos minerales.

Se considera que los Entisoles ocupzn un 8% del
dres de suelos del mundo. contribuyendo en forma
sustancial a fa produccion de alimentos, pues muchos
de ellos estdn en ferrenos riberinos y dreas mal drena-
das dedicadas al cultivo del arroz. En su orden, se
discuten los Entisoles de regiones frias, dridas, ribe-
rinos y de materiales parentales arenosos, sin olvidar
las dreas fuertemente disturbadas por el hombre Ej
autor reconoce la existencia de considerable infor-
macion sobre la génesis de Entisoles en particular
Aquents y algunos hechos relevantes como la rdpida
degradacion de desechos de minas y a acumulacién
de materia orgdnica sobre rocas para formay epips-
dones molicos.

Los Vertisoles, que gcupan cerca de 257 miliones
de hectdreas. son quizd el orden que se discute con
mds ejemmplos de los trépicos. El material se organiza
en funcién de los factores formadores de suelos, para
luege relacionar las propiedades fisicas y quimicas
asi como su clasificacién con la génesis. El capitulo
estd muy bien organizado y documentado, pudiendo
complementarse con ¢l Volumen II del Doceavo Con-
greso Internacional de lz Ciencia del Suelo, llevado
a cabo en Nueva Dethi, India en 1982

Los suelos de pradera o Mollisoles, se discuten en
términos de balance de formacién (adiciones, pér-
didas, translocaciones y transformaciones), principal-
mente con base en informacion de los Estados Unidos
en donde ocupan 2.320.640 km® (25% del pais) en
una zona con indices PE entre 16 y 64 y TE mayores
que 32 (excepio Aquolis y Rendolls). En contraste
con ios capitulos anteriores, la informacién ndmerica
cuantitativa es mds abundanie en este orden, reflejan-
do el enfoque modelistico que sigue el autor

Aridisoles, o suelos de ambientes dridos v semidri-
dos, ocupan aproximadamente 18 020,000 km? Este
orden se discute en términos morfoldgicos, descri-
biendo los principales epipedones y endopedones en
detalle, con una discusidn posterior sobre su génesis
y su empleo en Taxonomia El capitulo es eminente-
mente genético y puede coniplernentarse ¢n aspectos
de fisicoquimica y manejo con el libro sobre Suelos
Salinos y Sodicos de Bresler, McNeal v Carter.
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El capitulo sobre Espodosoles se inicia acertada-
mente indicindole a los lectores otras fuentes de in-
formacidon precedente a la sctval, dado que estos
suclos son quizd los mids estudiados en el mundo. Para
uniformizar conceptos se transcribe, en forma mds
legible, la deflinicién del herizonte espddico presen-
tada en la Taxonomia de Suelos y luego se mencionan
en forma ligera los factores de formacidn: de nuevo
sabresele el hecho de que la formacion del horizonte
A2 (E) puede requerir desde 150 hasta 300 afios. con
desarrollo total del espddico en un periodo raras ve-
ces mayor a los 3.000 afios Genéticamente, se estudia
el desarrolto micromorfoldgico. la meteorizacion y su
resultado mineraldgico. la formacidn de complejos v
la precipitacion del hierro como proceso principal,
con una presentacion superficial de otras hipdtesis
de formacién del horizonte espddico. El capitulo
termina describiendo otros hechos particulares como
el horizante plicico, e} orstein, subsuelos endurecidos
y herizontes E y Bh extremadamente gruesos

Sobre Alfisoles, que ocupan aproximadamente
un 13% de los suelos del mundo, se consideran en
primera instancia sus horizontes diagndstico y luego
su génesis sugiriéndose un mrnimo de 200 hasta 1000
afios, dependiendo de ofros factores de formacion,
para lograr la méxima expresion del horizonte argili-
co Al igual que para los Mollisoles, la génesis se estu-
dia en términos de balance (pérdida, adiciones, trans-
locaciones y transformaciones), con énfasis en el
movimiento relativo de cationes.

Cerca del 5 6% de los suelos clasiflican como Ulti-
soles (730 millones de hectdreas), cuyas caracteristi-
cas y génesis se describe en este caprtulo. En este or-
den, se presenta su definicion asi como su relacidn
con ofras drdenes v con ofros sistemas de clasifica-
cion, sebresaliendo el hecho de que a nivel de familia
en cualquier clase textural, ks mineralogia es mixta
en mis del 50% de los Ultisoles de los Estados Unidos.

L] predominio de los elementos Al y Fe en el comple-
Jjo de cambios se explica en forma elegante, asf como
su efecto en el movimiento vertical descendente de la
arcilla

La génesis de los Oxisoles requirid de cuatro espe-
cialistas de diversas latitudes, reflejando la dificultad
de clasificar estos suelos que ccupan aproximada-
mente un 8% de los suclos del mundo. Se estudia su
distribucion geogrifica y caracteristicas morfogené-
ticas. fisicas. quimicas y mineraldgicas Quizds la gé-
nesis del horizonte dxico y lu formacion de plintita
sean las secciones mds relevanies del capitulo, docu-
mentadas con ejemplos de Oxisoles de Venezuela.

Por uitimo, se presenta el resto de los suelos, in-
ciuidos como Inceptisoles. Dada la heterogencidad
det orden, los autores optan por discutir separada-
mente cada suborden y cada uno de ellos por regiones
peogrdficas latitudinales. En este caso se menciona la
posibifidad enr un futuro inmediato de elevar los An-
depts al orden de Andisoles

Dado el reconocimiento cientifico de los dieciocho
autores que escriben sobre los diez drdenes, dificil-
mente puede dudarse del valor de la obra. Quizd lo
mas sobresaliente es la exphicacion genética de aque-
tos oOrdenes en los que por su complejidad existe
poco material, tal ef caso de los Inceptiscles. Parz el
que revisa este libro, en forma especipl merecen re-
conocinmiento fos capitulos sobre Histosoles v Aridi-
soles, tante por su contenido como por su forma.
La edicion del texto es excelente en todo sentido,
calidad del material, escogencia de autores v otros,
aungue por razones obvias de tiempo no se incluye
informacion relevante a algunos ordenes presentada
en lz reunion de Suelos de Carga Variable realizada
en Nueva Zelandia en 1980
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