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RESUMO

Obteve-se wma formala para calvelay a dica do sistema radicular deo cafeeiro,
a partir dos valores relatives obtidos pelo método de titwlagio  Utilizarani-re de seg-
mentos de raizes previamente padionizados, nos gnias foran nredidar a drea veal ¢ a
drea velativa, que é deteyminada pelo método tituloméirico A conversio é obtida pela
Jérniuta:

mVx
Y o oeee——
neK
Y = diea en: cm?; v = colnniz de titrlamte (KOH 0,15N) pgasto enr coi®; wi e, a

normalidade do titalante ¢ d7 dcide (HCI 3N ), ¥V = volnme de dgua destilada enr cni';

v = wolunie de aliquota en cn®; e K ownd contianle (00117 i)

Sugere-se o emprego desla melodologia para estndos de sistemas vadiclarer de

otifras espicies.

Introdnction

EVERAL methods have been used to evaluate
the root system of plants as reviewed by Schu-
urman and Goedewzagen (9) Some very inte-

resting aspects of this subject are also discussed by
Russell (7) Special apparatus for evaluation of rool
systems have been developed: Pinkas (4) presented a
method to measure volume of roots and Rowse and
Phillips (6) described an apparatus to evaluate the
total Jenght of roots based on the method of Neuman
(2). The Wilde and Voigt (10) technique to eva-
luate the root surface area was modified by Carley and
Watson (1) and used for the root system of coffee
plant by Ramos and Lima (5)- Radioativicty methods
have been used by a few authors including Saiz del
Rio and others (8) in studies of roots distribution of
coffee in the soil Nutman (3) measured directly the
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length and area of root systems of adult coffee plant:
and found average values of 2276 km and 463 m®
per plant.

Subjective values (grade points) are also employed
to evaluate root systems; however data obtained from
direct measurements are more accurate. The most fre-
quent parameters employed are fresh weight, dry weight
and maximum length of the roots. Root weight mea-
surements do not take into account the diameter of
roots and consequently one single root with a large dia-
meter would be equal in weight to many roots of small
diameter which have a much larger absorption surface,
The measurements of maximum root length give a very
poos estimation about the absorbing surlace or volume
of root systems

Measurements of root surface area are the most pre-
cise method to study root systems. Wilde and Voigt
{10) presented a titration method for estimation of
root surface area. Carley and Watson (1) modified
slightly the titration method and also proposed a gra-
vimetric method for the same purpose. The titration
method only gives relative values between the rool
systems studied The gravimetric method is quicker but
requites an appropriate balance The titration method
despite being slower is more precise and easily opera-
ted. This method also permits the manipulation of a
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greater number of pilants simultaneously which would
compensate for its slowness.

The purpose of this work is to correlate the rela-
tive values obtained with the titration method to real
vittues of coffee root areas.

Maierial and methods

In order to obtain a correlation of the relative va-
lues of roat surface given by the titration method to
real area values, cylindrical and conical segments of
Coffea arabica cv "Catuai’ roots were carefully chosen
The original method was slightly modified in the fol-
lowing way: (a) tc aveid an excess of acid absorption,
the roots were not allowed to dry but were kept cons-
tantly in distilled water as soon as removed from the
plants; the roots wete drained to remove the excess of
water before dipping in the acid solution; (b) a KOH
solution of low normality (0135 N) was used to give
mote accuracy in the hurette; (¢) a prewashing of the
roots with 0.1 N HCl was adopted to avoid a lowes-
ing of the standard 3.0 N HCI solution.

Ten seplicates of straight and smooth root segments
were used. Five root segments of higher diameters were
used for five replicates and ten root segments of smaller
diameters for the others. The number of segments per
replicate was increased to compensate the decrease in
total root surface due to smaller diameters,

The sueface area of each root segment was deter-
mined by measurements of basal and apical diameters
and length with a pachymeter For caleulation of surface
area, the root segments were considered ss truncate
cones:

§ = o 2L (Dd) + D* 4 dr L [1]
4
where § = surface {em*), L = oot length (cm),
I3 = basal diameter {an), and d = apical dizmeler
{cm).

The length of the root segment was used in the
place of generatrix of the original formula. This subs-
titution did not alter the final values since the root
segments were very thin and long, When the calcula-
ted values of generatrix were introduced, there was no
difference in the final results.

The refative values for the root surface area by the
titration method was obtained as the following:

1} Immersion of root segments in ¢ & N HCI for 3
sec., and drained for 5 min.

2)  Dipping of root segments in 3 N HCI for 15 sec,
and drained for 10 min.

3)  Immersion in 250 il of distilled water with mag-
netic stiering for 15 min,

A4} Titration of 100 ml of 3) with 015 N KOH
with phenolftaleine.

5) Calculation of the 3 N HC volume titrated hy
013 N. KOH:

0.13N KOH volume

3 N HC volume —
8

6) Caleulation of the film thickness (K) of 3 N
HCl adsorbed to the roots surface segments:

volume of 3 N HCI adsorbed
K == . i2]
measured surface

Resnlts and discussion

The averaged diameters of root segments and their
measured surfaces, the volume of HCI adsorbed, the
volume of titrating KOH and the estimated thickness
ofbthe film of adsotbed HCI (K) are summarized in
Table 1.

The variation of the measured surface (Table 1)
was due to a difference in size of the root sepments
selected

There is no correlation (r == 0.005 N.§.) between
the thickness of the film (K} and the diameter of the
root sogments., This demonstrates that the thickness of

Table 1--Volumes of titrating KOH 0135 N, HCI
adsotbed, measured surface of root segments,
estimated thickness of the film of adsorbed
HC (K), and averaged diameters (D) of
root sepments of coffee plants.

Replicate | KOH @15 N | HCI 3N | area K D

Nt cm? cmy o mm mm
i 315 03944 3670 | 01283 418
2 170 0283 1927 | 01102 32z
3 1.20 0150 | 1504 | 01000 | 245
A4 100 0123 11.65 0.1073 2.4
5 10 0125 1032 0.1211 208
4 195 0.244 2172 j 01122 1.68
7 1.65 0206 i5.71 01313 135
8 170 0.213 18.17 0.1170 18
9 TG 0137 i1.71 0.1175 .12
10 0935 0119 10 18 01167 118
mean 1 54 0192 1645 | 01170 1 209
cy 8%
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the film is independent of variation in diameters of the
root segments studied. This fact assures the applica-
tion of this method for the oot system of plants which
have a great deal of variation in the root diamaters

The volumes of HCI adsorbed by the root segments
were directly proportional to the measured surface of
the segments as can be demonstrated by

mV

Y = 74.64 X 4 2079, . Y
nv

r= 0.98 (P < 0001)

where Y is the calculated root surface {cm®), m and
# the concentrations (IN) of base and acid respectively,
17 and v the respective volumes (cm®) of the distilled
water and the aliquot, X the volume of the titrated so-
fution spent (cm®). It was observed that the time of
immersion of the roots in HCl was very critical, The
volume of adsorbed HCl 3 N varies a great deal with
time of immersion.

The normality of the titrating KOH should be in-
creased or lowered if a larger or smaller roat system
were studied, Dead roots should be removed in this
method since it was devised to estimate the surface of
alive roots only.

Using the averaged thickness of the film of HCI 3
N (K), it is possible to obtain the estimated root sur-
face:

mVx
Y == L I
nvk

where Y is the estimated root surface (cm®), x is the
volume of titrated KOH (em®), m and # the concen-
tration (N) of KOH and HCI respectively, V' and »
the volumes (cm?®) of distilled water and the aliquot,
and K a constant equal to 0.0117 cm.

Considering the concentrations of KOH and HCI
and the volumes of distilled water and aliquot used
throughout this work, the formula (4) is reduced to

Y = 10684 x ... ... .... . . [5]

The estimated values of root surface by the formula
[4] are slightly superior to those caleulated by the for-
mula [37]. The formula [4] is preferable because the
data of area obtained with formula [1] approach the
real areas by inferior values thus compensating that
difference.

This method allows the detailed study of the effects
of physical, biological and chemical agents as well as
genotypic differences within root systems of plants. This
method could be used with other plant species because
the high normality of HCI (3 N) used will eliminate
any specific difference in adsorption.

Abrtract

A formula was deduced to coanvert the indexes of
relative area of the root system obtained by the titra-
tion method into the real numerical area of the coffec
plant root system:

mVx
Y

avk
where Y == root area in ¢cm?, x = volume of hidio-
xide solution spent in the titration in ¢m?® m — norma-
lity of the hydsoxide solation, n = normality of the
actd solution, V = volume of distilled water used,
v = volume of the aliquot taken from the acid solu-
tion for titration, and K = a constant with the value

of 00117 ¢m

The use of this method is suggested for determin-
ing the root surface area of coffee plants and other
species.
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Notas y Comentarios

Reunion de Produccidn Animal - 1979

La Séptima Reunién Latinoamericana de Produccidn Ani-
mal se celebrard en la ciudad de Panamd, del 23 2l 29 de
setiembre de 1979, Ll certamen cstd zuspiciado por fa Aso.
ciacidn Latinoamericana de Produccidn Animal (ALPA) v se
estd organizande por la Asociacién Papamefin de Produccidn
Animal (APPA), a la que ha brindado su apeyo cf gobierno
de Panamd

Se presentardn trabajos cientificos en las secciones de Nu-
tricion de no Rumiantes, Nutricion de Rumiantes, Pastos y
Forraies, Genética, Reproduccidn y Fisiologia, y Socio-Econo-
miz. Ademds, el programa incluye dos seminarios sobre “'Im-
portancia de los ovines y caprinos cn América Latina” y
“"Cruzamiento de ganado lechero”. Se efectuard un dia de
campo para dar a conocer el desarrollo de la panaderia en
Panamd.

La sede de Panamd fue acordada en ALPA-77 realizada cn
La Habana, In direscidon del comité organizador de ALPA-79
cs: Apartado 4781, Panamd 5, Panamd

Retnién Brasileia de la Clencia de la Informacion

Del 4 al 9 de marzo de 1979 se realizazd, en Rio de
Janeiro, la Sepunda Rewnién Brasilefia de Clencia de Informa-
¢ién La reunién estd suspiciada por el Instituto Brasilenio de
Informacién en Ciencia y Tecnolegin (IBICT), orgaaismo del
Consejo Nacienal de Desarrollo Cientifico y Tecnoldgico

El tema central del certamen serd el de ~Informacion clenti-
fica v teenoldgica, energin para ol desarrollo”  Los cuatro
temas de trabazjo, en relacién con la informacidn, son: a) In-
fraestructura; b) Estructura; ¢) Sistemas de Informacion; vy
d} Tecnologia )

Habrd ademds un Seminaric sobre la informacids en cien-
cin v tecnologin para los paises en desarrotle

ia Secretarin de lu reunidn estd localizada en la roa
Almte. Cochrane 202, CP 1885 Rio de Janeiro, Brasil Ia
Coordinadora General es la Sra. Léa de Aquino,

Casecha total y dnica ew nn endtire

La companin succa Kockums Construction AB ha anuncia-
do una tecnologin inteprada lamada cosecha total del cultivo
que puede hacer que la agricultura se parezca a la mineria
Su proceso usa cosechadoras de forraje de alta capacidad para
recoger todas las partes del cultive, las que se trasladan a
una unidad procesadors central donde es separada en grano,
fracciones pesadas (principalmente paja de cereales} y frac
ciones ligeras (granza, malezas, otros residuos orginicos)
{New Screntist vol 79, p 558).

Ia veataja que se anuncia es que se usa la cosecha enters,
% diferencia del método normal de cosecha de cereales que
corta fa pajn, con la espiga del gramo, la hace pasar por una
trilfadora, que retiene el grano v areoja la paja para ser
embalada o quemada.

El método ha side iniciado por Kockums con una planta
pilote en Hogesta y una segunda planta ea escala comercial
en Kopingebro que comenzard a operar a fines de 1978 FE!
método Kockums es un paquete que comienza con cosechadc-
ras gigantes de forraje, de un costo de USS 120.000, basadas
¢ maquinas norteamericanas. Una diferencia es una <abez
cortadora que corta Iz cosecha en largos de 30 a 50 milime-
tros, Estas son pasadas a remolques desmontables y levades o
a factoria. La cosechadora se traga todo el cultivo osté seco
¢ hémedo y puede ser usado fuera de la campafia cerealera
para forraje o colea

El sistema sueco usa un tambor secador rotatorio que se-
pare ¢l grano primero de las fracciones ligeras y pesadas
Las fracciones ligeras se destinan a la alimentacidn animal y
tienen una digestibilidad altz después de pasar por el tambor
La fraccién pesada, principalmente paja, puede ser tratada
con sustancias alcalinas para convertirse en “paja nutritiva-
mente mejorada’ que se usa como alimento para el ganado, o
tamblién para su conversidn en celulosa o como pulpa para
papel.

Pasto resistemte al didvide de azufre

Hemos comentado que en California ciertas lineas de ceba.
de v tomate han evolucionado, con ayuda del hombre, hasts
crecer v fructificar en terras repadas con agua de mar {CF.
Turrialba vol. 28 p 302), Ahora Hepgan noticias de que se ha
desarrollado un pasto resistente a la polugién por el didxido
de carhono, sepin informan el Profesor A, D Bradshaw y
colaboradores de la Universided de Liverpool, Departamento
de Botdnica, en Nature {vol. 276, p. 493)

Es conocidoe el caso de las mariposas de color oscuro que
pozan de la ventaju de estar carmufladas mds eficientemente
cugndo se¢ posaban en drboles ennegrecidos por la polucién
industrial en ciertas zonas fabriles. Tales mariposas aparecie
ron en el neroeste industrial de Inglaterra conforme los dr-
boles que frecuentaban iban poniéndose de celor mds oscuro
como resultade de polucidén del aire Esta es una de las
demostraciones mds convincentes de que todaviz operz In evo.
lucién mediante el mecanismo de la seleccion natural

Los hotinicos de Liverpool han encontrado ahora que el
baltico (Lolinm perenme LY que crece en el centro de 1i-
verpool ha desarroliado, en forma muy similar 2 las maripo-
sas, formas mds resistentes a la polucién Bradshaw y sus cole-
gas compararon ballicos del centro de Liverposl, donde los
niveles de SO, en los novecieatos cincuenta v sesenta llepa.
ban a cifras de 600 a 700 microgramos por metro cibico, con
aquellos de uno zona rural cerca de Liverpool, en lz que
fas concentraciones de SO, eran mucho mis bajas {unos
80 pp/m') en esa zona, Tomaron 36 clones de cada linea y
los expusieron por 8 semanas a concentraciones bajas y altas
de £0: en ¢l laboratorio (35 pg/m" y 650 pp/m°)

Los pastos de la zona rural no crecieron tan profundamente
como los clones urhanos en una atmdsfera altamente contami-
nada Ademids, diferentes clones de ambas poblaciones mostra.
ron una amplia variacién en su respuesta a la fumipgacion con
50: debido a variacidn penética. Hubo también mucho menor
sariacidn entre clones del centro de la ciudad, posiblemente
porque os clones menos tolerantes al $0; habfan sido elimi
nados por seleccién natural. El grupo de Liverpool sefiala una
consecuencia prictica de su hallazgo: que los estimados del
daiio que ¢l S0 inflinge 2 las plantas, hasadas en estudios de
laboratorio, podefan ser mwy aitos. En el campo, las formas
tolerantes podrian compensar el dafio sufride por los tipos
susceptibles

Publicaciones

Produceion cAnimal Con fecha setiembre de 1978 ha apa.
recido el primer nGmero de la revista Preduwceidn Auimal, bc-
gano de Iz Asociacién Panamefia de Produccidn Animal,
({APPAY, destinada a difundir los trabajos técaicos que se
precentan en das reuniones de APPA, asi como también pu-
blicar trabajos y experiencias gue scan dtiles para el mejora-
miento de la produccidn pecuaria en Panama. El primer nd-
mero tiene noticias de la Asociacidn y de la entidad 2 ln que
estd afiliada, kr Asociacién Latinoamericana de Produccidn
Animal (ALPAY, asi como articulos cortos sobre temas pga-
naderos del pais

El Birector es Gabriel de Saint Malo y el editor es
Alberto Veldzquez La direccion es: Apartado 4781, Panamd
5, Panamd.

Serie de Textor en Repiblica Dominicana. La Fscuela
Apricola Salesiana, de Lz Vega, Replblica Dominicana, ha
iniciado la publicacién de textos de enscBanze parz sus ne
cesidades docentes El primer niimero corresponde o “Ge
nética General y Aplicada” del Igeniere Agrénomo Ruperto
Alejandro Mercedes. Se trata de un librito de 127 pdgi-
nas, disteibuido en enero de 1978, que constituye wna buena
intreduccion p la genética, abarcando temas tan apartados
como los orginulos intracelulares, fos experimentos originales
de Mendel hasta [fa pametopénesis, tanto aznimal como ve.
petal La dltima pacte (IV), de més de 40 piginas, trata de
In genética aplicada, ocupindose del mejoramiento vegetal
y det animal





