Root distribution of cocoa (Theobroma cacao L.) as influen-

ced by nitrogen fertilizer™” A FALADE#®

COMPENDIO

Se fuvestigs el efecto de una aplicacidn continna de fertilizante nitrogenado,
en las doiis de 0,0, 45, 90 y 180 kyg/ba como nrea, sobre la disiribucion erpacial de
cacap amazdnico. Se tomaron mwestray con barreno del suelo a dor distancias del dr-
bol y tres diferentes profundidades Lay jaices fueron separadas del suelo, fraccionadas
en pequeiias, medianas y grandes, y secadas en wi horno a 70°C por 24 horas

La distribucidn vertical de lax 1aives fue afectada grandemente porv los trata-
niientos de fertilizantes. Bl tratamiento deprimia, incementaba o no afectaba la can-
tidad de raices, lo gre dependin de la fraccidn radical, prefandidad del swelo y dosis
de witrdgeno. La cantidad de raives wmedianas (1-3nvm diam.) 1e enconiré que dismi-
muta al awmentar la dosis de nitydgeno, wiieniras que la de las grandes awmentaba pri-
mero y despudr cata El anmento de la dosis de nitrdgeno no afecté la cantidad de
rafces pegueitas (didmetro menor gue 1 wim)

Las desis bajas a wmedianas de pitrégena o awmientaron o disminnyeron la
cantidad de raices, dependiendo de la fraccion vadical y la profundidad Crando hubo
una disminacion, ella fune mds provanciada que la cansada por dosis altas de nitrdgeno

Introduction

ACH part of a plant has a function to perfom and
E none s more jmportant than the role of the

root system which is responsible for the absorp-
tion of the much needed water and nutrients from the
soil for the healthy and productive development of the
plant.

Not much information is available in the litera-
ture on the root system of cocon. Most of the studies
carried out are rather descriptive

The root systems of cocoa growing in different
pasts of the world have been described by various
mvestigators (3,2,12,18)  The descriptions differ only
in detail

Nitrogen application has been found to increase
cocod yield in different parts of the world (5,8,9,10,
13,14,17,18). No information is presented on the effect
of such fertilizer on the root system
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Cunningham (4) and Geus (7) have reviewed
the resclts of effects of fertilizers on cocoa,

Among the factors listed by Rogers and Head (16)
to affect the growth of the roots of pezennial woody
species is the soil nutrient status It has been demon-
strated by Bosemark (1) that poor nutrient status alters
the character of root growth by increasing the dev-
clopment of the extension roots at the expense of lateral
roots whereas high ion concentrations or local fertilizer
application stimulated branching,

Czhoon et @/ (2) showed that wvarious nitrogen
fertilizer treatments affect the concentration of roots of
mature citrus trees in the first 4 feet of soil

It had carlier been shown that continued applic-
ation of aitrogen for 6 years dereased root weight of
citrus between 13 and 79 cm from the soil surface (6).

This report deals with the effect of continued
nittogen fertilizer application on the distribution of
cocoa foofs.

Materials and wethods
The study was carried out on amazon cocoa in

plots W4, W5 and W6 at the Gambari Experimental
Station of the Cocoa Research Institute of Nigesia,
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The experimental layout of the plots for a fertilizer
triaf which started in 1970 has been described by
Omotoso and Jacob (15} There were four levels
(00; 430; 900 and 180.0 kg/ha) of nitrogen sup-
plied as urea There were two replicates of each
treatment with six treated trees in each replicate. The
trees were at 3 0 m apart,

Three trees from each replicate and another 3
from untreated adjacent plots were sampled. Sampling
was done at 06 and 1.5 m from the trees along the
row but across the avenue where the fertilizer was
applied

For the sampling, a metal cylinder of internal
diumeter 10 cm was first driven to a depth of 7.5 cm
then 15 cm and finally 30 cm emptying the cylinder
at exch depth

The soil cores collected were spread out in trays
and the cocoa roots were picked and washed clean
of soil. The roots were then separated to fractions of
dinmater less than 10; diameter 1- 5; and diameter
greater than 50 mm, dried in an oven at 70°C for
24 hours and weighed,

The dry weights of root fractions of the ireated
trees were expressed as percentages of those of unt-
reated trees.

Resnlts

The sesults are presented in Figures 1-3. Fou
easy reference the root fractions will be designated
small (diameter <0 1mm) medium (diameter 1-5
mm) and big (diameter > 3 mm) and the depths
of sampling A (0-7 5em) B (7.5-15cm) and C i5-
30cm)

Vertical distribution of 1oots

N, effect: At 06 m from the tree the quantity of
small plus medium roots at depth A was increased
(Fig. 1) At other depths there was a decrease with
an averall slight decrea-e. The decrease was greater at
depth C When all the root fractions were considered
together, there was an ingcrease at all depths The in-
crease was about the same at all depths except at depth
C where it was smaller,

At distance 1.5 m from the tree the quantity of
small plus medium roots was affected in the same way
as at distance 06 m except that the increase at depth
A and the decrease at depth B were more pronounced.
There was an overall decrease The situation for all
root Fractions was similar to that for small plus medium
roots, except that there was a bigger increase at depth
A, no effect at depth B and greater decrease at depth C

N, effect: At depth 06 m from the tree, the dey
weight of smali plus medium roots was decieased at atl
depths (Fig 2). The distribution of these root fractions
in the seil profile to the depth sampled was faitly uni-
form “When al} root fractions were considered, there was
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When all root fractions were considered, there was an
an increzse in the amount of roats in depths A and B
without any significant change in that at depth C The
increase was much greater at depth A The overall effect
was a decrease in amount of small plus medium roots
with no effect on that of all roots within the depth of
sampling

At 1.5 m from the teee, the dry weight of small
plus medium roots at depths A and B was not affected
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while that at depth C was greatly decreased. For ali
roots, it was a big increase at depth A and decrease at
other depths.

The overall effect was a slight decrease in amount
of small plus medium and an increase in that of all the
roots

Ny effect: At 06 m from the tree, the quantity of
small plus medium roots at depth A was greatly re-
duced while that at depths B and C was increased . The
increase was more at depth C When all root fractions
were considered, the dry weight was decieased at all
depths The decrease was most pronounced at depth C
and least at depth A. The overall cffect wa reducad
weight of all root fractions. The reduction was less in
small plus medium roots

At 1.5 m from the trees the quantity of all the
vatious root fractions was reduced at all depths except
for all roots at depth B where there was an increase.

Comparative effects of uitrogen levels.

Root fractions: Tt is observed in Fig. 4, that the
amount of small roots first falls with increase in nitro-
gen level before rising and falling again with further
increase in N dosage. The amount of medium roots is
decreased with increase in N dosage The quantities of
big roots and all the rocts initially rose with increase in
N dosage to a maximum at N, (45 kg/ha) thereafter
falling with further increasz in N dosaga

Soil depths: At depth A, the amounts of small plus
medium and all roots first rose with increase in N
dosage to a maximum before falling with fusrther in-
crease in N dosage.
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At depth B, increase in N dosage decreased quan-
tity of small plus medium roots, For all roots, the
quantity first rose, then fell before tending to rise
again with increasing N dosage,
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The effect of increasing N level on all roots at depth
C was similar to its effects on those at depth B. Ia the
case of small plus medium roots there was an initial
decrease followed by a rise in their dry weight at
depth C.

Discnsrion

Continued nitrogen fertilizer application has profund
effect on the distribution of cocoa reots in the soil, The
type and the extent the effect seems to bz dependent
on the depth of soil and root fraction considered, the
level of nitrogen applied and the distance from the
base of the tree

The effect of the fertilizer was more pronounced at
0.6 m than at 15 m from the tree 'While N, in-
creased the amount of small plus medivm roots at
depth A and decreased it at other depths, N, depressed
it ar ali depths and N, depressed it at depth A and
increased it at other depths Furthermore, at 15 m
from the tree N, had no effect on this root fraction at
depths A and B whereas it was reduced at all depths by
N, When all the roots were considered, at 0.6 m from
the tree N, and N, were found to increase and Ny to
decrease the amount of roots at all depths. But at 1.3 m
from the tree, N, and N, increased the quantity of
roots at depth A and decreased it at other depths where-
as N, slightly increased it at depth B and decreased it
at other depihs

Cahoon et al (2) bave demonstrated that various
nitrogen fertilizer treatments affect the concentration of
rools of mature citrus trees.

The vasiability between the results at the two dis-
tances from the tree was likely due to unevenness in
the spread of the fertilizer which was hand broadcast

The observed increase in the quantity of some root
fractions by low to medium nitrogen doses seems to
confirm the findings of Bosemark (1) while the
decrease at high N doses corroborates the rosults of
Ford e al (6) on citeus.

The fact that the weight of roots of diameter less
than 1 mm was decreased while that of [arser ones was
increased at low to medium N doses but decreased at
high N doses seems to suggest that continued nitrogen
fertilizer application is more detrimental to the develop-
ment of the most absorptive fibrous roots.

Willkinson and Ohlrogge (19) have shown that the
generally recognised incressed shoot to root ratios re-
sulting from nitrogen fertilization are caused by ni-
trogen - increased growth hormone content which in
turn inhibits root growth and promotes shoot growth
in intact plant.

The tendency for the decrease in root dry weight
caused by N, at depths greater than 7.5 cm to be less
than that caused by N, or N, can be explained on the
basis of preference of toots to ramify in soil zones which
contain adequate but not toxic amounts of nutrients,
With N, or N. it may be that the surface of the soil
(0-7 cm) had adequate quantity of nitrogen and hence

the preference of the roots to ramify more in this zone
leading to reduced root growth in deeper zones With
increasce in N, the soil surface may contain toxic amount
of nitrogen and as such the roots avoid this zone to
ramify in deeper but less toxic zones.

The decrease caused in root, (especially small plus
medium roots) growth by high nitrogen doses will be
a great disadvantage during the dry season since the
volume of the soil occupied by the roots and as such
the amount of water available to the plant is reduced.
This will cause the effect of moisture stress to be severer
on such a plant.

Little or no feeder roots were found beyond a depth
of 30 cm from the soil surface. This suggests that cocoa
is a superficial feeder Himme (12) found that only 4
percent of the cocoa principal laterals were more than
30 cm below the collar.

Summary

The effect of continued application of nitrogen fer-
tilizer at 00; 450, 0.0 and 1800 kg/ha as urea on
the spatial distribution of amazon cocoa roots has been
investigated Soil core samples were taken at two dis-
tances feom the tree and up to three different depths,
The roots were separated from the soil, fractionatad
to small, medium and large and dried in an oven at
70°C for 24 hours

The vertical distribution of roots was greatly affected
by the fertilizer treatments. The treatment either de-
creased, increased or did not affect the quantity of
roots depeading on the fraction, soil depth and dose
of nitrogen considered.

The quantity of medium (i-5 mm diam. ) roots was
found to decrease, and that of bigger ones to first rise
before falling with increasing nitrogen dosage. Increas-
ing nitrogen dosage did not affect the quantity of
small roots (diameter less than 1 mm)

Low to medium doses of nitrogen either increased
or decreased quantity of root depending on the root
fraction and depth considered. Where there was a de-
crease, it was more pronounced than that caused by high
nitrogen doses
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mador elemental, dejaba un residuo que no podia usar-
se como fuente de humus y nutrimientos para el sue-
lo, Esto cra una verdadera tecnologia apropiada, no
contaminante, y que utilizaba un recurse renovable:
los desechos rurales,

El resultado es una profusidn de literatura sobre
el tema Los fibros técnicos y las patentes industria-
les tratan de la eliminacion de basura municipal y me-
tropolitana, donde en énfasis es en el residuo solido de
poco volumen, y el gas es de menot importancia El
interés de Intermediate Techoology se ha manife tado
en Ja compilacién de esta bibliografia, que incluye lo
que parecen ser los articulos bidsicos y relevantes mids
atiles La introduccion es un resumen compacto del es-
tado actual de Ia cuestion, e incluye dingramas de un
sistema de biogas, y de un disefio hindi de un gene-
rador de biogas de 4 metros cibicos. Incluye también
un glosatio y unos cuadros de rendimientos de varias
materias primas que van desde estiéreol de varias pro-
cedencias, pasto elefante cortado, pulpa de madera, has-
ta lo que se llama eufemisticamente “suelo nocturno”
(alemin: Kot)
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ALVA, CA, ALPHEN, |G van, et al Problemas
de drenaje y salinidad en la costa peruana. —
Wageningen, International Institute for Land Re-
clamation and Improvement (ILRI), Bulletin IN?
16. 1976, 116p,

Este Boletin técnico, presentado en forma de libro,
contiene algunas de las conclusiones y resultados del
trabajo del CENDRET (Centro de Drenaje vy Recu-
peracion de Tierras), que fue un proyecto de coopera-
cién técnica entre el Perd y los Paises Bajos, cuya meta
principal era la de formar técnicos peruanos especiali-
zados en problemas de avenamiento de tierras agrico-
fas

El trabajo se ha dividido en dos partes totalmen-
te diferenciadas. La primera hace un recuento general
de la magnitud del problema del avenamiento (drenaje)
v la salinidad de las tierras agricolas en [a costa peruana;
Ia segunda describe algunos de los experimentos reali-
zados para estudiar Ja recuperacién de los suelos saline-
sddicos.

La primera parte tiene cinco capituios y una bi-
bliografia y constituye la tercera paste del boletin. La
segunda incluye 10 capitulos, tres anexos y una hiblio-
grafia sobre el tema.

Este boletin merece ser analizade desde dos pun-
tos de vista diferentes: el primero es el del contenido
técnico y su utilidad para poder comprender los proble-
mas de fa recuperacion de las tierras agricolas; el se-
gundo, estd relacionado con la presentacion del traba-
jo vy su traduccidn al espaiiol

Desde el primer punto de vista, es necesario acep-
tar que la primera parte o seccion de esta publicacidn,
pretende introducir al lector en el problema del avena-
mientc de la costa peruana y, para ello, los autores han
utifizado €l sistema mds comfln, es decir comenzar
por hacer un recuento historico, geogrifico y geoldgico,
de la situacidn existente en los 2.500 kildmetros de fa
estrecha faja costera que tiene el pais andino. A esto,
han afadido una descripcidn sencilla de los otigenes
geomorfoldgicos y peogenéticos de los problemas de
avenamiento en la costz peruana, pasando luego a des-
ctibir, en forma somera, lo que significa un “cone de
deyeccion'’; un "valle encajonado” y los problemas de
avenamiento y salinidad en estas circunstancias

Como el proyecto del CENDRET se inicid en
1968 y finalizé en 1974, Ia bibliografia consultada va
desde el afio de 1956 hasta el de 1974, lo que abona
ei cardcter histérico de la primera parte de esta publi-
cacidn Se ha dado énfasis, en el aspecto bibliogrifico,
a las publicaciones de la Oficina de Estudios de Recus-
sos Naturales (ONERN), que ha trabajade bastante
sobre el tema.

En general la primera parte es interesante desde
el punto de vista del enfoque sobte los criterios para
evaluar fos problemas de avenamiento y salinidad que
presentan algunos valles de fa costa peruana Tal vez
hubiera sido conveniente una discusion mayor sobre Ia
incidencia de factores econdmicos y sociales en la re-
cuperacion de tierras, tema éste que es tratado en for-
ma muy superficial, aun cuando tiene especial gravita-
cion sobre el problema, en su conjunto

Con referencin a la segunda parte o seccidn de la
publicacidn; aquella que trata de los experimentos de
recuperacion de los suelos salino-sédicos, se puede de-
cir que aqui reside ¢l principal valor de este trabajo,
pues en forma resumida, pero muy completa, se pre-
sentan las experiencias realizadas, Ias que son explica-
das con un criterio muy téenico, pere ficilmente en-
tendible, aun para profesionales que no se encuentren
interiorizados con Ia terminologia, las técnicas y los
métodos descritos.

Unas pocas palabras, ahora, sobte la presentacién
misma del trabajo. Es evidente que ha sido editado en
los Paises Bajos, por alguien que si bien conoce bas-
tante el espafiol, no Hega & un dominio total del idiema
y esto hace que se presenten innumerables errores gra-
maticales que entorpecen la lectura v demuestran poco
respete, por el idioma y los lectores de habla hispana,
a quienes estd dirigida la publicacién

Hay algunas incongruencias que vale la pena ma
nifestar Por ejemplo, se utiliza papef “couché” (bri-
llante) de primera calided en el trabajo. Sin embargo,
no se utifiza levantamiento de texto en equipo especial,
de modo que se reproduce un trebajo escrito a miquing,
sin justificacion de mirgenes y hasta con distinto tipo
de Jetra. Tsto hace pensar en que si bien se pensd en
publicar el trabajo a un costo bastante elevado, por la
calidad del papel y la impresion, por otza parte no se
hizo lo mismo con el proceso previe, desvirtuando asi
el costa final del trabajo,

Hay, ademds un trabajo editorial deficiente Ey
imposible aceptar que al editor se le haya escapado un
error tan garrafal como decir que el Perd tiene una
superficie de 1285215 mehor cuadrades, cuando se
trata de kildmetros cwadrados, o hablac del periodo
Quatesnario, o decy <l 1oservoi’a de San Lorenzo; o
que el exceso de agur tiene su origin en

Por lo anterior, me da la impresion de que babia
que sacar una publicacion sobee los resultados del Pro-
yecto; habia que hacetlo ripido, pues el proyecto habia
finalizado hacia mis de dos afios; y o habia tiempo de
hacerle una buena labor editorial Resultado: un buen
trabajo desde el puato de vista del contenido téenjco
e histdrico; un pésimo trabajo desde el punto de vista
editorial. Listima, pudo haber sido mejor

CARLOS J MOLESTINA ESCUDERO
INSTIFUTO INYERAMERICANG DE
CEENCIAS AGRICOLAS

SAN JOSE, COSTA RICA



