Distribution and interactions of surface roots of Castilla elas-

tica (Moraceae) in lowlond Costa Rica.”
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COMPENDIO

Para determinar la distribucidn de raices menores de 1 mm de dicmetro de Cas-
tilla elastica se tomaron munestyas de 20 x 20 e a wna profundidad de 10 cm en dos
transecciones gue partian del tronco. Las vaices estivieron presentes hasta distanciar de

20 a 35 wm en las dos mansecciones respeciivamente

Las ratces de didmetio pequeiio

estan concenhiadar (hasta 4350 mlifm® ) debajo de la copa, pero tienen apreciables coneen-
traciones (basta 276 mil w*) a distancias wids grandes gue el radio de la copa Se dis-

enten las implicaciones para el ciclo de nahimentor y las relacionzs conrpetitivas

S

preventan hipdiesis para estndiar las relaciones yadicales en comunidades — El autor.

Introduction

HE present knowledge of root-distribution in
the soil is superficial due to the difficulties in-
volved in their study. Before significant progress

can be made in the field of root ecology, basic questions
concerning the distzibution of roots will have to be
answered The lateral extent and depth profiles of the
roots of individual trees will have to be determined, and
the variability in these patterns must be assessed. Buil-
ding on such information the mutual competitive ef-
fects of root systems on each other’s Jocation and form
can be investigated in order to further clarify the struc-
ture of natural and agricultural plant communities. Such
investigations will have to take account of the absorptive
characteristics of different sizes and ages of roots as
well as their mycorrhizal associations. This paper re-
potts attemps to answer two of these initial questions
using Castilla elastica which in common in secondary
growth in wet tropical forests in Central America. Cas-
tilla is a tree of medium stature whose sap is used as a
source of rubber I wished to determine 1) distribution
of surface roots of an iselated individual and 2) the
relations of Castifla roots with eothers in the sample
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Methods

The semi-isclated individual was located in a cacao
plantation at Finca La Selva near Puerto Viejo, Heredia,
Costa Rica  The subject tree had a diameter above but
tresses (DAB)Y of 093 m and was 135 2 m distant from
a smaller Castifla measuring 0.65 m DAB  The subject
tree had a crown radius of 7-8 m. This site was chosen
becruse, as a result of cultivation, thete were no Castilla
seedlings or saplings near the adult and the vegetational
background was uniform  Roots of Cassilla are bright
yellow and contain latex, and can be distingnished from
other roots in the samples using these characters. Roots
were sampled on two tiansect lines from the base of
fhe tree (Fig 1) At 4, 7, 10, 13, 16, 20, 25, 30, and
35 m from the trunk of the tree, 20 x 20 ¢m cores were
cut to a depth of 10 cm. If recots were zbsent at any
point aiong a transect, a second, and if necessary a thied,
sample was examined 1 m east of the previous point. If
no roots were found at two consecutive stations on a
transect, sampling was terminated. The samples were
taken in plastic bags to the Ric Puerto Viejo where the
soil was washed from the roots in a hardware cloth
sieve, Roots were separated into two classes at 1 mm
diameter and the volume of roots in each class deter-
mined by displacement.
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Transect 2f5°
¢ O o

Fig. 1 —Diagram of the tindy site sbuwing the subject wec (11, the
only neiphboring compecific individuad (2}, which i 15 2
o distans, and #he due sample ramsects e EFT and 2607

Results and discussion

Surface roots of Castilla were present to a distance
of 20 m on transect 260° and to 35 m on transect 213°.
The crown had a radius of 8 and 7 m on these transects
respectively. Thus the roots on transect 2i5° had a ra-
dial extent 5 times greater than the crown (Fig 2).

Root data in general are vesy meager and the
volume estimates presented here are obviously crude due
to the circumstances under which they were made. Fow-
ever, presentation of some questions and speculations
may setve to encourage further research into root re-
fations of plants

Roots and crown strictare

Corselations of root extent with root depth, stem
diameter, degree of buttressing, height, age, and crown
extent might provide information applicable to the study
not only of individual plant strategics but also to the
structare and functioning of communities The place.
ment of roots in relation to the crown muy have im-
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Fig 2 —Volume of Costilly elastica i ol m® fesy than 1 omm in
diameter along the roplicate transect lines  Crown radiug
ir indicated by the arrew in the wpper left-band corner
Note the similarity of distribution on the nwoe imdebendeat
transects, Only intall rowts are shown due to their presamed
aclivity in albiorpiion

volume of Subject Roots

Voluyme of Bachkground Volume of Background

Pig 3 —Hypothesized  relationships beceven tolime of roats of a
species and the valumc of afl sthers in the background A,
The relationship in a saterated  covimnily in which all
roots are combetitively equivalent  The wepative correlution
suggesls  combetitive  inferaction B Two  possible  frends
i an unsaineated  envivonment or resf nivhe differeatiaied
cammunity  The basic contrast botween conditions A wwd B
ir between negative corselation and no corrclation. Pusitive
correlation betwven w specivs and the background coxld occar
i commpnily Lhat i5 coarss grained with respect fe orenls.
that is. whery varivns batches o soill are saturated wr Jdif
ferent tatal root rolumes

plications for nutrient ¢ycling A concentration of a
tree's own roots beneath its crown may allow a recap-
ture of some portion of putrients leached from its leaves
and branches. Such a situation has been proposed to
occur in Qrercus coccived, Q. alba and Piwus vigida
in a temperate Nosth American forest (10) It is likely
however that the correlation of reot and canopy struc-
tute is imposed by both exploitation competition and by
the filling of soil space in saturated communities where
resources are maximally utilized.  Additionally, the ef-
fectiveness of root-canopy correlations in autrient rela-
tions may be limited by preemption of leachates by the
understory vegetation. Furthermore, the high frequency
of rain {ca. 4 m/yr at La Selva) or low concentration
of the leachate may decrease the value of root canopy
correlation. A highly active and extensive surface my-
corrhizal association in the usvally very moist soil may
negate the value of the proposed cosrelation. Estimation
of the volume of roots less than 1 mm in diameter in
concentric rings indicates that on both transects Castilla
roots have their highest concentration beneath the crown,
but that high concentrations ate maintained outside the
crown radius as well (Fig. 2). If this tree is a rem-
nant from a4 mote saturated community, then the great
radial extent of its roots may be the result of compe-
titive release. The reasons for this possibility are ex-
plored below

Root disribution and competition

Assuming a saturated root environment and the
competitive equivalence of all roots in a sample, an in-
verse relationship should exist between any one species
and all other roots in a sample (Fig. 32)  An alternative
plot showing no correlation of subject and background
roots (Fig. 3b) would indicate either 1) a differen-
tiation in function or microlocation of the different
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Fig A —Relationship ol voots less than I oanm in d'ameter in sumples
Volames of Castilia  elastica  aud  the bavbgroeund are st
stroppdy correlated which muy  sugeest an uphsatavited  toil
envivonnrent

roots, or 2) an unsatwrated soil environment The
volume of Castitla roots appears to be independent of
the background (¥ig 4). Because the study site is a
plaatation, an unsaturated soil environment might be
expected, but aiche differentiation, which does occur
in non-equilibriwn communities (6), cannot be ruled
out,

Comparing root volumes of identifiable species in
a sample with the amount of all others would be a
valuable approach to determining the niche and com-
petitive refationships of various natural and agricultural
communities, The absorption of materials by roots
within restricted radii enhances the probability that spa-
tial and competitive overlep are directly refated, an as-
sumption that is often violated. Investigations could
employ a transect between identifiable species pairs
and transects from isolated individuals or in centrifugal
directions from members of a pair, or extensive survey
of the soil beneath a community Trends in root space
saturation along gradients of environmental severity,
both spatia! and successional, would he useful. It ap-
pears that root structure develops very early ont in suc-
cession (2).

Tmpiml vi Temperate Plants and Comumunnities

The great differences in above-ground structure of
tropical and temperate forests (4, 8) make the exami-
nation of the structure of below-ground components of
these systems a particularly pressing problem Here,
though, temperate research will have to be initiated
strmultaneonsly as very little is known of tree oot distri-
butions and interactions anywhere (but see 1, 3). Hes.
baceous communities are somewhat better known (9},

but understanding forest patterns, particalatly with res-
pect to community organization, is mandatory

Comparison of the structures of plants in vastly dif-
ferent climates which most likely present different dis-
turbance regimes and large scale successional dynamics
(7) may provide some insight into the mechanisms by
which these different climates are eventually expressed
in temporal and struckural characteristics of communities,

Conclusions

The core method of root sampling seems to be a
viable one, particularly in high rainfall systems where
most roots are concentrated in the extreme upper soil
Sampling to a depth of 10 or 20 cm in tropical systems
will include very high proportions of the roots present
(3). Using cores rather than tracing individual roots
as they extend cutward from the trunk can provide
mare information per unit effort. The tracing method
will usuaily not include the small diameter roots, espe-
cially at the extremes of the ioot systems, due to break-
age Of course, the core method can enly be used where
at feast some species roots are identifiable Sap, color,
branching pattern, degree of contortion and texture are
characters which may prove to be useful in distingui-
shing roots, Self-cutting metal cores will improve the
accuracy of volumetric estimates,

Using the core method, it was discovered that the
roots of Castille elastica have a great radial extent. This
observation has stimulated the Formation of several
questions, hypotheses and approaches which, it is hoped,
will encourzge further, more refined research into the
root relationships of communities
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Sunvimary

In order to determine the distribution of Castilla
elastica toots less than 1 mm in diameter, 20 x 20 cm
cores were taken to a depth of 10 cm on two transects
from the trunk  The roots were present to distances of
20 m and 35 m on the two transects tespectively The
small diameter roots are concentrated (up to 4350 ml
m*}) beneath the crown but have appreciable concen-
trations (up to 276 ml m®) at distances greater than
crown radivs. Implications for nutrient cycling and
competitive relatfonships are discussed, Hypotheses and
approaches for studying root refationships of communi-
ties are presented.
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