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I. INTRODUCTION

Volcano Irazfi erupted in 1963. The prevailing easterly winds
distributed lithic ash west of the volcano where, after approximate-
ly two years of continuing eruptions, accumulations on the upper wa-
tershed of the Reventado River exceeded 50 cm depth. These deposits
of ash and cinder had the dual effect on the upper watershed,of 1)
destroying the vegetation that had formerly protected the watrrshed,

: loveve s Nevese

. v oy v '
and 2) forming, once wetted, thin concrete-like sheets which led to
Voo

tn

excessive %ﬁnoff rates and uncontrollable erosion on the upper sls;é;
of the Reventado watershed. In areas where penetrations did occur,
the water flowed béﬁé&th the lé;ér of ash, causing slippage and land-
slides resulting in avalanches of mud falling into the channel bottom
of streams.

A series of such avalanches, starting in December of 1963, caused
extensive damages to properties located several miles downstream on
the alluvial fan of the Reventado River west of the main business cen-
ter of the city of Cartago. Since 1963, expenditures covering both
reconstruction and the prevention of further flood damages have amoun-
ted to more than ten million dollars (uu).

The Civil Defense?, created to handle the emergency situation,
decided to try to control the avalanches by working at their source:
the upper watershed of the Reventado River. A reforestation project,
coordinated with diversion ditching, was proposed to stabilize the

steep slopes and prevent additional mud flows.

2 A semi-autonomous organization of the Costa Rican Government.



Today, some three years after the creation of the Civil Defense,
the immediate goal of reducing the avalanches has been accomplished
by the reforestation and diversion ditching. But the question still
remains as to which of the two species used for reforestation will
stabilize the slopes from excessive surface erosion and land sluffing,
and also serve as a future source of raw material for the local popu-
lation.

The needs of the local population living on the upper reaches of
the volcano can be shown by the following comparison: In 1910 during
the Calvert (11) visits to the Volcano Irazii area, references were
made to the tall oak forest lying above 8,500 feet (2,850 meters) ele-
vation which was then the lower limit of the forest which encompassed
the entire upper watershed. But by 1963, a review of aerial photo-
graphs shows that only 20 percent of the upper watershed remained under
forest cover. Demands made on the forest resources coincided with a
change in land use. As the forests were felled for raw material to
be used for firewood, fence posts and lumber, pastures were extended
where terrain permitted.

Continued demand for firewood and fence posts results in a condi-
tion in which the forest is still being harvested for these products.

This condition tends to support the assumption that species se-
lection for reforestation project could meet both the short term
goals and also provide a source of future raw material.

By selecting proper species, plantations could be made to satis-
fy the immediate goals of reforestation for watershed stabilization,

as well as serving as suitable material for the future demand of the



local population.

In this study, the rooting characteristics of two species Euca-
Lyptus globulus Labill, and Buddfeia nitida Bentham, Which were sel-
ected by the Civil Defense, have been studied to provide a more know-
ledgeable basis for species selection for future watershed reforesta-
tion. 1In order to evaluate the suitability of a species to be used
for reforestation, several characteristics may be considered:

A. The species' ability to meet the immediate needs of restoring the

hydrologic balance in the watershed by stabilizing steep slopes,
preventing mud flows, and increasing infiltration.

B. The species' ability to meet the long-term needs of the local e-

conomy. Bushy species would not be favored when there is a demand
for firewood or lumber.
C. Fast-growing species should be selected for planting so that the

immediate andlong-term needs of the economy will be met in as short

a time period as possible.



II. REVIEW OF THE LITERATURE

Much has been published about the influential role of vegetative
cover in the management of watersheds. Three representative water-
sheds in which the existing vegetation had been destroyed are:

1) The Reventado watershed destroyed by the eruption of Irazfi Volcano.

2) The Davis County watershed (18) destroyed due to severe fire and
overgrazing.

3) The Coweeta Watershed #3 (65) destroyed by forest grazing.

In these cases reviewed, removal of the protective cover resulted
in catastrophic flooding, and when reforested, the excessive runoff
was rapidly diminished by increasing the interception and evapotrans-
piration. The accumulation of a litter layer and growing root system

also influenced the stabilization of the watersheds.

A. INTERCEPTION

Interception, which deals with the amount of moisture caught and
stored on the leaves and stems of vegetation, can amount to a consid-
erable percentage of total rainfall. Reviewing more than 50 regional
studies dealing with interception in the eastern United States, Helvey
and Patric (34) found that in Coweeta, a region typical of the majori-
ty of those studied, annual interception amounted to 10 inches (254 mm)
or 13 percent of gross rainfall. Mohr and Van Baren (50), reviewing
interception in tropical forests, found that an average interception
rate of 4 mm per shower, and 160 days of rain per year, gave him an
annual interception figure of 640 mm, or more than 23 percent of gross

rainfall. Nye (52), working in African tropical forests, found an



average interception value of approximately 2 mm per shower, or 16 per-
cent of the annual rainfall. This represents a figure somewhat less
than that reported by Mohr.

While these studies indicate that a relatively large percentage
of rainfall is lost through interception, the losses have little effect
on the prevention of flooding. Hoover (38) points out that intercep-
tion loss is of doubtful value in reducing flood peaks from rains
greater than 2 inches (50 mm). During those small storms of little
flood-producing potential, interception removes a relatively high pro-
portion of the precipitation from runoff: but only a small proportion
of the runoff is removed by interception during major flood-producing
storms.

Grasses and herbs, as well as trees and shrubs, intercept sur-
prisingly large amounts of rainfall. Clark (16) recorded the maximum
rainfall interception of prairie grasses, weeds, and some agricultural
crops, and found that interception per storm ranged from 0.5 to 2.8
mm for green plants. Kittredge (40) reported that undisturbed grass
species intercepted 25.9 percent of the annual rainfall of 32.52 inches

(826 mm).

B. EVAPOTRANSPIRATION

Forest trees through the process of evapotranspiration remove
soil water which would otherwise add to stream-flow and ground water
recharge (49, 63). Annual use of water by forests has been estimated
to range from 3 inches (76 mm) in boreal forests to 125 inches (3175

mm) in tropical forests (15). 1In the United States, Chow (15) reported



that evapotranspiration by forest vegetation may range from 10 to 55
inches (254 mm to 1397 mm) within a year.

As plants withdraw water from the soil, storage space is created
for future rainfalls (49, 55, 63). Gardner (28) reported that shal-
low layers of the soil profile are depleted of water first. Similarly,
Black (7) observed in humid areas of the world, that rainfall is used
preferentially insofar as it replenishes that water deficit created
by the concentration of roots in the surface layer of soil. Metz and
Douglass (49), and Thames ¢t af. (63) found that evapotranspiration
by forest trees depletes soil moisture more rapidly and to a greater
depth than non-forested, grass-covered sites. The forested condition
creates a maximum storage space for recharge by subsequent rains.

Recent studies have indicated that climate determines some of the
differences in evapotranspiration rates between forested areas and
grass-covered areas. An example of the influence of climate is the
greater rooting depth for species growing in regions having distinct
wet and dry seasons. In humid regions, where shallow-rooted grasses
may use as much water as do forest trees, water use may be decreased
by selecting grasses that mature early (21).

There is some evidence that evapotranspiration increases with
stand height in humid regions, a condition possibly due to greater
utilization of radiant energy, advective heat, and increased air tur-
bulence (21).

Studies by Gates (30) have indicated that winds exceeding 3 miles
per hour (5 km per hour) remove the boundry layer of saturated water

around leaves and accelerate the evapotranspiration process. Records



by Allee (3) of wind movement within a tropical forest in Panama have
indicated that the winds averaged less than 1 mile per hour (1.7 km
per hour) in the lower crown area. These measurements would indicate
that the wind velocity within the lower crown region of some tropical
forests is not sufficient to increase the evapotranspiration process

by removing the boundary layer.

C. LITTER LAYER

Duley (23) observed that rain falling on bare soils forms a thin,
compact layer at the soil's surface which rapidly reduces the infiltra-
tion rate. This layer apparently results when the beating of the rain
drops breaks the soil down into individual particles, allowing the wa-
ter on the so0il surface to act as a medium within which the small part-
icles group around large ones, forming a relatively impervious seal.
Under forest conditions, the accumulated litter nullifies the kinetic
energy of falling rain, preventing any disturbance of soil particles.
Raindrops, having a diameter exceeding 2 mm are considered rare (31),
but under forest cover, Ovington {as reported by Gieger (31)} found
that raindrops falling from the trees may have diameters exceeding 6
mm. Chapman (12), and Laws (43) have shown that if these drops fall
from heights exceeding 25 feet (7.8 meters), they have reached their
terminal velocity, and their striking force will exceed that of unobs-
tructed rain. Therefore, the litter layer serves as a protective lay-
er by reducing physical erosion.

The important role played by the accumulation of litter on the

soil surface is not limited to its modifying effect on raindrops.



Lowdermilk (46) found that litter maintained the percolating capacity
for a given soil profile at a maximum, thereby causing a desirable ef-
fect of reduwcing surface runoff, 1In addition he observed that the
litter layer acted as a filter, preventing the macropores in the soil
from clogging by removal of the colloidal and clay particles from sus-

pension.

D. ROOT SYSTEMS

The various aspects of the influence of rooting systems on the
soil ﬁas been reported by many authors.

The extension of tree rooting systems, as indicated by early stud-
ies of Holch (36), and Weaver and Kramer (70), are governed by genetic
characteristics as well as by environmental factors. Hoffman and Scku-
blatis (35) demonstrated that the height of the water table influences
plant growth nearly as much as does rooting distribution. Veihmeyer
and Hendrickson (67) showed the influence of soil layering in prevent-
ing even root distribution throughout the soil profile. Exploring fur-
ther this subject of root distribution, Gardner (29) found that the
physical properties of the soil determined the water availability, which
in turn determines rooting distribution. As Black (7) indicated, root
growth only occurs when s80il moisture tensions are sufficiently low e-
nough to permit the absorption of water required for cell elongation.

Large physignomic differences occur among the rooting systems of
tree species, which may be attributed to genetic factors (41). Of
interest, are both the total number of roots and the rooting form.

Kozlowski and Scholtes (42) reported a 4-month-old Robinia pseudoaca-



cia seedling grown without competition that had over 7,000 roots,
while a seedling of Pinus taeda of the same age had only 419 roots.
The total length of the root system for the Robina seedling was 1,068
feet (328.6 meters) while for PL{nus, only 5.3 feet (1.8 meters). Ano-
ther difference is that some species develop deep tap-roots (59),
while others have wide spreading lateral roots that send down vertical
suckers (54) or "sinkers".

Cheyney (13, 14) observed that new roots grow where there is least
resistance, such as in old channels left by decomposed roots. These
same channels also serve as hydraulic pathways for rapid penetration
and movement of water (37). It has been observed that a channel 0.1
inch (2.54 mm) in diameter will carry one million times as much water
as the disconnected soil pores of equal volume (40). In a study con-
ducted by Gaiser (27), more than 4,000 vertical root channels per acre
were found in a temperate zone hardwood forest. 1In the process of root
decomposition, organic constituents are added to the soil, helping to
cement soil particles into aggregates (69). Developing root systers
also help maintain the soil structure by wedging soil particles apart
in some places and crowding them together in others. The small soil
particles become aggregated into larger ones, their permanence being
established by a surrounding colloidal film of humified root materials
(71). Evidence for the time neceded to develop and accumulate organic
matter may be gathered from the study by Hardy (33) of volcanic ash
deposits on the Caribbean island of St. Vincent. He reported a 2.1
percent (21 tons)organic matter content in the first six inches(152.4mm)

of ash after an accumulation period of 33 years. From soil analysis
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conducted 17 years prior to Hardy's study, it is shown that 17 tons
of organic matter per acre had accumulated (53). This high rate of
organic matter accumulation can only be expected of soils well below
the equilibrium level described by Nye and Greenland (53). The equi-
librium level is the content of humus carbon accumulated in a soil

that has fallowed for a long time.

E. SPECIES DESCRIPTION

1. Eucalyptus globulus Labill 1799

f; globulus (Myrtaceae) is a tall tree growing up to 100 meters
high, having a straight trunk of up to two-thirds of its total height
(24) and a narrow crown that is non-deciduous. When grown in closed
stands, it is self_prun INGg (58). Natural regeneration from seed
trees and sprouting have both been reported by Cozzo (17) although the
latter method is most commonly used in the management of the species.
Pulgar Vidal (58) reports f. glabulub as having a deep extensive root
system which anchors the tree and protects it from windfall. Abellédn-
Mora (1) cited E. globulus as being noted for its high transpiration
rate, although no comparative figures were reported.

Native to Tasmania, E. glLobufus has been widely planted through-
out the world under many different climatical conditions and eleva-
tional ranges. 1Its light yellow-brown wood has an open texture and
commonly has interlocked grain. It has a density of 69 1lb/cu ft when
green or 56 1lb/cu ft at 12 percent humidity (32),.

The timber of E. globufus (56) is used commercially, as are its

leaves, which are distilled for their o0il content. 1In Argentina, E.
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globulus wood is reportedly used with success for parquet flooring,
and in Chile, extensive plantations (44,561 ha) supply firewood, char-
coal, pit props, and lumber. In Ecuador, E. gLobufus is the major
source of timber and firewood. Tests have shown that the pulping qual-
ities of E. globufus are suitable for the sulphate and soda process.
In fact, a pulp and paper mill near Lisbon, Portugal has been manufac-
turing paper since 1911. Cineole o0il extracted from the leaves of F.
globulus has medicinal value when used as an antiseptic such as in soap
or gargles.

A search of available literature and correspondence with the For-
est Research Institute in Canberra, Australia, failed to reveal any

detailed rooting studies for E. gflobulfus.

2. Buddfeia nitida Bentham 1846

Bi ni{tida (loganiaceae) was identified by Standley (60) as h. al-
pina Oerst. 1853, a supposed endemic to Costa Rica. More recently Nor-
man (51) in 1964 synonymized B. afpina with R, nitida, retaining the
earlier name. However, the species is still widely known in Costa
Rica as B. alpina. According to Norman, B. nitida is one of 20 Budd-
leias growing on the North American continent and has wide distribu-
tion. It is found growing as far north as Chiapas, Mexico. 1Its south-
ern limit is the upper slopes of Volcano Chiriquf in Northern Panama.

The species is found between 2,500 and 3,700 meters above sea
level on the upper slopes of most of the volcanoes of Central America.
B. nitida is a dioecious shrub, having a height of 4 to 10 meters and
a dense, rounded crown. In Costa Rica it is commonly known as salvia.

On volcanoes Turrialba and Irazfi, B. nitida is a dominant species.
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Although B. nditida is used for fence posts and firewood, it is
not highly prIzed for either. Acosta (2) reports that structural pro-
perties of B. nitida are not technically suitable for commercial pur-
poses. Therefore, its primary benefit is its crown cover, which in-
tercepts rain, and its rooting structure. Comparative benefits between
this species and E. globufus will be discussed as a basic part of this

study.
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III. DESCRIPTION OF THE AREA AND METHODOLOGY

A. DESCRIPTION OF THE AREA OF STUDY

1. Location

The study area is located in the upper Reventado watershed on
the southwestern slope of the Volcano Irazil in the Province of Cartago,
Costa Rica (Fig. 1). The watershed includes approximately 800 hectares,
situated between 2,700 and 3,000 meters above sea level, and comprises
two basins formed by the tributary rivers Retes and Reventado. Origin-
ating in the Central Mountain Range, this drainage system joins with
the Reventazdn River system, which eventually empties into the Atlan-

tic Ocean.

2. Climate

The watershed lies near the Continental Divide, and is influen-
ced by storms originating in both the Atlantic and Pacific coastal a-
reas. It also receives additional precipitation from relatively small
convection storms (u4u).

Two distinct seasons dominate the climate of the Reventado wa-
tershed. A long wet season, extending from May to December, is charac-
terized by brief storms of high-intensity rains. Average monthly rain-
fall during this period exceeds 160 mm. The dry season, spanning the
remaining four months, is characterized by less than 50 mm of rainfall
-monthly. The mean annual rainfall in the basin is 2,200 mm. This is
lower than that of surrounding areas, indicating that the high ridges
to the west and north might somewhat shelter the basin from the Paci-

fic and Atlantic storms (44). Snow has never been reported to have
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fallen in the basin under study.

Mean annual temperature for the Reventado watershed were deriv-
ed empirically from a station at the Sanatorium Duran, located south-
east of the study area at an elevation of 2,337 meters. The mean an-
nual temperature at the Sanatorium is 14.7 degrees centigrade, with
an average monthly fluctuation of less than one degree centigrade from
this value (44). Using the dry adiabatic lapse rate of a 0.7 C degree
chan® per 100 meters change in elevation (49), the mean annual temper-
ature for the area is estimated to be between 10 and 12 degrees centi-
grade.

During the month of May, 1969, when field work for this study
was conducted, frost was observed at all elevations within the study
area.

Wind direction varies with the seasonal migration of the Inter-
tropical Convergence Zone (ITC) (8, u4u, 64). The prevailing easterly
trade winds which converge from the northeast and southeast (8) were
responsible for the distribution of the volcanic ash to the west of the

volcano by aeolian sorting.

3. Topography

The study area comprises two adjoining basins on the upper,
southwestern slope of the Volcano Irazi. The land is characterized by
steep slopes, a dendriform drainage pattern, and unstable geologic con-
ditions. The basins, whose slopes average between 17 and 20 degrees,
are bordered by yet steeper slopes which range locally from 45 degree

to vertical. ‘These steeper slopes, which may be convex or concave
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in form, characterize anproximately 80 percent (45) of the study area.
The axes of the basins run northeast-southwest and parallel the pre-
vailing wind patterns.

The Reventado and Retes Rivers and their tributaries flow
through deeply incised canyons. The average gradients of the river-
beds are between 17 and 20 percent (44)., Tributary stream banks in
the area, from 5 to 30 meters high, are the scenes of frequent small,
active slides. Variation in riverbed hardness gives rise to numerous
waterfalls and cascades. Additional erosion is created at the con-
fluence of the two streams by undercutting both sides of the wedge

formation.

4. Soil and Ash Description

Soil profiles of the studvy area exposed@ by excavation of root
systems exhibited individual horizons of unequal depths, belonged to
the same soil series. Table 1 indicates a generalized soil profile,
typical of the area.

Table 1. REPRESENTATIVE SOIL PROFILE

UPPER REVENTADO WATERSHED
CARTAGO, COSTA RICA

1969

Munsell soil color Texture Horizon Thickness Description

Gray-1--YR/1 Dry Sand 20-40 cm Lithic ash of basal-
tic andesite composi-
tion from the 1963 -
65 eruption.

Dark grayish-brown Sandy - A 15-20 cm Friable, non-adhesive

10YR-4/2 Dry loam non-plastic, porous,
acid pH.

Cinder 2-5 cm Particle size ranges

un to 10 cm.

Grayish-brown Clay B +100 cm Amorphous clay

10-YR-5/2 Dry
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The soil classification studies made for the Central Valley
of Costa Rica by Vargas and Torrcs (66) and Dondoli and Torres (22),
include descriptions of volcanic soils, but do not specifically des-
cribe.thé soil profiles found within the study area. The Coronado
series of soils, first described by Vargas and Torres (66), and later
redescribed by Mannix (47), best approximates the soil series found in
fhé area of study. However, due perhaps to the close proximity of the
study area to the volcano, a layer of coarse cinder was found at depths
of 40 cm to 60 cm (Table 1) which was not mentioned in the reviewed
literature for Costa Rica. These cinders have a relatively low de-
composition rate due in part to their large particle size. Birrell
(6) reported this type of cinder formation to be a common occurrence.

Specific investigation in the study by Mannix (48) concentrated
on the chemical and physical characteristics of the 1963-65 ash depos-
its. Bornemisza and Morales (9) studied the chemical properties of
the newly deposited ash as well as its ability to support plant growth
under greenhouse conditions. Their findings indicated that fresh vol-
canic ash from the 1963-1965 eruption cannot support the growth of
tomato plants (Lycopenrsicon esculentum) without the addition of nitro-
gen.

In 1965, Mannix (48) reported ash deposits of up to 160 cm in
depth at 1 km distance from the volcano. The depth of initial ash de-
posits were rapidly altered by both water and wind erosion (68). From
1963 through 1966, ash deposits contributed to an estimated 3,100,000
cubic meters of sediment which were swept downstream and deposited in
the alluvial fan to the west of Cartago (44). This amount of ash is

approximately 51 percent of the sediment load found in the alluvial fan.
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Mannix (48) classified the ash by a distribution of particle
sizes and found the sand-sized particles to be most predominant (Table
2).

Table 2. PARTICLE SIZE DISTRIBUTION OF VOLCANIC ASH FROM
THE 1963-1965 ERUPTION OF IRAZU VOLCANO

UPPER REVENTADO WATERSHED
CARTAGO, COSTA RICA

1969
Fraction Range of Percentages
sand size 73.1 to 86.2
silt size 11.2 to 25.6
clay size 1.1 to 4.7

Source: Mannix, J. F., Estudios preliminares para la recuperacién
agricola de los suelos de cenizas recientes del volcédn
Iraz@i. San José&, Costa Rica, Ministerio de Agricultura y
Ganaderfa, 1965. 8 p.

In spite of the low content of clay or colloidal size particles,
the recently deposited ash tended to form a thin, hard, and compara-
tively smooth crust that was virtually impervious to rainfall. A pos-
sible explanation for this formation was given by White, and reported
by Waldren (69), as being due to the presence of halogens. Halogens,
brought to the surface by capillary action, are precipitated by evapor-
ation in the upper few millimeters of the ash to form a crust 10 to 15
mm thick. Without a renewed source of halogens, the volatility and
soiubility of these salts would insure that the crust probably could
not be maintained for any great length of time. Bornemisza and Morales

(9) reported the formation of a crust-like layer of ash, not only under
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field conditions on the IrazG volcano, but also in pots in which plants
were grown in green house experiments. The hardened crust, formed af-
ter watering for 8 weeks in the greenhouse, had a hardness of 2.0 kg/

cm2

when measured with a penetrometer. Bornemisza® attributed the for-
mation of this crust to chemical cementation caused by the presence of
soluble silicates rather than being formed by halogens as White pro-
posed. |

The recently deposited ash had an average pH of 4.4 (48) and
has been found to be highly corrosive and toxic to plants and metal-
lic materials (68). However, tree species and grasses planted in
1966 by the reforestation project did indeed grow as the data presented
in this thesis will indicate. The average bulk density of the ash was
about 1.276 grams per cm3 (u44).

Infiltration of precipitation into the soil at the height of
the flooding problems on the Reventado River in 1964, was determined
by Leed, Hill and Jewett, Inc. (44) to be 4 mm per unit area per hour.
They further found that with the watershed vegetation fully recovered,
soil infiltration and interception by vegetation would reach 11 mm per
unit per hour. No data were given on antecedent soil-water conditions.

Studies by Birrell (6), Swindale (62) and Forsythe et al..

(25) have reported high natural moisture content of soils derived from
volcanic ash. The amorphous nature of the particles results in large
surface areas which give them such properties as high water-holding
capacity, high organic matter, high porosities and low bulk densities

(62).

¥ Personal Communication with Elemer Bornemisza, Ph.D., Professor of
Soils, IICA, Turrialba.



$S. Land Use

Prior to the eruptions of the volcano in 1963, Waldon (68)
reported a luxuriant growth of vegetation on the slopes, mainly consis-
ting of shrubs, which were probably 8. nitida, (locally known as sal-
via), but interspersed with open, extensively used pasture areas.
These pastures were of improved grasses, predominantly kikuyu (Pen-
nisetum cLandestinum), and supported several dairy farms which had
been in operation even previous to Calvert's (11) visit in 1910. 1In
1956, aerial photographs showed that pastures which included low brush
and shrubs covered approximately 80 percent of the watershed area (39).
This indicates a considerable shift in land use since 1910 when Calvert
visited the 'Laguna del Derrumbe” and reported the area to have been
forested by oaks.

Using a land classification system developed by Plath (57),
based on potential land use, the study area is classified as Area IV
(lands not suitable for intensive agricultural prsduction). Accor&ing
to this classification system, the upper watershed of the Reventado
River should be permanently covered with vegetation to protect lower
elevation lands dedicated to intensive agricultural and urban uses(57).

Present land use has changed under the direction of the Civil
Defense from extensive dairy farming toward forest plantations. The
plantations consist primarily of two species, E. globufus and R. nitida.
Table 3. NUMBER OF TREES PLANTED PER YEAR BY

: THE REFORESTATION PROJECT

UPPER REVENTADO WATHERSHED
CASTAGO, COSTA RICA

1969
Species 1966 1967 1968 3 vear total
Eucalyptus spp. 63,657 26,485 24,579
B. nitida 4,496 51,822 24,620
other 6,400 27,644 44 880

Total 74,553 105,915 94,079 274,583
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Since the start of the reforestation project in 1965, the

Costa Rican government has purchased 800 ha. in the upper Reventad&
watershed. Construction of 17 kilometers of all-weather roads has
improved accessibility into the area. These rcads meet the short-
term requirements of the reforestation project, and moreover, pro-
vide éublic access to the area for recreational purposes. Public use
of recreational facilities in 1968 was demonstrated by Boza (10) at
Poas Volcano National Park, Costa Rica, indicating a high number of
visitors during that year. In view of the increasing demand for rec-
reational facilities, it is the expressed intention of the Civil De-
fense administration in charge of these lands to transfer them to the
national rark system in the near future. Such action will exnand the

size of the Irazii Volcano National Park.

B. PLANTING PROCEDURE

The two species considered in this study, 8. nit{da and E. glo-
bulus, were planted in 1966, 1967 and 1968 by the Civil Defense for
reforestation. The planting stock came from various nurseries oper-
ated by other national institutions (ICE2, ITCOD). Cvlindrical as-
bestcs pots, 15 em by 5 cm in diameter, were utilized for the first
six months of plant growth in the nursery. The plants were approxim-
ately 50 to 70 cm in height when they were transplanted into the field.

Procedures for field planting varied with the depth of the ash.
Where ash accumuiation was less than 25 cm, cube-like holes of approx-

imately 25 cm by 25 cm were dug deep enough to permit the bottom of

a2 Instituto Costarricense de Electricidad e
b Instituto de Tierras y Colonizacién e S
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the s0il block containing the reots to come into contact with the "A"
horizon of the so0il buried under the ash laver. The remaining space
surrounding the root mat was then filled with soil from the "A" hori-
zon of adjacent areas. This procedure nften meant that the plant's
stem was buried to a depth of 10-15 cm above the normal ront collar.

Where ash accumulation was greater than 25 cm, cube-shapeAd
holes of approximatelv 40 cm bv 40 cm were dug to a depth of 40 cm.
These holes were then filled around the root ball of the tree with
soil from the "A" horizon which often had to bhe trucked in over distan-
ces exceeding one km. Plants were placed in the ground such that their
root collars were at the soil surface.

Although it was the general policy of the reforestation project
to remove the asbestos pots before planting, it was found that of the
30 plants examined, only 14 of the pots had been removed.

Another policy of the Civil Defense administration was to place
fertilizer (NPK, 10-30-10) at the bnttom of the hole. This was then
covered by approximately 5 cm of soil before plants were placed in the
ground. Certain irregularities were also noticed in this procedure.

In several cases, residues of fertilizer were found directly beneath
the potted plant. In other cases, the fertilizer had been placed be-
side the plant, rather than beneath it. Since this fertilizer residue
was not found under all the plants examined, it is not certain whether
fertilizer was actually applied in all cases.

The trees studied were classified according to the vear of

their plantation:
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One-year-old--planted during the 1968 planting season.
Two-year-old--planted during the 1967 planting season.

Three-year~old--planted during the 1966 planting season,

C. SAMPLING PROCEDURE

Civil Defense reforested the sub-watersheds according to priorities
for avalanche control. Therefore, all trees of each age-class were
found on separate sites. The sampling procedure used in this study
was designed to select randomly five plants from each age-class of both
species. For each tree age-class population, five representative sites
free from the influence of drainage ditches were selected. Within each
site five trees were selected for their good form and vigor and assigned
numbera.Then the tree to be excavated was randomly selected by drawing
from correspondingly numbered slips of paper.

The root systems were excavated in a manner governed by the loose-
ness of the volcanic ash and sandy loam in the "A" soil horizon. Using
a small hand pick, the roots were followed out awav from the trunk of
the tree (Fig. 2). As each root was uncovered, its position in plan
view was recorded on millimetric paper at a 1:40 scale. A vertical
profile was also recorded at right angles to the slope using the same
scale. As each root was uncovered, it was detached to facilitate fur-

ther excavation.

D, MEASUREMENTS

Tree measurements taken in the field were recorded on a prepared
field work sheet (see Appendix 1), All measurements were recorded in

centimeters and limited to:



- 24 -

1. Total height cf the tree

2. The diameter of the tree at breast height

3. The diameter of the tree at ground level

4. The crown diameter recorded at the widest point

5. Distance from the ground level to the first branches.

Of these measurements taken, it was found that further limitations
due to the growth form of B. nitida were imposed. Measurements at
breast height for diameter were impractical due to the bushy nature
of the species, which has a multiple stem without any well-defined
central leader. Also the measurements for the distance from the ground
level to the first branches were not considered when it was found that
branches started right at ground level and were easily confused with
the multiple leaders.

Measurements of rooting radius diameter and depth were taken direct-
ly from the field sketches of the rooting systems in plan view.

These values represent the mean length of the lateral (radial) roots,
averaged from the rcadings taken at the cardinal axes.

Rooting volume is defined as the irregular cone which subtends the
deepest root at the apex with the longest radial roots. As a simple
measure of this, cross sectional areas were calculated from the field
sketches in vertical profile (Fig. 5, and Appendix 1) using the area
formed by the two lines drawn from the deepest tap root or other ver-
tical root, through the tip of the longest radial roots to the soil
surface. Measurements of the oven dry weight of the root systems and
tree crowns, were derived from the collection of their respective parts

at the time of excavation.
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The samplee of the roots and stems were cut up into small lengths,
and placed in paper bags (25 1b size) for drying. Stems and roots
that exceeded one inch in diameter were split into smaller diameters.
Oven-dry weight was obtained by drying the plant material in a forced-
air drying oven set at 110°C. Samples were initially dried for 20
hours, after which time their weight was determined. This sequence of
oven-drying and weighing was repsated at intervals of ten hours until

a constant oven-dry weight was achieved,

E. DATA ANALYSIS

A modified T test (26) was used to compare the chosen parameters
of the two species in order to evaluate the variation of each value
from its respective mean. Application of the t test was restricted
to the two-year-o0ld age-class for the following reasons:

1. Only the two-year-old trees of both species were found on sites
which appeared to be consistent throughout the entire area in
terms of slope, soil profile and other physical characteristics.

2. The one-year-old and three-year-old trees of both species oc-
curred on sites which did not exhibit consistent physical charac-
teristic within their boundaries.

3. The variation of physical characteristics among the three sites

was not readily adaptable for statistical analysis.
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on the Reventado watershed were broken into two categories.
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IV. RESULTS AND DISCUSSION

RESULTS

Observations on the rooting characteristics of the trees sampled

The first

category deals with rooting characteristics which are apparently gene-

tically controlled, and consequently the observations are subdivided

according to species'

environment.

differences.
¢

both species.

a.

1.

The second category deals with

This second category had apparently an equal effect on

Observed Characteristics - Apparently Genetically Influenced

E. globulus

The arrangement and extent of
main lateral roots were uneven
(Fig. 3). The ratio of the
rooting radius to the crown ra-
dius for two-year-olds was 3:1.

a.

Of the trees sampled, all ex- b.
hibited roots, although they
did not develop to a great

depth (Figs. 4 and 5).

Sinker roots generally origin- c.
ated from the lower layer of
lateral roots observed.

R. nitida

The arrangement and extent of
lateral roots were uneven .(Fig.
3). The ratio of the rooting
radius to crown radius for
two-year-olds was 1.5:1.

Of the trees sampled, none ex-
hibited a tap root, but direct-
lvy below the trunk a number of
vertically descending roots
started dividing near the ground
level (Fig. S5). This type of
rooting system was reported also
by Stephens (62) for one of the
Afbizzdia in Africa.

Sinker roots always developed
where the root came into contact
with buried tree branches or
wooden stakes. Occasionally,
they also formed when there were
no visible obstacles present.
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d. The growing tips of lateral
roots did not fork or branch
(Fig. 6).- These growing tips
were frequently found in the
recent layer of volcanic ash,
probably because of its high-
waterholding capacity and low
bulk density.

The
ing

relationship between root-

systems and slope varied.
One condition observed, which
was in accordance with the
findings of Curtis (17) and

. Berndt (5), was the concentra-
tion or extension of the root
systems the downhill slope. A
second condition was the con-
centration of lateral roots
perpendicular- to the slope.

Lateral roots generally fork-

ed into no more than three
side branches

2.

d.

The growing tips of lateral roots
were multiple (Fig. 7). These
growing tips were also frequently
found in the recent layer of vol-
canic ash.

The relationship between rooting
systems and slope varied. The
concentration or extension of

the root systems on the downhill
slope was observed but there

did not seem to be the concentra-
tion of lateral roots perpendic-
ular to the slope.

Lateral roots generally branched
into 5 to 7 branches which often
clustered like a comb (Fig. 3).

Observed Characteristics - Apparently Fnvironmentally Influenced

Those characteristics which were apparently influenced by environ-

mental factors appear similar in both species.

have been aggregated as follows:

a’

One layer of lateral roots extended from the root collar zone

to a depth from the surface of approximately 25 cm.

For that reason they

Lateral roots were generally found growing in distinct layers.

a

This lay-

er of roots was present regardless of whether or not there was

a ground cover of kikuyu grass.

A lower layer of lateral roots extended out from the tap root(s).

They grew at varying depths, but nearly always extended out

from that portion of the tap root which had grown after the

time of planting and which was in the "A" soil horizon.

These

9 The root collar zone starts just below the soil surface, and may in-

clude roots growing out of the stem.

The stem was often partially

buried due to the practice of planting the trees in the "A" soil hor-

izon.
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Figure 3 Diagramatic plan veiwe of o representative root system for two yeors old plants.

Crown area is designated by dash lines. Slope direction is indicated by arrow direction.



4-1 4

0 fe——oo— 10%
S~ o i
- X
LI L ] L L) L] ]
(o] 2 4 6 8m o 2 4 6m
2yr. old E.qlobulus 2yr, old B.nitida
M
24 24
o£ 45% 10%
"T'-]",'
‘-
|1 ) | 4 L v ) )
0 2 4 6 8m (*] 2 4 6m
tyr. old E. globulus lyr. old B. nitida

Figure 5 Dicgramatic profiles indicating positions of rooting oreos as related to positions of crowns. Percent
slope is determined by averaging the five tree sites in each age class.



-39-

Figure 2. Root excavation of 3-year-old E. gfobulus.

Figure 4., A 3-year-old
E. globulus
tap root.



- 31 -

Figure 6. The growing tip of E. globulus

Figure 7. The growing tip
roots of B. ni-
tida
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Figure 8. Roots of B. nitida growing in a channel left
by a decayed branch.
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roots rarely penetrated into deeper snil horizons, although
frequently they grew upward into the fresh ash deposits.

: :
Extension of roots often occurred where there was little or
no competition from neighboring trees. This was especially
noticeable in voids created when adjacent trees failed to
survive,.
Direction of main lateral root growth was generally linear,
an observation also made by Curtis (19) of roots growing in
loose, non-compacted soil. This observation would be in ac-
cord with the low bulk density reported for soils of volcanic
origin.
Rooting systems from neighboring trees seldom came into very
close contact with each other, and did not show evidence of
competition with each other. However, competition from the
dense mat-forming root system of kikuyu grass in the top 10
cm was striking. No roots of the trees were found in this

zone, except where kikuyu grass was absent.

A schematic presentation of the crown and root distribution is

shown in Fig. 5. By indicating the position of the crown above
the rooting distribution in relation to slope, it becomes evi-
dent that the rooting distribution is greatest on the downhill
side of the slope, as summarized by Appendix 2. The percentage
of roots on the downhill slope shows very little variation, in

spite of the fact that there was variation between sites.



B. SUMMARY OF RESULTS

The summarized results of the field study are presented in Tables
6 and 7 by species and age-classes, and are presented in a comparative
form in Figure 9. While Table 6 exhibits obvious differences between
the two species in terms of rooting radius, crown diameter, crown
height, oven dry stem weight, and oven dry root weight, nevertheless
the modified ¢ test analysis, presented in Appendix 5, did not estab-
lish a statistical significance of these differences. This is probab-
ly due, in part, to the small sample size used in the study.

To a large degree, the small differences result from the inherent
genetic differences found between the species. F. globulus is classi-
fied as a tree, while B. nitida is more bush-like and develops several

leaders.

C. DISCUSSION

Figure 9 and Table 5 indicate that the B. nitida planted during
1966 exhibited slower growth than those planted in 1967. While the ash
deposits on both sites were similar, the difference of one year between
plantings was apparently sufficient time for the occurrence of a fav-
orable change in the soil media.

Although significant differences between the allometric relation-
ships for the two-year-old plants were not established, certain trends
appeared. One obvious trend indicated that the plants on different
sites were developing differently in their physiognomy relative to

each other.
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Table 4. AVERAGED2® MEASUREMENTS FOR RESPONSE VARIABLES AND
THE CORRESPONDING ASH DEPTHS,
~ BY SPECIES AND AGE-CLASS
UPPER REVENTADO WATERSHED
CARTAGO, COSTA RICA
1969

Age Height Crown Trunk Stem Root Root- Root- Volcanicd

class (n) dia.bP dia.® oven oven ing ing ash depth
(yr) (m) (em) dry dry rad- area (cm)
(kg) (kg) ius (n?2)
(m)
E. globulus
5.1 1.9 7.6 5.3 1.6 4.1 7.9 25
2.6 1.7 4.5 1.7 0.7 2.6 3.0 100
i.4 0.6 1.3 0.1 0.1 0.7 0.8 15
planting 0.5 0.2 0.8 0.04 0.01 0.3
stock
B. nitida
1.8 1.6 4.0 2.0 1.0 2.1 3.2 100
1.9 2.1 6,4 3.9 1.2 1.7 2.3 100
1.2 1.0 2.7 0.6 0.2 1.2 1.9 1§
planting 0.5 0.4 1.0 0.1 0.04 0.3
stock

Average depth of recent volcanic ash, as calculated from the five
trees for each age-class sample. -

Trunk diameter is at ground level.
€ Crown diameter is at widest point.

d Average measurements were calculated from field measurements sum-
marized in Appendix 1 and 2.



%
%
22 %—I
/ .
| 1R 1N

Ovsn dry Weight of stems

——

o
<

» NN

]

yr.

Root depth
2
l %—l % ‘
0 l %_I
3yr. 2yr. lyr.

E. globulus

36

(o]

(7]}
<

- M’

2yr.

Qvon dry weight of roots

1

3yr. 2yr. lyr.

Ropt area
3yr. 2yr. lyr.
 B. nitida

Fig. 9 Six response variables by age class comparing two onclu-



- 37 -

Table S. ALLOMETRIC RELATIONSHIPS AMONG SPECIES
CHARACTERISTICS BY AGE-CLASSES?2
UPPER REVENTADO WATERSHED
CARTAGO, COSTA RICA
1969

Eucalyptus globulus Ruddleia nitida

Age 1 2 3 Age 1 2 3
Root depth/root

radius 1.18 1.59 .36 .80 .55 .40
0. D. root weight/

0. D. stem weight .53 .uu .38 .32 .33 .52
Crown dia/Root dia. 42 40 .24 .47 .65 .32
0. D. root weight/

root area .08 .39 .21 .11 .61 .32

2 pifferences in allometric relationships between species for two
year old trees were tested using a modified ¢t test. (See Appendix
6 for list of £ values).

Root radii continued to increase at a fast rate in both species.
Whether or not the tap-root exhibited by the E. globulus grows
deeper, as lateral root systems begin to compete for the surface soil
water, is unknown. Ashton (4) found that in E. negnans, a closely re-

lated species, a change in the root system occurred in the sapling
stage at 8-10 years of age. He found that the tap root dies back and
that the sinker roots developed into a heart root system in a hemi-
sphee of 6-8 feet radius beneath the tree.

From the stand point of a particular species' effectiveness in
stabilizing a watershed, a larger root system grown in a comparable

period of time is preferred. However, this advantage would be lost
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with the passage of time as root systems from adjoining trees begin
to compete.

It would appear that the time period necessary for the final eva-
luation and selection of species for watershed stabilization work re-
quires a greater span than three years. Characteristics such as early
growth may be determined in the first year or two. But whether a spe-
cies is deeply rooted or not (which is an impo:tant characteristics for
watershed stabilization work), apparently cannot be judged in such a
short period of time.

During the early stages of species selection, when important dif-
ferences (fast growth and rooting depth) between selected species are
not identifiable, other differences such as the future utility of a
species should be given consideration. This has an important bearing
in species selection if the work is subject to cost/benefit review.

All other characteristics between species being considered equal, a
species having potential utilization in the local economy would yield
higher benefits than a species not having any use other than water-
shed stabilization.

Pursuing the economic consideration a little further as it pertains
directly to the two species being evaluated for selection, differences
between species become apparent when characteristics that are not so
readily seen when only their adaptability for watershed stabilization
are considered.

On the basis of the potential economic value of E. globulus,it is
the conclusion of this investigation that F. gfobulfus is probably the
more favorable species to select for reforestation work for future
public or private planting under similar ecological conditions as those

found in the study area.
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The disadvantages that readily come to light for R, nitdida are:

1. Has little or no economic value.

2, Lacks a central trunk and is not suitable for lumber.

3. Does not display any unique advantage for firewood or fence
posts. In fact, its poor form acts as a hindrance.

Advantages tnat seem obvious for E. globulus are:

1. Has considerable economic value and diverse forms of utiliza-
tion.

2., Has a central trunk and has other wood characteristics that
makes it acceptable for use as lumber.

3. Can be and is widely used for firewood and fence posts.

Although the present study was designed to determine the relative
values of two tree species for watershed stabilization work, this in-
vestigator found that planted grasses (particularly kikuyu grass) and
natural regeneration of forbs probably contributed significantly to
the initial erosion prevention processes and should not be overlooked.
It is probable that grasses should always be planted initially because
of their rapid growth and soil stabilization characteristics, and that
reforestation of yatersheds belongs to a second phase of soil stabili-

zation work by nature of the slower relative growth of trees.



- 40 -

SUMMARY

Two species used for reforestation work of Volcano Irazfi, Cartago,
Costa Rica, after its eruption from 1963 through 1965 were evaluated
in terms of:

1. Their capacity to satisfy the immediate goals of reforestation
for watershed stabilization work, and

2. Their future utility, in terms of potential use by the local
population.

Evaluation of the characteristics of the two species (Fucalyplus
globulus and Buddleia nitida) for satisfying the immediate goal of wa-
tershed stabilization was based on a rooting study. Root systems of
trees having grown one, two and three years were excavated.

Recognizable differences between rooting forms for the age-classes
of the two species studied did not present any distinct advantages for
either species.

Rooting depth for both species was essentially the same. Although
all of the E. globulus exhibited the formation of a tap root, as oppo-
sed to the non-centralized root system of B, niti{da, it did not develop
to any great depth.

Radial extension of lateral roots for E. globufus was nearly twice
that of B. nitida for the same period of time. This difference becomes
negligible within a very short period of time as root systems from ad-
joining trees begin to compete. If the rate of growth of lateral roots
was an important difference it could be compensated for by adjusting

the spacing arrangement.
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Evaluation of the potential utility of the two species for use by
the local population was based upon form characteristics, and a review
of the literature. Recognizable differences between their potential
uses are pronounced.

E. globufus has a central trunk, and other wood qualities which
qualify it as being acceptable for use as lumber. This species is also
widely used for firewood and fence posts.

On the other hand, B. nitida 1lacks a central stem making it un-
suitable for lumber and does not display any unique advantage for
firewood or fence posts.

It is the recommendation of this study that future reforestation
projects consider the species ability to meet the immediate as well as
long-term needs of the economy, before the final selection as to which
species would be planted. According to the findings of this study, it
is recommended that E. gfobulus be selectéed for reforestation projects
over B. nitida where ecological conditions similar to those of the

Reventado watershed prevail.
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RESUMEN

En este trabajo se evaluaron dos especies usadas para trabajos de
reforestacién en la zona del Volcén Irazf, Cartago, Costa Rica, des-
pués de las erupciones de 1963 a 1965, en términcs de:

1. Su capacidad para satisfacer las metas inmediatas de reforesta-

cibn con el fin de estabilizar cuencas hidrogr&ficas.

2. Su utilidad futura, en términos de uso potencial para la po-

blacidn local.

La evaluacibn de las caracteristicas de las dos especies (Fucalyp-
Lus globulus Labill. y Buddfeia nitida Perst.) para satisfacer las me-
tas inmediatas tendientes a estabilizar cuencas hidrogré&ficas, se basé
en un estudio de sus rafces. Para su evaluacifn se escavaron sistemas
de rafces de &rboles de uno, dos y tres afios de edad.

Las diferencias reconocidas en las rafces de las dos especies estu-
diadas de edades diferentes, no presentaron ninguna ventaja entre ellas.
La profundidad de las rafces de ambas especies fue esencialmente

la misma, aunque todos los F. gfobufus mostraron la formacidn de una
rafz principal, en vez de yn sistema de rafces no-centralizado como el
presentado por B. nitida. E1l primero no desarrolld gran profundidad.

La extensidén radial de rafces 1atera1és que presentd E. globulus
fue casi el doble que la de B. nitida, durante el mismo perfodo de
tiempo. Esta diferencia llegar% a ser minima dentro de un corto plazo,
cuando los sistemas de raices de 108 &rboles adyacentes comiencen a
competir., Si la tasa de crecimiento de las raices laterales presentata
una diferencia importante, podria compensarse por un ajuste en el es-

paciamiento de los &rboles plantados.
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La evaluacidn de la utilidad potencial de las dos especies, en
términos de su uso para la poblacibén local, se basé en las caracteris-
ticas de la forma y por medio de una revisidén de la literatura. Las
diferencias identificadas dentro de sus usos potenciales son marcados.

E. globulfus tiene un tronco central y otras propiedades estructura-
les, las cuales son rcquisitos para hacer su uso aceptable como madera.
Se utiliza extensivamente para lefia y postes para construir cercas.

Por otro lado, B. nitida no desarrolla un tronco central, y por eso
no presenta caracteristicas para su uso como madera. Tampoco presenta
ventajas para lefla y postes para cerca.

La recomendacifn de este estudio es que en los futuros proyectos
de reforestacidn no se consideren solamente las especies capaces de cum-
plir con las necesidades inmediatas, sino también las econbmicamente
beneficiosas de largo plazo, antes de llevar a cabo la seleccibén final
de la especie que va a plantarse. Por los resultados de este estudio
se recomienda que E. globulus sea seleccionada para proyectos de re-
forestacidn en vez de B. nitida, en aquellas zonas que presenten las

mismas condiciones ecolbégicas que las descritas en este trabajo.
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APPENDIX 1
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Appendix 1 (cont.)

Tree form measurements

Total height -

D.B.H. -

D.G.L. -

Cm. to first branch -
Crown diameter -

Total o.d. weight -

Rooting form measurement

Total o.d. weight



APPEMDIX 2

Percentage of rooting system found growing on the donwhill
slope, for Eucalyptus glLobulus and Ruddledla nitida.

E. globulus Age-Class % Slope? % Roots on the Downhill Slopeb
3-year-o0ld plants 5 62
2-year-old-plants 15 64
l1-year-old plants 4s 59

B. nitida
3-year-old plants 5 62
2-year-old plants 10 59
1-year-o0ld plants 10 59

8 Average slope from tree sites sampled.

b Average rooting radius from the downhill quadrants from the plan
view sketches.



APPENDIX No. 3

Summary sheet of field and laboratory measurements taken on the stems

and root systems for E. globulus.

Age Tree Height Crown? Trunkb 0.p.¢ 0.p.1 Rooting Rooting Root

Class # (m) Dia. Dia. stem root Radius area depth
(m) (cm) (kg) (kg) (m) (m2)

I 1 1.10 0.40 0.01 0.03 .015 0.42 0.61 0.80

2 1.35 0.60 0.015 O0.14 0.1u45 0.87 0.76 0.70

3 1.45 o.45 0.015 0.07 0.03 1.00 1.38 0.70

4 1.30 0.40 0.01 0.03 0.01 0.43 0.u45 0.85

5 1.70 1.10 0.015 0.24 0.09 0.92 0.57 0.50
Average 1.38 0.59 0.013 0.10 0.06 0.73 0.76

11 i 2.45 1.7 0.045 1.15 0.26 1.21 2.31 1.25

2 3.00 2.2 0.06 3.51 0.9%4 3.66 5.80 1.10

3 2.55 1.6 0.05 1.32 1.18 3.91 0.78 0.25

4 2.80 1.6 0.04 1.49 0.66 1.91 5.76 1.80

5 2.40 1.5 0.03 0.85 0.335 2.06 5.29 1.30
Average 2.64 1.72 0.045 1.66 0.677 2.55 3.99

II1 1 3.0 1.0 0.0S 1.096 0.535 3.25 6.73 1.30

2 5.3 1.8 0.08 3.61 1.06 3.65 8.18 0.85

3 8.6 3.0 0.12 15.70 3.91 5.35 10.40 1.65

Y 1.8 0.06 2.94 1.26 2.67 4.18 1.95

5 4.5 1.8 0.07 3.29 1.45 5.59 9.81 1.80

Average 5.1 1.88 0.076 5.325 1.6u43 4.10 7.86

Crown diameter is at widest point.

Trunk diameter is measured at ground level.
Oven dry stem weight.

Oven dry root weight.

a0



APPENDIX No.

u

Summary sheet of field and laboratory measurements taken on the stem
and root systems for B, nitida.

Height
(m)

1.2
1.2
1.1
1.0
1.4
1.18

1.80
2'30
2.10

1.70
1.70

1.92

1.30
1.70
2.10
2.30
1.40
1.76

Crown? TrunkP 0.p.c

dia.

(m)

1.2
1.0
0.8
1.1
1.1
1.04

2.00
2.50
1.70

2.30
2.30

2.13

1.20
1.80
1.90
2.00
1.10

1.60

dia.
(cm)

0.025
0.030

-0.030

0.045
0.040
0.027

0.07
0.07
0.06

0.06
0.06

0.064

0.04
0.05
0.05
0.06
0.04

0.05

stem
(kg)

0.55
0.u41
0.u8
0.76
0.76
0.59

2.66
6.56
2.50

5.05
2.50

3.85

0.80
2.41
2.78
3.07
0.69

1.95

Crown diameter is at widest point.
Trunk diameter is measured at ground level.

Age- Tree

Class #

I 1

2

3

y

5

Average

II 1

2

3

y

5

Average

I1I 1

2

3

y

5

Average
a
b
c
d

Oven dry stem weight.
Oven dry root weight.

0.D.4 Rooting Rooting Root

root
(kg)

0.16
0.16
0.17
0.235
0.20
0.185

1.16
1.81
0.57

1.63
0.93

1.22

0.6u4
1.40
0.86
1.54
0.30
0.95

radius

(m)

0.89
1.22
1.18
1.75
0.91
1.19

2.06
1.69
1-u44
1.85
1.39

1.69

1.58
3.04
2.31
1.92
1.u44
2.06

area
(m2)

1.96
1.57
1.89
2.72
0.94

1.96

3.64
2.14
2' 4y
1.50
1.57
2.26

1.31
2.87
4.25
5.03
2.68
3.25

depth
(m)

0.65
0.90
1.1
1.1
0.9

0.80
0.95
0.80

0.70
1.10

0.70
0.50
1.00
0.90
0.70



APPENDIX 5

In the table which follows the values in the first line represent
£ values of the 2-year-old B. nitida and E., globulus. Given four de-
grees of freedom, the second line of the table represents the corres-
ponding probability or level of confidence for each value. The pro-
cedure for calculating the £ value and corresponding probability fol-
lows the method for small populations established by Freund?2.

TABLES OF £ VALUES FOR COMPARISON OF CHARACTERISTICS

OF 2-YEAR-OLD Buddlfedia nitida
and Eucalyptus glogulus

: ! ! !
Height Crown | Trunk ' Stem | Root RootinglRooting Rooting
i dia dia oven | oven radius | area depth
| dry dry i
: !
¥ r

value ' 2.14% 1.86 |32.0 [1.88 |1.45 , 1.54 | 1.14 0.92

' i .
_

P < 20.20 0.40 0.001,0.40 10.60 0.40 , 0.80 1.00

: . s

For example the £ value and probability for the height measurements
were attained as follows:
Height Measurement

E. globufusd ' R. nitidab xC x 2

{

2,45 1.80 0.65 0.42
3.00 . 2.30 0.70 0.u9
2.55 g 2.10 0.45 0.20
2.80 . 1.90 1.10 1.21
2.40 L 1.70 0.70 0.49

Ix=3.60 Ix2=2.81
x = 0.72
a
Appendix 3 - Height measurements for 2-year-old plants of F. globulus.

Appendix 4 - Height measurcments for 2-year-old plants of B. nitdida.
x values are the differences among height measures of the 2 species.

Freund, J. E. Mathematical Statistics. Prentice-Hall, New Jersey,



APPENDIX 5 (cont.)

Using these table values and substituting in the following formulas:

£ =(% - u,) /n
)
where s = /Ix? - Ix.,
)
n -1
u,= 0

and degrees of freedon = n - 1

where n = sample size

t=(0.72 - 0) V5 T =1.61 = 2.14

v2.81 - (0.72)2 0.24
m

From a table of t values using four degrees of freedom the probabil-
ity of the height measurements exceeding the mean value is 0.20 or 20%,
i.e., there is a 1 in 5 probability that the £ value will be exceeded

by chance®. Therefore a significant difference was not established

for the height measurement.

¥ Maroney, M. J. Facts from figures. Baltimore, Penguin, 1956 492 p.

APPENDIX 6

Table of £ values for the allometric relationships among species
characteristics for 2-year-old Buddfeia nitida and Fucalyptus qLobulus.

Root )
o.D.
root
pa area
value 0.54
P < i 1.0
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