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ABSTRACT
h assessment of soil-site conditions in 27-to 36-year-old blue mahoe (Hibiscuselatus Sw.)

plantations was conducted on St. Vincent, West Indies. Soil, liner, and topographic data
was collected from eighteen sites in three different forest reserves. No single topographic
factor was related to blue mahoe mean annual diameter increment or mean annual height
increment based on multipie regression analyses, but basal area and volwne were associated
with the Mn content of the litter layer.

The average litter mass accumulations for

Hermitage, Montreal, and Vermont reserves were 8.1 Mg ha*', 8.6 Mg ha*', and
9.1 Mg hd', respectively. Clearly the miscellaneous fragments were the dominant titter

component followed by blue mahoe leaves, h e wood, and other species leaves. N, P, K,

Ca, Mg, and Ca concentrations in the titter were statisticalty similar (Kruskal-Wallis H Test,
Pc0.05)among the four litter components. The surface soil variabies that were si@cantly
different among the reserves included: pH, soil organic matter, electrical conductivity,
extractable P, K, Ca, Mg, Fe, MI, and CEC.
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CHAPTER ONE: INTRODUCTION
1.1

INTRODUCIlON A i i RATIONALE

Currently, world trends suggest there are strong j d c a t i o n s for sustainable forest
management to meet the escalating h

m needs for food, energy, and fiber. At the same

time, the demands for a cleaner environment, protection of biodiversity, and space for
recreation continue to rise. In the tropics, the alteration of the natural landscape by humans
may be considered detrimental, but it does provide an opportunity to study the
implementation of tropical forest plantations and the resiliency of forest ecosystems. The
establishment of forest plantations around the world has become a necessary measure for
securing a sustainable supply of wood to the increasing populations of the world. In 1996
there were approximately 31 d o n hectares of forest plantations in the tropics and this
number is expected to increase rapidly over the next decade (Palo and Lehto, 1996).

In Latin America and the Caribbean there has been a trend towards the development of
forest plantations for heiwood, thus decreasing the pressure on native tropical forests. This
is one way of managing marginal lands and more importantly convincing nual people to
plant and protect trees for their own economic benefit. SmalI scale tree farming, such as
agroforestry or community forestry has the potentid to increase family income while at the
same time encourage sustainable land use.
The need to manage tropical forest plantations is becoming increahg!y critical for the island
of St. Vicent, where one-third of its tree plantations have reached rotation age (25-35

years) (Francis, 1989). Of these plantations, approximately 70% are comprised of blue
mahoe (Hibiscus elatus Sw.). Known for its rapid go*

toleration of dense spacings, and

adaptability to a wide range of site conditions, this evergreen, angiosperm tree is a popuiar
plantation species throughout the West Indies. In the mid to late I960s, reforestation efforts
on St. Vincent were designed to reclaim crown Iands above 305 m elevations for the
purpose of soil and water commation. Although timber production was of secondary

importance, Prins (1986) suggested that by the year 2000 through proper management of
natural forests, agroforestry operations, and the establishment of forest plantations, these
resources could reduce annual wood imports by haIf. These expectations support the need
for sustainable development solutions and the implementation of high yielding plantation
systems.
This study is part of an ongoing effort to understand the interrelationships between soil
nutrient availability, litter nutrient accumulations, and growth performance of tropical tree
plantations (Lugo et al., 1990; Ceuvas and Lugo, 1998; Shams and Pande, 1989). A recent
study by Strand (1996) found that young stands of blue mahoe on St. Vincent were in poor
condition and suggested that secondary rainforests were more effective at controlling soil
erosion and protecting slopes from mass wasting. The occurrence of several mature blue
mahoe plantations in each of St. Vincent's Hermitage, Montreal, and Vermont forest
reserves, provided an opportunity to assess and compare various soil-site characteristics as
well as litter nutrient concentrations. The St. Vincent Forestry Division was also interested

in knowing whether there were differences in size or growth rates of blue mahoe between

these reserves.
The concept of sustainable production in short rotation, high yield plantation systems may
become an important concern to the St. Vincent Forestry Division when intensive
management begins and nutrients are removed in the harvested fiber. Questions about the
performance of blue mahoe and whether it is the best tree species for these soil-site
conditions is a concern. Recent studies have suggested that short rotation tropical tree
plamations coupled with intensive management may lead to high rates of nutrient removal in
the harvested fiber, raising concerns about long-term site quality and sustainable production
(Wag et at., 1991; Lugo et ai., 1990).

RESEARCB OBJECIlWS

1.2

The main objective of this research is to compare and contrast the growth performance and

soil-site conditions of selected blue mahoe plantations in the Hermitage, Montreal, and
Vermont forest reserves on St. Vincent. More specifically, regression equations will be

developed to predict mean annud diameter increment, mean annual height increment, basai
area, and volume @om several topographic, soil, and litter properties. In addition, any

variations in soil and/or Litter chemistry that may be related to blue mahoe q e wdl be
assessed. These three sets of variables wdl be discussed in detail :

Topographic factors (i.e., slope angle, slope position, and aspect) wdl be examined for
differences in tree growth;
Liner mass accumulations and nutrient concentrations of four liner compaments will be
used to assess the differences between blue mahoe plantations; and

Soil phpcal and chemical properties will be examined to determine fenility levels and
nutrient avaiIabifity ofthe mineral portion of the soil.
Together, these ecological parameters may iden*

major siivicultural issues, confticts, or

problems associated with the performance of blue mahoe plantations as well as provide a
reference for soil-site conditions prior to the implementation of intensive management
practices. This research will also form the basis for suitable forest and Iand management

recommendations.
1.3

PREVIOUS RESEARCH

Through the support of the Canadian laternational Development .Agency, seven pduate
students fiom the University of Calgary have conducted studies on Land use suitability, soil
erosion impacts, and plantation management on St. V-cent (Kennedy,1999; Hackman,
1998; Ciccaglione, 1998; Snand, 1996; Ewaschuck 1995; Orban, 1990; Visser, 1989). To

dare, there has not been a study on the growth assessment of mature bIue mahoe piantations

1
or a comparison of the Hermitage, Montreal, and Vermont forest reserves. The most recent
forest inventory of blue mahoe on St. Vicent was conducted by Birdsey et al. (1984). This
inventory provided an overview of the islands forest resources including some of the blue
mahoe plantations represented in this study.

The first soil survey on St. Vincent was conducted by Hardy (1934) which still remains an
important refwence. A more recent soil and land survey of the island was completed by

Watson et d.(1958) which included less emphasis on pedological details and more emphasis

on the total environment and issues of land use. These results inspired tkrther research by
SpineUi (1973), Macfarlane (1974), Ahmad (1981, 1984), Limbird (1987, 19921, Orban and
Matadial (1 989), Visser ( 1989), and Orban (1990). Most recently, Strand (1996) and
Hackman (1998) quantitatively evaluated the effectiveness of blue mahoe and mahogany
(Swietenia macrophyIIu) plantations in preventing soil erosion in comparison to secondary

rainforests.

CHAPTER TWO: LITERATURE REVIEW
2.1

FOREST PLANTATIONS

The establishment of tree plantations is not a new management system. The idea of tree

planting existed in the ancient Mediterranean world as earIy as 225 BC for timber and crop
production (Mather, 1993). Today, it remains a sound practice for preserving and
reclaiming degraded lands, dealing with watershed rehabilitation, timber production,
industrial development, and most recently, carbon sequestration.
Forest plantations are defined as, "stands of trees which are artificially generated, either by
afforestation of land which did not previously sustain a forest ecosystem, or by reforestation
of Iand which carried indigenous forest before and has been replaced by other vegetation"
(Food and Agricultural Organization, 1995). Throughout the world, Forest plantations can

vary substantially in size, species composition, and purpose. Often the objectives or reasons
for which a plantation is established determines the types of species that are pianted.
Plantation sizes may range from under a hectare in areas where trees are used to stabilize
slopes, to several thousands of hectares, when plantations are used industrially to produce
timber and pulpwood.
Often the purpose for establishing forest plantations cannot be met by the bcai indigenous
forests and instead, are supplemented by exotic species that meet the desired quantity or

quality of forest product. Exotic species are plants that grow in an area in which they do not
naturally occur (Zobel et al., 1987). As with any plant, growth is influenced by the genetic

capabitities of a species interacting with its environment. Environmental influences include
h t i c factors (i-e., air temperaturef precipitation, wind, and inso[ation); soil factors (i-e.,
soiI physical and chemical characteristics, moisturef and microorganisms); topographic

-

characteristics (i.e., slope, elevation, and aspect); and competition iduences of other trees,
vegetation, and animals. The sun of all these variables describe the site quality, aIthough
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competition is of less importance than the ocher factors since it is temporary and can be
changed by silvicdtural treatments (Husch et. d, 1972).
2.2

ENMRONlMENTAL INnUENCES ON GROWTH AND SELECTION OF
TREE PLANTATION SPECIES

Elevation, slope gradient, and aspect all interact to influence the physical environment and
therefore, the growth rate of plantations. On islands with considerable topographical relief:
the most striking landscape patterns are often associated with a change in elevation. As
elevation increases, the averase annuaI temperature decreases and precipitation increases as

a resuit of orographic uplift (Jordan, 1985).
Together, aspect and slope gradient influence the amount of solar radiation that is received
by the trees. As latitude decreases, aspect plays less of a role in the amount of solar

radiation received by vegetation and more of a influence on moisture availability and
exposure to passing s t o m . Lugo et al. (1989) recorded instantaneous measurements of
soiL moisture after the passage of hurricane Hugo and it was noted that windward sections of
the forest plantations had been exposed to greater raidill and damage by s t o m than the

leeward sections.

Climate has two components that are of overrid'ig importance when selecting a species to
plant - amount and distribution of mididl and temperature extremes. Few tropical tree

species can be successfirlly grown where there is less than 700 mm of W a l l per year

(Evans, 1992). In the tropics, the distribution of the raid3 during a year, especiaIly the
length and severity of a dry season, is very important in species selection. Certain species
show a preference for a specific pattern of rainfall. For example, teak (Tectomg r d ) will

7

survive in uniformly moist tropical climates, but it grows best where there is a dry season of
3 to 4 months (Evans, 1992).

There are few places in the tropics where temperature extremes limit vegetation growth
although the main inhence of temperature is evapotranspiration. On tropical islands,
prevailing winds are important as a driving force in brinsjng storms and frontal systems to
the land mass. The distribution and intensity of rainfall can vary substantially !?om the

leeward to the windward coasts of an island such as the case for

St.

Vincent (Limbird,

1987).

2.2.3

Soil Physical and Cbemicd Properties

There is great diversity in tropical soils. As Khanna and Ulnch (1989) point out during

species selection, the forester is primarily concerned with the properties and local variation
of soils w i t h a project area rather than with the historical development of soil profiles or
systems of classification. The main soil properties affecting tropical tree gowth are usually

depth, physicd structure, fertiIity, and acidity.
Rooting depth is of k
timportance. If there are depth limitations such as a hard iron pa.
which affects drainage, the species must be tolerant of anaerobic conditions (Strand, 1996;

Evans, 1992). SoiI structure also affects retention and movement of water in the profile,
aeration, cation exchange capacity, and penetrabiiity by roots. Typically, Loams are most
favorable for tree gowth but some of the best soh for trees are days found in Central
American countries which are well aggregated and have ~ o o intend
d
drainage @avidson et

aI., 1998).
In general, the success of plantations often is measured in tenns of their nutrient supply. AII

soil nm-entsimportant to tree growth have a unique behavior which is comoUed by its own
rate of cycling. Consequendy, of the 15 mineral elements (N, P,K, Ca, S, Mg,Na, Mn, Fe,
Zn, Cu, Mo, Co, Se, and Cl) known to be essential for regular -owth of plams, deficiencies
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of all except Mo, Co, Se, Na, and C1 have been reported in forest plantations (Binkley,
1986; Mengal and Kirkby, 1979). Comparisons between plantations at different sites has
revealed appreciable differences in nutrient avail&*.

It seems that generally soil nutrient

supply would have a greater influence on the concentration of nutrients in the tree tissues
than do the genetic factors (Bowen and Narnbiar, 1984; miller 1984). Some specific
variations in different components of the tree may be related to the morphology and
physiological function For example, the blue mahoe has a self-pruning mechanism that
focuses its nutrient transport to younger and higher branches where photosynthesis is
maximized.

In the tropics, it is often soil nutrient deficiencies rather than excesses that affixt tree
growth. Most commonly it is P, Zn, Bo, and sometimes N that are limiting. In volcanic
soiis. P is often limiting because of the presence of alIophane and its ability to fix P into
unavailable forms (Visser, 1989; Brady and Weil, 1996). Aluminum has been known to
occur in excess which can greatly restrict growth. In the past, nutrient deficiencies in the
soil have modified species choice but today they can be corrected easily through proper
management and fertilization.
Soil acidity is important because it affects availability of nutrients. Pines (Pinus spp.)
generally grow well on moderately acidic soiI (pH 3.5-6.0),while mahogany (Swierenra
macrophylla) is a particularly wfbl species for caIcareous soils in the more humid tropics
(Hackman, 1998).
Other site factors that may intluence the choice of species and success of plantation growth
are: resistance to insects and disease, competition with other v%etation, areas at risk of
hurricanes and tropical storms, special protection needs, and fire resistance. Many of these
fictors can be overcome by setecting genetically superior species that can successllly use
the environmental resources and convert them into more valuable products.

23

NUTRIENT CYCLING N TROPICAL TREE PLANTATIONS
2.3.1 Factors Coatrolling Nutrient Release

It is known that climate is the single most important influence on the distribution of
vegetation which distingishes the tropics from other parts of the wodd. Temperatures in
the tropics are consistent and seasons are denoted not by changes in temperatures but rather
variations in precipitation. High annual temperatures and Large amounts of raidall can mean
that the growing season for some plants is continuous provided no other factors are limiting.
A continuous growing season results in high rates of forest productivity and large quantities

of nutrients are being cycied through the system (Jordan, 1985). In return, an abundant
amount of biomass is produced for herbivores, and organic matter on the forest floor is
consumed and nutrients are released into the soil. The latter step of decomposition is critical
so that nutrients are constantly available and other microbiological processes such as
nitrification can occur year round.
2.3.2 Rates of Nutrient Cycling In Plantations

In order to ensure soil nutrients are being used efficiently and that fertilizers are having their
greatest effect, the forest manager requires an understanding of the role of nutrient cycIes in
forest productivity. Some trees (e.g., Leucmea leucocephala) have an ability to alter their
surroundings when soil nutrients are limited by increasing production of biomass and
maxhkhg usage and retention of essential numents (Sawyer, 1993). Nutrient ions taken
up by a tree may be transtocated into and out of a variety of tissues, they may become
immobiIized in accumulating m c t u r a i tissues or released through h e r , or absorbed by root
depth or crown leaching (WIer, 1984). As tissues senesce, as at leaf abscission or during
heartwood formation, d e n t ions are withdrawn back into the living tissues. This process

begins the formation of the soil organic layer so long as soil hum decompose the forest
floor litter.
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The rates of nutrient cycIiig in tropical forest ecosystems have been summarked by
Vitousek and Sanford (1986) and Grubb (1989).

According to their research, the

differences between forests on moderately fertile and infertde lowland soils is greatest for Ca
and least for N. However, some soil-site conditions do circulate large quantities of
nutrients. For example, xeromorphic forests on strongly leached lateritic soils in the Rio
Negro region of Venezuela contained comparatively less P than most lowland forests. On
the other hand, forests of similar character and structure, on podtolized sands had
sigdicantly smaller amounts of N in circulation.
The mechanical and chemical weathering of litter and soil organic material releases nutrients

as forms that are avaiIable to plants and microorganisms. Although the rate is related to
temperature and moisture levels, decomposition is much slower in tropical forests that are
nutrient poor (Edwards, 1977; Anderson et al., 1983). The general pattern of nutrient
release fiom decomposing leaves in temperate and bored forests involves the earIy
immobilization (net accumulation) of N and often P, followed by net nutrient release (Brady
and Weil, 1996; Viousek and Sanford, 1986). A similar pattern of immobilization is
observed (especially for P) in leaves fiom tropical i n f i e sites, but not those from fertile
sites (Anderson et al., 1983). Decomposers on i d d e sites accumulate P fiom an
extremely limited supply in the soil, so P immobilization probably places decomposers in
competition with plants.

23.3 Nutrient Concentrations in Litter
Foliage usually accounts for 75 to 95% of the litter on the forest floor followed by braaches,
bark, and reproductive organs (Peny, 1994). The amount of litter and the concentration of
nutrients in the liner can vary s u b ~ a l l in
y tropical forest plantations. Lugo et al- (1990)
found that Caribbean pine ( P i m cmibaea) had low nutrient concentrations in Iitter but high
mass, wide blue mahoe stands contained large amounts of nutrients in the h e r but less
mass. These differences in litter nutrient quality can affect the soil chemical composition.

Gosz (1984) provided some evidence that differences in soil or-Panic matter quality may be a

hction of root mass rather than litter mass.

I1
Furthermore, Went and Stark (1968)

supported the idea that trees on very poor soils obtain nutrients directly fiom the litter via
the mycorrhizal fiingi of their roots.

Sharma and Pande (1989) found that concentrations of Ca and N were greater than K, Mg,
and P in all fractions of litter for sal (Shorea robusfa), teak (Tectona grandis), and pine

(Pimsroxhrghio plantations. Typically, the accumulation of Ca increases with tree age as
they absorb Ca from the soil and it becomes immobilized in cell walls (Binkley, 1986; Perry,
1994; Mengel and Kirkby, 1979). Little is known of the rates of S and P release fiom the

organic matter; a high proportion of any P released is likely to be immobilized by inorganic
absorption sites or taken up by microorganisms before plants can reabsorb it. The patterns
of nutrient accumulation in titter can reflect the different development stages of the tree. For
any given development stage, rates of accumulation are proportional to growth rate, which

is usualIy a function of latitude and species (MilIer, 1984; S h m a and Pande, 1989; Cuevas
and Media, 1986).

2.3.4

Nutrients in Throughfali

The net througW is defined as "the amount of nutrients added to the precipitation as it
passes through the canopy" (Bush, 1997). The nutrients returned to the soil through crown
leaching and stem flow are generally <IOO/oof total nuuient pools (Vitousek and Sanford,
1986). In tropical forest ecosystems, throushfall is a relatively minor contriiutor in the N,

P, and Ca cycles but it is a major pathway for K and Mg. In data collected from montane
and Iowland rain forests, throu_&all accounted for haIf the K in circulation and more than
one-third of the Mg. Meanwhile, less than one-third accounted for N, P, and Ca (Vitousek
and Sanford, 1986). Similar results were found for a study on Sitka spruce (Picea
srtcknsis)where the atmosphere was identified as a major source of Ca and Mg and crown

leaching was contributing large amounts of K (Bowen and Nambiar, 1984). Crown leaching

is a signiticant process but its importance varies by element. In addition, the levels of
precipitation and seasonal variation makes these values difiicuit to measure.

2.3.5

Nutrient Behavior Within the Tree

Before Iraves fall to the forest floor or during formation of the cambium, nutrient ions are
translocated into younger tissues in order to rnaintain efficient use of resources.

A

comparison study done on tropical montane rain forests in Jamaica and New Guinea showed
that N content between Living leaves and leaves in 6eshly fallen litter decreased fiom 48 to
14%, respectively (Grubb, 1977). Theoretically, any

nutrients that are transferred by litter

are considered unnecessary or unavailable for the overall growth of a tree, provided that the
plant is taking up what is needed to meet demand. Most trees vary in the efficiency with
which they use nutrients dependmg on nutrients stored in the tree and the amount of soil
nutrients available.

Tree age will affect the amount of nutrient that is required and also the amount that will be
translocated to younger foliage. Miller (1984) points out that 60 to 8494 of the nutrients in

foliage may be withdrawn prior to leaf fall, which may satisfy 50 to 60% of the nutrient
demand of new growth.
Cuevas and Lugo (1998) found that environmental haon such as strong winds or heavy

rains can force non-senesced leaves to break and FalI to the forest floor contributing to
variations in N and P quantities in forest litter. This higher quality Iitter can provide a small
pulse of available nutrients to decomposers and piants.

2.3.6

Nutrient Use Efiiciency

The nutrient use efficiency of a stand can be determined based on the amount of orsanic
matter produced per unit of nutrient sakm up.

Boerner (1984) and Kost and Boerner

(1985) evaluated the nutrim use &ciency of several tree species by measuring the amount

of biomass produced durins a growth period and the nutrient content in these tissues at

dBkrem times of the year- A second method measured the total amount of dry mass
biomass produced per unit of n u t r i a Lost in Iitter. A review by M&

(1989) suggested
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that the method used by Boemer (1984) was simply a measurement of nutrient concentration
which may be unreliable because of the diculty of estabiishing when the leaves had
expanded filly and the exact time of I1I canopy devefopment. It is known that N and P

vary throughout the growing season and are reduced as tissues senesce and nutrients are
reabsorbed prior to leaf fill (Miller 1984). In order to determine the efficiency of nutrient

use within a stand, Vitousek (1982, 1984) calculated the amount of biomass lost as titter and
divided it by the nutrient content.
It was originally thought that nutrient cycling in tropical forests was characterized as
"efficientn and "confined" relative to temperate forests.

However, Vitousek (1984)

discovered that tropical forests cycled large amounts of N and Ca relatively inefficiently as
compared to temperate forests. Most tropical forests cycled P much more efficiently than
temperate forests which suggests that available P in tropical soils may be limited.
The premise behind efficient and inefficient with stand nutrient use is described by
Vitousek (1982, 1984) in two ways. Frstiy, efficient nutrient use occurs when stands
produce relatively large amounts of litter with low nutrient concentrations in titter, wood.
and root litter. A high C to nutrient ratio suggests that more C is released per unit of
nutrient in litter or because active translocation of nutrients has occurred from senescing
tissue. The tiner:nutrient concentration ratio increases as the amount of nutrient absorption
back to the tree increases, indicating that nutrient use efficiency tends to increase on
nutrient-poor sites. An etlicient within stand nutrient economy supports the possibiiity of
nutrient limitation due to environmental stress creating a bigher nutrient efficiency use ratio,
whiIe an inefficient stand suggests am-ent avaiiabilrty is adequate or better (Medina, 1989;
Vitousek, 1982, 1984; Wang et d., 1991; Cuevas and Lugo, 1998). Secondly, nutrient
cycling in tropical forest ecosystems could be efficient if most of the nutrients released from
litter were retained within the system with minimal losses Eom leaching and consumption of
herbivores.
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.4lthough it might seem obvious that greater nutrient use efficiency will be associated with
plants on the poorest sites, Grubb (1989) offers a persuasive argument that one might expect

a greater eficiency in plants on richer sites. Grubb argued that stem growth is increased
relative to leaf growth and stem tissues generally have lower concentrations of most
nutrients. The same usually holds true for roots. Typicaliy, nutrient concentrations are
lower for roots than in leaves. Lugo et al, (1990) and Tanner (I98 1) support this idea for
abovepound tree parts.
Litter is a major mechanism for transferring nutrients from aboveground vegetation to soiIs.
Vitousek and Sanford (1986) reviewed litter nutrient concentrations on different soil types in
the tropics. It was clear that forests on moderately fertile soils returned more Litter at higher
nutrient ratios, than did forests on other soils. Forests in the Oxisol and UItisoI group
returned smaller amounts of P and Ca as an indication of the significantly higher nutrient
ratios. Vitousek and Sanford (1986) evaluated the importance of nutrient retranslocation by
comparing nutrients in active leaves with nutrients in leaf litter. Although this data was
sparse, the results suggest that sites witii high dry mass to nutrient ratios also have high
ratios in the active leaves.
2.3.7 Influence of Understory Vegetation

Many exotic tree species are often believed to be allelopathic. In some manner they may
release chemical toxins into the soil so that understory vegetation and other trees do not
grow well. Although evidence is mody circumstantial, it is commonly believed that blue
mahoe suppresses the growth of understory species (McLeod, 1999; Strand, 1996). In fact,

many people betieve that indigenous species cannot be grown in pure plantations because of
allelopathic effects. Some species such as eucalyptus (Eucaf"m spp.) are renown for their
allelopathic effects because of oils in the leaves that poison the soil (Zobd et al., 1987).
Maclean and Wein (1977) found the understory plants in jack pine (Plmsbmkvana) stands
formed from 1 to 6% of the ecosystem biomass in 57-yemid stands to 88% in 16-year-old
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stands, respectively. Similar results were found by Lugo (1992) in tropicd tree plantations
where understories developed hi* species richness and had a higher proportion of the total
nutrient inventory than did the understory in paired secondary forests. Interestingly, this
author points out that understory species often accumulate certain elements and rnay have an
even greater impact on nutrient immobilization and cycling than their biomass indicates.
2.4

PREDICTING SOILSITE FOREST PRODUCTMTY

The association between soil-site factors and tree growth has been apparent for quite some
time. Studies have shown that the soil characteristics si@cantly

related to tree growth are

not the same everywhere. The advantage of relating topography and soil characteristics to
site productivity is that both are comparatively stable. The most common technique used for
soil-site investigation has consisted of a multiple regression analysis with hei&t or site index
as the dependent variable and numerous soil and other environmental factors as the
independent variables (Husch et al., 1972).

The use of soils information in the evaluation of site productivity has produced some
inconsistent results when techniques such as multiple regression analysis have been used. In
some cases, regression analysis has Wed to demonstrate significant relationships between
Iogicat soil properties (e.g., available soil water, N, and P). Three major concerns outlined
by GaIe et al. (1991) when using regression and multivariate analysis were ( I )

multicollinearity between soil variables, (2) a d

l sampling range of soil characteristics,

and (3) failure to incorporate soil property interactions into the model. To further assess

relationships between biomass estimates and site quality, current forestry research has
developed models that address the above statistical concerns (Huani 1996; LenthalI, 1986).
Multiple regression analysis is effective if major factors such as climate, topography and

soils are controlled and variables with multicollinearity are tested separately witbin the
model.
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Although few studies in tropical tree plantations have been conducted using multiple
regression analysis, it has been extensively applied in Canada and the United States. Mader
(1976) found that prediction of white pine (Pimsstrobus) in Massachusetts was extremely

poor for topographic variables but soil variables with stand ase accounted for 80 to 90% of
the variation in height. Similarly, JokeIa et al. (1988) found that topographic properties
made tittle or no contniution to a predictive model for Norway spruce (Picea abies) in New
York. Typically, soil physical factors contributed more explanation to overall growth than
soil chemistry in both of the above studies. Soil texture and percentage of coarse fragments
in the A and B horizons appeared to enhance productivity through better aeration and
internal drainage (Bates et al., 1992; Harding et al., 1985; Pregitzer et al., 1983).

CHAPTER TBREE:STUDY AREA

St. Vincent is part of the windward islands located at 13" 15' N latitude and 61" 12' W
longitude in the Caribbean Sea St. Vincent is found between the islands of St. Lucia to the
north and Grenada to the south (Figure 3.1). It is approximately 29 km Iong and 18 km
wide at its maximum extensions and has a total area of 345 km'. The State of St. Vicent
and the Grenadines includes a chain of islands, cays, rocks, and submerged reefs extending
60 lan south to Petite St. Vincent. The largest and most proximate island to St. Vincent is

Bequia followed by Mustique, Canouan, Mayreau, and Union. Palm and Petite St. Vmcent,
the most southeriy islands, are privately owned under St. Vicent jurisdiction. hiany of the
islets and rocks are uninhabited, including the renowned Tobago Cays.

3.2

PHYSIOGRAPHY AND GEOLOGY

St. Vincent is a volcanic island which emerged fiom a narrow submarine ridge in the late
Miocene epoch (Wadge, 1994). Volcanic activity has continued until recent, producing a
series of extinct volcanoes that run south to north dividing the windward and Ieeward sides

of the island. St. Vincent is well known for its active stratovolcano, Soufriere, that
dominates the northern part of the island and rises up 1,220 m. The most recent eruption of
SodXere was in 1979 which destroyed both the crater lake and the volcanic dome.
Soufiiere is separated fiom the rest of the mountains by a deep trough to the south that has
been incised by the Walibou and Rabacca Rivers. The south-central mountains extend for
about I5 km. Highest elevations dong the ridge are on Richmond Peak at 1,075 m in the
north and Grand Bohnomme at 960 m in the southern part of the island.
A relativeIy short geologic history which involved the submergence and intermittent uplift of

St. Vicent, has created a diversity of landscapes. Marine submergence is most evident on
the southeast portion of the island where a series of terraces bave been eroded, producing a

Figure 3.1. Map of St. Vincent and the Grenadines
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stepped landscape. Towards the south, the land becomes progessively older, with deeper
and wider valleys and lower ridges. The central mountains have been carved and eroded
into lateral ridges that dominate the island. Over 50% of the land has a slope gradient >30°
and only 204h has slopes <20° (Caribbean Conservation Association, 1991). On the leeward
coast, steep parallel ridges create deep narrow gorges which make it d i c u I t to traverse by

road. In contrast, the windward coast has wider, flatter valleys that form fairly extensive
coastal plains near Biabou, North Union, and Georgetown.

St. Vincent is composed almost entirely of pyroclastic material ran@ng in age from the
Pleistocene to present times (Bouyesse et d., 1990). The center of the island is composed

primarily of basaltic andesites and basaits which have solidified to become "tuffs",or have
remained unconsolidated cinders or ashes (timbud,

1992; Ahrnad, 1984).

The

unconsolidated pyroclastic debris, underlying agglomerates and lava flows provide little
resistance to downcutting by rivers (Figure 3.2). The streams and rivers on St. Vincent
generally are described as short, straight, deep, and narrow with the occasional meander at
lower elevations. The landscape is strongly iduenced by the slope gadient of the major
streams which originate in the centrai mountains and fall 610 to 1,220 m to sea level, often
over distances of <I0 krn (Limbid, 1992). Major rivers include the Colonarie and Yarnbou
on the windward side and the Cumberland, WaUabou, and Richmond on the leeward side.
Most of the streams on St. Vincent have coarse beds that produce overland flow onIy during

periods of intense rainf' (Hackman, 1998)

3.3).

The age and form of geologic materials found on St. Vincent are important to understanding
the stream flow for each of the watersheds. Fyroclasdc materiaIs that are Pleistocene to
Recent age are porous which ailow for continuous stream Bow in the Buccament and

Colonarie watersheds. Parent materials that are derived fiom the older Richmond Peak /
Mount Brisbane volcanoes dunng the late Pliocene to early Pleistocene are weathered and
have reduced porosity, therefore, the movement of groundwater is reduced (Limbird, 1992;
Cmmhgs and Lawrence, 1988).

St. vim
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Figure 3.2 Surficid Geology of St. Vincent (modified hrn Canibean Conservation
Association, 1991 and Strand, 1996).

Bl'ISW

sr 1cuW

t
F
Figure 3.3 Major Rivers of St Vincent (modified fiom Caribbean Conservation
Association, 1991 and Sm4 1996).

CLIMATE AND VEGETATION

3.3

The regional climate of St. Vincent is classified as humid tropical (Af) to sub-tropical (Ma),
according to the Koppen ~Iassificationsystem (Christopherson, 1995). The mean m u a l
temperature on St. Vincent is 267°C (Watson et d., 1958; Caribbean Conservation
.hciation, 1991). Typical of s m d tropical isiands, the climate is warm and moist with
stight seasonal or diurnal variation.

The rainfall distribution is influenced mainly by the

subtropical anticyclone belt and the migating inter-tropical convergence zone. January to
May is typically referred to as the dry season when the subtropical high pressure cell

becomes apparent in the region. The wet season extends From June to December when the
inter-tropical convergence zone is at its most northerly position over the Caribbean Sea.
Over 70% of the annual rainfall on St. Vincent is received during this period (Watson et al.,
1958).

The variability in topography introduces a diversity of microclimates throughout the island.
The numerous ridges and mountains on St. Vincent act as topographic barriers to migrating
warm, moisture laden air.

The air is forced upwards to cool at approximately

I .O0C 100 m*' where it condenses and contributes to an average annuaI rainfalI of 3,1 SO mm
in the central part of the island. Rainfall is greatest in the upper elevations and decreases

near the coastline to approximately 1,500 mm yr" (Watson et al., 1958). The driest regions
are located on the southeast coast which is marked by four to six months of dry weather

(Figure 3.4).

Tropical storms and hurticanes are prevalent in the eastern Caribbean Sea Eom June through
October. During this time7easterly atmospheric waves often coIlide with the noRheast trade
winds which carry large amounts of precipitation ( k e n s , 1994). Occasionally, these
easterly waves develop into a hurricane but tropical d i d a n c e s are more common on
St.

Vincent.
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Figure 3.4 Precipitation Zones of S t Vincent (modified fiom Caribbean Conservation
Association, 199 1 and Strand, 1996).
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The influence of elevation on temperature and levels of precipitation also correlate with

natural vegetation patterns on St. Vincent (Figure 3.5). The vegetation has been described

in detail by Beard (1949)and theoretically proposed by Watson et aI. (1958). Beard's
system defined the species on St. Vincent by the climax natural vegetation types on the basis
of physiognomy, structure, and lifeform. Furthermore, the vegetation was arranged dong

several environmental gradients and categorized according to floristic composition (Beard,
1949). Five broad classes of vegetation were proposed for St. Vincent. The dominant

species are listed for each vegetation type (TabIe 3.1).
Table 3.1. Dominant plant species in St. Vincent vegetation types.

Grommier (Dacryodes excelsa)
Sweetwood (Lauraceae spp.)
Wild Cocoa (Meliosma herberiri)
Wiid Star Apple (Micmpholischrysophy)hidess)

Loblolly (Pisonia fragrans)

ironwood (Sloanea truncata)

Gru Gru (Acrocomia sp.)

Mountain Gunstock (FreUera hirsuta)

Cadus Scrub

Didymopanaz attenuatum

Burnline (Sapium canBaeum)

Mountain Gunstock (Fren'era hrisuta)

Spanish Ash (Inga ingoides)

Caloisianltrus Hgidus

Trumpet Bush (Cecropia peltata)

Anthwium sp.

Candlewoad (Micmnia guianensis)

Carludavica sp.

Primary or natural vegetation only remains on the interior of the central mountains and on
the leeward coast between 305 and 610 rn elevations. At approximately 490 m elevation,
the rainforest grades into a sub-clima.. vegetation known as Palm Brake which is often

St. Vincent, West Indies
Leaerrd
dry scrub^

Rain rwest
Palm brake
Ofinwoadlands
Secondaryforast

E

iNarrb$nd

Figure 3.5 Vegetation of St Vmcent (modified h m Caribbean Conservation Association,
I99 1 and Strand, 1996).
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associated with areas of disturbance. Associated with Palm Brake vegetation are Elfin
Woodlands which are found near summits where strong winds and cooler temperatures
predominate. Presently, only 13% of the total forested lands are primary, moist rainforest
(Strand, 1996). Secondary Rainforests, Dry Scrub WoodIands, and forest plantations
comprise 67% of the forested lands (Hackman, 1998). Dry Scrub Woodland is mainly found
on the leeward coast along the rocky slopes with isolated stands occurring in the southern
part of the island (Beard, 1949). The limited growth of these Dry Scrub Woodlands is due
to the poor development and the low water holding capacity of the soil which limits plant
colonization in these areas.
Very little remains of the dry evergreen Littoral Woodland ecosystem on St. Vincent and the
Grenadines. These ecosystems are primarily comprised of seagrape (Coccoloba uvfera),
button mangrove f Conocarpus erectus), and manchineel (Hippomane mancmnella). Littoral
Woodlands once occupied small isolated strips along the costlines (Beard, 1949).

3.4

SOILS

The soils on St. Vincent are classified as Andosols according to the Food and .4gricultural
Organization (Enis and Mellor 1995) and .4ndisols in the United States Soil Taxonomy
(United States Department of Agriculture, 1996). Globally, they comprise of <2% of the
earth's total soil area. However, to the people of St. Vincent they are important productive
soils that support intensive agriculture. .4ndisols are formed on volcanic ash and cinders,
and c o m o d y are found near the volcano source or downwind, where ash has been
deposited during recent eruptions. The Sodiiere volcano last erupted in 1979, blanketing
some areas of the island with ash that will weather and release important minerals. Older
volcanic soils that take on a rich weathered red hue are otten heavily leached and depleted of
nutrients. This process involves the transformation of volcanic ash into iron hydroxide and
fernhydrite to produce amorphous or poorly crystallized silicate minerals such as allophane
and imogolite (Brady and Wed, 1996). Overall, these soils have a high water holding
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capacity and high natural fertility. But the availabiii of P is severely limited by the

extremely high retention capacity of the andic materials (Limbird, 1992; Visser, 1989).
The soil forming factors identified on St. Vincent were originally studied by Hardy (1934)
and later by Watson et aI. (1958). The concentric zones of precipitation and vegetation on
St. Vincent strongly influence the development of soils.

Also, the elevation and

submergence of the island influenced by tectonic shifking has added to the zonation of soils.
Watson et al. (1958) suggested the increase in rainfall due to increased altitude was the most
important soil forming factor throughout the island. In response to these factors, four main
soil groups have been characterized: Yellow Earth, Recent Volcanic Ash, Shoal, and
Nuvial soils (Figure 3.6). In addition, there are aeolian deposits mixing with Yellow Earth
beach deposits along the coastlines.

3.4.1

Yellow Earth Soils

The Yellow Earths are subdivided into High and t o w Level Yellow Earths. The High Level
Yellow Earths are classified as Andepts Wnited States Department of Agriculture. 1996)
and occur above 200 in. The High Level Yellow Earths are the oldest soils on St. Vincent
but are periodically rejuvenated by ash falls tiom Souftiere volcano. The addition of the
fertile ash does not allow the soil to become depleted in cations. However, the availability
of nutrients can vary across the island. Potassium can vary from deficient to excessive,
according to Ahmad (1984). Their pH is generally >5.0. The available P is always low
because of the Andisols ability to convert added P to unavailable forms which limits the
uptake of nutrients by vegetation (Ellis and MeIlor, 1995). The organic matter content is
usuaIly high and very stable so that there is unlimited cycling of plant nutrients such as N and
S (Ahmad, 1984). The figh Levd Yellow Earths have a stable soil structure and are not
naturally erosive. These physical characteristics allow for a high soil permeability rate and
high water retention capacity.
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Figure 3.6 Soils of St. Vincent (modiiied from Caribbean Conservation Association, 1991
and Strand, 1996).
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The Low Level Yellow Earths are Alfisols (United States Department of Agriculture, 1996)

rich in kaotinite and halloysite. They are typically less leached than the High Yellow Earths
because of less &all.

They generally have pH values between 5.5 ami 6.5. The K

availability for Low Level Yellow Earths is variable dependins on the parent materials
(Ahmad, 1984). Low Level Yellow Earths have less tavorabte physical properties than the

High Level YeIlow Earths but they are still hi-hly desirable agricultural soils on St. Vimcent.
3.42 Recent Volcanic Ash Soils

The Recent Volcanic Ash soils are relatively young in comparison to other soils on the

island. Mostly surrounding the cone of the Soufkiere volcano, these soils have been derived
in part fiom the 1902 eruption and have not developed a characteristic profile. These soils
are grayish m color and coarse in texture (Limbid. 1992). The coarser materials occur on
gently sloping sites, while finer materials are found on steeper slopes where cultivation is
unsuitable due to the higher potential for erosion.

3.4.3 Shoal Soils

The Shoal soils are strongly influenced by the wet and dry climatic cycle. The dark colored
surface horizon of these fine texture soils have expanding and contracting qualities that
impede drainage. The parent material origdly was deveioped over o[d extinct volcanoes
and ash which have become cemented together. These soils are primarily found in the

southwestern parts of St. Vincent and are generally described as cult to cultivate
because of cracking in the dry season and expansion during the wet season (Caribbean
Conservation Association, 1991).
3.4.4 Alluvial Soils

AUwiaI soils develop fiom parent materials that were transported by streams and rivers fiom
higher elevations in the upper watersheds. The transported debris often proves to be very
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productive on St. Vincent and occurs on approximately 800 ha of land (Watson et al.,

1958). The soils are coarse-textured and may contain large cobbles and boulders that

restrict cultivation. These mature soils occupy lower valleys mainly on the southwest part of
St. Vincent. They occur in the most intensely cultivated portion of St. Vincent.
3.5

ECONOMY AND LAND USE

The forested lands on St. Vincent play an important role in the social needs of Vincentians
and less so for the economy of St. Vincent. Timber is by far the most desirable produa that

can be harvested from the forests. Trees such as gommier (Dacryodes excclscr), mahogany
(Swieteniu mctcrophylla), and white cedar (Tabebuiapuiiida) are commonly used to make

furniture, boats, and buildings. Forests provide firewood or charcoal for an estimated 40%
of the households on St. Vincent (Canibean Conservation Association, 1991).

The relatively fertile soils make this island particularly favorable to a variety of crops. By
far, agriculture remains the most influential and productive sector of the national economy.
With over two-thirds of the iabour force employed in this sector, most arable lands up to
305 rn elevations are occupied by bananas, sugar cane, sweet potatoes, tannia, eddoes,

dashen, plantains, and arrowroot. For 30 years, bananas have been the foundation of the
economy, accounting for approximately 40% of all export earnings (Caribbean Conservation
.bsociation, 1991). This percentage has declined since the preferential trade agreement
between St. Vmcent, Geest h d u ~ e (the
s exclusive supplier), and United Kingdom came to

an end in 1992. St. Vincent and other West Indies countries (e.g., St. Lucia and Dominica)
now compete with Central American countries on the world banana market.
Tourism has always been an important and dominant industry in the Grenadines but in St.

Vincent the growth has been slow. Of recent, with governmental mega-projects like the
constmction of the cruise ship dock and leeward highway it is expected to become a
desirable sector in the economy. St. V i c w t is also hoping to capture some of the millions
of dollars spent on eco-tourism in the e o n by developing special protected areas like the
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Vermont Nature trails where the ody remaining wild St. =ncent parrots can be seen.
Development of a nature based tourism industry will be important for the local economy
which finds it diflicult to compete with other Caribbean islands that boast large inclusive
resorts and white sand beaches.

3.6

ST. VINCENT FOREST RESERVES
3.6.1 Hermitage Forest Reserve

The Hermitage forest reserve is located dong the upper confines of the Cumberland
watershed on the central leeward side of the island. It is between 330 and 400 m of
elevation and covers 20.6 ha. Precipitation is high due to orographic effects and is relatively
constant year round, with an annual average of 3,100 mm. The Cumberland River supplies
water to north windward communities and to the VDKEC hydroelectric plant.
Soils in this area are Montreal Loam and Clay Loam and can be distinguished by its deep
protile development over "tiff' and "tuff' layers of contrasting texture, consistence, and its
relatively low to moderate soil fertility. The parent material consists of mixed volcanic rock
overlaid by a layer of volcanic ashes (Figure 3.7).
Tree plantations consist of blue mahoe, mahogany, Canibean pine (Pirriis caribrrrcr) and
"miracle tree" (Lrucaena feucocrpMa). Of which 83% of the plantings are blue rnahoe.
Most plantations were thinned in 1975 to 691 trees ha-' with suppressed trees removed in
1985. Historical records indicated the land was used to produce root crops up until 1964

and was then reclaimed.
3.6.2 Montreal Forest Reserve
Unlike the Hermitage forest reserve, the Momeai reserve is located on the windward side of
the island and is approximately 10.1 ha in area Montreal tree plantations are located dong
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the upper confines of the Yambou watershed. The Montreal reserve has predominantly

concave slopes that take on the shape of, what some locals believe, was the crater of a .
extinct volcano. Slightly higher in elevation than the Hermitage, these plantations are
located between 450 and 480 rn. Precipitation amounts are approximately 3,000 mm

This catchment area supplies water to the Mesopotamia valley and to the area fiorn Peruvian
Vale to Via. Soils in this area are Montreal Loam and Clay Loam which have deep profile
development over "tiff and "tufl". This region contains some of the most arabIe lands on
the island; however, poor management of soils, excessive agrochemical use, and livestock
pasturing near streams threaten the sustainability of the soil and water resources.
Montreal forest plantations were established berween 1966 and 1967. Three species make
up these tree plantations: blue mahoe accounts for 62% of the acreage, Caribbean pine 37%,
and mahogany 1%. Lands in this area were previously used as "kitchen gardens" prior to

being reclaimed (Johnson, 1999)
3.6.3 Vermoat Forest Rescrvc

The Vermont forest reserve is part of the Buccument watershed and is located between 250
and 425 m elevations on the southwestern portion of the island.

This reserve is

approximately 18.6 ha in size. These plantations and other forested lands were set aside in
1987 to establish a nature trail to help educate locd people about the forests and for the
protection of the endemic St. Vincent parrot.
The precipitation ranges fiom 2,850 to 3,000 mm yr*'. The Vermont reserve receives Iess
mhfkil than the Montreal and Hermitage reserves during the dry season when moisture is

because of a slight "rain shadow" effect on the Ieeward coast of the island. The Dalaway
River is the primary stream in the region and provides 45% of the national water supplied to
populations in Campden Park, Lowmans, Vermont,and Via
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Soils in this area are classified as Greggs Loam and Clay Loam series (Watson et al., 1954)

and its profile is characterized by a dark brown colour, a coarse texture, and a parent
materid derived from agglomerate and lava.

The Vermont forest reserve was private land purchased in 1971 by the St. Vincent
government to establish water catchment facilities. The cleared lands were reclaimed using
blue mahoe, Caribbean pine, galba (CalophylIumantilkmum),eucalyptus, and mahogany to
prevent soil erosion and siltation of the Dalaway River. Blue mahoe is the dominant
plantation species in the reserve accounting for 69% of the total acreage. Most plantations
were established between 1971 and 1973 with a small stand ofblue mahoe planted in 1989.

CHAPTER FOUR: METHODS
4.1

FIELD PREPARATION

An extensive Literature search and review was conducted at the University of Calgary over a
four month period prior to arriving in St. Vincent. Blue mahoe plantations in each reserve
were selected in consultation with the Director of Forestry, Deputy Chief of Forestry, and
other senior forestry officers on July 19, 1999. At this time, historical management records
were provided for most of these plantations.

The study sites were selected with the aid of topographic maps (1:25,000) delineating
elevation, plantation locations, and terrain units. Larger scale soil maps (1: 10,000) provided
information on slope gradients, erodible surfaces, parent materials, and soil units (Watson et

al., 1958). In order to compare the soSsite conditions of blue mahoe plantations, it was
important to select sites of similar age, climate, soil type, stand density, and management
practices. A reconnaissance of the forest reserves was completed prior to site selection to
ensure the accuracy of historical data and plantation maps. In addition, hand sketched maps
completed by St. Vincent Forestry officers were useful for detailing access to forest
plantations
Six 10 m by 10 m, randomly iocated plots were established in each of the reserves for a total

of 18 plots. Slope gradient, slope position, and slope aspect were controlled during the
selection process. Two plots were established in each reserve to represent lower, middle,
and upper dope positions as well as simiIar slope @ems.

The general objective was to select areas where planrings were neither too poorty stocked
nor too highiy stocked, also to select areas where mortality, disturbance. and edge effects
were minimal. In each sampling plot the diameter of atI blue mahoe trees >I2 cm at breast
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height (dbh = 1.3 m above ground) was measured to the nearest 0.5 cm. Tree heights were
measured with a relascope to the nearest 0.5 m. Vegetation cover estimates were completed
for ground cover (0-0.5 m), shrub layer (0.5-1.5 m), understory layer (1.5-3.0 rn), and
overstory canopy (>3.0 m). Tree spacings were measured in each plot to the nearest 0.05
m

AU dominant vegetation species in the plots were identified and recorded.

Four pairs of soil samples were randomly collected fiom each plot at depths of 0-1 5 cm (4
pits) and 15-30 cm (4 pits). These samples were used for chemical and textural analysis. In
addition, bulk density samples were collected at both depths. Two soil pits were used in
each reserve for soil protile description and classification
Litter was collected by placing a 30-by-30 cm frame at two random locations on the forest
floor within each field sampling plot. A1 Litter samples were oven dried at 65°C to a
constant weight. Samples were then separated into four litter hctions: blue mahoe leaves,
leaves of other species, h e wood, and miscellaneous fragments. Few flowers and f i t s
were Found on the forest floor and therefore were not separated into a titter compartment.
M e r separation, samples were weighed and ground through a 0.85 mrn (20 mesh) stainless
steel sieve. The ground material was used for chemical analysis. The field sampling was
conducted between July 19, 1999 and August 16, 1999.

4.3

LABORATORY ANALYSIS

Mineral soil and litter samples were kept moist and refrigerated at 2°C in St. Vincent.
Immediately upon amval at the laboratory in Calgary a portion of each sample was frozen,
while the rest of the sample was air-dried at 20 to 2S°C at a relative humidity of 20 to 60%.

AIthough most determinations were made on air-dried samples, it was more desirable to

measure pH, nitrate (Na-N), and ammonium (?JHd') on field moist samples (McKeague,
1978). All the soil samples were ground with a mortar and pestle and passed throu& a

2 mm sieve, except those samples used for bulk density determinations. Soil samples used
for b u k density determination were dried to a constam mass at IOS'C.

4.3.1 Soil Texture Analysis

The percentage of coarse hgments was determined by passing the mineral sod samples
through a 2 mm sieve and weighing the fragments in the sieve. Soil samples needed to be
passed through a 1-mm sieve for particle size determinations by a Particle Size Analyzer

(Mastersizer, 1999). Each samp[e was rifned and 0.6 g of soil was combined with 2 mL of
30% H z 0 2 and left overnight to digest the organic matter. The next day, 5 mL of Calgon

(50 g L-') solution and 5 mL of distilled water were added to each sample. Each sample was

dispersed in the Particle Size Analyzer to the correct concentration and then transferred to
the optical unit. The detector array within the optical unit collected and measured the light
scattering from the soil particles. The results were presented as volume-based values
expressed in microns. Percent sand (>0.2 mm), silt (0.002-0.02mm), and ciay (<0.002mm)
were calculated and cIass3ed into textural categories in accordance with the Canadian

textural triangle (Survey Committee on the Canadian System of Soil Classification, 1987).
4.3.2

S o l Organic Matter

Organic carbon was determined by using a modified version of the WalWey-Black wet
digestion procedure. In this procedure, 10 mL of K2CRz0, and 20 mL of concentrated

HzSOj (>96%) were added to 1 g of soiI. The soiution was mixed with 70 nzL of distilled
water and was fiItered through a Whatman #2 filter paper. The solution was then

transferred into a cuvette and piaced in a Perkin-Eher Lambda 3 WMS
Spectrophotomaer. The transmission readings were calibrated at 6 10 nm, measured and
converted to percentage organic matter (McKeague 1978). Roughly, 75% of the organic

matter present was oxidized, thus the r d t s are ody approximations (Page, 1982).
43.3

Soil pH and Electrical Conductivity

Soil pH and electrical conductivity values were determined using distilled water as the
suspension Liquid. A 1:2 soil-to-liquid mixme of dry weight equivalent of field moist soil
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and distilled water were stirred thoroughly for one hour. The soil pH was determined on
field moist soils since it has been shown that air-dried soils can cause changes in pH through
oxidation of sulfides (Kalra and Maynard, 1991). The solution was measured using a Fisher
Scientific pH meter. Since the pH values were determined immediately upon amval to the
laboratory, minimal alteration in the soil chemistry should have occurred relative to field
conditions. The same solution was used to determine electrical conductivity except the
sample was placed in the centrifige for ten minutes, or until the sediment had settled to the
bottom. Using a Fisher Scientific Accument, readings for soluble salts were obtained in
units of micro-Siemens (pS).
4.3.4

Soil Cation Exchange Capacity and Exchangeable Cations

Chemical extractions for exchangeable Ca, Na, K, Mg, Fe, Mn, and XI were made by the

BaCh method (Hendershott and Duquette, 1986). The extracted solution was based on 1 g
of air-dried soil mixed with 30 mL of 0.lM BaC12. The extracted solution was mixed for

two hours and then filtered through a Whatman #2. ater paper. A 1: 10 extract-to-distilled
warer solution was required for Ca, Mg, Na, and K cations. Dilution was not necessary for

Fe, AI, and MI. A Unicam 939 Atomic Absorption Spectrophotometer was used to analyze
the soil extracts. The Atomic Absorption readings were in parts per million but were later
convened to milliequivalents per 100 grams. Cation exchange capacity (meq. 100 3-I) was
obtained by summing the concentrations of Ca, Mg, Na, K, Al, Fe. and bln.
13.5 Soil Eatractable Phosphorus

Extractable phosphorus (POrP) was determined using Bray and K u t z No. I method (also
know as Bray 1) (Bray and Kurtz, 1945). Available P was extracted from 5 g of dry weight
equivalent of field moist soil using 25 mL of acid ammonium fluoride

0which

dissolves aluminum and iron phosphates by formation of complexes with these metal ions

(Kaln. and Maynard, 1991). Four grams of black carbon were added to reduce the
interference of organic matter by absorbing it on activated charcoai. Mer the soIution was
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mixed for two minutes, it was filtered through Whatman ff2 filter paper and mixed with a

color developing reagent. The solution was transferred into a photometer cuvette and the
transmittance was recorded fiom the Perkin-Elmer Lambda 3 W M S Spectrophotometer
calibrated at 400 MI (Bray and Kurtz, 1945). The P concentrations (mg

L")

were

interpolated from a curve derived from six standards: 0, 0.04, 0.10, 0.20, 0.30 and
0.40 mg L',respectively & a h and Maynard, 1991).

4.3.6 Soil Estractable Nitrogen

Extraction of ammonium 0
and nitrate (NO3-N) was based on 2 M KC1. The extract
was prepared with 2 3 of field moist dry weight equivalent soil mixed with 20 mL of KC1 for

30 minutes. The extract was filtered through Whatman S 2 filter paper and diluted (I: 10;
extract-to-distilled water) prior to being anaIyzed with a Technicon Autoanalyzer. The
Technicon Autoanalyzer used the Cadmium Reduction Method and Technicon Industrial
Method No. 100-70WB procedure for sample analysis.

4.3.7

Soil Mophane

Allophane is an aluminum silicate mined which has a high surface area that creates an
abundance of anion and cation exchange sites. The presence of allophane was determined
by using a spot test with toluidiie blue (Wada and Kakuto, t985). For this method, 10 to

15 g of air-dried soil was placed on a white spot plate and 4 mL of 0.02% toluidine blue was
added. The mixture was stirred and observed for a characteristic color change from blue to
purplish red. Because the toluidine blue is absorbed &om aqueous solution on negatively
charged colloids it remains blue when dophane is present (Wada and Kakuto, 1985).
43.8 Total Catioos in Litter

Ground litter samples were analyzed for Ca, Na, K, Mg, Fe, 1Mn,and A1 with a Unicam 939
Atomic Absorption Spectrophotometer using the dry ashing (ignition) method recommended
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by Kalra and Maynard (1991). In this method, 0.50 g of ground titter in a crucible was
incinerated for 16 hours at 470°C. The residual ash was moistened with 8 to 10 drops of

distilled water followed by 3 rnL of 5 M HC1 so that mineral elements were brought into
solution. The cnrc~ibleswere placed on a hot plate at low temperature (80°C) and 0.025 mL
of concentrated HN03 added. The solution was evaporated to dryness. Again, 3 mL of 5

M HCI was added to moisten the dried salts and heated for 10 mimtes. The solutions were
filtered though Whatman ff42 filter paper and analyzed with a Unicam 939 Atomic
Absorption Spectrophotometer. The results were provided in parts per million but were
converted to rng e'' using the following formula (Page, 1982):

Where, Cs = concentration of the cation in the litter (mg 4')
Ce = concentration of the cation in the extract (mg L-')
Ve = volume of the extract (L)
Wd = dry weipht of titter (g)
DF = dilution factor
1.3.9 Total Nitrogen and Extractable Inorganic Phosphorus in Litter

The wet digestion d f k i c acid-hydrogen peroxide method was used for totaI N and
extractable inorganic phosphorus content determination (MacKeague, 1978). Litter material
(0.25 g) was digested with 5 mL of concentrated H2S04 for two hours. In order to oxidize
the organic matter 4 to 5 drops of H2& was added and digested for an additional five
minutes. This latter step was repeated untiI the solutions became clear. Lastly, 50 rnL of

distiIled water was added to each solution and passed through the Technicon Autoanalyzer

using the Technicon Industrial methods No. 94-70W (Orthophosphate) and No.98-70 W/A
(Ammonia in Water and Waste Water).

4.4

STATISTICAL ANALYSIS

The use of descriptive statistics was essential for organizing and summarizing field and

laboratory data. Descriptive statistics provided a basis for identrfjrlng initial trends and
relationships among soil nutrients, litter nutrients, and tree growth parameters as well as
evaIuating the data for normality. Normality was assessed by statistical and graphical
methods. Typically, a distniution is perfectly normal when the values of skewness and
kurtosis are zero (Tabachnick and Fidell 1996). However, Wetherill (198 1) suggested that
if the kurtosis values were between -0.4 to 1.8 and skewness between -0.9 to 0.9 the data

was considered to be normdy distributed.. Several data sets did not lie within this range
and were therefore distriiution fiee. In addition, for statistical comparisons the sample sizes
for individual forest reserves were smaU (n=6) which made it difficult to demonstrate
normalrty.

4.1

Correlation Analysis and Linear Regression

Conelation analysis was used to examine associations between two sets of variables and to
identlfj. concerns with autocorrelation and multicollinearity during multiple regression
analysis. The most common measure of correlation for interval or ratio variables is the
Pearson's product moment correlation coefficient (Pearson's r). Typically, X and Y variables
are graphed in a scatter plot. Each observation or pair of data (X, Y) represents one dot in a
scatter plot. When all points in a scatter plot lie on a positively sloped Iine r-1, negatively
sloped h e s F-1, and if the points have no pattern r=O.
Regression analysis can be broadly d e h d as the analysis of statistical relationships among
variables (Burt and Barber, 1996). The degree of change in the dependent variable (Y), for

a given change in the independent (X) variabIe is indicated by the parameters of the
regression equation.

Where, Y = predicted value on the dependent variable
a = y intercept
b = slope
X = independerrt variable
e = error term
The regression line of best J t is a straight line representing the degree of explanation
between the variables. The "fit * of the line is determined through the means of X and Y
which minimizes the sum of the squared residuals, also known as the least squares method
(Burt and Barber, 1996). This method completes the regression equation by solving for the
a and b values.

4.4.2

~MuitipleRegression AnaIysis

Multivariate regression is an extension of bivariate regression in which several independent
variables instead of just one are combined to predict the value of a dependent variable
(Tabachnick and Fidell, 1996). It allows you to develop an equation that summarizes the
relationship between one dependent variable and several independent variables.

The

regression equation takes the following form:

where, Y is the predicted value on the dependent variable, "a" is the Y intercept, the Xs
represent the various independent variables (of which there are k), and the "b" coefficients
are the values assigned to each of the independent variables during regression.

'
R sometimes d e d the
The commonly used measure of goodness of fit in a hear model is ,
coefficient of determination. If all the o b m t i o n s fail on the regression Line, R* is 1.
However, if R2 is zero it does not necessarily mean that there is no relationship, instead it
recognizes there is no linear relationship. In the SPSS 6.0 output, the adjusted R~value was
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used to explain the variability in the dependent variabIes from sets of independent variables

since it attempts to correct R*to more closely reflect the goodness of fit of the model in the
population
Stepwise statistical regression was wed to order the independent variables based solely on
statistical criteria. This procedure looks for the combination of independent variables which
best explain the variation in the dependent variable and ranks them in order of importance.
Important variables were included in the equation ifthe probability for entry was <0.05.The
independent and dependent variables included in the regression analysis are presented in
Table 4.1.

The soil variables were entered into the regression equations as two sets, representing the

Ah and .4B horizons. The litter nutrient concentrations were averaged between the four
litter components and entered into the equation. The rnass-weighted nutrient concentrations
(nutrient concentrations x litter mass) were summed and then entered into the equation for
each nutrient. The results in Table 5.8 were calculated using the following formula:
TOTAL NUTRIENT CONTENT (g) = [Concentration of blue mahoe laves (mgg') weight of bIue
mahoe lerrves(g)l+ [Concentration of mixelIaneous fragments (mgg-') * weight of miscellmeous fragments
(&I+ [Concerntion of other species laves (mg g-') weight of other spena leaves (g)] + [Concentntion
of tine wood (mgg-') weight of f i e wood (g)]

.

4.4.3

KruskaCWallis EI Test

The Kruskai-Wallis H test is a non-parametric test for deciding whether there is a sipticant
difference between three or more samples. This test does not rely on a normal distniution
of variables.
The null hypothesis of the H test indicates that the samples were taken tiom populations
with identical distriiutions. Any differences between the samples are due to chance
variation inherent in the process of random sampling (Ebdon, 1977). Acceptance of the
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Table 4. I. Summary of variables included in the stepwise regression equation.
MDEPEiYDENT VARIABLES
Topographical Varirbta
Elmtion
M=t8

Slope angle
S l o p position"

Slw~Qoryt

Wmtward vs. leemdf
Soil pbygical variables
Bulk density (g an-')

CODE

E
A
SA

SP
SC
WL

BD

Coarse l-mg~ueatsI%!
Texture sand {Om)
T
~ siltC(%I

CF
TS

ElDarid d t i v i t y (dS m")

EC

-

n

Sail Chemical Varirbk

pH

pH

Orgaruc matter (%)

OM

Extmcbble W N (mg p")
Emactable N03-N (mgg" )
Awlable P (mgg.')
Exchangeable K (meq. 100 g ")
€xchgc;lble Ca I-. 100 p -')
Ewbgcabk Mg { m q . 100 p ")
EuchqeabIe AI (mq. LOO p -I)
E.mtcu1blr Na (mq. I00 g -')
Avidable Mn (mq. 10n g 'I)
AviuIablr Fe (mq. 100 g 'I)
Cation Euchmge Capacity (meq. lOOg -')

M-l
NO
P
K
CA
MG
AL
NA

MN
FE

CEC

Liner Nutrient Variabla

N1-a (mg e")
Phosphoru~rme g" 1
Pokisirrm(mg g'l)
Calcium (mgg")
L[agnrsIwn(mg g" )
S0di"t.n (mE P")
Aluminum (qg-')
h~
(mggel)
Manganese(mg g'l)
DEPEPJDENT VARUBLES

Height (m)
Mean annual hrrght increment (m!T-I)
Dinmrter nt brrnst height (an)
Mean aunual h e w incrawat (I- &)
Age (F1
volume (mfhdL)
Basat ixa(rn2ha")

' Aspect

L-bi

L-P
L-K
L-CA

L-MG
L-VA
L-AL

L-FE
L-m
CODE

HT
W
DBH
MADi
AGE

VOL
BA

with N4SE and continuing m a clockwe k c t i o n using 45'
was coded h m one to right
inrrrments to the North.; ** SIqx position was coded as O= ~rppa,I= middle, and 2= Iowe; f Slap wtegory: O= <ISq
and 1= >1jU; $ I)= widward side of the isIand md I=I dside of tk island
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alternative hypothesis suggests that the samples have come ftom populations with dierent
distributions, so that differences between the samples reflect real differences between the
populations.
In order to apply the H test the data must 6rst be ranked fiom lowest to highest. The sums
of the ranks are then found for each compared group. The appropriate degrees of Eeedom
for significance testing are determined by the number of compared groups minus one. .At
the 0.05 significance level, it can be determined whether the calculated value of H is Iarger
or smaller than the critical value. If the calculated H value is larger than the critical vdue,

the null hypothesis is rejected. Therefore it can be assumed that the differences between the
populations are significant.
In order to determine which sample is significantly different from the others, a non-

parametric version of the Scheffe test can be applied. Using the following formula presented
by Miller ( 1966, p. 166), a range comparison can be derived:

I

- & 1 5 (SQRTChi-square

* [SQRT (NRI+l)I 121 * [SQRT( lln -l/n)]

where, Chi-square for k-1 or 2 is equal to 5.991 at the P-0- .05 level with k representing the
number of groups in the data set (i.e.. three reserves being compared), N equals the totd
number of replicates (i.e., 6+6+6=18), and n equals the number of replicates in each reserve
(i.e., 6).
To be sipfieantly d i i e n t , the dfirence between the mean rank (i.e.,

1 % - 11./ ) of the

compared group (i.e., group 1 vs 2, 1 vs 3, and group 2 vs 3) must exceed the calculated
value (7.54).

CHAPTER FIVE: RESULTS
5.1

SITE CHARACTERlSTICS

The slope gradients were extremely variable between sites because of the diverse and steep
topography that was characteristic of the island. Much of the landscape was influenced by
the reLatively steep gradient of the rivers that originated from the upper confines of the
watershed and where most blue mahoe plantations were located. The site characteristics of
the eighteen blue mahoe plantations are presented in Table 5.1.
The Hennitage plots (H-1 to H-6)were located between 350 and 372 rn elevations on the
leeward side of the island. Plantation sizes ranged from 0.32 to 1.25 ha, Hermitage is a
major water catchment area where flow is in a classic radial drainage pattern over coarse
grained, highly permeable pyroclastic materials. The topogaphy varied from lower slope
positions along valley bottoms (H4)to steeply sloped ridges (H-3). Slope gradients r q e d
from 1 lo to 32" for the Hermitage plots.

The Montreal plots (M-1 to M-6) were located on the windward side of the island between
455 and 467 m elevations, which was si@cantly

higher than the other reserves (Tabie 5.1).

Piantation sizes ranged fiom 0.49 to 3.24 ha. Montreal had more land area with slopes < 15'
than Hermitage or Vermont, and many of the plantations were established in these more
gently sloped areas. The Montreal reserve was Iocated at the toe of Petite Bohnomme and

Grand Bohnomme mountains where these concave slopes resembled an extinct volcanic
crater. Slope gradients ranged from 5' to 27' with three of six sites having slopes <15?
The Vermont plots (V-1 to V-6) were located on the leeward side of the isIand between 254

and 396 m elevations, on the opposite side of the centrai mountain core from the Montreal
reserve. The Vermont plantations ranged fiom 0.08 to 2.75 ha in size. The slope gradients

ranged tiom 3" to 30' with four of six sites having slopes >2O0.
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Table 5.1. Site characteristics for 18 blue rnahoe plots in the Hermitage, Montreal, and
Vermont reserves were evaluated by Kruskal-Wallis H Test. Means in columns followed by
the same letter were not si@cantly different at the Pc0.05 level based on non-parametric
Scheffe tests.

53

VEGETATION CECARACTERlSTICS

The selected blue rnahoe plantations occurred within the Secondary Rainforest between the

Primary Rainforest and the upper limits of permanent cultivation. Since these were areas of
natural regeneration, the most common pioneer species were spanish ash (Inga vtrra),
trumpet tree (Cecropia peltutu L.), palm (Palmae sp.), penny piece (Pouterlagrmdis), and
candle wood (~Mjconiupianensis). Other indicators of secondary forest that were
associated with human occupation in these areas were the presence of tree stumps and h i t
tree species, such as breadhit ( A r z o c commni)
~
and mango (Mmgrleraindica).

The blue mahoe plantations were characterized by a dense overstory canopy, with only a
few native species >3 m, and a shrub layer that ranged f?om sparse (0-5%) to densely

covered (>SO%).

In total, 22 species were identified and considered to be commonly

associated with these selected blue mahoe p tantations (Table 5.2).
Species composition varied considerably among the three plantation reserves. Shrub species
tended to have a clustered distribution that enhanced the site variability and uniqueness.

Vermont plantations had Iarge clusters of heliconia on slopes >20° with the occasional
pioneer species in the understory. Ferns were common in all pIantations but the Montreal
reserve had a higher density of small ground ferns on the piantation flwr. Also, a symbiotic
relationship appeared to exist between epiphytes and veri vines, and blue mahoe. Haif of the
blue mahoe in the Montreal plots had veri vine covering the bole of the tree.
Approxirnateiy, one-third of the btue mahoe measured in Hermitage plantations have
epiphytes, while only 20% of the blue mahoe in Montreal and Vennont plots had epiphytes
on their boIes.

The most common understory vegetation species in Hermitage blue mahoe plantations were
boardwood, red rnanjack, penny piece, tree fern, vanish ash, and shoemaker bark. The
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Table 5.2. Plant species commonly associated with blue mahoe plantations in the
Hermitage, Montreal, and Vermont reserves.
St. Vincent Common Name

Scientific Name

angeline
blue mahoe

dndira inermts
Hibiscus eiatus
Simaru6a amam
.Lliconia guianensis

boiudwood

candle wood
epiphytes
gommier
ground fern
!PfPm
o
c
k

heliconia
red manjack
palm
PenW PIroyal pairn
shoemakerbark
sprrnish ash
sword fern
tree fern
m

t tree

veri vine
wtld coco
wild ginger

Bromelia sp.
Dacrydes exceisa
Cyathea sp.
Paimae acrocornia
Freziera hirsuta
Heliconia sp.
Curclia aliiudora
Palmae sp.
Pouteria grandis
Palmae bacMs
Hibiscus rosa-sinensis
lnga Vera
Cyathea sp.
Cyrrthea arborea
Cecropiapelrata L
Stachytarpheta sp.
.Cfeliosmaherbertii
He&chium sp.

C

canopy cover was fairly dense with an average of 78% (Table 5.3). Candle wood made up
66% of the shrub layer and the remaining percentage comprised of blue mahoe seedlings,

spanish ash, and angeline (Plate 5.1). The average ground cover was approximateiy 15%
with ground fern being the most abundant species.

Trees <3 m talI in the Montreal reserve were d

y comprised of penny piece, spanish ash,

tree fern, and royal palm. The average canopy cover for the six plots was 63%. Royal palm
comprised about 35% of the shrub layer followed by heiiconia (30%) and candle wood
(30%) (Plate 5.2). The average amomt of ground cover was 17% with ferns comprising
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Table 5.3. Summary of vegetation cover in blue rnahoe plots. Differences among reserves
were evaluated by Kruskai-Wallis H Test.

blue mahoelfern
blue mahoelundle wood
blue mahodfern

M-1
M-2

M-3
M-4
M-5

inb
Mean
VERMONT
V-l
V-2
V-3
V-i
V-5
V-6

blue mahdfern
blue rrmhoe/royal palm
blue mahoe/candlewood
blue mahodfern
blue mhoe/royai palm
blue d o e l f e r n
blue mahodhdiconia
blue mahoe/spanish ash
blue mahdfern
blue mahodfern
blue ~nahoddeconia
blue m;lhaehld pnger

Mean

5
20
5

70
30
15

5

<5

5
60
16.7

5
7

5
5
5
25
7.8

5
5
21.7

10
5
5
70
50
10
25.0

75
70
55

80
63.3

40
10
35
5
20
20
21.7

20
10
10
5
20
5
11.7

55
65
75
75
65
70
67.5

60
40

approximately 64% of the stratum, while candle wood, royal palm, wild cocoa and wild
ginger also were common (Plate 5.3).
Vermont blue mahoe plantations were most commoniy associated with heliconia, candle
wood, and wild cocoa as well as tree fern,

gru palm, trumpet tree, and spanish ash

(Plate 5.4). Heliconia were known to be associated with areas of disturbance and were mast
abundant on sites with slopes >20a. The average ground cover was 8% with candle wood,
joint bush, fern, and wild cocoa being the most common species.

Plate 5.1. BIue mahoe / penny piece stand in Hermitage plantation reserve (H-5).

Plate 5.2. BIue maboe 1 fern stand in the Montreal plantation reserve (M-4).

Plate 5.3. Blue mahoe / royal fern stand in the Montreal plantation reserve (M-5).

Plate 5.4. BIue mahoe / heliconia stand in Vermont plantation reserve (V-6).
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5.3

BLUE MAHOE GROWTH PARAMETERS AND PLANTATION
CHhRACTERISTICS
5.3.1 Hermitage Plots

The Hermitage blue mahoe plantations were between 33 and 36 years old. Stand density
ranged from 494 to 909 stems ha-' after a pre-commercial thinning in 1975 and removaf of
suppressed trees in 1985. The average tree spacing was 3.60 rn for the six plots. Basal area
for blue mahoe stems ranged from 28 to 111 m' ha-' and volume of blue mahoe ranged from
220 to 1,344 m3 ha-' (Table 5.4).

Diameter growth ranged between 0.64 to

1.16 cm yi' and height growth between 0.55 to 0.81 m yr-' for blue mahoe. Blue mahoe

showed poor form on most sites. ~ ~ i c o n n ibranching
c'
was a common defect that occurred
on every plot. One of every three blue mahoe in the Hermitage plots had weep2.epicormic
branching, or a crooked stem.
5.3.2

Montreal Plots

Montreal blue mahoe plantations were between 33 and 34 years old. Stand density ranged
from 334 to 818 stems ha-' after selective harvesting of 72% of the trees in 1989. The
average tree spacing in Montreal plots was 2.62 m. Basal area for blue mahoe stems mged
fiom 53 to 91 rn2 ha" with diameter growth rates between 0.88 to 1.14 m yi' and hei@t
growth between 0.62 and 0.77 m yil Volume ranged edom 493 to 1,057 m3 bl.Tree

defects were less common in Montreal plots than in Hermitage and Vermont plots.
Epicomic branching occurred in 50% of the plots. Half of the trees in M-4 had sweep which
were typically associated with steep slopes.

Epicormic bmches ye shoats that arise hrn an adventitious or dormant bud on the tree stem Sometimes
ref~toass~conQrygrowth
Sweep is a curve m the tree stem gemally induced from soliflucQonandlor stmng p m h g winds.

'
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Table 5.4. Blue mahoe growth characteristics for 18 plots in the Hermitage, Montreal, and
Vermont reserves. Differences among reserves evaluated by Kruskai-Wallis H Test.
Parenthesis 0 enclose one standard error of the mean, while [I enclose the basal area and
volume corrected to 30 years.

Mean

[S.q

30.5 (1.9)

0.88 (0.13)

21.8 (0.6)

O.fA(0.03)

61.2

M-5
M-6

37.8 (2.9)
33.8 (3.9)
3 1.4 (2.7)
36.6 (2.6)
38.1 (3.1)
29.2 (2.2)

1.14 (0.20)
1.04 (0.27)
0.92 (0.18)
1.07 (0.18)
1.12 (0.21)
0.88 (0.15)

25.52 (1.2)
24.64 (1.7)
22.34 (1.1)
25.05 (1.1)
26.17 (1.3)
21.41(0.9)

0.77 (0.06)
0.72 (0.09)
0.65 (0.06)
0.73 (0.06)
0.76 (0.07)
0.62 (0.05)

S9.7 I81.q
79.9 I70.31
61.8 5 4 . 4
84.1 [74.0]
91.2 [80.3]
53.5 [47.1]

1010.8 [918.9]
865.0 1763.11
598.2 [527.8]
927.9 [818.7
1056.6 [932.3]
493.1 [435.1]

Mcan

34.5 (2.9)

1.03 (0. W )

24.2 (1.2)

0.71 (0.07)

76.7 [67.9j

825.3 [732.7

VERMONT
V-L
V-2
V-3

33.0 (2.0)
26.5 (2.3)
1 . 5 (1.9)
3 t.l(z.9)
20.6(1.5)

1.13 (0.14)
9 (0.16)
1.03 (0.15)
74(0.3)
1.07 (0.20)
0.71(0.10)

27.1(2.1)

034(0.15)

22.76 (0.8)
20.26 (0.9)
22.37 (0.8)
18.39 (0.7)
22.03 (I. 1)
18.04(0.6)
20.6(0.8)

0.68 (0.04) 68.4 [61.21
43.9 [45 41
0.69 (0.05)
56.9 [63.2J
0.82 (0.04)
29.0
[30.0]
0.63 (0.04)
60.7 [62.8]
0.75 (0.06)
26.6[27.q
0.62(0.03)
0.70(0.M)
17.6[48.q

MONTREAL
M- I
M-2

M-3
M4

V-l

V-5

Vd
Mean

30.1(2.2)

614.6 jsJ5.81

676.0 [614.5]
379.3 [392.4]
55 1.3 [612.61
223.4 [231.l]
578.2 [598.11
200.5[707.41
135.8[U2.7]

5.3.3

Vermont Plots

The blue mahoe in the Vwmont plots were slightly younger than the Hermitage and
Montreal plots ranging between 27 and 33 years old (Table 5.1). Approximately 720 stems

ha" occurred in five of the six plantations, while V-2 had 1,250 stems ha-'. Historical
records did not indicate dates of selective thinning but stumps in the area suggested thinnins
had recently occurred m V- 1 and V-3. The average tree spacing in Vermont plots is 2.83 m.

Basal area for blue mahoe stems ranged from 27 to 68 mzha' with diameter growth rates
between 0.7 1 to 1.13 cm yr*' and height growth between 0.62 and 0.82 m yr*'. Volumes of
blue mahoe ranged from 200 to 676 m3 ha*'. Forty percent of the blue mahoe had signs of
epicormic branching, sweep, or forked branching. Sweep was most prevalent on plots V-1
and V-3 which were located on 2 7 O and 32" slopes, respectively.
5.3.4

Kntskal-Wallis H Test

The Kruskal-Wailis H test indicated no significant differences (PcO.05 level) in tree size
characteristics or growth rates. On average, blue mahoe in Montreal plots were 2 to 3 m
taller than blue mahoe in Vermont. In addition, the basal areas and volumes in the Montreal
reserve were almost twice as great as Vermont. The standardized measurements of growth

(meanannual diameter increment and mean annual height increment) did not have si@cant
differences among reserves. Basal area and volume were also not signrficantly different

among reserves.
5.3.5

Vegetation Cover and Blue Mahoe Growth

No significant relationship (Pc0.05)was fomd between ground, shrub, understory, and
canopy cover and bIue mahoe mean muaI diameter increment (M.ADI), mean annual height
increment (MAHI), basal area, or volume. The data did show a 8eneraI decrease in
understory vegetation cover as tree canopy coverage increased (Figure 5.1).
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Figure 5. I Relationship of percent understory cover (plants 1.5 to 3.0 m) and canopy cover
(plants >3 .O m) in bbe mabe plots. O/b understory cover = -0.63 + 64.34 (% canopy cover)
-1- 18.93, n=I8, +=O.l-,
3 F0.09.
More than half of the blue d o e sites had <IO% understory vegetation cover. Canopy
cover ranged fiom 40 to 90%.

In general, some of the older blue mahoe stands in the

Hermitage and Montreal reserves had more understory cover than those in the Vermont
reserve.

5.4

PHYSICAL PROPERTIES OF S O U ORGANIC HORIZONS
5.4. I

Litter Accumulation

The organic horizons consisted of an L and F layer that ranged from 2.0 to 8.0 cm in
thickness (Plate 5.5). The distribution of litter over the plantations and relative thickness of
the layer depended on the micro-topography of the site. The litter acmulations were

greatest at the toe of the slope, near the base of large trees, in small depressions, and on
smalI terraces that were once used for erosion control during dtivation of these areas

(Plate 5.6).

Plate 5.5. Litterfall beneath candle wood, fern, and blue mahoe (H-6).

Plate 5.6. Surface profile of the soil organic layer with stems of ground fern (M-I).
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The average litter rnass accumulations in Hermitage, MontreaI, and Vermont sites were
814 g m", 856 g m-', and 907 g m-2, respectively (Figure 5.2). The Hermitage reserve

recorded both, the lowest (426 g m-') and highest (1,162 g rn-l) accumulations. Overall,
there were no statistical differences (Knrskal-Wallis H Test, P4.77) in the quality of litter
by fiaction or in the amount of total litter among reserves.

~t~w~~22$7;~P~32g;
Blue rnahae planWon

Figure 5.2. Accumulated litter mass for 18 blue mahoe plots in the Hermitage, Montreal,
and Vermont reserves. Plantations are arranged from highest to lowest titter mass
accumulation.
The amount of litter (i.e., blue mahoe leaves, miscellaneous fragments, fine wood, and other
species leaves) varied considerabty among the four components (Table 5.5). In I I of 18
plots, miscelIaneous h p e n t s were the dominant component and the remainder had blue
mahoe leaves. Leaf hgmems and pieces of bark were commody found beneath a layer of
large intact blue mahoe [eaves. These leaves were considered to have m e n most recemly,
while the miscelIaneous fragments were considered to be the older of the two components.
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Table 5.5. Summary of total mass and mass of individual litter components in blue mahoe
plantation plots. Differences among reserves were evaluated by Kruskal-Wallis H Test.
There were no sipticant differences among reserves.
RESERVE
PLOT

LI"CTER BLUE MAHOE MISCELLANEOUS OTHER SPECIES FINE
MASS (g m") LEAVES (g mJ) FRAGMENTS
WOOD
LEAVES
(g m")

(n m-')

(g m-I)

HERMITAGE
H-1

Hd

967
675
1162
426
865
788

198
88
143
139
347
4 14

434
3 I9
548
157
368
190

9
52
18
78
14
51

326
217
453
52
137
132

Mean

814

221

336

37

219

865
945
894
799
1038
593

223
362

70
9

186
2 16

19

ZOJ

4 13
221
287

387
359
462
337
694
202

30
19
11

19
100
91,

856

286

407

26

136

V-2
V-3
V4
V-5
Vd

805
737
707
1031
1068
1094

274
383
289
388
367
477

356
284
257
479
387
290

92
27
58
32
72

53

83
42
103
lj2
242
174

Mean

907

363

342

56

146

H-2
H-3
H4
H-5

MONTREAL
M-1
M-2

M-3
iM-l
M-5

IW

209

-

Mean
VERMONT
V-1

1

Most of the h e wood W o n was composed of small twigs and stems of the blue mahoe

leaves. The Hermitage plantations had on average 25% of its total litter mass as fine wood,
and three of six plots had fine wood as the second most dominant litter component (Tabie
5.5). Moatreal and Vermont had 15.8 and 15.2% of their total litter mass as £he wood,
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respectively. Although, fine wood did not cover a large portion of the plantation floor, it
substantially influenced the totd mass of the litter due to its density and size.
The other species leaf component ranged fiom 0.9 to 18.3% of the total litter mass. The
Kruskal-Wallis H Test did not indicate a signrticant difference among the three reserves,
however, Montreal plantations had aImost half the amount of other species leaves in the
litter compared to Vermont and Hermitage (Table 5.5). Hermitage and Vermont had two
and V-1) that substantidy increased the arithmetic mean.
extreme values (H-4
5.5

CBEMICAL PROPERTIES OF SOIL ORGANIC HORIZONS
5.1

Nutrient Concentrations in Litter

Concentrations of N, P, and K in the biuc mahoe leaf litter were statistically similar among
reserves. N concentrations in the rniscelIaneous fragments were highest in Montreal and
Hermitage reserves (Table 5.6). P in the misceilaneous fiagments was sigruficantly higher in
Montreal than Hermitage or Vermont reserves. Ca and Mg concentrations of blue rnahoe
leaves were highest in Hermitage and Montreal reserves.
Nitrogen was the only macronutrient that was sigmficantly different in other species leaves.
The concentration of N in Hermitage was almost twice that of Montreal and Vermont
reserves. Concentrations of P, K, Ca, and Mg in other species leaves were very similar
among reserves. Vexmont plantations had the hi@est concentrations of A,Fe, and ;Mn in
other species leaves (Table 5.6).
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Table 5.6. Nutrient concentrations of four litter components in the Hermitage, Montreal,
and Vermont blue mahoe reserves. Differences among reserves were evaluated by KruskalWallis H Test and non-parametric Scheffe range test P<0.05.
RESERVES

LITTEEt NUTRENT (mg g')

HERMITAGE

MONTREAL

VERMONT

0.32'
0.11'
0.28'
25.7jb
2.6jb
1.38'
1.23'
0.5 1'
0.05'

0.30'
0.16'
0.47
21.69'
3.25'
2.20'
1.24"
0.56"
0.03'

0.21'
0.14'
0.30'
17.27
1.92'
1.63'
1.48'
0.57'
0.04'

0.99
3.24
4.04
9.22
8.56
3.22
1.38
0.46
3.49

0.61
0.20
0.13
0.01
0.0 1
0.20
0.50
0.79
0.17

0.28~
0.16~
0.31)'
18.95'
2.66"
1.42'
1.47
0.60'
0.04'

0.15'
0.12'
0.37
14.24'
1.98'
1.24'
2.60~
0.M'
0.06~

6.80
7.69

4.M
6.39

0.03
0.02
0.07
0.24
0.08
0.43
0.05
0.11
0.04

0.36~
0.14'
0.25'
14.12'
1.Ua
2.05'
I. ljb
0.48~
0.03'

0.19'
0.15'
0.30'
15.62'
1.71'
1.23'
0.63'
0.29'
0.02'

0. IS'
0.14'
0.2V
12.24'
1.V
2-07
2.53'
0.83'
0.06~

6.07
2.80
1.50
1.3 1
1.42
2.92
12.78
12.80
12.20

0.04
0.25
0.47
0.52
0.49
0.23
0.002
0.002
0.002

0.16"
0.09'
0.25"
21.38'
2.08'
1.71'
0.20'
0.08'
0.0 1'

0.2T
0.13'
0.33'
16.9 1"
1.39'
1.OT
0.27"
o.0Y
0.01'

0. IT
0.16'
0.29'
17.62'
1.71'
3.56'
0.33~
0.10'
0.0 1'

4.10
7.42
2.72
0.74
0.89
2.54
6.24
2.6 1
2.42

0.13
0.02
0.26
0.69
0.64
0.23
0.04
0.27
0.30

H

P

BLUE b M O E LEAVES
N
P

K
Ca
Mg

Na
A1

Fe

Mn
hUSCELLANEOUS FRAGPrlENTS
N
0.23~
P
0.10'
K
0.25'
Ca
16.75'
Mg
2.15'
Na
2.1 I'
A1
1.47~
Fe
0.71'
bIn
0.06~

5.43
2.82
4.99
1.41
6.00

(XHER SPECIES LEAVES

N
P

K
Ca

Mi3

Na

A1
Fe
iMn

RNE WOOD
N
P
K
Ca
blg

Na
-41

Fe
MI^
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A1 and P concentrations in the fine wood were statistically different among reserves (Table
5.6). The highest concentrations of P were found in Vermont plantations, while A1 d u e s

were lowest in the Hermitage plots.
There were no signdieant diierences in nutrient concentrations among the four Litter types,
except for .4l and Fe (Table 5.7). Overall, miscellaneous fraCImentshad the highest
concentrations of AI, while very low concentrations of Fe occurred in other species leaves.
There was considerably more Ca in blue mahoe leaves and fine wood than in other species
leaves and miscellaneous fiagnents.
TabIe 5.7. Average nutrient concentrations in different titter types based on 18 blue mahoe
plots. Differences evaluated by Kruskal-Wallis H Test and nonoparametric Scheffe range
test (P<O.05).
OTER

BLUE
MAHOE

blISC.

LEAVES

RAG.

SPECIES
LEAVES

FINE
WOOD

H

P

By examining the nutrient concentrations in each of the titter types, very few pattern

emerged in relation to the amount of t i t t e a accumulation.

The ody siwcant

relationships (W0.05) were between blue mahoe leaves and N concentration and tola1
litterfill mass and P concentration in the litter (Figures 5.3 and 5.4).

Total litterfall mass (slm2)

Figure 5.3. The relationship of total Litterfall and P concentration in litter.
P concentration rng g" = 0.11- 9.23 (total litterfall mass g mm2)+I- 0.03,n-18, r?=0.15,
P0.04.

I

-

- -

- -

B k mahoe leaf mass @lm2)

1

Figure 5.4. The relationship of blue mahoe leaves and N concentration in litter.
,
W.04.
N concentration mg = 0.38- 3.70 (blue mahoe leaf mass g m'*), ~ 1 8+=0.22,

64
5.5.2 Nutrient Variations Between Plantation Reserves
The concentrations of N, P, Al, and Mu in the litter were statistically diierent between
plantation reserves (Table 5.8). The Kruskal-Wallis H Test and non-parametric Scheffe
range test showed that litter N concentrations were si@cantly

lower in Vermont

plantations, whereas Hermitage plantations had the lowest P concentrations. Montreal
plantations had significantly Lower concentrations of A1 and Mn in the litter than the other
reserves. The Vermont reserve had twice the concentration of AI in the litter compared to
Montreal. Often an increase in one of Al, Fe, or Mn was associated with an increase in the
other two elements.
The variability in nutrient concemrations was most evident between individual plantations
rather than reserves. Perhaps the best example was illustrated in H-4which had the smallest
litter accumulation (Table 5.5) but the highest concentration of N in the litter. The lowest
concentrations of N in the litter were found in V-2 and V-3 which had the smallest amount
of litter in the Vermont plots.

The concentration of A1 in the litter was extremely variable between blue mahoe plantations.
Although H-3had the greatest amount of litter mass (Tabie 5.51, it did not have the greatest
concentration of Al (Table 5.8). V-4 had the highest concentration of AI in the litter.

5.5.3

Total Nutrient Content In Litter

Nutrient concentrations in the litter, as expressed on an ovendry basis (mg g-'), were
multiplied by the corresponding mass (g) to obtain the total nutrient content in the measured
litter. Since the value represented 900 g cm*', the nutrient coment values were prorated to a
standard unit of measure (g mmZ).Because of differences in nutrient concentrations among
the different types of litter, the total numem content did not aIways follow the pattern
established by titter mass (Tables 5.8 and 5.9). For example, H-3 had the highest Litter

accumuiation which corresponded with
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Table 5.8. Litter nutrient concentrations for 18 blue mahoe plots in the Hermitage,
Montreal, and Vermont blue mahoe plantation reserves. Means in rows followed by the
same letter are not signrficantly different as analyzed by the hskal-Wallis H Test and nonparametric Scheffe range test (Pc0.05).

RESERVE

LITTF.R NUTRENT CONCENTRATEONS (mg g")

PLOT

N

P

K

Ca

Mg

AI

Fe

Mn

Na

0.11

2.33

0.04

0

0.23

I.%

1.04

0.63
0.50
0.39

0.04

18.71
20.17

2.06
1.38

2.29

0.13

0.26
0.26

14.93

H-2
H-3

0.16
0.31
0.31

0.04

1.35
1.75

V-5

0.21

0.13

0.27

16.78

1.95

1.79

0.56

0.04

2.62

V-6

0.17

0.14

0.34

13.63

1.93

1.74

0.56

0.04

3.81

Mean

0.17.

0.13~

0

15.35

1.85

1.7p

OJ!Y

0.04~

2.12'

HERMITAGE
H- 1

1

1.26
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the highest N, P, and Ca values. But this was not the case for the remaining nutrients

because of their lower concentrations in the litter. The stand with the smalIest litter mass,

H-4,had the highest N concentration which resulted in one of the lowest totals for N in the
titter. However, there were no si@cant

differences in total nutrient content among

reserves (Table 5.9).
The greatest amounts of N, P, K, Ca, and Mg were consistently stored in the blue mahoe
leaves and miscellaneous fragments followed by h e wood and other species leaves (Table
5.10). These leaf components accounted for 7% of the total accumulated nutrients on the

plantation floor. The nutrient content in other species leaves were sigdicantly less than the
amount of nutrients stored in the other components. This litter component accounted for a
small percentage of the total accumuiated litter but contained concentrations of N, P, K, Ca,

and Mg that were equal or greater to those found in blue mahoe tissues. The other species
leaves and fine wood litter showed signiticant differences in rU concentrations among
reserves but Vennont blue mahoe plantations had three times the amount of A1 in other
species leaf fractions in comparison to Montreal.

On average, the h e wood component accounted for 17% of the total litter mass and
approximately 14% of the total nutrient content in the plantation titter (Table 5.10). Total
amounts of K, Ca, and Mg in the fine wood component showed the greatest variability
among plantations, whereas N and P followed a d a r distribution to their litter mass. The
total N, P, K, Ca, and 1Mg in fine wood were si@cantIy

higher than those found in the

other species leaves but sipficantly less than the amounts found in blue mahoe leaves and
miscellaneous fiagments.
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Table 5.9. Total nutrient content of I 8 blue mahoe plantations in the Hermitage, Montreal,
and Vermont reserves. Evaluated by Kruskal-Wallis H Test P<O.OS, n=3. Nutrient
concentrations for each litter component were multiplied by their corresponding weight and
then summed to obtain the total nutrient content for 1 m% n
i
e
a
c
hplot, two replicates.
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Table 5.10. Average nutrient content in individual litter components. CaIcuiations were
based on 18 plots. Means in rows followed by the same letter were not significantly
different at Pc0.05 analyzed by the Kruskal-Wallis H Test and non-parametric Scheffe range
test, n=4.
-

MiTRIENT
(g m-3

OTHER

BLUE
MAHOE

MISC.

LEAVES

FRAG.

SPECIES
LEAVES

FINE

WOOD

H

P

Different stages of leaf litter fragmentation were represented by the blue mahoe leaves and
misceIlaneous fragments. The miscellaneous fragments were blue mahoe leaf litter (F layer)
that had reached a later stage of decomposition (L layer). Regression analysis did not
indicate any relationships between N, P, K, Ca, and Mg and the two different litter
components. Alternatively, Al, Fe, and Mn concentrations in the litter did indicate a positive
relationship between blue mahoe leaves and miscellaneous fta~gments(Table 5.11). In
addition, concentrations of Al, Fe, and Mu in the litter were strongly correlated among each
other, an increase in one of .41, Fe, or Mn generally resulted in an increase in the other two
elements.
TabIe 5.1 1. Regression equations for different stages of litter decomposition (miscellaneous
fragments and blue mahoe leaves), P<O.10, n=18.
REGRESSION EQUATIONS. ADJUSTED I.AND P-VXUE

Fe concentmion in bIue mahoe mg g-' = 0.58+0.40 (Feconcentration in nuscdmeous hgments mg g-')

i=o.zr, ~ 0 . 0 3
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5.6

SOIL PROFILE ANXI MINERAL HORIZON CXARACTERISTICS
5.6.1

Physical Properties of Soil Mined Horizons

Soil profiles in all three reserves were representative of the High Level Yellow Earth group.
Field observations and laboratory analysis confirmed that Hermitage and Montreal soils were
Montreal Loam and Clay Loam soil series, and Vermont plantations were Greggs Clay
Loam and Clay soil series. The main difference between these two soil series are Montreal
Loam and Clay Loam develop fiom fine pyroclastic rocks and Greggs Clay Loam and Clay

are formed fiom cemented agglomerate and lava parent rock. Soils in Vermont were
bouldery, moderately deep, well-drained, and medium to coarse-textured. The Montreal
series differed fiom the Gregs series by their deeper profile composed of layers of sharply
contrasting texture and consistence.
Both soil types were generally welldrained with moderate to high permeability and were
characterized by Ah horizons that ranged from 8.0 to 17.0 an in thickness (Table 5.12).
The Ah horizons were sandy loam with &able, moderate, fine granular structure. On
average, the percentage of coarse fragments in the surface horizon was highest in Hermitage
(47%) followed by Vermont (38%), and Montreal (3L%) plantation reserves. The .4h

horizon in Montreal and Hermitage soil profiles ranged fiom 14.0 to 17.0 cm in thickness.
Vermont Ah horizons were less devetoped ranging %om8.0 to 14.0 cm.

A transitional AB horizon was prominent in alI soil protiles (Plate 5.7 and 5.8) The soil
color is slightly brighter and lighter (IOYR ?./I to 10YR3/3) wirh a clear gradual boundary
between 15 and 30 cm m depth. The AB horizons wcre characterized by a sandy loam to
silt loam texture with 6iabIe, moderate, he, sub-anguIar blocky structure. Soil bulk
densities ranged kom 0.49 to 0.80 g cm3 in the Ah horizon, increasing slightly to an average

of 0.9 1 g mm3
in the AB horizon. 'L'here were si@cant

increases in bulk density between

the Ah and AB horizons (Kniskal-Was H Test,H=6.59, M . 0 1) but no significant

Table 5.12. Soil physical and chemical profile descriptions for Hermitage (H), Montreal (M) and Vennont (V) reserves.

-4

-

Note: OM - soil organic mttcr. CF - CDLUSL' Liagmmts, IiC clwricul conduclivity. 131) - hulk density

0
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differences were found between individual reserves. Generally, bulk density appeared to
increase slightly with depth in soil profiles for all reserves.
AUophane was present in most Ah and AB horizons except for two sites in Vermont (V-4
and V-6). These sites were located on the oldest part of the island where soils had been
exposed to prolonged weathering and over time allophane may have changed to gibbsite and
kaolinite. At least one horizon in every soil profile did not have allophane present.
TypicalIy, these horizons occurred at a depth of >60 cm and had a thickness of 35 to 70 cm.
Plantation V-2 had no detectable allophane throughout its soil profile.
5.6.2

Chemical Properties of Mineral Soil Horizons

The average soil pH in the Ah horizons for Hermitage, Montreal, and Vermont plantations
were 6.02, 5.8 1, and 6.14, respectively (Table 5.13). The Kruskal-Wallis H Test and range
test showed a si@cantly

higher pH for the Ah horizons in Vennont compared to

P=0.001). The same regional variation occurred for soil
Hermitage and Montreal (H=14.46,

pH in the .4B horizons. In the AB horizon, Montreal had signiticantly lower pH values than
Vermont and Hermitage (Table 5.14). The soil pH in the AB horizon in relation to the Ah
horizon in the Hermitage, Montreal and Vermont reserves, increased and decreased,
respectively. The distribution of organic matter ranged

om 3.8 to 5.6% in the upper 15 an

of the soil mineral layer for all blue mahoe plantations. The Kruskal-Wallis H Test showed a
signrticantly higher soil organic matter content on Vermont sites compared to sites in
Hermitage (Table 5.13). The average soil organic matter content changed t2om 4.5% in the

Ah horizons to 3.0% in the AB horizons. There was a significant diierence in soil organic
P4.02).
matter between the Ah and AB horizons (H=6.64,

In general, the salt level m the sod, as indicated by electrical conductivity decreases with an
increase in soil profile depth (Table 5.12). The Kruskal-Wallis H Test showed that surface
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Table 5.13. S d c e soil (Ah horizon) characteristics for three blue mahoe plantation
reserves. Values are the average of four replicates. Evaluated by Kruskal-Wallis H Test.
Means in rows followed by the same letter are not significantly different at H . 0 5 based on
non-parametric Scheffe range test (n=6).
SOIL CHARACCERlSTICS
PLANTATIONS
pH
Organic matter ('YO)
EIectrid conductrvity (CISm-')
E..c~acrabkNHa-NadN%-N(mgg*')

Available PO4-P(mg g.')
Exchangeable K (meq. 100 g -')
Exchangeable Ca (meq. 100 g ")
Exchangeable Mg (meq. 100 g ")
Exchangeable A1 (meq. 100 g -')
Emamble ~a (meq. 100 g *')
Available Mn (meq. 100 g 'I)
Available F$ (eq.100 g -')
Cation Exchange Capacity (meq. 100 g -')

RESERVE
HERMITAGE MONTREAL

VERPvfONT

6.0 lb
3.95'
1.61'
0.12'
0.02'
0.21'
19.61'
l.92*
0.12'
o.na
0.003'
0.004'
22.58'

6.13~
5. lgb
1-57
0.11'
0.04~
0.43~
27.8~~
3.wb
0.15'
0.87
0.0 17b
O.W?
33. 1 9 ~

5.80'
4.22*
3.Mb
0.10'
0.03'
0.33~
32.42b
3.~8~
0.12'
0.9 1'
0.013~
0.007~
37.6gb

H

P

14.46 0.001
23.17 0.001
10.08 0.010
0.28
0.870
9.47
0.001
11.1t 0.002
6.60
0.040
10.47 0.005
1.96
0.380
3.44 0.180
23.35 0.001
9.34
0.001
7.96
0.020

Table 5.14. Subsurface soil (AB horkon) characteristics for three blue mahoe plantation
reserves. Values are the mean of four replicates in each plot. Evaluated by Krusk-wallis
H test. Means in rows followed by the same letter are not significantly different at P=0.05
based on non-parametric Scheffe range test (n=6).
SOIL c'HAUCTERrSnCS

RESERkE

pH

Organic matter (%)

6.11'
3.01'
0.73~
0.03'
0.06'
0.10'
6.08'
0.62'
0.14'
0.86'
0.002'
0.008'

Electrical conduntvity (dSm-')
EmambIe W N and NQ-N (mg g-')
Available F04-P (mg
Exchangeable K (meq. 100 g -')
Eychangc;bble Ca (meq. 100 g -')
Exchangeable Mg (meq. 100 g -')
Euch;mg&le ,4l (meq. 100 g -')
Emamble Na (meq. 100 g )
A W i e Mu (meq. 100 g *')
Avidable ~ c ( m e q .100 g -')
Cation Exchanp Capcity (meq. 100 g ") 7.82'

-'
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horizons in Montreal have sigruficantly higher eiecmcal conductivities than Hermitage and

Vermont (Table 5.13). The Montreal reserve had the the highest electrical conductivity in
the subsurfice horizon (Table 5.14).
The cation exchge capacities (CEC)range from 14.95 to 90.95 meq. I00 g*'for all Ah

horizons, Hermitage reserve had the towest CEC among the three reserves (Table 5.12).
Although, the CEC values for subsurface horizons were statistically s i i a r among reserves,
there was a 70% decrease in CEC values between the .4h and .4B horizons in most blue

mahoe plantations. As depth increased in the soiI profiIes (i.e.,BI and B2) the CEC began
to decrease because of a reduction in organic matter (Table 5.12).
Statistid diierences in available P, Fe, Mn, and exchangeable K, Ca, and Mg were found in
the ,Ah horizons of the sampled blue maboe plantations (Table 5.23). Available P was

si@candy higher in Vermont soils compared to Hermitage or Montreal reserves, however,
the concentrations only ranged fiom 0.02 mg g"

to

0.04mg

s-' among the reserves. The

same statistical result was found for exchangeable K with a doubhg of the concentration in
Vermont as compared to Hermitage soils. Although Fe and bin occurred in small, quantities,

there was a 1.5 and 5-fold respective increase in soiI concentrations firom Hermitage to

A,and Na concentrations were not si-yificmtly different in
Exchangeable Al and Mn were the only soil nutrients in the .4B

Vermont soils. Extractable N,
soils between reserves.

horizon that were significantly digerent among plantation reserves (Table5.13).

Overall, the soil chemistry was variable in terms of CEC, soil organic matter, total
extractable N, exchangeable concentrations of K, A, Ca, Mg, and K and available
concemrations of P, Mn and Fe. Differences between the minimum and maximum
concentrations for each of the rneasured soil characteristics ranged widely. Extractable Ca

and Mg in the Ah horizon of M-4 was si@cantIy larger than an other sires.

5.7

CHANGES IN SOIL CHEWSTRY AND LJlTER NUTRIENT
CONCENTRATION AS A FUNCTION OF BLUE W O E AGE

Differences in soil organic matter of blue mahoe plantations were refated to variations in
stand age (Figure 5.6).

Blue mahoe stand age (ys)

I

Figure 5.6. Relationship between bIue mahoe age and percentage of soiI organic matter in
the Ah horizon. % organic matter = -0.14 + 9.02 (stand e e ) tf-0.46, n=18, 2 4 . 4 5 ,
m.002.

in addition, there were three si-dcant litter nutrient variabIes that were related to blue
mahoe ase. BIue mahoe stand age explained 58% of the variation in N concentrations in the

litter with a standard error of the estimate of 0.04 mg g-' of N (Figure 5.7). The second
litter nutrient was Ca whereby stand age explained 56% of the variation in Ca concentration

in the h e r with a standard error of the estimate of 2.42 rng g*' (Figure 5.8). Thirdly, blue
mahoe stand age explained 63% of the variability in A1 concentrations in the litter with a

standard error of the estimate of 0.32 mg 4' (Figure 5.9).
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Blue mahoe stand age (yrs)

Figure 5.7. Relationship between blue mahoe age and N concentration in the litter.
N concentration in litter (m_e g*') = -0.37 + 0.02 (stand age) +I- 0.04, n=18, h . 5 8 ,
P--0.001.

I

9lw mahoe stand age (YE)

1

Figure 5.8. Relationship between blue mahw age and Ca concentration in the litter.
Ca concentration in litter (mg g'L)= -11.45 + 0.91 (stand age) +/- 2.42, n-18, h . 5 6 ,

P=O.OOl.

Blue mahoe stand age (yrs)

I

Figure 5.9. Relationship between blue mahoe age and A1 concentration in the litter.
A1 concentration in litter (mg g") = 4-15 + 6.16 (stand age) d-0.32, ~ 1 8 i,4 . 6 3 ,
m . 0 01.
5.8

PREDICTING BLUE h M 0 E GROWTH FROM SOIL, LJTIER,
AND TOPOGRAPBIC FACTORS

Stepwise multiple regression was used to relate mean annual height increment, mean annual
diameter increment, basal area, and volume (dependent variables) to topographic factors,
soil physical and chemical properties, and litter nutrients (independent variables). In
addition, vegetation cover incIuding ground, shrub, understory, and canopy were considered

in the equations, A total of 61 independent variables were used in an attempt to predict blue
mahoe growth. Basal area and volume were standardized to 30 year old blue mahoe. The

dependent and independent variables used in the regression analysis were listed in Table 4.1.

No significant equations were derived for mean annual height increment and mean annual
diameter increment.
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Basal Area and Volume

5.8.1

Total Mn in the litter explained 20% of the variab~lityin bIue rnahoe basal area with a

standard error of the estimate of 17.9 mrha-'(Figure 5.10).

rm*
90-

Q

P0.m

o

.m

.m

.m

Total Mn in litter (g/m2)

Figure 5.10.

Relationship between basal area and total Mn in the litter.
Basal area (rn' hi') = -745.91 + 82.25 (Total Mn in litter g m*2)+l-17.9,n=18, h . 2 0 ,
P-0.04.

The relationship (0.5 x basal area x height) was used to calculate stem volumes for blue
mahoe (Newbound, 1967; Francis and Weaver, 1988). TotaI h
h in the litter explained 24%
of the variabilrty in bIue rnahoe voIume with a standard error of the estimate of 236 m3 ha-'
(Figure 5.1 I).
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Figure 5.11. Relationship between volume and total Mn in the litter h . 2 4 ,
Volume (m3 ha-') = -10871.32 + 942.14 (Total Mn in litter g m'2) +I- 236.92, n=18, W . 0 4

CHAPTER SIX: DISCUSSION
6.1

GROWTH PREDICTION

Blue rnahoe plantations were originally recommended for sandy, well drained granitic upland
sites, with rainfall between 1,650 and 2,500 mm yr-' (Geary and Briscoe, 1972), but were
acceptable of areas receiving >1,000 mm yr-I. In Jamaica, blue rnaboe grows on moist
Limestone soiIs at 150 m above sea level, and on shales and residual volcanic soils over
1,200 m above sea level (Swabey, 1940). Sites that were known to be [east favorable for
blue mahoe were droughty (i-e., shallow soils over bedrock), very poorly drained soils and
severely eroded or nutrient depleted sites (Francis and Weaver, 1988). In Cuba, biue mahoe
have survived on extremely dry sites but it is comparably a smaller tree. Soil-site conditions
on St. Vincent are favorable for blue mahoe prowth with &all

between 2,850 and

3, I00 mm yr*' and young Andisolic soils that are more fertile than most tropical soils.

There was natural variation in the growth of bIue mahoe among the studied stands. The
gowth characteristics presented in Table 5.4 did suggest that the Montreal reserve had trees
with greater volumes, but overall there were no si@cant

differences among reserves.

Stands of similar age in Puerto Rico had comparabie height, diameter at breast height, basal

area, volumes, and growth rates (Francis and Weaver, 1988). Other published sources on
bIue mahoe growth suggested that plantations in Hawaii, Jamaica, Puerto Rico, and St.
Lucia also had similar growth but silvicultura1 management was a key factor in determining
the success of these plantations.
Regression andyses showed that no single soil-site fictor adequateiy predicted blue mahue
mean annual height increment or mean annual diameter increment. However, one variable

was related to basal area and volume. Total Mu in the litter explained 20% and 24% of the
variability, respectively. No topographic factors were si@cam

for predicting growth. Of

simk studies that were rwiewed, soil physical and chemical hcton accounted for a l q e

percentage of the variation in growth. In mixed co&

stands of Douglas-fir (Pseudomga
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meniesii) and white spruce (Picea gluuca) in Idaho; the depth to volcanic ash, bulk density,
P content, and elevation were key variables (Brown and Loewenstein, 1978). For white
pine (Pims strobus), soil properties such as coarse fhpents, pH, CEC, organic C, and
moisture characteristics were most consistently correlated with volume (Mader, 1976).
Norway spruce (Picea abies) gowth in New York also was related to soil textural
components, soil pH, and CEC; but topographic properties made tittle or no independent
contniution to the predictive model. Overall, basal area was not predicted well wader,
1976).
The multiple regression procedure has been applied to red pine (Pims resirtosa) in
Massachusetts with some success, and it was concluded that height growth was related to
foliar Ca content, and basal area to foliar K content (Hoyle and Mader, 1964). Although
there were signtficant differences in N, P, and AI among resewes, Mn was the only litter
nutrient successllly related to blue rnahoe growth (i.e., basal area and volume). -4s a result,
there are a number of environmental factors which allow Mn to be a key fictor in influencing
the soil-site conditions beneath blue mahoe plantations and perhaps wen, minor differences
in blue mahoe growth among forest reserves.
The concentration of Mn in the litter is not likely a major factor in determining blue mahoe
growth since it is rarely Limiting and fmkation with micronuments is not normally
required. The rate of Mn uptake differs considerably between plant species and the
requirements of blue rnahoe is not known. In plant tissue, Mu is tightly bound with proteins
adding structural stability to the molecutes and plays a role in photosynthesis. Mn is
preferentially translocated to meristematic tissues, thus young plant tissues are generally rich
in iMn (Binkley, 1986). Mn content of blue mahoe litter ranged fiom 0.02 to 0.05 mg
whereas the critical deficiency level for most plant species is in the range of 0.02 to

0.03 mg g-' in the dry matter of upper plant pats (MengaI and Kirkby, 1979). Perhaps, the
closest to blue mahoe leaves were citrus tree leaves which showed deficiency symptoms with
<0.02 mg g-' of Mn. Typically litter concentrations shouId be lower than foliage due to
nutrient retranslocation prior to leaf senesce. In addition, the litter layer is generally
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comprised of older leaves which would contain the lowest concentrations of Mn in the tree.

AIthoup,b blue mahoe litter was within the critical deficiency range for most plant foliage, it
does not provide a suf5cient comparison due to the chemical and microbial changes of litter

as well as leaching of Mn, once it reaches the forest floor. Other soil-site factors may be
attributed to the significant contriiution of Mn in the litter to the growth of blue mahoe on
St. Vincent.
It is suggested that there is a formation of Mn complexes with organic matter which may
account for a relationship between Mn and soil pH (Tisdale and Nelson, 1967). An increase

in soil pH usually increases the chemical and microbial oxidation of Mn. Some plant species
on soils with near-neutral pH and high soil organic matter have exhibited varying degrees of

Mn deficiency. A high organic matter content may result in the appearance of deficiency
symptoms at lower pH values than on soils with lower humus content which suzgests that
certain types of organic matter form insoluble complexes with Mn making it unavailable to
plants.

The key factor here seems to be that oxidation, which would likely occur under well drained
soil conditions and moderately high soil porosity such as those on St. Vmcent, may
contribute to a reduction of Mn to plants. This oxidation deficiency is associated with a soil
pH which is ma@&

when higher amounts of organic matter are present (i.e., lower pH

leveis can have deficiencies if there is enough organic matter). The level of available Mn in
the soil has been previously related to the distribution of parent materials on St. Vincent
(Watson et al., 1958). The most recently derived parent materials generally were found on
the northern half of the island, while the older, more weathered parent materids occurred on

the southern haif(Liibird, 1987). The Greggs Loam and Clay Loam soil series idenaed in
the Vermont reserve are theoretically underlain by the oIdest parent materials and these soils
do in hct have the highest concentrations of available Mn in the soils among the three
resemes. Healthy soils are reported to contain at least 0.02 to 0.05 mg g-' of extractable

Mh. The Hermitage, Montreal, and Vermont reserves reported levels of 0.02 mg g-', 0.03
mg 4'. and 0.05 mg g-' of extractable M q respectively.
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6.2

SOLL AND LlTTER NUTRIENT CHAR4CTERISTICS OF BLUE MAEOE

P levels in blue mahoe plantations were inversely related to the amount of litterfall on the
forest floor (34.15) (Figure 5.3). As the total littern increased, it appeared that P levels
were neither decreasing or increasing but instead the concentrations were being diluted by
increasing litter accumulation. There appears to be a finite available P-PO4 pool which is
cycled as orsanic P; in which case, some would be lost through minerahation and P
fixation, but the remainder would continue to be cycled.
The decomposed soluble organic P are often an important factor in supplying P to plants in
tropical soils (Brady and We& 1996). Decomposing leaves in blue mahoe plantations may
involve the early immobilization of P, followed by net release. In some cases if P is
extremely limiting, it could place litter decomposers in competition with blue mahoe.
Nevertheless, immobilization, vegetation competition, and the soils ability to Ex P into
unavailable forms may fbrther reduce P availability (Vitousek, 1984; Grubb, 1989).

The results suggested that N concentration in the titter increases (i=0.11)as blue mahoe
leaf mass decreases, which potentially facilitates faster decomposition (i.e., less forest floor
accumulations, higher decomposition and mineralization rates, and lower nutrient
immobilization) (Figure 5.4). In addition, blue mahoe leaves had the highest N levels out of
the four litter components. The rate of litter decomposition may be Fdster on nutrient rich
sites but there was no indication that blue mahoe on St. Vincent had differences in site
productivity (assuming that growth was an indication of site productivity). Similar to P
levels in the litter, there may be a N concentration threshold in the blue mahoe leaf
compartment beyond which decomposition accelerates (Lugo et al. 1990; Gosz, 1994).
Viousek (1982) aIso argued that N c o n c ~ t i o nin the titter was a reliabIe indicator of N
avdability on a site. The recently Wen litter (intact leaves) could provide a better
indication of N availability in blue mahoe because it is more representative of what autrients

are in the foliage, whereas tiagmented leaves have already undergone minerahtion and

h u m s formation. The results did suggest a slight decrease in N concentration eom the blue
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mahoe leaves to miscellaneous fragments possibly due to the rapid consumption and

recycling of this nutrient (Table 5.6).
The Kruskal-Wallis H Test indicated no significant differences in litter K, Ca, and Mg levels
between plantations or individual titter components (Table 5.8). The consistency in these
levels between reserves may suggest that adequate amounts of K, Ca, and Mg are available
to the trees. Generally, the lack of response to K fertilizers in Andisols can be explained by
the parent ashes which are high in K and K feldspars Fimbird, 1992).
According to Lugo et al. (1990), blue mahoe generally store a large amount of nutrients in
their litter, but have relatively low Litter accumulations m comparison to other tropical tree
species. St. Vincent blue mahoe plantations had on avera~e8.6 Mg ha-' of litterfall whereas
Puerto Rico blue rnahoe plantations had approximatety 10.1 Mg ha-'. Other species such as

Pims caribat!a and Pims elliottii had accumulations of litter ranging fiom 24.3 to
27. 8 Mg K'. Most of the N, P, and big in the litter of St. Vincent and Pueno blue mahoe

stands were stored in the blue mahoe leaves, while Lugo et d. (1990) found more nutrients
stored in the h e wood tiaction. The differences in litterfall mass on the forest floor and the
associated nument concentrations are Likely due to the age of the foliage and time of year.
Little is known about the nutrient cycling of A,Fe, and 1Mn in blue mahoe plantations, but
cIeariy, the miscellaneous fragments component had the greatest concentrations of A1 and Fe
(Table 5.7). The geater accumulations of Al and Fe compared to other macronutrients (i.e.,

N, F, and Mg) were reflective of the no-volatility of these dements (Table 5.6). Divaient
and trivalent catioas, such as ~ e ' - and A13- are t r d e r r e d primarily by leaf fdl because they

are bound more strongly and are least likely to be leached through the soil (Jordan, 1985).
h4i?- was an exception since it can be Ieached d

y tiom the crowns of the trees (Miller,

1984). The high concentrations of .41 and Fe in the L and F layers indicated that it may take
longer for the related compounds to be broken down and are typically Iess desirable to
microorganisms. An excess storage or a v W i of AL in the soil could potentially lead to
Ai toxicity if it is not cycled through the system effectively or the soil pH drops below 5.5.
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Soils with a pH ~ 5 . 5are more susceptible to A1 toxicity since its solubility increases

drastically when more than half the cation exchange sites become occupied by Al. The
lowest measured soil pH was 5.6 in the Montreal reserve. According to Mengal and Kirkby
(1979), higher pIants usually contain in order of about 30 mg g*' of A1 in the Foliage. The
highest concentration of A1 in the blue mahoe dry litter was 5.3 mg g*'.
There were no si@cant

trends in the nutrient concentrations of liner at different stages of

decomposition, except for Al, Fe, and Mu (Figure 5.5). These elements increased in
concentration with stand age which suggested an advancement of N, Fe, and bin From the L
to F layer. Lugo et al. (1990) found that the same trend occurred for N and Ca which had
s i w c a n t impacts on nutrient mineralization and humus formation.

The highest

accumulation of A1 was found in the Vermont reserve which were the oIdest sods.
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SOIL AiW LITTER CONCENTRATIONS AGE RELATIONSHIPS

As blue mahoe stands aged, there were changes in the way its total nutrient content

in the

litter was distributed. This was related primarily to changes in biomass dimiution that
occurred with age and the differences in concentration of nutrients in each component with
age. The regression andyses suggested that N ( h . 5 8 ) and Ca (1%.56) were positively
correlated and soil Ah organic matter content ( h . 4 5 ) and A1 in titter (14.63) were
negatively correlated with blue mahoe age (Figures 5.6 through 5.9).

Overan, N concentrations in the h e r should increase with age as more N is absorbed into
roots due to an increased symbiotic reiationship between N-6xing bacteria and blue mahoe
root systems over time. In addition, there also may be some N-fixing understory species
which develop on older sites.

Blue mahoe stands in Hermitage showed his&er

concentrations of N in the litter than the Vennont reserve but the productivity of these
plantations were simiIar among reserves (Figure 5.7).

The high concentration of Ca in the titter and the low concentration of extractable Ca found
in the Hermitage soils suggested that blue mahoe accumulate Ca with age (Figure 5.8).
Several reports have documented that Ca concentration in litter increased with age in higher
plants (Heilberg and White, 1951; Beaton et al., 1965; Van den Driessche, 1974). Also, the
Ca concentrations increased in the litterfall since blue mahoe recycted Ca efficiently to

sustain annual cyclic needs and to retain as much Ca before it is lost due to leaching. This
high nutrient use efficiency is relatively common among tropical species where raiddl and

chemical solution tend to remove bases such as Ca, via percolation of water through the soil
profile.
The distniution of plantations in the regression plot suggested that younger blue mahoe
stands have more soil organic matter in the Ah horizon than the older stands (Figure 5.6).

Soils in the Vermont reserve contained sigtllficantly more soil organic matter than the
Hermitage reserve possibly due to the previous land use, site is slightly drier, and with an
increase in age there is more leaching (Table 5.11). The accumulation of titter mass was
also the largest in Vermont but there was no association between the amount of titter on the
plantation floor and the percentage of soil organic matter in the Ah horizon. Miller (1984)
described the life of a plantation as having a sinuous cycle of litter accumulation, declining
rapidly from clear-felling until the new crop closes canopy, and then increasing to reach a
r n a m about a half to two thirds of the way through the rotation. The rotation age of

blue mahoe is approximately 25 to 35 years which corresponded with the ages of the studied
blue mahoe stands in St. Vincent (Francis and Weaver, 1988). Although, there is no clear
reason as to why Vermont reserves had a signiticantly higher soil organic matter content, the
larger accumulations of titter mass and lower nutrient concentrations in the h e r may
suggest that nutrient use may be more efficient in this reserve than the others.
environmental fkctors such as soil nutrient availability or

If

distriiution are Iimiting in

the Vermont reserve, more biomass may be produced at lower nutrient concentratioas,
especially for N and Ca which are primarily &erred

Medina, 1989).

These conclusions need &her

through h e r (Vitousek. 1984;
-?ion

on annual litter mass

accumdations and litter concentrations within blue mahoe. Typically, blue mahoe are a high
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nutrient demanding species that require sites of high nutrient fertility and are less efficient at

the use and recycling of nutrients in comparison with several other tropical tree plantation
species (Lugo et al., 1990).
The strong relationship between the age of blue mahoe stands and Al accumulations was
more Likely due to the age of the associated parent material. The solubility of Al-phosphate
depends on the age and surflice area of the minerals. Typically, the Al-phosphate are
insoluble which would naturally take the Al "out of action" with an aging site (Figure 5.9).
Al concentrations in the litter decreased in older sites (i.e., Hermitage and Montreal) as the
A1 became part of clay structures and were less likety to be taken up by roots, cycled though

the tree, and returned as litterfall. Al has no known physiological importance in most plant
species and its role in blue mahoe is not well understood.

6.4

OTHER FACTORS TO CONSIDER IN BLUE & W O EGROWTH

The elevational changes on St. Vincent were an important contributor to orographic uplift
and hence. the increase in precipitation (Limbird, 1987). .Associated with the change in
elevation was a slight reduction in air and soil temperature. Although elevations were
significantly different among reserves, it was not found to be a key factor in determining the
growth of blue mahoe (Table 5. I). Blue mahoe plantations between 254 and 467 m above
sea level should have similar growth rates if precipitation, temperature, and soil d e n t
availability are similar.
The Vennont reserve is Located on the southern half of St. Vincent where there is typicalIy a
four to six month dry season and where some of the driest areas on St. Vincent occur.
There has been reports that vegetation in the Vermont reserve had more symptoms of
moisture stress during the dry season than the other reserves (McLeod, 1999; Libird,
2000). However, the adaptability of blue mahoe to a wide range of soil-site conditions and

its tolerance of dry conditions for a short period of time should not substantially affect
growth,
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Slope aspect was not a significant variable in growth of blue mahoe. in higher latitudes
slope aspect may be separated into north and south in areas where sunshine and shade are
important. However, in the tropics separation into windward and leeward slopes is more
appropriate (Lugo et al., 1989; Limbird, 1987). The Montreal reserve is located on the
windward side which receives the moisture laden air tiom the northeast trade winds as weU

as tiom tropical tionts. There was evidence at the sites that prwaiiing winds may have
contributed to a higher occurrence of "sweep" in Montreal blue mahoe. Alternatively, these
winds could be beneficial, such that non-senesced leaves are broken off and fall to the forest
floor providing the ecosystem with a higher quality of litter material (Lugo

et

al., 1990).

The results of the litterfall accumulations in the Montreal reserve did not suggest that this
had occurred, but perhaps annual Litterfall measurements may provide a better indication of
nutrient recycling in blue mahoe on different aspects of the island.
m e n differences in soil chemical properties are enhanced by site factors related to landscape
position. Slope gadient did not provide a valuable explanation for bIue mahoe growth
(Table 5.1). Even when the slope gradients were separated into two groupings ( > 1 5 O and
<15") there were no differences in growth. Slopes <15" are considered to be more stable for
tree establishment because soil erosion is minimal, water infiltration is increased, and deeper
soils form under more stable conditions.
Epicormic branching was a common defect that occurred throughout the blue mahue
plantations, even with spacings that ranged between 2.6 m and 3.6 rn which is considerably
greater than their known tolerance (1.8 m). In Jamaica, epicormic branching also was found
to be a problem. However, this was overcome by maintaining wider spacings and regular
pruning (Swabey, 1940). It also was found that epiconnic sprouting was more common in
wet areas, but this problem was not well enou* understood to be avoided in site seIection

(Francis and Weaver, 1988). In St. Vmcent, there were no indications that epicormic
branching was more prevalent on wet sites but the soiIs beneath St. Vincent blue mahoe
were well drained. It recently has been found that epicormic branching is inherited, so
genetic seIection may be the ody solution in some cases (Zobel et ai., 1984).

90
Blue mahoe is relatively free of plant pests and diseases but recently the pink mealy bug has
invaded several plantations on St. Vincent. Typically, the dieback is in the canopy of the

tree which made it difficult to identify plantations that may or may not have been attacked.
In Grenada, the pink mealy bug devastated several hectares of blue mahoe forcing the
Forestry Division to look for alternative tree plantation species (Johnson, 1999). To date,
no data could be found on the effects of the pink mealy bug on the growth of blue mahoe.
The vegetation structure in blue mahoe plantations was very similar for all reserves but there
were variations in the dominance of certain native species. Clearly, the understory was not
as developed in these blue mahoe plantations as it should have been after 30 years, even with

minimal silvicultural management. The variation in understory growth was unique to
individual sites but each reserve was commonly associated with a specific type of plant
community. The shrub understory typically had a clustered distniution that enhanced the
regional variability and reinforced the clustered distniution commonly found among tropical
species. The differences in understory strata did not affect the gowth rate of blue mahoe but the "hnctions" of these understory species may atfect the growth rate. Other studies
have found that nutrient concentrations in the titter of native understory species were
sometimes higher than the planted species titter which reflected the productivity of a site
(Lugo, 1992). It is also believed by many that exotics such as the blue mahoe, may poison
the soil so that understory vegetation does not grow well (Zobel et al., 1987; Strand, 1996).
It could also be a result of overdensity and shading out of understory growth especially m
Vermont plantations where densities are higher than others. Proper management of stand
density may allow for understory to p o w which in turn may help reduce erosion as well as

increase the size of the timber yield (Zobel et al., 1987).
In St. Vincent, the effects of silvicultural management on the growth of blue mahoe is not
well documented. Stand density was not consistem throughout the study area ranging from

334 to 1,250 stems ha". These stand densities were similar to those found in Puerto Rico

which ranged fiom 400 and 1,200 stems ha-' (Francis and Weaver, 1988). There were no
si@m

differences in tree growth among St. Vicent reserves despite the range in stand
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density. However, it is suspected that siivicultural manasement may have influenced the
relationship between soil-site conditions and growth characteristics of the studied blue
mahoe plantations. Other studies have found that spacing and thinning practices in exotic
tree stands affected height, diameter at breast height, form, current annual increment, and

mean tree volume (Zobel et al., 1984).

CHAPTER SEVTGY: CONCLUSIONS AlW RECOM3ENDATIONS
7.1

CONCLUSIONS

Despite the lack of significant differences in blue mahoe growth among the reserves there
appeared to be a complex association of "positive" and "negative" variables that allowed the
growth to remain consistent on St. Vincent. Consequently to accurately use soil and Litter
nutrients to predict growth, factors such as moisture stress, year to year variation in nutrient
uptake, competition effects, genetic variation among planted seedlings, and silvicultural
management must be taken into account. Although not all of these factors could be
controlled during the study, efforts were made to control as many as possible. As a result,
there were several conclusions that could be made about the characteristics of blue mahoe
piantations on St. Vincent.

a

There were no differences in tree size characteristics or growth rates of blue
mahoe among the Hermitage, Montreal, and Vermont reserves;

a

The growth rates of blue rnahoe were similar to other blue mahoe plantations in
the Caribbean and Hawaii;
No single soil-site factor was related to mean annual diameter increment and
mean annual height increment based on multiple regression analyses, but basal

area and volume were

with the Mn content of the litter layer.

The average litter mass accumulations for Hermitage, Montreal, and Vermont
reserves were 8.1 Mg kl,8.6 Mg ha-', and 9.1 Mg hae1,respectively. The litter
mass was dominated by the misceilaneous hgments followed by blue mahoe
Ieaves, fine wood, and other species leaves;
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N, P, K, Mg,and Ca concentrations were similar for all four litter components.

Soif (Ah) variables that were significantly diierent among the reserves included:

pH, soil organic matter content, electrical conductivity, extractable P, K, Ca, Mg
Fe, iMn, and CEC

.

The four si@cantly

Merent soil variables in the ,AB

horizon included: pH, electrical conductivity, N, and Mn.
There were no indications of nutrient deficiencies (except possibly 1Mn at some sites) or
excesses in St. Vincent blue mahoe plantations nor were there any signs of delopathic
effects. The concept that blue mahoe are an especially high nutrient demanding tree is keiy
true due to its rapid growth rate. However, Andisols are well suited for blue mahoe forest
plantations because they are generally well drained, provide ample rooting depth, and have

an adequate water holding capacity. The natural f d t y is high and is maintained by the
release of bases and other nutrients during weathering of volcanic ashes.
7.2

MANAGEMENT MPUCATIONS AND RECOMMENDATIONS

The findings of this research may have management implications if blue mahoe are harvested
fiom plantations.

While this study provides some baseline information on soil-site

conditions, individual plantations should be reviewed prior to intensive harvesting or
implementation of management techniques. In addition, these are some recommendations
that may be considered:

The nutrients in the litter and the accumulated litter on the forest floor were
considered to be large in comparison to the available and m c t a b i e nutrients in
the mineral soil. The litter is an important nutrient reservoir and should be
conserved during implementation of dvicultural practices. The litter a h reduces

soil erosion and may provide essential nutrients for a second tree crop.
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Blue mahoe on slopes >I 5" and within 50 m of water catchment facilities, streams

or rivers should not be thinned or harvested to prevent soil erosion and siltation of
water supplies.

The Forestry Division needs to maintain their efforts in proper thinning of blue
mahoe stands to provide quality timber, ifthey wish to market this product.

m

As stands age productivity declines, trees become vulnerable to attack tiom pests

and pathogens. With the recent invasion of the pink mealy bug, the Forestry
Division should watch for any indications that older stands of blue rnahoe could
be more susceptible to infestation. If this is the case, more intensive silvicultural
management may be needed in these areas.
The Forestry Division shodd continue to experiment with different species and
varieties as well as native species to maximize efficient use of soil resources.
Harvesting is the most expensive component of ali the forestry operations and carem
planning and management is required if it is to be cost effective. Since transportation forms

a major component of harvesting cost, it is clear that plantations should be as close as
possible to the processing site. Since the main purpose of the plantations were for soil and
water conservation, many are inaccessible and would not be feasible to harvest. In some
blue tnahoe plantations, it would be more practical to encourage secondary succession and
focus intensive management on more accessible sites that are productive and manageabie.
7.3

RESEARCH

Additional studies are needed in St. Vincent to determine the long-term effects of various

tree species on soil characteristics.

Given the same environmental conditions and

management history, the nutrient recycling characteristics of a species could be an important
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selection criteria. Certain species may be more suitable for soil and water consemation
recIarnation of agricultural lands, or the production of timber. The Caribbean pine appeared
to grow quite successllly in St. Vincent and should be evaluated more closely. The soil
characteristics beneath the Caribbean pine stands were considerably different than those
found under blue mahoe stands.
The understory composition and "function" should be evaluated in blue mahoe stands

because of such hctors as N-fixing nodules (legumes) or Ca "pumps" which may have
significant implications on the success or failure of a tree crop. In addition, studies on
St. Vincent blue mahoe should c a r a l y evaluate the importance of iMn in is growth cycle,
perhaps through fertilization trials (manganese sulfate or manganese oxide mixed with
fertilizer).
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