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ABSTRACT

FODDER TREE ESTABLISHMENT AND PRODUCTION IN SEASONALLY DRY
AREAS OF JAMAICA

by
Stephen Gerard Krecik
Seven fodder tree species were established and grown at

five planting sites in Green Park, Trelawny Parish, Jamaica.

Five species, Cajanus cajan, Calliandra calothyrsus,

Leucaena leucocephala, Sesbania sesban, and Gliricidia

sepium, grew above pasture grasses and survived acceptably
at some sites but require further study for possible use in
local silvopastoral systems. Alternative aestablishment
methods survived and grew better than direct-seeded
Calliandra and Gliricidia. Survival and height growth was
best at sites with deeper soils and protection from
excessive wind and sun exposure.

In a second experiment located at Moneague, St. Ann
Parish, previously established Leucaena was harvested at two
cutting frequencies, and Calliandra and Gliricidia were
harvested at two cutting frequencies and two heights.
Cutting treatments affected only the Calliandra plantation.
Calliandra production was approximately four times greater
than either of the other tree species. The combination of
tree fodder with grass production increased total fodder
biomass production in the Leucaena and Gliricidia
plantations over Calliandra, which had no grass production

under its dense canopy.
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INTRODUCTION

This thesis concerns itself with the precept that Jamaican
livestock production systems can be made meore efficient and
self—gustaining through thke input of fodder <trees. With a
minimal capital input, fodder trees can be incorporated into
pastures so that they utilize unexploited resources, provide high
pfotein livestock feed especially during dry seasons, and enhance
the overall productivity of a farming system. This research
seeks to answer questions related to the needs o¢f small-scale
farmers within the context of their economic constraints, throughn
on-farm research. On a wider scale, the overall efficiency of
Jamaica's agricultural sector can potentially be increased kty
reducing foreign currency dependency on imported feed inputs.

The manuscript consists of two chapters. Chapter 1 examines
the effect of cutting height and frequency treatments on biomass
and fodder production on three fodder tree species established ac
Moneague, St. Ann Parish. Chapter 2 examines the establishment
of seven different fodder tree species, and planting stock
alternatives fcr two of those species in the Green Park projec:
area.

Data.for the research were collected from September 1991 to
September 1992. This study is a continuation of a project
jointly administered by Michigan State University and Jamaica
Agricultural Research Programme. The project gocal 1is <t©o

1



integrate fodder tree growth and management knowledge with
current farming practices to develcp alternative silvo-pastoral
systems for small-scale farms in the Green Park area. The
project has already compiled a survey of the project area's
indigenous knowledge (Morrison 1991) and social and economic
systems (Andreatta 1992), and gathered data on the impact of
various establishment methods and the nutritive values c¢f
co’imnonly used fodder trees (Roshetko 1991). Feeding trial and
fodder tree management research will continue until September

1993.



EFFECT OF TWO CUTTING FREQUENCIES ON LEUCAENA FODDER
PRODUCTION AND OF TWO CUTTING HEIGHTS AND FREQUENCIES ON
CALLIANDRA AND GLIRICIDIA FODDER PRODUCTION IN A SEASONALLY
DRY AREA OF JAMAICA.

Abstract. In 1990, plantations c¢f Calliandra, Gliricidia,
and Leucaena were established in an improved pasture in St.
Ann Parish, Jamaica at a density of 4,444 trees/ha. Cutting
height treatments of 75 and 150 cm and harvest interval
treatments of 9, 12, and 18 weeks were evaluated over a 3%
week pericd for Calliandra and Gliricidia fcdder production.
Leucaena <ZIodder production of trees cut at 75 cm was
evaluated at 8 and 12 week harvest interval treatments over
a 24 week period. Co-incident grass production was also
measured if present in the plantations.

Calliandra harvested at 150 cm produced 8.7 t/ha/yr,
19% more dry matter fodder than at 75 cm. Twelve week
harvest intervals produced 9.1 t/ha/yr, 34% more dry matter
fodder than at nine weeks. Grass producticn increased 6.5
t/ha/yr when Leucaena and grass were harvested after 8 weeks
rather than 12 week intervals. Gliricidia fcdder production
was not influenced by cutting height or interval treatments.

Calliandra production was approximately four times
greater than either of the other two tree species. The
combination of tree fodder and co-incident grass production
under Gliricidia and Leucaena increased total output 33% and
64%, respectively, over Calliandra. There was no grass
production under the Calliandra canopy.

INTRODUCTION

Raising cattle for the production of meat and dairy
products is a significant agricultural endeavor in Jamaica.
Cattle rearing, the major eccnomic activity Zfor over twenzty
percent of agricultural lands, is a stabilizing force in the
naticnal economy and a consistent contrizutor to grcss
domestic product. Farms which engage in production range
from large (>1000 ha) estates to small-scale (< 1 ha)

farmers (SIOJ 1979). Domestic production of meat and dairy



preoducts is about 106 thousand metric tons/year (FAO 1988).
Hcwever, the country still imports large gquantities of beef.
During the period of 1981-1985, nearly 12% of all domestic
consumption was imported (GOJ 1987).

| Under proper management, most of Jamaica's agricultural
land area is suitable for pasture and livestock production
(GOJ 1987). Attempts to 1increase domestic livestock
production have been thwarted by high production costs, the
long-term nature of livestock prcduction, and inconsistent
governmental policies (GOJ 1987, Bell 1989). Past research
and extension activities have also concentrated on improving
the production systems of larger (>10 ha) growers, which
make up less than 2% of all Jamaican farmers (Blustain and
Lefranc 1987, GOJ 1987).

In addition to economic and policy factors, there are
biclogical restrictions on the growth potential of Jamaica's
cattle industry. The most significant restriction 1is the
effect of seasonal rainfall patterns on forage quality and
its effect on ruminant nutrition (Paterson et al. 1987).
Most Jamaican cattle subsist primarily on pasture dgrasses
(Bell 1989, Rueggsegger 1992). During the biannual dry
seasons in July-August and December-March (CRIES 1982), the
availability and nutritive value of these grasses decrease
as they become desiccated (Pound and Cairo 1983). In

response, some farmers supplement the dietary requirements



of their 1livestock with expensive imported feeds. Most
resource-limited farmers, however, must resort to local
forages 1including sugar cane tops and tree fodder when
pasture grass 1s scarce and of poor quality and imported
feed is too expensive (Morrison 1991). The well documented
potential of the purposeful inclusion of fodder trees intc
agroecosystems (Von Carlowitz 1987) has not been extensively
studied in Jamaica (JAGRIST 1992).

Examples of fodder tree cultivation abound in Nepal
(Panday 1982), Australia (Torres 1983), Israel, Chile (NRC
1981), Indcnesia (Devendra 1990) and the Dominican Republic
(Pound and Cairo 1983), where trees are grown and employed
as important components in ruminant nutrition. Some
examples of silvopastoral systems, which include the
incorporation and utilization in pastures of multipurpose
trees for fodder, exist in Jamaica. Farmers in Moneague,
St. Ann Parish, periodically supplement the diet of cattle

with the foliage of Gliricidia sepium planted as living

fence posts (Bell 1989). Cairy farmers near Black River,

St. Elizaketh Parish, use Leucaena and Gliricidia fodder

banks to supplement the diets of their animals (Rueggsegger
19925. In general, Jamaican farmers use naturally occurring
trees for fodder (Morrison 1991), which have low nutrient
values compared with planted exotic species used elsewhere

in the world (Roshetko 1991).
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The quality and quantity of locally produced cattle
forage can be greatly improved during dry periods by
incorporating tree forage. Freshly cut tree €foliage
generally has a higher <crude protein content and
Aigestibility when compared to dry pasture grasses (Paterscn
et al. 1987, Pound and Cairo 1983, Devendra 1990). Tree
roots access soil water and nutrients unavailable to pasture
grasses (Sanchez et al. 1985) and maintain green foliage
during periods of drought (Pound and Cairo 1983). Nitrogen
fixing trees may also enhance site conditions over time by
raising soil nitrogen levels (Nair 1985, Pound and Cairo
1983).

Questions fundamental to tree fodder research include
proper species-site selection, and tree species management
(NFTA 198%a). Tree fodder management factors include: age
at first cutting, height of cutting, amount of leaf material
removed, harvest interval, plant density, and interactions
of these and other possible factors (Horne et al. 1985).
Site adaptability and management trials, coordinated and
supported by various international research organizations,
continue to identify promising species and appropriate
manaéement systems throughout the world. Particularly in
Jamaica, the knowledge of fodder tree production,

management, and utilization needs to increase if the



potential of this resource is to be realized (Roshetko
1991) .

The objectives of this study were 1) to determine the
effect of cutting height and frequency on Calliandra and
Gliricidia production, and cutting frequency on Leucaena
production; and 2) to determine the effect of coppiced trees

on grass production in St. Ann Parish, Jamaica.

LITERATURE REVIEW

Fodder production. Comparison of different tree fodcer
production trials presents difficulty because definitions cf
fodder vary among researchers (Horne et al. 1985). Several
authors examining Leucaena (Guevarra et al. 1978, Evensen
1984) and other fodder tree species (Sumberg 1985, Ella e=
al. 1991) use dry matter (DM) leaf production as a benchmark
for determining fodder yield. This method disregards the
considerable amount of biomass in petioles and small stems
that can be used for animal feed.

A variety of diverse factors influence the actual
portion of fodder tree biomass which animals consume. These
factors include growing interval between harvests, freshness
(age since harvest in cut-and-carry systems), mixture with
(in cut-and-carry) or availability of (in direct grazing
systems) other forages, and animal adaptation (NFTA 1989b).

The influence of these factors on consumption raises



difficulties 1n making a strict determinraticn of the edible
porticn c¢f fodder plant biomass. Range 1inventories often
employ prcper-use factors to estimate the percent of a
particular plant species' biomass utilized by animals
kStoddart et al. 1975). In fodder tree yield studies by
Guevarra et al. (1978) and Akkasaeng et al. (1989), the
authors attempt to define the palatable porticn of tree
yield by separating out branches greater than 5 mm 1in
diameter. While it 1is probably inaccurate to make a
standard proper-use estimate for several tree species, the
authors attempt to make consistent and reasonable fodder
tree proper-use estimates by imposing this criterion.
Cutting height. The study of cutting height influence
on fodder tree production occurred as early as 1949
(Takahashi and Ripperton 1949). Most 1investigators
examining Leucaena have found that taller cutting heights
give greater yields. Krishnamurthy and Mune Gowda (1982)
found that DM yield was optimized at the tallest height in a
range of 60 to 150 cm, while Siregar (1983) found that DM
yield was highest at 100 cm within a range of 3%0-120 cm.
Evensen (1984) found no significant production differences
when Leucaena cutting height was varied from 42 to 84 cm.
There is less data on cutting height effects for other
tree fodder species. Siregar (1983) found both Flamengia

congesta and Calliandra calothyrsus performed best at a 100




cm height when cut over a range of heights frem 5 to 150 cm.
Lazier (1981) found higher leaf and stem yield in taller

cuttings of Codariocalyx gyroides, a leguminous tropical

shrub, when cutting height was varied from 5 to 50 cm.

The positive effect of cutting height in most Leucaena
fodder production trials 1is 1linked to the number o¢f
vegetative buds on residual stems. Alferez (1978) found
that non-structural carbohydrates stored in Leucaena were
not affected by cutting height and determined that new leaf
production was primarily influenced by the number of buds
arising from the stump. Perez and Melendez (1980) and
Alferez (1978) both demonstrated that the number of buds
emanating from Leucaena stumps was positively influenced by
cutting height.

Cutting frequency. As with cutting height, there are
highly variable results when different cutting frequencies
are applied to fodder tree production trials. The majority
of production studies which look at cutting frequency have
examined Leucaena. Differences in results between studies
can be related to the use of inconsistently-defined
term;nology regarding the type of yield measured (Horne et
al. 1985). When studies that examine DM biomass are
examined, there is a trend of maximum production achieved
through less frequent cuttings. For total Leucaena ©OM

yield, Ozman (1981) found a cutting period of 90 days best
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in a test of 30, 60, 90, and 120 day intervals, and Guevarra
et al. (1978) determined the longest of three intervals (7§,
100, 126 days) optimized producticn when harvested over a 16
month period. Ella et al. (1989) found that longer (12 vs.
6 week) intervals produced greater total DM yield 1in

Calliandra, Gliricidia, and Leucaena when planting density

averaged 18,750 trees/ha.

When considering fodder yields as expressed by leaf DM
or proper-use estimate rather than total dry matter, the
effect of cutting frequency is not as consistent. Pathak et
al. (1980) found 40 day intervals gave higher Leucaena DM
leaf production than longer periocds. Conversely, Guevarra
et al. (1978) found that 1longer intervals produced more
Leucaena fodder DM. These experiments may have confounding
influences, including genotypic variations, seasonality, and
spacing, which modify or influence the results (Horne et al.
1985). A consistent relationship for the cases reported is
the increase in the amount of woody material (and hence
non-fodder) in collected biomass as time between harvests
increased. In instances where wood for building and
fuelyood, seeds for foed, ard other products are
considerations for the management of fodder trees, the
determination of the best cutting frequency will have to be

weighed by considering the need for these other products.
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Tree-grass interactions. In tree-grass mixtures, light
is often the most limiting factor to plant growth
(Santhirasegaram et al. 1960). While the yield of mcst
grasses decline when shading is imposed, the response of

individual species 1is variable. Panicum maximum yielded

greater prcduction than three other grass species when grown
under shade (Ericksen and Whitney 1982). Under low moisture
conditions, however, water availability may 1limit grass
growth. In a tree-grass association with an average
planting censity of 18,750 trees/ha, Ella et al. (1991)
found that Panicum grass production increased during dry
season ccnditions under longer  harvest regimes of

Calliandra, Gliricidia, and Sesbania. They concluded that

the shade £from the fodder tree crop conserved soil moisture
and enhanced grass output during the dry season, while it
limited grass growth during the wet season when light was
the limiting factor.

Other factors. Considering the wide array cf£
management <treatments, planting densities, tree species, and
varieties reported in the literature, it is difficult to
draw clear conclusions about many of the other factors that
influence <ree fodder production. Several physiological
factors potentially influence tree fodder yield, including
varietal differences, flowering and seed production, and

response to competition (Horne et al. 1985).
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Varietal differences are often expressed by varying
growth responses to different site conditions. Rosecrance
et al. (1989) found significant differences in fodder yield
when testing 21 varieties of Cajanus and concluded these
differences resulted frcm wvarietal reactions to site
conditions. With the considerable and well documented
genetic variation in tree fodder species such as Cajanus and
Leucaena, it 1is possible to test and select varieties for
particular site conditions and production systems (Ramanujam
1981)

Variations in flowering and seed production habits can
explain some inter-varietal differences found in fodder
production. Guevarra et al. (1978) observed a marked
difference in the total and leaf DM yield of two varieties
of Leucaena. He found that one variety, K341, flowered more
readily within any of the three cutting intervals and this
propensity to flower drew resources away from fodder biomass
production.

Plant spacing and subsequent comgpetition also
influences fodder tree yield. Recommended planting
densities for fodder tree banks range from 53,000 to 50,000
trees/ha (Paterson et al. 1987). Horne et al. (1983) report
maximum production efficiency is attained when the canopy
closes and before shading causes leaf loss. At high plant

densities of Leucaena harvested over a 16 month period,
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shorter intervals maximized yield (Guevarra et al. 1978,
Pathak et al. 1980). In low density plantings, potential
fodder production was lost because Leucaena was unable to
close its canopy and cffset greater spacing by producing
.more stems (Guevarra et al. 1978).

In addition to physiological factors, a wide array of
abiotic factors influence fodder tree growth. Soil factors
which influence plant growth include soil texture and
structure, excessive soil acidity or alkalinity, nutrient
availability, drainage, water-holding capacity, and salt
levels. Some fodder tree species such as Leucaena have been
studied extensively for soil effects (NRC 1981), while
complete information for others is lacking (Von Carlowitz
1987) . Other abiotic factors, including seasonal rainfall
variations, temperature changes, altitude differences, and
the presence of frequent wind and fire events may also
affect fodder tree productivity (Von Carlowitz 1987).
Guevarra et al. (1978) found a relationship between
temperature, solar radiation and fodder producticn 1in
irrigated Leucaena. Others have demonstrated that as
rainfall increases so too can cutting frequency in Leucaena,

Calliandra, Gliricidia, and Sesbania grandiflora (Ella et

al. 1991, Evensen 1984).
Summary. The management of fodder trees can greatly

influence the amount and quality of their total yield (Horne
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et al. 1985). Cutting height (Takahashi and Ripperton 1949,
Krishnamurthy and Mune Gowda 1982, Siregar 1983, Evensen
1984) and cutting frequency (Ozman 1981, Guevarra et al.
1978, Ella et al. 1991) are two important factors in
defining optimum management methods for fodder trees. By
determining optimum cutting heights :.ad intervals for fodder
tree species in Jamaica, a clearer understanding of factors
related to fodder tree production can be realized for this

country.

METHODS AND MATERIALS

Site. The study site was located in Unity Valley near

Moneague, St. Ann, Jamaica. Unity Valley is 500 m above sea
level and surrounded on three sides by steep, wooded
limestone hills. The soil, classified as a St. Ann clay
loam, is a well drained, medium deep red clay over limestone
with significant deposits of bauxite (Baker 1968). The soil
has a pH of 7.48 and available phosphorous and potassium
levels of 7 and 95 ppm (Roshetko 1991). Average annual
rainfall is 2000 mm, and daily temperatures typically range
from 15 - 25’ C (Baker 1968).

Plant Species. Three nitrogen-fixing fodder tree

species, Calliandra calothyrsus, Gliricidia sepium, and

Leucaena leucocephala were used in the fodder yield trials.

They were previously established as part of another study to
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investigate the effects c¢f different planting techniques on
survival and growth (Roshetko 1991). These species were
originally selected because they are good sources of high
protein fodder (Panday 1982, Pound and Cairo 1983, NRC
1981). The predominant grass species growing at the site

was para grass (Brachiaria mutica) with some guinea grass

(Panicum maximum) also present. These grasses are

classified as "improved" grass species for Jamaican pastures
(JLA 1983).

Establishment. Calliandra, Leucaena, and Gliricidia

were established in May 1990, in three blocks of 17 by 17
trees in a single pasture. An exterior border row and
shared interior border rows were used to separate sixteen
measurement plots in each block, to minimize edge effects
(NFTA 198%a). The establishment sites did not differ
significantly in slope, soils or vegetation at the time of
establishment. Gliricidia was directly sown into cultivated
planting pits during May 1990, at 1.5 m spacing.

Calliandra and Leucaena were planted at the same spacing

with containerized seedlings in September 1990 after direct
seeding failed. Tree density averaged 4,444 trees/ha, which
is considered low for fodder bank plantings (Paterson et al.
1987). Monthly removal of grass competition occurred during
the first six months after planting to ensure establishment.

Grass continues to grow in the Leucaena and Gliricidia
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plantations but 1is no longer present in the Calliandra
plantation due to cancpy closure.

Treatments. Cutting heights of 75 and 150 cm were used
;o simulate the effects of a cut-and-carry management system
and a direct grazing management system, respectively, in the

Gliricidia and Calliandra plantations. During the previous

establishment trials, poor Leucaena survival resulted in a
stocking level inadequate for the implementation of cutting
experiments. As a result, Leucaena was only tested at the
75 cm height. To provide uniform stands for the measurement
of harvested regrowth, all Calliandra and Gliricidia were
cut at the designated heights in November 1991 and all
Leucaena were cut in February 1992.

Two harvest frequencies, as determined by regrowth
height, were originally planned to compare the effect of
short and 1long cutting interval extremes on fodder
production. The first interval was to be initiated when
branch regrowth had reached between 30 and 50 cm, and the
second when crown closure started to cause shade-induced
leaf fall. Rapid Calliandra regrowth permitted harvest
inte;vals to be applied to this species as planned.

Gliricidia and Leucaena regrowth, however, did not achieve

crown closure by the midway point of their respective study
periods. It was decided to implement the second harvest

interval at this time so that comparisons could be made with
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the first harvest interval. Table 1 summarizes the cutting

heights and intervals by sgecies.

‘Table 1: Cutting height and frequency treatments used in
fodder production trials in St. Ann Parish, Jamaica.

reatment Calliandra Gliricidia Leucaena
eight (cm) 75 150 75 150 75 ﬂ
Interval A
(weeks) 9 9 12 12 8
‘ Interval B
[ (weeks)

Experimental Design. Four treatments were applied to

both a Calliandra and a Gliricidia plantation. Two cutting
frequency treatments were nested within each of two cutting
heights (Table 1). To avoid confounding treatment impaccts
on fodder production from establishment treatments, the
cutting height and frequency treatments were distributed
systematically (Appendix A) across the original treatment
plots (Roshetko 1991).

‘ Cutting height treatments were applied across half of
each Calliandra and Gliricidia plantation. Homogeneity
within plantations and throughout the site, and the use of

non-parametric analysis allowed for appropriate statistical



18

comparisons. Within each cutting height unit, cutting
frequency treatments were applied as two sets of paired
plots. Blocks for non-parametric analysis were designated
as shown in Figure 1. A total of four blocks were used for
the analysis of cutting height and frequency on each
plantation. Plots within a given block with the same
cutting height or frequency treatments were summarized to
determine treatment means used for analysis.

Paired plots of two cutting frequencies were replicated
four times in the Leucaena plantation in a completely
randomized design (Figure 2). All trees were cut at a
height of 75 cm.

Measurements. Nine interior trees per plot were used

for all measurements and sampling. Border trees separating
plots were harvested but not included 1in the data
collection. Survival data was noted and biomass samples
collected to calculate fresh weight (FW) bicmass production
and dry matter (DM) fodder production. Biomass sampling
removed all growth that had occurred since the previous
harvest. Leaves, petioles, and stems were weighed using a
hanging radial dial spring scale to determine FW biomass
production.

Fodder Production. To determine the percentage of

fodder production in the harvested biomass, complete branch

samples were collected for each cutting frequency within
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FIGURE 1: Experimental design layout used to test for the effects of cutting height
and frequency on fodder production of Calliandra and Gliricidia.

i i W v Cutting heght

[KEY: A) Caliandra: 9 week interval.
Gliricidia: 12 week interval.

8) Calllandra: 12 week interval.
Gliricidia: 18 week interval.

BLOCKING:

1) Shaded row (1) represents one of four blocks used for
comparisons of culiing frequency.

2 Crose-hatched colkumn() repressnts one of four blocks
used for analysis of culting height,

FIGURE 2: Rendomized compiete block experimental design layout used to test the
offect of cutting frequency on Leucsena cut ot @ 75 cm height.

KEY: A) 8 week inervel
8) 12 week interval




each species. Sampled branches were drawn from a composite
pile of harvested material. A total of four to eight
branches, comprising 250 to 450 g of FW material were
processed to determine DM content for the two cutting
'intervals of each species. Samples were chopped to a
maximum length of 5 cm and oven-dried at 105° C for 24 to 48
hours to a constant weight. Measurement for the ratio of
"fodder" to "wood" biomass production was determined by
separating the dried samples into leaves and branches less
than 5 mm and branches greater than 5 mm and re-weighing.
Total DM fodder production in tons/ha/year was calculated
from the DM and FW biomass information.

Estimates of grass production in the Gliricidia and
Leucaena plots were determined by randomly locating three 1
m’ sample areas in each plot. Grass was concurrently
harvested with tree biomass. Grass was cut to a 5 cm.
height, and subsamples of the harvested material were
weighed, dried, and re-weighed. All grass remaining in the

harvested tree plot was subsequently cut.

Data Analyses. Non-parametric statistical analyses

were conducted on FW biomass and DM fodder production cf
trees and grass, and DM content data. The impact of
treatments from the previous fodder tree establishment study
was also evaluated. Analysis of Calliandra and Gliricidia

production data was made using Friedman's test for related
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samples. All other analyses used the Kruskall-Wallis test
for independent samples. Assumptions for the independence
of samples (Kruskall-Wallis) and of blocks (Friedman) were
achieved with the use of border tree rows (Conover 1971,
NFTA 1989a). Non-parametric statistical methods were used
to overcome study design deficiencies related to the lack of

full treatment randomization.

RESULTS
Treatments significantly (P<.05) influenced fodder

production in Calliandra and Leucaena plantations. All

three species responded well to management, as evidenced by
the 100% survival of trees included in the study. Dry
matter tree fodder production varied widely between species,
ranging from 1.5 t/ha/yr for Gliricidia harvested at 150 cm
to 9.1 t/ha/yr for Calliandra harvested at the same height.

Average Calliandra DM tree fodder production of 8.0 t/ha/yr

was approximately four times greater than that of Gliricidia

and Leucaena at 1.8 and 2.3 t/ha/yr, respectively. However,
when grass yield from the Gliricidia and Leucaena
plantations was added to tree fodder production, these
plantations had a greater total yield of 10.7 and 13.1
t/ha/yr, respectively (Table 2).

Fresh weight and dry weight biomass production of

Calliandra was affected by both cutting height and frequency
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(Tables 2 and 3). The 150 cm cutting height and the twelve
week cutting interval produced significantly more usable
material than the alternative treatments. As would be
gxpected from a twelve week cutting interval, the percentage
of woody material (branch diameter > 5 mm) within harvested
biomass increased significantly when compared to the nine
week cutting intervals (Table 4).

Fresh weight and dry matter tree fodder production of

Gliricidia and Leucaena were not affected by cutting height

or frequency (Tables 2, 5 and 6). As with Calliandra,

shorter cutting intervals produced a higher percentage of
fodder and a lower percentage of woody material in the
harvested biomass (Table 4).

Grass production was unaffected by cutting height or

frequency under Gliricidia, but was significantly greater

under Leucaena with an eight week interval (Tables 2, 5 and
6). Although differences were not statistically significant

for grass production under Gliricidia, they were

substantial. Dry matter grass production was 10.1 t/ha/y:

under a 12 week harvest interval, 2.4 t/ha/yr greater than

the'7.7 t/ha/yr average for the 18 week harvest interval.
Height x interval interactions could not be tested for

Calliandra and Gliricidia within the experimental design.

Graphs of height x cutting interval for these species showed
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TABLE 3: Friedman two-way rank test for differences in Calli-
andra dry matter fodder production (1) from two cutting
height and frequency treatments.

(Chi-square approximation with 1 df)

Cutting Cutting Rank Sum Friedman
interval height Test
Statistic
-weeks- -cm-
9 , n e
12 8
78 4 4°*
150 8

1. Dry matter production of leaves and branches <$ mm diameter.
* Significart differences were present between trestiments at P <.08.



TABLE 4: Percent dry matter, usable fodder, and woody material har-
harvested at two cutting frequencies from Calliandra, Gliricidia, and
Leucaena.

pre——

Species Cutting Percent |Usable Woody
interval dry fodder material
(weeks) matter portion(1) portion(2)
- (OM) of DM of OM
Calliandra 9 323 78.7* 21.3*
12 1.4 723 27.7
Gliricidia 12 254 79.1* 20.9*
18 25.3 743 25.7
Leucaena 8 313 86.9 13.1
12 31.4 822 17.8

1. Proportion of harvested biomass which consisted of leaves and branches < $ mm diameter.
2. Proportion of harvested biomass which consisted of branches > S mm diameter.
¢ Significant differences were present betwesn reetments at P <.08.
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TABLE S: Friedman two-way rank test for differences in Gliricidia and grass
dry matter fodder production from two cutting height and frequency
treatments.

(Chi-square approximation with 1 df)

[Type of Cutting Cutting Rank Sum _ Friedman
fodder: interval height Test
Statistic
| -wooks- <m-
Gliricidia(1) 12 ' 6 Ons.
18 6
78 6 Ons.
150 8
grass (2) 12 7 ins.
18 H
78 7 ins
150 L]

1. Ory matter production of lssves and branches <S mm diamenr.

2. Dry matter grass production under Tee cancpy, harvestsd concurrently
with e fodder.

n.g. No significant differences were presernt betwesn reatmerns at P<.08.



TABLE 6: Kruskail-Wallis one-way rank test for differences in
Leucaena and grass dry matter fodder (1) production from two
cutting frequency treatments.

(Chi-square approximation with 1 df)

ﬁ"ypo of Cutting Rank Sum Kruskail-
fodder: interval Wallis
Test
-weeks- Statistic

Leucaena(2) 8 21 1
12 18

grass(3) 8 26 16°
12 10

1. Ory matter production of ree iseves and branches <S mm diameter.

2 CGutiing height was 73 em.

3. Grass production under Yee canopy, harvestsd concurrently with ree fodder.
¢ Significent cifferences were present between Teatments at P <.0S.



FIGURE 3: Gliricidia and grass dry matter fodder production (1)
at 75 and 150 cm cutting heights within 12 and 18 week intervals.

1. Dry matter production of leaves and branches < Smm diameter.
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no evidence of interaction as illustrated using Gliricidia

in Figure 3.

DISCUSSION

Species comparisons. Below-normal precipitaticn

levels, less than 50% of the normal average, were recorded
over the study period. Low rainfall may have limited

Gliricidia and Leucaena from occupying sites quickly after

harvest. Under normal rainfall <conditions, higherx
production of tree fodder would be expected as has been
demonstrated in other studies (Ella et al. 1991, Horne et
al. 1985).

While statistical comparisons between species are not

possible due to the experimental design, average Calliandra

-~

production yielded £four times more DM tree fodder (8.C
tons/ha/yr) than the other two species on this site. This
quantity 1s comparable to yields of DM leaf material

reported by Ella et al. (1989), for Calliandra harvested at

nearly the same age, planting density, cutting interval, and
height. Even when planted at the comparatively low density

of 4,444 trees/ha, Calliandra produced superior foddez

yields compared to Gliricidia and Leucaena. Calliandra

shaded out pasture grasses at the tested cutting heights and
intervals. This species fully closed its canopy within

twelve weeks of harvest, and allowed virtually no grass and
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broadleaf weed growth even within the nine week harvest
interval. In contrast, the canopies of Leucaena and

Gliricidia plantations did not completely shade out grasses

after establishment periods of 14 and 18 months, and did not
ieach crown closure between harvests. Based on the results
of this trial, it appears that these species cannot form
pure fodder tree banks at the tested planting density and
harvest intervals.

The average of 1.8 t/ha/yr for Gliricidia production
was the lowest of the three tested species. In other
Jamaican production trials under drier conditions, this
species yielded similar results (Rueggsegger 1992). Under
similar rainfall patterns in Indonesia, Gliricidia CM leaf
production yielded more than three times the output reported
in this study (Ella et al. 1989). Tree fertilization,
better soils, and higher planting densities in the
Indonesian trial may have contributed to the higher yields.
Higher yields of tree leaf material are potentially
attainable at higher planting densities. Increasing

Gliricidia density in Indconesia (Ella et al. 1991) and in

the 1Ivory Coast (Budelman 1987) from 1,200 to 40,000
treeé/ha increased DM leaf production by as much as 44% on a
12 week harvest schedule. Grass production was not

significantly affected by Gliricidia planting density except
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during the dry season, when grass production increased at
higher densities (Ella et al. 1991).

Differences noted in the Gliricidia fodder production

results of this study and those in the literature may be due

to tree management. In other Gliricidia production trials,

it has been shown that the initiation of harvesting 4 to 6
months Dbefore the onset of the dry season results in
increased fodder production (Ella et al. 1987, NFTA 1989b).
In Jamaica, unmanaged trees drop their leaves and flower
during the dry season. This study, which discarded the
initially harvested material, was initiated 2 to 3 months

before the onset of the dry season. The Gliricidia biomass

yield data for the second and third measured harvests showed
six-fold increases in yield over the first measured harvest
despite the below-average rainfall which occurred over the
study period. Excluding the first measured harvest,

Gliricidia production yield was closer to production levels

cited by other authors (Ella et. al 1991, Budelman 1987).
Leucaena DM fodder production averaged 2.3 t/ha/y=x.
This level compares favorably with fodder bank producticn
reported for Jamaica (Rueggsegger 1992), but considerably
less'than the production level reported for other countries.
Horne et al. (1985) surveyed seven studies and found DM leaf
yields ranging from 4.0 to 15.2 t/ha/yr, with the lowest

still producing nearly twice that of the Leucaena in this



study. In four of these trials, however, planting densities
ranged from 15,000 to 60,000 trees/ha compared to 4,444
trees/ha in this study. Higher planting density would be
expected o increase DM tree leaf vyields. Ella et al.
(1989) found that increasing Leucaena density £from 5,000 to
40,000 trees/ha 1increased yields by nearly 200%. In
addition to density, other Leucaena varieties should be
evaluated. Differences in growth and DM leaf yield have
been noted between Leucaena varieties both in Jamaica and
Hawaii (Thompson 1985, Guevarra et al. 1978). Despite low
fodder tree production levels, the quality of fodder
produced by the Leucaena plantation 1is greater than grass
pastures alone. This plantation, when properly managed,
could support more than twice the livestock number as nearby
grass pastures (JLA 1983).

Grass constituted approximately 80% of DOM fodder yield

in Gliricidia and Leucaena plantations. Combining grass

yields with tree production increased DM fodder yield 1in
those plantations by 2.7 and 5.1 t/ha/yr, resgectively, cver

Calliandra. The high nutritive quality of Calliandra when

compared to grasses, however, gives pure fodder tree
plantations greater value for dry season feed than mixed
grass and fodder tree plantations. During the dry season,
tropical grass crude protein levels often decrease below

critical levels while those of Calliandra, Gliricidia, and
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Leucaena remain constant. Under dry season conditions,
protein levels in fodder tree species can often exceed
grasses by 500 percent or greater (Paterson et al. 1987).
Besides protein content, other considerations important
in tropical dry season fodder quality include digestibility,
palatability and antinutrient levels (Akkasaeng et al.
1989). Fiber content, as measured by acid detergent fiber
(ADF), 1s a negative index of feed quality. High ADF levels
in feed can cause reduced digestibility and voluntary intake
(Owen et al. 1989). The tested fodder tree species often
have low fiber levels when compared to many grass species.

In one trial, ADF levels in Gliricidia and Leucaena were

lower when compared to two grass species and three
agricultural by-products (cassava tops, and corn, banana,
and papaya leaves) commonly used for feed (Cheeke and
Roharjo 1987). Some fodder tree species, 1including

Gliricidia, are often 1initially rejected by 1livestock

because they find the taste unpalatable. These feeding
patterns can be changed by mixing tree fodder with grass
until cattle become acquainted with its taste (NFTA 1989b).
Antinutrient compounds, such as mimosine, tannins, ard
sapohins occur in some tree fodder species and can limit
their effectiveness as feed sources (NRC 1981). Their
effects, however, can be lessened through proper management.

Deleterious mimosine effects have been eliminated through
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the metabolic activity of rumen microbes which occur in
cattle where Leucaena 1is native, and these organisms can be
introduced into other livestock populations (NRC 1981).
Negative effects of other antinutrient compounds can be
feduced by limiting tree fodder intake to safe levels
(Panday 1982, NRC 16981). When managed prorerly in animal
production systems, species tested 1in this trial have
performed well elsewhere in the world for supplementing the
protein needs of livestcck (Panday 1982, Torres 1983, NRC
1981, Devendra 1990).

Cutting interval. Manipulating cutting interval is an

effective management toocl for some of the fodder tree
plantations tested in this trial. Longer harvest intervals
produced proportionately more wood and less fodder within
harvested biomass. After removing the woody portion,

however, Calliandra DM fcdder production increased from 7.3

to 8.7 t/ha/year when cutting interval was increased from
nine to twelve weeks. Similar increases were made 1in
another trial when harvest intervals were increased from six
to twelve weeks (Ella et al. 1989). Conversely, grass
production under Leucaena decreased from 14.2 to 7.7 t/ha/yr
when'cutting interval was increased from eight to twelve
weeks. It 1is suspected that competition with Leucaena for
light limited grass yield when longer cutting intervals were

used.
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Cutting interval treatments did not significantly
impact other fodder tree and grass production levels.

Production increases from 7.7 to 10.1 t/ha/yr for grass

production in Gliricidia plantations, however, were

substantial. In other mixed tree/grass Gliricidia and

Leucaena plantations, twelve week cutting intervals have
produced significantly more DM tree focdder and less grass
when compared to six week intervals (Ella et al. 1991).
These results, however, were highly influenced Dby
precipitation variations during the different harvest
periods. Results of this study may become similar as
additional harvests are conducted in higher rainfall periods
and continuing management stabilizes production.

Cutting height. Calliandra DM fodder production was

significantly greater at the 150 c¢cm cutting height when
compared to the 75 cm height, increasing from 6.8 to 9.1
t/ha/yr. Similarly, Siregar (1983) found that this species
produced the greatest biomass at 100 cm when cutting heights
were varied from 5 to 150 cm. Increased DM leaf yields for
Leucaena have been shown to result chiefly from an increased
number of buds in taller residual stems, and it 1is

speculated this may also be true for Calliandra (Alferez

1978).
Differences in cutting height had no effect on

Gliricidia tree fodder production, and were not tested on
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Leucaena. Although the effect of cutting height was not
tested cn Leucaena, other research has shown that increased
height leads to greater biomass and fodder production. For
;his reascon, cutting height treatments should be considered
in future Leucaena trials (Alferez 1978, Perez and Melendez
1980) . Other studies concerning the effect of cutting

height on Gliricidia are lacking. The use of this species

as a living fencepost, where cutting height does not vary
greatly, may be partly responsible for the lack of research
data. The author speculates that morphological differences

between Gliricidia and Calliandra may be partly responsible

for the lack of yield differences in the tested cutting

height treatments. Individual Gliricidia trees have fewer

and larger branches, petioles, and leaves than similar sized

Calliandra, and may differ in its ability to respond to

differences in the tested cutting height treatments
Dry matter grass production increased from 8.3 to 9.5

t/ha/yr in Gliricidia plantations cut at 75 and 150 cm,

respectively. Other cutting height studies on mixed

Gliricidia and grass production are lacking, however,

numerous tree/crop interface studies have indicated
increased <cutting height increases shade and reduces
interplanted crop production (Attah-Krah and Sumberg 1987,

Ella et.al. 1991).
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Grass did not grow in the Calliandra plantation. The

author speculates that the dense shade of the Calliandra

canopy was responsible for limiting the growth of grass and
other vegetation. Harvested plantations regrew quickly and
.were able to create heavy shade within twelve weeks of
harvest.

In tree and grass associations, the relative growth
rates of component species are affected by a variety of
factors, including temperature, precipitation, shading, root
competition, allelopathy, and soil moisture and nutrient
levels (Ella et al. 1991, Ludlow et al. 1974). Regulation
of planting density, cutting interval, and height can alter
solar radiation and soil moisture levels in the plantation
and influence the relative growth rates of grass to trees.
During dry season conditions, grass grown under twelve week
cutting intervals have produced greater yields than six week
intervals, and it was suspected that soil moisture level,
rather than light, was the most limiting factor (Ella et al.
1991). Conversely, when soil moisture and nutrients were
adequate £for good grass growth, competition for light has
been shown to be the limiting growth factor (Ericksen and
Whitney 1982). If precipitation levels remain low, cutting
intervals could be increased so that shading from fodder
trees conserves soil moisture and increases grass yield.

The implementation of longer cutting intervals must be
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viewed with caution, as the feed quality of grasses has been
shown to diminish with longer harvest intervals (Stoddart et
al. 1975).

Applications. Fodder tree banks, similar to the ones

émployed in this experiment, can increase livestock carrying
capacity by providing high protein dry season fodder.
According to Paterson et al. (1987), between 24 and 32
percent of the diet of adult cattle (450 kg. live weight)
should consist of legumes to satisfy dietary protein
requirements when grass protein content is severely limited
because of low rainfall. This translates into an adult
animal consuming about 3 kg/day of tree fodder. Based on

this trial's production, the highest producing Calliandra

stand could provide the protein needs of approximately ten
450 kg animals/ha/year. Further efficiency could be
realized by providing tree fodder supplements only when
grass no longer provides adequate protein, drying and
storing leaf meal for future use, and targeting animals in
most need (Paterson et al. 1987).

Grass production in fodder tree plantations. Eight

week cutting intervals increased grass production 1in
Leucaena from 7.7 to 14.2 t/ha/yr when compared to the
twelve week interval. This result differs from other
Leucaena studies using interplanted Guinea grass, which

found greater grass production in twelve week cutting
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intervals when compared to six week intervals (Ella et al.
1991). Some of the production variation could be related to
difference in grass species physiology. Para grass, the
dominant graminous species in this trial, has been shown to
be less shade-tolerant than Guinea grass (Ericksen and
Whitney 1982).

In applying the results of these experiments to
Jamaican animal production systems, the types of animal
management systems must be defined. Management system
considerations include the fodder tree planting
configuration, harvest method, and the season and frequency
required of tree fodder inputs. Once these parameters are
defined, appropriate fodder tree species, planting
densities, and harvest heights and intervals may be
recommended. When tree fodder is used in conjunction with
well managed grass pastures, about ten percent of farm land
area should be planted in fodder trees (Paterson et al.
1987).

There are a variety of configurations in which fodder
trees can be placed, including fencelines, as scattered
trees in pastures, and as banks of either pure fodder trees

or mixed trees and grass. If pure Gliricidia and Leucaena

fodder banks are to be established, closer tree spacing than
1.5 m°/tree will be required. Conversely, mixed grass and

Calliandra stands will require wider spacings than those
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tested. Fodder tree banks should be fenced to control
animal access and situated where several paddccks meet. By
centrally placing tree fodder banks to grass paddocks, labor
peeded for either cutting and carrying <+tree fodder to
animals or moving animals to browse tree fodder is
minimized.

In mixed tree and grass fodder banks, the relative need
for either product could be used to determine the cutting
interval. Prior to the dry season, tree harvest would be
delayed until regrowth produced higher proportions of tree
fodder relative to grass. Closer spacings can also be used
to influence the balance of tree fodder production in mixed
tree and grass plantations (Ella et al. 1991).

Fodder trees can be harvested by either direct grazing
or by cutting and carrying to livestock. Cutting and
carrying tree fodder has been shown to require a greater
labor input than direct grazing (Paterson et al. 1987). Cut
material, however, can be dried and stored for later use,
thereby allowing farmers to harvest tree fodder when time 1is
available (NRC 1981, Paterson 1987). Cutting makes more
effi;ient use of tree fodder than direct grazing, since less
is lost from trampling and wastage (Paterson et al. 1987).
In direct grazing systems, livestock tend to ride down
fodder tree stems and bite off the tops and small branches,

leaving a tall residual stem (NRC 1981, Paterson et al.
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1987). In directly-grazed fodder banks, tree management is
limited to regulating tree height to within the reach of
grazing animals.

A balance between the production of planted fodder
trees and livestock tree fodder requirements must Dbe
maintained, as would grass production in a properly managed
pasture grass system. Animal browsing and cutting
activities must be regulated so that a constant supply of
tree fodder 1is available. Directly browsed fodder banks
need to be fenced into sections so that previously browsed
trees can adequately grow back before being used again. An
alternate method of regulating fodder bank grazing pressure
for resource limited farmers is to tie animals in fodder
banks and move them periodically, thus reducing fencing

costs.

CONCLUSIONS

This research has demonstrated that the production of
fodder trees and fodder tree/grass associations can re
managed by manipulating cutting heights and <cutting
intervals. The incorporation and proper management of
fodder trees is vital if the limitations imposed on feed
quality by dry season conditions are to be overccme 1in
Jamaican 1livestock systems. This technology <can ©bDe

incorporated with less capital and labor investment when



compared to other feed alternatives, making it especially
applicable to small producers.

Tree forage represents only part of the solution to dry
season pressures on Jamaican cattle. Herd size has to ke
ﬁatched to the pasture carrying capacity, and supplemental
feeding in the form of concentrates, sugar cane tops and
urea/molasses blocks may be necessary when grass and tree

fodder is limited in supply.
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Figure 1a. Main block layout of
fertilizer and weed control levels.
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Figure 1b. Main block layout of
planting pit size levels.

APPENDIX A: Experimental design used in Moneaqgue establishment
method trials (Roshetko 1991).



FODDER TREE ESTABLISHMENT IN A SEASONALLY
DRY AREA OF JAMAICA

ABSTRACT. Seven fodder tree species were established and
grown at five planting sites in Green Park, Jamaica. Six
species, Leucaena leucocephala, Gliricidia sepium,
Calliandra calothyrsus, Erythrina poepigglana, Cajanus
cajan, and Sesbania sesban, were established by direct
seeding and one species, Brosimum alicastrum, by seedlings.
Additional Calliandra and Gliricidia plots were established
with seedlings and vegetative cuttings. Trees were planted
at 1 m° spacing in 25 (5 x 5) tree plots.

Data were taken over a six month period. Survival of
Gliricidia cuttings and Cajanus was similar at 84 and 82
percent, respectively. The two next highest survival rates
were 66 and 56 percent for Calliandra seedlings and directly

sown Gliricidia, respectively. Total height growth of
Cajanus averaged 113 cm, more than twice that of any other
tested species. Directly sown Gliricidia, Leucaena, and

Sesbania reached a total height of approximately 45 cm.
Survival and height growth ranged widely between planting
sites.

INTRODUCTION

Raising cattle for the production of meat and dairy
products is a significant agricultural endeavor in Jamaica.
Cattle rearing, the major economic activity for over twenty
percent of agricultural lands, is a stabilizing force in the
national economy and a consistent contributor to gross
domestic product. Farms which engage in production range
from large estates to small-scale farmers (SIOJ 1979).
Domestic production of meat and dairy products is about 106
thousand metric tons/year, however, the country still

imports large quantities of beef. During the period
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1981-1985, nearly 12% of all domestic consumption was
imported (GOJ 1987).

Under proper management, most of Jamaica's agricultural
land area is suitable for pasture and livestock producticn
2GOJ 1987) . Attempts to 1increase domestic 1livestock
production have been thwarted by high production costs, the
long-term nature of livestcck production, and inconsistent
governmental policies (GOJ 1987, Bell 1989). Past research
and extension activities have also concentrated on improving
the production systems of larger (>10 ha) growers, which
make up less than 2% of all Jamaican farmers (Blustain and
Lefranc 1987, GOJ 1987).

In addition to economic and policy factors, there are
biological restrictions on the growth potential of Jamaica's
cattle industry. The most significant restriction is the
effect of seasonal rainfall patterns on forage quality and
its effect on ruminant nutrition (Paterson et al. 1987).
Most Jamaican cattle subsist primarily on pasture grasses
(Bell 1989, Rueggsegger 1992). During the biannual dry
seasons in July-August and December-March (CRIZS 1982), the
availability and nutritive wvalue of these grasses decrease
as ﬁhey become desiccated (Pound and Cairo 1983). In
response, some farmers supplement the dietary requirements
of their 1livestock with expensive imported feeds. Most

resource-limited farmers, however, must resort to local
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forages 1including sugar cane tops and tree fodder when
pasture grass 1is scarce and of poor quality and imported
feed is too expensive (Morrison 1991). The well documented
potential of the purposeful inclusion of fcdder trees into
Agroecosystems (Von Carlowitz 1989) has nct been studied
extensively in Jamaica (JAGRIST 1992).

Examples of fodder tree cultivation abound in Nepal
(Panday 1982), Australia (Torres 1983), Israel, Chile (NRC
1981), Indonesia (Davendra 1990), and the Dominican Republic
(Pound and Cairo 1983), where trees are grown and employed
as important components in ruminant nutrition. Some
examples of silvopastoral systems, the planting and
utilization of multipurpose trees for fodder, exist in
Jamaica. Farmers in Moneague, St. Ann Parish periodically

supplement the diet of cattle with the foliage of Gliricidia

sepium planted as living fence posts (Bell 1989). Dairy
farmers near Black River, St. Elizabeth Parish, use Leucaena

and Gliricidia fodder banks to supplement the diets of their

animals (Rueggsegger 1992). In general, Jamaican farmers
chiefly use naturally occurring trees for fcdder (Morriscn
1991), which have low nutrient values compared with planted
exotic species used elsewhere in the world (Roshetko 1991).
The quality and quantity of locally produced cattle

forage can be greatly improved during dry periods by



incorporating tree forage. Freshly cut tree foliage
generally has a higher crude protein content and
digestibility when compared to dry pasture grasses (Paterson
et al. 1987, Pound and Cairo 1983, Davendra 1990). In
addition, tree root systems access soil water and nutrients
unavailable to pasture grasses (Sanchez et al. 1985) and
maintain green foliage during periods of drought (Pound and
Cairo 1983). Nitrogen fixing trees may also enhance site
conditions over time by recycling nitrogen and raising soil
nitrogen levels (Nair 1985, Pound and Cairo 1983).

Questions fundamental to tree fodder research include
species-site selection, and tree species management (NETA
1989a) . Tree fodder management factors include: age at
first cutting, height of cutting, amount of leaf material
removed, interval between harvests, plant density, and
interactions of these and other possible factors (Horne et
al. 1985). Site adaptability and management trials,
coordinated and supported by various international research
organizations, continue to identify promising species and
appropriate management systems throughout the world.
Particularly in Jamaica, the knowledge of fodder tree
production, management, and utilization needs to increase if
the potential of this resource is to be realized (Roshetko

1991).
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The study objectives were to 1) demonstrate the
biological feasibility of establishing six selected exotic
fodder tree species by direct seeding in the seasonally dry
area of Green Park, Jamaica, 2) demonstrate alternative
establishment methods for two cf those species, and 3)
demonstrate establishment of an indigenous fodder tree

species by seedlings.

LITERATURE REVIEW

Fodder tree species. Small-scale farmers in seasonally

dry areas of Jamaica traditionally use tree fodder for dry
season livestock feed (Rueggsegger 1992, Bell 1989, Morrison
1991). In Green Park, 85% of cattle farmers harvest tree
fodder during some time of the year, and nearly 30% spend
four or more hours per day to harvest tree and grass fodder
during the biannual dry seasons (Morrison 1991). Tree
species commonly harvested include Breadnut (Brcsimum

alicastrum), Gliricidia sepium, and Leucaena leucocephala.

Species naturalized to Jamaica (Adams 1972) and used
successfully in other seasonally dry areas include

Calliandra calothyrsus, Erythrina poepiggiana, Cajanus

cajan, and Sesbania sesban (Panday 1982, Little and

Wadsworth 1989).
Breadnut is a large tree of the Moraceae family,

growing to 30 m or greater. It is found from Mexico to

T
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Ecuador, as well as in Cuba and Jamaica (Adams 1972), and is
used throughout its range for dry season livestock feed (NAS
1975). In Jamaica, it is preferred for charcoal-making and
;ts seeds are eaten by both people and livestock (NAS 1975,
Morrison 1991). Research <concerning this species has
centered on 1its role 1in forest ecosystems (Peters 1987,
Bongers and Popma 1990) and use 1in ruminant nutrition
(Roshetko 1991). It produces highly palatable fodder that
is classified as a good dairy feed, based on crude protein
levels of 13% and acid detergent fiber 1levels of 31%
(Roshetko 1991).

Gliricidia sepium is a small (maximum 10 m) tree of the

Papilionaceae family native to Central America. It has
infrequently produced seeds in Jamaica (Rueggsegger 1992),
and has been propagated throughout its range using large
stem cuttings (NFTA 1989b). Cuttings develop shallow
fibrous root systems, in contrast to the central taproot of
seedlings. There is concern that a shallow, fibrous root
system may limit the long-term wviability of cutting-

established Gliricidia by limiting access to soil nutrients

and moisture, and by increasing susceptibility to windthrow

(NFTA 1989b). Gliricidia cuttings are used in Jamaica to

establish 1living fences (Adams 1972, Little and Wadsworth
1989), and to provide dry season fodder (Bell 1989, Morrison

1991). Direct-seeded Gliricidia have averaged 151 cm of
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height growth over ten months in an establishment trial in
Jamaica (Roshetko 1991). Classified as an excellent feed
scurce with 1low initial palatability, 1its average crude
protein level ranges between 22% and 27% and digestibility
between 50% to 75% (NFTA 1989b). When mixed with grass and
molasses, animals become used to its taste and readily
accept it (NFTA 1989b).

Leucaena leucocephala (Mimosaceae) 1is a tree genus

native to Central America and the West Indies. In Jamaica
it grows in pastures and along roadsides into a shrub or
small tree to a maximum height of 6 m (Adams 1972). Other
previously described Leucaena varieties are morphologically
different and may have greater growth rates than those found
in Jamaica (NRC 1981). Leucaena 1is an acceptable fodder
tree species in Jamaica because of its high average crude
protein levels (25%), digestibility (55% ¢to 70%) and
palatability (NFTA 1990a, Morrison 1991). Mimosine, a toxic
amino acid present in Leucaena, causes hair loss and thyroid
injury in livestock when consumed in large quantities. A
rumen bacterium found in many cattle populations can break
down mimosine and eliminate the toxic side effects
assSciated with its consumption. The lack of reported
mimosine toxicity in Jamaican livestock prcbably indicates
that this bacterium is already present in Jamaica (NRC 1981,

Rueggsegger 1992). Jamaican establishment trials using

|f ~ '?‘1
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direct-seeded trees have produced ten-month growth averaging
183 cm (Roshetko 1991).

Calliandra calothyrsus (Mimosaceae) 1is a shrub or small

;ree (maximum 10 m) native to northern South America.
Originally introduced to Jamaica as an ornamental species,
it has been planted extensively for erosion control and
rehabilitation of degraded sites (Adams 1972, Bell 1989).
Optimal annual rainfall for this species 1s reported to ke
between 2000 and 4000 mm. Its natural range, however,
includes areas with only 700 mm (NETA 1989c). Jamaican
establishment trials have reached an average six-month
height of 233 cm in an area that receives 2000 mm average
annual precipitation (Roshetko 1991). The fodder potential

of Calliandra is reported to be limited by foliage tannin

levels that limit digestibility to around 40 percent (NFTA
1989¢c) .

Erythrina poepiggiana (Papilionaceae) 1s a large tree

(maximum 30 m) native to Central and South America. In its
natural range, annual precipitation ranges between 1500-4000
mm and can include dry seasons as long as & months (Adams
1972, NETA 1986). In Jamaica and elsewhere, it has 1long
been employed to shade coffee and as 1living fenceposts
(Little and Wadsworth 1989). Cattle also will consume

Erythrina foliage, which averages 25% crude protein and a

50% to 80% level of digestibility (NFTA 1986).
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Cajanus cajan (Papilionaceae) is a short-lived

leguminous shrub (maximum S m) that has been grown
throughout the tropics for human food and livestock fodder
(Adams 1972). Wide genetic variability exists within this
‘species, and research has concentrated on identifying and
developing higher yielding, disease-resistant perennial
varieties (Daniel and Ong 1990). 1Its relatively high crude
protein content (15% to 24%), palatability, digestibility
and non-toxicity (NFTA 1988), coupled with rapid growth in
Jamaica and elsewhere have shown this shrub to be a good
short-term fodder source while longer-lived species become
established (Roshetko 1991, Daniel and Ong 1990). In Green
Park, Jamaica, it has been grown for food and windbreaks,

but has not regularly been used for fodder (Morrison 1991).

Sesbania sesban (Papilionaceae) is a shrub or small

tree (maximum 6 m) native to Africa and Asia, and sparingly
found in Jamaica (Adams 1972). Establishment trials in
Jamaica have averaged height growth of 468 cm in ten months
(Roshetko 1991). It has been widely used for fodder, and
has produced crude protein levels ranging from 17% to 30%
and digestibility exceeding 60% (NETA 1990b). Tannins and
saponins present in Sesbania may affect ruminant
utilization, but have not been fully studied (NFTA 1990b).
Direct-seeding. All the previously discussed species,

except Breadnut, are suitable for direct seeding
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establishment into pastures (NRC 1979, Paterson et al.
1987). Establishment trials in Moneague, Jamaica, have

shown Leucaena, Calliandra, Gliricidia, and Sesbania to be

highly productive when established by direct seeding in
.improved grass pastures at 500 m elevation above sea level
and 2000 mm average annual precipitation (Roshetko 1991).
Direct seeding has been shown to be inherently less
expensive than seedling or cutting establishment methods
because less labor and equipment are used per established
tree (Smith 1986). Other advantages of direct seeding when
compared to seedling or cutting establishment include: large
areas planted with minimum preparation time, natural root
system development, elimination of transplanting mortality,
reduction of windthrow and root rot, and potentially dense
stocking rates (Smith 1986, NFTA 1989).

Site condition variations hcld greater influence over
direct-seeding than seedling or cutting establishment
methods. When fodder trees are sown directly into pastures,
rainfall patterns, sowing depth, exposure of mineral soil,
and seed pretreatment all heavily influence germination.
The greatest limiting factor to direct seeding, however, is

the need for frequent rain after sowing (Smith 1986).

Uniform germination in Leucaena, Calliandra, and Sesbania
can be enhanced by pretreatment to increase seed coat

permeability but such seed is more susceptible to drought
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(NFTA 1989a). The species tested in this trial (except
Breadnut) are nitrecgen-fixing and require inoculation with
appropriate Rhizobium species to successfully establish in
many areas (NFTA 1989%a). When direct-seeded trees begin to
éstablish strong taproots, the 1influence of rainfall
variation diminishes and the influence of grass and
broadleaf weed competition increases. Grass and weed
competition become less important as seedlings establish
dominance over pasture vegetation (Smith 1986). The rapid
growth of competing vegetation, especially tropical pasture
grasses, has made frequent early weeding treatments
necessary for successful establishment of direct-seeded
fodder trees (Roshetko 1991).

Seedlings. The most effective and guaranteed way to
establish trees is to plant viable, sturdy seedlings (Smith
1986) . Seedling establishment methods have a 1less
restricted planting season and efficiently use limited
quantities of genetically superior seed. They also require
less weeding when compared to direct seeding establishment
methods (Smith 1986). Seedlings and cuttings also require
more labor and capital than direct seeding, due to the cost
of nﬁrsery operations and transportation (Evans 1982).

When wild seedlings are used for fodder tree
establishment, they can eliminate nursery establishment

costs. Such seedlings, however, particularly from species
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with strong taproots, often cannot be reliably transplanted
(Smith 198%6). Both Calliandra and Breadnut produce large
numbers of seedlings in their understory, and can supply
planting stock for fodder tree establishment (Bell 1989).

Vegetative cuttings. Cuttings, like seedlings, are a
more reliable way to establish individual trees when
compared to direct seeding. Vegetative cuttings also
produce plants thaﬁ are genetically identical, increasing
stand productivity when superior planting stock 1is used
(NFTA 1989Db). Lack of genetic variation, however, may
predispose entire plant populations to biotic and abiotic
problems (Evans 1982). Nursery establishment costs can be
reduced by using cuttings, but trees from which sufficient
numbers of cuttings can be produced take much longer to
establish than nursery seedlings (NETA 1989).

Gliricidia, Erythrina, and Breadnut have been grown

from cuttings under field conditions (NFTA 1983%b, NFTA 1986,
NAS 1975). Trials conducted to establish treated and
untreated Breadnut cuttings were unsuccessful in this trial.

Gliricidia and Erythrina cuttings 1 to 2 m long, 2 to 6 cm

in basal diameter and planted 20 to 50 cm deep are typically
used to establish fence line plantings (NFTA 1989b, NFTA

1986) . Erythrina 'ggepiggiana, however, is not found 1in

Green Park and only Gliricidia was available to use for

vegetative establishment (Morrison 1991).
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METHODS AND MATERIALS

Site. Green Park is located in the Trelawny Parish,
Jamaica, 8 km south of the coastal town of Falmouth. Green
Park 1s a former sugar estate purchased in 1959 by Kaiser
Jamaica Bauxite Company Ltd. for the relocation of
landowners displaced by bauxite mining in St. Ann parish
near Alexandria (Andreatta 1992).

Green Park is a seasonally dry area, with 8 months of
the year receiving less than 100 mm of rain. Rainfall
averages 1140 mm/yr and is bimodally distributed. A long
wet season lasts from September to December and a shorter
one occurs from May through June. Mean daily temperatures
range from 24° C to 28° C, with minimum and maximum
temperatures of 18° C and 33° C. Most of Green Park lands
(95%) are dominated by two slightly acid to alkaline clay
loams, Lucky Hill and Bonnygate (RRC/UWI 1970). Bonnygate
soils are generally found on hillsides greater than 10
degrees and are shallow, highly erodible, and excessively
well drained with poor nutrient- and moisture-holding
capacity. Lucky Hill soils are generally found on valley
bottom sites with slopes less than 10 degrees. Their
average soil depth is 12 cm greater than the Bonnygate soil
type, and they are slightly erodible, with poor nutrient-
but moderate water-holding capacity (CRIES 1982). Bonnygate

soils are the most common Green Park soil, representing 70



percent while Lucky Hill soils comprise most of the
remaining 30 percent of agricultural lands.

Five establishment trial sites were located on farms in
;he Green Park area. Each site was previously used focr

pasture. Seymour grass (Andropogcn pertusus) dominated four

sites while Guinea grass (Panicum maximum) was the main

grass species at one site. Guinea grass is considered to be
an improved pasture grass 1in Jamaica, and with another

improved grass, Star grass (Cynodon plechtostachyus), 1is

favored by Green Park farmers (Morrison 1991, JLA 1983).
Seymour grass 1is typically found on degraded, overgrazed
pastures and 1is the dominant grass on most Green Park
pastures (JLA 1983, Morrison 1991). Planting sites varied
considerably in soil depth, slope, aspect, and represented a
wide range of potential places in which silvopastoral
management can be introduced into Green Park.

Species and planting stock. Based on previous Jamaican

establishment trials (Roshetko 1991), a report of indigenous
Jamaican knowledge relating to tree fodder which listed
preferred fodder tree species (Morrison 1991), a search of
the literature, and communications with the Nitrogen Fixing
Tree Association (NFTA)!, the Oxford Forestry Institute

(OFI)?, and the International Crops Research Institute for

! Nitrogen Fixing Tree Association, 1010 Holomua Rd.,

Paia, Hawaii.

Oxford Forestry Institute, South Parks Rd., Oxford,U.KX.
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the Semi-Arid Tropics (ICRISAT)’, six exotic leguminous,
nitrogen-fixing fodder tree species likely to perform well
under direct-seeding and frequent fodder harvesting in the
Green Park environment were selected. The selected fodder

tree species were: Cajanus cajan, Calliandra calothvrsus,

Erythrina poepiggiana, Gliricidia sepium, Leucaena
leucocephala, and Sesbania sesban. A seventh indigenous,

non-nitrogen fixing species, Breadnut (Brosimum alicastrum,

family Moraceae), was chosen because it is a preferred dry
season fodder in Green Park (Morrison 1991).

There were seven species, with planting method
combinations used in the study (Table 1). All species, with
the exception of Breadnut were established by direct

seeding. Breadnut and Calliandra were established with

seedlings, and Gliricidia were established with cuttings.

These establishment methods were employed Dbased on
indigenous planting practices, the species' Dbiological
potential, and planting stock availability.

Tree seed was secured from the Nitrogen Fixing Tree

Associaticn, Oxford Forestry Institute, and the

International Crops Research Institute for the
Semi-Arid Tropics, P.O. Patancheru 502 324, Andhra
Pradesh, India.



Species, varieties, and establishment methods used

in Green Park, Jamaica.

VARIETY Establishment Numper of
Method! plots
established?

ﬂLeucaena NFTA®’ K636 direct seeding 24
Sesbania NFTA 874 direct seeding 19
Cajanus ICP* 88040 direct seeding 18
rythrina |BLSF® 2510 direct seeding 11
rosimum local® seedling 7
Calliandra | NETA 896 direct seeding 9
Calliandra | local seedling 14
Gliricidia | NFTA 1 direct seeding 23
local cutting 7

1) All establishment methods planted in 20 cm’ cultivated
planting pits and weeded three times at six week
intervals.

2) Number planted over five sites.

3) Nitrogen Fixing Tree Association.

4) ICRISAT (International Crops Research Institute for the
Semi-Arid Topics) Cajanus Provenance.

5) Banco Latino Americano de Semillas Forestales (obtained
through NFTA).

6) Planting stock obtained in the Green Park area.
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International Crops Research Institute for the Semi-Arid

Tropics. The balance of planting materials were acquired
through local sources. Gliricidia cuttings were selected
from Green Park trees. Calliandra and Breadnut seedlings

were transplanted from a nearby plantation and woodlands,
respectively.

Establishment. Plots of 25 trees, planted at a 1 by 1

m spacing (10,000 trees/ha), were established on five farms
in October 1990. Planting sites were chosen by the
participant farmers. Prior to planting, on-farm sites were
fenced, sprayed with paraquat (750 g concentrate/ha) to
reduce grass competition, and 20 cm’ planting holes were

excavated and refilled as planting sites. Calliandra,

Leucaena and Sesbania seed were pretreated with hot water
(approximately 76° C) at 5 times seed volume, and allowed to
cool to room temperature (NFTA 1989%a). All seed was
inoculated with Rhizobium and planted 1 to 2 cm deep (NFTA
1989a). Multiple seeds were sown in each planting pit at 2
to 3 times the expected germinaticn rate. Both Breadnut and

Calliandra seedlings were graded to a 20 mm root collar

diameter and 10 cm taproot minimum, and transplanted under a

grass mulch with foliage intact. Gliricidia cuttings

between 75 and 120 cm long, and 3 to 6 cm diameter were

planted between 20 and 30 cm deep, after foliage was
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removed. Both seedlings and cuttings were planted at one
stem per planting pit.

Weeding treatments were conducted three times following
establishment, at approximately 6 week intervals. Weeding
femoved grass and broad-leaved weeds within a 30 cm radius
circle around each seedling. Pasture vegetation was
undisturbed outside the circle weeded area.

Planting Design. Locations of planting plots for

species and planting stock combinations were selected
randemly at each site. The number of replications per
species was based on the amount of planting material

available. Three species, Cajanus, Gliricidia, and

Calliandra were replicated at all five sites. Although

sites differed greatly in soils, aspect and other features,
individual sites were homogeneous.

Measurements. Tree height (cm) and survival (planting

pit occupancy) were recorded at six week intervals over 24

weeks. The nine interior trees of each 25 tree plot were
measured. Border rows acted as a safeguard against edge
effects (NFTA 1989a). Height growth of vegetatively-

propagated Gliricidia was recorded as the length of the

longest shoot on each cutting. The height above ground of

emergent shoots on Gliricidia cuttings was observed but not

recorded. Height of undisturbed pasture vegetation was

measured and recorded at each site.
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In addition to collecting tree growth data, man-hours
required for the establishment and maintenance of each site
were noted. Labor activities included herbicide
applicaticn, plot and planting pit location, pit
establishment, seed pretreatment and sowing, and the
acquisition, movement, and planting of seedlings and

cuttings.

Table 2:. Analysis of variance for survival of six direct-
seeded fodder tree species at the Jones farm, Green Park,
Jamaica.

Source Degrees of Mean square F
freedonm' for error

species S 1684.03 7.90*~*

error 16 213.18

1. Other sites had fewer species, resulting in fewer sgecies degrees
cf freedcm. The number of replicaticns for each species varied at
different sites.

** Survival cf species were significantly different at P < 0.01.

Analysis. Analysis of variance for a completely
randomized design was used to test for differences among the
direct-seecded species at each site (e.g. Table 2). Height
growth data was normally distributed and conformed to the
assumptions of analysis of variance. Arcsine transformation
of sﬁrvival percentages was completed before the analysis of
variance (Little and Hills 1978). Tukey's multiple range
test was used to compare survival and height growth means of

direct-seeded species at each site. Survival and growth of
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Calliandra and Gliricidia planting stock alternatives were

analyzed at two sites using T tests.

RESULTS

Survival. Significant survival differences were found
for direct-seeded species at all sites but the Brown farm
(Table 3). Erythrina and transplanted Breadnut did not
survive on any study plot and were omitted from all

analyses. Direct-seeded Calliandra did not grow after

germination at the Henry farm, and was not included in the
analysis at that site.

Direct-seeded Cajanus survival was consistently higher
than other direct-seeded species at each site.

Direct-seeded Gliricidia was the next best species, with a

survival level of 81 percent at the Sterling farm and a
range of 44 to 53 percent survival at the other four sites.
At three sites where four or more direct-seeded species were

tested, Gliricidia was significantly better than other

species at only one location. Leucaena germinated and
survived poorly at three of the four sites tested, averaging
53 percent survival at the Sterling farm and 36 percent
acroSs the other sites. Sesbania survived well at the
Sterling farm, averaging 72 percent, but averaged only 6 and

20 percent at two other sites where it was tested.



Height growth. Direct-seeded species differed
significantly in six-month height growth at all sites (Table
4). During the six to ten months following planting, trees
were damaged by animal trespass in approximately 50 percent

of Leucaena plots and 10 percent of Gliricidia plots.

Comprehensive height measurements were not taken in these
plots because of animal damage, but growth of undamaged
trees was observed to ten months.

Cajanus height growth averaged 113 cm and was
significantly greater than other direct-seeded species at

four of five sites. Direct-seeded Gliricidia and Leucaena

were the next tallest species at sites where they were

planted. Gliricidia grew 63 and 78 cm at the Sterling and

Brown farms, but only ranged from 20 to 39 cm in height at
three other sites. Average Leucaena height growth ranged
from 30 to 65 cm across the four sites where it was planted.
Average Sesbania height varied widely, ranging from 11 to 92
cm at three sites. Sesbania grew as tall as Cajanus at the
Sterling farm but grew the least at the Jones farm. Guinea
grass height averaged 110 cm, and Seymour grass height
averaged 40 cm after six months.

Plantinq stock differences. Survival of Calliandra

seedlings was greater than those established by
direct-seeding at the two sites where both planting stocks

were established. Height growth differences were
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substantial at only one site. Gliricidia cuttings had a

higher level of survival as compared to direct-seeded

Gliricidia (Table 5). Dominant emergent shoots from

Gliricidia cuttings averaged 14 cm as compared to 32 cm for

direct seeded trees. The emergent shoots, however,
originated 45 to 100 cm above the ground line. Seedlings
and cuttings required .67 and .70 man-days, respectively, to
establish a single 25 tree plot. Direct-seeding to
establish these same species required only .24 man-days per

25 tree plot.

DISCUSSION

Demonstrating the biological as well as the economic
feasibility of fodder tree establishment is important for
the long-term wviability and success of fodder tree
introducticn in Green Park farming systems (Morrison 1991).
Limited 1labor and capital resources constrain farmer's
ability to establish and cultivate fodder trees, to move
cumbersome planting stock or harvested fodder, or to provide
barriers necessary for protecting young plants from
livestock (Morrison 1991, Andreatta 1992). These
restrictions dictate that suitable fodder tree species must
be able to establish and grow quickly. Besides survival and

growth, factors including site conditions and planting stock
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differences are important to consider when selecting fodder
tree species for Green Parxkx farms.

Site differences. Growth and survival varied

considerably between planting sites. Only one species,
Cajanus, survived and dominated the sites at all five
planting locations. Planting site differences 1in soil
depth, and sun and wind exposure appeared to influence
growth differences between sites. Overall tree growth was
greatest at the Sterling and Brown sites where Lucky Hill
soils, with a 30 to 45 cm clay loam layer which increased in
stoniness with depth, were found. The Sterling site is
exposed to prevailing area winds. The Brown site 1is
protected from wind and excessive solar radiation by a
fencerow and a coconut plantation. The poorest overall
growth was found at the Jones farm. This site was located
in the middle of a large pasture were fodder trees were
exposed to winds and direct, full day solar radiation. 1In
addition, the Bonnygate soils at this site are heavily
eroded and are only 20 to 30 cm over solid limestone.
Because Bonnygate soils comprise the majority of Green
Park land, low moisture and nutrient levels will limit
plaﬁtings of fodder trees at most sites. Planting sites
that afford some protection from wind and direct sunlight

appear to be favored for enhanced establishment results.

B st ﬁ\m



Survival and Height Growth. Survival and height growth

in this trial was less than reported for two other Jamaican
establishment trials. When planted in an area receiving
nearly twice the average annual precipitation of Green Park,

Gliricidia, Leucaena, Sesbania, and Calliandra grew 2 to 7

times taller in six months (Roshetko 1991). Leucaena
growing under similar rainfall conditions as found in Green
Park averaged only 20 cm taller after six months of growth
(Thompson 1985).

Cajanus grew aggressively in both Guinea and Seymour
grass pastures, and generally formed closed canopies after
six month's growth. Unfortunately, Cajanus suffers from a
variety of insect and disease problems that 1limit its
long-term viability (Daniel and Ong 1990, Roshetko 1991).

Seed borer (Helicoverpa armigera) was observed through all

plots four months after establishment. Mortality of 20
percent from an unidentified stem wilt was noted ten months
following establishment at one site. Although short-lived,
Cajanus's aggressive establishment, human and animal food
value, and fast growth make it a useful multiple purpose
tree for short-term fodder production while long-lived
species become established (Morrison 1991).

Direct-seeded Gliricidia were free to grow above
Seymour grass pastures 6 months after planting at all but

the two poorest sites. In another Jamaican study,
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direct-seeded Gliricidia grew above Para grass (Brachiaria

mutica) within six months of planting (Roshetko 1991). At
some planting sites, direct-seeded Gliricidia may require
additional weeding treatments to establish when planted in

Guinea grass. Gliricidia produces seed sporadically in

Jamaica, and without 1locally produced seed, it will be
difficult to find seed for direct-seeded establishment.

Gliricidia cuttings established above pasture grasses

at all sites because shoots emerged 45 tc 100 cm above
ground level. Although sources report vegetatively-

propagated Gliricidia to have limited long-term viability

(NFTA 1989b), established Gliricidia cuttings in Green Park

are vigorous and healthy 5 to 7 years after planting. The

use of Gliricidia cuttings to establish living fenceposts 1is

an increasingly accepted practice in Green Park (Morrison
1991) . For these reasons, vegetatively-propagated

Gliricidia is recommended for continued planting as living

fenceposts and for further study as a fodder tree in Green
Park pastures.

Despite seed pretreatment and planting depth
regulation, poor germination of Leucaena occurred. Seed lot
tests indicated an expected germination rate of 88 percent
germination but field trials registered much lower rates of
germination. The author speculates that seed pretreatment

made this species more susceptible to dehydration during a



post-planting drought. Survival of sown seed planted
without pretreatment was 27 percent greater than pretreated
seed, even when sown during a period of lower precipitation.
Leucaena height growth matched or outgrew pasture
'grasses at two sites in © months. Trees which escaped
animal damage grew from 75 to 200 cm tall at all farms but
Scott, ten months following planting. Thompson (1985) also
noted slow initial height growth for Leucaena when planted
on dry, limestone-derived soils in Jamaica. Other authors
have reported that Leucaena shoot growth accelerates after
root systems become established (NAS 1981).
Previous research and suggestions from some Green
Park farmers indicate that fodder trees could be integrated
with present pasture improvement activities (Morrison 1991,
Brown 1992). The introduction of Leucaena to pasture
improvement practice is particularly suitable because many
Green Park farmers presently maintain the naturally-seeded
local variety of Leucaena in their pastures (Adams 1972).
Further testing of the K&36 variety and other arboreal
varieties are recommended because of their high fodder
yields and long growth interval prior to seeding compared to
spréading varieties (Guevarra et al. 1978). Future
direct-seed plantings should include both non-treated and

pretreated Leucaena seed.
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Introducing Calliandra seedlings into Green Park
silvopastoral systems is constrained by the lack of local
planting stock sources, and Green Park farmers'
unfamiliarity with this species (Morrison 1991, Andreatta
1992). Although Calliandra seedlings grew well at three of
the five sites, additional weeding treatments were necessary
to establish it in the Guinea grass pasture. Seedlings grew
vigorously for the ten months following establishment, but
approximately 25 percent had foliage die-back on at least
one branch by the tenth month. In addition, direct-seeded

Calliandra performed poorly in Green Park pastures. Further

planting trials and continued observation of established
trees are advised before this species can be recommended for
Green Park.

Sesbania grew and survived well on one site with
deep soils and limited wind exposure, and poorly on two
other exposed sites with poor soil. The potential of this
species on selected sites should be studied. However, a
lack of local seed sources and unfamiliarity of farmers with
the species will limit its immediate use in Green Park.

Direct-seeded Erythrina and Breadnut were omitted frcm
the analysis because they failed to survive in Green Park
pastures. Direct-seeding does not appear to be a viable
strategy for establishing Erythrina under the low rainfall

conditions found in Green Park. A single attempt to
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transplant wild Breadnut seedlings into the study sites was
also unsuccessful. Breadnut is widely used in Green Park as
a fodder tree. Further attempts to establish Breadnut are
warranted based on the importance given this species by
local farmers (Morrison 1991), and are currently underway

(Morikawa 1993).

Establishment method. Three different establishment

methods (direct seeding, cuttings, and seedlings) were
tested for two species in this trial. Two establishment

methods for Calliandra and Gliricidia were tested at each of

two planting sites. Marked differences in survival, growth
and labor inputs required for each method were noted.
Direct-seeding required approximately 1/3 of the labor
input of seedlings and cuttings. The larger labor
investment for seedling establishment has been noted by
forest managers throughout the world (Smith 1989). Other
advantages of direct seeding include the ability to rapidly
plant large areas of land and establish extensive fodder
tree plantings. Commonly discussed disadvantages 1include
the need for larger seed quantities, more weeding treatments
than needed for seedlings or cuttings, (Smith 1986) and
seasonally related activities that constrain farm labor
(Andreatta 1992). The selection of species to directly seed
will probably depend on growth habit and seeding frequency.

Leucaena and Cajanus are particularly suitable for direct
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seeding because they are currently found in Green Park and
produce large quantities of easily-collected seed.

Cutting and seedling survival exceeded direct-seeded
trees by 30 to 42 percent in trials where direct-seeded
plants survived. Because of increased survival, seedling
establishment is recommended over direct seeding when high
value germplasm is to be established or when low density
plantings are desired. Fewer weeding inputs are required
for seedlings and cuttings when compared to direct-seeding
(Evans 1982). For this reason, cuttings and seedlings are a
good choice for fodder tree establishment, especially in
tall, fast-growing tropical grasses such as Guinea grass,
when labor for weeding is unavailable at later periods
(Andreatta 1992).

Fodder tree establishment has potential to be
integrated into current farming practices. One such example
is the practice cf establishing short-term czops with Star
grass (Morrison 1991). Crops and grass could be planted
with fodder trees, and resources used to weed and protect
plants from livestock could be combined to establish a
tree/grass pasture. The combination of these activities
could possibly make more efficient use of resources when
compa:ed ‘to planting the components separately (Morrison

1991), and should be investigated.
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CONCLUSIONS

From this study, it appears that Cajanus, Calliandra

seedlings, vegetatively-propagated Gliricidia, Leucaena, and

Sesbania require further study for possible use in Green
Park pasture systems. Cbservations made after establishment
indicate that Cajanus should be used for short-term fodder
production while slower-growing but longer-lived species
become established. Future plantings should be concentrated
on sites with deeper soils and protection from excessive sun
and wind exposure.

Direct-seeded Erythrina and Calliandra were
unsuccessful due to low survival or slow, inconsistent
growth. Direct-seeding of Gliricidia is not practical
without locally produced seed. These species might have
application for fodder tree use elsewhere in Jamaica, but
are not recommended for further study in Green Park.
Breadnut seedlings were not successful, but further study of
alternative establishment methods is recommended because of
the popularity of this species for dry season fodder

(Morrison 1992).
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SUMMARY

This research has shown that fodder trees and fodder
tree/grass associations can be managed by manipulating

cutting intervals and heights. Calliandra produced

approximately four times more tree fodder than the

Gliricidia and Leucaena plantations. The combination of

tree fodder and grass production under the Gliricidia and

Leucaena increased total fodder production over the

Calliandra plantation.

The incorporation and proper management of tree fodder
is wvital if dry season conditions are to be overcome in
small-scale Jamaican livestock systems. Tree forage 1is
intended to compliment pasture grass, and grass should
continue to provide the larger volume of feed. Tree forage
represents only part of the solution to dry season
pressures, however. Herd size has to be matched to pasture
carrying capacity, and other supplemental feeds may still be
necessary when grass and tree fodder supply is limited.

From establishment trials in Green Park, it appears

that Cajanus, Calliandra, Leucaena, Sesbania, and

vegetatively-propagated Gliricidia show promise for

inclusion in Green Park farming systems. Observations made
to ten months after establishment indicate Cajanus should be

used for short-term fodder production while slower-growing
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species become established. Further study is needed to
determine the long-term growth habits of all these species.
Fodder tree survival and growth were highly variable at
different planting locations, and future plantings should be
concentrated on sites with deeper soils and protection from

excessive sun and wind exposure.
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DIRECTION OF FUTURE RESEARCH

This study has produced many useful results that may be
used to guide the future establishment and management of
fodder trees in Jamaican farming systems. If the project
goal to integrate fodder tree establishment and management
data with current farming systems is to be realized,
however, more research questions need to be addressed. This
study examined the establishment of seven different fodder
tree species in Green Park, but observations were limited to
the ten months following establishment. The growth habits
of established trees need to be further noted so the
long-term suitability of these species can be established.

Past development experience has demonstrated that tree
planting arrangements which conform to current agricultural
land uses and labor constraints are more likely to be
adopted into a given farming system. Fodder trees in this
study were established in fenced forage banks which were
placed in the corners of pasture paddocks. The suitability
of this and alternative planting arrangements with current
agricultural practices needs to be examined. Continued
exchénge of ideas with Green Park farmers should be used to
aid in the design of future establishment experiments.

Fodder tree management studies were carried out 1in

Moneaque over nine months, and should be continued to
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determine the long-term effects of repeated harvest and
rainfall variations. Management studies of established
trees 1in Green Park should be implemented to determine
harvest strategies specific to the environmental conditions
which occur there. Feeding trials should also be initiated
in Green Park both to determine the effect of tree fodder on
animal performance and to demonstrate the use of this
technology to Green Park farmers.

Finally, economic analyses should be performed to
compare the viability of silvo-pastoral alternatives to
traditional livestock management systems. Care should be
taken so that fair values are assigned to all inputs and
outputs, especially those which are not normally assigned
market values.

Integrating and expanding the role of tree fodder into
Jamaican livestock production systems has great potential,
repeatedly demonstrated in other tropical countries, to
increase overall productivity. The knowledge of appropriate
species and management regimes should continue to be
expanded in Jamaica. If the potential of this resource 1is
to be realized, however, research needs to be accompanied by
the 'participation of Jamaican producers so that the
technology can be extended into and refined by the audience

it is aimed at benefiting.
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