&

8

- Macro
Detritivores

N
[«

Total

Inverts.

—
(=)

Mean # of Individuals
w &
Illlllllllllllllllllllllllllll

(=)

Gap Canopy
Night
Figure 3. A comparison of macrodtritivore and
total invertebrate abundance between gap and
canopy sites at night as measured by Berlese
funnels.
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Figure4. A comparison of macrodetritivore
andtotal invertebrate abundance between gap
and canopy sites during the day as measured

First, we found a high abundance of
detritivores and invertebrates during the
day in the gap, and second, an overall
increase in invertebrate abundance at
night in both sites.

The first trend is consistent with
our hypothesis, as the gap sampled
during the day had both a higher tem-
perature and a higher moisture level.
The lack of canopy shading is responsi-
ble for the increased exposure to sun-
light and higher temperature fluctua-
tions, while less vegetation in the newly
formed gap may lead to decreased soil
water uptake and therefore greater soil
moisture. Under these favorable condi-
tions, macrodetritivore abundance was
found to be higher, when compared to
the neighboring plots shaded by the
canopy.

The total increase in invertebrate
activity at night, though the conditions
may not be as favorable, may be related
to invertebrate predation. A visually
searching predator is less likely to iso-
late a macrodetritivore hidden in the lit-
ter when light levels are low.

Due to a lack of sampling equip-
ment, we were unable to statistically
analyze our data. In future studies,
replicate samples from a variety of habi-
tats, coupled with rigorous statistical
analysis, are needed.
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INTRODUCTION (DBK)

Tropical agricultural practices are
challenging due to many factors.

Included in these factors are that

farming is often done on slopes where
rainfall can cause significant erosion and
that continual harvesting of crops makes
soil nutrient depletion a serious
problem. Alley-cropping is a system
that alternates rows of trees and crops in
a plot and uses the prunings of the trees
as mulch for the crops. This system,
therefore, greatly remedies the two
aforementioned problems. The in-
creased canopy cover, litter layer, and
density of root system slow the effects of
erosion, while these potential alley-crop
trees increase nutrient levels both

through decomposition of leaves and
branches and nitrogen-fixation.

The use of different tree species for
alley-cropping is currently being
investigated on experimental plots at
Finca Loma Linda, Costa Rica. Each of
the five species being investigated
provides different advantages to the
system. Inga edulis, and Flemingia
macrophylla are slow decomposers, while
Calliandra calothyrsus is a fast de-

CONTINUED EXAMINATION OF FIVE POTENTIAL ALLEY CROP TREE SPECIES IN
COTO BRUS, COSTA RICA

Thomas S. Bansak, Adam A. Blue, Diana B. Kornet, and Elizabeth D. O'Hara

Abstract. A study was begun eighteen months prior to examine potential alley-cropping tree
species to complement the cultivation of beans using a slash-and-mulch farming technique. We
examined the progress of the five species (Flemingia macrophylla, Erythrina poeppigiana, Inga edulis,
Calliandra calothyrsus, and Acacia mangium) by recording the height, the diameter at 3cm, the
diameter at breast height (DBH), the number of stems at 3cm, the number of stems at breast
height, and the current level of leaf herbivory. Taking advantage of existing data on last year's
herbivory for these monospecific stands, we hypothesized that the species that suffered high
amounts of predation last year should have had a low growth increment over the last twelve
months. We found no significant relationship, however, between last year's herbivory and this
year’s current height. The remaining data indicate which of these five species of trees may be the
best for alley-cropping slash-and-mulch farming techniques. (AAB, EDOH)

composer (Giller 1991, Nicols 1991). A
balance of fast and slow decomposers
may significantly increase the benefits
gained from mulching in an alley-crop
plot, as fast decomposers provide an
immediate nutrient supply to the crops
and slow decomposers provide a longer-
term protection from competing vegeta-
tion. Erythrina poeppigiana and Acacia
mangium have been noted for their
ability to produce large amounts of
biomass quickly, and this can potentially
improve mulching as large biomass of
mulch means higher nitrogen and
phosphorous availability for the crops
(Nichols 1991).

On 2 February 1992, the
Dartmouth Tropical Ecology Program
collected data on survival rates,
herbivory, and growth (height and
diameter 3cm from the ground) for the
five aforementioned species. We
collected similar data on 5 February
1993, also recording the diameter at
breast height (DBH) and noting the
abundances of fruits and flowers. We
hypothesized that trees with high levels
of herbivory last year should have
grown at significantly lower rates than
those with low levels of



Table 1. Relative growth rates of trees as measured b

at Loma Linda Farm, Costa Rica.

y four growth parameters for five alley:?a)p species

Height increment Diameter at 3cm in- Mean number of Mean number of stems at

me
_ atLoma Linda Farm, Costa Rica.

(%) crement (%) stems at 3em breast height % Herbivory % Mortality lI)\LL;irinel;er of reproductive
F. macrophylla 1340 989 4.9 4.2
E. poeppigiana 184 248 1.0 1.0 1992 1993 [n]
C. calothyrsus 606 400 14 21 E macroph'ylla 7.95+13.84 4.7+0.8 [45] 0 32.04£3.0
1. edulis 305 238 1.0 15 E. poeppigiana 5.84+14.88 30.5+3.9 [31] 243 0
A. mangium 390 474 1'0 1'0 C. calothyrsus 32.53+33.59 0.0+0.0 [45] 0 27.0+4.5

' ' I edulis 59.29+20.45 25.5+2.3 [36] 5.2 0

A. mangium 30.50463.22 2.9+0.3 [36] 19.0 0

Table 2. Dimensions of trees for five alley-crop species at Loma Linda Farm, Costa Rica.

Height (cm) Mean diameter at 3cm (mm) Mean diameter at

breast height (mm)
1992 1993 1992 1993 1993
F. macrophylla 17.8£3.6 2751424 2.75+0.44 29.9+0.7 20.5+0.7
E. poeppigiana 34.2+8.7 97.1+6.6 5.46+1.39 19.841.6 14.7+4.3
C. calothyrsus 43.7116.2 308.8+7.8 5.79+1.84 28.9+1.2 22.8%1.0
I edulis 39.449.1 159.7+10.6 6.04+1.78 204+1.5 14.2+1.4
A. mangium 42.7+11.1 209.448.1 3.88+0.98 22.3+1.2 14.3£1.0

We compared relative growth rates
with respect to both height and diameter
for the five species (Tables 1 and 2). F.
macrophylla grew the most over the past
twelve months, with a height growth of
1340% and a stem diameter growth of
989%. C. calothyrsus had the second
_highest height growth increment, at
606% and third highest for diameter, at
400%. A. mangium was second for
relative diameter growth increment, at
474%, and third for height, at 390%. 1.
edulis was fourth for height and fifth for
diameter while E. poeppigiana, was fifth
for height and fourth for diameter
(Tables 1 and 2).

Tree mortality within the first
eighteen months is also an important
consideration in choosing successful
alley-crop species. E. poeppigiana had
the highest mortality (10 dead out of
approximately 40 individuals), A.
mangium had the second highest (8 dead
out of approximately 40 individuals)
and I edulis had the third highest
mortality (2 dead out of approximately
40 individuals). No F. macrophylla or C.
calothyrsus died during the first eighteen
months (Table 3).

The greatest amounts of herbivory
this year were found in E. poeppigiana
~and I edulis (30.5% and 25.5%,

herbivory and would therefore not be as

and estimating the amount of leaf area
successful as alley-crop species.

missing (presumed eaten): <1%, 2-5%,
5-10%, 10-25%, 25-50%, or >50%. For
later computations, the plant was
assigned the percentage in the midpoint
of its category. Finally, mortality was
recorded as the absence of a plant at the
specified 0.5m interval.

METHODs (EDOH)

We measured growth, herbivory,
and reproductive bodies for mono-
specific stands of five alley-crop tree
species planted eighteen months prior
on the southern slope of the Finca Loma
Linda, Coto Brus, Costa Rica. Four rows
per species, each containing 9-12
individuals and planted 0.5m apart,
were examined. Each stem of a plant
was assessed for diameter at 3cm as well
as DBH. The overall height of the plant
was determined by measuring the tallest
stem. The total number of inflo-
rescences or seed pods (including
remaining dehisced casings) per plant
was also recorded. In addition,
herbivory on current foliage was
assessed by randomly selecting two
leaves at breast height (for trees smaller
than breast height at their midsection)

RESULTS (AAB)

We were able to examine our
hypothesis that trees with high levels of
herbivory last year should have
exhibited a lower growth rate over the
last twelve months compared to trees
that had low levels of herbivory last
year only for two species, L. edulis and
A. mangium, due to incongruities with
last year's data. For these two species
there was no relationship between last
years herbivory and growth (tree height
increment) over the past year (r2=.004
for I edulis and r2=.016 for A. mangium ).

respectively). The other three species
showed less than 5% herbivory (Table
3).

Only two species, F. macrophylla
and C. calothyrsus were in the process of
reproducing during our data collection.
There was no relationship, however,
between height or diameter at breast
height and the development and
abundance of reproductive bodies
(r2=.274 for height and r2=.351 for DBH
in F. macrophylla and r2=.027 for height
and r2=.002 for DBH in C. calothyrsus).

We also examined the relationships
between the diameter at 3cm above the
ground and DBH with tree height. In all
cases, we found a stronger correlation
between DBH and tree height than we
did between the diameter at 3cm and
tree height (Table 2). This indicates that
DBH is a better measure to use for
future data collection. We also found
the strongest correlations between DBH
and tree height in the three species
which had only one main stem (E.
poeppigiana r2=973, L. edulis r2=.807, and
A. mangium r2=.797). The two species
that had multiple- stem forms, F.
macrophylla and C. calothyrsus , had low
correlations (r?=.497 and r2=.339,
respectively), but they had the highest
relative growth rates (Table 1).
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because those trees cannot invest as
much in defenses. '

Herbivory may also come into play
as high levels reduce the amount of leaf
litter produced. This loss of leaf
biomass represents a loss of nutrients to
the system, as the consumed leaf matter
will not be reincorporated as mulch.
The amount of leaf biomass lost is
therefore directly linked to a species'
value as an alley crop. I edulis 's relative
value as an alley crop is reduced due to
high levels of herbivory in both 1992
and 1993. However, in order to make
comparisons of relative value between
different species, the total amount of
biomass produced by each species as

This study is beginning to provide well as the nutrient concentrations of
insight into which of the included that biomass would have to be exam-
species would be best suited as alley- ined.
crops. We considered the desirable
features of an alley-crop species to be
high growth rate, high biomass
production, high reproductive rate, low
mortality, and low herbivory levels.

Our hypothesis that last year's
herbivory levels would affect this year's
growth was not supported by our data.
Although our examination was limited
to two species, it seems that levels of
past herbivory, even when large (up to
60% for I. edulis), do not cause enough
stress on the trees to significantly reduce
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Figure 1. Alley crop tree height versus diameter
at breast height at Finca Loma Linda, Costa Rica,
February 1993.

DISCUSSION (TSB)

Although herbivory was not
correlated to growth rate, it was
correlated to mortality for E. poeppigiana.
This species, which suffered high
herbivory in 1993, also had the highest
mortality. Such high mortality cannot,
however, necessarily be attributed to
herbivory, since other factors, such as a
fungal or bacterial infestations may have
been responsible.

We also examined reproduction for
two species. F. macrophylla produced
inflorescences and C. calothyrsus, seed

growth rates. There must be sufficient
light and nutrients for the trees to
produce enough excess biomass that

While past herbivory was not
indicative of growth, there was a

with the lowest growth rates and

no cause and effect relationship can be
drawn, it is possible that herbivores can
forage more successfully on trees that
are not exhibiting rapid growth, perhaps

pods during the past year. Since there
was no apparent relationship between
tree heights and the numbers of these
reproductive structures, it seems that
height is not a good indicator of
reproductive health. Both species
suffered relatively little herbivory last
year, but no conclusions can be drawn,
since the other species in this
comparison presumably fruit and flower
during other months.

An overall assessment of relative
growth for diameter and height shows
F. macrophylla to be the most productive
species. Its growth rates were over
twice those for all other species. It
produces large quantities of leaf litter
and suffered practically no herbivory. F.

_ macrophylla and I. edulis were chosen for
_ this study because of their slow

decomposition rates. Of these two, it is
apparent from relative growth rates and

_ herbivory levels that F. macrophylla is a
_ better candidate for a slow decomposing

alley cropping. F. macrophylla is not,

_ however, a native species, and so it may

not be as readily available or
inexpensive to the local farmers. There

_ is also the argument of the purist which

states that foreign introductions should

be minimized.

Although anticipated to be a slow
growing species, C. calothyrsus shows
high relative growth rates for both
diameter and height. This species, a
rapid decomposer, would complement
E. macrophylla especially well as they
would provide continuous cover and
keep a steady flow of nutrients into the

- system.

F. macrophylla and C. calothyrsus
are also the two species that exhibit
multiple-stem growth, a growth form
that may be beneficial to the agricultural
system for several reasons. The
individuals have the ability to become

bushy and produce large amounts of
both biomass and canopy cover. They
also apparently have a lower risk of
mortality than does a single-stem
species. This multiple-stem growth
form could also account for the weak
allometric relationship between DBH
and height for these two species. Each
stem has its own height and diameter,
and should therefore be examined sepa-
rately before being totaled. This would
be a more accurate representation, and
therefore more useful in determining the
relative value of a species.

The multiple uses of these species
should also be examined. Such
considerations give further support to C.
calothyrsus , for it is a good source of
firewood. I edulis is also more valuable,
since it produces a harvestable fruit
(Rosemeyer, pers. comm.). Collection of
data over a longer interval and
examination of additional parameters
will help to assess the relative values of
the different true species for alley-
cropping agricultural systems.
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