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Timber-based agrisilviculture improves financial viability
of hardwood plantations: a case study from Panama
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Abstract Tree plantations are widely considered a
sustainable and economically feasible way to foster
reforestation of degraded tropical lands. However, the
greatest obstacle to their implementation is the
5-10 years period before initial returns through tree
harvesting are realized. This study evaluated the
feasibility of generating returns in this period by
intercropping hardwood plantations with annual
crops. In an agroforestry trial established in eastern
Panama, the costs and revenues of intercropping five
native and one exotic (Tectona grandis) tree species
with three different agricultural treatments—maize-
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beans, pigeon pea and cassava—were assessed. All
tree-crop combinations, except those with cassava,
generated positive net cash flows during the first years.
Over the modeled rotation period of 25 years, the
agrisilvicultural systems showed up to 50 % higher net
present values (NPV) than pure forestry (given a 6 %
interest rate), while most tree-crop combinations
exceeded the NPV of pure agriculture. 7. grandis
intercropped with pigeon pea showed the best eco-
nomic performance. The NPVs of the agrisilvicultural
systems were less sensitive to changes in costs or
revenues than either pure forestry or pure agriculture.
Accordingly, the final felling value required for
intercropping treatments to meet the desired interest
rate of 6 % was up to 90 % lower than that for pure
forest plantations. This effect was strongest for native
tree species, as their slower growth allowed for longer
periods of intercropping. Results suggest that inter-
cropping hardwood plantations can be an effective
tool for improving financial feasibility of reforestation
while providing increased food security in rural areas.

Keywords Intercropping - Taungya - Tectona

grandis - Terminalia amazonia - Hieronyma
alchorneoides - Cajanus cajan

Introduction

In the Central American Republic of Panama, 27 % of
the total land area has been degraded (ANAM 2011).
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Soil has become degraded through the conversion of
forests into agricultural land and subsequent unsus-
tainable land use practices—particularly repeated
burning and overgrazing of pastures (Love and Spaner
2005). Forests provide important ecosystem services
which can only be restored through reforestation
(Sands 2005; Reid 2005; Chazdon 2008). As natural
regeneration is usually very slow (Giinter et al. 2007,
Palomeque 2012; Goers et al. 2012), and secondary
forests often comprise few economically valuable
species (Giinter et al. 2008; Akindele and Onyekwelu
2011), the establishment of hardwood plantations is
considered a sustainable and economically feasible
way to rehabilitate degraded and unproductive land
(Cubbage et al. 2010; Knoke et al. 2013). Active
reforestation requires a substantial up-front invest-
ment in tree seedlings and planting. This is a financial
burden that many farmers might not be willing to take
on, considering that it is likely to be up to 10 years
before they receive the first returns from their invest-
ment. Agroforestry might be a way to help overcome
this obstacle.

The most widely applied agroforestry practice used
to foster reforestation is the “Taungya” practice
(Jordan 1992). Taungya is the simultaneous cultiva-
tion of annual crops during the initial years of
plantation establishment during which no returns from
timber sales can be expected. While the Taungya
practice has been widely applied in Asia (Jordan
1992), few examples are available from Central
America (Current et al. 1995; Schlonvoigt and Beer
2001). The simultaneous planting of short-term crops
during the initial phase of forest plantations might
have positive effects on young trees and seedlings,
such as suppression of competing grasses, reductions
in soil transpiration and improvements in microcli-
mate and soil fertility (Watanabe 1992; Vieira et al.
2009). Revenues from crops might also help offset
costs for the management of tree seedlings, thus
improving the financial feasibility of forest plantations
(Witcomb and Dorward 2009; Kalame et al. 2011). A
systematic comparison of this agroforestry practice
with modern forest plantations from both short- and
long-term perspectives is, to date, lacking.

This study was designed to estimate the potential of
the timber-based intercropping system to increase the
financial viability of reforestation of degraded lands in
Central America. The research questions addressed
were:

@ Springer

(1) Can an agrisilvicultural approach generate net
income during the initial years following plan-
tation establishment?

(2) Will an agrisilvicultural concept be more prof-
itable than pure forestry when the entire rotation
period of 25 years is considered?

(3) Can an agrisilvicultural concept compete finan-
cially with pure crop cultivation or cattle
farming?

(4) How sensitive will the different land-use
options be to possible price (and yield) changes
in the future?

The few studies available on potential tree inter-
cropping systems in Central America have focused
mainly on the use of fast-growing tree species which
are not native to Central America, such as Eucalyptus
deglupta (Schlonvoigt and Beer 2001), Acacia
spp.(Kapp and Beer 1995; Gomez 1995), and Tectona
grandis (Current et al. 1995), as they are often favored
over native tree species for use in commercial
reforestation projects due to their faster growth rates
and longer breeding histories (ANAM 2010). Accord-
ingly, 66 % of the reforested area in Panama today has
been planted in 7. grandis (ANAM 2010). As the
ecological benefit of such monocultures is debated
(Bremer and Farley 2010; Griscom and Ashton 2011),
this study was also designed to assess the economic
potential of hardwood species native to Panama,
namely Astronium graveolens, Cedrela odorata, Dal-
bergia retusa, Hieronyma alchorneoides and Termi-
nalia  amazonia, for use in timber-based
agrisilvicultural systems as compared to the exotic
tree species Tectona grandis.

Materials and methods
The study area

The study was carried out in the district of Chepo in
eastern Panama near the township of Tort
(8°54/21”N, 78°20'01”W). This region is considered
to be part of the tropics, with average annual
precipitation of 1,910 mm and an average annual
temperature of 26.4°C (ETESA 2011). The three-
month dry season, during which less than 30 mm of
rain falls monthly, occurs from January to March
(ETESA 2011). The soils in the site where the trial was
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established are classified as Vertisols, with a clay
content of up to 80 %, and are seasonally waterlogged.
These unfavorable soil conditions, together with the
fact that the site was formerly used as cattle pasture,
make it an ideal example, as equivalent sites are often
used for reforestation in Panama (Tschakert et al.
2007; Sloan 2008).

Trial design and management

The trial was established within the framework of a
reforestation project which covers a total area of
74 ha. Three different treatments—agroforestry, pure
forestry and pure crop cultivation—were monitored
over a total period of 24 months. In the agroforestry
treatment, the six tree species mentioned above were
planted in combination with three different treatments
of either single crops or crop rotation systems that are
commonly grown by local farmers (Schuchmann
2011)—(1) Pigeon pea (Cajanus cajan); (2) Maize
(Zea mays) followed by beans (Phaseolus vulgaris,
local variety “chiriquano”) and a second rotation of
maize, and (3) Cassava (Manihot esculenta). The trial
layout, which is described in detail by Paul (2014),
was based on a random plot design with four
repetitions per tree-crop combination. For the purpose
of this study, we did not consider repetitions, but
instead pooled all plots of each treatment together to
calculate total crop yields and overall tree growth,
respectively and then adjusted them to generate per
hectare averages. Costs and revenues from the agro-
forestry systems were recorded for a total area of
0.5 ha for each treatment. Within this area, the
different tree species were planted on replicated
mono-species subplots of 200 m” each. As these small
plots were directly adjacent to one another, the costs
for weeding did not differ among the different tree
species during the observation period. Costs for pure
afforestation were monitored in pure stands on a total
area of 0.18 ha for each tree species. Pure agricultural
production was evaluated on a total area of 900 m? per
crop or crop rotation system.

Tree management

The trial was established in August 2009. Before
planting, the site was manually cleared of grasses
using machetes and then treated with the herbi-
cide Glyphosate (N-(phosphonomethyl)glycine)

(4 Tha~')—common practices for land preparation
used by local farmers. Containerized tree seedlings of
D. retusa were planted at 2 x 3 m intervals, while
seedlings of all other species were planted at a distance
of 3 x 3 m, representing commonly practiced tree
spacings used by the cooperating reforestation com-
pany (ForestFinance Group). Four days after planting,
20 g of NPK-fertilizer (15-30-8) was applied to each
seedling. Any individuals that died during the first
12 months after the initial planting were replaced
(Online Resource (OR) 1, Table B). During the first
4 months after plantation establishment, any emerging
vegetation was repeatedly cut in a circle of one meter
around each tree (spot-ringed weeding) using
machetes. In the agroforestry trial, subsequent weed
control was carried out during the course of crop
management, while in the pure forest plantation plots,
competing vegetation was cut manually and subse-
quently treated with herbicide (OR 1, Table A) once
every 4 months. From year five on, maintenance
modeled costs for tree plantations were reduced
according to information obtained from ANAM
(2011) and local plantation managers (Table A,
OR1). With the exception of T. amazonia all trees
required singling and pruning. In order to reduce
damage to C. odorata trees from the mahogany shoot
borer (H. grandella), trees of this species were
monitored every 3 months, beginning 6 months after
planting (see Paul and Weber 2013). Any infested
branches detected were cut and burned.

Crop management

All crops were planted manually, using commonly
applied planting techniques (Schuchmann 2011). All
crops were planted in the weeks immediately follow-
ing tree planting. However, as pigeon pea was planned
as the second part of a rotation with ginger, which
failed to germinate, this agroforestry treatment actu-
ally contained no crops until 9 months after tree
planting, at which time pigeon pea was sown. Thus, for
a more accurate comparison with other crop rotations,
we also calculated the option “Pigeon pea starting at
year 0”, a scenario in which pigeon pea is planted few
weeks after tree seedlings. The seeds for all crops with
the exception of maize (DK1040) were obtained from
local farmers. In both the agroforestry and the pure
agricultural treatments, crops were sown in a regular
grid between trees, using planting distances of
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Table 1 Revenues from crops in agroforestry (AF) and pure agriculture (CP) in years zero and one, respectively

Crop (rotation) Agricultural product Unit Yield/ha Price per Revenue ($ ha ')
mit ($) ————————
AF CP AF CP
Maize-beans-maize Maize rotation with fertilizer—high No. of corn cobs® 19,112 21,023 0.07 1,338 1,472
quality cobs
Maize rotation with fertilizer—low No. of corn cobs 4,788 5,267 0.03 144 158
quality cobs
Maize with fertilizer—total 1,482 1,630
Beans Quintal® (qq) 6.9 7.6 55.00 380 418
Maize rotation without fertilizer— No. of corn cobs 13,560 14,916 0.07 949 1,044
high quality cobs
Maize rotation without fertilizer—low  No. of corn cobs 3,390 3,729 0.03 102 112
quality cobs
Maize without fertilizer—total 1,051 1,156
Pigeon pea Pigeon Pea—green pods Quintal (qq) 24.5 27.0 0.60 1,471 1,620
Pigeon Pea—dried seeds Quintal (qq) 59 6.5 55.00 326 357
PigeonPea—total 1,797 1,977
Cassava Cassava Quintal (qq) 78.5 86.4 10.00 785 864
Cattle farming Cattle for meat production Cow 4 550 2,200

Please note that yields in the agroforestry systems were predicted to decrease over time, as shown in Table 1

% Corn cobs were sold per sack of 100 fresh corn cobs

b qq equals 100 Ib or around 46 kg

1 x 1 m for pigeon pea and cassava, 0.9 x 0.3 m for
maize and 0.7 x 0.3 m for beans. In the agroforestry
treatments a radius of 50 cm around each tree was left
free of crops. Hence, for every 1 ha of available
ground, only 0.91 ha were used for crop production. In
order to meet the certification standards of the Forest
Stewardship Council (FSC), no pesticides were
applied in either the agroforestry plots or the pure
agricultural plots. The rotation length for pigeon pea
was 9 months, and that for cassava, 12 months. In the
maize-beans-maize treatment, the first maize was
harvested 3 months after tree planting. Beans were
then immediately sown, and after 4 months, har-
vested. Due to the dry season, a fallow period of
3 months followed the bean harvest, after which the
seeds for the last maize rotation were sown. While the
first maize rotation was fertilized using 180 kg ha™'
of 15-30-8 NPK-fertilizer, the second rotation
received no fertilizer, due to the previous planting of
legumes. Maize was harvested as fresh corn cobs, and
beans were harvested as dried seed pods which were
subsequently threshed. Pigeon peas were picked and
sold as green pods (Table 1).

@ Springer

Data collection

All costs and revenues for the three treatments were
recorded during the first 24 months (Fig. 1; Table 4).-
Costs for purchase of land and taxes were omitted
from these calculations. Labor costs were calculated
based on a wage of US$ 14 per day—the actual salary
paid to workers during the trial, which included social
security contributions and health insurance payments.
All costs are provided in US$ ha~'—shortened to $
ha™' from here onward. The costs considered in our
analysis also include expenses for technical and legal
assistance, maintenance of general infrastructure and
other similar costs. These costs were based on
information from MIDA (2011) and ANAM (2010)
and take into account the fact that forestry activities
usually require more elaborate planning and monitor-
ing than agricultural activities.

Modeling of future income and costs from crops

Future crop yields in any agroforestry system depend
mainly on tree growth and the canopy traits of the
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Fig. 1 Comparison of costs for pure agriculture (solid lines)
with those for agroforestry systems (dotted lines) and pure forest
plantations (dashed line) during the initial phase. Data shown for
both agroforestry systems and pure forest plantations are based

associated tree species. The yields of C4 plants such as
maize have, for instance, been shown to be reduced at
the same magnitude as decreases in light transmission
due to shading from tree canopy cover, (Friday and
Fownes 2002, Ding and Su 2010), which is dependent
on the trees’ crown structure. Data on light transmis-
sion in young stands of the investigated species are
scarce (Table C OR1). We therefore used crown
coverage—defined as the mean crown radius of each
tree species at a certain age—as a proxy variable for
yield reduction, assuming that crop cultivation would
no longer be possible on the area covered by a tree
canopy. Using this crown cover approach alone might
lead to biased results, as canopy traits are not consid-
ered. For instance, 7. grandis has a very small conical
crown but a very fast monopodial growth, leading to a
small reduction in the area available for crops but to a
relatively high level of shading. In contrast, the flat-
topped spreading crown and small leaves of D. retusa
lead to a high crown projection area but low levels of
shading (Waltenberger 2013, OR1, Table C). There-
fore, we built simplified categories for yield reduction
which take into account both crown diameters and tree
heights, and are based on an empirical data set
(Table 2, see OR 1, Table D for details).

on those assumed for 7. amazonia. Pigeon pea O refers to pigeon
pea cultivation starting in year zero. Please note: data from year
three on are based on assumptions presented in the text

The derived yield reduction scenario for pigeon pea
differed slightly from that for the other crops, as the
yield data from the first pigeon pea rotation revealed
that the yield per shrub increased with decreasing
shrub densities, with the highest yields occurring at a
density of around 0.2 shrub/m? (Kreuzer 2013).
Therefore, similar yields could be assumed, even if
fewer shrubs were to be planted in a more widely
spaced grid.

As shown in Table 2, native tree species allowed
for longer crop cultivation, due to their lower growth
rates (see also Table 3). As crop production in the
agroforestry systems decreased over time with
increasing crown cover, costs for weeding, harvesting
and transport were adjusted accordingly. Yields in the
pure agriculture options were assumed to remain
constant over time.

Modeling of future income and costs from trees

Future management operations in the pure forest
plantations, as well as those that could be expected to
take place in the agroforestry systems after crops were
shaded out, were estimated based on data from the
cooperating companies and ANAM (2010) (OR 1,
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Table 2 Yield reduction scenario for pigeon pea (P) and all other crops in the agroforestry system by tree species

Tree species Year 0 Year 1 Year 2 Year 3 Year 4
P Others P Others P Others P Others P Others

A. graveolens 1 1 1 1 1 1 1 0.75 0.75 0

C. odorata 1 1 1 1 1 1 1 0.75 0.75 0

D. retusa 1 1 1 1 1 0.75 1 0.5 0.5 0

H. 1 1 1 1 1 1 1 0.75 0.75 0.5

alchorneoides
T. grandis 1 1 1 1 0.5 1 0 0 0
T. amazonia 1 1 1 1 1 0.75 1 0.5 0.5 0

Table shows factors to be multiplied by the yield in year zero (Table 1). For justification of these assumptions see OR 1, Table C and D

Table A). In order to predict future income from trees,
growth rates for each tree species were derived from
the literature (Table 3 and see OR 1, Table F). Table 3
demonstrates that rather conservative increments were
selected in order to avoid overestimation of tree
growth.

Figure 2 reveals that the total predicted volume
production for T. amazonia, H. alchorneoides and C.
odorata of up to 600 m* ha~' exceeds that which was
expected from 7. grandis after the first 10 years—as
also shown by Piotto et al. (2010) and Griess and
Knoke (2011). The slow-growing tree species A.
graveolens and D. retusa would still only have
achieved total increments of 202 and 180 m> ha ',
respectively by year 25.

Two thinning operations took place within the
modeled 25-year rotation. The first pre-commercial
thinning was designed to reduce stem number by 40 %
(and 50 % for D. retusa), as suggested by Evans and
Turnbull (2004), and was carried out at the time of
crown closure, which was estimated using the data
presented in OR 1 (Table C). The second thinning
reduced stem number by 50 %, and was timed to take
place when the basal area had reached 20 m? ha™', as
suggested by Kanninen et al. (2004) and Mayhew and
Newton (1998). All yield tables are reported in detail
in OR 1, Table F. In accordance with Griess and
Knoke (2011) and Piotto et al. (2010), 64 % of
harvested wood volume was assumed to be sold as
stem wood. Wood prices were derived from the
National Forest Office of Costa Rica (ONF 2012), as
no detailed information on wood prices was available
for Panama (see information given in OR 1, Table E).
Harvesting costs were calculated based on ANAM
(2010) (OR 1, Table F).
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Modeling of cattle farming

Cattle farming is the main generator of household
income in the region (Tschakert et al. 2007). Costs and
revenues for this land-use system were derived from
Schuchmann (2011), and from key informants from
state institutions such as the Ministry of Agricultural
Development of Panama (MIDA) and the Institute for
Agricultural Research of Panama (IDIAP). To avoid
underestimation of the profitability of cattle farming, we
used relatively advanced techniques of cattle farming in
our simulation—including the use of improved pasture
grasses and a rotational pasture system—which resulted
in a relatively high stocking level of four cows per ha
(Hénsela et al. 2009; Murgueitio et al. 2011). According
to INEC (2011), 82 % of the farmers in the township of
Torti actually sow pasture grasses, while 18 % have
pastures which are naturally regenerated. Cows in the
simulation were purchased and pastured to fatten them
up for meat production. Meat prices were obtained from
the livestock market in Chepo.

Ranking method and sensitivity analysis

The NCF—the difference between cash inflows (or
revenues) and cash outflows (or expenses)—was
calculated for each year. This measure does not
include the “time value of money”, which refers to the
fact that most individuals prefer to consume now
rather than later (Buongiorno and Gilless 2003).
Because forestry and agroforestry practices involve
investments over a long time horizon, we calculated
the NPV to allow for comparison among the economic
performances of different land use options over the
entire rotation period.
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Table 3 Literature review on growth data of tree species investigated on comparable sites in the lowland humid tropical climate of

Central America

Source Age Location Initial S/ha dbh h MAI dbh MAIL h
(em)  (m) (cm/yr)  (m/yr)
A. graveolens
on-trial data 2 Torti, Panama 1,111 2.0 2.1 1.0 1.0
ForestFinance (2012) 4 Darien, Panama 1,111 4.1 3.2 1.0 0.8
Piotto et al. (2004) 55 Peninsula of Nicoya, 1,111 6.48 4.71 1.2 09
Costa Rica
Cordero and Boshier (2003) 8 Honduras 2,500 - - 1.0 0.5
Cordero and Boshier (2003)* 13 Costa Rica 2,500 - - 0.8-1 0.6-0.8
Cordero and Boshier (2003) 31 Honduras 278 17.7 22.1 0.6 0.7
C. odorata
on-trial data 2 Torti, Panama 1,111 2.9 2.4 1.5 1.2
ForestFinance (2012) 4 Darien, Panama 1,111 4.8 4.6 1.2 1.2
Cordero and Boshier (2003)* <5 Nicaragua and uk - - 1.3-1.6 1.3-1.6
Honduras
Piotto et al. (2004) 5.7 Peninsula of Nicoya, 2,500 3.0 1.7 0.5 0.3
Costa Rica
Condit and Sautu (2001) 8 Costa Rica 1522 12-15 23 1.7
Whitmore (1978) 8 Puerto Rico 1,736 4.4 4.5 0.5 0.5
Whitmore (1978) 8 Virgin Islands, USA 1,736 59 4.5 0.7 0.6
Wadsworth (1960) 8 Mexico 1,111 11 6 1.4 0.7
Wadsworth (1960) 12 Mexico 10,000 8 6 0.7 0.7
Wadsworth (1960) 12 Panama 2,222 24 21 2.0 1.7
Wadsworth (1960) 13 Honduras 2,222 28 15 2.1 1.1
Wadsworth (1960) 18-20 Ecuador 1,111 50 25 2.5 1.2
Lamb (1968) 25 Sapoba, Nigeria 1,550 40 32 1.6 1.3
Lamb (1968)* 32 Sapoba, Nigeria 1,550 45 37 1.4 1.2
D. retusa
on-trial data 2 Torti, Panama 1,111 2.9 2.4 1.5 1.2
ForestFinance (2012) 4 Darien, Panama 1,111 4.8 4.6 1.2 1.2
ForestFinance (2012) Chiriqui 1,111 7.2 9.11 1.0 1.3
Piotto et al. (2004) 5.7 Peninsula of Nicoya, 1,111 6.99 54 12 09
Costa Rica
Hazlett (1980) 31 Honduras uk - - 0.8 -
Cordero and Boshier (2003) 11 Costa rica 2,500 - - 1.0 0.6
H. alchorneoides
on-trial data 2 Torti, Panama 1,111 1.5 1.7 0.8 09
ForestFinance (2012) 4 Darien, Panama 1,111 4.2 3.7 1.1 0.9
ForestFinance (2012) 15 Las Lajas 1,111 22.5 22 1.5 1.5
Montagnini et al. (2003) 6 Northeast of Costa 2,500 10.3 11.9 1.8 2.0
Rica®®
Griess and Knoke (2011) 10 Las Lajas 400 134 15.3 1.3 1.5
Griess and Knoke (2011) 25 Las Lajas projected 400 34 40.3 1.4 1.6
Piotto et al. (2010) 16.5 Northeast of Costa 2,500 18.2 23.2 1.1 1.4
Rica®
Piotto et al. (2003) 8-13%  Northeast of Costa  1,111-25,00° - - 1.9 1.7

Rica

@ Springer



224

Agroforest Syst (2015) 89:217-235

Table 3 continued

Source Age Location Initial S/ha dbh h MAI dbh MAI h
(cm)  (m) (cm/yr)  (m/yr)
Redondo-Brenes and Montagnini (2006)* 13 Northeast of Costa 2,500 15.5 21 1.4 1.7
Rica®
Cordero and Boshier (2003) >9 Costa Rica 1,111 - - 1.7 1.8
Cordero and Boshier (2003) <6 Costa Rica 1,111 - - 2.2-2.5 2.3-2.5
T. amazonia
on-trial data 2 Torti, Panama 1,111 3.3 3.0 1.6 1.5
ForestFinance (2012) 3 Panama 1,111 3.0 3.0 1.0 1.0
ForestFinance (2012) 4 Darien 1,111 32 6.3 0.8 1.6
ForestFinance (2012) 5 Darien 1,111 6.0 6.3 1.2 1.3
ForestFinance (2012) 15 Las Lajas L,111 28.0 27.4 1.9 1.8
Griess and Knoke (2011) 10 Las Lajas 1,111 18.8 20.0 1.9 2.0
Griess and Knoke (2011) 25 Las Lajas projected 1,111 43.8 43.4 1.8 1.7
Haggar et al. (2003) 6 Northeast of Costa 1,111 15.4 13.9 2.5 2.3
Rica®
Montagnini et al. (2003) 7 Northeast of Costa 2,500 10.3 11.9 1.8 2.0
Rica”®
Piotto et al. (2003) 8-139  Northeast of Costa 1,111-25,00¢ - - 2.4 2.0
Rica
Redondo-Brenes and Montagnini (2006) 13 Northeast of Costa 2,500 22.3 21.0 1.7 1.6
Rica®
Piotto et al. (2010) 16.5 Northeast of Costa 2,500 24.8 24.9 1.5 1.5
Rica®
Montero and Kanninen (2005) 30 Costa Rica, superior  625-2,500 - - 2.4 2.4
sites
Montero and Kanninen (2005)* 30 Costa Rica, medium  625-2,500 - - 1.6 1.3
sites
Montero and Kanninen (2005) 30 Costa Rica, bad sites  625-2,500 - - 1.0 0.7
T. grandis
on-trial data 2 Torti, Panama 1,111 6.5 6.4 3.2 3.2
ForestFinance (2012) 3 Panama 1,111 7.6 7.8 2.5 2.6
ForestFinance (2012) 4 Darien 1,111 10.5 10.1 2.6 2.5
ForestFinance (2012) 15 Las Lajas 1,111 19.6 17.9 1.3 1.2
Griess and Knoke (2011) 10 Las Lajas 714 18.3 17.1 1.8 1.7
Griess and Knoke (2011) 25 Las Lajas projected 714 37 254 1.5 1.0
Redondo-Brenes and Montagnini (2006) 13 Northeast of Costa 0.0
Rica®
Pérez and Kanninen (2005) 30 Costa Rica, medium 1,111 36.6 324 1.2 1.1
site quality max.
vol.
Pérez and Kanninen (2005)* 30 Costa Rica, medium 1,111 38.9 25.9 1.3 0.9
site quality max.
dbh
Pérez and Kanninen (2005) 30 Costa Rica, high site 1,111 453 32.4 1.5 1.1
quality max. vol.
Pérez and Kanninen (2005) 30 Costa Rica, high site 1,111 47.8 324 1.6 1.1

quality max. dbh
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Table 3 continued
Source Age Location Initial S/ha dbh h MAI dbh MAI h
(cm)  (m) (cm/yr)  (m/yr)
Piotto et al. (2004) 5.7 Peninsula of Nicoya, 14.0 10.7 2.5 1.9
Costa Rica
Piotto et al. (2003) 8-13¢  Northeast of Costa ~ 1,111-25,00¢ 24 1.9
Rica
FAO (2002) 25-30 Panama - - - 1.1-2.0 1.1-2.0

Initial S/ha stem number at time of planting per ha, dbh diameter at breast height, & height, MAI dbh mean annual increment in dbh,

MALI height mean annual increment in height, uk unknown
# Selected growth rates for this study
® La Selva Research Station

¢ Data of unthinned stands are cited

4 On-farm research on plantations with different ages and initial densities

700

Total volume production m? ha!

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Year after planting

—&— Astronium graveolens

—¥— Tectona grandis

—— Hieronyma alchorneoides

—@— Cedrela odorata
—o— Dalbergia retusa
—O— Terminalia amazonia

Fig. 2 Modeled total volume production [m*/ha] of the tree species investigated

T
NPV = > "NCF, x (1 + i)™ (1)
t

where NCF, is the Net Cash Flow in year ¢ after stand
establishment,' T'is the period of consideration (in this
case, the rotation length), and i is the decimal discount
rate. An interest rate of 6 % was selected, as it is
generally assumed for investments in agriculture in
Panama (MIDA 2011). A moderate interest rate of

' The year of plantation establishment is defined as year zero
and is not discounted.

5-6 % has also been recommended and applied in
similar studies in Latin America, (see for example,
Pearce et al. 2003; Knoke et al. 2009; Castro et al.
2012). The discount rate at which the NPV is equal to
zero is known as the Internal rate of return (IRR).
Investments in forestry and agriculture have vari-
ous underlying uncertainties: Cash in and outflows are
subject to changes due to the volatility of agricultural
and timber markets, natural hazards and rising cost for
inputs and labor, among other parameters. A sensitiv-
ity analysis was carried out to evaluate the financial
robustness of land-use systems towards such changes
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—{— Pure maize-beans-maize
—O— Pure cassava

Fig. 3 Net cash flow of different land-use options during the first 6 years. Agroforestry and forestry figures are shown for 7. amazonia.
See OR 1, Table G for Net Cash Flows of all tree-crop combinations over time

in these key parameters, as proposed by Current et al.
(1995) and Martin and van Noordwijk (2011). For this
purpose, the impact of a 50 % change in costs and
revenues on the NPV was investigated.

Results
Net cash flow

In the year of planting, the high establishment costs for
timber plantations could not be compensated for by
planting crops between trees. Planting maize and
beans succeeded in reducing the financial burden of
stand establishment due to their shorter rotation
periods, but cassava and pigeon pea did not (Fig. 3).
Intercropping forest plantations with maize-beans-
maize and pigeon pea resulted in a positive NCF in
years one and two for T. grandis and from year one
through year four for the native tree species (OR 1,
Table G). Trees planted in association with cassava
was the only treatment that did not generate positive
NCFs. This can be explained by the high weeding
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costs and low yields in this treatment. By selling
cassava tubers, management costs for trees of more
than $500 ha™' could still be offset as compared to
pure forest plantations. This finding demonstrates the
positive effect of intercropping even under low crop
yields. Yet, Fig. 3 reveals that agroforestry systems
could not compete with pure agriculture in terms of
either the magnitude or the stability of NCFs in the first
years. However, both forestry and agroforestry pro-
vided high future cash inflows after 25 years, ranging
between $78,761 ha™! (D. retusa) and $15,583 ha™"
(T. grandis).

Net present value

The highest NPV over the period of 25 years of all the
land-use options investigated was calculated for T.
grandis plantations intercropped with pigeon pea from
year zero on ($17,674 ha™"). For all six tree species,
the NPV was higher when trees were combined with
crops than for pure forest plantations (Fig. 4). This
was true even for the agroforestry system with
cassava, which still improved the NPV by up to
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15.000
&, 10.000 - o o o o o o
S O O] O] < O <o
o
Z  5.000
0 4 o [al [a]
-5.000
T.amazonia T.grandis C. odorata D.retusa H. alchorneoides A. graveolens
B Sole forest plantation (FP) O FP + Pigeon pea
@ FP + Pigeon pea (starting year 0) FP + Maize-beans-maize
O FP + Cassava © Maize-beans-maize
O Pigeon pea 0 Cassava
A Cattle

Fig. 4 Net present value (NPV) of pure forest stands (black
bars) and agroforestry systems (other bars) by tree species
compared to pure cropping systems (white symbols) and cattle

26 %, despite the crop’s low yields. Intercropping
trees with maize-beans-maize and pigeon pea resulted
inanup to 50 % higher NPV than that from pure forest
stands. Agroforestry was particularly superior to pure
forestry for the tree species C. odorata, due to the
reduction in costs for pest management in the agro-
forestry systems, as shown by Paul and Weber (2013).

Figure 4 reveals that all land-use options involving
the tree species T. grandis and H. alchorneoides were
more profitable than any of the agricultural options.
Planting 7. amazonia and C. odorata was only more
cost effective than pure agriculture when planted in
association with crops, while D. retusa and A.
graveolens were not able to compete with other land
uses economically. It is notable that with the exception
of these slow-growing tree species, all tree-crop
combinations as well as pure forestry were financially
more viable than the most common land-use system in
the trial region—cattle farming.

In order to show the range of interest rates under
which the investment in trees and/or agriculture would
still be profitable, we provide the IRRs of all tree-crop
combinations in Table 4. This reveals that the agri-
silvicultural systems provide IRRs of up to 16 %
(excluding the costs for the purchase of land). Neither
forestry nor agroforestry could compete, however,
with pure agriculture, whose high yearly net income

farming (black triangle) at an interest rate of 6 % and assuming
a 25-year rotation period

resulted in IRRs of more than 20 %. This demonstrates
that agroforestry is competitive with other land-use
options at moderate interest rates, but not under the
high rates of return potentially required by subsistence
farmers.

Effect of varying cash in- and outflows

Figure 5 reveals that, despite the range of pessimistic
scenarios tested, the NPV of nearly all tree-crop
combinations remained positive, with the exception of
those with A. graveolens and D. retusa. To increase
readability, Fig. 5 only presents the pessimistic sce-
nario for each parameter. However, the relative
percentage change in the NPV was the same for the
optimistic scenario. These results show that rising
costs for forest plantation management can effectively
be buffered by adding an agricultural component
during the period of stand establishment. For instance,
if costs were to increase by 50 %, the NPV of T.
amazonia would decrease by 49 % in the pure forest
plantation but only by 11 % when combined with
pigeon pea, by 12 % when combined with cassava and
by 31 % when planted in combination with maize-
beans-maize. Accordingly, the slow-growing species,
D. retusa and A. graveolens, would require a cost
reduction of 29 and 40 %, respectively in order to
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Table 4 Internal rates of

Tree species Pure forest =~ Maize-beans-  Cassava  Pigeon  Pigeon pea
.return.(IRR) (%) of plantation maize pea starting in year 0
investigated tree-crop
combinations ﬂnfi pure tree A. graveolens 2.8 5.6 4.2 5.3 6.8
and crop plantations C. odorata 10.0 13.8 1.9 131 148

D. retusa 3.7 59 5.8 5.9 7.1

H. alchorneoides 10.6 14.3 12.4 13.8 15.5

T. grandis 12.6 14.8 13.6 14.6 16.3

T. amazonia 10.2 13.5 11.7 13.2 153

Pure crop plantation - >20.0 12.3 >20 >20

achieve an IRR of 6 % when grown in pure forest
plantation, but only by 1 and 3 %, respectively when
intercropped with maize-beans-maize. Figure 5 also
reveals that even under a decrease in revenues from
crops of 50 % due to declining yields and/or prices, the
agrisilvicultural practice was still more economically
advantageous than pure reforestation, with the excep-
tion of the labor-intensive maize-beans-maize inter-
cropping system.

The profitability of forest plantations strongly
depends on the revenues from timber sales. This
effect can be buffered by intercropping, as demon-
strated in Fig. 5: In pure forest plantations, a 50 %
decline in timber revenues led to a 100 % decline in
the NPV compared to an only 65 to 85 % decline in the
agroforestry systems. Despite the risk-reducing effect
of the agroforestry system, these numbers clearly
display how future yields and wood prices remain the
crucial parameters for the profitability of an invest-
ment in trees. Predicting these parameters is, partic-
ularly difficult, however, not only due to uncertainties
in market developments but also because of the lack of
knowledge about tree growth performance, appropri-
ate management practices and the probability of
calamities caused by fire, wind or insects. By setting
the NPV equal to zero and re-arranging Eq. 1, the
minimum final felling value (FFV, defined as the
harvestable stem volume multiplied by the wood
price) required under different interest rates can be
calculated. The values given in Fig. 6 can be com-
pared to the FFV predicted in this study (given in
Table F, OR1, see black line). Through this approach,
the potential decline in the FFV under which the
investment would still be beneficial can be estimated.
Figure 6 reveals that under a moderate interest rate of
6 %, the calculated FFV for T. amazonia ($59,286/ha
see Table F OR1), could still decrease by 60 % in pure
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forest plantations, and even by up to 87 % in the
agroforestry systems, before the investment ceased to
be profitable. The difference between pure forestry
and agroforestry increased with increasing IRRs, as
the advantage of early cash inflows from crops
increases in importance with the time value of money.

When all of the pure agriculture options were
modeled under a 50 % increase in costs, only pure
pigeon pea cultivation yielded a positive NPV ata 6 %
interest rate. None of the pure agricultural options
were profitable under the assumption of a 50 %
decrease in revenues. The relative change in NPV
would exceed 85 % under a 50 % change in costs, and
135 % under a 50 % reduction in revenues. This high
sensitivity of agriculture to varying costs and revenues
was caused by the high annual cash-outflows during
the modeled period of 25 years. This finding, together
with the information presented in Fig. 6, demonstrate
the importance of product diversification.

Discussion

Financial competitiveness of agrisilvicultural
systems versus pure forestry or agriculture

In accordance with the findings of Haggar et al.
(2003), intercropping tree seedlings did not fully offset
the up-front investment costs of reforestation. How-
ever, the rather high costs recorded and estimated in
this study apply for commercial forest plantations with
the aim of producing high-quality timber. Establish-
ment costs of $524 ha™", as reported by Coomes et al.
(2008) for the same region, are realistic for small-scale
reforestation when low day wages and subsidies for
tree seedlings (which are usually not available in
commercial reforestation projects) are assumed.
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Fig. 5 Net present value (NPV) of different tree-crop combi-
nations at an interest rate of 6 % under changing input variables
and a rotation length of 25 years (FP = Forest plantation,
FP + MBM = Trees intercropped with maize-beans-maize,

However, from years one to four, the agrisilvicultural
system gained positive NCFs, leading to clear finan-
cial superiority of the agroforestry system compared to
pure forest plantations when considering the whole
rotation period—a finding that supports the earlier
work of Chamshama et al. (1992), Goémez (1995) and
Martin and van Noordwijk (2011) in other tropical
countries. The advantage of intercropping might even
be underestimated in this study, as potential

FP + P = Trees intercropped with pigeon pea,
FP + PO = Trees intercropped with pigeon pea planted in year
0, FP + C = Trees intercropped with cassava)

silvicultural advantages leading to improved growth
rates and wood quality (Schlonvoigt and Beer 2001;
Ceccon 2008; Paul and Weber 2013) were not
considered.

Most tree-crop combinations exceeded the NPVs of
pure agriculture. However, in terms of magnitude and
equal distribution of net income over time, the tree-
related land-use options were still not competitive
with pure agriculture. It is, however, important to note

@ Springer



230

Agroforest Syst (2015) 89:217-235

Fig. 6 Felling value at

T.amazonia

T. grandis

H. alchorneoides

£
1]
T
.
.

which the NPV was equal to 150
zero by interest rate for pure T
forest plantation (dashed g
lines) and different tree-crop S
o o = 100 —

combinations (solid lines) at Y
arotation length of 25 years. 2
Straight solid lines represent -t 50
the actual felling values £
calculated in this studies e
(see OR 1, Table F). Y-Axis 0
was cut at 150,000 $/ha, as a
higher final felling value
was considered unrealistic 150 —

£

g

(=3

(=3

2 100

]

2

©

>

o

£

3

w

— 150 —

©

<

&

(=3

(=3

2 100 —

]

2

©

>

o

£

]

w

T
0 5 10 15 20 0 5 10 15 20
Requested rate of return [%] Requested rate of return [%]

¢ FP+Cassava
o FP+Pigeon pea (starting year 0)

+ Pure forest plantation (FP)
o FP+Pigeon pea
o FP+Maize-beans-maize

that the felling operations generated a considerable
amount of cash which would then be available for
other activities or investments that would otherwise
not be feasible for farmers (Franzel 2005). Having a
secured “forced” method of saving is an important
benefit of planting trees and can support sustainable
development in rural areas (Knoke et al. 2012). Other
financial incentives, such as potential payments for
ecosystem services, were not considered, as they are
not yet paid in Panama, even though they could
potentially be designed to favor investments in
agroforestry and forest plantations in the future (Jose
2009; Maraseni et al. 2012). Revenues from pure
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cropping systems might have been overestimated, as
we assumed that yields would stay constant over time,
which is highly questionable (Tilman et al. 2002).
Generalization of the tree and crop yields found in
this study is restricted due to the small trial area, and
requires further replication. However, we consider this
trial to be a representative case study, as it shares a
range of conditions commonly found in reforestation
projects throughout the world: Tree plantations are
usually established on marginal sites which have been
abandoned or fallowed by farmers due to less than
optimal soil conditions or steep slopes. These charac-
teristics often hinder the use of heavy machinery, and
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the application of pesticides might be restricted if the
forest plantation is to be certified by FSC. The selected
research area in eastern Panama (districts of Panama
and Darien) contains 42 % of the reforested area of
Panama (30,795 ha) (ANAM 2010). In these districts,
only 0.4 % of the land is arable, and 12.6 % is arable
only given severe or very severe limitations for crop
selection and cultivation (ANAM 2011). This is due to
the steep slopes on the southern and northern coasts
and the high clay content in the lower elevations in the
more central parts of the country—as is the case on the
trial site (IDIAP 2006, ANAM 2011). Future refores-
tation projects in eastern Panama are likely to be
established on abandoned pastures, which already
cover an area of 82,423 ha (12 %) (INEC 2011) and
are characterized by conditions similar to those at the
trial site. The sensitivity analysis has proven that the
economic advantage of tree intercropping is robust
against changes in input parameters such as crop and
tree yield, strongly suggesting that the results are
applicable to other tropical regions as well.

This study also highlights the importance of
product diversification in tree plantations to reduce
the dependency on uncertain wood prices, even if
intercropping is only carried out during the first years.

Choice of tree-crop combinations

T. grandis is often favored for use in pure forest
plantations, due to its ability to quickly shade out
grasses and the resulting lower initial demand for labor
(Craven et al. 2009). We were able to demonstrate that
with the agrisilvicultural approach, the disadvantage
of slower canopy closure when using native species
can be turned into an advantage: The longer time
periods available for generating income from cropping
and the additional provision of agricultural goods
provide strong arguments for selecting native tree
species. Through product diversification, the risk of
uncertain future wood prices—particularly with
regard to native species—can be buffered, making
reforestation with native species a competitive alter-
native to pure 7. grandis plantations. Revenues for the
native tree species might also have been underesti-
mated here due to the use of rather conservative
growth rates and wood prices. D. retusa and C.
odorata, for instance, are listed on the IUCN list
(IUCN 2012) while the demand for these high-value
timber species is high. Exotic tree species that are

planted throughout the tropics might, in contrast,
encounter a future price decline: Current (1995)
discusses that prices for Teak logs in Costa Rica
locally declined, when regional markets became
flooded with roundwood from even-aged T. grandis
plantations.

Paul (2014) demonstrated that the optimal rotation
length of T. amazonia, T. grandis and C. odorata was
25 years when interest rates of less than 15 % were
applied. This rotation length is generally applied to all
species by local reforestation companies. Under the
present assumptions, extending the rotation length of
the other slow-growing tree species could improve
economic performance. Longer rotation periods
would not affect the relative superiority of agrofor-
estry. In fact, early income from agroforestry could
reduce the financially optimal rotation period, partic-
ularly for slow-growing tree species (Swallow et al.
1990).

The key advantage of intercropped tree plantations
from an economic perspective lies in the reduction of
weeding efforts which constitute the highest costs in
tropical reforestation during the first years (Evans and
Turnbull 2004; Griscom and Ashton 2011). Offsetting
these initial costs by selling agricultural products can
be critical for the economic profitability of the entire
system. This is true because the outgoing payments
have a higher weight compared to later outgoing
payments when the time value of money is taken into
account. Crops that have the ability to quickly shade
out weeds—particularly shrubby crop species with a
dense crown such as C. cajan—should be favored in
such timber-based agroforestry projects, as they can
also reduce the use of herbicides and their associated
impacts on human health and the environment (Vieira
et al. 2009). C. cajan might also be of particular
interest for agrisilvicultural systems due to the high
profit margin found for this species in this study and its
multiple uses as staple food crop, medicinal plant,
fodder crop and N-fertilizer (Daniel and Ong 1990;
Glover et al. 2012). Despite cassava’s ineffectiveness
in suppressing weeds and its low yields, intercropping
trees with this crop still improved the NPV compared
to pure forestry. This is an important finding, consid-
ering that reforestation is usually carried out on
marginal agricultural sites. Our study provides data
on tree species and crops that are abundant throughout
the tropics and can serve as a basis for further research
in other regions.
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Potential for adoption

Garen et al. (2009) found that more than 40 % of
participants in reforestation projects in Panama intu-
itively mixed crops with trees. This proves that the
potential for acceptance of this system is high.
Nevertheless, the systematic and optimized applica-
tion of it—particularly on a larger scale—is as yet
unrealized. We argue that for smallholders of less than
10 ha (cf. Berdegué and Fuentealba 2011) who depend
on their farms for their livelihoods, establishing such
an agroforestry system to aid in the establishment of a
tree plantation is not advisable, as it might put the
family’s food security at risk. It would only provide a
productive alternative if the land were already
degraded (Knoke et al. 2012). This system is designed
to increase the attractiveness of reforestation as an
investment for medium to large-scale land owners.
The average farm size in Torti is 85 ha (Schuchmann
2011). Dedicating marginal, often fallowed lands of
such farms to an agrisilvicultural system could
succeed in reintegrating them into the production
circle and at the same time diversify farm products
(Knoke et al. 2013).

Sixty percent of the up-front investment in pure
forest plantations calculated here are pure input costs
that cannot be covered by a farmer’s labor. This share
was 48 % in the agroforestry system with maize-
beans-maize and 36 % for pure maize-beans-maize
cultivation, respectively. For pure pigeon pea cultiva-
tion this share amounted to only 7 %. Depending on
the financial resources of the landowner, this up-front
investment might present a serious obstacle. Still,
from year one on, input costs in the forest plantations
decrease drastically, while pure agriculture entails
annual expenses for seeds and fertilizer (in the case of
maize). For other land owners, labor might be a more
limited resource (Current et al. 1995). In commercial
plantations, increasing day wages restrict the applica-
tion of labor-intensive management options. The
proposed intercropping approach can be adjusted to
meet these individual preferences by selecting appro-
priate tree-crop combinations and by modifying
planting densities—as has been demonstrate in Europe
and North America (Graves et al. 2007; Cubbage et al.
2012). In larger-scale commercial tree plantations, the
sudden decrease in work load after the first year often
leads to suspension of workers. The simultaneous
production of agricultural crops with less intensive
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management and flexible harvest dates (as e.g. pigeon
pea) can help to increase labor efficiency and provide
more constant employment in rural areas.

For farmers who require a more constant income, a
sequence of different timber-based agrisilvicultural
systems, such as intercropping followed by shaded
woody crops (e.g. coffee, cacao) (Vieira et al. 2009,
Ewers 2013) and/or silvopastoral approaches (Cordero
and Boshier 2003; Murgueitio et al. 2011) could be
considered.

Severe disincentives for any tree planting activi-
ties in Panama remain, including underdeveloped
markets, the lack of market knowledge among
farmers (Goémez 1995; Fischer and Vasseur 2000)
and complicated tree harvesting laws (Detlefsen and
Scheelje 2012) which often force farmers to sell
wood illegally at lower wood prices. The promotion
and support of (often already existing) farmer’s
associations with the purpose of joint marketing of
both forestry and agricultural products could improve
this situation.

Conclusions

This study demonstrates the substantial economic
advantage of product diversification for medium to
large-scale forest plantations which—up to now—has
received scant attention in agroforestry research. We
argue that if active reforestation is to be expanded in
order to restore ecological services, the integration of
crops into large-scale plantation systems might not
only be vital to its competitiveness with the alterna-
tive—expansion of agricultural land—but also allow it
to contribute to food security. Accordingly, further
long-term systematic studies of timber-based agrofor-
estry systems focusing on both biophysical and
economic data are encouraged.
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