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Abstract

In recent times, increased emphasis has been placed on diversifying the types of trees to shade cacao (Theobroma
cacao L.) and to achieve additional services. Agroforestry systems that include profitable and native timber trees
are a viable alternative but it is necessary to understand the growth characteristics of these species under different
environmental conditions. Thus, timber tree species selection should be based on plant responses to biotic and abiotic
factors. The aims of this study were (1) to evaluate growth rates and leaf area index of the four commercial timber
species: Cordia thaisiana, Cedrela odorata, Swietenia macrophylla and Tabebuia rosea in conjunction with incidence
of insect attacks and (2) to compare growth rates of four Venezuelan Criollo cacao cultivars planted under the shade
of these four timber species during the first 36 months after establishment. Parameters monitored in timber trees were:
survival rates, growth rates expressed as height and diameter at breast height and leaf area index. In the four cacao
cultivars: height and basal diameter. C. thaisiana and C. odorata had the fastest growth and the highest survival rates.
Growth rates of timber trees will depend on their susceptibility to insect attacks as well as to total leaf area. All cacao
cultivars showed higher growth rates under the shade of C. odorata. Growth rates of timber trees and cacao cultivars
suggest that combinations of cacao and timber trees are a feasible agroforestry strategy in Venezuela.
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1 Introduction

In order to increase the profits obtained in cacao plan-
tations, agroforestry systems are focusing on diversify-
ing the species used to shade the cacao, incorporating
other species that will provide additional benefits such
as wood, nitrogen fixation and edible products. The tra-
ditional employment of legume trees to provide shade
in agroforestry systems has proved to be a good strat-
egy, given that they improve soil fertility, reducing de-
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pendence on chemical fertilizers (Dechert et al., 2005;
Daudin & Sierra, 2008). Nevertheless, agroforestry
systems must provide various shade levels, which can
only be obtained by introducing a greater variety of life
forms and species in order to gain greater functional di-
versity. Despite the recommendations of incorporating
commercially valuable native forest species in the cacao
agroforestry systems to increase final profits, very lit-
tle is known about their management (Tscharntke et al.,
2011).

Over time, cacao agroforestry systems have incorpo-
rated timber species of high commercial value, and suc-
cessful examples of this practice are reported in several
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tropical countries of Central and South America (So-
marriba & Beer, 1987; Heuveldop et al., 1988; Musaack
& Laarman, 1989; Jardim et al., 2004; Orozco et al.,
2008). Nevertheless, despite all the benefits derived
from these agroforestry systems, selection criteria for
native timber species and their management are lacking.
Without appropriate selection criteria, it is not advisable
to establish these systems at a larger scale (Dagang &
Nair, 2003). Timber trees constitute a potential capital
saving over time, which could eventually reduce finan-
cial losses caused by sudden drops in marketing prices
(Tscharntke et al., 2011).

In tropical countries, tree species selection is crucial
in order to guarantee success during the establishment
phase, given that juvenile plants are particularly vulner-
able to limiting field conditions, such as precipitation
dynamics and high temperature which affect negatively
plant survival and optimal growth. Other limiting fac-
tors in seedling and juvenile plant survival are soil tex-
ture and fertility, insect attacks (Plath et al., 2011), leaf
area and phenology (Pallardy, 2008). It is likely that
slow growth rate of timber species are associated with
lower foliage areas. Thus, it is important when design-
ing any agroforestry system to be aware of the species
response to local environmental stresses, prior to their
selection.

In cacao agroforestry systems, timber species selec-
tion should strongly depend on the amount of shade
they provide to cacao plants during their development
and once they reach their productive age. Excessive
shade increases the incidence of fungal and bacterial
diseases and reduces flower and fruit production. On
the other hand, excessive radiation increases physiolog-
ical stresses, enhancing crop vulnerability to insect dam-
ages. Tscharntke et al. (2011) provide an extensive re-
view of the benefits of shade trees in cacao agroforestry
systems, with recommendations related to shade tree
management in order to maintain a source of biodiver-
sity in the system and a stable production over a longer
period of time.

In Latin America, cacao farmers traditionally include
legume trees, mainly Erythrina fusca to shade cacao
plants. Nevertheless, studies involving combinations of
woody legumes and timber species are still scarce. Dif-
ferent agroforestry systems have combined various non
timber species such as plantains to modify incoming ra-
diation (Cubillo, 1993), whereas other strategies involve
exclusively timber species (Somarriba & Beer, 2011).

The aims of this study were (1) to evaluate tree
survival and the impact of insect attacks on growth
rates and leaf area index in four commercial timber
tree species during their first 36 months of establish-
ment, and (2) to compare growth rates of four Venezue-

lan criollo cacao cultivars: Porcelana, Guasare, Lo-
batera and Criollo Merideño planted under these four
commercial timber trees in combination with Erythrina
fusca.

2 Materials and methods

2.1 Study site

The study was conducted at "La Judibana" farm,
Universidad de Los Andes, in the Municipality Al-
berto Adriani, Mérida state, Venezuela (8° 37’26”N, 71°
42’22”W) at an altitude of 73 m.a.s.l. The climate in
the Maracaibo Lake Basin corresponds to a tropical rain
forest. During this study, air temperature, relative hu-
midity and annual average precipitation were 28.6 °C,
77.7 % and 1,834 mm, respectively (data provided by
the Venezuelan National Air Forces Station, located at
El Vigia Airport). The soils ranged between sandy loam
and sandy, with a pH of 5.2–6.3, a N content between
0.03 and 0.1 %, P between 2–8 mg/kg and K between
25–118 mg/kg.

2.2 Planting design combinations

Before the agroforestry trial was established, all of the
vegetation was eliminated with a tractor and the soil of
the first 30 cm layer was mixed. A random block design
with three repetitions was established. Three blocks
were established in the same area, maintaining a dis-
tance of 6 m between blocks. Each block consisted of
16 plots (24 m× 9 m) with a 6 m distance between indi-
vidual plots (Figure 1). Each plot consisted of one of the
four timber species assayed, in combination with one of
the four Venezuelan cacao cultivars. All plots included
the legume tree Erythrina fusca (Fabaceae). The four
timber species assayed were: Cordia thaisiana Agos-
tini (Boraginaceae), Cedrela odorata L. (Meliaceae),
Swietenia macrophylla King (Meliaceae) and Tabebuia
rosea (Bertol) A.D.C. (Bignoniaceae). The four ca-
cao cultivars were: Porcelana, Guasare, Lobatera and
Criollo Merideño. Four month-old plants of the timber
species and E. fusca were planted between January and
March 2007, keeping a distance of 6 m between plants,
alternating lines of timber trees and E. fusca (Figure 2).
With the purpose of providing provisional shading to
the cacao cultivars during initial establishment juvenile
plantains (Musa sp.) were planted in January 2008 at a
3× 3 m distance between the juvenile timber trees. Be-
tween December 2008 and July 2009 the four cultivars
of three month-old Venezuelan cacao were introduced,
planted in rows alternating with the timber trees at a dis-
tance of 3× 3 m. Thus, each plot consisted of 15 trees
(nine timber trees and six E. fusca), 26 cacao trees and
30 Musa sp. plants (Figure 2).
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Fig. 1: Random block planting design with three repetitions. Each block consists of 16 plots and
each plot consists of a specific combination of timber tree (F1–F4) and a cacao cultivar (C1–C4).

Fig. 2: Spatial arrangement of the tree, plantain and cacao
plants in each plot. Each plot contains a total of nine timber
trees, six E. fusca, 30 plantain (Musa sp.) and 26 cacao plants.

2.3 Agroforestry management activities

Weeding was carried out regularly every 4 months.
Lower branches were eliminated in all of the trees at a
distance of 1 m above ground level and pruning wounds
were covered with a copper-oxychloride fungicide. All
woody species were fertilized 4 times. The first fertil-
ization was carried out in May 2007, with a commercial
formula 15-15-15 (N, P, K), applying 30 g/plant; the sec-
ond in November 2007, 18-18-18 (N, P, K), at a dosage
of 85 g/plant, the third one was applied in July 2008,
consisting 200 g of urea per plant and the fourth one was
carried out in June 2009 (100 g/plant 18-18-18 N,P, K).

Cacao plants were fertilized a month after planting with
40 g per plant of 15-15-15 (N, P, K) and 9 months later,
with 50 g/plant of 15-15-15-3 Ca-3 S. The latter also re-
ceived a preventive treatment with acaricides; the first
treatment was applied one month after planting and the
second three months later.

Both C. odorata and S. macrophylla trees suffered at-
tacks of the mahogany shootborer Hypsipyla grandella
Zeller, which were controlled applying a bio-insecticide
of Baccillus thuringiensis. Applications were made
at the beginning of the rainy season and repeated at
monthly intervals between 5–18 months after planting.
All damaged apical shoots were removed and lateral
branches were eliminated after each attack, in order to
regain apical dominance leaving only two or three main
shoots. Ant herbivory was controlled with a Fenthion-
based insecticide applied at the base of the trees, and
a sulfluramide insecticide was applied to the ant nests
entrance holes.

2.4 Tree measurements

Total survival of all timber species was assessed at
12, 18 and 24 months after planting. Damages caused
by insect attacks were evaluated every 15 days in each
plot. In each case, insects were identified, and affected
trees marked. During the first 18 months, basal stem di-
ameter (bd, diameter at 10 cm above soil surface) and
total height (TH) were measured every six months in
the central timber trees of each plot, which represented
a total of 36 timber trees per species. Between the sec-
ond and third year, TH, diameter at breast height at a
distance of 1.5 m above the ground (DBH) and trunk
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height (ht, distance from the ground to the branch bifur-
cation) were measured at the same central timber trees
every six months. TH and DBH were also measured in
three E. fusca trees of each plot, at 36 months after es-
tablishment. Leaf area index (LAI) of timber trees was
estimated with a Canopy analyzer (LAI-2000, LI-COR,
inc., Nebraska USES) at 18 and 24 months on 12 trees
per species (1 tree per plot). LAI of each tree was cal-
culated from two measurements outside of the plot and
four readings below the canopy. TH and bd were mea-
sured at six different cacao plants per plot (24 plants per
cultivar in each block) at 3, 7 and 10 months after plant-
ing.

2.5 Plot measurements

Total intercepted radiation was measured for each
agroforestry system using a quantum sensor 24 months
after establishing the trial. Photosynthetically photon
flux density (PPFD) values were measured outside and
inside the plantation, taking six different measurements
inside of each plot.

The percentages of seedling survival of the four tim-
ber species were arcsine transformed (Sokal & Rohlf,
2012). Results of growth related variables were an-
alyzed using ANOVA and differences between culti-
vars were evaluated using the Tukey or Duncan tests
(p<0.05).

3 Results

3.1 Damages caused by insects

With exception of C. thaisiana, timber species suf-
fered significant damages due to insect attacks during
the first year. C. odorata and S. macrophylla (Meli-
aceae) were highly susceptible to the shoot borer H.
grandella, which attacked 100 % of the individuals of
C. odorata and 61.7 % of S. macrophylla. But foliage
damages were also caused by tree dwelling leafcutter
ants (Atta sp., Myrmicinae) that attacked 52 % of the in-
dividuals of T. rosea, which suffered 50 % loss of their
total leaf area, and 38 % of the individuals of S. macro-
phylla, although in the latter, only the lower foliage area
was defoliated. T. rosea trees defoliated by ants showed
significantly lower bd and TH after 12 and 18 months
(Figure 3A and 3B). However, after 25 months of plant
establishment no significant differences were found be-
tween attacked and non-attacked Tabebuia trees. In con-
trast, attacked plants of S. macrophylla by ants and the
shoot borer H. grandella had still a significantly lower
bd after 25 months while tree height was similar to that
of un-attacked plants (Figure 3C and 3D).

Fig. 3: Basal diameter (bd) and total height for attacked and non-attacked plants of T. rosea (A and B)
and S. macrophylla (C and D) after 7, 12, 18 and 25 months after planting. Bars correspond to standard
errors. Values with the same letter in the same month were not significantly different according to T test
(p<0.05).
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3.2 Tree survival and growth

Survival rates differed between tree species during
the first 24 months after transplanting. Survival rates
of C. thaisiana and C. odorata were 81 and 74 %, re-
spectively; whereas T. rosea and S. macrophylla had a
survival rate of 56 % after 18 months. After 24 months,
survival rates were very similar in these four species and
no changes were observed after this period (Figure 4).
From the 24th until the 36th month, C. thaisiana main-
tained the highest TH, DBH and ht (p<0.05) (Figure 5),
whereas T. rosea and S. macrophylla presented the low-
est TH and DBH. After 36 months, DBH values clearly
segregated these four timber species into three groups:
C. thaisiana with DBH values above 15 cm, C. odorata
between 8 and 9 cm, and S. macrophylla and T. rosea
below 6 cm. The height of tree trunks of C. odorata,
T. rosea and S. macrophylla remained similar during
the entire measurement period. On the other hand, E.
fusca maintained uniform DBH (14.3± 1.4 cm) and TH
(6.4± 0.3 m) values when growing in combination with
any of these timber trees-cacao criollo associations dur-
ing the 36 month assay.

Highest positive correlations between DBH and TH
corresponded to C. odorata and T. rosea (r2 = 0.77
and 0.64, respectively), and the lowest to C. thaisiana
(r2 = 0.45) (Figure 6). Positive correlations were also
observed between LAI, TH and DBH in C. thaisiana
and C. odorata after 18 months (r2 = 0.96). The same
tendency was observed in all species with a positive
relationship between LAI and TH (r2= 0.76) after 24
months but with no correlation between LAI and DBH
(Figure 7). After 24 months, the total leaf area of these
timber trees that grew in combination with E. fusca re-
duced the incoming radiation to 45 % in C. odorata
plots, 40 % in C. thaisiana plots, 30 % in S. macrophylla
plots and up to 28 % in T. rosea stands.

Fig. 4: Timber tree survival rates during the first 24 months
after establishment. Values with the same letter for the same
month were not significantly different according to Tukey‘s test
(p<0.05). Bars correspond to standard errors.

Fig. 5: Diameter at breast height (DBH), total height (TH)
and trunk height (ht) for C. thaisiana, (�), C. odorata ( �), S.
macrophylla (�) and T. rosea (×) during the first 36 months of
growth. Values with the same letter for the same month were
not significantly different according to Tukey‘s test (p< 0.05).
Bars correspond to standard errors.

3.3 Growth of cacao cultivars

None of the four cacao cultivars suffered insect at-
tacks or diseases. The cacao cultivar Lobatera pre-
sented the highest bd, TH and survival rates (94.8%)
after 10 months (p<0.05) (Table 1). The highest growth
rates were observed in the individuals growing under the
shade of C. odorata. However, Lobatera plants also pre-
sented high bd and TH in the individuals growing under
T. rosea (Figure 8).
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Fig. 6: Allometric relation between diameter at breast height (DBH) and total height (TH) measured for the
four timber species (C. odorata, T. rosea, S. macrophylla, and C. thaisiana) during the first 36 months of growth.

Fig. 7: Relation between leaf area index (LAI), total tree height
(TH) and diameter at breast height (DBH) after 18 months
(black) and after 24 months (white) for the four timber species
C. thaisiana ( �, �), C. odorata (�,�), T. rosea (•, ◦) and S.
macrophylla (�,�). Vertical and horizontal bars correspond
to standard errors.

Fig. 8: Basal stem diameter and total tree height for the cacao
cultivars: Lobatera, Guasare, Porcelana and Criollo Merideño
under the shade of timber trees in combination with E. glauca.
Each point represents the mean of 10 to 14 individuals un-
der the shade of the timber species C.odorata, T. rosea, C.
thaisiana, S. macrophylla. Bars correspond to standard errors.
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Table 1: Basal stem diameter (bd), total plant height (TH)
and plant survival rate of cacao cultivars after 10 months of
establishment. Values are means ± SE (n=48).

Cacao Cultivar bd (in mm) TH (in cm)
Survival

rate (in %)

C. Merideño 19.6± 1.34 ab 101.3± 5.0 a 84.6 b

Guasare 17.5± 1.3 b 86.8± 4.4 b 88.2 b

Lobatera 22.6± 1.3 a 101.2± 6.0 a 94.8 a

Porcelana 17.6± 1.2 b 95.6± 4.3 ab 75.3 b

Values with the same letter in each column were not significantly

different (p<0.05) according to Tukey´s test.

4 Discussion

4.1 Damages caused by Hypsipyla grandella and leaf-
cutter ants

According to previous reports in monoculture plan-
tations and in agroforestry systems established in
Venezuela (Lozada & Graterol, 2003), Brazil (Jardim
et al., 2004), and Costa Rica (Cornelius & Watt, 2003;
Navarro et al., 2004), H. grandella limits growth of
both C. odorata and S. macrophylla. In the case of S.
macrophylla, our results support these studies in the ini-
tial growth stages (12 to 24 months). Unfortunately,
we were unable to compare the negative impact of H.
grandella on the growth of C. odorata, since the entire
group suffered attacks. Cole & Ewel (2006) mentioned
that C. odorata’s main branches regain growth with a
greater accumulation of biomass as soon as the attacks
by H. grandella cease. It is possible that C. odorata
plants are more affected by H. grandella when growing
under full sun exposure as proved in this study. Navarro
et al. (2004) found that the attack by H. grandella was
lower in C. odorata under the shade of mature coffee
shrubs, than in open field conditions. However, more
research related with growth conditions on C. odorata
juvenile plants and the impacts of H. grandella on its
development are needed.

Young T. rosea plants were highly susceptible to ant
attacks. In several cases, individual plants were com-
pletely defoliated (Personal observation). Consequently,
the growth of new leaves was delayed between the 12 th

and the 18th month resulting in a reduction in mean
growth. Once the ants nested were eliminated in all of
the plots, a complete recovery was observed in all of the
affected individuals after 25 months, since bd and TH
did not differ significantly between individuals that suf-
fered defoliation and those which did not. Hall et al.
(2011), reported high leaf losses due to the attack of

insects in various regions in Panama. Defoliation by
leafcutter ants in T. rosea occurs not only in plantations,
but also in natural forests (Rockwood & Hubbell, 1987;
Benítez et al., 2002). Alike T. rosea, S. macrophylla was
also affected by ants and the shoot borer H. grandella,
resulting in lower growth rates during the second year.
In general, insect herbivory had a negative effect on the
growth of these two species during their first two years;
thus, adequate pest control measures must be regarded
in order to obtain higher growth rates. Insecticide treat-
ment and adequate management practice during tree es-
tablishment must be considered with regard to local en-
vironmental conditions (Plath et al., 2011).

Cordia thaisiana was the only timber species that did
not suffer insect attacks. However, the high density of
ants observed on tree trunks suggests that a different
type of interaction is predominant. Mutualism between
Cordia alliodora and ants has been reported as a defense
strategy against herbivory (Pringle et al., 2012). It is
possible that the presence of cystoliths (deposits of cal-
cium carbonate crystals) in young foliage tissues of C.
thaisiana could prevent damage by pest insects. Cor-
dia thaisiana is also the only one of these four timber
species in which this anatomical trait has been reported
(Araque et al., 2009).

4.2 Survival and growth of timber trees

High mortality rates were registered for S. macro-
phylla in the brief dry periods that occurred during the
first three months after planting. This species appears to
be sensitive to conditions of soil water deficit, more in-
tensified under sandy soils. Under different conditions,
Villarreal et al. (2006) have reported survival rates of
72 % for S. macrophylla, whereas Lozada et al. (2003)
reported survival rates of only 24 %. In contrast, Es-
pinoza et al. (2000) reported survival rates for S. macro-
phylla above 96 %.

Espinoza et al. (2000) also reported survival rates of
over 67 % for T. rosea a year after establishing the trial.
Recently, Somarriba & Beer (2011) combining systems
of cacao and T. rosea and C. alliodora reported survival
rates of 90 and 60 %, respectively. Plath et al. (2011) re-
ported high survival rates (>95 %) in T. rosea after two
years of growth, while C. odorata only reached 50 %
survival. Survival rates of 51 and 43 % for C. odor-
ata were reported by Villarreal et al. (2006) and Lozada
et al. (2003). Hence, the differences in the survival rates
observed in these four timber species appear to be re-
lated with local edaphoclimatic conditions as well as in-
sect attacks during the first years of establishment. The
first 24 months revealed to be crucial for the survival
of juvenile plants in the field. Therefore, it is very im-
portant to guarantee optimal management practices, in-
volving the application of chemical products to control
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insect attacks, adequate pruning and fertilization tech-
niques, according to the specific requirements of each
timber species during this period.

Trunk diameter growth rates of C. thaisiana and
C. odorata allow us to consider them as rapid-growth
species. In the Panama humid forests, rapid growth
species reach a DBH of 10 cm after 5 years (Condit
et al., 1993). Information regarding growth rates of C.
thaisiana is notably scarce; therefore its growth rates
can only be compared with the rates of C. alliodora
growing under similar climatic conditions. For exam-
ple, TH and DBH of C. alliodora were higher (8.9 m
and 17.1 cm, respectively) during the first two years in
similar agroforestry systems established in Costa Rica
(Heuveldop et al., 1988). On the other hand, Menalled
et al. in Costa Rica (1998) reported similar height and
lower DBH (8 cm) in C. alliodora after 30 months in
a plantation with C. odorata and Hyeronima alchor-
neoides, whereas Somarriba & Beer (2011) reported
similar growth rates after 36 months in plantations of
C.alliodora combined with cacao.

Stem diameters measured in C. odorata during this
study were significantly higher than those reported for
the same species in 30 month old monocultures, in
which reported values ranged between 6.6 cm (Menalled
et al., 1998) and 7.6 cm (Cornelius & Watt, 2003), as
well as in similar agroforestry systems established in
Venezuela (12.7 cm) (Villarreal et al., 2006). Despite
the fact that C. odorata had the second highest DBH
and TH values in our study, ht values did not differ sig-
nificantly from those measured in S. macrophylla and T.
rosea, due to the attacks of H. grandella on the terminal
shoots, which affected its commercial value, as well as
maintenance costs. S. macrophylla was also negatively
affected by the attacks of H. grandella, which limited
growth rates, resulting in lower average DBH and TH
after 24 months, compared to the values reported by Vil-
larreal et al. (2006).

T. rosea showed lower DBH and heights during the
first two years related to ant induced defoliation, but
recovered rapidly after control measurements were ap-
plied. The latter presented considerably greater growth
rates compared with growth rates obtained in other stud-
ies (Plath et al., 2011; Hall et al., 2011; Somarriba &
Beer, 2011).

The maintenance of a larger leaf area results in a
higher light harvesting area (Kings et al. 2005) and
higher total CO2 assimilation rates (Araque et al., 2009),
which in turn will promote higher plant growths (height
and diameter). Apparently, during the first 18 months
those species that had high leaf areas also showed higher
growth rates, as is the case of C. thaisiana. Tabebuia
rosea and S. macrophylla that had smaller leaf areas
which affected DBH and height negatively. Similar

tendencies were observed in young trees in temperate
forests (Bartelink, 1997; Lusk, 2004).

Two trends of assimilate allocation seem to be associ-
ated with foliage losses during the first 36 months. The
first, exhibited by C. thaisiana with lower slopes in the
allometric relationship between TH and DBH, suggests
a greater proportion of assimilates allocated to trunk di-
ameter. The second one, exhibited by the other three
species corresponds to a low proportion of assimilates
distributed to DBH. Cole & Ewel (2006) obtained sim-
ilar slopes in the TH and DBH relations in Cordia al-
liodora and C. odorata.

Different distribution patterns of assimilates between
species have a marked influence on the plant’s crown ar-
chitecture as well as the competitive interactions occur-
ring between neighboring plants. However, allometric
relations can change with tree stature; therefore stable
allometric equation predictions may not necessarily re-
flect realistic biomass estimations (Cole & Ewel, 2006).
Hence it is very important, not only to have reliable data
relative to early growth stages, but also during all other
phases of development in order to make accurate predic-
tions of growth and biomass production.

4.3 Cacao growth

Partial shade is important for the establishment of ca-
cao by creating a less stressful environment and favour-
ing the growth of cacao seedlings (de Almeida & Valle,
2007; Jaimez et al., 2008). In a tropical environment
such as the South of Maracaibo Lake, air temperatures
can surpass 35 °C at midday at full sunlight (Jaimez
et al., 2005). Additionally, the decrease in air humid-
ity in conjunction with an increase in leaf to air water
vapor pressure deficits (VPD) induces partial stomatal
clousure, which in turn will limit photosynthesis. Such
environmental conditions are extremely stressful for un-
shaded T. cacao seedlings.

All cacao cultivars presented greater growth under the
shade of C. odorata. It seems that microenvironmen-
tal conditions generated by the combination of E. fusca
with C. odorata (5 % incoming light) were the most ad-
equate for cacao plants during the first year of growth.
We have to evaluate if the strict deciduous condition of
C. odorata that occur during the period March to May
in this region, independently of the availability of soil
water, affects cacao flowering and/or pod yield. If leaf
fall of C. odorata coincides with leaf fall of E. fusca dur-
ing dry periods, greater decreases in flowering and pod
production will probably occur. Under high light con-
ditions and lower water availability, drastic decreases in
photosynthesis rates have been reported (Araque et al.,
2012; de Almeida & Valle, 2007).

With the exception of the combination of the Porce-
lana cultivar with C. odorata, the Lobatera cultivar
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shows highest growth rates independent of the shade
of the timber species. The cultivar Guasare showed the
lowest growth rates under any of the timber species as-
sayed. Nevertheless, the tree heights obtained for the
four cacao cultivars tested in this trial were 30 % higher
than those reported for other cacao cultivars during the
same growth stage (Raja Harum & Kamariah, 1983).

It is also worth mentioning that the four week dry
period that occurred during the sixth month after trans-
plant caused high seedling mortality in some of the culti-
vars. By the seventh month, Lobatera and Guasare culti-
vars had the highest survival percentages (94 and 88 %),
whereas the remaining cultivars displayed values below
84 %. Although the Lobatera and Criollo Merideño cul-
tivars showed similar growth rates, they differed in their
drought tolerance capacity. Despite the fact that the
Venezuelan Porcelana cultivar is the most widely grown
in the South of Lake Maracaibo, its survival rates were
extremely low due to low tolerance to water stress dur-
ing the establishment phase (Araque et al., 2012). Few
evaluations, however, have been carried out in Criollo
cultivars in open field conditions in order to understand
the possible mechanisms involved in water deficit toler-
ance. Variations in these characteristics may be incorpo-
rated into criollo cultivars, like the strategies of osmotic
adjustments exhibited by four year-old Guasare trees
(Rada et al., 2005; Araque et al., 2012) and stomatal
closure in Amazon cultivars (de Almeida et al., 2002)
and differences in root growth.

The strategy of using trees in combination with E.
fusca to provide an adequate light and temperature envi-
ronment for cacao seedlings is a feasible alternative that
may be extended in the region. These agroforestry sys-
tems can be a successful model that provides adequate
shade for cacao.

The results of our study indicate that C. thaisiana is
the most successful timber species in this agroforestry
system; due to its crown architecture, higher growth
rates and lower incidence of insect attacks. However,
cacao cultivars presented higher growth rates under the
shade of C. odorata. Therefore, the combination of both
species with other timber species with less susceptibility
to insect attacks can also represent a viable option. Eval-
uations in the next four years will give us more precise
information regarding the most adequate timber tree and
cacao combination, regarding cacao yield.

In conclusion, the implementation of agroforestry
systems that combine cacao with timber trees are fea-
sible; nevertheless, insect attacks are also an important
factor to consider in the establishment of timber trees, as
they decrease growth by reducing total leaf area. Appar-
ently, timber species that maintain higher leaf areas also
coincide with higher trunk heights and DBH during their
first 30 months of development. In cacao agroforestry

systems, cultivars with a rapid initial growth during the
first ten months will show significantly higher survival
rates.
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