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ABSTRACT
Keywords: Jatropha seed is a biomass suitable for bioenergy production that can be produced by smallholders,
Biodiesel even on marginal lands. However, the current oilseed production is too low to meet the needs of
Jatropha curcas the planned renewable electricity system in the Galapagos Islands. Pruning and fertilization are
Marginal land management options that can be used to increase the dry seed yields. The effects of both treatments
Seed productions were tested in a split-plot design with jatropha trees, which were monitored during a three-year

production period. The average seed production was 643+58 kg ha' year' in the unpruned trees
and 696+50 kg ha' year™ in the pruned trees. Although this difference is small, it is expected to
increase over time. The pruned trees developed more slowly than the unpruned trees but showed
higher (and still increasing) yields at the end of the three-year test period, while the unpruned trees
appeared to have reached their maximum production by the second year of the trial. The low fertilizer
doses approved by the smallholders did not have a significant impact on the dry seed yield, and
the management options that show benefits in the long term are generally not accepted or adopted
by them. Cost-effective nutrient enhancement should be investigated, such as inoculation with
arbuscular mycorrhizal fungi.

RESUMEN
Palabras clave: La semilla de jatropha es una biomasa adecuada para la produccion de bioenergia que pueden
Biodiesel producir los pequefios agricultores, incluso en tierras marginales. Sin embargo, actualmente la
Jatropha curcas produccién es demasiado baja para satisfacer las necesidades del sistema de electricidad renovable
Tierras marginales planificado en las Islas Galdpagos. La poda y la fertilizacién son opciones de manejo que pueden

Produccion de semillas  utilizarse para aumentar los rendimientos de semillas secas. Se probaron los efectos de ambos
tratamientos en un disefio de parcelas divididas con &rboles de jatropha, que se monitorearon
durante un periodo de produccion de tres afios. La produccion promedio de semillas fue de
64358 kg ha' afio™ en los arboles sin podar y 696+50 kg ha™' afio en los arboles podados.
Aunque esta diferencia es pequefa, se espera que aumente con el tiempo. Los arboles podados
se desarrollaron méas lentamente que los arboles sin podar, pero mostraron rendimientos mas altos
(con potencial de seguir aumentado) al final del periodo de prueba de tres afos, mientras que
los &rboles sin podar parecian haber alcanzado su produccién méxima para el segundo afio de
la prueba. Las bajas dosis de fertilizante probadas por los pequefios agricultores no tuvieron un
impacto significativo en el rendimiento de la semilla seca y las opciones de manejo forestal que
suponen beneficios a largo plazo generalmente no son aceptadas o adoptadas por ellos. Se deben
investigar otras fuentes rentables de mejora de nutrientes, como la inoculacion de los arboles con
hongos micorrizicos arbusculares.
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atropha curcas L. is native from Mexico and

Central America. This multipurpose plant grows

as a tree in seasonal tropical forest and as a

shrub in savannah and thorn forest (Negussie
et al.,, 2015). The tree reaches heights of 3-5 m and
can be cultivated in commercial plantations or as living
fences to separate fields (Rade-Loor et al, 2017).
Jatropha cultivation has been promoted because of
the oil content of the seeds for biofuels production. The
sale of the seeds could improve the socio-economic
conditions of smallholders, and the crop can be used
to recover degraded land in arid and semi-arid tropical
regions (lyama et al., 2013). Indeed, several large biofuel
projects are being established in the tropics, for instance,
in sub-Saharan Africa; nevertheless, investments in
some jatropha projects have failed (Walmsley et al.,
2016). In 2011 the Ecuadorian Government began a
project entitled “Renewable Energy for the Galapagos
Islands” within the “Jatropha for Galapagos Project’
aimed at reducing the use of fossil fuel (diesel oil) to
generate electricity on Floreana Island. The province
of Manabi was selected for establishing trial jatropha
plantations (Cafadas-L6pez et al., 2018).

Other problems, that must also be addressed, include
the potentially low seed yield caused by the imbalance
between male and female flowers, the controversy
surrounding the food vs. fuel debate (Cahadas-Lopez
etal., 2017), the low economic viability due to unstable
yields (Rade-Loor et al., 2017), the lower-than-expected
production caused by the lack of improved material
(Cafadas-Lopez et al, 2017), and the incidence of
pests and diseases (Edrisi et al., 2015). Jatropha can
be cultivated on marginal land in soils of low fertility.
Importantly, jatropha seed production can be increased
by the application of various management practices,
such as adequate spacing, fertilization, pruning,
irrigation, and pest control (Montenegro et al., 2014).

Pruning encourages branching and stimulates
healthy, abundant flowering of trees and is a common
management intervention in horticulture. Pruning
generally improves the canopy architecture, which
promotes fruit production and tree structure by optimizing
the arrangement of branches and leaves, the size of
the tree, and the crown structure and form (Suriharn
et al., 2011). Canadas-Lépez et al. (2017) reported a

strong correlation between the number of branches
and jatropha seed production in Ecuador. The jatropha
seed yield can be determined by tree height and twig/
branch number, but more importantly, by the number of
inflorescences per productive twig. Pruning encourages
branching, and more branches produce more fruits and
larger yields (Tjeuw, 2015).

Although jatropha is well adapted to semi-arid conditions,
humid conditions increase the seed yield (Behera et al.,
2010). Jatropha tolerates low nutrient soils and grows
in alkaline soils (pH 9) (Tewari, 2007). It even grows
in alkaline soils (pH up to 11), although production
is reduced, and seed yields are low. Limitations to
growing jatropha as a productive crop are, therefore,
the use of marginal land, drought, low soil fertility,
and lack of financial resources to enable the supply
of external nutrients. Jatropha requires high levels of
nitrogen, phosphorus, and potassium for biomass and
seed production, and different levels of fertilization will,
therefore, have significant effects on growth, fruiting,
and seed production (Negussie et al., 2015). Field trials
must be carried out to establish the optimal nutritional
requirements of jatropha in different agroecosystems,
as pointed out by Behera et al. (2010). In the presence
of sufficient levels of N, P, and K, jatropha dry seed
productivity increases considerably (Santos-Matos et
al., 2016).

In Kenya, liyama et al. (2013) found that smallholders
were not always able to apply the optimal management
techniques; it required to maximize production in
jatropha plantations, which had been determined
under controlled conditions in experimental trials.
Designing sustainable jatropha plantations, which
can play a role in the pro bioenergy development and
sustainable farmers’ livelihoods, requires learning
from the experiences of smallholders. In a survey of
450 subsistence producers in Ecuador (in the province
of Manabi), Rade-Loor et al. (2016) found that 92%
of the participating smallholders did not apply any
fertilizer to their jatropha plantations, but that they
would be willing to add small amounts of fertilizer and
to prune the trees to decrease the incidence of pests.
Therefore, this study aimed to evaluate the effects of
pruning and different types of fertilizer regimes on the
yield of jatropha seed.
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MATERIALS AND METHODS

The study was carried out over three agricultural cycles
within the Portoviejo Experimental Research Station in
Ecuador (EEP, which belongs to the Instituto Nacional
de Investigaciones Agropecuarias, INIAP). The EEP is
located at an elevation of 47 m.a.s.l. in the geographical
coordinates 0°6’S and 80°23'W. During the study period
(2013-2016), the mean annual temperature was 26.4 °C,
mean annual precipitation 779 mm, mean relative

humidity 83%, and an amount of light - hours per year
of 1,159.3. Mean monthly precipitation and potential
evapotranspiration during the study period are shown
in Figure 1. The area belongs to the tropical dry forest
zone (Canfadas, 1983).

The jatropha accession INIAP CP041 was chosen for
the experiment. The relevant characteristics of this
jatropha accession are summarized in Table 1.

Table 1. Main morphological characteristics of the jatropha accession INIAP CP041.

Tree height Diameter at ground level ~ Begin of flowering Harvest start Weight of 100
(m) (cm) (calendar day) (calendar day) seeds ()
1.95+3.41 7.43+2.31 145+5.23 222.23+4.41 79.45+3.67

The plants were propagated from cuttings and planted
with a spacing of 2x2 m in October 2010. In this
experiment, there were used 38 trial plots (10x8 m),
and each one included 30 trees. In each plot, a total
of 12 trees (each net plot) were selected for a yearly
evaluation of seed production; a total of 228 jatropha
trees were pruned and assessed. Fruits were harvested
when physiologically mature fruits appeared in the three
years between 2014 and 2016. The fruits harvested from
each tree were counted, the seeds were then separated
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by hand from the capsules, dried in an oven, weighed,
and recorded as yield per tree. All of these procedures
were carried out in the EEP/INIAP soil laboratory.

The trees were pruned to a height of 1.5 m above ground
level, following the pruning height applied to jatropha by
smallholders in the province of Manabi (Rade-Loor et
al., 2016). The trees had not been pruned before the
trial. The pruning was carried out in June during the dry

season.
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Figure 1. Water balance measured at the EEP/ INIAP, 2013-2016. The solid line represents the monthly average of precipitation and the

dashed line the potential evapotranspiration.
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From the evaluated area, a soil composite sample was
obtained before the pruning evaluation and analyzed in
July 2013 in the INIAP soil laboratory of the Pichilingue
Experimental Tropical Station (EETP). Twenty-four
subsamples of 900 g from 0 to 20 cm deep were taken
in a zigzag way, and then the subsamples were mixed,
from it, 1 kg composite sample was taken and evaluated
in the INIAP laboratory. Soil pH was determined with a
digital pH meter. The NH, was determined by the Kjeldahl
method. Element content, such as P, K, Ca, S, Zn, Cu,
Fe, Mn, and B, was determined by atomic absorption
spectrophotometry.

The fertilizer regimes were defined on the basis of the
results of a survey carried out by Rade-Loor et al. (2016),
in which smallholders indicated the amounts of fertilizer
that they were willing to apply in a single dose at plantation
establishment (2,500 trees ha™"). The following doses were
tested: a) 80.50 kg ha™' of N (as urea); b) 31.50 kg ha™
of N+80.50 kg ha™* of P (as diammonium phosphate); c)
80.50 kg ha' of N+105 kg ha" of K (as potassium chloride);
d) 31.50 kg ha' of N+80.50 kg ha™ of P+80.50 kg ha’
of K (as diammonium phosphate+potassium chloride);
e) 22.75 kg ha™' of N+77.00 kg ha™ of K (as potassium
nitrate); and f) control (no fertilization). The different fertilizer

formulations were applied within 30 cm of the root collar, at
a depth of 10-20 cm. The plots were weeded twice a year.

After the experiment, nutrient extraction (NPK) was
estimated through the export of dried jatropha seed.
The calculation was based on Contran et al. (2013):
14.3-34.3 kg N, 0.7-7.0 kg P and 14.3-31.6 kg K ha
equivalentto 1t of jatropha dry seed ha™. It was calculated
the percentage of nutrients exported from the original soil
condition with both the minimum and maximum values
(hereinafter referred to as low and high extraction) to obtain
the indicated ranges. The success of the treatments was
evaluated by seed production.

Analysis of variance (ANOVA) was applied to the yearly
seed yield data by using a repeated measures model in
a random block design and considering the years as the
repeated measures. The PROC MIXED procedure, which
is considered the most efficient method for analyzing data
with repeated measures, was used because it considers the
structure of the covariance of the repeated measurements
in each experimental unit over time. The statistical analysis
was conducted using SAS Version 9.4 (SAS Institute
Inc, Cary, NC, USA). Table 2 summarizes the sources
of variation in the present research.

Table 2. Sources of variation and degrees of freedom for the factors analyzed.

Source of variation

Total

Treatment (Fertilization and Pruning)
Fertilization

Pruning

FertilizationxPruning

Repetitions

Experimental Error

RESULTS AND DISCUSSION

The results of the ANOVA are shown in Table 3. Pruning
had a significant effect (P<0.001) on seed production. The
mean seed production was 643.48+58.41 kg ha™ year’
in the control plots (trees not pruned) and 695.72+50.08
kg ha' year™in the treated plots (trees pruned). The time
factor (year) had a highly significant effect (P<0.001) on
seed production. The Tukey’s multiple comparison test
(significance level P<0.05) distinguished two ranges of

Degrees of freedom

47
11
5

5
3
33

yearly seed production. Overall, seed production was
lowest in 2014 (148.36+19.86 kg ha') and increased
steadily to 888.69+52.85 kg ha' in 2015 and 971.76+37.81
kg ha™in 2016. The effect of the interaction between year
and pruning was highly significant (P<0.001).

Effect of pruning on jatropha seed production

Seed production was low in the pruned trees in the first
year of the study (74.86 kg ha") but then increased steadily

Rev. Fac. Nac. Agron. Medellin 73(1): 9089-9097 . 2020
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during the study period (Figure 2). By contrast, seed
production in the control plots (trees not pruned) reached
a maximum level in 2015 and then decreased slightly in
2016. In 2016, seed production was highest in the treated

plots (1,074.51 kg ha'"), while in 2015, it was highest in
the control plots (849.54 kg ha"). The interaction between
pruning, fertilization, and year did not have a statistically
significant effect on seed production.

Table 3. Results of the analysis of variance, with probability values for the effects and interaction of fertilization and pruning on seed

production for three years.

Source of variation DF
Between subject analysis
Fertilization 5
Pruning
FertilizationxPruning 5
Within-subject analysis
Year 2
FertilizationxYear 10
PruningxYear 2
FertilizationxPruningxYear 10

Error DF F-value Pr>F
9.51 0.80 0.5777
21 17.21 0.0005
21 2.28 0.0839
36 434.66 <0.0001
36 1.37 0.2346
36 12.93 <0.0001
36 0.86 0.5749

DF: degrees of freedom; Error DF: Degrees of freedom of error term; Pr>F: Probability for the F statistic

1200 -

1000 A

800 1

600

400

Seed production (kg ha' year™)
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0 £
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2015 2016
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B Pruned

Figure 2. Mean seed production (dry weight, kg™ ha™' year") for pruned and unpruned (control) jatropha, during the trial (2014-2016) at the

Portoviejo Experimental Research Station (EEP /INIAP).

In the presented research, a total of 228 jatropha trees
sampled was assessed with a density planting of 2x2
m (2,500 tree ha™) and pruned at 1.5 m of jatropha
altitude. Pruning is expected to increase jatropha seed
yield because the flowers are produced at the end

Rev. Fac. Nac. Agron. Medellin 73(1): 9089-9097. 2020

of each branch, and pruning encourages branching
and thus seed production. In a study carried out in
Ukulinga (South Africa), in an area characterized by
a mean annual precipitation of 600 mm, mean annual
temperature of 18.4 °C and after two years of jatropha
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plantation, Everson et al. (2013) showed that pruning did
not significantly increase seed yield (jatropha plantation
of 4 years old, pruned at 1.75 m and densities of 3x3 m,
2.5x2 m, and 3x2 m). Similar results were obtained by
Singh et al. (2013), at seven sites in India under different
climate and soil conditions, the yields were unacceptable
when this practice was applied to large-scale plantation
on degraded land (density plantation 2x2 m, pruned at
30, 45, and 60 cm of jatropha tree and 80 sampled trees).
Ghosh et al. (2007) reported that pruning left a higher
number of secondary branches of approximately 30%
compared to unpruned jatropha. Pruning harmed fruit
formation (no data of density plantation, sampled trees,
and pruning heigh was proportionated). It was observed
a different pattern, i.e., an initially reduced yield and
increased yield after two years of the treatment.

It has been recommended that jatropha should be pruned
in the dry or dormant season to encourage branching
and increase the number of inflorescence buds and to
form a low bushy crown to facilitate harvesting (Maes
et al., 2009). This recommendation was followed in the
present study, and the trees were pruned three years
after plantation establishment. Investigating the optimal
age for pruning jatropha during the first five years,
Santoso et al. (2016) demonstrated that mean seed yield
was highest in trees pruned two years after plantation
establishment (the highest seed yields were obtained in
years 4 and 5, i.e., 2 and 3 years after pruning).

Although pruning may negatively affect flowering and
seed yield in the short term, the long-term effects should
be tested in a perennial jatropha plantation (Negussie et
al., 2015). Tjeuw et al. (2015) pointed out the difficulty
of comparing the effects on seed production observed
in different studies as not all include a control treatment
(no pruning). In the present study, the pruning reduced
seed yield by 66.3% relative to the control treatment in
the first year. Ghosh et al. (2007) reported a reduction in
seed yield of 67% in a jatropha plantation in Madagascar
and suggested that the decrease was probably related
to the increased competition between fruit production
and new vegetative growth to recover the photosynthetic
potential. In the present study, the seed production in the
second year (2015) was still 8.4% lower in pruned than
in unpruned trees; however, this trend was reversed
in the third year (2016) when the seed production was

37.9% higher in pruned than in unpruned trees. The slow
recovery of jatropha seed yield two years after pruning
may indicate that the tropical dry forest conditions
are less favorable to the recovery of vegetative and
reproductive growth of the new crown.

From the perspective of small subsistence farms,
pruning represents a high input of labor (Goswami et
al., 2011). The decreased production, although only in
the first year, reduces the probability of the technique
being adopted in jatropha plantations due to the initial
high associated costs (Negussie et al., 2015). Future
studies should examine whether access to long-
term demonstration plots, preferentially as on-farm
experiments, would convince farmers of the benefits of
early allocation of labor as an investment in long-term
higher yields.

Effect of time on jatropha seed production

A relatively unpredictable annual dry seed production
and low seed production over time are the significant
drawbacks of the jatropha tree for biofuel production
(Rade-Loor et al., 2017; Canadas-Lépez et al., 2017,
Canadas-Lopez et al, 2018). Thus in 2014, with a
precipitation of 824 mm in the rainy season (between
January and May), the seed yield in the pruned
trees was only 74.86 kg ha''; in 2015, the yield was
849.54 kg ha' (rainy season precipitation 806 mm);
and in 2016, the yield was 1,074.46 kg ha™* (rainy season
precipitation 745 mm). There was no relationship between
jatropha seed yield and the amount of precipitation
during the rainy months in the study area. Likely, the
relationship was outweighed by the stress exerted on
the trees by the pruning. Nevertheless, there was also
no clear relationship between yield and rainfall for the
unpruned trees.

Phiwngam et al. (2016) assured that the climatic
conditions probably did not have an important influence
on seed production, considering that jatropha can survive
a wide range of temperatures. Similarly, Cafiadas-
Lopez et al. (2017) did not observe a direct relationship
between dry seed production and rainfall in the province
of Manabi. In a study by Achten et al. (2010), supplying
water did not affect the biomass distribution (vegetative and
reproductive), and there were no differences concerming
the two types of pruning tested. These findings indicate
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that the patterns of biomass distribution are conserved
and remain relatively constant.

Soil characteristics and effects of fertilizer application
on jatropha seed production

Seed production was not significantly affected by either
fertilization or any interaction between fertilization and

Table 4. Soil chemical properties in 2013 before the start of the trial.

pH NH, P Cu Fe
(ppm)
7.3 18.20 22.20 7.41 13.01

The ratio Mg/K (1.42) revealed Mg deficiency relative
to K. The Ca/K ratio (12.66) was adequate for leaf and
root growth. The Ca/Mg ratio (8.90) again indicated
Mg-deficiency, while the Ca+Mg/K ratio (14.09) was
higher than 10, which indicates adequate potassium
assimilation.

Figure 3 shows the estimated nutrient extraction (as a
percentage of the original nutrient content of the soil)
for each fertilization treatment concerning a low and a
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pruning (Table 3). A summary of the soil analysis
before fertilizer application is presented in Table 4. The
main characteristics of the soil include a neutral pH,
low levels of nitrogen, zinc, and iron; it also presented
high contents of phosphorus, potassium, calcium,
magnesium, copper, and manganese and moderate
levels of boron.

Mn Zn B K Ca Mg
(meq 100mL")
22.95 1.80 0.23 2.06 26.10 2.93

high NPK extraction through the export of dry jatropha
seeds. The NPK nutrients have been absorbed from
the applied fertilizers considering the low extraction
rate. In the case of high extraction, the soil reserves
would have been used up, except in a) urea and c)
potassium chloride treatments. According to a soil
fertility study carried out in the central and southern
areas of the Manabi province by Cafadas (1983),
fertility levels are very similar to those obtained in the
present study.

a) Urea

b) Diammonium phosphate

c) Potassium chloride

d) Diammonium phosphate + potasium chloride
€) Potassium nitrate

f) No tertilization

OE®m@EOm

Figure 3. Estimated ranges of relative nutrient export from the soil through dry jatropha seeds: comparison of low and high extraction rates
for each fertilization treatment (Low and high extraction rates by dry jatropha seeds were calculated according to Contran et al., 2013).

These results are representative of the soil conditions
for the 3,000 producers in the “Jatropha for Galapagos
Project.” According to the soil analysis, nitrogen
fertilization was justified. However, the Ca+Mg/K ratio
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was higher than 10, a threshold value, according to
Folster and Fassbender (1978). It justifies a fertilizer
formulation with a relatively low dose of K. Corrections
of micronutrient deficiencies were not considered in the
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fertilizer concept proposed by the small-scale producers.
Before upscaling jatropha production, screening for
potential deficiencies in micronutrients should be
carried out. However, potential macro deficits are
already derived from soil analysis and the requirements
according to the literature.

Jatropha usually proliferated in the first two years
after planting, and N is essential for the assimilation of
carbon and the formation of new tree organs. According
to Magalhaes et al. (2018) the maximum accumulation
of nutrients in jatropha plants is reached at 2.8 years
in leaves, stems, fruits, and shoots for N, P, and K,
coinciding with the maximum accumulation of dry
matter in the tree. Magalhées et al. (2018) found that N
accumulated in more significant proportions in the stem
than in the leaves, while N levels in the leaves were
subject to seasonal variations.

The P availability was high in the study area, while in
studies undertaken in Brazil, it was found to be a limiting
element and difficult to mobilize. Under restricted P
availability, jatropha reacts positively to the application
of phosphate fertilizers in the first years of the plantation
(Silva et al., 2007). According to Lima et al. (2011), the
application of phosphate fertilization mainly stimulates
the growth of roots and leaves.

The high demand for K is required for dry seed
production, which depends on the site soil conditions.
A high K concentration is important for the formation of
jatropha fruit (Magalhaes et al., 2018). Lima et al. (2011)
reported that young leaves had the highest levels of this
element and were associated with greater photosynthetic
activity. However, as these processes are reduced, K
may be redistributed to other vegetative organs. Hence,
potential losses of K due to the shedding of leaves can
be compensated by prior redistribution (Pacheco et al.,
2006).

The concentration of Ca in the fruit was very similar to that
of K. This element must be available in sufficient quantity
during the jatropha production phase (Magalhaes et al.,
2018). The Ca/Mg ratio in the present study indicates an
Mg deficiency, and the Mg/K ratio indicates a deficiency
of this element relative to K. According to Xu and Wang
(2011), Mg plays a substantial role in P transport and

oil and fat formation in the tree. Therefore, the role of
micronutrients and Mg in the differentiation of female
flowers demand more attention for further research in
the study area.

The relatively high jatropha seed yields obtained in the
control treatment in the present study would suggest
the presence of arbuscular mycorrhizal fungi (AMF) that
can transfer P, Zn, and N from the soil in exchange for
carbon from the host tree (Blicking and Kafle, 2015).

CONCLUSIONS

The study findings indicate that jatropha seed yield may
be substantially improved by pruning the trees for three
years after planting. By contrast, the amounts of fertilizer
tested by the smallholders producing jatropha in the
province of Manabi (Ecuador) appear to be suboptimal.
Arbuscular mycorrhizal fungi inoculation should be
further studied, as this may represent a means of
partly addressing the nutrient deficiencies. Clarification
of whether micronutrient deficiency limits the yields is
also required. Moreover, sufficient pollination should
be crucial, and the management of this aspect needs
attention. The findings suggest that under the prevailing
conditions in tropical dry forest, jatropha plantations
require diverse management input to increase yields for
the success of the government initiative to further the
electricity transition in Galapagos.
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