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Abstract

In order to determine the effect of planting density on the morpho-productive traits of Jatropha curcas
intercropped with crops under rotation, the following treatments-systems (S) were studied in a completely randomized
design: S1 (control): J. curcas at 2,5 x 2,0 m (2 000 plants/ha), S2: 50 % of the area with J. curcas at 2,5 x 2,0 m and 50 %
of the area with crops under rotation (2 000 plants/ha), S3: J. curcas intercropped with crops at 5,0 x 2,0 m (1 000
plants/ha), S4 (control): crops under rotation. To interpret the results of plant height (H), number of primary branches
(PB), stem diameter and primary branch diameter, quantity of racemes (NR) and fruit production (FP), a simple
classification ANOVA was used and H, PB and NR were correlated; while descriptive statistics was used for the
number of fruits per raceme (FR), weight and size of the seeds and crop yield. H and PB were higher for SI and S2;
nevertheless, higher NR was obtained with S3, and this last one did not differ regarding FP (p < 0,05) from the control
(S1). There was high and positive correlation (r = 0,84) between H and PB, but they were not correlated with NR. In
S3, the yield of the associated crops was 1,023; 4,281 and 0,320 t/ha for beans, sweet potato and sesame, respectively.
It is concluded that when using 1 000 plants/ha in association systems, adequate yields and diversity of plant species

can be obtained.
Keywords: spacing, yield, cultivation systems

Introduction

Among the most used crops for biodiesel pro-
duction, Jatropha curcas represents an option,
because its seeds are not edible. It is a fast-growth
shrub, which can reach more than one meter and
half of height under special conditions. The fruits
are ovoid capsules, with three locules, and each of
them contains one seed. They represent between 53
and 79 % of the fruit weight, and have an oil content
between 33 and 38 % (Rucoba et al., 2013).

Seed production per plant varies depending on
the crop management. Thus, in Brazil a production
potential of 2,3 seeds/ha under arid conditions,
without irrigation and in intensive cultivation, is re-
ported; while with good water availability, around
5 t/ha can be reached (Gonzalez et al., 2015; Rade
etal., 2017).

In Cuba it has been proven that J. curcas can
be cultivated throughout the country (Machado and
Suarez, 2009); however, its fruit production poten-
tial has been little studied, for which there is lack of
information about its technology to incorporate it in
productive chains.

Some studies indicate that the adequate manage-
ment of pruning, the supply of nutrients and water
and the planting frame can cause variation in the

fruit yield, which is the main objective to obtain
high oil productions (Folegatti et al., 2013). With
regards to the planting frame, it will depend on the
purpose. For example, Moreno (2014) used distances
of 2 x 2 m or 3 x 3 m in pure crops, to obtain high
productions. Cordova et al. (2015) recommend dis-
tances of 4 or 6 meters and 2,5 m between plants
if the purpose is to utilize the land more widely,
so that the spaces between rows can be utilized to
intercrop food crops.

It is important to take into consideration the ade-
quate use of J. curcas cultivation systems, because
the plant is capable of growing on marginal soils,
restoring eroded areas and protecting other valua-
ble food or commercial crops (Garcia et al., 2017).

Several studies conducted in Eastern Cuba by
Sotolongo et al. (2012) showed that J. curcas can be
associated with more than twenty food crops with-
out affecting the yields of the latter, which turned
out to be similar to the ones obtained with mono-
crop systems. In addition, if it is considered that
with the intercropping of the tree fruit productions
are obtained which can be used to produce biodiesel,
co-products of high value for animal feeding, ferti-
lizers and raw materials for other local industries,
higher benefit and better utilization of the space can
be estimated.
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Taking into consideration such elements, the
objective of the study was to determine the effect of
planting density on the morpho-productive traits of
J. curcas intercropped with food crops.

Materials and Methods

Location of the experimental area. The study
was conducted in the integrated food and energy
production farm of the Pastures and Forages Re-
search Station Indio Hatuey (EEPFIH), located
between 22° 48’ 7” North latitude and 81° 2” West
longitude, at 19,01 m.a.s.1., in the Perico municipality
—Matanzas province, Cuba.

Soil and sowing characteristics. For the experi-
ment seeds of the Cape Verde provenance of J. cur-
cas were used. The sowing was carried out directly
in the field, in July, 2014, on a Ferralitic Red soil
(Hernandez-Jiménez et al., 2015).

Design and treatments. The design was com-
pletely randomized, with four treatments. Each
plant constituted a replica and 20 plants were evalu-
ated per treatment, which are described below:

» System 1 (control): J. curcas in pure stand, planted
at 2,5 m between rows and 2,0 m between plants
(2 000 plants/ha).

* System 2: 50 % of the area with pure stand of
J. curcas, planted at 2,5 m between rows and 2,0 m
between plants, and 50 % of the area planted
only with annual crops under rotation (2 000
plants/ha).

e System 3: J. curcas intercropped with annual
crops under rotation, planted at 5,0 m between
rows and 2,0 m between plants (1 000 plants/ha).

* System 4: area planted only with annual crops
under rotation (control).

The studied factor was planting density (1 000
and 2 000 plants/ha). Systems 1 and 4 were the con-
trols, because pure stands of J. curcas and annual
crops under rotation were planted, respectively, and

Table 1. Results of the soil analyses in the area.

served to compare the variables under study in each
case.

The crops under rotation were: beans (Phaseolus
vulgaris), sweet potato (Ipomea batata) and peanut
(Sesamun indicum), which were planted in different
seasons taking into consideration the climate de-
mands of each one.

In addition, soil studies were conducted, at
two depths: 0-15 and 15-30 cm (Anderson and In-
gram, 1993), in five different spots of the studied
area, to determine the content of nitrite (diazotiza-
tion method), nitrate (cadmium reduction method),
sulfur (chloride method), iron (bipyridyl method),
ammoniacal nitrogen (Nesslerization method), po-
tassium (tetraphenylboron method) and phosphorus
(ascorbic acid reduction method). All the analyses
were carried out in the soil portable laboratory
(SMARTS3 Soil 1.11) of the EEPFIH. Table 1 shows
the results for each depth. According to LaMotte
(2012), the soil is classified as of low fertility.

The morphological variables were studied
during the establishment. When the plants were
considered established, after reaching more than
2,5 m of height (12 months after planting), one ho-
mogenous pruning was performed on the entire
plantation, 40 cm over the soil basis, so that sever-
al productive branches were developed; and, at the
beginning of their fructification, the productive
variables were measured (January-March and Au-
gust-October); in both variables the recommenda-
tions made by Campuzano (2009) were used.

Morphological variables

» Plant height. It was measured from the basis of
the plant to the apex of the main stem, with a
graduated ruler, monthly, until 12 months after
planting.

* Number of primary branches per plant. The ones
inserted in the main stem were considered pri-
mary branches. The measurements started since

Ammoniacal

Depth Nitrite Nitrate nitrogen Sulfur ~ Potassium Phosphorus Iron
(cm)
(kg/ha)
0-15 6,17 30,27 42,04 0,60 95,29 1,76 0
Level in the soil ~ Moderate- high Moderate =~ Moderate Low Moderate Low Very low
15-30 9,53 13,45 124,43 627,03 50,45 2,15 0,70
Level in the soil ~ Moderate-high Moderate High Very high Low Low Very low
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the fifth month after planting, when the plants
started their development, and were finished
when this stage was considered ended, at 12
months.

» Stem diameter in the basis. It was measured with
a metric tape, at a height of 10 cm from the soil
surface, when the plantation was considered es-
tablished.

* Diameter of the primary branches. It was meas-
ured with a metric tape, just 10 cm away from
the main stem.

Productive variables

* Number of racemes per plant (NR). The number
of racemes per plant was counted when fructifi-
cation was considered ended.

* Number of fruits per raceme (FR). The number
of fruits per raceme was counted, in two racemes
per plant.

» Harvested fruits (HF). The fruits that were gath-
ered per plant in each harvest were added.

* Seed weight, g (SW). The weight of 100 seeds
was quantified, with a scale.

* Seed length and width.

The rules for the planting and establishment of
the legumes were similar. For the beans and peanut
a planting distance of 70 cm between rows and 30
cm between plants was used, so that between two
rows of J. curcas were five rows of the crop un-
der rotation separated from the tree by 120 cm on
each side, for a total of 540 plants per plot, 2 160 m
per treatment; this represented a density of 168 750
plants/ha. Ten plants per plot were sampled, that is,
40 plants per treatment; and it was taken into con-
sideration that they were within the defined net area
for the J. curcas crop.

For planting 1. batata, cuttings from 25 to 30 cm
long, were used, which were placed at 30 cm of
distance each, for a density of 500 000 cuttings/ha.
Such planting was carried out on humid soil, guaran-
teeing that two thirds of the cuttings were buried at
a depth of 7-10 cm and putting them as horizontally
as possible with regards to the plot (INIVIT, 2007).

For each crop the agricultural yield was deter-
mined (t/ha), according to the methodology pro-
posed by IPGRI (2001) and Huaman (1991) for the
legumes and the tuber, respectively.

Statistical analysis. A simple classification
ANOVA was used, after verifying that the as-
sumptions of variance homogeneity and normal
distribution were fulfilled. The means were com-
pared by Duncan’s test, for a significance level of

p < 0,05. For the variables number of fruits per ra-
ceme, weight and size of the seeds, the minimum
and maximum indicators were described, based
on descriptive statistics. In addition, the correla-
tion analysis was used to know the interrelation
among the variables plant height, number of prima-
ry branches and quantity of racemes per plant. The
yield of the associated crops was descriptively com-
pared according to the evaluated treatments. For all
the processing the statistical package Infostat, ver-
sion 1.1, was used.

Results and Discussion

Figure 1 shows the mean height of the plants,
according to the planting density used. As plant
density per hectare increased, the stem height
throughout the evaluation period increased, with
significant differences (p < 0,05) from the treat-
ment with lower density.

These results can be related to the effect of
shade among the plants sown at higher planting
density, which increases the concentration of auxins,
by reducing the luminosity that has incidence on
these tissues, and causes cell enlargement; this is
due to the fact that, under shade conditions, the in-
doleacetic acid increases and acts in a synergic way
with gibberellins (Raposo et al., 2014).

Bharti ef al. (2016) stated that the increase in
the population density of diverse crops causes plant
height to increase since 30 to 75 days after planting.
In addition, according to these authors, the plants
established at lower density grow approximately
31 % less than the ones established at higher density.

The J. curcas plants, after 12 months, reached a
mean height higher than 3 m. In this regard, Iguaran
et al. (2017) described the species as a tree capable
of reaching between 3 and 5 m or more in full de-
velopment (five years), moment in which other mor-
phological and productive traits can also reach their
highest degree of quantitative expression.

The number of primary branches that were devel-
oped in each treatment due to planting density is
shown in figure 2. There were significant differences
among the densities (p < 0,05), and the highest value
was found with 2 000 plants/ha. System 2 did not
differ from the control (System 1) in any of the ob-
servations, and both reached nine primary branches
at the end of the establishment period.

In J. curcas, the quantity of primary branches
the plant develops is a very important variable for
the crop production, because the inflorescences are
formed on the terminal ends of branches (Kumar et
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Figure 1. Effect of planting density on the height (m) of J. curcas.
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Figure 2. Effect of planting density on the number of primary
branches developed in J. curcas.

al., 2016); if it is taken into consideration that from
each primary branch other secondary and tertiary
ones must be originated; this would lead propor-
tionally to the formation of more fruit racemes per
plant in those that develop more primary branches.
Machado (2011), when morphologically and
productively characterizing a collection of J. curcas,
reported that the primary branches were developed in
a range between 2 and 10. In addition, he stated
that some provenances did not emit secondary and/
or tertiary branches during the evaluation period;
nevertheless, their growth was delayed. In this
study the second and third order branches were
not evaluated, because performing one pruning a
year after planting to induce the production of more
branches was established, as agronomic manage-
ment of the plantation (Cérdova-Mendoza, 2017).

The stem diameter means varied between
5,06 and 5,54 cm for 2 000 and 1 000 plants/ha,
respectively. Regarding the diameter of the prima-
ry branches, the values did not exceed 2 cm. There
were no significant differences among the treat-
ments for any of the variables (table 2).

Machado (2011) reported means for the stem
diameter between 3,4 and 8,4 cm, and for the pri-
mary branches between 1,6 and 4,1 cm. The author
states that this is a varietal characteristic, which can
also vary if other factors influence development,
such as planting density.

However, in this study the absence of significant
differences between densities can be ascribed to the
little time of plant establishment at the moment of
evaluation; thus, they did not have sufficient time to
express differences in the stem diameter, because
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Table 2. Effect of planting density on the diameter of the stem and primary

branches in J. curcas.

Planting density ~ System Stem diameter

Diameter of the primary

(plants/ha) in the base (cm) branches (cm)
2000 1 5,26 1,16
2000 2 5,06 1,93
1000 3 5,54 2,00

SE + 0,84 0,06

during the first year after planting they prioritized
their growth and for that purpose they used all the
reserve, which was remarkably shown through the
height they reached. It is likely that this aspect be-
haves differently as the exploitation time passes
(Campuzano et al., 2016).

Table 3 shows the productive characteristics
of J. curcas due to the planting density. System 3
(1 000 plants/ha) showed more racemes, and differed
from the higher density in systems 1 and 2 (p <0,05).

Such effect could have been given by the ac-
cumulation of reserves in the plant, because by
developing less height and less primary branches
the distribution of the necessary compounds for the
flowering and fructification processes are benefit-
ted (Avilan et al., 2003). Such arguments could be
verified through the correlation analyses.

In system 3 more fruits were obtained per
raceme, between 1 and 12, numerically different
values from the other treatments, even higher
than those of the control (table 3). Such aspect is
important, if it is taken into consideration that in
this treatment the planting distance was 5 x 2 m and
that annual crops were associated with J. curcas; in
that sense, it will be possible to increase the fruit

production of the tree and utilize the area better,
by obtaining additional foodstuffs (Moreno, 2014).

There were significant differences in the quan-
tity of harvested fruits, according to planting densi-
ty; in each evaluation a different performance was
observed for this variable (table 3). Initially, the
control significantly differed from the other treat-
ments (p <0,05), with a total of 546 fruits; but when
carrying out the later harvests, it was possible to
collect a higher quantity in system 3.

Nevertheless, when adding the total harvest-
ed fruits no significant differences were found
between systems 1 and 3. These results constitute
the first ones obtained in this topic, about which no
bibliography was found, so it is difficult to compare
this with other studies. In addition, although J. cur-
cas is acknowledged as a plant of high variability
among different environments, this research will
serve as basis for future projections, from the plant
densities to be used per hectare and the utilization
of association systems, because the results suggest
that planting J. curcas at 5 x 2 m propitiates similar
yields as when it is planted at 2,5 x 2,0 m and other
foodstuffs are also produced.

Table 3. Effect of planting distance on the production of J. curcas.

Average quantity of

Number of fruits per raceme

— - Total productivity'
) racemes per plant Minimum-maximum
Evaluation
System

1 2 3 SE + 1 2 3 1 2 3 SE +
1 6> 2¢ 8 0.7* 1-8 1-6 1-12 546*  20° 314> 10,2%
2 - - - - - - - 66°  36° 195  6,1*
3 - - - - - - - 140 55 180*  8,3*
4 - - - - - - - 300 10¢ 68 4.2%

! Harvested fruits per system.

a, b, ¢ Values with different superscripts differ at P<0,05, * P<0,05
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As shown in table 4, there was a high (p <0,05)
and positive (» = 0,84) correlation between height
and the development of primary branches. How-
ever, these variables were not correlated with the
quantity of racemes per plant, because low coeffi-
cients (r = 0,24 and 0,46, respectively) were found.

Table 4. Matrix of correlations of the
morpho-productive variables.

Indicator Height PB QRP
Height -

PB 0,84%* -

QRP 0,24 0,46 -

PB: primary branches, QRP: quantity of racemes
per plant.
*The correlation is significant at the level of 0,05.

In spite of the absence of bibliography about
these topics for J. curcas, different performances
have been observed in other trees. In that sense,
Wencomo (2008) described a high and positive
correlation among yield, height and number of
branches in Leucaena spp.

These results corroborate the ones reported by
Machado (2011), who evaluated 18 provenances
and obtained a fruit yield between 0 and 559, range
that is considered normal, because according to
Diaz-Hernandez et al. (2013), in the first years low
productions are expected.

The weight and size of 100 seeds, according
to the effect of planting density, are shown in
table 5. The numerical values were similar in each
treatment, which could have occurred because in all
cases the Cape Verde provenance was used, because

in a study conducted by Brunet (2012) marked
differences were found in these indicators due to the
evaluated provenance. Another important aspect in
such study was that Cape Verde was ranked among
the most outstanding ones, which favored that
afterwards significant yields were obtained that
differed from those of the other accessions.

The productive response (table 6), in all the
cases, was numerically higher for system 4 (annual
crop, control), with yield of 1,9 t/ha; however, this
value was similar to that of system 3 (1,0 t/ha).
They are similar to the mean values reported for
Cuban conditions. In this regard, Fé-Montenegro e?
al. (2016) reported annual yields of 0,6 t/ha for the
state sector and 1,1 t/ha for the non-state sector.

When [. batata was intercropped between the
J. curcas rows (system 3), 4,2 t/ha of the tuber
were obtained, although when compared with the
control (system 4) there were 2,7 t/ha of difference.
Nevertheless, Sotolongo et al. (2012) stated that
when associating food crops with J. curcas, their
yields decrease by 30 % with regards to monocrop,
as corroborated in this study. However, the losses
are not significant, if the additional production of
the shrub is taken into consideration, because its
fruits can be used in the production of biodiesel and
other byproducts.

The S. indicum yields were considered low for
system 2 (0,2 t/ha) and moderate for system 3 (0,3 t/ha);
both, when compared with system 4, turned out to
be numerically lower. These yields were below the
range reported by MAG (1991).

Table 5. Effect of planting distance on the seed weight and size.

Planting density System Weight of 100 Seed length Seed width
(plants/ha) seeds (g) (cm) (cm)
2000 1 104,24 1,09 1,09
2000 2 100,85 1,15 1,15
1000 3 103,64 1,14 1,14

Table 6. Yield of the associated crops during the evaluated period.

Yield (t/ha)
Crop System
2 3 4
P. vulgaris 0,9 1,0 1,9
1 batata 37 4,2 6.9
S. indicum 0,2 0,3 0,8
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It is important to state that these are preliminary
reports of the first production year of J. curcas, in
which different planting frames were evaluated and
the association with annual crops was considere-
das; it is a technological option in tropical regions,
shows certain advantages for its diversification in
time and space, and also allows higher agrobiodi-
versity and distribution of economic resources and
higher tolerance to pests and diseases (Edrisi ef al.,
2015).

In addition, according to Solis et al. (2015),
the yield of a species is lower when it is associated
than when it is in monocrop. Nevertheless, poly-
crops show higher production stability and low-
er risk through the years than monocrop; and for
the particular case of J. curcas, in Cuba there is an
«emptiness of knowledge» about the agronomic
performance of production systems of this species
in association with other crops.

It is concluded that when using 1 000 plants/
ha of J. curcas intercropped with annual crops un-
der rotation, such as P. vulgaris, 1. batata and S.
indicum, the morphological traits, or the yields of
the tree or the associated plants, were not affected.
Thus, better utilization is made of the soil, space
and time; and diversity of plant species is obtained.

Likewise, it is recommended to continue these
studies at long term, as well as to evaluate the inci-
dence of other agronomic factors on J. curcas, tak-
ing into consideration the systems of associations
with annual food crops.
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