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Abstract
The climate crisis that is affecting the planet Earth is pushing us to look forward for the optimization of the productive
systems, with the final purpose of closing up energetic cycles, and in this way, attempt to take the most amount of
energy that is produced. This is how clean energy or alternative energy sources are making their way into the
productive systems, as it is the case of biogas, who takes advantage of the agricultural and/or urban waste in order to
produce methane. In this experiment, we compared three crops: two varieties of King Grass (Pennisetum purpureum)
two varieties of maize (Zea mays), and one variety of sorghum (Sorghum saccharatum), with the purpose to determine
the corresponding variables of: plant height, stem thickness, and number of leaves. At the end of the test the respective
laboratory analysis for fresh weight, dry weight, volatile mass, and biogas production were made. King Grass (P.
purpureum) was the one who showed better results in terms of biomass production, being the “Altura” variety the one
that gave better yields, which indicates better yields in terms of biogas production. The main objective of the present
work was to compare the total biomass production as a source of biogas, by measuring: plant height, stem thickness,
number of leaves and biogas production.
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its capacity of growing vigorously, such as the
generation of biogas from it (Kukkonen, 2012).

INTRODUCTION
Because of the un-sustainability of the actually
used energy sources, such as fossils-based
fuels, carbon sources burning, and others; it is
indispensable the put on practice of alternative
ways of production. Nowadays, new and quite
promising ways of production of energy; one of
this new technologies uses the organic matter,
resultants of human and agricultural waste,
from which biogas is obtained by using biodigesters. This is then used for electric energy
(Chamy and Vivanco, 2007; Escobar and
Ronquillo, 2012; Fan et al., 1998).
One issue with this way of energy production is
the use of human consumption crops, such as
corn, because it states a competition between
energy production and the food security of the
people. As a solution to this problem, we can
use alternative biomass sources, such as the
grass known as King Grass (Pennisetum
purpureum) (Zwart et al., 2006; Reicha et al.,
2013).
P. purpureum has demonstrated to be a
promising crop to be investigated, because of

Estación Experimental Agrícola Fabio
Baudrit Moreno (EEAFBM) data:
EEAFBM it’s located at 840 MASL, has an
area of 53.6 hectares; the annual precipitation
average is 1940 mm, distributed from May to
November, while the annual ambient
temperature average is of 22°C (Jørgensen,
2009).
The soil is compound by clay-sandy loam and
sandy-clay loam. Sun brightness remains in a
maximum of between 10 and 11 light hours per
day, between January-April, and in a minimum
of 4.9 hours per day from June to July. This
region has a humid-tropic climate, with
precipitation that varies from 3000 to 4000 mm
per year (Table 1, Figure 1, 2 and 3).
Investigation’s main objective:
To compare total biomass yields as a source of
obtaining biogas, by measuring: plant height,
stem thickness and leaves number on two
varieties of P. purpureum, Zea mays and one
variety de Sorghum saccharatum.
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Table 1. Maximum and minimum temperature,
precipitation and light hours per month in Costa Rica

Specific objectives:
x To measure periodically plant height of the
mentioned varieties.
x To measure periodically stem thickness of
the mentioned varieties.
x To count periodically the leaves number of
the mentioned varieties.
x To obtain total biomass yield and biogas
produced from the mentioned varieties.
MATERIALS AND METHODS
Procedure
This investigation was conducted from 2014 to
2015, at EEAFBM, in La Garita de Alajuela,
Costa Rica.
The experience was a factorial kind of, using
subdivided plots in ten repetitions, where plant
height, stem thickness, and number of leaves
were measured. There upon, laboratory
analysis were done, to determine fresh mass,
dry mass, volatile mass content, and biogas
produced (Table 2), with the purpose of
assessing how many electric energy could be
produced. This was done in a comparative way
for the “Altura” and “Bajura” P. purpureum
varieties, the “Diamante” and EJN2 Zea mays
varieties, and “0936” Sorghum saccharatum
variety.
One plot was sown within an area of 324 m2
with “Bajura” P. purpureum variety.
Vegetative seeds, from stems of approximately
two-years-plants, were used (Figure 4). This
seeds were cut at ~25 cm, and were sown in
small knolls, with 110 cm distance between
them, and ~70 cm between plants (Figure 5).
The same procedure was done when sowing P.
purpureum “Altura” variety, within a 195 m2
plot (Riek et al., 2012).

Figure 1. Maximum and minimum temperatures per
month in Costa Rica

Figure 2. Annual precipitation per month in Costa Rica

Figure 3. Annual light hours received percentage in
Costa Rica, per month

Figure 4. Pennisetum purpureum vegetative seeds

99

both Z. mays varieties this data was taken for 3
months.
The laboratory analyses were taken at the
established time (fresh mass, dry mass, volatile
mass and biogas production).
Table 2. Analyzed variables scheme during and after
crop growth for two varieties of Pennisetum purpureum,
Zea mays, and one variety of Sorghum
saccharatum
Figure 5. Pennisetum purpureum sown in small knolls
with vegetative seeds of ~25 cm lenght, at 100 cm
distance between knolls, and ~70 cm between plants

At the plot sown with corn, “Diamante” and
“EJN2” seeds were used to be sown in small
knolls, spaced by ~20 cm between plants, and
by 90 cm between knolls (Figure 6).
Diamante’s sown area was of 463.45 m2, and
160 m2 for EJN2.

Experimental design
A randomized block design was used, with five
plots, one for each variety sown; comparatively
measuring total biomass capacity between
varieties.
Statistic analysis
Collected data was analyzed by Tukey
multiple-comparison method, for which was
used InfoStat-free version program. A
significance level of 0.05 (5%) was used in this
trial.

Figure 6. Zea mays sowing, at 90 cm distance between
small knolls, and ~20 cm between plants

Sorghum saccharatum was sown in an area of
412.46 m2 and 0936-variety seeds were used. It
was sown in a continuous line between knolls
at ~90 cm (Figure 7).

RESULTS AND DISCUSSIONS
Plant height
In the following analysis it has been considered
as the reference height of corn, when it has
reached physiological maturity, which is when
the corn grain is soft, and in the case of these
varieties analyzed, this period is achieved in the
third month after planting, reaching a height of
164.5 cm in the case of the variety Diamante
and 155.62 cm in the case of the variety EJN2.
In terms of height, P. purpureum “Altura”
variety showed the highest level five months
after having been sown, with 263.98 cm (p <
0.05). On the other hand, S. saccharatum 0936
variety had the lowest height, five months after
having been sown, with 154.04 cm (Table 3
and Figure 9).

Figure 7. Continuous line sown of Sorghum at 90 cm
between knolls

Plant height, stem thickness and leaves number
data were taken each week, until 5 months for
P. purpurem and S. saccharatum; while for
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Stem thickness:
As to stem widening, P. purpureum “Altura”
variety showed the best results, with 12.5 cm
thickness at the fifth month after having been
sown (p < 0.05). Z. mays “EJN2” variety
exhibits the lower data, with 7.7 cm at three
months after having been sown (Table 4 and
Figure 10) (Kukkonen, 2012).
Table 4. Stem thickness of two varieties of P.
purpureum, Z. mays and one variety of Sorghum
saccharatum, five months after having been sown

Figure 8. Plant height of P. purpureum second harvest

Importantly, P. purpureum plants after being
cut and harvesting, they will get picked in the
second harvest a greater height, surpassing 350
cm (Figure 8), since this plant can remain
perennially growing with the passage of time
(Dowling et al., 2014).

*Data with the same letter do not show significant
difference.

Table 3. Height of two varieties of Pennisetum
purpureum, Zea mays, and one variety of Sorghum
saccharatum, five months after having been sown

*Data with the same letter do not show significant
difference.

Figure 10. Stem thickness of two varieties of Pennisetum
purpureum, Zea mays, and one variety of Sorghum
saccharatum, five months after having been sown

Number of leaves:
P. purpureum’s “Altura” variety produced the
most quantity of leaves five months after being
sown, showing an average of 19.5 leaves per
plant (p < 0.05). On the other hand, “EJN2”
variety (Z. mays) is the one who produced the
less number of leaves, with an average of 16.2
leaves per plant (Table 5 and Figure 11)
(Kukkonen, 2009).

Figure 9. Height of two varieties of Pennisetum
purpureum, Zea mays, and one variety of Sorghum
saccharatum, five months after having been sown
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Table 5. Number of leaves of two varieties of
Pennisetum purpureum, Zea mays, and one variety of
Sorghum saccharatum, five months after having been
sown

*Data with the same letter do not show significant
difference.
Figure 13. Zea mays plant one month after being sown
(1), and five months after being sown (2)

Figure 14. Sorghum saccharatum, plants one month after
being sown (1), and five months after being sown (2)
Figure 11. Number of leaves of two varieties of
Pennisetum purpureum, Zea mays, and one variety of
Sorghum saccharatum, five months after having been
sown

Biomass analysis:
With respect to the biomass, it was analyzed
separately Zea mays and Pennisetum
purpureum.
Measurements of stem, root and leaves were
made to determinate the fresh weight, dry
weight and the percentage of biogas produced.
Both as a plant seed like at a density of 40,000
plants/ha (Tables 6, 7, 8 and 9).
The plant organ that brought major percentage
of biogas were leaves, in both Zea mays and
Pennisetum purpureum, which proves to be the
most suitable part of the plant to produce
biogas, roots and stems both as Zea mays and
Pennisetum purpureum presented similar
percentages in terms of production of biogas.
In Figure 15 it can be seen graphically as the
leaves are the most productive source of biogas
for Zea mays and Pennisetum purpureum.

Figure 12. Pennisetum purpureum “Altura” variety one
month after being sown (1), and five months after being
sown (2)
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Table 6. Fresh mass, dry mass, volatile mass, and biogas
produced by roots, stems and leaves of a Zea mays plant

Figure 15. Dry mass and biogas produced by roots,
stems, and leaves of a Pennisetum purpureum and a Zea
mays plant

Table 7. Fresh mass, dry mass, volatile mass, and biogas
produced by roots, stems and leaves of a Pennisetum
purpureum plant

Table 10. Comparative analysis example between
different sources of biogas for electric production

Table 8. Fresh mass, dry mass, volatile mass and biogas
produced by roots, stems, and leaves in one hectare of
Zea mays at a 40000 plants/ha seed density

In the Table 10, a comparative analysis of
various sources of biogas for electricity
production is shown (Ribeiro and Lora, 2009).
According to this picture, cow manure is who
produces more biogas; however, the chicken
manure brings more to the production of
electricity. On the other hand, in terms of plant
material, the two varieties of Pennisetum
purpureum were those contributed as much
methane as biogas and electricity, up from Zea
mays and Sorghum saccharatum. This can be
seen graphically in Figures 16, 17, 18, 19, 20
and 21. This shows that Pennisetum purpureum
is the best plant source for biogas and electric
power production, over other species such as
maize and sorghum as well as being more
effective, more easily exploitable and
cultivable, since it has the ability to keep
producing for several harvests per year.

Table 9. Fresh mass, dry mass, volatile mass, and biogas
produced by roots, stems, and leaves in one hectare of
Pennisetum purpureum at a 40,000 plants/ha seed
density
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Figure 16. Comparative analysis example of dry mass
production between various biomass sources for electric
production

Figure 19. Comparative analysis example of methane
content between various biomass sources for electric
production

Figure 17. Comparative analysis example of volatile
mass production between various biomass sources for
electric production

Figure 20. Comparative analysis example of biogas
production in m3/MT between various biomass sources
for electric production

Figure 18. Comparative analysis example of biogas
production in terms of L/Kg between various biomass
sources for electric production

Figure 21. Comparative analysis example of electric
energy production between various biomass sources for
biogas production
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CONCLUSIONS
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