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Elephant Grass Genotypes to Bioenergy
Production

ABSTRACT

The study (?) Aaimed to evaluate the agronomic characteristics of elephant grass (Pennisetum
purpureum Schum.) genotypes to energy production in the combustion form. The experimental
design was a randomized block with 3 repetitions. The treatments were arranged in subdivided
plots scheme, considering as a plot the genotypes and as subplots, the harvest season. The
agronomic characteristics Wwere evaluated the agronomic characteristics plant height (H),
leaf length (LL), leaf blade width (LBW), stem diameter (SD), tillers number (TN), stem
percentage (SP), dry matter yield (DMY). The rainy season provided greater H to elephant
grass genotypes with height above 3.5 m. The average SP obtained by the genotypes was
68.21% and 67.21% to the first and second year of cultivation, respectively, which gives the
biomass good quality of burning. The rainy season provided greater DMY comparing to the dry
season. In the first year of cultivation there were genotypes with annual dry matter yield (ADMY)
above 50 ton ha™ year™, however, the non-maintenance of soil fertility promoted the reduction of
39.17% and 39.05% in the DMY and ADMY, respectively. Analyzing the agronomic
characteristics, we conclude that the promising genotypes of elephant grass to produce energy
in the form of direct combustion are CNPGL 91-25-1, Cubano Pinda, BRS Canara, Porto Rico
and Mercker.

Keywords: Bioenergy, Biomass, Stem percentage, Yield, Elephant grass Pennisetum
purpureum

1. INTRODUCTION

Fossil fuels present environmental problems that alter the climate dynamics, as well as
being a finite resource. Therefore, there is a need to generate alternative energy, from
renewable natural resources, to the point of meeting the needs of society, with a minimum of
environmental impact.

Energy crops have been environmentally more sustainable alternatives to the intensive
use of fossil fuels because the biomass produced can be used in several energy segments, for
example, biofuel, electric energy and thermal energy. In the greenhouse gas (GHG) mitigation
plan, these plants stand out from the fossil energies for not emitting oxides to the environment
responsible for the acid rains [1], low cost of production with minimal use of fossil fuel sources,
high potential for carbon sequestration, once the emitted CO, is absorbed again during
photosynthesis [2]. These characteristics have resulted in interest in both the private and public
sectors, not only because of its economic applicability but also mainly because of the goals and
agreements stipulated in the Rio 21, Kyoto Protocol and Paris Agreement [3].

elephant grass (Pennisetum purpureum Schum.), one of the most widespread tropical forage
species in the world, used on livestock properties as a roughage [4]. Included among energy
crops, it can be the most important renewable source for future energy production [5], due to its
versatility such as fiber for paper industry [6]; biomass to the production of bioethanol [7]; direct
combustion of biomass as a substitute for charcoal [8;9]; co-products generated in biorefineries
[10;2]. In addition, it presents excellent the energy balance elucidated by [11] in the use of in-
kind burning of elephant grass, obtaining 21.3 units of renewable energy for each unit of fossil
energy used in the production process.

In Brazil, eucalyptus and its co-products (sawdust, wood and chipboard) are the
traditional energy resources with different uses, for example: coal, cellulose, wood production
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for the manufacture of plywood and paper. Elephant grass appears as an option because it
presents dry matter yields above 50 ton ha™ year™ [12], approximately double the eucalyptus;
lower production cycle with semiannual harvest; C4 metabolism that ensures greater carbon
assimilation; calorific power between 4,100 and 4,500 kcal kg™ [13]; low production cost and the
possibility of producing briquettes and pellets [14].

The variability of elephant grass genotypes is large and well under subtropical and
tropical conditions in Brazil. Recently Embrapa released to the Atlantic Forest biome, the
cultivar BRS Capiagu to forage purposes [15], but with potential to energy production, it has
produced more than 80 ton ha™ year™ with two semiannual harvests [16]. On the other hand,
there are cultivars that are in disuse and can be promising for direct burning, due to the high
contents of dry matter and fiber that present [17].

characteristics of elephant grass genotypes to the energy production in the combustion form.

(Sentence!)
2. MATERIAL AND METHODS

The experiment was carried out at the Experimental Field of the Empresa Mato-
grossense de Pesquisa, Assisténcia e Extensdo Rural (EMPAER) in Caceres — MT, Brazil,
located at 16°09 "04" of Latitude South; 57°38 "03" West Longitude; altitude of 157 m. The
climate in the municipality, according to the Kdppen classification, is Aw type, that is, tropical,
metamérmico climate, characterized by two well defined periods: dry (May to September) and
rainy (October to April).

The experiment lasted two years, with harvests every 6 months counted after the
standardization harvest (March 2016), being made one harvest in the dry season (September)
and another one in the rainy season (March), in four harvests in two consecutive years.

It was carried out chemical and granulometric analysis of the soil of experimental area
(Table 1) prior to planting where the establishment fertilization recommendation was made.
After the last harvest of the elephant grass, a new analysis of the soil was made to verify the
level of fertility of the soil after the four harvests made. The soil was characterized as
Chernosolic Eutrophic Red-Yellow ARGISSOLO, medium/clayey texture.

Table 1: Chemical and granulometric analysis in the 0 to 20 cm layer of the experimental area
before planting (A) and after the last cut of the elephant grass (B).

pH P K Ca Mg Al H+Al SB CEC V OM SAND SILT CLAY

(CaCl,) (mg dm®) (cmol, dm™®) (%) (g dm®) (g kg™

A 56 690 012 22 08 00 21 31 52 60 27.0
B 58 410 009 33 12 00 21 47 68 69 241 (23 56 221

P = Phosphorus; K = Potassium; Ca = Calcium; Mg = Magnesium; Al = Aluminium; H =
Hydrogen; SB - ???; CTC CEC = Cation exchange capacity; V = Base saturation; OM = Organic
matter.

Soil preparation was done with a plowing and two harrowing in the month of September
2015, without application of limestone, due to the percentage of saturation per desired base
being above 50%, considered adequate for establishment of elephant grass [18]. The elephant
grass seedlings were obtained in the nursery of the Experimental Field of the EMPAER. The
planting of the stems was done in a "foot-with-tip" system, with the seedlings placed in the
planting groove and covered with soil, using a spacing of 1.0 m between rows.

The single fertilization was carried out in the establishment of elephant grass in the
amounts of 70 kg of P,0s ha™, 100 kg of K,O ha™ and 100 kg of N ha™ using the following
fertilizers: simple superphosphate, potassium chloride and ammonium sulfate, respectively.
Both nitrogen and potassium fertilizer were divided in two applications, the first one in planting
(November 2015), and the second one shortly after the harvest to uniformity (March 2016).

The experimental design was a randomized block with three repetitions. The treatments
were arranged in subdivided plots scheme, considering as genotypes (Cubano Pinda, Porto
Rico, Vruckwona, Piracicaba 241, Cuba 116, Taiwan A 25, Mercker, Napier, Canara, Guacu,
Cameroon and the CNPGL 93-41-1 and CNPGL 91-25-1 clones) and harvest season (dry and
rainy) as subplots. The experimental unit consisted of four rows of 5.0 m in length with spacing
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between rows of 1.0 m, totaling 20 m?2. The two central rows were considered as useful area,
scoring 1.0 m at the ends.

The first harvest was made in September 2016 (drought harvest), and successive
harvests were carried out every 6 months, as follows: March 2017 (rainy harvest), September
2017 (drought harvest); March 2018 (rainy harvest).

The agronomic characteristics evaluated were obtained by the arithmetic mean of three
tillers selected at random within the useful area. They were: plant height — H (m), stem diameter
— SD (mm), leaf length — LL (m), leaf blade width — LBW (cm), tillers number per linear meter —
TN (Iinelar m), dry matter yield per season — DMY (ton ha™) and annual dry matter yield — ADMY
(ton ha™).

The dry matter content — DM% and stem percentage — SP% were obtained from three
tillers selected at random within the useful area and represented the whole plant, leaf blade and
pseudostem. These portions were duly separated into the morphological components, then
minced and packed in a paper bag, weighed and placed in an oven of 55 ° C until reaching a
constant mass. Afterwards, the samples were again weighed to obtain the air-dried sample.

The data collected were submitted to Lilliefors test for normality tests (Lilliefors) and
Bartlett's test for homogeneity of variances (Bartlett). The analysis of variance and Scott-
Knott's means clustering test, as [19] verb needed.

3. RESULTS AND DISCUSSION
3.1. Plant height, leaf length, leaf blade width and stem percentage

In the first year of cultivation, comparing both seasons (rainy and dry), all genotypes had
higher H (P < .05) in the rainy. However, the CNPGL 93-41-1 clone did not differ statistically
from the dry season (Table 2), which shows that the moisture factor did not affect it with a
decrease in H.

The H of genotypes in the dry season, there was no difference (P > .05) with an average
of 2.56 m. Otherwise, the genotypes Cameroon, Porto Rico, Taiwan A 25, Vruckwona, Guagu,
Cuba 116, BRS Canara and Cubano Pinda had the highest H (P < .05) in the rainy season.

Table 2: Plant heigtht (H), leaf length (LL), leaf blade width (LBW) and stem poercentage (SP)
of elephant grass genotypes, at 6 months of age in the dry and rainy seasons of the first year of
cultivation (2016-2017).

H (m) LL (m) LBW (cm) SP (%)

Genotype Dry Rainy Dry Rainy Dry Rainy Dry Rainy
Chacs  293A 279bA 133A 10laA 537aA 4.67aB 60.6laA 68.48aA
g’l\‘szl 241aB  2.94bA 1.3laA 116aA 4.70bA 4.35bA 64.98aA 69.06aA
Telen 27208 3.35aA 078bA 0.83aA 123eB 3.06cA 6390aA 66.30aA

Cuball6 2.67aB 3.4laA 1.11aA 0.88aA 3.74bA 3.08cA 70.56aA 66.70aA
Mercker  2.39aB 3.11bA 1.27aA 1.0laA 5.07aA 5.09aA 66.25aA 65.00aA
Cameroon 2.47aB  3.30aA 1.20aA 1.07aA 4.37bA 4.58aA 66.48aA 62.63aA
P'raZCA'r“iaba 2.26aB  3.11bA 1.38aA 1.04aB 5.03aA 3.99bB 72.62aA 66.13aA
Vruckwona 2.24aB  3.36aA 1.24aA 0.92aA 4.13bA 4.08bA 69.92aA 65.50aA
Napier ~ 2.50aB  3.02bA 1.22aA 0.96aA 3.93bA 3.69cA 71.60aA 70.80aA
Porto Rico 2.67aB  3.35aA 0.73bA 0.99aA 2.30dB 3.12cA 70.17aA 63.20aA
Guagu  2.85aB  3.38aA 1.09aA 0.95aA 3.17cB 4.02bA 75.07aA 69.70aA

Cgﬁgg" 258aB 3.57aA 1.08aA 1.04aA 3.60bB 4.33bA 72.48aA 70.26aA
Cgﬁasré 255aB  3.47aA  1.35aA 1.0laB 3.77bA 4.14bA 75.39aA 70.80aA
CV (a) (%) 10.40 15.58 11.78 9.15
CV (b) (%) 8.80 17.77 10.04 11.62

CV (a) (%): Coefficient of variation of plot; CV (b) (%): Coefficient of variation of the subplot.
Averages followed by the same letter, lowercase vertical and uppercase horizontal do not differ
from each other by the Scott Knott test at 5%.



In the second year of cultivation, CNPGL 93-41-1 presented a similar result to the other
genotypes, obtaining greater H in the rainy season (Table 3). The H reduction in the dry season
is due to the lack of rainfall, which restricts plant growth, occurring naturally at this time of year.
With the return of rainfall, plant height increases were observed for all genotypes, thus
demonstrating the direct relationship between soil water availability and elephant grass height
[20].

The genotypes that presented, at the same time, greater H (P < .05) in the dry and rainy
seasons in the 2nd year of cultivation were Taiwan A-25, Piracicaba 241, Cubano Pinda and
BRS Canara with heights between 3.79 and 4.24 m. [16] evaluating semiannual harvests in
elephant grass genotypes (BRS Capiagu, Venezuela and Madeira), biomass sorghum (BRS
716) and sugarcane (RB 92579 and cane energy) verified plant height varying from 2.9 to 3.4 m
among the evaluated species/cultivars, with emphasis on elephant grass that presented the
superior heights. It is worth noting that elephant grass has the potential to reach more than 5.0
m in height, which makes this feature extremely important for energetic purpose of elephant
grass, as it positively correlates with dry matter yield [21].

Table 3: Plant height (H), leaf length (LL), leaf blade width (LBW) and stem percentage (SP) of
elephant grass genotypes, at 6 months of age in the dry and rainy seasons of the first year of
cultivation (2017-2018).

Genotvpe H (m) LL (m) LBW (cm) SP (%)

yp Dry Rainy Dry Rainy Dry Rainy Dry Rainy
ool L47bB 258cA 0.87aA 099aA 4.07aA 4.90aA 56.97aA 69.3%aA
Cloct  155bB 395aA 0.79aA 0.22cB 3.82aA 167bB 63.80aA 74.09Aa

Taiwan A25 1.84aB 4.31aA 0.75aA 0.22cB 1.59bA 1.17bA 73.52aA 68.72aA
Cuba 116 191aB 3.50bA 0.75aA 0.54bA 3.21aA 2.50bA 69.46aA 77.10aA
Mercker 1.52bB 3.47bA 0.83aA 0.63bA 4.09aA 3.87aA 58.29aA 73.75aA
Cameroon 1.88aB 3.48bA 0.87aA 0.93aA 3.88aA 4.23aA 70.53aA 77.08aA

P'razcl'l‘iaba 1.88aB 3.79aA 0.82aA 0.40cB 3.20aA 3.30aA 66.96aA 64.01aA
Vruckwona ~ 2.01aB  3.27bA  0.78aA 0.70bA 3.54aA 3.90aA 69.60aA 68.08aA
Napier 1.52bB 3.04bA 0.81aA 0.92aA 3.02aA 3.50aA 60.96aA 46.17aA
Porto Rico  2.11aB 3.36bA 0.84aA 0.67bA 1.71bA 2.67bA 67.49aA 54.39aA
Guacu 2.15aB 3.27bA 0.74aA 0.64bA 2.13bA 3.00aA 74.79aA 63.48aA
C;’igﬁgo 1.96aB 4.12aA 0.85aA 0.25cB 2.13bA 1.67bA 73.45aA 73.61aA
BRS Canard 2.06aB  4.24aA 0.84aA 0.29cB 3.04aA 190bA 67.13aA 67.56aA
CV () (%) 18.12 21.96 25.01 13.72
CV (b) (%) 11.35 24.38 24.62 15.16

CV (a) (%): Coefficient of variation of plot; CV (b) (%): Coefficient of variation of the subplot.
Averages followed by the same letter, lowercase vertical and uppercase horizontal do not differ
from each other by the Scott Knott test at 5%.

In the first year of cultivation, comparing the two seasons, all genotypes presented lower
LL in the dry season (P < .05), except for Piracicaba 241 and BRS Canara genotypes (Table 2).
During the dry season, there was a significant difference between the genotypes (P < .05)
where only Porto Rico and Taiwan A 25 had lower LL, respectively, with 0.73 and 0.78 m. There
was no significant difference between genotypes in the rainy season, with average LL of 1.07
m.

In the second year of cultivation, there was a statistical difference between both seasons,
being that the CNPGL 91-25-1, Taiwan A 25, Piracicaba 241, Cubano Pinda and BRS Canara
genotpes had the lowest LL in the rainy season (P < .05) (Table 3). In the dry season, there was
no difference between genotypes, with average LL of 0.81 m.

The leaf blade is responsible for the photosynthesis and fixation of free carbon in the
plant structure, but this can change the chemical characteristics of the biomass because there
is a higher deposition of minerals compared to the more fibrous fraction coming from the stem



the deposition of ashes [23].

As a strategy for the reduction of post-burning residues and better quality of biomass, the
productive cycle of the energy crop is very important because gains are obtained as increased
dry matter yield and percentage of fibers and reduction of minerals. [24], evaluating the yield of
elephant grass BRS Canara to hay production at harvest intervals of 42, 60, 76, 91 and 105
days in the rainy season, verified an increase in dry matter yield and reduction in mineral
matter, according to the increase in age, which consequently will have a direct influence on the
calorific value of the biomass.

To LBW in the first year of cultivation, comparing both seasons, all genotypes had higher
LBW in the rainy season (P < .05), except for CNPGL 93-41-1 and Piracicaba 241 genotypes
which obtained respectively 4.67 and 3.99 cm (Table 2). When observed within each season,
the CNPGL 93-41-1 clone and the Mercker genotype obtained higher LBW within the dry
season near to Piracicaba 241, as in the rainy season, near to the Cameron.

In the 2nd year of cultivation, comparing the seasons, just CNPGL 91-25-1 genotype
presented superior LBW (P < .05) in the dry season than the others (Table 3). In the dry
season, there was a significant difference with superior LBW for most genotypes (P < .05),
excepting Taiwan A 25, Porto Rico, Guagu, Cubano Pinda with respective values of 1.59; 1.71;
2.13; 2.13 cm. In the rainy seasons the superior LBW (P < .05) was obtained by CNPGL 93-41-
1, Mercker, Cameroon, Piracicaba 241, Vrucwona, Napier and Guagu genotypes.

In breeding programs for biomass production, genotypes with higher LBW have a
negative correlation with dry matter production (r=-0.81), in contrast, increases in variables such
as H, SD and TN, the lower the LBW and thus higher DMY values will be obtained, according to
[21]. Decrease in DM yield of elephant grass due to the presence of leaf blade is probably due
to the lower density of this fraction, especially when compared with the stem. “Lighter”
morphological structures are undesirable in direct burning due to the correlations between their
elemental components (carbon, hydrogen, oxygen) and the quality of thermal energy [25]. In
addition, the stem/leaf ratio has a direct influence on the biomass calorific value, which is
generally higher in the stems [8]. Therefore, genotypes with lower leaf area (length and width)
can present biomass with better quality of burning.

To SP there was no significant difference (P > .05) between seasons and genotypes,
independent of the years of cultivation, and the average obtained was 68.21% and 67.21% to
the first and second year of cultivation, respectively (Tables 2 and 3). [28], studying agronomic
traits and elephantgrass biomass from nitrogen doses, also did not find differences (P> .05)
between the genotypes and the doses studied, and SP ranged from 60 to 70%.

The high stem percentage in elephant grass results in a higher stem/leaf ratio, and this
reflects directly on biomass quality. [8], when making the characterization of the different parts
of the elephant grass to the production of biofuels, verified a difference between the stem and
leaf blade fraction, being ashes 1.75 and 4.0%, respectively; calorific power 18.11 and 16.21 MJ
kg™; nitrogen 0.99 and 1.01%:; sulfur 1.47 and 1.75%. The stem of the elephant grass is
structured in a fibrous, harder part, which forms the bark and marrow with vascular bundles rich
in fibers. Its morphological structure is similar to sugarcane bagasse [26], which is already
widely used as a source of energy in the form of combustion in the sugar and alcohol industry.

3.2 Stem diameter, tillers number, dry matter yield and annual dry matter yield

According to [27; 28] the SD is of great importance in the selection of genotypes, since it
is directly related to the dry matter yield besides biomass quality. Higher SD results in higher
content of lignocellulosic compounds in the cell wall. Thus, the reduction in the volatile fractions
of the biomass as the hemicellulose, polysaccharides of lesser relevance in the composition of
the oxidizer compared to the other fibrous fractions such as lignin and cellulose, due to the low
thermal stability and the lower activation energy in the direct combustion. In addition, its
presence increases ash generation during combustion [29;30].

When comparing the two seasons in the first year, the genotypes had no difference (P >
.05), excepting CNPGL 91-25-1 and Piracicaba 241 which showed a reduction in the SD during
the rainy season (P < .05) with values of 15.08 and 13.30 mm, inversely to Cuba 116 in the dry
season (P < .05) with 13.0 mm (Table 4). In the dry season, the CNPGL 93-41-1, Piracicaba
241, CNPGL 91-25-1 and Mercker genotypes, were highlighted with higher SD (P < .05). In the
rainy season, only Cubano Pinda presented the largest SD (P < .05) with 20.58 mm.
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Table 4: Annual dry matter yield (ADMY) and by season (DMY), stem diameter (SD) and tillers
number (TN) of elephant grass genotypes at 6 months of age in the dry and rainy seasons of
the first year of cultivation (2016-2017).

Genotype SD (mm) - TN (linear m) DMY (ton ha’_l) ADMY

Dry Rainy Dry Rainy Dry Rainy (ton ha”year™)
gg'_if_'i 17.33aA 16.08bA 14.61bA 14.11aA 16.71aA 22.81bA 39.52b
SIPC- 1833aA 1508bB 18.67bA 2000aA 2598 31.43aA 57.41a
Taiwan A25 12.00bA 14.25bA 22.94aA 19.00aA 16.87aA  24.30bA 41.18b
Cuball6 13.00bB 16.42bA 17.72bA 20.33aA 15.57aB  31.72aA 47.30b
Mercker ~ 16.67aA 16.08bA 16.83bA 16.17aA 25.79aA 32.48aA 58.27a
Cameroon 15.00bA 16.50bA 17.22bA 18.06aA 22.19aA 25.68bA 47.87b
P"agffba 17.67aA 13.30bB 14.78bA 14.22aA 16.91aA 23.28bA 40.20b
Vruckwona 14.00bA 14.17bA 18.78bA 16.83aA 19.48aA  26.82bA 46.30b
Napier ~ 14.00bA 15.00bA 20.11bA 17.11aA 24.50aA  21.64bA 46.14b
Porto Rico 14.67bA 13.17bA 26.72aA 20.94aA 22.50aB 34.26aA 58.76a
Guacu  13.33bA 15.33bA 18.72bA 15.72aA 17.89aA 25.98bA 43.88b
C;it;]"’(‘jgo 13.00bB  20.58aA 17.72bA 14.50aA 18.82aB 33.32aA 52.15a
CE\SaSré 13.00bA 14.83bA 18.17bA 16.33aA 24.79aA 34.78aA 59.58a
CV (a) (%) 12.39 25.48 30.61 26.89
CV (b) (%) 11.09 19.34 24.58 16.33

CV (a) (%): Coefficient of variation of plot; CV (b) (%): Coefficient of variation of the subplot.
Averages followed by the same letter, lowercase vertical and uppercase horizontal do not differ

from each other by the Scott Knott test at 5%.

In the second year of cultivation, comparing both seasons, it is verified that in the rainy
season there was a greater SD (P < .05) to the CNPGL 93-41-1, CNPGL 91-25-1, Taiwan A 25,
Napier, Porto Rico and Cubano Pinda genotypes (Table 5). In the rainy season, the CNPGL 93-
41-1, CNPGL 91-25-1 and Cubano Pinda genotypes had the largest SD. There was no
difference (P < .05) between the genotypes during the dry season and the mean was 13.61 mm.

Table 5: Annual dry matter yield (ADMY) and by season (DMY), stem diameter (SD) and tillers
number (TN) of elephant grass genotypes at 6 months of age in the dry and rainy seasons of
the first year of cultivation (2017-2018).

Genotype SD (mm) TN (linear m) DMY (ton ha'_l) ADMY

Dry Rainy Dry Rainy Dry Rainy (ton ha"year™)
oSl 1556aB  22.33aA 1961cA 1683bA 13.08aA 15.19aA 28.28a
51’“556& 14.22aB  21.33aA 20.56bA 18.94aA 14.30aA 14.65aA 29.04a
Taiwan A25 9.67aB  14.33bA 26.67aA 21.44aB 12.26aA 10.64aA 22.90a
Cuball6 14.78aA 17.00bA 21.06bA 21.33aA 13.33aA 16.15aA 29.48a
Mercker ~ 15.67aA 16.33bA 1556dA 15.39bA 16.86aA 20.31aA 37.18a
Cameroon 15.22aA  17.33bA 21.44bA  9.56bB  18.38aA 13.47aA 31.85a
Pirazciff‘ba 13.78aA 17.00bA 13.44dA 16.17bA 14.37aA 13.62aA 27.99a
Vruckwona 14.33aA 16.00bA 18.50cA 12.44bB 16.00aA 16.38aA 32.38a
Napier ~ 12.89aB 17.00bA 21.39bA 13.50bB 14.63aA 12.15aA 26.79a




Porto Rico 11.78aB  17.67bA 25.22aA 25.28aA 11.97aA 16.73aA 28.71a

Guacu  12.78aA 15.67bA 18.94cA 13.44bB 13.13aA 15.58aA 28.71a
C;it:]"’(‘j’;" 12.56aB  20.33aA 18.56cA 12.30bB 12.27aA  16.48aA 28.75a
CESaSré 13.67aA 16.00bA 17.39cA 13.56bA 16.79aA 19.69aA 37.18a

CV (a) (%) 15.07 27.06 30.21 26.89

CV (b) (%) 12.76 13.69 28.50 16.33

CV (a) (%): Coefficient of variation of plot; CV (b) (%): Coefficient of variation of the subplot.
Averages followed by the same letter, lowercase vertical and uppercase horizontal do not differ
from each other by the Scott Knott test at 5%.

The tillering is a characteristic of high heritability and interest in breeding programs, since
the possibility of crossing [31], because it can contribute to obtain genotypes with higher dry
matter yield [21]. When comparing both seasons in the first year of cultivation, there was no
significant difference between the genotypes (Table 4). The Taiwan A 25 and Porto Rico
genotypes had higher TN in the dry season (P < .05), with 22.94 and 26.72 tiller linear m™,
respectively.

In the rainy season, there was no statistical difference between genotypes with a mean of
16.17 tiller linear m™. [32] observed higher TN, evaluating 80 elephant grass genotypes at
different times. These authors contacted that TN varied between 22 and 91 for the genotypes
Cana D'Africa and BAG-92, respectively, in the dry season, and from 26.1 to 72.6 tiller linear m™
to genotypes Goiano and EMPASC 309 respectively, in the rainy season.

In the second year of cultivation, when comparing both seasons, the Taiwan A 25,
Cameroon, Vruckwona, Napier, Guacu and Cubano Pinda genotypes obtained higher TN (P <
.05) in the dry season (Table 5). In the dry season, the best genotypes were Taiwan A 25 and
Porto Rico with TN of 26.67 and 25.22, respectively. In the rainy season, the genotypes that
presented higher NT (P < .05) were CNPGL91-25-1, Taiwan A25, Cuba 116 and Porto Rico
with values ranging from 25.88 to 18.94 tiller linear m™.

However, it does not mean that genotypes that produce a high number of tillers will result
in high dry matter yield for energy production via direct combustion. This variable is most useful
to predict the potential of dry matter production, being positively correlated with the variable (it is
unclear what variable - the same or another variable?[33]. According to [34], there are two
canonical pairs with distinct slopes in the elephant grass, that is, when the plant grows more, it
becomes smaller and with a smaller diameter. This results in plants with low fiber content and
high nitrogen content culminating in low calorific power. Another aspect is that when the plant
has less, its stems are more robust and the plants are higher, with high fiber contents, low
nitrogen content and consequently high calorific value.

Comparing dry matter yield in the first year of cultivation between both seasons (Table 4),
observed lower DMY to Cuba 116, Porto Rico and Cubano Pinda genotypes in the dry season.
This may be a problem and indicate that these genotypes have low genotypic stability over the
two seasons. In addition, they can interfere in the planning of the activities of a company that
produces ecological firewood that will have a reduction in the production during the dry period.

During the dry season, there was no difference between the genotypes and the mean
DMY was 20.38 ton DM ha™. Otherwise, in the rainy season, the genotypes that obtained the
highest DMY (P < .05) were CNPGL 91-25-1, Cuba 116, Mercker, Porto Rico, Cubano Pinda
and BRS Canara. It can be noticed that only in the cut of the waters, these genotypes showed
yield above 30 ton DM ha™ harvest™, that is, values above the yield obtained by eucalyptus (20
ton DM ha*year™).

Regarding annual dry matter yield in the first year of cultivation (Table 4), there are
promising genotypes with yield above 50 ton DM ha™ year. The BRS Canara, Porto Rico,
Mercker, CNPGL 91-25-1 and Cubano Pinda genotypes were the ones that stood out the most
with ADMY ranging from 52.15 to 59.58 ton DM ha™ year'. Regarding to BRS Canara
genotype, this was launched in 2012 by Embrapa to be used in the form of grass, with the
harvest and supply in the form of forage to the animals, but we can see the double suitability of
this genotype and can also be used for bioenergy production.

Genotype yield demonstrates why elephant grass stands out among energy crops [35],
and with total possibility of insertion into the Brazilian energy matrix consolidated by the use of
sugarcane and eucalyptus, mainly by the amount of biomass produced and the production cycle




[2]. [12], evaluating elephant grass cultivars in the Northeast region of Brazil, observed that BRS
Canara and Cubano Pinda obtained ADMY ranging from 66.3 to 84.3 ton DM ha™ year at 6
months of cultivation.

In the second year of cultivation (Table 5), there was no difference (P> .05) to seasons
and genotypes within each season, with mean DMY of 14.94 ton DM ha™ and mean ADMY of
29.94 ton MS ha™ year™, that is, it occurred a 39.17% and 39.05% reduction, respectively.
Nevertheless, it was verified that all the genotypes had dry matter yield higher than that
obtained by eucalyptus (20 ton DM ha™ year™).

The reduction in dry matter yield per season and annual obtained in the second year of
cultivation was due to reduction of soil fertility and not replacement of nutrients through
fertilization, since after the last harvest, the reduction in nutrient contents P, K and OM (Table
2). A similar occurrence was verified by [36], because the mean DMY of eight elephant grass
genotypes was 17.5 ton DM ha year™ (2012 and 2013), but decreased 6.4 ton DMM ha™ (2013
and 2014), which was expected due to the reduction of natural soil fertility.

Elephant grass is naturally a grassland with high productive potential, either to animal
feed or to energetic purposes, but the crop presents high extraction of nutrients from the soil,
such as N, K, Ca and S, [37]. According [38], evaluating the nutrient removal in elephant grass
pasture, observed that the yield of 30 ton DM ha™ year™ provides extraction equivalent to 480
kg N ha™ year?, 361 kg K,O ha year® and 117 kg P,Os ha™ year. [39], evaluating elephant
grass genotypes for energy production in the form of biomass, verified that the most extracted
nutrients of the soil were potassium (310 kg ha™), calcium (167 kg ha™), nitrogen (121 kg ha™),
magnesium (79 kg ha™®) and phosphorus (41.4 kg ha), which are essential to better exploit the
productive potential of the crop.

Thus, the economic exploitation of elephant grass for bioenergy production via direct
combustion special attention should be given to the replacement of nutrients, in order to
maintain or even increase the dry matter yield obtained in the first year, in the following years
that are want to produce.

4. CONCLUSION

Elephant grass is an excellent alternative for energy purposes mainly due to high

According to the agronomic characteristics, the promising genotypes for direct burning
are CNPGL 91-25-1, Cubano Pinda, BRS Canard, Porto Rico and Mercker.

REFERENCES

1 SAIDUR, R.; ABDELAZIZ, E.A.; DEMIRBAS, A.; HOSSAIN, M.S.; MEKHILEF, S. "A review on
biomass as a fuel for boilers". Renewable and Sustainable Energy Reviews, vol. 15(5), 2011.

2 FONTOURA, C.F.; BRANDAO, L. E.; GOMES, L. L. Elephant grass biorefineries: towards a
cleaner Brazilian energy matrix? Journal of Cleaner Production, v. 96, p. 85-93. 2015.

3 SOUZA, M. C. O.; CORAZZA, R. I. From Kyoto Protocol to Paris Agreement: An Analysis of
Global Climate Regime Changes Based on a Study of the Evolution of Green Gases Emissions
Profiles. Desenvolvimento Meio Ambiente, v. 42, p. 52-80, 2017. Portuguese

4 REIS, M. C., SABRINHO, S. F., RAMALHO, M. A. P., FERREIRA, D. F., LEDO, F. J. S,
PEREIRA, A. V. Allohexaploid pearl millet x elephantgrass population potentential for a
recurrente selection program. Pesquisa Agropecudria Brasileira, v.43, n. 2,: p.195-199. 2008.

5 CHAKRABORTY, S.; AGGARWAL, V.; MUKHERJEE, D.; ANDRAS, K. Biomass to biofuel: a
review on production technology. Asian Journal of Chemical Engineering, v. 7, p. 254-262,
2012.

6 MADAKADZE, C.; MASAMVU, T. M.; RADIOTIS, T.; LI, J.; SMITH, D. L. Evaluation of pulp
and paper making characteristics of elephant grass (Pennisetum purpureum Schum) and
switchgrass (Panicum virgatum L.). African Journal Environment Science and Technology. n. 4,
p. 465-470, 2010.

- ‘[Formatted: Font color: Red

h ‘[Formatted: Font color: Red




7 SANTOS, C. C.; SOUZA, W.; SANT'ANNA, C.; BRIENZO, M.; Elephant grass leaves have
lower recalcitrance to acid pretreatment than stems, with higher potential for ethanol production.
Industrial. Crops & Products, v.111, p. 193-200, 2018.

8 MOHAMMED, I. Y.; ABAKR, Y. A,; KAZI, F. K,; YUSUP, S.; ALSHAREEF, I.; CHIN, S. A.
Comprehensive Characterization of Napier Grass as a Feedstock for Thermochemical
Conversion. Energies, 8, 3403-3417. 2015. D0i:10.3390/en8053403

9 MORAIS, R. F.; QUESADA, D. M.; REIS, V. M.; URQUIAGA, S.; ALVES, B. J. R.; BODDEY,
R. M. Contribution of biological nitrogen fixation to elephant grass (Pennisetum purpureum
Schum.). Plant and Soil, v.349, p.1-12, 2011.

10 LIU, S., ABRAHAMSON, L. P., SCOTT, G. M. Biorefinery: ensuring biomass as a
sustainable renewable source of chemicals, materials, and energy. Biomass Bioenergy 39, 1-4.
2012.

11 SAMSON, R.; MANI, S.; BODDEY, R.; SOKHANSANJ, S.; QUESADA, D.; URQUIAGA, S.;
REIS, V.; HO LEM, C. Perennial grasses for developing a global bioheat industry, CRC Ciritical
Reviews. Plant Science. 24 (2005) 461e495, http://dx.doi.org/10.1080/07352680500316508.

12 MARAFON, A. C.; SANTIAGO, A. D.; CAMARA, T. M.; RANGEL, J. H. A;; AMARAL, A. F.
C.; LEDO, F. J. S.; BIERHALS, A. N.; PAIVA, H. L. Production potential and quality of
elephantgrass biomass for energy purposes. Aracaju: Embrapa Tabuleiros Costeiros, 2014. 6p.
(Technical Circular) Portuguese

13 QUIRINO, W. F.; VALE, A. T.; ANDRADE, A. P. A.; ABREU, V. L. S.; AZEVEDO A;; C.; S.
2005. Calorific power of wood, materials, and ligno-cellulosic materials. Revista da Madeira,89,
pp. 100-106. Portuguese

14 SEGUCHI, H. J. M.; VICENTE, N. G., MAZZARELLA, V. N. G.; FERREIRA, P. H.;
KATAYAMA, M. T. Cost of production of elephantgrass and eucalyptus compacted in bripells
and briquets, using solar and induced drying. Revista Brasileira de Energias Renovaveis, v.6,
n.2, p. 228-244, 2017. Portuguese

15 PEREIRA, A. V.; LEDO, F. J. S.; MACHADO, J. C. BRS Kurumi and BRS Capiagu - New
elephant grass cultivars for grazing and cut-and-carry system. Crop Breeding and Applied
Biotechnology, v. 17, p. 59-62, 2017.

16 MARAFON, A. C.; SANTIAGO, A. D.; MACHADO, J. C.; GUIMARAES, V. S.; PAIVA, H. L.
Biomass production in tropical grasses with energy potential. Aracaju: Embrapa Tabuleiros
Costeiros, 2017. 19 p. (Research and Development Bulletin, 132) Portuguese

17 ROCHA J. R. A. S. C.; MACHADO J. C, CARNEIRO P. C. S.; CARNEIRO J. C, RESENDE,
M. D. V.; PEREIRA, A. V.; CARNEIRO, J. E. S. Elephant grass ecotypes for bioenergy
production via direct combustion of biomass. Industrial Crops and Products, v. 95, p. 27-32,
2017.

18 RIBEIRO, A. C.; GUIMARAES, P. T. G.; ALVAREZ V., V. H. Recommendations for the use
of correctives and fertilizers in Minas Gerais: 5th Approach. Vigosa: Comissédo de Fertilidade do
Solo do Estado de Minas Gerais - CFSEMG, 1999. Portuguese

19 BANZATO, D. A.; KRONKA, S. N. Agricultural Experimentation. 2. ed. Jaboticabal: FUNEP,
1992. 247 p. Portuguese

20 MOTA, V. J. G.; REIS, S. T.; SALES, E. C. J.; ROCHA JUNIOR, V. R.; OLIVEIRA, F. G,;
WALKER, S. F.; MARTINS, C. E.; COSER, A. C. Irrigation slides and nitrogen rates on elephant
grass pasture in the dry season of the year in northern Minas Gerais. Brazilian Journal of
Animal Science, v. 39, n. 6, p. 1191-1199. 2010. Portuguese

21 MENEZES, B. R. S.; DAHER, R. F.; GRAVINA, G. de. AMARAL JUNIOR, A. T.; OLIVEIRA,
A. V.; SCHNEIDER, L. A.; SILVA, V. B. Correlations and trail analysis in elephantgrass for
energy purposes. Brazilian Journal of Agricultural Sciences, v. 9, n. 3, p.465-470, 2014.
Portuguese

22 PACIULO, D. S. C.; GOMIDE, J. A.; RIBEIRO, K. G. Nitrogen fertilization of elephantgrass
cv. Mott. 1. Forage yield and morphophysiological characteristics when reaching 80 and 120 cm
in height. Brazilian Journal of Animal Science, v.27, n.6, p.1069-1075, 1998. Portuguese

23 OBERNBERGER |, BRUNNER T, BARNTHALER G. Chemical properties of solid biofuels —
significance and impact. Biomass & Bioenergy; v. 30, p. 973—-82. 2006.

24 FERREIRA, E. A,; ABREU, J. G.; MARTINEZ, J. C.; BRAZ, T. G. S.; FERREIRA, D. P.
Cutting ages of elephant grass for chopped hay production. Pesquisa. Agropecuaria Tropical, v.
48, n. 3, p. 245-253, 2018. Portuguese

25 GARCIA D. P.; CARASCHI, J. C.; VENTORIM, G.; VIERA, F. H. A.; PROTASIO, T. P.
Comparative energy properties of torrefied pellets in relation to pine and elephant grassa
pellets. Bioresources, v. 13, n. 2, p.2898-2906. 2018.



26 QUESADA, D. M.; BODDEY, R. M.; REIS, V.M.; URQUIAGA, S. Qualitative parameters
elephant grass genotypes (Pennisetum purpureum Schum.) studied for the production of energy
from biomass. Embrapa: Seropédia, 2004. (Technical Circular 8). Portuguese

27 SILVA, V. B.; DAHER, R. F.; MENEZES, B. S.; GRAVINA, G. A.; ARAUJO, M. S. B,;
JUNIOR, A. R. C.; CRUZ, D. P.; ALMEIDA, B. O.; TARDIN, D. Selection among and within full-
sib families of elephant grass for energy purposes. Crop Breeding and Applied Biotechnology.
18: 89-96, 2018.

28 OLIVEIRA, L. F.; DAHER, R. F.; MENEZES, B. R. S.; VIVAS, M.ROCHA, A. S.; PONCIANO,
N. J.; JUNIOR, A. T. A.; ARAUO, M. S. B.; PEREIRA, T. N. S;; SILVA, V.B. Genetic diversity of
elephant grass (Cenchrus purpureus [Schumach.] Morrone) for energetic production based on
guantitative and multi-category traits. Chilean Journal of Agricultural Research 77(1) 2017.

29 CHEN, Z,; HU, M.; ZHU, X.; GUO, D.; LIU, S.; HU, Z.; XIAO, B.; WANG, J.; LAGHARI, M.
Characteristics and kinetic study on pyrolysis of five lignocellulosic biomass via
thermogravimetric analysis. Bioresource technology, v. 192, p. 441-50. 2015.

30 VAN DE VELDEN, M.; BAEYENS, J.; BREMS, A.; JANSSENS, B.; DEWIL, R.
Fundamentals, kinetics and endothermicity of the biomass pyrolysis reaction. Renewable
Energy, v. 35, n. 1, p. 232-242. 2015.

31 SILVA, V. Q. R.; DAHER, R. F.; GRAVINA, G. A,; LEDO, F. J.; TARDIN, F. D.; SOUZA, M.
C. Combinatory capacity of elephant grass based on morphoagronomic characters. Animal
Industry Bulletin, v. 71, n. 1, p.63-70, 2014. Portuguese

32 SCHENEIDER, L. S. A.; DAHER, R. F.; MENEZES, B. R. S.; FREITAS, R. S.; SOUSA, L. B.
Selection of elephantgrass genotypes for forage production. Journal of Agricultural Science; v.
10, n.12; p. 42-52, 2018.

33 DAHER, R. F.; PEREIRA, A. V.; PEREIRA, M. G.; LEDO, F. J. S.; AMARAL JUNIOR, A. T.;
ROCABADO, J. M. A.; FERREIRA, C. F.; TARDIN, F. D. Forage trait analysis of elephant grass
(Pennisetum purpureum Schum.). Rural Science. Santa Maria, v.34, p.1531-1535, 2004.
Portuguese

34 ROSSI, D. A.; MENEZES, B. R. S.; DAHER, R. F.; GRAVINA, G. A;; LIMA, R. S.; LEDO, F.
J. S.; GOTTARDO, R. D.; CAMPOSTRINI, E.; SOUZA, C. L. M. Canonical correlations in
elephant grass for energy purposes. African Journal of Biotechnology, Vol 13(31). 2014
http://dx.doi.org/10.5897/AJB2014.13915

35 RA, K.; SHIOTSU, F.; ABE, J.; MORITA, S.Biomass yield and nitrogen use efficiency of
cellulosic energy crops for etanol production. Biomass & Bioenergy, v. 37, p.330-334, 2012.

36 RUEDA, J. A.; ORTEGA-JIMENEZ, E.; HENANDEZ-GARAY, A.; ENRIQUE-QUIROZ, J. F.;
GUERRERO-RODRIGUEZ, J. D.; QUERO-CARRILO, A. R. Growth, yield, fiber content and
lodging resistance in eight varieties of Q4 Cenchrus purpureus (Schumach.) Morrone intended
as energy crop. Biomass and Bioenergy, p. 1-7. 2016.

37 SANTOS, R. L., AZEVEDO, V. M., FREIRE, F. J., ROCHA, A. L., TAVARES, J. A, &
FREIRE, M. B. G. S. Extraction and efficiency of nutrient use in elephant grass in the presence
of  gypsum. Brazilian  Journal of Soil Science, 36(2), 497-505. 2012.
https://doi.org/10.1590/S0100-06832012000200019 Portuguese

38 CARVALHO, M.M., ALVIM, M.J., XAVIER, D.F. (ed). Elephant grass: production and use.
Juiz de Fora: EMBRAPA-Gado de Leite, 1997, 259 p. Portuguese

39 QUESADA, D.M. Quantitative and qualitative parameters of different elephant grass
genotypes as potential for energy use. 2005. 76p. Thesis, Universidade Federal Rural do Rio de
Janeiro, Seropédica-RJ. 2005. Portuguese.



