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The elephant grass has gained prominence as one of the main forage species used for biomass
production. Therefore, the aim of this study was to identify elephant grass genotypes with high energy
biomass production potential by evaluating morpho-agronomic and biomass quality. The following
traits were evaluated in this study: dry matter yield (DMY), percentage of whole-plant dry matter (%DM),
percentage of neutral detergent fiber (%NDF), percentage of acid detergent fiber (%ADF); percentage of
cellulose (%CEL), percentage of lignin (%LIG), percentage of carbon (%C), percentage of nitrogen (%N),
and carbon: nitrogen ratio (C: N). Five different production ages were evaluated, and significant
differences were observed for the variable DMY. The harvests performed at 20 and 24 weeks of age,
provided the best response for biomass energy production (DMY) from elephant grass, averaging 20.50
and 23.77 t.ha™. The genotypes that most stood out during the evaluation period at the five production
ages were King Grass, Mole de Volta Grande, and Mercker 86 - México. Genotypes Mole de Volta
Grande and King Grass are the most suitable for elephant grass breeding programs aimed at biomass
energy production in the conditions of Campos dos Goytacazes - RJ, Brazil.
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INTRODUCTION

The increasing search for alternatives to fossil fuels has development of the planet. Amidst the possible solutions,
become a critical issue for the future of the economic biomass stands out as a medium- and long-term choice
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(Goldemberg, 2009). Because biomass burning only
recycles the CO, taken from the atmosphere by
photosynthesis, it appears that, in the long term, this will
be one of the safest energy alternatives, provided that it
is produced efficiently (Kalt and Kranzl, 2011).

The elephant grass (Pennisetum purpureum Schum.) is
triploid tropical forage of African origin, which presents
high production capacity and quality dry matter
accumulation. In this regard, elephant grass has gained
prominence as one of the main forage species used in
energy production (Morais et al., 2011).

According to Mazzarella (2006), the comparative
advantages of elephant grass for biomass production in
relation to other sources include: greater yield (around 45
t/DM/hal/year), shorter production time, better cash flow,
possibility of total mechanization, renewable energy, and
greater carbon assimilation. Since its products are not
directly present in the human diet and because it is
usable in its entirety, elephant grass is ahead of other
grasses used as energy source.

Elephant grass species feature is a large genetic
variability (Meinerz et al., 2011). For this reason,
materials adapted to the different ecosystems of Brazil
should be selected to broaden the understanding of the
interrelationships among traits. As a result, the
employment of elephant grass as a bioenergy source can
be improved and this plant can be elevated to a
prominent level in the sustainable diversification of the
Brazilian energy matrix.

Therefore, aiming to investigate and understand the
mechanisms to qualitatively and quantitatively increase
the production of elephant grass for biomass energy
generation, this study identified elephant grass genotypes
with high biomass energy production by evaluating
morpho-agronomic and biomass quality.

MATERIALS AND METHODS

This experiment was implemented on April 26, 2010, at the State
Center for Research in Agro-Energy and Waste Utilization
(PESAGRO-RI0), located in Campos dos Goytacazes, Northern Rio
de Janeiro State, Brazil. The climate in the region is a tropical hot
and humid Aw type, according to the Kdppen (1948) classification,
with dry winters and rainy summers.

The soil in the experimental area is classified as a Typic
Dystrophic Yellow Latosol, according to the Brazilian soil taxonomy.
Chemical analysis revealed the following soil composition: pH - 6.3;
phosphorus - 5.0 mg/dm?®; potassium - 176 mg/dm?®; calcium - 2.6
cmolJ/dm®; magnesium - 1.4 cmol/dm?®; aluminum - 0.1 cmol/dm?;
hydrogen + aluminum - 0.0 cmol./dm® and carbon - 1.26%. Total
monthly precipitation rates recorded during the experimental period
are presented in Table 1.

Six of the most productive genotypes of elephant grass, with the
best biomass quality, were selected according to results obtained
by Rossi (2010).

The experiment was undertaken in a randomized block statistical
design with three replicates in an arrangement of plots subdivided
into two factors: plots (genotypes) and subplots (number of
harvests). Each plot consisted of 15-m row with 1-m spacing, and
each subplot was composed of 3 m, in which only the two central
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Table 1. Monthly precipitation recorded in the period from April
2010 to July 2011 in Campos dos Goytacazes - RJ.

Precipitation (mm)

Month

2010 2011
January - 115.6
February - 0.5
March - 211.5
April 61.5 25.4
May 25.9 41.0
June 24.5 12.2
July 57.5 7.20
August 2.3 -
September 7.5 -
October 87.8 -
November 88.8 -
December 69.8 -
Total 424.88 413.40

Source: Meteorological Station of the State Center for Research in
Agro-Energy and Waste Utilization (PESAGRO-Rio, Campos dos
Goytacazes - RJ, Brazil).

meters of the row were considered for evaluation, disregarding half
a meter from the borders of each row.

After the crop establishment phase in the field, the plot was
leveled-off on 08/05/2010, followed by topdressing with 30 kg.ha™
ammonium sulfate and 20 kg.ha™ potassium chloride. Seedlings
were re-planted to recompose the plots, followed by topdressing on
10/31/2010. After this process and the reestablishment of the crop
in the field, a second plot-leveling cut was made on December 10,
2010. After that date, harvests were performed in plots chosen at
random 8, 12, 16, 20, and 24 weeks of age, on 02/02/2011,
03/02/2011, 04/05/2011, 04/26/2011, and 05/23/2011, respectively.

Before the harvest, the traits were assessed in samples of whole
plants collected at random. Prior to being analyzed and evaluated
in the laboratory, these samples were dried in a forced-air oven at
65°C for 72 h. After drying, samples were ground through a Wiley
mill with 1-mm sieves and packed in glass bottles.

Plant dry matter yield in t.ha™ (DMY), was estimated as the
product between whole-plant fresh matter yield and the percentage
of qule-plant dry matter; the obtained value was then converted to
t.ha .

The following biomass quality-related traits were evaluated:
percentage of neutral detergent fiber (% NDF); percentage of acid
detergent fiber (% ADF); percentage of cellulose (% CEL); and
percentage of lignin (% LIG), were carried out at the Laboratory of
Food Analysis of Embrapa Gado de Leite, in Juiz de Fora, MG,
Brazil, by the method of near infrared reflectance (NIRS) (Van
Soest, 1963), in a Perstorp analytical spectrometer, Silver Spring,
MD, model 5000, coupled to a microcomputer equipped with ISI
software version 4.1 (Infrasoft International, University, Park, PA).
Preliminary evaluations were made for the calibration of the
equipment using samples referring to the different cutting ages, and
the final reading was performed using the wavelengths of 1100 to
2500 nanometers. Percentages of carbon (%C) and nitrogen (%N)
and carbon:nitrogen (C:N) ratio were obtained using the CHNS/O
Perkin Elmer (14.800) auto-analyzer.

Statistical analyses were performed using the GENES software
(Computer Software for Genetics and Statistics) (Cruz, 2016),
developed by the Federal University of Vigosa.
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Table 2. Estimates of mean squares, means, and experimental coefficients of variation of six elephant grass genotypes in Campos dos

Goytacazes, RJ, Brazil.

Source of MS
Age variation Gl "DMY %DM %NDF %ADF %CEL %LIG %C "N N
Block 2 0.0022 3.2835 39.322 14.092 30.762 0.2875 03811  0.0603  3.1097
Genotypes 5 1.7092* 2.9850m 3.7574* 4.7390* 2.6789* 0.76147  1.1531n  0.5581*  14.9237*
8 Weeks Residue 10 0.2082 1.4912 0.9117 10.848 0.6401 0.301 12269  0.0356  1.1233
Means - 6.60 20.83 69.97 37.83 34.04 2.93 4262 2.70 16.10
CV(%) - 6.90 5.86 148 2.52 2.35 18.66 2.59 6.97 6.58
Block 2 0.8562 492.111 90.679 98.907 50.896 0.6425 07302 0.0028  1646.439
Genotypes 5 97.2018*  267.1204* 25347 4.9905 s 2.0715 3.2243ns  0.8907 " 0.2622** 46.970899*
12 Weeks Residue 10 15.875 1.926.121 35.579 48.686 64.736 12.611 14.048  0.0352  1354.692
Means - 15.55 44.36 79.71 48.27 40.36 7.22 4324 1.72 25.8
CV(%) - 8.09 9.89 2.37 457 6.3 15.54 2.74 10.87 14.26
Block 2 32.63 129.623 0.2686 16.38 0.0129 0.8109 51914 00222  154.012
Genotypes 5 465146  29.1573ns  4.0283* 7.3356* 3.5290* 177100 1.1891ns  0.0724*  21.7249*
16 Weeks Residue 10 20.313 95.384 0.6933 15.305 0.7229 0.3672 07119  0.0172  53.771
Means - 184 24.35 77.04 45.29 39.1 5.64 42.98 1.74 24.95
CV(%) - 7.74 12.68 1.08 2.73 2.17 10.74 1.96 7.53 9.29
Block 2 10.707 32.944 10.088 0.435 0.1349 0.1783 05057 00151 47714
Genotypes 5 386174  16.2572**  19.5975  17.0365**  9.2597** 2.0318*  4.5494* 0.0199* 2.8155m
20 Weeks Residue 10 17432 24.816 0.6787 0.691 0.4255 0.3743 10261  0.0058  1.7269
Média - 20.5 29.63 75.67 45.27 38.15 6.52 43.26 1.66 26.05
CV(%) - 6.46 5.31 1.08 1.83 1.7 17 2.34 4.60 5.04
Block 2 257.048 150.056 13.526 20.377 0.8973 0.1293 18227 00215  55.987
Genotypes 5  46.0653*  14.0424"s 59931 6.9007 ns 5.2394 s 0.3894"  6.8315* 0")”319 6.5844 ns
24 Weeks  pesidue 10 73.237 105.926 31.398 35.031 17.127 0.5444 04975 00262  60.609
Means 23.77 36.08 76.89 47 44 38.82 8.17 43.33 1.69 25.82
CV(%) 11.38 9.01 2.3 3.94 3.37 9.02 1.62 95 9.53

1/DMY = plant dry matter yield, in t.ha—1; %DM = percentage of dry matter; %NDF = percentage of neutral detergent fiber; %ADF = percentage of acid
detergent fiber; %CEL = percentage of cellulose; %LIG = percentage of lignin; %C = percentage of carbon; %N = percentage of nitrogen; and C:N =
carbon:nitrogen ratio. ** = significant at the 1% probability by the F test * = significant at the 5% probability by the F test; ns = not significant. CV (%) =

coefficient of variation.

RESULTS AND DISCUSSION
Variance analysis by production age

The variance analyses (P<0.01 and P<0.05) for the ages
of the six genotypes evaluated (Table 2) revealed
significant differences for almost all evaluated traits. This
fact can be regarded as indicative of the phenotypic
expression of the existing genetic variability, in the
species and in the genotype collection evaluated (Pereira
et al., 2008).

For the first production age with plants harvested at
eight weeks, there were significant differences for the
source of variation treatment (genotypes) and for most of

the evaluated traits, except percentages of dry matter
(%DM), %LIG, and %C. These findings confirm the
existence of genetic variability between the treatments
evaluated at this production age.

In the harvest performed at 12 weeks of age, there was
an increase in relation to the previous harvest for the
traits %DM, %LIG, and C: N, and also DMY, the trait of
greatest importance for elephant grass, which averaged
6.60 and 15.55 t.ha ' in the first and second harvests,
respectively. Similar dry matter yields were obtained by
Silva et al. (2014), who evaluated elephant grass hybrids
with high production potential in Campos dos Goytacazes
- RJ, Brazil.

These results can be explained by the climatic



conditions of the period with highest incidence of rainfall
(20.51 to 212.68 mm) (Table 1), followed by the
topdressing applied in the restoration of the plots, which
might have provided a greater development of the
genotypes.

This result proves the existing difference between
harvests performed in different periods, indicating that
plants may undergo changes in their structure and
morphology due to adverse environmental conditions.
According to Faria et al. (2009), the genotype x
environment interaction is of great importance in plant
breeding; however, it compromises the identification of
genotypes superior for different environments. At the
harvest performed at 16 weeks of age, there were
significant differences between genotypes for the majority
of the evaluated traits, except %DM and %C.

For the fourth production age, at 20 weeks, there were
significant differences between genotypes for most of the
evaluated traits, except C: N ratio. The C: N ratio values
found here were lower than the 80 to 156 obtained by
Morais et al. (2009); the highest C: N ratio found in the
present study was 26.05. This low ratio was due to the
favorable climatic conditions for elephant grass growing
(Flores et al., 2013).

At the fifth (and last) harvest performed at 24 weeks of
age, the %DM, %NDF, %ADF, %CEL, %LIG, %N, and
C:N traits showed a non-significant effect, demonstrating
that the constitution of the walls of the tissues are similar
across the genotypes.

In summary, at all five production ages, significant
differences were observed for the variable DMY.
Evaluating harvests individually by variance analysis, we
observe that the fourth and fifth production ages (20 and
24 weeks of age) yielded the best responses for elephant
grass biomass production (DMY), which averaged 20.50
and 23.77 tha™.

These results are similar to those found by Morais et al.
(2009), who evaluated the production potential of
different elephant-grass genotypes at different production
ages (9, 18, and 24 weeks) and observed an average
DMY of 29.5 t.ha™. Our results are also similar to the
11.15 to 23.08 t.ha™ found by Rocha et al. (2015), who
evaluated 73 elephant grass genotypes in harvests
performed at 24 weeks.

This demonstrates that elephant grass can be
harvested more than two times per year, as typical, for
biomass production as long as ideal conditions of
planting and preservation of the crop in the field are
provided.

Comparison of genotype means by production age
(Tukey’s test)

Based on Tukey’s mean comparison test at the 5%
probability level (Table 3), the estimated means for the
traits evaluated in six genotypes at five different
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production ages showed that, at the first production age
for the trait DMY, the best response was observed for
genotype Pusa Napier no. 1, whose average dry matter
yield was 7.27 tha™'. For NDF, ADF, CEL, and %LIG
traits, genotype Mole de Volta Grande had a better
response than the others. At 12 weeks of age, King
Grass was the genotype that most stood out for average
DMY, %NDF, %ADF, %CEL, and %LIG, revealing 26.54
tha', 80.03%, 50.44%, 40.95%, and 8.80%,
respectively. For the C: N trait, genotype Mercker 86 -
México showed the best response: 31.25.

As in the first harvest, in the harvest performed at 16
weeks of age, genotype Pusa Napier no. 1 had the best
average production, 24.18 t.ha™". For the other traits of
high importance for energy production, such as NDF and
%CEL, genotype Mole de Volta Grande obtained 78.65%
NDF and 40.56% CEL, respectively. As for the %ADF
and %LIG traits, genotype Mercker 86-México averaged
47.16 and 6.22%, respectively. At the harvest performed
at 20 weeks of age, genotype Mole de Volta Grande
showed the best response, with a DMY of 23.62 tha™,
79.29% NDF, and 48.83% ADF. Its cellulose percentage
was 40.63%, corroborating Kannika et al. (2011), who
reported an increase in %CEL as plants grew older.

At the fifth and last production harvest, which was
performed at 24 weeks of age, the genotype that most
stood out for DMY and %LIG was Mercker 86 - México,
which averaged 28.87 t.ha ' and 8.62% for the respective
variables. For traits like NDF, ADF and %CEL, all
genotypes except Pusa Napier no. 1 displayed good
results. For C: N, as in the first harvest, genotype Cubano
de Pinda showed a higher mean than the others,
averaging 28.25.

Based on Tukey's mean comparison test at the 5%
probability level, the materials that most stood out at the
five different production ages were genotypes King
Grass, Mole de Volta Grande, and Mercker 86 - México.
These results are much higher as compared with those
found by Rossi (2010) for these same materials,
considering that they were obtained at the production age
of 10 months; higher than those reported by Morais et al.
(2009).

Combined analysis of variance

Table 4 depicts the mean squares for the effects of plot
(genotypes), error A, associated with the plot effect;
subplot (harvest), error B, associated with the subplot
effect; interaction between plot and subplot; and error C,
associated with the interaction effect, for the nine traits
assessed in this study.

Most of the traits showed significant differences for the
source of variation Genotype, except %DM, %C, and C:
N ratio, indicating a difference between the genotypes.
This result proves the distinction between the harvests
performed in different periods, revealing that plants may
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Table 3. Mean values for morpho-agronomic and biomass quality traits of six elephant-grass genotypes. Campos dos Goytacazes, RJ,
Brazil.

Mean values

Age (Weeks) Genotypes 1/DMY %C %N C:N
%DM  %NDF %ADF %CEL  %LIG
Cubano de Pinda 7.23% 21.34% 69.98%° 37.22% 3370® 259° 4165° 2.31° 18.00?
Mercker 86 — México  6.25°  19.50° 69.06® 37.23%* 33.82% 248 42.32* 248" 17.11®
Pusa Napier n°1 7.27% 19.90° 68.03° 36.38° 3252° 293 4286° 245 17.572
8 Mole de Volta Grande  6.81% 21.70°  71.37% 39.23% 3532° 3.63% 43.25°% 2.50° 17.282
P - 241 — Piracicaba 5.26° 21.95%  71.09° 37.86%® 34.37® 251®° 4325°  3.06" 14.11%°
King Grass 6.80°  20.59° 70.28° 39.04®° 3453* 347% 42.41*  3.41° 12.53°
Cubano de Pinda 12.08° 44.38° 79.90° 47.59®° 40.49° 6.47%° 43.84%® 2297 19.19°
Mercker 86 — México ~ 12.97° 38.60° 77.60° 47.13° 38.84° 6.53% 43.80° 1.44° 31.252
Pusa Napier n°1 16.69°  43.65 79.58% 48.78%° 41.00° 8.21° 4237 162"  26.30%
Mole de Volta Grande 11.31°  31.35° 79.80° 48.61° 40.86% 6.96° 43.02a 1.72° 25.12%
1 P -241- Piracicaba  13.75°° 48.96® 78.95° 47.06° 40.01*° 6.34% 43.14° 1.71° 25.19%
King Grass 26.54%° 50.23%* 80.03%° 50.44* 40.95%° 8.80° 43.27° 1563° 27.75%®
Cubano de Pinda 15.29°  23.30° 77.07® 4455® 38.70° 533* 42.90° 1.76®  24.38%
Mercker 86 — México  15.37°  29.31* 78.07%* 47.16% 40.15® 6.22°® 4350° 1.72%  2524%®
Pusa Napier n°1 24.18% 2216 75.90° 44.11* 37.99° 593* 41.76°  1.82° 23.01°
Mole de Volta Grande  19.97°  26.79°  78.65° 46.82° 4056 6.03%°  43.44° 1.84% 23.62%
16 P -241 - Piracicaba  14.49° 20.96* 75.72° 43.26° 37.98° 421" 42098  1.84° 23.28°
King Grass 21.13" 2356° 76.86™ 45.86% 39.21° 6.12° 4272  1.44° 30.19%
Cubano de Pinda 14.82° 27.92° 76.45° 4577° 3867 650® 43.48°  1.80° 24.31%
Mercker 86 — México  20.66%°  31.02%  76.67° 46.64%* 39.02°® 7.23*® 4500° 1.68° 26.742
Pusa Napier n°1 23.05% 27.85° 71.64° 4213° 3545" 580" 4279  158° 27.14°
Mole de Volta Grande  23.62°  33.64°  79.29° 48.83° 40.63° 7.75% 44.05® 1.70% 25.942
0 P - 241 - Piracicaba  17.63°° 27.91° 74.39° 43.39% 37.17% 565" 4258 163 26.072
King Grass 23.25° 2943 7558° 44.86™ 37.95 6.22* 4156° 159 = 26.12°
Cubano de Pinda 22.21%¢  34.30° 76.64*® 46.87° 3826%° 7.94° 43.97® 155 28.252
Mercker 86 — México  28.87°  34.57°  77.55° 48.97° 39.84° 8.62° 4271 1.64° 26.292
Pusa Napier n°1 20.37°°  34.67* 7552° 46.07* 37.24*® 822°  43.9%® 1.732 25.672
" Mole de Volta Grande  19.11°  39.96° 79.41° 49.72a 40.92° 853% 42.05° 1.77° 23.732
P -241 - Piracicaba  24.51%° 37.02® 75.98° 46.46° 38.44% 7.69°  41.62° 1.61% 25.83?%
King Grass 2758 3597° 76.24%° 4656° 38.25° 8.01° 4571%°  1.82° 25.15°

1/DMY = plant dry matter yield, in t.ha-1; %DM = percentage of dry matter; %NDF = percentage of neutral detergent fiber; %ADF = percentage of
acid detergent fiber; %CEL = percentage of cellulose; %LIG = percentage of lignin; %C = percentage of carbon; %N = percentage of nitrogen; and
C:N = carbon:nitrogen ratio. Means followed by common letters do not differ statistically by Tukey’s test at the 5% probability level.

undergo changes in their structure and morphology
stemming from adverse environmental conditions. The
source of variation harvests was also significant for most
traits, except %C, indicating the presence of variability,
which is paramount to prove the distinction between
harvests performed during this study.

The only trait that did not show significance for the
genotype x harvest interaction was %CEL. The
significant interaction between genotypes and harvests
indicates that there was a change in the classification of

genotypes in different harvests. Sousa et al. (2016)
evaluated elephant grass genotypes and also observed
that, some were influenced by the evaluation harvest
which is related to environmental conditions
(temperature, luminosity, rainfall distribution), prevailing
during the crop growth period.

The significant interaction between genotypes and
harvests indicates that, the genotypes’ response is not
the same over successive harvest that is, there are
differences between the genotype means, or in the
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Table 4. Summary of the combined analysis of variance of the morpho-agronomic and biomass quality traits of six elephant-grass genotypes.
Campos dos Goytacazes, RJ, Brazil.

Source of Qm

variation DF. o %DM %NDF %ADF %CEL %LIG %C N N
Block 2 10.2986 109.924 37.186 96.758 37.334 0.2224 14.073 0.0158 12.246
Genotype (G) 5 88.7298*  31.1407 20.3212** 22.1672** 13.0456* 3.6635* 1.297 s 0.0777* 14.4680 ns
Error A 10 19.928 93.764 25.71 29.999 26.422 0.5324 13.164 0.0205 59.281
Cortes (C) 4 766.5816*  1592.5011**  220.9253*  306.4421*  103.9409*  71.7133**  1.643" 36147 331.9834*
Error B 8 51.496 71.186 23.471 20.644 13.693 0.4565 18.060 0.0265 73.257
Genotype x Cut 20 35.3446** 74.6054** 4.1428* 4.4634* 2.4333 s 1.1286* 3.3291%  0.2167* 19.6378*
Error C 40 2.725.319 84.971 16.458 21.263 18.331 0.5789 0.8877 0.0249 54.768

DF = degree of freedom; 1/DMY= plant dry matter yield, in t.ha-1; %DM = percentage of dry matter; %NDF = percentage of neutral detergent fiber; %ADF
= percentage of acid detergent fiber; %CEL = percentage of cellulose; %LIG = percentage of lignin; %C = percentage of carbon; %N = percentage of
nitrogen; and C:N = carbon:nitrogen ratio. ** = significant at the 1%probability by the F test * = significant at the 5% probability by the F test; ns = not

significant.

classification of their responses, along the five harvests.

Conclusion

For the five production ages, significant differences were
detected for variable DMY. The fourth and fifth ages
provided the best responses.

Genotypes King Grass, Mole de Volta Grande, and
Mercker 86 - México showed to be the most promising,
and thus can ensure the use of elephant grass as an
alternative energy source, with low energy production
costs for the region of Campos dos Goytacazes.
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