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Abstract - Elephant grass is a forage plant widely spread in Brazil that was initially 

employed exclusively in the livestock sector as feed for cattle. This grass is characterized 

by its high productivity and high photosynthetic capacity. In addition to being used as 

forage, it has shown to be an alternative source of renewable energy. The objectives of 

the present study were to evaluate the morpho-agronomic traits of elephant grass hybrids 

and their parents for biomass energy production. The experiment was conducted in a 

randomized-block design with three replicates. The partial diallel was composed of 16 

hybrids and two groups (males and females). Data were subjected to analysis of variance 

and the Tukey’s mean comparison test (P < 0.05). Interaction was detected by the F test 

for the traits dry matter yield, plant height, and leaf width. Based on the mean values, 

hybrids H11 and H14 seem to be promising for dry matter production for energy purposes. 

Parent Porto Rico 534-B can be indicated in breeding programs. 
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Introduction 

Elephant grass belongs to the family Poaceae, 
genus Pennisetum. The species, named Pennisetum 
purpureum Schumm, is typical of tropical regions. 
Literature records date its introduction in the Brazilian 
territory to around the early 20th century, by Colonel 
Napier (Bennet, 1976). This forage species has excellent 
an dry matter yield per cultivated area (Zanine et al., 
2007). 

At present, it is known that the produced biomass 
is able to meet the requirements for both forage and 
energy generation. In addition, this plant has a high 
genetic variability, which allows it to adapt to different 
regions of Brazil (Daher et al., 2000; Freitas et al., 
2004; Pereira et al., 2008; Vitor et al., 2009; Cruz et 
al., 2010; Meinerz et al., 2011). 

The plants of this species undergo some changes 
during their growth and development regarding their 
agronomic, morphological, and biomass-quality traits. 
Thus, as the plant is developed, its dry matter content 
is changed (Van Soest, 1994). 

According to Dias et al. (2008), in their early 
life stages, grasses usually have highly digestible 
nutritional components, and forage intake is high. As 
the plant develops, its nutritional value is decreased 
by the dilution of the nutrients, which generates an 
increase in the proportion of fibrous components. This 
has a negative effect on the intake of plant material 
by animals. Additionally, there may be an increase in 
productivity. All these characteristics are of interest to 
the energy sector. 

Thus, the objective of the study was to evaluate 
the morpho-agronomic traits of elephant grass hybrids 
and their parents for biomass energy production. 
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Materials and methods 

The experiment was conducted at Pesagro, 
located in the municipality of Campos dos Goytacazes 
- RJ, Brazil (21°19’23’’ S, 41°19’40’’ W, and altitude 
of 20 to 30 m). The climate of the region is a Köppen’s 
AW type (tropical with dry winters). 

A randomized-block design with three replicates 
was adopted. The plot consisted of a 4-m row with 1.5- 
m spacing between rows, in which 1 m was considered 
floor area within the rows. Each block comprised 25 
treatments (16 hybrids, 8 parents and 1 control). 

Two groups of elephant-grass parents were 
evaluated. Group 1 consisted of four male parents: 
Taiwan A-144 (P1), Vruckwona (P2), Pusa Napier no. 
2 (P3), and Porto Rico 534-B (P4). Group 2 had four 
female parents: Mercker Santa Rita (P1), Taiwan A-146 
(P2), Mercker S. E. A. (P3) and Napier no. 2 (P4). 
Accession BAG-86 was utilized as control. The hybrids 
were obtained the from diallel crosses shown in Table 1. 

Planting was done in May 2010, using stakes 
arranged with the base of a plant touching the apex of 
the other plant, distributed into 10-cm-deep furrows. 
At planting, 100 kg/ha of P2O5 (single 
superphosphate) were applied. After the 
establishment period, all genotypes were cut near 
the soil level (plot leveling) in December 2010, and 
then topsoil fertilization was applied with 25 kg ha–1 

of ammonium and potassium chloride. An additional 
planting was performed in the plots in which plant-
emergence failures were observed. 

Three cuts were made for evaluation: the first, in 
August 2011 (36 weeks after the plot-leveling cut — dry 
season); the second, in April 2012 (36 weeks after the 
first cut — rainy season); and the third cut, in September 
2012 (23 weeks after the 2nd cut — dry season). 

The following morpho-agronomic traits were 
evaluated in each cut: plant height (HGT), in m: 
measured from the soil up to the curvature of the 
last fully expanded leaf; stem diameter (SD), in mm: 
measured at 10 cm above the soil level; leaf with (LW), 
in cm: measured with a graduated ruler and obtained by 
making three measurements per replicate; and number 
of tillers (NT), in tillers per linear meter: the count 
was made in 1.0 m within the rows, discarding the 
extremities resulting from sprouting failures. A sample 
was taken to be dried in an oven at 65 ºC for 72 h until 
reaching a constant weight (air-dried sample - ADS). 

The dried material (leaf and stem) was ground in a 
Wiley mill with 1 mm sieve and conditioned in plastic 
bottles. Next, the samples were dried again in an oven 
at 105 ºC for 12 h (oven-dried sample - ODS), and then 
the percentage of dry matter (%DM) of the product 
between ADS and ODS and the total dry matter yield 
(DMY), in t ha–1, were determined. 

 An analysis of variance was performed for 
each cut based on the average of the plots. Later, a 

combined analysis of variance of the three cuts was 
conducted, following a split-plot in time design (Steel 
and Torrie, 1980). Means were compared by Tukey’s 
test (P < 0.05). The GENES software was utilized for 
the statistical analysis (Cruz, 2013). 

 

Results 

The results of the individual analyses of 
variance for each cut of the morpho-agronomic traits 
evaluated in the 1st, 2nd, and 3rd cuts demonstrated 
significant differences, by the F test (P < 0.05), for the 
trait percentage of dry matter (%DM) in the sources 
of variation parent and hybrid × parent contrast; for 
dry matter yield (DMY) in the sources of variation 
treatment, genotype, and parent; for number of tillers 
(NT) in the sources of variation genotype, parent, and 
hybrid × parent contrast; for height (HGT) in the sources 
of variation hybrid, parent, and the hybrid × parent 
contrast; and for leaf width (LW), only in the source of 
variation parents. Furthermore, significant 
differences were detected by the F test at P < 0.01 in 
the trait NT, only for treatments; in HGT, in the sources 
of variation treatment and genotype; and in LW, only 
in the source of variation genotype. 

In the 2nd cut, there were significant differences  
(P < 0.05) for the trait %DM in the sources of variation 
treatment and genotype; for DMY, in the sources of 
variation treatment, genotype, and parent; for NT, only 
in the source of variation hybrids; in SD, in the source 
of variation parent; and in LW, only for the hybrid 
× parent contrast. Significant differences were also 
observed (P < 0.01) for the trait %DM in the source 
of variation hybrid; for NT in the sources of variation 
treatment, genotype, and parent, and in the genotype × 
control contrast; for HGT in the sources treatment and 
genotype; and for the trait SD in the sources treatments 
and genotypes and in the genotype × control contrast, 
indicating that there is at least one genotypes among the 
hybrids and/or parents that displayed similar or superior 
response to the control BAG-86; and in the hybrid × 
parent contrast, indicating that at least one hybrid was 
superior to the parents for this trait. 

In the 3rd cut, significant differences (P < 0.05) 
were observed in the source of variation treatments 
for the traits DMY and HGT; in the source of variation 
genotype, for the trait DMY; in the genotype × control 
contrast, for the traits DMY and HGT; in the hybrid 
× parent contrast for the traits SD and LW. Besides, 
significant differences (P < 0.01) occurred for the trait 
DMY, in the source of variation parent; in the trait HGT, 
in the source of variation hybrid × parent; for SD, in 
the source of variation genotype and in the genotype × 
control contrast; and in LW, in the sources of variation 
genotype, parent, and hybrid, and in the genotype × 
control contrast. 
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In the combined analysis of variance, significant 

differences were detected, by the F test, between the 
genotypes for all the evaluated traits, indicating the 

existence of genetic variability among the treatments. 
For the traits DMY, HGT, and LW, an interaction 
between genotype and cut was present (P < 0.01), 
indicating that the genotypes’ response is not consistent 
throughout the cuts, i.e., there are differences 
between the genotypes means or in the classification 

of their performance, over different cuts. 

The comparisons between the means for traits 
DMY and %DM in the hybrids originating from partial 
diallel crosses, according to Tukey’s test (P < 0.05), are 
described in Table 2. 

It was found that, for the 1st cut, the average 
DMY varied from 26.31 t ha–1, in hybrid H14, to 6.18 
t ha–1, in parent Mercker Santa Rita. Also, only these 
genotypes were statistically different. 

In the 2nd evaluation cut, a significant difference 
was only found between parent Porto Rico 534-B and 
hybrid H10. Genotypes H1, H4, H6, H11, Taiwan 
A-144, Porto Rico 534-B, Taiwan A-146, and BAG-86 
obtained the highest mean values, so they can be used 
in breeding programs as energy sources, especially 
given their high DMY. In the 3rd cut, the mean ranged 
from 23.39 t ha–1, in Vruckwona, to 5.77 t ha–1, in Pusa 
Napier no. 2, and significant differences only occurred 
between the genotypes Vruckwona, which averaged 

23.98 t ha–1, and BAG-86, with 19.48 t ha–1. 

Regarding the trait %DM, it was observed that, 
in the 1st cut, the mean values of the genotypes varied 
between 44.15%, in hybrid H14, and 31.94%, in 
genotypes Pusa Napier no. 2 and Mercker Santa Rita. 
For the 2nd and 3rd cuts, the genotypes’ response did 
not differ. In the 2nd cut, the mean ranged from 
40.71, in hybrid H6, to 32.21%, in hybrid H13. In the 
3rd cut, it varied between 39.23%, in hybrid H14, 
and 32%, in hybrid H10. No significant differences 
were detected between the three cuts for the 
genotypes. In general, analyzing the three cuts, only 
hybrids H10, H12, and H14 differed between the 
cuts. 

The comparisons between the mean values of 
traits HGT and SD in the hybrids resulting from partial 
diallel crosses, according to Tukey’s test (P < 0.05), are 
described in Table 3. 

For the trait HGT, in the 1st cut, the mean ranged 
from 4.00 m, in parent Pusa Napier no. 2, to 3.06 m, in 
hybrid H10. Hybrids H5 and H10, with mean values 
of 3.13 m and 3.06 m, respectively, differed from 
genotypes Pusa Napier no. 2 and Porto Rico 534-B, 
which averaged 4.00 m and 3.93 m, respectively, 
standing out for having the highest values. In the 2nd 
cut, the mean varied between 4.10 and 3.23 m. In this 
cut, genotypes Taiwan A-144, with a mean value of 

4.10 m, and Porto Rico 534-B, with 4.03 m, differed 
statistically from hybrid H10, which averaged 3.23 m. 
No differences between the genotypes were detected 

in this cut. Moreover, analyzing the mean response of 

the genotypes in the three successive cuts, hybrid H9 
was the only one that did not differ between the three 
cuts. In contrast, genotypes H11, H14, Taiwan A-144, 
Vruckwona, Porto Rico 534-B, Mercker Santa Rita, 
and BAG-86 displayed the highest mean values among 
the three cuts. 

In the case of the trait SD, the groups were 
divided and the threshold values of this trait were 
observed. In the 1st cut, the mean varied from 12.00 
mm, in H12, to 8.89 mm, in H10, with no differences 
detected between the genotypes. In the 2nd cut, the 
mean ranged from 18.47 mm, in BAG-86, to 11.58 mm, 
in H6. Hybrids H1, H4, H5, H7, H8, H9, H12, H13, 

H14, H15, and H16 and all parents stood out, except 
for Mercker S. E. A. and the control, whose means did 
not differ. In the 3rd cut, the mean ranged from 16.42 
mm, in BAG-86, to 8.51 mm, in H6. Differences were 
detected between the genotypes, as follows: H1 (8.79 
mm), H4 (9.99 mm) H6 (8.51 mm), H9 (9.21mm), H10 
(10.36 mm), H11 (10.26 mm), H13 (10.53 mm), H14 

(10.57 mm), H15 (10.34 mm), and Mercker Santa Rita 
(10.35 mm). 

The comparisons of the mean values for the traits 
LW and NT in the hybrids resulting from the partial 
diallel crosses, according to Tukey’s test (P < 0.05), 
are described in Table 4. 

In LW, the observed mean was 2.50 cm. The mean 
value for this trait ranged from 3.76 cm, in genotype 
BAG-86 (control), to 1.33 cm, in hybrid H9, in the 1st 
cut. In genotypes H10, H14, Vruckwona, Mercker Santa 
Rita and BAG-86, the mean values differed statistically 
from each other. In the 2nd cut, all genotypes had mean 
values higher than those of the 1st cut, ranging from 
4.91, in BAG-86, to 3.10 cm, in H13. No differences 
were detected between the mean values of genotypes 
H11 (3.73 cm), H14 (4.04 cm), Taiwan A-144 (3.69 

cm), Vruckwona (3.99 cm), Porto Rico 534-B (3.73 
cm), Mercker Santa Rita (3.82 cm), Mercker S. E. A. 
(3.81 cm), and BAG-86 (4.91 cm). In the 3rd cut, the 
mean varied from 3.36 cm, in BAG-86, to 1.13 cm, in 
H4. For this cut, hybrids H3, H5, H10, and H11, 
parent Vruckwona, and the control (BAG-86) showed 
the highest values and did not differ from each other. 

In the 1st cut, the mean for the trait NT varied 
from 42.66 tillers.m–1, in hybrids H11 and H14, to 15.56 
tillers.m–1, in parent Pusa Napier no. 2. Genotypes 
H11, H14, Taiwan A-144, and Pusa Napier no. 2 were 
statistically different. In the 2nd cut, the mean varied 
from 51.33 tillers.m–1, in H1 to 17.0 tillers.m–1, in parent 
Pusa Napier no. 2. The genotypes showed values very 
close to each other, except for genotypes H1, H11, Porto 
Rico 534-B, and Pusa Napier no. 2, which differed 
from each other in their mean values. In the 3rd cut, 
the mean variation was of 82.66 tillers.m–1, in H12, to 

36.16 tillers.m–1, in BAG-86. In this cut, no statistical 
differences  were  detected between  the evaluated 
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genotypes. In addition, the genotypes that had a stable 

behavior, without influences from the cut, were H11, 
H13, H14, Vruckwona, and Porto Rico 534-B. 

 
 

Discussion 

Higher DMY values could be expected from the 
genotypes evaluated in the present study, since Santos et 
al. (2014) evaluated genotypes Guaçu/IZ.2, Cameroon- 
Piracicaba, and Capim Cana D’África in three cuts and 
obtained mean values of 29, 63, and 32.91 t ha–1 in the 
1st cut applying 500 kg ha–1 N as fertilizer, i.e., higher 
DMY under nitrogen fertilization. Evaluating the total 
dry matter yield of cultivar Roxo at different cutting 
ages, Queiroz Filho et al. (2000) obtained an average of 

30.9 t ha–1 at 100 days. Morais et al. (2009), evaluating 
five genotypes of elephant grass intended for bioenergy 
production, obtained mean values of 45 t ha–1 to 67 t 
ha–1 for dry matter yield. Flores et al. (2013) studied 
the performance of genotypes Paraíso and Roxo for 
biomass production for energy uses in the soil-climatic 
conditions of the Cerrado biome and obtained mean 
values higher than 30 t ha–1, irrespective of the use of 
fertilizers. Andreoli (2008), however, stated that with 
little use of inputs and investments, the dry matter yield 
generated by the elephant-grass biomass might reach 
around 20 to 25 t ha–1. According to Menezes et al. 
(2016), evaluating ten genotypes of elephantgrass in 
partial diallel, the Mercker and Taiwan A-144 genotypes 
were among those with the highest yields of 19.76 and 

18.57 t ha-1, respectively. 

The %DM in the winter is higher and lower  
in the summer period (Meinerz et al., 2008). Greater 
accumulation of DM by the elephant grass for energy 
purposes is desirable because of the higher cellulose, 
fiber, and lignin contents. However, with the exception 
of hybrids H10 and H13, which showed a downward 

trend for %DM in the 3rd evaluation cut, the genotypes 

showed a significantly similar %DM in the three 
evaluation cuts. Rossi et al. (2014) evaluated the 
canonical correlations between morphological and 
biomass-quality traits in forty genotypes of elephant 
grass for production of energy and observed an overall 
mean of 37.15% for %DM, which is close to that found 
in the present study. 

The HGT values agree with those found by 
Oliveira et al. (2014), who observed mean values 
varying from 3.02 to 4.40 m in elephant-grass genotypes 
for biomass energy production. In the 3rd cut, the mean 
varied from 3.05 m, in Porto Rico 534-B, to 2.13 m, in 
hybrid H4. According to Xia et al. (2010), this trait is 
positively correlated with dry matter yield. 

Evaluating the emergence of 73 genotypes of 
elephant grass, Oliveira et al. (2013) observed that 
eight weeks after planting the genotypes already had an 
overall mean of 14.25 mm, i.e., the SD after this period 
was slightly altered throughout the growth period. The 
stem diameter is an important trait because, in addition 
to having a positive correlation with dry matter yield 
(Xia et al., 2010), it has a direct effect on this trait 
(Daher et al., 2004). 

The mean value of NT was 4.64 tillers m–1, which 
is higher than the results found in the studies of Pereira 
et al. (2006) and Silva et al. (2010). 

Overall, in this study, the best hybrids were those 
that showed the highest mean values for the majority of 
the traits, with steady performance throughout the cuts, 
given that it is interesting not only for the producer, but 
also for the companies that want to adopt this plant as 
raw material for energy generation that the genotypes 
have a more consistent performance throughout the cuts. 
Thus, the best hybrids should be identified according 
to the mean values obtained in the combined analysis. 
Therefore, it can be asserted that hybrids H11, H13, and 
H14 stood out for displaying favorable performance in 
the three cuts. 

 
 

Table 1. Partial diallel crosses with eight parents and sixteen hybrids of elephant grass. 

 
Group 2 

(female parents) 

Group 1 (male parents) 

Taiwan A-144 

(P1) 
Vruckwona (P2) 

Pusa Napier nº 2 

(P3) 

Porto Rico 534-B 

(P4) 

Mercker Santa Rita (P1) H1 H5 H9 H13 

Taiwan A-146 (P2) H2 H6 H10 H14 

Mercker S. E. A. (P3) H3 H7 H11 H15 

Napier nº 2 (P4) H4 H8 H12 H16 
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Table 2. Production and percentage of dry matter of sixteen hybrids and eight parents in the three evaluation 
cuts. Campos dos Goytacazes - RJ. 2011/2012. 

 
Genotypes / 

Cut 

Traits 1/
 

DMY 
   %DM 

1st 2nd 3rd 1st 2nd 3rd 

H1 15.62 ab B 44.72 ab A 14.38 ab B 40.97 a A 38.93 a A 38.21 a A 

H2 13.79 ab A 23.08 ab A 11.34 ab A 39.00 a A 35.94 a A 36.90 a A 

H3 14.85 ab A 23.53 ab A 13.25 ab A 40.96 a A 38.84 a A 37.57 a A 

H4 15.14 ab B 41.23 ab A 11.60 ab B 40.99 a A 38.40 a A 35.29 a A 

H5 13.08 ab B 31.54 ab A 9.22 ab B 40.05 a A 36.32 a A 33.27 a A 

H6 16.97 ab B 53.86 ab A 13.16 ab B 40.85 a A 40.71 a A 37.43 a A 

H7 19.25 ab B 35.93 ab A 13.63 ab B 37.03 a A 32.61 a A 32.64 a A 

H8 13.94 ab AB 26.67 ab A 10.50 ab B 41.29 a A 38.09 a A 37.41 a A 

H9 15.64 ab AB 25.44 ab A 8.83 ab B 41.87 a A 36.07 a A 37.42 a A 

H10 12.71 ab A 17.64 b A 7.03 ab A 40.44 a A 34.40 a AB 32.00 a B 

H11 18.71 ab B 41.63 ab A 18.47 ab B 42.74 a A 38.80 a A 37.81 a A 

H12 17.73 ab A 25.93 ab A 12.79 ab A 41.94 a A 36.08 a AB 34.54 a B 

H13 17.53 ab A 37.72 ab A 16.74 ab B 33.89 a A 32.21 a A 35.28 a A 

H14 26.31 a AB 37.72 ab A 16.74 ab B 33.89 a A 32.21 a A 35.28 a AB 

H15 16.52 ab B 32.96 ab A 12.53 ab B 40.44 a A 37.49 a A 35.94 a A 

H16 16.75 ab B 34.61 ab A 13.16 ab B 42.46 a A 39.37 a A 35.94 a A 

Taiwan A-144 11.02 ab B 43.65 ab A 15.49 ab B 38.96 a A 35.37 a A 38.27 a A 

Vruckwona 20.23 ab A 30.05 ab A 23.98 a A 40.76 a A 34.04 a A 39.35 a A 

Pusa Napier nº 2 12.53 ab B 28.81 ab A 5.77 b B 31.94 a A 35.68 a A 37.06 a A 

Porto Rico 534-B 20.24 ab B 61.58 a A 18.39 ab B 41.20 a A 39.26 a A 38.00 a A 

Mercker Santa Rita 6.18 b B 30.92 ab A 11.08 ab B 31.94 a A 37.69 a A 34.91 a A 

Taiwan A-146 18.25 ab B 42.32 ab A 12.51 ab B 37.29 a A 35.57 a A 35.85 a A 

Mercker S.E.A. 16.46 ab B 30.33 ab A 9.00 ab B 40.05 a A 38.84 a A 35.01 a A 

Napier nº 2 14.22 ab AB 25.95 ab A 9.73 ab B 42.35 a A 36.45 a A 38.26 a A 

BAG-86 21.19 ab AB 33.37 ab A 19.48 a B 40.06 a A 36.95 a A 38.30 a A 

1
/DMY: dry matter yield, t.ha-1; %DM: percentage of dry matter. Means followed by the same uppercase and lowercase horizontally vertically 

do not differ by Tukey test (p<0.05). 
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Table 3. Plant height and stem diameter of sixteen hybrids and eight parents in the three evaluation cuts. Campos 

dos Goytacazes - RJ. 2011/2012. 

 
Genotypes / 

Cut 

Traits1/
 

HTG 
   SD 

1st 2nd 3rd 1st 2nd 3rd 

H1 3.73 ab A 3.90 ab A 2.56 a B 9.77 a B 13.42 abc A 8.79 b B 

H2 3.33 ab A 3.65 ab A 2.51 a B 9.66 a A 12.91 bc A 11.17 ab A 

H3 3.53 ab A 3.66 ab A 2.51 a B 10.89 a A 13.19 bc A 10.77 ab A 

H4 3.65 ab A 3.85 ab A 2.13 a B 9.66 a B 14.80 abc A 9.99 b B 

H5 3.13 b A 3.46 ab A 2.43 a B 9.44 a B 13.27 abc A 11.46 ab AB 

H6 3.58 ab A 3.90 ab A 2.63 a B 9.11 a A 11.58 c A 8.51 b B 

H7 3.61 ab A 3.81 ab A 2.53 a B 11.99 a B 16.04 abc A 11.02 ab B 

H8 3.45 ab A 3.70 ab A 2.58 a B 9.55 a B 14.24 abc A 11.03 ab AB 

H9 3.46 ab A 3.63 ab A 2.31 a A 10.22 a AB 13.17 abc A 9.21 b B 

H10 3.06 b A 3.23 b A 2.53 a B 8.89 a B 12.85 bc A 10.36 b AB 

H11 3.50 ab A 3.73 ab A 2.83 a B 9.11 a B 12.57 bc A 10.26 b AB 

H12 3.36 ab A 3.75 ab A 2.31 a B 12.00 a A 13.36 abc A 11.00 ab A 

H13 3.71 ab A 3.93 ab A 2.66 a B 8.99 a B 15.44 abc A 10.53 b B 

H14 3.61 ab A 3.61 ab A 2.91 a B 9.89 a B 13.48 abc A 10.57 b AB 

H15 3.48 ab A 3.70 ab A 2.53 a B 9.94 a B 13.60 abc A 10.34 b AB 

H16 3.65 ab A 3.89 ab A 2.66 a B 10.44 a B 14.27 abc A 10.85 ab B 

Taiwan A-144 3.66 ab B 4.10 a A 2.95 a C 10.33 aB 14.54 abcA 11.07 ab B 

Vruckwona 3.61 ab A 3.75 ab A 2.91 a B 11.11 a B 15.29 abc A 12.93 ab AB 

Pusa Napier nº 2 4.00 a A 3.76 ab A 2.73 a B 11.44 a B 17.54 ab A 12.57 ab B 

Porto Rico 534-B 3.93 a A 4.03 a A 3.05 a B 11.77 a B 16.95 abc A 11.68 ab B 

Mercker Santa Rita 3.50 ab A 3.31 ab A 2.83 a B 9.00 a B 15.76 abc A 10.35 b B 

Taiwan A-146 3.70 ab A 4.00 ab A 2.63 a B 11.22 a B 15.57 abc A 11.71 ab B 

Mercker S.E.A. 3.43 ab A 3.58 ab A 2.61 a B 9.77 a A 12.87 bc A 10.57 b A 

Napier nº 2 3.41 ab A 3.73 ab A 2.40 a B 10.66 a AB 13.49 abc A 9.86 b B 

BAG-86 3.45 ab A 3.66 ab A 3.00 a B 11.44 a B 18.47 a A 16.42 a A 

1/HGT: plant height, m; DC: stem diameter, mm. Means followed by the same uppercase and lowercase horizontally vertically do not differ by 

Tukey test (p<0.05). 
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Table 4. Leaf with and number of tillers of sixteen hybrids and eight parents in the three evaluation cuts. Campos 
dos Goytacazes - RJ. 2011/2012. 

 
Genotypes / 

Cut 

Traits1/
 

LW 
   NT 

1st 2nd 3rd 1st 2nd 3rd 

H1 1.53 b B 3.43 b A 1.96 bcdef B 37.66 ab B 51.33 a AB 61.33 a A 

H2 1.73 b B 3.26 b A 2.26 bcde B 29.66 ab A 32.0 ab A 46.66 a A 

H3 1.70 b B 3.32 b A 2.36 abcde B 36.0 ab B 46.0 ab A 66.66 a A 

H4 1.76 b B 3.56 b A 1.13 f B 28.66 ab B 35.33 ab B 75.33 a A 

H5 1.86 b C 3.41 b A 2.56 abc B 32.0 ab A 38.33 ab A 50.0 a A 

H6 1.60 b B 3.20 b A 1.86 cdef B 39.0 ab B 45.66 ab B 75.6 a A 

H7 1.63 b B 3.36 b A 1.7 cdef B 34.0 ab B 26.33 ab B 64.66 a A 

H8 1.40 b C 3.51 b A 2.26 bcde B 28.66 ab B 34.0 ab B 53.66 a A 

H9 1.33 b B 3.27 b A 2.03 bcdef B 36.0 ab A 36.66 ab A 46.66 a A 

H10 2.36 ab B 3.51 b A 2.5 abcd B 32.33 ab A 31.66 ab A 37.33 a A 

H11 1.80 b B 3.73 ab A 2.4 abcde B 42.66 a A 48.0 a A 57.1 a A 

H12 1.46 b B 3.18 b A 1.43 ef B 34.0 ab B 41.0 ab B 82.66 a A 

H13 1.63 b B 3.10 b A 1.76 cdef B 37.66 ab B 42.33 ab B 62.0 a A 

H14 2.76 ab B 4.04 ab A 1.86 cdef C 42.66 a A 29.0 ab A 46.66 a A 

H15 1.76 b B 3.42 b A 2.03 bcdef B 34.66 ab B 38.33 ab B 58.4 a A 

H16 1.83 b B 3.59 b A 2.13 bcdef B 36.66 ab B 40.33 ab B 61.33 a A 

Taiwan A-144 1.46 b B 3.69 ab A 1.96 bcdef B 16.0 b B 32.66 ab AB 48.0 a A 

Vruckwona 2.60 ab B 3.99 ab A 2.93 ab B 31.0 ab A 44.0 ab A 49.66 a A 

Pusa Napier nº 2 1.36 b B 3.37 b A 1.6 cdef B 15.66 b B 17.0 b B 42.33 a A 

Porto Rico 534-B 1.60 b B 3.73 ab A 1.50 def B 36.0 ab B 47.33 a AB 64.33 a A 

Mercker Santa Rita 2.83 ab B 3.82 ab A 2.03 bcdef C 30.66 ab B 36.0 ab AB 52.33 a A 

Taiwan A-146 1.96 b B 3.44 b A 1.43 ef B 30.0 ab B 37.66 ab AB 52.43 a A 

Mercker S.E.A. 1.93 b B 3.81 ab A 2.2 bcde B 34.0 ab A 34.33 ab A 51.0 a A 

Napier nº 2 1.60 b C 3.58 b A 2.3 bcde B 29.66 ab B 30.66 ab B 53.0 a A 

BAG-86 3.76 a B 4.91 a A 3.36 a B 25.0 ab A 22.33 ab A 36.16 a A 

1/LW: leaf with, cm; NT: number of tillers. Means followed by the same uppercase and lowercase horizontally vertically do not differ by Tukey 

test (p<0.05). 

 

 

Acknowledgements 

 
To the Conselho Nacional de Desenvolvimento 

Científico e Tecnológico - CNPq and Fundação Carlos 

Chagas Filho de Amparo à Pesquisa do Estado do 

Rio de Janeiro ‒ FAPERJ 



48 - FPBJ - Scientific Journal  

 

 

 
 

 

 

References 

ANDREOLI, C. 2008. Convergência de agricultura e energia: Produção de biomassa celulósica para 

biocombustíveis e eletricidade. Economia & Energia, 66:3-14. 

 

BENNET, H.W. 1976. Pasto Johnson, pasto alfombra y otras gramineas para El sur humedo de los Estados 

Unidos. In ‘Forrajes’. (Eds HD Hugues, ME Heath, DS Metcalfe) pp. 321-34. (C.E.C.S.A.: 
Mexico). 

 

CRUZ, C.D. 2013. GENES - a software package for analysis in experimental statistics and quantitative genetics. 
Acta Scientiarum. Agronomy, 35(3):271-276. 

 

CRUZ, R.S.; SANTOS, A.C.; CASTRO, J.G.D.; ALEXANDRINO, E.; CARAÇA, D.C.; DINIZ, J.P. 2010. 

Produtividade do Capim-Cameroon estabelecida em duas classes de solos e submetida a doses 
crescentes de nitrogênio no norte tocantinense. Acta Scientiarum. Animal Sciences, 32(4):393-399. 

 

DAHER, R.F.; PEREIRA, A.V.; PEREIRA, M.G.; LÉDO, F. J. S.; AMARAL JUNIOR, A.T.; ROCABADO, 

J.M.A.; FERREIRA, C.F.; TARDIN, F.D. 2004. Análise de trilha de caracteres forrageiros do capim-
elefante (Pennisetum purpureum Schum.). Ciência Rural, 34(5):1531-1535. 

 

DAHER. R.F.; VAZQUEZ, H.M.; PEREIRA, A.V.; FERNANDES, A.M. 2000. Introdução e Avaliação de 
clones de capim-elefante (Pennisetum purpureum Schum.) em Campos dos Goytacazes, RJ. Revista 

Brasileira de Zootecnia, 29(5):1296-1301. 
 

DIAS, F.J.; JOBIM, C.C.; BRANCO, A.F.; OLIVEIRA, C.A.L. 2008. Efeito de fontes de fósforo sobre a 

digestibilidade in vitro da matéria seca, da matéria orgânica e dos nutrientes digestíveis totais do capim 
- Mombaça (Panicum maximum Jacq. Cv. Mombaça). Semina Ciências Agrárias, 29(1):211-220. 

 

FLORES, R.A.; URQUIAGA, S.S.; ALVES, B.J.R.; COLLIER, L.S.; ZANETTI, J.B.; PRADO, R.M. 2013. 
Nitrogênio e idade de corte na qualidade da biomassa de capim-elefante para fins agroenergético 
cultivado em Latossolo. Semina: Ciências Agrárias, 34(1):127-136. 

 

FREITAS, E.V.; LIRA, M.A.; DUBEUX JR., J.C.B.; SANTOS, M.V.F.; MELLO, A.C.L.; TABOSA, J.N.; 

FARIAS, I. 2004. Características produtivas e qualitativas de clones de capim-elefante (Pennisetum 
purpureum Schum.) avaliados sob pastejo na Zona da Mata de Pernambuco. Acta Scientiarum. 

Animal Sciences, 26(2):251-257. 
 

MEINERZ, G.R.; OLIVO, C.J.; ZIECH, M.F.; AGNOLIN, C.A.; DULLIUS, A.P.; MORAES, R.S. 2008. 
Composição nutricional de pastagens de capim-elefante submetido a duas estratégias de manejo e 
pastejo. Acta Scientiarum Agronomy, 30(4): 379-385. 

 

MEINERZ, G.R.; OLIVO, C.J.; AGNOLIN, C.A.; DULLIUS, A.P.; MORAES, R.S.; MOMBACH, G.; 
FOLETTO, V.; MACHADO, P.R. 2011. Produção e valor nutritivo da forragem de capim-
elefante em dois sistemas de produção. Revista Brasileira de Zootecnia, 40(12): 2673-2680. 

 

MENEZES, B.R.S.; DAHER, R.F.; GRAVINA, G.A.; GOTTARDO, R.D.; SCHNEIDER, L.S.A.; ROCHA, 
A.S. 2016. Comportamento Per se de híbridos de capim-elefante para fins energéticos. Comunicata 

Scientiae, 7(1): 73-85. 

 

MORAIS, R.F.; SOUZA, B.J.; LEITE, J.M.; SOARES, L.H.B.; ALVES, B.J.R.; BODDEY, R.M.; 
URQUIAGA S. 2009. Elephant Grass genotypes for bioenergy production by direct biomass 
combustion. Pesquisa Agropecuária Brasileira, 44(2):133-140. 

 
OLIVEIRA, A.V.; DAHER, R.F; MENEZES, B.R.S.; GRAVINA, G.A.; SOUSA, L.B.; GONÇALVES, A.C.S.; 

OLIVEIRA, M.L.F. 2013. Avaliação do desenvolvimento de 73 genótipos de capim-elefante 
em Campos dos Goytacazes - RJ. Boletim Indústria Animal, 70(2):119-131. 



p. 49  

  Funcional Plant Breeding Journal / v.1, n.2, a.4 
 

OLIVEIRA, M.L.F.; DAHER, R.F.; GRAVINA, G.A.; SILVA, V.B.; VIANA, A.P.; RODRIGUES, E.V.; 
SHIMOYA, A.; AMARAL JÚNIOR, A.T.; MENEZES, B.R.S.; ROCHA, A.S. 2014. Pre-breeding 
of elephant grass for energy purposes and biomass analysis in Campos dos Goytacazes- RJ, Brazil. 
African Journal of Agricultural Research, 9(36): 2743-2758. 

 

PEREIRA, A.V.; DAHER, R.F.; PEREIRA, M.G.; LEDO, F.J.S.; SOBRINHO, F.S.; AMARAL JUNIOR, 
A.T.; FREITAS, V.P.; PEREIRA, T.N.S.; FERREIRA, C.F. 2006. Análise de cruzamentos dialélicos 

entre capim-elefante (Pennisetum purpureum Schum.) e milheto (Pennisetum glaucum (L.) R. 
Br.). 1. Características morfoagronômicas. Acta Scientiarum Agronomy, 28(2):267–275. 

 

PEREIRA, A.V.; MACHADO, M.A.; AZEVEDO, A.L.S.; NASCIMENTO, S.; CAMPOS, A.L.; LÉDO, F.J.S. 

2008. Diversidade genética entre acessos de capim-elefante obtida com marcadores moleculares. 
Revista Brasileira de Zootecnia, 37(7):1216-1221. 

 

QUEIROZ FILHO, J.L.; SILVA, D.S.; NASCIMENTO, I.S. 2000. Produção de matéria seca e qualidade do 
capim-elefante (Pennisetum purpureum Schum.) cultivar Roxo, em diferentes idades de corte. Revista 

Brasileira de Zootecnia, 29(1): 69-74. 
 

ROSSI, D.A.; MENEZES, B.R.S.; DAHER, R.F.; GRAVINA, G.A.; LIMA, R.S.N.; LÉDO, F.J.S.; GOTTARDO, 

R.D.; CAMPOSTRINI, E.; SOUZA, C.L.M. 2014. Canonical correlations in elephant grass for energy 
purposes. AfricanJournal of Biotechnology, 13(36): 3666-3671. 

 

SANTOS, M.M.P.; DAHER, R.F.; PONCIANO, N.J.; GRAVINA, G.A.; PEREIRA, A.V.; SANTOS, C.L. 

2014. Respostas do capim-elefante sob doses de adubação azotada de cobertura para fins 
energéticos. Revista de Ciências Agrárias, 37(1):100-108. 

 

STEEL, R.G.D.; TORRIE, J.H. 1980. Principles and procedures of statistics. (McGraw Hill: New York) 

 

SILVA, A.L.C.; SANTOS, M.V.F.; DUBEUX JÚNIOR, J.C.B; LIRA, M.A.; FERREIRA, R.L.C.; FREITAS, 
E.V.; CUNHA, M.V.; SILVA, M.C. 2010. Variabilidade e herdabilidade de caracteres morfológicos em 

clones de capim-elefante na Zona da Mata de Pernambuco. Revista Brasileira de Zootecnia, 39(10): 

2132-2140. 

 

VAN SOEST, P.J. 1994. Nutritional ecology of the ruminant. (Ithaca Cornell: University Press). 
 

VITOR, C.M.T.; FONSECA, D.M.; CÓSER, A.C.; MARTINS, C.E.; NASCIMENTO JÚNIOR, D; RIBEIRO 

JÚNIOR, J.I. 2009. Produção de matéria seca e valor nutritivo de pastagem de capim-elefante sob 

irrigação e adubação nitrogenada. Revista Brasileira de Zootecnia, 38(3): 435-442. 
 

XIA, Z.; HONGRU, G.; CHENGLONG, D.; XIAOXIAN, Z.; JIANLI, Z.; NENGXIANG, X. 2010. Path 
coefficient and cluster analyses of yield and morphological traits in Pennisetum purpureum. Tropical 

Grasslands, 44 (2): 95-102. 
 

ZANINE, A.M.; SANTOS, E.M.; FERREIRA, D.J.; PINTO, L.F.B.; PEREIRA, O.G. 2007. Características 

fermentativas e composição químico-bromatológica de silagens de capim-elefante com ou sem 
Lactobacillus plantarum e farelo de trigo isoladamente ou em combinação. Ciência Animal 

Brasileira, 8(4):621-628. 


