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ABSTRACT 
 

In the elephant-grass germplasm, there are genotypes that show a large genetic variability 
differentiated by morphological, reproductive, agronomic and biochemical characteristics. As such, 
there is a selection of new and more adapted elephant-grass genotypes, with greater productivity 
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and nutritional quality, which can cause an increase in the forage offer, especially during the dry 
season. Thus, this work aimed at evaluating, throughout two years, the productive performance and 
nutritional value of 53 elephant-grass genotypes to produce forage in the edaphoclimatic conditions 
in Campos dos Goytacazes city, Rio de Janeiro State, Brazil. The experiment was composed of 53 
elephant-grass accessions from the Banco de Germoplasma da Embrapa Gado de Leite 
(Germplasm Bank of Embrapa Gado de Leite), located in Coronel Pacheco city, Minas Gerais state, 
Brazil. It was applied the randomized complete block experimental design with 53 accessions two 
replications. Cuttings were performed every two months, throughout two years, totaling ten cuttings. 
The morpho-agronomic and bromatological characteristics were assessed, and the statistical 
analyses were carried out applying the Computational Applicative in Genetic and Statistics, Genes. 
Results indicated that there is a wide genetic variability among the elephant-grass genotypes 
concerning the characteristics under study. The Mineiro, Guaçu IZ-2 and Acesso 91 – EMBRAPA 
genotypes were those that showed to be superior to all traits evaluated simultaneously. They proved 
to be the most productive and with higher nutritional quality. Therefore, they are the most indicated 
to produce forage in the edaphoclimatic conditions of Campos dos Goytacazes city, Rio de Janeiro 
State. 
 

 
Keywords: Pennisetum purpureum Schum.; yield characteristics; nutrients; forage genetic resources. 
 

1. INTRODUCTION 
 

The efficient use of forage and pasture as a staple 
food for animals represents one of the most 
secure ways to increase productivity, reducing 
production costs, given that animal feed 
represents the highest cost for livestock activity, 
mainly when applying additional sources of high 
nutritional quality. In this regard, the utilization of 
alternative foods at a lower cost that promote 
good results in animals is needed to improve the 
cost-benefit relation [1]. 
 
The elephant-grass (Pennisetum purpureum 
Shum.) is recognized as one of the most used 
forage grasses in Brazil, since it is well adapted as 
ration for animal feed in the form of cutting, 
grazing, silage and hay [2]. It is a forage with a 
high potential of dry matter yield per area 
cultivated and is also an excellent low-cost 
alternative to high supplementation, with positive 
effects on the pasture stocking rates [3]. 
 
Besides the high productive potential, the 
elephant-grass has a good nutritional value 
being its annual production of dry biomass 
higher than 50 t ha

-1
 in the Southeast Region of 

Brazil, provided that efficient genotypes are used 
according to the edaphoclimatic conditions 
favorable to the growth of the culture [4]. That 
has increased the interest in this grass over the 
past years, owing to the possibility of increasing 
productivity and reducing the area explored with 
its use for direct grazing in rotational systems [5]. 
 
There are genotypes with a great genetic 
variability in the elephant-grass germplasm 

differentiated by morphological, reproductive, 
agronomic and biochemical characteristics [6]. 
Hence, the selection of new elephant-grass  
genotypes  with higher productivity, nutritional 
quality, and more adapted to the edaphoclimatic 
conditions can cause an increase in the forage 
offer, especially during the dry season. 
Consequently, that minimizes the effects of 
seasonality on production. 
 
Given that, this work aims at evaluating the 
productive performance and the nutritional value 
of 53 elephant-grass genotypes in 
edaphoclimatic conditions in Campos dos 
Goytacazes city, Rio de Janeiro State, Brazil 
over two years for forage production. 
 

2. MATERIALS AND METHODS 
 
2.1 Experimental Location and Soil 

Classification 
 
The experiment was conducted at the Centro 
Estadual de Pesquisa em Agroenergia e 
Aproveitamento de Resíduos (Agroenergy and 
Waste Management State Research Center) of 
PESAGRO in Campos dos Goytacazes city. It 
was lying between 21º19’23’’ south latitude and 
41º19’40’’ west longitude, and altitude varying 
between 20 and 30 m in the municipality. 
 

The soil is classified as Yellow Latosol with the 
following characteristics: pH 5.5; phosphorus 
(mg dm

-3
) 18; potassium (mg dm

-3
) 83; Ca 

(cmolc dm-3) 4.6; Mg (cmolc dm-3) 3.0; Al (cmolc 
dm

-3
) 0.1; H + Al (cmolc dm

-3
) 4.5 and; C (%) 

1.6. 
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Table 1.  Identification of the elephant-grass accessions from the Banco de Germoplasma de 
Capim-Elefante (BAG-CE) of Embrapa Gado de Leite released in Campos dos Goytacazes city, 

Rio de Janeiro State, Brazil 
 

 

Genotype Origin 
Elefante de Colômbia Colômbi 
Mercker IPEACO – Água Limpa – MG 
Três Rios Nova Odessa – SP 
Napier Volta Grande UFRRJ – Km 47 
Mercker Santa Rita UFRRJ – Km 47 
Pusa Napier nº 2 Índia 
Gigante de Pinda Pindamonhangaba –SP 
Napier Goiano Goiás 
Mercker S.E.A. UFRRJ – Km 47 
Taiwan A-148 UFRRJ – Km 47 
Porto Rico 534-B UFV – Viçosa – MG 
Taiwan A-25 UFRRJ – Km 47 
Albano Colômbia 
Híbrido Gigante da Colômbia Colômbia 
Pusa Gigante Napier Índia 
Elefante Híbrido 534-A UFV – Viçosa – MG 
Costa Rica Turrialba 
Cubano Pinda UFRRJ – Km 47 
Merckeron Pinda UFRRJ – Km 47 
Merckeron Pinda México UFRRJ – Km 47 
Mercker 86 – México Colômbia 
Taiwan A-144 UFRRJ – Km 47 
Napier S.E.A. UFRRJ – Km 47 
Taiwan A-143 UFRRJ – Km 47 
Pusa Napier nº 1 UFRRJ – Km 47 
Elefante de Pinda Colômbia 
Mineiro UFV – Viçosa – MG 
Mole de Volta Grande Volta Grande – SP 
Porto Rico CAMIG 
Napier Pedro Leopoldo – MG 
Merckeron Comum Pindamonhangada – SP 
Teresópolis UFRRJ – Km 47 
Taiwan A-26 UFRRJ – Km 47 
Duro de Volta Grande UFRRJ – Km 47 
Merckeron Comum Pinda UFRRJ – Km 47 
Turrialba UFRRJ – Km 47 
Taiwan A-146 UFRRJ – Km 47 
Cameron – Piracicaba UFRRJ – Km 47 
Taiwan A-121 UFRRJ – Km 47 
Vrukwona Piracicaba – SP 
P-241-Piracicaba nº 9 CNPGL 
IAC – Campinas UFRRJ – Km 47 
Elef. Cachoeiro de Itapemirim UFRRJ – Km 47 
Capim-Cana D’África EMCAPA – ES 
Gramafante - 
Roxo ESALQ – Lavras – MG 
Guaçu/IZ.2 Nova Odessa – SP 
Acesso 62 – EMBRAPA Embrapa Gado de Leite 
Acesso 64 – EMBRAPA Embrapa Gado de Leite 
Acesso 67 – EMBRAPA Embrapa Gado de Leite 
Acesso 68 – EMBRAPA Embrapa Gado de Leite 
Acesso 77 – EMBRAPA Embrapa Gado de Leite 
Acesso 91 – EMBRAPA Embrapa Gado de Leite 
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2.2 Identification of the Elephant-grass 
Accessions 

 
The experiment was composed of 53 elephant-
grass accessions from the Banco de 
Germoplasma da Embrapa Gado de Leite (Bank 
of Germplasm of Embrapa Milk Cattle), in 
Coronel Pacheco, Minas Gerais State (Table 1). 
 

2.3 Experimental Design and Data 
Collection  

 
The randomized complete block experimental 
design with 53 accessions and two replications 
was applied. Planting was made in April 2008 
after preparing the soil by ploughing, harrowing, 
and opening 50-cm row spacing, through whole 
plants arranged with the base touching the apex 
of the next plant in furrows with 10-cm depth. 
Subsequently to opening of the furrows, 100 kg 
of P2O5 were incorporated to the bottom of the 
furrow. After 50-days planting, fertilization was 
complemented with top dressing application of 
25 kg/ha of N. After each cutting, top dressing 
with 60 kg/ha of K2O and 50 kg/ha of N was 
applied. 
 

A standardization cutting was made in October 
2008, and a first evaluation cutting, in December 
2008. The other cuttings were made in February, 
April, July, October, and December 2009, also in 
February, April, July, and October 2010, which 
totalized ten cuttings, one cutting every two 
months throughout two years. 
 

The following morpho-agronomic and bromato-
logical characteristics were evaluated: 
 

2.3.1 Morpho-agronomic 
 

 Dry Matter Yield (DMY) – estimated by the 
product of the green matter weight of the 
whole plants (kg), weighed in suspended 
scale, from two square meters (2 m

2
), by 

thepercentage of dry matter of the whole 
plant (% WDM) from the sampling of those 
plants. The final value (kg/m2) is converted 
to t ha

-1
. 

 

2.3.2 Bromatological 
 

 Percentage of Crude Protein (%CP) – The 
determination of the crude protein was 
performed by the Micro-Kjeldhal method, 
according to Silva & Queiroz [7]. 

 Percentage of Neutral Detergent Fiber 
(%NDF) – the fiber contents in neutral 

detergent (%NDF) were estimated in 
accordance with the methodology 
described by Silva & Queiroz [7]. 

 

2.4 Data Analysis 
 
The analysis of variance was performed based 
on the mean of the plots considering the ten 
cuttings for the DMY trait. For the %CP and 
%NDF, the analysis was performed on the basis 
of the mean of two evaluations: one during rainy 
period and the other, in the dry period. All the 
effects were considered random for the analysis 
of variance. The following statistical model was 
applied: 
 
Yij = µ + Gi + Bi + єij, wherein 
Yij = value of the i-th genotype in the j-th block; 
µ = overall mean; 
Gi = effect of the i-th genotype;  
Bi = effect of the j-th block; and 
єij = experimental error. 
 
Subsequently, the genotype means were 
grouped for each variable applying the Scott & 
Knott test [8] at 5% probability. Those statistical 
analyses were carried out using the 
Computational Application in Genetic and 
Statistics, Genes [9]. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Analysis of Variance 
 
The values of the mean squares of the analysis 
of variance and of the experimental coefficient of 
variation for the morpho-agronomic (Dry Matter 
Yield) and bromatological (Percentage of Crude 
Protein and Percentage of Neutral Detergent 
Fiber) characteristics are displayed in Table 2. 
 
Results showed that there were significant 
differences for the dry matter yield (DMY) in t  
ha

-1
 cutting

-1
 (average of ten cuttings) and 

percentage of crude protein (%CP) by the F test 
at 5% probability. Nevertheless, for the 
percentage of neutral detergent fiber (%NDF) 
trait, it was significant at 1% probability (average 
of two cuttings). 
 
Among the elephant-grass accessions 
evaluated, the significant differences seen 
concerning DMY, %CP, and %NDF prove the 
variability among the 53 genotypes evaluated, 
which enables to select the best genotypes         
[10-11].  
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Table 2. Summary of the analysis of variance of morpho-agronomic and bromatological 
characteristics evaluated in 53 elephant-grass genotypes. Campos dos Goytacazes, Rio de 

Janeiro State. 2008-2010 
 

FV Mean squares 
DF DMY  %CP %NDF 

Block 1 3.6460 0,4972 71,8660 
Treatment 52 1.6698 * 0,2946* 5,3084** 
Waste 52 0,9743 0,1807 2,3692 
Overall  6,55 5,40 69,69 
CV(%)        15,07 7,88 2,21 
** and * significant at 1 and 5% probability, respectively, by the F test; Sources of variation (FV), Dry Matter Yield (DMY 

t ha-1), Percentage of Crude Protein (%CP) and Percentage of Neutral Detergent Fiber (%NDF) 

 
The coefficients of variation of the traits 
evaluated are between 2.21 and 15,7%, which 
appears to be suitable for the experimental 
evaluation. The variable dry matter yield (DMY) 
was the one that presented the highest value for 
the coefficient of variation (CV). The percentage 
of crude protein (%CP) and the percentage of 
neutral detergent fiber (%NDF) traits presented 
CV of 7.88 and 2.21%, respectively; that was 
considered a low value [12]. In this way, the 
coefficients of variations for the bromatological 
characteristics proved to be low, while, for the 
dry matter yield (DMY), it was considered as 
medium. 
 

3.2 Means Referring to DMY, CP and NDF 
Characteristics 

 
The mean values of the dry matter yield (DMY), 
the percentage of crude protein (%CP), and the 
percentage of neutral detergent fiber (%NDF) 
per genotype and the Skott-Knott cluster at 5% 
probability are shown in Table 3. 
 
Regarding the dry matter yield (DMY), the 
genotype means ranged from 4.704 to 8.883 t 
ha

-1
, and the mean was of 5.399 t ha

-1
; the 

genotypes that most stood out were Costa Rica; 
Guaçu/IZ.2; Elefante Híbrido 534-A; 
Gramafante; Mercker Comum; Mercker Comum 
Pinda; Mineiro; Mole de Volta Grande; Napier 
S,E,A.; Pasto Panamá; Porto Rico; Taiwan A -
144; Taiwan A-26; Taiwan A-26; and Vruckwona 
Africano. 
 

In a similar research, when assessing production 
and biomass quality characteristics of six 
elephant-grass genotypes under five different 
production ages, Vidal et al. [13] obtained dry 
matter yield ranging from 5.26 to 7.27 t ha-1 in 
eight-week age. 
 
On the other hand, Leão et al. [14] obtained as 
genotype mean 4.86 t ha

-1
 when evaluating the 

forage production of inter-specific hybrids of 
elephant-grass and millet; however, the 
genotype that most stood out produced 9.76 t 
ha-1; thus, it was higher than the one found in 
this work. 
 
With regard to the percentage of crude protein, 
the age in the harvest is the most important 
factor that affects the crude protein content of 
the elephant-grass, because, as the ages of the 
plants increase, the dry matter yield increases, 
but the crude protein decreases [15]. 
 
In this work, the crude protein contents ranged 
from 4.59 to 6.22%. The latter were lower than 
the ones found by Silva et al. [16], who obtained 
7.20% of crude protein when evaluating the 
percentage of crude protein of the elephant-
grass in the 61-day age. 
 
For the percentage of neutral detergent fiber 
(%NDF), percentages ranging from 68.78 to 
73.05% were found, and the overall mean was of 
69.69%. Similar results were encountered by 
Garcia et al. [17]. Lounglawan et al. [18], when 
evaluating the percentage of neutral detergent 
fiber in 60-day plants, discovered values 
between 73.71 and 76.49%; therefore they were 
higher and lower quality than the ones found in 
this paper. 
 
The genotypes that showed the highest values 
of %NDF were Napier Goiano; Mercker Santa 
Rita; Teresópolis; Mercker Comum; Acesso 67 – 
EMBRAPA Gado de Leite; Pusa Gigante  
Napier; Taiwan A -144; Mercker Comum         
Pinda; Vrukwona; Napier Volta Grande; Napier 
S,E,A.; Pusa Napier no 2; and Roxo. According 
to Van Soest [19], the analysis of NDF is         
inversely related to the dry matter digestibility. 
Thus, it can be noticed that, for this trait, the        
best performance was of the genotypes                 
that presented the lowest content percentages 
[14]. 
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Table 3. Means referring to morpho-agronomic and bromatological characteristics evaluated 
in 53 elephant-grass genotypes 

 
Genotypes DMY %CP %NDF 
Elefante de Colômbia 6.869 b 5.54 b 68.78 b 
Mercker 5.047 b 5.77 a 68.68 b 
Três Rios 4.704 b 5.94 a 66.92 b 
Napier Volta Grande 6.489 b 5.74 a 72.19 a 
Mercker Santa Rita 6.210 b 4.96 b 70.79 a 
Pusa Napier nº 2 6.839 b 5.50 b 72.47 a 
Gigante de Pinda 7.038 b 5.25 b 70.63 b 
Napier Goiano 5.922 b 5.57 b 70.65 a 
Mercker S.E.A. 5.451 b 5.29 b 67.56 b 
Taiwan A-148 4.926 b 5.57 b 67.03 b 
Porto Rico 534-B 6.632 b 5.26 b 69.10 b 
Taiwan A-25 7.089 b 5.64 a 68.05 b 
Albano 6.293 b 5.22 b 69.41 b 
Híbrido Gigante da Colômbia 5.747 b 5.70 a 70.39 b 
Pusa Gigante Napier 5.687 b 4.66 b 71.23 a 
Elefante Híbrido 534-A 7.137 b 5.32 b 68.92 b 
Costa Rica 7.366 a 5.25 b 70.20 b 
Cubano Pinda 6.379 b 5.60 a 65.96 b 
Merckeron Pinda 6.518 b 5.70 a 70.17 b 
Merckeron Pinda México 5.689 b 5.37 b 65.22 b 
Mercker 86 – México 5.128 b 4.96 b 69.43 b 
Taiwan A-144 8.883 a 5.64 a 71.35 a 
Napier S.E.A. 7.278 a 6.18 a 72.25 a 
Taiwan A-143 6.808 b 4.76 b 68.67 b 
Pusa Napier nº 1 6.424 b 5.69 a 69.22 b 
Elefante de Pinda 5.678 b 4.87 b 69.23 b 
Mineiro 7.364 a 5.90 a 69.53 b 
Mole de Volta Grande 7.513 a 5.44 b 69.60 b 
Porto Rico 8.718 a 4.59 b 67.40 b 
Napier 6.557 b 6.22 a 69.40 b 
Merckeron Comum 7.517 a 5.30 b 71.17 a 
Teresópolis 5.908 b 4.96 b 70.91 a 
Taiwan A-26 7.143 b 5.37 b 70.06 b 
Duro de Volta Grande 6.013 b 4.66 b 69.55 b 
Merckeron Comum Pinda 7.213 a 5.35 b 71.48 a 
Turrialba 6.404 b 5.45 b 68.59 b 
Taiwan A-146 6.714 b 5.25 b 68.13 b 
Cameron – Piracicaba 6.722 b 5.59 b 70.12 b 
Taiwan A-121 6.795 b 4.99 b 69.46 b 
Vrukwona 6.442 b 5.42 b 71.89 a 
P-241-Piracicaba nº 9 6.153 b 5.40 b 69.50 b 
IAC – Campinas 5.988 b 5.15 b 71.86 a 
Elef. Cachoeiro de Itapemirim 6.430 b 5.26 b 69.88 b 
Capim-Cana D’África 6.048 b 5.19 b 70.23 b 
Gramafante 7.485 a 5.43 b 70.13 b 
Roxo 5.059 b 5.90 a 67.07 b 
Guaçu/IZ.2 7.411 a 5.60 a 69.85 b 
Acesso 62 – EMBRAPA 6.679 b 5.36 b 73.05 a 
Acesso 64 – EMBRAPA 5.409 b 4.72 b 68.94 b 
Acesso 67 – EMBRAPA 7.721 a 5.65 a 71.19 a 
Acesso 68  6.498 b 6.15 a 70.18 b 
Acesso 77 – EMBRAPA 6.377 b 5.14 b 69.70 b 
Acesso 91 – EMBRAPA 8.652 a 5.76 a 70.37 b 

Dry Matter Yield (DMY) in t/ha, and Percentage of Crude Protein (%CP) and Percentage of Neutral Detergent Fiber 
(%NDF) 
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4. CONCLUSIONS 
 
There is a large genetic variability among the 
elephant-grass genotypes on the characteristics 
under study. 
 
The Mineiro, Guaçu IZ-2 and Acesso 91 – 
EMBRAPA genotypes were those that showed 
to be superior to all traits evaluated 
simultaneously. They proved to be the most 
productive and with higher nutritional quality. 
Therefore, they are the most indicated to 
produce forage in the edaphoclimatic conditions 
of Campos dos Goytacazes city, Rio de Janeiro 
State. 
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