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Ten Napier grass accessions were evaluated for their agronomic traits under 

diverse environmental conditions of Ethiopia. The study was conducted in 

randomized complete block design with three replications. Data on plant 

height and dry matter yield were analyzed using the general linear model 

procedures of SAS and least significance difference was used for mean 
comparisons. The combined analysis of variance indicated that the main 

effect differences among genotypes, environments and the interaction effects 

vary significantly for measured agronomic traits. The combined analysis for 

plant height differed significantly (P<0.05), which ranged from 103.80 to 

132.03 cm with a mean of 114.93 cm. The local accession gave the highest 

mean plant height followed by accession 16819 and 15743 while accession 

16792 gave the lowest over locations. Of the total variance of dry matter 

yield, environment main effect accounted for 40.6%, whereas genotype and 

genotype by environment interaction effects accounted for 14.8% and 38.8% 

respectively. The highest mean dry matter yield was recorded at Adamitulu 

(13.06 t/ha) followed by Areka (12.80 t/ha), Hawassa (11.80 t/ha), Debre zeit 

(10.50 t/ha) and Holetta (7.05 t/ha). The combined analysis indicated that dry 
matter yield varied significantly (P<0.05) among the tested accessions and 

the yield ranged from 7.97 to 12.57 t/ha with a mean of 11.04 t/ha. Accession 

16819 and 16792 gave the highest and lowest dry matter yield respectively. 

Generally, Napier grass accessions respond differently across the testing 

environments due to differential responses of the genotypes to various 

edaphic, climatic and biotic factors. 

 
                   Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction:- 
Napier grass (Pennisetum purpureum (L.) Schumach), also known as elephant grass, originated from sub-

Saharan tropical Africa (Clayton et al., 2013). Napier grass is a tall and deep-rooted perennial bunch grass well 

known for its high yielding capability and mainly used for cut-and-carry feeding systems (FAO, 2015) and fed in 

stalls, or it is made into silage or hay. It performs well in low, mid and highland areas of Ethiopia (Seyoum et al., 

1998; Tessema, 2005). It grows best at high temperatures but can tolerate low air temperatures under which the yield 

can be reduced and ceases to grow at a temperature below 10°C (Fekede et al., 2005). The herbage can be killed by 

light frosts but the underground parts remain alive unless the soil is frozen and growth resumes rapidly when 

http://www.journalijar.com/
http://dx.doi.org/10.21474/IJAR01
http://www.feedipedia.org/node/20075


ISSN 2320-5407                           International Journal of Advanced Research (2016), Volume 4, Issue 4, 1029-1035 
 

1030 

 

conditions become ideal (Fekede et al., 2005). It is propagated vegetatively by using stem cuttings, root splits or 

shoot tips which usually vary across agro-ecologies (Getnet and Gezahagn, 2012).  

 

Napier grass can provide a continual supply of green forage throughout the year and best fits in all intensive small 

scale farming systems (Alemayehu, 1997). It is a fast growing and has a high annual productivity that depends on 

the climatic conditions, especially of temperature and rainfall and it can produce biomass yield of 20-30 t 
DM/ha/year with good agronomic and management practices (Farrell et al., 2002). Based on chemical composition 

and in vitro dry matter digestibility (IVDMD), Napier grass could be categorized as high quality forage (Tessema et 

al., 2002). All forage crops respond dramatically to good management practices, hence, higher yields, better forage 

quality and improved persistence result from paying attention to the basics of good forage management conditions. 

The cultivation of high quality forages with a high yielding ability, adaptable to biotic and abiotic environmental 

stresses is one of the possible options to increase livestock production under smallholder farmers conditions 

(Tessema, 1999). However, the performance of forage species vary across locations due to differences in soil types, 

temperature and amount and distribution of rainfall. Testing the adaptability and yield potential of different forage 

crops across various agro-ecological zones are very important to identify the best-bet accessions for utilization. 

Accordingly, there is a need to evaluate Napier grass accessions for basic quantitative traits to address the feed 

demand of mixed farming systems. Therefore the objective of this study was to evaluate the agronomic performance 

of Napier grass accessions  under different environmental conditions of Ethiopia.  

 

Materials and methods:- 
Descriptions of the test environments:- 

The experiment was conducted under field conditions at Holetta, D/zeit, Adamitulu, Areka and Hawassa Agricultural 

Research Centers during the main cropping seasons. The test locations represents the low, mid and highland areas 

ranging in altitude from 1650 to 2400 masl. The farming system of the study areas is mixed crop livestock production 
system. Descriptions of the test environments are indicated in Table 1. 

 

Table 1: Descriptions of the test environments for geographical position and physico-chemical properties of the soils 

 

Parameter 

Agricultural Research Centers 

Holetta D/zeit Adamitulu Areka Hawassa 

Latitude 9° 00'N 9o N 7° 9'N 7°06'N 7°04'N 

Longitude 38° 30'E 39o E 38° 7'E 37°41'E 38°31'E 

Altitude (masl) 2400 1850 1650 1711 1700 

Distance from Addis Ababa (km)  29 48 167 300 275 

Annual Rainfall (mm) 1044 800 760 1400 1100 

Daily minimum temperature (°C) 6.2 12.2 12.6 14.5 12.9 

Daily maximum temperature (°C) 21.2 25.7 27.0 25.8 27.3 

Soil type Nitosol Alfisol Andosol Nitosol Fluvisol 

Textural class Clay Loam Sandy loam Silty loam Clay loam 

pH(1:1 H2o) 5.24 7.26 7.88 5.2 4.9 

Total organic matter (%) 1.80 2.83 2.38 2.65 4.60 

Total nitrogen (%) 0.17 0.22 0.39 0.36 0.35 

Available phosphorous (ppm) 4.55 10.84 37.41 2.75 2.62 

 

Experimental design and layout:- 

The ten accessions of Napier grass considered for this research experiment were 15743, 16783, 16791, 16792, 16794, 

16813, 16815, 16817, 16819 and local check. The planting material of the accessions were collected from Bako 

Agricultural Research Center and brought for planting to D/zeit Agricultural Research Center. The vegetative parts in 

the form of root splits and stem cuttings were distributed from D/zeit research center and planted under different 

agro-ecological conditions to evaluate their agronomic performance. The accessions were planted in 4 m x 4 m plot 

using a randomized complete block design (RCBD) with three replications at the beginning of the main rainy season. 

Root splits at Holetta and stem cuttings at D/zeit, Adamitulu, Areka and Hawassa were planted in four rows per plot. 

Stem cuttings with three nodes were planted to a depth of 15-20 cm at an angle of 45o. A total of 32 root splits/stem 

cuttings were planted per plot with the intra and inter row spacing of 0.5 m and 1 m respectively, giving a density of 

20,000 plants/ha. There was an alleyway of 2 m width between blocks and 1m width between plots. A blanket basal 

phosphorus fertilize was uniformly applied to all plots in the form of diammonium phosphate (DAP) at the rate of 
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100 kg/ha. After every harvest, the plots were top dressed with 50 kg/ha urea of which one-third applied at the first 

shower of rain and the remaining two-third applied during the active growth stage of the plant. All other crop 

management practices were done uniformly to all plots as required.  

 

Data collection and measurements:- 

Measurements taken before and after harvest were plant height at forage harvesting stage and forage DM yield. Plant 
height was based on five culms randomly selected from each plot, measured using a steel tape from the ground level 

to the highest leaf. For determination of biomass yield, accessions were harvested at forage harvesting stage from the 

two rows next to the guard rows of 5 cm above the ground level. Weight of the total fresh biomass yield was 

recorded from each plot in the field and the estimated 500 g sample was taken from each plot to the laboratory. The 

sample taken from each plot was weighed to know their sample fresh weight and oven dried for 24 hours at a 

temperature of 105oc to determine dry matter yield.  

Statistical analysis:- 

Differences among accessions were tested using analysis of variance (ANOVA) procedures of SAS general linear 

model (GLM) to compare treatment means (SAS, 2002). Least significance difference (LSD) at 5% significance 

level was used for comparison of means. The data was analyzed using the following model: Yijk = µ + Gi + Ej + 

(GE)ij + Bk(j) + e ijk;  Where, Yijk = measured response of genotype i in block k of environment j; µ = grand mean; Ti = 
effect of genotype i; Ej = effect of environment j; GE= genotype and environment interaction; Bk (j) = effect of block k 

in environment j; e ijk = random error effect of genotype i in block k of environment j 

 

Results and discussion:- 
Environment and interaction effect on Napier grass accessions performance:- 

Combined analysis of variance for measured agronomic traits of Napier grass accessions tested over environments is 
indicated in Table 2. The result indicated that the tested accessions varied significantly (P<0.05) for both measured 

agronomic traits. On the other hand, the environments displayed significant (P<0.001) variations for both measured 

agronomic traits. The Genotype x environment (G x E) interaction effects also reveled significant differences for 

plant height and DM yield. Where environmental differences are greater, it may be expected that the G x E 

interaction will also be greater.  

 

The G x E interaction is important for plant breeding because it affects the genetic gain and selection of cultivars 

with wide adaptability (Deitos et al., 2006; Souza et al., 2009). Statistically, G x E interactions are detected as 

significantly different patterns of response among the genotypes across environments, this will occur when the 

contributions (or level of expression) of the genes regulating the trait differ among environments (Basford and 

Cooper, 1998). Major difference in genotypes stability is due to crossover interaction effect of genotype and 

environment, therefore, changes in their rank vary in different environmental conditions. According to Dixon and 
Nukenine (1997), the interaction is a result of changes in a cultivar's relative performance across environments due to 

differential responses of the genotypes to various edaphic, climatic and biotic factors. Therefore, evaluation of yield 

performance and adaptation patterns of Napier grass  genotypes in multiple environments are very important for 

proper management and utilization. 

 

Table 2: Combined analysis of variance for measured agronomic traits of Napier grass accessions tested over 

environments. 

SN Traits 

Mean squares 

G x E Mean CV Genotype Environment 

1 Plant height (cm) ** *** ** 114.93 17.02 

2 Dry matter yield (t/ha) ** *** ** 11.04 25.70 

*= P<0.05; ** = P<0.01; *** = P<0.001; NS= Non-significant; G x E= Genotype by environment interaction 

 

Plant height at forage harvesting stage:- 
Mean plant height of Napier grass accessions were significantly (P<0.05) different across all testing environments 

except Areka (Table 3). The result indicated that the highest mean plant height at forage harvesting stage was 

recorded from Hawassa (140.53 cm) followed by Debre zeit (120.33 cm), Adamitulu (110.75 cm), Areka (106.67 

cm) and Holetta (96.33 cm) testing environments during the experimental periods. The highest mean plant height was 

obtained from local accession at Holetta (124.77 cm) and Debre zeit (172.83 cm) while accession 16819 produced 

the highest plant height at Adamitulu (150.47 cm) and Hawassa (158.83 cm). On the other hand, accessions 16813, 
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16792, 15743 and 16817 produced the lowest plant height at Holetta (75.13 cm), Debre zeit (96.03 cm), Adamitulu 

(84.23 cm) and Hawassa (121.50 cm) respectively. At Areka, all accessions were harvested at the same height (100 

cm) except accessions 16813 and 16815.  

 

Combined analysis for plant height also differed significantly (P<0.05), which ranged from 103.80 to 132.03 cm with 

a mean of 114.93 cm. Generally, the local accession gave the highest mean plant height followed by accession 16819 
and 15743 while accession 16792 gave the lowest plant height. This variation could be due to the differences in 

moisture content and soil fertility condition of the testing environments. Height at cutting is reported to affect the 

growth characteristics and productivity of Napier grass (Mureithi and Thrope, 1996). Other result also indicated that 

plant height at cutting significantly affects the fodder yield of Napier grass in Kenya (Muinga et al., 1992). Amongst 

the major agronomic practices required, harvesting of Napier grass at appropriate cutting height and defoliation 

frequencies are very important to improve DM yield and nutritive values of this plant (Butt et al., 1993; Tessema et 

al., 2003). A higher cutting height of Napier grass may result in underutilization and the quality of forage is reduced 

by a higher cutting height (Butt et al., 1993; Tessema et al., 2003).  

Table 3: Mean plant height (cm) of ten Napier grass genotypes/accessions tested across five locations/environments 

at forage harvesting stage 

 
SN 

 
Accessions 

Locations/environments  
Combined Holetta D/zeit Adamitulu Areka Hawassa 

1 15743 106.60c 124.27bc 84.23c 100.00 149.50ab 119.59abc 

2 16783 82.67ef 110.73bc 88.13bc 100.00 148.50ab 106.04cd 

3 16791 115.83b 124.97bc 111.90bc 100.00 139.50bcd 118.44abc 

4 16792 107.03bc 96.03c 85.10c 100.00 130.83cde 103.80d 

5 16794 96.83d 118.60bc 115.33abc 100.00 134.67bcde 113.09bcd 

6 16813 75.13f 99.97c 119.90abc 133.33 149.33ab 115.53bcd 

7 16815 80.03ef 104.80bc 121.67ab 133.33 128.00de 113.57bcd 

8 16817 86.10e 118.63bc 112.90bc 100.00 121.50e 107.83cd 

9 16819 88.33de 132.47b 150.47a 100.00 158.83a 126.02ab 

10 Local 124.77a 172.83a 117.90abc 100.00 144.67abc 132.03a 

 Mean 96.33 120.33 110.75 106.67 140.53 114.93 

 CV 6.09 14.56 18.90 22.82 6.31 17.02 

 LSD 10.06 30.06 35.91 41.76 15.21 14.17 

Means followed by a common superscript letters within a column are not significantly different at P<0.05. 

 

Forage dry matter yield:- 

A combined analysis of variance for forage DM yield of ten Napier grass accessions  tested across five environments 

is indicated in Table 4. The result showed that the main effect differences among genotypes, environments and the 
interaction effects were highly significant (P<0.001). This highly significant (P<0.001) G x E interaction effects 

indicating inconsistency in the performance of the genotypes across the environments and supporting the need for 

assessing performance in order to identify Napier grass genotypes with stable and superior yield across the 

environments. Of the total variance of DM yield, environment main effect accounted for 40.6%, whereas genotype 

and G x E interaction effects accounted for 14.8% and 38.8% respectively. This result shows that DM yield was 

significantly affected by changes in environment, followed by G x E interaction and  genotypic effects. The large 

variance for environment indicated that the environments were diverse, with large differences among environmental 

conditions causing most of the variation in DM yield performance of Napier grass genotypes. The highly significant 

environment effect and its high variance component could be attributed to the large differences among the testing 

environments in altitude, soil types, temperature and differences in both amount and distribution of annual rainfall 

and other agro-climatic factors. 
  

In the presence of G x E interaction, a genotype does not exhibit the same phenotypic characteristics under testing 

environments and various genotypes respond differently to a specific environment. According to Pham and Kang 

(1988) study, G x E interaction minimizes the utility of genotypes by confounding their yield performances. When 

genotypes perform consistently across locations, breeders are able to effectively evaluate germplasm with a 

minimum cost in a few locations for ultimate use of the resulting varieties across wider geographic areas (Gemechu, 

2012). However, with high genotype by location interaction effects, genotypes selected for superior performance 

under one set of environmental conditions may perform poorly under different environmental conditions (Ceccarelli, 



ISSN 2320-5407                           International Journal of Advanced Research (2016), Volume 4, Issue 4, 1029-1035 
 

1033 

 

1997). Therefore, development of cultivars or varieties, which can be adapted to a wide range of diversified 

environments, is the ultimate goal of plant breeders in a crop improvement program. 

 

Table 4: Combined analysis of variance for DM yield of ten Napier grass accessions tested across five environments 

Source DF SS MS Explained SS (%) 

Model 51 1770.19 34.71***  

Replication (R) 2 102.01 51.01** 5.76 

Environment (E) 4 718.49 179.62*** 40.59 

Genotype (G) 9 262.16 29.13*** 14.81 

G x E 36 687.53 19.10*** 38.84 

Error 98 788.72 8.05  

*** Significant at the 0.001 probability level; ** Significant at the 0.01 probability level 

 

Forage DM yield showed significant (P<0.05) variation among the tested Napier grass accessions across the testing 
environments (Table 5). The DM yield (t/ha) ranged from 4.57 to 8.74 at Holetta; 4.34 to 14.87 at Debre zeit; 9.73 to 

18.30 at Adamitulu; 6.95 to18.20 at Areka and 7.88 to 15.26 at Hawassa. The highest mean DM yield was recorded 

at Adamitulu (13.06 t/ha) followed by Areka (12.80 t/ha), Hawassa (11.80 t/ha), Debre zeit (10.50 t/ha) and Holetta 

(7.05 t/ha). Accession 16791 gave the highest mean DM yield at both Holetta and Debre zeit. Similarly, accessions 

16819, 16815 and 16794 gave the maximum DM yield at Adamitulu, Areka and Hawassa respectively. On the other 

hand, accessions 16815, 16794 and 16791 gave the lowest DM yield at Holetta, Areka and Hawassa respectively. 

Similarly, accession 16792 produced the minimum DM yield at Debre zeit and Adamitulu. Combined analysis 

indicated that DM yield varied significantly (P<0.05) among the tested accessions. Forage DM yield ranged from 

7.97 to 12.57 t/ha with a mean of 11.04 t/ha. Generally, accession 16819 and 16792 gave the highest and lowest DM 

yield respectively. The differences in plant height and DM yield occurred due to variations among the tested 

genotypes, testing environments and genotype x environment interaction effects. Herbage yield of Napier grass can 
be affected by the harvesting stage and plant height. Boonman (1993) and Tessema et al., (2003) reported that 

increasing foliage height increased biomass yield. According to Zewdu (2005) and Ishii et al., (2005), the taller 

varieties showed higher dry matter yields than the shorter varieties. 

 

Table 5: Mean forage DM yield (t/ha) of ten Napier grass accessions tested across five environments at forage 

harvesting stage 

 

SN 

 

Accessions 

Locations/environments  

Combined Holetta D/zeit Adamitulu Areka Hawassa 

1 15743 7.40bc 11.34ab 12.36cd 11.98bcd 8.43bcd 10.30bc 

2 16783 7.00bcd 10.82ab 10.97d 12.32bcd 14.68a 11.16abc 

3 16791 10.51a 14.87a 16.70ab 12.56abcd 7.88d 12.50a 

4 16792 6.50bcd 4.34c 9.73d 10.94bcd 8.34cd 7.97d 

5 16794 6.90bcd 8.44bc 11.87d 6.95d 15.26a 9.88cd 

6 16813 5.49
cd

 12.35
ab

 11.77
d
 13.87

abc
 11.42

abcd
 10.98

abc
 

7 16815 4.57d 9.94abc 11.27d 18.20a 12.71abc 11.34abc 

8 16817 6.17bcd 11.59ab 12.55cd 13.87abc 13.17ab 11.47abc 

9 16819 8.74ab 11.72ab 18.30a 10.62cd 13.49a 12.57a 

10 Local 7.23bcd 9.55abc 15.06bc 16.69ab 12.57abcd 12.22ab 

 Mean 7.05 10.50 13.06 12.80 11.80 11.04 

 CV 22.66 34.59 12.69 26.39 23.50 28.45 

 LSD 2.74 6.23 2.84 5.80 4.75 2.06 

Means followed by a common superscript letters within a column are not significantly different at P<0.05. 

 

Amongst the promising forage species promoted in Ethiopia, Napier grass could play an important role in providing a 

significant amount of high quality forage to the livestock (Tessema, 2005) both under the smallholder farmers and 

intensive livestock production systems with appropriate management practices (Seyoum et al., 1998; Alemayehu, 

2004). The DM yield of Napier grass increased as frequency between cuttings increased and this indicates that a long 
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harvest interval is necessary to achieve high herbage yields (Tessema et al., 2010). Generally, as grass matures, 

herbage yield is increased due to the rapid increase in the tissues of the plant (Minson, 1990). Yields of the grass vary 

depending on genotype (Schank et al., 1993; Cuomo et al., 1996), edaphic and climatic factors and management 

practices (Boonman, 1993). Water supply is highly associated with nutrient uptake and accumulation of biomass 

because of an accelerated maturation process when other factors such as temperature, soil fertility and light intensity 

are not limiting for forage growth (Van Soest, 1982; Humphreys, 1991). However, Napier grass can withstand 
considerable periods of drought (Butt et al., 1993), produces greater DM yield than other tropical grasses (Boonman, 

1997), and is of high nutritive value for dairy animals particularly when supplemented with high quality feeds such 

as legumes (Nyambati et al., 2003). 

 

Conclusion:-  
Napier grass accessions respond differently for measured agronomic performance across the testing environments 

due to differential responses of the genotypes to various edaphic, climatic and biotic factors. Measured agronomic 

traits showed  variations among the tested genotypes and the environments. The highest mean DM yield was 

obtained at Adamitulu, followed by Areka, Hawassa, Debre zeit and Holetta, indicating that Napier grass expressed 

its genetic potential under hotter than cooler environmental conditions in Ethiopia.  
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