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Abstract— The experiment was conducted in the East Gojjam Zone of the Amhara Regional State to evaluate the 

varieties of released Napier grass in the study area. The four varieties of Napier grass considered for this research 

experiment were Maralfalafa, ILRI- 16743, ILRI-14984 and Zehone-03 (Acc. 16819). The varieties were planted in 4 

m x 3 m plots using a randomized complete block design (RCBD) with three replications at the beginning of the main 

rainy season. Root splits at the Debremarkos onstation and Debere Eliyas sites were planted in four rows per plot. 

The analysis was conducted using R software. Least significance difference (LSD) at the 5% significance level was 

used for the comparison of means. The combined plant height, number of tillers per plant, total fresh biomass yield 

per hectare (t/ha), and total dry matter yield (t/ha) did not significantly differ between the varieties. The leaf-to-stem 

ratios of the Napier grass varieties were significantly different. In the present study, ILRI-14984 was found to be 

leafier than the other tested varieties. The combined analysis of the second- and third-year data revealed significant 

differences in plant height, number of tillers and leaf-to-stem ratio among the tested years. The greatest plant height 

(152.42 cm) at harvest was found in the second year after establishment, which was 2022, whereas the number of 

tillers per plant was greater in the 2023 harvest season. The testing location did not affect plant height, total fresh 

biomass yield per hectare, or total dry matter yield per hectare. The number of tillers per plant and the leaf-to-stem 

ratio significantly differed among the tested locations. A greater number of tillers per plant was recorded at the Debre 

Eliyas testing site. Similarly, the leaf-to-stem ratio was significantly greater at the same testing site. 
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I. INTRODUCTION 

With the world population projected to increase by 

more than 25% to 9.9 billion people by the year 2050 

[1], agriculture is expected to meet proliferating food 

and agro-pastoral demands [2] from limited land and 

water resources. Livestock are the key quality food 

sources for humans worldwide. The ability of 

livestock to meet this ever-increasing food demand 

around the world depends on the quality and quantity 

of livestock feed. 

Napier grass (Pennisetum purpureum Schumach) is 

the key diet of many elephants and, as such, is 

commonly known as elephant grass [3], but it may 

also be named elephant grass due to its robust growth 

as opposed to other grass species. Napier is a C4 

perennial grass in the Poaceae family. It can grow up 

to 7.5 m in height, and its extensive root system can 

penetrate up to 4.5 m, which makes it a highly 

drought-tolerant grass native to sub-Saharan Africa 

(SSA) and an underutilized source of biomass (4, 5, 6, 

7] and potentially important in carbon sequestration 

[8]. 
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Some of Napier's desirable characteristics include 

high yields per unit harvestable area [9], high 

photosynthetic and high water use efficiency [10; 11] 

and adaptability to sporadic drought and a wide 

range of soil and agro-ecological conditions [12; 13], 

making it a forage of priority. Napier establishes best 

in areas where the average annual precipitation is 

greater than 750 mm. Napier grass is known for its 

high dry matter (DM) yield potential (up to 78 

tons/ha/yr) [14; 15]. 

Among the promising forage species introduced to 

Ethiopia, Napier grass is reported to be a popular 

fodder crop in the Ethiopian highlands, where it has 

shown considerable potential to alleviate severe 

shortages of high-quality fodder [16]. Its leafy nature, 

considerable plant height, high tiller and regrowth 

ability make it a highly productive feed crop per unit 

area of land compared to other grass species [17]. 

The productivity of Napier grass varieties differs 

depending on environmental conditions, especially 

rainfall. Yields depend on fertility, moisture, 

temperature and management. DM yields of 10-30 

t/ha/yr are common (and can reach 85 t/ha/yr) if 

well fertilized and 2-10 t/ha/yr if unfertilized. More 

frequent cuts (up to 45 days) result in less dry matter 

but better leaf production than infrequent cuts [18]. 

Selecting the right variety can greatly increase yield. 

The yield (t DM/ha) of different varieties under the 

same management conditions ranged from 2.7 to 68.1 

tons in Ethiopia [19]. The yield can be simply 

multiplied up to 25 times [20] by selecting the right 

variety. Napier grass varieties differ in plant height, 

leaf number, tiller number, leaf-to-steam ratio, and 

leaf area index [20; 21; 22], which impact both yield 

and nutritive value. 

Livestock production is an integral part of the 

traditional crop-livestock mixed farming system of the 

East Gojjam Zone, where livestock provide 

livelihoods for smallholder farmers in terms of cash 

income, draught power, food, fuel, manure, and 

hedging against the risk of crop failure. Crop residues 

were found to be the dominant feed resources 

available in the zone, followed by communal grazing. 

Reports have shown that shortages and poor quality 

of available feed resources, poor adoption of 

improved breeds, skill and knowledge gaps in the 

application of improved livestock technologies, 

emerging diseases and resistance to drugs are the 

major livestock production constraints in this zone 

[23]. Therefore, the aim of this study was to identify 

adaptable and promising Napier grass varieties under 

East Gojjam agroecological conditions to reduce the 

feed gap. 

 

II. MATERIALS AND METHODS 

2.1. Description of the Testing Site 

The experiment was conducted in the East Gojjam 

Zone of the Amhara Regional State, the Debremarkos 

Agricultural Research Center onstation and the Debre 

Eliyas district (Yekegat Kebele). 

Table 1. Description of the testing locations for the 

adaptation of Napier grass varieties 

Parameters 

Testing locations 

Aneded On 

station 
Debre Eliyas 

Altitude (masl) 2470 2167 

Latitude (N) 10° 16' 01'' 10° 59' 52'' 

Longitude (E) 37° 46' 31'' 37° 14' 12'' 

ARF (mm) 1350 1400 

Temperature (°c) 7.5 - 27 17 - 27 

Soil pH 5.29 4.54 

Soil textural class Clay Nitosol 

 

2.2. Experimental design and layout: 

The four varieties of Napier grass considered for this 

research experiment were Maralfalafa, ILRI- 16743, 

ILRI-14984 and Zehone-03 (Acc. 16819). The planting 

material of the accessions was collected from the 

Holetta Agricultural Research Center. The varieties 

were planted in 4 m x 3 m plots using a randomized 

complete block design (RCBD) with three replications 

at the beginning of the main rainy season. Root splits 

at the Debremarkos onstation and Debere Eliyas sites 

were planted in four rows per plot. A total of 24 root 

splits were planted per plot with intra- and interrow 

spacings of 0.5 m and 1 m, respectively, resulting in a 

density of 20,000 plants/ha. There was a path 2 m 

wide between blocks and 1 m wide between plots. 

Basal phosphorus fertilizer was uniformly applied to 

all plots in the form of nitrogen, phosphorus and 

sulfur (NPS) at a rate of 100 kg/ha. After every cut, the 

plots were top dressed with 50 kg/ha urea, one-third 
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of which was applied at the first shower of rain, and 

the remaining two-thirds was applied during the 

active growth stage of the plant. All other crop 

management practices were performed uniformly in 

all plots as needed. 

2.3. Data collection and measurements: 

The number of tillers per plant, plant height at the 

forage harvesting stage, total fresh biomass yield, total 

dry matter yield and leaf-to-stem ratio were measured 

before and after harvest. Plant height was based on 

five culms randomly selected from each plot and 

measured using timber tape from the ground level to 

the highest leaf. For determination of biomass yield, 

varieties were harvested at the forage harvesting stage 

from the two rows next to the guard rows 5-10 cm 

above ground level. The total fresh biomass yield was 

recorded from each plot in the field, and an estimated 

500 g sample was taken from each plot. The samples 

taken from each plot were weighed to determine their 

fresh weight and oven-dried for 24 hours at 105°C to 

determine the dry matter yield. 

2.4. Statistical analysis: 

The analysis was conducted using R software. Least 

significance difference (LSD) at the 5% significance 

level was used for comparison of means. The data 

were analyzed using the following model:  

Yij = µ + Vi+ Bj + e ij,  

where  

Yij= measured response of variety i in block j;  

µ = grand mean; Vi= effect of variety i;  

Bj = effect of block j; and  

e ij = random error effect of variety i in block j. 

 

III. RESULTS AND DISCUSSION 

3.1. Performance of Napier Grass Varieties during 

Harvesting 

The combined performance analysis results for the 

four Napier grass varieties are presented in Table 1. 

The combined plant height, number of tillers per 

plant, total fresh biomass yield per hectare (t/ha) and 

total dry matter yield (t/ha) did not significantly 

differ between the two years. The greatest plant height 

was observed for the Maralfalfa (145.87 cm) Napier 

grass variety, followed by the ILRIs (1643, 136.93 cm) 

and Zehone-03 (Acc. 16819, 131.48 cm). A relatively 

lower plant height was found for ILRI-14984. The 

current result for Zehone-03 (Acc. 16819) was greater 

than the study result (126.02 cm) reported by [24] 

under different environmental conditions in Ethiopia. 

This variation could be due to differences in the soil 

fertility conditions of the testing locations. The height 

at cutting reportedly affects the growth characteristics 

and productivity of Napier grass [25]. Other results 

also indicated that plant height at cutting significantly 

affects the fodder yield of Napier grass in Kenya [26]. 

Among the major agronomic practices needed, 

harvesting Napier grass at appropriate cutting heights 

and defoliation frequencies is very important for 

improving the DM yield and nutritive value of this 

plant [27; 28]. A greater cutting height of Napier grass 

may result in underutilization, and the quality of the 

forage is reduced by a greater cutting height [27; 28]. 

The number of tillers per plant was comparable 

among the Napier grass varieties. In the present study, 

relatively high (49.55) numbers of tillers per plant 

were detected for ILRI-14984. 

There was no significant difference in the total fresh 

biomass yield per hectare among the Napier grass 

varieties. The highest fresh biomass yield was 

obtained for Maralfalfa, followed by the ILRI-14984 

variety. The total dry matter yield per hectare did not 

differ among the varieties. A numerically higher yield 

was recorded for ILRI – 16743, followed by Zehone-03 

(Acc – 16819). The total dry matter yield in the present 

study was lower than the forage DM yield, which 

ranged from 7.97 to 12.57 t/ha, with a mean of 11.04 

t/ha reported by [24] for ten accessions tested under 

different environmental conditions in Ethiopia. This 

may be due to the frequency of cuts per year during 

the forage harvesting stage. The herb yield of Napier 

grass can be affected by the harvesting stage and plant 

height. [29 and 28] reported that increasing foliage 

height increased biomass yield. According to [30] and 

[31], taller varieties have greater dry matter yields 

than shorter varieties. The DM yield of Napier grass 

increased as the frequency between cuttings 

increased, which indicates that a long harvest interval 

is necessary to achieve high herbage yields [32]. The 

leaf-to-stem ratios of the Napier grass varieties were 

significantly different. In the present study, ILRI-

14984 was found to be leafier than the other tested 

varieties. The current combined analysis revealed that 

http://www.aipublications.com/ijfaf
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the ILRI-16743 variety had a lower leaf than the other 

tested varieties. 

Table 2. Combined analysis of the performance of the tested Napier grass varieties 

Tested varieties PH NTPP TFBSth TDMYth LSR 

Maralfalfa 145.87 42.78 65.52 7.62 1.18bc 

ILRI - 16743 136.93 41.01 56.15 8.77 1.00c 

Zehone-03 (Acc-16819) 131.48 42.87 51.19 8.40 1.73b 

ILRI-14984 128.38 49.55 60.76 7.76 2.45a 

P value 0.13 0.37 0.13 0.72 <0.001 

CV 13.69 28.46 25.47 31.63 46.37 

LSD 15.42 10.39 12.34 2.31 0.59 

 

3.2. The performance of Napier grass varieties by 

year and location 

The combined analysis revealed significant 

differences in plant height, number of tillers and leaf-

to-stem ratio among the tested years. A greater plant 

height (152.42 cm) at harvest was found in the second 

year of establishment, that is, in 2022, whereas the 

number of tillers per plant was greater in the 2023 

harvest season. This may be because regrowth can 

result in more tillers than the first cut. The total fresh 

biomass yield and total dry matter yield did not 

significantly differ between the testing years. The 

Napier grass varieties showed significant differences 

in the leaf-to-stem ratio between the testing years. The 

Napier grass varieties were found to be leafier in 2023, 

the third year after establishment. 

The testing location did not affect the plant height, 

total fresh biomass yield per hectare or total dry 

matter yield per hectare. The number of tillers per 

plant and the leaf-to-stem ratio were significantly 

different among the tested locations. A greater 

number of tillers per plant was recorded at the Debre 

Eliyas testing site. Similarly, the leaf-to-stem ratio was 

significantly greater at the same testing site. 

Table 3. Effect of year and testing location on the performance of Napier grass varieties 

Parameters PH NTPP TFBSth TDMYth LSR 

Year  

2022 152.42a 40.33b 58.44 7.96 0.72b 

2023 118.92b 47.78a 58.37 8.82 2.45a 

P value <0.001 0.04 0.98 0.29 <0.001 

Location  

Onstation 136.98 36.60b 62.58 7.99 1.26b 

Debre Eliyas 134.36 51.51a 54.24 8.78 1.92a 

P value 0.63 <0.001 0.06 0.34 0.003 

LSD 10.90 7.35 8.72 2.03 2.03 

CV 13.69 28.45 25.47 33.22 46.37 

IV. CONCLUSION AND RECOMMENDATION 

The measured parameters of the Napier grass 

varieties were comparable. The plant height, number 

of tillers per plant, total fresh biomass yield per 

hectare and total dry matter yield per hectare were 

comparable across the tested Napier grass varieties. 

The testing location affected the number of tillers per 

plant and the leaf-to-stem ratio of the tested varieties. 

Similarly, plant height, number of tillers per plant and 

the leaf-to-stem ratio were affected by testing year 

across locations. Overall, the results of the present 

study showed that the tested Napier grass varieties 

were adaptable and performed well. Therefore, the 

body of interest, such as the extension system, NGOs, 

universities, and different actors involved in livestock 
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development, should demonstrate and encourage 

farmers to use these varieties to alleviate chronic 

livestock feed shortages in the East Gojjam Zone and 

similar environments. 
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