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SUMMARY 

Background: Utilizing improved forage grasses such as Napier (Pennisetum purpureum, acc. 15743), Desho 

(Pennisetum glaucifolium), and Gunia (Panicum maximum) grasses with proper management practices has the 

potential to solve the feed scarcity challenges in Ethiopia. Objective: To evaluate the effect of vermicompost (VC) 

and urea on the morphological characteristics and dry matter yield (DMY) of Napier, Desho, and Gunia grasses, as 

well as soil chemical properties across different altitudes of northwestern Ethiopia. Methodology: The experiments 

were conducted at mid and high-altitude locations using a Randomized Complete Block Design (RCBD) with a 

factorial arrangement and three replications. The treatments used were control (no fertilizer), 100% Vermicompost, 

100% urea, 30% urea + 70% vermicompost, and 70% urea VC +30% vermicompost. Morphological parameters like 

plant height (PH), number of tillers per plant (NTPP), number of leaves per plant (NLPP), and Leaf length per plant 

(LLPP) were measured. The DMY t ha−1 and leaf-to-stem ratio (LSR) were also measured. Soil chemical properties 

were analyzed before and after forage cultivation, and the composition of vermicompost was also analyzed. Results: 

Results showed that fertilizer treatments positively influenced the morphological parameters, DMY t ha−1, and soil 

chemical properties compared to the control treatment. Combined application of urea and vermicompost generally 

performed better than individual application, however, the difference among the combined treatments was not 

statistically significant. Better performance of forage grass was observed at the mid-altitude compared to the high 

altitude, with Napier grass showing the highest DMY t ha−1. Implications: The findings highlight the importance of 

altitude, forage grass species, and fertilizer application in enhancing soil chemical properties and productivity of forage 

grasses in Ethiopian farming systems. The combined use of vermicompost and urea shows promising potential and 

could be prioritized to optimize forage grass production. Conclusion: The application of vermicompost, urea, and their 

combination significantly improves the morphological parameters, DMY t ha−1, and soil chemical properties compared 

to the control treatment. To sustainably improve the productivity of livestock feed resources in Ethiopia, integrating 

improved forage varieties with enhanced agronomic management practices, particularly proper fertilizer application, 

is strongly recommended.  

Key words: Fertilizer treatment; Dry matter yield; Forage grass; Vermicompost – Urea integration; Soil Fertility  

 

RESUMEN 

Antecedentes: El uso de pastos forrajeros mejorados como el pasto Napier (Pennisetum purpureum, acc. 15743), el 

pasto Desho (Pennisetum glaucifolium) y el pasto Gunia (Panicum maximum) con prácticas de manejo adecuadas tiene 

el potencial de resolver los desafíos de escasez de alimento en Etiopía. Objetivo: Evaluar el efecto de la vermicomposta 

(VC) y la urea en las características morfológicas y el rendimiento de materia seca (DMY) de los pastos Napier, Desho 

y Gunia, así como en las propiedades químicas del suelo en diferentes altitudes del noroeste de Etiopía. Metodología: 

Los experimentos se llevaron a cabo en localidades de altitud media y alta utilizando un diseño de bloques completos 

aleatorizados (RCBD) con un arreglo factorial y tres réplicas. Los tratamientos utilizados fueron control (sin 
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fertilizante), 100% Vermicomposta, 100% urea, 30% urea + 70% vermicomposta y 70% urea VC + 30% 

vermicomposta. Se midieron parámetros morfológicos como la altura de la planta (AP), el número de macollos por 

planta (NMP), el número de hojas por planta (NPP) y la longitud de la hoja por planta (NPP). También se midieron las 

t DMY ha−1 y la relación hoja-tallo (LSR). Se analizaron las propiedades químicas del suelo antes y después del cultivo 

de forrajes, y también se analizó la composición de la vermicomposta. Resultados: Los resultados mostraron que los 

tratamientos con fertilizantes influyeron positivamente en los parámetros morfológicos, las t DMY ha−1 y las 

propiedades químicas del suelo en comparación con el tratamiento control. La aplicación combinada de urea y 

vermicomposta generalmente tuvo un mejor rendimiento que la aplicación individual; sin embargo, la diferencia entre 

los tratamientos combinados no fue estadísticamente significativa. Se observó un mejor rendimiento de las gramíneas 

forrajeras en la altitud media en comparación con la altitud alta, siendo el pasto Napier el que mostró las t DMY ha−1 

más altas. Implicaciones: Los hallazgos resaltan la importancia de la altitud, las especies de gramíneas forrajeras y la 

aplicación de fertilizantes para mejorar las propiedades químicas del suelo y la productividad de las gramíneas 

forrajeras en los sistemas agrícolas etíopes. El uso combinado de vermicomposta y urea muestra un potencial 

prometedor y podría priorizarse para optimizar la producción de pastos forrajeros. Conclusión: La aplicación de 

vermicomposta, urea y su combinación mejora significativamente los parámetros morfológicos, las t de RMS ha−1 y 

las propiedades químicas del suelo en comparación con el tratamiento control. Para mejorar de forma sostenible la 

productividad de los recursos forrajeros en Etiopía, se recomienda integrar variedades mejoradas de forrajes con 

prácticas de gestión agronómica optimizadas, en particular la aplicación adecuada de fertilizantes. 

Palabras clave: Tratamiento de fertilizantes; Rendimiento de materia seca; Pasto forrajero; Integración de 

vermicompost y urea; Fertilidad del suelo. 

 

 

INTRODUCTION 

 

Feed insecurity is the primary challenge to the 

sustainability of livestock production in Ethiopia 

(Mengistu et al, 2017, Tolera et al., 2019; Bezabih et 

al., 2020; Balehegn et al., 2020). Currently, feed 

insecurity is being aggravated because of the increase 

in livestock populations, urbanization, infrastructure 

development, and the expansion of cropland, which is 

leading to a reduction in grazing Shapiro et al.(2020), 

which indirectly reduces livestock productivity (Berhe 

et al., 2024). Shapiro et al. (2020), forecast a shortage 

of approximately 1.332 million tons of meat and 1.987 

million liters of milk by 2028 due to increased demand 

for animal products, while productivity is decreased. 

The population of livestock is projected/expected to 

rise approximately from 65 million CSA (2021) to 

over 90 million by 2030; thus, livestock feed insecurity 

will also increase.  

 

To address these growing feed challenges and ensure 

sustainable livestock productivity in Ethiopia, one 

promising approach involves the effective use of 

adopted and improved forage grass species with better 

agronomic practices such as proper harvesting and 

fertilizer application (Abera et al., 2021; Alemie and 

Gebremedhin, 2019). Desho, Napier, and Gunia 

grasses are some of the most widely used improved 

forage grasses used for livestock feed. They are 

adapted to the different agro-ecologies, making them 

suitable across Ethiopia (Feyissa et al., 2022). These 

improved forage grass species provide a sustainable 

solution that enhances the productivity of the livestock 

Mengistu et al. (2017) and Shifa et al.(2024), by 

reducing the dependency of animals on natural pasture, 

high biomass production per unit area (Getaneh, 2021) 

and also mitigating greenhouse gas emissions (Paul et 

al., 2020). Besides livestock feed, these forage grasses 

are used for soil and water conservation activities 

(Beyene et al., 2022; Ayele et al., 2021; Notenbaert et 

al., 2021). Therefore, using these improved forage 

grasses is a promising alternative to reduce the impacts 

of feed-related crises.  

 

Limited soil fertility, however, delayed the production 

potential of those improved forage grasses in Ethiopian 

conditions (Tessema et al., 2011). This soil infertility 

contributes to low biomass production and poor forage 

quality, aggravating feed shortages in smallholder 

farming systems. In such cases, applying fertilizers is 

pivotal in restoring soil fertility and unlocking the 

yield potential of improved forage cultivated in 

Ethiopia. Inorganic fertilizers like urea and DAP 

(Diammonium Phosphate) have been applied to the 

soil to enhance soil fertility, increase biomass yield, 

and improve the nutritional profile of forage grass 

(Bedaso et al., 2022). Nevertheless, the dependency on 

inorganic fertilizer poses challenges, including 

negative impacts on soil health, low affordability by 

smallholder farmers, high costs, and competition with 

food. These drawbacks of inorganic fertilizers 

underscore the growing interest in organic fertilizers 

like vermicompost, which is environmentally friendly, 

highly affordable, and cost-effective (Yadav et al., 

2021).  

 

Vermicompost (VC) is an organic fertilizer produced 

through the breakdown of organic materials using 

earthworms (Eisenia fetida, spp) and microorganisms 

Edwards et al. (2010), which produces a stable, peat-

like material with a low carbon to nitrogen (C: N) ratio. 

Moreover, it is a sustainable alternative and an eco-
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friendly technology that results in valuable organic-

rich humus under aerobic conditions (Aslam and 

Ahmad, 2020). On the other hand, vermicomposting is 

considered a sustainable approach to waste 

management and agricultural production, and it plays 

a pivotal role in mitigating greenhouse gas emissions 

(Panda et al., 2022). The application of vermicompost 

significantly improves the overall physical and 

biochemical properties of soil, while also reducing 

exchangeable acidity (Terefe et al., 2024a). This, in 

turn, enhances the availability of plant nutrients in 

acidic soils, leading to sustainable crop production 

(Dubey et al., 2020). In addition, using vermicompost 

alone or in combination with other fertilizers enhances 

the yield, growth, shoot biomass, root volume, and 

plant height, which promotes sustainable crop 

production (Adhikary, 2012; Andrade, 2013; Sabrina, 

2013; Joshi et al, 2013).  

 

However, the individual application of vermicompost 

to forage grass cannot achieve sustainable forage 

production Aslam et al. (2024) because of nutrient 

imbalance in vermicompost (Markam., 2021). 

Therefore, there is a need to find the midpoint between 

synthetic fertilizer (urea) and organic fertilizer 

(vermicompost) that may sustain forage production 

without affecting soil health and the environment. 

Given the individual limitations of both inorganic and 

organic fertilizers, the combined application of 

vermicompost and urea can address soil nutrient 

deficiencies, mitigate soil quality deterioration, and 

improve forage productivity (Oyege and Bhaskar, 

2023; Singh and Misal, 2022).  

 

Ethiopia has diverse agroecological zones such as 

lowland, midland, and highland, each with varying 

climatic conditions such as temperature, rainfall, and 

soil conditions, which significantly influence forage 

growth, nutrient uptake, and biomass production 

(Fikadu et al., 2022). Understanding site-specific 

responses to fertilizer application is therefore crucial 

for optimizing forage productivity. Therefore, the 

current study aimed to evaluate the effect of 

vermicompost and urea on the morphological 

characteristics and dry matter yield of Napier, Desho, 

and Gunia grasses, besides soil chemical properties 

across different altitudes of Ethiopia.  

 

MATERIALS AND METHODS 

 

Description of study areas  
 

The field experiment was conducted simultaneously 

during the main cropping season in the North Mecha 

(Ambomesk kebele) and Banja districts (Injibara 

University) to represent the mid and high altitudes, 

respectively, in northwestern Ethiopia. North Mecha 

district is located 35 km from Bahir Dar and 520 km 

from Addis Ababa, the capital of the Amhara region 

and Ethiopia, respectively (Figure 1). Geographically, 

North Mecha district lies between 11°5′N 11°38′ 

latitude and 36°58′ 37°22′E longitude and at an 

elevation of 1800-2500 masl. The mean annual rainfall 

and district temperature are around 3043.9mm and 

23.5°C, respectively. The major soil type of the district 

is Nitisol, characterized by low pH and high 

exchangeable acidity (Terefe et al., 2024a). Farmers 

widely apply inorganic fertilizers like urea and 

Nitrogen-Phosphorus-Sulfur blend fertilizer (NPS) to 

increase crop yield (Terefe et al., 2024a). Furthermore, 

furrow irrigation is a common irrigation practice in the 

district 
 

Banja district is located at a distance of 440 km in 

northwestern Addis Ababa and 120 km southeast of 

Bahir Dar, the capital of Ethiopia. Geographically, the 

district is located at a latitude of 100 56‟ 17‟ N, and 

longitude of 360 52‟ 16‟ E, and an altitude of 2509 

meters above sea level. According to the National 

Meteorological Service Agency from 1984 to 2017, 

the mean minimum and maximum temperatures of the 

study area were 10.30 C and 22.50 C, respectively and 

the mean annual rainfall was 1344 mm, with the main 

wet season lasting from June to September, followed 

by a less pronounced wet period until November.  

 

Land preparation and experimental materials 

 

The experimental sites were cleared, plowed by a 

tractor, and harrowed again using oxen 20 to 30 days 

before plot layout and planting to facilitate soil 

aeration and remove unwanted weeds. The required 

number of grasses for the experiment, characterized by 

good vigor, strength, and freedom from injury, was 

taken from the Andassa livestock research center. 

Vermicompost prepared from cattle manure, green 

material, crop residues, and straw was purchased from 

the Banja district farmers' training center, and urea was 

purchased from the local market (Merawi and Injibara 

town). Vermicompost was prepared in the Banja 

farmers' training center for 2 months from February to 

April 2023 as per the recommendation of Jaganathan 

et al. (2013) using wood-made boxes. 1 m2 boxes were 

used for vermicompost preparation. Bedding materials 

were brought to the area and equally distributed filling 

each bedding box. Cow dung and leafy materials were 

mixed and kept for five days for partial decomposition. 

Eisenia fetida species was used for vermicompost 

preparation, and approximately two hundred 

individual species were stocked in each of the bedding 

boxes.  
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Figure 1. Location Map of the Study Area in Northwestern Ethiopia, Amhara Region 

 

 

The composting boxes were checked daily to ensure 

optimal conditions for worm culture. Key 

physicochemical parameters, including moisture, 

aeration, temperature, and pH, were carefully checked 

and maintained throughout the process. To sustain the 

ideal moisture level, water was sprayed daily onto the 

vermicompost, and plastic sheets were placed over 

each bedding box to prevent moisture loss. Harvesting 

took place on the 60th day, at which point the worms 

were separated from the vermicast. The young worms 

and cocoons were separated from the vermicompost by 

hand as soon as the harvest, and using 3 mm sieves 

after the moisture was removed. The average C: N 

ratio of vermicompost used in the current study was 

6.82: 1 (Table 1). Finally, the required amount of 

vermicompost and urea was applied based on the 

recommendation of Joshi et al.(2013) and Diriba et al. 

(2013), respectively. Based on the recommendation, 5 

t ha−1 Vermicompost and 100 kg ha-1 urea were used 

for the current study. Vermicompost was applied 35 

days before, while urea was applied after forage 

establishment. Before uprooting the seedlings of 

grasses, the leaves were removed to reduce wilting by 

more water loss through transpiration.  

 

Soil sample and vermicompost analysis  

 
In both districts, soil samples were collected in May 

before planting experimental forage grass cultivars at 

a depth of 30 cm by the vertical insertion of a shovel 

and mixed to get a composite sample. Plant litter and 

other dirty materials on the soil surface were removed 

before collecting the samples. Soil sample collection 

followed the diagonal (X) sampling method, and 

composite samples of soils in both districts were made 

and put into a sterile plastic bag. The soil samples were 

mixed, taken as one composite sample, and brought to 

the Injibara University laboratory. Furthermore, at the 

end of the experiment, soil samples were collected 

from each plot, and composite samples per treatment 

were used for further analysis. The samples were air-

dried in an open space and then crushed with a mortar 

and pestle to make them fine and easy to grind with a 

mill. All chemical soil analysis was estimated 

following standard methods as described by Okalebo 

et al. (2002). Similar patterns were followed for the 

chemical analysis of vermicompost. The experimental 

land was cleared, plowed by tractor, and harrowed 

again by oxen plowing on days 20 to 30 before laying 

out plots and planting, to facilitate soil aeration and to 

remove unwanted weeds.  

 

Chemical composition of soil in the mid and high-

altitude locations before planting  

 

The chemical composition of the soil before planting 

and VC used is presented in Table 1. According to the 

classification of (Landon, 2015), the pH level of the 

soil recorded from the mid-altitude (5.31) is 

moderately acidic, while the pH level of the soil 

recorded in the high altitude (5.04) is strongly acidic. 

The Organic carbon (OC) obtained in the current study 

was low both in the mid (3.19) and high-altitude (2.81) 

locations, as per the rating by (Landon, 2015) Those 

who classified soil having above 20%, 10-20, 4-10, 2-

4, and below 2 are very high, high, medium, low, and 

very low, respectively. The total nitrogen (TN) of the 

soil in both altitudes was also low based on the 

classification of Landon 2014, who classified soils 

having TN 0.1-0.2 as low TN soils. On the other hand, 

the available phosphorus in the soil, both in the mid 

and high altitudes, is rated as very low. Based on the 

same classification, the CEC composition of soil in the 

mid-altitude (28.64) is grouped as high, while the 

Cation Exchange Capacity (CEC) in the high-altitude 

(24.9) location is rated as medium. The available 
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phosphorus of the soil (AvP) and the organic matter 

(OM) content of the soil were higher in the mid-

altitude than in the high-altitude location. Compared to 

the composition of the soil before the addition of 

fertilizer, VC had relatively high pH, OC, TN, AvP, 

OM, and CEC (Table 1).  

 

 

Table 1. Chemical composition of the soil before 

application of fertilizer and vermicompost.  

Soil 

properties 

Experimental site Vermicompost 

Mid-

land 

High-

land 

pH 5.31 5.04 7.52 

OC (g kg−1) 3.19 2.81 12.41 

TN (g kg−1) 0.19 0.18 1.82 

AvP (ppm) 2.74 1.96 5.03 

OM (g kg−1) 2.41 2.12 18.52 

CEC (cmol 

kg-1) 

28.64 24.9 65.25 

OM = Organic matter, TN = Total Nitrogen, AvP 

=Available Phosphors, CEC = Cation Exchange 

Capacity, OC = Organic Carbon, g kg−1 = gram per 

kilogram, cmol kg-1 = centimole per kilogram; ppm = 

part per million 

 

 
Treatments and experimental design 

 

The experiment was conducted with a randomized 

complete block design (RCBD), in a factorial 

arrangement (three forage grasses by five fertilizer 

levels) and three replications in both mid and high-

altitude research sites. The experiment comprised 45 

plots at each altitude. Each experimental unit had an 

area of 3m*3m with 1m and 0.5m between blocks and 

plots, respectively. Inter-row and intra-plant spacing 

were 0.5m and 0.3m, respectively, comprising 60 

plants in each plot. The three forage grasses, namely 

Desho grass (Pennisetum glaucifolium, Kulumsa DZF-

592), Napier grass (Pennisetum purpureum acc. 

15743), and Gunia (Panicum maximum) grasses, were 

collected from the Andassa livestock research center. 

The forage grasses were selected based on yield, 

adaptability, and good nutritional composition 

compared to other forage grasses. The treatment 

combination for each grass is presented in Table 2.  

 

 

Table 2. Treatment Combination. 

Treatments Level of application 

T1 Forage grass + no fertilizer 

T2 Forage grass + 100%VC 

T3 Forage grass + 70%VC:30%U 

T4 Forage grass + 30%VC:70%U 

T5 Forage grass + 100%U 

VC = vermicompost, U = Urea 

 

Data collection  

 
Plant growth variables such as plant height (PH), 

number of tillers per plant (NTPP), number of leaves 

per plant (NLPP), leaf length per plant (LLPP), and 

leaf width per plant (LWPP) were determined from an 

average of eight randomly selected plants from the 

middle rows of each plot. Plant height was determined 

by measuring the height of the main shoot of each 

sample plant from its base to its last leaf. The number 

of tillers per plant, the number of leaves per plant, and 

the number of roots per plant were determined by 

counting them visually in each of the eight sample 

plants from each plot, respectively. The leaf length of 

each sample plant was determined by measuring the 

size of each leaf from the base to the tip of the leaf, and 

the mean was calculated for each sample plant. The 

number of nodes per plant was also counted from the 

sample plants. Harvesting was done by hand using a 

sickle, leaving a stubble height of roughly 8 cm above 

the ground, Lounglawan et al. (2014) at 105 days of 

age. Leaf area was calculated by multiplying leaf 

length by the average leaf width measured at the 

bottom, mid, and tip of the leaf. The leaf-to-stem ratio 

was determined by dividing the leaf dry weight by the 

stem dry weight of the sample plants from each plot. 

For each of these growth variables, the mean of the 

sample plants was calculated and used for statistical 

analysis. 

 
Dry matter yield measurement 

 
After individual plant measurements, the stem and 

leaves were bulked separately, and about 500g of stem 

and leaves were taken for dry matter analysis. When 

the grass reached the proper harvesting date, the 

sample grass was harvested from the two middle rows 

of each plot (1m2) at 8cm above the ground. Soon after 

harvesting from 1m2, the fresh weight was measured, 

and afterward, 500 grams of fresh weight of each grass 

sample was air dried. After determining the dry matter, 

the dry matter yield of each forage grass per 1m2 was 

computed by multiplying the dry matter percentage 

with the fresh biomass taken from the sampling area 

and converting the result to t ha−1.  

 

Statistical Analysis  

 
The collected data were subjected to the analysis of 

variance (ANOVA) using the GLM procedure of R 

Studio version 4.3.2. The difference among means was 

separated by Tukey's honest significant test when 

treatment effects were significant (P< 0.05). The 

statistical model for this design was:  

 

Yijk = μ + Bi +Fj + Ak +Al + (Fj * Ak*Al) + eijkl.  

 

Where: 
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Yijk =the response (dependent) variables, μ = overall 

mean, Bi= ith block effect, Fj = jth factor effect 

(fertilizer treatment), Ak = kth factors effect (forage 

grasses), Al = altitude effect, Fj*Ak*Al= interaction 

effect (fertilizer level * forage grasses, fertilizer 

level*altitude, forage grass*altitude), eijkl = random 

error  

 

RESULTS 

 

Post-harvest soil Chemical composition  

 

Table 3 presents the interaction effect of altitudes, 

fertilizer level, and forage grasses on soil chemical 

properties. The chemical composition of the soil was 

improved after the application of fertilizer (VC and 

urea). The current finding elucidates that the 

composition of soil pH, OC, TN, OM, CEC, and AvP 

content was significantly (P<0.001) higher for each 

fertilized plot than for unfertilized plots. The soil pH, 

OC, TN, OM, CEC, and AvP contents were 

significantly (p<0.001) highest for the full dose 

(100%) of VC, but were lower for the sole application 

of urea. Improvements in soil composition were 

observed as the VC level increased. The full dose 

application of urea (100%) had a lower improvement 

in soil chemical composition than the full dose (100%) 

application of VC, but improvement was observed 

over the control plot.  

 
Significantly (P<0.001) higher pH level of soil was 

found in the mid-altitude location (6.06) compared to 

the high-altitude location (5.66) (Table 3). Other soil 

parameters, such as percentage of organic carbon 

(%OC), total nitrogen (TN), organic matter (OM), 

cation exchange capacity (CEC), and available 

phosphorus (AvP), were also significantly (P<0.001) 

higher in the mid-altitude compared to the high-

altitude location. 

 

 

Table 3. Interaction effect of fertilizer type, forage grasses, and altitude on soil composition after forage harvest. 

 Parameters 

Variables pH OC (g kg−1) TN (g kg−1) AvP (ppm) OM (g kg−1) CEC (cmol kg-1) 

Altitude  

Mid  6.06a 4.08a 0.27a 3.17a 3.20a 32.80a 

High  5.66b 3.69b 0.23b 2.21b 2.79b 27.48b 

Sig  *** *** *** *** *** *** 

Forage grass   

Desho grass 5.86 3.90a 0.26a 2.66b 2.97 30.28a 

Napier grass 5.85 3.89a 0.24b 2.69a 3.03 30.16ab 

Panicum maximum grass 5.87 3.84b 0.26a 2.71a 3.00 29.98b 

Sig  ns ** *** *** ns * 

Fertilizer treatments   

Control 5.28e 3.01e 0.19d 2.38d 2.26d 26.44d 

100%VC  6.34a 4.62a 0.32a 2.93a 3.57a 33.18a 

70%VC:30% Urea 6.19b 4.48b 0.29b 2.91a 3.49a 33.32a 

30% VC: 70% Urea 5.89c 3.90c 0.25c 2.69b 3.20b 29.86b 

100% Urea 5.59d 3.39d 0.20d 2.54c 2.47c 27.89c 

Overall mean  5.86 3.88 0.25 2.69 3.00 30.14 

Sig  *** *** *** *** *** *** 

CV (%) 0.65 1.38 9.08 1.51 3.60 1.53 

SE 0.02 0.03 0.013 0.02 0.06 0.27 

Interaction        

Fg*Ft *** *** * *** *** *** 

Fg*Alt *** *** Ns *** *** *** 

Alt*Ft *** *** *** *** *** *** 

Alt*Fg*Ft *** *** Ns  *** *** *** 

*=significant at 0.05, **=significant at 0.01, ***=significant at 0. 001, means within a row followed by the same letters 

are not significantly different, ns = not significant, SE = Standard error, %OC = percent organic matter, TN = Total 

nitrogen, AvP = Available phosphorus, %OM = Percent organic matter, CEC = cation exchange capacity, g kg−1 = 

gram per kilogram, cmol kg-1 = centimole per kilogram, ppm = part per million 
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Although no significant difference was observed, 

planting of Guinea grass improves the pH level of the 

soil, followed by Desho and Napier grass. Planting 

Desho and Guinea grass improves the soil TN 

compared to the cultivation of Napier grass. On the 

other hand, the cultivation of Napier and Guinea grass 

improves the AvP over the planting of Desho grass. No 

significant differences in the CEC value of the soil 

were recorded among the forage grasses cultivated in 

the current study.  

 

The interaction effects among forage grasses, fertilizer 

types, and altitude significantly affected the chemical 

properties of soil (Table 3). Specifically, soil pH was 

significantly affected by the interactions between 

forage grass and fertilizer, forage grass and altitude, as 

well as altitude and fertilizer. Similarly, other soil 

properties, including organic carbon (OC), available 

phosphorus (AvP), organic matter (OM), and cation 

exchange capacity (CEC), were significantly (P< 

0.001) influenced by these same interaction effects. 

However, the interaction between altitude and forage 

grass did not have a significant effect on the total 

nitrogen (TN) content of the soil. 

 

Plant growth characteristics and dry matter yield (t 

ha−1) of forage grass  

 
The effects of fertilizer, forage grass, altitudes, and 

their interaction on the morphological characteristics 

and dry matter yield (t ha−1) of forage grasses are 

presented in Table 4. Forage grasses in the mid-altitude 

are significantly (P<0.001) taller (118.91cm) than 

forage grasses in the high-altitude location 

(101.84cm). Similarly, the NTPP (33.54), LLPP 

(56.24cm), NLPP (233.37), NRPP (112.56), and RLPP 

(38.54cm) in the mid-altitude location were 

significantly (P<0.001) higher than NTPP (28.1), 

LLPP (43.66cm), NLPP (207.94), NRPP (93.46), and 

RLPP (29.02cm) in the high-altitude location (Table 

4). The Dry matter yield (t ha−1) of forage grass was 

also significantly higher in the mid-altitude (3.59 t 

ha−1) than high altitude (3.06 t ha−1) location. Higher 

LSR of forage grass in the current study was recorded 

from the mid-altitude (1.7) location than the high 

altitude (1.53). 

 

Plant height (PH) was significantly affected by the 

addition of different levels of VC and urea. The tallest 

plant was recorded from the grass amended with 70% 

VC + 30 % Urea (121.44cm) and 30% VC +70 % Urea 

(119.83cm) than the other treatment combinations 

(Table 4). The shortest PH of forage grasses was 

recorded from the control plots (96.88cm) than the 

other fertilizer treatments. Compared to the sole 

(100%) application of VC (102.2cm), longer PH was 

recorded from the full dose application of urea 

(111.52cm). The other morphological parameters, 

such as NTPP, NLPP, LWPP, and NRPP, were higher 

in the combined application than in the sole application 

of each fertilizer, and improvement was observed as 

the level of VC increased. The lowest morphological 

parameters, like PH (96.88cm), NTPP (25), LLPP 

(43.65cm), NLPP (208.67), NRPP (91.92), and RLPP 

(29.11cm) were recorded from the control treatment. 

Compared to the sole (100%) application of VC, the 

improved morphological parameters were recorded 

from the full dose (100%) application of urea. The 

improved morphological parameters were recorded 

from the combined application rather than the sole 

application of each fertilizer. Similar to other 

morphological parameters, higher LSR and DMY (t 

ha−1) of forage grass were obtained from the fertilized 

treatment than from the unfertilized plot. The 

combined application also improves the LSR and 

DMY (t ha−1) of forage grass than the single 

application.  

 

The longest plant was recorded from Napier grass 

(142.78cm) and was significantly (P<0.001) higher 

compared to Guinea (119.41cm), and Desho grass 

(68.93cm). The NTPP was significantly (P<0.001) 

higher for Desho grass (53.92) followed by Napier 

(21.04), while fewer NTPP were recorded from Guinea 

grass (17.50) (Table 4). Similarly, the highest number 

of roots (124.89) was recorded from Desho grass than 

from Guinea (106.23) and Napier grass (77.91), 

respectively (Table 4). The root length (58.23cm) and 

leaf length (71.19cm) were higher for Napier grass 

than for Guinea and Desho grass. A smaller number of 

tillers (17.5) and roots (77.91) were recorded from 

Guinea grass and Napier grass, respectively. 

Significantly (P<0.001) higher DMY (t ha−1) of forage 

grass was obtained from Napier grass (4.44 t ha−1) 

followed by Guinea (3.29 t ha−1) and Desho grass (2.24 

t ha−1), respectively. The LSR of forage grass was 

higher for Napier grasses (2.55), and the lowest LSR 

was obtained from Guinea grass (1.05).  

 

Except for soil pH, the interaction between forage 

grass and fertilizer treatment significantly affected the 

morphological parameters and dry matter yield (DMY) 

of the forage grasses. Likewise, the interaction 

between forage grass and altitude had a highly 

significant effect (P<0.001) on these same parameters. 

In contrast, the interaction between altitude and 

fertilizer treatment had no significant effect on the 

number of NTPP, LWPP, PH, and LSR. However, it 

significantly influenced the LLPP, NLPP, NRPP, LA, 

and DMY of the forage grasses. 
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Table 4. Interaction effect of fertilizer levels, altitudes, and forage grass on the morphological characteristics 

and dry matter yield (t ha−1) of forage grasses.  
 Parameters 

Variables NTPP 

(count) 

LLPP 

(cm) 

LWPP 

(cm) 

NLPP 

(count) 

PH 

(cm) 

NRPP 

(count) 

RLPP 

(cm) 

LA LSR DMY (t 

ha−1) 

Altitudes 

Mid  33.54a 56.24a 2.08a 233.37a 118.91a 112.56a 38.54a 121.7a 1.70a 3.59a 

High  28.10b 43.66b 1.82b 207.94b 101.84b 93.46b 29.02b 83.97b 1.53b 3.06b 

Sig  *** *** *** *** *** *** *** *** *** *** 

Forage grass  

Desho grass 53.92a 26.21c 1.56c 310.59a 68.93c 124.89a 8.49c 41.55c 1.25b 2.24c 

Panicum grass 17.5b 52.45b 2.26a 233.79b 119.41b 106.23b 34.62b 120.85b 1.05c 3.29b 

Napier grass 21.04b 71.19a 2.03b 117.58c 142.78a 77.91c 58.23a 146.10a 2.55a 4.44a 

Sig  *** *** *** *** *** *** *** *** *** *** 

Fertilizer treatments  

Control 25.00d 43.65d 1.71d 208.67d 96.88d 91.92d 29.11d 77.57d 1.43d 2.65d 

100%VC 27.62c 47.42c 1.83c 215.08c 102.20c 97.62c 31.47c 90.53c 1.51c 2.90c 

70%VC:30%U 35.83a 54.65a 2.16a 229.07a 121.44a 111.10a 37.89a 123.85a 1.76a 3.93a 

30% VC: 70% U 35.49a 53.74a 2.11a 229.54a 119.83a 110.03a 37.22a 118.76a 1.74a 3.86a 

100%U 30.15b 50.28b 1.96b 220.93b 111.52b 104.38b 33.22b 103.45b 1.64b 3.29b 

Sig  *** *** *** *** *** *** *** *** *** *** 

Overall mean  30.82 49.95 1.95 220.66 110.37 103.01 33.78 102.83 1.62 3.33 

CV (%) 5.02 2.51 4.27 1.31 2.75 1.95 3.44 5.79 3.26 2.81 

SE 0.894 0.73 0.15 1.63 1.77 1.169 0.683 3.47 0.028 0.05 

Interaction 

Fg*Ft *** *** *** *** ns *** *** *** ** *** 

Fg*Alt *** *** *** *** *** *** *** *** * *** 

Alt*Ft Ns * Ns *** Ns ** Ns ** Ns *** 

*=significant at 0.05, **=significant at 0.01, ***=significant at 0. 001, means within a row followed by the same letters 

are not significantly different, ns = not significant, SE = Standard error, NTPP = number of tillers per plant, LLPP = 

leaf length per plant, LWPP = leaf width per plant = NLPP = number of leaves per plant, PH = plant height, NRPP = 

number of roots per plant, RLPP = root length per plant = LA, leaf area, LSR = leaf to stem ratio, and DMY = Dry 

matter yield, U = urea 

 

DISCUSSION 

 

Post-harvest soil chemical properties  

 

The result of the current study showed that soil 

chemical properties were altered after the application 

of different levels of VC and urea fertilizer. The full 

dose (100%) addition of VC to the soil increased soil 

pH level by 20.08% and 13.42% compared to the 

unfertilized treatment and 100% urea application, 

respectively. The increment of soil pH in the sole 

addition of VC was supported by the research (Terefe 

et al., 2024). The significant increase in soil pH in the 

full dose (100%) VC addition might be attributed to 

the reduction of soil acidity through the decomposition 

of organic matter (OM) (Assefa, 2019) and the 

addition of basic cations from VC to the soil (Alem and 

Fassil, 2015) which can help buffer the soil against a 

decrease in pH.  

 

Moreover, the current study found that the combined 

application of VC with urea significantly improved the 

pH level of the soil compared to the application of urea 

alone (100%). In line with this finding, Habtamu et al. 

(2024), Lemmesa. (2020); Terefe et al. (2024b) have 

reported that the combined application of organic and 

inorganic fertilizers improves the pH level of the soil 

in the Ethiopian farming system. In contrast, the lowest 

pH level of the soil was observed in the 100% urea-

amended treatments, likely due to could be due to the 

acidifying effect of urea, which releases H+ ions during 

nitrification and plant root uptake (Desta, 2015). A 

lower pH level of soil was obtained from the control 

treatment, possibly due to the absence of more decayed 

material of forage grass, due to the lower performance 

of forage grass in the control plots.  

 

The full dose (100%) addition of VC also increased the 

nitrogen content of the soil by 60% more than 

compared to the sole urea application, which might be 

attributed to, the nitrogen found in inorganic fertilizer 

(urea) decomposes quickly which could easily leach, 

while N found in the organic fertilizer (VC) is released 

more slowly remain available in the soil until the end 

of the forage harvest (Richter and Roelcke, 2000). 

Similarly, Ghimire et al. (2023) and Habtamu et al. 

(2024) found and proved that the application of VC 

improves the nitrogen content of the soil. In contrast to 

the current study, Gadisa. (2021), applying inorganic 

fertilizer together with organic fertilizer increased the 

total N content of the soil than when used separately. 

In the current study, the combined application of VC 

and urea increases the TN contents of the soil over the 
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control treatment, which is consistent with the finding 

of Habtamu et al. (2024).  

 

The result of the current study further revealed a 

significant difference in available phosphorus (AvP) 

among the examined treatments. The highest AvP was 

obtained from the 100% VC-treated plot, while the 

lowest was from the control treatments. The increased 

AvP could be attributed to OM in the VC enhancing 

phosphorus mineralization and availability in the soil 
(Terefe et al., 2024b). In line with this, Habtamu et al. 

(2024) reported that the combined application of VC 

and inorganic fertilizer resulted in an increment in the 

AvP of the soil after crop harvest, as compared to the 

control treatment. Terefe et al.(2024b) also found that 

the addition of VC and mineral fertilizer to the soil 

enhances the phosphorus content of the soil after crop 

harvest.  

 

The current study revealed that the CEC value of the 

soil significantly varies across treatments. The highest 

CEC value of the soil was recorded in the 70% VC:30% 

Urea treatment, while the lowest was recorded from 

the control treatment (Table 4). The increase in the 

CEC value of soil in the 70% VC:30% Urea 

application could be attributed to the increase in the 

soil OM from the VC, as reported by Terefe et al. 

(2024b). The increase in the CEC value of soil in the 

increased proportion of VC than urea was supported 

by Lemessa (2020). In addition, Habtamu et al.(2024) 

also reported that the application of VC to the soil 

improves soil porosity to promote better root growth 

and development, and increases the CEC value of the 

soil.  

 

The result of the current study also showed that the soil 

OC varies among the treatments used (Table 4). The 

full-dose (100%) application of VC in the current 

study increased the soil OC by 53.49% and 16.67% 

compared to the control treatment and the 100% 

application of urea, respectively. A similar result was 

found by Habtamu et al. (2024), who found that the 

sole application of VC improved the OC more than the 

control treatment and the sole application of urea. 

Similarly, experiments conducted in other countries 

like Nepal (Ghimire et al., 2023), Bangladesh (Mukta 

et al., 2016), and in Pakistan (Hammad et al., 2020) 

proved that the amendments of organic fertilizer to the 

soil improve the organic carbon content more than the 

unfertilized plots. These align with Terefe et al. 

(2024b), who reported a 39% increase in soil carbon 

content after applying VC and mineral fertilizer.  

 

In the current study, variation in soil pH was observed 

between altitudes (Table 3). Significantly (P<0.001) 

higher soil pH was recorded from the soil in the mid-

altitude (below 1500 m.a.s.l.) than in the high-altitude 

location (above 1500 m.a.s.l). The improvement in the 

soil pH, in the mid-altitude location, might be due to 

the presence of basic parent materials like basalt and 

limestone, while the basic cations in the high altitudes 

leach. The main reason for the decrease in soil pH is 

the reduction or leaching of OM by the high rainfall. 

On the other hand, the improvements of forage grass 

growth in the midland and the ground cover provided 

by forage grass can reduce runoff, soil erosion, and 

associated basic cations that result from improved soil 

organic matter and soil pH, which could be attributed 

to the increase in the pH level of the soil (Kumar et al., 

2019). Variation was also observed in the TN contents 

of soil between altitudes (Table 3). The soil at the mid-

altitude location was generally more fertile, showing 

improvement in OC, TN, AvP, OM, and CEC (Table 

3). The result of the current study was consistent with 

the findings of Walie et al. (2022), who reported 

improved soil chemical properties in the mid-altitude 

location than at higher altitudes.  

 
Variations in the chemical properties of soil were 

observed among the forage grasses cultivated in the 

current study (Table 3). Among the forage grasses 

examined in the current study, Guinea grass improved 

the soil pH more, which could be due to the horizontal 

growing behavior of the grass, which covers a wider 

area, indirectly reducing runoff and soil losses. 

Planting of Desho grass, on the other hand, exhibited 

the highest %OC, TN, and CEC, indicating that 

planting of Desho grass is more beneficial for soil 

fertility compared with planting of Napier and Guinea 

grasses in the Ethiopian farming system. This might be 

attributed to, Desho grass has more tillers and roots 

(Table 4), which can minimize erosion and maintain 

soil structure, which indirectly affects the soil 

parameters (Welle et al., 2006). Similar work was 

reported by Walie et al. (2022).  

 
Forage growth characteristics and Dry matter yield 

(t ha−1).  

 
We initially assumed that either individual or 

combined application of VC and urea in different 

proportions would improve the forage grasses' growth 

characteristics and DMY (t ha−1). Consistent with our 

assumptions, the current finding showed 

improvements in the growth performances and DMY 

(t ha−1) of forage grasses due to the application of VC 

and urea. Improved morphology in the combined 

application than the individual application could be 

attributed to the synergistic effects of VC and urea, 

which complement each other in soil nutrient release 

patterns (Schulz and Glaser., 2012). While urea offers 

immediate N to the soil, VC slowly releases nutrients 

over time, ensuring a continuous nutrient supply 

throughout the plant growth cycle (Getie et al., 2022; 

Qasim et al., 2023). This complementarity enhances 

the nitrogen use efficiency of plants and supports 
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sustainable plant growth (Ghimire et al., 2023). In line 

with our findings, Lemmesa (2020) found an 

improvement in the morphological parameters of 

Panicum coloratum grass with combined urea and VC 

application. Similarly, studies on food crops by Jin et 

al. (2022); Qasim et al. (2023); Sher et al. (2022); and 

Terefe et al.(2024b) also, confirm the positive impacts 

of integrating organic and inorganic fertilizers on plant 

morphology.  

 

The absence of synergetic effects on the individual 

application of either VC or urea, on the other hand, 

could be the reason for the decrement in the 

morphological parameters of forage grasses. 

Comparably, forage grass responds better to sole urea 

compared to VC application, likely due to the quick 

availability and solubility of nitrogen in urea (Elias et 

al., 2023). In contrast, VC’s slow nutrient release 

pattern and lower N content contributed to the lower 

performance of forage grasses. The lowest 

morphological performance of forage grass was 

observed in the sole application of VC because of the 

slower nutrient-release nature of VC Elias et al.(2023), 

lower N content, and inconsistent nutrient distribution. 

In general, the fertilizer treatment improved the 

agronomic performance of forage grass over the 

control group. Unsurprisingly, the control treatment 

showed the poorest growth, likely due to nutrient 

depletion over time; hence, plants showed 

underdeveloped growth. 

 

In forage production, DMY is the most important 

indicator of productivity. In this study, the combined 

application of urea and VC significantly improved the 

DMY (t ha−1) of forage grass. The highest DMY (t 

ha−1) of forage grass was recorded from the combined 

application compared to the individual application, 

while the lowest DMY (t ha−1) was recorded from the 

control treatment (Table 4). The increase in DMY (t 

ha−1 might be due to the synergetic nutrient release 

patterns. Additionally, increased tiller numbers, leaf 

counts, plant height, and leaf length in the combined 

treatment group may have contributed to the higher 

DMY (t ha⁻¹).  

 

Environmental factors such as altitude also played a 

significant role in the performance of forage grasses. 
Forage grass morphological characteristics and DMY 

were generally higher in mid-altitude locations 

compared to high-altitude sites, which was supported 

by the previous report of Walie et al. (2022) for Desho 

and Napier grass and Asmare et al. (2017) for Desho 

grass. This trend also aligns with the earlier conclusion 

by Fikadu et al. (2022) and Desta et al. (2023). The 

main reason explaining this pattern is that variations in 

environmental conditions, such as temperature, soil 

types, and precipitation, occur across different 

altitudinal zones. On the other hand, previous research 

conducted in Ethiopia has indicated a decrease in 

biomass production of forage grass with increasing 

altitudes/elevations (Fikadu et al., 2022; Walie et al., 

2022 ). 

 

Morphological growth variations of forage grass were 

also observed among Desho, Guinea, and Napier grass, 

similar to the report by Walie et al. (2022). The reason 

might be attributed to a genetic variation and potential 

between the forage grass species, to extract minerals 

from the soil, the plant's potential to adapt to 

environmental conditions, and the capacity to interact 

with other species, such as soil microbes (Welle et al., 

2006). In the current study, Napier grass yielded the 

highest DMY (t ha−1 ) followed by Guinea and Desho 

grass, respectively. These findings align with Walie et 

al. (2022), who also reported superior DMY 

performance in Napier compared to Desho grass, 

likely due to their differences in genetic potential, 

growth habit, and biomass accumulation (Bantihun et 

al., 2022). Bantihun et al. (2022) also reported a higher 

DMY t ha−1 from Napier grass than Desho grass in the 

same management system.  

 

Root characteristics of forage grasses 

 

Similar to the morphological and dry matter yield of 

forage grasses, the root characteristics of forage 

grasses were affected by the application of different 

rates of VC and urea. The longer RL in Napier grass 

compared to Desho and Guinea grass in our 

experiment can be attributed to a combination of 

genetic parameters, root structure, soil exploration 

abilities, and adaptation to environmental conditions. 

In line with our findings, Walie et al. (2022) found that 

higher RL in Napier grass than in Desho grass was 

observed in the same management system. These 

factors collectively contribute to superior root growth 

and development observed in Napier grass, making it 

a preferred choice for forage production. The reason 

behind the higher root length in the mid-altitude than 

at higher altitudes is similar to other morphological 

parameters, dry matter yield, and is similar to the 

finding of (Walie et al., 2022). Significant 

improvement in RLPP and NRPP in fertilized 

treatment than unfertilized treatment could be due to 

the enhancement of soil structure by increasing the 

availability of organic matter, creating favorable 

conditions for root propagation.  

 

CONCLUSIONS 

 

The result of the current experiment showed that the 

combined application of vermicompost and urea 

significantly improves the morphological parameters 

such as PH, NTPP, NLPP, LWPP, NRPP, and RLPP, 

as well as the DMY (t ha−1) of forage grasses. The 

highest pH, OC, CEC, TN, AvP, and OM of soil were 
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obtained from the plots treated with 100% VC, 

followed by the combined application. Napier grass 

produced the highest DMY (t ha−1) among the forage 

grass species examined, followed by Guinea and 

Desho grass, respectively. Additionally, the forage 

grass performed better at the mid-altitude location than 

the high-altitude one. These findings highlight the 

potential of integrated nutrient management using 

vermicompost and urea to enhance forage yield and 

improve soil health, thereby contributing to the 

development of a sustainable and environmentally 

friendly livestock production system. Further long-

term studies are recommended to evaluate the 

integration of vermicompost with other organic 

fertilizers, such as compost, biochar, and liquid 

fertilizers, and their effects on forage productivity as 

well as live animal performance. 
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