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Abstract 

In order to evaluate the effects of cow dung manure and inorganic fertilizer on yield and quality 

of Walga oats (Avena Sativa L.) in Choman Guduru district, during the main cropping seasons, 

an experiment was laid out in a Randomized Complete Block Design (RCBD) with three 

replications. The treatments involved a control and three levels of Nitrogen, Phosphorus and 

Sulfur (NPS) fertilizer (50, 100, and 150 kg/ha) combined with cow dung manure (5, 10, and 15 

ton/ha). Data collected for emergence and flowering, plant height, tiller number, leaf area, leaf 

number per plant, leaf to stem weight ratios, biomass yield, and quality traits: Dry Matter 

(DM%), Crude Fiber (CF%), Organic Matter (OM%), Crude Protein (CP%), Ether Extract 

(EE%), Neutral Detergent Fiber (NDF%), and Acid Detergent Fiber (ADF%). Data were 

analyzed using Genstat version 15. The highest emergency date (13.3 days) was measured in T0 

(control). The application of the highest rate of inorganic and cow dung manure significantly 

(p<0.01) altered the green forage yield and quality attributes of oats. The highest biomass yield 

(80 t ha-1) was observed for the treatments with 100 kg seed ha-1 coupled with 150 kg NPS ha-1. 

Similarly, the highest (p<0.01)  tillers number (7.4/plant), plant height (155 cm), leaves number 

(6.4/plant), leaf area per plant (131.67 cm2), dry matter yield (17.41 t ha-1), crude protein 

(7.42%), crude fiber (40.49%), and total ash (14.02%) were recorded for T3 (150 kg NPS). There 

were strong positive correlations between agronomic traits (p<0.01). Dry matter yield was 

positively correlated with DM, CP, OM, EE, and negatively correlated with CF, ADF, NDF, and 

Acid Detergent Lignin (ADL). Inorganic fertilizer application to cultivate oat forage improved 

the morphological characteristics with the highest net benefit; however, the use of a high dose 

of cow dung manure could be an alternative. 
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1. Introduction 
 

Ethiopia has the largest livestock population in Africa, 

comprising 71 million cattle, 43 million sheep, 54 million 

goats, 7 million camels, and 57 million chickens (CSA, 

2022). The function of livestock ranges from livelihood to  

 

the national economy. Livestock is an integral part of the 

farming systems and a source of many social and 

economic values, such as food, draft power, fuel, cash 

income, security, and investment in both the highlands 

and the lowlands/pastoral farming systems (Kebede et al. 

file:///C:/Users/Dell/Desktop/work%20with%20ali/AFTER14%20ABAN/IJROWA/15-1-2026/1/Int.%20J.%20Math.%20Model.%20Comput.%2016(3)%20(2026)%2057-63
https://doi.org/10.57647/JRS.2026.1602.18
https://doi.org/10.57647/JRS.2026.1602.18
mailto:seenaashee@gmail.com
https://orcid.org/0000-0002-4454-1111
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.57647/jrs.2026.1602.18
https://doi.org/10.57647/jrs.2026.1602.18


194                                                                                                                                         Asefa et al., J. Rangeland. Sci., 2026; 16(2) 
 

      10.57647/jrs.2026.1602.18 

2016). The contribution of livestock to the national 

economy is estimated to be 30% of the agricultural GDP 

and 19% of the export earnings (Negash et al., 2017). A 

major problem in livestock production in developing 

countries like Ethiopia, particularly during the long dry 

season, is insufficient plant biomass to support livestock 

productivity (Kebede et al., 2021). According to Abebe et 

al. (2015) and Gebremariam & Belay (2023), the majority 

of livestock feed resources are grazing land and crop 

residue, which are not sufficient for the animals to meet 

their primary requirements.  

  Currently, there is less natural grazing land available due 

to the rapid population growth, which leads the land 

demand for crop cultivation. Due to overgrazing and a 

decrease in soil fertility, the amount of fodder produced 

was decreasing (Gebremedhn et al., 2015), remaining as 

one of the major factors hindering animal production in 

Ethiopia. Nowadays, there are different techniques for 

increasing the production of feed resources to overcome 

livestock feed shortages. This is to cultivate improved 

forages and provide them to animals at important stages 

when other feed sources are limited (Negash et al., 2017). 

Selecting high-quality forages and adapted to the agro-

ecology is mandatory to address the challenges of feed 

shortages. The use of better-quality and climate-smart 

forage species is receiving significant acknowledgment as 

an option to overcome his problem in tropical areas 

(Ongadi et al., 2020), including Ethiopia (Adnew & 

Bimrew, 2023).  

  According to FAO (2016) and Mulualem & Molla 

(2013), livestock productivity will improve if enhanced 

forages are sustainably mixed and produced at the 

household level. The use of cultivated forage crops has 

received considerable attention for complementing 

conventional feed resources, especially in areas where 

feed shortages are the main constraint on livestock 

productivity (Abate & Wegi, 2014; Irfan et al., 2016). Due 

to its short life cycle, suitability in crop rotations, and 

better performance on marginal lands, oat (Avena sativa 

L.) is an excellent fodder for animals. It can grow in a wide 

range of soil types, rainfall situations, and altitudes. 

However, moderate and cool climate conditions are ideal 

for its development (Gebremedhn et al., 2015). Compared 

to other cereals such as barley and wheat, oats are more 

resistant to both drought and moisture stress. They are 

characterized by an erect growth habit and a bunching 

basal form. It could be a good source of animal feed in the 

dry season if harvested at the right stage of growth, cured, 

and stored as hay (Tulu et al., 2020). It is also a quick-

growing, palatable, succulent, and nutritious fodder crop 

(Wada et al., 2019). According to Tulu et al. (2020), oat 

genotypes in Western Oromia can produce hay yields 

ranging from 5.07 to 13.57 t/ha, crude protein from 36.2 

to 63.5 g/kg DM, Neutral Detergent Fiber (NDF) 685–

728.7 g/kg DM, and acid detergent fiber 470–610.4 g/kg 

DM. Although Eastern Oromia was well known for 

indigenous bull fattening and milk production practices, 

the good-quality fodder-like oat was not developed 

extensively. 

  Seed rate and level of nitrogen fertilizer are key factors 

that contribute to the yield and quality of forage oat (Irfan 

et al., 2016). These conditions vary greatly across the 

agro-ecological areas (Abate & Wegi, 2014). Higher 

fodder yields resulting from fertilizer application are 

attributed to its favorable effects on plant water relations, 

light absorption, crop density, plant height, leaf area, and 

nutrient utilization (Neelar, 2011). Hence, there is a need 

to determine an appropriate level of fertilizer application, 

especially in soils deficient in nitrogen, and a proper 

seeding rate to positively affect forage oat production both 

in terms of yield and quality (Mut et al., 2015). In the 

study area, grazing resources are severely shrinking, 

posing a major challenge for free-ranging animals. 

Producers’ efforts to develop improved forage that 

provides high-quality and sufficient feed for livestock are 

not well developed. Therefore, this research aims to 

address the persistent livestock feed shortages by 

developing improved forages. The objectives are to 

evaluate the effects of different application rates of cow 

dung manure and inorganic fertilizer on the maturity 

stage, biomass yield, and chemical composition of Walga 

Oats (Avena sativa L.) in the Choman Guduru district. 
   

2. Materials and methods 
 

2.1. Study area information 

 

The study was conducted in Choman Guduru district, 

which is one of the 12 districts of Horo Guduru Wallaga 

Zone and has 11 rural kebeles. The principal town of the 

district was situated about 260 km west of Addis Ababa 

and 78 km east of Shambu town, the capital town of the 

zone. The administrative boundaries of Choman Guduru 

district were Gindabarat district from the east, Jima Rare 

district from the south, Guduru district from the north and 

Jima Ganati district from the west. The district has two 

agro-ecological zones: mid-land, which covers 97%, and 

lowland, which covers 3% of the total area, respectively. 

The altitude of the areas ranges from 1,500 to 2,350 m 

above sea level (m.a.s.l). The physical properties of the 

soil were silt (21.6%), sand (26.4%), and clay (52%). The 

district receives an average annual rainfall ranging from 

about 1200 mm to 1350 mm, and the temperature ranges 

from 18 oC up to 24 oC. The geographical location of the 

study area was 9°15’0’’N to 9°37’0’’N and 37°10’0’’ E to 

37°40'0''E (Figure 1). It is entirely situated in the 

catchment of Blue Nile at the larger scale and partially in 

Guder and partially in the Fincha subcatchment at the 

smaller scale.  
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Figure 1. Location Map of the Study Area 

 

2.2.  Soil and cow dung manure properties 
 

The soil fertility and cow dung manure were analyzed 

before the experimental planting season to determine the 

effects of cow dung manure and soil fertility. The results 

indicated that the soils were clay soils with modest, 

moderate, and high concentrations of the majority of 

nutrients (Table 1). They were also slightly acidic and 

non-saline. The physical and chemical properties of soil 

were also determined. Based on that, the physical 

properties of soil were silt (21.6%), sand (26.4%), clay 

(52%), and bulky density (1.41 g/cm3), while the chemical 

properties of soil were pH (5.6%), organic matter (2.6%), 

total nitrogen (0.12%), available phosphorus (7.02 

mg/kg), available potassium (0.5 mg/kg), and total 

Sulphur (8.36 mg/kg). The composition of cow dung 

manure analyzed has pH (7.2), nitrogen (0.927%), 

phosphorus (0.574%), potassium (1.5%), and organic 

carbon (26%). When nitrogen availability is at its peak, 

most crops grow best in a pH range of 6.5 to 7.5 (Yirga et 

al., 2019). The soil's organic carbon (2.98%) and organic 

matter (5.14%) were higher before applying farm yard 

manure (Dinka et al., 2018). Soil's organic carbon and 

organic matter were found in the high range (Emamu & 

Wakgari, 2021). 
 

2.3. Experimental design and treatments 
 

The experiment was arranged in a RCBD with seven 

treatments of three replications. Pre-planting soil and cow 

dung manure samples were taken to analyze for selected 

physicochemical properties, mainly textural analysis 

(sand, silt and clay), soil pH, total nitrogen, available 

sulphur, organic carbon, and available phosphorus at 

Fincha sugar factory (Table 1).  

 The treatments were levels of cow dung manure at three 

levels; 5, 10, and 15 tons ha-1 and Nitrogen, Phosphorous 

and Sulfur (NPS) fertilizer levels; 50, 100,  

 

and 150 kg ha-1 , respectively with a control treatment 

(Table 2) and used 100 kg ha-1 walga oats seed for sowing. 

  The land was ploughed four times before sowing the oat 

seed to ensure the soil became fine. For this study, land 

plots were manually prepared using traditional tools such 

as shovels, axes, and spades, along with animal power. 

The experiment involved hand-drilling walga oat seed, 

applying cow dung manure before one month to a given 

plot to decompose properly and while NPS applied during 

sowing season. The size of each plot was 2 ×3 m = 6m2. 

The total area used in the current study was 8 ×18 m=144 

m2 and the spacing between plots and blocks of 0.5 m and 

1 m, respectively. A total of 21 plots with random 

allocation of treatments were produced by this 

experimental design. All agronomic practices were done 

uniformly, as recommended for oats (Tulu et al., 2020). 

The Walga oat seed selected as the test crop was manually 

sown at 100 kg ha-1. To ensure successful germination, the 

sowing was timed to benefit from continuous rainfall. 

After that, hand rakes were used to cover the seed with 

topsoil (Adane, 2023). Weeds were physically removed 

during the early stages of seedling development (Velykis 

et al., 2009). 
 

2.4. Data collection 
 

2.4.1. Growth parameters 
 

The mean value for the days from sowing to emergence 

(50% emergence) and 50% flowering stage was recorded 

after visual assessment was conducted for emergence and 

blooming, respectively. The length of the days of the 50% 

flowering stage was calculated as the days of the 50% 

flowering stage minus the emergency date (Gebremedhn 

et al., 2015). The average plant height was measured from 

the ground to the tip of the main stem. The measurement 

was done by taking 10 random plants on the days of the 

50% flowering stage from each plot (Gebremedhn et al., 

2015) to represent the relationship between the leaves' dry 

weight and the stem's dry weight.  
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Each sample of the leaf and stem was air-dried, and then, 

the leaf-to-stem weight ratio (LSR) was estimated by 

dividing leaf dry weight by stem dry weight according to 

(Aklilu and Alemayehu (2007). 

 

𝐿𝑆𝑅 =
𝐿𝑒𝑎𝑓 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑆𝑡𝑒𝑚 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
 

 

The total number of tillers from ten demarcated sampling 

units was counted, and the average number of tillers per 

plant was calculated based on the net plot area. The 

number of leaves per plant was counted from 10 plants 

selected in each row in the middle rows, and the length of 

the leaves was measured using a ruler, starting from the 

ligules (oricle) to the shoot of the plant (Khan et al., 2014). 

On the designated days, the entire forage in each row was 

collected, excluding border rows. Using a sickle, the 

harvest was done by hand, leaving a stubble height of 50% 

of the flowering, or at the stage of physiological maturity.  

The number of tillers per plant was counted from the 

randomly selected sample of 10 plants in the middle row 

of each plot. To prevent the edge effect, 10 plants must be 

taken out from the center of each plot to count the number 

of tillers and leaves of the oats. Each measurement's 

average result was recorded in order to assess the 

performance (Khan et al., 2014). 
 

Tillers number per plant =
Total Number of Tillers 

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑙𝑎𝑛𝑡𝑠 𝑆𝑎𝑚𝑝𝑙𝑒𝑑
  

 

Leaf area plant was calculated by measuring the length 

and width of ten representative plants from the tagged 

plants of each treatment at the time of harvest. The 10 

plants were selected randomly from the middle rows and 

the leaf areas were measured and calculated according to 

(Mengistu & Mekasha, 2007).   
 

𝐿𝑒𝑎𝑓 𝑎𝑟𝑒𝑎 = 𝐿𝑒𝑎𝑓 𝑙𝑒𝑛𝑔𝑡ℎ ×  𝐿𝑒𝑎𝑓 𝑤𝑖𝑑𝑡ℎ 

2.4.2. Biomass yield (tons’ ha-1)  

At 50% flowering stage or physiological maturity, a 

quadrant of 0.25 m2 (0.5 m × 0.5 m) was used to sample 

the plants from each plot during a predetermined sampling 

period. The biomass yield of the quadrant was calculated 

by weighing the average of the harvested plants randomly 

placed within the plot. To calculate the dry matter yield 

per hectare (t/ha), the average weight of the fresh feed was 

used. To evaluate the fodder production, three adjacent 

rows from the center of each plot should be selected at 

50% flowering according to Mengistu & Mekasha (2007). 

The fresh harvested biomass was chopped into small 

pieces using a sickle, and a sub-sample of 400 g was taken 

and partially dried in an oven at 65 ˚C for 72 hours for 

further dry matter analysis (Khan et al., 2014). 

𝐷𝑀 = 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑦𝑖𝑒𝑙𝑑 =  
10 × TFW ×  SSDW

HA ×  SSFW
 

Where: 

10 = Constant for conversion of yields in kg/m2 to t/ha,  

TFW = Total fresh weight from harvesting area (kg),  

SSDW = Sub-sample dry weight (g),  

HA = Harvest area (m2),  

SSFW = Sub-sample fresh weight (g) 
 

2.4.3. Dry matter yield (ton ha-1) 

  

Dry matter yield (DMY) was determined at the end of 

every harvesting day of each plot. At each harvest, the 

three rows in the middle of each plot were cut to 10 cm 

above the ground. Fresh biomass was measured using a 

top-loading balance; then, subsamples of about 400 g of 

fresh plants were taken from the net-harvested plant 

sample. Finally, the subsamples were air-dried to obtain 

dry weights, which further then oven-dried at 105oC for 

overnight. On the basis of these, DM% and fresh biomass 

yield from the sample area of each plot were used to 

calculate total dry matter yields for each plot according to 

(AOAC, 1995) and thereafter converted to tons per 

hectare. 
 

Dry matter (%) = (
Weight of oven − dry sample 

Weight of sample before drying
)  × 100 

 

Dry matter yield (DMY) was calculated as follows: 
 

DMY (ton/ha) =
Wt. before dried −  Wt. after dried 

Wt. before dried
× 100 

 

2.4.4. Chemical composition parameter 
 

Chemical composition was determined by analysis at the 

Holleta Agricultural Research Centre Animal Nutrition 

Laboratory. The forage samples were measured using a 

top-loading balance of grass (oats) that was sorted from 

each plot, and a 400 g sample of leaf and stem was 

separated to be packed together in a paper pocket, dried in 

air and the dry weight was recorded. These samples were 

dried by air and then ground by a grinder to pass a 1 mm 

Wiley mill screen and stored in a paper pocket for 

different preparations of the proximate chemical analysis 

using the procedure of (AOAC, 2000). The samples were 

analyzed on a DM (%) basis for ash, crude protein (CP), 

neutral detergent fiber (NDF), acid detergent fiber (ADF), 

acid detergent lignin (ADL), and Nitrogen (N) content 

was determined following the micro-Kjeldahl digestion, 

distillation, and titration procedures (AOAC, 1995), and 

the CP content was estimated CP%= N%×6.25). Neutral 

detergent fiber (NDF), acid detergent fiber (ADF), and 

acid detergent lignin (ADL) were determined according 

Grabber & Mertens (2006). 
 

2.4.5. Data analysis 

 

The various collected data were subjected to an analysis 

of variance following the statistical procedure of Gomez 

& Gomez (1984) by using Genstat version 15. The 

significant differences between and among the means 

were separated by using the Least Significant Difference 

(LSD) at a 5% alpha level of probability. 
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2.4.6. Partial budget analysis 

 

The partial budget analysis was done according to 

CIMMYT (1988). Partial budgeting was performed, 

utilizing the market prices that were in effect for inputs at 

planting and outputs at harvesting. Each cost and benefit 

was estimated in Ethiopian Birr on a per-hectare basis. 

The economic analysis includes the calculation of variable 

costs and benefits. The purchase price of each 

experimental cow dung manure and NPS fertilizers were 

recorded. Therefore, the selling price of each experimental 

biomass yield was determined by the demand of owners 

of dairy cattle in Gabate town during the summer season. 

For the calculation of variable costs, the expenditures on 

cow dung manure and NPS were taken into consideration. 

Net Benefit (NB) was calculated as the amount of money 

left when Total Variable Costs (TVC) were subtracted 

from the Growth Field Benefit (GFB)  

 

𝑁𝐵 =  𝐺𝐹𝐵 − 𝑇𝑉𝐶  
 

  The changes in Net Benefit (∆NB) were calculated as the 

difference between changes in total growth field benefit 

(∆GFB) and the change in total variable costs (∆TVC). 

 

 ∆𝑁𝐵 =  ∆𝐺𝐹𝐵 − ∆𝑇𝑉𝐶. 
 

  The marginal rate of return (MRR) that measures the 

increase in net income (∆NI) associated with each 

additional unit of expenditure (∆TVC) was calculated as 

given below. The marginal rate of return is  MRR= 

(∆NB/∆TVC) ×100; (change of net benefit per change of 

total variable cost) 
 

3. Result and Discussion 
 

 3.1. Phenological and growth parameter 
 

3.1.1. Day to 50% emergence 

 

There was a significantly longer (p<0.01) days to 

emergence (13.50 days) recorded in the control treatment, 

while fewer days to emergence (10 days) were measured 

in T3 (150 kg NPS), as shown in Table 3. This might be 

due to soil fertility or a lack of fertilizer application in 

control treatments. According to Tariku et al. (2018), 

chemical fertilizers enhanced germination and emergence. 

Moreover, Tisdale et al. (2002) stated that applying 

fertilizer near the seeds during planting promotes seed 

germination and seedling emergence. Additionally, the 

relatively prolonged days to emergence observed in this 

study were likely influenced by factors such as the sowing 

season, high temperatures, fertilizer application rates, and 

low soil moisture. Minerals are a major limiting nutrient 

for the growth of forage crops, especially Nitrogen (N), 

which is externally supplied to soils where deficiency is 

suspected to improve forage yield (Tena & Beyene, 2011). 
 

3.1.2. Days of 50% flowering stage 

 

The early day to 50% flowering (82.33 days) was obtained 

in treatment T3 (150 kg NPS ha-1). Application of T3 (150 

kg NPS ha-1) resulted in early flowering (82.33 days). The 

current study, early in the days to flowering at 150 kg NPS 

ha-1, may be due to the high content of NPS fertilizer used; 

because of this, the chemical fertilizer increased the 

reaction of germination and emergence compared to 

control. The main cause of differences in the day to 

flowering stage is due to the types of fertilizer and rates of 

application (Abbas et al., 2012). The current result was 

taken an early day to attain 50% flowering, than the report 

by Tessema & Getinet (2020), who reported 147 days to 

92 days. The minimum days to maturity were due to the 

availability of a high amount of major nutrients (Joshi et 

al., 2015). 

Table 1. Soil and cow dung manure fertility status of an experimental site before planting 

Properties Parameters Value 

Physical properties of soil Silt 21.6% 

 Sand 26.4% 

 Clay 52% 

 Texture class Clay 

 Bulk density 1.41 (g/cm3) 

   

Chemical properties of soil pH 5.6 

 Organic matter 2.6% 

 Total Nitrogen 0.12% 

 Available phosphorus 7.02 (mg/kg 

 Available potassium 0.5 (mg/kg) 

 Total sulfur 8.36% 

   

Composition of Cow Dung Manure pH 7.2 

 Nitrogen 0.92% 

 Phosphorus 0.57% 

 Potassium 1.5% 

 Organic carbon 26% 
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Table 2. Treatment combination used in the experiment 

 

Treatments code Treatments name 

T0 Control 

T1 50 kg NPS ha-1 

T2 100 kg NPS ha-1 

T3 150 kg NPS ha-1 

T4  5 tons ha-1 cow dung manure 

T5 10 tons ha-1 cow dung manure  

T6 15 tons ha-1 cow dung manure 

3.1.3. Plant height 

 

The highest (p<0.01) mean plant height (155.33 cm) was 

observed in T3 (150kg NPS ha-1), followed by T2 (100kg 

NPS ha-1), which had (142.33 cm) plant height; while the 

lowest plant height (120.67 cm) was measured in the 

control (Table 3). This may be due to the rate of fertilizer 

application, type of fertilizer, soil fertility, or increased 

absorption of nutrients at a high level (Zhang et al., 2020). 

The current study found that the treatment with a higher 

amount of NPS and cow dung manure resulted in 

significantly taller plants compared to the control and 

other treatment groups. The values of plant height from 

current study were lower than the values of 174 cm and 

181.16 cm reported by Kebede et al. (2016) and Muhumed 

et al. (2018), respectively. However, the highest mean 

value of the present study was in agreement with 

Gebremedhn et al. (2015), who reported 145 cm from the 

8235-CI genotype and 137 cm from Jasari.  

  Plant height is considered an important factor that 

contributes to dry matter yield, which is in agreement with 

Mengistu et al. (2021), who reported that plant height is 

one of the yield components that contribute to dry matter 

yield. Taller plants generally indicate better growth and 

the potential for higher yields, which may be caused by 

variation in environmental conditions and the genetic 

makeup of the varieties (Singh et al., 2018). In contrast to 

the findings of the current study, the study by Berhanu et 

al. (2017) revealed low values (111.5–118 cm) during the 

80th day of harvesting.  

  According to Sajjad et al. (2014) reported that NPK 

fertilizer produced the highest plant height values (140 

cm), while CI-8251 oat accession produced the lowest 

plant height values (120 cm) with control or no fertilizer 

in agronomic practice performance of highland area and 

other necessary water, sunlight, nutrients, and rain supply 

was managed and controlled in plant. Specifically, 

Mangesh (2016) study reported that, compared to 

applying 60 kg ha-1 of nitrogen, using 100 kg ha-1 of 

nitrogen resulted in significantly increased plant height. 

This implies a positive association between the amount of 

NPS fertilizer application and the height of the plants. 

Similarly, Maral et al. (2013) found that in their 

experiment, the greatest plant height was achieved by 

applying 98 kg ha-1 of nitrogenous fertilizer. (Ayub et al. 

2013) identified that the use of nitrogen has also been 

shown to increase oat plant height. 
 

3.1.4. Number of tillers per meter row length  

 

As shown in Table 3, application of 150 kg and 100 kg of 

NPS per hectare resulted in a highly significant (p<0.01) 

number of tillers compared to other treatments, suggesting 

that inorganic fertilizer application, especially in the form 

of NPS, has a positive impact on the tillering of oat plants. 

The treatments T3 and T2, where inorganic sources of 

fertilizer (150 NPS kg ha-1 and 100 kg NPS) were used, 

had the maximum number of tillers per meter row length, 

132.11 m2 and 29.44 m2, respectively, compared to all 

other treatments. While treatments T0 and T4 statistically 

resulted in a minimum tiller of (104.66 m2 and 111.44 m2), 

respectively, without fertilizer and 5 tons ha-1, cow dung 

manure was applied. This may be due to varying 

germination rates at different fertilizer application levels 

or inefficient nutrient absorption. The current study was 

consistent with the findings of Godara et al. (2016), who 

reported that increasing levels of nitrogen had a 

significant influence on various growth parameters. 

Similarly, Jayanthi et al. (2013) revealed that the 

application of organic and inorganic nitrogen fertilizers 

recorded a higher number of tillers per meter of row length 

in oats. 
 

3.1.5. Number of tillers per plant 

 

There was a highly significant (p<0.01) effect of NPS and 

cow dung manure fertilization rates on the number of 

tillers per plant shown in Table 3. The results show that 

treatment T3 (150 kg of NPS ha-1) and T2 (100 kg NPS 

ha-1) produced the highest number of tillers 7.43 and 7.2 

per plant, respectively, while the lowest number of tillers 

per plant (4.6) was recorded for control. Treatment T6 (15 

tons ha-1 cow dung manure) produced the intermediate 

value of (6.73 tiller/plant). The current finding result was 

in agreement with Khan et al. (2014), who found that 

different varieties of SGD-3, SGD-50, F-408, and F-301 

produced 6.67, 6.33, 7.00, and 7.03 tillers per plant at the 

50% flowering stage, respectively. However, the current 
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studied Walga seed showed less performance than the 80-

SA-130 variety, which produced 9.25 tillers per plant 

(Gebremedhn et al., 2015). Varieties F-411 and DN-8 

were found to have similar tillering capacities (12 and 11 

tillers per plant, respectively) (Syed et al., 2015), which 

disagrees with the current observations. The non-

significant effect of nitrogen on the number of tillers may 

be attributed to the fact that nitrogen might not affect 

germination; therefore, plant density under different 

levels of nitrogen can be stable. 
 

3.1.6. Number of leaves per plant 

 

The highest (p<0.01) number of leaves per plant (6.4) was 

observed in T3 (150 kg ha-1 NPS) followed by T2 (100 

NPS kg ha-1), which had 6.17 leaves per plant, while the 

minimum number of leaves per plant was recorded for the 

control (5.07). According to Gebremedhn et al. (2015), the 

number of leaves per tiller varied from 6.89 to 4.89 at the 

50% flowering stage, which is in agreement with the 

current study. Oat varieties Sargodha-2011 and PD2LV65 

produced 6.62 and 5.37 leaves (Saleem et al., 2015) per 

tiller, respectively, which were comparable with the 

current findings. Irfan et al. (2016) reported higher and 

lower numbers of leaves of forage oat with the highest and 

the lowest nitrogen (N) application. The yield of the 

forage crops depends on an increase or decrease in the 

number of leaves per plant (Khan et al. 2014). According 

to Tessema & Getinet (2020), plant leaves play a greater 

role in influencing forage yield. The number of leaves per 

plant was also affected by the soil fertility stage and the 

application of nitrogen fertilizer (Ali et al., 2017). The 

application of inorganic fertilizers produced a higher 

number of leaves per plant (Ahmed et al., 2015). The 

significant effect of fertilizer applications on the number 

of leaves per plant on oat crops has also been reported by 

Abbas et al. (2012). 
 

3.1.7. Biomass yield 

 

As shown in Table 3, treatment (T3) produced the highest 

(p< 0.001) biomass yield (80 ton ha-1) by application of 

NPS at 150 kg ha-1, followed by T2 (74.2 ton ha-1), where 

NPS was applied at 100 kg ha-1, while the lowest was 

recorded for control (53.13 ton ha-1). This may be due to 

crop density, plant height, leaf area, and nutrient 

utilization. Similarly, Saleem et al. (2015) recorded the 

maximum green forage yield from Sargodha-2011 (72.7 

ton ha-1) and the lowest green fodder yield from Variety 

PD2LV65 (62.4 ton ha-1). Ahmad et al. (2011) also 

reported 74.67 ton ha-1 total green fodder yield of oat by 

applying 150 kg N/ha. The addition of cow dung could 

have increased the available nutrients in the soil, thus 

increasing biomass production (Han et al., 2023). 

Furthermore, a few studies have shown that cow dung 

contains bacteria that promote plant growth due to their 

capacity to solubilize nutrients (Qi et al., 2021; Bhatt & 

Maheshwari, 2020; Naghizadeh et al., 2022). The 

significant effect of fertilizer on biomass forage yield in 

the present study was in line with previous findings 

(Semman et al., 2018). Variation in forage yield among 

oat varieties may be attributed to differences in 

environmental conditions, sowing seasons, soil fertility, 

and the genetic makeup of the varieties (Desta, 2022). The 

use of combined applications of organic and inorganic 

fertilizers could be kept at the optimum level of dry 

biomass yield (Saidu et al., 2012). According to Shiferaw 

(2014) found the application of all combinations of 

fertilizers, either alone or combined, significantly 

increased barley yields over untreated control. Integrated 

use of organic and inorganic fertilizers for tackling soil 

fertility depletion and a sustainable increase in forage 

yields had paramount importance (Getachew & Tilahun, 

2017). Similarly, the increasing trend of green forage 

yield of oat in response to an increasing level of nitrogen 

fertilizer was observed by many other workers (Abate & 

Wegi, 2014). 
 

3.1.8. Dry matter yield 

 

The highest significant (p<0.01) dry matter yield (17.41 

tons ha⁻¹) was observed in T3, where 150kg ha-1 NPS 

fertilizer was applied, followed by T2 (100kg NPS ha-1), 

which had (16.55 tons ha-1) DM yield, while the minimum 

DM yield was recorded for T0 (12.75 tons ha-1) shown in 

Table 4. This may be due to soil fertility, type and level of 

fertilizer and time of harvesting. The present result was 

higher than the findings reported by Dawit & Mulusew 

(2017 where the DM yield values ranged from 7.7 to 10.3 

ton ha⁻¹ and 7.5 to 12.8 tons ha-1, respectively. However, 

the finding reported by Getnet et al. (2003), who 

characterized 21 oat genotypes, was similar (10.13 to 

15.39 tons ha⁻¹) as compared to the present study. A 

previous study by Muhumed et al. (2018) showed that the 

wider range of DMY differences among forage species 

could be attributed to differences in the genetic potential 

of the varieties. Moreover, the yielding ability of a 

genotype is the result of its interaction with the 

environment and its factors, such as soil characteristics, 

moisture and temperature (Eshetie et al., 2018). 
 

3.1.9. Leaf-to-stem ratio 

 

As shown in (Table 3) the significant (p<0.01) leaf to stem 

ratio was observed in treatment T3 (150 kg ha-1) with a 

value of (0.923), followed by treatment (T2) with a value 

of (0.897) where 100kg NPS ha-1 were applied, while 

lowest leaf-to-stem ratio was observed in T0, with a value 

of (0.672). This may be due to the rate of fertilizer 

application, type of fertilizer used and the time of 

harvesting. According to Kebede et al. (2016) and 
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Muhumed et al. (2018), leaf-to-stem ratio varied between 

1.07 and 0.99 at the 50% flowering stage, which is in 

agreement with the current study. The average value of the 

leaf-to-stem ratio in the current finding was comparable to 

that reported by Abate and Wegi (2014), which was 0.64 

to 0.78, with an overall mean value of 0.72. Leaf-to-stem 

ratio is an important trait in the selection of appropriate 

forage cultivars as it is strongly related to forage quality 

(Befekadu & Yunus, 2015).  

  A greater supply of balanced nutrition results in 

increased protein synthesis, which could have permitted a 

rise in the quantity, size, and succulence of leaves, as well 

as plant development by these observed higher leaves 

(Singh et al., 2018). In the current study, leaf-to-stem ratio 

decreased with the increasing age of plants, which is 

consistent with the findings of Berhanu et al. (2017), who 

reported the highest leaf-to-stem ratio at 1.03. According 

to Sharma et al. (2019), a reduction in the leaf-to-stem 

ratio with a delay in fodder cutting could be due to an 

increase in stem biomass owing to more dry matter 

accumulation in stems than leaves. Yiberkew et al. (2020) 

demonstrated that the type of soil fertilizer and plant 

spacing affect the leaf-to-stem ratio, with the highest ratio 

observed when manure and wider spacing were used. 
 

3.1.10. Leaf area per plant 

 

  Treatment (T3) highly significant, produced the highest 

(p<0.01) leaf area of 131.7 cm2 by application of NPS at 

150 kg ha-1, followed by T2 (125.67 cm2) where NPS was 

applied at 100 kg ha-1, while the lowest was recorded for 

T0 (106.67 cm2) where no fertilizer was applied, as shown 

in Table 3. The variation in leaf area may be due to type 

of fertilizer, measuring stage, and the adaptability of the 

oat varieties to the environment. The current results were 

in line with Ahmad et al. (2011), who concluded that 150 

kg ha-1 N and 60 kg ha-1 phosphorus produce the highest 

leaf area of 128 cm2 in forage oat. Moreover, Bewuket 

(2021) reported that the application of NPS fertilizer 

significantly affected the leaf area of plants of different 

crops. According to Anbessa & Juskiw (2012), providing 

N fertilizer improved the barley's leaf area. The growth 

and development of plants are greatly influenced by their 

leaves, which in turn affect the yield of biomass used as feed. 

3.2. Chemical composition parameter of oats 
 

3.2.1. Dry matter content  
 

The highest (P< 0.01) dry matter (DM) (93.3%) was 

recorded in T3, which received 150 kg ha-1 NPS, while the 

lowest (91.92%) was recorded in the control Table 4. This 

result is comparable to Wada et al. (2019), who reported 

91.5% DM from CV-SRCP X 80Ab 2806 and 93.3% DM 

from CI-8237. Total DM of oat increased significantly 

with an increase in NPS and cow dung manure rates from 

50 to 150 kg ha⁻¹ and 5 to 15 tons ha⁻¹, respectively. DM 

of fodder Oat increased with increasing level of fertilizer 

(Ayub et al., 2013). In most forage crops, nitrogen 

fertilization resulted in a higher DM production (Ayub et 

al., 2017) with higher protein. Increasing the availability 

and absorption of nutrients results in increased plant 

height and the development of vegetative parts due to cell 

expansion and higher photosynthesis, leading to higher 

dry matter content and yield (Singh et al., 2018). 
 

3.2.2. Crude protein 

 

The highest (P<0.01) crude protein (CP%) (7.42%) was 

observed in T3, but was similar in all other treatments 

(Table 4). These variations might be induced by the rate 

of fertilizer. This result was in agreement with the findings 

in previous studies for the varieties Avon  (7.80%) and 

Ravi (6.7%) (Muhammad et al., 2011). According to 

Saleem et al. (2015), the maximum CP was recorded in 

variety Sargodha-2011 (10.38%), followed by Avon 

(9.09%), which was higher than CV-SRCP X 80 Ab 2806 

in the current study. CP is an essential nutrient for 

livestock and its content not only affects the economic 

benefits but also affects the milk yield and protein yield of 

livestock (Li et al., 2022). The crude protein content is 

also influenced by the maturity stage of the forage plant 

and crude protein content in leaves and stems decreases as 

the growth stage of the plant advances (Abdelraheem et 

al., 2023). Kumar et al. (2017) observed that 80 kg ha-1 N 

resulted in the maximum crude protein yield with 120 kg 

N ha-1. Khan et al. (2014) concluded that crude protein 

quality may be affected by N application as it is an 

essential part of protein, chlorophyll, and protoplas 

Table 3. Effect of different levels of Cow dung manure and inorganic fertilizer on growth parameters of walga oat 

Treatment 
Emergence 
date 

Flowering 
date 50% 

Plant 
height cm 

Tiller 
no/plant 

Tille 
no/m2 

Leaf area 
cm2/plant 

Leaf 
no/plant 

Leaf to 
stem ratio 

Biomass 
Yield t/h 

DM yield 
(t/ha) 

T0  13.50 a 89.00 a 120.67 f 4.60 e 104.66 d 106.67 d 5.07 e 0.672 c 53.13 e 12.75c 

T1  13.00 ab 87.00 ab 131.00 d 5.33 c 113.33 c 111.67cd 5.23 e 0.847 b 56.47 e 14.68b 

T2 10.33 de 83.00 c 142.33 b 7.20 a 129.44ab 125.67 b 6.17 b 0.897ab 74.20 b 16.55a 
T 3 10.00 de 82.33 c 155.33 a 7.43 a 132.11 a 131.67 a 6.40 a 0.923 a 80.00 a 17.41a 

T4 11.50 cd 86.00 b 125.00 e 4.93de 111.44 c 109.00 d 5.47 d 0.799 b 54.50 e 13.17c 

T5 12.50 b 85.67 b 133.00 c 5.20cd 117.00 c 115.33 c 5.73 c 0.802 b 59.97 d 13.11c 
T6 12.00 bc 88.00 ab 138.00 c 6.73 b 124.46 b 121.31b 5.93 c 0.800 b 64.67 c 13.67bc 

LSD 1.465 2.435 3.827 0.359 5.847 5.467 0.215 0.098 3.608 1.286 

SEM 0.476 0.79 1.242 0.116 1.897 1.774 0.071 0.031 1.655 0.590 
CV% 7 1.6 1.6 3.7 2.8 2.6 2.1 6.7 3.2 5.00 

p-value 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

a,b,c… significance difference between treatments,  LSD= Least significance difference; CV= coefficient of variance
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3.2.3. Crude protein yield (ton/ha) 

 

Crude protein yield was affected (P<0.01) by the 

application of different type of fertilizer and rates of 

fertilizer shown in Table 4. The highest mean crude 

protein yield (1.29 t/ha) was recorded at T3 followed by 

T2 (1.12 t/ha) and the least (0.82 t/ha) was obtained at T0. 

In the current study, low CP yield recorded at later 

harvesting ages might be due to the differences in type and 

rate of fertilizer application, as well as the loss of leaves 

and the increase in cell wall constituents, which negatively 

affect crude protein yield. According to Geleti (2014), 

crude protein (CP) yield is calculated as the product of 

total dry matter (DM) yield and the CP concentration in 

the plant. This relationship is supported by the values 

obtained for CP percentage and DM yield across the 

different treatments. 
 

3.2.4. Crude fiber 

 

As shown in Table 4, the percentage of crude fiber in oats 

increases significantly (p<0.01) as the levels of nitrogen, 

phosphorus and sulfur decrease. The highest level of NPS 

(150 kg ha-1) produced minimum amount of crude fiber 

(36.49%) in treatment T3; while the highest amount of 

crude fiber (40.49%) was seen in T0. This may be caused 

by the crop's maturity, time of harvest and type of fertilizer 

used or rate of fertilizer. The fiber content of oat increases 

as a result of an increase in cellulose and dry matter when 

maturity of oats increases. Comparable outcomes were 

noted for cowpea (Hasan et al., 2010). 
 

3.2.5. Acid detergent fiber 

 

A maximum significant increase (P <0.01) in acid 

detergent fiber (ADF) content was observed in T1, as 

shown in Table 4. The highest (52.83%) ADF was 

observed in T1, followed by T0, which had (52.11%) 

ADF, while the minimum ADF was recorded in T3 

(48.03%). This may be due to type of fertilizer used, the 

level of fertilizer used and the time of harvesting. This 

result is similar to Kebede et al. (2021) who reported ADF 

values ranging from 45.4 to 52, with a mean of 48.5%. 

  However, the current result is higher than the result of 

Wada et al. (2019), who reported ADF mean values 

ranging from 24.2% to 28%. This may be due to the type 

and level of fertilizer used, as well as the time of 

harvesting. High acid detergent fiber is generally 

considered less desirable and less safe for animal 

digestion (Fenetahun et al., 2021). Lower ADF content 

indicates higher digestibility and desirability, which 

agrees with the report of Negash et al. (2017) who 

observed 23.7% in the CV-SRCP X 80 Ab 2806 variety. 

Similar results were reported for fodder oats (Kumari et 

al., 2014), Brassica Rapa L. (Paul et al., 2020), Napier 

bajra hybrid (Sharma et al., 2012), and Bermuda grass 

(Kering et al., 2011). 
 

3.2.6. Neutral detergent fiber 

 

The highest significant (P<0.01) mean of NDF content 

was observed for control (71.24%) while the lowest value 

was recorded for treatment T3 (66.11%) at 150 kgh-1 NPS 

application. The effect of cow dung manure showed an 

intermediate result between control and NPS fertilizer 

type in T6 (70.60 %), where cow dung manure applied at 

15 tons ha-1. This may be explained by the fact that NPS 

fertilizer immediately and cow dung gradually improve 

plant growth and promote the development of new leaves 

and shoots. The mean NDF content of oats in the current 

study is nearly comparable with Kebede et al. (2021) who 

reported a mean value ranging from 70.1 to 74.8. The 

NDF value is primarily affected by harvesting time (Molla 

et al., 2018) and by advancing maturity (Ayub et al., 

2013). This might be due to an increase in fiber content, 

which could be accompanied by a decrease in CP content 

associated with an increase in the proportion of lignified 

feed structural tissue at a later stage of growth. Balabanli 

et al. (2010) also reported that NDF content peaked at low 

fertilizer levels and then decreased with increasing 

fertilizer rates. 
 

3.2.7. Acid detergent lignin 

  

Significant (P>0.01) mean of ADL content was observed 

in the control T0 (8.00 %) and T4 (7.79%), as shown in 

Table 4. The effect of cow dung manure had an 

intermediate value (7.52%) between the control and NPS 

fertilizer type treatment. The current result was higher 

than the report of Megersa, (2021), who reported 4.56% 

to 6.52% for different oat genotypes in the highland of 

Ethiopia. In contrast, the current result was lower than the 

report of Kebede et al. (2021) who reported ADL content 

for different oat genotypes ranging from 9.4 to 11.7 with 

a mean value of 10.5%. The lower ADL content indicates 

that it is more digestible and desirable, which agrees with 

the report of Negash et al. 2017) who observed 23.7% in 

the CV-SRCP X 80 Ab 2806 variety. 
 

3.2.8. Ether extract 

 

Application of 150 and 100 kg NPS ha⁻¹ (Table 4) 

significantly increased (P<0.01) ether extract in T3 

(0.874%) and T2 (0.607%), respectively. Whereas, T4 and 

T0 recorded lower ether extract at 5 tons ha⁻¹ (0.323%) 

and the control (0.243%), respectively. This may be a 

stage of maturity, type of fertilizer used, the level of 

fertilizer, and the time of harvesting. Earlier research done 

by Uddin et al. (2005) reported a significant increase in 

forage oat ether extract with the increasing level of N 

fertilizer from 0 to 115 kg N/ha. A similar trend of ether  
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extract content with increasing dose of N fertilization was 

observed in fodder oats (Kumari et al., 2014) and fodder 

pearl millet (Meena et al., 2012). However, Saleem et al. 

(2015) reported significant differences in crude fat content 

among oat varieties. 
 

3.2.9. Total ash content 

 

Application of 150 and 100 kg NPS ha-1 recorded higher 

ash in treatment (T3) 14.02% and (T2) 13.75%, 

respectively. The minimum ash percentage was 

significantly recorded in treatments T0 (11.15%) and T6 

(12.73%). This might be due to plant development stage, 

morphological fractions, soil characteristics and fertilizer 

type. The present finding correlates with that of (Kebede 

et al., 2021), who reported ash content with a mean of 

10.8% and a range of 9.4 to 12.5. On the other hand, Wada 

et al. (2019) observed a lower ash amount, with a mean of 

8.9% and a range of 8.4 to 9.99 from CV-SRCP X 80Ab 

2806 and CI-8237, respectively. The genotypes of oats 

have been reported to differ significantly in their ash 

concentrations (Khan et al., 2014). This could be caused 

by variations in how various genotypes of plants absorb 

nutrients from the soil and use them within the plants.  The 

leaf to stem ratio and maturity stage of the fodder plant 

affect mineral contents (Kebede et al., 2021). Kebede et 

al. (2021) suggest that a higher ash percentage in fodder 

may be a sign of increased mineral concentration. The 

increased availability of N to the plants and mineral 

materials may be the cause of the increase in ash content 

observed with increasing doses of N fertilization. 
 

3.2.10. Correlation between growth parameter  

 

The correlation coefficients of plant height, number of 

tillers per plant, number of tillers per square meter, 

number of leaves per plant, leaf area per plant, stem-to-

leaf ratio, and biomass yield of oats are presented in Table 

5. There is a highly significant (p<0.01) positive 

correlation for biomass yield with plant height, number of 

tillers per plant, number of tillers/m2, number of leaves per 

plant, leaf area per plant, and stem to leaf ratio. The 

positive significant relation of biomass yield with other 

growth and yield parameters reveals the true relation of 

parameters and direct selection through this trait could be 

effective. Thus, those parameters are major contributors 

to biomass yield as they have a strong positive correlation. 

This result agrees with Dumlupinar et al. (2012) and 

Sokoto et al. (2012). 
 

3.2.11. Correlation between chemical composition 

 

The simple correlation coefficient for the chemical 

composition of oat treatments exhibited a significant 

(p<0.01) positive correlation between DM yield and other 

parameters (Table 6), but a negative correlation with 

NDF, ADL, and ADF. This indicates that any agronomic 

practices that positively influence growth and productive 

characteristics also influence dry matter yield. The true 

relationship between the parameters was observed 

through the significant positive correlation between DM 

yield, CP, and crude fat. This indicates that direct 

selection using this trait could be successful. 

Table 4. Effect of different levels of cow dung and inorganic fertilizer on walga oat forage chemical compositions 

Treatment 

 
DM% 

DMY 

(t/ha) 
OM% CP% 

CPY 

(t/ha) 
CF% EE% NDF% ADF% ADL% ASH% 

T0  91.92b 12.75c 86.67c 6.38b 0.82c 40.49 a 0.243c 71.24a 52.11a 8.00a 11.15b 

T1 92.62ab 14.68b 88.90b 6.63b 0.97b 38.09 ab 0.472b 70.05c 52.83a 7.38b 12.96b 

T2 92.98ab 16.55a 89.74a 6.74b 1.12a 36.85b 0.607ab 69.38cb 50.25ab 7.14c 13.75ab 

T3 93.30a 17.41a 89.92a 7.42a 1.29a 36.49 b 0.874a 66.11d 48.03b 7.12c 14.02a 

T4 92.34b 13.17c 87.34c 6.54b 0.86b 38.96ab 0.323c 70.96a 51.29a 7.79a 12.35b 

T5 92.40b 13.11c 88.29b 6.47b 0.85b 38.89ab 0.449b 70.75b 50.99a 7.55ab 13.09ab 

T6 92.77ab 13.67bc 88.80b 6.47b 0.88b 39.15a 0.539b 70.60b 50.78a 7.52ab 12.73b 

LSD 1.777 1.286 0.679 0.471 0.471 2.149 0.389 4.984 2.645 1.042 3.048 

SEM 0.816 0.590 0.311 0.216 0.216 0.986 0.1785 2.288 1.0412 0.478 1.399 

CV% 1.1 5.00 0.40 4.00 4.00 3.1 28.4 3.5 2.9 7.8 13.3 

p-values  NS 0.001 0.001 NS 0.007 0.001 NS 0.01 0.01 NS NS 
a,b,c… significance difference between treatments,  LSD= Least significance difference; CV= coefficient of variance,    

DM=dry matter; DMY=dry matter yield; CF=crude fiber, OM=organic matter; CP= crude protein; EE= Ether extract, , CPY=crude protein yield, NDF= 

neutral detergent fiber; ADF= acid detergent fiber 

Table 5. Correlation coefficient of growth treatments 

 Plantheight Tillerno/plant Tillerno/m2 Leaf area/plant leaf no/Plant Leaf /stemratio 

Tiller no/plant 0.91**      

Tiller no/m2 0.89** 0.92**     

Leaf area cm2/plant  0.90** 0.90** 0.91**    

leaf no/ Plant 0.93** 0.91** 0.85** 0.90**   

Leaf /stem ratio 0.77** 0.75** 0.84** 0.80** 0.70**  

Biomass yield 0.94** 0.92** 0.89** 0.90** 0.95** 0.72** 
*, **, Significant at 5% and 1% probability levels 
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Table 6. Correlation coefficient of chemical composition of treatments

 DM OM CP CF EE NDF ADF ADL ASH 

OM 0.54 *         

CP 0.00 0.48 *        

CF 0.30 -0.67 ** -0.53 *       

EE 0.38 -0.66 ** 0.54 * -0.66 **      

NDF -0.27 -0.57 * -0.52 * 0.52 ** -0.58 *     

ADF -0.21 -0.50 * -0.35 0.41 -0.35 0.56 *    

ADL -0.30 -0.55 * -0.42 -0.70 ** 0.49 * 0.34 0.18   

ASH 0.27 0.44 0.09 -0.11 0.14 0.00 -0.49 * -0.04  

DMY 0.49 * 0.82 ** 0.56 * -0.72 ** 0.60 ** -0.49 * -0.48 * -0.56 * 0.41 
*, **, Significant at 5% and 1% probability levels 
DM= Dry matter; OM= Organic matter; CP= Crude protein; CF= Crude fiber; EE=Ether extract; NDF= Neutral detergent fiber; ADF=Acid detergent fiber; 

ADL=Acid detergent lignin; DMY=Dry matter yield
 

Table 7. Partial Budget Analysis 

Budget components Cow manure and chemical Fertilizer treatments 

 T0 T1 T2 T3 T4 T5 T6 

Labor cost /ha 1800 1950 1950 1950 1950 1950 1950 

Seed cost ETB/ha 3500 3500 3500 3500 3500 3500 3500 

fertilizer cost ETB/ha 0 2000 4000 6000 1500  3000 4500 

TVC (Total variable cost) 5300 7450 9450 11450 6950 8450 9950 

GFB (Growth field benefit) 53130 56470 74200 80000 54500 59970 64670 

NB (Net benefit) 47830 49020 64750 68550 47550 51520 54720 

∆TVC _ 2150 2000 2000 -4500 1500 1500 

∆ GFB _ 3340 17730 5800 -25500 5470 4700 

∆ NB _ 1190 15730 3800 -21000 3970 3200 

MRR (Marginal rate of return) _ 0.553 7.865 1.90 4.66 2.64 2.133 
 ETB = Ethiopian Birr (1000 ETB=7 US$) 

 

3.2.12. Partial budget analysis 

 

Economic analysis shown in Table 7 was performed for 

each treatment. Annual forage crops required lower total 

input cost (TIC) and total labor cost (TLC). The market 

price of each feed biomass was recorded at the time of 

purchase, expressed in Birr per kilogram. The average 

feed yield per hectare was calculated and multiplied by the 

corresponding market price to determine the feed cost per 

hectare (Birr/ha) for each treatment. The total variable 

cost (TVC) was computed as the sum of labor costs, seed 

costs, and fertilizer costs incurred during the experimental 

period. Gross field benefit (GFB) was calculated by 

multiplying the total biomass yield by the market price of 

the feed. Net benefit was calculated by subtracting the 

total variable cost from the growth field benefit. The 

marginal rate of return (MRR) was calculated as 

MRR=∆NR/∆TVC (Atumo et al., 2021). The highest total 

variable cost (TVC) produced in treatment T3 (11450 

Birr) was due to higher fertilizer cost compared to other 

treatments. While treatments T0 and T1 (5300 and 7450 

Birr) had very low costs compared to other treatments due 

to relatively lower demands for input and labor costs. 

Income was generated from the sale of forage biomass. 

The economic analysis also revealed that the highest net 

benefits of 68550 and  64750 ETB/ha with marginal rates  

 

of returns of 1.9 (190%) and 7.865(7.865%) were obtained 

under a seed rate of 100 kg/ha and a NPS fertilizer rate of 

150 &100 kg/ha, respectively. 
 

4. Conclusion 
 

Walga Oat variety was evaluated for biomass yield, 

maturity stage and chemical composition during the main 

cropping season at Choman Guduru District. Most of the 

yield and agronomic parameters were significantly 

affected by the effects of cow dung manure and NPS 

fertilizer type. Generally, based on the current results, 

higher values of plant height, number of tiller/m2, biomass 

yield, leaf to stem ratio and number of leaves per plant 

were recorded by using 150 NPS kg ha- 1 in (T3), resulting 

in a higher dry matter accumulation rate over the growing 

period. In addition to this chemical composition of Walga 

oats was high in treatment T3. Overall, the findings from 

the study area suggest that Walga oats have significant 

potential to address the recurring issue of feed scarcity. 

The application of 150 kg NPS ha⁻¹ fertilizer was 

recommended for the region, as it provided the highest net 

benefit. Additionally, the use of high doses of cow dung 

manure (15 tons per hectare) could serve as a viable 

alternative to produce high-quality oat fodder with 

optimal yield. 
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