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The study was conducted to evaluate the yield performance of improved forage

and food crops and to estimate the profitability of fodder and food crops in

Holetta and Ejere areas, central highlands of Ethiopia during 2019 and 2020

cropping seasons. The experiment was laid out in randomized complete block

design with three replications and evaluated two annual forage crops, two

perennial forage crops, and two cereal food crops. Data on herbage dry matter

(DM) yield was collected for forage crops while straw and grain yields were

measured for food crops. Partial budget analysis was made to evaluate the

economic feasibility of forage and food crops production. The result revealed

that the herbage DM yield varied (P<0.05) at each location during each

production year and combined over years and between the two locations. The

straw and grain yields of food crops also varied (P<0.05) between the two

production years and locations. The nutritive values of herbage and straw

yields of forage and food crops differed (P<0.05) for all measured parameters.

The crude protein and in-vitro dry matter digestibility of perennial forage crops

were relatively higher than annual forage crops and straw of food crops. The

partial budget analysis result indicated that the gross revenue (GR) and net return

(NR) obtained from food crops were the highest followed by annual forage crops

while the least was recorded from perennial forage crops during the first year of

production. However, perennial forage crops produced the higher GR and NR

than food crops and annual forage crops in the second year of production. In the

second year of production, among the forage crops, Desho grass generated 308,

293, 287, and 232% while Rhodes grass generated 99, 92, 90, and 62% more NR

than wheat, sole oat, barley, and oat/vetch mixtures, respectively. The benefit-

cost ratio (BCR) of perennial forage crops was the lowest (3.0 for Desho and 1.6
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for Rhodes) in the first year of production but the ratio was the highest (17.2

for Desho and 8.6 for Rhodes) in the second year of production. This

confirms the better economic feasibility of perennial forage crops as they

can be maintained using minimal management cost once they have

been established.
KEYWORDS

dry matter yield, grain yield, nutritive value, partial budget analysis, straw yield
1 Introduction

Agriculture is the dominant sector of the Ethiopian economy,

contributing about 35% to GDP and 68% to employment, and 90%

to the export value (FAO (Food and Agricultural Organization of

the United Nations), 2019). Similarly, livestock are an integral part

of agriculture, accounting for about 45% of the agricultural GDP, 31

to 48% of the total household income and 10% of the total export

earnings (FAO (Food and Agricultural Organization of the United

Nations), 2019). Livestock play a significant role as a source of food

and income in addition to several other important economic and

socio-cultural functions. The report of the Central Statistical

Agency indicated that 98.24% of the total cattle in the country are

local breeds with low productivity and production (CSA (Central

Statistical Agency), 2018) due to poor quality and inadequate

quantity of available feed (FAO (Food and Agricultural

Organization of the United Nations), 2019). Ethiopia has a huge

livestock population that requires considerable amounts of good

quality feed and appropriate feeding systems for increased

productivity, production value addition, and transformation of

the livelihood of the farmers. Improving the supply and quality of

the available feed resources will significantly contribute to enhance

productivity and production of the livestock sector in the country

(Seyoum et al., 2001; Getnet, 2007; Alemayehu et al., 2017).

The potential feed resources in Ethiopia include natural

pastures, crop residues, and stubble grazing, cultivated forages,

agro-industrial by-products, grain, and grain screenings,

compound or formula feeds. Natural pasture grazing accounts for

the major share of feed supply (54.5) followed by crop residues

(31.1) and hay, which contribute 7.4% of the total feed (CSA

(Central Statistical Agency), 2021). Agro-industrial by-products,

improved forage crops, and non-conventional feed resources like

animal by-products, vegetable and fruit wastes contribute the

remaining 2.0, 0.6, and 4.4% of the total feed, respectively (CSA

(Central Statistical Agency), 2021). Livestock feeding in Ethiopia

mainly depends on natural pasture and crop residue, both of which

have low nutritional value (Adugna et al., 2012b; Alemayehu et al.,

2017). Moreover, feed production and processing industries are not

well developed and good quality supplemental feeds are in short
02
supply and very expensive in Ethiopia. Feed cost accounts for about

60 to 70% of the total cost of livestock production (Adugna et al.,

2012a; Fekede, 2013; Seyoum et al., 2018) and it increases to 75-80%

during the critical feed shortage period in the country (Demisse,

2017). Cultivated forage crops have a tremendous contribution to

boosting and sustaining livestock productivity by filling the gap of

good quality feed resources available in the country (Getnet

et al., 2012).

Over the past five decades, the adaptability and yield performance

of different improved forage crops have been tested in areas ranging

in altitude from 600-3000 meters above sea level, and many

promising species have been selected for high, medium, and low

altitudes (Getnet and Gezahagn, 2012; Alemayehu et al., 2017). The

selected forage crops are generally well adapted to the different agro-

ecologies and are high-yielding and have better quality compared to

natural pastures (Getnet et al., 2012; Fekede et al., 2015). So far, a total

of 82 forage varieties have been officially registered in the crop variety

register book in Ethiopia (EAA (Ethiopian Agricultural Authority),

2022). However, the adoption of released forage technologies in

Ethiopia is extremely low. The overall adoption rate of forage crops

in the Oromiya region during the 2014 production year was 10%

(Agajie et al., 2016) and the adoption rate in the same region reached

12% in 2017 (Agajie et al., 2018). Generating tangible evidence to

show that forage crops are competitive and better enterprise choices

to ensure adoption by various target groups is very important. Hence,

generating compelling empirical evidence on yield performance and

economic feasibility of improved forage crops is crucial to inform

policy makers and practitioners.
2 Materials and methods

2.1 Description of the study areas

The experiment was conducted under rainfed conditions during

the main cropping season (June to January) of 2019 and 2020 at the

experimental field of the Holetta Agricultural Research Center

(HARC) and Ejere under on-farm conditions. HARC is located at

9°00’N latitude, 38°30’E longitude, and at an altitude of 2400 meters
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above sea level (masl). It is 34 km west of Addis Ababa and is

characterized by a long-term (30 years) average annual rainfall of

1055 mm, and average minimum and maximum air temperatures

of 6.1 and 22.2°C, respectively (EIAR (Ethiopian Institute of

Agricultural Research), 2005). The rainfall is bimodal and about

85% of the precipitation falls from June to September, while the

remaining 15% falls from March to May (Getachew, 2017). The soil

type of the area is predominantly acidic Eutric Nitosol, which is

characterized by an average organic matter content of 1.8%, total

nitrogen of 0.17%, pH of 5.24, and available phosphorus of 4.55

ppm (Gemechu, 2007). The experiment was also conducted under

on-farm conditions at Ejere. It is located at 9°03’N latitude, 38°26’E

longitude, and at an altitude of 2400 masl. The site is located 40 km

west of Addis Ababa and is characterized by a long-term average

annual rainfall of 1044 mm, average minimum and maximum air

temperatures of 6.5 and 22.4°C, respectively. The soil type of the

area is Nitosol, which is characterized by an average organic matter

content of 3.0%, total nitrogen of 0.13%, pH of 5.0, and available

phosphorus of 5.46 ppm. The monthly precipitation and mean

temperature of the study areas during the experimental years are

indicated in Figure 1.

The farming system of the study areas is mixed crop-livestock

production where tef [Eragrostis tef (Zucc.) Trotter] is the main

staple crop complemented by other cereals such as barley (Hordeum

vulgare L.), wheat (Triticum aestivum L.), and maize (Zea mays L.).

Also, faba bean (Vicia faba L.), field pea (Pisum sativum L.),

chickpea (Cicer arietinum L.), and horticultural crops such as

potatoes (Solanum tuberosum L.) are the major crops grown in

the study areas. The main feed resources in the areas are natural

pasture, crop residues, and cultivated forage crops mainly oat/vetch

mixture (Avena sativa L./Vicia dasycarpa L.), Napier grass

(Pennisetum purpureum), Desho grass (Pennisetum glaucifolium),

Rhodes grass (Chloris gayana), and tree lucerne (Chamaecytisus

palmensis) which are grown by some farmers for their crossbred
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dairy cows (HARC (Holetta Agricultural Research Center), 2009).

Map of the study areas is indicated in Figure 2.
2.2 Experimental treatments and design

The study was conducted using the best adapted four forage crops

and two cereal food crops (Table 1). The experiment was laid out in a

randomized completed block design (RCBD) with three replications.

The treatments were assigned to plots at random within each block.

Each treatment was sown to a plot area of 5 m x 4 m = 20 m2. All

treatments were sown with their recommended sow spacing. Except

for desho grass, the treatments were sown with 20cm row spacing.

Desho grass was planted using root splits in 50-cm inter and 25-cm

intra row spacing. The spacing between plots and blocks was 1 m and

1.5 m, respectively. The oat-vetch mixture was sown with 75 and 25%

of the recommended seeding rate for oat (75 kg/ha) and vetch (6.3 kg/

ha), respectively (Astatke, 1979; Lulseged, 1981). The recommended

fertilizer rate of 18 kg N/ha + 20 kg P/ha in the form of diammonium

phosphate (DAP) was uniformly applied at sowing for all forage

crops. In addition, the recommended fertilizer rate of 45 kg N/ha + 50

kg P/ha and 27 kg N/ha + 30 kg P/ha in the form of diammonium

phosphate (DAP) was uniformly applied at sowing for wheat and

barley, respectively. Moreover, 50 kg N/ha in the form of urea was

applied to wheat and barley crops at tillering stage. For perennial

forage crops (Desho grass and Rhodes grass), one-third of 50 kg N/ha

in the form of urea was applied during the short rainy season and the

remaining two-third were applied at the active vegetative growth

stage. The sowing of the first-year experiment was done on July 10,

2019, and July 12, 2019, at Holetta and Ejere, respectively. Similarly,

the second-year sowing was done on June 22, 2020, and June 26,

2020, at Holetta and Ejere, respectively. The first-hand weeding was

done 30 days after full crop emergence and the second-hand weeding

was performed 30 days after the first weeding.
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FIGURE 1

Monthly total precipitation and mean minimum and maximum temperatures during the cropping seasons and 30-year (1989-2018) at the
study areas.
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2.3 Yield determination and nutritive
value analysis

Yield data were collected on a plot basis (excluding the two

border rows) at forage and grain harvesting stages for forage crops

and food crops, respectively. The soft dough stage has been

recommended to be the best stage for forage harvesting of oat

and oat/vetch mixtures because optimum yield and quality are

obtained at this stage for haymaking in Ethiopia (Astatke, 1976;

Lulseged, 1981). For the determination of herbage dry matter

accumulation, the forage crops were harvested manually using a

sickle at the soft dough stage for sole oat and oat/vetch mixtures,

50% heading for Rhodes grass and at 1-m height for Desho grass.

The weight of the total fresh biomass was recorded from each plot

in the field. To isolate the panicle from the total biomass of the food

crops, the panicle portion of the plant was harvested first manually

using a sickle and separately collected. The remaining aftermath

was harvested from the ground level and its fresh biomass was

measured and recorded in the field. About a 500 g sample of the

herbage and aftermath was taken and oven-dried at 105°C for 24 h
Frontiers in Animal Science 04
to determine the herbage and aftermath dry matter accumulation.

Grain samples were taken and oven-dried at 100°C for 48 h to

adjust the moisture concentration to 12.5%, a recommended

percentage level for cereals (Biru, 1979). Grain yield was then

estimated at an adjusted moisture concentration of 12.5% for safe

storage. The residue remaining after grain threshing (chaff) was

oven-dried at 100°C overnight and added to the aftermath dry

matter to estimate straw dry matter biomass.

The oven-dried samples of forage and straw at 65°C for 72 hours

were ground to pass through a 1-mm sieve for laboratory analysis.

Total ash and crude protein (CP) concentrations were determined

using standard procedures of AOAC (1995). Accordingly, ash was

determined upon complete burning of the feed samples in a muffle

furnace at 550°C for six hours (AOAC, 1990). Nitrogen concentration

was determined by the Kjeldahl method involving acid digestion and

distillation (Nelson and Sommers, 1982). The CP concentration was

calculated as 6.25 multiplied by N concentration assuming that protein

contains 16% N. The structural plant constituents such as neutral

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

lignin (ADL) were analyzed using the detergent extraction method
TABLE 1 List of experimental treatments used for the study.

SN Crop Latin name Variety Life cycle Seeding rate (kg/ha)

1 Sole Oat Avena sativa SRCPX80Ab2806 Annual 100

2 Oat/vetch mix – – – –

- Oat Avena sativa SRCP X 80Ab 2806 Annual 75

- Vetch Vicia dasycarpa Lana Annual 7.5

3 Desho grass Pennisetum glaucifolium Kulumsa (DZF-592) Perennial 80,000 splits

4 Rhodes grass Chloris gayana Massaba Perennial 15

5 Wheat Triticum aestivum Ali Doro Annual 150

6 Barley Hordeum vulgare HB-37 Annual 200
FIGURE 2

Map of the study areas.
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described by Goering and Van Soest (1970). The in-vitro dry matter

digestibility (IVDMD) was determined by the two-stage in-vitro

fermentation techniques of Tilley and Terry (1963). The

metabolizable energy (ME) of the feed was estimated according to

the equation proposed by Wiseman (1987).
2.4 Partial budget analysis

An economic analysis was used to compare the economic benefits

of food and forage crops using the partial budget analysis (CIMMYT

(International Maize and Wheat Improvement Center), 1988). Partial

budget analysis involves the calculation of the variable costs and

benefits. The benefits were calculated based on the market value of

natural pasture hay, grain, and straw of wheat and barley crops after

harvesting time (January) of each growing season. The natural pasture

hay price was used to estimate the price of Desho and Rhodes grass

hay. Costs of pre-basic seed, inorganic fertilizers, and labor costs for

land preparation, weeding, and threshing were considered for

estimation of production cost. The cost structure is different when

comparing annual and perennial forage crops. For annual forage crops,

all the production costs are incurred during the production cycle for a

single crop. But for perennial crops, costs can be separated into the

start-up or establishment cost and the annual cost incurred thereafter.

The total costs (i.e., seeds, fertilizers, and labor) were calculated based

on local market prices. Labor cost for each activity was taken based on

the local daily wage per person to perform the activity per hectare and

multiplied by the total man-days required to complete the activity. The

gross benefit was calculated by multiplying the forage, grain, and straw

yields (kg/ha) by the respective average openmarket price (presented in

ETB/kg). In the economic analysis, the average forage, grain, and straw

yields were adjusted downwards by 10%, taking into consideration that

farmers could obtain 10% less than the experimental yield (CIMMYT

(International Maize and Wheat Improvement Center), 1988). This is

because yields from experimental plots are often higher than the yields

that farmers could expect using the same treatments. The forage, grain,

and straw yields were the average of two growing locations, gross

income was estimated based on local market prices, and net income

was obtained by deducting total costs from the gross income.

Moreover, the benefit-cost ratio (BCR) was calculated by dividing

gross revenue (GR) by total variable cost (TVC) (Ozpinar, 2006). If the

ratio is less than one, then the costs exceed the benefit (not cost-

effective), and such an intervention should be rejected. However, if the

ratio is more than one, then the benefit exceeds the costs and the

investment is therefore worthwhile (Jehanzeb, 1999). A BCR value of

greater than one suggests an intervention whose benefits exceed its

costs. Conversely, a BCR of 1 meant that the intervention would not

add or take away any value from the farmers and should not be

promoted unless there would be wider social or economic benefits

(other than financial).
2.5 Statistical analysis

Analysis of variance (ANOVA) procedures of the SAS general

linear model (GLM) version 9.4 was used for analysis to compare
Frontiers in Animal Science 05
treatment means (SAS (Statistical Analysis System), 2012). To

determine the validity of each location and year analysis,

Bartlett’s test for homogeneity of variance was done by the SAS

computer packages prior to computing ANOVA. Moreover, the

homogeneity of error variance for combined ANOVA was tested

using the F-max method of Hartley (Hartley, 1950), which is based

on the ratio of the larger mean square of error (MSE) from the

separate analysis of variance to the smaller MSE. If the larger MSE is

not three-fold larger than the smaller MSE, the error variance is

considered homogeneous (Gomez and Gomez, 1984). A separate

analysis was made for forage and food crops. The statistical

significance was determined using the F test. Only traits that

show a significant difference in ANOVA were promoted to mean

comparisons using the least significance difference (LSD) at a 5%

probability level following Gomez and Gomez (1984). The statistical

models for individual location, year, and combined over locations

and years are presented below. The statistical model of the RCBD

design for individual location and/or year is given by:

Yij = m + Bi + Sj + eij

Where Yij = measured response of species j in block i; m = grand

mean; Bi = effect of block i; Sj = effect of species j; eij = random error

effect of species j in block i. The statistical model of the RCBD

design for over years and locations is given by:

Yijkl = m + Bi + Sj + Lk + Yl + (SL)jk + (SY)jl + (LY)kl + (SLY)jkl

+ eijkl

Where Yijkl = measured response of species j in block i at

location k and year l; m = grand mean; Bi = the effect of block i; Sj =

the effect of species j; Lk = the effect of location k; Yl = the effect of

year l; (SL)jk = the interaction effect between species j and location k;

(SY)jl = the interaction effect between species j and year l; (LY)kl =

the interaction effect between location k and year l; (SLY)jkl = the

interaction effect among species j, location k and year l and eijkl =
the residual or effects of random error.
3 Results

3.1 Productivity of forage and food crops

The analysis of variance indicated that year, species, and the

interaction effect of the year by species showed significant (P<0.05)

differences for herbage dry matter accumulation of forage crops

(Table 2). In addition, the year and location had significant effects

for straw and grain yields of the food crops. Moreover, the

interaction effects of the year by location, year by species, and

location by species had a significant (P<0.05) effect on straw yield.

The grain yield also varied (P<0.05) for species and the interaction

effect of the year by location by species.

The mean herbage DM accumulation of forage crops at the

recommended forage harvesting stage differed (P<0.05) at each

location during each production year and combined over years and

locations (Table 3). The combined analysis at Holetta showed that

the mean herbage DM accumulation ranged from 7.3 to 15.8 t DM/
frontiersin.org
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ha with a mean of 9.9 t DM/ha. The highest herbage DM

accumulation at Holetta was recorded from Desho grass followed

by Rhodes grass and oat/vetch mixtures while the lowest was

obtained from sole oat. In the combined analysis, Desho grass at

Holetta had 80, 108, and 116% herbage DM accumulation

advantages over Rhodes grass, oat/vetch mixtures, and sole oat,

respectively. Similarly, Rhodes grass at Holetta showed yield

advantages of 16 and 21% over oat/vetch mixtures and sole oat,

respectively. Furthermore, the combined analysis done at Ejere

indicated that Desho grass produced the highest herbage DM

accumulation followed by oat/vetch mixtures, and sole oat while

the least was recorded from Rhodes grass (Table 3). According to

the result of combined analysis at Ejere, Desho grass had 71, 89, and

100% herbage DM accumulation advantages over oat/vetch

mixtures, sole oat, and Rhodes grass, respectively. Likewise, oat/

vetch mixtures at Ejere had DM yield advantages of 10 and 17%

over sole oat and Rhodes grass, respectively.

The combined analysis of the two locations indicated that

herbage DM accumulation in both production years and

combined over years varied (P<0.05) among forage species

(Table 3). The result combined over years showed that Desho
TABLE 3 Mean herbage DM yield (t/ha) of forage crops at each site, year, and combined over years and locations.

Location Species Year

2019 2020 Combined

Holetta Sole oat 7.7b 6.8b 7.3b

Oat/vetch mixtures 8.5b 6.7b 7.6b

Desho grass 11.6a 19.9a 15.8a

Rhodes grass 7.4b 10.2b 8.8b

Mean 8.8 10.9 9.9

CV (%) 16.2 25.3 30.8

P-value 0.04 0.003 0.0004

Ejere Sole oat 8.3a 5.7c 7.0b

Oat/vetch mixtures 9.2a 6.2bc 7.7b

Desho grass 9.0a 17.3a 13.2a

Rhodes grass 4.1b 9.2b 6.6b

Mean 7.6 9.6 8.6

CV (%) 16.1 16.6 35.3

P-value 0.003 <.0001 0.005

Combined Sole oat 8.0ab 6.2c 7.1b

Oat/vetch mixtures 8.9a 6.5c 7.7b

Desho grass 10.3a 18.6a 14.5a

Rhodes grass 5.7b 9.7b 7.7b

Mean 8.2 10.3 9.3

CV (%) 23.5 23.7 34.1

P-value 0.006 <.0001 <.0001
Different superscript letter/s in the same column at each location represent significant differences at P<0.05.
TABLE 2 Analysis of variance for year, location, species, and their
interaction effects on yield and yield components of improved forage
and food crops.

Factors FDMY (t/ha) SY (t/ha) GY (t/ha)

Year (Y) * ** ***

Location (L) NS ** *

Species (S) *** NS *

Y*L NS * NS

Y*S *** * NS

L*S NS *** NS

Y*L*S NS NS *

Mean 9.3 4.1 2.1

CV (%) 23.6 18.9 25.3

R2 0.85 0.80 0.86
FDMY, forage dry matter yield; SY, straw yield; GY, grain yield; Y*L, year by location
interaction; Y*S, year by species interaction; L*S, location by species interaction; Y*L*S, year
by location by species interaction; CV, coefficient of variation; R2, R-square; * ≤ 0.05; ** ≤ 0.01;
*** ≤ 0.001; NS, non-significant.
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grass had yield advantages of 88 and 104% over oat/vetch mixtures/

Rhodes grass and sole oat, respectively. The herbage DM

accumulation produced at Holetta was relatively higher than Ejere

during each production year and combined over years. The result

showed that yield advantages of 16, 14, and 6% were recorded at

Holetta in the first year, the second year, and combined over years,

respectively. Moreover, the herbage DM accumulation of forage

species varied (P<0.05) between the two production years.

Accordingly, the forage species had a 26% yield advantage in the

second year of production.

The mean straw yield of wheat and barley at each location

during each production year and combined over years and

locations is indicated in Table 4. The mean straw yield of wheat

and barley at the grain harvesting stage varied (P<0.05) during the

first production year and combined over years at Holetta. On the

other hand, the straw yield in the second year of production and

combined over years differed (P<0.05) between food cops at Ejere.

A higher straw yield was recorded for wheat at Holetta while the

barley crop gave a higher straw yield at Ejere during both

production years and combined over years. At Holetta, the

wheat crop had 31, 43, and 35% straw yield advantages in the

first year of production, the second year of production, and

combined over years, respectively. Similarly, straw yield

advantages of 11, 100, and 46% were recorded at Ejere for

barley in the first year of production, the second year of

production, and combined over years, respectively. The straw

yield was slightly higher at Ejere than Holetta in both

production years and combined over years. The combined over

years analysis indicated that the straw yield advantage of 28% was
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recorded at Ejere. The mean straw yield varied (P<0.05) between

the two production years and accordingly, 28% yield advantage

was recorded in the first year of production.

The mean grain yield of wheat and barley at each location

during each production year and combined over years is indicated

in Table 4. The result indicated that the grain yield varied (P<0.05)

for the first year of production and combined over years at Holetta.

In the first year of production and combined over years, the wheat

crop gave a higher grain yield while the barley crop produced a

higher grain yield in the second year of production at Holetta. The

grain yield advantages of the wheat crop at Holetta were 63 and 36%

over barley crop during the first year of production and combined

over years, respectively. At Ejere, the barley crop produced a higher

grain yield in the first year of production, but the wheat crop

produced a higher grain yield in the second year of production and

combined over years. Barley crop had a 5% grain yield advantage in

the first year of production while 86 and 18% grain yield advantages

were recorded for wheat crop in the second year of production and

combined over years, respectively. The combined over locations at

each year and combined over years analysis indicated that wheat

crop produced a higher grain yield than barley crop. Accordingly,

29, 24, and 27% grain yield advantages for wheat were recorded in

the first year of production, the second year of production, and

combined over years, respectively. The grain yield was higher at

Holetta than Ejere in both production years and combined over

years. The grain yield advantages at Holetta were 33, 12, and 26% in

the first year of production, the second year of production, and

combined over years, respectively. The mean grain yield varied

significantly between the two production years and a higher yield
TABLE 4 Mean straw yield (t/ha) and grain yield (t/ha) of food crops at each site, year and combined over years and locations.

Location Species Straw yield Grain yield

2019 2020 Combined 2019 2020 Combined

Holetta

Wheat 5.1a 3.3 4.2a 4.2a 1.3 2.7a

Barley 3.9b 2.3 3.1b 2.6b 1.4 2.0b

Mean 4.5 2.8 3.6 3.4 1.3 2.4

CV (%) 7.5 25.4 19.2 9.5 21.1 20.6

P-value 0.05 0.22 0.03 0.03 0.51 0.04

Ejere

Wheat 4.4 3.0b 3.7b 2.5 1.6 2.0

Barley 4.9 6.0a 5.4a 2.6 0.8 1.7

Mean 4.7 4.5 4.6 2.5 1.2 1.9

CV (%) 26.9 8.7 17.4 31.0 22.1 25.9

P-value 0.67 0.01 0.01 0.88 0.08 0.32

Combined

Wheat 4.8 3.1b 3.9 3.3 1.4 2.4a

Barley 4.4 4.1a 4.3 2.6 1.1 1.9b

Mean 4.6 3.6 4.1 3.0 1.3 2.1

CV (%) 20.4 13.9 18.9 23.3 22.8 25.3

P-value 0.53 0.02 0.35 0.11 0.16 0.03
Different superscript letter/s in the same column at each location represent significant differences at P<0.05.
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was obtained in the first year of production. Accordingly, a 133%

grain yield advantage was observed in the first year of production.
3.2 Nutritive value of herbage and
straw yields

The nutritive values of herbage for forage crops and straw for

food crops were significantly different for all measured parameters at

each location and combined over locations (Table 5). Among
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treatments, Desho grass had higher values of ash, CP, and IVDMD

while ME was higher for sole oat at each location and combined over

locations. On contrast, NDF and ADL concentrations were higher for

wheat and barley straw, respectively. The location had a significant

effect on NDF, IVDMD, and ME of herbage DM and straw yields.

Furthermore, ash and IVDMD were significantly affected by the

interaction effect of species by location. Among the tested crops,

perennial forage grasses (Desho and Rhodes grasses) had better ash,

CP, and IVDMD followed by annual forage crops (sole oat and oat/

vetch mixtures) while the lowest values were produced from wheat
TABLE 5 Chemical composition (%), in-vitro dry matter digestibility (%), and metabolizable energy (MJ/kg) of forage crop herbage yield and straw
yield of food crops at each site and combined over locations.

Location Species Ash CP NDF ADF ADL IVDMD ME

Holetta Sole oat 10.8c 7.7b 52.2d 40.6b 5.4c 57.2b 8.1a

Oat/vetch 10.5c 8.5b 63.6d 41.4b 5.6c 57.8b 7.9a

Desho 17.8a 14.5a 67.6c 34.6d 4.4d 60.8a 7.9a

Rhodes 15.8b 14.4a 68.6c 37.1c 5.2c 59.9a 7.9a

Wheat 8.4d 4.0c 76.3a 50.5a 6.8b 48.4d 7.0b

Barley 8.9d 4.3c 74.5b 51.0a 7.7a 49.7c 7.1b

Mean 12.0 8.9 68.8 42.5 5.8 55.6 7.6

CV (%) 6.8 10.2 1.3 1.9 4.7 1.2 1.9

P-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0002

Ejere Sole oat 11.2cd 7.6c 63.7d 40.4b 5.1c 56.7a 7.9a

Oat/vetch 12.0c 9.3b 62.7d 41.6b 5.6c 56.8a 7.7ab

Desho 16.9a 13.7a 69.0c 35.3d 4.4d 57.8a 7.5b

Rhodes 15.0b 13.7a 70.0c 37.9c 5.3c 56.9a 7.5b

Wheat 9.2e 4.3d 78.3a 52.3a 7.0b 47.2b 6.7c

Barley 10.4d 4.3d 74.2b 51.4a 7.7a 46.8b 6.9c

Mean 12.5 8.8 69.6 43.1 5.9 53.7 7.4

CV (%) 4.7 6.4 1.5 2.6 5.5 1.3 2.7

P-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.001

Combined Sole oat 11.0c 7.6c 62.9d 40.5b 5.2d 57.0c 8.0a

Oat/vetch 11.2c 8.9b 63.2d 41.5b 5.6c 57.3c 7.8ab

Desho 17.4a 14.1a 68.3c 35.0d 4.4e 59.3a 7.7b

Rhodes 15.4b 14.0a 69.3c 37.5c 5.2d 58.4b 7.7b

Wheat 8.8e 4.1d 77.3a 51.4a 6.9b 48.0d 6.8c

Barley 9.7d 4.3d 74.3b 51.2a 7.7a 48.2d 7.0c

Mean 12.2 8.8 69.2 42.8 5.8 54.7 7.5

CV (%) 5.6 8.4 1.2 2.4 5.1 1.3 2.5

P-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Loc NS NS * NS NS *** ***

Sp * Loc * NS NS NS NS ** NS
frontie
CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin; IVDMD, in-vitro dry matter digestibility; ME, metabolizable energy; Loc, location; Sp* Loc,
Species by location interaction; CV, coefficient of variation.
* ≤ 0.05; ** ≤ 0.01;*** ≤ 0.001; NS, non-significant.
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and barley straws. The metabolizable energy value was higher for sole

oat followed by oat/vetch mixtures while the lowest was recorded for

wheat and barley straws.
3.3 Partial budget analysis for food and
forage crops

The partial budget analysis for food and forage crops during the

first year of production is presented in Table 6. The total input cost

(TIC) required for annual forage crops was generally lower than for

food and perennial forage crops. Accordingly, the TIC required for

the production of Desho grass, wheat, barley, and Rhodes grass were

296, 288, 266, and 192% higher over oat/vetch mixtures, respectively.

Similarly, the TIC for Desho grass, wheat, barely, and Rhodes grass

were higher by 257, 250, 230, and 164% over sole oat, respectively.

The total labor cost (TLC) was generally higher than the TIC required

for food and forage crops production. The TLC required for the

production of oat/vetch mixtures, sole oat, Rhodes grass, barley, and

wheat were 211, 166, 74, 38, and 8% higher than the TIC for the

respective crops. Likewise, the TLC for the production of Rhodes

grass, barley, wheat, and Desho grass were increased by 72, 71, 42,

and 32% over sole oat production, respectively. Furthermore, the

TLC of 64, 62, 35, and 25% over oat/vetch mixtures were recorded for

Rhodes grass, barley, wheat, and Desho grass, respectively. Thus, the

TVC for the production of barley, wheat, Rhodes, and Desho were

increased by 114/112, 99/97, 97/95, and 93/91% over sole oat and oat/

vetch mixtures, respectively.

The income obtained from the selling of food and forage crops

during the first year of production is indicated in Table 6. The result

showed that relatively a higher mean gross revenue (GR) was
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generated from annual forage crops when compared to perennial

forage crops during the first year of production. Among forage

crops, the highest GR was recorded from Desho grass followed by

oat/vetch mixtures and sole oat while the lowest was obtained from

Rhodes grass. The GRs earned from Desho grass were 81, 29, and

8% more than Rhodes grass, sole oat, and oat/vetch mixtures,

respectively. Similarly, oat/vetch mixtures generated 67 and 19%

more GR than Rhodes grass and sole oat, respectively. Furthermore,

sole oat generated 40%more GR than Rhodes grass. The wheat crop

generated 16% more income from grain sold than barley while

barley earned 13% more income from straw sold than wheat. The

GR obtained from food crops was higher than forage crops during

the first year of production. The result revealed that wheat

generated 180, 99, 67, 55, and 10% more GR than Rhodes grass,

sole oat, oat/vetch mixtures, Desho grass, and barley, respectively.

Likewise, barley crop produced 155, 82, 52, and 41% more GR than

Rhodes grass, sole oat, oat/vetch mixtures, and Desho grass,

respectively. On the other hand, the net return (NR) obtained

from wheat was the highest followed by barley, oat/vetch mixtures,

Desho grass, sole oat while Rhodes grass generated the lowest. The

wheat crop generated 463, 100, 81, and 60% while barley produced

386, 72, 56, and 38% more NR than Rhodes grass, sole oat, Desho

grass, and oat/vetch mixtures, respectively. Similarly, oat/vetch

mixtures produced 251, 24, and 13% more NR than Rhodes grass,

sole oat, and Desho grass, respectively. Furthermore, Desho grass

generated 212, and 10% more NR than Rhodes grass, and sole oat,

respectively, while sole oat generated 182% more NR than

Rhodes grass.

The benefit-cost ratio (BCR) of food and forage crops during the

first year of production is shown in Table 6. The result indicated

that the BCR for annual and perennial forage crops and food crops
TABLE 6 Partial budget analysis for food and forage crops in 2019 production year (Ethiopian birr).

Items Sole oat Oat/vetch Desho Rhodes Wheat Barley

Seed expense 1800 1508 8000 5200 6000 6600

Fertilizer expense 1200 1200 2710 2710 4500 3300

TIC (ETB) (A) 3000 2708 10710 7910 10500 9900

Land preparation expense 3190 3203 3783 3770 2787 3446

Expense for weeding 4800 5213 6762 10009 4419 4666

Expense for threshing – – – – 4167 5555

TLC (ETB) (B) 7990 8416 10545 13778 11372 13667

TVC (ETB) (C = A+B) 10990 11123 21255 21688 21872 23568

Income from forage 49680 59274 63963 35397 – –

Income from seed – – – – 80960 69660

Income from straw – – – – 18144 20592

GR (ETB) (D) 49680 59274 63963 35397 99104 90252

NR (ETB) (D-C) 38690 48151 42708 13709 77232 66685

BCR (D/C) 4.5 5.3 3.0 1.6 4.5 3.8
fron
TIC, Total input cost; TLC, Total labor cost; TVC, Total variable cost; GR, Gross revenue; NR, Net return; BCR, Benefit-cost ratio; ETB, Ethiopian birr; 1 kg DM Sole oat = 6.90 ETB; 1 kg DM
Oat/vetch mixtures = 7.40 ETB; 1 kg DM Desho = 6.90 ETB; 1 kg DM Rhodes = 6.90 ETB; 1 kg wheat straw = 4.20 ETB; 1 kg barley straw = 5.20 ETB; 1 kg wheat grain = 27.0 ETB; 1 kg barley
grain = 30.0 ETB; Labor cost for 8 hours = 50 ETB; January 31, 2020 exchange rate ($ 1 USD = Br. 32.0991).
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were greater than one, but the highest ratio was recorded for annual

forage crops followed by food crops while perennial forage crops

gave the lowest ratio. The highest BCR was recorded for oat/vetch

mixtures followed by wheat, sole oat, barley, Desho grass while the

lowest was from Rhodes grass. The BCR for oat/vetch mixtures was

3.3 and 1.8; wheat/sole oat 2.8 and 1.5; and barley 2.3 and 1.3 times

higher than Rhodes grass and Desho grass, respectively. For every

one Ethiopian Birr (ETB) spent for the production of oat/vetch

mixtures, wheat, sole oat, barley, Desho grass, and Rhodes grass, the

farmers generated ETB of 5.33, 4.53, 4.52, 3.83, 3.01, and 1.63

returns or the profit of 4.33, 3.53, 3.52, 2.83, 2.01, and 0.63 ETB on

every one ETB spent for the production of the respective crops.

The partial budget analysis for food and forage crops during the

second year of production is indicated in Table 7. For wheat

production 608, 278, and 242% more TIC were spent than

Desho/Rhodes grass, oat/vetch mixtures, and sole oat,

respectively. Likewise, for barley production 571, 258, and 224%

more TIC were disbursed than Desho/Rhodes grass, oat/vetch

mixtures, and sole oat, respectively. Furthermore, sole oat

production required 107% more TIC while oat/vetch mixtures

production required 88% more TIC than Desho/Rhodes grass

production. The sole oat production required 48 and 40% while

oat/vetch mixtures production required 44 and 36%more labor cost

than Desho grass and Rhodes grass, respectively. The TVCs for the

barley were 242, 227, 123, and 112% while for wheat were 214, 200,

104, and 94% more than Desho grass, Rhodes grass, oat/vetch

mixture, and sole oat, respectively. The sole oat production required

62 and 55% while oat/vetch mixtures production used 54 and 47%

more TVC than Desho grass and Rhodes grass, respectively.

The GR and NR earned from the selling of food and forage

crops during the second year of production are presented in Table 7.
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The result showed that the highest GR and NR were generated from

perennial forage crops when compared to annual forage and food

crops during the second year of production. The GR earned from

Desho grass was 200, 168, and 92% more than sole oat, oat/vetch

mixtures, and Rhodes grass, respectively. Similarly, Rhodes grass

generated 56 and 40% more GR than sole oat and oat/vetch

mixtures, respectively. The profit earned from the selling of wheat

grain was 13% more than barley grain sold while barley straw sold

earned 62% more profit than wheat straw sold. The GR generated

from barley and wheat productions were 33 and 24%; and 18 and

11% more than sole oat and oat/vetch mixtures, respectively. The

NR obtained from perennial forage crops was higher than food and

annual forage crops. The NR obtained from Desho grass was the

highest followed by Rhodes grass, oat/vetch mixtures, barley, sole

oat while wheat generated the lowest profit. The Desho grass

generated 308, 293, 287, and 232% while Rhodes grass generated

99, 92, 90, and 62% more NR than wheat, sole oat, barley, and oat/

vetch mixtures, respectively. Furthermore, Desho grass produced

104% more NR than Rhodes grass while oat/vetch mixtures

generated 23, 19, and 17% more NR than wheat, sole oat, and

barley, respectively.

The BCR of food and forage crops during the second year of

production is presented in Table 7. The result showed that the BCR

of food and forage crops was greater than one indicating the

production of these crops gives better profit in the study areas.

The highest BCR was recorded for Desho grass followed by Rhodes

grass, oat/vetch mixtures, sole oat, and wheat while the least was

recorded for barley. The BCRs of desho grass were 7.8, 7.6, 4.9, and

4.1 times higher than barley, wheat, sole oat, and oat/vetch

mixtures, respectively. Likewise, Rhodes grass made 3.9, 3.8, 2.4,

and 2.1 times more BCR than barley, wheat, sole oat, and oat/vetch
TABLE 7 Partial budget analysis for food and forage crops in 2020 production year (Ethiopian birr).

Items Sole oat Oat/vetch Desho Rhodes Wheat Barley

Seed expense 2000 1680 0 0 6450 7200

Fertilizer expense 1350 1350 1616 1616 4991 3641

TIC (ETB) (A) 3350 3030 1616 1616 11441 10841

Land preparation expense 3481 3203 0 0 3412 3459

Expense for weeding 4649 4688 5481 5812 3247 4445

Expense for threshing – – – – 4167 5555

TLC (ETB) (B) 8129 7891 5481 5812 10825 13459

TVC (ETB) (C = A+B) 11479 10921 7097 7428 22266 24300

Income from forage 40734 45630 122202 63729 – –

Income from seed – – – – 37935 33710

Income from straw – – – – 12555 20295

GR (ETB) (D) 40734 45630 122202 63729 50490 54005

NR (ETB) (D-C) 29255 34709 115105 56301 28224 29705

BCR (D/C) 3.6 4.2 17.2 8.6 2.3 2.2
TIC, Total input cost; TLC, Total labor cost; TVC, Total variable cost; GR, Gross revenue; NR, Net return; BCR, Benefit-cost ratio; ETB, Ethiopian birr; 1 kg DM Sole oat = 7.30 ETB; 1 kg DM
Oat/vetch mixtures = 7.80 ETB; 1 kg DM Desho = 7.30 ETB; 1 kg DM Rhodes = 7.30 ETB; 1 kg wheat straw = 4.50 ETB; 1 kg barley straw = 5.50 ETB; 1 kg wheat grain = 30.0 ETB; 1 kg barley
grain = 33.0 ETB; Labor cost for 8 hours = 50 ETB; January 31, 2021 exchange rate ($ 1 USD = Br. 39.4056).
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mixtures, respectively. The BCRs of oat/vetch mixtures were 1.9,

and 1.8 times higher than barley, and wheat, respectively.

Furthermore, sole oat had 1.6 times higher BCR than the other

tested food crops. For every one Ethiopian Birr (ETB) spent on the

production of Desho grass, Rhodes grass, oat/vetch mixtures, sole

oat, wheat, and barley, the farmers generated ETB of 17.22, 8.58,

4.18, 3.55, 2.27, and 2.22 returns or profits of 16.22, 7.58, 3.18, 2.55,

1.27, and 1.22 ETB on every one ETB spent for the production of

the respective crops.

The partial budget analysis for food and forage crops combined

over years is indicated in Table 8. The results showed that annual

forage crops relatively required lower TIC followed by perennial

forage crops and food crops. The mean TIC required for the

production of food crops (wheat and barley) were increased by 95

and 253% over the mean of perennial (Desho and Rhodes grasses)

and annual (oat and oat/vetch mixtures) forage crops, respectively.

Similarly, the mean TLC were increased by 38 and 52% for food

crops (wheat and barley) compared to the mean TLC of perennial

and annual forage crops, respectively. The TVC required for

production of sole oat, oat/vetch mixtures, Desho grass, and

Rhodes grass were increased by 108, 112, 65, and 61% over

barley, respectively. Similarly, 96, 100, 56, and 52% higher TVC

over wheat were recorded for sole oat, oat/vetch mixtures, Desho

grass, and Rhodes grass, respectively.

The GR and NR for food and forage crops which analyzed over

years are indicated in Table 8. The highest mean GR was recorded

for mean of food crops (wheat and barley) followed by perennial

forage crops (Desho grass and Rhodes grass) while annual forage

crops (sole oat and oat/vetch mixtures) gave the lowest.

Accordingly, the mean GR for the mean of food crops were
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increased by 50 and 3% over the mean of annual and perennial

forage crops, respectively. The mean GR for the mean of perennial

forage crops was also increased by 46% over the mean of annual

forage crops. The results revealed that the highest GR was obtained

from Desho grass (93,083 ETB) followed by wheat (74,797 ETB),

barley (72,129 ETB), oat/vetch mixtures (52,452 ETB), Rhodes grass

(49,563 ETB) while sole oat (45, 207 ETB) gave the lowest. Similarly,

the NB for Desho grass, wheat, barley, oat/vetch mixtures, Rhodes

grass, and sole oat were 78,907, 52,728, 48,195, 41,430, 35,005, and

33973 ETB, respectively. The highest mean NB was recorded for the

mean of perennial forage crops followed by food crops and annual

forage crops. Thus, the mean NB for the mean of perennial forage

crops were increased by 51 and 13% over the mean of annual forage

crops and food crops, respectively. The mean of food crops gave

34% higher mean NB over the mean of annual forage crops.

The BCR of food and forage crops over years is presented in

Table 8. The result showed that the highest BCR was recorded for

perennial forage crops followed by annual forage crops and food

crops. Among the crops, Desho grass gave the highest BCR followed

by oat/vetch mixtures, sole oat, Rhodes grass, and wheat while

barley gave the lowest. The BCR of Desho grass was 1.7, 1.4, 1.9, 1.9,

and 2.2 times higher than sole oat, oat/vetch mixtures, Rhodes grass,

wheat, and barley, respectively. Similarly, the BCR of oat/vetch

mixtures was 1.2, 1.4, 1.4, and 1.6 times higher than sole oat, Rhodes

grass, wheat, and barely, respectively. A unit of Ethiopian Birr

(ETB) spent for the production of Desho grass, oat/vetch mixtures,

sole oat, Rhodes grass, wheat, and barley, the farmers generated

ETB of 6.6, 4.8, 4.0, 3.4, 3.4, and 3.0 gross returns or the net profit of

5.6, 3.8, 3.0, 2.4, 2.4, and 2.0 ETB on every unit ETB spent for the

production of the respective crops.
TABLE 8 Partial budget analysis for food and forage crops combined over years (Ethiopian birr).

Items Sole oat Oat/vetch Desho Rhodes Wheat Barley

Seed expense 1900 1594 4000 2600 6225 6900

Fertilizer expense 1275 1275 2163 2163 4746 3471

TIC (ETB) (A) 3175 2869 6163 4763 10971 10371

Land preparation expense 3336 3203 1892 1885 3100 3453

Expense for weeding 4725 4951 6122 7911 3833 4556

Expense for threshing - - - - 4167 5555

TLC (ETB) (B) 8060 8154 8013 9795 11099 13563

TVC (ETB) (C = A+B) 11235 11022 14176 14558 22069 23934

Income from forage 45207 52452 93083 49563 - -

Income from seed - - - - 59448 51685

Income from straw - - - - 15350 20444

GR (ETB) (D) 45207 52452 93083 49563 74797 72129

NR (ETB) (D-C) 33973 41430 78907 35005 52728 48195

BCR (D/C) 4.0 4.8 6.6 3.4 3.4 3.0
TIC, Total input cost; TLC, Total labor cost; TVC, Total variable cost; GR, Gross revenue; NR, Net return; BCR, Benefit-cost ratio; ETB, Ethiopian birr; 1 kg DM Sole oat = 7.10 ETB; 1 kg DM
Oat/vetch mixtures = 7.60 ETB; 1 kg DM Desho = 7.10 ETB; 1 kg DM Rhodes = 7.10 ETB; 1 kg wheat straw = 4.35 ETB; 1 kg barley straw = 5.35 ETB; 1 kg wheat grain = 28.50 ETB; 1 kg barley
grain = 31.50 ETB; Labor cost for 8 hours = 50 ETB; Mean exchange rate ($ 1 USD = Br. 35.7524).
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4 Discussion

4.1 Yield performance of forage and
food crops

The herbage dry matter accumulation of forage species didn’t

vary between locations. This might be related to the similarity in the

amount and distribution of precipitation, soil characteristics, and

the responsiveness of the crop to the environment. However,

between the two years varied significantly, which resulted in

differences in rainfall and temperature between the two

production years. Environmental factors such as soil

characteristics, moisture, and temperature have an impact on

forage growth (Basford and Cooper, 1998; Gezahagn et al., 2017).

The yielding ability of any crop is mainly controlled by the genetic

makeup of a genotype, and it can also be affected by environmental

factors (Shahzad et al., 2007). Genotype by environment interaction

is the change in a cultivar’s relative performance over environments,

which results from the differential response of the cultivar to various

edaphic, climatic, and biotic factors (Dixon et al., 1994; Gemechu,

2012). The yielding ability of genotypes is the result of their

interaction with the environment. There is a strong influence of

environmental factors during various stages of crop growth (Bull

et al., 1992), thus genotypes differ widely in their response to

environments (Romagosa et al., 1996). A genotype grown in

different environments will frequently show significant

fluctuations in yield performance (Muez et al., 2015).

The yield performance of different forage crops vary due to

differences in genetic make-up and their differential response to the

growing environments. The recent study done at Holetta indicated

that Desho grass had greater herbage DM accumulation compared

to other perennial forage species (Mulisa et al., 2021). The mean

herbage DM accumulation observed in this study for Desho grass

(Bimrew, 2016; Tekalegn et al., 2017; Denbela et al., 2020; Teshale

et al., 2021); Rhodes grass (Brima, 2011; Allah and Bello, 2019); Oat/

vetch mixtures (Getnet, 1999; Fantahun, 2016); and sole oat

(Fekede, 2004; Getnet et al., 2004) were different compared to

their respective DM yield reported by different scholars. This

might be due to variation in varieties, soil characteristics,

moisture, temperature, management, and their interactions.

The utilization of crop residues as an animal feed is a dominant

aspect in the mixed crop-livestock production system. The straw

yield of wheat in the current study was comparable with the finding

of Annicchiarico et al. (2005) but the straw yield obtained from

barley was slightly lower than the report of Seyoum et al. (2020).

The variation in straw yield between the crops might be associated

with differences in genetic makeup and their response to the

growing environments. When genotypes grow in different

environments, they respond differently due to the differential

response of the genotypes to the environments.

The wheat grain yield observed in the current study was

comparable with the findings of Annicchiarico et al. (2005) and

Rahel and Fekadu (2016) and lower than the previous reports

(Erkul et al., 2010; Li et al., 2013). Likewise, barley in this study

showed comparable yield (Muhammad et al., 2017) and lower yield

(Seyoum et al., 2020) compared to the previous findings. The
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variation might be related to differences in varieties, growing

environments, and management conditions. The grain yield was

higher at Holetta than Ejere this might be attributed to the variation

of edaphic, climatic, and biotic factors between the testing locations

or the differential response of the crops for the growing locations.

The mean grain yield varied between the two production years in

which a higher yield was produced during the first year of

production due to better climatic conditions. The food crops and

annual forage crops were re-sown on the same plot in the second

year of production. This explicitly indicates that the growing

conditions for food crops were less favorable in the cereal mono-

cropping than in the crop rotation system. Similar observations

were reported by different scholars (Lund, 1993; Soane et al., 2012;

Ranjbar et al., 2015; Schlegel et al., 2018).
4.2 Nutritive value of herbage and
straw yields

The CP, NDF, ADF, ADL contents, and IVDMD of Desho grass

in the present study were higher than in other studies (Bimrew et al.,

2017; Mulisa et al., 2021). The CP content of Desho grass was also

higher than that reported in different studies (Denbela and

Demerew, 2021; Teshale et al., 2021). The ash content of Desho

grass in this study was higher than the previous findings (Bimrew

et al., 2018; Denbela et al., 2020; Mulisa et al., 2021). The higher ash

content in Desho grass could be an indication of high concentration

of minerals. The metabolizable energy of Desho grass in the current

study was also higher than in the previous study (Bimrew et al.,

2017). The CP and ash contents of Rhodes grass reported in this

study were higher than other studies (Arshad et al., 2016; Ihsan

et al., 2018; Ashenafi et al., 2019). Moreover, the concentration of

indigestible fiber or lignin content of this grass was lower than the

previously reported value due to better IVDMD in the current study

(Ashenafi et al., 2019). The average CP content of sole oat in this

study was higher than the value previously reported for different oat

varieties (Astatke, 1976; Fekede, 2004; Getnet et al., 2004). The CP

and IVDMD observed in this study were higher due to lower fiber

contents than the values reported for the same oat variety (Fekede

et al., 2007). The CP, NDF, ADL contents of oat/vetch mixtures in

the present study were lower while the ash and ADF contents were

comparable and higher, respectively than the previous report

(Fantahun, 2016). Getnet and Ledin (2001) reported a CP content

of 8.6% for oat grown in mixture with vetch and harvested at the

soft dough stage which is comparable with the present study.

The CP content of Desho grass, Rhodes grass, oat/vetch

mixtures, and sole oat in the current study was higher than the

critical level (7.0%) required for optimal rumen function and feed

intake in ruminants (Van Soest, 1982). The roughages which have

the CP contents ranged from 9.9–15.2; 6.6–9.1; and 3.0–6.1% were

classified as high, medium, and low-quality roughages, respectively

(Nsahlai et al., 1996). Based on these classifications, Desho and

Rhodes grasses are high-quality roughages; sole oat and oat/vetch

mixtures are medium quality roughages, and straws of wheat and

barley are classified under low-quality roughages. The NDF

concentrations of herbage and straws in the current study were
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above the critical level (55–60%) reported which resulted in lower

voluntary intake and feed conversion efficiency (Shirley, 1986). The

ADF and ADL concentrations of herbage in the current study lies

within the range of 33.3–59.4, and 3.2–11.0%, respectively, as a

result, classified under high-quality roughages (Nsahlai et al., 1996).

The relatively low ADF and ADL contents in forage crops could

indicate that improved forage crops have better digestibility than

wheat and barley straws. Despite the considerable differences in

IVDMD among the cultivated forage crops in this study, the

IVDMD values in this study were lower than the level reported

(Moore and Mott, 1973) and IVDMD values greater than 65%

indicate high quality feed (Mugeriwa et al., 1973). The nutrient

composition of forage crops generally varies depending on

genotypic characteristics, environmental conditions, and

harvesting stages of the plants (Pascual et al., 2000; Rotili et al.,

2001). There is a significant increase in NDF, ADF, and ADL in

plants with increased maturity (Kallenbach et al., 2002) and the

dilution of CP also increases with increasing plant age (Gezahagn

et al., 2014). Furthermore, the variations that existed in the chemical

composition of wheat and barley straw realized in this study and

those presented in other studies can be explained by the differences

in varieties (Seyoum et al., 1998; Adugna et al., 2008), the

proportion of botanical fractions (Agbagla-Dohnani et al., 2001),

and growing (geographic, seasonal variations, climatic conditions,

and soil characteristics) conditions (Mathison et al., 1999; Elseed

et al., 2007; Bampidis and Christodulou, 2011).
4.3 Partial budget analysis for food and
forage crops

Annual forage crops required lower total input cost (TIC) and

total labor cost (TLC) than perennial forage and food crops during

the first year of production. The TLC was generally higher than the

TIC required for food and forage crops production. The highest

total variable cost (TVC) was recorded for food crops (wheat and

barley) followed by perennial forage crops (Desho and Rhodes

grasses) while the lowest was for annual (sole oat and oat/vetch

mixtures) forage crops. The highest TVC required for food crops

was due to higher fertilizer cost and additional threshing cost

compared to forage crops. The TVC required for annual forage

crops was very low compared to food and perennial forage crops

due to relatively lower demands of input and labor costs. In the

second year of production, the TIC and TLC of food crops were the

highest followed by annual forage crops while perennial forage

crops required the lowest costs. There was no labor cost for land

preparation for perennial forage crops (Desho and Rhodes grasses)

in the second year of production, and as a result the TLC for these

crops was the lowest compared to food crops and annual forage

crops in the second year. The highest TVC was recorded for food

crops followed by annual forage crops while perennial forage crops

used the lowest cost. The lower TVC for perennial forage crops in

the second year of production was due to nil seed and land

preparation costs when compared with food crops and annual

forage crops. In the combined across year analysis, the mean TIC,

TLC, and TVC were higher for the mean of food crops followed by
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perennial forage crops and annual forage crops. The higher costs of

TIC, TLC, and TVC for food crops could be due to higher input and

labor costs required for food crops in both production years

compared to annual and perennial forage crops. Moreover, the

higher costs of TIC, TLC, and TVC for perennial forage crops

compared to annual forage crops could be due to higher input and

labor costs required particularly in the first year of production than

the second year.

Income was generated from selling of forage as hay for forage

crops and grain and straw for food crops. Though the grain price of

barley was high compared to wheat, the income earned from barley

was low due to the low productivity of the crop. However, the

income generated from barley straw was higher than wheat straw

because of its better nutritional quality (Girma et al., 1996) and its

low availability on the market due to high utilization as sole and

mixing it with wheat straw by farmers, and its low production and

productivity compared to wheat in the study areas. The gross

revenue (GR) obtained from food crops was higher than forage

crops during the first year of production. The GR mainly depends

on the yielding potential of the crops and the unit selling market

price of the product. The unit selling market price of the product

varies with the location of the markets (farm gate and open market),

and seasons (cropping and harvesting) of the year. The price of feed

at the farm gate and immediately after the harvesting period is lower

than at the open market and dry and wet seasons of the year.

Berhanu et al. (2009) also reported that the price of feed in Ethiopia

is higher at open market compared to farm gate due to

transportation cost and dry and wet seasons due to low supply of

feed. Shortage of feed supply during dry and wet seasons is also

reported in Ethiopia (Asaminew and Eyasu, 2009) which resulted in

higher variations of feed cost over seasons. Spatial and seasonal

variability of prices for feed resources is also reported in Ethiopia

(Berhanu et al., 2009). The net return (NR) also depends on the

amount of yield obtained, the unit selling market price of the

product, and the cost of production. The benefit- cost-ratio

(BCR) is used to determine whether or not a given activity is

cost-effective. The highest BCR obtained from annual forage crop

followed by food crops than perennial forage crops implies that

annual forage and food crops were making more profit than

perennial forage crops in the first year of production. The higher

the BCR is the better the economic and management efficiency of

the intervention.

The profitability of producing these different forage and grain

crops differs if multi-year (second year) budget analysis is

considered. The highest GR and NR were generated from

perennial forage crops when compared to annual forage and food

crops during the second year of production due to low input costs

for perennial forage crops in the subsequent production years. The

highest GR was recorded from Desho grass followed by Rhodes

grass, barley, wheat, and oat/vetch mixtures while sole oat gave the

lowest during the second year of production. Moreover, perennial

forage crops produced the higher NR than food and annual forage

crops. The BCR of perennial forage crops was the highest followed

by annual forage crops while the least was observed from food crops

indicating perennial and annual forage crops are more profitable

than food crops in the second year of production. Generally,
frontiersin.org

https://doi.org/10.3389/fanim.2024.1338621
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Kebede et al. 10.3389/fanim.2024.1338621
perennial forage crops are more profitable in the second year of

production and thereafter due to their increased forage yield after

the establishment year especially in the cooler highland areas of

Ethiopia. Thus, maintaining the perennial forage crops for at least

four to five years with optimum management conditions typically

give better profit than annual forage and food crops due to their low

production cost requirement and increasing biomass yield. The

research results also indicated that the herbage DM accumulation in

Desho grass is increased linearly up to fourth year of production

(Mulisa et al., 2021; Gezahagn et al., 2023).

The combined analysis indicated that Desho grass generated the

highest GR followed by wheat and barley due to higher herbage DM

accumulation in Desho grass particularly in the second year of

production and higher performance of grain and straw yields of

food crops (wheat and barley) in the first year of production. The

higher mean NR was recorded from the mean of perennial forage

crops due to higher herbage DM accumulation, increase of feed price,

and lower production costs in the second year of production

compared to food and annual forage crops. The lower NR was

obtained from food crops and annual forage crops due to lower

yield and higher cost of production particularly in the second year of

production compared to the first production year. The highest mean

BCR was recorded for the mean of perennial forage crops followed by

annual forage crops and food crops. This indicated that the perennial

forage crops gave better profit across production years.
5 Conclusion

Variation in species, growing environment, and cropping

season markedly affected the performance of forage and food

crops in the study areas. In the current study, herbage DM

accumulations of forage crops were affected by year, species, and

the interaction effect of the year by species. The herbage DM

accumulation of forage crops varied with production years

resulting in a 26% DM yield advantage in the second year of

production. Data from the two locations combined over years

indicated that Desho grass had DM yield advantages of 104 and

88% over sole oat, and oat/vetch mixtures/Rhodes grass,

respectively. In contrast, straw and grain yields of food crops were

affected by differences in production years. The straw yield obtained

from barley was generally higher while wheat produced better grain

yield. In the combined over locations analysis, the yield advantages

of 28% for straw yield and 133% for grain yield were observed in the

first year of production due to better climatic and growing

conditions compared to the second production year. The

chemical composition and in-vitro dry matter digestibility of

herbage and straw yields of forage and food crops varied for all

measured parameters at each location and combined over locations.

The CP and IVDMD of perennial forage crops were relatively better

than that of annual forage crops and straw of food crops.

In recent years, the market for roughages is increasing due to the

continuous reduction of grazing areas and expansion of commercial

farms mainly in urban and peri-urban areas. Even though the market

for the different feed types is increasing from time to time, there is no

feed quality control and assurance mechanism in Ethiopia. Moreover,
Frontiers in Animal Science 14
the poor feed marketing system, which is characterized by poor

market information, and limited premium price for quality feed, is

critically affecting the feed sector in Ethiopia. The economic

performance of forage and food crops production indicated that the

estimated gross revenue (GR), net return (NR), and benefit-cost ratio

(BCR) varied between the two production years and combined across

years. In the first year of production the estimated GR, NR, and BCR

were the highest for food crops followed by annual forage crops while

perennial forage crops produced the least profit. However, in the

second year of production, perennial forage crops made the highest

GR, NR, and BCR compared to food crops and annual forage crops.

Therefore, based on the results of the current study, it can be

concluded that cultivation of annual forage crops is profitable in

the first year of production compared to perennial forage crops but

the profit is much greater for perennial forage crops in the second

year of production. The combined partial budget analysis across

production years also indicated that the mean of perennial forage

crops gave the highest NR compared to the mean of food crops and

annual forage crops. This implies the better economic feasibility of

perennial forage crops as they can be maintained using minimal

management cost once they have been established. Moreover, both

yield and profitability of perennial forages can be further increased

via applications of management options such as irrigation which can

result in multiple harvests and higher annual yield per unit area.
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