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ABSTRACT
Feed scarcity and poor forage quality limit ruminant productivity in the Guji highlands. This study evaluated intercropping three oat varieties (Bonsa, Bareda, Bate) with common vetch (Vicia sativa L.) at three row arrangements (1:1, 1:2, 2:1) to determine effects on chemical composition, in vitro digestibility, and gas (methane) production. A factorial RCBD with three replications was used; soil samples were taken pre‑planting and post‑harvest. Forage samples were analyzed for dry matter (DM), crude protein (CP), NDF, ADF, IVDDM, IVOMD, metabolizable energy (ME), and cumulative gas production (3–72 h). Data were analyzed by ANOVA using GLM in R 4.4.0. Intercropping significantly (p<0.05) increased soil nutrient status overall but lowered available phosphorus after harvest. Row arrangement affected most chemical traits (p<0.05) except DM. Intercropping consistently raised CP (from less mixture of vetch 9.78% to 11.08% intercropped CP % and reduced NDF/ADF as legume row proportion increased. IVDMD and IVOMD improved with vetch mixtures (IVDMD) from 54.7% to 60.4%, IVOMD from 56.4% to 54.3% p<0.05), and ME increased accordingly. Cumulative methane‑related gas production during 3–72 h incubation ranged from 3.6 to 5 mL/g DM, with Bonsa×vetch (1:2) showing lower methane per unit degraded OM. The Bonsa variety intercropped at 1:2 provided the best balance of yield components, nutritive value, digestibility, and reduced methane intensity. These results suggest that adopting Bonsa–vetch intercrops (1:2) can improve forage quality, enhance soil fertility, and mitigate enteric methane in Guji highlands.
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[bookmark: _Toc184070787]INTRODUCTION
Ethiopia possesses one of Africa's largest livestock population’s 70.29 million cattle, 42.9 million sheep, 52.25 million goats, and millions more equines, camels, and poultry (Asmare and Aragaw, 2023). yet productivity remains constrained by severe feed scarcity in both quantity and quality (Dejene et al., 2024). Traditional feed resources natural pasture, crop residues, and agro-industrial by-products are declining as grazing lands convert to cropland (Mengistu et al., 2017). The situation is exacerbating nutritional deficits that limit livestock performance and contribute to enteric methane (CH1) emissions. Livestock account for ~15% of global greenhouse gas emissions (Gerber et al., 2013), with CH₄ representing 83.4% of Ethiopia's livestock emissions and causing 12% energy loss in ruminants (Mamo et al., 2024) .
[bookmark: _Toc184070808]Intercropping forage legumes with grasses offers a sustainable solution by enhancing biomass yield, nutritive value, and nitrogen availability while reducing CH₄ emissions (Hassen et al., 2017). Legumes fix atmospheric nitrogen, improve soil fertility, and provide high-protein, low-fiber forage; grasses supply energy-rich, structural fiber (Katoch, 2022). Legume-grass mixtures improve feed quality and alter rumen fermentation pathways, reducing CH₄ production from fiber-rich diets (Firkins, 2021). In Guji Zone, livestock depend on degraded natural pastures and low-quality crop residues, worsened by climate change, land degradation, and population pressure (Gobena and Hundie, 2018). While oat (Avena sativa L.) monoculture adaptability has been evaluated Semman et al. (2018), no research exists on oat–vetch (Vicia sativa L.) intercropping in this region, particularly regarding nutritive value, digestibility, and methane mitigation potential. This study aims to determine chemical composition, in-vitro digestibility and gas production of oat varieties in study area. 
 MATERIAL AND METHODS
[bookmark: _Toc147331967][bookmark: _Toc184070809] Description of the Study Area
The experiment was carried out during the main cropping season of 2023 under rain-fed conditions at the Bore Agricultural Research Center, Guji zone of Southern Oromia, Ethiopia. The experimental site is located at the Bore Agricultural Research main station at a distance of about 8 km north of the town of Bore in Songo Baricha ‘Kebele’ on the way to Addis Ababa via Hawassa town. Geographically, the experimental site is at latitude of 6°23'55"N and a longitude of 38°35'5"E at an altitude of 2736 meters above sea level. The climatic condition of the area is a humid moisture condition, with a relatively longer growing season. Agro meteorological data of the study area during the experimental year is given in (Fig 1). The mean annual rainfall is about 1805 mm and the annual temperatures of the district range from 10.1 to 27 C. The major soil type of the site is Nitosols soil. The soil is clay in texture and strongly acidic with a pH value of 5.1 (Arega and Solomon, 2021)
[image: ]
[bookmark: _Toc187696848]Figure 1: Map of Songo Baricha of Bore District in Oromia region, Ethiopia


[bookmark: _Toc184070810]Description of Experimental Material
The oat and common vetch varieties used in the experiment were obtained from different research centers and released in different years. 
[bookmark: _Toc185337603][bookmark: _Toc185337639][bookmark: _Toc187696836]Table 1: Description and sources of the crop varieties are provided
	Varieties
	Breeding Research Center
	Released Years

	Bonsa 
	SARC
	2011       

	Bareda 
	MARC
	2021      

	Bate 
	BARC
	2020      

	Common vetch (Vicia sativa)
	SARC
	2011       


[bookmark: _Toc184070811] Land Preparation, Sowing and Management Practices 
Land was plowed, harrowed by oxen, and hoed to prepare a fine seedbed. Plots (3 m × 2 m) received 100 kg/ha NPS fertilizer at planting (Feyissa et al., 2011). Vetch (Vicia sativa L.), 30 kg/ha) and oat varieties were sown in alternate rows at recommended rates (Bonsa: 80 kg/ha; Bate and Bareda: 100 kg/ha). Row spacing was 30 cm (10 rows/plot); plot and replication spacing were 1 m and 1.5 m, respectively (Alemu Rorisa, 2017). Hand weeding controlled weeds.
[bookmark: _Toc184070812]Experimental Design and Treatments
The experiment design was two factorials with a randomized complete block design (RCBD) with three row arrangements (1:1, 1:2, and 2:1) intercropping three oat varieties (Bonsa, Bate, and Bareda) with one common vetch (Vicia sativa L.) in three replications. 
[bookmark: _Toc185337604][bookmark: _Toc185337640][bookmark: _Toc187696837]Table 2: Treatment arrangements of experiments
	Treatments   
	Description of treatment arrangements
	      Row arrangements    

	          
	
	      Oat
	Vetch

	T1
	Bonsa + common vetch
	1
	1

	T2
	Bonsa + common vetch
	1
	2

	T3
	Bonsa + common vetch
	2
	1

	T4
	Bate + common vetch
	2
	1

	T5
	Bate + common vetch
	1
	1

	T6
	Bate + common vetch
	1
	2

	T7
	Bareda + common vetch
	2
	1

	T8
	Bareda + common vetch
	1
	1

	T9
	Bareda + common vetch
	1
	2



Methods of Data Collection
Biomass Yield and Chemical Composition
Central rows were harvested at 3 cm above ground at 50% oat heading/vetch flowering, excluding borders (Alemu et al., 2007). Fresh biomass was weighed immediately. Fresh subsamples (300 g) were taken, crushed to 2–5 cm pieces, oven-dried at 65°C for 72 h, and weighed to determine dry matter (DM) yield.
DM yield (t/ha) = (10 × TFW × DWss) / (HA × FWss) (Tarawali, 1995).
Where, TFW = total fresh weight (kg), DWss = dry weight of subsample (g), FWss = fresh weight of subsample (g), HA = harvest area (m²), and 10 converts kg/m² to t/ha.


Chemical Analysis
Samples were oven-dried at 60°C for 72 h and ground through a 1 mm sieve. DM, ash, and crude protein (CP) were determined following (AOAC, 1990).  Dry matter by oven-drying at 105°C for 24 h; ash by ignition at 600°C overnight; organic matter (OM) by difference (100 − ash); nitrogen by micro-Kjeldahl; CP = 6.25 × N. Neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were analyzed per (Van Soest et al., 1991). CP yield (t/ha) = (DMY × %CP)/100 (Starks et al., 2006).
In Vitro Digestibility
In vitro DM digestibility (IVDMD) was determined using the two-stage rumen inoculum-pepsin technique (Tilley & Terry, 1963). Rumen fluid from three fistulated steers was collected pre-feeding. Duplicate 0.5 g samples were incubated with 30 ml rumen fluid at 39°C for 48 h, followed by 48 h acid-pepsin digestion. Residues were dried at 60°C for 72 h and ashed to determine in vitro OM digestibility (IVOMD).
IVDMD (%) = (Dry sample weight−(Residue−Blank))/Dry sample weight) × 100
IVOMD (%) = (OM in feed−(OM in residue−Blank))/OM in feed) × 100
ME (MJ/kg DM) = 0.15 × IVOMD (Beever & Mould, 2000)
In Vitro Gas Production
Gas production was measured following (Kh, 1988). Rumen fluid (1 L) was collected from two rams pre-feeding, strained through cheesecloth, and maintained at 39°C. Duplicate 200 mg DM samples (1 mm sieve) were incubated in 100 ml calibrated syringes with 30 ml buffered rumen fluid at 39°C. Syringes were shaken at 30 min, then hourly for 10 h (Makkar, 2002). Gas production was recorded at 3, 6, 12, 24, 48, and 72 h. Blank syringes (no sample) were included as controls. Gas kinetics was modeled as: 
G = a + b (1-e-c(t-L)),  (Dhanoa, 1988)
Where, G = gas production (ml/200 mg DM) at time t; a = gas from soluble fraction (ml); b = gas from insoluble degradable fraction (ml); a + b = potential gas production (ml); c = rate constant (/h); L = lag time (h). OMD, ME, and short-chain fatty acids (SCFA) were estimated from 24 h gas production (G24):
OMD (%) = 14.88 + 0.889G24 + 0.45CP
ME (kJ/gDM) = 2.2+ 0.136G24 + 0.057CP
SCFA (mmol) = 0.0239G24 − 0.0601
Methane was measured by adding 4 ml of 10 M NaOH post-incubation to absorb CO₂; residual gas was recorded as CH₄ (Fievez et al., 2005).
Soil Sampling and Analysis
Pre-planting soil samples were collected at (0–20) cm depth in a zigzag pattern (Estefan et al., 2013). Post-harvest samples were taken from each plot at (0–20) cm. Composite samples (1 kg) were air-dried, ground, and sieved (2 mm for pH, OC, total N, available P, CEC; 0.5 mm for finer analyses). Soil pH was measured at 1:2.5 soil: water ratio (Thomas, 1996); total N by Kjeldahl (Jackson, 1958); available P by Olsen bicarbonate extraction (Olsen, 1954); organic carbon (OC) by Walkley-Black wet digestion (Walkley & Black, 1934) with OM = OC × 1.724; CEC by ammonium acetate method (Chapman, 1965).
Data Analysis
Data were analyzed using GLM procedure in R (version 4.4.0, 2024). Treatment means were compared using LSD at P < 0.05. The model was:
Yijk = μ + ai + bj + (ab)ij + εijk
Where,  Yijk = response variable; μ = overall mean; ai = effect of intercrop variety; bj = effect of row arrangement; (ab)ij = interaction; εijk = random error.


[bookmark: _Toc184070820]       

RESULTS AND DISCUSSIONS
[bookmark: _Toc184070822]Soil Physicochemical Properties in the study area
Pre-planting soil analysis results are presented in Table 3. Soil pH was 4.98, indicating strongly acidic conditions below the optimal range of 6.0–7.5 for most crops (Hazelton & Murphy, 2025), though within the tolerable range (4.8–7.7) reported for oat fodder (Kebede et al., 2021). Available phosphorus was 6.19 ppm, classified as low (Reda et al., 2019). Organic carbon content was 2.33%, and organic matter was 4.02%, both within medium ranges relative to standard classifications (Table 3). Total nitrogen (TN) was 0.10%, at the threshold between low and medium ratings (Murphy, 1968). Cation exchange capacity (CEC) was 21.42c mol (+)/kg, classified as medium.
The strongly acidic pH may limit nutrient availability, particularly phosphorus, which was already at low levels.  Smit et al. (2001), suggest cultivating acid-tolerant forage species under such conditions. The medium-range organic matter (4.02%) and CEC (21.42 cmol(+)/kg) indicate moderate soil fertility and nutrient retention capacity, supporting baseline conditions for forage establishment. The low organic carbon (2.33%) and borderline TN (0.10%) suggest potential benefits from legume integration to enhance nitrogen inputs and soil organic matter over time.
[bookmark: _Toc185337605][bookmark: _Toc185337641][bookmark: _Toc187696838] Table 3: Chemical properties of soils of the experimental site before planting
	Chemical Properties
	Results
	Rating
	References

	PH (1:2.5 H2O)
	4.98
	Strongly acidic          
	(Ethio, 2014)

	Available Phosphorus (ppm)
	6.19
	Low
	(Cottenie, 1980)

	Organic Carbon (%)
	2.33
	Low
	(London, 1991)

	Total Nitrogen (%)
	0.1
	Low
	(Tadesse et al., 1991)

	Organic Matter (%)                                   
	4.02
	Medium
	(Ethio, 2014)

	CEC (meq/100g soil)
	21.42
	Medium
	(London, 1991)


[bookmark: _Toc184070823] 
Soil Chemical Properties after Intercropped Forage Harvest
Soil pH was not significantly affected by row arrangements, varieties intercropped, or their interactions (p>0.05) (Table 4). All treatments showed numerical increases above the initial average of 4.98, but these differences were not statistically significant.
Soil organic carbon (SOC) content was significantly affected by intercropped varieties, row arrangement, and their interaction (p<0.05) (Table 4). Post-harvest SOC ranged from 2.62% to 4.0%, with T6 recording the highest value (4.0%). Based on Landon (2014), classification (<4%: low; 4-10%: medium; >10%: high), SOC levels remained in the medium category.
Total nitrogen (TN) content ranged from 0.20% to 0.35% after harvest. The interaction between row arrangement and variety significantly affected TN (p<0.05) (Table 4). Treatment T6 exhibited the highest TN (0.35%), followed by T8 (0.34%).
After harvest, available phosphorus (AP) ranged from 4.8 to 6.18 ppm, which falls within the "low" category according to Landon et al. (1999), classification (<5 ppm: very low; 5-15 ppm: low; 15-25 ppm: medium; 25-40 ppm: high; >40 ppm: very high). Post-harvest AP values were numerically lower than pre-planting levels.
Organic matter (OM) was significantly affected by intercropped varieties, row arrangement, and their interaction (p<0.05) (Table 4). Values ranged from 4.5% to 7.04%. Treatment T6 recorded the maximum OM (7.04%), while T5, T2, and T9 recorded the minimum (4.5%). According to Barber's (1984) classification (>10%: very high; 5-10%: high; 2-5%: medium; 1-2%: low; <1%: very low), all treatments fell within the medium category.
Cation exchange capacity (CEC) showed no significant differences among treatments (p>0.05). [Insert CEC values and Landon (2014),classification: >40 meq/100g: very high; 25-40 meq/100g: high; 15-25 meq/100g: medium; 5-15 meq/100g: low; <5 meq/100g: very low].
The absence of significant pH changes across treatments (p>0.05) indicates that intercropping arrangements did not differentially affect soil acidity during the study period. While all treatments showed numerical increases from the baseline pH of 4.98, the lack of statistical significance precludes conclusions about treatment-specific effects on soil pH. Wang ZhiGang et al. (2014), reported reduced soil acidity in intercropping systems, attributing this to increased organic matter production; however, direct comparison requires significant treatment effects and longer observation periods to detect meaningful pH shifts in buffered soil systems.
The relationship between pH and nutrient availability, particularly phosphorus fixation on Fe and Al oxides in acidic soils Hu et al. (2023), remains relevant to soil fertility management but cannot be attributed to specific treatment effects in this study given the non-significant pH results. The significant effect of variety, row arrangement, and their interaction on soil organic carbon (p<0.05) demonstrates that intercropping configuration influences carbon dynamics. Treatment T6, which achieved the highest SOC (4.0%), incorporated a greater proportion of vetch rows. Skersiene et al. (2024), documented that vetch integration improved soil structure and fertility, potentially through enhanced root biomass and nitrogen fixation-associated carbon inputs. The maintenance of medium-level soil organic carbon across all treatments Landon et al. (1999),indicates adequate soil organic matter to support biological activity and nutrient cycling. While improved soil structure theoretically enhances carbon storage capacity through physical protection of organic matter, the specific mechanisms driving the superior performance of T6 warrant further investigation through root biomass quantification and microbial activity assessments.
The significant interaction effect on total nitrogen (p<0.05), with T6 and T8 achieving the highest values (0.35% and 0.34%, respectively), provides evidence for nitrogen accumulation in vetch-dominant treatments. This pattern is consistent with biological nitrogen fixation by Rhizobium bacteria in vetch root nodules Luo et al. (2023), which demonstrated that oat-vetch intercropping improved soil nitrogen status.
The elevated TN in treatments with higher vetch proportions supports the hypothesis that legume inclusion enhances nitrogen availability in low-input systems. However, the extent to which this fixed nitrogen becomes available to companion crops versus remaining in soil organic pools requires isotopic tracing or detailed nitrogen budget analyses. The practical implication is that strategic row arrangements favoring vetch (as in T6) can enhance soil nitrogen capital without external fertilizer inputs. The numerical decline in AP from pre-planting to post-harvest levels likely reflects net phosphorus uptake by the growing crops. The classification of AP as "low" (4.8-6.18 ppm) across treatments Landon et al. (1999), suggests potential phosphorus limitation for subsequent crops. While legumes can enhance phosphorus mobilization through root exudates that solubilize mineral-bound P Hu et al. (2023), the lack of reported significance testing for AP prevents definitive conclusions about differential phosphorus dynamics among treatments. The observation that treatments with more vetch rows showed numerically higher AP requires statistical validation before attributing this pattern to legume-mediated phosphorus mobilization.
The significant treatment effects on organic matter (p<0.05) mirror the soil organic carbon patterns, which is expected given that organic carbon comprises approximately 58% of soil organic matter. The superior performance of T6 (7.04% organic matter) compared to T5, T2, and T9 (4.5% organic matter) suggests that specific oat-vetch ratios and spatial arrangements influence residue quality, decomposition rates, or root biomass contributions. Lemma (2011), observed higher organic matter in soils following acid-tolerant legumes compared to cereal monocultures in similar Ethiopian agro ecological zones, supporting the notion that legume-cereal systems enhance organic matter accumulation. The medium classification of all treatments indicates moderately healthy soils capable of supporting nutrient cycling and biological activity, though further improvements toward the "high" category (5-10%) would enhance soil resilience and productivity.
The non-significant CEC differences among treatments (p>0.05) indicate that intercropping arrangements did not differentially affect the soil's capacity to retain and exchange cations during the study period. This stability may reflect: (1) the short-term nature of the experiment relative to the time required for detectable changes in clay-organic matter complexes, (2) the buffering capacity of existing soil colloids, or (3) insufficient organic matter accumulation to measurably alter CEC. While theoretical models predict CEC increases with rising OM Alemu (2021), translating these changes into statistically detectable differences may require multi-season studies or more substantial OM accumulation than achieved in a single growing cycle. The assertion that "organic matter and CEC rise after crop harvest" requires empirical support through temporal sampling to establish causality.
The selective nature of significant treatment effects evident for soil organic carbon, TN, and OM but absent for pH, AP, and CEC highlights the complexity of soil responses to intercropping systems. Treatment T6 consistently demonstrated superior performance across the significant parameters, suggesting that specific oat-vetch configurations (higher vetch proportions) optimize soil fertility outcomes. These findings support the agronomic potential of legume-cereal intercropping for enhancing soil nitrogen and organic matter without external inputs, particularly relevant for low-input farming systems. However, the lack of significant effects on pH, AP, and CEC indicates that not all soil properties respond uniformly to short-term intercropping interventions. Long-term trials are necessary to determine whether the observed improvements in soil organic matter, TN, and OM translate into sustained enhancements across the full suite of soil chemical properties.
[bookmark: _Toc185337606][bookmark: _Toc185337642][bookmark: _Toc187696839]Table 4: Effect of intercropping and row arrangement on physicochemical characteristics of soil after harvesting the forages
	Factors 
	PH (1:2.5 H20)
	Av. P
(ppm)
	      Nutrient (%)
	CEC
(meq/100gm soil)

	
	
	
	OC (%)
	TN (%)
	OM (%)
	

	Bonsa+c
	5.5
	5.18
	2.89c
	0.25
	4.97c
	20.98

	Bareda +c
	5.39
	5.58
	3.15b
	0.28
	5.41b
	22.77

	Bate+c
	5.26
	5.53
	3.31a
	0.28
	5.69a
	20.49

	P-value
	Ns
	Ns
	***
	Ns
	***
	ns

	Row Arrangement
	
	
	
	
	
	

	1:1
	5.17
	5.27
	3.05b
	0.27
	5.25b
	22.1

	1:2
	5.49
	5.63
	3.11b
	0.28
	5.35b
	21.4

	2:1
	5.49
	5.39
	3.18a
	0.27
	5.47a
	20.7

	P-value
	Ns
	Ns
	**
	Ns
	**
	ns

	Interaction Effects
	
	
	
	
	
	

	Bonsa+c*1:1(T1)
	5.25
	5.1
	2.93d
	0.25c
	5.04d
	21.8

	Bonsa+c*1:2 (T2)
	5.71
	5.2
	2.62e
	0.23c
	4.51e
	22.43

	Bonsa+c*2:1 (T3)
	5.55
	5.25
	3.12c
	0.27c
	5.37c
	18.71

	Bareda+c*1:1 (T8)
	5.3
	5.11
	3.6b
	0.34ab
	6.2b
	23.98

	Bareda +c*1:2 (T9)
	5.43
	5.52
	2.62e
	0.23c
	4.51e
	22.37

	Bareda +c*2:1 (T7)
	5.44
	6.11
	3.21c
	0.28bc
	5.5 c
	21.95

	Bate+C*1:1 (T5)
	4.97
	5.61
	2.62e
	0.23c
	4.51e
	20.51

	Bate+C*1:2 (T6)
	5.39
	6.18
	4.09a
	0.35a
	7.04a
	19.52

	Bate+C*2:1 (T4)
	5.47
	4.8
	3.21c
	0.28bc
	5.53c
	21.44

	Mean
	5.38
	5.43
	3.11
	0.27
	5.36
	21.4

	CV
	8.46
	20.34
	2.14
	13.79
	2.05
	21.4

	P-value
	Ns
	Ns
	***
	**
	***
	ns



a, b, c  Means in a column within the same category having different superscripts differ at * (P<0.05), ** (P<0.01), *** (P<0.001), ns= Non-significant difference. CV= coefficient of variation, OC% = Organic carbon percentage, OM% = Organic matter percentage, TN% = total nitrogen percentage, AP=Available phosphorus (parts per million), CEC (meq/100g) = Cation Exchange (Capacity mills equivalent per 100 gram). T1= Bonsa + common vetch 1:1, T2= Bonsa + common vetch 1:2, T3= Bonsa + common vetch   2:1, T4= Bate + common vetch 2:1, T5= Bate + common vetch   1:1, T6=Bate + common vetch 1:2, T7= Bareda + common vetch 2:1, T8= Bareda + common vetch 1:1 and T9= Bareda + common vetch   1:2

[bookmark: _Toc184070852]Effect of intercropping and row arrangement of oat with vetch on chemical composition of forages
[bookmark: _Toc184070853]Dry matter content (%)
Oat varieties intercropped with vetch at different row arrangements showed non-significant differences (p>0.05) in terms of dry matter (Table 5). The present result was consistent with the findings of (Animut & Hailemariam, 2014), who reported no change in the DM values when sudan grass was interpolated with lablab at various plant mixing proportions. The DM percent obtained was 90.24% to 91.56%, with an overall mean of 90.09% for intercropping. The present values were similar to the findings of Dereje (2016), who found dry matter percentage of 91.15% and 93.76% in the oat vetch mixture and pure stand, respectively.
[bookmark: _Toc187696844]Table 5: Effect of row arrangement and varieties intercropped on the chemical composition of oat varieties intercropped with vetch
	Varieties intercropped (A) 
	DM (%)
	ASH (%)
	CP (%)
	NDF (%)
	ADF (%)
	ADL (%)

	Bonsa+c
	90.5
	8.36b
	10.99a
	59.3b
	40.5a
	6.75b

	Bareda+c
	91.06
	8.76a
	10.36b
	62.12a
	39.4b
	7.69a

	Bate+c
	90.7
	8.99a
	10.16b
	59.03b
	38.45c
	6.0c

	P value
	Ns
	***
	**
	***
	***
	***

	Row arrangement (B)
	
	
	
	
	
	

	1:1
	91.0
	8.53b
	10.66a
	50.18ab
	39.66a
	6.94a

	1:2
	90.85
	8.71ab
	11.08a
	59.5b
	38.96b
	6.41b

	2:1
	90.48
	8.89a
	9.78b
	60.78a
	39.79a
	7.07a

	p-value
	Ns
	*
	***
	*
	*
	**

	A*B
	
	
	
	
	
	

	Bonsa+c*1:1(T1)
	90.5
	8.18b
	11.06
	59.57
	40.71
	6.88

	Bonsa+c*1:2 (T2)
	90.7
	8.59bcd
	11.77
	58.86
	40.11
	6.35

	Bonsa+c*2:1 (T3)
	90.32
	8.36cd
	10.15
	59.67
	40.83
	7.01

	Bareda+c*1:1 (T8)
	91,17
	8.76bc
	10.42
	62.03
	39.9
	7.83

	Bareda +c*1:2 (T9)
	91.13
	8.82b
	11.28
	51.46
	38.31
	7.3

	Bareda +c*2:1 (T7)
	90.89
	8.71bc
	9.43
	62.8
	40.02
	7.91

	Bate+C*1:1 (T5)
	91.31
	8.65bc
	10.51
	58.94
	38.39
	6.13

	Bate+C*1:2 (T6)
	90.66
	8.71bc
	10.19
	58.3
	38.46
	5.6

	Bate+C*2:1 (T4)
	90.24
	9.6a
	9.78
	59.79
	38.51
	6.26

	Mean
	90.78
	8.71
	10.51
	60.17
	39.47
	6.81

	CV
	1.06
	2.93
	4.71
	1.44
	1.58
	5.7

	P-value
	Ns
	**
	Ns
	Ns
	ns
	ns


The means in each column with different superscripts are significantly different at p<0.05. DM=dry matte, CP=Crude Protein, NDF=Neutral detergent fiber, ADF=Acid detergent fiber, ADL=Acid detergent lignin, Ash=ash, T1= Bonsa + common vetch 1:1, T2= Bonsa + common vetch 1:2, T3= Bonsa + common vetch   2:1, T4= Bate + common vetch  2:1, T5= Bate + common vetch   1:1, T6=Bate + common vetch    1:2 T7= Bareda + common vetch  2:1, T8= Bareda + common vetch  1:1, T9=  Bareda + common vetch   1:2, * (P<0.05), ** (P<0.01), *** (P<0.001),  ns= Non- significant difference
[bookmark: _Toc184070854]Crude protein contents
As shown in Table 5, crude protein content of oat varieties intercropped with vetch was significantly affected (p<0.05) by variety selection. The highest CP content (10.99%) was recorded for the Bonsa-vetch intercrop, while other oat varieties intercropped with vetch showed lower CP contents. All treatments exceeded the minimum threshold of 7.5% CP required for optimal rumen function Van Soest (1994), indicating adequate protein levels for ruminant nutrition. The CP content in this study ranged from 9.78% to 11.08%, classifying these oat-vetch forages as medium-quality feeds suitable for supplementing crop residues and natural pasture in mixed farming systems (Feyissa et al., 2011).
The variation among varieties suggests genetic differences in nitrogen uptake and protein synthesis capacity when grown with legumes. Selection of appropriate oat varieties can optimize protein content in intercropping systems. Row arrangement significantly influenced CP content (p<0.05), with the 1:2 (oat:vetch) arrangement producing the highest crude protein (11.08%) compared to the 2:1 arrangement (9.78%). This positive relationship between vetch proportion and CP content reflects the nitrogen-fixing capacity of the legume component and its contribution to the overall forage protein concentration (Abera et al., 2022).
Increasing the proportion of vetch in the intercrop enhances protein content, which directly benefits livestock production through improved digestibility and nutrient supply (Baber et al., 2018). The 1:2 row arrangements represent an optimal configuration for maximizing forage protein value. Although variety and row arrangement independently influenced CP content, their interaction effects were not significant (P > 0.05), suggesting that the benefits of row arrangement are consistent across varieties tested.
Total Ash Content
Total ash content was significantly influenced (P<0.05) by oat variety. The Bate-vetch mixture showed the highest ash content (8.9%), while the Bonsa-vetch mixture had the lowest (8.38%). The elevated ash in Bate may be attributed to the creeping growth habit of this variety, increasing contact with soil and potential soil contamination during harvest (Mburu et al., 2018). Varietal selection should consider growth architecture to minimize lodging-related soil contamination, which decreases forage quality through elevated ash content.
Significant differences (p<0.05) in ash content were observed among row arrangements. The interaction effect T4 produced the maximum total ash content (9.6%). Intercropping legumes with grasses promotes improved soil health through enhanced nutrient cycling and soil structure  Li et al. (2022), which may influence mineral uptake patterns. While intercropping improves soil health, attention must be paid to harvest management to prevent lodging-related ash contamination. Elevated ash reduces forage energy content and can negatively impact animal performance.
Neutral Detergent Fiber (NDF) Content
NDF content was significantly affected (p<0.05) by variety, with Bareda-vetch showing the highest value (62.12%) and other intercrops recording lower NDF levels. Lower NDF in vetch-containing treatments indicates improved nutritional value, as NDF levels above 60% negatively impact voluntary feed intake and digestibility in ruminants (Feyissa et al., 2025). The NDF values (58-62%) in this study fall within the medium-quality forage range (45-75%), suggesting adequate feed quality for ruminant diets, though approaching the upper threshold that may limit intake. Row arrangements significantly influenced NDF content (p<0.05). Increased vetch proportions corresponded with decreased NDF, as legumes contribute to a more balanced nutrient profile with lower fiber fractions (Jiao et al., 2024). Optimizing legume proportion through row arrangement can effectively reduce NDF content, thereby improving voluntary feed intake and digestive efficiency in livestock.
Acid Detergent Fiber (ADF) Content
ADF content ranged from 38.45% to 40.5% across varieties, with significant differences (P<0.05) observed. Lower ADF indicates greater forage digestibility and is therefore more desirable for animal nutrition (McDowell, 2003). Varietal differences in ADF suggest inherent genetic variation in cell wall composition that affects digestibility potential. The 1:2 (oat:vetch) row arrangement produced significantly lower (p<0.05) ADF concentration (38.9%) compared to other arrangements. This reduction reflects the nitrogen-fixing capacity of common vetch and its contribution to improved forage quality through enhanced nutrient profiles and reduced fiber content. Increasing legume proportion through adjusted row arrangements effectively reduces ADF content, improving forage digestibility. The negative relationship between ADF and digestibility Demlew et al. (2019) indicates that grass-legume intercropping offers a practical strategy for enhancing forage quality.
Acid Detergent Lignin (ADL) Content
Intercropping significantly affected (p<0.05) ADL content, with Bareda-vetch showing the highest concentration and Bate-vetch mixture recording the lowest (6.0%). Lower ADL values indicate reduced lignification and improved digestibility (Khan et al., 2020).
Genetic differences among varieties influence lignin deposition patterns. Selection of varieties with lower ADL potential enhances forage digestibility and nutritive value. Row arrangement significantly influenced ADL content (p<0.05). The 2:1 arrangement produced maximum ADL (7.07%), while the 1:2 arrangement showed the lowest (6.4%). Intercropping common vetch with oats at higher legume proportions resulted in lower ADL levels, beneficial for improving forage quality.  The inverse relationship between vetch proportion and ADL content demonstrates that increasing legume density reduces lignification. Lower lignin content improves forage digestibility and animal performance, making the 1:2 row arrangements optimal for quality forage production. ADL content declined as vetch proportion increased in the intercrop (from 2:1 to 1:2), consistent with the dilution effect of lower-lignin legume material in the forage mixture.
[bookmark: _Toc184070859]In-vitro Digestibility
[bookmark: _Toc184070860] In vitro dry matter digestibility
Figure (4) shows a significant (P<0.05) effect of intercropping, interaction, and row arrangements on the IVDMD of oats. The interaction effect of IVDMD ranged between 54.7% and 60.4%, with a mean of 57.3%. T2 had the highest IVDMD of oats (60.4%) in a higher row arrangement of vetch with oats (1:2), while T7 had the lowest (54.7%) in a lower row arrangement (2:1). This does not agrees with the findings of Wana (2024), who discovered that oats with alfalfa within different seed ratios are proportionately intercropped.
When grasses are intercropped with legumes, there is a drop in fiber fractions, leading to an increase in grass IVDMD (Keba et al., 2022) and (Njoka-Njiru et al., 2006). Legumes added to grass could increase its digestibility and provide additional carbohydrates (Brown et al., 2018). The presence of legumes in the grass may increase feed intake because there is a significant correlation between feed intake and IVDMD (Soest, 1994). According to Owen and Jayasuriya (1989), feeds must have a critical IVDMD threshold level of 50% to have acceptable digestibility. Another author, McDowell (2003), suggests that IVDMD levels greater than 55% suggest good feeding value, whereas values less than this threshold level result in lower intake due to decreased digestibility. As a result, IVDMD found that the digestibility of oats intercropped with vetch in various row arrangements was comparable to this critical range and could be considered acceptable.
According to Negash et al. (2017), adding a legume that is associated with the grass can enhance its nutritional value by contributing structural carbohydrates, crude protein, and voluntary feed intake, as well as its digestibility. Due to the favorable correlation between feed intake and IVDMD, grass that has been combined with legumes may encourage feed intake. Given that tropical grasses have a digestibility of between 50 and 60%, the IVDMD (Mahyuddin, 2008). Hence, the in vitro dry matter digestibility (IVDMD) values of oats intercropped with vetch at different row arrangements of the current study fit with the digestibility of most tropical grass and it could be considered to be acceptable. 


 


[bookmark: _Toc184369730][bookmark: _Toc187696852]Figure 4: In vitro digestibility, In vitro organic matter and Metabolizable energy of oats as affected by intercropping, row arrangement and their interaction
a,b,c Mean in a column within the same category having different superscripts differ significantly (p<0.05). CV=Coefficient of variation, * (P<0.05), ** (P<0.01), *** (P<0.001), ns= Non- significant difference. T1= Bonsa + common vetch 1:1, T2= Bonsa + common vetch 1:2, T3= Bonsa + common vetch   2:1, T4= Bate + common vetch 2:1, T5= Bate + common vetch   1:1, T6=Bate + common vetch    1:2 T7= Bareda + common vetch 2:1, T8= Bareda + common vetch 1:1, T9= Bareda + common vetch   1:2

In vitro organic matter digestibility (IVOMD)
Intercropping oats with vetch at different row arrangements significantly (P < 0.05) affected IVOMD (Figure 4). IVOMD ranged from 54.3% to 56.4% across varieties, with Bonsa-vetch mixtures achieving the highest value (56.4%) and Bareda-vetch the lowest (54.3%). Row arrangement and variety showed a significant interaction effect (p < 0.05) on IVOMD. The highest IVOMD (59.17%) occurred in Bonsa intercropped with vetch at 1:2 (oat:vetch) row ratio, while the lowest (52.7%) was recorded in Bate and Bareda varieties intercropped at 2:1 ratio. All treatments exceeded the 50% IVOMD threshold for adequate digestibility (Owen & Jayasuriya, 1989)
 Metabolizable energy (ME)
Oat variety, row arrangement, and their interaction significantly (P < 0.05) affected ME (Figure 4). All treatments exceeded the critical threshold of 7.5 MJ kg⁻¹ DM for forages (Owen & Jayasuriya, 1989). ME values followed the same trend as IVOMD, increasing with greater legume proportions in the mixture.
In vitro gas and methane production
Table 6 presents gas and methane production from intercropped oat-vetch forages. Total gas production differed significantly (p < 0.05) across row arrangements at 3, 6, 12, 24, 48, and 72 hours of incubation. Gas volume increased progressively with incubation time across all treatments. At 72 hours, treatment T4 produced the highest gas volume (113 ml), while T4 also showed the highest production at early time points (3 and 6 hours). Lower oat: vetch ratios (more vetches) consistently produced higher total gas volumes throughout incubation. Higher crude protein content from increased legume proportions (1:2 ratios) corresponded with lower methane emissions. IVOMD values positively correlated with gas production rates, with the 1:2 oat: vetch ratio showing 59.17% IVOMD and highest gas production (113 ml at 72h). Treatments with lower fiber content (higher vetch proportions) exhibited faster initial degradation (3-6h) and sustained fermentation through 72 hours
[bookmark: _Toc187696845]Table 6: Effect of intercropping and row arrangement on in-vitro gas and methane production (ml/200 gm DM) of intercropped forages
	Varieties  Intercropped
	                      Incubation Period
	CH4/Total gas

	
	3hr
	6hr
	12hr
	24hr
	48hr
	72hr
	CH4
	

	Bonsa+c
	5.33
	9.3b
	22.0b
	53.3b
	71.6c
	87.3c
	4.0
	0.045b

	Bareda+c
	6.3
	10.3a
	24.0a
	55.3a
	79.6a
	103.6a
	4.6
	0.04b

	Bate+c
	6.34
	9.0b
	20.6c
	49.6c
	73.6b
	99.6b
	4.6
	0.05a

	P value	
	Ns
	**
	**
	***
	***
	***
	ns
	**

	Row Arrangement
	
	
	
	
	
	
	
	

	1:1
	5.5b
	8.3b
	20.0c
	45.6c
	70.3c
	84.3c
	4.66ab
	0.06

	1:2
	6.0ab
	9.3b
	22.3b
	50.0b
	73.0b
	97.0b
	3.6b
	0.037

	2:1
	6.6a
	11.0a
	24.3a
	62.6a
	81.8a
	109.3c
	5.0a
	0.04

	P value
	*
	**
	**
	***
	**
	***
	*
	ns

	Interaction Effect
	
	
	
	
	
	
	
	

	Bonsa+c*1:1(T1)
	8ab
	11b
	19d
	43f
	67e
	77e
	4
	0.054

	Bonsa+c*1:2 (T2)
	4d
	8c
	22c
	47e
	67e
	75f
	3
	0.04

	Bonsa+c*2:1 (T3)
	4d
	9c
	25ab
	70a
	81b
	110b
	5
	0.045

	Bareda+c*1:1 (T8)
	4d
	8c
	22c
	52d
	80b
	100d
	5
	0.05

	Bareda +c*1:2 (T9)
	8ab
	12ab
	26a
	55c
	81b
	106c
	4
	0.037

	Bareda +c*2:1 (T7)
	7bc
	11b
	24b
	59b
	78c
	105c
	5
	0.04

	Bate+C*1:1 (T5)
	4d
	6d
	19d
	42f
	64f
	76ef
	5
	0.06

	Bate+C*1:2 (T6)
	6c
	8c
	19d
	48e
	71d
	110b
	4
	0.036

	Bate+C*2:1 (T4)
	9a
	13a
	24b
	59b
	86a
	113a
	5
	0.04

	Mean
	6
	9.55
	22.2
	52.72
	75
	96.8
	4.4
	0.044

	CV
	16.89
	10.82
	3.75
	1.44
	1.29
	1.04
	23.4
	24.9

	P-value
	***
	***
	***
	***
	***
	***
	ns
	ns


a,b,c Mean in a column within the same category having different superscripts differ significantly (p<0.05). CV=Coefficient of variation, * (P<0.05), ** (P<0.01), *** (P<0.001), ns= None significant different. T1= Bonsa + common vetch 1:1, T2= Bonsa + common vetch 1:2, T3= Bonsa + common vetch   2:1, T4= Bate + common vetch 2:1, T5= Bate + common vetch   1:1, T6=Bate + common vetch    1:2 T7= Bareda + common vetch 2:1, T8= Bareda + common vetch 1:1, T9= Bareda + common vetch   1:2, 
[bookmark: _Toc174366278][bookmark: _Toc174453906][bookmark: _Toc175056590][bookmark: _Toc175293636][bookmark: _Toc175509790][bookmark: _Toc175994597][bookmark: _Toc176248857][bookmark: _Toc176253698][bookmark: _Toc176613400][bookmark: _Toc176987020][bookmark: _Toc179016656]Methane production (ml/200g DM) and concentration (ml/total gas volume) at 72 hours differed significantly (p < 0.05) among row arrangement treatments. Methane production ranged from 3.0 to 5.0 ml/200g DM across treatments. The 2:1 (oat: vetch) ratio produced the highest methane (5.0 ml), while the 1:2 ratio produced the lowest (3.6 ml) a 28% reduction. The CH₄-to-total gas ratio ranged from 0.03 to 0.06 ml. The 1:2 row arrangements showed a lower CH₄-to-total gas ratio compared to the 2:1 arrangement, indicating reduced methanogenic activity per unit of degraded substrate. The methane values (3.0-5.0 ml/200g DM) were comparable to findings by Andualem and Hundessa (2022), who reported 5.50 ml for indigenous legume fodder in semi-humid southern Ethiopia, but substantially lower than the 11.45 ml/200g DM reported for leguminous fodder in Sidama region mild altitudes.
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[bookmark: _Toc187696853]Figure 5: In vitro total gas production from forage intercropping under different row arrangements
[bookmark: _Toc184070864]Effect of intercropping and row arrangements of oat varieties with vetch on gas production characteristics
Gas production parameters immediately soluble fraction (a), insoluble but degradable fraction (b), rate constant (c), potential gas production (a+b), and lag time (LT) differed significantly (p < 0.05) among intercropping treatments. The mean soluble fraction across treatments was 40.84 ml. higher vetch proportions (T4, 1:2 ratio) increased the insoluble degradable fraction by 78% compared to lower vetch treatments (T2), corresponding with 12.3% higher IVOMD and 28% lower methane emissions.  Additionally, the inclusion of common vetch in the mixture promoted biological nitrogen fixation, increasing nitrogen uptake efficiency and reducing the need for synthetic fertilizers, which are known to contribute to methane emissions (Zhong et al., 2021). The intercropping system increased the protein content and digestibility of the forage, making it more palatable and nutritious for livestock, protecting the soil from erosion, and improving water access. Improved soil health can lead to increased carbon sequestration and reduced methane emissions from soil.
Gas production from immediately soluble fractions (a) and the rate was higher in the T6 (52.5ml) as compared to row arrangement interaction. The oats with vetch of gas production from immediately soluble fractions (a) in the treatments were in the range of (31.6-52.5 ml) with a pooled average value of 40.84 ml. Similar to this study Gelgelo et al. (2023) stated that, those species that have the highest immediately fermentable fraction would have the fastest rate of gas production constant as well as the shortest possible lag time. The highest value of gas production from the insoluble but potentially degradable fractions (b) was recorded from T4 (93.11 ml) and the lowest from T2 (52.3 ml). Correspondingly, the highest and lowest potential gas production (a+b) records in the treatments were noted for T4 (140.9 ml). In the present study, the rate constant of gas production (c) was higher in T3 (0.04 ml) and lower in T6 (0.013). The higher fermentation process lag time was noted for T7 (0.9h), followed by T3 (0.83h) and T6 (0.84h), respectively. While T1 (0.41 h) and T6 (0.12 h) had the shortest comparable lag time records.
[bookmark: _Toc187696846]Table 7: Effect of intercropping, row arrangement and interaction on in vitro gas production characteristics of forage oats varieties mixed with vetch
	                                       Gas production characteristics 

	Intercropped
	A
	B
	C
	a+b
	LT

	Bonsa+c
	39.2b
	63.1c
	0.043a
	102.4c
	0.52b

	Bareda+c
	38.1b
	81.6a
	0.026b
	119.28b
	0.5b

	Bate+c
	45.1a
	78.49b
	0.024b
	123.8a
	0.71a

	P value
	***
	***
	*
	***
	**

	Row Arrangement
	
	
	
	
	

	1:1
	33.79c
	63.81c
	0.022ab
	97.6c
	0.47b

	1:2
	45.5a
	74.8b
	0.024b
	120.4b
	0.41b

	2:1
	43.19b
	84.5a
	0.03a
	127.9a
	0.86a

	P value
	**
	***
	*
	***
	***

	Interaction Effect
	
	
	
	
	

	Bonsa+c*1:1(T1)
	34.02cd
	56.73d
	0.026bc
	90.7e
	0.41d

	Bonsa+c*1:2 (T2)
	36.58c
	52.3d
	0.036a
	88.9e
	0.6bc

	Bonsa+c*2:1 (T3)
	47.17b
	80.43c
	0.04a
	127.56c
	0.83ab

	Bareda+c*1:1 (T8)
	31.6d
	78.58c
	0.023cd
	110.25d
	0.48c

	Bareda +c*1:2 (T9)
	47.5b
	86.18b
	0.023cd
	133.7b
	0.12d

	Bareda +c*2:1 (T7)
	35.2cd
	80.15c
	0.033abc
	115.4d
	0.9a

	Bate+C*1:1 (T5)
	35.69c
	56.35d
	0.033abc
	92.06e
	0.77ab

	Bate+C*1:2 (T6)
	52.5a
	86.01b
	0.013d
	138.6ab
	0.53c

	Bate+C*2:1 (T4)
	47.19b
	93.11a
	0.026bc
	140.9a
	0.84ab

	Mean
	40.84
	74.4
	0.028
	115.35
	0.58

	CV
	5.5
	3.67
	24.3
	2.84
	13.9

	P-value
	***
	***
	*
	***
	***


a, b, c, d, e Column means with different superscripts shows significant between-treatment difference (P < 0.05); a = Gas production from the immediately soluble fraction (ml), b = Gas production from the in-soluble but degradable fraction (ml), a + b = Potential gas production (ml); c = the rate constant of gas production (fraction/h); LT - lag time; T1= Bonsa + common vetch 1:1, T2= Bonsa + common vetch 1:2, T3= Bonsa + common vetch   2:1, T4= Bate + common vetch  2:1, T5= Bate + common vetch   1:1, T6=Bate + common vetch    1:2 T7= Bareda + common vetch  2:1, T8= Bareda + common vetch  1:1, T9=  Bareda + common vetch   1:2,  CV=coefficient of variation;  * (P<0.05), ** (P<0.01), *** (P<0.001),  ns= Non-significant difference 
[bookmark: _Toc184070865]Gas production parameters in the current study were lower than values reported by Mosisa et al. (2021), for selected grasses from southern Ethiopia. The soluble fraction (a) ranged from 31.6–52.5 ml (mean: 40.84 ml), while the insoluble degradable fraction (b) ranged from 52.3–93.11 ml. The rate constant (c) ranged from 0.013–0.04 ml/h, with treatments showing higher insoluble fractions (T4: 93.11 ml) exhibiting slower rates (0.025 ml/h) and longer lag times (0.65 h). This pattern reflects the structural complexity of cell wall components requiring extended microbial colonization time.
Effect of intercropping on organic matter digestibility, metabolizable energy and short-chain fatty acid 
There were significant variations (p<0.05) in organic matter digestibility, metabolizable energy, and short-chain fatty acid production among intercropped crops as presented in (table 6). The highest OMD % (81.6) and the lowest OMD % (56.9) were obtained from T3 and T5 respectively. This variation was exhibited in different varieties of forage intercropped that contained different cell wall contents. OMD, ME, and SCFA production differed significantly (p < 0.05) among treatments (Table 6). OMD ranged from 56.9% to 81.6%, representing a 43.4% difference between treatments. T3 achieved the highest OMD (81.6%), while T5 recorded the lowest (56.9%). SCFA production ranged from 0.94 to 1.61 mmol, with T3 producing 71.3% more SCFA than T5. This pattern aligned with gas production volumes, where higher SCFA corresponded with higher total gas and OMD values. Mixtures with higher oat proportions and fewer legumes showed higher ME and OMD values. The OMD values (56.9–81.6%) exceeded those reported by Njidda and Nasiru (2010), for semi-arid browsers in northeastern Nigeria, but were lower than values reported by Kechero et al. (2017), for tannin-rich tree leaves. The positive relationship between SCFA and gas production documented by Getachew et al. (2002), was evident: T3's 71.3% higher SCFA production corresponded with its 43.4% higher OMD, indicating more efficient carbohydrate fermentation and energy availability
[bookmark: _Toc187696847]Table 8: Effect of intercropped, row arrangements and interactions on organic matter digestibility, metabolizable energy and short chain fatty acids production of oats intercropped with vetch
	                                                             Post-incubation at 24hrs

	Intercropped forages
	OMD (%)
	ME (MJ/kg DM)
	SCFA (mol/L)

	Bonsa+c
	67.24b
	10.08b
	1.21b

	Bareda+c
	68.7a
	10.3a
	1.26a

	Bate+c
	63.6c
	9.5c
	1.12c

	P value
	***
	***
	**

	Row Arrangement
	
	
	

	1:1
	60.28c
	9.01c
	1.03c

	1:2
	64.3b
	9.63b
	1.13b

	2:1
	74.9a
	11.28a
	1.43a

	P value
	**
	***
	***

	Interaction Effect
	
	
	

	Bonsa+c*1:1(T1)
	58.08f
	8.68f
	0.96f

	Bonsa+c*1:2 (T2)
	61.9e
	9.26e
	1.06e

	Bonsa+c*2:1 (T3)
	81.6a
	12.3a
	1.61a

	Bareda+c*1:1 (T8)
	65.8d
	9.86d
	1.18d

	Bareda +c*1:2 (T9)
	68.85c
	10.32c
	1.25c

	Bareda +c*2:1 (T7)
	71.5b
	10.76b
	1.35b

	Bate+C*1:1 (T5)
	56.9f
	8.51f
	0.94f

	Bate+C*1:2 (T6)
	62.14e
	9.3e
	1.08e

	Bate+C*2:1 (T4)
	71.7b
	10.78b
	1.35b

	Mean
	66.5
	9.97
	1.2

	CV
	1.08
	1.1
	1.65

	P-value
	***
	***
	***


[bookmark: _Toc174388762][bookmark: _Toc174456128]a, b, c, d, e ,f ,g: the same column bearing different superscript differ significantly; differences; ME: Metabolizable energy; OMD: Organic matter digestibility; SCFA: Short Chain Fatty Acids (mmol);  T1= Bonsa + common vetch 1:1, T2= Bonsa + common vetch 1:2, T3= Bonsa + common vetch 2:1, T4= Bate + common vetch  2:1, T5= Bate + common vetch 1:1, T6=Bate + common vetch  1:2 T7= Bareda + common vetch  2:1, T8= Bareda + common vetch  1:1, T9=  Bareda + common vetch   1:2,  * (P<0.05), ** (P<0.01), *** (P<0.001),  ns= Non- significant difference







[bookmark: _Toc184070866][bookmark: _Toc184070867]CONCLUSION
The present research demonstrates that intercropping grasses with legumes, particularly vetch with various oat varieties, markedly enhances soil chemical properties, forage quality, and fermentation efficiency. This study evaluated oat-vetch intercropping systems across three varieties (Bonsa, Bate, Bareda) and three row arrangements (1:1, 1:2, 2:1 oat: vetch) for forage quality and fermentation characteristics. Bonsa intercropped at 1:2 ratio achieved the highest IVOMD (59.17%) and lowest methane production (3.6 ml/200g DM)a 28% reduction compared to 2:1 arrangements; increased vetch proportion (1:2 ratio) enhanced crude protein content and reduced fiber levels; SCFA production ranged from 0.94 to 1.61 mmol, correlating positively with OMD (56.9–81.6%) and gas production efficiency. The 1:2 (oat: vetch) row arrangement optimizes forage nutritional value while reducing enteric methane emissions, offering dual benefits of improved livestock productivity and lower environmental impact per unit of digestible feed. Farmers should adopt Bonsa variety intercropped with vetch at 1:2 ratios to maximize forage digestibility (59.17% IVOMD) and protein content while minimizing methane production. This system provides superior feed quality for ruminants in the study region's acidic soil conditions.
Overall, intercropping oats with vetch not only boosts forage yield and quality but also contributes to soil health restoration and greenhouse gas mitigation. These findings suggest that adopting such intercropping systems can offer sustainable solutions to feed shortages and promote the livelihoods of farmers in Ethiopia and similar agro-ecological zones
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