Evaluation of biomass yield and nutritional quality of different oat varieties (Avena sativa) in highlands of western zone of Tigray, Ethiopia
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Abstract 

The trial evaluated oat varieties in the highlands of Tsegede and Welkait districts in northern Ethiopia for two years. Six varieties were tested using a randomized complete block design with three replications. The main effects and their interactions significantly affected emergence, flowering, maturity, and height. Survival rate and dry matter yield were influenced by variety, year, and their interactions, but not by location alone. Tiller count was affected by location, variety by location and year interactions, and their combination, but not by variety or cropping year alone. Vigor was influenced by location, year, and their interactions, but not by variety alone. Oat varieties showed survival rates of 95.3% to 100% at 50% flowering, indicating adaptability to the study locations. They also displayed exceptional vigor, with scores ranging from 4.3 to 5.0, indicating their potential for high yields. Nutritional quality traits varied significantly among oat types. CI-8237 and CV-lampton had higher forage yield and protein content with less fiber compared to other varieties. These two varieties are recommended for high-quality basal feeds in the highlands of western Tigray and similar regions. Further research is needed to explore their use in ruminant feeding and under irrigation for sustainable utilization.
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Introduction 

Ethiopia is blessed with 70.3 million cattle, 42.9 million sheep, 52.5 million goats, 56.99 million poultry, 10.8 million donkeys, 8.15 million camels, 0.38 million mules, 2.1 million horses, and 6.89 million honey bee hives (CSA, 2021). However, the productivity of livestock is disproportionate to their size, and their low performance obscures their ability to improve the living standards of their owners and contribute to the national economy. This disparity may be attributed to various factors, with the primary hindrance to sustainable livestock production in Ethiopia being the shortage of both quantity and quality of feed supply (Assefa et al., 2013; Belay et al., 2013; Yadessa et al., 2016).

Grazing lands and crop residues serve as the primary sources of livestock feed in Ethiopia. However, the availability of natural pastures has been decreasing due to the growing human population and agricultural production in grazing areas (Adugna, 2007; Tahir et al., 2018). Consequently, crop residues are gradually becoming the main source of feed for livestock in Ethiopia (Adugna, 2007; Bogale et al., 2008; Duncan et al., 2016), accounting for 61.5% of the total livestock feed in the national feeding system (CSA, 2006). Adugna (2007) also reported that during the dry seasons of the year, crop residues contribute up to 80% of the livestock feed. However, the efficient utilization of crop residues is hindered by their high fiber content (NDF > 70%) and low crude protein content, which falls below the minimum protein required for normal microbial function (Gizachew and Smit, 2005). Efforts have been made to increase feed availability and enhance sustainable livestock production in Ethiopia. However, the current feed supply is only one-third of the current demand for animal feed (Younas and Yaqoob, 2005). Therefore, achieving improved and sustainable livestock production necessitates the introduction of more nutritious and high-yielding animal fodders.

Oat (Avena sativa L.) is a highly adaptable and crucial fodder crop cultivated in various regions around the world. It serves as an essential feed crop, particularly during dry seasons when livestock face a shortage of green feed (Welch, 1995). Improved oat varieties have the potential to yield three times more green forage, ranging from 60 to 80 tons per hectare. This increased volume can support twice the number of animals per unit area compared to traditional production methods (Haqqani et al., 2003). Oat straw is highly valued for feeding dairy cows and horses due to its softness and nutritional content, and it can be utilized as green forage or silage. Oats are well-suited for a wide range of soil types, but they thrive best in acidic soils (Stevens et al., 2004).

The western zone of Tigray in Ethiopia is known for its extensive natural grazing lands and land closures, which serve as the primary sources of livestock feed. However, these areas often face challenges in terms of grass growth, particularly in the mid and highlands where the land closures are located. Factors such as soil acidity contribute to the unproductiveness of these lands throughout the year, especially in Tsegede wereda. This scarcity of animal feed negatively impacts livestock productivity in the zone, leading to emaciation and increased susceptibility to diseases and parasites. Instead of grazing on grasses from the grazing lands, the livestock are forced to lie on these barren grazing lands, exacerbating the issue. 

To enhance sustainable livestock production in the mid and highlands of the zone, it is necessary to introduce and evaluate improved animal forages that can tolerate acidic soil. This will improve the productivity of grazing lands and increase the availability of quality feeds. In light of this, an experiment was conducted to introduce and select acid-tolerant and high-yielding oat varieties as a solution to this problem.

 Methods and materials 
Description of study areas

The experiment was conducted in the highland areas of Tsegede district (Indaslase farmers' training centre) and Welkait district (Wefargif farmers' training centre) for two consecutive cropping years (Fig 1). The geographical coordinates of Welkait district are 13°49'3'' North latitude and 37°19'32'' East longitude, while Tsegede district is located at 13°28'51'' North latitude and 37°6'37'' East longitude (current GIS data). The altitudes in Welkait range from 661 to 2732 meters above sea level (m a.s.l.), and in Tsegede, they range from 535 to 2966 m a.s.l. Both districts experience an annual rainfall ranging from 600 to 1800 mm, with temperatures varying from 27°C to 40°C in lowland areas, and 15°C to 30°C  and 10°C to 22°C in midland and highland areas, respectively.
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Fig 1: Map of Study Areas
Treatment and design 

Six oat varieties (CI-2252, oats-579-D-27, oats CI-8235, CI-8237, CI-8251, and CV-lampton) were obtained from Holleta Agricultural Research Centre and used as experimental treatments. The oat varieties were planted in a randomized complete block design (RCBD) with three replications. The experiment utilized row planting with a plot size of 3 m x 3 m. The inter-row spacing was set at 20 cm, while the intra-row spacing was 10 cm. A distance of 1 m was maintained between plots and blocks for proper evaluation of the oat varieties.

 Data collection
Growth traits: such as days to emergence, days to 50% flowering, and maturity.
Survival rates at 50% flowering: The total number of plants per plot was counted and recorded at the 50% blooming stage. The survival rate was calculated by dividing the total number of plants counted at 50% flowering by the total number of plants per plot that can be grown, multiplied by 100%.

Plant height at 50% flowering: The heights of oat varieties were measured from the ground to the tip of the main stem. Five random plants were selected from each plot at 50% flowering, and the average height was recorded for evaluation (Gebremedhn et al., 2015).

Number of tillers per plant: Ten plants from the middle rows of each plot were randomly chosen to determine the number of tillers per plant at 50% flowering. The average measurement was recorded to evaluate performance (Khan et al., 2014).

Vigor: The vigor of the oat varieties was visually assessed on a scale of 1 to 5, with 1 being the least vigorous and 5 being the most vigorous.

Forage biomass yield (ton/ha): At the 50% flowering stage, plants in the middle rows of each plot were harvested for dry matter herbage determination and chemical analysis. The fresh biomass was immediately weighed using a 0.1-g scale. A sub-sample of 15-20% of the total weight was separated and placed in a paper bag for dry matter herbage determination. The samples were then oven-dried at 105°C for 24 hours.

Chemical composition and Invitro dry matter digestibility
During the last experimental period, samples of oat varieties at the 50% flowering stage were taken and dried. The dried samples were ground to pass through a 1mm sieve and mixed based on replicates, and a sub-sample of each was taken for nutritional value analysis. The ash content of the oat varieties was determined by igniting the samples in a muffle furnace at 550°C (AOAC, 1990). The Kjeldahl method (AOAC, 1990) was used to analyze the crude protein (CP) content of the varieties. The neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) contents of the varieties were determined using the Van Soest et al. (1991) method. The in vitro dry matter digestibility (IVDOMD) of the varieties was measured using the two-stage approach defined by Tilley and Terry (1963). Both chemical composition and IVDMD analyses were conducted at the National Feed Nutrition Laboratory of Ethiopia.

Data analysis

The collected data were analyzed by analysis of variance using the general linear model procedure of R version 3.6.2 (2019). The statistical model was for the analysis of growth and forage yields:

Yijklmnopq = μ + Oi + Lj +Yk +Bl +OLm +OYn+LYo+OLYp+Eijklmnopq 

, where,    

  Yijklmnop = Corresponding growth & Forage yield parameters 

                                 μ = the overall mean,

                                 Oi = ith oat variety effect,  

                                 Lj  =jth location effect

                                 Yk  =kth year effect

                                  Bl   = the block effect, 

                                  Sk = Year effect

                                 OLm =Variety by location interaction effect

                                  Oyn  =Variety by year interaction effect

                                   LYO  = location by year interaction effect

                                  OLYp = Genotype*Year interaction   effect, respectively &   Eijklmnopq = the random error

The statistical model used for analysis of the quality parameters of the oat varieties was:

Yijk = μ + Vi +Eijk, where,    
                    Yij = the corresponding quality parameters
                     μ = the overall mean,
                     Vi = the fixed effect of ith oat variety   and                 
                     Eijk = the random error 
Tukey multiple mean comparisons was employed to separate significant means at the 5% level of significance.

Results
The main factors’ effects on the studied growth and yield traits of the oat varieties are described in Table 1. The two- and three-level factors’ interaction effects on the growth and yield traits were also presented in Tables 2 and 3, respectively.
 Days to emergence and days to 50% flowering
The result indicated that oat varieties, study location, cropping seasons, and their two- and three-level interactions had a significant effect on both days to emergence and days to 50% flowering (p<0.05). The varieties Cv-lampton and Oats-579-D-27 were the earliest to emerge in Wefargif in the first and second crop production seasons, respectively, while, CI-8251 and CI-8235 were the latest to emerge in Wefargif in the first and second cropping seasons, respectively. In the Indaslase study location, all tested oat varieties emerged within a similar time interval in the first crop production year. However, in the second cropping season in Indaslase, Cv-lampton emerged the earliest, while CI-2252 emerged the latest. Similarly, Cv-lampton and CI-8237 required the fewest days to reach 50% blooming in Wefargif and Indaslase, respectively. On the other hand, CI-8251 required the most days to reach 50% flowering in both study locations in the first crop production year. In the second cropping season, all evaluated oat varieties required a similar number of days to reach 50% flowering in both study locations.

Survival rate, number of tillers per plant, and plant height at 50% flowering
The survival rate and plant height at 50% flowering of the oat varieties were significantly influenced by the varieties, location, cropping seasons, and their interactions at two and three levels. In the first crop production seasons, all oat varieties exhibited a similar and high survival rate at 50% flowering (100%) in both the Wefargif and Indaslase study locations. However, the variety CI-8235 had a slightly lower survival rate at 50% flowering (95.3%) compared to the other five oat varieties in the second cropping season at the Wefargif study location. Similarly, in the second crop production year at the Indaslase study location, both Cv-lampton and CI-2252 had comparable and higher survival rates, while the remaining four oat varieties had similar and slightly lower survival rates at 50% flowering. Overall, the tested oat varieties exhibited survival rates ranging from 95.3% to 100%, indicating their adaptability to the diverse environmental conditions of both study locations. Regarding plant height, in the first cropping season, the varieties CI-2252 and Cv-lampton recorded the tallest plants at the Wefargif and Indaslase study locations, respectively, while the varieties CI-8235 and oats-579-D-27 had shorter plants at the respective study locations. In the second cropping season, the variety oats-579-D-27 displayed the tallest plants, while the variety CI-8235 had shorter plants at both study locations.

The number of tillers per plant at 50% flowering of the tested oat varieties was significantly influenced by the study location, variety by location interaction, variety by cropping year interaction, location by cropping season interaction, and variety by location by year interaction, but not by variety and cropping season alone. The highest and lowest numbers of tillers per plant were observed in the varieties Cv-lampton (8.4) and CI-2252 (5.3) at the Wefargif study location during the first crop production season. However, in the second cropping season at the Wefargif study location, the variety oats-579-D-27 had the lowest number of tillers per plant (7.4), while the variety CI-2252 had the highest number of tillers per plant (9.3). At the Indaslase study location, the variety Cv-lampton had the lowest number of tillers per plant (4.0), while the variety CI-8251 had the highest number of tillers per plant (5.7) during the first crop production season. In the second crop production season, all tested oat varieties exhibited a similar and lower number of tillers per plant at the Indaslase study location.

Vigor and days to maturity
The vigor of the evaluated oat varieties was significantly influenced by the study location, cropping season, variety by location interaction, variety by year interaction, location by year interaction, and variety by location by year interactions, but not by variety alone. The variety CI-8235 had the lowest vigor score (4.3), while the remaining five oat varieties exhibited similar and highest vigor scores ranging from 4.7 to 5 at the Wefargif study site in the first cropping year. In the second crop production season, all oat varieties displayed a similar and highest vigor score of 5 at the Wefargif study location. Similarly, at the Indaslase study site, all tested oat varieties had the same highest vigor score of 5 in both crop production years. Overall, the vigor scores of the oat varieties ranged from 4.3 to 5.0, indicating their similar yielding ability and adaptability to the environmental conditions of both study locations.

Days to maturity were significantly influenced by oat varieties, study location, cropping year, and their two- and three-level interactions. At the Wefargif study location, all tested oat varieties had a similar duration to reach maturity, although the maturation days were slightly shorter in the first year compared to the second crop production year. The varieties CI-8251 and oats-579-D-27 took the longest time to mature, while the variety CI-2252 matured the earliest at the Indaslase study location in both cropping seasons. Overall, the oat varieties matured earlier at the Wefargif study site than at the Indaslase study location in both crop production years. This difference could be attributed to variations in climate elements (such as temperature, frost, rainfall distribution, and groundwater availability), soil fertility (including structure and texture), and other environmental factors between the two study locations over the two-year period.
Forage dry matter yield
Variety, location, year, and their two- and three-level interactions had a significant effect on dry matter yield. In the first cropping season, the varieties Cv-lampton (25.5 ton/ha) and CI-8237 (21.8 ton/ha) produced the highest dry matter herbage yield at the Wefargif and Indaslase study locations, respectively. However, the variety CI-8251 had lower dry matter herbage yields at both study locations during the first crop production season. In the second cropping season, all tested oat varieties yielded lower and similar dry matter herbage yields across both study locations. Overall, the oat varieties performed better in terms of dry matter yield during the first cropping season compared to the second crop production year at both study locations. This difference could be attributed to variations in rainfall distribution, frost occurrence, and other environmental factors between the two cropping seasons.
Table 1:  Effects of main factors on the growth and yield traits a of the tested oat varieties 

	Sources of variation
	Growth traits of oat varieties
	Dry matter yield(ton/ha)

	
	Days to emerge
	Days to 50% flowering
	Survival

Rate (%) 
	Number of tillers /plant(No)
	Plant height (cm)
	Vigor
	Days to maturity
	

	Oat varieties
	
	
	
	
	
	
	
	

	CI-2252
	8.8a
	95.2bc
	99.3ab
	5.7
	116.2d
	5.0
	136.8d
	15.9a

	CI-8251
	8.8a
	101.5a
	98.6bc
	5.4
	121.5c
	4.9
	142.1a
	13.7b

	CI-8235
	8.8a
	93.3c
	98.2c
	5.8
	111.5e
	4.8
	138.8c
	15.1ab

	CI-8237
	8.1b
	93.8bc
	98.7abc
	5.8
	133.1b
	4.9
	140.1b
	15.8a

	Oats-579-D-27
	8.0b
	96.6b
	99.0ab
	5.6
	134.4ab
	5.0
	141.3a
	14.8ab

	CV-lampton
	7.7b
	94.6bc
	99.4a
	5.9
	138.7a
	4.9
	138.9c
	16.3a

	P-value
	0.001
	0.0001
	0.029
	0.524
	0.0001
	0.522
	0.0001
	0.044

	Location 
	
	
	
	
	
	
	
	

	Wefargif
	8.9a
	91.1b
	99.0
	7.5a
	136.6a
	4.8b
	137.8b
	15.6

	Indaslase
	7.7b
	100.6a
	98.8
	3.9b
	115.2b
	5.0a
	141.5a
	14.9

	P-value
	0.0001
	0.0001
	0.351
	0.0001
	0.0001
	0.016
	0.0001
	0.1685

	Year
	
	
	
	
	
	
	
	

	2020
	8.3
	91.4b
	100.0a
	5.7
	119.5b
	4.8b
	138.8b
	20.9a

	2021
	8.4
	100.2a
	97.7b
	5.7
	132.3a
	5.0a
	140.4a
	9.6b

	p-value
	0.3456
	0.0001
	0.0001
	0.972
	0.0001
	0.016
	0.0001
	0.0001


Means with the same letter in the same column are not significantly (p<0.05) different
Table 2:  Two level factors’ interaction effects on growth and yield traits of the tested oat varieties 

	Sources of variation
	Growth traits of oat varieties
	Dry matter yield (ton/ha)

	
	Days to emerge
	Days to 50% flowering
	Survival

Rate (%) 
	Number of tillers /plant(No)
	Plant height (cm)
	Vigor
	Days to maturity
	

	Variety *location
	
	
	
	
	
	
	
	

	CI-2252 *Wefargif
	9.2abc
	91.2cde
	99.7a
	7.3a
	130.9bc
	5.0a
	137.7de
	17.2ab

	CI-8251*Wefargif
	9.8a
	96.8bcd
	99.0ab
	6.6a
	137.4ab
	4.8ab
	138.5de
	14.1bc

	CI-8235*Wefargif
	9.5ab
	90.5de
	97.7b
	8.2a
	119.4cd
	4.7b
	138.3de
	15.2b

	CI-8237*Wefargif
	8.7abcd
	89.8.de
	98.8ab
	7.5a
	139.7ab
	4.8ab
	137.3ef
	15.3b

	Oats-579-D-27*Wefargif
	8.5bcde
	90.0de
	99.3ab
	7.3a
	149.7a
	5.0a
	137.7de
	14.9bc

	CV-lampton*Wefargif
	8.0cde
	88.0e
	99.7a
	8.2a
	142.4ab
	4.8ab
	137.3ef
	18.3a

	CI-2252 *Indaslase
	8.3bcde
	99.2abc
	99.0ab
	4.1b
	101.5e
	5.0a
	135.8f
	14.6bc

	CI-8251* Indaslase
	7.7de
	106.2a
	98.2ab
	4.2b
	105.7de
	5.0a
	145.7a
	13.4c

	CI-8235* Indaslase
	8.0cde
	96.0bcde
	98.7ab
	3.4b
	103.5de
	5.0a
	139.2cd
	15.0b

	CI-8237* Indaslase
	7.5de
	97.7abcd
	98.8ab
	4.0b
	126.6bc
	5.0a
	142.8b
	17.6a

	Oats-579-D-27* Indaslase
	7.5de
	103.2ab
	98.7ab
	3.9b
	119.1cd
	5.0a
	144.8a
	14.7bc

	CV-lampton* Indaslase
	7.3e
	101.2ab
	99.2ab
	3.7b
	135.0abc
	5.0a
	140.5c
	15.2b

	P-value
	0.04752
	0.04332
	0.0482
	0.0009
	0.0001
	0.04522
	0.0001
	0.04334

	Variety *year
	
	
	
	
	
	
	
	

	CI-2252 *2020
	8.3ab
	88.5c
	100a
	5.1b
	123.8cde
	5.0a
	136.2f
	22.5a

	CI-8251*2020
	9.0a
	103.7a
	100a
	5.3b
	115.3cde
	4.8ab
	141.2abc
	18.5c

	CI-8235*2020
	8.3ab
	87.3c
	100a
	6.3a
	109.4de
	4.7b
	137.7def
	20.7abc

	CI-8237*2018
	8.2ab
	87.3c
	100a
	5.3b
	119.7cde
	4.8ab
	139.2bcdef
	22.0ab

	Oats-579-D-27*2020
	8.2ab
	93.0bc
	100a
	6.0a
	118.6cde
	5.0a
	140.5abcde
	19.1bc

	CV-lampton*2020
	7.5b
	88.8c
	100a
	6.2a
	130.3bc
	4.8ab
	138.3cdef
	22.4a

	CI-2252 *2021
	9.2a
	101.8a
	98.7b
	6.4a
	108.7e
	5.0a
	137.3ef
	9.3d

	CI-8251* 2021
	8.5ab
	99.3ab
	97.7cd
	5.6b
	127.8cd
	5.0a
	143.0a
	9.0d

	CI-8235*2021
	9.2a
	99.2ab
	96.3d
	5.3b
	113.5cde
	5.0a
	139.8abcde
	9.5d

	CI-8237* 2021
	8.0ab
	100.2ab
	97.3cd
	6.2a
	146.6ab
	5.0a
	141.0abcd
	9.7d

	Oats-579-D-27*2021
	7.8ab
	100.2ab
	98.0bc
	5.2b
	150.2a
	5.0a
	142.0ab
	10.4d

	CV-lampton* 2021
	7.8ab
	100.3ab
	98.8ab
	5.6b
	147.0ab
	5.0a
	139.5bcdef
	10.1d

	P-value
	0.0469
	0.0001
	0.029
	0.0001
	0.0001
	0.04522
	0.04865
	0.0360

	Location*Year
	
	
	
	
	
	
	
	

	Wefargif *2020
	9.5a
	85.3c
	100a
	6.6b
	136.0a
	4.7b
	136.7b
	22.4a

	Indaslase*2020
	7.0c
	97.6b
	100a
	4.8c
	103.1c
	5.0a
	140.9a
	19.3b

	Wefargif *2021
	8.4b
	96.8b
	97.9b
	8.4a
	137.2a
	5.0a
	138.9ab
	8.9c

	Indaslase*2021
	8.4b
	103.5a
	97.5b
	3.0d
	127.4b
	5.0a
	142.0a
	10.4c

	P-value
	0.0001
	0.004
	0.0421
	0.0001
	0.0001
	0.016
	0.0455
	0.0001


Means with the same letter in the same column are not significantly (p<0.05) different
Table 3: Three level factors’ interaction effect on the growth and yield traits of the tested oat varieties

	Sources of variation
	Growth traits of oat varieties
	Dry Matter Yield (ton/ha)

	
	Days to emerge
	Days to 50% flowering
	Survival Rate (%) 
	Number of tillers /plant(No)
	Plant height (cm)
	Vigor
	Days to maturity
	

	Variety*location*year
	
	
	
	
	
	
	
	

	CI-2252 *Wefargif*2020
	9.7b
	85.7hi
	100a
	5.3ef
	150.4ab
	5.0a
	136.7ij
	24.1ab

	CI-8251*Wefargif*2020
	11.0a
	95.7efg
	100a
	4.8efg
	132.7d
	4.7ab
	137.3hij
	19.8cd

	CI-8235*Wefargif*2020
	9.7b
	83.3i
	100a
	8.2bcd
	117.1ef
	4.3b
	137.0hij
	22.4abc

	CI-8237*Wefargif*2020
	9.3bc
	84.0i
	100a
	5.8e
	131.3d
	4.7ab
	136.3j
	22.2abc

	Oats-579-D-27*Wefargif*2020
	9.3bc
	83.0i
	100a
	7.1d
	145.3abc
	5.0a
	136.7ij
	20.6bcd

	CV-lampton*Wefargif*2020
	8.0def
	80.0i
	100a
	8.4abc
	138.9cd
	4.7ab
	136.3j
	25.5a

	CI-2252 *Indaslase*2020
	7.0f
	91.3fgh
	100a
	4.8efg
	97.1ij
	5.0a
	135.7j
	20.9bcd

	CI-8251* Indaslase*2020
	7.0f
	111.7a
	100a
	5.7e
	98.0ij
	5.0a
	145.0ab
	17.2d

	CI-8235* Indaslase*2020
	7.0f
	91.3fgh
	100a
	4.5efg
	101.7hi
	5.0a
	138.3ghi
	19.0cd

	CI-8237* Indaslase*2020
	7.0f
	90.7gh
	100a
	4.8efg
	108.0fgh
	5.0a
	142.0cd
	21.8abc

	Oats-579-D-27*Indaslase*2020
	7.0f
	103.0bcd
	100a
	4.9efg
	91.9j
	5.0a
	144.3b
	17.7d

	CV-lampton* Indaslase*2020
	7.0f
	97.7cdef
	100a
	4.0ghi
	121.8e
	5.0a
	140.3def
	19.4cd

	CI-2252 *Wefargif*2021
	8.7bcde
	96.7defg
	99.3ab
	9.3a
	111.4fg
	5.0a
	138.7fgh
	10.2e

	CI-8251*Wefargif*2021
	8.7bcde
	98.0cde
	98.0bcd
	8.4abc
	142.1bc
	5.0a
	139.7efg
	8.4e

	CI-8235*Wefargif*2021
	9.3bc
	97.7cdef
	95.3f
	8.2bcd
	121.7e
	5.0a
	139.7efg
	7.9e

	CI-8237*Wefargif*2021
	8.0def
	95.7efg
	97.0de
	9.2ab
	148.0abc
	5.0a
	138.3ghi
	8.3e

	Oats-579-D-27*Wefargif*2021
	7.7ef
	97.0cdefg
	98.7abc
	7.4cd
	154.0a
	5.0a
	138.7fgh
	9.2e

	CV-lampton*Wefargif*2021
	8.0def
	96.0efg
	99.3ab
	7.9cd
	145.8abc
	5.0a
	138.3ghi
	9.2e

	CI-2252 *Indaslase*2021
	9.7b
	107.0ab
	98.0bcd
	3.4hij
	105.9ghi
	5.0a
	136.0j
	8.4e

	CI-8251* Indaslase*2021
	8.3cde
	100.7bcde
	96.3ef
	2.7jk
	113.4efg
	5.0a
	146.3a
	9.6e

	CI-8235* Indaslase*2021
	9.0bcd
	100.7bcde
	97.3cde
	2.3k
	105.3ghi
	5.0a
	140.0efg
	11.0e

	CI-8237* Indaslase*2021
	8.0def
	104.8b
	97.7cde
	3.2ijk
	145.1abc
	5.0a
	143.7bc
	11.0e

	Oats-579-D-27*Indaslase*2021
	8.0def
	103.3bc
	97.3cde
	2.9jk
	146.3abc
	5.0a
	145.3ab
	11.7e

	CV-lampton* Indaslase*2021
	7.7ef
	104.7b
	98.3bcd
	3.3ijk
	145.1abc
	5.0a
	140.7de
	11.0e

	P-value 
	0.0459
	0.025
	0.0382
	0.0001
	0.0001
	0.045
	0.0381
	0.04584


Means with the same letter in the same column are not significantly (p<0.05) different
Chemical Composition
The nutritional analysis of the tested oat varieties is described in Table 4. The results indicate significant variations in DM% (dry matter), Ash%, CP% (crude protein), NDF% (neutral detergent fiber), ADF% (acid detergent fiber), ADL% (acid detergent lignin), and IVDMD% (in vitro dry matter digestibility) among the oat varieties. The dry matter percentage ranged from 90.2% (CI-8251) to 91.8% (oats 579-D-27), with an average of 90.9%. Oats 579-D-27 exhibited the highest ash content at 10.7%, while the remaining five oat varieties had lower and similar ash content. CI-8237 recorded the highest crude protein content at 15.2%, followed by Cv-lampton (14.3%), oats 579-D-27 (12.6%), CI-8235 (12.3%), and CI-2252 (11.3%). Conversely, CI-8251 had the lowest crude protein content at 10.6%. CI-8237 (73.2%) and Cv-lampton (72.1%) showed the highest in vitro dry matter digestibility, while the other four oat varieties demonstrated similar and lower values. CI-2252 had the highest NDF value at 54.1%, whereas CI-8251 (43.2%) and CI-8235 (42.4%) exhibited the lowest values. The oat varieties CI-2252 and oats 579-D-27 had the highest ADF and ADL values, while CI-8235 had the lowest ADF value at 24.4%, and CI-8235, CI-8237, and Cv-lampton had the lowest ADL values at 3.8%, 3.9%, and 3.9%, respectively.

Table 4:  Chemical Composition of the tested oat varieties

	Varieties
	DM%
	Ash%
	CP%
	NDF%
	ADF%
	ADL%
	IVDMD%

	CI-2252
	90.3b
	8.5b
	11.3d
	54.1a
	31.1a
	5.5a
	68.5b

	          CI-8251
	90.2b
	8.9b
	10.6e
	43.2d
	25.9b
	4.3bc
	67.8b

	CI-8235
	91.5ab
	9.0b
	12.3c
	42.4d
	24.4c
	3.8c
	67.5b

	CI-8237
	91.5ab
	8.7b
	15.2a
	51.8b
	26.2b
	3.9c
	73.2a

	Oats-579-D-27
	91.8a
	10.7a
	12.6c
	51.7b
	30.9a
	4.9ab
	68.1b

	CV-lampton
	90.3b
	8.7b
	14.3b
	48.6c
	26.8b
	3.9c
	72.1a

	Mean 
	90.9
	9.1
	12.7
	48.6
	27.5
	4.3
	69.5

	Cv (%)
	0.90
	6.9
	2.4
	2.0
	2.6
	8.3
	1.01

	P-value
	0.0451
	0.0119
	0.0001
	0.0001
	0.0001
	0.0009
	0.0001


Means with the same letter in the same column are not significantly (p<0.05) different

Discussion
Days to emerge and 50% flowering

A crucial growth trait for the selection of forage varieties is the days to emerge, which also determines the establishment of forages. The tested oat varieties exhibited a range of 7.7 to 11.0 days and 7.0 to 9.7 days for emergence at the Wefargif and Indaslase study locations, respectively, during both growing seasons. The current emergence date was shorter compared to the oat varieties reported in Sodo Zuria District, Wolayta Zone, Ethiopia (Amanuel et al., 2019). This variation could be attributed to differences in sowing dates, rainfall patterns, temperatures, land preparation, soil fertility, oat varieties used, and other environmental factors in different regions.

The day to 50% flowering is a crucial agronomic trait that indicates the growth stages of forage crops for utilization. The tested oat varieties exhibited a range of 80 to 98 days and 90.7 to 111.7 days for flowering at the Wefargif and Indaslase study locations, respectively, during both growing seasons. These results are higher than the 50% blooming reported for oat varieties in the Sodo Zuria district, Wolayta zone of Ethiopia (Amanuel et al., 2019). This variation could be attributed to differences in sowing dates, rainfall distribution, temperatures, land preparation, soil fertility, oat varieties used, and other environmental factors across different regions.

Survival rate, number of tillers per plant, and plant height at 50 % flowering
All the oat varieties evaluated in this study demonstrated excellent and comparable survival rates of 100% at 50% blooming during the first cropping season at both study locations. In the second growing season, the survival rates of the oat varieties ranged from 95.3% to 99.3% at Wefargif and 96.3% to 98.3% at Indaslase. These results indicate that all the tested oat varieties are well-suited to the prevailing environmental conditions of both study locations and other regions with similar environmental characteristics.

The number of tillers per plant is a crucial agronomic trait that determines the yield potential of forage crops. The tested oat varieties at Wefargif had a range of 4.8 to 8.4 and 7.4 to 9.3 tillers per plant during the first and second growing seasons, respectively. At Indaslase, the oat varieties had a range of 4.0 to 5.7 and 2.3 to 3.4 tillers per plant during the first and second cropping seasons, respectively. The number of tillers per plant of the tested oat varieties in Wefargif was significantly higher than in Indaslase across both growing seasons, possibly due to variations in soil fertility, rainfall distribution, ground moisture, and other environmental factors at both study locations. These results were consistent with the number of tillers per plant reported for oat varieties in Pakistan (Khan et al., 2014; Syed et al., 2015), but lower than the number of tillers per plant reported in rain-fed conditions of Debre Berhan Area of Central Highlands (Gebremedhn et al., 2015) and irrigation conditions of Sodo Zuria District, Wolayta Zone of Ethiopia (Amanuel et al., 2019).

Plant height is a significant agronomic trait used to assess the yield potential of various forage crops. The oat varieties exhibited notable variations in plant height across both study locations throughout the years. These differences in plant height can be attributed to variations in genetic characteristics among the varieties, as well as other contributing factors. The plant height observed in this study aligns with the reported plant heights of oat varieties in the Sodo Zuria district of the Wolayta zone of Ethiopia (Amanuel et al., 2019), the Central Highlands of Ethiopia (Kebede et al., 2016), and Pakistan (Khan et al.,2014; Syed et al., 2015). However, it is lower than the plant heights reported for oat varieties in the Debre Berhan area of the Central Highlands (Gebremedhn et al., 2015).

Vigor and days to maturity
Vigor is a crucial agronomic trait that directly correlates with the yield potential and adaptability of forage crops. The oat varieties displayed significant variations in vigor across different locations and over multiple years, with a range of 4.3 to 5. This indicates that the oat varieties exhibited similar responses in terms of yield potential and adaptability to the prevailing environmental conditions at both study locations. It is worth noting that the vigor observed in the oat varieties in this study surpasses the vigor reported by Kebede et al. (2016) for oat varieties.

A day to maturity is a critical agronomic trait that plays a crucial role in determining the sustainable development and utilization of forage crops. The oat varieties displayed significant variations in days to maturity across different locations and over multiple years, with a range of 135.7 to 146.3 days. The days to maturity observed in the oat varieties in this study are higher than those reported by Amanuel et al. (2019). These variations in vigor and days to maturity can be attributed to differences in the varieties used, sowing dates, rainfall distribution, soil fertility, and other environmental factors across various regions.

Forage dry matter yield

The dry matter herbage yield of the tested oat varieties was significantly influenced by variety, location, years, and their two- and three-level interactions. This suggests a significant opportunity to select and recommend specific oat varieties that exhibit exceptional yield potential and adaptability to each study location. The analysis of variety by location over both years revealed that the highest dry matter herbage yield was achieved from the varieties Cv-lampton and CI-8237 at the Wefargif and Indaslase study locations, respectively. In comparison to previous studies, the dry matter yield performances of oat varieties in the current study are somewhat similar to those reported by Amanuel et al. (2019), but surpass the dry matter yield reported by Syed et al. (2015) and Kebede et al. (2016). The variations in dry matter yield of oat varieties across different areas may be attributed to differences in oat varieties used, weather and soil conditions, sowing dates, and other environmental factors.

Chemical composition

 The dry matter percentage (DM %) and ash percentage varied significantly among the oat varieties. The DM% of the tested oat varieties ranged from 90.2% to 91.8%. Similarly, the ash contents of the oat varieties ranged from 8.5% to 10.7%. These findings are consistent with the results reported by Amanuel et al. (2019), who observed ash contents ranging from 8.48% to 9.99% in oat varieties grown under irrigation. However, Khan et al. (2014) reported higher ash contents in oat varieties from Pakistan, ranging from 10.47% to 14.78%.

Crude protein is a fundamental quality trait for forage crops. The oat varieties analyzed in this study exhibited crude protein content ranging from 10.6% to 15.2%. These values align closely with the reported crude protein content of oat varieties in Sodo Zuria district, Wolayta zone of Ethiopia (Amanuel et al., 2019) and Pakistan (Khan et al., 2014). However, they were higher than the crude protein content of oat varieties reported in Pakistan by Muhammad et al. (2011). Furthermore, the observed crude protein content exceeded the minimum requirement of 6-8% for ruminant diets to ensure optimal activity of rumen microorganisms (Van Soest, 1994). This suggests that the oat varieties analyzed in this study possess almost twice the necessary protein content for adequate rations.

The oat varieties examined in this study displayed a range of neutral detergent fiber (NDF) content, varying from 43.2% to 54.1%. These NDF values align closely with the NDF values reported by Amanuel et al. (2019) for oat varieties. However, they were higher than the NDF values reported by Khan et al. (2014). Geleti (2000) stated that NDF contents exceeding 60% can lead to a decrease in voluntary feed intake, conversion efficiency, and rumination time. According to Van Soest and Robertson (1963), an NDF level of 55% is considered critical and can limit intake. Nevertheless, all the tested oat varieties in this study had NDF contents below this threshold level, indicating no adverse effects on digestibility or intake.

Acid detergent fiber (ADF) refers to the proportion of indigestible and slowly digestible components in forage crops (McDonald et al., 2002). This fraction includes cellulose, lignin, and pectin. A positive correlation exists between acid detergent fiber and the age of plants (NRC, 1981). The ADF values of the oat varieties in this study ranged from 24.4% to 31.1%, which aligns with the ADF% values reported for oat varieties by Amanuel et al. (2019). Forage with lower ADF content is considered more digestible and desirable. Digestibility tends to decrease as plants age due to increased fiber concentration and lignifications during plant development (Wilson et al., 1991). Kellems and Church (1998) classified roughages with less than 40% ADF as high quality and those above 40% as low quality. Therefore, the oat varieties examined in this study have relatively lower ADF values, suggesting they may possess better digestibility.

The acid detergent lignin (ADL) of the tested oat varieties ranged from 3.8% to 5.5%. This result is higher than the ADL values reported in Sodo Zuria district, Wolayta zone, Ethiopia (Amanuel et al., 2019). The lower the ADL content, the higher the digestibility of the feed, and vice versa is also true.
The invitro dry matter digestibility of the tested oat varieties ranges from 67.5% to 73.2%, which is in line with the findings of Amanuel et al. (2019), who reported that the invitro dry matter digestibility of oat varieties varies between 68.6% and 73.9%. The obtained IVDMD values of the oat varieties are higher than 65%, indicating the oat varieties have good nutritive values and values below this level result in reduced intake due to lowered digestibility (Meissner et al., 2000). However, the IVDMD values of the tested oat varieties were greater than 65%. The variety CI-2252 yielded a higher IVDMD (73.2%), and CI-8235 produced a relatively lower IVDMD value (67.5%). The variations in nutritional quality traits of oat varieties in different areas might be due to the differences in the oat varieties used and environmental factors across the areas.
Conclusion
The current study demonstrated that all growth traits of oat varieties were significantly influenced by variety, location, and growing season, as well as their two- and three-level interactions. In other words, the oat varieties tested exhibited different performances at both locations throughout the growing seasons in terms of all growth and yield traits studied. Furthermore, there were significant variations in all nutritional quality traits among the oat varieties. This suggests the potential for selecting specific genotypes for each study location. The survival rates of the tested oat varieties during the 50% blooming stage ranged from 95.3% to 100%, indicating their adaptability to the diverse environmental conditions of both study locations. Overall, considering the forage growth traits, dry matter yield, and nutrient chemical composition, it was observed that the varieties CI-8237 and CV-lampton outperformed the other oat varieties. These varieties can serve as sources of high-quality basal feed and are recommended for wider production in the highland areas of western Tigray and similar regions in Ethiopia. To ensure the sustainable utilization of these oat varieties, further research is recommended on their inclusion in ruminants' diets and their yield potential under irrigation.
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