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This experiment was carried out to evaluate the performance of five released potato varieties namely (Gorebela, Gera, Gudene, Tolicha and Jalene) and one local cultivar. The experiment was laid out as a randomized complete block design with three replications. The results of the study revealed that all of the variables considered were significantly affected by varieties. The maximum plant height was recorded from variety Tolicha and minimum from Gera. The highest number of main stem was recorded from variety Jalene followed by Local and the lowest number of main stem was from variety Gorebela. Gera produced highest tuber number per hill, whereas Tolicha produced lowest total tuber number per hill. The highest tuber weight per hill, average tuber weight, total tuber yield and marketable tuber yield was recorded for Gudene, while in reference tuber weight per hill Jalene produced the lowest, and in case of average tuber weight, total tuber yield and marketable tuber yield local produced the lowest. The maximum unmarketable tuber was produced from Local, while the minimum from Gudene. The highest dry matter content, specific gravity and starch content were recorded from variety Gudene whereas Gorebela and Jalene recorded the lowest. The results also revealed that the presence of considerable variations for tuber yield and yield component among varieties. Therefore, variety Gudene which was given high yield could be used to increase production and productivity of the crop for better enhancement of food security and livelihood income of the locality.
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INTRODUCTION
Ethiopia has possibly the very best potential for potato production of any country in Africa. There is a high potential to expand the cultivation area of the potato crop, as 70% of the country's arable land has potentially suitable to potato cultivation (Gebremedhin et al., 2008). Most of the available agricultural land is found at an altitude of 1800-2500 m.a.s.l and receive an annual rainfall of quite 600 - 1200 mm, which is suitable for potato production (Yilma, 1991). The low acreage and productivity of potato in Ethiopia are attributed to several factors. The major ones are lack of well adapted and high-yielding cultivars, unavailability and high cost of seed tubers, inappropriate agronomic practices, and lack of suitable post-harvest technologies, pests and disease (Berga et al., 1994; Tekalign, 2005; Endale et al., 2008; Gildemacher et al., 2009). Different sorts of potato are grown by farmers a number of which are local are improved varieties. Around 98.7% of the seed tubers required in Ethiopia are supplied from the local varieties (Tekalign, 2005). The seed tubers supplied by this technique have poor sanitary, physiological, physical and genetic qualities (Berga et al., 1994; Tekalign T. 2005; Adane et al., 2010). The farmers prefer best performing varieties for yield and other essential agronomic traits. Their dominancy should be reliable over a wide range of environmental conditions and also over years (Mulugeta and Dessalegn, 2014).
Farming system in study area is traditional which relies on rain-fed agriculture; thus, the potato production and productivity is low due to prevalence of disease and pests, poor soil fertility, variability in climatic patterns, shortage of agricultural input supply and application, poor research-extension and farmers’ linkage, post-harvest handling practices, poor marketing and limited access to improved varieties (Mesfin et al., 2014). The average productivity of potato in the production systems with local varieties in study area is only about 2.4 t ha−1 (Mesfin et al., 2014). However, which was far below the national average productivity of 8 tons ha−1, and also the productivity (40 t ha−1) of improved varieties achieved in research trials (APHRD, 2009). Nowadays many improved potato varieties have been released by research centers and universities for production. However, those varieties are not fully accessed to the study area for production. The main constraints to accessing improved varieties are lack of awareness for the availability and use of improved technologies (Hirpa et al., 2010) and the high prices of healthy seed tubers (Agajie et al., 2013). Therefore, evaluating the performance of improved potato varieties compared with the commonly grown local variety will helps to identify best fit varieties that can ensure sustainable production. The objective of the study is to evaluate the performance of improved potato varieties.
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[bookmark: _Toc481975375][bookmark: _Toc482087096][bookmark: _Toc75610437]Description of the Study Site
The field experiment was carried out at Chencha district of Gircha highland fruit and vegetable research center in 2019 and 2020 cropping seasons. Chencha is one of the districts of Gamo Zone of Southern Ethiopia. The district is geographically located at 6°15′N 37°34′E longitude and latitude (Figure 1). The altitude ranges from 2000 to 3200 meter above sea level (masl). The agro-ecology is classified as highland (>2500 masl), which accounts for 82 % of the total area, and midland (2000–2500 masl) accounting for18 %. The minimum air temperature ranges from 11 to 13 °C, whereas the maximum ranges from 18 to 24 °C. The mean annual average rainfall is 750mm-1000 mm and its pattern is bimodal, as the result there are two cropping seasons locally known as Belg (March to May) and Meher (June to October) (Wagaet al., 2016).The Gircha Highland Fruit and Vegetable Research Center is located at higher altitude (3007 masl) of the area.
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Experimental Materials and Design
A total of five improved potato varieties which were released by different Research Centers for different agro-ecologies of the country and one local cultivar were used for this experiment. The name of the varieties, year of released and altitudes presented in (Table 1). The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. Each plot was 3.75 m x 2.4 m = 9 m2 wide consisting of five rows, which accommodated 8 plants per row and thus 40 plants per plot. The spacing between rows and plants was 0.75m and 0.30m, respectively. The spacing between plots and adjacent replications was 1 m and 1.5 m, respectively. 
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The experimental fields was cultivated by farmers practice to a depth of 25-30 cm and leveled; then ridges were made by hand. Medium sized (39-75g) (Lung’aho et al., 2007) and well sprouted tubers were planted at the sides of ridges at the spacing of 75cm between ridges and 30cm between tubers with 5cm planting depth. Fertilizer was applied uniformly to all plots as the 92 kg P2O5 ha-1 and 110 kg N ha-1 (MoA, 2013). Phosphorus fertilizer in the form of Di-ammonium Phosphate (DAP) and the whole rate was applied at planting whereas, nitrogen fertilizer in the form of Urea was applied in two splits, half rate after full emergence (two weeks after planting) and half rate at the initiation of tubers (start of flowering). For the yield estimation, tubers were harvested from eighteen plants from the three middle rows when the plants reached physiological maturity. All other cultural practices were applied equally.
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Plant height (cm) was measured as the distance from the base of the stem to the tip of five randomly selected matured plants per plot of the central rows. Number of stems per hill was determined from five randomly sampled hills per plot at physiological maturity. Average tuber weight (g/tuber) the average tuber weight was determined by dividing the total fresh tuber yield into the respective total tubers number at harvest. Tuber number per hill was determined from five randomly selected hills of central rows at harvest. Tuber yield per hill (g) was determined as the total tuber weight obtained from five randomly selected hills per plot at harvesting and it was averaged. Total tuber yield (t/ha) at harvest from 18 hills per plot was determined by adding up the weights of marketable and unmarketable tubers and converted to yield per hectare. Marketable tuber yield (t/ha) all the marketable tubers which were free from diseases, insect pests and greater than or equal to 20 g in weight was recorded as marketable tuber yield. Unmarketable tuber yield (t/ha) the tubers that were diseased, insect attacked and small-sized (< 20 g) was recorded as unmarketable tuber yield. Dry Matter Content of Tuber (%): This was determined by chopping five tubers into 1-2 cm small cubes and drying two sub-samples of 200g each taken from thoroughly mixed chopped tubers in an oven set at 80˚C for 72 hours in two paper bags until a constant weight is reached. Then the percentage of dry matter content was calculated as suggested by CIP (2007) using the following formula: 
Dry matter% = (dry weight / fresh weight) x 100
Specific gravity (gcm-3): This was determined by weighing 5 kg of tubers in the air and then in water method (Gould, 1995) and calculated as follows: 
Specific gravity = (weight in air) / (weight in air – weight in water).
Tuber starch content (g/100g): The percentage of starch content was calculated from the specific gravity using the following formula: (Talburt and Smith 1959). 
Starch (%) = 17.546+199.07 x (specific gravity-1.0988)
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The data was subjected to analysis of variance (ANOVA) using SAS statistical software Version 9.1(SAS, 2007). Means of significant differences was compared using Least Significant Difference test at 5% probability level.
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The results showed that varieties were significant (P ≤ 0.01) for growth and yield components of potato over two years (Table 2). Plant height result indicated that tallest height was recorded from Tolicha which is statistically different from all other varieties, whereas the shortest plant height was recorded from Gera. According to stem number per hill Jalene variety produced the maximum stem number per hill followed by local landraces. The minimum stem number per hill was recorded from the variety Gorebela which was statically similar with Gudene, Tolicha and Gera. However, there was statistically non-significant difference between Local landrace and variety Gera. The number of tubers per hill was recorded highest in Gera variety which is statistically different from all other varieties, whereas lowest number of tubers per hill was recorded in Tolicha variety which is statistically similar with Local and Gudene variety. According to tuber weight per hill and average tuber weight Gudene was superior of the all varieties evaluated. The lowest tuber weight per hill and average tuber weight was obtained from Jalene and Local respectively. 
The result also showed that varieties were significant (P ≤ 0.01) for tuber yield and quality components of potato over two years (Table 3). The highest total tuber yield was recorded from Gudene variety which is statistically different from all other varieties, whereas the lowest total tuber yield was recorded in Local variety which is statistically similar with Jalene variety. The data also indicated that Gera produced significantly higher total tuber yield over Gorebela, Tolicha, Jalene and Local. However, no significant difference was observed in total tuber yield between Gorebela, Tolicha and Jalene. According to marketable tuber yield Gudene variety was produced the maximum marketable yield with which is statistically different from all other varieties. The lowest marketable yield was recorded from Local variety. The data also indicated that Gera produced significantly higher marketable tuber yield over Gorebela, Tolicha, Jalene and Local. However, Gorebela, Tolicha and Jalene were not statistically different in marketable tuber yield. With respect to unmarketable tuber yield highest unmarketable tuber yield was recorded from Local while the lowest unmarketable tuber yield which was statically similar with Gudene. Variety Jalene, Tolicha and Gorebela were produced statically similar unmarketable tuber yield. The highest percentage of dry matter content, starch content and maximum specific gravity was recorded from Gudene variety followed by Gera which is statistically similar with Tolicha variety, whereas, the lowest result was obtained from Jalene and Gorebela. The data also showed that there is non-significant difference between variety Tolicha and Local in all quality components.
DISCUSSION
Results of the study indicated that different varieties performed significantly in different variables. Tolicha, Jalene and Gera performed significantly better than other varieties in plant height, stem numbers per hill and tuber number per hill respectively. Height is a quantitative trait controlled by many genes, therefore, it is highly influenced by environmental factors like nutrient status of the soil, available soil moisture and intercepted radiation (Singh and Singh, 1973). The difference in plant height among the varieties might be associated to genetic differences, which may lead to the variable performances in growth and development (Habtam, 2012). Morena et al., (1994) stated that the difference in number of main stem among the varieties might be due to the inherent genotypic variation in the number of buds per tuber which is in turn influenced by the size of the tubers, physiological age of the seed, storage condition, and number of viable sprouts at planting, sprout damage at the time of planting and growing conditions. Accordingly, the authors stated that the number of stems per plant is influenced by variety. A research relieved by Subarta and Upadhya (1997) indicated that number of tubers per plot depends mainly on number of stems per plot, total number of stolons and stolons tuberized.
Results of the study also indicated that Gudene varieties performed significantly better than all other varieties in tuber weight per hill, total yield, marketable yield, dry mater content, specific gravity and starch content. The production of heavier tubers by Gudene could be due to the production of higher leaf area that favored higher dry matter production and accumulation in the tuber. Abubaker, et al., (2011) reported that significant differences between varieties in tuber production per plant. Habtamu, et al., (2016) who reported that Gudene variety was produced the highest average tuber weight which directly determine total tuber yield per hectare. Habtamu et al. (2016), Dash et al. (2018), Ebrahim et al. (2018) and Alemayehu et al. (2018) who reported that there is a significant difference of total tuber yield among potato varieties. In addition to this Addis et al., (2017) reported the highest yield was recorded from Gudanie variety at Bule Hora District of Borena Zone. Similarly, Dembi and Basha (2017) reported that Gudenie yielded 26.69 t/ha on farm evaluation at Guji highlands of Oromia region. Solomon et al., (2019) reported that a significant variation on the marketable tuber yield among potato varieties and lowest marketable yield was recorded from local landraces. Similarly, Yigzaw et al., (2008) reported that local variety produced the lowest marketable tuber yield compared to all evaluated varieties. The low productivity of the local variety is related to its susceptibility to late blight. All varieties exhibited percent tuber dry matter of greater than 20% which is acceptable range for processing. Burton (1966) reported genetic differences among varieties in their ability to produce high solids when grown on the same test plot. The report of Tekalign and Hammes (2005a) also indicated that cultivars differed significantly with respect to total dry matter production. Kabira and Berga (2003) justified that potato tubers containing high dry matter of 20 - 24% produce fried products with high yields, less oil absorption and having better texture than those with lower solids. High dry matter has a direct effect on chips and French fries yield as the weight of the processed product depends directly on the amount of dry matter present per quantitative weight of fresh potatoes (Burton et al., 1992). The probable reason for such variation in specific gravity among the tested varieties could be attributed to variation in dry matter (total solid) contents of tubers. These results are in agreement with the suggestions of Beukema and Van der Zaag (1979) who reported that potato tuber specific gravity is influenced by a large number of factors, the most important ones being cultivar and environmental conditions. According to Kabira and Berga (2003), potatoes which have specific gravity value more than 1.080 are suitable for processing while tubers with specific gravity values less than 1.070 are generally unacceptable for processing. Hence, all varieties produced tubers with acceptable specific gravity values and are considered suitable for processing. The starch content plays very important roles in the quality of potato products and varies with potato cultivars. Potatoes with higher starch content are well suited for food use, processing or starch manufacture (Liu et al., 2003).
Results of the study also showed that Local varieties performed significantly highest unmarketable tuber yield over other varieties. The variation in non-marketable yield of the varieties may be due to adaptability, crop maturity, and inherent ability of potato genotypes in producing unmarketable tubers per plant. The result is in agreement with Seifu and Betewulign (2017) who reported that the highest unmarketable tuber yield was recorded from local variety. In addition to this Solomon et al., (2019) reported that more number of unmarketable tubers was found from local landraces.
SUMMARY AND CONCLUSION
Field experiment was conducted during 2019 and 2020 at Arba Minch University Gircha Highland Fruit and Vegetable Research Center, Southern Ethiopia (6°15′N 37°34′E), to evaluate the performance of potato varieties. Results from this trial have revealed that growth, yield and quality components of potato can be influenced by varieties. From the mean analysis, Gudene variety produced the highest total and marketable tuber yield than the rest improved varieties. Although certain variations observed across the years in tuber yield for different varieties, Gudene and Gera were showed high and consistent yield over years. Therefore, on the basis of present study Gudene variety, which was given high yield, could be used to increase production and productivity of the potato crop in the area for better improvement of food security and livelihood income. In the shortage of Gudene, Gera could be used, which was second high yielded variety.
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Figure 1: Map of the study area.
Table 1: Description of released and local varieties
	
S.N
	
Varieties
	Suitable  Altitude (masl)
	Released year
	Breeder/Maintainer

	1
	Gudene
	1600-2800
	2006
	Holetta Agricultural Research Center

	
	Jalene
	1600-2800
	2002
	Holetta Agricultural Research Center

	2
	Tolicha
	1600-3000
	1997
	Holetta Agricultural Research Center

	6
	Gorebela
	2700-3200
	2002
	Sheno Agricultural research center

	4
	Gera
	2700-3200
	2003
	Sheno Agricultural Research Center

	5
	Local
	-
	local
	-


The source of all except the local cultivar was: MoA, 2013.


Table 2: Mean value of plant height, stem number per hill, tuber number per hill, tuber weight per hill and average tuber weight as affected by potato varieties over two year (2019 and 2020)
	Variety
	Plant height (cm)
	Stem number per hill
	Tuber number per hill
	Tuber weight per hill(gm)
	Average tuber weight (gm/tuber)

	Gudene
	38.08c
	3.83c
	4.54cd
	335.12a
	57.12a

	Jalene
	39.18bc
	5.86a
	4.95bc
	145.61d
	29.79cd

	Tolicha
	47.22a
	3.82c
	3.86d
	173.58cd
	45.65b

	Gorebela
	33.75d
	3.22c
	5.79b
	187.29c
	30.96cd

	Gera
	29.33e
	4.01bc
	7.04a
	260.91b
	35.32c

	Local
	42.83b
	5.09ab
	4.28cd
	153.81cd
	22.57d

	LSD 5%
	4.12
	1.11
	1.05
	41.58
	8.99


Means followed by different letters in the same column are significantly different at 5% level of probability.
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Table 3: Mean value of total yield, marketable yield, unmarketable yield, dry matter content, specific gravity and starch contents as affected by potato varieties over two year (2019 and 2020)
	Variety
	Total yield tuber (t/ha)
	Marketable tuber yield (t/ha)
	Unmarketable tuber yield (t/ha)
	Dry Matter Content (%)
	Specific Gravity (gcm-1)
	Starch Contents (%)

	Gudene
	28.74a
	27.05a
	1.69c
	37.23a
	1.155a
	28.88a

	Jalene
	15.51cd
	12.98c
	2.53b
	23.79d
	1.095d
	16.62d

	Tolicha
	16.79c
	14.35c
	2.45b
	31.15bc
	1.128bc
	24.34bc

	Gorebela
	18.47c
	15.03c
	2.44b
	25.60d
	1.102d
	18.27d

	Gera
	23.86b
	22.32b
	1.53c 
	34.09ab
	1.143ab
	26.02ab 

	Local
	12.81d
	9.09d
	3.72a
	29.92c
	1.112c
	22.22c

	LSD 5%
	3.55
	3.62
	0.70
	3.16
	0.015
	2.88


Means followed by different letters in the same column are significantly different at 5% level of probability.
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