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Screening of potato Germplasms for Heat Stress at lowland, Fafen, Somali Region, Ethiopia


Abstract
Potato is an important food security crop and a major source of household income for smallholder farmers in Ethiopia. Potato (Solanum tuberosum L.) produces more nutritious food on less land with time, but the production in lowland areas is limited by the temperature. The production of potato at lowland areas demands to develop heat tolerant cultivars adaptable specific to high temperatures. thus, it is very important to evaluate such genotypes, which have high yield potential and are suitable to our local environmental conditions. A field experiment was conducted at Fafen Research Station, during 2021 and 2022, to evaluate the performance of fifty potato genotypes for plant, and tuber yield characters. The experiment was laid out in a randomized complete block design with three replications.  The genotypes and year showed highly significant difference for all the traits except flowering and days to maturity. The interaction between genotypes and years revealed significant differences in all the studied parameters except days flowering, maturity, plant vigor and plant height. Genotype CIP312923.522 and CIP312906.575 produced more marketable tubers for category I and II (>80g and >30g tuber1) and total tuber yield than all other genotypes respectively. Thus, the genotypes are recommended to be promoted to variety verification trial in the coming year for further evaluation at on-farm and on-station in the study area and similar agro ecologies.
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Introduction 
Potatoes are a precious source of food for many low-income people in both urban and rural areas.  Potato is the world’s third most important food crop in overall production after rice and wheat, and is a food security crop in Ethiopia (Devaux et al., 2014). It is mainly used as vegetable and available in the market throughout the year with reasonable price and has great importance in rural economy of the country as compared to other vegetables crops in Ethiopia. It can be consumed in different forms, such as boiled, roasted, fried and chipped (Kibar, 2012). Potatoes provide different types of nutrients and vitamins (Kärenlampi and White, 2009). They are source of different minerals like iodine (I), copper (Cu), iron (Fe), potassium (K), manganese (Mn), phosphorous (P), zinc (Zn), magnesium (Mg) and calcium, (Ca) (USDA, 2014). It is also an important food security crop in eastern Ethiopia in particular and in Ethiopia in general (Tewodros and Belay, 2015).
In Ethiopia, potatoes are mostly cultivated in the central, north western, southern, and eastern parts of the country (Semagn et al., 2016). The crop has potential for improving the livelihoods of millions of smallholder farmers in the high lands area of the country. The potential for higher yield per unit area, early maturity, and excellent food value give the potato crop greater potential for improving food security, increasing household income, and reducing poverty than other crops (Semahagn  Asredie  et  al., 2015).
It is important crop in Somali region also however there is no production potato in the region any were all potato consumed in the region comes from the neighboring region. The absence of potato production in the region could be due the unavailability of potato variants suitable for the Somali region. variety adaptability trial will able to determine the different varieties that are suitable for each location in which farmers will be able to choose which of the introduced varieties are suited for their needs. Therefore, to introduce potato technology in the region varieties adaptability trial project was required that which help selection of suitable variates. Therefore, the objective of this study was to evaluate the performance of potato genotypes for their tuber yield and yield related traits at Fafen research center, Somali regional state.
Materials and Methods
Experimental Materials, Design and Procedure 
A total of 15 potato genotypes were used (CIP312921.550, CIP312926.502, CIP312923.522, CIP312923.562, CIP312920.538, CIP312927.550, CIP312916.591, CIP312897.548, CIP312898.640, CIP312911.508, CIP312906.575, CIP312896.509, CIP312905.530, CIP312901.638 and Belete (St.ck). The genotypes were arranged in Randomized Complete Block Design with two replications due to seed shortage and each gross plot were 3 m x 3 m = 9 m2 consisting of four rows, which accommodated 10 plants per row and thus 40 plants per plot. The spacing between rows and plants were 0.75 m and 0.30 m, respectively. The spacing between plots and adjacent replications were 1 m and 1.5 m, respectively. The two middle rows were used for data collection. The experimental field was cultivated to a depth of 25-30 cm by a tractor and ridges were made manually after leveling. The planting depth was maintained at 10-15 cm. All other agronomic practices such as weeding, cultivation and spraying Redomil chemical were kept uniform for all treatments in each plot.
Data collection and Statistical Analysis 
Days to 50% flowering: The number of days from planting to flowering of 50% of plants in each plot was recorded. Days to 50% maturity: This was registered by counting the number of days taken from planting to 50% of plants in each central two row per plot showed yellowish haulms. Plant height: The height of the plants recorded from at least eight plants in the central two rows by measuring from the ground surface to the tip of the main stem in centimetre and averaged to get the mean plant height in centimetre. Number of plants harvested: This was recorded by counting the number of plants harvested from the central two rows. Number marketable tubers category I/plot: Recorded by counting the number of marketable tubers for category I with weighing between >80 g or tubers of 40-60 mm from the central two rows. Number marketable tubers category II/plot: Count the number of marketable tubers category II weighing between 30-80 g or tubers between 20-40 mm from the central two rows. Number of non-marketable tubers/plot: Count the number of non-marketable tubers with weighing less of 30 g or less of 20 mm from the central two rows. Marketable tuber weight category I/plot was recorded by Weighing marketable tuber category I/plot. The unit of measure is in Kilograms. Marketable tuber weight category II/plot was recorded by Weighing the marketable tuber category II/plot. The unit of measure is in Kilograms. Non-marketable tuber weight/plot was recorded by Weighing the non-marketable tuber/plot. The unit of measure is Kilograms. Total tuber yield (kg ha -1):  the total tuber yield was obtained by adding marketable and unmarketable tuber yields. Collected data was subjected to analysis of variance (ANOVA) for RCBD using GenStat 18th edition software. Means that are significantly different were compared using Least Significant Difference (LSD) at 5% level of significance.
Results and discussions 
[bookmark: _Hlk115340872]Genotypes and year had significantly affected all measured plant characters except days to flowering and maturity (Table 1). The presence of significant differences between varieties indicates the presence of genetic variation for each of the genotypes tested. The interaction between genotypes and year exhibited a significant variation on the studied parameters except days flowering, maturity, plant vigor and plant height. this may be due to the genetic trait of the genotypes as well as the changing weather pattern in the experimental location.







Table 1: Combined Mean square values of plant characters and yield components of potato genotypes for combined analysis of variance over two years (2021 and 2022) at Fafen, research stations
	Source of variation 
	DF
	Mean square

	
	
	DsF
	PU
	PV
	DM
	PH
	AvSN
	NMTCI
	NMTCII
	NNoMTP
	MTWCI
	MTWCII
	NoMTWP
	TTY

	Rep
	1
	112.07
	0.2667
	0.267
	0.267
	228.74
	14.2009
	3.267
	36.817
	12.15
	0.998
	0.299
	0.5419
	1.412

	Genotype
	14
	21.59ns
	6.2571**
	5.429*
	4.245ns
	151.48**
	0.7671ns
	413.874**
	529.493**
	322.62**
	157.888**
	19.314**
	0.7590**
	227.671**

	Year
	1
	4.27ns
	41.6667**
	17.067**
	8.067ns
	218.62*
	1.2760ns
	1401.667**
	13053.750**
	5208.02**
	1136.897**
	798.766**
	2.6014**
	4044.100**

	G*Y
	14
	21.80ns
	6.2381**
	2.781ns
	2.602ns
	78.24ns
	0.6426ns
	237.774**
	138.036**
	318.98**
	111.525**
	5.312**
	0.8960**
	125.962**

	Error
	29
	14.51
	0.4046
	2.198
	9.749
	45.73
	0.5150
	9.336
	9.093
	12.63
	6.404
	1.436
	0.1056
	7.891

	Total 
	59
	
	
	
	
	
	
	
	
	
	
	
	
	


Keys:  *,  **:  significant  at  5%  and  1%  respectively, Rep= replication, Y= year, V * Y=variety verses year, DF=degree of  freedom  DsF=days to flowering, DM=days  to  maturity,  PH=plant  height, PU- plant uniformity, PV= plant vigor,  NMCTI=Number marketable tubers category I, NMCTII= Number marketable tubers category II, MNoMTP= Number of non-marketable tubers/plot, MTWCI= Marketable tuber weight category I, MTWCII= Marketable tuber weight category II, NoMTWP= Non-marketable tuber weight, TTY(kg/ha)=total tuber yield

Growth and Phonological Parameters 
Plant uniformity: The analysis of variance showed that genotypes had highly significantly at (p<0.01) on number of plant uniformity (Table 1). The best/optimum plant uniformity was recorded from CIP312921.550 (7.500); which was significantly at par with CIP312911.508 (7.500) genotype and the lowest plant uniformity was recorded from CIP312920.538 (3.500) genotype followed by CIP312898.640 (4.000) genotype (Table 2). The variation in plant uniformity of the potato genotypes was reported by previous researchers too Luitel et al. (2016) and Tessema et al. (2020) that Genotypes differ genetically in their growth habit.
[bookmark: _Hlk145988262][bookmark: _Hlk145988452]Plant vigor: The result of statistical analysis showed that genotypes had highly significantly (p<0.01) effect on plant vigor (Table 1). The best plant vigor was obtained from CIP312901.638 (3.500) genotype while the lowest plant vigor was from CIP312923.562 (7.500) genotype (Table 2). 
Days to 50% Maturity: The effect of different potato genotypes on days to maturity was in-significant (Table 1). genotype CIP312901.638 matured early (111.8 days) while genotypes CIP312923.562 matured lately the other tested genotypes (109.0 days) and the grand mean being 109.87days (Table 2). 
Plant height (cm): The result of analysis of variance showed the effect of different genotypes on plant height was found highly significantly (p<0.01) (Table 1). Plant height ranged from 65.50 cm to 43.95 cm with an over mean of 58.41cm. Genotypes CIP312923.562 produced longer stem (65.73 cm) genotype; at par with CIP312923.522 genotype, while genotype CIP312901.638 produced shorter stem (43.95 cm) (Table 2). Differences in plant height between genotypes may be related to genetic differences, which can lead to variable growth and development performance. also, many authors in different part of the world have found that potato genotypes had significant variation of plant height Aweka et al. (2021); Abebe Chindi et al. (2021) Abebe Chindi et al. (2020); Binod et al. (2020), Arifa et al. (2018), Eaton et al. (2017) and Getachew et al. (2016).
Yield component 
[bookmark: _Hlk115341396]Number of marketable tubers for category I (>80g tuber1): The result of analysis of variance revealed that genotypes highly significant (p < 0.01) difference on the number of marketable tubers for category I (>80g tuber1) in both of the cropping seasons (Table 1). CIP312923.522 genotype produced maximum number marketable tubers category I (>80g tuber1) (64.00g tuber1) followed by CIP312897.548 (53.00 tuber) while the minimum was recorded from CIP312901.638 (26.00g tuber1) genotype, which was statistically at par with CIP312927.550 (27.75g tuber1) (Table 2). a study by Binod et al. (2020) described highly significant differences among potato genotypes for marketable tubers.
Number of marketable tubers for category II (>30g tuber1): The result of analysis of variance revealed that genotypes highly significant (p < 0.01) difference on the number of marketable tubers for category II (>30g tuber1) in both of the cropping seasons (Table 1). the maximum Number of marketable tuber category II (>30g tuber1) was from CIP312911.508 (51.75g tuber1) genotype followed by CIP312923.522 (47.75g tuber1) and the minimum was from CIP312901.638 (12.50g tuber1) genotype, which was statistically at par with CIP312926.502 (16.00g tuber1) (Table 2). Similarly, other researchers also investigated that marketable yield was significantly varied by genotypes Abebe (2020); Binod et al., (2020) and Raphael (2022)
Number of non-marketable tuber category (<30g tuber1). There was a highly significant (P< 0.01) variation among the tested genotypes with respect to number of non-marketable tuber category (<30g tuber1) (Table 1). The maximum Number of non-marketable tuber category (<30g tuber1) of tested genotype was obtained in CIP312898.640 (51.75g tuber1) genotype followed by CIP312923.522 (47.75g tuber1) and the minimum was in CIP312901.638 (18.00g tuber1) genotype (Table 2). The variation of number of tubers per plant is due to genetic traits of genotypes, canopy development and study area conditions.  Our results are in line with Aweko et al. (2021); Binod et al. (2020); Abebe Chindi et al. (2021) Abebe Chindi et al. (2020); Getachew et al. (2016); Getie et al. (2018) and Ebrahim et al. (2018); Eaton et al. (2017); Kena (2018); Abebe et al. (2020) who reported high variation among potato genotypes with respect to tuber number. 
[bookmark: _Hlk115341242][bookmark: _Hlk115341268]Marketable tuber weight category I, II (>80 and 30 kg/ha). In potatoes, weight of tubers has an important role in tuber yield. The result of analysis of variance revealed that genotypes highly significant (p < 0.01) difference on the marketable tubers weight category I and II (>80g and 30 kg/ha) in both of the cropping seasons (Table 1). In the present study, maximum Marketable tuber weight category I (>80 g) of tested genotype was produced by CIP312923.522 (35.25 kg/ha) genotype followed by CIP312906.575 (32.90 kg/ha) and the minimum was obtained from CIP312927.550 (13.98 kg/ha) genotype (Table 2). Moreover, the maximum Marketable tuber weight category II (>30 g) of tested genotype was obtained from CIP312911.508 (10.133 kg/ha) genotype followed by CIP312923.562 (9.582 kg/ha) and the minimum was recorded from CIP312901.638 (2.706 kg/ha) genotype. This is in agreement with Binod et al. (2020) and Raphael (2022)
Non-marketable tuber weight (<30 kg/ha): The result of analysis of variance revealed that genotypes highly significant (p < 0.01) difference on the non-marketable tuber weight (<30 kg/ha) in both of the cropping seasons (Table 1). the maximum non-marketable tuber weight (<30 kg/ha) of tested genotype was from CIP312897.548 (3.25 kg/ha) genotype followed by CIP312911.508 (3.144 kg/ha) and the minimum was from CIP312901.638 (1.83 kg/ha) genotype. The variation in tubers weight may be attributed to inheritability of genotypes and season. 
Total tuber yield (kg/ha). The result of analysis of variance revealed that genotypes highly significant (p < 0.01) difference on Total tuber yield in both of the cropping seasons (Table 1). Regarding of Total tuber yield, the yield performance of genotype (CIP312923.522) showed the highest (41/51 kg/ha) total tuber yield followed by CIP312906.575 (42.83 kg/ha) and CIP312897.548 (41.51 kg/ha) while the lowest total tuber yield was recorded from CIP312901.638 (19.99 kg/ha) genotype (Table 2). Yield differences among these genotypes may therefore be related to genetic makeup in efficient use of inputs such as nutrients. Accordingly, Raphael (2022), Abebe Chindi et al. (2021) Abebe Chindi et al. (2020); Awoke et al. (2021), Binod et al. 2020, Getachew et al. (2016), Getie et al. (2018) and Ebrahim et al. (2018) reported a significant variation of potato genotypes for their total tuber yield.



Table 2. Combined mean of potato genotypes on agronomic traits and tuber yield of over two years.  
	Genotype
	PU
	PV
	DM
	PH
	NMTC1
	NMTCII
	NNoMTP
	MTWCI
	MTWCII
	NoMTWP
	TTW

	[bookmark: _Hlk145988915][bookmark: _Hlk116639456]CIP312921.550
	[bookmark: _Hlk145988893]7.500il
	6.500c
	110.5a
	63.56cde
	47.00c
	39.25de
	45.25bc
	20.68fg
	8.228bcd
	2.568c-f
	31.48ef

	[bookmark: _Hlk145991658]CIP312926.502
	4.500bc
	5.000abc
	110.2a
	52.42abc
	33.50f
	16.00h
	26.50f
	23.18def
	3.377hi
	1.884hi
	28.44f

	CIP312923.522
	6.500hi
	7.000c
	110.0a
	65.66e
	64.00a
	44.50bc
	47.75ab
	35.25a
	9.196abc
	2.969abc
	47.41a

	CIP312923.562
	5.000cde
	[bookmark: _Hlk145989202]7.500c
	[bookmark: _Hlk145988436]109.0a
	[bookmark: _Hlk145989496]65.73e
	34.50ef
	48.25ab
	39.50de
	19.76fg
	9.582ab
	2.011ghi
	31.35ef

	[bookmark: _Hlk145988700]CIP312920.538
	[bookmark: _Hlk145988686]3.500a
	5.500abc
	109.5a
	55.13b-e
	39.75d
	28.00fg
	39.50de
	29.65bc
	6.002fg
	2.531c-f
	38.19cd

	[bookmark: _Hlk145992246]CIP312927.550
	6.000gh
	5.000abc
	111.0a
	62.53b-e
	27.75g
	37.25e
	40.75cd
	13.98i
	7.276def
	2.796a-e
	24.05g

	CIP312916.591
	6.500g-j
	6.500c
	110.0a
	60.32b-e
	41.25d
	25.25g
	36.00de
	24.93de
	5.388g
	2.260f-i
	32.58ef

	CIP312897.548
	5.500c-g
	7.000c
	108.8a
	64.05de
	53.00b
	41.00cde
	37.50de
	29.58bc
	8.678a-d
	3.258a
	41.51bc

	CIP312898.640
	[bookmark: _Hlk145988746]4.000ab
	6.500c
	108.0a
	60.22b-e
	40.75d
	42.25cd
	51.75a
	17.93gh
	7.784cde
	2.924a-d
	28.64f

	CIP312911.508
	7.500ijl
	7.000c
	111.2a
	58.05b-e
	52.25b
	51.75a
	45.50bc
	26.66cd
	10.133a
	3.144ab
	39.93bc

	[bookmark: _Hlk145992208]CIP312906.575
	4.500bcd
	6.500c
	109.8a
	54.18a-d
	46.50c
	31.75f
	35.25de
	32.90ab
	7.466c-f
	2.467d-g
	42.83b

	CIP312896.509
	6.500g-k
	4.000ab
	110.0a
	51.63ab
	37.75def
	24.00g
	34.75e
	25.55de
	6.098efg
	2.759b-e
	34.41de

	CIP312905.530
	7.000h-l
	6.500bc
	108.5a
	56.18b-e
	50.50bc
	36.75e
	37.00de
	30.00bc
	8.044bcd
	2.517c-f
	40.56bc

	CIP312901.638
	5.000b-f
	[bookmark: _Hlk145989124]3.500a
	[bookmark: _Hlk145988232]111.8a
	43.95a
	26.00g
	12.50h
	18.00g
	15.45hi
	2.706i
	1.831i
	19.99h

	Belete (St.ck
	6.000e-h
	6.000bc
	109.8a
	62.56b-e
	39.00de
	26.25g
	24.75f
	22.59ef
	5.002gh
	2.351e-h
	29.94ef

	Mean
	5.700
	6.00
	[bookmark: _Hlk145988482]109.87
	58.41
	42.23
	33.65
	37.32
	24.54
	7.00
	2.55
	34.09

	CV%
	11.2
	24.7
	2.8
	11.6
	7.2
	9.0
	9.5
	10.3
	17.1
	12.7
	8.2

	LSD
	0.9199
	3.032
	4.516
	9.780
	4.419
	4.361
	5.140
	3.660
	1.733
	0.470
	4.062


Keys:  DM=days to maturity, PH=plant height, PU- plant uniformity, PV= plant vigor, NMCTI=Number marketable tubers category I, NMCTII= Number marketable tubers category II, MNoMTP= Number of non-marketable tubers/plot, MTWCI= Marketable tuber weight category I, MTWCII= Marketable tuber weight category II, NoMTWP= non-marketable tuber weight

Conclusion and Recommendations 

[bookmark: _Hlk115341532]Screening helps in ongoing efforts to select the best genotypes. In order to increase the productivity of potatoes in research and similar agroecological fields, it is recommended to consider the characteristics of the best varieties with high yields and market dominance. In this study, genotypes showed a significant difference in most of the studied parameters. the yield performance of genotype (CIP312923.522) showed the highest (47.41 kg/ha) tuber yield followed by CIP312906.575 (42.83 kg/ha) and CIP312897.548 (41.51 kg/ha). Hence this implied that, both genotypes were recommended to be promoted to variety verification trial in the coming year for further evaluation at on-farm and on-station in the study area and similar agro ecologies.
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