Characterization of Sweetpotato Genotypes Developed from Botanical Seeds for Yield and other Desirable Traits

	

Abstract 
Sweetpotato has a strong potential to contribute to better nutritional quality to human diets in globs.it has extensive variability among genotypes for important traits such as yield and root flesh colour intensity, which is important to estimate for effective breeding program. The experiment was conducted with augmented bock design  that consisted of five blocks per family using botanical seeds sourced from five ploy cross families to select superior genotypes through characterization. Three hundred and thirty four new genotypes were evaluated with replicated varieties in the experiment. The selection of superior genotypes was performed within a family comparing with an average mean of the nearest check varieties within. In this study, some promising orange, white and purple fleshed sweetpotato genotypes were selected from each family based on the traits such as low reaction to sweetpotato virus disease, high yielding capacity, deep orange root flesh colour, deep rooting and early maturity status. In general, a total of 29 orange-fleshed, 14 white-fleshed, and 16 purple-fleshed genotypes that were well characterized have been selected for root yield, sweetpotato disease resistance/tolerance, and quality traits (beta-carotene content) as potential candidates for further sweetpotato breeding programs.
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1. Introduction
Sweetpotato [Ipomoea batatas (L) Lam.] is one of the most widely cultivated root crops in tropical and subtropical areas and it ranked as the second most important root crops after cassava (El Sheikha & Ray, 2017; Truong et al., 2018). It has played great advantages over the other storage root crops because of its low input requirements, high yielding potential and adaptability to a wide range of agro-ecologies (Lebot.2010; Wang et al., 2011). 
Depending on the root flesh colour, sweetpotato genotypes contain high level of β-carotene, anthocyanin, dietary fiber, vitamins, minerals and other bioactive compounds. These attributes make this crop suitable and attractive by farmers to produce with limited resources (Low et al., 2009).
 In Ethiopia, sweetpotato is among very valuable root crops and it is mainly grown in the eastern, southern and south western parts of the country. In the country, it is considered as an important food crop which supports about 20 million of peoples as the staple food (Tofu et al., 2007), which reflects the importance of the crop for food security and livelihoods of the rural communities. One of the main characteristics of sweetpotato is its high phenotypic and genotypic variability that confers the adaptability to different climatic conditions (Vaease et al, 2008).  
To enhance production and productivity of consumer preferred varieties of sweetpotato in Ethiopia, in past one year the improvement program has made a significant progress resulting in the release of three orange fleshed varieties namely Dilla, Alamura and Kabode with improved attributes for food quality and high yield ability. Furthermore, the possibility of improvement in any crop is dependent on the available variability. Sweetpotato is cross pollinated (self-incompatible) and therefore highly heterozygous crops in which many of the traits show continuous variation. Since it is highly heterozygous, there is extensive variability within the species, which is available for exploitation by plant breeders (Sasmita et al., 2015). In that way, through characterization clones using agronomic trait like yield, a diversity that existed in the progenies can be evaluated, identified and selected for further breeding works. Thus, the wider the genetic variability in traits of interest can provide a better chance of improvement of crops through selection of promising genotypes. Currently, various efforts are underway in HwARC to release sweetpotato varieties that are sourced from characterization of clones/ botanical seeds for various traits. 
Generally, in order to maximize successful improvement and genetic gains in sweetpotato breeding programs, characterizing clones developed from botanical seeds is a key tool for increasing the gene pool of sweetpotato germplasm and for further variety development programs in the country. The aim of this study was to characterize botanical seeds of sweetpotato for selecting genotypes superior in high yield, better beta-carotene content and disease resistance.




2. Material and Methods
2.1. Description of the study area
The experiment was executed at Wondo Genet in Sidama zone, South Nations, Nationalities and Peoples’ Regional State (SNNPRS). Wondo Genet (7o06’ N and 38o37’ E)  is located  272 km South of the Ethiopian capital , Addis Ababa  and 24 km East of Hawassa city (WANRO, 2020). The soil type of the study area is loamy and relatively fertile Mollic Andosols.  

2.2. Preparation of planting materials 
Three hundred and thirty four different sweetpotato botanical seeds resulted from five poly-crosses were treated by concentrated sulphuric acid (98% H2SO4) for 20 to 25 minutes, in order to remove the hard seed coat to enhance germination. The seeds were carefully rinsed with running tap water for 5 minutes and then placed on wet filter paper in Petri- dishes and were kept in the dark for 48 hours to sprout in the soil laboratory. After two to three days, germinated seedlings were planted on polystyrene seedling trays in the insect proofed net tunnels. Later, the seedlings were transferred in to plastic pots of 10 L capacity containing a mixture of top soil, sand and manure at the ratio of 3:1:1, respectively, (Fekadu et al., 2015). 
2.3. Field experiment and clones evaluation
The cuttings have been taken from each genotype per a family and planted in an augmented block design with un-replicated 334 test treatments and replicated four checks. A single row plot of 3 m long used to plant each genotype with spacing of 1m between rows and 30 cm between plants. The seed rate of ten plants was used per row of each genotype. All cultural practices such as hoeing, hilling-up and weed control were performed according to standard sweetpotato field practices. No external inputs such as compost and fertilizers were applied.





















Table 1: List of sweetpotato botanical seeds (polycross) of five families used for characterization study
	No 
	Source of seeds
	Female parent Pedigree of seeds
	Number of seeds evaluated per family

	1
	Mozambique 
	Ininda 
	87

	2
	Mozambique 
	MUSG014001-3
	74

	3
	Mozambique 
	MUSG014012-76
	39

	4
	Mozambique 
	MUSG014012-26
	66

	5
	Mozambique 
	MUSG014046-20
	68

	Total	                                                                                              334

	Check varieties

	No 
	Name of check varieties
	Flesh colour
	Dry matter content (%)
	Source and year of release

	1
	Alamura
	Deep orange 
	31.8 
	Ethiopia, 2020

	2
	Dilla
	Deep orange
	32.4 
	Ethiopia, 2020

	3
	Kabode
	Intermediate orange
	30.3
	Ethiopia, 2020

	4
	Kulfo
	Pale orange
	22.5
	Ethiopia, 2005



2.4. Data Collection
 At harvest, data such as number of surviving plants (for computing adjusted yield), storage root yield, and root flesh colour (to estimate beta-carotene) and scores on the virus disease  reaction   were recorded to evaluate the superior clones for the above traits following  the standard sweetpotato descriptors (Huamán,1991).
2.5. Data analysis
All collected data were computed for mean values. For comparison of new treatments the overall mean values of each check varieties were computed and the values were used to compare new treatments per each family (block).














3. RESULTS  
3.1. Mean performance of new genotypes for yield and other traits within families
All the information data of the experiment is shown in Tables (2-7). The mean performance of each genotype per family was compared with the performance of the nearest checks (within family). The criteria for selecting superior clones were based on number of plants survived (Stand count), early ground coverage and reaction to sweetpotato virus disease (SPVD), root yield and root flesh colour. However, traits such as SPVD, root yield and root flesh colour were predominately used to select better genotypes from each family.  In family one (Table 2), among the evaluated 87 genotypes tens were orange fleshed, eight white fleshed and  five purple fleshed  genotypes showed the better field performance over the checks varieties (Table 7). 
In terms of root yield, the first three new genotypes with highest root yield were obtained from genotypes designed as Ininda-1-54 (56.55 t/ha), Ininda-1-79 (44.84 t/ha) and Ininda-1-81 (37.70 t/ha) in comparison with the overall mean yield of checks (20.01 t/ha). Six orange fleshed, two white and one purple fleshed totally nine new genotypes were better compared with performance of the nearest checks (24.45 t/ha) within family 2 (Table 3).genotypes such as MUSG014001-3-2-12 (53.57 t/ha), MUSG014001-3-2-9 (42.38 t/ha) and MUSG014001-3-2-53 (37.30 t/ha) had the highest root yield under the second family.
 In family three (Table 4) a total of seven genotypes were selected, among which the five genotypes were deep orange fleshed and the two genotypes with a purple fleshed colour. There were no genotypes that were found with white root flesh colour within this family. The genotypes; MUSG014012-76-3-16 (35.71 t/ha), MUSG014012-76-3-12 (28.51 t/ha) and MUSG014012-76-3-37 (23.81 t/ha) with deep orange flesh colour showed better yields over the checks (22.96 t/ha) (Table 4).  In family 4, four genotypes with orange and deep orange root flesh colour, two with white and five genotypes with purple flesh colour were identified as the better genotypes to be evaluated in next trial set up. The highest mean root yields of 44.44, 35.71 and 31.75 t/ha was recorded for MUSG014012-26-4-42, MUSG014012-26-4-16 and MUSG014012-26-4-47 genotypes, respectively, with over all mean  root yield (23 t/ha) of check varieties (Table 5).
Under family 5 (Table 6), nine promising genotypes  were identified and selected for further testing with respect to their high root yield, root flesh colour as well as resistance/tolerance to sweetpotato virus diseases reaction . These selected genotypes were, four with deep orange flesh colour, two with fleshed and three were with purple flesh colour types. The overall mean root yield of checks was 21.59 t/ha. Genotypes: MUSG014046-20-5-47 (34.74t/ha), MUSG014046-20-5-39 (33.33 t/ha) and MUSG014046-20-5-56 (28.57 t/ha), respectively, with deep orange flesh colour were the highest yielders over the checks among the selected genotypes in within this family (Table 6).





Table 2: Mean performance for SPVD reaction, root yield and other traits of eighty genotypes in family 1(Block 1)
	No
	Block
	Treatment
	SPVD
(1-9)
	TYLD (t/ha)
	FC (based on colour chart)
	No 
	Block

	Treatments

	SPVD 
(1-9)
	TYLD (t/ha)
	FC (based on colour chart)


	1
	1
	Ininda-1-3
	2
	2.38
	VLP
	41
	1
	Ininda-1-45
	2
	10.71
	LO

	2
	1
	Ininda-1-4
	1
	9.52
	IO
	42
	1
	Ininda-1-46
	2
	28.57
	IO

	3
	1
	Ininda-1-5
	1
	21.09
	DO
	43
	1
	Ininda-1-48
	1
	19.52
	LY

	4
	1
	Ininda-1-7
	2
	9.52
	DO
	44
	1
	Ininda-1-49
	1
	6.67
	Cr

	5
	1
	Ininda-1-8
	3
	20.48
	VLY
	45
	1
	Ininda-1-50
	3
	18.57
	P

	6
	1
	Ininda-1-9
	1
	38.10
	IP
	46
	1
	Ininda-1-51
	3
	23.81
	IO

	7
	1
	Ininda-1-10
	1
	13.49
	Cr
	47
	1
	Ininda-1-52
	2
	27.14
	W

	8
	1
	Ininda-1-11
	1
	18.71
	LP
	48
	1
	Ininda-1-54
	2
	56.55
	IP

	9
	1
	Ininda-1-12
	1
	19.05
	W
	49
	1
	Ininda-1-55
	4
	19.05
	IO

	10
	1
	Ininda-1-13
	1
	14.29
	VLP
	50
	1
	Ininda-1-56
	1
	21.90
	IO

	11
	1
	Ininda-1-14
	2
	7.62
	Cr
	51
	1
	Ininda-1-57
	2
	12.70
	P

	12
	1
	Ininda-1-15
	2
	13.33
	VDO
	52
	1
	Ininda-1-58
	1
	10.32
	IO

	13
	1
	Ininda-1-16
	2
	3.81
	Cr
	53
	1
	Ininda-1-59
	3
	10.71
	DO

	14
	1
	Ininda-1-17
	3
	11.90
	Cr
	54
	1
	Ininda-1-60
	1
	15.08
	P

	15
	1
	Ininda-1-19
	3
	22.62
	LY
	55
	1
	Ininda-1-61
	1
	14.88
	LY

	16
	1
	Ininda-1-20
	1
	19.44
	Cr
	56
	1
	Ininda-1-62
	2
	20.00
	DO

	17
	1
	Ininda-1-21
	1
	26.53
	DO
	57
	1
	Ininda-1-63
	1
	49.60
	LO

	18
	1
	Ininda-1-22
	3
	13.61
	Cr
	58
	1
	Ininda-1-64
	1
	51.59
	VLO

	19
	1
	Ininda-1-23
	1
	10.20
	W
	59
	1
	Ininda-1-65
	2
	36.51
	VLO

	20
	1
	Ininda-1-24
	1
	22.79
	DO
	60
	1
	Ininda-1-66
	1
	28.57
	LO

	21
	1
	Ininda-1-25
	1
	18.25
	Cr
	61
	1
	Ininda-1-67
	2
	20.83
	VLO

	22
	1
	Ininda-1-26
	1
	17.35
	LP
	62
	1
	Ininda-1-68
	2
	28.57
	Cr

	23
	1
	Ininda-1-27
	1
	33.33
	DO
	63
	1
	Ininda-1-69
	1
	44.22
	Cr

	24
	1
	Ininda-1-28
	1
	11.31
	LO
	64
	1
	Ininda-1-70
	1
	42.86
	IO

	25
	1
	Ininda-1-29
	1
	25.24
	VLY
	65
	1
	Ininda-1-71
	2
	19.84
	IP

	26
	1
	Ininda-1-30
	1
	6.19
	O
	66
	1
	Ininda-1-72
	1
	22.11
	LO

	27
	1
	Ininda-1-31
	1
	5.95
	Cr
	67
	1
	Ininda-1-73
	1
	25.85
	VLO

	28
	1
	Ininda-1-32
	2
	25.79
	LP
	68
	1
	Ininda-1-74
	1
	13.81
	VLO

	29
	1
	Ininda-1-33
	1
	17.01
	O
	69
	1
	Ininda-1-75
	3
	19.52
	LO

	30
	1
	Ininda-1-34
	1
	27.14
	IO
	70
	1
	Ininda-1-76
	2
	15.24
	VLO

	31
	1
	Ininda-1-35
	3
	12.86
	LP
	71
	1
	Ininda-1-77
	3
	19.05
	DP

	32
	1
	Ininda-1-36
	3
	47.62
	Cr
	72
	1
	Ininda-1-78
	2
	17.86
	O

	33
	1
	Ininda-1-37
	1
	42.86
	O
	73
	1
	Ininda-1-79
	1
	44.84
	IO

	34
	1
	Ininda-1-38
	3
	16.19
	O
	74
	1
	Ininda-1-80
	1
	20.41
	DO

	35
	1
	Ininda-1-39
	1
	20.00
	Cr
	75
	1
	Ininda-1-81
	2
	37.70
	O

	36
	1
	Ininda-1-40
	2
	22.62
	Cr
	76
	1
	Ininda-1-82
	3
	25.85
	LY

	37
	1
	Ininda-1-41
	3
	23.81
	O
	77
	1
	Ininda-1-84
	1
	7.94
	Cr

	38
	1
	Ininda-1-42
	2
	9.92
	IO
	78
	1
	Ininda-1-85
	1
	3.97
	Cr

	39
	1
	Ininda-1-43
	1
	17.62
	VLO
	79
	1
	Ininda-1-86
	2
	3.97
	LP

	40
	1
	Ininda-1-44
	1
	11.90
	Cr
	80
	1
	Ininda-1-87
	2
	8.50
	WF


  Note: SPVD=Sweetpotato virus disease, TYLD=Total root yield, FC=Root flesh colour, DO=deep orange, IP=Intermediate purple, O=orange-fleshed, LO=light orange, VLO=Very light orange, IO=Intermediate orange, LY=light yellow, Cr=Creamy, LP=Light purple, P=Purple-fleshed, WF=White-fleshed 
Table 3: Mean performance for SPVD reaction, root yield and other traits of fifty six genotypes in family 2 (Block 2)
	 No.
 
	Block 

	Treatment

	SPVD
(1-9)
	TYLD
( t/ha)
	FC (based on colour chart)

	S/N
 
	Block
 
	Treatment

	SPVD
(1-9)
	TYLD 
(t/ha)
	FC (based on colour chart)


	1
	2
	MUSG014001-3-2-1
	1
	7.14
	LP
	29
	2
	MUSG014001-3-2-36
	3
	4.17
	LO

	2
	2
	MUSG014001-3-2-4
	1
	7.14
	LO
	30
	2
	MUSG014001-3-2-37
	1
	21.43
	IY

	3
	2
	MUSG014001-3-2-5
	1
	7.14
	LP
	31
	2
	MUSG014001-3-2-38
	1
	10.00
	LO

	4
	2
	MUSG014001-3-2-6
	1
	36.19
	LY
	32
	2
	MUSG014001-3-2-40
	1
	38.10
	IO

	5
	2
	MUSG014001-3-2-7
	1
	17.01
	DO
	33
	2
	MUSG014001-3-2-42
	1
	19.44
	DO

	6
	2
	MUSG014001-3-2-8
	2
	2.04
	DO
	34
	2
	MUSG014001-3-2-43
	2
	14.29
	O

	7
	2
	MUSG014001-3-2-9
	1
	42.38
	Cr
	35
	2
	MUSG014001-3-2-45
	2
	19.84
	O

	8
	2
	MUSG014001-3-2-10
	1
	37.70
	Y
	36
	2
	MUSG014001-3-2-47
	1
	17.06
	Y

	9
	2
	MUSG014001-3-2-11
	1
	12.70
	LO
	37
	2
	MUSG014001-3-2-48
	2
	10.00
	O

	10
	2
	MUSG014001-3-2-12
	2
	53.57
	O
	38
	2
	MUSG014001-3-2-49
	1
	8.93
	IO

	11
	2
	MUSG014001-3-2-14
	1
	8.33
	IO
	39
	2
	MUSG014001-3-2-50
	3
	17.46
	Y

	12
	2
	MUSG014001-3-2-15
	1
	10.54
	Y
	40
	2
	MUSG014001-3-2-51
	3
	29.76
	VLO

	13
	2
	MUSG014001-3-2-16
	3
	11.90
	O
	41
	2
	MUSG014001-3-2-52
	2
	5.24
	O

	14
	2
	MUSG014001-3-2-18
	3
	11.90
	Y
	42
	2
	MUSG014001-3-2-53
	1
	37.30
	O

	15
	2
	MUSG014001-3-2-20
	2
	10.95
	LY
	43
	2
	MUSG014001-3-2-54
	3
	16.67
	LY

	16
	2
	MUSG014001-3-2-21
	3
	64.29
	DO
	44
	2
	MUSG014001-3-2-55
	1
	6.75
	DO

	17
	2
	MUSG014001-3-2-22
	1
	49.40
	LO
	45
	2
	MUSG014001-3-2-61
	1
	17.62
	Y

	18
	2
	MUSG014001-3-2-23
	3
	25.85
	DO
	46
	2
	MUSG014001-3-2-62
	1
	22.45
	LO

	19
	2
	MUSG014001-3-2-24
	2
	34.29
	DO
	47
	2
	MUSG014001-3-2-63
	2
	21.83
	Y

	20
	2
	MUSG014001-3-2-25
	3
	19.05
	DO
	48
	2
	MUSG014001-3-2-64
	1
	10.20
	DO

	21
	2
	MUSG014001-3-2-26
	3
	6.67
	DO
	49
	2
	MUSG014001-3-2-65
	1
	31.75
	DO

	22
	2
	MUSG014001-3-2-27
	2
	7.14
	O
	50
	2
	MUSG014001-3-2-67
	2
	3.33
	LP

	23
	2
	MUSG014001-3-2-29
	2
	12.38
	P
	51
	2
	MUSG014001-3-2-69
	1
	27.78
	O

	24
	2
	MUSG014001-3-2-30
	3
	6.35
	VLY
	52
	2
	MUSG014001-3-2-70
	1
	50.00
	DO

	25
	2
	MUSG014001-3-2-31
	1
	10.32
	P
	53
	2
	MUSG014001-3-2-71
	3
	17.14
	DO

	26
	2
	MUSG014001-3-2-32
	2
	15.08
	IO
	54
	2
	MUSG014001-3-2-72
	2
	20.83
	Cr

	27
	2
	MUSG014001-3-2-33
	1
	2.38
	VLY
	55
	2
	MUSG014001-3-2-73
	3
	11.90
	O

	28
	2
	MUSG014001-3-2-34
	2
	10.54
	Y
	56
	2
	MUSG014001-3-2-74
	3
	24.60
	LO


Note: SPVD=Sweetpotato virus disease, TYLD=Total root yield, FC=Root flesh colour, DO=deep orange, O=orange-fleshed, LO=light orange, VLO=Very light orange, IO=Intermediate orange, LY=light yellow, IY= Intermediate, Cr=Creamy, LP=Light purple-fleshed,Y=Yellow
Table 4: Mean performance for SPVD reaction, root yield and other traits of thirty two genotypes in family 3 (Block 3)
	Plot#
	Block
	Treatment
	SPVD
(1-9)
	TYLD (t/ha)
	FC (based on colour chart)
	Plot#
	Block
	Treatment
	SPVD
(1-9)
	TYLD (t/ha)
	FC (based on colour chart)


	1
	3
	MUSG014012-76-3-1
	1
	1.70
	IP
	17
	3
	MUSG014012-76-3-20
	2
	15.48
	LY

	2
	3
	MUSG014012-76-3-2
	2
	17.46
	Y
	18
	3
	MUSG014012-76-3-21
	3
	21.43
	IP

	3
	3
	MUSG014012-76-3-3
	2
	33.33
	LY
	19
	3
	MUSG014012-76-3-22
	1
	23.33
	LY

	4
	3
	MUSG014012-76-3-4
	3
	2.38
	VW
	20
	3
	MUSG014012-76-3-24
	2
	11.31
	O

	5
	3
	MUSG014012-76-3-5
	4
	2.38
	DO
	21
	3
	MUSG014012-76-3-26
	1
	13.89
	LP

	6
	3
	MUSG014012-76-3-6
	1
	3.97
	LO
	22
	3
	MUSG014012-76-3-28
	1
	5.56
	DO

	7
	3
	MUSG014012-76-3-7
	2
	20.00
	LP
	23
	3
	MUSG014012-76-3-29
	2
	8.50
	P

	8
	3
	MUSG014012-76-3-9
	4
	60.71
	Y
	24
	3
	MUSG014012-76-3-31
	2
	22.38
	LO

	9
	3
	MUSG014012-76-3-10
	1
	52.38
	O
	25
	3
	MUSG014012-76-3-32
	1
	39.68
	LO

	10
	3
	MUSG014012-76-3-12
	2
	28.57
	DO
	26
	3
	MUSG014012-76-3-33
	1
	14.29
	LO

	11
	3
	MUSG014012-76-3-13
	4
	28.57
	LY
	27
	3
	MUSG014012-76-3-34
	4
	11.11
	LO

	12
	3
	MUSG014012-76-3-15
	4
	26.19
	DO
	28
	3
	MUSG014012-76-3-35
	1
	44.64
	LY

	13
	3
	MUSG014012-76-3-16
	2
	35.71
	DO
	29
	3
	MUSG014012-76-3-36
	1
	15.87
	DO

	14
	3
	MUSG014012-76-3-17
	3
	11.90
	O
	30
	3
	MUSG014012-76-3-37
	2
	23.81
	O

	15
	3
	MUSG014012-76-3-18
	1
	7.14
	DO
	31
	3
	MUSG014012-76-3-38
	4
	5.36
	DO

	16
	3
	MUSG014012-76-3-19
	3
	16.67
	LO
	32
	3
	MUSG014012-76-3-39
	3
	9.52
	P


Note: SPVD=Sweetpotato virus disease, TYLD=Total root yield, FC=Root flesh colour, DO=deep orange, O=orange-fleshed, LO=light orange, LY=light yellow, IP=Intermediate purple, P=Purple-fleshed

*DO=deep orange, LO=light orange, LY=light yellow, P=purple, O=orange, IP=intermediate purple


Table 5: Mean performance for SPVD reaction, root yield and other traits of thirty two genotypes in family 4 (Block 4)
	No

	Block

	Treatment

	SPVD (1-9)
	TYLD
(t/ha)
	FC (based on colour chart)

	No

	Block

	Treatment

	SPVD (1-9)
	TYLD
(t/ha)
	FC
(based on colour chart)

	1
	4
	MUSG014012-26-4-1
	2
	8.33
	LP
	27
	4
	MUSG014012-26-4-37
	3
	11.90
	DO

	2
	4
	MUSG014012-26-4-2
	2
	15.31
	LO
	28
	4
	MUSG014012-26-4-38
	2
	23.81
	LY

	3
	4
	MUSG014012-26-4-3
	3
	8.73
	O
	29
	4
	MUSG014012-26-4-40
	3
	10.71
	LY

	4
	4
	MUSG014012-26-4-5
	3
	18.25
	O
	30
	4
	MUSG014012-26-4-41
	4
	14.88
	VLO

	5
	4
	MUSG014012-26-4-6
	1
	30.95
	DO
	31
	4
	MUSG014012-26-4-42
	2
	44.44
	Cr

	6
	4
	MUSG014012-26-4-7
	2
	15.31
	DO
	32
	4
	MUSG014012-26-4-44
	3
	5.71
	VDO

	7
	4
	MUSG014012-26-4-8
	2
	35.71
	LP
	33
	4
	MUSG014012-26-4-45
	3
	25.24
	VLO

	8
	4
	MUSG014012-26-4-9
	2
	25.79
	LP
	34
	4
	MUSG014012-26-4-47
	2
	31.75
	O

	9
	4
	MUSG014012-26-4-10
	1
	51.19
	LY
	35
	4
	MUSG014012-26-4-48
	2
	23.81
	VLO

	10
	4
	MUSG014012-26-4-12
	1
	21.43
	P
	36
	4
	MUSG014012-26-4-49
	4
	8.73
	IP

	11
	4
	MUSG014012-26-4-13
	4
	10.32
	LO
	37
	4
	MUSG014012-26-4-50
	3
	17.46
	DO

	12
	4
	MUSG014012-26-4-14
	1
	14.29
	DO
	38
	4
	MUSG014012-26-4-52
	2
	19.05
	LY

	13
	4
	MUSG014012-26-4-16
	1
	35.71
	DO
	39
	4
	MUSG014012-26-4-51
	3
	44.05
	LO

	14
	4
	MUSG014012-26-4-17
	3
	8.73
	DO
	40
	4
	MUSG014012-26-4-54
	3
	1.90
	Cr

	15
	4
	MUSG014012-26-4-18
	2
	8.93
	VLO
	41
	4
	MUSG014012-26-4-56
	3
	1.90
	Cr

	16
	4
	MUSG014012-26-4-19
	2
	7.14
	DO
	42
	4
	MUSG014012-26-4-58
	3
	14.29
	VDO

	17
	4
	MUSG014012-26-4-21
	1
	17.35
	LP
	43
	4
	MUSG014012-26-4-59
	2
	15.48
	P

	18
	4
	MUSG014012-26-4-23
	1
	29.52
	DO
	44
	4
	MUSG014012-26-4-61
	3
	12.70
	DO

	19
	4
	MUSG014012-26-4-24
	1
	26.67
	Cr
	45
	4
	MUSG014012-26-4-63
	2
	6.35
	LO

	20
	4
	MUSG014012-26-4-25
	3
	51.59
	O
	46
	4
	MUSG014012-26-4-66
	1
	3.57
	LO

	21
	4
	MUSG014012-26-4-27
	4
	25.00
	LO
	47
	4
	MUSG014012-26-4-67
	2
	11.90
	VLO

	22
	4
	MUSG014012-26-4-29
	1
	10.54
	O
	48
	4
	MUSG014012-26-4-68
	2
	27.38
	O

	23
	4
	MUSG014012-26-4-30
	1
	21.03
	LY
	49
	4
	MUSG014012-26-4-69
	2
	3.97
	VLO

	24
	4
	MUSG014012-26-4-34
	1
	3.44
	LY
	50
	4
	MUSG014012-26-4-70
	3
	15.87
	O

	25
	4
	MUSG014012-26-4-35
	2
	7.48
	DO
	51
	4
	MUSG014012-26-4-71
	3
	20.83
	VDO

	26
	4
	MUSG014012-26-4-36
	2
	10.20
	LO
	52
	4
	MUSG014012-26-4-72
	3
	3.97
	VLO

	
	
	
	
	
	
	53
	4
	MUSG014012-26-4-74
	2
	27.14
	VLO


Note: SPVD=Sweetpotato virus disease, TYLD=Total root yield, FC=Root flesh colour, DO=deep orange, O=orange-fleshed, LO=light orange, VLO=Very light orange, IP=Intermediate purple, LY=light yellow, Cr=Creamy, LP=Light purple, P=Purple-fleshed

         



 Table 6: Mean performance for SPVD reaction, root yield and other traits of fifty three genotypes in family 5 (Block 5)
	S/N

	Block

	Treatment

	SPVD
(1-9)
	TYLD (t/ha)
	FC (based on colour chart)

	S/N
 

	Block

	Treatment

	SPVD
(1-9)
	TYLD (t/ha)
	FC (based on colour chart)


	1
	5
	MUSG014046-20-5-2
	3
	10.54
	VLO
	27
	5
	MUSG014046-20-5-37
	2
	29.93
	VLO

	2
	5
	MUSG014046-20-5-3
	2
	12.24
	Cr
	28
	5
	MUSG014046-20-5-38
	2
	11.90
	O

	3
	5
	MUSG014046-20-5-4
	1
	20.00
	IP
	29
	5
	MUSG014046-20-5-39
	1
	33.33
	O

	4
	5
	MUSG014046-20-5-5
	1
	8.57
	LO
	30
	5
	MUSG014046-20-5-41
	2
	17.86
	VLY

	5
	5
	MUSG014046-20-5-6
	1
	22.22
	VLO
	31
	5
	MUSG014046-20-5-42
	2
	25.40
	Cr

	6
	5
	MUSG014046-20-5-7
	3
	19.05
	LO
	32
	5
	MUSG014046-20-5-43
	2
	4.76
	O

	7
	5
	MUSG014046-20-5-8
	1
	14.29
	VLO
	33
	5
	MUSG014046-20-5-45
	2
	21.43
	VLO

	8
	5
	MUSG014046-20-5-9
	2
	14.29
	Cr
	34
	5
	MUSG014046-20-5-46
	3
	3.97
	Cr

	9
	5
	MUSG014046-20-5-10
	3
	11.31
	LO
	35
	5
	MUSG014046-20-5-47
	2
	34.76
	DO

	10
	5
	MUSG014046-20-5-11
	2
	28.97
	VLO
	36
	5
	MUSG014046-20-5-48
	1
	3.97
	VLO

	11
	5
	MUSG014046-20-5-12
	1
	9.52
	VDO
	37
	5
	MUSG014046-20-5-50
	3
	5.56
	VLO

	12
	5
	MUSG014046-20-5-15
	2
	13.81
	O
	38
	5
	MUSG014046-20-5-51
	2
	41.43
	Cr

	13
	5
	MUSG014046-20-5-16
	2
	9.05
	DO
	39
	5
	MUSG014046-20-5-52
	1
	7.74
	VLY

	14
	5
	MUSG014046-20-5-17
	3
	23.81
	Y
	40
	5
	MUSG014046-20-5-53
	1
	14.88
	LY

	15
	5
	MUSG014046-20-5-18
	2
	18.45
	DO
	41
	5
	MUSG014046-20-5-54
	1
	6.67
	LY

	16
	5
	MUSG014046-20-5-20
	2
	21.90
	LO
	42
	5
	MUSG014046-20-5-55
	1
	25.71
	P

	17
	5
	MUSG014046-20-5-23
	1
	11.90
	LY
	43
	5
	MUSG014046-20-5-56
	2
	28.57
	DO

	18
	5
	MUSG014046-20-5-24
	2
	13.89
	LY
	44
	5
	MUSG014046-20-5-57
	1
	11.43
	LP

	19
	5
	MUSG014046-20-5-26
	1
	15.87
	DO
	45
	5
	MUSG014046-20-5-59
	1
	8.33
	LY

	20
	5
	MUSG014046-20-5-27
	2
	1.19
	DO
	46
	5
	MUSG014046-20-5-62
	2
	11.51
	O

	21
	5
	MUSG014046-20-5-28
	2
	15.87
	DO
	47
	5
	MUSG014046-20-5-63
	1
	19.84
	LO

	22
	5
	MUSG014046-20-5-39
	3
	11.90
	LO
	48
	5
	MUSG014046-20-5-64
	1
	16.19
	LO

	23
	5
	MUSG014046-20-5-30
	2
	7.14
	Y
	49
	5
	MUSG014046-20-5-65
	1
	28.57
	O

	24
	5
	MUSG014046-20-5-33
	3
	9.18
	O
	50
	5
	MUSG014046-20-5-66
	3
	11.90
	Y

	25
	5
	MUSG014046-20-5-34
	1
	7.62
	O
	51
	5
	MUSG014046-20-5-67
	1
	30.16
	IO

	26
	5
	MUSG014046-20-5-36
	1
	22.79
	DO
	52
	5
	MUSG014046-20-5-68
	3
	22.22
	LO

	
	
	
	
	
	
	53
	5
	MUSG014046-20-5-70
	1
	15.48
	LY


Note: SPVD=Sweetpotato virus disease, TYLD=Total root yield, FC=Root flesh colour, DO=deep orange, O=orange-fleshed, IO=Intermediate orange LO=light orange, VLO=Very light orange, VLY=Very light yellow, IP=Intermediate purple, LY=light yellow, Cr=Creamy, LP=Light purple, P=Purple-fleshed
Table 7: Mean performance of check varieties for SPVD reaction, root yield and other traits in each family (Block)
	Variety
	Family 1
(Block 1)
	Family 2
(Block 2)
	Family 3
(Block 3)
	Family 4
(Block 4)
	Family 5
(Block 5)
	Overall variety mean

	Alamura
	15.12
	24.51
	25.40
	37.18
	22.83
	25.0

	Kabode
	31.43
	22.20
	15.15
	20.52
	22.29
	22.3

	Kulfo
	17.94
	30.09
	29.95
	12.63
	19.23
	22.0

	Dilla
	15.57
	21.00
	21.33
	21.67
	22.00
	20.3

	Overall family
(Block) mean
	20.01
	24.45
	22.96
	23.00
	21.59
	

             


	Grand mean 
	               22.4



4. Discussion
Among families, most genotypes were highly variable for characters like SPVD disease reaction, root yield, root flesh colour, plant establishment (survival) and ground coverage. A total of 23 genotypes in family 1 had better performance for traits considered compared with check varieties with families. In family 2, six orange, two white and one purple fleshed genotypes performed best over the checks. No white fleshed genotypes were obtained from family three. In this family, five deep orange type and two white fleshed genotypes out performed for the studied traits.   A total of 11 and 9 genotypes showed performance for root yield and other traits in families designed as four and five, respectively. Under this evaluation, some genotypes did not give satisfactory yields within each family. This might be attributed to variability in agro-morphological in location. The high variability in sweet potato genotypes is attributed due to natural mutation. This is in line with previous work of Maquia et al., (2013) who characterized sweetpotato germplasm collection on genotypes selection for drought prone regions in Mozambique. The selected genotypes from each family were superior in yields and flesh colour; this may signify that genotypes having deep orange flesh root flesh cololur can be selected for developing beta carotene enriched varieties, the deeper orange-fleshed colour, the more beta-carotene content (Burgos et al., 2009). The traits such as root flesh colour and beta carotene are a positively correlated attributes that this trait can be used as a selection means of sweetpotato genotypes   for high beta-carotene content in early screening of large progenies. Similar results have been reported for this trait by various authors (Burgos et al., 2009; Vimala and Hariprakash 2011, Fekadu et al., 2017) 
Most of the selected genotypes regardless of their root flesh colour  type  had fast growth rate and high ground coverage, thus, these genotypes can be suitable for animal feed because  the vines of sweetpotato is a good source of green fodder (Shumbusha, 2014). In all families, most genotypes were not selected because of their field performance especially for three important traits such as   reaction to virus disease score, high yield and deepness of root flesh colour.  
Genotypes for disease severity score above 2.0 rating scale were dropped due to the susceptibility range of the scores. However, remaining genotypes showed low scores of sweetpotato virus diseases and selected for further evaluation since their score value showed the resistance/tolerance range to sweetpotato virus diseases reaction. This work is line with previous work of Shiferaw et al., (2014) who reported screening of sweetpotato germplasm for virus diseases reaction in Ethiopia. Within family, each genotype was not selected for only superior single trait.
 Generally, the selected genotypes showed best performance especially in root yield, deep orange flesh colour and low scores for sweetpotato virus diseases reaction.
 

5. Conclusion
Characterization of sweetpotato genotypes using agro-morphological traits is of paramount importance for   exploiting the extensive genetic variability. The study revealed that botanical seeds developed from poly cross breeding exhibited sufficient diversity to obtain potential genotypes for further variety development programs. The study also revealed sweetpotato clones can be characterized using most traits of economic importance as a means of selection criteria in early stage of   sweetpotato progeny evaluation.
	

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
 













[bookmark: _GoBack]6. References
1. Burgos B. R., Carpio  C. ,Sanchez  S. Paola P., Eduardo  J., Espinoza & Grüneberg W. 2009. A colour chart to screen for high β-carotene in OFSP breeding. The 15th Triennial Symposium of the International Society for Tropical Root Crops (ISTRC), Lima. 2-6 November, 2009. ISTRC, Lima, Peru. Pp 47-52.
2. Das A.B., Naskar S.K. 2008. Genetic variation of high yielding drought resistant sweet potato as evident by RAPD markers, Biological Diversity and Conservation 1:28-39. https://dergipark.org.tr/en/download/issue-full-text/2539 
3. Das S., Chattopadhyay A., Chattopadhyay S.B., Dutta S., & Hazra P. 2012. Genetic parameters and path analysis of yield and its components in okra at different sowing dates in the genetic plains of eastern India. African Journal of Biotechnology, 11: Pp16132-16141. https://doi.org/10.5897/AJB12.545 
4. El-Sheikha AF,Ray RC.2017. Potential impacts of bioprocessing of sweetpotato: Review.Crit Rev Food Sci & Nutri, 57:455-471.  https://doi.org/10.1080/10408398.2014.960909 
5. Fekadu Gurmu, Hussein Shimelis & Mark L. 2017. Correlation and path-coefficient analyses of root yield and related traits among selected sweetpotato genotypes. South African Journal of Plant and Soil. https://doi.org/10.1080/02571862.2017.1354405 
6. Fekadu Gurmu, Shimelis Hussein and Mark L. 2015. The potential of orange-fleshed sweetpotato to prevent vitamin a deficiency in Africa. International Journal of Vitamin and Nutrition Research, 84(1): 65-78. https://doi.org/10.1024/0300-9831/a000194 
7. Huaman Z. 1991. Sweetpotato (Ipomoea batatas) Germplasm Management. International Potato Center (CIP), Lima, Peru.
8. Lebot V. 2010. Sweetpotato. In: Bradshaw, J.E., editors. Root and Tuber Crops. Springer Science and Business Media, LLC, New York, USA. https://doi.org/10.1007/978-0-387-92765-7_3 
9. Low J., Kinyae P., Gichuki S., Oyunga M. A., Hagenimana,V., & Kabira, J. 2009. Combating vitamin A deficiency through the use of sweetpotato. International Potato Center, Lima, Peru.
10. Maquia I. 2013. Molecular, morphological and agronomic characterization of the sweet potato (Ipomoea batatas L.) germplasm collection from Mozambique: Genotype selection for drought prone regions, South African Journal of Botany, 88:142-151. https://doi.org/10.1016/j.sajb.2013.07.008 
11. Sasmita P. D., Jitendra S., Thalesh P. & Padmakshi T .2015. Correlation and path analysis in sweetpotato [ipomoeabatatas (l.) lam]. Department of Vegetable Science, Indira Gandhi Krishi Viswavidyalaya, Raipur , 492 012
12. Shiferaw M., Fikre H., Fekadu G., & Elias U. 2014. Sweetpotato Diseases Research in Ethiopia. International Journal of Agriculture Innovations and Research, 2(6):2319-1473. https://ijair.org/download.php?fname=IJAIR_573_Final.pdf 
13. Shumbusha D., Ndirigwe, J., Kankundiye, L., Musabyemungu, A., Gahakwa, D., Ndayemeye, P. S., & Mwanga, R. O. 2014. ‘RW11-17’, ‘RW11-1860’, ‘RW11-2419’, ‘RW11-2560’, ‘RW11-2910’, and ‘RW11-4923’ Sweetpotato. HortScience, 49(10), 1349–1352. https://doi.org/10.21273/hortsci.49.10.1349
14. Tofu Abreham, Teshome Anshebo., Engida Tsegaye & Tesfaye Tadesse. 2007. Summary of progress on orange-fleshed sweetpotato research and development in Ethiopia. In: Proceedings of the 13th International Society for Tropical Root Crops (ISTRC) Symposium, 9-15 November, 2007, Arusha. ISTRC, Arusha, Tanzania. 
15. Troung V.D., Avula R.Y., Pecota K., & Yencho C.G. 2018. Sweetpotato production,processing and nutritional quality. In: Sinha, N.K. (ed.) Handbook of vegetables and vegetable processing. Volume II, 2nd edition: John Wiley and sons Ltd, USA. https://doi.org/10.1002/9781119098935.ch35 
16. Vaeasey E.A. 2008. Genetic diversity in Brazilian sweetpotato (Ipomoea batatas (L.) Lam., Solanales, Convolvulaceae) landaraces assessed within microsatellite markers, Genetic and Molecular Biology, 31:725-733. https://doi.org/10.1590/S1415-47572008000400020 
17. Vimala B. & Hariprakash B.2011.Variability of morphological characters and dry matter content in the hybrid progenies of sweetpotato (Ipomoea batatas (L) Lam). Gene Conserve, 10: 65-86.
18. Wang  Z., J. Li, Z. Luo L., Huang  X.,  Chen B.,  Fang Y. Li, Chen J,. & Zhang X. 2011. Characterization and development of EST-derived SSR markers in cultivated sweetpotato (Ipomoea batatas). BMC Plant Biology, 11: 131-139. https://doi.org/10.1186/1471-2229-11-139 
19. WANRO. 2020. Womdogenet Woreda Agriculture and National Resource office Annual report, Wondogenet, Ethiopia .
20. Woolfe J.A. 1992. Sweetpotato: An Untapped Food Resource. Cambridge University Press, Cambridge, United Kingdom.

