



Performance of polycross-derived orange-fleshed sweetpotato in low-moisture stress of Ethiopia
Abstract

Polycross-derived orange-fleshed sweetpotato (OFSP) genotypes have importance for exploitation as they originated from a broad set of parents.  This study included nine selected genotypes and was conducted in three locations where moisture stress was known to be a major challenge to crop production. Food security in these areas relies heavily on evaluating and identifying resilient and nutritious crop varieties. The experiment was conducted in a randomized complete block design with three replications. Key parameters such as root yield, vine length, root length and girth, sweetpotato viral disease reaction, and root dry matter content were measured to determine adaptability and their yielding potential. The results revealed significant variation in the main effects of genotype and location, as well as significant interactions for most yield and yield-related traits, with two genotypes, G2 (MUSG014012-26-4-16) and G8 (MUSG014001-3-2-40), consistently outperforming the check variety, Kabode, with yields of 28.9 and 26.4 t/ha, respectively, representing over 90% higher yields over the check. These two genotypes can help improve food and nutrition security in drought-prone regions. As a result, newly identified genotypes G2 and G8 can serve as the best varieties for further recommendation in study areas and similar agro-ecologies characterized by low moisture stress and erratic precipitation, which challenge crop productivity.
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1. Introduction  

Climate change poses significant concerns to world agricultural productivity, including altering weather patterns, rising temperatures, altered precipitation, increased atmospheric CO₂ concentrations, and more frequent extreme weather events (Symonds, 2021). These changes are predicted to worsen in the next decades, lowering agricultural yields, nutritional quality, and overall food security (Lobell et al., 2011; Raman, 2024). To address difficulties such as agricultural drought, where soil moisture levels no longer match crop demand for optimal yields, it is critical to choose resilient crops that adapt to changing environmental conditions (Belesova et al., 2019).

Sweetpotato is a hardy crop that is essential for food and nutrition security, especially in underdeveloped nations (Sheikha & Ray, 2016). It is one of the world's most important root and tuber crops, offering a considerable source of carbohydrates, vitamins (particularly vitamin A in orange-fleshed varieties), minerals, and dietary fibre (Woolfe, 1992; Neela & Fanta, 2019). Its ability to thrive on marginal soils, withstand drought, and generate relatively high yields under low-input circumstances makes it a valuable resource for resource-poor farmers and vulnerable communities (Laurie et al., 2015).

Furthermore, sweetpotato's short growing season (some varieties can be harvested in 3-4 months) provides for more flexible planting and harvesting, acting as a buffer against climate-related crop failures (Mekonnen & Gurmu, 2024). Climate-related shocks can make sweetpotato varieties increasingly exposed to pests and diseases, such as sweetpotato virus disease and sweetpotato weevils, particularly during important developmental stages such as vine growth and root formation, which can dramatically affect total yield. However, there are varietal differences; some sweetpotato types mature earlier and can better withstand the intensity and onset of drought produced by unpredictable rainfall, making them more appropriate for such harsh conditions (Maquia et al., 2013).

Polycross breeding is a method of crop breeding in which a crop variety has a genetic mechanism called self-incompatibility (SI), which reduces or prevents self-fertilization (Wang, 1968; Martin & Jones, 1986; Gurmu et al., 2013). Sweetpotato relies heavily on cross-pollination due to SI, which means pollen must arrive from a separate plant to achieve fertilization (Gurmu et al., 2013; Arshadi-Bidgoli & Mortazavian, 2025). This method facilitates gene flow and the mixing of genetic material among various plants within a population, making it easier to obtain possible genotypes (Nyquist & Santini, 2007). Thus, polycross breeding allows for open pollination of selected parents, which produces genetic variety that can be used to discover superior genotypes adapted to certain conditions (David et al., 2018b).

Orange-fleshed sweetpotato (OFSP) benefits extend beyond food supply as it is packed with pro-vitamin A (beta-carotene) and phenolic compounds, which help combat oxidative stress and improve immunological health, eyesight, and development (Neela & Fanta, 2019; Gurmu et al., 2024; MoA-FDRE, 2024). OFSP's antioxidant capabilities are principally derived from carotenoids namely beta-carotene and phenolic substances that scavenge free radicals. Evaluating multi-location trials of nutrient-dense OFSP genotypes in areas with low-moisture stress is essential for recommending climate-resilient, nutrient-dense genotypes to mitigate food and nutrition insecurity in these areas (MoA-FDRE, 2024). This study was initiated to evaluate the agronomic performance and yield potential of polycross OFSP genotypes under lowland areas, with the objective of identifying suitable genotypes for further recommendation and wider cultivation.
 2. Materials and Methods

2.1. Trial locations   
The trial locations, which were among those used for sweetpotato production in Ethiopia, represented various agro-ecological zones (Halaba, Arbaminch and Werer). Halaba, located at 1772 meters above sea level (masl) at coordinates 07°18'38''N, 38°05'38''E, receives moderate annual rainfall of 928.8 mm, with mean temperatures ranging from 14.6°C to 28.6°C and relative humidity of 58.3%. Arbaminch, located at 1220 masl with coordinates 6°6'55''N, 37°35'51''E, receives more rainfall (1050 mm), warmer temperatures ranging from 17.4°C to 30.6°C, and moderate humidity (55.9%), creating a moderately warm and moist environment suitable for a variety of sweetpotato genotypes. Werer, located at 740 masl with coordinates 09°16'55''N, 40°09'23''E, is a hotter and drier site, with just 571.3 mm of rainfall and higher temperature extremes ranging from 19.1°C to 34.3°C; however, relative humidity data is lacking. 

 2.2. Plant materials  
All genotypes tested in this trial originate from CIP-Mozambique, one of key centers for sweetpotato breeding and germplasm development and sharing genetic materials across East African countries including Ethiopia. All genotypes included in this study were orange-fleshed (Ininda-1-37, MUSG014012-26-4-16, MUSG014012-26-4-47, MUSG014046-20-5-65, India-1-21, Ininda-1-26, MUSG014001-3-2-23, and MUSG014001-3-2-4) and had undergone screenings, including nursery observation and preliminary yield trials in low-moisture stress areas in prior years in order to assess their performance. The check variety 'Kabode' was included as a check.
2.3. Field design and crop management
A Randomized Complete Block Design (RCBD) with three replications was used for the field trial. Row and plant spacings were 0.60 m and 0.30 m, respectively. There were 120 plants per plot. Spacing of 1.5 m was maintained between replications. The trial was planted during the main rainy season. All sites were rainfed except Werer, where supplemental irrigation was applied to support plant establishment. No external inputs such as fertilizers were used. Standard cultural practices, including weeding and cultivation, followed the recommended national procedures for sweet potato production in Ethiopia (HwARC, 2015).
2.4. Data collected 
Data were collected from the two central rows of each plot, excluding the two plants at each end and the two border rows to minimize border effects. Root yield (t/ha) and above-ground fresh weight yield (t/ha) were recorded at harvest when most genotypes had reached maturity, indicated by acceptable root size, leaf yellowing, and soil cracking around ridged plants. Sweetpotato virus disease (SPVD) reaction data were recorded on a plot basis using a 1-9 scoring scale (Grüneberg et al., 2019). Vine length (cm), Root length and girth (cm) and number of roots per plant (count) were measured from three randomly selected plants in each harvestable row and averaged for analysis (Huamán & Center, 1991; Grüneberg et al., 2019). Root dry matter content (DMC) was calculated as the percentage ratio of dry root weight to fresh root weight, following the methods of Carey and Reynoso (1999) and Tairo et al. (2008). From each plot replication, a 200 g sample of clean, undamaged roots was collected, chopped into smaller slices, and placed in plastic bags. Samples were oven-dried at 70 °C for 72 hours until constant weight was achieved, then weighed using a sensitive balance. DMC was computed as the percentage of dry weight relative to fresh weight.
2.5. Statistical Analysis

All data collected were subjected to analysis of variance (ANOVA) using SAS software, version 9.3. (SAS Institute, 2014). Homogeneity of error variances across the three locations over years was tested using the F-max test, which was found to be non-significant. Subsequently, a combined analysis was conducted following the procedures of Gomez and Gomez (1984). The Least Significant Difference (LSD) method was used to compare treatment means. The following statistical model was used for the combined analysis of variance across locations.
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Where: Yijkl is observed value of genotype i in block l nested in (location j and year k), μ is grand mean, Gi is genotype effect, Lj is location effect, Yk is year effect, GLij, GYik and GLYijk are the interaction effect of genotype i with location j, genotype i with year k and genotype i with location l and year k, єijkl is error (residual) effect
3. Results and Discussion

3.1. Analysis of variance based on various agronomic traits   

A combined analysis of variance (ANOVA) was performed to evaluate the effects of genotype (G), location (L), year (Y), and their interactions on yield and related traits (Table 1). Significant effects of genotype (p< 0.001) and location (p< 0.01) were observed, indicating that both genetic variation and environmental conditions strongly influence genotype performance, consistent with findings by Farshadfar & Sutka (2006). Year effects and all its interactions (G×L, G×Y, L×Y, G×L×Y) were non-significant (p > 0.05) for SPVD responses, suggesting consistency over years in disease response, whether its occurrence is present or not (Abebe et al., 2023). Vine length (VL) was significantly influenced by genotype, location, year, and their two- and three-way interactions (p<0.001), highlighting the complex influence of genetic factors and the environments where the genotypes were tested. The strong location effect (p<0.001) reflects the critical role of complex environmental factors including soil type, rainfall, and temperature. Moreover, the significant genotype-by-location (G×L) interaction indicates that the performance of genotypes varied across different sites.

Similarly, root girth (RG) was significantly varied by genotype (G), location (L), year (Y), and their interactions (p<0.001). This suggests that root girth is highly sensitive to both genetic and environmental factors. The root length (RL) exhibited highly significant effects from genotype, location, year, and their interactions (p < 0.001), particularly highlighting a notable interaction between location and year (L×Y), which indicates that environmental variability across seasons substantially affects root traits. Root girth (RG), above-ground fresh weight (AGFW), and number of roots per plant (NRPP) were also significantly influenced by these factors and their interactions (p<0.001), suggesting that both genetic and environmental factors are crucial determinants of these traits. Root yield (YLD) exhibited highly significant genotype, location, and year effects and their interactions (p<0.001), corroborating the critical role of both genetic potential and environmental conditions for yield expression. Dry matter content (DMC) was also significantly affected by genotype, location, and their interaction (p<0.001), while year was non-significant (p >0.05), consistent with observations that DMC is more stable across environments than yield traits. Overall, the main effects of genotype and location, along with significant interactions for most yield and yield-related traits, highlight the importance of conducting multi-location trials to identify and recommend suitable genotypes for sustainable production.

Table  1. Analysis of variance for agronomic traits of 9OFSP genotypes evaluated across three locations over two years

	Source of variance 
	df 
	Mean squares

	
	
	SPVD 

(1-9)

	Vine length
(cm)
	Root length
(cm)
	Root girth
(cm)
	Above-ground fresh weight (cm)
	Number of roots per plant (no)
	Root yield 

(t/ha)
	Dry matter content (%)

	Rep (LxY) 
	10 
	0.04ns
	932.76**
	7.37**
	0.47 ns
	5.76 ns
	1.77**
	22.54 ns
	1.58 ns

	Genotype (G) 
	8
	14.94***
	5316.74***
	14.49***
	117.35***
	170.45***
	9.42***
	791.65***
	171.92***

	Location (L) 
	2 
	1.26**
	148059.72***
	593.54***
	152.77***
	1291.30***
	9.74***
	5832.90***
	40.94***

	Year (Y) 
	1 
	0.46 ns
	4689.42***
	36.41***
	41.81***
	1185.81***
	13.06***
	857.90***
	0.52 ns

	GxL 
	16
	0.41 ns
	4617.81***
	21.97***
	39.40***
	58.21***
	7.84***
	193.73***
	11.43***

	GxY 
	8
	0.44 ns
	1229.76**
	10.48***
	9.40***
	22.43***
	5.15***
	107.01***
	3.40**

	LxY 
	2 
	0.27 ns
	9242.46***
	77.25***
	9.27***
	65.30***
	18.60***
	1680.75***
	51.03***

	GxLxY 
	18 
	0.62 ns
	1957.97***
	6.07 ns
	12.12***
	24.00***
	3.90***
	44.82***
	6.95***

	Error 
	108 
	2.21***
	7485.43***
	33.17***
	34.04***
	90.00***
	6.09***
	414.29***
	29.28***


3.2. Mean performance of the genotypes for root yield  
Table 2 presents the mean root yield (t/ha) performance of nine OFSP genotypes tested at three locations over two years. The significant variation in root yield among genotypes across locations and years indicates that both genetic factors and environmental conditions strongly influence tested genotypes (Table 2). Genotypes designated as G2 and G8 consistently outperformed the check variety called Kabode with the yields of 28.9 and 26.4 t/ha, respectively, representing over 90% higher yields over the check. This suggests the existence of genetic potential in these genotypes for traits such as root development, biomass accumulation, and adaptation to diverse environments. The high yield advantage highlights their good performance under varying agro-ecological conditions, likely due to better adaptation to tested environments (location vs. year). In contrast, genotype G3 exhibited significantly lower yield about 10.2 t/ha, which demonstrates lower adaptation or genetic potential of this genotype under the tested conditions as compared to others. These findings align with previous research by Rukundo et al. (2016) and Gurmu and Mekonnen (2024), who also reported significant yield differences among sweetpotato genotypes evaluated across diverse agro-ecologies. Mekonnen and Gurmu (2024) and Gurmu et al. (2024), reported significant variation among orange-fleshed sweetpotato genotypes for yield and yield components across diverse agro-ecologies in Ethiopia. Their findings highlight that genotype, year, location, and their interactions significantly affect genotype performance, demonstrating the critical role of genotype-by-environment interactions. This underscores the necessity to consider these factors when evaluating sweetpotato genotypes for important traits to ensure reliable and adaptable recommendations across varying production domains.

Table 2. Mean performance of 9 OFSP genotypes for root yield and yield-related traits evaluated at three locations in 2024 and 2025
	Genotype
	 Year 2024
	 Year 2025
	GxE
	Yield advantage over check (%)

	Code
	Name 
	HAL
	AMC
	WER
	Mean 
	HAL
	AMC
	WER
	Mean 
	
	

	G1 
	Ininda-1-37
	11.2
	44.4
	9.6
	21.7
	16.2
	21.7
	13.6
	17.2
	19.5
	43.38

	G2 
	MUSG014012-26-4-16
	21.8
	55.0
	15.4
	30.7
	31.0
	30.7
	19.4
	27.0
	28.9
	112.5

	G3 
	MUSG014012-26-4-47
	8.9
	20.5
	3.8
	11.1
	9.3
	11.1
	7.8
	9.4
	10.2
	-25.0

	G4 
	MUSG014046-20-5-65
	15.9
	26.5
	5.2
	15.9
	19.4
	15.9
	9.2
	14.8
	15.3
	12.5

	G5 
	India-1-21
	11.5
	17.3
	6.7
	11.9
	13.1
	11.9
	8.4
	11.1
	11.5
	-15.44

	G6 
	Ininda-1-26
	20.3
	48.2
	5.1
	24.5
	10.1
	24.5
	9.1
	14.6
	19.5
	43.38

	G7 
	MUSG014001-3-2-23
	26.8
	57.7
	8.4
	31.0
	12.8
	31.0
	7.0
	16.9
	23.9
	75.74

	G8 
	MUSG014001-3-2-40
	27.2
	51.7
	10.3
	29.7
	24.8
	29.7
	14.3
	23.0
	26.4
	94.12

	G9 
	Check (Kabode)
	12.3
	24.8
	2.3
	13.1
	21.0
	13.1
	8.0
	14.1
	13.6
	-

	Mean 
	
	17.3
	38.5
	7.4
	21.1
	17.1
	21.1
	11.4
	16.5
	18.8
	

	LSD (5%) 
	5.8
	11.2
	3.3
	6.8
	6.0
	6.8
	7.3
	6.7
	6.7
	

	CV (%) 
	29.3
	17.0
	25.0
	23.8
	31.6
	23.8
	29.0
	28.1
	26.0
	


   Where, HAL=Halaba, AMC=Arbaminch, WER=Werer, GxE=Genotype by environment

3.3. Combined mean performance of genotypes for resistance to SPVD, aboveground biomass and root dry matter content 

Table 3 shows the combined analysis of variance revealed a significant difference (p<0.05) among genotypes in response to sweetpotato virus disease (SPVD), for aboveground biomass yield and root dry matter content. The severity of SPVD symptoms ranged from 1.00 for G9 (check variety Kabode) to 3.60 for G3 (MUSG014012-26-4-47). Nearly half (four out of nine) the tested genotypes exhibited high mean SPVD severity scores over 3.00 (1.00 representing high resistance and higher scores indicating increasing susceptibility) as stated by Gruneberg et al. (2019). The remaining five genotypes showed low SPVD severity scores (below 3.00), which is considered an acceptable range as it falls within the range of resistance to SPVD. These resistant/tolerant genotypes represent valuable sources of genetic material for future breeding efforts aimed at developing  best SPVD-resistant OFSP genotypes. The occurrence of variation in SPVD reaction sig​nifies differential genotypic performance, i.e., respon​siveness to SPVD across testing locations; thus, the observed variations can help determine whether to promote or discard genotypes for later stages (Abebe et al., 2023). Significant genotypic differences in aboveground biomass yield were evident, with a range from 21.9 t/ha (G4, MUSG014046-20-5-65) to 11.40 t/ha (G6, Ininda-1-26). As high above-ground biomass, alongside other desirable traits, is a selection criterion for dual-purpose sweetpotato varieties suitable for both human consumption and livestock feed where land constrains (Shumbusha et al., 2014; Gurmu et al., 2024).

There were significant differences among the evaluated genotypes in root dry matter content (Table 3). The highest values were 29.5% for G5 (India-1-21), 28.9% for G3 (MUSG014012-26-4-47), and 28.2% for G9 (Kabode). Root dry matter content (DMC) in OFSP cultivars is a crucial trait influencing consumer acceptability, as it affects the texture and cooking quality preferred by most African farmers (Tairo et al., 2008; Gurmu et al., 2017). Cultivars with high DMC typically have a powdery texture, which enhances palatability and promotes wider adoption (Gurmu et al., 2017; Mekonnen and Gurmu, 2024). Overall, genotypes G2 and G8 performed best considering the majority of traits studied. Although G5 exhibited high dry matter content, it had lower yield performance and therefore will be maintained for its specific trait of interest and traced back upon request in future breeding or research efforts.

Table 3.  Combined mean performance of OFSP NVT for SPVD and root dry matter content tested across three locations for two years

	Code
	Genotype name
	Traits

	
	
	Sweetpotato virus disease 
(1-9)
	Aboveground biomass yield (t/ha)
	Root dry matter content (%)
	Root flesh color intensity

	G1 
	Ininda-1-37
	3.50
	14.30
	24.80
	LO 

	G2 
	MUSG014012-26-4-16
	2.20
	13.20
	22.70
	DO 

	G3 
	MUSG014012-26-4-47
	3.60
	17.90
	28.90
	DO 

	G4 
	MUSG014046-20-5-65
	1.70
	21.90
	26.30
	DO 

	G5 
	India-1-21
	2.00
	17.50
	29.50
	LO 

	G6 
	 Ininda-1-26
	3.30
	11.40
	22.80
	IO 

	G7 
	MUSG014001-3-2-23
	3.20
	14.50
	21.70
	DO 

	G8 
	MUSG014001-3-2-40
	2.00
	16.80
	22.10
	DO 

	G9 
	Check (Kabode)
	1.00
	15.60
	28.20
	IO 

	Mean 
	2.50
	15.90
	25.200
	 

	LSD (5%)
	1.23
	3.10
	2.120
	

	CV (%)
	27.31
	29.40
	 15.21
	 


Note: DO=deep orange, IO=Intermediate orange, LO=light orange, the deeper root flesh color, the higher beta-carotene concentration
4. Conclusion 

The polycross-derived orange-fleshed sweetpotato genotypes evaluated under low moisture stress areas showed significant variation in most of the traits studied, highlighting their adaptability to areas with erratic rainfall. Among the tested genotypes, some exhibited strong resistance to sweetpotato virus disease and relatively high dry matter content, traits critical for both nutrition and farmer acceptability, making them valuable for breeding programs targeting specific traits. This study underscores the potential of polycross-sourced genotypes to obtain promising genetic resources for developing resilient, nutritious varieties suited to drought-prone lowlands. Identifying genotypes that perform well in low-moisture stress areas can significantly contribute to food availability for farming communities in shifting climate change. In this study,    genotypes G2 (MUSG014012-26-4-16) and G8 (MUSG014001-3-2-40) were identified as best performers and are suitable for further on-farm testing to recommend for sustainable production in similar low-moisture stress areas to strengthen resilient local food system.
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