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Abstract  The breeding stages of a clonally propa-
gated crop entails several steps and can take more 
than five years from hybridisation till cultivar release. 
The Accelerated Breeding Scheme (ABS) in sweet-
potato relies on the use of multiple locations at the 
early breeding stages to reduce the years required for 
field evaluation. The aim of the study was to select 
the best progenies based on the ABS in sweetpotato 
towards the development of genotypes that combine 
high protein content with other important agronomic 
traits. Botanical seeds were generated from crosses 
between two diverse sets of parents, crossed using 
a North Carolina II design. F1-progenies (n = 363) 
were planted in a lattice design at three distinct loca-
tions during the 2017/18 planting season. Parameters 
recorded included pest and disease infestation, stor-
age root traits and yield components, root protein 

content and nutrient related traits. Nutrient content 
was determined by near-infrared spectrometry. Analy-
sis of variance and multiple t-distribution test and best 
test grouping were performed. There were significant 
differences (p < 0.001) among the genotypes for total 
number of roots, total root yield, marketable number 
of roots and marketable yield. The severity of Alter-
naria blight was significantly higher at Jozini. Forty 
progenies were selected (12.8% selection pressure) 
based on agronomic performance. Using the nutri-
ent content results, four promising orange-fleshed 
clones (NC12-9, NC53-11, NC55-8, NC55-2) and 
one cream-fleshed clone (NC51-1) were identified 
with high storage root protein, iron and zinc contents. 
NC51-1 and NC55-2 produce promising storage root 
yields. The ABS approach is resource-demanding in 
the first phase but advances progenies rapidly to the 
subsequent breeding phases for cultivar release.
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Introduction

Roots and tubers crops are of major importance to 
the global food system. In 2019, the global annual 
production was 846 Mt and consumption has been 
projected to reach 21.0  kg/year by 2025 (Mourtala 
et  al. 2023). Sweetpotato (Ipomoea batatas (L.) 
Lam) is a major staple crop in some regions of 
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Africa, especially Malawi (5.3 Mt), Nigeria (2.9 Mt), 
Uganda (2.08 Mt) and Republic of Tanzania (2.06 
Mt) (FAOSTAT, 2021). Although the plant origi-
nated in Central America, sweetpotato is a major cash 
and food security crop in sub-Saharan Africa where 
farmers produce the crop all year round (Low et  al. 
2017). Awareness of worldwide malnutrition, and 
increased knowledge on sweetpotato’s nutritional 
limitations has placed attention on the nutritional 
status of sweetpotato, resulting in breeders seeking 
to breed high yielding cultivars with superior nutri-
tional profiles, which are better suited for farmers 
and consumers (Tumwegamire et al. 2016; Saltzman 
et  al. 2017; Mbogo et  al. 2021). Likewise, in South 
Africa the main breeding goals now include high 
storage root yield (40–50 t/ha under favourable con-
ditions), good storage root quality, medium–high 
storage root dry matter content (RDMC) (22–25%), 
pleasant taste, a high storage root ß-carotene content 
(RBCC) (> 90 µg/100 g) and tolerance to drought and 
Fusarium wilt (Laurie et al. 2017, 2022; Mphela et al. 
2022).

Breeding of sweetpotato relies on recurrent cycles 
of recombination and selection (Grüneberg et  al. 
2015). The efficiency of breeding is determined by 
the genetic gain and the time involved in achieving 
genetic advance. The conventional breeding process 
of a clonally propagated crop can take 7 to 8 years to 
release a new variety, while the Accelerated Breed-
ing Scheme (ABS), as proposed by Grüneberg et al. 
(2009), shortens this period to 4–5  years, achiev-
ing faster gains in desired traits by the use of multi-
ple evaluation sites during the early breeding phase 
(Grüneberg et  al. 2015; Mwanga et  al. 2021). The 
ABS’s implementation on sweetpotato began in 2005 
to reduce lengthy breeding processes and maximize 
resources.

ABS is based on the general principle of breeding 
clonally propagated crops, whereby genetic recom-
bination is obtained through sexual seed production 
followed by asexual clonal propagation (Grüneberg 
et  al. 2015). The authors explained that the popula-
tion developed from botanical seeds consists of very 
diverse and heterozygous genotypes, each one of 
which can potentially be a new variety. Time reduc-
tion begins immediately after the multiplication of 
botanical seeds, by testing the clones in small plots in 
2 to 3 contrasting environments with different selec-
tion pressures. This differs from the conventional 

process in which a single-row plot of 3 to 5 plants 
is planted, with no replications, at a single site in 
the first season. In ABS, non-performing progenies 
in marginal or adverse environmental condition, are 
discarded through visual selection at the early breed-
ing stage. Progenies are selected based on highly 
heritable traits such as general performance (growth 
type, storage root size, -shape and -colour), resistance 
to pests and diseases, harvest index, dry matter and 
nutritional quality. These selections enter directly into 
the advanced breeding stages, leading to a shorter 
breeding cycle. In this breeding scheme, all the rel-
evant agronomic data necessary for cultivar release 
is available by the end of the fourth year (Grüneberg 
et  al. 2015). However, ABS is only feasible if the 
genotype-by-environment interaction is relatively low 
(Andrade et al. 2017).

ABS has been used successfully in Mozambique, 
enabling the release of 14 varieties in 2011, ‘Irene’ 
being one of the released varieties that is now grown 
in several countries in sub-Saharan Africa (Andrade 
et  al. 2017). Four of these novel varieties were 
recently released in Eswatini, following two seasons 
of extensive evaluation trials (CARDESA 2023). 
Several African research institutions have enhanced 
their sweetpotato breeding strategies since 2009. 
However, results from the programs are not widely 
published (Grüneberg et al. 2015). Focussing on the 
traits beta-carotene, iron, zinc contents and virus 
resistance, Mwanga et al. (2021) reported the release 
of 158 varieties resulting from ABS schemes in sev-
eral sub-Saharan African countries. Of these 27 are 
drought-tolerant and two have enhanced levels of iron 
and zinc. This resulted from the emphasis on acceler-
ated development and release of cultivars by 14 par-
ticipating breeding programs in national agricultural 
research institutes (Low et  al. 2020). South Africa 
also received improved botanical seed populations 
from the three sub-regional sweetpotato support plat-
forms that were established in Uganda, Mozambique, 
and Ghana (Mwanga et al. 2021).

Sweetpotato has lower storage protein content 
(1.8  g 100–1  kcal) than other staple crops (USDA, 
2019). Hence, there is a need to breed new sweet-
potato cultivars for enhanced protein content to cir-
cumvent global protein-energy malnutrition, notably 
in developing countries. The present study aimed 
to select progenies emanating from crosses made 
between two sets of parents identified by Naidoo et al. 
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(2022) using ABS at three locations in South Africa 
to develop genotypes which combine high protein 
content with other relevant agronomic traits.,

Material and methods

Plant material

Genomic DNA extracted from 31 sweetpotato acces-
sions subjected to analysis by eight selected poly-
morphic SSR markers (Buteler et  al. 1999; Veasey 
et  al. 2008; Karuri et  al. 2010; Gwandu et  al. 2012; 
Naidoo et  al. 2016) enabled identification of two 
heterotic groups, A and B, each consisting of five 
female and five male parental clones for hybridiza-
tion to create F1 progenies. The clonal parents, five 
females and five males, were crossed using a North 
Carolina II (NCII) mating design. The parents were 
pre-selected according to magnitude of storage root 
protein content (RPC) that varied from high to low, 
total storage root yield (TRY), storage root dry mat-
ter content (RDMC), storage root flesh colour (RFC), 
their flowering ability as established from previous 
field evaluation, and genotyping (Laurie et  al. 2020; 
Naidoo et  al. 2020). A summary of the characteris-
tics of the 10 parental lines are provided in Table 1. 
Family (‘Bophelo × 2008-3-1′) did not produce botan-
ical seeds, therefore only 24 families (crosses) were 
evaluated.

Botanical seeds were obtained by manually cross-
ing the parental clones for two consecutive planting 
seasons, in 2015/16 and 2016/17, in the field and 

glasshouse conditions at the ARC-VIMP, Roodeplaat, 
Pretoria (25.604° S, 28.345° E). Crosses were per-
formed under field conditions and in the greenhouse 
during the summer and winter, respectively. Parental 
lines were planted in 5L nursery bags in the glass-
house (30/20 °C day/night) temperature and trellised 
onto 2 m wooden poles. In the field 10 plants per par-
ents were planted at 1 m spacing, and elongated vines 
were trellised onto 2.5 m wooden poles, using plastic 
twine. During the crossing period, individual flowers 
were closed at 2.00 pm using paper clips. Hand pol-
linations were performed the following day from 8.00 
a.m. till 10.30 a.m.. Pollinated flowers were closed 
by tying them closed with 2 mm woolen string. Indi-
vidual pollinated flowers were labelled with a paper 
tag that recorded the identity of the parents involved 
in the cross. Successful crosses produced capsules 4 
to 6 weeks after hand pollination. Harvested botanical 
seeds were stored in brown envelopes at room tem-
perature (24 °C).

Scarification of botanical seeds and vine 
multiplication

Harvested botanical seeds were scarified with 98% 
sulphuric acid (H2SO4) (Merck, Darmstadt, Ger-
many) as described by Gurmu (2015). Scarified 
seeds were rinsed under running water for 5  min, 
then placed in Petri dishes lined with moistened 
filter paper and placed in the dark for germination. 
Germinated botanical seeds were planted in seed-
ling trays filled with Hygromix commercial grow-
ing medium (Hygrotech, South Africa). Table  2 

Table 1   Female and male 
parental genotypes used in 
the crosses and their major 
traits

RPC, Storage root protein 
content; TRY, Total storage 
root yield; RDMC, Dry 
matter content; RFC, 
Storage root flesh colour
# 2008-8-5 was released in 
2020 as ‘Khumo’

Parents Flowering ability TRY​ RDMC (%) RFC RPC

Female
1988-7-7 Abundantly Intermediate 23.0 White Low
1990-10-2 Abundantly Intermediate 18.3 White Very low
2012-8-4 Abundantly Intermediate 17.4 Orange Intermediate
199062.1 × Ndou Average Very high 20.0 Orange Low
Bophelo Average High 21.1 Orange Intermediate
Male
1987-2-1 Abundantly Low 16.3 White Intermediate-High
1987-19-5 Abundantly Intermediate 19.9 White Intermediate
2005-5-5 Abundantly High 18.0 Orange Very low
2008-3-1 Average Intermediate 22.0 Orange Intermediate-Low
2008-8-5 # Many Intermediate 22.0 Orange Intermediate
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indicates the parental combinations and their 
respective number of seedlings.

Seedlings of approximately 10–12  cm height 
were transplanted to 5L nursery bags filled with an 
enriched soil mixture (ratio 2:1:1 soil, organic com-
post and Hygromix) and placed in the glasshouse 
for the multiplication of vines. The 10 sweetpotato 
parental lines were similarly multiplied by growing 
4-node cuttings from the mother plant in seedling 
trays, and then transplanted to 5L nursery bags. 
Sixteen weeks later, six cuttings with 4-nodes each 
were taken from the parents and F1 plants for field 
evaluation trial at the first experimental site. The 
plants in the glasshouse were allowed to regrow for 
a period of 20 weeks to obtain further cuttings for 
subsequent plantings at two more sites.

Description of the experimental sites

Field evaluation of sweetpotato progenies for the 
ABS were conducted in three sites with distinct cli-
matic conditions and management, namely Rood-
eplaat, Jozini, and Lwamondo. Descriptions of the 
experimental sites and environmental conditions 
are presented in Table 3. The first planting site was 
Roodeplaat, followed by Jozini and Lwamondo. Of 
the three locations, the Roodeplaat trial was the 
most intensively monitored because it is the main 
research site of the institute compared to Lwamondo 
(a sub-research station) and Jozini (a farmer’s field).

Table 2   Pedigree of 
sweetpotato families, 
number of botanical seeds 
sown, germination and 
number of seedlings planted 
for vine multiplication

*Missing family

Cross combinations Code Seeds sown Nr of seeds 
germinated

Number of seedlings 
for multiplication

(199062.1 × Ndou) X 1987-2-1 NC11 70 60 15
(199062.1 × Ndou) X 2008-3-1 NC12 70 64 15
(199062.1 × Ndou) X 1987-19-5 NC13 90 83 15
(199062.1 × Ndou) X 2005-5-5 NC14 39 35 15
(199062.1 × Ndou) X 2008–8-5 NC15 13 9 9
2012-8-4 X 1987-2-1 NC21 65 63 15
2012-8-4 X 2008-3-1 NC22 14 11 11
2012-8-4 X 1987-19-5 NC23 38 34 15
2012-8-4 X 2005-5-5 NC24 43 39 15
2012-8-4 X 2008-8-5 NC25 40 32 15
1990-10-2 X 1987-2-1 NC31 59 53 15
1990-10-2 X 2008–3-1 NC32 112 108 15
1990-10-2 X 1987–19-5 NC33 87 83 15
1990-10-2 X 2005-5-5 NC34 26 13 13
1990-10-2 X2008-8-5 NC35 62 49 15
1988-7-7 X 1987-2-1 NC41 50 42 15
1988-7-7 X 2008-3-1 NC42 80 78 15
1988-7-7 X 1987-19-5 NC43 140 111 15
1988-7-7 X 2005-5-5 NC44 46 39 15
1988-7-7 X 2008-8-5 NC45 48 37 15
Bophelo X 1987-2-1 NC51 25 19 15
Bophelo X 2008-3-1* NC52 29 17 –
Bophelo X 1987-19-5 NC53 36 24 15
Bophelo X 2005-5-5 NC54 23 20 15
Bophelo X 2008-8-5 NC55 33 23 15
Total nr seedlings 348



Euphytica (2024) 220:19	

1 3

Page 5 of 15  19

Vol.: (0123456789)

Experimental design

Roodeplaat and Jozini

The F1 hybrid progenies were established in the field 
using a 14 × 26 balanced lattice design with three rep-
licates, at the two sites. The intra-row spacing was 
30 cm, and between rows was 1 m. The randomised 
field layout was produced by CycDesigN (Whitaker 
et al. 2002).

Lwamondo

After preliminary observations on the growth habit 
and thickness of the vines under glasshouse con-
ditions, a number of genotypes with thin, twining 
vines were discarded, reducing the number of prog-
enies planted in Lwamondo to 327 genotypes. Varie-
ties with thin twining vines have lower field survival 
rates. A similar plant density was used at the Roodep-
laat and Jozini sites.

Trial maintenance

The fields were prepared and fertilized following the 
guidelines for cultivation of sweetpotato in South 
Africa, taking into account soil analysis results (Van 
den Berg and Laurie 2004). NPK (1:0:1; 300 kg/ha) 
and Superphosphate (500  kg/ha) were broadcasted 
before planting. At Jozini and Lwamondo, 2:3:4 
[(30) + Zn 0.34%; 300  kg/ha] and Superphosphate 
(500 kg/ha) were applied before planting. Limestone 
Ammonium Nitrate (LAN, 28%; 120 kg/ha) was used 
to top dress the plants 21  days after planting. The 
trial at Roodeplaat and Jozini was conducted under 
irrigated condition, whereas the trial at Lwamondo 
depended on rainfall only. All field management prac-
tice was observed according to the crop’s cultivation 
requirements.

Harvesting, selection and data collection

Symptoms of diseases (virus, Alternaria stem, leaf 
and wilt blight) were scored before harvesting on 

Table 3   Description of the three distinct experimental sites (Roodeplaat, Jozini and Lwamondo) used for evaluation of progenies in 
an accelerated breeding scheme (ABS)

(Source: climatic data base ARC-Natural Resources and Engineering, South Africa)
*Kottek et al. (2006)
a Humid subtropical area, bWarm temperate, cHot desert climate
m.a.l., metre above sea level; d.g.s, during growing season, Max, maximum; min, minimum

Description Roodeplaat Jozini Lwamondo (Thohoyandou)

Climate (Köppen-Geiger climate classifica-
tion)*

Cwaa BShb BWhc

Province Gauteng Kwa-Zulu-Natal Limpopo
District municipality City of Tshwane Umkhanyakude Vhembe
Climatic area Warm temperate Hot semi-arid Arid dry and hot
Altitude (m above sea level) 1168 189 1312
GPS coordinates 25.604° S, 28.345° E 27.439° S 32.075° E 23.0105° S 30.3581° E
Soil type Clay loam Sandy loam Heavy clay
Planting Date 20/12/2017 13/02/2018 20/04/2018
Harvesting date 30/05/2018 23/07/2018 23/09/2018
Selection conditions Intensive management, and 

Alternaria blight, Fusarium 
wilt

Weevils and Alter-
naria blight, drought 
prone

Drought, cool season, Weevils

Average temperature d.g.s. (Max/min °C) 27.9/12.1 29.03/16.75 26.78/12.08
Average relative humidity d.g.s. (Max/min 

%)
88.25/33.19 93.74/47.20 91.17/38.45

Total rainfall d.g.s. (mm) 569.45 576.33 138.29
Type of site Research institute Farmer’s field Experimental station
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the stems and leaves by visual estimation of the 
percentage of leaf area showing symptoms. Inci-
dences of leaf damage due to insects were assessed 
by visual estimation of the percentage of leaf area 
affected.

After harvest, the storage roots were graded 
in categories of marketable roots (MRY) 
(200–1000  g) and unmarketable roots (URY) 
(< 200  g or > 1200  g or mechanically damaged) 
(Laurie et  al. 2017). Storage roots that displayed 
insect damage (IDRY) were recorded separately. 
Total storage root yield (TRY) was obtained by 
combining MRY, URY and IDRY. The number of 
storage roots in each category was also recorded 
for the marketable number of storage roots (MNR), 
unmarketable number of storage roots (UNR) and 
insect damage number of storage roots (IDNR). 
The total number of storage roots (TNR) was 
obtained by adding MNR, UNR and IDNR.

Two medium-sized storage roots (150–300  g) 
per genotype were collected from two replicates 
for nutrient content determination. The storage 
roots were washed, peeled and cut longitudinally 
into quarters. Opposite quarters were pureed using 
an electric food processor (Philips Food Proces-
sor, 300v, France), then 100 g of blended flesh was 
stored at − 20  °C. The samples were freeze dried 
in a bench top freeze dryer (Martin Christ LDplus, 
Germany) at a temperature of − 45  °C for 48 to 
72 h or until dried. The freeze-dried samples were 
manually milled using a porcelain mortar and pes-
tle. Milled samples were sent to the International 
Potato Center (CIP) in Maputo, Mozambique. 
Nutrient quality parameters were estimated using 
near-infrared spectrometry (NIRS) calibrated sim-
ilarly as Zum Felde et  al. (2010), namely storage 
root ß-carotene content (RBCC), storage root pro-
tein content (RPC), iron (Fe), calcium (Ca), mag-
nesium (Mg), zinc (Zn), fructose, sucrose, glucose 
and starch.

Progenies with the following traits were 
selected: good yield, few storage root defects 
(veins, constrictions, cracks), best storage root 
uniformity, regular shape, acceptable storage root 
skin and flesh colour (white, cream and orange), 
little insect damage, little root rot, and a good 
raw taste (taste scale: not sweet, edible, sweet and 
very sweet) and root dryness (watery, dry and very 
dry)].

Data analysis

Due to a large number of missing plots (as explained 
above for the Lwamondo site), the data was ana-
lysed using a randomised block design. Analysis of 
variance (ANOVA) was performed using the General 
Linear Models Procedure (PROC GLM) of SAS soft-
ware (Version 9.4; SAS Institute Inc, Cary, USA) to 
compare the genotypes for yield components (TRY, 
TNR, MRY, UMRY, IDRY, MNR, UNR, IDNR), per 
site. Fischer’s Least Significance Difference (LSD) 
was calculated at 5% to compare genotype means (Ott 
and Longnecker 2010). Thereafter, the multiple t dis-
tribution test procedure of Gupta and Panchapakesan 
(1979, 2002) was performed to identify the best group 
of entries using a macro of SAS software (Version 
9.4; SAS Institute Inc., Cary, USA). The principle of 
this procedure (hereafter called the best test) was to 
divide the genotypes (entries) into two groups. The 
best group was composed of progenies that did not 
differ from each other at p ≥ 0.05. The results of the 
best test were used to support the visual selection in 
terms of quantified storage root yield. Yield selection 
was based on the cut-off point for the lowest accepta-
ble yield indicated by the best test. In addition, proge-
nies were discarded on the basis of best test results for 
negative traits, e.g., stem blight and insect damage. 
Progenies were selected based on their performance 
at all three sites.

Results

Roodeplaat

Results from the ANOVA at Roodeplaat, Gauteng, 
showed significant differences (p < 0.05) among the 
progenies for TNR, TRY, MNR, MRY, UNR and 
URY (Table  4). Mean values among the progenies 
varied from 0.06 to 5.81 kg/plant for TRY and from 
0.00 to 3.48  kg/plot for MRY. The mean MRY was 
1.46 kg/plant. The best test group for TNR contained 
only 2 progenies, 22 progenies for TRY, 175 for 
MNR, and 168 for MRY (Table  4). At harvest root 
phenotypic selection was performed and 72 progenies 
were selected based on general appearance and raw 
taste. URY and IDRY were negative selection criteria.

The ANOVA results for the nutrient content 
(RBCC, RPC, Fe, Ca, Mg, Zn, fructose, sucrose, 
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glucose and starch) estimated from storage roots sam-
pled at Roodeplaat, are summarized in Table 5. Sig-
nificant differences among progenies were obtained 
for all the nutritional components.

Fusarium wilt disease pressure, identified from 
leaf yellowing and browning of vascular tissue 
(Mphela et al. 2022), was low as only two progenies 
showed infection symptoms, namely 59 (NC14-14) 
and 301 (NC51-13). Alternaria leaf blight (ALB) and 
Alternaria stem blight (ASB) symptoms (typical dark 
grey necrotic lesions on stems (Narayanin et al. 2010) 
were noted for 75 progenies. Disease prevalence were 
used as a negative selection criterion. The percentage 
prevalence of ALB and ASB in sweetpotato prog-
enies evaluated at Roodeplaat is presented in Fig. 1. It 
was seen that ASB was prevalent in 30 progenies and 
ALB in 45 progenies. Progeny NC35-6 showed 100% 
infection, while NC32-5, NC33-11 and NC35-10 had 
90% infection. Progenies NC35-13 and NC53-13 had 
a high level (90%) of infection of both ALB and ASB.

Jozini

There were significant differences for all variables 
at Jozini except URY and Alternaria leaf blight 
(Table  6). The mean values of TNR and TRY were 
4.96 roots/plant and 0.54  kg/plant, respectively. The 
mean values for MNR and MRY were 1.55 roots/
plant and 0.31  kg/plant, respectively. One hundred 
and nineteen progenies grouped with the best group 
for MRY (cut-off point 0.32  kg/plant) (Table  6). 

There were significant differences in the expression 
of ASB among the progenies, confirming the high 
disease pressure at this site. ALB was also prevalent, 
infecting 86 progenies of which the 63, as presented 
in Fig.  2. Sweetpotato clones NC14-6, NC51-8 and 
NC54-8 were infected with both ALB and ASB. 
Genotype NC14-6 showed the highest level of ASB 
at 40%. Progenies NC12-13, NC13-5, NC33-15, 
NC45-6 and NC54-9 had disease infestation of 50% 
for ALB.

Lwamondo

Significant differences (p < 0.05) were found at Lwa-
mondo (Table 7) among the progenies for all the traits 
except for MRY, MNR, IDRY, and leaf weevil dam-
age (showing small holes in the inner part of leaves). 
Mean values for TNR and TRY were 7.61 roots/plant 
and 0.87 kg/plant, respectively.

Disease pressure was low, with only 23 clones 
showing symptoms of ALB and ASB. Some breeding 
clones developing ASB infection were: NC55-7 and 
NC23-10 (80%); NC22-3 (60%); NC41–6, NC25-9 
and NC25-7 (50%); 366 (P3 = female parental clone), 
N43-2, NC35-15, NC34-5 and NC11-10 (40%); 
NC53-7, NC53-6, NC45-15, NC34-12 and NC34-4 
(30%); NC11-11 and NC14-7 (20%). Only five breed-
ing clones showed a high susceptibility to ALB, 
namely M4 (male parental clone) (80%), NC11-12 
(70%), M5 (male parental clone) (50%), NC54-11 and 
P3 (40%). A few breeding clones were considered in 

Table 4   Analysis of variance and best test results of 358 sweetpotato clones for storage root yield and its components at Roodeplaat

DF, degrees of freedom; TNR, total number of storage roots; TY, total storage root yield; MNR, marketable number of storage roots; 
MRY, marketable storage root yield; UNR, unmarketable number of storage roots; URY, Unmarketable storage root yield; IDNR, 
insect damage number of storage roots; IDRY, insect damage yield; *p < 0.05; **p < 0.01; ***p < 0.001; ns = not significant

Source of 
variation

DF TNR (roots/
plant)

TRY (kg/
plant)

MNR 
(roots/plant)

MRY (kg/
plant)

UNR (roots/
plant)

URY (kg/
plant)

IDNR 
(roots/plant)

IDRY (kg/
plant)

Mean square
Replicates 2 44.12** 0.07 ns 11.14 ns 1.69* 26.05* 0.31 ns 4.43*** 0.97***
Genotypes 357 23.51*** 2.21** 8.89*** 1.28*** 11.56*** 0.65*** 0.19 ns 0.10 ns

Error 643 7.44 0.71 3.89 0.38 4.54 0.31 0.43 0.09
Total 1002
Trial statistic
Mean 8.23 2.06 4.44 1.46 3.45 0.47 0.0331 0.13
Range 1.50–25.50 0.06–5.81 0.0–9.83 0.0–3.48 0.0–9.83 0.01–2.94 0.0–2.33 0.0–1.43
Best group 2 22 175 168 93 19 – –
Cut off point 20.50 3.48 4.50 1.38 3.50 1.47 – –
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addition to those selected from Roodeplaat and Jozini 
by using the best test results of Lwamondo for MRY, 
with prerequisite that the breeding clones had aver-
age yield at Jozini and Roodeplaat. These were clones 
NC23-7 and NC23-11.

Combined results across the three sites

Table 8 presents a summary of the 40 best perform-
ing progenies at the three sites (Roodeplaat, Jozini 
and Lwamondo). The TRY of the selected progenies 
ranged from 1.67 to 4.23 kg/plant at Roodeplaat, 0.35 
to 2.56 kg/plant at Jozini and 0.04 to 2.26 kg/plant at 
Lwamondo. The highest TRY was recorded at Rood-
eplaat. The MRY varied from 0.10 to 3.48  kg/plant 
at Roodeplaat, 0.17 to 3.19  kg/plant at Jozini and 0 
to 1.38 kg/plant at Lwamondo for the selected prog-
enies. The highest MRY was obtained at Roodeplaat.

In addition to the agronomic traits, the nutri-
ent content (RBCC, RPC, Fe, Ca, Mg, Zn, fructose, 
sucrose, glucose and starch) estimated from stor-
age roots sampled at Roodeplaat, are presented in 
Table 8 for the best performing progenies. High RPC 
were noted for progenies NC12-9, NC51-1, NC51-6, 
NC54-2 and NC55-8. Both progenies NC12-9 and 
NC55-8 exhibited high estimates for RBCC.

For Fe, eight progenies had levels above 2% 
namely NC12-9 (2.22), NC13-7 (2.04), NC22-1 
(2.08), NC24-13 (2.19), NC31-2 and NC32-11 both 
with 2.24, NC51-1 (2.12), NC51-6 (2.03), NC55-2 
(2.04), NC55-4 (2.10) and NC55-8 (2.23). The high-
est Zn levels were recorded for NC12-9 (1.65) and 
NC51-1 (1.62) both with Zn levels above the control 
progenies (Table  8). High Ca values were observed 
for progenies NC12-9 (286), NC22-1 (280.5), NC24-
13 (284.2), NC31-11 (268.6), and NC41-10 (271.9). 
Progenies NC22-1 (154.3) and NC24-13 (161.7) also 
had the highest Mg content.

Progenies NC33-12 (74.02), NC41-15 (75.23), 
NC42-3 (74.31) and NC43-6 (75.48) exhibited high 
starch content. For fructose and glucose, both traits 
had high values for progenies NC11-9 (4.11 and 
8.25), NC13-11 (6.16 and 10.34), NC24-13 (5.29 
and 9.86), NC31-11 (5.07 and 8.70), NC41-10 (4.47 
and 8.35), NC51-1 (4.28 and 8.46) and NC53-14 
(6.38 and 10.86). Four progenies had high values 
for sucrose NC22-1 (24.27%), NC24-13 (23.86%), 
NC55-3 (20.13%) and NC55-4 (21.92%).Ta
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Discussion

In the present study, highly significant differences 
(p < 0.001) were found among genotypes for most of 
the storage root yield and component traits of eco-
nomic importance considered in this study across 
three sites in South Africa (Roodeplaat, Jozini and 
Lwamondo). These progenies were created by cross-
ing five females with five males comprising of com-
plementary traits. The main principle of breeding 
clonally propagated crops is to create genetic varia-
tion through sexual reproduction and generation of 
botanical seeds for clonal selection. The F1 families 
constitute new individuals and a new population that 
displays genetic variation (Grüneberg et  al. 2015). 
Variability in the population that results from gene 
recombination in the offspring is fundamental for 
the success of any crop breeding program, including 
sweetpotato (Grüneberg et al. 2015). A novel feature 
of the present study is including selection for high 
protein content in the ABS approach that allowed 
speed breeding of sweetpotato. The study further used 
multiple t-distribution test procedures proposed by 
Gupta and Panchapakesan (1979, 2002) that allowed 
the identification of the best clones. Genotypes were 
selected based on storage root yield response on the 
cut-off point for the lowest acceptable yield response 
aided by phenotypic selection and a negative selec-
tion against susceptibility to stem blight and insect 
pest damage.

The present study provided complementary 
data to advance ABS to reduce the cost and time in 

sweetpotato breeding progarms. In the ARC-VIMP 
sweetpotato breeding program, cultivar release typi-
cally takes 7 to 8  years after hybridization. This 
breeding cycle can be accelerated by using the ABS 
process. This scheme potentially can shorten a breed-
ing timeline to 4 to 5 years and optimise the use of 
limited breeding resources. The efficiency of a breed-
ing method is determined by the genetic gain and the 
time required to breed a cultivar (Grüneberg et  al. 
2009). By using three sites in the agronomic evalu-
ation of the new breeding clones generated by a 5 × 5 
NCII design, a total of 72 clones were selected at 
Roodeplaat (20.1% selection ratio), based on pheno-
typic assessment. Only clones selected at Roodep-
laat were considered for selection at the other sites, 
therefore 21 clones were selected at Jozini (5.9% 
selection ratio). Overall, a total of 40 progenies were 
selected from the three sites. These progenies were 
the best performing clones in each site. The skin 
colour of the selected progenies varied from purple 
to pink and orange to cream. Andrade et  al. (2016) 
evaluated a staggering 198 592 clones followed by 
selection of superior clones over four sites. Selec-
tion criteria to advance to the next testing stage 
included storage root yield above 10 t/ha, β-carotene 
content (BC) > 5  mg/100  g DW, dry matter content 
(DM) > 200  g/kg, vine biomass above 10 t/ha, and 
host plant resistance to pests (including viruses and 
weevil). Following a series of clonal (23,839 clones), 
preliminary yield trials (3318 clones) and advanced 
yield trials (1258 clones) 23 clones were included 
in genotype x environment analysis, and finally 15 

Di
se

as
e 

in
cid

en
ce

 (%
)

Fig. 1   Disease incidence (%) for 70 sweetpotato clones evaluated at Roodeplaat showing Alternaria leaf blight (ALB) and Alter-
naria stem blight (ASB) (M1 = male parent 1987-2-1; M2 = male parent 2008-3-1)
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varieties were released. From seedling to clonal level, 
the selection pressure was 12% (Andrade et al. 2016). 
Meanwhile, de Oliveira Silva et  al. (2022) applied 
a 2.5% selection pressure for the traits of suitability 
for human consumption, ethanol production, and ani-
mal feed through separate indices. Low et al. (2020) 
reported that the utilization of an ABS approach 
reduced the breeding cycle from 8–10 to 4–5 years.

In ABS, selection is effective in environments 
which have stressed conditions, e.g., disease infesta-
tion, which allows the selection of resistant genotypes 
with potential to be advanced to further agronomic 
and quality evaluation (Grüneberg et al. 2009). Prog-
enies that showed high levels of disease symptoms 
at Roodeplaat, Jozini or Lwamondo, were discarded 
immediately before further tests (sensory and stor-
ability tests) and advanced field trials, even if they 
were high yielding. The incidence and expression of 
Alternaria stem and leaf blight was higher at the Joz-
ini and Roodeplaat sites than at Lwamondo. The high 
disease severity in the two locations allowed clear 
discrimination among progenies for disease resist-
ance. As reported by Kandolo et al. (2016), wet con-
ditions combined with temperatures of between 20 
and 25  °C are favourable for infection development 
and spread of Alternaria blight. This disease is one 
of the major constraints in the production of sweet-
potato, and can cause yield losses of more than 50% 
in susceptible genotypes (Sseruwu et  al. 2016). In a 
similar approach, Andrade et  al. (2016) used a site, 
Guruè, for high virus pressure, and two sites, Umbu-
luzi and Chokwe, for drought tolerance selection.

Five progenies (NC12-9, NC51-1, NC51-6, NC54-
2, NC55-8) had high RPC levels compared to the con-
trol cultivars, and of these, two (NC12-9 and NC55-
8) had high RBCC, Fe and Zn. The selected clones 
will be advanced to further field testing, and evalua-
tion of quality traits such as storability, palatability, 
and protein content. Progenies with high level of mul-
tiple nutrients have the potential to become important 
food sources to combat malnutrition in South African 
and Sub-Saharan Africa (SSA) communities. Due to 
the volumes of sweetpotato consumed in Africa, the 
crop can contribute to a greater intake of protein and 
minerals (Fe, Zn, Ca and Mg) as part of a balanced 
human diet, which will combat malnutrition (Tum-
wegamire et al. 2011).

Complimentary work by Naidoo et  al. (2021) 
reported heritability values for the traits presented Ta
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here. Broad sense heritability was high for all nutri-
ent compositions, excluding Mg, TNR, and TRY, and 
intermediate for MRY and MNR. Narrow sense herit-
ability was high for RBCC, Fe, Zn, fructose, sucrose 
and glucose, intermediate for starch and RPC and 
low for Mg and Ca (Naidoo et  al. 2021). This indi-
cates the presence of additive genetic effects playing 
a role in these traits and further suggests that reliable 
crop improvement can be achieved through pheno-
typic selection. Estimates of heritability with genetic 
advance are more reliable and meaningful than indi-
vidual consideration of the traits.

Mwanga et al. (2021) reported that the process of 
using ABS to accelerate exploiting heterosis in veg-
etatively propagated crops, originated at the Interna-
tional Potato Center in Peru in 2009. The approach 
has been tested and validated in Mozambique, 
Uganda, Ghana and other national programs over 
a period of 10  years. Heterosis exploiting breeding 
has the potential to increase genetic gains for several 
traits, including storage root yield, number of com-
mercial storage roots, virus resistance, and iron sta-
tus. Low et al. (2020) added to this abiotic tolerance, 
host plant resistance to pests and diseases and early 
maturity.

Large strides can be made using hybrid popula-
tions and one cycle of reciprocal recurrent selection 
(Grüneberg et  al. 2022). Genetic gain in the stor-
age root yield was remarkable for H1 relative to the 
foundation in a population for wide adaptation and 
earliness (O-WAE) at 118.8% for early harvest time 
and 81.5% for normal harvest time, while H1 for 

high iron (O-HIFE) achieved 97.1%. The storage 
root yield traits exhibited population average het-
erosis increments of up to 43.5%. This shows that 
population hybrid breeding is a plant breeding tool 
that can achieve large genetic gains in sweetpotato 
yield because it provides for more efficient popula-
tion improvement, and consequently the potential for 
rapid dissemination of botanical seed that is gener-
ated from reproducible elite crosses, in contrast to the 
time-consuming and pricy process of virus elimina-
tion in maternal material of elite clones, due to the 
vegetative propagation of sweetpotato.

Conclusion

ABS for clonal propagation crops such as sweetpo-
tato is a relatively new concept that is rapidly being 
implemented in Sub-Saharan Africa. This approach 
has the potential to increase breeding efficiency of 
sweetpotato with regards to time, human and finan-
cial resources due to shorter breeding cycles in mul-
tiple environments. Through ABS, 40 progenies were 
selected for further field trial evaluation and testing 
of sensory and quality traits. Four progenies were 
identified that combined high protein content and 
essential minerals. ABS is resource-demanding in the 
first year of progeny evaluation. However, it enhances 
the selection process to identify the best progenies 
to be included in the advanced breeding phases. The 
selected progenies will be advanced in further field 

Fig. 2   Sweetpotato breeding clones with high disease incidence (%) of leaf and stem blight at Jozini (ALB = Alternaria leaf blight; 
ASB = Alternaria stem blight)
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