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Abstract

Potato (Solanum tuberosum L.) is a nutritious starchy tuber crop consumed as a
staple food in most potato growing countries. Its productivity and production are
limited by climate change; thus, it is of utmost importance to tap into the diver-
sity of germplasm resources, therefore, diversifying the potato varieties available for
production. The objectives of this study were to determine the phenotypic diversity
among the selected Agricultural Research Council-Vegetable, Industrial and Medici-
nal Plants (ARC-VIMP) potato varieties for tuber yields and processing quality and
to determine the correlation between measured traits. Two imported and 22 local
potato varieties were planted in three different environments in South Africa. Sig-
nificant (P <0.001) differences in the tested varieties across all environments were
observed for all measured traits. High broad-sense heritability (>0.6) was observed
for most of the traits, except for fry colour and the yield of unmarketable tubers. Nine
ARC varieties and three standard varieties were associated with high tuber yield and
quality traits, indicating their suitability for the fresh market and processing indus-
try. Variety Mondial and five ARC varieties were associated with high tuber yield,
indicating their suitability for the fresh market. Varieties released between 2004 and
2021 had high tuber yield, dry matter and specific gravity compared to the standard
varieties and varieties released between 1980 and 1999, although there were slight
differences in the magnitudes of their traits measured. These varieties could be rec-
ommended for commercial production for specific markets and for use as potential
parents for further genetic improvement of the potato crop.
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Introduction

Potato (Solanum tuberosum L.) originated in South America, and it has been cul-
tivated worldwide under diverse environmental conditions ranging from irrigated
commercial farms to tropical highland zones; thus, potato can significantly con-
tribute to climate smart agriculture (Koco et al. 2020). Globally, the production
of potatoes was estimated at over 376 million metric tons in 2021 (Statista 2022).
It is the fourth most important crop for human consumption after rice, maize
and wheat (Devaux et al. 2014, 2020), due to its nutrient content. Potato tubers
contain starch (70 to 80%), protein (1 to 2% fresh weight; 8 to 9% dry weight),
vitamin C, minerals (iron and potassium) and phytochemicals (carotenoids and
polyphenols) (Murniece et al. 2014; Hellmann et al. 2021). The potato crop is
cultivated mainly for human consumption and to a lesser extent for animal feed
and fuel grade ethanol (Memon et al. 2017), and is considered as a food secu-
rity and cash crop in most growing countries. The contribution of potatoes to the
global supply has increased tremendously in the last two decades (Devaux et al.
2020), while the consumption of potato has doubled in the previous decade in
developing countries (Mthembu et al. 2022). In South Africa, annual production
has been relatively stable at 2.6 million tons over the past 4 years (Department of
Agriculture, Land Reform and Rural Development 2022), of which 1.059 million
tons (40.3%) were marketed on the National fresh produce markets.

Quality is one of the most important characteristics of potato, and its quality
is dependent on external and internal aspects of the tuber (Naumann et al. 2020).
Potato dry matter content is an important attribute to both the food and non-food
potato industries determining both the quality and yield of the processed product
(Scanlon et al. 1999). A dry matter (DM) content above 20% is mostly preferred
for processed products (Mehta et al. 2011; Kita 2014). The specific gravity of
potato tubers is another important quality criterion for processing potatoes. It is
used as an estimate of the solids or dry matter content of tubers (Abong et al.
2009). Specific gravity (SG) is positively correlated with the dry matter content
of tubers, and it has been used to measure potato quality due to its repeatability,
simplicity and rapid determination (Feltran et al. 2004). The specific gravity has
also been considered the most practical index of mealiness. Thus, it is extensively
used by industrial processors to assess the suitability of tubers for the produc-
tion of processed products (Bedini et al. 2023). Fry colour in potatoes is another
important trait as it determines the acceptability of fried products. For frying,
potato varieties with a high specific gravity and low reducing sugar content are
targeted, since these factors influence the colour, texture and oiliness of French
fries (Ngobese 2014). A light or light golden-yellow colour is preferred, while a
brown or black colour is considered undesirable (Roe et al. 1990; Ezekiel et al.
2003). Nevertheless, the DM, SG and fry colour vary among potato varieties, and
this could be attributed to the genotypic effect, environmental conditions and gen-
eral farming practices (Ngobese 2014). Significant genotype by location, geno-
type by season and genotype by year interactions for SG and DM have also been
reported (Abebe et al. 2013). This highlights the need to assess potato genotypes
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under varying environmental conditions to determine the suitable environment in
which varieties can manifest their maximum performance potential.

The size of tubers and their quantity have a significant influence on the total
tuber yields (Aliche et al. 2019). The tuber sizes and quantity are variety specific
and could also be influenced by the growing conditions and management practices
(Ortiz et al. 2022). Yield is a polygenic trait with small additive genetic effects and
is most likely to be influenced by the environmental conditions, resulting in low her-
itability estimates and instability in the yield performance of varieties (Falconer and
Mackay 1996; Lynch and Walsh 1998). Thus, the unstable and unpredictable yield
performance of the varieties could potentially lead to poor adoption of the varieties
by farmers.

In South Africa, the Department of Agriculture established a potato breeding pro-
gramme in 1947, and the breeding targets for the period before 1979 were to produce
seed with resistance to potato leafroll virus. Since 1979, the breeding programme
targets changed to varieties that are high-yielding with good finishing skin and com-
mon scab resistance. In the late 1990s, the breeding programme targets changed
to varieties with high yield, good processing quality (i.e. high dry matter content),
with good skin finishing, resistance to common scab and tolerance to heat. Since
the inception (1990s) of the Agricultural Research Council-Vegetable, Industrial and
Medicinal Plants (ARC-VIMP) potato breeding programme, 22 potato varieties have
been released. Most of these potato varieties were bred and released prior to the year
2000. In general, the ARC potato varieties are characterized by high tuber yield,
good processing quality traits and resistance to virus and fungal diseases. However,
there is a poor adoption of the ARC potato varieties by small- and large-scale farm-
ers, due to large marketing campaigns for imported varieties. For example, the main
varieties sold on the fresh produce markets for the 2018 calendar year were Mondial
(54%), Sifra (24%), Lanorma (9%), Valor (3%), Up-To-Date (2%), BP1 (2%), Ava-
lanche (1%), Savana (1%) and others (4%). Changes in climate over the years, recent
erratic rainfall, drought and excessive heat experienced quests for the re-evaluation
of released South African varieties with a focus on yield potential and processing
quality.

The evaluation and characterization of South African potato varieties for tuber
yield and processing quality traits are of great importance in identifying varieties
with superior yield and processing quality which can be recommended for commer-
cial production. In addition, the interrelationship between the tuber yields and pro-
cessing quality traits has not been studied in the released South African potato varie-
ties. Understanding relationships between tuber yield and processing quality traits
of the existing varieties will provide important information for breeders and guide
trait selection during the evaluation of field trials. Hence, the objectives of this study
were to determine the phenotypic diversity among the ARC-VIMP selected potato
varieties for tuber yield and processing quality traits, and to determine the interrela-
tionship between different tuber yields and processing quality traits.
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Materials and Methods

Study Material

The 24 potato varieties included in this study were part of the ARC germplasm col-
lection (Table 1). Twenty-one were bred in South Africa, while three were intro-
duced varieties (Up-to-date, Pentland Dell and Mondial).

Experimental Sites, Design, Establishment and Management

The trials were planted at Cedara in March 2017 and at Roodeplaat in August 2017
and March 2018 (Table 2). The experimental sites represent different environmental

conditions.

The trial was planted in a randomized complete block design with three repli-
cates. For each variety, 30 tubers per plot were planted in single rows of 9 m long, at
a spacing of 0.5 m between the rows, 0.15 m between the plants within the row and

Table 1 List of the selected ARC and foreign potato varieties used in the study

Variety code Variety name

Type of market

Year of release

1 ARC-Vanderplank
2 ARC-Buffelspoort
3 ARC-BP1

4 Up-To-Date

63 ARC-Sandvelder
94 ARC-Hogvelder
205 ARC-Ropedi

227 ARC-Rotharo
282 ARC-Ronn

474 ARC-Mnandi
712 ARC-Aviva

812 ARC-Baroc

866 ARC-Caren

939 Pentland Dell
975 ARC-Darius
1125 Mondial

1153 ARC-Eryn

1168 ARC-Esco

1359 ARC-Fabien
1367 ARC-Frodo

1564 ARC-PT1301
1760 ARC-Freek

1823 ARC-PT1302
1898 ARC-Arno

Standard variety (French fries)
Standard variety (table potato)
Standard variety (table potato)
Standard variety (table and processing)
Table and processing

Table and processing

Table and processing

Table potato
Table potato
Crisps

Crisps and French fries
Imported variety (Table and processing)
Table and processing
Imported variety (table potato)
French fries

Table potato

Table and processing

Table and processing

Table and processing

Table and processing

Table and processing

Table and processing

1981
1981
1980
1981
1988
1988
1998
1995
1995
1992
1997
1997
1997
1991
1997
1993
1998
1998
2004
2004
2016
2021
2016
2021
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3 m between the replications. Fertilizer (N:P:K =2:3:4) was applied before planting
as per the field recommendation, which was guided by the soil analysis. Weeding
was done before planting and after the planting before emergence using pre-emer-
gence herbicides. Disease inspection and scoring were done throughout the crop-
ping season. Supplemental irrigation was applied by means of sprinklers when the
amount of rainfall during the cropping season was not enough for optimal growth
and development.

Data Collection

All tubers per variety were classified into different tuber sizes, namely, large
(<200 g), medium (80-199 g), small (50-79 g) and unmarketable (<50 g
or> 1200 g), which were cracked, rotten, insect infested, rat damaged, mechanically
damaged, long crooked or sprouted and weighed separately. The number and weight
of marketable and unmarketable tubers were determined and used to calculate the
total yield per class. The tuber weights per size were used to determine the yield (t
ha™") of the different tuber sizes.

The SG was determined on 15 randomly selected tubers for each replicate per
variety from each trial. For SG determination, the 15 selected tubers were weighed
in air and also in water. The SG was determined using the following formula (Kumar
et al. 2005):

weight air

" weight air — weight water

Dry matter (DM) was expressed as a percentage and calculated from the SG
using the following formula (USDA 1997):

DM% = 24.184 +211.04 % (SG — 1.0988)
Dry matter yield (t ha™!) was determined using the following formula:
DM yield = (total yield X DM%)/100

Fry colour was determined by taking 2-mm-thick tuber slices from the width of
15 randomly selected medium-sized tubers (80-199 g). The frying of crisps was
done in sunflower oil at 180 °C for 3 min using a deep fryer. Crisps were crushed
before measuring their colour. The reflected light was measured using a Hunter
D25LT Gen 2 calorimeter (HunterLab, Virginia, USA), which allows measurement
of the reflectance of coarse, non-homogeneous, irregularly shaped samples like
potato chips. It is a 45°/0°, circumferentially illuminated instrument using a fac-
eted spherical reflector to reduce the effect of directional and uneven samples on the
measured colour. The light reflected back from the tungsten-halogen light source is
focused on photo-detectors to approximate the L, a and b functions. The opponent
colour scale gives measurements of colour in units of approximate visual uniformity
throughout the colour solid. The Hunter scale L was used to measure the fry colour.
Lightness varies from 100 for perfectly white to zero for black. The benchmark used
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for acceptable fry colour is L>45. Higher values reflect more light from the fried
crisps and are lighter than chips with a lower index values.

Data Analysis

All data were subjected to analysis of variance (ANOVA) using GenStat 22nd ver-
sion (VSN International, 2022), to determine the effect of genotype and genotype
by environment interaction. The least significant difference (P <0.05) was used to
separate the means. The potato varieties were considered fixed because their genetic
background is unique in the available germplasm collection. The environments were
considered random because they represent a random sample of all possible environ-
ments representing suitable potato growing conditions in South Africa.

The variance components and H? for single trials were calculated using the fol-
lowing formulas (Shimelis and Shiringani 2010):

U2G — MS;—MSg
r
o’E = MSy,
H? = >G
02G+02E

The variance components and H> across environments were calculated using the
following formulas (Shimelis and Shiringani 2010):

62G = MSaMSon

re
O'2GE — MS G —MSy

cle = MSr .
62p = 62G + (6*GEl /e) + (62E [ re)
2
=
where 6?>G = genotypic variance, 6>GE = genotype by environment variance inter-
action, ¢2E = error/residual variance, 0'2p = phenotypic variance, MS,; = mean
square of genotype, MSz = mean square of genotype by environment interaction,
MS;; = mean square error/residual, G =genotypes (fixed), r=replications (random),
E =environments (random), and H? = broad sense heritability.

Phenotypic correlation analysis was done to determine the association between
tuber yields and frying quality and was done using GenStat 22nd version (VSN
International, 2022). Principal component analysis and clustered heat maps were
done using XLSTAT software version 2022.3.2 (Addinsoft 2022).

Results
Analysis of Variance, Broad-Sense Heritability and Variety Mean Performance

The genotype, environment and their interaction effects were highly (P <0.001) sig-
nificant for all measured traits (Table 3). The genotypic variance was larger than the
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GEI variance. However, the phenotypic variance was higher than the genotypic vari-
ance for all traits. The H? estimates ranged from 0.28 to 0.87 among the measured
traits. Fry colour and yield of unmarketable tubers had low H? (<0.05) estimates,
while the other traits had H? estimates above 0.6.

The mean values for DM ranged from 18.3 to 23.2% (Table 4). Varieties ARC-
Aviva, ARC-Caren, Pentland Dell, ARC-Hoévelder, ARC-Darius, ARC-Ropedi,
ARC-Fabien, ARC-Frodo, ARC-PT1301, ARC-Freek, ARC-PT1302, ARC-Arno
and ARC-Eryn had DM values above 20%. The mean DM yield over the three loca-
tions ranged from 4.15 t0 9.09 t ha~! (Table 4). Promising DM yields were recorded
for varieties MONDIAL, ARC-PT1301, ARC-Freek, ARC-PT1302, ARC-Arno,
ARC-Buffelspoort, ARC-Ronn, ARC-BP1, ARC-Sandvelder, ARC-Aviva, ARC-
Caren and ARC-Darius.

The quality parameter fry colour ranged from 45.2 to 51.8% (Table 4); there-
fore, all varieties showed acceptable colour, while SG means ranged from 1.0710 to
1.0930. Mean values for yield parameters were 21.26 to 43.29 t ha™" for total yield,
5.48 to 25.18 t ha™! for the yield of large tubers, 7.69 to 19.23 t ha™! for the yield
of medium tubers, 2.04 to 5.37 t ha™' for the yield of small tubers and 1.55 to 8.89
t ha™! for unmarketable tubers. Total tuber yields were above the mean for ARC-
Eryn, ARC-PT1301, ARC-Freek, ARC-PT1302, ARC-Arno, ARC-Buffelspoort,
ARC-Ronn, ARC-Mnandi, ARC-Sandvelder and ARC-Caren. Figure 1 shows that
varieties that were released between 2004 and 2021 had a higher DM, DM yield,
SG, yield of medium tuber size and total tuber yield compared to the standard varie-
ties and varieties released between 1980 and 1990.

Phenotypic Correlations of All Measured Traits

Table 5 indicates highly significant (P <0.0001) and positive correlations (r=0.42)
between DM with DM yield (r=0.42), fry colour (r=0.40), SG (r=1.00), yield
of medium tubers (r=0.41) and yield of unmarketable tubers. There were signifi-
cant (P<0.05) and negative correlations between DM and yield of large tubers
(r=—0.34). There were highly significant and positive correlations between DM
yield with SG (r=0.42), tuber yield (r=0.92), yield of large tubers (r=0.75), yield
of medium tubers (r=0.65) and yield of small tubers (r=0.23). There were highly
significant (P < 0.001) and positive correlations for fry colour with SG (r=0.40) and
significant positive correlations (P <0.01) for fry colour with the yield of medium
tubers (r=0.19).

Principal Component Analysis

To visualize the performance of varieties and their associated traits, the data was
subjected to PCA. The first three PCs of the PCA accounted for 82.8% of the total
variation in the dataset and had eigenvalues of equal to or greater than one (Table 6).
PC1, PC2 and PC3 explained 41%, 26.6% and 15.2% of the total variation, respec-
tively. Only PC1 and PC2 were interpreted because they explained most of the vari-
ation in the dataset. The DM, DM yield, fry colour, SG, total yield and yields of
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Fig. 1 The performance of potato variety standard varieties, and for varieties released between 1980—
1999 and 2004-2021 for all measured traits. The vertical bars are standard error bars

all different tuber sizes contributed positive values to the PC1. However, all traits
contributed values below average (<0.5) in PC1. PC2 was strongly and positively
influenced by yield of medium tubers. The DM yield, total yield, yield of large and
medium tubers contributed below average positive values to PC2.

The PCA biplot was used to visualize the performance of the varieties and their
associated characteristics (Fig. 2). The PC1 and PC2 explained 67.6% of the total
variation. Variety ARC-Sandvelder was associated with the yield of large tubers.
Varieties ARC-Caren, ARC-PT1301 and ARC-Ronn were associated with total
yield, DM yield and the yield of medium tubers. Varieties ARC-Arno, ARC-Freek
and ARC-PT1302 were associated with good fry colour and the yield of medium
tubers. Varieties ARC-Mnandi, ARC-Darius and ARC-AVIVA were associated with
DM, SG and the yield of small and unmarketable tubers. The PCA showed positive
correlations between the total yield, DM yield and the yield of large and medium
tubers. The fry colour, DM, SG and the yield of small tubers and unmarketable
tubers were positively correlated with each other.

Clustered Heat Map

Cluster I of varieties ARC-Hoévelder, ARC-Rotharo, ARC-Mnandi and ARC-Baroc
was associated with strong positive values for the yield of small and unmarket-
able tubers and was associated with strong negative values of DM, SG, DM yield,
total yield, fry colour and the yield of medium and large tubers (Fig. 3). Cluster II
of varieties ARC-Eryn, ARC-Darius, ARC-Esco, ARC-Freek, ARC-Ropedi, ARC-
Aviva, Pentland Dell, BP1 and Up-to-Date was associated with strong positive values
of DM, SG, the yield of small tubers and fry colour, and associated with negative
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Table 6 Principal component

Lo Traits PC1 PC2 PC3 PC4 PC5
(PC) analysis eigenvectors for
all Tne.asured traits in potato DM 036 —031 036 —-031 -0.16
varieties
DM yield 0.46 0.28 0.00 -0.11 0.04
Fry colour 0.14 -0.04 0.64 0.50 0.54
SG 039 -0.33 023 -029 -0.14
Yield 0.37 045 -0.13 0.00 0.09
Yield large 0.06 0.62 0.11  -0.18 0.15
Yield medium 0.44 0.11  -0.07 030 —-045
Yield small 029 -025 -043 0.58 0.02
Yield unmarketable 026 -024 —-044 -0.33 0.65
Eigenvalue 3.69 2.40 1.37 0.73 0.58
Variability (%) 4095  26.63 15.22 8.08 6.42
Cumulative % 4095  67.58 82.80  90.87  97.29
DM dry matter, SG specific gravity
Biplot (axes PC1 and PC2: 67.58 %)
S
i MONDIA
3 .
2
g ‘u ARC-PT1301
o
S
a O . ) Aocammo
ARG FABIEN"
1 o . ARG reek
By o
-3
-6 -4 -2 0 2 4 6

PC1 (40.95 %)

Fig.2 Principal component (PC) analysis biplot representing potato varieties with their associated
traits. Colours: Red=traits, Green=imported varieties, Blue=ARC varieties released 1980-1999,
Black =ARC varieties released from 2004 to 2021, DM dry matter, SG specific gravity

values of DM yield, total yield and the yield of medium tubers. Cluster III of varie-
ties ARC-PT1302, ARC-FABIEN, ARC-ARNO and ARC-FRODO was associated
with positive values of DM, SG, DM yield, total yield and the yield of medium and
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Clustered Heat Map

Vanderplant
MONDIAL
Buffelspoort
ARC-SANDVELDER
ARC-CAREN
ARC-PT1301
ARC-RONN
ARC-FABIEN
ARC-Arno
ARC-FRODO
ARC-ERYN
ARC-DARIUS
ARC-ESCO
ARC-Freek
ARC-ROPEDI
ARC-AVIVA
PENTLAND DELL
BP1

UP-To-Date
ARC-PT1302
ARC-HOeVELDER
ARC-ROTHARO
ARC-Mnandi
ARC-BAROC

Cultivar_name

DM_yield
Yield
Yield_Med
Yield_Lrg
Yield_Small

Yield_Unmar
Fry_

Variables

-2.5 -2 -1.5 -1 0.5 0 0.5 1 1.5 2 2.5

Double-Scaled Data: Z-Score of Z-Scores

Fig.3 Clustered heat maps showing potato varieties grouped based on their trait similarities. DM dry
matter, SG specific gravity

unmarketable tubers, and negatively associated with the yield of small tubers and fry
colour. The cluster IV of varieties Vanderplank, Mondial, Buffelspoort, ARC-Sand-
velder, ARC-Caren, ARC-PT1301 and ARC-Ronn was associated with positive val-
ues of DM vyield, total yield and the yield of medium and large tubers, and negatively
associated with DM, SG, the yield of small and unmarketable tubers and fry colour.

Discussion
The significant genotypic effects for all traits indicated the presence of varia-

tion among potato varieties, suggesting that superior varieties could be identified,
selected and recommended for commercial evaluation. The differences among the
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varieties could also be attributed to the genetic background of the parents used to
develop the varieties (Tessema et al. 2020). Similar findings were also observed
among potato varieties for tuber yield in Ethiopia (Wassu 2017; Tessema et al.
2022). Previous studies reported a statistically significant effect of varieties on tuber
specific gravity (Berhanu and Tewodros 2016). Significant genotype by environment
interaction (GEI) for all traits indicated that the potato varieties performed differ-
ently across the test environments. The differences in the performance of potato
varieties across environments also indicate that the environment had a large influ-
ence on the phenotypic expression of varieties for the measured traits. The signifi-
cant GEI also indicates that there is a need for potato varieties to be evaluated in sev-
eral locations and over a number of seasons in order to quantify their adaptation and
stability. A previous study has reported significant environmental effect on potato
total tuber yield and plant height (Kwambai et al. 2024). Tessema et al. (2020) also
reported significant GEI for tuber yield and late blight resistance in Ethiopia, but
non-significant GEI for days to flowering, SG and DM. In contrast, Tesfaye et al.
(2012) reported a significant effect of GEI effects on DM, starch content and starch
yield. Breeding for high-yielding, well-adapted and stable varieties is important for
potato production and sustainability.

There was a larger genotypic variance compared to the environment variance for
all traits, which resulted in higher H? estimates (above 0.6) for most of the measured
characteristics, except for fry colour and the yield of unmarketable tubers. Higher H>
estimates indicate that the phenotypic expression of the potato varieties was mainly due
to the genotypic variance and has a high possibility of improvement through selection
(Falconer and Mackay 1996; Lynch and Walsh 1998; Visscher et al. 2008). Thus, high
H? estimates for these traits could indicate high precision and selection efficiency in
potato varieties. A previous study (Tessema et al. 2022) investigated the genetic var-
iability among 20 potato varieties in central Ethiopia and reported H? estimates that
ranged from 0.33 to 0.98 for tuber yield and yield attributes. Low H? estimates (below
0.5) for fry colour and the yield of unmarketable tubers indicated that the phenotypic
expression of potato varieties for these traits was mainly due to environmental factors.
Thus, low H? estimates for these traits could indicate a low possibility for improvement
of potato varieties through selection. Previous studies have suggested the use of the best
linear unbiased predictors to evaluate the performance of potato varieties for low herit-
ability traits to increase the selection efficiency (Slater et al. 2014a, b). Further studies
are warranted to investigate the underlying factors that contribute to the environmental
variance of these traits and to identify potential strategies for their improvement.

The results from the present study showed that varieties that were released
between 2004 and 2021 had a higher DM, DM yield, SG, yields of medium tubers
and total tuber yield compared to the standard varieties and varieties released
between 1980 and 1990, which indicated that the recently released varieties could
be suitable for dual purposes (table and processing). However, there was a slight
difference in the magnitudes of all traits measured between the standard varieties,
and the varieties released between 1980 and 1999 and between 2004 and 2021. The
results indicate that there is a need for newly developed and improved potato vari-
eties with high tuber yields. A previous study reported that varieties had higher
yields compared to standard varieties under multiple environments in Bangladesh
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(Kundu et al. 2020). For processing, the DM of potato tubers and SG should be
above 20% and 1.08, respectively (Marwaha et al. 2010). The DM and SG reported
in the current study were higher than 20% and 1.08, respectively, for varieties
released between 2004 and 2021 compared to the standard varieties and varieties
released between 1980 and 1990. The results suggest that good progress was made
in the development of improved varieties for processing quality which could be
attributed to the dynamic market demands and that contributes to food security.

Superior potato varieties for DM (ARC-Aviva, ARC-Caren, Pentland Dell, ARC-
Hoévelder, ARC-Darius, ARC-Ropedi, ARC-Fabien, ARC-Frodo, ARC-PT1301,
ARC-Freek, ARC-PT1302, ARC-Arno and ARC-Eryn), DM yield (ARC-PT1302),
fry colour (ARC-Aviva), SG (ARC-Arno, ARC-PT1302, ARC-Freek, ARC-Darius
and ARC-Aviva), total yield (ARC-Sandvelder), yield of large tubers (Mondial.,, ARC-
Vanderplank, ARC-Frodo, ARC-PT1301, ARC-ARNO, ARC-Buffelspoort, ARC-
Ronn and BP1), yield of medium tubers (ARC-Freek), yield of small tubers (ARC-
Freek) and low yield of the unmarketable tubers (ARC-Vanderplank) were identified.
The identified superior potato varieties could be further evaluated for adaptability and
stability in the main potato growing areas in South Africa. The potato varieties that are
superior for DM, DM yield, fry colour and SG could be recommended for the fresh
and processing markets. According to Mehta et al. (2011) and Ngobese (2014), DM
content is the main decisive attribute for processing quality. High DM (above 20%)
and SG (above 1.08) are preferable for processing quality, since it allow for improved
textural quality of crisps and fries (Rachappanavar et al. 2023), while varieties with
low DM, fry colour and SG, but with high yields, could be considered for the fresh
market. There is also a need for further evaluation of the superior varieties for resist-
ance to potato virus diseases, as well as tolerance to drought, heat and waterlogging.

Significant and positive correlations among the yields of all different tuber sizes
with total yield and dry matter yield indicated that an increase in the number of
tubers of any size will have a positive impact on the total yield. Ideally, the potato
breeders would want to increase the yield of all different tuber sizes, except the
unmarketable potatoes which will have no value in the market. Thus, there is a need
for a study to evaluate the factors contributing to unmarketable tubers so that rec-
ommendations can be made on how those factors could be reduced. Previous stud-
ies (Khayatnezhad et al. 2011; Gashaw and Mohammed 2020) reported significant
positive correlations between tuber yield and DM in drought tolerant potato varie-
ties in North-Western Ethiopia. Significant positive correlations between SG, cook
colour, DM, DM yield and fry colour indicated that these traits could be improved
and selected for simultaneously. The results also indicated that there is a possibility
of indirect selection of these traits since an increase in one trait will have a positive
influence on others. In contrast, previous studies (Cunningham and Stevenson 1963)
reported low correlations between SG and potato chip colour. Significant and posi-
tive correlations between DM, DM yield, and fry colour with the yield of medium
tubers indicated that an increase in one of these traits will have a positive influence
on the improvement and selection of the other traits.

Potato varieties ARC-Caren, ARC-PT1301 and ARC-Ronn were associated
with high total tuber yield, DM yield and the yield of medium tubers, suggesting
that such genotypes could be used in a breeding programme as parental lines for
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the development of high-yielding varieties. Potato varieties ARC-Arno, ARC-Freek
and ARC-PT1302 were associated with fry colour and the yield of medium tubers,
indicating that these varieties could be recommended for the frozen fries market.
The potato growers and processing industry would benefit the most from varieties
with good high fry or chip quality, SG, DM and high yield. Potato varieties ARC-
Mnandi, ARC-Darius and ARC-Aviva were strongly associated with DM, SG, the
yield of small tubers and unmarketable yield, indicating that these varieties could be
suitable for the table market and as canned potatoes. Potato variety ARC-Sandvelder
was associated with the yield of large tubers, and it was also identified as a high-
yielding genotype. Thus, variety ARC-Sandvelder should be further evaluated for
adaptability and stability in the main potato growing regions of South Africa before
the recommendation for commercial release and production.

The cluster II of varieties ARC-Eryn, ARC-Darius, ARC-Esco, ARC-Freek,
ARC-Ropedi, ARC-Aviva, ARC-BP1, Pentland Dell and Up-to-date was associated
with strong positive values of DM, SG, yield of small tubers and fry colour, and was
associated with negative values of DM yield, total yield and the yield of medium
tubers. Potato varieties in cluster II would be suitable for the fresh market, and for
the processing (crisp) and French fries industry. The cluster III of varieties ARC-
PT1302, ARC-Fabien, ARC-Arno and ARC-Frodo was associated with positive val-
ues of DM, SG, DM yield, total yield and the yield of medium and unmarketable
tubers, and negatively associated with the yield of small tubers and fry colour. The
varieties in cluster III would be suitable for the fresh market and processing industry.
The cluster IV of varieties ARC-Vanderplank, Mondial, ARC-Buffelspoort, ARC-
Sandvelder, ARC-Caren, ARC-PT1301 and ARC-Ronn was associated with positive
values of DM yield, total yield and the yield of medium and large tubers, and nega-
tively associated with DM, SG, the yields of small and unmarketable tubers and fry
colour, suggesting that these varieties would be most suitable for the fresh market.

Conclusions

The findings showed variation among the ARC potato varieties for most of the traits.
The environment significantly influences the performance of potato varieties for
tuber yield and processing traits; hence, it is important to evaluate the potential vari-
eties in multiple environments before recommendations are made for commercial
production. Newly released varieties outperformed the varieties released between
1980 and 1999 and the standard varieties for tuber yield, DM and SG. However,
there was a slight difference in the magnitudes of all traits measured between the
standard varieties, and varieties released between 1980 and 1999, and between 2004
and 2021. Varieties ARC-Eryn, ARC-Darius, ARC-Esco, ARC-Freek, ARC-Ropedi,
ARC-Aviva, Pentland Dell, BP1, Up-To-Date, ARC-PT1302, ARC-Fabien, ARC-
Arno and ARC-Frodo were associated with high tuber yield and processing qual-
ity traits, indicating their suitability for the fresh market and processing industry.
Varieties ARC-Vanderplank, Mondial, ARC-Buffelspoort, ARC-Sandvelder, ARC-
Caren, ARC-PT1301 and ARC-Ronn were associated with high yields, indicating
their suitability for the fresh market. These varieties can provide better yield, good
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processing quality and better adaptability to different climates and soil conditions.
The identified superior potato varieties that are well performing and stable can result
in increased food security at the national and international level.
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