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ABSTRACT
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The potato cultivar base is quite wide in South Africa as new genotypes often are adopted from European countries.
However, the performance of many cultivars is not well-understood, and this is compounded by agro-climates and
changes in the climate. The aim of this study was to evaluate the yield and potato quality performance of seven recently
introduced European cultivars (Panamera, Electra, Savanna, Navigator, Melanto, Sifra and Innovator) against Mondial
(a well-established cultivar in the country) to inform cultivar selection decisions in the potato industry. The experiment
was conducted in Pietermaritzburg, under temperate agro-climatic conditions in a randomised complete block design.
Results showed significant (P<0.05) differences among cultivars, with Innovator having the highest dry matter content
(20%) and specific gravity (1.063). Electra and Navigator had the highest and lowest yields (54 and 21 t/ha), respectively.
All cultivars had a low occurrence of internal defects (< 10%) and produced high marketable yield (> 80%). These results
suggest five out of the eight cultivars to be economical for production in the region. Only Navigator, Panamera and

Savanna did not exceed the 35 t/ha yields currently achieved in the country.

Keywords: cultivar differences, high crop yields, food security, potato cultivation

INTRODUCTION

Potato (Solanum tuberosum L.) is the top vegetable crop
produced in South Africa by volume, representing >50%
of all vegetables (Geyer, 2014). The crop is considered
quite economical for production due to its reputation as
the highest yielding crop. One hectare is estimated to
yield two to four times the food quantity of grain crops
(International Potato Centre, 2021). Accordingly, potato
is gaining attention in food security initiatives aimed at
alleviating food inaccessibility in socio-economic groups
vulnerable to poverty. Food security is a primary concern
in many South African households as the country ranks
among those with the highest rate of income inequality

in the world, albeit having one of the fastest growing
economies on the African continent (Altman et al., 2009;
Masekoameng and Malawichi, 2014; Ngidi and Hendriks,
2014). The domestic potato industry has been rising
to this challenge, substantially increasing production
to 2.25 million tons and yields to 34 t/ha over the past
two decades, mainly through improvements of the seed
potato industry and improving cultivation practices
(Hofmeyr, 2015; Food & Agriculture Organization, 2021;
HZPC, 2021). Developments in the South African potato
industry have been coupled with an expansion of the

number of foreign cultivars introduced into the country,
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which is a strategic effort for yield and disease tolerance
improvement. However, relatively few cultivars are
cultivated at a commercial scale (Ngobese and Workneh,
2017). Most of the cultivars introduced are sourced from
Europe since the region boasts a large cultivar database
due to high breeding capacity, catering for various potato
markets, and a large seed export capacity (Almekinders
et al., 2014). Owing to differences in agro-climatic and
agronomic conditions between regions and specific
adaptation of cultivars to regions, the performance of
these cultivars cannot be predicted and needs to be
established. Although potatoes are originally a short-
day crop from the highlands of the South American
Andes, most modern-day European cultivars are long-
day adapted following crossing with Chilean cultivars to
achieve high yields in European conditions (Gutaker et al.,
2019). South Africa, on the other hand, is characterized
by short-day lengths with moderate temperatures.

Previously in South Africa, new cultivar introductions
and improvement efforts have mainly focused on

obtaining high-yielding cultivars for profitability.
However, focus has shifted to potato quality as consumer
awareness about food quality is increasing (Badenhorst,
2014). Developments in the potato industry are now
seeing more focus being placed on promoting the
consumption of potatoes as a competitive replacement
to other starchy staple products, such as maize, pasta,
bread and rice. Consumers generally select potatoes
based on prominent sensory characteristics, such as
size, colour and shape. South African families purchase
the produce at least once a month and consume 70%
of the potatoes in stews, as French fries and as mash
(Badenhorst, 2014). Production potential of cultivars and
potato quality have been reported to vary according to
region and production season in a number of studies,
with differences in achievable yields, dry matter content,
specific gravity, reducing sugar and mineral content, and
starch properties being frequently cited (Elfnesh et al.,
2011; Galdon et al., 2012; Cota et al., 2012; Simkova et
al., 2013; Wekesa et al., 2014). Therefore, the objective
of the present study is to evaluate the performance of

foreign cultivars to understand their productivity and

qualitative value under the temperate agro-climatic
conditions of Pietermaritzburg (a representative potato
production region). Such information can be used to
inform potato producers of cultivar selection, determine
suitability for culinary usage and as a directive when
addressing market demands in the potato industry.

MATERIALS AND METHODS

Seven European potato cultivars of white to yellow
flesh colour, which have been introduced in South Africa
within the last decade, were planted at Ukulinga Research
Farm (Table 1) alongside Mondial (an established cultivar).

Location

Ukulinga Research Farm is part of the University of
KwaZulu-Natal, which is located in Pietermaritzburg.
Pietermaritzburg is a midland region of the KwaZulu-Natal
province, and the farm is located at 781 m above sea level
(30°24'E, 29°40'S). Disease-free seed tubers (certified by
the South African Seed Certification Service), which had
been stored at 4°C in a dark constant temperature room
for 2-3 months after harvest (Table 1), were obtained
from WesGrow Potatoes Ltd (Christiana, South Africa).
The seed was subsequently transferred to ambient
temperatures (20-25°C) for 6 weeks to allow sprouting.
Cultivation was thereafter conducted, using a randomised
complete block design having three replications, in a 1
750 m? field, in a spring-summer season.

Weather and soil conditions

The area received moderate average maximum and
minimum air temperatures (26°C and 17°C, respectively),
which are common for potato production in South Africa
(Geremew et al., 2007), with high relative humidity (81%)
and low wind speeds (1.2 m s?), during the production
season (Figure 1). Standard cultural agronomic practices,
for commercial potato production in South Africa, were
applied. Soil samples were randomly taken from the top
15 cm of the field. Soil analysis indicated adequate soil
pH levels (4.9), organic carbon contents (1.9%) and clay
content (29%) for potato production. Each cultivar was

planted on an area of a 56.7 m? plot with seven rows of
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Table 1. Cultivars used in the study and seed mass before cultivation

Cultivar Origin Parentage* Maturity* Flesh Colour* Seed Mass (g)**
Mondial Netherlands Spunta x SVPVE66 295  Intermediate to late  Cream 97°

Panamera Netherlands Voyager x Fabula Late Light yellow 74

Electra Ireland C1992 x Picasso Intermediate to late  Yellow 95be

Savanna Ireland Famosa x Atlantic Late White 89bed

Navigator Netherlands BRU93-136 x Victoria Late Light yellow 97°

Melanto Netherlands Impala x POS97-1 Intermediate to late  Yellow 95be

Sifra Netherlands Mondial x Robinta Late Cream 87bd

Innovator Netherlands Shepody x RZ-84-2580 Early Light yellow 1602

* Source: European Cultivated Potato database (2015) and HZPC (2015)
**Values express mean (n = 10). LSD = 19.44, CV = 11.8%. Values with the same letters differ non-significantly (P>0.05)
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Figure 1. Rainfall (a), relative humidity (b), temperature (c) and wind speed (d) during the growing season
9 m length, with 0.9 m spacing between rows and 0.3 m Agrotechnical operations

between plants in the same row (Wekesa et al., 2014). The plants were ridged six weeks after planting when
Planting was done at a soil depth of 20 cm, preceded by  most cultivars were flowering, which was followed by
an application of a 2:3:4 (30) fertilizer blend supplying an additional application of 120 kg/ha N through a
120 kg/ha N, 125 kg/ha P and 170 kg/ha K at a 25 cm  limestone ammonium nitrate (LAN, 28% N) side-dressing.
depth. The crop was grown under a sprinkler irrigation system
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and received a total water supply of 474 mm, of which
393 mm was provided by rainfall. Soil moisture content
at a 30 cm depth was monitored twice a week using a
Diviner 2000 soil moisture probe (Sentek, Australia), of
which the access tubes were installed at the centre of
each plot of the second replicate. Irrigation was provided
when necessary, such that soil moisture content did not
fall below 70% of field capacity (data not shown). Standard
disease and pest control measures, including spraying
with Bravo (1 L/ha), Ridomil (2.5 L/ha), Vondozeb (3 kg/
ha), Kemprin (0.150 L/ha) and Monocrotophos (0.150
L/ha), were applied. Weed control was implemented
through a pre-season application of Glysophase (5 L/ha)
and Dual Gold (1 L/ha), and manual weeding during crop
growth.

Sample collection and quality analysis

Potatoes were harvested manually 2-3 weeks
following observation of shoot death. During production,
the number of weeks to 75% shoot emergence and
maturity for the respective cultivars was recorded.
After harvesting, potatoes were hand-washed with tap
water and the surface was allowed to dry under ambient
conditions. All harvested potatoes were weighed to
ascertain the total yield (t/ha), then potatoes without
external defects nor harvest injury were considered
to be marketable and manually graded according to
commercial size class standards (i.e. large [> 250 g,
medium [100-250 g] or small and baby [< 100 g]) to
determine size frequency distribution. Thereafter,
marketable and processing yield (medium to large-sized
potatoes without external defects) were calculated and
recorded as a percentage. Thirty randomly selected
medium-sized potatoes were then measured with a pair
of digital Vernier Callipers to determine the length and
width which was used to calculate the tuber form index
using Equation 1 (Steyn et al., 2009). Tube form index
was used to categorise shape as either round (< 109),
short-oval (110-129), oval (130-149), long-oval (150-
1.69) or long (= 170) (Ekin, 2011). Fifteen medium-sized
potatoes were cut into 10 mm x 10 mm French fry strips
using a chipper and visually examined for the occurrence

of internal defects. Thereafter, a 100 g sample of peeled
fresh potato was homogenised with a blender and oven-
dried at 105°C to a constant weight to determine the dry
matter content using Equation 2 (Abong et al., 2009). A
3.5 kg potato sample was weighed, first in air and then in
water, using an electronic balance (BEL Engineering, USA)
to determine specific gravity using Equation 3 (Geremew
et al., 2007). Three potatoes, freshly cut along the length,
were assessed for colour using a ColorFlex EZ benchtop
spectrophotometer (Hunter Lab, USA) to obtain the L*, a*
and b* coordinates, which express the lightness, redness
and yellowness of the flesh, respectively, as described by
Yang et al. (2016).

TFI = Length / Width (1

)
Dry Matter Content = ([Dry mass] / [Fresh mass])*100 (2)
)

Specific Gravity = (Mass in air) / (Mass in air-Mass in water,
(3)

Data analysis

Statistical analysis was performed using GenStat
for Windows (14th edition; VSN International, United
Kingdom). Analysis of variance (ANOVA) was used to test
for differences and the Duncan's multiple range test was
performed to separate the means at 95% probability level
(P<0.05). Correlation between parameters was tested and
a Principal Component Analysis was used to determine
discriminating variables.

RESULTS AND DISCUSSION

Maturity, potato shape and defection

Shoots of Innovator emerged first, two weeks after
planting, with the other cultivars emerging in the third
week (Table 2). Consistently, there were highly significant
(P<0.001) differences in maturity period among the tested
cultivars, which were positively correlated with time to
emergence (r = 0.89). Innovator matured in 12 weeks,
while Panamera and Navigator matured after 16 weeks.
Mondial, Electra, Savanna, Melanto and Sifra were of an
intermediate maturity period, with shoot death occurring
from 14 to 15 weeks. All the cultivars evaluated in this
study had a low prevalence of internal defects, which
was largely non-significantly different (P>0.05), with
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none of the cultivars having a total occurrence exceeding
10%. This was considered a good performance under
the agronomic cultural conditions used, as some of the
cultivars have been shown to be susceptible to diseases
like early blight (Alternaria solani [Prasad and Dutt, 1980]),
late blight (Phytophthora infestans [Speiser et al., 2006])
and leafminer (Liriomyza huidobrensis Blanchard [Lopez et

al., 2010]), in India, Europe and Argentina.

The maturity period of the cultivars was consistent
with the performance achieved in the respective countries
of origin, except for Savanna and Sifra, who displayed an
intermediate, instead of a late maturity period (Table 1).
The maturity of Sifra was attributed to a genetic influence,
as the cultivar is a descendant of Mondial. Internal defects
occurring in cultivars were nutsedge (Cyperus esculentus)
damage, vascular discoloration, brown centre and hollow
heart (Figure 2). Among these, nutsedge damage was the
most common defect and occurred in five of the eight,
cultivars planted. Moreover, Sifra and Savanna had the
highest prevalence of defects (10%), while Mondial,
Electra and Innovator were free of all internal defects. The
low occurrence of defects in potatoes qualifies cultivars
for consideration for processing, as it falls within the 10%

occurrence limit set by the USDA (2015). However, the
prevalence of vascular discoloration would be a limiting
factor for Navigator (7%), as vascular discoloration

occurrence should not exceed 5% in processing cultivars.

Yield performance

Electra was the highest vyielding cultivar among
those evaluated, yielding a total of 54 t/ha, followed
by Melanto, Sifra, Mondial and Innovator, yielding 52,
48, 40, 38 t/ha, respectively (Figure 3a). Navigator,
Panamera and Savanna resulted in significantly
(P=0.001) lower vyields, with averages of 21, 26 and 35
t/ha, respectively. The cultivars evaluated in this study
produced a high percentage of potatoes (> 80%) without
defection (i.e. marketable yield; Figure 3b). Processing
yield significantly (P<0.01) differed among cultivars, and
Mondial, Navigator and Panamera produced the lowest
processing yields (69, 70 and 55 %, respectively), while all
other cultivars achieved a processing yield = 70% (Figure
3b). Processing yield signifies size distribution, which has
implications on produce uniformity. The higher frequency
of potatoes weighing < 100 g in Mondial, Navigator and
Panamera indicates a greater suitability to cater for the

Table 2. Cultivar maturity indices, potato shape and occurrence of internal defects

* k%

Occurrence of Internal Defects (%)

Cultivar Weeks to Week§ to  Tuber Form Potato

Emergence*  Maturity* Index** Shape Nutsedge Vascular Brown Hollow

Damage Discoloration Centre Heart

Mondial 2.7° 14¢ 138° Oval 0° o° o° 0%
Panamera 3.0° 16 1230 Short-oval 2b 2@ (0 0%
Electra 3.0 152 114° Short-oval o° o° o° ob
Savanna 3.0° 15abcd 129> Short-oval 4° or 42 22
Navigator 3.0 16° 141° Oval 2° 42 o° 02
Melanto 3.0 152b¢ 136° Oval 4b 2b o° 02
Sifra 3.0t 14 127° Short-oval 112 (0 (0 0
Innovator 2.0¢ 12¢ 180 Long 0° o o (053
LSD 0.330 0.990 0.274 - 6.220 3.812 2.201 2.201
CV (%) 6.5 3.9 11.7 - 133.6 225.0 259.8 519.6

Values with letters express mean (n = *3, **30 or ***15). Values with the same letters within a column differ non-significantly (P>0.05). CV = Coeffi-

cient of variation; LSD = Least significant difference
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.

Figure 2. Interal defects found in potatoes. (a) Nutsedge damage, (b) vascular discoloration, (c) brown centre and (d) oIIow heart.

Arrow pointing to the area of defection; scale bar = 10 mm

baby potato industry. It is of note that, in the case of
Navigator, this is coupled with the highest occurrence of
vascular discoloration and the lowest yielding capacity.
These observations indicate a need for research aiming
to evaluate the nutrient content of cultivars to test
if size and yield differences have implications on the
nutritional value of potatoes. The high yield capacity of
six of the cultivars evaluated, Navigator and Panamera
excepted, suggests good economic potential for the
domestic potato industry. South Africa currently achieves
35 t/ha with the crop (HZPC, 2021). In countries with
underdeveloped potato industries such as Malawi, yields
as low as 10 t/ha are acceptable (Masamba et al., 2014).
A slightly higher yield performance (51 t/ha, correlated
with a low dry matter content of 13%) for Mondial has
been reported in Israel (Levy and Tai, 2013). Differences
in yield performance between production regions due to
agro-ecological differences and seasons are characteristic
to the crop (Cota et al., 2012). Notwithstanding, the trial
experiment reported in the present study could not be
replicated, due to financial constraints. Therefore, it is
recommended that the results reported in the present
study should be treated with caution.
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Figure 3. Total yield (a) and marketable and processing yields (b)
of cultivars. Bars represent mean+SEM. Values with same letter
differ non-significantly (P>0.05)

Potato quality characteristics

The tuber formindex of Innovator significantly (P<0.01)
differed from the other cultivars (TFI=180) and was the
highest (Table 2). This indicated that the potatoes from
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this cultivar were of a long shape, while the other cultivars
produced oval-shaped potatoes. This result was expected
given that the seed mass from Innovator was significantly
the highest among cultivars (Table 1). Moreover, dry
matter content significantly (P<0.001) differed among
the cultivars, with Melanto and Electra exhibiting the
lowest values (16%) and Innovator exhibiting the highest
(21%). Differences among the other cultivars were non-
significant, falling between 18% and 20% (Figure 4).
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Figure 4. Dry matter content of potatoes. Values with same let-
ter differ non-significantly (P>0.05)

The differences in dry matter content were strongly
correlated to the differences in specific gravity (r=0.72),
which affirmed potatoes of Innovator and Panamera to
be of the same specific gravity (1.063) and Electra and
Melanto to have the lowest values (1.052 and 1.051,
respectively; Table 3). The results on specific gravity show
Savanna (1.060), Sifra (1.059) and Mondial (1.058) to
closely follow Innovator and Panamera (1.063; Table 3).

Specific gravity positively correlated with flesh

lightness in the present study (r=0.65). However,
differences in lightness were found to be non-significant
(Table 3). Flesh yellowness and redness significantly
(P<0.001 and P<0.05, respectively) differed among
cultivars. Electra showed the greatest intensity of
yellowness, followed by Melanto, Navigator, Mondial,
and Innovator. Savanna was the least yellow of all the
cultivars, followed by Sifra and Panamera, respectively.
Differences in the yellowness of Navigator, Mondial and
Innovator were non-significant (P=0.05). Furthermore,
the differences in yellowness were positively correlated to

the differences in redness (r=0.66), with Electra showing

the greatest degree of redness and Innovator showing
the least. In addition, yellowness negatively correlated
to lightness (r= -0.76) and likewise lightness negatively
correlated with redness (r=-0.62).

Table 3. Flesh colour properties (L* = lightness, a* = redness
and b* = yellowness)

Cultivar L* a* b*
Mondial 79.19%» 1.64% 37.882¢
Panamera 81.9% 1.142¢ 34.28b
Electra 78.64% 1.80° 44.85°
Savanna 81.33* 0.67"¢ 28.08¢
Navigator 72.66° 1.65%® 30.82¢
Melanto 78.573® 1.26%¢ 41.93»
Sifra 80.372 0.35¢ 28.09¢
Innovator 82.73* 0.28% 37.65%¢
LSD 8.757 0.876 9.18

Values express mean (n = 3). Values with the same letters differ non-sig-
nificantly (P>0.05). CV = Coefficient of variation; LSD = Least significant
difference

There is currently a need for processing cultivars
in South Africa and Innovator has good potential for
this market due to its high dry matter content, specific
gravity and tuber form index. Considering the appreciable
balance in size distribution, which is split between large-
and medium-sized potatoes, this cultivar is already being
used for the commercial production of frozen French fries
in the country. Arecent survey revealed a 70% preference
for medium and large-sized potatoes by South African
consumers (Badenhorst, 2014), which indicates potential
if this cultivar were to be sold in fresh produce markets.
The lighter colour of the flesh makes it favourable for
the production of processed products, even though
assessments on the sugar content would give more
insight about its chipping quality. Particularly, dry matter
content and specific gravity are integral characteristics
determining the processing quality (Feltran et al., 2004);
and due to the quality of Innovator in this regard, the
cultivar is listed as a good French fry candidate in the
European Cultivated Potato Database (2021). However,
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the low specific gravity displayed by all the cultivars in
this study is a concern as the cut-off specific gravity for
processing French fries is 1.070, which often correlates
to a dry matter content within a 20-24% range (Elfnesh
et al., 2011). A comparably high dry matter content for
Innovator (19.68-21.63%) has also been reported by
Evangelista, Nardin, Fernandes, and Soratto (Evangelista
et al., 2011), in Brazil, who also reported a firmer pulp,
higher nutritional quality and higher mineral content
relative to nine other cultivars. Although the other
cultivars evaluated in the present study are less popular,
Mondial is well-known for exhibiting good table market
properties, with a number of studies reporting on specific
gravity not exceeding 1.060 and a dry matter content
not exceeding 20% in different countries (Feltran et al.,
2004; Levy and Tai, 2013; Abu-Zinada and Mousa, 2015).
The results from the present study are in agreement with
those records.

Principal Component Analysis

The principal component analysis indicated that four
principal components explained the variance among
cultivars and that the first two components explained
57.22% of the total variance (Figure 5).

Principal component 1 explained 36.62% of the
total variance and principal component 2 explained
20.60%, indicating dry matter content, flesh lightness,

occurrence of internal defects and marketable yield as
the variables that differentiated cultivars. Only internal
defects had negative loadings for principal component
1, while marketable yield was the only variable with
negative loadings for principal component 2 (Figure 5a).
The distribution of cultivars along principal component
1 was described dry matter content, potato flesh
lightness and marketable yield, indicating that Innovator,
Mondial and Sifra scored highly in these variables. In
principal component 2, the distribution was described
by the occurrence of internal defects, where Panamera,
Navigator and Savanna had a higher occurrence of

defects.

These results suggest that the cultivars could be
classified into three groups. Group 1, comprised of
Innovator, had the lightest flesh colour, the highest dry
matter content and marketableyield, and alow occurrence
of internal defects. Group 2, comprising Electra and
Melanto, scored lower in all Group 1's variables and
had the lowest occurrence of internal defects. Group
3, comprising Panamera, Savanna, Navigator, Sifra and
Mondial, scored high in all Group 1’s variables but had
the highest occurrence of internal defects. These can
be used to make suggestions for culinary usage, with
Group 1 showing qualities favourable for processing and
Group 3 showing qualities of multipurpose potatoes.
Since marketable yields were relatively high (> 80%) and
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Figure 5. Loadings (a) and scores (b) of cultivar properties on principal components 1 and 2. Cultivar names coded using the first

three letters
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the occurrence of internal defects was relatively low (<
10%) in the present study, Group 2 cultivars qualify for
the table potato market and have potential for improving
profit margins for potato producers, as achieved total
yields were high. Studies on the nutritional quality, starch
and amylose content would be beneficial in separating
the cultivars classified into Group 3 for specific culinary

methods.

CONCLUSION

Five out of the eight cultivars evaluated in this study
produced a relatively high total and marketable yields in
the South African context and had a low occurrence of
internal defects. The exceptionswere Navigator, Panamera
and Savanna. Innovator was the earliest maturing cultivar,
producing long potatoes of the highest dry matter content
and a lighter flesh colour. This validated the cultivar as
a good candidate for industrial processing of French
fries in South Africa. The low dry matter content and
the higher degree of yellowness of Melanto and Electra
make them unsuitable for processing. However, they are
economical, as they produced the highest yields in this
study. Furthermore, Sifra, Innovator and Mondial are also
economical, resulting in yields higher than the current
achievements in the country. The dry matter content and
specific gravity performance of Panamera, Navigator,
Savanna, Sifra and Mondial denotes them as cultivars
for multipurpose usage, with possible culinary usage,
including stews, mashing, baking, boiling and in salads.
Studies on the nutritional quality, starch and amylose
content would be beneficial in separating these cultivars
for specific culinary methods. Since the results reported in
the present study are based on a single trial experiment,
future studies, evaluating the performance of the tested
cultivars, are recommended over multiple seasons and/
or regions within the South African context. Furthermore,
investigations aiming to identify and quantify the causes
of external defects in potatoes (resulting in differences

in marketable yields among cultivars) are recommended.
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