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A survey was conducted during 2001-2003 of sweet potato grown by small-scale farmers in the seven main sweet
potato-producing provinces of South Africa to determine the incidence of vira! dissases in the field. Based on
symptoms observed, disease incidence was relatively low. The highest levels of infection observed were between
9-10 % in the Western Cape and Mpumalanga. Symptoms were less prevalent or absent in the Eastern Cape,
Limpopo, Gauteng, KwaZulu-Natal and North West. However, grafting onto [pomoea setosa and subsequent test-
ing by ELISA indicated that 81 % of the samples were infected by viruses. Nine viruses wers identified, Sweet poiato
feathery moitle virus (SPFMV) was the most common and oceurred in 73 % of the samples tested. Sweet potato
mid mottfe ipomovirus (SPMMV) and Sweet potato lalent polyvirus (SPLV) were detected in 3 % and 5 % of the
samples, respectively. Five viruses were found for the first time in South Africa, viz. Sweet potato chiorofic fleck virus
(SPCFV), Sweet potate milg speckling virus {SPMSV), Sweef potato chiorotic stunt crinivirus (SPCSV-East and
Wast African strains), Sweet potato virus Y{SPVY)and Sweet potato virus G (SPVG). The effect of viral infection on
storage root yield of ten sweet potato varietios was also studied over two seasons. Total yield was on average
reduced by between 12 and 22 %, and marketable yield by 21 to 38 %. Reduction in marketable yield was mainly
dueto increased cracking of the storage roots. The new Agricultural Research Council varisties Monate and Ndou,
and the 1894-5-1 breeding line produced marketabla yietds of 3448 tonnes ha even when infected with viruses,
whereas the established South African varieties Mafutha and Natal Red yielded only 4~16 tennes ha™,
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Sweet potato (lpomoea batatas (L.) Lam.), is
grown primarily for its storage roots, which consti-
tute a very important and reliable source of food for
resource-poor people in central, southern and
eastern African countries (Moyo et al. 1999; Laurie
2004). Viral diseases are the major biotic con-
straint to sweet potato production in eastern and
southern Africa (Owour 2000). Sweet potato feath-
ery mottle virus (SPFMV) infects the crap world-
wide (Moyer & Salazar 1989). Other viruses
reported include Sweet potato mild moitie
ipomovirus (SPMMV) (Hollings et al. 1976), Sweet
potato chiorotic stunt crinivirus (S PCSV) (Karyeija
et al. 2000; Gibson & Aritua 2002) and the
potyviruses Sweet poiaio virus G (SPVG) (Colinet
et al. 1994) and Sweet potalo virus Y (SPVY)
(Ateka et al. 2004). Cucumber mosaic virus
(CMV) has been reported to severely infect sweet
potato in Israel {Cohen et al. 1988). SPFMV,
SPMMV and Sweet potato latent potyvirus (SPLV)
infection of sweet potato has been recorded
in South Africa (Thompson & Mynhardt 1986;
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Jericho & Thompson 2000), and studies indicated
that elimination of viruses can lead to an increase
in yield of up to 80 % (Joubert et al. 1974; Laurie
et al. 2000).

The objectives of this study were to establish the
incidence of sweet potato viral infection in the
seven main sweet potato-growing provinces of
South Africa, to observe the prevalence of viral
symptoms in the field in each province, and to de-
termine the identity and distribution of viruses in-
fecting sweet potato grown particularly by
small-scale farmers in the country. Evidence is
also presented regarding the effect of four of the
most common viruses as co-infections on the root
yield of local and imported sweet potato varieties
over two seasons.

Materials and methods

Field assessment of sweet potato viruses

Field surveys were conducted between January
2001 and August 2003 in the seven main sweet
potato-growing provinces of South Africa, namely
Limpopo, Mpumalanga, KwaZulu-Natal, Western
Cape, Gauteng, Eastern Cape and North West. All
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areas were surveyed according to a W-pattern and
5-25 sampling points were randomly selected
along this pattern depending on the number and
size of the fields in the area. Viral dissase severity
was assessed at each sampling point on a scale of
0-5, with 0 representing no symptoms, 1—3 mild fo
moderate symptoms, and 4-5 severe to very se-
vere symptoms. The incidence of swest potato vi-
ral disease symptoms per province was cafeulated
according to Snedecor & Cochran (1980).

A total of 753 sweet potato samples in the form of
cuttings were randomly collected at the various
sampling points during the surveys. Each cutting
was transplanted to sterilised potting soil in a
20-cm-diameter plastic potand pots with develop-
ing plants were maintained for further analysis ata
day/night temperature of 30/20°C at the ARC-
Vegetable and Ornamental Plant Institute (VOPI),
Pretoria. Four symptomatic specimens of a wild
Ipomoea sp. growing amongst sweet potatoes
were also collected for virus analysis. The species
was subsequently identified by the National
Botanical Institute of South Africa as lpomoea
senensis (Ders.) Choisy.

Infectivity assays

Six-hundred-and-fifteen surviving plants from
the present survey, as well as 28 from a commer-
cial farm near Marble Hall in Mpumalanga Prov-
ince and 51 from a survey conducted in 1997—
1989, were indexed by grafting onto /pomoea
setosa Kerr. at the three-leaf stage. Grafted plants
were maintained in the above greenhouse and
were monitored for viral symptoms over a period of
5ix weeks,

Serological tests

Symptomatic leaves from the bottom, middte
and top of the grafied /. setosa plants, and leaves
from sweet potato plants maintained in the green-
house, were analysed serologically. Samples were
tested with three types of enzyme-linked immuno-
sorbent assays (ELISA), viz. nitrocelluiose mem-
brane-based ELISA (NCM-ELISA), using Hybond
C Extra membrane (Amersham Life Science,
Buckinghamshire, UK), triple-antibody sandwich
ELISA (TAS-ELISA) and double-antibody sandwich
ELISA (DAS-ELISA). Antisera for virus analysis
were provided by the International Potato Centre
(CIP), Lima, Peru, and the Institut fir Biochemie
und Pflanzenvirologie, Braunschweig, Germany.
Assays were carried out according to the instruc-
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tions provided. CMV antiserum was produced at
ARC-VOP!. NCM-ELISA was used to test for
SPFMV, SPMMV, SPLV, Sweet potato chlorotic
fleck virus (SPCFV), Sweet potato mild speckiing
virus (SPMSV), Sweet potato caulimolike Virus
(SPCalV), C-6 virus and CMV. SPVY and SPVG
were tested for by DAS-ELISA and SPCSV by
TAS-ELISA, using polycional (PAb’s) and mono-
clonal (MAb’s) antibodies.

For DAS- and TAS-ELISA, visual assessment
was supported by taking plate readings using a
Flow Titertek® Multiskan Plus ELISA plate reader
(Labsystems, Finland) at 405 nm.

Effect of viral infection on storage root yield of
sweet potato varieties

The following sweet potato varieties were
selected for evaluation based on their potential
to be used by resource-poor farmers: Bosbok,
Mafutha and Natal Red (South African varieties),
Mamphenyane, Monate and Ndou (new ARC
varieties), 1994-5-1 (ARC breeding line), Excel,
CN 1656-97 and Xushu 18 (imports from CIP).
Trials were conducted in 2001/2002 and 2003.

Infected sweet potato plants collected during the
1997-1999 survey were used as source of
inoculum of SPFMV as a single infection and of
SPFMV+SPMMV as a mixed infection. However, it
was subsequently established that these sources
were also infected with SPVY and SPVG and the
inocula were therefore designated virus combina-
tion A = SPFMV+SPVY+SPVG, virus combination
B = SPFMV+SPMMV+SPVY+SPVG, and C =
negative control/virus-free. The virus-free control
plants were provided by the ARC-VOPI sweet
potato virus indexing scheme for multiplication and
distribution of virus-free sweet potato material
(Laurie & Stock 1997).

Cutings of the selected varieties were inocu-
lated in duplicate by side-grafting virus-infected
cuttings onto them. Virus-free control plants were
provided by ARC-VOPI. Three months after inocu-
fation, cuttings of the grafted varieties were
indexed by grafting onto /. setosa. The indicator
plants were monitored for symptom development

and tested by NCM-ELISA and DAS-ELISA to con-

firm the presence of the viruses in the inoculated
germplasm. Cross-infection was prevented by
maintaining the three treatments in separaie
insect-proof greenhouses. Plants that tested posi-
tive were multiplied and transplanted to the field
in October 2001 in a multiplication plot for the
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Table 1. Incidence of viral disease symptoms in sweet potato grown by small-scale farmers in the main swaet

potato-growing provinces of South Africa.

Province No. of areas Total no.of Total symptom Mean score Incidence

surveyed  sampling score (%)°
points

Limpopo

Klipspruit, Riverside, Arthur Stone, Dingleydale, 9 77 0 0 0

Tshidani, Mianzwi, Tshiombo, Maseromola

Park, Greenside

Mpumaianga

Gutjwa, Mgcobaneni, Beverbreed, Hazyview, 9 117 106.7 0.9t2 10.0

Numbi, Nisikadzi, Tonga, Burgershall, Lundi

Eastern Cape

Alice, Thombo, Lower Mpako, Mpako, 8 96 5.1 0.053 0.7

Port Alfred, Ncambendiana, Bathurst,

Maanduli

Western Cape

Saron, Friemersheim, Goedverwag, 5 121 53.3 0.440 9

Ebenhaeser, Pacaltsdorp

North West

Magolego, Themba 2 39 2.0 0.051 25

KwaZulu-Nata!

Mvundleni 1 13 0 0 NC

Gauteng

Cullinan 1 13 10.1 0.777 NC

*Calculated according to Snedecor & Cochran (1980).
NG = incidence not ealculated because only one area was surveyed.

production of planting material. The first field trial
was established in December 2001 with material
taken from the muitiplication plot.

The second trial was aimed at determining the
cumulative effect of viral infection over time. This
consisted of the previously virus-infected (2001
trial) and the newly infected piants. The previous
season’s infection was sustained by maintaining
virus-infected plants from the previous trial after
harvesting in sterilised potting soil in 20-cm-diam-
eter plastic pots in the above greenhouses to
Separate treatments from each other during the
winter of 2002. For new infections, negative plants
were again inocculated by side-grafting the virus-
infected cuttings onto them, Viral infection was
confirmed following the same procedures as inthe
2001 trial. Virus-tested plants were muitiplied and
fransplanted to a new field plot towards the end of
October 2002. The second field trial was estab-
lished in January 2003 with material from this
source.

Both trials were laid out according to a random-
ised complete block design with three replicates
per treatment, i.e. virus combination A, virus
combination B, and the healthy control. Each repli-
cate comprised 30 plants at inter- ahd intra-row

spacing of 1 m and 0.3 m respectively. Maize
(Zea mays.) was planted between treatments to
restrict cross-infection from one treatment to the
other by aphids. The trials received supplemen-
tary fertilisation totalling the equivalent of 160
kg N, 90 kg P and 178 kg K ha™' (2001/2002 triaf)
and 136 kg N, 80 kg P and 144 kg K ha™ (2003
trial). Fertiliser was applied before planting and
four and eight weeks after planting. trrigation was
applied when required. The plants had a growth
period of five months and were harvested at
the end of May 2002 and mid-June 2003, respec-
tively. Storage roots were graded as marketable
(good-quality roots of 100—1200 g) or unmarket-
able (<100 g, >1200 g, cracked, rotten, damaged
by insects).

Data were analysed using GenStat (2003).
Analysis of variance was used to test for differ-
ences between treatments and treatment means
were separated by Fisher's protected ttest least
significant difference.

Results

Field assessment of sweet potato viral diseases
Table 1 summarises the incidence of sweet
potato viral infection in the seven provinces
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surveyed. Typical viral symptoms were observed
in Mpumalanga and the Westemn Cape but rarely
in the Eastern Cape, Limpopo, Gauteng, North
West and KwaZulu-Natal, Mpumalanga was the
only province where viral symptoms were conspicu-
ously expressed. The most common symptoms ob-
served were those typical of potyviruses, namely
vein-clearing, leaf crinkling, chiorotic spots, and
purple ringspots on older leaves. Symptoms of
sweet potato viral discases (SPVD) in general,
such as severe vein-clearing, leaf distortion,
chlorosis, mosaic and stunting, were also evident at
Hazyview (Ntsikadzi) and Gutjwa in Mpumalanga.
The mean percentage incidence of visual symp-
toms in all provinces ranged between 0 %
{Limpopo) and 10 % (Mpumalanga) (Table 1).

Infectivity assays

Symptoms observed on /. sefosa were typical of
potyviruses and included vein-clearing, chlorotic
spots, chlorosis and diffuse mottling. After six
weeks of symptom monitoring, 134 (19 %) of
the 694 indexed sweet potato samples expressed no
symptoms on [/ setosa. These samples were
assumed to be virus-free after confirmation that
the graft had taken.

Serological tests

Table 2 summarises the serological test results
of the symptomatic samples tested further with
ELISA procedures. SPFMV was the most preva-
lent, occurring in all seven provinces, with 73 2% of
the samples infected. SPVY and SPVG were pres-
entin 32 and 34 % of the samples tested, respec-
tively. These two viruses were commonly detected
in samples already infected with SPEMV and other
viruses. TAS-ELISA detected low levels of SPCSV
in the sweet potato leaves tested. About Jand1 %
of the samples tested were infected with East Afri-
can and West African strains of SPCSV, respec-
tively. SPCSV-WA was detected only in samples
from the commercial farm near Marble Hall in
Mpumalanga Province. SPCSV was not always
transferred to /. sefosa. Attempts to retest SPCSV-
infected plants using grafted /. setosa leaves
yielded negative results, while leaves of aSPCSV-
infected sweet potato plant continued to test posi-
tive. Symptomatic wild /. senensis plants were
infected with SPCSV-EA, SPFMV, SPVG and
SPVY.

SPLV, SPCFV and SPMSV were detected in
samples from Limpopo, Mpumalanga and Gauteng.
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SPLV and SPCFV were also present in a few sam-
ples from the Eastern Cape, and SPCFV and
SPMSV in some from the Western Cape. The
above three viruses were mostly detected in sam-
ples already infected with either SPFMV or other
potyviruses, and seldom as a single infection.
SPMMV was present in about 3 % of all samples
tested. CMV was detectedin only one sample from
the Western Cape, whereas SPCalV and C-6
were not detected at all. Mixed infections were
more prevalent and only 11 % of the samples wers
infected by a single virus. Three per cent of the
samples induced symptoms on /. sefosa, but
tested negative in the serological tests.

Effect of viral infection on storage root yield of
sweet potato

Viral infection generally decreased yield signifi-
cantly compared to the conirol after only che season
of infection. Yield variables of the first {2001) and
second (2003) trials are given in Table 3.

Sweet potato varieties varied in their reaction to
viral infection. Response also varied with virus
treatment. Monate and 1994-5-1 exhibited a sig-
nificant decrease in both marketable ang total
yield, but Monate had a greater decrease with
virus treatment B than with virus treatment A,
whereas 1994-5-1 was more sensitive to virus
treatment A. The reduction in marketable yield
could mainly be ascribed to an increased inci-
dence of cracked storage roots. Cracking was sig-
nificantly aggravated by viral infection in six of the
ten sweet potato varieties tested, the exceptions
being Monate, Bosbok, Natal Red and Mamphen-
yane.

Monate, Ndou and 1994-5-1 are valyable as
they still produced high marketable yields of
34-48 tonnes ha™ following both virus treatments
(Fig. 1). The medium-yielding varieties were Bos-
bok, Excel and Mamphenyane, with 16-32 tonnes
ha™ of marketable yield after viral infection. The
poor-yielding varieties were CN1656-97, Natal
Red, Xushu 18 and Mafutha, with marketabie
yields severely reduced by viral infection to only
4-16 tonnes ha™".

Discussion

This study represents the first detailed identifica-
tion of sweet potato viruses in South Africa and
assessment of their effect on root yield. Results
indicated that viruses constitute a significant
constraint to sweet potato production in both
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small-scale and commerciai farming. SPFMV was
the most prevalent virus and poses a serious
threat to sweet potato production, as previously
indicated by Jericho & Thompson (2000). The low
infection rate of SPMMV compared to SPFMV can
probably be ascribed to its dependence on trans-
mission by whiteflies (Bemisia tabaci (Genn.)
(Homoptera: Aleurodidae)), which were limited in
distribution in the areas sampled during the sur-
veys.

This is the first report of the occurrence and wide
distribution of the potyviruses SPVY and SPVGon
sweet potato in South Africa. SPCFV, SPMSV and
SPCSV EA and WA strains are also reported for
the first time in South Africa, but appear to he
restricted in distribution.

TAS-ELISA proved to be refiable and accurate
when testing for the presence of SPCSV in sweet
potato leaves. However, retesting for SPCSV using
grafted /. setosa leaf material was found to be
unreliable. The fact that co-infection of SPFMV and
SPCSV does not always result in the expression of
severe SPVD condition in South Africa can proba-
bly be ascribed to differences in climatic conditions
which seem to cause variation in virus concentra-
fion and the expression of symptoms on sweet
potatoes in the field. A thorough characterisation
of SPCSV to explore the mechanism behind its
synergism with SPFMV may provide answers asto
why the synergy does not always result in the
expression of SPVD symptoms in local sweet
potato fields.

The fact that 3 % of the samples that induced
symptoms on /. seiosa failed to react with any of
the antisera, is possibly an indication of the pres-
ence of as yet unidentified viruses. This was also
shown in Tanzania where plants with virus-like
symptoms did not test positively with the antisera
tused {(Ndunguru & Kapinga 2007).

Yield losses in storage roots of sweet potato
have been associated with viral infection since the
1970s in South Africa (Joubert et al. 1974). Yield
losses in excess of 70 % have been ascribed to the
synergistic effect of SPFMV and SPCSV in
Uganda (Gibson et al. 1998; Gibson & Aritua
2002). The present study showed that, even during
the first season after infection, total and market-
able yield is on average reduced by 14.2 and
14.8 tonnes ha™, respectively. Although vield ioss
and quality of storage roots have been determined
with only two combinations of mixed viral infection,
it is evident that the presence of viruses lowers the
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Table 3. Effact of viral infection on storage root cracking and yield of selected sweet potato varieties.

Variety Treatmen® Root cracking (%) Marketable yield {tonnes ha)® Total yield (tonnes ha™)?
2001 2003A  2003B 2001 2003A 20038 2001 20034  2003B
Monate C 2.9 5.1 12.8 87.5 517 -46.2 84.1 7158 68.7
A 7.8 8.0 6.9 57.4 42.4* 44.8 76.1 50.4% 66.7
B 28 8.7 19.0 41.6* 3.1 36.4* 50.7* 48.1* 57.4*
1994-5-1 € 13.2 1.3 13.6 65.4 442 35.3 81.9 57.0 47.8
A 26.4* 246 8.0 26.6* 29.7% 45.3* 40.3* 45.2* 62.2*
B 8.0 15.2 222 64.2 33.1* 36.8 75.6 52.4 58.7
Ndou G 0 2.3 G 69.7 50.3 445 82.7 63.3 68.0
A 76 6.1 23.9* 53.1* 446 28.4* 67.4* 62.7 51.3*
B ¢ 6.1 86 48.0% 32.4* 438 60.5* 51.8% 60.0
Bosbok C 38 2.8 50 53.6 223 39.6 62.8 301 49.8
A 5.7 0 0 34.3* 30.1 12.0* 44.9* 37.1 18.2*
B 0 0 0 81 213 227 463* 350 32.7*
CN 1656-97 C 19.1 26.3 12.8 26.8 18.5 19.4 50.0 36.0 33.4
A 53.3% 70.7* 70 8.4 1.1% 1.0* 4.2 29.9 31.5
B 28.9 46.5% 19.0 226 75* 0.7* 442 31.0 20.8*
Excel C 10.6 23.1 - 318 3.1 ~ 429 48.6 -
A 14.5 16.4 - 36.9 27.6 - 50.5 50.6 -
B 38.6* 36.2 - 16.4* 17.1* - 38.0 38.3 -
Mafutha c 6.3 35.3 26,5 38.5 18.0 24.5 52.9 356 35.5
A 18.5* B6.0* 41.4*% 32.5 2.8* 12.5* 47.2 21.2* 28.9
B 26.0 58.7* 271 12.6% 2.3* 17.2 23.1* 15.9* 29.9
Natal Red C 48.8 65.4 769 239 6.7 2.3 62.3 553 45.6
A 58.2 785 78.3 9.6* 0.9 1.0 45.4*% 36.9* 34.5
B 511 76.3 75.9 239 23 33 64.5 43.5* 36.4
Xushu 18 C 26.3 514 431 454 16.0 20.5 69.0 56.0 52.6
A 46.3* 81.0* 46.1 18.7* 1.1* 10.3* 51.8* 525 48.5
B 53.8* 82.2* 44.0 14.8* 1.3* 18.3 54.8* 48.7 53.0
Mamphenyane G - - 11.2 - - 26.1 - ~ 43.8
A - - 18.0 - - 30.7 - - 45.0
B - - 14.1 - - 26.8 - - 41.8
Overall mean 215 3.6 283 35.9 22.5 25.1 56.0 443 453
Mean C 14.5 234 219 45.8 285 303 65.4 49.7 49.9
Mean A 26.5* 36.9* 323 30.6* 21.1* 21.2* 51.6* 440  425*
Mean B 23.4 34.4* 30.8* 31.4* 17.8* 23.0% 50.8* 40.7% 434>

C = uninfocted conirol, A = composite of SPFMV, SPVY and SPVG, B = composite of SPEMVY, SPMMV, SPVY and SPVG,
P2001 = first trial (plants inoculated prior to planting in 2001), 2003A & B = second tria) (A =plants retained from 2001 trial and planted in 2003, and B = plants

inoculated prior to planting in 2003),
“Data were angularly transformed to stabilise variances.

“Differs significantly from the cotresponding uninfecied control according to Fisher's protected tHest least significant difference (P < 0.05).

— = not detarmined.

quality of sweet potatoes by causing anincrease in
cracking, thus reducing marketability.

The practice by small-scale farmers to use the
same planting material for several seasons is
probably the main reason for the low yields reported
by them. To maintain good yields, farmers must be
made aware of the importance of planting virus-

free material and replacing this material every two
or three years to prevent virus build-up {Laurie
et al. 2000). Both commercial and small-scale
farmers should be encouraged to establish nursery
blocks of disease-free material a sufficient distance
away from their production areas to prevent the
infroduction of viruses. The fact that 19 % of the
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Fig. 1. Effect of viral infection on marketable storage root yield of selected sweet potato varieties. Mean of 2001, 2003A

and B data.

samples collected in this study tested negatively
for viral infection indicated that there is a reasonable
quantity of virus-free planting material available for
this purpose. However, poor expression of the
symptoms on sweet potato plants in the field will
make it difficult for farmers to identify possible
virus-free plants. This emphasises the impor-
tance of breeding for virus-tolerant cuitivars as a
long-term solution to maintain virus-free planting
material. In South Africa, the virus-free sweet
potato scheme at ARC-VOPI is effective in main-
taining the performance of sweet potato cultivars in
terms of vield (Laurie et al, 2000).
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