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Disclaimer

Information contained in this document results from research funded wholly or in part by the Potato Industry Development Trust upon request
of Potatoes South Africa acting in good faith. Opinions, attitudes and points of view expressed herein do not necessarily reflect the official
position or policies of the Potatoes South Africa. Potatoes South Africa makes no claims, promises, or guarantees about the accuracy,
completeness, or adequacy of the contents of this document and expressly disclaims liability for errors and omissions regarding the content
thereof. No warranty of any kind, implied, expressed, or statutory, including but not limited to the warranties of non-infringement of third party
rights, title, merchantability, fitness for a particular purpose or freedom from computer virus is given with respect to the contents of this
document in hardcopy, electronic format or electronic links thereto. References made to any specific product, process, and service by trade
name, trade mark, manufacturer or another commercial commodity or entity are for informational purposes only and do not constitute or imply
approval, endorsement or favouring by Potatoes South Africa.

Vrywaring

Die inligting vervat in hierdie dokument is die resultaat van navorsing wat ten volle of gedeeltelik befonds is deur die Potato Industry
Development Trust op versoek van Aartappels Suid-Afrika, handelend in goeder trou. Menings, sienings en standpunte hierin vervat reflekteer
nie noodwendig die amptelike standpunte of beleid van Aartappels Suid-Afrika nie. Aartappels Suid-Afrika maak geen aansprake, beloftes of
waarborge oor die korrektheid, volledigheid of toereikendheid van die inhoud van hierdie dokument nie en ontken uitdruklik aanspreeklikheid
vir foute en weglatings oor die inhoud daarvan. Geen waarborg van enige aard, hetsy geimpliseerd, uitdruklik, of statutér, insluitende maar nie
beperk tot die waarborge van nie-skending van derdeparty-regte, titels, verkoopbaarheid, geskiktheid vir 'n bepaalde doel of vry van
rekenaarvirus word gegee te opsigte van die inhoud van hierdie dokument in gedrukte formaat, elektroniese formaat of elektroniese koppeling
daaraan. Verwysings na enige spesificke produk, proses en diens by wyse van handelsnaam, handelsmerk, vervaardiger of ander
kommersiéle kommoditeit of entiteit is slegs vir inligtingsdoeleindes en vorm of impliseer nie goedkeuring, onderskrywing of begunstiging
daarvan deur Aartappels Suid-Afrika nie.
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EXECUTIVE SUMMARY

1. The importance of black dot and silver scurf on potatoes caused by Colletotrichum coccodes and
Helminthosporium solani respectively, have traditionally been overlooked by the South African potato
industry. Focused research on these diseases commenced in the middle eighties and culminated in
1997 with Dr Freddie Denner obtaining his PhD at the University of Pretoria. The aim of the research
reported on was to investigate the actual incidence of the two diseases on potatoes in South Africa and
attempt to develop and describe methods and strategies for disease control. Since black dot is both soil-
and seed-borne, a technique for detecting soil-borne inoculum of the pathogen, the relative contribution
of the latter source of infection to the disease and alternative hosts which could support survival of the
pathogen, was also investigated.

2. The silver scurf/black dot complex was the most prevalent biotic disorder recorded on South African
potato seed tubers in 1995/96. A macro- and microscopic survey conducted on washed tubers from
three major seed production areas showed black dot and silver scurf to be omnipresent, with the former
disease most prevalent overall. The potato cultivars, BP1, Buffelspoort, Vanderplank and Up-to-Date,
which at the time of investigation were important cultivars in South Africa, were all susceptible to both
diseases.

3. A selective medium consisting of antibiotic/fungicide-supplemented V-8 juice was developed to facilitate
detection of C. coccodes in field soil. Viable cultures of C. coccodes were maintained for up to 29
months on vermiculite augmented with either V-8 juice or potato extract. The former nutrient source
best supported formation of microsclerotia. Both substrates are also suitable for mass-production of
inoculum.

4. Studies on clean and infected tubers, dusted with prochloraz and planted in fumigated (methyl bromide)
and non-fumigated soil, resulted in highly infected progeny of infected seed in non-fumigated soil.
Progeny of uninfected seed had a 68% higher incidence of black dot in non-fumigated than in fumigated
soil. Black dot on progeny tubers was reduced by pre-treatment of seed with prochloraz only in
fumigated soil.

5. The quality of seed tubers was reduced by black dot after storage. The greater the tuber area that was
affected, the poorer the physiological condition of the tuber. The sprout ability of severely-infected
tubers was reduced in comparison with unaffected seed. The incidence of black dot on the progeny of
infected seed was higher than that of uninfected seed.

6. Beetroot, sunflower, cotton and common black jack were identified as new hosts of C. coccodes.
Senescent stem tissue of potato, Rhodes grass, common thorn-apple, tall khaki weed, wheat and maize
supported saprophytic growth of C. coccodes, particularly microsclerotium production.

7. Dipping of seed 28 days prior to planting in 2.4 or 6 a.i. I-1 prochloraz (Omega) or dusting with
prochloraz (Octave) at 500 or 750 g per 100 kg seed, significantly reduced the incidence of silver scurf
and black dot on progeny tubers planted in virgin potato fields. Results obtained in further experiments
indicated that registered chemicals can successfully be utilised as ultra-low-volume applications.
Calculations have shown that ultra-low-volume treatments after lifting and before planting are cost-
effective. Effective control of these two diseases however, has to comprise an integrated control
programme.
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8. Experiments with commercially available disinfectants indicated that the disinfectants are suitable for
the control of spore inoculum of C. coccodes in cold stores, crates, floor surfaces and sorting tables.
Good control was evident even at concentrations as low as 1%.

9. Solarisation significantly reduced soil inoculum of C. coccodes by 45% when tarping was done for eight
weeks, with soil temperatures reaching 56.8°C in the top 50 mm of soil. Mouldboard ploughing to a
depth of 300 mm reduced black dot by 34% and was more effective than ploughing to a depth of 600
mm. Yield was not improved by either solarisation or ploughing. The incidence, as well as severity of
black dot and silver scurf, was reduced by harvesting tubers early. Incidence of the two diseases was
56% an 17% respectively, at maximum tuber yield, 18 months after planting, but only 29% and 8% two
weeks earlier.

10. Silver scurf and black dot can only be suppressed by an integrated management strategy which
combines various disciplines comprising long rotation, weed control, sanitation chemical treatment and
cultural practices. Each grower has to develop his own management strategy depending on prevailing
environmental conditions.

11. Progress has been made internationally with identification and quantification methods. Epidemiological
studies are reliant on methods to quantify pathogens, and real-time polymerase chain reaction (RT-
PCR) is a quantitative detection method based on a modified PCR technique. These techniques have
been developed recently for the sensitive, specific and quantitative detection of C. coccodes from potato
tissue and soil. In future these methods could provide growers with a measure of C.coccodes levels on
seed stocks and in fields and therefore contribute in making decisions regarding disease prevention
and/or the development of control strategies. It is recommended that South African researchers
investigate the potential of these methods to assist in developing control strategies of both silver scurf
and black dot.

12. International research has indicated that some potato varieties have shown a measure of resistance to
black dot. It is suggested that cultivars planted in South Africa be evaluated for resistance against the
black dot strains encountered locally. The cultivar Mozart, which is also grown in South Africa, is listed
as very resistant to strains found in the United Kingdom (UK).

13. The fungicide Amistar (azoxystrobin) is registered in the UK for application in the planting furrow or by
incorporating into the soil and has shown consistent reduction in black dot incidence.
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14. Basic control measures recommended*

Silver scurf Black dot
o Control volunteer potatoes ¢ Long rotation cycle with grain crops (6-8
o Sanitation of equipment and stores are years)
essential o Cropping history of fields important as seed
e Planting of good quality certified seed treatment ineffective when planting in
o Early harvesting infected fields
e Chemical treatment of seed with registered o Deep ploughing may lessen disease
products incidence on some soils as micro-organisms
are increased and therefore increase soil
health

e Chemical treatment only at low volumes (2-3
liter per ton tubers)

e Setup and calibration of applicator essential

Post-harvest chemical application better than

pre-plant, but both increase control

Control volunteer potatoes and weed hosts

Staggered planting and early harvesting

Good quality certified seed

Sanitation of equipment and stores are

essential

* NIEDERWIESER, J.G. & DENNER,F.D.N., 2012. Silwerskurf of swartspikkel — hoe nou gemaak?
Chips 26, 3.
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Chapter 1

BACKGROUND ON STUDIES

As black dot and silver scurf caused by Colletotrichum coccodes and Helminthosporium solani respectively, were
considered to be blemish diseases in the past, they were not considered a threat to the potato industry in South
Africa. However, as the consumer became more quality conscious, these two diseases received more attention
from table potato producers and seed growers. The industry had to give urgent attention to combating these
diseases as production practices included storage of seed in the soil, especially during colder winter months.
Very little was known about the diseases, probably as these two diseases were also not considered harmful to
potato production in the rest of the world. All research in South Africa on these two diseases on potatoes was
conducted by the potato pathology unit of the Agricultural Research Council Vegetable and Ornamental
Research Institute (ARC-VOPI) at Roodeplaat near Pretoria. The research on these diseases started in the
middle eighties and culminated in a PhD thesis by FDN Denner submitted to the Department of Microbiology and
Plant Pathology in the Faculty of Biological and Agricultural Sciences of the University of Pretoria in 1997.

The study comprised investigations regarding the occurrence of the diseases in South Africa, isolation,
enumeration and maintenance of C. coccodes from naturally infested soil, relative contribution of seed- and soil-
borne inoculum on incidence of black dot on potatoes, effect of black dot on seed potatoes, infection of
alternative hosts and plant debris by the black dot pathogen, chemical treatment of seed potatoes for
simultaneous control of silver scurf and black dot and alternative control strategies. A complete list of references
referred to in the thesis is provided, although not all references are referred to in this report. All experimental
work discussed in this final report was taken up in the thesis of Dr Denner, unless specified otherwise.

Research team:

Dr FDN Denner (Agchem, formerly from the ARC)
Me CP Millard (Agchem, formerly from the ARC)
Me L Marais (Formerly from the ARC)

Prof FC Wehner (University of Pretoria)

Starting date: ~ middle eighties

Completion date: 1997

The most popular potato cultivars at the time when the study was done were BP1, Vanderplank and Up-to-Date.
They have been replaced largely by imported cultivars, in particular Mondial.

This report was commissioned by Potatoes South Africa in 2014 to make the results available to the potato
industry in South Africa.
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Chapter 2

GENERAL INTRODUCTION

In recent years the consumer market for potatoes has become more selective due to an ever-increasing demand
for quality in both fresh and processed potatoes, hence compelling growers to produce healthy crops in order to
maintain profits. Surface-blemishing diseases such as silver scurf and black dot, caused by Helminthosporium
solani Dur. & Mont. (Figures 2.1 and 2.2) and Colletotrichum coccodes (Wallr.) Hughes (Figures 2.3 and 2.4)
respectively, affect the periderm of potato tubers (69). Black dot was previously known as anthracnose. The
diseases are often confused because both affect the skin, commonly co-exist on the same tuber (73) and the
only way to distinguish between them is by the presence of microsclerotia in black dot lesions (72). Nevertheless,
both diseases spoil the appearance of tubers (92, 110, 81) (Fig. 2.5) and infection therefore not only results in
the downgrading of consignments destined for the consumer market (69), but also incurs losses in seed
production, where limited infection is allowed on certified tubers. Over the years many registered seed potato
plantings in South Africa could not be certified on account of silver scurf and black dot infection.

Even in consignments initially showing acceptable levels of infection, the two diseases often progress to such an
extent during storage that seed eventually become uncertifiable. Over the years various changes had to be
made to certification requirements owing to high levels of silver scurf and black dot on tuber presentations for
inspection. In 1988, the tolerance was increased from 10% to 20%. A concession was granted in 1992 which
allowed certification of infected seed on condition that consignments display a label specifying that the seed
complied with all certification criteria, except those applicable to silver scurf and black dot. This concession,
however, was withdrawn within a year. June 1995 heralded the implementation of a revised certification scheme
based on limited generations incorporating generation identification and a dual phasing-out system of plant
material. Seed producers supplying high quality seed can be identified by this system.

Being disseminated exclusively by tubers (72, 12), silver scurf is readily manageable by tuber treatment with
fungicides (74, 63). Black dot, however, is both seed- and soil-borne (27) and has a more extensive host range
than silver scurf (93). Control of the latter disease by conventional chemical tuber treatment therefore is not as
straightforward as with silver scurf, and in most instances a comprehensive strategy needs to be implemented for
producing a healthy crop, commencing before planting and proceeding through production and storage. Such a
strategy obviously should be based on data relevant to prevailing circumstances.

Notwithstanding the apparent prevalence of black dot and silver scurf in South Africa, little was known about
them locally at the time the study was initiated. The study provides information on the actual incidence of the two
diseases on seed potatoes produced in South Africa and describes strategies for disease control. Since
management of black dot requires a more elaborate approach due to it being both seed- and soil-borne,
evidence is furthermore presented on a technique for detecting soil borne inoculum of the pathogen, relative
contribution of the latter source of infection to disease development, and alternative hosts which could facilitate
survival of the pathogen.
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Figure 2.1. Potato tuber infected with Helminthosporium solani causing silver scurf

Figure 2.2. Helminthosporium solani conidiophores (A) are dark brown with conidia (B) borne sympodially.
(A) (100x magnification) and (B) (400x magnification)
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Figure 2.3. Potato tubers infected with Colletotrichum coccodes. Note the small black dots

Figure 2.5. Potato tubers infected with silver scurf and black dot
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Chapter 3

LITERATURE REVIEW

3.1 SILVER SCURF

Silver scurf is caused by Helminthosporium solani Dur. & Mont. and affect the periderm of tubers (69). Due to
the disease, tubers become discoloured, brown or silvery in patches (10). Infection also causes the skin of the
tuber becoming more permeable to water, resulting in moisture loss and loss of mass, the tuber consequently
becoming shrivelled and wrinkled (92). Silver scurf and black dot infected tubers may also be more susceptible
to secondary infection by other organisms e.g. Pectobacterium spp. and Fusarium spp.

3.11  Epidemiology of silver scurf

The most important source of inoculums is the seed (72). Infection can take place at any time while tubers are in
the soil without visual symptoms appearing (115). Spread of the disease from seed to daughter tubers cannot
take place by growth along the shoot, as the fungus does not parasitize living tissue (72). Only a few tubers on
each plant is initially infected, and the first infection is always at the “heel” end or “waist” of the tubers. The
tubers that develop close to the mother tuber are usually the first to be infected. This initial infection that takes
place in the soil is regarded as the primary disease cycle (123). The fungus does not penetrate the deep fleshy
tissue of the tuber (12). The typical silvery appearance on the surface of the tuber when wetted is the result of
cell walls loosening in the periderm, forming many air pockets between the cells. The silvery sheen lesions are
associated with mature sporulating lesions (69).

The ability of H. solani to sporulate profusely on newly-colonised tissue in warm, damp conditions facilitates
spread of the disease, while tubers are still in the soil, but especially during cold storage. Conidia from
sporulating lesions also cause new infections on the same tuber.

Planting lightly-infected seed does not hold any advantage as small lesions would spread rapidly on the surface
of the tubers after planting and eventually sporulate abundantly. H. solani spreads more rapidly on slightly—
diseased tubers than on severely-diseased ones after planting (92). Sporulation is also more abundant in new
than in old lesions, and the amount of sporulation on seed during growth of the crop determines the degree of
infection of the progeny. Severe infection of seed does not impede emergence and growth of the plants, unless
the plant grows under stress conditions.

The secondary disease cycle of silver scurf occurs during storage under conditions of elevated moisture and
temperature, which are conducive to spread of the disease (72). Air samples taken from potato stores contained
conidia of H. solani (61), indicating that inoculums can be disseminated during storage. No new lesions were
observed at a relative humidity of 89% or below (12). When tubers with small amounts of silver scurf at lifting
(<10% of the surface area affected) were stored over a period of about five months under dry conditions, very
little silver scurf developed, irrespective of the storage temperature (83). At higher humidity levels, less disease
developed after storage at 5°C, and even less after storage at 4°C. Moderate to severe infection (20% or more
of the surface area infected) occurred at storage temperatures of 6°C and above. H. solani can withstand a wide
range of temperatures (121). Growth was retarded at 2-3°C, but the fungus was not killed at -10°C. The optimum
growth temperature of the fungus was between 21-27°C, with a maximum of 30°C in vitro.
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3.1.2  Longevity in soil

As potato seed is considered the primary source of inoculum, the control of volunteer potato plants is an
important disease management strategy. H. solani can survive in soil only in the presence of potato debris
(117). There is also no evidence that soil is a significant source of inoculum (74).

3.1.3 Control

Control of silver scurf involves various methods of cleaning the seed tubers (72). Cultural practices and storage
management are important control strategies. It was reported that formalin and inorganic mercury compounds
are ineffective for control when used as disinfectants (116). Surface fungicides do not penetrate the skin as
deep as the fungus mycelia.

There are several reports on promising results of thiabendazole and benomyl reducing sporulation on progeny
tubers and suppressing sporulation during storage (60, 11, and 74). The development of tolerance to
benzimidazoles, however, limits the usefulness of these compounds (58). Prochloraz and imazalil decrease
conidial germination of H. solani and the production of conidia on silver scurf lesions (62).

It has been reported that irrigation could decrease silver scurf on progeny tubers (87). Early harvesting of tubers
resulted in less disease development (56). Preston (102) advised growers to plant certified seed, practise early
harvesting after maturing of tubers and to utilise air flow to get rid of free moisture from wet tubers as soon as
possible after harvesting; as well as to store tubers at low temperatures.

3.2 BLACK DOT

Black dot has been reported from many locations in the world on numerous hosts (27, 128,124, and 6).
Symptoms of black dot were first reported in South Africa in 1914 (29).

3.21  Causal organism

The adoption of the name “Black Dot Disease” was proposed by Doidge (29) and later named “black dot” by
Dickson (27). Hughes (68) claimed priority of the name Colletotrichum coccodes.

3.22 Hostrange

C coccodes has been isolated from various hosts but is primarily found on Solanaceae (93). Besides tomato and
potato, more than 35 species of plants have been recorded as hosts of the fungus (17). Various reports refer to
stem, tuber and root infection of potato (55, 124). C. coccodes has also been isolated from roots of symptomless
hosts, such as chrysanthemum, white mustard, cabbage and lettuce (17, 93). It also has been reported that .C
coccodes can maintain and multiply itself on Datura stramonium L. (55).

3.2.3  Symptomology

C coccodes is a weak parasite attacking mainly debilitated plants (27). The symptoms can be described as
abundant dot-like, black sclerotia on tubers, stolons, roots and stems above and below the ground (66). These
symptoms resemble those of silver scurf. The difficulty in distinguishing between black dot and silver scurf is
compounded by the fact that both may occur together on the same tuber (73). Silver scurf and black dot can be
distinguished from each other by the presence of microsclerotia on black dot lesions (72). The microsclerotia are
visible to the naked eye and are much more compact and more obvious than the rudimentary stromata of H.
solani occurring in silver scurf lesions. The presence of microsclerotia gives the disease its common name (73).
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Black dot lesions are usually less clearly defined than those of silver scurf and do not penetrate as deep into the
periderm as the latter. C. coccodes can also infect the aerial parts of potato plants causing characteristic
necrotic lesions, premature vine death and vyield loss (90). The disease becomes evident when plants
commence flowering. Stems lose their green colour, the lower leaves drop off and later the whole plant dies.
The inside and outside of stems are covered with minute black dots, characteristic of the disease.

C. coccodes can also cause skin necrosis on tubers after exposing infected tubers to low temperatures (91).
The lesions are often superficial, but sometimes the necrotic tissue penetrates more deeply into the flesh of the
tuber. Microsclerotia are evident on the necrotic tissue. It is postulated that toxins secreted by C. coccodes in
the patches can be the cause of the greater susceptibility to injury at low temperatures (91).

Premature vine death and declining yield are a longstanding problem in many areas of the world where potatoes
have been produced for many years. Due to the fact that the disease develops midway through the growing
season and then becomes severe during the period of maximum tuber bulking, has resulted in it being named
the Early Dying Disease Syndrome. C. coccodes, Pratylenchus penetrans and Verticillium dahlia are causal
agents associated with the Early Dying Syndrome of potatoes (97, 80).

3.24 Epidemiology

Being a weak pathogen, C. coccodes mostly colonises plants weakened by a stress factor, i.e. wilt organisms,
water stress or simply natural maturity (97). When both silver scurf and black dot are present on the same tuber,
C. coccodes competes unfavourably with H. solani and black dot therefore is important only if silver scurf is
absent (74).

C. coccodes survives in soil on plant debris and as microsclerotia in the absence of a susceptible host (9).
Although transmission of the disease commonly occurs through infected tubers, infection can thus originate
directly from soil. Tubers may be infected at lifting without showing signs of disease and symptoms continue to
develop during storage. Lesions usually become darker during storage (73).

The optimum temperature for in vitro germination of conidia of C. coccodes was 22°C after 24 hours (28).
Conidia did not germinate at 7°C within 24 hours. Less than 70% of the conidia germinated at 10°C and 31°C.
The growth rate of cultures derived from sclerotia was the greatest at temperatures between 25°C and 31°C.

3.2.5  Longevity in soil

C. coccodes has a low saprophytic activity in soil (67). Natural inoculums of C. coccodes can persist in soil in the
absence of a potato crop for at least eight years (107).

3.26 Control

Black dot does not respond as well to chemical treatment as silver scurf (74, 63). Prochloraz, also reported
effective against silver scurf, has a pronounced inhibitory effect on the growth of C. coccodes but not on spore
germination (86, 112). No benefit could be derived when prochloraz was applied as a preplant treatment to soil.
Jellis & Taylor (73) reported that the lack of success in controlling black dot by approaches aimed at eliminating
seed tuber inoculums relates to the soil- and tuber-borne nature of C. coccodes, as opposed to the evidently
exclusive tuber-borne nature of H. solani. Early disinfection is essential for preventing seed tuber infection
because the fungus penetrates tuber tissue too deeply to be eradicated completely (120). The severity of black
dot incidence can also be decreased by drying tubers for two weeks after harvest (56). Irrigation can be expected
to increase the incidence of black dot (1).
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Chapter 4

OCCURRENCE OF BLACK DOT AND SILVER SCURF ON SEED POTATOES IN
SOUTH AFRICA

The demand for washed potatoes has made consumers more aware of superficial blemishes on tubers and thus
renewed interest in the two diseases. Research executed locally and internationally during the nineties and
thereafter has also confirmed that the two diseases are detrimental to seed potato health. Since both pathogens
can be disseminated by infected tubers, their actual incidence on seed potatoes in relation to each other and to
other diseases and pests is essential for formulating certification and control strategies. This report quantifies the
incidence of black dot and silver scurf on seed potatoes in South Africa at the time of the original study by
Denner in comparison with their present prevalence. Tolerance levels for certified seed potatoes for the two
diseases are shown in Table 4.1.

Table 4.1. Maximum percentage seed potatoes infected with black dot and silver scurf permissible in the South
African Seed Potato Certification Scheme (Scheme).

Maximum percentage affected seed potatoes allowed

Disease G1-G3 G4 - G6 G7-G8
GO
Elite Class 1 Std Elite Class 1 Std Elite Class 1 Std
Silver scurf 0 0.5 2 30 5 15 30 10 20 30
Black dot 0 0.5 2 30 5 15 30 10 20 30
Max Joint % 0 0.5 2 30 5 15 30 10 20 30

G = Generations (0 - 8)
The permissible disease content of seed potatoes increases with consecutive generations. This entails that seed potatoes may
be multiplied for eight consecutive generations, after which they may not be registered in terms of the Scheme again.

Quality classes (Elite, Class 1, and Standard)
The Elite class represents seed potatoes of an exceptionally high standard based on visual inspection, while slightly more tuber
diseases may be present in the Class 1 seed potatoes. Standard grade seed potatoes offer the opportunity to make certified
seed of a lower standard available to the industry.

Denner determined the incidence of black dot and silver scurf in 1997 on tubers from three seed-producing
regions, viz. Sandveld, KwaZulu-Natal and Mpumalanga. At that time, these regions produced approximately 55
% of the seed of all generations planted. The samples inspected included the cultivars BP1, Vanderplank,
Buffelspoort and Up-to-Date, which represented 83 % of all seed potatoes planted in South Africa at the time.
Forty tubers were randomly selected from each of the 299 samples available, washed free of soil, and examined
macroscopically for the presence of silver scurf and black dot. The tubers were taken from post-control samples
which therefore had passed official in situ inspections.

As the contribution of above regions to the total seed production have changed considerably from 1997 to 2013,
it was decided to rather present comparative data from the Potato Certification Service database in order to
determine whether the incidence of these two diseases has increased or decreased over this period of 17 years.
The data collected by Denner is therefore omitted for the purposes of this final report. The contribution to total
seed potato production of the Mpumalanga, Sandveld and Kwazulu-Natal regions decreased during this period
from 55 % to 35 %, whilst the plantings of Vanderplank, BP1, Buffelspoort and Up-to-Date decreased from 83 %
of registered seed plantings to 26.4 %. This implies that the regional prevalence of the diseases, as well as the
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incidence of disease on these cultivars no longer can be considered to represent the status of silver scurf and
black dot in South Africa as the whole scenario has changed.

The Potato Certification Service (PCS) does not rate the diseases separately during tuber inspections. A tuber
inspection is a visual inspection of seed potatoes representatively taken and inspected from a unit presentation.
Seed potatoes presented for certification may not be washed. Data presented in Table 4.2 indicate the
percentage bags (25 kg units) of which the tubers conformed to the percentage of disease permissible (number
of tubers infected with either silver scurf or black dot). Each tuber inspection involves at least 3 000 tubers for
every 5 000 bags of 25 kg seed potatoes presented for inspection. Samples drawn by the PCS are not washed
and are inspected visually.

Table 4.2. Comparative incidence of black dot and silver scurf in certified seed potatoes (percentage bags
infected) on a national basis during 1995/1996 and 2012/201. (PCS database)

1995/1996 2012/2013
ingg;?,%(;n?;,%gs;aizth % of total number of bags in%%t:ggg?;) (;Lg:;avsvﬁh % of total num_ber of bags
disease symptoms) certified disease symptoms) certified

0 50.34 0 73.72
0.01-0.5 7.33 0.01-0.5 8.26
051-2 12.83 051-2 7.82
21-5 8.31 21-5 3.05
51-10 12.04 51-10 3.61
10.1-15 6.74 10.1-15 2.37
15.1-20 0.79 15.1-20 0.55
20.1-30 1.19 20.1-30 0.57
Rejected 0.44 Rejected and treated 0.04

It must be emphasised that the above data represents the incidence of silver scurf and black dot on a national
basis for all cultivars and does not provide insight regarding the situation in the different seed production regions.
A totally different scenario could emerge if similar data from specific regions was investigated. Nationally, it
seems that the incidence of the two diseases have decreased, as 73% of all bags presented for inspection in
2012/2013 were visually free of silver scurf and black dot in comparison with only 50% in 1995/1996. It also
indicates that bags rejected in 2012/2013 were tenfold less. It should, however, be kept in mind that the Scheme
allows seed potato growers to sort the harvested seed potatoes before inspection. This implies that a percentage
of infected tubers may have been removed before inspection took place and therefore that the incidence of
disease may well be higher than indicated in Table 4.2. It must also be emphasized that the samples are not
washed before inspection, which implies that light disease infections may be overlooked during tuber inspection.

e ——
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CHAPTER §

ISOLATION, ENUMERATION AND MAINTAINANCE OF COLLETOTRICHUM
COCCODES FROM NATURALLY-INFESTED SOIL

The accurate estimation of soil-borne inoculum of the pathogen is essential when contemplating control
measures, particularly chemical seed treatment (24). All previous attempts at isolating C. coccodes from potato
soils in South Africa according to the Farley (39) method failed, mainly due to contaminating fungi predominating
on plates (Denner — unpublished). The Komm (79) modification was less prone to contamination and even
allowed isolation of C. coccodes, but still did not inspire confidence. An investigation was initiated to refine and
integrate the various procedures for isolating and enumerating C. coccodes from naturally-infested soil and
furthermore outline techniques for maintaining and culturing isolates of the pathogen.

5.1 MATERIALS AND METHODS
5.1.1 Isolation and quantification of C. coccodes

One hundred and ten soil samples were collected to a depth of 150-200 mm from four fields in Mpumalanga with
different histories of potato cultivation and varying in size from 20 to 70 hectares. The drying, blending and
extraction procedure to retrieve debris is comprehensively discussed in the PhD. thesis of Denner. The debris
retained, was resuspended in water-agar and plated on Petri dishes containing the selective medium mentioned
below. The incidence of viable propagules of C. coccodes was calculated from the number of colonies that
developed on all the plates.

The selective medium used was essentially the same as that described by Hausbeck & Linderman (53), except
for benomyl, which was incorporated at 200 mg I instead of the original 140 mg I!. Composition of the medium
is discussed in the thesis of Denner.

5.1.2  Maintaining viable cultures of C. coccodes

Two substrates, namely V-8 juice/vermiculite and Potato-extract/vermiculite, were evaluated for maintaining
isolates of C. coccodes. The development and viability of C. coccodes was monitored at regular intervals for 29
months.

5.2 RESULTS AND DISCUSSION

C. coccodes could readily be isolated from field soil by the technique described and produced distinct compact
sclerotial colonies with white peripheral mycelium on the selective medium (Figure 5.1). Isolation from field
samples showed the pathogen to be viable in soil last cropped to potatoes three and five years previously, but
was absent from soil which had not been planted to potatoes for eight years or longer (Table 5.2).
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Table 5.2. Isolation frequency of viable propagules of Colletotrichum coccodes from four fields differing in soil
characteristics and cropping history

Field code Sol properties Previous potato N ottotes
erop (cfu15g" soil)
Type % Clay pH (KCL)
R33 Loamy 18-20 42 1983/84 0 (0-0)2
C Loamy 18-20 46 1983/84 0(0-0)
R27 Loam 22 45 1988/89 6 (4-9)
S12 Sand 16 49 1991/92 2 (1-3)

A single potato crop was planted the particular season; in other seasons all fields were under maize; incidence of C. coccodes was
determined in 1993/94.
2Range

The efficacy of the new technique can partly be ascribed to the higher concentration of benomyl in the selective
medium, which effectively suppressed contaminating fungi, yet allowed C. coccodes to produce discernible
colonies.

The use of debris retrieved by sieving rather than soil as proposed by Farley (39) evidently contributed to the
lower incidence of contaminants, hence facilitating detection of C. coccodes colonies and confirming the intimate
association of the pathogen with host residues (128, 40). The time required for this detection technique is 14
days.

Results of this investigation suggest a survival period for the pathogen of about five years in the absence of a
susceptible host.

Both the V-8 juice/vermiculite and potato-extract/vermiculite substrates supported vigorous growth of C.
coccodes and sustained viable cultures for up to 29 months. Black microsclerotia were abundantly produced on
the vermiculite within seven days, especially when augmented with V-8 juice (Figure 5.2). The V-8 juice
formulation is, however, preferred as it is easier to prepare and more conducive to microsclerotium formation.

Figure 5.1. Compact sclerotial colonies of Colletotrichum coccodes with white peripheral mycelium on selective medium
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Figure 5.2. Microsclerotia produced by Colletotrichum coccodes on vermiculite augmented with potato-
extract (A) or V-8 juice (B)
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CHAPTER 6

SEED- AND SOIL-BORNE INOCULUM

6.1 RELATIVE CONTRIBUTION OF SEED- AND SOIL-BORNE INOCULUM OF C. COCCODES
ON THE INCIDENCE OF BLACK DOT ON POTATOES

It is important that the relationship of seed- and soil-borne inoculum of C. coccodes to tuber infection be known.
No conclusive evidence concerning the quantitative contribution of the respective sources of inoculums to
disease incidence of black dot has been presented. This investigation provided information on this aspect by
comparing the incidence of disease on the progeny of C. coccodes-infected and disease-free tubers planted in
methyl bromide-fumigated and non-fumigated soil naturally infested with the pathogen.

6.1.1  Materials and methods

This experiment was conducted at the ARC-VOPI, Pretoria, in a Hutton (20-25% clay) soil cultivated to potatoes
the previous year. Severe black dot infection on harvested potatoes indicated the presence of C. coccodes in
the experimental field.

The trial site comprised a randomised block design of six blocks, each consisting of two plots, 9 x 12 m in size.
One plot in each block was fumigated with methyl bromide + chloropicrin (98+2 m/m) at 126 g m2 under 30um
clear polyethylene sheeting according to recommended practices.

Seed tubers of the cultivar BP1 (30-50 g) naturally infected with C. coccodes were classed according to severity
of disease as lightly-infected (1-25% of surface area) and severely-infected (26-100% of surface area). Some of
the latter tubers were dusted with prochloraz manganese chloride as Octave 2.5% DP at 750 g per 100 kg seed
and subsequently, stored at 20°C for five days until planting.

Lightly-infected, severely-infected and prochloraz-treated seed, and disease-free (BP1) minitubers (GO) also
weighing 30-50 g serving as control, were hand-planted in the fumigated and non-fumigated plots on 9 March
1993. Each plot consisted of one row of 25 tubers of each tuber type, 300 mm apart. Fertiliser was applied at
recommended rates and irrigation was based on a class A evaporation pan. Early and late blight were controlled
with mancozeb and metalaxyl as recommended.

Plant stand was recorded at four and seven weeks after planting. The potatoes were harvested on 13 July 1993,
tubers washed and weighed and the incidence of black dot in each replicate determined on 60 randomly selected
tubers. Results were statistically analyzed using the Genstat 5PC Program (45) and the means compared to
Tukey (P=0.05).

6.1.2 Results and discussion

Emergence of the control minitubers initially was slower than all other treatments, but no significant differences
were evident after seven weeks (Figure 6.1). Minitubers are inclined to sprout slower than normal tubers. Tuber
yield was higher in the fumigated soil, although only significantly so in the case of control tubers (Figure 6.2). The
incidence of black dot on the progeny of untreated seed was approximately 40% higher in non-fumigated soil
than in fumigated soil irrespective of the degree of seed infection, while in the case of prochloraz-treated seed
the difference was even greater (Figure 6.3). Disease incidence did not differ significantly between lightly- and
severely-infected seed in both soils, whereas prochloraz treatment reduced infection only in fumigated soil.
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Results confirmed the importance of soil-borne inoculums of C. coccodes (111, 112, 108, and 59). It also
showed that the contribution of soil-borne inoculums to the incidence of black dot on progeny tubers to be at
least twice that of seed-borne inoculums (P<0.001), even when seed is severely infected. Local conditions e.g.
had soil inoculums been higher or lower, harvesting earlier or later, irrigation been different, site location been
different, could have influenced obtained results (108, 59). The wide distribution of C. coccodes in South Africa
indicates that black dot originates mainly from soil-borne inoculums throughout the country. Considering the
saprophytic survival of C. coccodes in soil (9, 38), it is clear that planting disease-free seed, or treating seed with
fungicides in black dot infested soils, would be futile unless the pathogen is suppressed or eliminated by
managing the soil. This is corroborated by the failure of prochloraz to control black dot in non-fumigated soil,
notwithstanding its pronounced inhibitory effect on infection in fumigated plots, as well as in soil not previously
planted to potatoes (24).

Although methyl bromide was very effective in this investigation in virtually eliminating the pathogen, it is not
environmentally acceptable, being a non-selective sterilant and could actually render soil conducive to re-
infestation by C. coccodes, as the pathogen is known to survive less readily in natural soil than in sterile soil (9,
111).
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Figure 6.1. Plant emergence of lightly (1-25% of the surface area affected), severely (26-100%) and
severely-infected tubers treated with prochloraz after planting in methyl bromide fumigated and non-
fumigated soil. LSD=4.08. A = After 4 weeks; B= After 7 weeks
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Figure 6.2. Yield of lightly (1-25% of the surface area affected), severely (26-100%) and severely-infected
tubers treated with prochloraz after planting in methyl bromide fumigated and non-fumigated soil. LSD=10.07

Figure 6.3. Incidence of black dot on the progeny of lightly (1-25% of the surface area affected), severely
(26-100%) and severely-infected tubers treated with prochloraz after planting in methyl bromide fumigated
and non-fumigated soil. LSD=28.93

6.2 The effect of black dot on seed potatoes

C. coccodes can infect the roots, stems and foliage of potatoes (16, 6, and 90) besides spoiling the appearance
of tubers (73). Infection of foliage by C. coccodes also was shown to cause loss of yield and quality of tubers (6,
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90). Considering the similarity between black dot and silver scurf, it stands to reason that the former disease
could also negatively affect yield, leaf area and ground cover up to seven weeks after planting, after which
effects were not significant. Tuber infection by silver scurf is known to increase weight loss during storage and to
reduce the size of sprouts (110). The following experiment confirmed evidence of above effects.

6.2.1  Materials and methods

The experiment was conducted during a spring planting (August) on the same Hutton soil as the previous
experiment. Potato tubers (cv. Vanderplank) were stored for five months at 3-4°C before transported from Ceres
by rail to Pretoria. On arrival five days later, the tubers were graded into three groups, viz. No visual symptoms,
lightly-infected (1-25% of surface area affected) and severely-infected (>25%). The tubers were then stored for
30 days at 20-25°C and RH 45-50%. Only tubers that had sprouted and which were in a good physiological
condition were planted 150 mm deep with an intra- and inter-row spacing of 300 and 900 mm, respectively.
Experimental design consisted of eight replicates. Normal accepted fertilising and irrigation practices were
carried out. Plant emergence was recorded seven weeks after planting. Tubers were harvested two week after
senescence, weighed and the incidence of black dot determined macro- and microscopically on 60 tubers
selected randomly from each replicate. Data were analysed statistically by calculating the F values (0.05
probability) to accept the null hypothesis of no differences between two means. LSD(r) values were calculated
only if significant differences occurred between treatments.

6.2.2 Results and discussion

The day before planting 90% of the uninfected, 77% of the lightly-infected and 45% of the severely-infected
tubers could be considered suitable for planting (Figure 6.1). Tubers not suitable were either rotted by bacteria
or fungi, severely shrivelled, or had many or no sprouts. These results indicate that black dot, as reported by
(73) for silver scurf, can increase permeability of the skin to water vapour, thus inducing fresh mass losses. The
rapid deterioration of tubers after cold storage could be the result of various factors. During subsequent heating,
water vapour may condense on the tuber surface, thus favouring multiplication of microorganisms capable of
inciting rotting (105).

Bacteria and Fusarium spp. can cause rapid tuber deterioration at temperatures above 20°C (54). Rapid heating
after storage should therefore be avoided and tubers should be slowly heated to 12 to 18°C in a well-ventilated
area. These conditions will also improve wound-healing (105). When tubers are stored at room temperature for
several months, tubers are subjected to conditions conducive to black dot development, as well as to infection by
other microorganisms (e.g. Erwinia spp. and H. solani). Itis also recommended that tubers be rapid force-dried
and kept dry during storage to control disease development, especially silver scurf. After storage, tubers heavily
infected with black dot should not be planted under warm soil conditions to avoid further rotting (114).

Black dot infected tubers planted in cool soil conditions during August showed a reduction in plant emergence,
with the severely infected group differing significantly from the uninfected group (Figure 6.3). No premature vine
death was observed and no significant differences in tuber yield were evident (Figure 6.4), but black dot was
more prevalent on tubers from infected seed, though not significantly so (Figure 6.5). Disease incidence was
respectively 40 and 33% higher in the lightly-infected and severely-infected group than in the uninfected group,
which showed an infection rate of 15% (Figure 6.6). The latter could have been due to inoculum of C. coccodes
in soil or conidia of the pathogen on uninfected tubers.

It should be kept in mind that a reduction in yield could have occurred had tubers for planting been randomly
selected rather than on the basis of sound physiological condition. It is however, also known that shrivelled (not
rotten) tubers become turgid after planting and support vigorous growth, thus negating the effect of moisture
loss (110, 114). Considering the higher incidence of black dot on progeny of infected seed, the planting of such
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seed could have the effect that disease on subsequent seed crops would progressively increase due to more
extensive infection of tubers and build-up of inoculum in soil. In this regard black dot differs from silver scurf,
where most reports refer to an inverse relationship between the extent of disease on seed and on progeny tubers
(92, 74, and 83). It is however, possible that the state of the inoculum on seed could be a determinative factor in
transmission of the disease, as has indeed been suggested for silver scurf (110). Conceivably the situation
could also be different with other potato cultivars or under different environmental conditions.
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Figure 6.3. Suitability of seed tubers for planting after storage: black dot-uninfected, lightly-infected (1-25%
of surface area) and severely-infected (>25% of surface area) tubers for 30 days at 20-25°C
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Figure 6.4. Plant emergence of black dot-uninfected, lightly-infected (1-25% of surface area) and severely-
infected (>25% of surface area) tubers, 7 weeks after planting. F value=4.64, LSD=2.83
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Figure 6.5. Yield of black dot-uninfected, lightly-infected (1-25% of surface area) and severely-infected
(>25% of surface area) tubers at harvesting. F value=3.67

Figure 6.6. Incidence of black dot on the progeny of uninfected, lightly-infected (1-25% of surface area) and
severely-infected (>25% of surface area) tubers at harvesting. F value=1.3
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Chapter 7

INFECTION OF ALTERNATIVE HOSTS AND PLANT DEBRIS BY C. COCCODES

Alternative hosts, be it natural vegetation, commercial crops or weeds, play an important role in the epidemiology
of many plant diseases incited by plurivorous pathogens (19). C. coccodes has been recorded on more than 40
host species, notably members of the Solonaceae (Table 7.1). Some of these hosts can serve as an inoculum
reservoir for the pathogen in the absence of a potato crop (17), whereas debris derived from them provides a
substrate for overwintering (44).

In South Africa, C. coccodes has only been reported on potato, brinjal, tomato, lucerne, grain sorghum,
blackjack, sweet potato, hot pepper, common dubbeltjie and thorn apple (29, 31, 7, 88, and 78). This report
extends the above list by identifying additional hosts and non-hosts of C. coccodes amongst commercial crops
routinely planted in rotation with potatoes and weeds commonly invading potato fields, and furthermore provides
evidence on the colonisability of debris from some of the above species.

Table 7.1. Recorded hosts of Collettotrichum coccodes

s Recorded in South Target organ
Scientific name Common name Africa Fruit/ Reference
Root | Stem Leaf
Tuber
ALLIACEAE
Allium cepa L. | Onion | | | | [ | Mordue (1967)
AMARANTHEACEAE
Amaranthus albus L. Tumble pigweed X X 22'278)‘ Pennypacker
A retroflexus L. Red pigweed X X
ASTERACEAE
Chrysanthemum indicum Chrysanthemum X ag%sstfrs & Horby
Circium Arvense(L.)Scop. Canada thistle X X E%igf Pennypacker
Latuca sativa L. Lettuce X ag%sstfrs & Horby
BRASSICACEAE
Brassica alba Boiss. White mustard X ﬁg%s;;ars & Homby
B. Oleraceae L. Cabbage X gg%sst;ars & Horby
Capsella bursa-pastoria (L.) , Raid & Pennypacker
Medic Shepherd'’s purse X X X (1987)
CARYOPHYLLACEAE
Dianthus caryophyllus L.* | Carnation | | | [ | | Gamboa (1984)
CHENOPODIACEAE

. Common Lamb’s Raid & Pennypacker
Chenopodium album L. quarters X X (1987)
T —
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CONVOLVULACEAE

Convolvulus arvensis L. Field bindweed X X | Raid & Pennypacker (1987)
Ipomoea batatas L.* Sweet potato X Baxter et al. (1983)
CUCURBITACEAE
Cucurbita pepo L. Marrow X Chesters & Hornby (1965)
C. maxima Duch. Squash X Mordue (1967)
FABACEAE
Medicago sativa L. [ Luceme [ x[ [ [ [ [ Kochetal(1989)
MALVACEAE
Abutilon theophrasti Medik. | Velvetleaf | T T[x1[ [ x [ Raid&Pennypacker (1987
OXALIDACEAE
Oxalis stricta L. | Common yellowwoodsorrel | [ x [ x [ [ x | Raid & Pennypacker (1987
POACEAE
Agropyron repens (L.) Beav. Quackgrass X | Raid & Pennypacker (1987
Digitaria sanguinalis (L.) Scop. Large crabgrass X | Raid & Pennypacker (1987
Hordeum vulgare L.* Barley Vico (1993)
Panicum dichtomiflorum Michx. Fall panicum X | Raid & Pennypacker (1987
Setaria lutescens Weigel. Yellow foxtail X | Raid & Pennypacker (1987
Sorghum bicolour (L.) Moench. Sorghum X McLaren (1987)
POLYGONACEAE
Polygonum pennsylvanicum Willd. Pennsylvania smartweed X X | Raid & Pennypacker (1987
; N e.g. Buffalo-thorn
Zizyphus sp. “B?inkblaar—wag-’n-bietjie" Sutton (1980)
ROSACEAE
Fragaria ananassa* Duchesne | Strawberry [ ] | | | Maas&Howard (1985)
SOLANACEAE
Capsicum anuum L. Chilli X Harrison (1963)
C. frutescens L. Hot pepper X X Baxter et al. (1983)
Datura stramonium L. Common thornapple X Harrison (1963)
Lycopersicon esculentum P. Mill. Tomato X | X XX 3%'%%1((11%2647))
Solanum capsicastrum Link. Winter cherry X Chesters & Hornby (1965)
S. dismissum Lindl.* Unknown Harrison (1963)
S. dulcamara L. Bitter nightshade X X | Raid & Pennypacker (1987
S. maculae L. Unknown Harrison (1963)
Harrison (1963)
S. melongena L. Brinjal X Mordue (1967)
Doidge (1950)
S. nigrum L. Black nightshade X Raid & Pennypacker (1987
S. tuberosum L. Potato X | x X hDﬂglli%Z((11%L‘l7))
Physalis peruviana L. Mexican ground cherry Harrison (1963)
ZYGOPHYLLACEAE
Tribulus terrestris L. | Common dubbeltjie [x [ [ [ [ [ Baxteretal (1983)
UNKNOWN
Mnium undalatum* | Unknown [ T T [ T [ Sutton(1980)
e Nature of target organ unknown
741 MATERIALS AND METHODS

Five isolates of C. coccodes from potato tubers (K3, K5), stems (H1, H2) and soil (G1) were cultured for 30 days
at 25°C on V-8 juice/vermiculite (see 6). Microsclerotia produced by the various isolates on the vermiculite were
pooled and the composite inoculums were incorporated at approximately 50 microsclerotia per gram into
steamed (105°C for 30 minutes on three consecutive days) Hutton field soil containing 20-25% clay. The
infested soil was distributed into 15 cm pots and planted to the commercial crops and weeds/pasture grasses
listed in Table 7.2 and 7.3, using 10 pots for each plant species. Pots were maintained in a greenhouse at 20-
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28°C and plant growth was sustained by weekly applications of tap water. Plants were removed from the pots
after 12 weeks and their roots and crowns rinsed clean of soil. After visual inspection, the roots and crowns of
five randomly-selected plants from each species were cut into segments ¢. 10 mm long, disinfected superficially
for 5 minutes in 3% sodium hypochlorite, rinsed with sterile distilled water, and blot-dried aseptically. Twenty-five
root and crown segments from each species were plated on potato dextrose agar. Plates were incubated at
25°C and examined after 7 days for growth of C. coccodes.

The colonisability of debris from selected plant species by C. coccodes was determined according to the
Cambridge method (43). Senescent potato, wheat, maize, tall khaki weed, common thorn-apple and Rhodes
grass plants were collected in autumn at ARC-VOPI. Stems were cut into segments, ¢. 40 mm long, autoclaved
for 30 minutes at 121°C and stored in pre-sterilised paper bags. Inoculum of three C. coccodes isolates (K3 from
potato tubers, H8 from stems and G3 from soil) were prepared as described above and incorporated separately
at a ratio of 50:50 (v/v) into steamed (105°C for 30 minutes on three consecutive days) Hutton soil containing 20-
25% clay. Soil infested with the various isolates was dispensed into 100 ml glass jars and adjusted to 55% field-
capacity with sterile distilled water. Four stem segments of each plant species were inserted in the soil in each of
three jars of each C. coccodes isolate and the jars were incubated at 25°C. Plant material retrieved from the jars
after 4 weeks was washed free of soil, air-dried aseptically at ¢. 20°C and plated on potato-dextrose agar for
confirmation of colonisation by C. coccodes.

7.2 RESULTS

C. coccodes infected beetroot, sunflower, lucerne, cotton, tomato, brinjal, potato (Table 8.2), common blackjack,
common thorn-apple and black nightshade (Table 8.3). Potato, tomato, brinjal (Solanaceae) and sunflower
(Asteraceae) showed extensive root colonisation as well as mild crown infection, but were not visibly stressed.
None of the nine Poaceae species appeared to be infected, nor could C. coccodes be reisolated from them.
Other plant species apparently resistant to infection included the fabaceous crops; groundnut, soybean and
broad bean (but not lucerne), carrot (Apiaceae), Cape pigweed (Amaranthaceae) and tall khaki weed
(Asteraceae). C. coccodes isolates G3, H8 and K3 colonised autoclaved senescent stem segments of potato,
Rhodes grass, common thorn-apple, tall khaki weed, wheat and maize, and copiously produced microsclerotia
on the tissue (data not tabulated).
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Table 7.2. Infection of commercial crop species by Colletotrichum coccodes in artificially-infested soil

Infection by C. coccodes

Plant family Scientific name Common name Roots Crown
Apiaceae Beta vulgaris L. Beetroot X 0
Daucas carota L. Carrot 0 0
Asteraceae Helianthus annuus L. Sunflower XX X
Fabiaceae Arachus hypogeal L. Groundnut X X
Glycine max (L.) Merr. Soybean X X
Medicago sativa Lucerne X 0
Vicia faba L. Broad bean X X
Malvaceae Gossypium hisutum L. Cotton X 0
Poaceae Avena sativa L. Oats 0 0
Sorghum bicolor Grain sorghum 0 0
Tricum aestivum L. Wheat X X
Zeamays L. Maize X X
Solanaceae Lycopersicon esculentum Tomato XX X
Solanum melngena L. Brinjal XX X
Solanum tuberosum Potato XX X

x  Colonisation of tissue evident and C. coccodes isolated
xx Extensive colonisation of tissue and C. coccodes isolated frequently
0 No colonisation of tissue or reisolation of C.coccodes

Table 7.3. Infection of weeds and invading pasture grasses by Colletotrichum coccodes in artificially-infested soil

Infection by
Plant family Scientific name Common name C. coccodes
Roots Crown
Amaranthaceae | Amaranthus hybridus L. Cape pigweed 0 0
Asteraceae Bidens pilosa L. Common blackjack X 0
Tagetes minuta L. Tall khaki weed 0 0
Poaceae Chloris gayana Kunth. Rhodes grass 0 0
Eragrostis curvula Nees Weeping love-grass 0 0
Panicum maximum Jacq. Guinea grass 0 0
I:g}t;gchelytrum repens (Willd.) C.E. Common red top grass 0 0
Urochloa Panicoides Beauv. Garden urochloa 0 0
Solanaceae Datura stramonium Common thornapple X 0
Solanum nigrum Black nightshade X 0
X Colonisation of tissue evident and C. coccodes isolated
0 No colonisation of tissue or reisolation of C.coccodes
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7.3 DISCUSSION

This investigation identified four new hosts of C. coccodes, viz. beetroot, sunflower, cotton and common
blackjack, none of them belonging to the Solanaceae. Beetroot furthermore constitutes the first recording of a
member of the Apiaceae as host for the pathogen. First recordings of hosts susceptible to South African isolates
of C. coccodes comprised the solanaceaous weeds, black nightshade and common thorn-apple.

Notwithstanding the recording and confirmation of the above hosts, some of the results were in conflict with
previous reports. Tumble pigweed and redwood pigweed (Amaranthaceae) for instance were found susceptible
to C. coccodes (104), but the closely-related Cape pigweed tested here, resisted infection. Similarly, none of the
Poaceae included in the present study was infected, whereas various genera in this family were listed as hosts of
C. coccodes (104, 131). Also grain sorghum, from which the fungus was positively identified, proved to be
resistant (88). These discrepancies remain unexplained, but nevertheless indicate that C. coccodes has a
preference for species within families rather than for families per se. This particular host-affinity is corroborated
by the infection of beetroot, but not carrot in the Apiaceae, and of Lucerne, but not groundnut, soybean or broad
bean in the Fabaceae.

Although the study confirmed the ability of C. coccodes to colonise a wide range of unrelated hosts (17, 104), the
findings do not imply that a similar situation exists in the field. In this regard Chesters & Hornby (17) emphasised
that, despite numerous reports highlighting the capability of C. coccodes to colonise a wide range of unrelated
hosts, colonisation rarely occurs in nature and then only when the inoculum level is high. What is, however, of
importance, is the obvious resistance to C. coccodes of important rotation crops like maize and wheat, and
perhaps also that of tall khaki weed. Tagetes species, like tall khaki weed, release volatile polyacetylene
compounds named terthienyls from growing roots. These are known to suppress nematodes, but have also
been found to be inhibitory to some plant-pathogenic fungi (19). The inability of C. coccodes to infect tall khaki
weed could possibly be ascribed to the presence of terthienyls, thus implying that this weed could actually
reduce inoculums of the pathogen. Although being an extremely noxious weed, it produces the much sought-
after aromatic compound tagetin, and could therefore be exploited quite profitably.

The ready colonisation of debris from different plant sources by C. coccodes came as no surprise as the fungus
is known to produce a variety of enzymes, e.g. cellulose, hemicellulase, pectinase, saccharase, diastase and
inulase (118). Of significance, however, was the formation of abundant microsclerotia on the substrate, which
indicates that nutrients in the debris were used for survival rather than for vegetative growth.

In view of the wide host range of C. coccodes and its ability to survive on plant debris, cultural control of the
pathogen would require deliberate efforts. Notwithstanding the hypothetical fungistatic activity of tall khaki weed,
it is recommended that weed control be rigorously applied and that stubble, be it from weeds or from commercial
crops, be either collected and burned (55) or ploughed under (Chapter 9). Of the various commercial crops that
are available for alternating potatoes with, maize and wheat are preferred on grounds of their resistance to C.
coccodes and their acceptability as rotation crops.
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Chapter 8

CHEMICAL TREATMENT OF SEED POTATOES FOR CONTROL OF SILVER SCURF
AND BLACK DOT

8.1 TREATMENT OF SEED POTATOES WITH PROCHLORAZ FOR SIMULTANEOUS
CONTROL OF SILVER SCURF AND BLACK DOT ON PROGENY TUBERS.

The reader is referred to paragraphs in the literature review concerned with control of both silver scurf and black
dot (3.1.3 and 3.2.6). Of the fungicides previously reported effective against silver scurf, prochloraz appeared to
have the most pronounced inhibitory activity on growth (but not spore germination) of C. coccodes (86, 112),
although the latter authors found it less effective for field control of black dot and silver scurf than fenpiclonil.
Nevertheless, prochloraz prevented increase in black dot on treated tubers during storage (111).

Silver scurf and black dot are prevalent in all potato production areas and often occur together (23), requiring
control of both diseases. This investigation was undertaken to evaluate two formulations of prochloraz as
postharvest and/or pre-plant treatments for control of silver scurf and black dot on the progeny of naturally-
infected seed tubers in virgin potato fields.

8.1.1  Materials and methods

Trials were conducted in potato producing areas in fallowed virgin fields in the North West and Northern Province
(Limpopo) 750 km apart.

Limpopo: Prochloraz as Omega 450 g a.i.- treatment of naturally infected tubers (cv. BP1). Tubers were all
infected with black dot (> 25% of the surface area) while approximately half were infected with silver scurf (< 256%
of the surface area). Tubers were treated with Omega by dipping them for 5 minutes in an aqueous suspension
containing 2, 4 or 6 g a.i. I'' of the compound, whereas Octave was applied at 500 and 750 g product per 100 kg
seed. Tubers were then stored for 28 days in open crates at 25°C and RH of 75% until planting.

Treated and untreated (control) tubers were planted on 14 July 1993 in sandy loam soil (15% clay) 150 mm
deep. The experimental design consisted of six treatments each comprising six randomly-assigned four-row
plots. Fertiliser and irrigation were applied according to recommendations. Plant stand was recorded five weeks
after planting. All progeny tubers from the middle two rows of each replicate was lifted on 18 November 1993,
weighed and the incidence of silver scurf and black dot determined macro- and microscopically on 60 tubers
randomly selected from each replicate.

North West: Tubers (cv. Up-to-Date) naturally infected with silver scurf (< 5% of the tubers, with less than 25% of
the tuber surface affected) and black dot (49% of the tubers, with less than 50% of the tuber surface affected)
were treated with prochloraz. Tubers were dipped for 5 minutes in a 4 g a.i. I'* aqueous suspension of Omega,
or dusted with 750 g Octave per 100 kg seed tubers, and then stored for 12 weeks at 4°C and RH 58-75%. After
storage, half of the tubers in each treatment, including half of the previously untreated control tubers, were
dusted with Octave at 750 g per 100 kg seed tubers. Tubers treated as such, were then stored at 25°C for a
further 14 days until planting.

Tubers were planted on 9 December 1993 in a virgin sandy soil (10% clay). The experimental design, replicates
and maintenance were the same as in the Limpopo experiment. Plant stand was determined at four and seven
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weeks after planting. The tubers of the two middle rows were harvested on 10 May 1994 and evaluated as
described in the Limpopo experiment.

Results were analysed using the Genstat 5 PC Program (45) and the means compared according to Tukey
(p=0.05).

8.1.2 Results

The prochloraz treatments did not significantly affected plant stand or yield at either of the two sites, with
emergence averaging 91% and yield 26.5 tons per ha in Limpopo, and 77% and 13.3 tons per ha in North West.

Both diseases were less prevalent on progeny tubers in the North West trial. Nevertheless, prochloraz treatment
restricted development of both diseases at both localities. In Limpopo the incidence of silver scurf and black dot
was reduced five- to twenty-fold and two- to eight-fold, respectively, by prochloraz treatments (Figure 8.1).
Although no significant differences between the various formulations and concentrations of the compound were
recorded, both Octave and Omega exerted a better effect on the diseases at higher rates. Reduction in silver
scurf and black dot incidence in the North West ranged between 29 -34% and 13-24% respectively (Figure 8.2),
with supplementary application of Octave at planting tending to increase disease suppression provided by
postharvest treatment with Octave or Omega.
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LSD=11.5

LSD =9.93

Figure 8.1. Effect of treating seed potato tubers before storage with prochloraz as Omega at 2 (OM2), 4
(OM4) and 6 (OM6) g a.i. I-! or as 2.5% Octave at 500 (OC500) and 750 (OC750) g product/100 kg tubers on
the incidence of black dot (A) and silver scurf (B) on progeny tubers at harvest in Limpopo. Bars with the
same letter do not differ significantly according to Tukey’s multiple range test (P = 0.05)
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Figure 8.2. Effect of treating seed potato tubers before storage (OC, OM) and before planting (O/OC,
OC/OC, OM/OC) with prochloraz as Omega (OM) at4 ga.i. "' or as 2.5% Octave at 500 (OC) at 750 g
product/100 kg tubers on the incidence of black dot (A) and silver scurf (B) on progeny tubers at harvest in
the North West. Bars with the same letter do not differ significantly according to Tukey’s multiple range test
(P=0.05)

8.1.3 Discussion

These experiments confirmed the efficacy of prochloraz against silver scurf (62, 63, and 112) and also indicated
a decrease in transmission of black dot to progeny tubers. There are several discrepancies in that various
researchers reported that prochloraz treatment was ineffective against black dot in the field (63, 112). It cannot
be due to cultivar susceptibility differences as both BP1 and Up-to-Date as well as the foreign cultivars
mentioned are all susceptible to black dot. Soil inoculums did not play a role in these experiments as black dot
was not present in the soils. Initial tuber-borne inoculum can also be disregarded since the response to
prochloraz was similar in both reported experiments, notwithstanding differences in degree of infection.
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The rate and frequency of application, the time between treatments and planting and conditions of storage after
treatment differed between and within the various studies. International studies (63, 112) reported storage
tubers at 10°C and 8°C, respectively, while storage temperatures in the local studies were at 25°C (Limpopo)
and at 4°C, followed by 14 days at 25°C subsequent to an additional application of prochloraz (North West).
Prochloraz prevents mycelia growth only and has no effect on conidial germination (112). Conidia of C.
coccodes serve as primary inoculum for infection (17) and the presence of viable conidia is therefore essential
for infection. Since the conidia do not germinate at 7°C and only tardily at 10°C (28), they would largely be
unaffected by prochloraz at these temperatures. At 25°C, however, conidia are induced to germinate, thus
producing germ tubes and mycelium sensitive to the fungicide. Conditions more conducive to inhibition of the
pathogen by prochloraz during storage, coupled with the higher rate used locally (e.g. 125-187.5 g a.i. tl-') as
opposed to 35 g a.. t1 used by (63) appear to be the main reason for the effective control in the North West
following storage at 25°C after supplementary applications of Octave.

Control of black dot by prochloraz could be less effective in the presence of soil-borne C. coccodes. Considering
the efficacy of prochloraz against H. solani, which is almost exclusively tuber-borne, together with the
suppression of black dot development on tubers, it can be reasoned that integrating prochloraz treatment with
appropriate crop rotation practices could provide long term control of black dot. It has also been recorded that
prochloraz is effective against other potato diseases, e.g. skin spot (63).

82  THE EFFECT OF PROCHLORAZ AND FLUDIOXONIL AS A ULTRA-LOW-VOLUME
APPLICATION BEFORE PLANTING TO CONTROL SEED-BORNE INOCULUM OF SILVER SCURF
AND BLACK DOT ON POTATOES

The registered powder formulation of prochloraz involves health hazards for workers and also is very labour
intensive. Ultra-low-volume application methods offer advantages in that fungicides can already be applied
during sorting of potatoes and that costs per ton potatoes should be substantially lower. The risk of infection by
bacteria will also be decreased as very little water is used during application.

8.2.1  Material and methods

Twenty tubers were randomly drawn from each bag (N=300) and examined for the presence of silver scurf and
black dot. The presence of the diseases was as follows: clean — 4.3%; silver scurf — 2%; black dot — 82.7%, and
silver scurf as well as black dot — 11%. The seed tubers were treated one day before planting on a sorting table
with prochloraz at 20 (P 20) and 40 (P40) g per 100 kg seed and fludioxynil at 2.5 (FLU 2.5), 3.8 (FLU 3.8) and 5
(FLU 5) ml per 100 kg seed by a single ultra-low-volume “micron spinning disc”. The delivery rate was 37.3 ml
water per 40 kg tubers. It took about 16 seconds to treat 40 kg tubers. Prochloraz as Octave (2.5%) was
applied at 750 g per 100 kg seed. An untreated control was included. The experiment was planted on 26 July
1995 near Mara in Limpopo in soil which had no history of potato plantings. The different treatments (2 rows per
treatment) were planted in a random block design with six replications.

A stand count was done four weeks after planting. The experiment was harvested on 30 November 1995.
Tubers were weighed and 60 randomly selected tubers of each replicate was examined for the presence of silver
scurf and black dot.

8.2.2 Results

The plant stand in the Octave treatment emerged significantly slower than the other treatments, but this delayed
emergence may have been due to the fact that Octave was applied to tubers in a bag which could have
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damaged the eyes of tubers (Figure 8.3). Yield data (Figure 8.4), however, confirm that Octave was not
phytotoxic as no significant differences occurred between treatments. Prochloraz and fludioxonil applied as an
ultra-low-volume treatment also did not exhibit any phytotoxic effects (Figure 8.5). Although not significant, it
seemed as if the fludioxonil treatment was more effective in controlling black dot (Figure 8.6). Both prochloraz
(as wettable powder) and fludioxonil tended to provide better control of silver scurf than the Octave treatment.

8.2.3 Conclusions

These results indicate that registered chemicals can successfully be utilised as ultra-low-volume applications.
Calculations have shown that ultra-low-volume treatments after liting and before planting are cost-effective.
Effective control of these two diseases has to comprise an integrated control programme.

Figure 8.3. The effect of treating seed tubers with prochloraz at 20 (P20), 40 (P40) g per 100 kg tubers,
fludioxonil at 2.5 (FLU 2.5), 3.8 (FLU 3.8), 5 (FLU 5) ml per 100 kg tubers and Octave at 750 g per 100 kg
seed tubers 4 weeks after planting on plant stand. Bars with the same letter do not differ significantly
(P=0.05)
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Figure 8.4. The effect of treating seed tubers with prochloraz at 20 (P20), 40 (P40) g per 100 kg tubers,
fludioxonil at 2.5 (FLU 2.5), 3.8 (FLU 3.8), 5 (FLU 5) ml per 100 kg tubers and Octave at 750 g per 100 kg
seed tubers on yield of progeny tubers. Bars with the same letter do not differ significantly (P=0.05)

Figure 8.5. The effect of treating seed tubers with prochloraz at 20 (P20), 40 (P40) g per 100 kg tubers,
fludioxonil at 2.5 (FLU 2.5), 3.8 (FLU 3.8), 5 (FLU 5) ml per 100 kg tubers and Octave at 750 g per 100 kg
seed tubers on the incidence of black dot on progeny tubers. Bars with the same letter do not differ
significantly (P=0.05)
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Fig 8.6. The effect of treating seed tubers with prochloraz at 20 (P20), 40 (P40) g per 100 kg tubers,
fludioxonil at 2.5 (FLU 2.5), 3.8 (FLU 3.8), 5 (FLU 5) ml per 100 kg tubers and Octave at 750 g per 100 kg
seed tubers on the incidence of silver scurf on progeny tubers. Bars with the same letter do not differ
significantly (P=0.05)

8.3  THE EFFECT OF DISINFECTANTS (SANITIZERS) ON C. COCCODES

Black dot infection by C. coccodes can take place after harvest during storage. Researchers have provided
evidence that conidia of H. solani are present in potato packing sheds. This can also be true in the case of black
dot. The following investigation was to determine whether commercially available disinfectants can control black
dot spores.

8.3.1  Materials and methods

The following disinfectants were evaluated: HTH (calciumhypochloride 70%), Clorox (sodiumhypochloride 15%),
Jeyes fluid (carbolic acid), Busan 1046 (methamsodium), Terminator (quaternary ammonium compound),
Sporekill (quaternary ammonium compound), and Organo Flo (oxyflavine acid).

A spore-suspension of C. coccodes (K5) (1x108 sporesml') in the various disinfectants at 1, 2, 4, 6 and 8% in
distilled water was prepared. Organo Flo , however, was only evaluated at 1, 2 and 4% as recommended. The
time of exposure for each concentration was 1, 2, 5, 10, 30 and 60 minutes, after which 0.1 ml of the solution
was plated onto potato-dextrose-agar culture. The age of the isolate was 10 days. The plates were kept for 10
days at 25°C and then examined for colony growth. A non-treated control, prepared in sterile water, was
included.

8.3.2 Results

No colonies developed in the HTH, Clorox, Jeyes Fluid, Busan, Terminator or Sporekill treatments. Organo Flo
only exhibited control over spore germination after 30 minutes for one hour. Colonies developed on all the
control plates.
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8.3.3 Discussion

The results indicated that various disinfectants are suitable for the control of spore inoculum of C. coccodes in
cold stores, crates, floor surfaces and sorting tables. Good control was evident even at concentrations as low as
1%.

. ]
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Chapter 9

ALTERNATIVE STRATEGIES FOR THE CONTROL OF BLACK DOT AND SILVER
SCURF ON POTATOES

Chemical control of silver scurf is readily attainable (74, 63) but due to the soil- and seed-borne nature and
extensive host range of the black dot pathogen, Colletotrichum coccodes (93, 74), it necessitates alternative
control measures. The latter can survive for long periods in soil on plant debris or as free microsclerotia in the
absence of a susceptible host (9) and treatment therefore has to be directed at eliminating or reducing inoculums
in soil. Two potential non-chemical procedures for control of black dot are soil solarisation and burial of infected
crop residues by deep tillage. These two procedures for potential control were investigated locally. The effect of
early harvesting on the incidence and severity of black dot was also investigated as this procedure resulted in
decreased development of the disease in overseas studies (56, 59).

9.1 MATERIALS AND METHODS

9.1.1  Effect of mouldboard ploughing and soil solarisation on tuber infection by C. coccodes.
Two field trials were conducted in a Hutton soil (20-25% clay) at ARC-VOPI, Roodeplaat, near Pretoria.
Trial 1

The first trial was conducted in a black dot infested field cropped to potatoes the previous season. The soil was
disked 100-150 mm deep seven months after the previous harvest. The design comprised a split-plot
randomised block with six 9x6 m replicated plots per treatment, i.e. deep mouldboard ploughing, soil solarisation
and control.

The designated plots were ploughed to a depth of 600 mm with a Nardi mouldboard plough on 4 January 1994.
The penetrability of ploughed and unploughed soil was determined directly after ploughing. Soil samples from
the top 300 mm and from 300-600 mm were collected from all plots for chemical analysis. Soil moisture content
of plots destined for solarisation was gravimetrically determined on 5 January 1995 at three depths up to 600
mm. Designated plots were then tarped with 30 pum thick clear polyethylene sheeting. Temperature was
monitored continuously at soil depths of 50, 100, 150 and 200 mm under the sheeting and about 500 mm outside
the periphery of one solarised plot.

The sheeting was removed after six weeks. Disease-free minitubers of the cultivar Up-to-Date were planted
150mm deep in a central 9m long row in all plots with an intra- and inter-row spacing of 300 mm and 1 m,
respectively. Normal irrigation and fertilising practices were followed.

Plant stand was recorded seven weeks after planting. Tubers were lifted, washed and weighed on 4 July 1995.
The incidence of black dot was determined macro- and microscopically on 60 tubers randomly selected from
each replicate.

Trial 2

The same trial was repeated except that an additional treatment of a tillage to a depth of 300 mm with a
mouldboard plough was included. Solarisation was, however, done with a 140 um thick clear polyethylene
sheeting which lasted for eight instead of six weeks. Planting of minitubers (cv. BP1) took place on 20 February
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1995. Plant stand was recorded seven weeks after planting, while lifting, washing and weighing of tubers and
disease assessment were done on 12 July 1995.

9.1.2 Effect of harvest date on silver scurf and black dot

Seed tubers (cv. Vanderplank) infected with either silver scurf or black dot (1-50% of surface area affected in
both instances) were planted on 27 August 1991 in two separate experiments in the same soil type as the two
previous experiments, but on locations which were cropped to potatoes the previous four years. Each experiment
comprised a randomised block design incorporating nine treatments (harvest dates). Six replicates were used
per treatment, each consisting of a single 9 m row, with planting detail as in the two former experiments. Haulms
were pulled after 10 weeks to allow skin-set of tubers. Ambient temperature was recorded for the duration of the
trial.

Harvesting commenced 12 weeks after planting and was repeated at fortnightly intervals for fourteen weeks. At
all harvest dates, tubers were hand-litted, washed and weighed. Incidence and severity of silver scurf and black
dot were determined on 60 tubers, randomly selected from each replicate. Results of all experiments were
analysed statistically according to the Genstat 5 PC Program.

9.2 RESULTS
9.2.1 Effect of mouldboard ploughing and soil solarisation on tuber infection by C. coccodes.
Trial 1

Penetrability and mineral content did not differ between ploughed and unploughed soil. Mean maximum and
minimum ambient temperatures recorded during the six weeks of solarisation were 27.3 and 16.8°C respectively,
whereas the accumulated value for intercepted solar radiation was 1831 MJ m-2. Tarping elevated maximum and
minimum temperatures by about 20% at all soil depths. The highest temperature (50.9°C) in the 50 mm layer of
tarped soil represents an increase of 8.1°C over the maximum temperature in the same layer in non-solarised
soil. Peak temperatures persisted for about two hours in upper soil layers, but for shorter periods in deeper
layers.

Results of trial 1 are not shown in this report as they did not produce significant differences. Trial 2 was
conducted at the same time the following year and included the same treatments as well as an additional tillage
treatment and a longer solarisation period.

Trial 2

Ambient temperatures slightly exceeded those recorded in the first trial, averaging 30.9°C (max.) and 18°C
(min.), respectively, and the accumulated value for intercepted solar radiation totalled 2159.3 MJ m-2. Maximum
and minimum soil temperatures were correspondingly higher in both solarised and non-solarised soil, with a
maximum of 56.8°C registered in the upper 50 mm under polyethylene sheeting, 11.8°C higher than at the same
depth in untarped soil (Table 9.1).
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Table 9.1. Daily minimum, maximum and mean temperature at different depths in solarised and non-solarised soil

over a period of eight weeks (Trial 2)

SOLARISED SOIL NON-SOLARISED SOIL
TEMP Soil depth (mm) Soil depth (mm)
50 100 150 200 50 100 150 200
MIN 24.5 25.7 26.7 26.3 18.1 20.2 21.0 215
MAX 56.8 51.8 41.7 44.6 45.0 41.6 38.7 35.7
MEAN 36.2 35 34.3 32.8 27.2 27.6 26.8 26.3

The incidence of back dot on control tubers was 3.8 times higher than in the first trial. Plant stand averaged 89%
in all treatments. Solarisation and deep ploughing (600 mm) increased tuber yield non-significantly by 42%,
whereas ploughing to a depth of 300 mm resulted in a yield increase of 31% (Figure 9.1). Solarisation and 300
mm deep mouldboard ploughing nevertheless significantly reduced disease incidence by 45 and 34%,
respectively (Figure 9.2). Reduction in disease achieved with 600 mm deep ploughing was the same as in Trial
1, viz. a non-significant 17%.

Figure 9.1. Effect of soil solarisation and mouldboard ploughing (300 and 600 mm depth) on tuber yield of
potatoes (Trial 2). Bars with the same letter do not differ significantly according to Tukey’s multiple range test

(P=0.05). LSD = 14.23
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Figure 9.2. Effect of soil solarisation and mouldboard ploughing (300 and 600 mm depth) on the incidence
of black dot in progeny potato tubers (Trial 2). Bars with the same letter do not differ significantly according
to Tukey’s multiple range test (P=0.05). LSD = 24.6

9.2.2 Effect of harvest date on silver scurf and black dot

Symptoms of silver scurf and black dot were evident as early as 14 weeks after planting. Incidence (Figure 9.3
and 9.4) and severity (Figures 9.5 and 9.6) of both diseases increased with time during the growing season and
progressed rapidly due to the warm and rainy conditions after plant senescence at 18 weeks. Senescence
coincided with maximum tuber yield, at which stage the incidence of silver scurf and black dot was 17 and 56%
respectively. Two weeks earlier the respective incidence of silver scurf and black dot were 8 and 29%, with yield
essentially the same as at 18 weeks.

/—9 Final Report: Black dot and silver scurf of potatoes in South Africa Page 42

potatoes
aarlappelsSA



90

80

70 B % tubers infected with silver scurf

m yield (t/ha)
60

50

40

Yield (t/ha)
% tubers infected with silver scurf

30

20

10

0 T T T T T T T T T T T T

Weeks after planting

123456 7 8 9 1011121314151617 18 19 20 21 22 23 24 25 26 27

Figure 9.3. Potato tuber yield and incidence of silver scurf at successive harvesting dates

Yield: Silver scurf
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Figure 9.4. Potato tuber yield and incidence of black dot at successive harvesting dates

Yield: Black dot:

Y=A+B/(1+D*X)+C*X Y=A+C*EXP[-EXP(-B*(X-M))]
D=0.175 B=0.985

B=312 M= 3.895

C=175 C=88.04

A=299 A=0.80

R2=92% R2=99.5%
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Figure 9.5. Development of silver scurf on potato tubers from tuber initiation to late harvesting

Figure 9.6. Development of black dot on potato tubers from tuber initiation to late harvesting
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9.3  DISCUSSION

This study was the first to purposefully investigate the effect of preplant soil solarisation and mouldboard
ploughing on black dot of potatoes. The incidence of disease on progeny tubers obviously reflected treatment
effects on soil inoculums of the pathogen, even though soil populations of C. coccodes were not determined.
Results indicated a reduction in black dot infection by solarisation and ploughing to a depth of 300 mm, although
only significantly so in the second trial.

It was thought that since C. coccodes can survive on debris, displacement of inoculum away from the infection
target area would reduce disease in the progeny tubers. This assumption proved to be fallacious. While the
suppression of infection by ploughing to 300 mm was probably due to the relocation of the overwintering of the
inoculum, ploughing to 600 mm apparently just disturbed the Hutton soil rather than inverting it under prevailing
conditions. Many local producers practice 300 mm depth ploughing, and may have unwittingly been restraining
black dot. The popular concept of minimum tillage should be discouraged, especially when potatoes are rotated
with maize, as it will promote survival of, and subsequent infection by C. coccodes and related pathogens.

Soil solarisation only significantly reduced black dot when tarping lasted for eight weeks under local conditions
and was more effective than mouldboard ploughing. Solarisation has been reported effective against sclerotium-
producing potato pathogens R.solani and Verticillium dahliae Kleb. (34, 22). The latter authors also reported
reduction in below-ground stem lesions in soil solarised for six weeks. Soil temperatures, however, in their case
was higher than in these local studies. A solarisation period of at least eight weeks is recommended for local
conditions in South Africa. The cost of solarisation (R2800 per ha in 1996) is very high. Compared to methyl
bromide fumigation, solarisation performs poorly in terms of black dot control (25).

The incidence of black dot and silver scurf with delayed harvesting observed in this study is in accordance with
overseas research (56, 59). These results indicated that disease incidence can almost be halved by harvesting
two weeks before achieving maximum vyield at senescence, without an appreciable reduction in yield. From an
economic point viewpoint, early harvesting seems to be the most promising approach for reducing black dot and
silver scurf.
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Chapter 11
INTEGRATED STRATEGY FOR CONTROL OF SILVER SCURF AND BLACK DOT

The following integrated control strategy was published by Dr FDN Denner in 2012 in the CHIPS journal volume
26 no 4: 16-19.

Silver scurf and black dot are considered the most important postharvest diseases in South Africa. All the major
cultivars planted are susceptible to both diseases. Research conducted over many years indicate that both black
dot and silver scurf have to be managed according to an integrated strategy.

11.1 FIELD SELECTION

Planting healthy seed tubers in soil contaminated with black dot present an unacceptable high risk. Soil-borne
contamination is an important source of inoculum causing disease. A soil test is available which can help to
determine the risk of black dot developing. Fields with high levels of infection should be avoided or not planted
with clean seed tubers.

Growers should document the presence of the disease in fields after harvest as well as the incidence as part of
effective black dot management. This could help to manage the risk of disease in future plantings.

11.2  SOIL MANAGEMENT PRACTICES

The seed- and soil-borne nature and extensive host range of C. coccodes allow the fungus to survive for long
periods in soil on plant debris (e.g. dead potato stems) or as free microsclerotia in the absence of a susceptible
host. As no fungicide is registered as soil treatment for the control of C. coccodes, the cropping history
obviously needs to be considered when selecting a field. Fields mono-cropped to potatoes or planted to
susceptible crops like tomato, sunflower, lucerne, cotton, beetroot efc., in rotation with potatoes, should be
avoided. Effective control of weeds such as thorn-apple, black nightshade and blackjack is essential. The same
applies to volunteer potato plants, since they serve as a host for C. coccodes. Fields known to be infected with
the pathogen should be cultivated for at least five to six years with a non-host like maize or wheat.

The practice of burning potato haulms is not really practical. Ploughing under of potato debris after harvest,
thereby displacing inoculum away from the infection zone promotes decay of organic matter and can be
recommended.

Contrary to black dot, silver scurf is mostly restricted to potato, and soil inoculum would therefore be important
only in potato monoculture, particularly in situations where infected volunteer potato plants abound.

11.3  SEED HEALTH

Once the field has been selected and prepared, the next step is to acquire the best quality seed tubers.
Disease-free tubers are the essential foundation of a management programme for the control of both silver scurf
and black dot. Planting infected seed will result in infected progeny and in the case of black dot, will introduce
the pathogen to the soil. Producers should always keep in mind that certification takes place soon after
harvesting and certification does not guarantee tuber quality with regards to these diseases at planting. As both
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diseases develop further during storage, seed can be treated with registered fungicides before storage. Planting
disease-free seed or treating seed with fungicides would nevertheless be futile in soil infested with ¢. coccodes.
All registered fungicides, despite its pronounced protective and irradicant action, only controls inoculum on seed
tubers and do not protect the progeny tubers against infection in the soil.

Application of fungicides by dipping has several disadvantages, especially bacterial infection due to elevated
moisture levels. Currently low volume application of fungicides on the roller table is the preferred method to
minimize the risk of bacterial infection and to treat large quantities of seed. Treating of tubers for silver scurf and
black dot can also form part of the production systems for handling tubers post-harvest. Most of the registered
fungicides for controlling post-harvest diseases in South Africa are registered as a low volume treatment.
Applying fungicides as a low volume treatment necessitates a well calibrated machine to ensure good coverage.
Water volumes of between 2 — 3 litres per ton of seed tubers are recommended for applying fungicides.

11.4  CROP GROWTH

Being a weak pathogen, C coccodes mostly colonises plants debilitated by a stress factor, e.g. wilt organisms,
water deficiency, or maturity. Not all nutrient and moisture stresses can be avoided, but the closer conditions are
to the optimal, the less disease will develop on progeny tubers. Moisture excesses or deficiencies and
temperature extremes affect silver scurf and black dot development. Generally , more black dot and less silver
scurf develop under irrigated conditions, as moisture plays an important role in the development of the black dot
disease. It is advisable to schedule irrigation applications according to prevailing soil and weather conditions to
avoid extreme wet or dry conditions.

11.5 CROP DURATION

Where there is a high risk for silver scurf or black dot development, the timing of harvesting is critical for
producing a crop with lower infection levels of silver scurf and black dot. Symptoms of the two diseases can be
evident on tubers as early as 14 weeks after planting and disease incidence and severity increase with time
during the growing season. Results showed that senescence coincided with maximum tuber yields, at which
stage the incidence of silver scurf and black dot was 17 and 56% respectively. Harvesting two weeks earlier
reduced the incidence figures to 8 and 29% respectively, without a concomitant reduction in the yield. Dr G
Hide, a well known researcher from the United Kingdom, stated as long ago as 1990 that infection is likely to be
superficial and not well established in the periderm in early harvested tubers. To enable the producer to harvest
earlier, vine killing would be necessary to induce maturity. As wet conditions are favourable for the development
of especially H. solani, drying the tubers as soon as possible after harvest to limit further disease development is
also advisable. However, the efficacy of the process depends on opportune climatic conditions, which can be
difficult to predict.

11.6 STORAGE

Contamination of seed by especially H. solani occurs very rapidly during storage, and prior treatment with a
fungicide is therefore essential.

A clean well-designed storage facility for maintaining tuber health during storage is essential. Evenly-distributed
air movement within the pile, temperature control and removal of excess moisture are required. Continuous
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monitoring of the pile for signs of decay is vital, and taking immediate action should decay be detected is
important. High humidity (>90%) and a temperature of 6°C and above are conducive to disease development.
Infection of tubers could also originate from airborne conidia of H. solani present in storage facilities. There is
increasing evidence that conidia of H. solani are commonly present in farm environments. This could obviously
also be true for C. coccodes. The entire storage facility should be cleaned and sanitised.
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Chapter 12

PUBLICATIONS EMANATING FROM SOUTH AFRICAN RESEARCH ON BLACK
DOT AND SILVER SCURF
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South African Agricultural Journal 7:879-882.

2. DOIDGE, E.M., 1924. A preliminary check list of plant diseases occurring in South Africa.

DOIDGE, E.M., 1950. The South African fungi and lichens to the end of 1945. Bothalia 5:1-1094.

4. DOIDGE, E.M., BOTTOMLY, AM., VAN DER PLANK, J.E. & PAUER, G.D., 1953. A revised list of plant
diseases in South Africa. Science Bulletin 346. Department of Agriculture. Union of South Africa.
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SINCE 1989
Scientific

1. DENNER, F.D.N. & MARAIS, L., 1989. Silver scurf and anthracnose on potatoes. South African
Journal of Science 85: 673 (abstract).

2. DENNER, F.D.N, MILLARD, C.P., Geldenhuys, A. & WEHNER, F.C., 1997. Treatment of seed
potatoes with prochloraz for simultaneous control of silver scurf and black dot on daughter tubers.
Potato Research 40: 221-227.

3. DENNER, F.D.N, MILLARD, C.P. & WEHNER, F.C., 1998. The effect of seed and soil-borne inoculum
of Colletotrichum coccodes on the incidence of black dot in potatoes. Potato Research 41: 51-56.

4. DENNER, F.D.N, MILLARD, C.P. & WEHNER, F.C., 2000. Effect of soil solarisation and mouldboard
ploughing on black dot of potato, caused by Colletotrichum coccodes. Potato Research 43: 195-201.

5. KOCH, S.H., BAXTER, A.P. & KNOX-DAVIES, P.S., 1989. Identity and pathogenicity of Colletotrichum
species from Medicago sativa in South Africa. Phytophylactica 21: 69-78.

6. MARAIS, L., 1990. Efficacy of fungicides against Colletotrichum coccodes on potato tubers. Potato
Research 33: 275-281.

Papers read

1. DENNER, F.D.N. & MARAIS, L. & WEHNER, F.C., 1993. Chemical control of silver scurf and
anthracnose on potatoes in South Africa. Proceedings of the 12t Triennial Conference. EARP. Paris,
18-23 July 1993. pp. 481-482.

2. DENNER, F.D.N, MILLARD, C.P. & WEHNER, F.C., 1996. Effect of fumigation and tuber treatment on
tuber- and soil-borne inoculums of potato anthracnose pathogen Colletotrichum coccodes. Proceedings
of the 13t Triennial Conference. EARP. Veldhoven, 14-19 July 1996. pp. 79-80.

Popular publications

1. DENNER, F.D.N., 2006. Geintegreerde beheer van silwerskurf en antraknose op aartappels. Chips
2006 .Jul/Aug
2. DENNER, F.D.N., 2012. Integrated control of silver scurf and black dot. Chips 2012 Jul/Aug: 16-19
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3. NIEDERWIESER, J.G. & DENNER, F.D.N., 2012. Silwerskurf of swartspikkel — hoe nou gemaak?
Chips 2012 May/Jun: 16-20.

4. NORTJE, P.F., 2001. Hantering van silwerskurf en antraknose in die sertifiseringskema. Chips 2001.
Nov/Des.

5. THIART, S., 2012. KZN Seed growers tackle silver scurf/black dot problem. Chips 2012, Sept/Oct: 70-
72.
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Chapter 13

CHEMICAL CONTROL

The following table contains chemicals registered in South Africa for the control of silver scurf and black dot on
potatoes. These chemicals should only be used on seed potatoes. Do not use treated tubers for feeding.

Disease

Common
name

Trade
name

Formulation

Type

Grams
a.i

Dosage

Directions and time between last
application and harvest or

feeding

Days

High volume
application unless
otherwise stated

Black dot

fludioxonil

Celest

(Syngent
a)

FS

100 g/l

250 ml/2-3
I water/
1000kg
tubers

ULV application in 2-3 |
water only. Use lower
application volume on tubers
harvested from sandy soils
and higher application
volume on tubers harvested
from clay soils. Apply just
after harvesting or 14 days
prior to planting. Ensure
good coverage. Do not
apply more than once to
same batch of tubers. Will
also control black scurf.

Prochloraz
manganese
chloride

Octave

(Bayer)

DS

25 glkg

500-750
g/100 kg
tubers

120

Apply just after harvest and
repeat 14 days prior to
planting on tubers stored for
longer than three months.
Use lower rate for large
tubers. Ensure coverage of
total surface area. Will also
control silver scurf.

WP

500 glkg

30 g/100
kg tubers

120

ULV application in 2-3 |
water. Apply just after
harvest or 14 days prior to
planting. Ensure even
coverage. Will also control
silver scurf.

Prochloraz
zinc complex

Chronos

(Makhtes
him-Agan
SA)

SC

530 g/

330
mi/1000 kg
seed

Seed potatoes only

)
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Disease

Common
name

Trade name

Formulation

Type

Grams
ai.i.

Dosage

Directions

High volume
application unless
otherwise stated

Silver
scurf

fludioxynil

Celest
(Syngenta)

FS

100 g/l

250 ml/2-
3 | water/
1000kg
tubers

ULV application in 2-3 | water
only. Use lower application
volume on tubers harvested
from sandy soils and higher
application volume on tubers
harvested from clay soils.
Apply just after harvesting or
14 days prior to planting.
Ensure good coverage. Do not
apply more than once to same
batch of tubers. Will also
control black scurf.

Imazalilfipro
dione

Rhapsodie
(Bayer)

FS

50/350
g/l

300
mi/100 kg
tubers

ULV application in 2-3 | water
applied by means of spray
miser applicator. Will also
control black scurf and stem
canker.

Prochloraz
mang-anese
chloride

Octave

(Bayer)

Refer black dot

)
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