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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
spesifieke 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.



INTEGRATED STRATEGY FOR THE CONTROL OF BOTRYTIS ON POTATOES IN
GREENHOUSES

F.D.N. Denner and K. Lubbe, Agricultural Research Council

OPSOMMING

‘n Vraelys is saamgestel en na vyf miniknolprodusente in Suid-Afrika uitgestuur. Hulle is Pieter Laubscher
(Sandberg), Potato Producers International (Modderrivier), Rascal Seed Research Laboratories
(Lydenburg), Potato Seed Producers (Christiana) en Ceres Seed. Al vyf die produsente het hulle vraelyste
voltooi en teruggestuur. Inligting rakende die omvang van die probleem asook beheermaatreéls wat
produsente tans gebruik, is op hierdie wyse bekom.

Drie kulture van Botrytis spp.: twee van Rascal Seed Research Laboratories en een van Potato Seed
Producers (PSP) is vir identifikasie ingestuur na Biosistematiek Afdeling: Mikologie Eenheid, Plant
Beskermings Navorsings Instituut (LNR). Al drie die isolate is geidentifiseer as Botrytis cinerea.

Die monitering van die temperatuur en relatiewe humiditeit (d.m.v. mikrosensors) by Potato Seed Producers
(PSP), Ceres Seed en Rascals het getoon dat die klimaatstoestande (temp en RH) binne in die kweekhuis
bevorderlik vir die ontwikkeling van B. cinerea is. Die mees gunstige toestande vir B. cinerea is 20-25 °C en
‘n RH >90 %. Die data het inderdaad getoon dat, van die drie lokaliteite PSP, onder hierdie stel toestande
die mees gunstigste was vir die ontwikkeling van B. cinerea. ‘n Hoé siekte insidensie van B. cinerea is dan
ook gevind by PSP, minder by Rascals en geen by Ceres. Die monitering van die laasgenoemde twee
kweekhuise is tydens ‘n winteraanplanting gedoen. Dit is dus belangrik dat die klimaatstoestande ook
gemonitor moet word tydens ‘n someraanplanting vir vergelykende redes.

Iprodioon, pyrimethanil, cyprodinil + fludioksonil, fenheksamid, prosimidoon en chlorothalonil is teen 0.05,
0.1, 0.25, 0.5, 1 en 2.5 dpm aktiewe bestandeel in vitro getoets. Benomil en karbendasim + flusilasool is
onderskeidelik teen 0.5, 1, 2.5, 5, 10 en 20 dpm aktief in vitro getoets. Die in vitro data het bewys dat al die
swamdoders wat getoets is met die uitsondering van chlorothalonil (Bravo), die potentiaal het om as
chemiese beheermaatreéls teen B. cinerea in kweekhuise gebruik te kan word. Die resultate moet onder
kweekhuistoestande bevestig word.

Drie biologiese agente nl. B-Rus (Bacillus subtilis), Mity-Gro (Bacillus laterosporus) en Tricho-M
(Trichoderma harzianum) is in vitro getoets vir die beheer van B. cinerea. Slegs B-RUS het in vitro beheer
getoon. Die potentiaal om chemiese en biologiese beheermaatreéls te kombineer is ook ondersoek vir die
beheer van B. cinerea.

Die volgende swamdoders is in vitro toegedien op aartappelblare om die effektiwiteit daarvan te bepaal:
cyprodinil + fludioksonil, fenheksamid, iprodioon, prosimidoon, pyrimethanil, boscalid + piraklostrobin. Al die
swamdoders, behalwe iprodioon, het 100 % inhibisie van B. cinerea getoon by 1 of 1.5 maal die aanbevole
dosis. Pyrimethanil het ‘n fitotoksiese effek op die blare gehad.

Swamdoders is in vivo getoets as ‘n voorkomende behandeling vir die beheer van B. cinerea in ‘n glashuis
by LNR Infruitec kampus. Verskillende produkte is geévalueer nl. cyprodinil + fludioksonil, fenheksamid,
pyrimethanil en boscalid + piraklostrobin. Die patogeen is geisoleer slegs uit kontrole plante en plante wat



met pyrimethanil behandel is. Die pyrimethanil plante het weereens fitotoksiese skade getoon. Geen infeksie
het op enige van die ander behandelings voorgekom nie.

‘n Tweede proef is ook uitgevoer in ‘n kweekhuis op Roodeplaat om die effktiwiteit van swamdoders te
evalueer as ‘n voorkomende behandeling vir die beheer van B. cinerea. Die volgende produkte is getoets nl.
cyprodinil+fludioksonil, fenheksamid, iprodioon, prosimidoon, pyrimethanil, boscalid+piraklostrobin, Bacillus
subtilis, B. subtilis + fenheksamid, B. subtilus + iprodioon, Oxigreen 15 en 25 % en PKBot. Nadat die proef
geinokuleer is met ‘n spoorsuspensie van B. cinerea is geen visuele simptome van die siekte waargeneem
op enige van die behandelings nie. Sporulasie is slegs waargeneem op dooie plantmateriaal van enkele van
die behandelings veral die kontrole, B. subtilis en Oxigreen.

Tydens ‘n blaartoets in vitro is bewys dat Sporekill as ‘n moontlike sanitasie middel gebruik kan word vir
onderdrukking van B. cinerea. Infeksie is met 67 % verlaag indien die blare 3 ure na inokulasie behandel is.
Indien die behandeling eers 24 uur na infeksie plaasvind verhoog die effktiwiteit na 83.3 %.

Chemiese produkte is ook geévalueer vir beheer van sklerotia. Sklerotia wat vanaf kulture geoes is, is
behandel met fenheksamid, natriumhipochloried of Sporekill en alhoewel die behandeling die swamgroei
vertraag het, kon nie eens 5 minute se blootstelling hierdie strukture dood maak nie.

SUMMARY

A questionnaire was compiled and sent to five minituber producers in South Africa. They were Pieter
Laubscher (Sandberg), Potato Producers International (Modderrivier), Rascal Seed Research Laboratories
(Christiana), Potato Seed Producers (Lydenburg) and Ceres Seed. All five producers completed their
guestionnaires and sent them back. Valuable information was received in terms of the status of the problem
and current control measures used by these producers.

Three cultures of Botrytis spp.: two from Rascal Seed Research Laboratories and one from Potato Seed
Producers (PSP) were sent in for identification to the Biosystematics Division: Mycology Unit, Plant
Protection Research Institute (ARC). All three cultures were identified as Botrytis cinerea.

The monitoring of the temperature and relative humidity (using micro sensors) at Potato Seed Producers
(PSP), Ceres Seed and Rascals respectively indicated that the climatical conditions (temp and RH) inside
the greenhouses were conducive for the development of B. cinerea. The most important conditions for the
development of B. cinerea are 20-25 °C and RH > 90 %. The data indeed showed that of all three localities,
PSP under these conditions were the most favourable for the development of B. cinerea. A high incidence of
B. cinerea was present at PSP with less at Rascals and no infection at Ceres. The monitoring at the last two
localities was done during the winter period. It is therefore important to monitor the climatical conditions
during a summer planting for comparative purpose.

Iprodione, pyrimethanil, cyprodinil + fludioxonil, fenhexamid, procymidone and chlorothalonil were tested in
vitro at 0.05, 0.1, 0.25, 0.5, 1 and 2.5 ppm active ingredient respectively, while benomyl and carbendazim +
flusilazole respectively were tested at 0.5, 1, 2.5, 5, 10 and 20 ppm. The in vitro results showed that all the
fungicides tested, with the exception of chlorothalonil (Bravo), showed potential as chemical control
measures against B. cinerea. These results have to be confirmed under greenhouse conditions.

Three biological control agents namely, B-Rus (Bacillus subtilis), Mity-Gro (Bacillus laterosporus) and
Tricho-M (Trichoderma harzianum) were tested in vitro for control of B. cinerea. Only B-Rus gave control in



vitro. The potential to combine chemical and biological control measures were also investigated in vitro.
None of the chemicals had an effect on B-Rus in vitro.

The following fungicides were sprayed onto detached potato leaves to test the efficacy in vitro: cyprodinil +
fludioxonil, fenhexamid, iprodione, procymidone, pyrimethanil, boscalid + pyraclostrobin. All the fungicides
except iprodione, showed a 100 % inhibition of B. cinerea at either 1 or 1.5 times the recommended rate.
Pyrimethanil caused a phytotoxic effect on the leaves.

Fungicides were also tested as a preventative spray for the control of B. cinerea in a glasshouse trial at
Infruitec. Different treatments were evaluated e.g. cyprodinil + fludioxonil, fenhexamid, pyrimethanil and
boscalid + pyraclostrobin. The pathogen was isolated from the control plants and plants treated with
pyrimethanil. The pyrimethanil treated plants exhibited phytotoxicity damage. The pathogen was not isolated
from any of the plants treated with other fungicides.

A second trial was also conducted in a greenhouse at Roodeplaat to evaluate the efficacy of the fungicides
as a preventative treatment for the control of B. cinerea. The following products where tested e.g. cyprodinil
+ fludioxinil, fenhexamid, iprodione, procymidone, pyrimethanil, boscalid+pyraclostrobin, Bacillus subtilis, B.
subtilis + fenhexamid, B. subtilus + iprodione, Oxigreen 15 and 25 % and PKBot. After inoculating the trial
with a spore suspension of B. cinerea no visual symptoms where detected on any of the treatments.
Sporulation was only detected on dead plant material on some of the treatments especially the control, B.
subtilis and Oxigreen.

A detached leaf test performed in vitro with Sporekill showed that this product can be used for sanitation
purposes to suppress B. cinerea. Infection was reduced by 67 % if leaves were treated 3 hrs after
inoculation. If the treatment occurs 24 h after inoculation took place the efficacy of the product rose to
83.3%.

Chemicals were also evaluated for the control of sclerotia. Sclerotia were treated with fenhexamid,
sodiumhypochloride and Sporekill and although these treatments inhibited subsequent mycelial growth the
sclerotia were not killed, even after a 5 minute treatment.

OBJECTIVES 2005/2007

i) Conduct a basic survey on potato minituber producers in South Africato investigate the extent of the
problem.
ii)  Collection of infected plant material to confirm that B. cinerea is the primary cause of the problem.
Up till now the disease has been identified purely on disease symptoms.

iii) Identification of isolates to species level.

iv) Conduct a climatological study in the greenhouses.
V) Identify possible control measures.

Vi) Integrated control strategy

INTRODUCTION

Botrytis cinerea, the causal agent of gray mold, attacks leaves, flowers and fruits of various vegetable and
ornamental crops grown in greenhouses. In South Africa, the production of potato minitubers in
greenhouses is also affected by the disease.



The symptoms appear as dense gray-brown mold on potato leaves, petioles, and stems. Lesions are
wedge-shaped, occurring at the tips of leaves and are bounded by the major leaf veins. Leaf symptoms can
be confused with late blight which produces a white mold on affected leaves. The disease causes tubers to
become wrinkled and eventually developing a watery, brown decay.

High relative humidity (RH), free moisture on plant surfaces and moderate temperatures are considered the
most important environmental factors that promote infection by B. cinerea (Elad et al., 2004).

Minituber producers in South Africa are experiencing losses due to Botrytis stem infection which ultimately
girdles the stems, kills the entire plant and cause substantial yield loss. Gray mold epidemics are often the
reason for harvesting the crop earlier than planned. A dense plant canopy causes the stems and leaves to
remain wet for long periods increasing the severity of the disease.

Information regarding the integrated control of B. cinerea in potato greenhouses in South Africa is lacking.
No chemicals are registered for the control of the disease on potatoes in South Africa.

MATERIALS AND METHODS

1. Conduct a basic survey on potato greenhouses in South Africa to investigate the extent of the
problem.

A questionnaire was compiled and sent to five minituber producers in South Africa. They were Pieter
Laubscher (Sandberg), Potato Producers International (Modderrivier), Rascal Seed Research Laboratories
(Christiana), Potato Seed Producers (PSP, Lydenburg) and Ceres Seed.

2. Identification of Botrytis to species level
Three cultures of Botrytis spp., two from Rascals and one from PSP were sent in for identification to the
Biosystematics Division: Mycology Unit, Plant Protection Research Institute (ARC).

3. Conduct a climatological study in greenhouses

High relative humidity (RH), free moisture on plant surfaces and cool temperatures are considered the most
important environmental factors to promote infection by B. cinerea. It is therefore important to investigate
any possible changes that can be made to the microclimate inside the greenhouses to make conditions
unfavourable for disease development. Results obtained from this investigation could lead to possible
changes to alter the microclimate. Regulating the microclimate inside the greenhouses will form part of the
development of an integrated control strategy against B. cinerea. Micro sensors (15 mm diameter) were
used to measure the temperature and relative humidity inside and above the plant canopy. A total of 12
sensors were used, 9 were placed inside the plant canopy and 3 above the canopy. Research was
conducted at 3 localities, PSP, Ceres Seed and Rascals respectively.

a) Potato Seed Producers (PSP, Lydenburg)

Climatical conditions at PSP were monitored from 5 December 2005 — 6 March 2006. Sensors were placed
at various places in a greenhouse (Fig. 1). Sensors 1-9 measured the temperature and relative humidity
inside the canopy and sensors 10-12 measured the conditions above the canopy.
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Fig. 1. Positioning of sensors in a greenhouse at PSP at Lydenburg

b) Ceres Seed
Ceres was monitored over the period 10 April 2005 — 28 May 2006. Sensors were placed at various places
in a greenhouse (Fig. 2). Sensors 1-9 measured the temperature and relative humidity inside the canopy

and sensors 10-12 measured the conditions above the canopy.
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Fig 2. Positioning of sensors in a greenhouse at Ceres

c) Rascals Seed Research Laboratories
Rascals was monitored over the period 21 June 2006 — 2 September 2006. Sensors were placed at various
places in a greenhouse (Fig. 3). Sensors 1-9 measured the temperature and relative humidity inside the

canopy and sensors 10-12 measured the conditions above the canopy.
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Fig. 3. Positioning of sensors in a greenhouse at Rascals, Bloemheuvel (no. 5) at Christiana

4A. Chemical control:

a) In vitro testing of fungicides

Isolates. An isolate from PSP of Botrytis cinerea isolated from infected material obtained during 2006 was

used in the in vitro trials.

Fungicide test. Various fungicides were screened for activity against B. cinerea in vitro. (Table 1). The
fungicide amended-Potato Dextrose Agar (PDA) method was used. Fungicides were tested at
concentrations of 0.05, 0.1, 0.25, 0.5, 1 and 2.5 ppm active ingredient respectively. Iprodione, pyrimethanil,
cyprodinil + fludioxonil, fenhexamid, procymidone and chlorothalonil were tested at 0.05, 0.1, 0.25, 0.5, 1
and 2.5 ppm active ingredient, whereas benomyl and carbendazim + flusilazole were tested at 0.5, 1, 2.5,
5, 10 and 20 ppm active ingredient. The fungicide solutions were added to sterilized PDA at 50 °C. After
mixing, the fungicide-amended-PDA was poured into Petri dishes at a rate of 20 ml per Petri dish (90 mm

diameter). Control plates contained PDA only.

Mycelial discs (5 mm diameter) of B. cinerea were punched from 3-day-old cultures of the fungi and placed
upside down on the agar. The plates were incubated at 20 °C for 48 hours in the dark and radial growth

was measured. All treatments were replicated three times.



Table 1: Fungicides tested against B. cinerea in vitro.
Active ingredient Tradename and formulation Active ingredient content
Benomyl Benlate WP 500 g. kg™
Carbendazim + flusilazole Punch Extra SC 250/125 g. kg™

Chlorothalonil Bravo SC 500g. ¢

Cyprodinil + fludioxonil Switch WG 375/250 g. kg™

Fenhexamid Teldor SC 500g. 8"
Iprodione Prodione SC 500g. 2"
Procymidone Sumislex SC 250g. 07"

Pyrimethanil Scala SC 400g. 0"

Statistical analysis

The percentage inhibition of the fungus was calculated before being subjected to an appropriate analysis of
variance using SAS version 9 (SAS, 1999) statistical software. Shapiro-Wilk’s test was performed to test for
non-normality (Shapiro and Wilk 1965). Student's t-Least Significant Difference was calculated at the 5 %

significance level to compare treatment means of significant effects.

b) In vivo testing of fungicides

i) Fungicide leaf test:

The fungicides that showed promising results in the in vitro tests were tested on detached leaves in the
laboratory. These tests were performed to get an indication of the performance of the fungicides in vivo.
The environmental conditions can easily be manipulated in the laboratory, which makes this test a good
precursor for glasshouse tests.

Fungicide solutions were prepared at various concentrations using the fungicides listed in Table 2. The
standard recommended rate was tested as well as 1.5 times this rate. Fresh, mature potato leaves (picked
from healthy plants) were sprayed in the laboratory and were left to dry off. A spore suspension was
prepared using dry B. cinerea spores added to sterile distilled water and a drop of Tween 20. The spore
concentration was set at 1 x 10° spores/ml by making use of a hemocytometer. The potato leaves were
sprayed with the spore suspension and placed in 90mm diameter Petri dishes, lined with wet filter paper.
The leaves were incubated at room temperature for 72 hrs. Thereafter the leaves were surface sterilized (1
min in 1:2 Jik solution and rinsed in sterile water) and tissue samples were plated out onto paraquat
medium (1L bacteriological agar amended with 0.1 ml paraquat). The plates were incubated for a week at

room temperature after which sub-cultures were made to confirm the presence of B. cinerea.



Table 2. List of fungicides and the concentrations tested on detached potato leaves for the control

of B. cinerea in vivo.

Treatment no. Tradename
Switch
Switch
Teldor
Teldor
Prodione
Prodione
Sumislex

Sumislex
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Control

Active ingredient
Cyprodinil + fludioxonil
Cyprodinil + fludioxonil
Fenhexamid
Fenhexamid

Iprodione

Iprodione

Procymidone
Procymidone
Pyrimethanil
Pyrimethanil

Boscalid + pyraclostrobin
Boscalid + pyraclostrobin
Water

Application rate
4g/10¢
6g/10¢
7.5ml/10¢
11.3ml/10¢
10ml/10¢
15ml/10¢
10ml/10¢
15ml/10¢
12ml/10¢
18ml/10¢
69/10¢
9g/10¢

ii) Glasshouse evaluation of fungicides at Infruitec

Two month old potato plants (cv.BP1) planted in pots were treated with fungicides listed in Table 3. The

trial was planned to evaluate the efficacy of the fungicides on older more susceptible leaves. Hand-held

spray bottles were used to spray plants until run off. Plants were sprayed at weekly intervals and were

incubated in a glasshouse at 22 + 2°C. The plants were packed in a randomized block design with 12

repetitions of each treatment. Plants were fertigated once a week using Chemicult at the standard rate. At

the onset of the trial, open Petri dishes with sporulating B. cinerea cultures (10 days old) were placed

between plants for a 24 hr period. After 4 weeks incubation, leaf samples were taken from every plant: one

necrotic leaf, one yellow leaf and a green leaf. The tissue was surface sterilized (1 min in a 2:1

sodiumhypochloride solution and rinsed in sterile, distilled water) and then plated onto paraquat medium

and the subsequent cultures were sub-cultured to confirm the presence of B. cinerea.
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Table 3. List of fungicides and the concentrations tested on potatoes for the control of B. cinerea
under glasshouse conditions.

Treatment no. Tradename Active ingredient Application rate
1 Switch Cyprodinil + fludioxonil 0.4 g/t
2 Teldor Fenhexamid 0.75 ml/g
3 Scala Pyrimethanil 1.2 mi/t
4 Bellis Boscalid + pyraclostrobin 0.6 g/t
5 Control Distilled Water

iii) Greenhouse evaluation of fungicides at ARC-VOPI

Preparation of the pathogen. An isolate from PSP of B. cinerea isolated from infected material obtained
during 2006 was used in the greenhouse trials. Cultures were incubated at 20 "C under fluorescent lighting
for 10 days.

Inoculation of vermiculite. The trial was conducted in a commercial potato greenhouse fitted with a wetwall
and two extraction fans. Plastic crates were filled with vermiculite in which potato tubers (cv. BP1) were
planted on 29 March 2007. The crates were arranged in a randomized block design in the greenhouse and
they were irrigated using a drip irrigation system. Thirteen treatments were included (Table 4). The control
consisted of untreated plants but watered as all the other treatments. Each treatment was replicated three

times with two crates allocated per replicate.

All treatments were applied weekly at the rates listed in Table 4. The first application took place on 9 May
2007 and inoculation took place 5 weeks later, on 14 June 2007. Inoculation was performed by means of a
B. cinerea spore suspension (1 x 10° spores/ml) that was sprayed on the leaves with a knapsack sprayer.
The combination of B-Rus + Teldor and B-Rus + Prodione was applied every third week whereas during
the two previous weeks only B-Rus was applied. In total each treatment received 11 fungicide applications.
The knapsack sprayer was fitted with two nozzles and was operated at a pressure of 3 bar. Plants were
evaluated for the presence of B. cinerea on a weekly basis based on visual symptoms. The trial was

terminated after 11 weeks.
Climatological conditions in greenhouse. Climatical conditions inside the greenhouse were monitored

using micro sensors. A total of 10 micro sensors were placed inside the plant canopy and three, 20 cm
above the canopy.

11



Table 4. List of fungicides and the concentrations tested on potatoes for the control of B. cinerea
under greenhouse conditions at ARC-VOPI.

Treatment Trade name Active ingredient Application rate
1 Switch Cyprodinil + fludioxonil 0.4g/¢
2 Teldor Fenhexamid 0.75g/t
3 Prodione Iprodione Imi/t
4 Sumislex Procymidone 1mlA
5 Scala Pyrimethanil 1.2mlA
6 Bellis Boscalid +pyraclostrobinn 0.6g/1
7 B - Rus Bacillus subtilis 4g/t
8 B - Rus + Teldor Bacillus subtilis + Fenhexamid 0.75ml/t
10 Oxigreen 15 % Anolyte 150 mi/t
11 Oxigreen 25 % Anolyte 250mli/
12 Pkbot Imi/t
13 Control Tap water

4B. Biological control:

a) In vitro testing of biological control agents

Many of the most successful biological disease control programs have been successful in greenhouses.
Therefore, three biological agents namely, B-Rus (Bacillus subtilis), Mity-Gro (Bacillus laterosporus BO.D.)
and Tricho-M (Trichoderma harzianum) were tested in vitro. Mycelial discs (5 mm diameter) of the same B.
cinerea isolate used in the fungicide tests were plated onto PDA. The plugs were placed on the left half of
the Petri dish. The biological agents (1 g of each of the biological agents) were dissolved in 80 ml sterile
distilled water and each Petri dish was inoculated with a droplet of each suspension onto the right hand
side of the dish. Three plates were used for every B. cinerea—biological control agent combination. After
five days incubation at 20 °C in the dark, the plates were evaluated visually for inhibition of fungal growth.

All treatments were replicated three times.

b) Effect of the different fungicides on B-Rus
The limitations of biocontrol products can be reduced by enhancing biocontrol through manipulation of the
environment, using mixtures of beneficial organisms and integration of biocontrol with other alternative

methods such as chemical control to provide additive effects.

After the above-mentioned biological assay, B-Rus (which inhibits growth of B. cinerea in vitro) was also
plated onto PDA amended with the fungicides listed in Table 1 (excluding chlorothalonil). B-Rus was tested
to see if it could be used in combination with reduced fungicide rates in a spray program to control B.
cinerea. The concentrations used for all the fungicides were: 0.05, 0.1, 0.25, 0.5, 1 and 2.5 ppm active

ingredient respectively. The PDA-amended plates were prepared according to the method described under
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in vitro fungicide testing. After five days incubation at 20 °C in the dark, the plates were evaluated visually

for inhibition.

c) In vivo testing of biological control agent:

Solutions were prepared of B-Rus (Bacillus subtilis) at 4g/f and Eco 77 (Trichoderma harzianum) at 0.5g/t
Fresh, mature potato leaves were sprayed with these solutions and were placed in 90mm diameter Petri
dishes, lined with wet filter paper. Control leaves were treated with water only. The dishes were incubated
at room temperature for 24 or 48 hrs. A B. cinerea spore suspension was prepared as stated above and
was used to spray-inoculate the leaves. The leaves were placed back into the Petri dishes and were
incubated for 72 hrs at room temperature. After incubation the leaves were surface sterilized and pieces of
tissue were plated onto paraquat medium. The plates were incubated for a week at room temperature after

which sub-cultures were made to confirm the presence of B. cinerea.

4C. Sanitation products

a) Sporekill leaf test:

Products were evaluated for their efficacy to be used as part of sanitation procedures after harvesting.
Producers are using products like Sporekill to sanitize greenhouses after the planting season. Therefore
the ability of these products to control spore- as well as sclerotium inoculum of B. cinerea is of importance.

A B. cinerea spore suspension was prepared as stated above and was used to spray-inoculate detached,
mature potato leaves. The leaves were placed in 90 mm diameter Petri dishes, lined with wet filter paper
and incubated for 3 or 24 hrs. A solution of Sporekill (5ml/f) was prepared and used to spray the inoculated
leaves after which they were placed back into the Petri dishes. Control leaves were treated with water only.
The dishes were incubated for four or 28 hrs at room temperature. After incubation pieces of leaf tissue
were plated onto paraquat medium. The plates were incubated for a week at room temperature after which

sub-cultures were made to confirm the presence of B. cinerea.

b) Sclerotia test:

Fourteen- and 28-day-old sclerotia were harvested from potato dextrose agar (PDA) cultures and were
treated with one of the following: fenhexamid (0.75ml/f); sodiumhypochloride (1:2); Sporekill (5ml/t), water
(control). Treatments were applied for one or five minutes after which the sclerotia were rinsed in sterile

distilled water. The sclerotia were placed on PDA and incubated at room temperature for 5 days.
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RESULTS AND DISCUSSION

1.Conduct a basic survey on potato greenhouses in South Africa to investigate the extent of the

problem

Valuable information was gathered from the survey regarding:
a) Cultivation practices of the different producers.

b) Expression of disease symptoms.

c¢) Control measures, especially chemical.

d) Losses due to Botrytis.

The information was used to compile a short list of chemicals to be evaluated for control of B. cinerea. The
information will also be used to make recommendations in terms of developing an IPM strategy after
conducting the research. According to the survey, the yield loss can be as high as R40 000 per greenhouse

per planting.

2. Identification of Botrytis isolates to species level

The cultures sent in for identification were identified as B. cinerea. The genus Botrytis contains 22
recognized species and one hybrid. The current classification is largely based on morphological characters
and to a minor extent on physiology and host range. B. cinerea is characterized by abundant colourless to
light brown conidia (asexual spores) borne on brown, branching tree-like conidiophores. The fungus also
produces highly resistant sclerotia as survival structures. The fungus can overwinter as sclerotia or as
intact mycelium, both of which germinate to produce conidiophores. The conidia are dispersed by wind and

rain-water to cause new infections.

3. Conduct a climatological study in greenhouses

a) Potato Seed Producers (PSP)

The average, minimum and maximum relative humidity and temperature were monitored from 5 December
2005 — 6 March 2006 (Tables 5-6) using 12 micro sensors. According to the data, conditions were
conducive for the development of Botrytis (temp 20-25 °C and a RH>90 %). A high incidence of Botrytis
also occurs throughout the growing season. On average the temperature was cooler (16 °C) next to the
wet-wall and became progressively warmer towards the fans (18-19 °C). The relative humidity was also

higher closer to the wet-wall.
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Table 5. The average, minimum and maximum relative humidity monitored from 5 December 2005 —
6 March 2006 at PSP.

PSP
RH1 |RH2 |RH3 | RH4 | RH5 | RH6 | RH7 | RH8 | RH9 | RH10 | RH11 | RH12
Average |98 |92 |93 [100 [91 |90 |98 |92 |91 |9 |89 |91
Maximum | 105 | 104 | 106 | 107 | 102 | 103 |106 | 104 |107 |109 | 106 | 110
Minimum |67 |46 |40 |61 |38 |49 |64 |46 |41 |65 |43 |31

Table 6. The average, minimum and maximum temperature monitored from 5 December 2005 - 6

March 2006 at PSP.

PSP
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12
Average 16 18 18 16 18 19 16 18 19 16 19 19
Maximum 27 31 35 27 32 32 24 31 36 24 35 33
Minimum 10 11 11 10 11 11 9 11 10 10 11 11

b) Ceres Seed
The average, minimum and maximum relative humidity and temperature were monitored from 10 April

2006 - 28 May 2006 at Ceres, using 12 sensors placed at various positions inside the greenhouse (Tables

7 and 8). As it was mainly a winter planting, the wet-wall was switched off most of the time. This was also

evident in the relative humidity data, where it was not cooler closer to the wet-wall as in the case with PSP.

Although the conditions were also conducive for the development of Botrytis, no infection occurred. This

however indicated that other factors also play a role to restrict the development of the pathogen inside a

greenhouse, e.g. canopy size, sanitation practices, absence of the pathogen, etc. These factors also have

to be investigated. Table 7. The average, minimum and maximum relative humidity monitored from
10 April 2006 — 28 May 2006 at Ceres.

CERES
RH1 | RH2 | RH3 | RH4 | RH5 | RH6 | RH7 | RH8 | RH9 | RH10 | RH11 | RH12
Average 92 95 93 98 97 98 102 | 99 96 82 83 84
Maximum 104 | 107 | 106 | 108 |105 | 105 |108 | 106 |106 | 100 101 104
Minimum 52 47 51 37 32 65 81 55 44 33 34 39
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Table 8. The average, minimum and maximum temperature monitored from 10 April 2006 — 28 May
2006 at Ceres.

CERES

T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 | T11 | T12

Average 15 15 14 15 15 14 15 15 14 16 15 16

Maximum 28 28 27 27 28 24 29 27 26 33 32 32

Minimum 4 5 4 3 4 4 5 5 4 4 4 4

d) Rascals Seed Research Laboratories

The average, minimum and maximum relative humidity and temperature were monitored from 21 June
2006 — 2 September 2006 using 12 sensors placed at various positions inside the greenhouse (Tables 9
and 10). This planting was also done during the winter. In this particular greenhouse the wet-wall was only
switched on when the temperatures exceeded 27 °C. This is also evident from the relative humidity data
where it did not become cooler closer to the wet-wall. Conditions were also conducive for the development
of B. cinerea. It was reported that B. cinerea did occur but at a very low incidence.

The most important conditions for the development of B. cinerea are 20-25 °C and RH > 90 %. The data
indeed showed that of all three localities, PSP under these conditions was the most favourable for the

development of B. cinerea.

Table 9. The average, minimum and maximum relative humidity monitored from 21 June 2006 — 2

September 2006 at Rascals.

RASCALS

RH1 | RH2 | RH3 | RH4 | RH5 | RH6 | RH7 | RH8 | RH9 | RH10 | RH11 | RH12

Average 93 98 89 79 83 87 93 87 95 78 77 79

Maximum 105 |108 | 105 |105 |103 | 103 |106 | 105 |106 | 102 104 105

Minimum 46 49 36 19 27 36 41 30 55 16 16 17

Table 10. The average, minimum and maximum temperature monitored from 21 June 2006 — 2
September 2006 at Rascals.

RASCALS

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12

Average 13 13 12 13 13 13 13 14 13 13 13 14

Maximum 25 21 25 31 32 28 28 32 26 32 32 32

Minimum 0 1 -1 -1 -1 -1 0 -1 0 -2 -2 -2
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4A. Chemical control

a) In vitro testing of fungicides

Figures 4 and 5 illustrate the influence of iprodione, pyrimethanil, cyprodinil + fludioxonil, fenhexamid,

procymidone, chlorothalonil, benomyl and carbendazim + flusilazole on mycelial growth of B. cinerea. At a

concentration of 0.05 ppm, inhibition of mycelial growth ranged from 0 to 98.92 %. Cyprodinil + fludioxonil

and fenhexamid showed inhibition percentages of above 88 %. At 0.1 ppm chlorothalonil and iprodione

showed low inhibition levels, but pyrimethanil, cyprodinil + fludioxonil, fenhexamid and procymidone

showed inhibition levels above 88 %. At 1 ppm, all the fungicides except chlorothalonil inhibited B. cinerea

growth at 95 % and higher.
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Fig. 4. Effect of different concentrations (ppm, a. i.) of iprodione, pyrimethanil, cyprodinil +
fludioxonil, fenhexamid, procymidone and chlorothalonil on mycelial growth of B. cinerea in vitro,
after 48 hrs incubation at 20 °C in the dark.
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Fig. 5. Effect of different concentrations (ppm, a. i.) of benomyl and carbendazim + flusilazole on
mycelial growth of B. cinerea in vitro, after 48 hrs incubation at 20 °C in the dark.

b) In vivo testing of fungicides

i) Fungicide leaf test:

Figure 6 illustrates the effect of the selected fungicides on the percentage B. cinerea re-isolated from the
detached leaves. All the fungicides except iprodione, showed a 100 % inhibition of B. cinerea at either 1 or
1.5 times the recommended rate. Pyrimethanil caused a phytotoxic effect on the leaves (Figure 7) at both 1

and 1.5 times the recommended rate, but the effect was less severe at the standard recommended rate.
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igure 6. Infection of detached potato leaves by B. cinerea after treatment with fungicides.
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Figure 7. Phytotoxicity damage caused on detached potato leaves sprayed with pyrimethanil.
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ii) Glasshouse evaluation of fungicides at Infruitec

B. cinerea was re-isolated from 25 % of the control plants. Similarly, 25 % of the plants treated with
pyrimethanil were infected with B. cinerea. The plants treated with pyrimethanil also exhibited phytotoxicity
damage on the leaves, similar to that shown in the leaf test. It is believed that the wounds caused by this
chemical burn, created a pathway for the pathogen to enter the leaf tissue. The pathogen was not isolated
from any of the plants treated with the other fungicides. In the instances where B. cinerea was re-isolated,

it was only from dead or chlorotic leaves and never from green leaves.
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iii) Greenhouse evaluation of fungicides at ARC-VOPI

No typical symptoms of B. cinerea were detected on the green leaves or stems on any of the treatments
during the trial period. Sporulation only occurs on dead plant material on the untreated control as well as
some treatments. The results are presented in Table 11. Most of the chemical treatments control

sporulation even on the dead plant material.
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Table 11. The presence of B. cinerea on plants

treatments over the trial period.

based on observations made on the different

Trade name Active ingredient Replicate No Observation
Switch Cyprodinil+fludioxonil Rep 1 No plant symptoms
Rep 2 No plant symptoms
Rep3 No plant symptoms
Teldor Fenhexamid Rep 1 Sporulation on dead leaf
Rep2 No plant symptoms
Rep 3 No plant symptoms
Prodione Iprodione Rep 1 No plant symptoms
Rep 2 No plant symptoms
Rep3 No plant symptoms
Sumislex Procymidone Rep 1 No plant symptoms
Rep 2 Sporulation on dead leaf
lying on vermiculite
Rep3 Sporulation on dead leaf
lying on vermiculite
Scala Pyrimethanil Rep 1 No plant symptoms
Rep 2 No plant symptoms
Rep3 No plant symptoms
Bellis Boscalid+Pyraclostrobin Rep 1 No plant symptoms
Rep 2 No plant symptoms
Rep3 No plant symptoms
B - Rus Bacillus subtilis Rep 1 No plant symptoms
Rep 2 Sporulation on dead leaf
Rep3 No plant symptoms
B — Rus+Teldor Bacillus subtilis + Rep 1 No plant symptoms
Fenhexamid Rep 2 No plant symptoms
Rep 3 Dead plant with
sporulation
B — Rus + Prodione Bacillus subtilis + Rep 1 Dead plant with
Iprodione sporulation
Rep 2 Dead leaf with sporulation
Rep 3 Dead leaf with sporulation
Oxigreen 15% Anolyte Rep 1 Dead leaf with sporulation
Rep 2 Dead leaf with sporulation
Rep 3 Dead leaf with sporulation
Oxigreen 25% Anolyte Rep 1 Dead leaf with sporulation
Rep 2 Dead leaf with sporulation
Rep 3 Dead leaf with sporulation
Pkbot Rep 1 No plant symptoms
Rep 2 No plant symptoms
Rep 3 No plant symptoms
Control Tap water Rep 1 Dead leaves with
sporulation
Rep 2 Dead leaves with
sporulation
Rep 3 Dead leaves with
sporulation

4B. Biological control

a)In vitro testing of biological control agents

From figure 8 it is evident that B-Rus is the only biological control agent tested that had an inhibitory effect

on B. cinerea.
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Figure 8. Cultures of B. cinerea plated together with various biological control agents.
Top: B. cinerea (left) vs Tricho-M (right).

Bottom left: B. cinerea vs Mity-Gro.

Bottom right: B. cinerea vs B-Rus.

b)  Effect of the different fungicides on B-Rus

The results showed that none of the chemicals have an effect on the growth of Bacillus subtilis in vitro.

c) In vivo testing of biological control agent:

No differences occurred between the amount of B. cinerea re-isolated from leaves inoculated with
biological control agents (B-Rus and Eco 77) or with water only.

4C. Sanitation products

a) Sporekill leaf test:

B. cinerea was re-isolated in 33 % of the leaves that were treated with Sporekill, 3 hrs after inoculation and
in 16.7 % of the leaves that were treated 24 hrs after inoculation. Control leaves were 100 % infected with

B. cinerea.

b) Sclerotia test:
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Not one of the treatments killed the sclerotia. The non-control treatments (fenhexamid,
sodiumhypochloride, Sporekill) showed a slower growth rate than the control sclerotia, but sporulated in a

similar fashion to the control sclerotia.

CONCLUSION

The cultures sent in for identification were identified as B. cinerea. The identification of the pathogen to
species level was important to understand the epidemiology of the disease and to enable us to identify

specific control measures as part of an integrated control strategy.

The monitoring of the temperature and relative humidity at all three the localities indicated that climatical
conditions (temp and RH) inside the greenhouses are conducive for the development of Botrytis. These
results confirm what is already well-known worldwide that high humidity and poor sanitation and optimal
temperatures in greenhouses are ideal conditions for the development of Botrytis on vegetative and

ornamental crops.

The in vitro results showed that all the fungicides tested, except chlorothalonil (Bravo), show potential as
chemical control measures against B. cinerea. However, these were laboratory tests. The in vivo leaf test
showed that all the fungicides tested had potential for the control of B. cinerea, but that pyrimethanil had a
phytotoxic effect at the concentrations tested. Similar results were obtained when these fungicides were
tested on intact plants in a glasshouse. It is recommended that these fungicides be tested at other locations

to confirm the results of this study.

In vitro tests showed that B-Rus might be a successful biological control agent, but unfortunately this agent,
as well as Eco 77 (Trichoderma harzianum) had no effect on B. cinerea infection of detached potato
leaves. It is possible that the testing methodology or the artificial conditions were not ideal for the

establishment of the agents. Further testing will have to be performed to elucidate this matter.

Tests performed with detached leaves showed that Sporekill can be an effective sanitation product when
applied directly to the plant. It must however be emphasized that this product will only eradicate inoculum

on the leaf surface and cannot cure an infection that has progressed into the tissue.

It is a well-known fact that the sclerotia of B. cinerea are very tough survival structures. This was confirmed
in a test where not even 5 minutes exposure to Sporekill, sodiumhypochloride or fenhexamid solutions
could kill these structures. It is therefore of the utmost importance that producers remove any plant debris

on which these structures can form.
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INTEGRATED CONTROL STRATEGY FOR THE CONTROL OF B. CINEREA ON POTATOES
IN GREENHOUSES

The cause of the disease:

Grey mold on potatoes in greenhouses is caused by Botrytis cinerea. Botrytis blight or grey mold is a fungal
disease which infects a wide array of herbaceous annual and perennial plants. There are several species
of the fungus. The most common is Botrytis cinerea. B. cinerea infect a wide spectrum of host plants

species, whereas other Botrytis species are confined to a single host species.

The general life cycle of Botrytis comprises various stages: a vegetative mycelial stage that produces
asexual conidia (the Botrytis anamorph stage) and sclerotia. Sclerotia usually germinate to produce
mycelium or conidia, but after conditioning and fertilization, they may germinate to produce apothecia (the

Botryotinia teleomorph stage) containing ascospores.

M| 1A basic knowledge of the life cycle of the pathogen is important in terms of developing an IPM strategy.

M1 The role of sclerotia is unknown in the life cycle of the pathogen in potato greenhouses

Infection process:

All Botrytis species whether host specific or not, are necrotrophic implying they are able to kill host cells
during the infection process. The disease cycle starts with a conidium landing on the host surface. Upon
attachment on the host surface it develops into an appressorium that facilitates penetration of the host
surface. The pathogen can also initiate infection at wound sites or at sites previously infected with other
pathogens. B. cinerea is equipped with a large toolbox of enzymes and metabolites that enable the
pathogen to infect a spectrum of host plants. Conidia produced on host tissue and sclerotia on the surface
of soil are considered the most important infective unit of B. cinerea.

M1t is therefore important to avoid wounds caused by mechanical damage, insects or other pathogens as
it can serve as a locus for infection.
M |Avoid sporulation of the pathogen as it is capable of releasing millions of spores that can cause new

infections.

Growth stage susceptibility:
Intact young plant tissue is not susceptible and the pathogen normally attacks older plants parts (leaves or

stems). Tubers can also be infected, if the skin is damaged during the harvesting or sorting process.

M 1 Allow wound healing of tubers before storage
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Cultivar susceptibility:
The susceptibility of potato cultivars and breeding lines against B. cinerea in South Africa is unknown. As
the disease is not of major importance on open field production the importance of including the disease as

an evaluation factor in the breeding program is debatable.

M No resistant cultivar available

Plant spacing:

Plant spacing influences the microclimate in the crop. The denser the canopy the more severe B. cinerea
is. Botrytis is associated with excessive moisture and high humidity as a result of poor ventilation in
covered plant beds and greenhouses. Air that is moving is continually mixed resulting in very small
temperature differences. Adequate air movement around the plant occurs when the leaves move slightly.
The moisture does not get a chance to condense on the leaf surfaces because the mixing action caused by
the movement prevents the air along the surface from cooling to below the dew point. This results in less
Botrytis.

M 1Growers are urged to take every precaution to provide adequate ventilation.

M 1Space plants to allow adequate and continuous ventilation

Temperature:

The temperature in a greenhouse can range between 12-30 °C. However, B. cinerea can thrive under a
range of temperatures between 0 and 30 °C. The optimal temperature for infection and growth is from 15-
25 °C.

M Strive towards a more constant temperature inside the greenhouse

M Heating up the greenhouse can be a possibility in terms of managing humidity. However, costs might

be a limiting factor.

Relative Humidity:

Humidity management is a valuable tool to prevent diseases in greenhouses as part of overall Integrated
Pest Management. Effective environmental control reduces disease pressure as well as pesticide use.
Spore dispersal is stimulated by rising and falling humidity. Therefore, it is important to strive towards a
more constant humidity. Aeration and heating regimes greatly influence RH and leaf wetness. The heating
system is usually turned up before sunrise so that plant parts are already warmer than air temperature
before sunrise and thus leaf wetness can be avoided. A combination of ventilation and heating is also very
important for reducing humidity. Ventilation allows the exchange of moist greenhouse air with drier air from
outdoors. Heating is necessary to bring outdoor air up to optimum growing temperature, and also increases
the capacity of the air to carry moisture, thus avoiding condensation. Neither practice alone is as efficient

as both combined. Ventilation without heating would chill the greenhouse and the crop, and heating without
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venting the moist air would raise the temperature beyond optimum levels and result in excessive heating
costs.

The time it takes to exchange one volume of air depends on several factors including whether or not fans
are used and, the size of the fans and vents. For some greenhouses it may take as little as 2-3 minutes for
air exchange. For greenhouses using natural ventilation, it may take 30 minutes or longer. Heating and
venting can be effective even if it is cool and raining outside. Air at 10 °C and 100% RH (raining) contains

only half as much moisture as the greenhouse air at 20 °C and 95% RH.

Water on the greenhouse floor and water on leaf and growing media surfaces evaporate, which adds
moisture to the greenhouse environment. Evaporation makes the environment humid and it takes away
energy that is intended to keep a house warm.

M Proper watering and adequate plant spacing, having well-drained floors, moving air and venting
moisture are ways to reduce humidity in greenhouses.

M1t is important to keep the greenhouse humidity low, especially during the night, when the temperature
drops.

M However, heating is expensive but is an important factor to investigate if losses due to Botrytis are
costing the farmer.

M 1Heating may be used to prevent B. cinerea infection by preventing dew formation.

M[ 1 The venting and heating cycle should be done two or three times per hour during the evening after the
sun goes down and early in the morning at sunrise.

M 1Avoid free water on the greenhouse floor.

Light intensity:

Light intensity is an important factor to consider in greenhouse crop protection. Light, especially near UV
light, increases the population of B. cinerea. In research conducted on strawberries Botrytis was reduced
by between 26 and 50% with nUV blocking film (up to 405nm).

M| /It is important to keep the amount of UV light entering the greenhouse in mind during construction.
Carbon dioxide enrichment:
Enrichment of greenhouse atmospheres with CO, is a common practice in commercial greenhouses.

M 1B. cinerea is inhibited by carbon dioxide levels of 4-5%.

Sanitation:

The aim of sanitation measures is to remove B. cinerea inoculum from the greenhouse.

27



A) Sanitation before planting:

i) Crop Disposal

Plant debris from previous crops can be a source of both immature and adult pests.

M Clean up all debris from previous crops and dispose of infected plants, or any infected growth. If the
previous crop was infected with insects, mite pests, or fungal/bacterial related problems begin pest

treatment as soon as possible before its removal. This minimizes opportunities for pests to disperse

i) Floors and walls

Floors and walls should be thoroughly cleaned as spores can survive on soil, organic matter or plant rests.

M Clean floors and walls with warm water and soap

M 11f possible use a high pressure apparatus to clean the floor and walls

M /Use a half cup of HTH/100¢. Spray all surfaces thoroughly. Sporekill can also be used. See label.

i. Benches

Benches should be disinfected. Bench tops and work tables should be made of material that can be easily
disinfected.

M IClean with warm water and soap

M 11f possible use a high pressure apparatus to clean the benches

M 1Use a half cup of HTH/100¢. Spray all surfaces thoroughly.

M 1Sporekill can also be used. See label.

iii) Other methods of control

Use Mother Nature to kill off pests (sunlight and zero ventilation = potential pasteurization)

M1 Turn off fans to allow the temperature to build up. It might be necessary to repeat this process several

times as the process of cooling and heating is important to obtain effective control.
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B) Sanitation during Crop production:

i) Scouting:

Early detection and prompt action can minimize the development and spread of B. cinerea.

M 1Regular monitoring will enable the grower to identify the presence of B. cinerea at a very early stage. It
is important to note that the disease will first develop on the older leaves or leave droppings on the growth
medium where the humidity is higher.

ii) Weed control

Weeds can serve as alternative hosts therefore it is important not to allow any weeds to grow inside and
immediately outside the greenhouse.

M 1Remove all weeds from inside and immediately outside the greenhouse.

iii) Plant debris removal
Plant debris can serve as a food source for B. cinerea. The pathogen is capable to colonize plant material

in a very short period, whereby millions of spores are being produced.

M IPromptly remove all plant debris from walkways and drains and do not leave any trash piles inside or
close to the greenhouse.

iv) Good water drainage:

Wet surfaces and puddles of water will increase the relative humidity in the greenhouse favorable for the
development of B. cinerea.

M /Maintain good drainage to eliminate puddles and wet surfaces.

v) Hands

Labourers as well as any other person entering the greenhouse can carry B. cinerea spores into the

greenhouse.

M 1Wash all exposed body parts (hands, forearms) with lifebuoy soap
M[Use warm water

M[ \Wear latex gloves where necessary

vi) Footbath
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Labourers as well as any other person entering the greenhouse can carry B. cinerea spores on their shoes

into the greenhouse.

M1 The foot wear of all persons entering the greenhouse are to be brushed or rinsed free of soil and debris

prior to entry of the greenhouse.

M[ 1 The volume in the footbath has to be adequate to ensure that soles and lower portions of footwear

come in contact with the disinfectant (at least 2-3 cm).

M 1Add Jeyes Fluid to the food bath (see label) or any other disinfectant.

M[ IChange disinfectant on a daily basis

vii) Protective clothing

Protective clothing (clean lab coats) is to be worn by all personal upon entry of the greenhouse production
area. Protective clothing is to be dedicated to each greenhouse and is to be put on prior to entry into the

plant production area. Protective clothing has to be removed prior to leaving the greenhouse.

M[ \Wash protective clothing on a weekly basis with warm water and soap depending on the type of work

viii) Greenhouse equipment:

Greenhouse equipment can carry spores from previous crops harvested.

M| Surface disinfect crates prior to and between use.

M| |Crates are to be sprayed with a disinfectant on all surfaces that are likely to come in contact with plant

parts.

M| ISporekill can be used at a rate of 100-200mI/100¢ of water.

Greenhouse structure:

B. cinerea initially enters a greenhouse probably via doors, cracks, on people and young cuttings and
seedlings. Later during production infected plants form a source of inoculum. Furthermore, the greenhouse
should be erected where water drains away from the greenhouse and the design should be as such that

seasonal rain or flood water does not enter the greenhouse.

M| IGreenhouse construction is important to avoid spores from entering the greenhouse via dust or people.

M |Avoid standing water in the greenhouse.
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M| |Erect footbaths to sanitize shoes that might be contaminated with fungal spores.
M Wetwalls should be sanitized at the onset with Sporekill at 100-200 ml/100¢ and can thereafter be

dosed with 10ml Sporekill continuously.

Fertlizer:

Fertilizer rates in soil-grown crops and the composition of the nutrient solution used in substrate-grown
crops both influence host susceptibility to grey mold. High nitrogen rates enhance plant growth and foliage
density. In general, increasing the nitrogen level is believed to result in increased susceptibility to B.
cinerea. However, results are sometimes contradictory. Calcium is generally associated with reduced
susceptibility to B. cinerea because it plays a role in the integrity of the cell wall and increases resistance to
enzymatic degradation by B. cinerea. In certain crops grown in a nutrient solution where Ca®* was added, it
raised the Ca”* content of the plant and the severity of B. cinerea was reduced. It was also shown that the
reduction of grey mold incidence by Ca* nutrition was clearer in low, rather than in high RH conditions.

M 1Optimum fertilizer requirements is necessary

Irrigation regime /method:

It was proven that when irrigation took place from sunrise to sunset the disease incidence was much higher
than in a regime with the same amount of irrigation delivered 1-2 h after sunrise until 1-2 h before sunset.
The effect was enhanced by high temperatures. There was also a tendency that B. cinerea infection
increased when plants were overhead-irrigated compared to drip irrigation. RH in the canopy is much
higher in a crop that was irrigated from above.

M| IIrrigation scheduling is of importance

M| It is preferred to irrigate after sunset or before sunrise

Chemical and biological control strategy:

Currently there is no chemical or biological agent registered for the control of Botrytis on potatoes in
greenhouses. The research conducted during this project has identified chemicals with potential to control
B. cinerea. The chemical companies will also have to facilitate the process to register these products for
use on potatoes. The chemical trial conducted at Roodeplaat confirms that B-Rus as a biological control
agent do have the potential to suppress the development of B. cinerea. However, if the product is being
combined with chemicals at a reduced rate better control will be obtained. This result also proved that
biological control agents do have the potential to control diseases like B. cinerea and is to the advantage of

producing potatoes healthier free from chemical residues.
It is important to follow the correct spray programme for the control of other pests and diseases in order to

prevent Botrytis infection. B. cinerea can infect the plant through wounds caused by other pests and

diseases.
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Conclusion:

The study did not conclusively prove B. cinerea to be a devastating disease of potatoes in greenhouses.
Only one producer claims that he had severe yield loss in the past and another farmer occasionally,
depending on the season.

The results proved that young mature leaves are more resistant to infection by B. cinerea. However, leaves
that are yellowing and dead plant material are very susceptible to attack. According to the literature,
wounds may also play a role in the infection process. However, to infect a wound in the host tissue conidia
should alight in or near the wound and grow into the wound under the prevailing conditions. Based on this
results it is almost impossible to have a yield reduction due to B. cinerea as the young/mature leaves are
responsible for photosynthesis, the process by which the plant manufactures food. Farmers should note
that decaying leaves get in contact with stems. This might render the stems more susceptible for attack by
B. cinerea over time.

Farmers should in such cases try and remove the dead leaf material as far as possible to avoid such
infections. By reducing the number of plants in a greenhouse to ensure that there is enough air movement

between the plants should also suppress the development of the disease.
Chemical and biological control measures had been identified for the control of B. cinerea. None of the

chemicals are registered for the control of the disease. The key to successful control of B. cinerea will lie in

a well developed integrated control strategy.
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