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ABSTRACT

In three trials between 1983 and 1994, copper oxychloride applied at 5% and 50%

leaf-fall proved the mosteffective alternative to phenylmercury nitrate for the control

of leaf-scar infection by Nectria galligena in cv. Bramley's Seedling. All spring-

summer fungicide programmes reduced canker by at least 60% compared with an

unsprayed control. DMI fungicides, including myclobutanil and penconazole (now

widely used against apple scab), reduced canker to a similar extent as did dodine

and/or dithianon, but wereless effective than programmesincluding a spring-summer

benzimidazole.

INTRODUCTION

The fungus Nectria galligena, the cause of European canker, infects apple trees during the

spring-summerperiod through bud-scale scars and other damage points and in the autumn

throughleaf scars (Swinburne, 1971). Effective control depends on preventing infection during

both periods. In Northern Ireland, where high rainfall favours canker, from 1978-1986, under

an EC derogation growers of Bramley's Seedling apples were permitted to apply two autumn

sprays of phenylmercury nitrate (PMN) following wet summers. Trials wereinitiated in 1983

to find more acceptable autumn fungicides. The in vitro activity of fungicides against

N. galligena wasused asa basis for selecting those to be assessed in vivo.

Swinburne etal. (1975) showed that spring-summerfungicide programmescause a greater

reduction in canker numbers than autumn fungicides alone. These authors found that whilst

dodine and dithianon were equally effective in controlling apple scab (Venturia inaequalis),

dithianon wassignificantly better in controlling canker. However, the mosteffective treatment

was a summerprogrammeof carbendazim, which not only prevented summerN.galligena

infections, but also suppressed sporulation of the pathogen, preventing autumn leaf-scar

infections. During the 1980's, new orchard fungicides belonging to the DMI group were

developed for the control of apple scab. It was therefore decided to evaluate their impact on

canker.

This paper comparesthe results of twotrials between 1983 and 1990 (Cookeezal., 1993)

with those obtained from trial during 1991-1994. 



MATERIALS AND METHODS

Activity of fungicides against mycelial growth ofNectria galligenain vitro

Theactivity of fungicides against mycelial growth of N. galligena in vitro was determined

by incorporating solutions or suspensions of fungicides into malt extract agar (Cooke, 1985).

Diameters of growth zones were recorded after 7 days incubation at 20°C, and EDs5Q values

determined using a log-logistic program. Hexaconazole wasnotavailable forin vitro testing.

Trees

Apple trees, cv. Bramley's Seedling on MM106 rootstock (Trials 1 and 2) or on M26

rootstock (Trial 3), were grown at the Northern Ireland Horticultural and Plant Breeding

Station, Loughgall, Co. Armagh. They were planted in three (Trials 1 and 2) or four (Trial 3)

fully randomised blocks in plots consisting of six (Trials 1 and 2)orfive trees (Trial 3). Nylon

mesh screens 2 m high wereerected betweenplots to limit dispersal of sprays and inoculum.

Theleader shoot on eachtree was inoculated with N. galligena (Swinburneet al., 1975). Two

months later, all trees were checked for the presence of active lesions around inoculation

points.

Treatments

Details of fungicide formulations are given in Table 1. Treatments are specified in the

captions to the Figures. During the spring-summer, treatments were applied as for the control

of apple scab at c. 10-dayintervals; in the autumn, where appropriate, two sprays were applied

at 5 and 50% leaf-fall. Applications were madeat high volume through a handlance using a

Nobilii sprayer (Trial 1) or a portable Fox Motori Wagonsprayer(Trials 2 and 3).

Trials

For Trial 1 (1983-1986), trees were inoculated in January 1983 and treatments applied

from April 1983 until autumn 1985. Numbers of cankers were recorded twice a year from

December 1983 until May 1985. In Trial 2 (1987-1990), trees were inoculated in January

1986. During 1986,all trees received a routine dodine programme(to allow time for canker to

develop). Treatments were applied from spring 1987 until autumn 1989. Numbers of new

cankers were recorded in March 1987, before the application of treatments, and twice a year

thereafter. For Trial 3 (1991-1994), trees were inoculated in February 1990. During 1990,all

trees received a routine dithianon programme. Treatments were applied from spring 1991 until

autumn 1993. Numbers of new cankers wererecordedas for Trial2.

RESULTS

Activity of fungicides against mycelial growth of Nectria galligena in vitro

Carbendazim, prochloraz-manganese and PMN were mostactive (EDsq values <1 mg/l,

Table 2). Dithianon, copper oxychloride and cupric ammonium carbonate were virtually

inactive in inhibiting mycelial growth, but are knownto inhibit spore germination. 



TABLE 1. Details of fungicide formulations and application rates

 

Fungicide Proprietary Manufacturer Application rate (g/ha)

name
Trial 1 Trial 2 Trial 3

bitertanol Baycor Bayer 1000 - -

captafol Sanspor Zeneca 3600 - -

carbendazim Bavistin BASF 550 550 500
copper oxychloride Cuprokylt Universal 5000 5000 5000

cupric ammonium Fungex Rhéne-Poulenc - 4920 -
carbonate

dithianon Delan-Col Zeneca 8408 840
dodine Melprex Cyanamid -
fenpropimorph Mistral Rhéne-Poulenc -
hexaconazole Anvil Zeneca 50

mancozeb Karamate Rohm & Haas

myclobutanil Systhane Rohm & Haas 66
penconazole Topas Ciba

penconazole+captan Topas C Ciba

penconazole+dithianon Topas D Ciba
phenylmercury nitrate PMN Farm Chemicals 250

prochloraz-manganese Sporgon AgrEvo 1000

thiophanate-methyl Cercobin Rhoéne-Poulenc 1000
 

840 g/ha used for spring-summertreatments, 2520 g/ha used for autumn application

TABLE 2. Comparative EDsvalues for fungicides against mycelial growth of Nectria

galligena

 

Fungicide EDs50 (mg/l)
 

bitertanol 2:1

captafol 4.2

captan 10.3.

carbendazim 0.67

copper oxychloride 2108
cupric ammonium carbonate 1308
dithianon >150

dodine 2.3

fenpropimorph 29

mancozeb 45.0

myclobutanil 5.7
penconazole 3.0

phenylmercury nitrate

prochloraz-manganese

thiophanate-methyl
 

as mg Cu/l 



Effect of treatments in field trials

Fewer new cankers developed in Trial 1 (Figure 1) than in the twolatertrials (Figures 2

and 3), probably because thesite for Trial 1 was more exposed andless humid than that used

for Trials 2 and 3. Of the autumntreatments evaluated in the first twotrials, the most effective,

apart from PMN, were copper oxychloride (Trials 1 and 2) and prochloraz-manganese (Trial

1). Unfortunately, AgrEvo decided not to develop prochloraz-manganese for use on apples.

Other autumntreatments, including high-rate dithianon and cupric ammonium carbonate, did

not reduce canker compared with the standard treatments (dodine and dodine/dithianon), so

only copper oxychloride wasselected for further evaluation.

Bothtrials confirmed the efficacy of spring-summer carbendazim in reducing numbers of

new cankers. Carbendazim alone was tested in Trial 1, but in Trial 2 a tank-mix with

dodine/dithianon was used, to reducetherisk of resistance. Although carbendazim + captafol

proved outstandingly effective, it was not included in Trial 2 due to concern over the toxicity of

captafol, which has subsequently been prohibited as a pesticide in the UK. The other spring-

summer programmes evaluated in Trial 2 did not reduce canker compared with the standard

and, surprisingly, plots treated with myclobutanil + mancozeb hadsignificantly more cankers.

An unsprayed control was included in the 1991-94trial, since in Trial 2 the similarity in

canker levels between spring-summer programmes based on different types of fungicides

suggested that they might be havinglittle effect on canker. This possibility was disproved by

the results of Trial 3, since all fungicide treatments reduced the number of new cankers by at

least 60%,a finding in agreementwith the conclusions of Swinburneetal. (1975).
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FIGURE 1. Trial 1 apple canker assessments. Treatments (spring-summer/autumn):

1 = dodine/none, 2 = dodine/PMN, 3 = dodine/copper oxychloride, 4 = dodine/carbendazim,

5 =dodine/thiophanate-methyl, 6 = dodine/prochloraz-manganese, 7 = dodine/bitertanol,

8 = dodine/fenpropimorph,9 = carbendazim/none, 10 = carbendazim+captafol/none. 
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FIGURE2. Trial 2 apple canker assessments. Treatments (pre-blossom/post-blossom/autumn):
1 = dodine/dithianon/none, 2 = dodine/dithianon/copper oxychloride,
3 = dodine/dithianon/cupric ammonium carbonate, 4 = dodine/dithianon/dithianon,
5 = myclobutanil/myclobutanil/none, 6 = myclobutanil/myclobutanil+mancozeb/none,
7 = penconazole/penconazole/none, 8 = penconazole+captan/penconazole+captan/none,
9 = dodine+carbendazim/dithianon+carbendazim/none.
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FIGURE3.Trial 3 apple canker assessments. Treatments (pre-blossom/post-blossom/autumn):
1 = untreated, 2 = dithianon/dithianon/none, 3 = hexaconazole/hexaconazole/none,
4 = penconazole/penconazole/none, 5 = penconazole+dithianon/penconazole+dithianon/none,
6 = myclobutanil/myclobutanil/none, 7 = myclobutanil/myclobutanil+mancozeb/none,
8 = myclobutanil/myclobutanil+mancozeb/copper oxychloride,
9 = dithianon+thiophanate-methyl/dithianon+thiophanate-methyl/copper oxychloride,
10 = dithianon+carbendazim/dithianon+carbendazim/copper oxychloride 



The three DMIfungicides, hexaconazole, myclobutanil and penconazole, reduced canker

numbers to a level similar to that with dithianon. Myclobutanil tended to beslightly less

effective than the other two DMI's,but the difference wasnot significant (P>0.05). Addition of
dithianon to penconazole or mancozeb to myclobutanil did not affect canker incidence, in

contrast to Trial 2 where myclobutanil + mancozeb gave more canker than myclobutanilalone.

The greatest reductions in canker numbers were achieved by the three treatments which

included autumn copper oxychloride. The addition of autumn copper to the myclobutanil +

mancozeb programmedecreased canker incidence by 68% compared with the same programme
without an autumnfungicide andresulted in a level of cankersimilar to that achieved by spring-
summerbenzimidazoles with autumn copper.

DISCUSSION

As an alternative to autumn PMN,copper oxychloride proved a more effective treatment

than any of the newer fungicides evaluated, substantially reducing new canker infections, in

contrast to earlier reports (Anon., 1969). The results show the value of autumn treatments in

controlling canker, particularly in high rainfall areas. The DMI fungicides, myclobutanil and

penconazole, now widely used for scab control in the UK, have a similar effect on cankerto the
older treatments, so the changed pattern of fungicide usage should notadversely effect canker.

Where canker has becomea majorproblem,the use of a programmeincluding a spring-summer

benzimidazole plus autumn copperremains the mosteffective option.
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ABSTRACT

Seven fungicides (carbendazim, carbendazim + maneb,  chlorothalonil,

difenoconazole, penconazole, prochloraz and tebuconazole) applied at 14 day

intervals from September 1993 to February 1994 to a protected crop of hybrid

pinks, cv. Doris, significantly reduced ring spot on flower buds and leaves.

Difenoconazole, penconazole and tebuconazole were more effective than

carbendazin + maneb, a treatment commonly used by growers. After ten sprays of

difenoconazole only 2% of flower buds were affected by ring spot comparedto all

buds on untreated plants. There was no reduction in flower stem length. Addition

of a mineral oil to carbendazim + maneb improved control of ring spot on leaves

but not on flower buds.

INTRODUCTION

Hybrid pinks are an important cut flower crop in England with a production area of

around 50 ha. The area under protection (21.3 ha) in 1993 was greater than that of carnations

(Anon, 1994). Plantings are usually left down for 18 - 36 months. The main productionareas

are in South West England and East Anglia. The principle diseases affecting commercial crops

are ring spot (Mycosphaerella dianthi), rust (Uromyces dianthi), stub rot (Fusarium

avenaceum and Fusarium culmorum) and wilt (Fusarium oxysporum f.sp. dianthi) (Harnett,

1986).

Infection by Mycosphaerella dianthi results in translucent ring spots, later turning tan coloured

with a reddish border, on leaves, stems or flower buds; flower stems are unmarketable if buds

becomeinfected. Black sporulation is often visible on necrotic tissue. The fungus causes

similar ring spot symptoms on other memberof the Caryophyllaceae, especially carnation and

sweet william (Dianthus barbatus) (Smith et al., 1988). Infection by M. dianthi is favoured by

high humidity (Fletcher 1984) and temperatures above 20°C (Novoaef a/., 1992). On hybrid

pinks, ring spot is frequently found in the autumn in crops grown outdoors or in unheated

polythene tunnels in South West England; it is less common in East Anglia (O'Neill,

unpublished). The popularvarieties Doris and Monicaareparticularly susceptible

There are no fungicides in the UK with a label recommendation for control of ring spot

on hybrid pinks and products currently used by growers appear to provide only partial control.

785 



Fungicides previously reported to provide some control of ring spot include benomyl,

benzimidazole-dithiocarbamate mixtures, chlorothalonil, dichlofluanid, iprodione, propineb,

penconazoleandtriforine (Fletcher, 1984; Penaranda ef a/l., 1992). The waxy nature of the

leaves of hybrid pinks makesthem difficult to wet and non-ionic wetters are often added to try

and improvespray cover and disease control.

Stem length influences the value of hybrid pinks and a difference ofa few centimetres

may becritical. Some growers have reported that propiconazole applied experimentally to the

crop for control of rust reduced stem length. The same fungicide caused shortening of

chrysanthemum flower stems (Dickens, 1990). It is therefore important that fungicides tested

for control ofring spot are also examinedfor effect on crop growth.

The objective of the work described here was to evaluate seven fungicides and twospray

additives for their effect on control of ring spot. The effect of treatment on flower stem length

wasalso determined.

MATERIALS AND METHODS

Crop andsite details

The experiment was located in a crop of cv. Doris in an unheated polythene tunnel in

Cornwall. The soil was treated with metham sodium in November 1992 after removalof the

previous crop (chrysanthemums). Hybrid pinks were planted on 4 March 1993 in bedsat 30 x

25 cm spacing with 6 rows to a bed. The experiment was a randomised block design with four

replicates. Plot size was 2mx 1m (2m’). Alm length of crop at the end of each bed,

adjacent to the tunnel doors, was excluded from the experimental area.

Treatments

Fungicides were applied as high volumesprays (1500 I/ha) at 250 kPa pressure using an

Oxford Precision sprayer with medium quality spray nozzles (Lurmark-04-F80). Sprays were

applied every 14 days from 14 September 1993 to 19 January 1994. Treatments were:

carbendazim, 0.5 g AI/I (Bavistin DF, BASF), carbendazim + maneb, 0.28 + 1.42 g AI/l

(Kombat WDG,Hoechst); chlorothalonil, 1.1 g AI/l (Bravo 500, BASF); difenaconazole, 0.25

g AI/l (CGA 169374, Ciba Agriculture), penconazole, 0.1 g AI/l (Topas 100 EC, Ciba

Agriculture), prochloraz, 0.46 g AI/l (Fisons Octave, Fisons plc); tebuconazole, 0.1 g Al/l

(Folicur, Bayer). Also, carbendazim + maneb (0.28 + 1.42 g AI/I) wasapplied in mixture with

a highly refined mineral oil, 4.85 ml AI/I (Actipron, Bayer) and a synthetic latex 2.25 g AI/

(Spraymate Bond, Newman). Finally, there was a programme treatment consisting of

alternating sprays of carbendazim + maneb (0.28 + 1.42 g AI/l) in mixture with the highly

refined mineral oil (4.85 ml AI/l), alternating with prochloraz (0.46 g AI/l). Control plots were

sprayed with water

Assessments

The numberofcalyces affected by ring spot was determined on 25 terminal buds selected

at random, excluding buds within 20 cmof the plot edge. The leaf area affected by ring spot 
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was assessed on a whole plot basis. Plants were visually assessed for any signs of

phytotoxicity at each assessment. Flower stem length was measured 15 weeksafter thefinal

treatment on 25 stems/plotin two replicate blocks, selecting buds with colour just showing.

Results were analysed by analysis of variance. Means were separated by Duncan's

multiple range test.

RESULTS

Control of ring spot

A low level of ring spot (less than 1% leaf area affected and occasional budsaffected)

was evident when treatment commenced. No rust or other foliar disease was found. On

untreated plants the incidence of buds affected by ring spot increased rapidly during September

and October 1993 (Figure 1). The disease remained at a very low level on leaves until January

1994.

At the disease assessment on 12 October 1993, when twosprays of each treatment had

been applied, the incidence of affected buds wassignificantly reduced by all treatments with

difenoconazole most effective (Table 1). Difenoconazole wassignificantly more effective than

the three standard commercial treatments (carbendazim, carbendazim + maneb and

chlorothalonil). Addition of adjuvants to carbendazim + maneb did not significantly improve

disease control on flower budsat this or subsequent assessments.

On 2 February 1994, two weeks after the tenth and final spray had been applied, all

flower buds in untreated plots were affected by ring spot. There were very high levels ofring

spot (more than 75% budsaffected) in all other treatments apart from difenoconazole (2%

affected), tebuconazole (35%) and penconazole (49%). Fifteen weeks after the final sprays

had been applied, when a new spring flush offlowers had developed, there wasa relatively low

incidence of ring spot on flower buds and no significant differences between treatments.

Lesions at this time were all very small. The occurrence of ring spot on leaves increased in

early 1994 and by 2 February affected more than 10% ofthe leaf area of untreated plants. The

severity of the disease on leaves was significantly reduced by all treatments with

difenoconazole, tebuconazole, penconazole and carbendazim + maneb with mineral oil

particularly effective. (Table 2). The addition of mineraloil to carbendazim + maneb improved

controlof ring spot on leaves.

Effect on plant quality

None of the fungicides had a visible effect on stem length at any time during the

experiment and no significant effects were found at an assessment 15 weeksafter the final

treatment. Mean stem length ranged from 49.4 cm (penconazole) to 55.0 cm (chlorothalonil);

the control was 49.7 cm. The use of mineral oil resulted in plants appearing a darker green,

apparently due to loss of leaf bloom;this effect was visible after two sprays had been applied

and became moreevident with increasing numberof sprays. 



TABLE 1. Controlofring spot on flower budsof hybrid pinks.

 

Treatment Dose % flowerbudsaffected

(g Al/) 12 Oct 9Nov  6Dec 2 Feb

Control (water) - 83 e 83d 80¢ 100 e

Carbendazim 0.5 63 d 70 cd 60 be 93 de

Carbendazim + maneb 0.28+1.42 44bc 59c¢ 47b 91 de

Chlorothalonil 1.1 57 cd 71 cd 63 be 85 de

Difenoconazole 0.25 20a 22a 8a 2a

Penconazole 0.1 52 cd 38 ab 40b 49c

Prochloraz 0.46 49 bcd 71 cd 63 be 91 de

Tebuconazole 0.1 35b 53 be 43 b 35b

C +M+ mineraloil 0.28+1.42 55cd 55 be 60 be 78d

C+M

+

synthetic latex 0.28+1.42 46bc 58 be 61 be 79 d

C+M+ mineral oil 0.28+1.42 47bcd 53 be 48 b 85 de

alternating with prochloraz 0.46

H
S
O
M
I
A
W
A
W
N
H

SED (30 d.f.)
 

C + M -carbendazim + maneb

Treatment means followed by the sameletter do notdiffer significantly (P=0.05).

TABLE2. Controlofring spot on leaves of hybrid pinks.

 

Treatment Dose Mean % leafarea affected

(g AI/) 2 Feb 3 May

Control (water) - 14.3f 15.8e

Carbendazim 0.5 10.3 e 8.3 bed

Carbendazim + maneb 0.28 + 1.42 8.3 de 12.3 de

Chlorothalonil 1.1 6.3 cd 4.5 abc

Difenoconazole 0.25 O.la 15a

Penconazole 0.1 13a 0.9a

Prochloraz 0.46 9.3 de 9.8 cd

Tebuconazole 0.1 2.3 ab 19a

C +M+ mineraloil 0.28 + 1.42 4.5 be 3.0 ab

C+M + synthetic latex 0.28 + 1.42 7.8 cde 6.3 abc

C+M+4+ mineraloil 0.28 + 1.42 7.0 cde 25 4

alternating with prochloraz 0.46

KH
=
O
M
I
D
A
W
E
R
Y
W
N
=

SED (30 df)
 

C + M-carbendazim + maneb

Treatment meansfollowed by the sameletter do not differ significantly (P = 0.05). 



DISCUSSION

This work has identified three triazole fungicides which provide good control of ring

spot on hybrid pinks with no detrimental effect on plant growth following ten high volume

sprays. Difenoconazole wasparticularly effective. Penconazole and tebuconazole gave good

control of bud infection. The level of control achieved was considerably better than that

obtained with the standard fungicides currently used by growers (carbendazim; carbendazim +

maneb; chlorothalonil). In a previous experiment (O'Neill, unpublished), carbendazim + maneb

+ mineral oil, chlorothalonil and prochloraz all gave moderate control of the disease on a

protected crop of hybrid pinks cv. Haytor White, reducing leaf infection by 44 - 57%. In this

experiment the treatments resulted in a similar reduction in leaf infection (33 - 56%) two

weeks after the final spray; difenoconazole, penconazole and tebuconazole were all more
effective.

Studies on the control of ring spot on carnation indicated that mineral oil alone inhibits

spore germination ofM. dianthi and its use at 0.5% improved the control from carbendazim +

maneb (Nathaniels, pers. comm.). Non-ionic adjuvants have been reported to enhance the

efficacy of carbendazim in controlling leaf spot of celery caused by Septoria apiicola (Amer et

al., 1993) In the experiment reported here, mineral oil added to carbendazim + maneb did not

improve the controlof ring spot on flower stems, but it did improve controlof the disease on

leaves. The addition of a synthetic latex spray additive to carbendazim + maneb did not

significantly affect ring spot control on either stems or leaves.
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Figure 1. Effect of fungicides on number of flower buds

affected by ring spot.
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Plant Science Department, SAC, Auchincruive, Nr Ayr KA6 SHW

ABSTRACT

Infection of mint by the rust fungus Puccinia menthaeis a serious problem

for herb growers. Rust infection affects not only the appearance of the

plants, which is important for the fresh and pot trades, but can also reduce
yields markedly. An HDC-funded project wasinitiated to investigate the
possibility for effective chemical control of rust on mint. Glasshouse trials

evaluated 14 fungicides, 8 of which were chosenforfield trials at 3 sites in

the UK. Although most of the fungicides tested in the field reduced the

levels of rust infection, the greatest reduction was obtained with a

carbendazim & propiconazole mixture, which reduced rust infection by

63%. All the fungicides except triadimefon significantly reduced the loss of

leaves associated with this disease and therefore increased yield. Even at

the site with negligible amountsofrust, yield increases were noted with 3

of the fungicides. The formulation of triadimefon used in thefield trials

contains 5 times more active ingredient than the product which has an off-

label approval for rust control on mint. This indicates the need for the

identification and approval of more effective fungicides for rust control in
this crop.

INTRODUCTION

Mints are grown commercially all over the world, mainly for their volatile oils, which are

used to flavour many productsincluding toothpastes, chewing gums and confectionery. In

Britain, mintis principally grownfor the fresh herb trade, for drying or processing and for the

pot trade (Dumville, 1988).

Rust is the most important disease which affects the mint industry world-wide.The disease

is caused by the fungus Puccinia menthae Pers., a pathogen restricted to certain members of

the Lamiaceae. Under favourable conditions the fungus can cause severe damage to mint

crops. In the early spring infected stems become abnormally thickened and distorted, while

during the summer and autumn both leaves and stems may become covered in pustules

ranging from yellow to almostblack in colour. The rust not only affects the appearance of the

plants, which is important for the fresh and pottrades, butit also affects yield by increasing

defoliation and destroying oil glands (Harvey, 1979).

In the United Kingdom, triadimefon (5 % w/w formulation) is the only fungicide with an

off-label approval for rust control on mint (Anon, 1994). Growers have, however, expressed

doubtsaboutits efficacy and so an HDC funded project wasinitiated to identify more effective
alternatives. 



MATERIALS AND METHODS

A fungicide screening programme was carried out in the glasshouse to select fungicides

which would provide good control of the rust without causing phytotoxicity. Fourteen

fungicides, belonging to groups with different modes of action, were selected initially and

following glasshousescreening, 8 fungicides were selected for field trials (Table 1).

TABLE1. Thefungicidesselectedforfield trials

 

MANUFACTURER TRADE NAME ACTIVE INGREDIENTS

Bayer Bayleton triadimefon

Bayfidan triadimenol

Ciba-Geigy Hispor 45 WP carbendazim &

propiconazole

Tilt 250 EC propiconazole

Hoechst Kombat WDG carbendazim & mancozeb

ICI Early Impact carbendazim & flutriafol

Impact Excel chlorothalonil & flutriafol

Uniroyal Chemical Plantvax 20 EC oxycarboxin

Field trials were held at 3 sites in 1993. The 2 commercial plantings were near Norwich,

Norfolk and near Ross-on-Wye, Herefordshire, with the third trial established at SAC,

Auchincruive, near Ayr. Spearmint crops (Mentha spicata) were grownat all 3 sites and each

trial was divided into 36 plots, each measuring 2 m x 3.5 m arranged in a randomised block

design with 4 replicates.

Dueto differing climatic and cultural practices, each site received a different spray regime.

The Auchincruive crop was sprayed on 29/7/93 and again 3 weekslater (19/8/93), and was

assessed 5 weeks following the second spray (23/9/93). The Norwich crop was sprayed on

19/7/93 and then 5 weekslater (23/8/93), and was assessed 3 weeksafter that (13/9/93). The

crop at Ross-on-Wye received only one spray on 16/7/93 and was assessed 3 weekslater

(6/8/93). For the first application of fungicides, a compressed-air plot sprayer with a 2 m

boom was used at a pressure of 2.0 bar. The second application of fungicides was

administered using a propanegas plot sprayer operated at 2.5 bar. Both plot sprayers applied

the fungicides in 200 1 of water / ha.

An assessment was carried out at each site before spraying and harvesting, except at

Auchincruive, where assessments were carried out only at the second spraying and at harvest.

In each plot, 10 stems of mint were chosen at random , avoiding plants which were in the

outside 20 cm ofeach plot. The height, number of leaves, number of missing leaves and

numberofinfected leaves were all recorded. A pair of leaves in each third of the main stem

were chosen and the percentageinfection of rust assessed. A disease key for spearmint rust

was created for use in these field trials ( Figure 1). All the leaves were removed from the 
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stems anddried separately at 40 OC for 5 days and then weighedto give a measureofyield.

RESULTS

The results discussed in the following paragraphs are mainly from the Auchincruivesite

since this site had the highest levels of rust. The levels of rust at the Ross-on-Wye site were

significantly lower, although fungicide performance was similar. At the Norwichsite the levels

of rust wereinsignificant and sotheresults from this site are only discussedin relation to the
effect of the fungicides on plant growth.

TABLE2. Summary ofthefinal assessment at the Auchincruivefield trial

 

TREATMENT MEAN % % LEAVES % MISSING TOTAL DRY

INFECTION INFECTED LEAVES WEIGHTS

Control 21.34 100.00 59.20 8.04

Triadimenol 11.61 98.34 35.79 9.43

Triadimefon 19.79 95.67 55.69 172

Propiconazole 11.68 97.66 34.73 9.17

Carbendazim & 7.91 96.28 26.72 11.81

Propiconazole
Chlorothalonil & 14.01 99.39 34.29 8.97

Flutriafol

Carbendazim & 14.91 100.00 38.43 11.38

Flutriafol
Carbendazim & 13.52 100.00 46.07 8.04

Mancozeb

Oxycarboxin 15.23 99.86 36.04 11.63

SED 1.112 1.149 3.359 1.262

At both assessments in the Auchincruive trial, all the fungicides except Triadimefon

significantly reduced the meaninfection. Best control, by the second assessment, was obtained

with the carbendazim & propiconazole mixture, which produced a 63 % reduction in rust

infection (Table 2).

At the first assessment, all the fungicides significantly reduced the percentage of leaves

which were infected with rust. Indeed, 87 % of the leaves in the control were infected,

compared with 55 % in the plots treated with carbendazim & propiconazole (Table 2). When
the second assessment wascarried out, infection levels in the plots were very high, with rust

on almost all leaves in every treatment. Thus, in the controls, 100 % of the leaves were

infected, while in the plots treated with fungicides, between 93 and 100 % of the leaves were

infected. , 



Fungicide treatment had little effect on the percentage of missing leaves at the first

assessment. However, at the second assessment, all fungicide treatments except triadimefon,

reduced the percentage of missing leaves (Table 2). At the Norwichsite, 3 of the fungicides

significantly reduced the percentage of missing leaves, even though rust infection was

negligible. Carbendazim & propiconazole, carbendazim & flutriafol and chlorothalonil &

flutriafol reduced this loss by 12 , 9 and 7 % respectively (Table2).

Fungicide treatmenthadlittle effect on total dry weightsat the first assessment. Differences
in plant dry weights emerged at the second assessment, when carbendazim & propiconazole,

oxycarboxin and carbendazim & flutriafol all produced plants significantly heavier than the

control. All other treatments, except triadimefon, produced plants slightly heavier than the

control, althoughthese differences were notsignificant (Table 2).

DISCUSSION AND CONCLUSIONS

Differences in rust control and plant growth appeared between the two assessments made

at Auchincruive. Thelevels ofrust infection in this trial were high, with a mean ofnearly 22 %

on the lowerleaves ofthe control at the second assessment. The high levels of infection were

due to the rust appearing soonafter planting the crop. This early infection prevented the mint

from becomingestablished, resulting in poor growth rates and reducing the expectedyield.

Unfavourable weather conditions delayed the first treatments and so the fungicides were

applied to a crop which wasalready infected.

Despite this early infection, all the fungicides, except triadimefon, produced reductionsin

the mean percentage infection, however the percentage of leaves infected was not reduced.

The high levels ofrust increased the rate at which plants lost their leaves, although fungicide

treatment (except triadimefon) significantly reduced this loss by the second assessment. A loss

of leaves is a loss of yield, which was confirmed by the data on meantotal dry weights.

Fungicides may also increase yield even when disease pressure is very low, shown by the

results from Norwich.

None of the fungicides produced any visible phytotoxic effects in the field trials and

overall, carbendazim & propiconazole, used at 0.15 % w/v, performed best at Auchincruive.

Evidence from both the glasshouse experiments and field trials indicates that several

fungicides maybesuitable for the control of rust on mint. This is, however, only the first year

of the field trials and it would be inappropriate to draw too many conclusionsat this stage.

Nevertheless, the data do indicate that triadimefon may not be a suitable fungicide for the

controlof rust on mint, since the product used in thefield trials contained 5S times moreactive

ingredient than would be present in the product sprayed onto commercial mint crops. If

triadimefon performs as poorly in the 1994field trials, then the information obtained from

these field trials would back the need for new approvals of moreeffective fungicides. 
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ABSTRACT

In a two yeartrial carried out in a non-heated greenhouse at Chania, Crete, the
activity of the paraffin-based oil Ultrafine was studied on cucumber against a
strain of Botrytis cinerea resistant to benzimidazole and dicarboximide fungicides.

The fungicidal activity of Ultrafine applied alone at the rate of 2 lit/100 1 and
combined with full and half rate of benomy] (30 and 15 g/100 1) and vinclozolin (50
and 25 g/100 1) was evaluated against benomyl, vinclozolin and (carbendazim +
diethofencarb) applied alone at full rate (30, 50 and 25+25 g/100 1, respectively).

Disease control was evaluated by assessing fruits, leaves and stems (internodes)

infested by the pathogen. Ultrafine found to control disease 388 - 47.5 % while
benomy] and vinclozolin, applied alone, controlled Botrytis cinerea 2.5-6.3 and less
than 7.5 %, respectively. Ultrafine in combination to benomyl and vinclozolin
increased disease control to 888-100 and 86.3-100 %, respectively. The application of
(carbendazim + diethofencarb) provided excellent (100 %) control to all crop parts
examined.

INTRODUCTION

Spray oils have been used in agriculture since the end of 19th century for their
insecticidal, herbicidal and fungicidal activity (Gauvrit, 1994). Insect control provided by

spray oils was found to exclude several insect-transmitted viruses from planting material
(Basky et al 1987; Bell, 1989; Harrington et al 1989).

Spray oils mainly used in pest management are plant-derived oils (natural oils) and
mineral (petroleum) oils coming from crude oil.

The development of highly refined paraffin-based oils (superior oils) and new
application methods increased the number of crops and plant stages when oils can safely
be sprayed. In addition, these oils could control several pest species besides the traditional
targets of oil sprays (scale insects and mites) by safely applying them in a wider range of
temperatures (5-42°C) (Haitas, 1991).

Paraffin-based oils contain a higher proportion of paraffinic hydrocarbons, saturated
(single bond), straight or branched-chain molecules. Furthermore, they possess a lower
proportion of naphthenes, aromatics and unsaturates being less phytotoxic than
conventional mineral oils. 



Recently, the use of spray oils applied alone or combined with fungicides against

fungal diseases has been widely reported (Steurbaut, 1992). Mineraloils applied to banana

provided effective control of the fungus Mycosphaerella musicola especially when used in

combination with benzimidazole fungicides (Stover and Simmonds, 1987). In Cuba, the use

of mineral oils alone or combined with benomyl, thiophanate or copper fungicides was

found to control effectively Mycosphaerella citri (Saenz and Lewis, 1985). It has also been

reported (Hall, 1983) that several fungal diseases of apple trees were successfully controlled

when mineral oils were applied in combination with half rates of the fungicides captan,

dinocap, mancozeb and benomyl.

Laboratory tests carried out against Botrytis cinerea proved that iminoctadine

triacetate, (carbendazim + diethofencarb), benzimidazole and dicarboximide fungicides

increase their activity when applied in combination with paraffin-based oil, even against

resistant strains of the fungus (Bourbos, Skoudridakis, 1993).

MATERIAL AND METHODS

Two field experiments were carried out in 1993 and 1994 on the Fl hybrid cucumber

Condessa RZ grown in a non-heated greenhouse. The experimental design used was the

randomised complete block design (RCBD). Each plot contained 10 cucumber plants and

wasreplicated twice.

Cucumberplants were artificially inoculated with a native strain of Botrytis cinerea

resistant to benzimidazole and dicarboximide fungicides. Inoculation was carried out in

full-production cucumber plants under favourable conditions for disease development

(temperature: 21-23° C; humidity: 80-90%). The trial plots were artificially inoculated by

lightly injuring all cucumber-fruits, 10 leaves and 5 stems (internodes) per plant, followed

by a spray of spore suspension containing 12-14 x 106 spores of the fungus/ml The

suspension was uniformly applied from a handsprayerof 1 litre volume with low pressure.

The first fungicide application was carried out 2-3 hours after inoculation, when the

surfaces sprayed with spore suspension had already dried. All products were applied three

times at 8 day intervals using a knapsack sprayer with low pressure.

The fungicides applied were: Benlate 50WP (benomyl), Ronilan 50WP(vinclozolin) and

Sumico 25/25WP (carbendazim+diethofencarb) at the rate of 60, 100 and 100 g/100 1,

respectively, while the oil tested was the paraffin-based Ultrafine oil at the rate of 21/100

L The fungicides benomy! and vinclozolin were also used in full and half rate combined

with 2 lit/100 1 of Ultrafine.

Ultrafine is a paraffin-based narrow-range oil (superior oil) with a high content of

paraffin (988% w/w), having a 50 percent distillation point of 414° F, very low viscosity

(60-63 sec SUS in 37.8° C) and unsulfonated residue higher than 92% (highly refined).

Disease control was calculated using Abbott’s method (Puntener, 1981) by counting 8

days after last application the number of cucumber-fruits, leaves and stems (internodes)

infested with Botrytis cinerea.

Data was analysed statistically over years while means separation followed the

Duncan's multiple range test (P : 0.05) 



RESULTS

The fungicides benomyl and vinclozolin failed to control Botrytis cinerea when
applied alone at full rate providing 5-6.3 and 0-7.5% disease control respectively (Table 1)
In contrast, the fungicide carbendazim+diethofencarb gave complete disease control.

The paraffin-based oil Ultrafine applied alone was found to reduce Botrytis cinerea
below the untreated control providing 38.8-42.5% disease control. Furthermore, Ultrafine
applied in combination with the fungicides benomyl and vinclozolin provided a
significantly higher reduction in disease severity. Depending on the crop part examined the
combination of Ultrafine with half and full rate of benomy] provided 91.3 and 888 (fruits),
95.0 and 97.5 (leaves) and 100% (internodes) disease control respectively. The combination
of Ultrafine with half and full rate of vinclozolin provided 95.0 and 988 (leaves), 86.3
(fruits) and 100% (internodes) disease control respectively. No sign of phytotoxicity was
observed in any treated plot.

Table 1. Disease control provided by the superior oil Ultrafine against Botrytis
cinerea on greenhouse cucumber. Crete, Greece.

 

Efficacy

(%)
Treatment Rate Fruits Stems

g ml1/100 | (internodes)
Control - Oa

Ultrafine 2.000 : 425 b

Benomyl] 60 F 35a

Benomy1]+Ultrafine 30 +2.000

Benomyl]+Ultrafine 60 +2.000

Vinclozolin 100 75

Vinclozolin+ Ultrafine 50 +2.000 863

Vinclozolin+ Ultrafine 100 +2.000 863

(Carbendazim+diethofencarb) 100 100
 

1. mean of two years
2. efficacy was calculated by Abbott's method.
3. meansfollowed by the sameletter do notdiffer significantly at P : 0,05.

DISCUSSION

The paraffin-based oil Ultrafine when applied to cucumber plants grown in the
greenhouse provided a significant reduction in Botrytis cinerea compared to the untreated
control Similar fungicidal activity of spray oils has been reported against the fungus
Mycosphaerella musicola (Calpouzos, 1968). 



The addition of Ultrafine to the fungicides benomyl and vinclozolin was found to

significantly increase their efficacy against the resistant strain of the pathogen even when

applied in combination with a half rate of the fungicides.

Asindicated above, a high reduction in disease severity following the use of Ultrafine

in combination with fungicides is due not only to the direct activity of Ultrafine to spore

germination but also to the indirect activity of the oil, improving tenacity and spreading.

Furthermore, the possibility of synergism between Ultrafine and fungicides, and the

possible influence of Ultrafine to the mechanism of resistance development has also to be

further investigated.
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ABSTRACT

Fifteen essential oil components were screened for antifungal activity towards

Penicillium hirsutum. The most potent inhibitors of in vitro growth were

found to be carvone and several aldehydes tested. Growth suppression by

carvone was reversible, whereas exposure to the aldehydes resulted in an

irreversible inhibition. Storage of tulip bulbs in an atmosphere containing the

volatile essential oil components significantly reduced the natural Penicillium
infection. Treatment of tulip bulbs with the six antifungal compounds had no

effect on the total stalk length and the flowering capacity.

INTRODUCTION

Fungal diseases of flowerbulbs cause economically important post-harvest losses. The

chemical fungicides currently applied for fungal disease control are effective, but isolates
resistant to some of them have already been identified. Also, because of governmental

opinion and the reduced acceptance by the public of chemically derived fungicides, there

is an urgent need for environmentally friendly alternatives. In view of previous

achievements with other crops, the use of antifungal plant metabolites seems to offer a

sound alternative.

Many different plant species produce essential oils as secondary metabolites. These

oils are composed of complex mixtures of volatile compounds which have several

biological activities. The active compounds (i.e. aldehydes, ketones and terpenes) are

thought to play a role in plant defence against phytopathogenic microorganisms. Essential

oils, administered as oils from which the active compounds evaporate, are increasingly

utilised outside their natural source in the control of pests and diseases.

In addition to a previous communication (Smid et al., 1994) we report on the potency

of several essential oil components to counteract fungal storage rot of tulip bulbs, a fungal

disease caused by the wound-dependent pathogen Penicillium hirsutum.

MATERIALS AND METHODS

Fungal strains and plant material

Penicillium hirsutum CBS 127.90 and CBS 734.74 (ex Lilium), P. hirsutum CBS

210.57 (ex Hyacinthus) and P. hirsutum CBS 2349.75 (ex Tulipa) were obtained from the
"Centraalbureau voor Schimmelcultures" (CBS), Baarn, The Netherlands. Tulip bulbs c.v.

*Apeldoorn’ were obtained from commercial growers. 



Growth medium

P. hirsutum cultures were maintained as spore suspensions on standard phosphate

buffered saline supplemented with 15 % (v/v) glycerol at -80°C. Fungi were routinely

grown on potato dextrose agar.

In_vitro_ assay

Plates were inoculated by applying 1 pl of a suspension containing 10° spores at the

centre of the plate. A watch-glass, holding 10 ul of the volatile oil, was placed in each

Petri-dish. Subsequently, the petri-dishes were sealed with a plastic ring and incubated at

19°C.

In_situ_assay

For each treatment with essential oil compounds, 20 tulip bulbs were placed on a grid
in 20-L plastic containers. Two petri-dishes, each containing 125 ul of the volatile

component, were placed under the grid. The containers were sealed and stored in the dark

at 17°C. After 1 or 3 weeks in the presence ofthe volatiles, the containers were opened

and the bulbs were stored for 12 weeks under dry conditions at 5°C in the absence of the

volatiles. Subsequently, the bulbs were planted in soil and stored for another 6 weeks at

2°C in the dark, whereupon they were transferred to the greenhouseto set flower.

RESULTS

In vitro selection of effective volatiles

Using the in vitro screening assay, the effect of fifteen purified components of

different essential oils was tested on four strains of P. hirsutum (Table 1). With fenchone

and eucalyptol, no growth inhibition of the fungi tested could be detected. Menthone,

pulegone, linalool, menthol, terpineol, menthylacetate and limonene oxide were found to
exhibit full inhibition over a period of 4 and 8 days, which is considered short term. Long-

term growth inhibition (between 30 to over 120 days) was observed in the presence of

carvone, cuminaldehyde,  perillaldehyde, cinnamaldehyde,  salicylaldehyde and

benzaldehyde. The most effective compounds(i.e. carvone, cuminaldehyde,perillaldehyde,
cinnamaldehyde and salicylaldehyde) were selected for further investigation.

Mode of growth inhibition

Antifungal compounds can exert either a fungistatic or a fungicidal effect. To

discriminate between these two possibilities, spores of P. hirsutum were seeded on agar
plates and subsequently exposed to the volatiles for different periods of time (1, 2, 3 and 4

weeks). After these treatments, the spores were allowed to germinate in an atmosphere

without the volatiles and the residual growth of the fungi was monitored.

Full suppression of P. hirsutum CBS 201.57 ex Hyacinthus spores was found with

carvone and cuminaldehyde for at least 4 weeks. However, exposure to carvone for | to 4
weeks did not affect the viability of the spores since they formed a mycelial mat at the
same rate as non-exposed spores after transfer to fresh medium in the absence of carvone.

802 
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However, spores exposed to cuminaldehyde for 1 to 3 weeks resumed growth with a few

days delay, whereas spores exposed to the compound for 4 weeks did not germinate at all.

Full inactivation of the spores was observed with perillaldehyde after 2 to 4 weeks of

exposure. With cinnamaldehyde, after one week of exposure no germination of spores was

found. From these results it follows that carvone acts as a fungistatic agent, whereas the

aldehydes can exert a fungicidal effect depending on the length of exposure.

TABLE1. Growth inhibition of different Penicillium hirsutum strains by essential

oil components administered via the gas phase. Inhibition is expressed as the

number of days at which full suppression of fungal growth is observed in the in

vitro assay.

 

Compound Penicillium hirsutum

CBS 127.90 CBS 201.57 CBS 349.75 CBS 734.74

ex éx ex eX

Lilium Hyacinthus Tulipa Lilium
 

Benzaldehyde > 63 33 > 63 > 63

Carvone 8 39 60

Cinnamaldehyde > 63 0 > 63

Cuminaldehyde 32 > 120

Eucalyptol 0

Fenchone 0

Limoneneoxide 0

Linalool

Menthol

Menthone

Menthylacetate

Perillaldehyde

Pulegone

Salicylaldehyde

Terpineol

In situ suppression of Penicillium

The effect of essential oils on the development of natural fungal infection on tulip

bulbs was studied in containers each with 20 bulbs. After one week incubation in control

containers without essential oil components, 68% of the bulbs clearly showed Penicillium

at the surface. In the presence of cinnamaldehyde and cuminaldehyde growth of the fungus

was observed in 42% and 3% of the cases, respectively. Treatment with carvone, perill-

aldehyde and salicylaldehyde completely suppressed fungal growth on the bulbs. After
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incubating the bulbs for 3 weeks in control containers, 90% of the bulbs were found to be

infected with Penicillium. Again, no significant reduction of fungal surface growth was

observed with cinnamaldehyde. However, storage in the presence of cuminaldehyde,

carvone, perillaldehyde and salicylaldehyde reduced Penicillium infection to 45, 66 and

66% of the bulbs, respectively.

per sal

 

To
ta
l
le

ng
ht

of
st
al
k
(
c
m
)

 

Pe
rc

en
ta

ge
f
l
o
w
e
r
i
n
g

         
control i cum car

Treatment

Figure 1. Effect of treatment with different volatiles on A) total stalk length of flowering
tulip bulbs and B) on flowering capacity oftulip bulbs. For each treatment, bulbs were

stored in the dark at 17°C in the presence of the test compound for | week (black bars) or

3 weeks (white bars), before they received a standard flowering treatment. 



Phytotoxicity of essential oil components

The essential oil components could be biologically active, thus their effect on flower

developmentof the tulip bulbs was tested. Bulbs were treated with carvone, perillaldehyde,
cuminaldehyde, salicylaldehyde, cinnamaldehyde and water for | week or 3 weeks. After a

standard treatment, the bulbs were allowed to set flower in the greenhouse. Exposing the
bulbs to essential oil components for 1 or 3 weeks did not significantly affect the total

stalk length nor the flowering capacity (Fig. 1). All bulbs which were treated for three
weeks, including the water-treated control, had reduced stalk lengths compared with the

bulbs which had been exposed for one week to the compounds. Conceivably, this

difference was due to the different age of the two groups of bulbs. It can thus be

concluded that none of the antifungal plant metabolites tested showed an effect on flower

quality.

DISCUSSION

Using an in vitro screening system, six different essential oil components with strong

antifungal activity against P. hirsutum and therefore with a good potential for development

into practice were identified from a panel of fifteen compounds. With one exception

(carvone), all of these were aldehydes (cuminaldehyde, perillaldehyde, cinnamaldehyde,

salicylaldehyde and benzaldehyde). In studies at our Institute on the use of essential oils to

control fungal storage diseases of potato, the same compounds were found to be amongst

the most potent antifungals (Gorris et al., 1993; 1994),

As a result of their hydrophobic nature, essential oil compounds probably accumulate

in the membrane oftarget organisms, causing loss of membrane integrity and dissipation

of the proton motive force (Sikkema ef al., 1992; Sikkema, 1993). Accumulation of the

cyclic hydrocarbons in the phospholipid bilayer could also interfere with proper protein-

lipid (in *t Veld et al., 1992) and protein-protein interactions which could eventually cause

the observed growth inhibition.

Whereas carvone exerted a fungistatic effect on P. hirsutum, all aldehydes tested

irreversibly inhibit fungal growth after short- or long-term exposure. The variation in

effectiveness between the aldehydes may be explained by the different concentrations of

the compoundsin the gas phase due to differences in volatility (Vaughn & Spencer, 1991).
This could explain the observation that cinnamaldehyde, which is the most potent inhibitor

in the in vitro assay, does not effectively suppress Penicillium infection on tulip bulbs in

the in situ assay.

Since non ofthe tested antifungal compounds exhibited phytotoxic effects which could

adversely affect their market quality, these compounds are promising tools for the control

of postharvest Penicillium infection on flowerbulbs.
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ABSTRACT

The main root and stem-base pathogens of ericaceous crops are Rhizoctonia,

Cylindrocarpon, Cylindrocladium, Pestalotiopsis, Fusarium, Pythium and
Phytophthora spp. The importance and sources of these pathogens on nurseries

are described and the influence of cultural and environmental factors and

fungicides on the incidence and severity of disease are discussed. A blueprint for

integrated control of root and stem-base diseases of ericaceous plants is

proposed, based on an understanding of the host/pathogen relationships and
modern nursery practice.

INTRODUCTION

Intensive production methods and large scale monoculture have led to increased incidence

of root disease on container-grown ornamental ericaceous plants (Holmes & Litterick, 1990).

Effective and economic disease control measuresare essential if the UK nursery industry is to

remain competitive within Europe. The lack ofeffective fungicides and therestrictions ontheir

use mean that disease control must depend increasingly on integrated systems involving

managementand correctfungicideselection and use.

Work carried out at SAC Auchincruive has shown that the main root and stem-base

pathogens of ericaceous crops are Rhizoctonia, Cylindrocarpon, Cylindrocladium,

Pestalotiopsis, Fusarium, Pythium and Phytophthora spp.. Detailed epidemiological

investigations have identified the sources of some of these diseases on nurseries. Pathogens

can be controlled or eliminated from ericaceous crops through the use of strict nursery
hygiene, management of cultural and environmental conditions and judicious fungicide use

(Litterick & Holmes, 1993). The results obtained from this work have been used to develop a

blueprint for control of the diseases studied on ericaceouscrops.

SOURCESOF DISEASE

Isolations from diseased ericaceous plant material taken from UK nurseries have shown

that Rhizoctonia, Cylindrocarpon, Cylindrocladium, Pestalotiopsis, and Fusarium spp. are

most frequently located in the lowerfoliage (1 to 4 cm above compostlevel), stem base and

upper roots (up to 1 cm below the compost surface). Rhizoctonia and Pestalotiopsis spp.

have beenisolated from shoottips of Calluna and Erica spp.. Pythium and Phytophthora spp.

are most frequently isolated from the fine roots at all levels below the compost surface. Some 



Phytophthora spp. can be isolated from stems, branches and foliage at all levels above the

compost surface (Hoitink & Powell, 1990).

Rhizoctonia, Cylindrocarpon, Cylindrocladium, Pestalotiopsis, and Fusarium spp. were

often isolated from samples of used compost, capillary matting, pots, trays, polythene and

other nursery materials and from plant fragments on the nursery. There are few records of

these pathogens having been isolated from new orsterilised nursery materials, or sterile

compost components.

THE EFFECT OF ENVIRONMENT AND MANAGEMENTPRACTICESON DISEASE

Detailed studies on the effects of environmental and cultural factors on disease caused by

Rhizoctonia spp. have been carried out on Calluna and Erica spp.. It has been shown that

disease caused by Rhizoctonia spp. is minimised if the pH of propagation compost is

maintained below 4.5 (Holmes & Litterick, 1990). Rhizoctonia infection and disease is

greatest where humidities are high. For example the growth of Rhizoctonia spp. mycelium on

heather foliage kept in an atmosphere of 70 - 85% relative humidity (r.h.) was approximately

15% ofthat of mycelium on heather foliage kept in an atmosphere of 90 - 100% r.h. (Litterick

& Holmes, 1990). It has been shown that poor compost drainage, low compost air-filled-

porosity (i.e. below 12%) and poor nutrition and delayed potting can all increase the

likelihood of disease caused by Rhizoctonia spp. (Litterick, 1991).

FUNGICIDE PHYTOTOXICITY

It has been shown that a number of fungicides routinely applied to heathers and other

nursery stock species may cause foliar browning and reduced root development. (Holmes &

Litterick, 1990). Thelikelihood of damage is greater where combinations of two or more

fungicides are used and damageis mostsevere on cuttings and young plants. The specificity of

fungicides which are effective against the main causal pathogens means that comprehensive

protection often requires the use of up to three fungicides (see Table 1).

Fungicide use should be minimised on cuttings and growing crops. Cultural and hygiene

measures can be taken to prevent disease during these stages of production unless chemicals

are needed to control disease outbreaks. A full fungicide programme can be used to prevent

and control disease on stock plants from which cuttings are taken, since phytotoxicity occurs

muchless frequently on olderplants.

THE EFFECT OF FUNGICIDES ON DISEASE

There is a shortage of approved products to control root and stem-base diseases on

ericaceouscrops and manyofthe available products have to be used at the growers' own risk.

Research has shownthatthe following fungicides prevent or control the main root diseases of

ericaceouscrops. (Litterick & Holmes, 1993; Hoitink & Powell 1990, Table 1.) 



Table 1. Fungicides available to control disease on ericaceous crops

Disease Fungicide Active Ingredient Manufacturer

 

Rhizoctonia Basilex* tolclofos-methyl Fisons

Rovral* iprodione Rhone-Poulenc
Terraclor 20D* quintozene Uniroyal

Pythium and Fongarid furalaxyl Ciba Agric.

Phytophthora Aaterra WP* etridiazole Zeneca/ICI

Filex* propamocarb-hydrochloride Fisons

Phytophthora only _—Aliette* fosetyl-aluminium Rhone-Poulenc

Cylindrocladium Octave prochloraz-manganese Fisons

Cylindrocarpon Bavistin* carbendazim BASF

Pestalotiopsis and
Fusarium

 

*NB Products marked with an asterisk do not have a manufacturers recommendation for use

on ericaceous plants and therefore must be used at the growers ownrisk.

BLUEPRINT FOR DISEASE CONTROL

An integrated control programme must bepractical, economic and durable. Continued

disease control depends on careful attention by the growerto all aspects of the programme.

The following blueprint is based on results gained from 6 years work on diseases of

ericaceouscrops.

Blueprint for disease control

1. Use only new orsterilised nursery materials and equipment. Use a good proprietary

sterilant regularly on pots, trays, benches, pathways,trolleysetc.

2. Use only fresh orsterilised compost components and avoid contact of pots with nursery

soil.

3. Burn or remove discarded, old or diseased plants from the nursery.

4. Stock plants should be potted or trimmed annually to maintain vigorous, healthy growth.

Cuttings should be taken from tips rather than bases of shoots.

5. Space stock plants to minimise plant to plant contact and reduce humidity levels.

6. Reduce humidity around cuttings as swiftly as is practical. 



7. Check that the propagation composthas a pH of around4.0

8. Minimise plant stress by providing environmental and cultural conditions which promote

healthy plant growth. In particular ensure consistent irrigation, adequate compost air-filled-

porosity (12 - 15%) and optimum levels offertiliser.

9. Root-rots and stem-base diseases should be correctly diagnosed to prevent the costly and

ineffective application of a fungicide.

10. Avoid incorporating fungicides into the propagation compost and treat growing crops

with fungicide only wherediseaseis present or during a period ofhigh disease risk.

11. Treat stock plants with a fungicide programmeto prevent and control disease caused by

Rhizoctonia, Cylindrocarpon, Cylindrocladium,  Pestalotiopsis, Fusarium, Pythium and

Phytophthora spp. Use high volumesprays or drenchesto ensure that the chemical penetrates

the foliage canopy.

12. Use fungicides according to the manufacturers recommendations and be aware that many

of the above chemicals must be used at the growers ownrisk (see Table 1).

FUTURE RESEARCH

Further workis necessary to determinethe effect of environmental andcultural factors on the

incidence and spread ofdiseases caused by Cylindrocarpon, Cylindrocladium, Pestalotiopsis,

Fusarium, Pythium and Phytophthora spp.. As more work is completed, the above blueprint

can be modified and extendedto coverall the major root pathogensof ericaceouscrops
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ABSTRACT

Fusarium wilt of basil, caused by Fusarium oxysporum
f. sp. basilici, is a major problem in the cultivation
of basil (Ocimum _basilicum) on the Riviera Ligure in
Northern Italy. Four trials carried out in 1993 and

1994 using antagonistic Fusarium spp. as a soil
treatment and/or seed dressing showed the possibility
of using such strains for effective wilt control. With
high disease incidence, soil treatment with the antago-
nistic Fusarium strains provided satisfactory and long

lasting disease control.

INTRODUCTION

Fusarium wilt, incited by Fusarium oxysporum f. sp.
basilicit, is a major problem in the cultivation of basil
(Ocimum basilicum), a cash crop grown under glasshouse
(approximately 65 ha) in the Riviera Ligure, in Northern
Italy, as well as in the French Riviera. Such. a crop,
although of minor importance on a national basis, is of high
economic importance for local growers. Moreover, nC
represents a typical Mediterranean crop, used for fresh
consumption as well as for the preparation of the world
famous "pesto" sauce. F. basilici was first reported in
Russia (Kvartskhava, 1957) and, more recently, in France

(Mercier and Pionnat, 1982), Italy (Tamietti and Matta, 1989)
and the USA (Wick and Haviland, 1992; Davis and Marshall,

1993).

Control of this pathogen is complicated by the very

limited availability of registered fungicides: in Italy, the
only permitted compounds effective against Fusarium wilt are
benzimidazoles, which can be applied only as seed dressing
(Minuto et al., 1994). In practice, Fusarium wilt management
relies on the integration of different control measures, such
as soil disinfestation, raised bench cultivation and seed
dressing. However, since the pathogen can be transmitted by

infected seeds (Martini and Gullino, LOO) , soil
disinfestation is only partially effective. Moreover, seed

dressing alone does not completely reduce Fusarium wilt
severity (Minuto et al., 1994). For all these reasons, the
level of control achieved is often unsatisfactory while the

1 Fusarium oxysporum f. sp. basilicum is renamed into

Fusarium oxysporum f. sp. basilici (Hawksworth, 1974). 



cost is high. Effective alternatives are needed in order to

ensure growers more choice.

Saprophytic Fusarium spp., isolated from Fusarium-

suppressive soils, known for their antagonistic activity

against several formae speciales of Fusarium oxysporum

(Tramier et_al., 1983; Alabouvette et al., 1993; Garibaldi et

al., 1992), have largely been tested on several crops such as

carnation and cyclamen (Garibaldi et _al., 1992; Minuto et

al., 1994 a). During the past few years, the possibility of

using such antagonistic Fusarium spp. against Fusarium wilt

of basil was investigated. The first positive results

obtained (Minuto et al., 1994 b) stimulated further research,

in order to determine the best timing and methods of

application.

MATERIALS AND METHODS

Four experimental trials have been carried out in 1993

and 1994 in an experimental glasshouse at the Centro Orticolo

Sperimentale of the Chamber of Commerce of Savona, located at

Albenga (Northern Italy). Plots of 2 m“ were prepared in

raised benches. A randomised block layout with three

replicates was used.

Cultural practices. Two basil varieties, "Genovese a

foglie giganti", commonly used in the region, and "Fine

verde", very susceptible to Fusarium wilt, were grown on a

substrate commonly used for basil, following the practices

normally adopted by local growers. The temperature in the

glasshouse was maintained throughout cultivation in eccess of

15 °c; the maximum temperature reached was 32 °c. Two g/m

of basil seeds were used.

Inoculation with the pathogen. The same isolate of

Fusarium oxysporum f. sp. basilici, obtained from wilted

plants, and prepared as chlamydospores suspended in talc

(Locke and Colhoun, 1974) was used in 1993 and 1994 for soil

infestation. After steaming, the substrate was infested with

F. basilici by using 10° cfu (Colony Forming Units) /ml of

soi. iff 1993, 5x107 cfu/ml of soil in 1994. Artificial soil

infestation with the pathogen was carried out in 1993 only

before the first trial, and in 1994 before each trial.

Treatment with the antagonist. Antagonistic strains of

F. oxysporum, known for their good biocontrol activity

against several Fusarium wilts and widely tested on different

crops (Garibaldi et _al., 1992) have been used. F. oxysporum

strain 251/2 RB, made resistant to benzimidazoles by UV

treatment (Garibaldi et _al., 1988) was used as chlamydospores

suspended in talc (Locke and Colhoun, 1974) or as a

formulated granular product, consisting of chlamydospore

suspensions in sodium alginate, coded as FG, prepared by

S.I.A.P.A. (Galliera, Bologna). Strain F I/11 was obtained

by protoplast fusion (Migheli et al., 1992). Fusarium

moniliforme strain TF4, isolated from a Fusarium suppressive 
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soil in France (Tramier et al., 1983) was kindly provided by
Dr. R. Tramier. Micromax, a preparation based on E',.
oxysporum FO 47 (Alabouvette et_al., 1993), commercialised

in Italy by SCAM, was also tested.

Antagonistic Fusarium were used as a soil treatment (10°
cfu/ml) for the formulation and/or seed dressing (3x10’ - 108
CFU/g) . Micromax was used as a soil treatment at 10° and

3.4x10 cfu/ml of soil. Soil infestation with the
antagonists was carried out at the same time as_ soil
infestation with the pathogen. An interval of 10-15 days was

left before seeding basil, in order to permit both pathogen
and antagonist to colonise the soil.

The efficacy of the different treatments was evaluated

by counting, at regular intervals, the number of healthy and
infected plants. Differences between treatments were

determined using Duncan’s Multiple Range Test.

RESULTS AND DISCUSSION

Disease incidence was very high in all trials (Tables 1-3);
the high susceptibility of the variety "Fine verde" was
confirmed (Table 1). Soil treatment with the tested

Table 1 - Efficacy of different treatments against Fusarium
wilt on two basil varieties in two trials (Albenga, 1993).

 

Variety Antagonist applied as ax © healthy plants
soil treatment seed dressing Trial. 1 Trial 2

 

Genovese a

foglie giganti

Genovese a 251/2 RB
foglie giganti 10° cfu/ml

Genovese a FI/11
foglie giganti 10° cfu/ml

Fine verde

Fine verde 251/2 RB 251/2
10° cfu/ml 3x10/

Fine verde FI/11 FI/11
cfu/ml

carried out only once, 14 days before sowing trial no 1
carried out at each trial
values of the same column with the same letter do not
differ significantly (Duncan’s Multiple Range Test, P

=0 05) 



Table 2 - Efficacy of different treatments against Fusarium

wilt on the cv Fine verde (Albenga, Trial 1/1994).

 

Antagonist applied as 5 healthy plants at

soil treatment seed dressing 28/3 20/4

 

a5 /2 10° cfu/ml 89.2 62.5 ab

FI/11 10° cfu/ml 92. 69.8 a

T F4 10° cfu/ml 82. 40.2¢

251/2 RB 10° cfu/ml 86. 48.

FI/11 RB 10° cfu/ml 90. 63.

251/2 RB ae Ts 13.

251/2 RB FG° 10° cfu/ml 63.

251/2 RB FG° 1,5x10° cfu/ml 64.

Control

see Table 1

2 formulated by S.I.A.P.A., Galliera (Bologna)

Table 3 - Efficacy of different treatments against Fusarium

wilt on the cv Fine verde (Albenga, Trial 2/1994).

 

2

Antagonist applied as ad healthy plants at

soil treatment seed dressing end of trial

 

251/2 RB 10° cfu/ml -- 56.3 ab*

T F4 10° cfu/ml cfu/g 70.8 a

T F4 RB 10° cfu/ml cfu/g 57.2 ab

251/2 RB 10° cfu/ml cfu/g 64.

251/2 RB -- cfu/g 19.

251/2 RB 10° cfu/ml 5x10! cfu/g 16.

Micromax 10° cfu/ml -- Dire

Micromax 3.4x10° cfu/ml 48.

Control

see Table 1; see Table 2 
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antagonistic Fusarium sp. strains provided comparable disease
control (Tables 2 and 3), significantly increasing the
percentage of healthy plants. The results obtained in 1993
(Table 1) show that one soil treatment can effectively

protect subsequent basil crops for several months. The

exclusive use of 251/2 RB for seed dressing (trials 1/1994
and 2/1994, Tables 2 and 3) did not control Fusarium wilt.
The combination of soil treatment with seed dressing
generally did not improve wilt control in comparison with
soil treatment alone. The formulation of strain 251/2 RB
prepared by S.I.A.P.A., coded FG, was not effective: when

used for soil treatment (trials 1/1994 and 2/1994; Tables 2
and 3) it did not reduce disease incidence. Micromax was
partially effective at the highest dosage tested (Table 3).

The results obtained, in the presence of a high disease
pressure, due to a very severe artificial soil infestation

with F. basilici, confirm the possibility of using
antagonistic Fusarium spp. for effective control of Fusarium
wilt of basil (Minuto et_al., 1994 b). In order to obtain
consistent and long-lasting wilt control, the ratio between
antagonist and pathogen propagules must be at least 20. The
long lasting effect shown by one soil treatment with
antagonistic Fusarium sp. protects the crop for several
months.
The good results obtained on the variety "Fine verde", highly
susceptible to Fusarium wilt, are more easily achieved with
the cv "Genovese a foglie giganti", widely grown in Italy and
less susceptible to Fusarium wilt.

The poor performance shown by the commercial preparation
of strain 251/2 RB (FG) stresses once more the need to find
good and reliable methods for producing large quantities of
microbial preparations (Rhodes, 1993).
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