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Abstract

In 1990, a long-term trial was initiated by planting young apple trees, cv. Bramley’s Seedling, inoculated, at
single sites in the leader shoots, witlectria galligena The effect of spring—summer and autumn fungicide spray
programmes, applied during 1991-1993, on the development of new cankers was assessed up to May 1994. Spring—
summer fungicide programmes, applied as for the control of apple scab, reduced numbers of new cankers by between
65% and 76% compared with the untreated control. Sterol demethylation inhibiting fungicides (hexaconazole,
myclobutanil, penconazole) had a similar effect on canker to dithianon. Autumn application of copper oxychloride at
5% and 50% leaf-fall further reduced numbers of new cankers. The combination of a spring—summer benzimidazole
(carbendazim or thiophanate-methyl) with a scab fungicide (dithianon) and autumn copper oxychloride did not
improve canker control compared with applying copper oxychloride after spring—summer myclobutanitozeb.

The percentage of fruit which developed rots in long-term storage was decreased by spring—summer benzimidazole
application, but not by other fungicide programmes even those which achieved similar levels of canker control.

Introduction infection which develops following wet years provide
circumstantial evidence in favour of a role for rain in
European canker, caused byectria galligena is an the dispersal oN. galligena
important disease of applesinthe UK andis particularly ~ Fungicide sprays have proved effective in preventing
prevalent in wetter regions such as Northern Ireland, canker. Application of copper- or phenylmercury-
where the culinary cultivar Bramley’s Seedling is the based formulations at leaf-fall reduced leaf-scar infec-
main cultivar grown commercially. tions (e.g. Byrde et al.,, 1965; Bennett, 1971). In
Until the last few years, it has been generally Northern Ireland, Swinburne et al. (1975) showed that,
accepted thaN. galligenaspreads from tree to tree in Bramley’s Seedling, spring—summer fungicide pro-
via air-borne and splash-dispersed spores. It was con-grammes caused a greater reduction in canker numbers
sidered to require some form of wound to facilitate than autumn fungicides alone. This was further inves-
its entry to the tree, infection occurring during the tigated in two trials in Northern Ireland between 1983
spring—summer period through bud-scale scars andand 1990 (Cooke et al., 1993). These were initiated in
other damage points, and in the autumn through leaf order to find alternative treatments to replace autumn
scars (Swinburne, 1971). However, it has been sug- application of phenylmercury nitrate (PMN), then per-
gested recently that symptomless, systemic infection mitted under an EC derogation (although subsequently
may occur, particularly in some dessert apple cultivars banned), and to evaluate the effect on canker of the
(Lovelidge, 1995). Nonetheless, the greater incidence newer spring—summer fungicides, particularly those
of canker in areas of high rainfall and the increased of the sterol demethylation inhibiting (DMI) group.
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These trials showed that copper oxychloride was a rea- leader shoot on each tree was inoculated (Swinburne
sonable alternative to PMN as an autumn treatment. et al., 1975) using a 1989 Northern Ireland isolate
Trees treated with dodine pre-blossom and dithianon (N1/89) of N. galligena Two months later, all trees
post-blossom tended to develop less canker than thosewere checked for the presence of active lesions around
receiving a programme of spring—summer DMI fungi- inoculation points.
cides (myclobutanil, penconazole), but fewest cankers
occurred when the benzimidazole fungicide carben-
dazim was used throughout the spring—summer pro-
gramme. However, it was not possible to assess the - : . .
overall impact of these programmes on canker devel- Fung|C|del sprays were applied at_hlgh volume in
opment as no untreated controls were included in theseloo.0 Iha” using a portable FQX Motori Wa}gon sprayer.
trials. During 1990, all trees received a routine Q|th|anon
A long-term trial was therefore run from 1991 to Spray -programme. Treatments were applied 'from
1994 to allow the absolute effect of a range of DMI spring 1991 until autumn 1993.‘ During the spring—
programmes to be assessed by comparing canker develSUmmer, treatments were ap_phed as for the_ control
opment on treated trees with that on trees receiving of ?pp'e scab at ca. 10-d_ay |_ntervals .(9 applications
no fungicide sprays. The leader shoot of each tree Apr'l_‘]llj.ly .1991’ 11.| applications /-\.p_rll—\rJ]uIy 1992,
was inoculated wittN. galligenato provide an initial 12 app |cat|on§ April-August 1993); in t € autl;mn,
inoculum source. The impact of combining such pro- whoere appropriate, two sprays were applied at 5@ and
grammes with autumn copper oxychloride was also ig ﬁ;\e/:‘;fggr(lzgggog egnﬁi:}e?nt?eercle&g?régg |1Is ?)f
evaluated. A preliminary report of the effect of fungi- e e . ) :
cides on the total number of wood cankers, compared fungicide formulatlons are given in Table 1 and spray
with those of the earlier trials, has been published programmes in Table 2.
(Cooke and Watters, 1994).

Treatments

Assessments
Materials and methods Numbers of new cankers were recorded in May 1991
(pre-treatment assessment), March and May 1992,
Trees March and May 1993 and May 1994. For each canker,

the infection site was recorded using the designations
Apple trees, cv. Bramley’s Seedling on M26 rootstock, of Swinburne et al. (1975) viz. crotch — in the crotch
were grown at the Northern Ireland Horticultural and between branches, basal — in the basal five leaf scars,
Plant Breeding Station, Loughgall, Co. Armagh. They distal — in the leaf scars above the basal five. Wood
were planted in January 1990 in four fully randomised age was also recorded for basal and distal cankers.
blocks with ten treatments per block in five-tree plots. Each canker was marked with waterproof paint when
Nylon mesh screens 2m high were erected betweenassessed, so that on each occasion only new cankers
plots to limit dispersal of sprays and inoculum. The were recorded.

Table 1 Details of fungicide formulations and application rates

Fungicide Proprietary name  Manufacturer Application rate (@ha
Carbendazim Bavistin BASF 500

Copper oxychloride Cuprokylt Universal 5000

Dithianon Delan-Col Zeneca 840

Hexaconazole Anvil Zeneca 50

Mancozeb Karamate Rohm & Haas 1680

Myclobutanil Systhane Rohm & Haas 66

Penconazole Topas Novartis 50
Penconazole-dithianon  Topas D Novartis 560 500

Thiophanate-methyl Cercobin Bhe-Poulenc 1000
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Table 2 Details of fungicide programmes

Treatment Spring—summer Autumn
number
Pre-blossom Post-blossom

1 None None None

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 Myclobutanit- mancozeb Copper oxychloride

9 Dithianor+ thiophanate-methyl  Dithianof thiophanate-methyl  Copper oxychloride
10 Dithianor+ carbendazim Dithiano# carbendazim Copper oxychloride

In 1992 and 1993, the fruit from each plot was har- the period December 1993—-March 1994 was unusu-
vested and stored in a controlled atmosphere store. Theally wet (rainfall 165% of 30-year mean), which would
following February (1993) or March (1994), the total have encouraged infection.
numbers of rotted fruit from each plot and the number  More canker developed in this trial than in two
of fruit with symptoms ofNectriaeyerotwererecorded.  similar trials at Loughgall during the 1980s. In these

earlier trials (which did not include untreated con-
trols), the cumulative totals of new cankers which
Analyses developed on six-tree plots receiving the standard pro-
grammes (dodine and dithianon) were 58 (1983-1986
All results were subjected to analyses of variance. The trial) and 62 (1988-1990 trial) compared with 148
assessments of rotted fruit were expressed as percentper five-tree dithianon-treated plot in the present trial
ages and analysed after arcsine transformation. (1991-1994). The annual rainfall totals during the early
1990s were no greater than in the 1980s, so it is
unlikely that the development of canker was influenced
by the macroclimate. However, the present trial was

Results planted in a more sheltered and lower-lying area so
_ that a more humid microclimate may have encouraged
Development of new cankers over time spread.

All inoculation sites developed canker lesions. Analy-

sis of the May 1991 assessment of cankers which had Effect of fungicide treatment on

resulted from infection before application of treatments canker development

showed a lack of any significant difference between

treatment plots. No benefit was found from using these Compared with the untreated control, fungicide treat-

initial counts as a co-variate in the analyses. ments reduced canker by between 65% and 90%
New cankers were counted twice a year in 1992 (Figure 1). The standard spring—summer dithianon pro-

and 1993. In the untreated trees, the numbers of newgramme reduced canker by 75%. There was a signifi-

cankers at each of these assessments varied between 3€ant effect of treatment on total numbers of new cankers

and 60 per plot (Figure 1). It was not possible to make and cumulative totals at all assessments except March

an early spring assessment in 1994, but in May 1994, 1992.

it was found that a very large number of new cankers  The three programmes containing DMI fungicides

had developed, ca. 400 per plot in the untreated con- alone with no autumn treatment (treatments 3, 4 and 6)

trol. The year 1993 had a greater total rainfall (899 mm) reduced canker numbers to a level similar to that

than 1991 or 1992 (711 and 807 mm, respectively) and with dithianon. Myclobutanil tended to be slightly
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Figure 1 Total numbers of cankers at each assessment. Details of treatments are given in Tables 1 and 2. Vertical bars indicate LSD
values(P < 0.05).

less effective and penconazole slightly more effective Effect of wood age on canker development
than hexaconazole in reducing canker numbers, but the
differences were not significagP > 0.05). Addition Over the whole period of the trial, the majority of
of dithianon to penconazole (treatment 5) or mancozeb new cankers were located on one-year-old wood, about
to myclobutanil (treatment 7) did not affect cankerinci- half as many on two-year-old wood and relatively
dence (Figure 1) as compared with the DMI fungicides few on older wood (Figure 2). The predominance
alone. of cankers on one-year-old wood was particularly
The greatest reductions in canker numbers were marked when assessment was made in May 1994 and,
achieved by the three programmes which included as these were associated with leaf scars, it seemed
two autumn applications of copper oxychloride (treat- likely that they had been initiated at leaf-fall in
ments 8, 9 and 10). The addition of autumn copper autumn 1993. The ranking order of fungicide treat-
oxychloride to the myclobutani+ mancozeb pro-  ments with respect to canker numbers was very sim-
gramme (treatment 8) decreased canker incidenceilar on wood of different ages. However, as wood
by 68% compared with the same programme with- age increased, the effect of treatment decreased from
out an autumn fungicide (treatment 7). Trees treated very highly significant on one-year-old woad® <
with the two programmes including a spring—summer 0.001), to highly significant on two-year-old wood
benzimidazole fungicide and autumn copper oxy- (P < 0.006), significant on three-year-old wood
chloride (treatments 9 and 10) developed similar (P < 0.014) and non-significant on four-year-old
numbers of new cankers to those which received the wood (P > 0.05).
myclobutanil/myclobutanik- mancozeb/copper oxy- Approximately equal numbers of cankers developed
chloride programme (treatment 8). in basal and distal positions on branches, with a smaller
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Figure 2 Canker development on wood of different ages (excluding the untreated control). Details of treatments are given in Tables 1
and 2. Vertical bars indicate LSD valué8 < 0.05).

proportionin crotches (Figure 3). Although the ranking developed significantly fewer rots than those from any
order of treatments was the same for basal, distal andother treatment except hexaconazole (treatment 3).
crotch cankers, treatment had less effect on the inci-

dence of crotch canker® < 0.002 cf.P < 0.001 for

basal and distal canker totals). Discussion

Effect of treatment on fruit rotting The results of this trial confirmed the conclusions of

Swinburne et al. (1975) that spring—summer fungicide
When the apples were removed from storage in March applications, intended to control apple scab, also cause
1993, there were significant differences between treat- substantial reductions in canker. There was no evi-
ments in the percentage dfectria rotted fruit, but dence that the DMI fungicides used for apple scab con-
not in the percentage of all rotted fruit (Table 3). trol were less effective in preventing canker than older
The apples from the plots which received a spring— protectant fungicides. Programmes including autumn
summer benzimidazole (carbendazim or thiophanate- application of copper oxychloride achieved the great-
methyl; treatments 9 and 10) had mMectria rots, est reductions in canker numbers. This is in agreement
this was significantly less than those from the with the results of two trials at Loughgall during the
myclobutanil/myclobutanib- mancozeb/copper oxy- 1980s (Cooke et al., 1993) where copper oxychloride
chloride programme (treatment 8), although the canker was found to be the best available alternative to autumn
incidence was similar for these three programmes. phenylmercury nitrate.

In February 1994, treatment significantly affected In a previous trial (Cooke et al., 1993), a spring—
the percentage of all rotted fruit, but very féNectria- summer benzimidazole programme proved much
rotted fruit were identified (Table 3). The apples more effective than a spring—summer myclobutanil/
from plots which received the two spring—summer myclobutanil+ mancozeb programme in preventing
benzimidazole programmes (treatments 9 and 10) new cankers when no autumn treatments were applied.
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Figure 3 Canker development at different infection sites on trees (for definitions see Materials and methods.) Details at treatments are
given in Tables 1 and 2. Vertical bars indicate LSD val(@s< 0.05).

Table 3 Assessment of rotting of apples after storage, 1993
and 1994

Treatment numbér Rotted fruit (arcsin %6)

March 1993 February 1994

Total Nectria Total Nectria
1 23.2a 8.6ab 22.1a 10.9a
2 30.1a 59ab 25.3a 2.9a
3 15.8a 11.3a 19.1ab 2.3a
4 27.1a 12.4a 26.1a 3.2a
5 20.6a 14.3a 23.8a 3.8a
6 24.7a 7.7ab  23.5a 5.2a
7 19.8a 5.1ab 24.2a 0.0a
8 20.2a 9.4a 22.7a 4.9a
9 13.2a 0.0b 6.1c 0.0a
10 14.7a 0.0b 12.3bc 2.3a
SE (27 DF) 3.86 3.19 2.87 2.35
Significancé n.s. * n.s.

a2l etters in columns followed by the same letter do not differ
significantly (P > 0.05).

®For details of treatments, see Tables 1 and 2.

‘n.s.= P > 0.05,*P < 0.05,**P < 0.001.

In the present trial, the two programmes including
spring—summer benzimidazole fungicides with autumn
copper oxychloride were no more effective than
the myclobutanil/myclobutanit- mancozeb/copper

oxychloride programme. This would suggest that the
effect of using benzimidazole fungicides in the spring—
summer is not additive to the use of an autumn fungi-
cide in preventing formation of new cankers. The
spring—summer benzimidazole programmes without
an autumn fungicide, which would have been required
to test this possibility, were not included in the present
trial. Benzimidazoles are known to suppress sporula-
tion of the pathogen for prolonged periods (Swinburne
et al., 1975) and may thus prevent both spring and
autumn infection byN. galligenawithout the need for
an additional autumn treatment.

The antisporulant effect of the benzimidazole
fungicides may also have been responsible for the
reduction in fruit rotting which occurred with the car-
bendazim and thiophanate-methyl programmes. This
was not simply due to decreased inoculum result-
ing from control of canker, since trees treated with
myclobutanil + mancozeb+ autumn copper oxy-
chloride had similar numbers of cankers, but more
of the harvested fruit developed rots. The benz-
imidazoles also reduced the incidence of fungal
rots other than those caused bl galligena This
was not unexpected since they are active against
most higher fungi and the majority of ndwectria
rots were caused by the Ascomycete pathogens



789

Penicillium expansum Sclerotinia fructigena and fungicides in orchards is also undesirable because

Gloeosporiumspp. they have adverse effects on earthworms (Stringer and
Benzimidazole and DMI fungicides are systemic, Wright, 1976).

however, up-take into woody tissue from foliar fungi- Two new groups of fungicides are now available

cide sprays is extremely limited and insufficient to for the control of apple scab. The anilinopyrimidine
produce a fungicidal dose, since their translocation is pyrimethanil and the strobilurin kresoxim-methyl have
almost exclusively acropetal (Crowdy, 1977). Fungi- recently been approved for application to top fruit in
cide sprays are thus unlikely to kill the pathogen the UK and several other European countries. There
within established cankers or to inhibit possible sys- have been no published reports of their effects on apple
temic spread via the xylem. Recently, Xu and Butt canker, butin view of their spectra of activity, it seems
(1996) reported that when curative fungicide sprays likely that they will reduce infection in a similar way
were applied to potted apple trees, they were relatively to other scab fungicides.

ineffective in preventing canker development at prun-
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