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Studies on the Control of Cylindrocladium buxicola  
Using Fungicides and Host Resistance 

B. Henricot, C. Gorton, G. Denton, and J. Denton, Plant Pathology Department, The Royal Horticultural Society, 
Wisley, Woking, Surrey, GU23 6QB, UK 

Cylindrocladium boxwood blight is 
caused by the fungus Cylindrocladium 
buxicola Henricot, (13) and was detected 
in the United Kingdom in the mid-1990s 
(14). In the last 20 years, boxwood, espe-
cially Buxus sempervirens and its cultivar 
‘Suffruticosa’, has become one of the most 
widely grown plants in the United King-
dom, due mainly to the renaissance of 
parterres and knot gardens. Until recently, 
boxwood plants were considered to be 
generally trouble free. The main diseases 
recorded before the introduction of C. 
buxicola were twig and leaf blight caused 
by Volutella buxi, Phytophthora root rot, 
and rust caused by Puccinia buxi (24). C. 
buxicola is devastating on Buxus spp., 
causing severe defoliation and dieback, 
which can rapidly spread throughout the 
plant in warm and humid conditions. The 
disease is now widespread throughout the 
United Kingdom and causes great concern 
among boxwood growers. The disease has 

also been recorded in other European 
countries, including Belgium in 1998 (The 
Royal Horticultural Society [RHS] advi-
sory database), Ireland in 2001 (RHS advi-
sory database), Germany in 2005 (6), and 
Holland in 2005 (Marcel van Raak, per-
sonal communication). Outside Europe, C. 
buxicola has only been confirmed in New 
Zealand (13). 

Control measures include cutting back 
infected twigs to healthy tissue and remov-
ing fallen plant material and topsoil. There 
are no fungicides specifically labeled for 
the control of the genus Cylindrocladium 
on Buxus spp. The only fungicides avail-
able to amateur gardeners for general use 
on ornamentals in the United Kingdom are 
myclobutanil and penconazole; however, 
there is no information available on their 
efficacy in controlling boxwood blight. 
Similarly, there are approved commercial 
products that can be used on ornamental 
crops in nurseries but no data are available 
on their efficacy or the dosage and rate to 
control the disease on boxwood plants. An 
important mode of spread has been 
through the introduction of apparently 
healthy Buxus material carrying the dis-
ease into gardens or nurseries (personal 
observation). Brasier (7) has referred to 
this as “the Trojan horse syndrome.” 
Therefore, the aim of this study was to 

assess the in vitro effectiveness of fungi-
cides available in the amateur market as 
well as some of the most commonly used 
fungicides used in commercial boxwood 
nurseries. 

The genus Buxus includes 91 species 
distributed over four continents, with 10 
species occurring in Africa, 45 in America, 
34 in Asia, and 2 in Europe (2). To date, 
the disease has been detected on only sev-
eral cultivars of three species of Buxus: B. 
sempervirens, B. microphylla, and B. 
sinica var. insularis (RHS records). The 
largest numbers of cultivars (185) have 
been raised from B. sempervirens that is 
native to the limestone formations of a 
large area of Europe and was the first spe-
cies to be grown for ornamental purposes. 
B. microphylla is the second most impor-
tant species group after B. sempervirens 
but it has never been found in the wild. It 
may have originated from Korea, Japan, or 
China (2). B. sinica var. insularis, or Ko-
rean boxwood, is native to Korea and parts 
of China. Its availability as an ornamental 
and the number of its cultivars have been 
growing due to its tolerance to cold (2). 
The majority of boxwood plants grown in 
the United Kingdom and other European 
countries are forms of the European spe-
cies B. sempervirens and the Asiatic B. 
microphylla, with an increasing popularity 
for cultivars of B. sinica var. insularis 
(2,4). Some cultivars of these species are 
well adapted for hedge planting and trim-
ming. It has never been clear if these spe-
cies were particularly susceptible to C. 
buxicola or rather more likely to be af-
fected because of their widespread use as 
ornamentals. There is no information 
available about the host range of the fun-
gus or the susceptibility of other, lesser-
known Buxus spp. to the disease. There-
fore, the second aim of this study was to 
compare the susceptibility of these com-
monly grown boxwood species with other 
less-well-known Buxus spp. originating 
from more widespread geographical loca-
tions. 

MATERIALS AND METHODS 
Plant material. All plant material (Ta-

ble 1) was donated by Langley Boxwood 
Nursery (Hampshire, UK). 

Fungal isolates. C. buxicola isolates 
RHS 9934, RHS 9961, and RHS 2426 
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were used for survival assays on boxwood 
leaves; isolates RHS PT25, RHS 30135, 
and RHS 30920 were used for the spore 
germination an mycelium growth inhibi-
tion experiments; and isolates RHS 47, 
RHS 1180, and RHS 2426 were used for 
all additional experiments. Single-spore 
cultures were maintained on potato-
dextrose agar (PDA; Oxoid, Basingstoke, 
UK) at 25°C in the dark. 

Fungicides. All the fungicides used 
were commercially available: azoxystrobin 
(Amistar; Syngenta Crop Protection UK 
Ltd, Cambridge, UK), carbendazim (Del-
sene 50 Flo; Nufarm UK, Belvedere, UK), 
chlorothalonil (Bravo 500; Syngenta Crop 
Protection UK Ltd., Cambridge, UK), 
copper oxychloride (Murphy Traditional 
Copper Fungicide; Levington Horticulture 
Ltd., Ipswich, UK), kresoxim-methyl 
(Stroby WG; BASF, Cheadle Hulme, UK), 
mancozeb (Dithane 945; Bayer Crop-
Science Ltd., Cambridge, UK), myclobu-
tanil (Systhane; Bayer CropScience Ltd.), 
penconazole (Fungus Clear; The Scotts 
Company Ltd., Godalming, UK), pro-
chloraz (Scotts Octave; Scotts, Ipswich, 
UK), boscalid + pyraclostrobin (Signum; 
BASF), epoxiconazole + pyraclostrobin 
(Opera; BASF), and epoxiconazole + 
kresoxim-methyl + pyraclostrobin (Oppo-
nent; BASF). 

Mycelial growth inhibition. Mycelial 
plugs (about 3 mm in diameter) from 7-
day-old cultures were transferred to PDA 
plates amended with the various fungicides 
after autoclaving. The effects of the fungi-
cides were tested on mycelial growth at 
concentrations of 0.001, 0.005, 0.01, 0.05, 
0.1, 0.2, 0.5, 1, 2, 5, 10, 20, and 50 µg 
a.i./ml. For the combined fungicides, the 
concentrations were calculated in reference 
to pyraclostrobin. Therefore, for pyraclos-
trobin at 1 µg a.i./ml, boscalid was at 4 µg 
a.i./ml in Signum, epoxiconazole was at 
0.38 µg a.i./ml in Opera, and epoxicona-
zole was at 0.38 µg a.i./ml + kresoxim-
methyl was at 0.5 µg a.i./ml in Opponent. 

Each experiment was repeated once and 
all isolates were tested and replicated 
twice. The control plates did not include 
any fungicides. Fungal growth was as-

sessed by measuring colony diameter in 
two directions at right angles 2, 7, and 14 
days post inoculation. 

Inhibition of the germination of co-
nidia. Conidia suspensions of C. buxicola 
were prepared as follows. Several mycelial 
plugs from 7-day-old cultures were placed 
onto carnation leaf agar (11) and incubated 
at 25°C under near-ultraviolet light until 
sporulation was observed, usually after 7 
to 10 days. The suspension was made by 
adding 3 ml of sterile distilled water and a 
few drops of Tween 20 to the culture. The 
number of conidia was counted with a 
hemacytometer. PDA plates amended after 
autoclaving with the various fungicides 
were spread using a sterile glass rod with a 
100-µl spore suspension at 105 to 106 co-
nidia/ml. 

The effects of all the fungicides on the 
conidia germination rate were assessed at 
concentrations of 0.001, 0.005, 0.01, 0.05, 
0.1, 0.2, 0.5, 1, 2, 5, 10, 20, and 50 µg 
a.i./ml. For the combined fungicides, the 
concentrations were calculated in reference 
to pyraclostrobin as for the mycelium 
growth inhibition experiment. 

Each experiment was repeated once and 
all isolates were tested and replicated 
twice. Control plates did not include fun-
gicides. A conidium was considered ger-
minated when the germ tube length ex-
ceeded its width (22). The conidia 
germination rates were calculated after 
overnight incubation of the plates in the 
dark at 25°C. At least 100 conidia arbitrar-
ily chosen were counted per plate. 

Pathogenicity assays. Detached stems 
with at least five leaves were taken from 11 
species and cultivars of Buxus and Sarco-
cocca. The assays were performed at least 
6 months after apparently healthy plants 
were acquired to avoid any interference 
from possible fungicide applications at the 
nursery. 

Infection of the plant material was 
achieved by dipping stems and leaves into 
a conidia suspension (106 conidia/ml) of C. 
buxicola. After a short drying period (e.g., 
10 min), the stems were dipped a second 
time. Two detached stems were inoculated 
per isolate (RHS 47, 1180, and 2426) and 

then placed on a damp water-absorbent 
mat in a propagator (Homebase, UK). This 
experiment was repeated three times. 
Propagators were placed in a glasshouse 
under natural light and a temperature range 
of 10 to 25°C. 

To monitor disease development on the 
different plant species, levels of infection 
and sporulation of each isolate were calcu-
lated. The infection level was determined 
by visually assessing the percentage of leaf 
spotting using the following scale: 0 = 0%, 
1 = 0 to 25%, 2 = 25 to 50%, 3 = 50 to 
75%, and 4 = 75 to 100%. The same five 
leaves were assessed 3, 6, 10, and 12 days 
post infection. 

The level of sporulation was assessed by 
submerging five assessed leaves of each 
infected plant species in a 50-ml centrifuge 
tube containing sterile distilled water sup-
plemented with Tween 20 (0.01% vol/vol). 
After shaking for 15 min at room tempera-
ture, the leaves were removed. The conidia 
were centrifuged at 4,000 rpm for 5 min 
and resuspended in 1 ml of sterile distilled 
water. The number of conidia was calcu-
lated by counting at three separate occa-
sions with a hemacytometer. The leaf sur-
face of each plant species was measured 
using the Delta-T Image Analysis System 
Dias II (Cambridge, UK). The number of 
conidia per square millimeter of leaf area 
was calculated. 

Light microscopic observations. Three 
isolates (RHS 47, 1180, and 2426) were 
grown on carnation leaf agar (11) but only 
RHS 47 and 2426 sporulated. Single co-
nidia suspensions (5 × 105 to 106/ml) of 
isolates RHS 47 and 2426 were used to 
inoculate detached shoots of B. semper-
virens ‘Suffruticosa’ bearing at least five 
leaves. The infected shoots were placed on 
a wet mat in a propagator and incubated in 
a heated glasshouse under natural light. 
The maximum glasshouse temperature 
during the experiment was 19°C during the 
day and the minimum was 17°C at night. A 
minimum of five leaves per shoot were 
observed at 3, 5, 7, and 24 h and every 24 
h thereafter for 12 days post inoculation. 
At each time point, two shoots per isolate 
were stained according to Bruzzese and 
Hasan (8). After a brief rinse in water, the 
leaves were mounted in 50% glycerol and 
examined using a Leica compound micro-
scope at low magnification. The percent-
age of germinated conidia was calculated 
and the extent of germ tube development 
was observed on the upper and lower leaf 
surfaces. 

Survival of C. buxicola on boxwood 
leaves. Three different conidia suspensions 
were made from isolates RHS 9934, 9961, 
and 2426 (13) at a concentration of 106 
conidia/ml. These were bulked and B. 
sempervirens ‘Suffruticosa’ was inocu-
lated. After 7 days of incubation, the leaves 
were fully colonized and the fungus 
sporulated abundantly. Nylon net bags, 
each containing five infected leaves, were 

Table 1. Plant material used in this study 

Plant species Geographical origin 

Buxus balearica Mediterranean countries 
B. bodinieri China 
B. glomerata ‘Green Gem’ Cuba 
B. harlandii Chinay 
B. microphylla var. japonica ‘National’ Japan 

B. macowanii South Africa 
B. microphylla ‘Faulkner’ Asiaz 
B. riparia Japan 
B. sempervirens Europe 
B. sempervirens ‘Suffruticosa’ Europe 
B. sinica var. insularis Korea and China 
Sarcococca sp. Asia 

y  Although native to China, the cultivated form appears not to be the true species. It is possibly a form 
of B. microphylla var. sinica of unknown origin. 

z  B. microphylla was never found in the wild but possibly originated from Korea, Japan, or China (2). 
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placed on the surface of a tray of loamy 
soil or buried in a tray of loamy soil at a 
depth of 5 cm. The trays were left outside 
from 21 June 2001 onward. The infected 
leaves in one bag were checked for viabil-
ity of C. buxicola after 3 months, 6 
months, and every month thereafter for 5 
years. Because the leaves could not be 
differentiated from each other due to their 
decomposition, each bag of leaves was 
assessed as “viable” or “nonviable.” The 
fungus was reisolated on potato carrot agar 
(PCA; carrot at 20 g/liter, potato at 20 
g/liter, and Agar Technical Oxoid at 20 
g/liter) amended with antibiotics (ampicil-
lin at 30 µg/ml and streptomycin sulfate at 
133 µg/ml). 

Statistical analysis. To calculate the ef-
fective concentration at which mycelial 
growth was inhibited by 50% (EC50), the 
mean daily optimum growth rate at each 
concentration for each isolate–fungicide 
combination was divided by the mean of 
its maximum growth rate. The maximum 
daily growth rate was usually the growth 
rate of the control or occasionally the 
growth rate taken at the minimum fungi-
cide concentration (0.001 or 0.005 µg 
a.i./ml). Therefore, the ratios of growth 
rate inhibition were restricted between 0 
and 1 and considered as a pseudobinomial 
variable. The program PROC GLIMMIX 
in SAS was used to fit a generalized linear 
mixed model (glmm) with a logit link 
function and a binomial error distribution 
for each isolate–fungicide combination. 
The binomial error distribution takes into 
account the difference in variance across 
the ratios of growth rate inhibition. For 
each isolate–fungicide combination, the 
inhibition ratios were modeled against the 
log transformation of the fungicide con-
centration and an EC50 and 95% confi-
dence interval was calculated using 
Fieller’s theorem. 

For the conidia germination inhibition 
experiment, all data were initially ex-
pressed as a ratio of germinated conidia to 
total number of conidia. Then, for each 
isolate–fungicide combination, the ratio 
was divided by the maximum germination 
rate to provide the “relative conidia germi-
nation rate.” To calculate the effective 
concentration at which 50% of conidia 
germination was inhibited (EC50), the same 
modeling procedure used for the mycelial 
growth inhibition was applied. 

The effects of plant species, isolate, and 
experiment number on the susceptibility to 
leaf spotting were analyzed by General 
Estimating Equations (GEE). These mod-
els provide a method of analyzing corre-
lated data, in this case a time series, which 
has been recorded using an ordinal scale. 
To summarize the differences between the 
12 plant species and 3 isolates, the propor-
tion of 50% leaf spotting was calculated at 
3, 6, 10, and 12 days. 

In our study, an independent correlation 
structure was applied to the multinomial 

leaf data and modeled using the cumula-
tive logit link function. 

For the washing of conidia, the analysis 
was log transformed to equate variances 
between plant species’ conidia concentra-
tions. A general linear model was used to 
test the effects of host species and a least 
significant difference test (LSD) applied to 
identify the apparent grouping of the spe-
cies. 

The effects of isolate and leaf surface on 
the proportion of germinating conidia were 
tested by fitting a generalized linear mixed 
model (glmm) with logit link function and 
binomial error distribution. Leaf surfaces 
were treated as random effects. Numbers 
of conidia were analyzed by fitting a glmm 
using a log link function and poisson error 
distribution to model the count data. 

RESULTS 
Inhibition of mycelial growth. Only 

copper did not reduce mycelium growth to 
a level where EC50 values could be esti-
mated. The most effective fungicides, 
based on the concentrations that inhibited 
50% of growth, were carbendazim, pro-

chloraz, kresoxim-methyl, penconazole, 
epoxiconazole + pyraclostrobin, and ep-
oxiconazole + kresoxim-methyl + pyra-
clostrobin (Table 2). Some fungicides 
proved highly effective at inhibiting myce-
lial growth 100% up to 14 days; this was 
consistent across the three isolates tested. 
These were carbendazim (at 5 µg a.i./ml), 
penconazole (at 2 µg a.i./ml), prochloraz 
(at 1 µg a.i./ml), kresoxim-methyl (at 20 µg 
a.i./ml), epoxiconazole + pyraclostrobin (at 
1 µg a.i./ml), epoxiconazole + kresoxim-
methyl + pyraclostrobin (at 10 µg a.i./ml), 
and boscalid + pyraclostrobin (at 50 µg 
a.i./ml). 

Inhibition of the germination of co-
nidia. The results of the assays are pre-
sented in Table 3. The fungicides based on 
copper, carbendazim, myclobutanil, pen-
conazole, and prochloraz had little or no 
effect on conidia germination; therefore, 
their EC50 values could not be calculated. 
The fungicides azoxystrobin, chlorothalo-
nil, kresoxim-methyl, mancozeb, boscalid 
+ pyraclostrobin, epoxiconazole + pyra-
clostrobin, and epoxiconazole + kresoxim-
methyl + pyraclostrobin were highly effec-

Table 2. Inhibition of mycelial growth  

 EC50 (95% CI)z 

Fungicide 30135 30920 PT25 

Azoxystrobin 0.40 (0.08–1.89) 0.35 (0.11–1.02) 1.65 (1.20–2.27) 
Carbendazim 0.14 (0.04–0.32) 0.02 (0.01–0.05) 0.47 (0.05–3.33) 
Chlorothalonil 0.65 (0.23–1.91) 0.72 (0.39–1.39) 2.48 (1.25–5.65) 
Copper oxychloride NA NA NA 
Kresoxim-methyl 0.03 (0.01–0.07) 0.03 (0.01–0.05) 0.09 (0.03–0.18) 
Mancozeb 2.21 (0.19–8.69) 1.19 (0.41–4.10) 2.70 (1.85–4.00) 
Myclobutanil 0.41 (0.03–3.53) 0.41 (0.35–0.48) 0.50 (0.44–0.57) 
Penconazole 0.10 (0.01–0.61) 0.04 (0.01–0.24) 0.07 (0.06–0.08) 
Prochloraz 0.02 (0.01–0.03) 0.01 (0.01–0.02) 0.03 (0.02–0.05) 
Boscalid + pyraclostrobin 0.23 (0.09–0.56) 0.39 (0.09–1.44) 0.33 (0.17–0.62) 
Epoxiconazole + pyraclostrobin 0.09 (0.07–0.12) 0.03 (0.02–0.05) 0.10 (0.09–0.12) 
Epoxiconazole + kresoxim-methyl 
+ pyraclostrobin 

 
0.04 (0.02–0.10) 

 
0.02 (0.01–0.04) 

 
0.17 (0.14–0.21) 

z  Values (µg a.i./ml) for the effective concentration at which mycelial growth was inhibited by 50%
(EC50) with their 95% confidence intervals (CI) for each isolate–fungicide combination; NA indicates 
that EC50 was not calculated for fungicides that did not inhibit mycelium growth (maximum concen-
tration tested = 50 µg a.i./ml). 

Table 3. Inhibition of conidia germination  

 EC50 (95% CI)z 

Fungicide 30135 30920 PT25 

Azoxystrobin 2.54 (1.56–4.39) 2.01 (1.63–2.48) 2.39 (1.43–3.94) 
Carbendazim NA NA NA 
Chlorothalonil 0.36 (0.13–0.90) 0.53 (0.15–1.78) 0.44 (0.17–1.09) 
Copper oxychloride NA NA NA 
Kresoxim-methyl 0.03 (0.02–0.05) 0.04 (0.02–0.07) 0.07 (0.03–0.13) 
Mancozeb 0.41 (0.13–1.26) 0.35 (0.14–0.80) 0.70 (0.23–2.05) 
Myclobutanil NA NA NA 
Penconazole NA NA NA 
Prochloraz NA NA NA 
Boscalid + pyraclostrobin 0.12 (0.07–0.19) 0.11 (0.06–0.21) 0.23 (0.10–0.49) 
Epoxiconazole + pyraclostrobin 0.14 (0.05–0.36) 0.14 (0.03–0.48) 0.21 (0.04–0.81) 
Epoxiconazole + kresoxim-methyl 
+ pyraclostrobin 

 
0.10 (0.04–0.24) 

 
0.12 (0.02–0.04) 

 
0.16 (0.06–0.36) 

z  Value for the effective concentration at which mycelial growth was inhibited by 50% (EC50) values 
with their 95% confidence intervals (CI) for each isolate–fungicide combination; NA indicates that 
EC50 was not calculated for fungicides that did not reduce spore germination (maximum concentra-
tion tested 50 µg a.i./ml). 
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tive, inhibiting at least 50% of the conidia 
germination at low fungicide concentra-
tions. At higher concentrations, these fun-
gicides also inhibited conidia germination 
by at least 90% and chlorothalonil caused 
100% inhibition (results not shown). Re-
sults were consistent across the three iso-
lates. 

Light microscopic observations. Both 
isolates (RHS 47 and 2426) started germi-
nating 3 h after inoculation (Fig. 1A). 
There were no significant effects due to 
upper or lower leaf surface over time, be-
tween isolates, or their interaction. There-
fore, the hypothesis that the lower and 
upper surfaces have equal effects on the 

germination of conidia was accepted and 
data for the two surfaces were combined. 
Germination of isolate 2426 was signifi-
cantly slower than isolate 47 at 5 h (P = 
0.002) and 7 h (P = 0.02). Isolate 2426 
germination rate equaled that of isolate 47 
after 1 day and, subsequently, no signifi-
cant differences were recorded after that 

Fig. 1. Infection cycle of Cylindrocladium buxicola (isolate 47) on Buxus sempervirens ‘Suffruticosa.’ A, Conidia germination 3 h post inoculation (hpi) 
(arrow indicates point of germination); B, penetration of stoma 1 day post inoculation (dpi); C, direct penetration of cuticle 5 hpi (point of entry indicated by 
arrow); D, intercellular growth (stained in blue) in mesophyll layer 4 dpi; E, emergence through stomata 5 dpi; and F, sporulation on the lower leaf surface 7
dpi. Bar =10 µm. 
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time (Fig. 2). Although there were no sig-
nificant differences in the percentage of 
conidia germination between both sur-
faces, the upper surface retained a signifi-
cantly higher number of conidia at all time 
periods (P < 0.001) and a significantly 
higher number of conidia of the isolate 47 
was observed compared with isolate 2426 
(P < 0.05) at 5, 7, and 24 h. 

Penetration occurred through stomata on 
the lower surface of the leaves and was 
observed 1 day after inoculation. No direc-
tional growth was seen by runner hyphae 
toward stomata; noticeably, hyphae had 
grown over or around stomata without 
entering (Fig. 1B). Penetration on the up-
per surface was not clearly observed, al-
though penetration through the cuticle was 
seen 5 h post infection (Fig. 1C). Hyphae 
penetrated directly or by means of a side 
branch, without the formation of an ap-
pressorium. After penetration, fungal 
growth inside the leaf was not clearly seen; 
however, mycelium occasionally was ob-
served growing intercellularly in the 
mesophyll cells (Fig. 1D). Resurgence of 
the hyphae occurred exclusively on the 
lower leaf surface through the stomata, 
starting 3 days after infection in both iso-
lates (Fig. 1E). At 5 days after inoculation, 
large areas showed resurgence and, after 7 
days, production of conidia was clearly 
visible (Fig. 1F). 

Survival on decomposing boxwood 
material. Five years after infection, sporu-
lation of the fungus on PCA was still pos-
sible. The fungus was able to survive 
equally on decomposing leaves left on the 
topsoil or on those buried in the soil. The 
fungus was recovered at all data collection 
points. There was no obvious development 
of microsclerotia on the remains of the 
leaves 5 years after infection. 

Pathogenicity assays. The infection as-
says showed that none of the boxwood 
species tested were immune to C. buxicola. 
All the plants started showing foliar symp-
toms 3 days after inoculation. The group-
ing of the boxwood species and the related 
plant genus Sarcococca with similar sus-
ceptibility rates using a LSD test remained 
constant over time; therefore, only data 
showing the amount of foliar spotting at 6 
days are shown (Table 4). There were 
some significant differences observed in 
the amount of leaf spotting among the 
different boxwood species but these were 
not completely consistent across the three 
fungal isolates. B. balearica, B. riparia, 
and Sarcococca sp. consistently showed 
the least-pronounced leaf symptoms. On 
the other hand, the worst affected species 
were B. sempervirens ‘Suffruticosa’ and B. 
sinica var. insularis. After 12 days, the 
conidia were washed from the infected 
leaves to assess whether there were signifi-
cant differences in the amount of sporula-
tion supported by different boxwood spe-
cies and Sarcococca sp. (Fig. 3). Although 
B. riparia showed less severe leaf symp-

toms, sporulation on this species was not 
consistently lower than on other boxwood 
species. The highest sporulation occurred 
on B. sempervirens and B. sempervirens 
‘Suffruticosa’ and was significantly greater 
than that observed on B. balearica and 
Sarcococca sp. With isolates 1180 and 
2426, sporulation on B. balearica was 
significantly lower than all the other box-
wood species. However, with isolate 47, 
there were no significant differences in the 
amounts of sporulation occurring among 
B. balearica, B. japonica ‘National,’ B. 
microphylla ‘Faulkner,’ and B. riparia. 

DISCUSSION 
Before attempting to control boxwood 

blight in the field, preliminary in vitro 
experiments are useful to select fungicides 
that show inhibitory action on the mycelial 
growth and conidia germination. Mycelial 
growth of C. buxicola was more sensitive 
to the systemic fungicides than to the pro-
tectants. Indeed, the protectant fungicides 
copper oxychloride had no effect on myce-
lial growth. Mancozeb and chlorothalonil 
had generally higher EC50 values than 
systemic fungicides. Chlorothalonil was 
reported to be a very effective protectant 

and even eradicant of the fungus (Karel 
Goossens, personal communication). It 
inactivates sulfur-containing enzymes and, 
thus, disrupts energy production by the 
fungus (15). Chlorothalonil is considered 
to be mainly active against spore germina-
tion and, in our tests, 100% inhibition was 
observed. Additionally, we found that the 
EC50 values for the mycelium growth and 
spore germination inhibition were similar. 

The fungicides that inhibit sterol biosyn-
thesis such as prochloraz, penconazole, and 
myclobutanil are not usually used to inhibit 
spore germination, which relies on stored 
products and, therefore, can proceed in the 
absence of biosynthesis (15). This was sup-
ported in the assays where it was found that 
myclobutanil, penconazole, and prochloraz 
had no effect on conidia germination. 

Carbendazim is a benzimidazole fungi-
cide that disrupts mitosis during cell divi-
sion, therefore inhibiting the development 
of germ tubes and mycelial growth. In our 
assays, although the germination rate was 
not affected by carbendazim, the subse-
quent growth of the germ tubes (data not 
shown) and the mycelial growth were im-
paired as shown by the low EC50 values 
obtained for all isolates. 

 

Fig. 2. Proportion of germinated conidia, over time, of Cylindrocladium buxicola isolates 47 and 2426 
(vertical bars indicate standard errors [se]) on leaf surfaces of Buxus sempervirens ‘Suffruticosa.’ 

Table 4. Estimated proportion of boxwood and Sarcococca leaves with greater than 50% spotting at 
day 6 for each boxwood species and isolate averaged over the three experiments 

 Proportion of leaves with >50% spottingz 

Host species Isolate 47 Isolate 2426 Isolate 1180 

Buxus balearica 0.03 a 0.10 a 0.05 a 
B. riparia 0.06 ab 0.17 ab 0.10 ab 
Sarcococca sp. 0.09 bc 0.08 a 0.13 abc 
B. microphylla ‘Faulkner’ 0.11 bc 0.50 cd 0.22 bcd 
B. bodinieri 0.13 bcd 0.38 c 0.46 ef 
B. microphylla var. japonica 0.15 bcd 0.32 bc 0.14 bc 
B. glomerata ‘Green Gem’ 0.23 cde 0.40 c 0.37 def 
B. sempervirens 0.28 def 0.56 cde 0.26 cde 
B. harlandii 0.45 efg 0.48 cd 0.34 def 
B. macowanii 0.48 efg 0.49 cd 0.38 def 
B. sempervirens ‘Suffruticosa’ 0.50 fg 0.75 e 0.57 f 
B. sinica var. insularis 0.70 g 0.68 de 0.55 f 

z  Values within isolates (columns) followed by different letters have a significantly different suscepti-
bility rate using a least significance difference test (P = 0.05). Letters can be compared only within 
isolates (columns). 
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The strobilurin fungicide class, includ-
ing azoxystrobin and kresoxim-methyl, is a 
recent group of fungicides which block 
mitochondrial respiration in fungi by in-
hibiting the cytochrome bc1 enzyme com-
plex at the Qo site in the respiration chain 
of fungal mitochondria (QoI inhibitors) 
(1). Of the two, kresoxim-methyl appeared 
to be the most effective fungicide, having a 
very low EC50 for mycelial growth and 
conidia germination for the three isolates 
tested. The fungicides Opera (epoxicona-
zole + pyraclostrobin) and Opponent (ep-
oxiconazole + kresoxim-methyl + pyra-
clostrobin), with their combination of 
active ingredients, were highly effective in 
inhibiting mycelial growth and conidia 
germination with similarly low EC50 val-
ues. Both pyraclostrobin and kresoxim-
methyl belong to the strobilurin class of 
fungicides; however, the presence of 
kresoxim-methyl in Opponent did not 
affect the EC50 for the mycelium inhibition 
and spore germination compared with 
Opera. This means that Opera could be a 
useful replacement to Opponent because, 
at the time of writing this article, Opponent 
is not longer to be sold by BASF due to the 
low demand of this product (Robert Storer, 
personal communication). 

Boscalid is a carboxamide fungicide 
which inhibits the enzyme succinate ubiqui-
none reductase (complex II) in the mito-
chondrial electron transport chain. It dis-
rupts fungal growth by preventing energy 
production and by eliminating the avail-
ability of components of the tricarboxylic 
acid cycle for the synthesis of amino acids 
and lipids (26). Its use with the strobilurin 
fungicide pyraclostrobin was usually less 
effective in inhibiting mycelial growth than 
in inhibiting spore germination. It has been 
reported that spore germination is a devel-
opmental stage more sensitive to stro-
bilurins and boscalid than mycelium 
growth in fungi such as Botrytis cinerea 
and Neurospora crassa (23,26). 

These in vitro assays identified several 
fungicides effective against C. buxicola. 
These were kresoxim-methyl and the com-
bined fungicides Opponent (epoxiconazole 
+ kresoxim-methyl + pyraclostrobin), Op-
era (epoxiconazole + pyraclostrobin), and 
Signum (boscalid + pyraclostrobin). Field 
trials are now in progress to test the effi-
cacy of these fungicides in vivo. 

It is essential to understand the epidemi-
ology of a disease before attempting to 
control it using a mixture of chemical and 
cultural methods. Pathogenicity tests in 
this study showed that there were no box-
wood species immune to C. buxicola. In 
addition, a new genus, Sarcococca, was 
found to be a potential host for the disease. 
Sarcococca is in the family Buxaceae and 
is grown as ground cover or for informal 
hedging but has never been found naturally 
infected. It would be interesting to know if 
other genera in the family Buxaceae, such 
as Pachysandra, are also susceptible. 

 

Fig. 3. Conidia concentration of the isolates A, 1180; B, 2426; and C, 47 on the boxwood species and 
Sarcococca sp. 12 days post inoculation. Boxwood species and Sarcococca sp. are indicated on the X axis 
as 1 = Buxus balearica, 2 = B. bodinieri, 3 = B. glomerata ‘Green Gem’, 4 = B. harlandii, 5 = B. japonica
‘National’, 6 = B. macowanii, 7 = B. microphylla ‘Faulkner’, 8 = B. riparia, 9 = B. sempervirens, 10 = B. 
sinica var. insularis, 11 = Sarcococca sp., and 12 = B. sempervirens ‘Suffruticosa’. Letters have been 
calculated using a least significance test and highlight boxwood species that have a significantly different
susceptibility rate at 95% level of significance. Letters can be compared only within isolates. 
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Within the genus Buxus only the species 
sempervirens, microphylla, and sinica have 
so far been reported as hosts for the dis-
ease. The experiments showed that the host 
range within the genus could be quite ex-
tensive, including the species balearica, 
bodinieri, glomerata, harlandii, ma-
cowanii, and riparia. All these species 
occur naturally over four continents (3–
5,9; Table 1). Therefore, the consequences 
could be dramatic if the disease was acci-
dentally introduced to their native regions. 

Even though the species tested origi-
nated from geographically isolated parts of 
the world, none of them was found to be 
immune to the pathogen. However, there 
were some significant differences in the 
expression of the symptoms and the 
amount of conidia produced at the end of 
the cycle. In the genus Buxus, Buxus bale-
arica appeared to be the most resistant 
plant species, probably due to the texture 
of the leaves. These are very thick, leath-
ery, and coriaceous (2) and could be a 
disadvantage to a fungus that penetrates 
directly through the cuticle. Correlation 
between cuticle thickness and disease re-
sistance has been reported in several plant–
fungal pathosystems, including powdery 
mildew on rose (12) and grape (18), scab 
on peanut (10), the blast agent Pyricularia 
grisea on millet (17), and downy mildew 
on muskmelon (20). Also, the number of 
spores retained by the leaf could be lower 
and, as a result of fewer infection points 
(hence fewer points of emergence), there 
was less overall sporulation. Because the 
experiments were carried out on detached 
stems rather than whole plants, the patho-
genicity assays did not test for any influ-
ence of the growth habit on disease devel-
opment. 

B. sempervirens ‘Suffruticosa’ has al-
ways been reported as the species most 
commonly affected by the disease. It has a 
compact growth habit (5), which helps 
retain water needed for conidia germina-
tion and infection. However, the patho-
genicity assays showed it is more suscepti-
ble to infection than the other species 
tested regardless of growth habit. Other 
species with compact growth habits are B. 
sempervirens, B. microphylla, and B. 
sinica var. insularis, and this lends them to 
formal clipping and hedge making. How-
ever, this could increase their susceptibility 
to the disease, with wounding sites acting 
as possible entry points for conidia. Based 
on the symptoms observed, B. sinica var. 
insularis was significantly more suscepti-
ble than the other species, excluding B. 
sempervirens ‘Suffruticosa’. Except for B. 
balearica and Sarcococca sp., the sporula-
tion level on most species was high and 
not significantly different, indicating that a 

good nutritional relationship exists be-
tween the hosts and the parasite and that 
this relationship is maintained until the 
fungal reproduction is extensive. However, 
the low sporulation on B. balearica and 
Sarcococca sp. could contribute to field 
resistance and might explain why this dis-
ease has not been seen on these two hosts 
in field. 

The qualitative and quantitative observa-
tions of the life cycle of the fungus showed 
that the life cycle is completed within a 
week. It is important to apply fungicides 
on both sides of the leaves to prevent ger-
mination and penetration. Microsclerotia 
have been observed in several species of 
Cylindrocladium and, for some of them, is 
the primary survival structure in soil 
(16,19,25). For example, the conidia of C. 
crotalariae were not viable after 8 months 
on decomposing papaya tissues (16) while 
the microsclerotia survived for 3 years 
(21). During the 5-year experiment exam-
ining survival of the C. buxicola on de-
composing material, no microsclerotia 
were observed. It appears that the fungus is 
able to survive within decomposing tissues 
as mycelium. Thus, the deposition of in-
fected leaves on the soil surface due to 
defoliation would seem to be one impor-
tant survival mechanism for C. buxicola. 
This observation is potentially critical for 
disease management, emphasizing the 
importance of removing the fallen material 
to reduce the level of infection. With the 
reduction of the number of available fun-
gicides to amateur gardeners in the United 
Kingdom, cultural methods are sometimes 
the sole way of managing the disease. 
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