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Abstract

Photinia serrulata Lindl., P. glabra (Thunb. ex J.A. Murr.) Maxim., and two of their progeny, P. x fraseri Dress. ‘Birmingham’ and
‘Kentucky’” were screened for susceptibility to Entomosporium leafspot and for hydrogen cyanide potential using detached leaf
assays. Photinia serrulata was least susceptible to the fungus, while P. x fraseri ‘Birmingham’ and P. glabra were most susceptible.
Young leaves were much more susceptible than mature leaves in all taxa except P. glabra, which was found to be acyanogenic.
Although distinct differences in hydrogen cyanide potential occurred among the clones, a direct correlation to disease susceptibility

Index words: Entomosporium mespili, Photinia serrulata, P. serratifolia, P. x fraseri ‘Birmingham’. P. x fraseri ‘Kentucky’, P.

Significance to the Nursery Industry

Photinia taxa and specifically P. x fraseri ‘Birmingham’
are landscape staples in the southern United States, Japan,
Australia and New Zealand. However, Entomoporium
leafspot disease has significantly reduced the use of the
plants. Nursery production of ‘Birmingham’ has decreased
over 50% in the southeastern U.S. during the past six years.
The results of this paper show that a high level of resistance
occurs within P. serrulata. Interclonal variation in resistance
was evident between P. x fraseri ‘Birmingham’ and ‘Ken-
tucky’. The opportunity exists to reconstruct the crosses be-
tween P. serrulata and P. glabra or a more resistant clone of
P. x fraseri, select for vivid red foliage, screen for disease
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resistance, and back-cross superior seedlings with P.
serrulata to attain increased disease resistance. Perhaps a
multiclonal series with similar ornamental traits and high
degrees of leafspot resistance could be introduced. Results
of the detached leaf bioassay reported herein correspond with
the observed landscape disease evaluations suggesting that
the leaf bioassy could be used to rapidly screen seedling popu-
lations.

Introduction

Entomosporium mespili (DC. ex Duby) Sacc. (teleomorph
= Diplocarpon maculatum (Atk.) Jorstad) causes a leafspot
disease of 14 genera in the subfamily Pomoideae of the
Rosaceae (7). The disease was first observed on Photinia
spp., both P. serrulata Lindl. and P. glabra (Thunb. ex J. A.
Murr.) Maxim., in Louisiana in 1957 (15). The disease con-
tinues to affect Photinia taxa grown in nurseries and as land-
scape plants in the United States, Japan and New Zealand
).

Resistance to some leafspot diseases are associated with
cyanogenesis, in which cleaving of cyanide-containing glu-
cosides in the host, via pathogen and/or host glucosidases,
yield hydrogen cyanide (HCN). Infection rates in the
copperspot disease of trefoil (Lotus corniculatus L.), caused
by Stemphyllium loti Graham are reduced as leaf HCN lev-
els increase (12). Helminthosporium leafspot and
Gloeocercospora leafspot of sudangrass (Sorghum sudanese
Stapf. ‘Piper’) and a sorghum hybrid (Sorghum bicolor (L.)
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Moench. x sorghum hybrid) are also reduced with increas-
ing HCN evolution from leaves (13).

Gibbs (3) reported that leaves of P. serrulata and several
other species were cyanogenic, and Hegnauer (6) stated that
the cyanogenic glycoside in Photinia leaves was prunasin.
A preliminary survey of cyanogenesis in Photinia was made
in March, 1995 at the U.S. National Arboretum, and we
found that a clone of P. glabra was virtually acyanogenic,
while P. serrulata ‘Green Giant’ produced more than twice
as much HCN as two P. x fraseri W. J. Dress. cultivars.
Photinia x fraseri cultivars are progeny of crosses between
P. serrulata and P. glabra.

To our knowledge, no reports of variation to
Entomosporium leafspot have been reported within Photinia.
Our objectives were to evaluate and compare resistance to
the disease in clones of P. serrulata, P. glabra, P. X fraseri
‘Birmingham’, and P. x fraseri ‘Kentucky’, and determine
if leaf HCN levels were related to disease development.

In a recent publication from the U.S. National Arbore-
tum, Meyer et al. (11) listed P. serratifolia (Desf.) Kalk. as
the valid name for P. serrulata Lindl. This change was based
on a listing in Index Kewensis (Suppl. XVI, 1981, p. 212)
that considered the change proposed by Kalkman (9) as be-
ing taxonomically well-founded. The adoption of this new
nomenclature has been erratic (2, 8), and until such time as
there is a consensus for the name change, the continued use
of P. serrulata appears reasonable.

Materials and Methods

Plant material. Five plants of individual clones of P.
glabra, P. serrulata ‘Green Giant’, P. x fraseri ‘Birming-
ham’, and P. x fraseri ‘Kentucky’ were used as leaf sources
for the detached leaf and HCN assays. The plants were grown
in containers for two years, and were maintained in a green-
house for eight months prior to inoculation to avoid natural
infection by the pathogen.

Inoculum preparation. Entomosporium mespili spores
were collected in the Winter of 1994-95 from naturally in-
fected, P. x fraseri ‘Birmingham’ growing in a commercial
parking lot in the greater Washington, DC, area. Symptom-
atic leaves were collected as needed to provide a continual
supply of inoculum. Leaves were incubated in darkness im-
mediately after collection at 20C (68F) and 92% humidity
for two weeks, to help induce sporulation. Erratic sporula-
tion necessitated that large numbers of leaves (e.g. 200) be
used to obtain a S00 ml spore suspension at a concentration
of 3 x 10* spores ml~'. The suspension was prepared on the
day of the assay by scraping leaf surfaces in sterile, distilled
water.

Detached leaf assay. Four ‘young’ leaves from the cur-
rent year’s growth (1995), and four mature leaves from the
previous year’s growth (1994) were selected from each plant.
The young leaves were fully expanded but still succulent,
and they were lighter green than the mature leaves. Detached
leaves were immediately wrapped in a moist paper towel
and placed in a cooler. Leaf surface area was measured with
an area meter (LI-Cor LI3100). Each leaf was dipped into
the spore suspension so that both abaxial and adaxial sur-
faces were coated, and the petiole of each leaf was then placed
through a hole in a styrofoam square. The styrofoam was
floated on water in a 60 cm (24 in) x 37.5 cm (15 in) x 10
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cm (4 in) container (Fig. 1), ensuring that all petioles were
in contact with water. A young and mature leaf from each
plant was placed in each of four containers, so that a total of
40 leaves were in each container. One container was used
for the control to check for natural infection, and those leaves
were dipped in water. All containers were covered loosely
with plastic wrap to maintain high humidity, and placed in
a growth chamber at 20C (68F) and 92% humidity. After 24
hr of darkness to encourage infection, the growth chamber
was set for a 14 hr daylength. A total of 8 leaves per plant
(160 leaves per clone) were assayed.

Disease assessment. The number of lesions formed on
each leaf was counted at 7, 10, 14, and 21 days, and the
percentage of total leaf surface that was necrotic was visu-
ally estimated at 21 days. Measurements were calculated
per cm? of leaf surface. The data were analyzed for differ-
ences among and between taxa, and between young and
mature leaves using the ANOVA procedure (14).

Hydrogen cyanide assessment. Cyanogenesis from leaf
tissue was determined using the well-known sodium picrate
test with a few refinements. The alkaline picrate solution
was prepared by dissolving 25 g sodium carbonate and 5 g
picric acid in 1 liter of distilled water. Strips of 3 MM filter

Fig1l. A). Photograph of container used in disease screening assay.
Petioles extended through pre-formed holes in styrofoam that
was floated on water. B). Close-up of leaves after incubation.
Note spotting symptom (arrowheads).
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paper (Whatman) (10 cm x 1 cm) were dipped into this
solution to a depth of 4 cm, and allowed to dry at room
temperature. Strips that showed exactly a 5 cm level of so-

dium picrate were used to develop a standard curve based’

on recovery of HCN from known concentrations of KCN
4.

Three plants representing each clone were sampled for
hydrogen cyanide potential. On three successive days, one
new shoot bearing 8-9 young leaves, and 3 randomly se-
lected mature (1994) leaves were harvested from each plant.
The leaves were rinsed in distilled water, patted dry, and
their areas were determined on an area meter (LI-Cor
LI3100). Laminar tissue (no midrib) of each leaf was finely
chopped and approximately 0.1 g was weighed out and placed
in a 150 mm x 16 mm test tube fitted with a ground glass
stopper. Five drops of chloroform were added to the chopped
leaves and a filter paper strip, prepared as above, was sus-
pended above the tissue. The paper strips were removed af-
ter incubation at 25C (77F) for 24 hr, and the reddish HCN-
picrate complex was eluted in 7 ml distilled water for 30
min. The absorbtion of the eluate at 515 nm was determined
with a spectrophotometer (Bausch and Lomb “Spectronic
20”). A fresh paper strip was placed in each tube for a sec-
ond 24-hr period, and HCN levels were determined using
the standard curve, adjusting for the fresh weight of each
sample. Total HCN content, expressed as pg/g dry weight of
tissue, was calculated for a total of 102 young leaves (25-26
per clone), and 36 mature leaves (9 per clone).

Results and Discussion

Photinia serrulata ‘Green Giant’ developed the least num-
ber of lesions and necrosis of the taxa tested, while P, X fraseri
‘Birmingham’ generally developed the most (Table 1).
Twenty-one days after inoculation, young ‘Green Giant’
leaves had an average of 0.13 lesions/cm? leaf tissue, com-
pared to 1.49 lesions/cm? in ‘Birmingham’. Photinia glabra
and ‘Kentucky’ had intermediate numbers of lesions (0.23
and 0.68, respectively). Similarly, young ‘Green Giant’ leaves
were least necrotic (2.2%), and ‘Birmingham’ young leaves
were most necrotic (22.7%). The ranking of taxon suscepti-
bility was similar in mature and young leaves, except that
mature leaves of P. glabra appeared to be equally, if not
more susceptible to leafspot than ‘Birmingham’. In a pre-
liminary study comparing detached leaves from three plants
per clone, P. glabra appeared most susceptible as it devel-

oped three times as many lesions as the hybrids, and five
times as many lesions as ‘Green Giant’. Photinia serrulata
exhibited nearly complete resistance to leafspot in that study.
Our findings correspond well to field observations in the
southeastern United States in which P. serrulata ‘Green
Giant’ appears resistant to leafspot, while both ‘Birming-
ham’ and P. glabra are susceptible (M. A. Dirr, pers. comm.).

Symptom severity depended on leaf age in all taxa except
P. glabra. The number of lesions in young leaves of ‘Green
Giant’ and the P. x fraseri cultivars was 10 to 30 times greater
than in mature leaves, and the percentage of leaf necrosis
was roughly 10-fold greater than in mature leaves. Baudoin
(1) found that young, expanding leaves of P. x fraseri were
much more susceptible to Entomosporium leafspot than
mature leaves, and he attributed this to the thicker cuticle in
mature leaves.

Both young and mature leaves of P. glabra were
acyanogenic, although they contained an enzyme capable of
cleaving prunasin. In contrast, P. serrulata ‘Green Giant’
and the two P. x fraseri cultivars tested positive for HCN
(Table 1). There was considerable intra-clonal variation in
HCN levels (note ranges in Table 1), but the average HCN
content in young leaves of ‘Green Giant’ was 1652 ug/g,
more than three times as much as the combined average
(541 pg/g) for ‘Birmingham’ and ‘Kentucky’. The average
HCN level in mature leaves of ‘Green Giant” was much less
than that found in young leaves, but was still more than
twice the combined average of the P. x fraseri clones (316
Hg/g).

The data are inconsistent in defining the relationship, if
any between HCN content and leafspot resistance. Some of
the results support the idea that HCN might have enhanced
leafspot development. For example, young leaves generally
had higher levels of HCN than mature leaves, and young
leaves developed more symptoms than mature leaves. Also,
the acyanogenic P. glabra was the only clone in which ma-
ture leaves were as susceptible to leafspot as young leaves.
Leaf HCN is known to enhance growth of some fungi, for
example, the leaf blight pathogen Microcyclus ulei (P. Henn.)
V. Arx in the rubber tree (Hevea brasiliensis Miiell. Arg.)
(10).

Other data suggest that HCN might have offered some
protection against disease. Photinia serrulata had the high-
est levels of HCN and developed the fewest symptoms. The
lack of a clear relationship between HCN and resistance

Table 1. Leafspot symptoms caused by Entomosporium mespili and hydrogen cyanide content of leaves in four Photinia taxa.

Taxon Necrosis Necrosis Lesions Lesions HCN HCN
(%) (%) (#em?) (#/em?) (ug/gd.w.) (ug/gd.w)
mature lvs? young lvs* mature lvs’ young lvs’ mature lvs* young lvs¥
P. serrulata ‘Green Giant’ 0.2a¥ 2.2a 0.00a 0.13a 751 (435-875) 1652 (1290-1848)
P. x fraseri ‘Birmingham’ 2.6c 22.7b 0.08a 1.49b 437 (219-511) 485 (226~ 650)
P. x fraseri ‘Kentucky’ 1.4b 8.8a 0.07a 0.68ab 195 (138-352) 597 (377- 812)
P. glabra 2.0c 4.3a 0.23b 0.23a acyanogenic acyanogenic

*Values represent mean percentage of leaf necrosis 21 da after inoculation for 4 mature leaves and 4 young leaves from each of 5 plants per clone.
YValues represent the total number of lesions 21 da after inoculation for 4 mature leaves and 4 young leaves from each of 5 plants per clone.

*Values represent means and ranges of 9 mature leaves on each of 3 plants per clone.

“Values represent means and ranges of 25-26 young leaves on each of 3 plants per clone. A significant (p = 0.05), positive correlation existed between HCN content

and leaf size in each clone.

vLowercase letters indicate significant differences at the p=0.05 level according to Tukey-Kramer’s test of means separation.
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might be due to a lack in sensitivity of E. mespili to HCN. If
afungus is able to detoxify HCN, as is the case with numer-
ous pathogens of cyanogenic plants (5), disease development
will not have a direct relationship to the total amount of
HCN (13). It would be necessary to examine the sensitivity
of E. mespili to HCN in order to clarify the relationship
between cyanogenesis in Photinia and leafspot resistance.

The disease severity and HCN data indicate potentially
meaningful differences between Photinia taxa. Photinia
serrulata ‘Green Giant’ appeared to be least susceptible to
leafspot, although the amount of disease was not always sig-
nificantly lower than in other taxa. Photinia x fraseri ‘Bir-
mingham’ was more susceptible than the other taxa overall,
but older foliage of P. glabra was also highly susceptible.
This is important given the widespread use of ‘Birming-
ham’ in the landscape industry.

It may be possible to use the detached leaf inoculation
assay to select resistant, yet attractive ‘red-tipped’ plants
from the progenies of controlled backcrosses between P.
serrulata and P. x fraseri. The assay was quick, and should
be reproducible as long as leaf age is noted. The limiting
factor in the assay was the difficulty in obtaining inoculum,
and given the fact that E. mespili grows poorly on artificial
media, this will not be an easy problem to solve. If a clearer
relationship between cyanogenesis and leafspot resistance
can be defined, backcross progenies might also be screened
for HCN potential as an indicator of resistance.
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