
Incidence of Xylella fastidiosa Wells et al. 

of tolerance to X. fastidiosa (6). Entries 
'AU-Amber; 'AU-Rosa,' and 4AU-Ru-
brum' which were reported previously 
as having high levels of tolerance, in 
our study had mean ratings of 4.1,3.5, 
and 1.9, respectively, compared to 0, 
1, and 1 as previously reported (6). 
These relatively higher ratings in this 

study suggest that true resistance is 
still an elusive goal in plum breeding. 
Two entries in the EVSRC trial, 

'Methley' and 'AU-Amber^ had higher 
readings in 1994 than in 1995. This 
may be due to an uneven distribution 
of the pathogen in tissue of these 
cultivars. Hutchins et al. (3) found this 
to be a particular problem with peach, 
which may also occur in plums. 'AU-
Rubrum's evaluation went up from 
1994 to 1995 which may also indicate 
this uneven distribution in plant tissue 

or a natural progression of the disease. 
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Effect of Periodical Cicada Injury and Degree of 

Fire Blight Severity on Asian Pear Cultivars 

T. VAN DER ZWET,1 E. W. BROWN,1 AND P. ESTABROOK2 

Abstract 
Sixteen Asian pear cultivars grown at Virginia Gold Orchard near Natural Bridge, VA were 

evaluated for shoot damage from the seventeen-year cicada (Magicicada septemdecim L.), fol 
lowed by fire blight infection byj the bacterium Erwinia amylovora [(Burr.) Winsl. et all. The 
Japanese pear cultivars, 'Yoi nashf and 'Ichiban nashi,' proved to be the most susceptible; whereas 
two Korean types, 'Ar-rirang 1' and 'Korean Giant,' were most resistant. Two Japanese cultivars, 
'Shinko' and 'Singo,' proved to have intermediate resistance. All cultivars exhibited some degree of 
cicada damage and 68$ showed a strong correlation between cicada injury and fire blight severity. 
Those with the softest woody branches were attacked and injured most severely. 

Asian pears [Pyrus pyrifolia (Burm.) 
Nak.] and their hybrids have been 
grown in Japan, China and Korea for 

at least 1,000 years. The fruit are known 

as "nashi" "li" and "beh," respectively. 
In addition, they have been known in 

North America by the term "sand 
pears," in reference to the stone cells 

Research Plant Pathologist and Microbiologist, USDA-ARS, Appalachian Fruit Research Station, 
Kearneysville, WV 25430. 
Proprietor, Virginia Gold Orchards, Natural Bridge, VA 24578. 
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Figure 1. Characteristic injury on one-year-old 
snoot of Asian pear by seventeen-year cicada 
followed by infection with the fire blight 
bacterium. 

and high fiber flesh of some of the 
poorer quality cultivars. However, 

good quality varieties have a unique 
crisp, juicy texture quite different from 

European pears, and have gained good 
market acceptance by many Americans 
after an initial taste introduction. The 
first Asian pear made its move to the 
United States with immigrants during 
the gold rush and slowly, but surely, 
the fruits made their way into the fruit 
markets with the introduction of better 
varieties. Today, Asian pears are grown 

in the United States and several other 
countries outside of Asia and have 
become extremely popular on both 
the East and West coasts of North 
America (1, 6, 11). The Korean and 

Japanese types mature on the tree and 
do not require ripening after harvest, 
as do the buttery European pear (P. 
communis L.) cultivars. Fruit can be 
maintained in cold storage "ready to 
eat" for extended periods. Under opti 
mum storage conditions, some cultivars 
maintain good eating quality for up to 
6 months. 

Soon after the introduction of Asian 
pears to North America, it became 
obvious that many cultivars were very 

susceptible to fire blight, caused by 
the bacterium Erwinia amylovora 
(Burr.) Winsl. et al. (7). This disease is 
indigenous to North America and has 
never been reported from China or 
Korea. However, its presence in Japan 

has been speculative, since a bacterial 
shoot blignt of 'Mishirazu' pear (a 
Chinese pear of unknown pedigree), 
caused by E. amylovora pv pyri, was 
recently reported from Japan (12). 

The seventeen-year (Magicicada 
septemdecim L.) or periodical cicada 
is an insect that occurs in large num 
bers and can inflict severe damage to 
branches of fruit trees. The female has 
a long, sword-shaped ovipositor which 
is used to lay its eggs in deep cuts in 
branches of last year's ana current 
season's growth. The eggs hatch about 
6 weeks later and the young drop to 
the ground, enter the soil, and feed on 
tree roots for 17 years before re-
emergence. 

The objective of this study was to 
determine the degree of damage the 
periodical cicada could inflict on dif 
ferent Asian pear cultivars and to study 
the correlation between this cicada 

damage and the degree of fire blight. 

Materials and Methods 

All observations of locust damage 
and fire blight infection were made in 
the Virginia Gold Orchards near Natu 
ral Bridge Virginia. The main orchard 
was designed to consist of 33 rows, 6 
meters apart, with 100 trees spaced 3 

meters within each row. The 16 culti 
vars under observation were located 
randomly throughout the orchard and 
not in any planned, replicated block 
design. The number or trees (nearly 
900) varied from 3 for Desert to 157 
for Shinseiki. 

Irrigation water was separately con 
trolled for each row and each tree had 
a micro-spray irrigation outlet. The 

irrigation water was supplied to sup-
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Table 1. Degree of shoot injury inflicted by the seventeen-year cicada in 
relation to the degree of fire blight damage on Asian pear cultivars. 

1 Rating score for cicada: 5 = no damage, 4 = light (1 -5 cuts), 3 = moderate (6-12 cuts), 2 
(more than 25 cuts). 

2USDA fire blight rating score: 10 = no blight, 9 = 1 -3%, 8 = 4-6%. 7 = 7-12%, 6 = 13-25%, 5 
3Combined weighted scores (2 times cicada + fire blight). 
4R = resistant, MR = moderately resistant. 5 = susceptible, and VS = very susceptible. 

: severe (13-25 cuts), and 1 = very severe 

= 26-50%, 4-1 = 51 -100% of trees blighted. 

plement rainfall in the dry months of 
July and August. Water needs for each 

row were checked manually by hand 
held moisture meter, and by observa 
tions of the trees and a visual estimate 
of the soil moisture conditions under 
the trees. A continuous ground cover 
of orchard grass and red clover was 
maintained between the rows. Short 
white clover was planted in the tree 

rows to prevent erosion of the clay 
soils in the heavy spring rains. Mechan 

ical mowing was used to control the 
ground cover throughout the growing 

season, and the mowed material was 
allowed to remain in the tree rows. 

Fire blight was first observed in the 
young trees in 1991, and has been 
observed each following year. This 

disease is also present in the immediate 
local area on wild hosts. Within the 
orchard, fire blight has been controlled 
through the use of a copper spray 

mixture in late dormant followed by 
streptomycin during the growing sea 
son. In 1995, a biocontrol product 

named "BlightBan" Pseudomonas fluo-
rescens A-506 (Plant Health Technolo 

gies, Lathrop, CA) was used instead 
of the copper compound. Weather 
was monitored continuously and re 
corded each hour during the growing 
season and the data were entered man 
ually into a computer modeling pro 
gram each day. The program, "M ARY-
BLYT7 was used as an aid for fire 
blight prediction and spray timing, 
witn the result that each year only a 

few strikes of blossom blight occurred. 
Blossom and twig blight on the spring 

growth were the usual forms of fire 
blight occurring within the orchard in 
all years. Isolates of £. amylovora 
were recovered in 1993 and placed in 
AFRS storage. 

The periodical cicada made its ap 
pearance in May 1995, producing open 

wounds, which served as ideal infec 
tion sites for the bacterium. Cicada 
activity continued for about 4-5 weeks 

and resulted in many oozing wounds. 
Streptomycin and BlightBan were used 
to limit the spread of fire blight soon 
after the first infections were observed. 
Because of the potential fruit thinning 
action of Sevin on the trees, no insecti-
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Figure 2. Correlation analysis between cicada 
injury and fire blight severity. 

cide was used to destroy the cicadas 
and their invasion was allowed to run 

its natural course. 

Data on cicada damage and degree 
of fire blight infection were recorded 
on September 28, 1995. Observations 

were recorded on the oldest fruit bear 
ing trees. These trees were approxi 

mately 2.5-3.5 m (8-12 feet) high. The 
damage caused by cicada was record 
ed, using the following scoring system 

based upon an approximate count of 
the number of wounds: score 5 = no 
injury; score 4 = light damage (1-5 
cuts); score 3 = moderate (6-12 cuts); 
score 2 = severe (13-25 cuts); score 1 = 
very severe (more than 25 cuts per 

tree). The length of the cuts, resulting 
from the drilling action by the female 
cicada to lay eggs, varied from 2 cm 

to as much as 10 cm (Fig. 1). The 

degree of fire blight was recorded 
with the USDA blight scoring system 
(10), in which score 10 = a tree without 

any blight symptoms; score 9 = 1-32; 
score 8 = 4-6$; score 7 = 7-122; score 
6 = 13-252; score 5 = 26-502; score 3 = 

76-882; score 2 = 89-992 of tree blighted, 
and score 1 = a tree dead from blight. 

Since the cicada rating system was 

based on scores 5 to 1 and fire blight 

on scores 10 to 1, a combined weighted 
score was prepared by adding a double 
cicada score with a single fire blight 
score. This calculation also aided the 
resistance ranking of the pear cultivars. 
To show a possible association between 

cicada damage and fire blight inci 

dence, a cluster analysis and correlation 
coefficient was prepared to reveal 
grouping of the cultivars. 

Results and Discussion 

Of the sixteen Asian pear cultivars 

examined for combined cicada and 
fire blight damage, two cultivars ('Yoi 
nashi' and 'lchiban nashi') appeared to 

be the most susceptible, whereas, the 
two Korean ('Ar-rirang 1' and 'Korean 

Giant') and the two Japanese cultivars 
('Shinko' and 'Singo') were most re 
sistant (Table 1). For 'Shinko,' this con 
firms observations in Alabama (2), 
South Carolina (5), and in southern 

France (4). All cultivars had some 

degree of cicada damage ranging from 
average score 4.7 to score 1.2. Aside 
from the two worst and the four best 

cultivars mentioned above, the remain 
ing 10 cultivars were generally divided 
into two groups: one moderately re 
sistant (cicada scores 4.0 to 3.2 with 

fire blight scores 8.7 to 8.0) and the 
other moderately susceptible (cicada 
scores 4.0 to 2.9 with fire blight scores 

7.8 to 4.8). 

A correlation analysis of cicada 

damage versus fire blight severity re 
vealed a distinct grouping of pear 
cultivar resistance (Fig. z). Sixty-eight 

percent of all the cultivars showed a 
strong correlation between cicada in 

jury and the incidence of fire blight. 
In general, cultivars (like Kosui) with 

the softest woody branches were dam 
aged worst by the cicada. Cicada dam 
age on the most susceptible cultivars 
also appeared to affect fruit size, sugar 
content and flavor. In Spring 1996, a 

severe lack of f ruitbuds was observed 
on branches affected by the cicada, 
regardless of the variety or overall 
degree of severity. 

Naturally, any form of tissue injury 
offers an excellent pathway for a bac 
terium to enter and cause infection. 
This has been demonstrated extensive 
ly with the fire blight bacterium fol 
lowing hail damage (3, 8). The fact 

that epiphytic E. amylovora bacteria 
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are present, whether or not an orchard 
or an area has experienced several 
years of fire blight, has also been 
documented (9). All recordings of fire 
blight were directly associated with 
the cicada wounds. In retrospect, the 
antibiotic spray program should have 
been started with the arrival of the 
first cicadas, about one week prior to 

the onset of fire blight symptoms. 
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Colorimetric Characterization of Red Pear Cultivars 

Maria Claudia Dussie,12 David Sugar,1*3 Anita Nina Azarenko,1 

and Timothy L. Righetti1 

Abstract 

Fruit color was characterized in eight red pear cultivars by measurement using the Commission 
Internationale d'Eclairage L° a° b° color space coordinates. Color was measured on sun-exposed 
and shaded fruit surfaces at mid-summer and three times during harvestable fruit maturity. All 
cultivars gained red color (a° value) on the sun-exposed surface during the growing season, but 
varied in yellowness (b° value}. Hue angles calculated from these values described differences in 
color change and color at final harvest. Color response on the shaded fruit surface varied among 
cultivars to a greater extent than on the sun-exposed surface. 'Rosired Bartlett' and 'Rogue Rea 
became darker (decreased in L° value) and redder (decreased in hue angle) with maturity on both 
sun-exposed and shaded fruit surfaces. All other cultivars became lighter and less red with maturity. 
'Rogue Red* and 'Cascade' showed the greatest difference in hue between sun-exposed and shaded 
fruit surfaces, indicating a strong degree of bi-color. The least contrast between fruit surfaces was 
in 'Starkrimson' and 'Gebhard Red Anjou.' 

Introduction 

Red pear cultivars grown commer 

cially in the United States originated 

either as bud mutations on green-fruit 

ed trees (e.g., 'Max Red Bartlett; 'Sen 

sation Red Bartlett; 'Rosired Bartlett; 
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