
Annu. Rev. Phytopathol. 1994. 32:581-99 
Copyright © 1994 by Annual Reviews Inc. All rights reserved 

BIOLOGICAL CONTROL OF 

CHESTNUT BLIGHT IN 

EUROPE 

Ursula Heiniger and Daniel Rigling 
Swiss Federal Institute of Forest, Snow and Landscape Research, CH-8903 

Birrnensdorf, Switzerland 

KEY WORDS: Cryphonectria parasitica, hypovirulence, Castanea saliva, dsRNA 

INTRODUCTION 

Cryphonectria parasitica (MUff.) Barr. (Syn. Endothia parasitica (MUff.) And, 
& And.), the causal agent of chestnut blight, is a fungal pathogen of Castanea 
and Quercus species. After its introduction at the beginning of this century. 
C. parasitica virtually eliminated C. dentata Borlch. as an important forest tree 
species in the eastern United States. A similar result was anticipated when 
chestnut blight was found in Europe, but the unexpected appearance of trans­
missible hypovirulence-a unique natural biocontrol phenomenon-prevented 
the European chestnut (c. sativa Mill.) from succumbing to the blight (for 
reviews see 5,51, 69,92, 101, 103, 130). 

Castanea sativa was introduced by the Romans from Minor Asia (79). This 
tree species was formerly of major economic importance in the mountainous 
areas of Southern Europe, in the southern foothills of the Alps from Italy into 
Hungary, and along the Black Sea. It provided timber, firewood, tannin, and 
litter bed on marginal land, and produced nuts for human consumption and 
animal forage. Chestnuts are traditionally grown as coppices with a rotation 
period of 15 to 30 years, as coppices with standards, in high forests, and in 
orchards. The latter are often formed of old-growth giant trees (100 years is 
not uncommon), grafted with the local varieties (Figure 1). Socioeconomic 
changes and the introduction of the devastating chestnut blight (c. parasitica) 
caused a rapid decline in chestnut cultivation in many regions after the second 
world war (54, 76). 
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582 BIOCONTROL OF CHESTNUT BLIGHT 

Natural dissemination of hypovirulence has allowed many chestnut stands 
to recover. Renewed interest in this tree species and the economic importance 
of its nuts (3)  led to a revival of chestnut cultivation in Europe. Selected 
nut-producing varieties of C. sativa are now cultivated in plantations. 

This review concentrates on the epidemic of chestnut blight in Europe, the 
biology of hypovirulence, and its effect on the phytosanitary situation in 
European chestnut stands. 

THE CHESTNUT BLIGHT EPIDEMIC IN EUROPE 

The Dissemination oj Chestnut Blight 

C. parasitica, a wound parasite, infects branches and stems of C. sativa, 

causing the smooth bark of young branches to become reddish and sunken 
(Figure 2). The fungus grows in the cambium and in bark tissue forming pale 
brown mycelial fans. Plant reaction results in bark cankers. Girdling of 
branches by the fungus induces wilting and dieback of the distal parts. Pycnidia 
and perithecia, embedded in an orange-yellow stroma, break through the bark. 
The disease is readily visible from the dry leaves that remain on the twigs and 
from the copious cpicormic shoots produccd bclow the cankers. The roots are 
not infected and stumps will sprout again. 

Chestnut blight was officially recorded in Europe in 1938, near Genova, 
Italy (20). The area of blight was already extensive (48) and the disease was 
soon observed throughout Italy (15). The disease spread rapidly and by 1948, 
5-100% of the trees chestnut stands in north-west Italy were affected by blight 
(47). Del Guerra (47) claims that the blight had been introduced much earlier 
but had gone unnoticed because of the widespread decline of Italian chestnut 
stands caused by ink disease and general neglect I Castanea crenata, the 
Japanese chestnut that is resistant to ink disease, was planted in Italy (48), 
Spain, and France (43) during the 1920s. C. parasitica is a weak pathogen on 
Asian chestnuts and was probably imported into North America with Asian 
chestnut plants (5). Similarly, imported Asian chestnut plants may have been 
the source of the epidemic of chestnut blight in Europe. This hypothesis is 
suggested by the fact that, in Spain, chestnut blight was first noted in 1947 on 
C. crenata (22) in a stand of apparently healthy C. sativa. The cankers dated 
back at least 15 years (106). In addition, over 25,000 plants and scions of C. 
mollissima and hybrids (c. mollissima x C. dentata and C. mollissima x C. 
sativa) were imported from the USA into Italy between 1950 and 1953 in the 

'Ink disease. caused by Phytophthora cambivora (Petri) Buism .. attacks the roots of chestnuts, 
leads to branch mortality. symptoms of general decline. and finally to the death of the plants. 
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search for blight-resistant chestnuts (2, 27). Whether these imports resulted in 
additional introductions of C. parasitica is not known. 

From Italy the disease spread into the adjacent countries. Chestnut blight 
probably also went unnoticed for a long time in France because of decline due 
to ink disease. Severe frost mortality in 1956 further hindered the identification 
of the blight (43). From 1950 to 1975 the disease spread from Italy through 
the former Yugoslavia to the Albanian border (71). 

By 1967 most chestnut-growing areas in Europe were infected with C. 
parasitica (Table 1). New infection foci had recently been noted in orchard 
plantations in Portugal (A Carvalho & CAG Abreu, personal communication), 
in Switzerland north of the Alps (77), in Germany ( 118), on Mount Athos in 
Greece (49), and in the departments Indre and Isere in France (C Jousselin, 
personal communication). 

Introduction of the disease often went unnoticed until branch mortality 
became obvious. Expansion of the disease is currently slow because there are 
no continuous chestnut stands in Middle Europe. It is hoped that the scattered 
stands in northern Europe and Great Britain will remain blight-free. Long-dis­
tance transport of C. parasitica is not fully understood. Ascospores and my­
celial particles can be carried by wind, birds, and insects, and people are an 
important vector in the transport of chestnut plants and wood. Nutshells can 
also be infected (82). Infected logs of host trees (i.e. Castanea and Quercus) 

harbors fungal mycelium, pycnidia, and perithecia. Grafted plants often de­
velop cankers and may be a source of inoculum. Additionally, spores may 
adhere to the glandulous surface of young plants. Symptomless twigs of C. 
sativa may even be colonized by the fungus, as was recently demonstrated 
(33). 

The European and Mediterranean Plant Protection Organization (EPPO) 
considers C. parasitica to be an A2 quarantine organism and recommends 
debarking of Castanea and Quercus wood and importation of wood in bark 
or plants for planting only from disease-free regions (122). 

Disease Intensity at the Beginning of the Epidemic 

Attacks of C. parasitica were at first severe and resulted in high mortality. In 
coppice stands 90% of the sprouts were infected by the age of 4-5 yr and died 
within a few years (26), but the root stocks survived and resprouted. In old­
growth chestnut orchards the entire crown of the trees became blighted. Ten 
to fifteen years later the orchard trees declined and died within six years, 
without having been able to regenerate sprouts (26) because of root rots (J 
Schiiepp, personal communication). As a result, some chestnut orchards were 
totally destroyed (64). Once the disease reached a new orchard, the incidence 
of disease increased rapidly, as shown by a survey in the Ticino: within two 
years the number of blighted trees rose from 14% to 65% ( 117). 
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584 BIOCONTROL OF CHESTNUT BLIGHT 

However, reports from North America led many authors to conclude that 
the severity of disease was lower in Europe and its dissemination slower (16, 
24, 48, 117, 119). 

HYPOVIRULENCE 

In 1951, Biraghi (24) discovered a chestnut coppice that looked "surprisingly 
healthy" despite infection in 85% of the shoots. Some cankers were very long and 
the bark was slightly cracked and dark in color. The fungal mycelium was 
restricted to the outer layers of the bark, resulting in superficial canker develop­
ment (Figure 3). The healing and nonlethal cankers were comparable to cankers 
found on C. crenata in 1949 (23). Biraghi ascribed this development to increased 
resistance of the trees that was mainly attributable to repeated cutback of the 
sprouts (24). In 1964, Grente (65) isolated atypical strains of C. parasitica from 
healing cankers near Como, northern Italy. Pigmentation and sporulation were 
lower in these strains than in normal isolates of the pathogen, giving them a white 
appearance when grown on potato dextrose agar (PDA). The atypical strains 
were reduced in virulence when inoculated in chestnut trees. Moreover, when 
white strains were coinoculated with normal isolates most of the resulting 
cankers healed. Grente (65) called this phenomenon hypovirulence. The white, 
as well as the hypo virulent, phenotype of the fungus is cytoplasmically con­
trolled (68, 131) and associated with high molecular weight double-stranded (ds) 
RNAs (44). Hypovirulent strains can convert virulent strains to hypovirulence 
by the transfer of dsRNA via hyphal anastomosis (4, 10, 112; Figure Sa) . This 
phenomenon is the basis for biocontrol. 

Viral dsRNA, The Causal Agent of Hypovirulence 

White strains containing similar-sized dsRNA were found in various European 
countries, including France (44), Italy (44, 58, 60), Switzerland (112), Croatia 
(Il l ) ,  Greece (136), and Germany (D Rigling, unpublished data; Table 1). 
Hybridization experiments indicated close similarity between dsRNAs from 
Italian and French hypovirulent strains (78, 88). The dsRNAs derived from a 
French hypovirulent strain have been characterized in great detail and recently 
reviewed (103). They consist of one large dsRNA (L-dsRNA) that contains 
two continous coding domains (ORFA and ORFB) and multiple defective 
interfering segments (120, 121). Genetic organization and expression, as well 
as the replication strategy of the L-dsRNA, strongly suggest a viral origin of 
the dsRNA (40, 41, 53, 121). The dsRNA is not encapsidated but is associated 
with fungal membrane vesicles (72, 102). The introduction of L-dsRNA into 
C. parasitica via DNA-mediated transformation established that the dsRNA 
is indeed the causal agent of hypo virulence (38). The defective dsRNAs are 
internally deleted forms of the L-dsRNA ( 121), which are generated upon 
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subculturing of dsRNA-containing strains (4, 10, 120), transfer of the L-dsRNA 
via hyphal anastomosis (38), and after passage of the fungus through host 
tissue (36). The contribution of the defective interfering dsRNAs to the ex­
pression of the hypovirulcnt phenotype is not clear. The dynamic competition 
for replication factors between defective and genomic dsRNAs could have a 
significant effect on phenotype expression, as outlined by Shapira et al (121). 

Chen et al (36), however, found no phenotypic changes associated with the 
appearance of defective dsRNAs. 

The origin of viral dsRNA is unknown and is the subject of much speculation 
(52). The hypovirulence-associated dsRNA of C. parasitica is related more 
closely to plant potyviruses than to known fungal dsRNA viruses (84). dsRNA­
containing strains of C. parasitica were most likely introduced from Asia, 
together with normal strains, since dsRNA has been detected in hypovirulent 
strains of C. parasitica from China (89). However, its relatedness to the 
European type dsRNA has not yet been determined. 

Transmission of dsRNA 

dsRNA is transmitted at variable frequencies into asexually produced conidia 
(115, 128). The dsRNA-containing strains are female-sterile but can serve as 
male partners in sexual crosses (6). dsRNA, however, is not transmitted into 
the ascospores (6, 36, 137). Transmission of dsRNA via hyphal anastomosis 
is under control of a vegetative compatibility (v-c) system involving 5-7 v-c 
loci (reviewed in ref. 6). If identical alleles are present at all v-c loci, viable 
anastomoses are formed and dsRNA is rapidly transmitted between colonies 
(10, 94). In contrast to dsRNA, mitochondrial DNA does not readily move 
between vegetative-compatible strains (61). However, transfer of dsRNA can 
also occur between strains in different v-c groups, but more slowly and at 
lower rates (10, 86). In these cases, temporal anastomoses might allow the 
dsRNA to pass before the incompatibility reaction kills the fused cells. 

Hypovirulence Expression of dsRNA-containing Strains 

Wide variation has been observed in the expression of hypovirulence-associ­
ated phenotypes in dsRNA-containing strains. The typical white appearance 
of dsRNA-containing strains on PDA has been widely used to distinguish 
between virulent and hypovirulent strains of C. parasitica. However, several 
studies suggest that no clear relationship exists between the white cultural 
phenotype and hypovirulence. In a virulence study conducted by Bazzigher 
(17), several white strains produced similar-sized lesions as normal, virulent 
strains in 3 months. Within IS months the white strains killed about 50% of 
the five-year-old seedlings and the normal strains killed 80--100%. In this 
study, host mortality was the main parameter distinguishing white strains from 
normal strains. Pennisi & Minvervini (107) reported that strains with "hypo-
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virulent" culture morphology are either hypo virulent or intermediate virulent 
when compared to normal strains. A continuum in virulence expression ranging 
from avirulent to almost normal virulent has been observed in dsRNA�contain­
ing strains (50, 60, 112, 126). Some dsRNA-containing strains required field 
tests spanning more than one growing season for their virulence deficiencies 
to be detectable (52). The expression of different levels of hypo virulence 
appears to be determined by cytoplasmically transmitted dsRNAs and is inde­
pendent of the nuclear genetic background of the recipient strains (52, 112). 

Molecular Basis of Hypovirulence 

Typically, the presence of the dsRNA does not greatly reduce vegetative growth 
of the fungus either on solid (9) or in liquid culture media (19, 113; Figure 5). 

Hebard et al (74) reported that the formation of mycelial fans, an important 
step in virulence expression, is reduced in hypovirulent strains. Molecular 
analysis indicated that dsRNA reduces the accumulation of specific mRNAs 
and polypeptides (108, 109). Accumulation of the metabolite oxalate (73) and 
of several proteins is reduced in dsRNA-containing strains of C. parasitica. 
These proteins include an extra- and intracellular laccase (112, 114), a cell­
surface protein (35), a cutinase (132), and a putative mating-type pheromone 
(141). Subsequent studies on the biosynthesis of the extracellular laccase dem­
onstrated that down-regulation of this enzyme by dsRNA occurs at the level 
of transcription or stability of laccase mRNA (37, 113). Recent reports suggest 
that dsRNA perturbs cellular-signaling processes that normally result in laccase 
induction (87). Whether oxalate or any of the proteins mentioned above play 
a role in the pathogenicity of C. parasitica is as yet undetermined. Expression 
of a specific viral coding domain (ORFA) is responsible for the reduction of 
pigmentation, sporulation, and laccase accumulation of the fungus but not for 
hypovirulence (39). 

DEVELOPMENT OF NATURAL HYPOVIRULENCE IN 

EUROPE 

The phenomenon of natural hypo virulence of chestnut blight in Europe is 
characterized by a decrease in the severity of disease and by the presence of 
white hypovirulent isolates of C. parasitica. 

Biraghi first observed this phenomenon in 1951. He concluded from analysis 
of cross-sections of cankered tissue that the healing process must have started 
4-5 yr earlier (24). In 1954, he reported the presence of healing cankers "in 
many parts of Italy where the pathogen has been present for a certain number 
of years" (25). 

In 1964, Grente (65) isolated white strains of C. parasitica, the causal agent 
the hypovirulence, from healing cankers, found in Como, Italy, and in three 
areas in France (66). The frequency of healing cankers and the recovery of 
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Table 1 The chestnut blight epidemic in Europe 

Country Cpa Hb we dsRNAd VCGse pf Referenceg 

Italy 1938 1951 1964 + >17 + 20, 21, 24, 44 
Spain 1947 1992 1992 >5 106, 98 
Switzerland 1948 1975 1975 + >6 + 14, 18, 30, 32, 112 
Croatia 1950 1978 1981 + 8 + 70,71,85 
France 1956 1964 1964 + >20 + 43, 65, 68 
Greece 1964 1975 1984 + 2 ND 134, 136, 
Hungary 1965 NDh ND 
Turkey 1967 ND + 45,46 
Albania 1967 1083 1984 ND 
Austria 1970 1993 1993 >7 + 55 
Slovakia 1976 ND 2 + 83 
Portugal 1989 ND 
Gennany 1992 1993 1993 + 2 ND 118 

a Year of first observation of Cryphonectria parasitica 
bYear of first observation of healing cankers 
C Year of first isolation of white (hypovirulent) C. parasitica strains 
d +, dsRN A detected 
e Number of v-c groups 
t Perithecia: +, present in the field 
g Infonnations were also obtained by personal communications from Croatia, M Halambek; Greece, S 

Xenopolous & S Diamandis; Hungary, P Szentivanity; Albania, A Shyti & P Car,ani; Austria, E 
Donaubauer and E Waindinger-Wilhelm; Slovakia, G luhasova; Portugal, A Carvalho Olivierea & CAG 
Abreu; Germany, D Seemann & 1 Zajonc. 

h ND, not detected 
'no infonnation 

white isolates was much lower in France than in Italy, Subsequently, white 
strains of C. parasitica were found to be widespread throughout Europe, 
including some relatively isolated regions (e.g. Greece, Sicily, Spain) far away 
from northern Italy (Table 1). 

No clear picture about the development of hypovirulence can be drawn 
from the data available. As the initial blight epidemic, the occurrence of 
hypovirulence went undetected for a long time. Shain (119) suggested that 
the spread of hypovirulence in Europe lagged only slightly behind the original 
blight epidemic, a view supported by a study in Germany, where chestnut 
blight was recently discovered in two chestnut stands in Baden-Wiirttemberg 
(118). Analysis of tree-growth rings indicates that blight was introduced in 
1985. In 1992, one white, dsRNA-containing isolate was found among 170 
normal isolates, all belonging to the same v-c group (J Zajonc, D Rigling, 
D Seemann, unpublished results). In contrast, no white strains were detected 
in several heavily infected chestnut stands in northern Switzerland. However, 
the sampling size at each site was much smaller (30,31). Studies at the front 
of the epidemic of chestnut blight may give more quantitative information 
about the time of appearance and the dissemination of hypo virulent strains 
in Europe. 
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HYPOVIRULENCE AND DISEASE DEVELOPMENT 

Although hypovirulence spread rapidly into most chestnut-growing areas, the 
virulent form of the chestnut blight fungus did not disappear. Actively growing 
cankers are found everywhere and lead to death of branches and stump sprouts. 
Compared to reports from the beginning of the epidemic, the incidence of 
disease is still high but its severity has been drastically reduced. Reports from 
Italy and the Ticino in southern Switzerland, a region adjacent to northern Italy 
with comparable chestnut stands and a similar incidence of disease, corroborate 
this development. 

CANKER DEVELOPMENT In 1947, when the blight was considered severe, 
canker-growth rates of 16 cmlyr were reported from Italy (15). This compares 
to canker-growth rates of 11-16 (average = 12.5) cmlyr measured in the Ticino 
in 1959 (117). In a recent study (30; M Bissegger, unpublished data) an average 
canker-growth rate of 7.9 cmlyr was measured initially, dropping to 2.5 within 
two years. Similarly, the proportion of cankers that grew more than 19 cmlyr 
fell from 7.6% to 1.7% within the same period and the proportion of non grow­
ing cankers rose from 19% to 74%. Nongrowing cankers were first observed 
in 1959 and their proportion rose from 10% to 19% within a year (J SchUepp, 
unpublished data). This fact implies that hypovirulence was probably already 
present but had not been noted. 

INCIDENCE OF DISEASE The percentage of cankered trees remains high. Sur­
veys in 1963 (before the recognition of hypovirulence in 1976) (16) and in 
1988 (42) showed that the same percentage of chestnut trees were blighted in 
the Ticino, i.e. 58% and 55%, respectively. In 1959, the incidence of disease 
varied greatly in specific chestnut stands and increased steadily by 10 to 20% 
per yr (117). Today, with hypovirulence present, the proportion of infected 
sprouts of two six-year-old coppice stands rose from 37% to 55% within two 
years (75). These numbers compare well with a survey from Italy where the 
proportion of cankered shoots increased from 39% to 61 % over the same time 
span (138), 

MORTALITY With hypovirulence present, the mortality of trees and sprouts 
seems to be reduced. However, the data are difficult to evaluate as the numbers 
of dead trees represent not only the intensity of the disease but rather the age 
of the stand and the effectiveness of its management. The proportion of dead 
trees at present ranges from zero in a managed coppice stand to 10% in an 
abandoned stand in the Ticino (42), In Italy, a rate of 20% dead sprouts was 
counted in a young coppice stand (125). At the beginning of a rotation, the 
number of dead stump sprouts rises rapidly, for example from 12% to 23% in 
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two years in an orchard in Italy (140). Likewise, 17% of all sprouts died within 
two years in two Swiss clear-cut coppices, although only about half of the 
mortality was attributed to chestnut blight (75), the rest to competition-killing. 
Mortality caused by C. parasitica and competition was significantly higher for 
the thinner sprouts (30), which is in accordance with the finding that blight 
susceptibility of C. sativa decreases with increasing diameter of the sprouts 
(17). C. parasitica, together with other causes, results in natural thinning of 
dense coppice stands, which often have more than 10 sprouts per stump. 

DISEASE SEVERITY Hypovirulence has greatly reduced the severity of the 
disease. Superficial and healing cankers are widespread and do not cause 
mortality in the host. However, the frequency of active and healing cankers 
varies widely between stands, even within the same region. Investigations in 
seven communities near Naples, in southern Italy, revealed cankers on 25-92% 

of the trees (142). Depending on the location, 5-72% of these cankers were 
assessed as healing cankers. Similarly, in Calabria and Sicily about 50% of 
the shoots had cankers, of which 38% were healing (107). In the Ticino, 95% 

of the cankers were described as healing (42); in the Viterbo area, 30-80% 

(91); in several other Italian areas, 14-22% (28), whereas in the South Tyrol 
(Italy), less than 10% healing cankers were observed (129). 

DISEASE DEVELOPMENT Active cankers are thought to be prevalent in the 
beginning of a disease cycle, then healing and healed cankers increase as a 
result of the spread of the viral dsRNA in the fungal population. 

This dynamic in the development of disease is shown in studies in clear-cut 
coppices, where the young sprouts gradually become infected. Mutto & Del 
Sole (99) observed an increase in the number of active cankers up to four years 
after clear-cutting. The canker-growth rate was high and resulted in mortality. 
With age of the sprouts and increased manifestation of hypovirulence, mortal­
ity of sprouts was reduced and the number of healing and healed cankers rose. 

HEALING CANKERS AND WHITE ISOLATES OF C. parasitica Several studies 
showed that white isolates of C. parasitica were preferentially associated with 
healing and healed cankers (60, 123, 140). The average growth rate of cankers 
from which white isolates were obtained was significantly slower than the 
growth rate of cankers with normal isolates (32). Nongrowing cankers yielded 
42% white, 16% normal, and 42% no isolates of C. parasitica (75). Surpris­
ingly, some white strains were as virulent as normal strains in field tests (30). 

The proportion of normal and white isolates of C. parasitica sampled at a 
site or in a region only approximately represents the severity of blight. For 
instance, in the region of Viterbo, where 59% of the cankers were healing, 
61 % white or intermediate isolates were obtained, but considerable variability 
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existed between the five sites investigated (91). In Sicily, with 28% healing 
or healed cankers, more white isolates were obtained than in Calabria, with 

38% healing and healed cankers (107) . 
Cankers probably often result from multiple infections and normal and white 

strains add to the dynamic of canker development. Repeated sampling of 
identical cankers revealed a slight increase in the frequency of white isolates 
(2-3% within two years) . Some white and normal isolates obtained from long 
cankers belonged to different v-c groups (66; H Cattelan & U Heiniger, 

unpublished data) , which indicates that long cankers may be the result of 
multiple infections. It is also conceivable that normal strains of C. parasitica, 
which belong to an incompatible v-c group or are not yet fully converted, may 
be present within a healing canker. 

Dissemination of hypovirulence 

How the viral dsRNA spreads within the fungal population is unclear. The 
dsRNA has not been found in ascospores (6, 36), which suggests that these 
spores are not important for dissemination of hypovirulence. Conidia contain­

ing dsRNA are probably the main source for dissemination of the virus. 
Conidiation, however, is low on healing cankers. Carriers like insects and 
mites, which move between cankers, might be involved in the transport of 
dsRNA-containing conidia (100, 116). Grente (66) suggested that hypovirulent 
strains could also be spread in tiny chips of infected bark that are disseminated 
by wind, insects, birds, or mammals. 

Vegetative Compatibility 

Transmission of hypovirulence in C. parasitica is restricted by vegetative 
incompatibility, as shown both in vitro (10; Figure 5b) and in vivo (13) . High 
v-c group diversity in relatively small areas is thought to be the main reason 
for poor dissemination of hypovirulent strains in North America (5) . 

The number of v-c groups is limited in every European country ( Table 1). 
In an analysis of strains from several Italian and French regions, Anagnostakis 
et al (II) found 33 different v-c groups. This number ismuch lower for specific 
regions or sites, ranging within Italy from 11 in Calabria (107) to 4 in Modena 
(137). The v-c group diversity in a single chestnut stand is usually very limited 
and can be as low as one per site (66). Most isolates were often assigned to 
one or two dominant v-c groups (18, 63, 107) . Several infection sites with only 
one v-c group have been reported at the front of the epidemic of blight in 

Europe (31, 135; D Seemann & J Zajonic, personal communication) . 
In addition to low v-c group diversity, spread of viral dsRNA in Europe was 

probably further facilitated by hypo virulent isolates with broad conversion 
capacity (18, 58, 81, 127) . Such strains convert virulent strains from different 
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v-c groups (86). The limited number of v-c groups found in Europe contrasts 
with North America where 67 v-c groups were identified in Connecticut alone 
(12). In West Virginia (96) and Connecticut (12), up to 27 and 48 different 
v-c groups, respectively, were reported in single, small clear-cut plots. Pro­
nounced founder effects were observed at the beginning of an infection cycle 
in the US, followed by a rapid increase of v-c group diversity (8, 12). In 
contrast to these reports, the same dominant v-c groups were found in the 
Ticino in 1976 (18) and again in 1990 (32). 

Sexual recombination of different v-c genotypes is the main source of v-c 
group diversity in C. parasitica (6). Information from several European coun­
tries (Table 1) suggests that perithecia, the sexual fruiting bodies of C. para­

sitica, are present, although they are not very frequent in most areas. The 
presence of perithecia, however, does not necessarily indicate that recomhina­
tion has occurred, because the sexual stage can also be produccd by self-fer­
tilization (95, 110). If sexual reproduction occurs in a population, an increasing 
number of v-c groups can be expected, unless polymorphism at the v-c loci is 
very limited. This might be the case in Switzerland, where crosses showed 
that strains of the two dominant v-c groups differ only at a single v-c locus 
(D Rigling, unpublished data). Both low v-c polymorphism and limited sexual 
reproduction appear to have contributed to the low v-c group diversity in 
Europe. 

FIELD APPLICATION OF HYPOVIRULENCE 

The goal of large-scale application of hypovirulent strains of C. parasitica is 
the rapid and durable healing of the treated cankers. Inoculations of active 
cankers with hypo virulent strains healed the cankers when strains with the 
appropriate v-c group were used (18, 68). Mixtures of different hypovirulent 
strains often proved superior to a single strain (128). In addition, treatments 
of forest stands, where little hypovirulent inoculum is present, may promote 
dissemination of hypovirulent strains. 

From 1967 to 1972 Grente & Berthelay-Sauret (66, 67) initiated field trials 
in 12 chestnut orchards in southern France. The incidence of disease was low: 
1 to 10 disease focilha were present with 5 to 10 cankers each and hypovirul­
ence was rare. On an area of 20 hectares 200 cankers were inoculated in the 
fall with one compatible hypovirulent strain. Most treated cankers did not 
expand until the next spring and none was lethal, compared to 5-8% of the 
untreated cankers. Four years later nontreated cankers also showed signs of 
healing. New healing cankers subsequently appeared and mortality decreased 
within a radius of 5 m from the treated cankers. Another trial failed because 
an incompatible hypovirulent strain was used. Several successful field appli­
cations followed in different regions of France. 
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These results were so promising that a biocontrol program, supported by 
the Ministry of Agriculture, was established in France to assist chestnut grow­
ers (67). 

FRENCH PROTOCOL FOR FIELD APPLICATION After the v-c group of the specific 
C. parasitica is identified, an adjusted mixture of hypo virulent strains is pro­
duced, packed in tubes, and distributed to chestnut growers. The edge of the 
canker is defined by removing a thin layer of bark before applying the hypo­
virulent mixture into holes (2-3 cm apart) around the cankers (Figure 4; 67, 
133). Mixtures of hypo virulent strains of C. parasitica, adjusted to the different 
chestnut-growing regions, are available commercially in France. Use is rec­
ommended for chestnut production in plantations. 

A field test conducted by "CTGREF groupement de Grenoble" in 1975 on 
4 hectares of forest stands (coppice and young plantings) (97) in the Massif 
les Maures, where hypovirulence was rare, was not encouraging. Although 
healing of treated cankers could be observed, new cankers developed and 
hypovirulence did not spread in the following five years. A further trial on 4 
hectares of coppice in the Cevennes was also not very successful, with only 
37% of the treated cankers healing. The main conclusion from these trials was 
that the persistence and dissemination of hypo virulent strains in forest stands 
is not reliable, especially when the forests are poorly managed. Blight control, 
however, is possible in well-maintained orchards, where all cankers must be 
treated with a selected mixture of hypovirulent strains (A Soutrenon, personal 
communication). 

Field trials in Italy gave good results in areas where many active cankers 
were present and hypovirulence was rare. For example, in the Comunita 
Montana 'Valle Seriana' (Bergamo) only one hypovirulent isolate of C. para­
sitica was found and it was incompatible with the 42 resident virulent isolates 
(59). A total of 233 cankers (17 cankers/ha) in forest and coppice stands in 
this area were treated with a mixture of five hypovirulent strains that were 
compatible with the local virulent population. Application techniques similar 
to those in France were used. Within six years the treated cankers were all 
healing or healed. The frequency of untreated active cankers decreased from 
41 % to 25% in the treated plots compared to a 30% increase in the untreated 
control plots, indicating a natural dissemination of hypovirulence (29). Similar 
satisfactory results were obtained from other trials in Temi, Potremoli (80), 
and South Tyrol (93). 

These encouraging results demonstrated that in areas where hypo virulence 
is low, field application of hypovirulent strains of C. parasitica promotes the 
dissemination of hypovirulence and lessens the severity of blight. 

In 1993, a large trial was started in southern Italy on 3000-ha chestnut stands 
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(34). 30 cankerslha were inoculated with a mixture of four hypovirulent strains 
with a wide conversion capacity. Treatment of 3000 seedlings is currently 
underway in South Tyrol, where hypovirulence is rare and its dissemination 
is restricted because of the isolation of chestnut stands (1). 

Application of hypovirulent strains will be especially useful in regions at 
the front of the epidemic of chestnut blight, where hypovirulence is not present 
and may not invade naturally because the chestnut stands with hypovirulence 
are too far away. 

ORCHARD PRACTICE AND SIL VICUL TURAL MANAGEMENT In chestnut-produc­
ing orchards where branch mortality reduces nut yield, sanitation practices 
include regular pruning of cankered branches and the subsequent treatment of 
the wounds with fungicides. As C. parasitica sporulates profusely on dead 
wood, removal of diseased branches and trees in combination with a shorter 
rotation period should reduce chestnut blight in orchards and high forests (90) .  
However, since dead wood is also colonized with white C. parasitica (139), 
it may also serve as a source of hypovirulence. To promote the dissemination 
of hypovirulence it is proposed to leave stems with healing cankers in forest 
stands (124). 

GRAFTING Nut-producing varieties of C. sativa are propagated by various 
grafting techniques, such as crown grafts on young plants or with whip and 
tongue grafts on I-year old seedlings. Graft unions are especially susceptible 
to attack by C. parasitica. There is a substantial difference in susceptibility 
between chestnut varieties (62). Although blight attacks are negligible in 
nurseries, the loss may be considerable in orchards and woods (124). The 

antagonistic effect of soil compressions protected graft unions from blight 
attack (l05). A commercially available tree wax based on Bacillus subtilis (T 
Turchetti, personal communication), was useful in protecting grafts in chestnut 
forests (123). 

CONCLUDING REMARKS 

At the beginning of the epidemic of chestnut blight C. parasitica devastated 
many chestnut stands in Europe. Meanwhile, however, hypovirulence devel­
oped naturally or after field release. Only stands at the front of the epidemic, 
where hypovirulence has not yet appeared, are still threatened by blight. Where 
hypo virulence arose and how it spreads has not been fully explained. 

Unfortunately, this favorable development has not, with a few except ions 

(7, 57) occurred in North American chestnut stands. The reason may lie in the 
host. the pathogen, and the viral dsRNA population. Compared to C. dentata. 
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C. sativa is less susceptible to blight. Slower canker development and delayed 
mortality may allow more time for hypovirulent strains to infect and subse­
quently convert cankers. The high v-c group diversity of populations of C. 
parasitica in North America compared to Europe may be another reason why 
the dissemination of hypo virulence has been unsuccessful in America. Finally, 
the viral dsRNA that causes hypovirulence in Europe is different from most 
naturally occurring dsRNAs detected in American isolates of C. parasitica. 
Attempts to improve hypo virulence by genetic manipulation of both the virus 
and the pathogen are underway (103) and await field performance tests. 

The phenomenon of hypovirulence could serve as a model strategy for 
self-sustaining biocontrol of plant diseases. Similar control strategies could be 
applied to other diseases (104). 

Chemical control of pathogens in forest trees is often not feasible and poses 
risks to the environment, and resistance breeding is incompatible with the aim 
of preserving a genetically broad tree population. However, since hypovirul­
ence is self-sustainable (potentially after a single application), it is of special 
interest in controlling diseases of long-lived plants such as forest trees. 
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