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Recent research shows that flower parts of strawberry (Fragaria X ananassa 

Duch.) differ in their capacity to support the growth of Botiytis cinerea, the fungus 

which causes gray mold on fruit.  Growth in styles is slow and hyphae rarely enter 

the carpel (achene), suggesting that this pathway is not the predominant mode for 

fruit infection.  However, the fungus is observed to grow to the distal end of 

stamens and into subtending calyx and receptacle tissue. Since gray mold is 

frequently first observed at the calyx end of the fruit, fungal entry via stamens 

may be a significant source of fruit infection. Therefore, genotypic variation of 

susceptibihty of strawberry stamens to B. cinerea was surveyed. 

Newly open flowers of 42 strawberry cultivars were inoculated with dry 

conidia of B. cinema in the greenhouse and/or field, and stamens collected after 

14, 21 and 28 days. Length of filament, colonization and sporulation on anthers, 

filament length colonized, and the proportion of filaments with hyphae present in 



their base were evaluated by UV fluorescence microscopy after staining stamens 

in aniline blue. 

Conidia germinated on anthers and hyphae grew into the anthers and 

filaments, colonization of which was more rapid and extensive in the field than 

greenhouse.  Sporulation occurred on anthers in a majority of genotypes in the 

field, but was not observed in the greenhouse. The fungus grew to the base of 

stamens in some genotypes within 14 days in the field, whereas in the greenhouse 

this was not observed until 21 days.  Filaments of over half the genotypes in the 

field were colonized to greater than 80% of their length in 28 days.  Infection of 

filaments of non-inoculated controls by R cinema did not occur in the greenhouse 

but was common in the field, and here hyphae reached the base of at least one 

filament in control flowers of 11 of 30 genotypes. 

Genotypes varied in both the area of anther and filament length colonized 

by the fungus during the 4 week period following inoculation.  Less than 2% of 

the anther surface of greenhouse-grown 'Capron' {Fragaria moschata Duch.) was 

colonized and no hyphae were observed to enter the filaments.  Conversely, in the 

cultivars Todnyaya Zagorya', 'Elsanta', 'Tangi', 'Primella', and 'Senga Sengana', 

colonization of the length of filaments in the field varied from 80% to 100% and 

anther colonization ranged from 51% to 70%.  Of the 33 genotypes evaluated in 

the field and greenhouse, these five genotypes ranked as the most susceptible in 

both environments, whereas 'Marlate' and 'Massey' showed relatively low 

susceptibility.  Some genotypes exhibited low susceptibility in the greenhouse but 

not in the field, and the correlation between percent filament length colonized by 



genotypes in the two environments was low.  Genotypic differences in 

susceptibility of stamens to attack by B. cinema suggest that stamen tissues of 

some genotypes are able to inhibit the advanced of the fungus. Percent of 

filament length colonized was positively associated with the proportion of 

filaments in which hyphae grew to the base in both greenhouse and field 

experiment, r2 = 0.724 and 0.858, respectively. This suggests that the efficiency of 

evaluating germplasm could be improved if the base of filaments were examined 

for the presence or absence of hyphae. This study show that although there is 

wide variation in the susceptibility of strawberry genotypes to colonization of 

stamens by B. cinema, genotypic susceptibility may be strongly influenced by 

environment. 
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SURVEY OF STRAWBERRY GENOTYPES FOR INFECTION OF FLOWER 

TISSUES BY Botrytis cinerea 

Chapter 1 

Introduction 

Gray mold or ash mold of strawberry (Fragaria X ananassa Duch), which is 

caused by the fungus Botrytis cinerea Pers. ex Fr., is an important disease in 

strawberry production areas throughout most of the world (Maas, 1978). The 

cottony growth of the causal organism is often found on ripening and harvested 

berries, sometimes causing economic losses of over 50% by reducing yields, fruit 

grade and shelf life (Jarvis, 1962; Maas, 1978). 

B. cinema occurs and survives on plants and on damp and decaying 

vegetation (Maas, 1984). During strawberry bloom it may produce abundant 

spores, some of which germinate on flower parts, and the hyphae from infection 

sites may grow into receptacle tissue. The fungus is usually quiescent in the 

receptacle during the flower and green fruit stages, however as berries ripen, it 

becomes aggressive and gray mold appears at the proximal end of the fruit 

(Powelson, 1960).  Besides an invasion via intact flower parts, fruit infection may 

result from spore germination on the fruit surface, mycelial growth from senescent 

petals, and contact with rotten fruit or infected debris in the soil (Jarvis, 1962). 

Measures to control gray mold are primarily dependent upon the 

application of contact or systemic fungicides from at or before bloom until fruit 

harvest.  Repeated fungicide application is effective during periods of moderate 
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disease incidence, but chemical control of gray mold is almost impossible during 

frequent rainfall (Paulus, 1990). As many as seven applications may be required 

to provide adequate control (Tanboon et al., 1983); this complicates reentry 

during harvest and increases the potential for chemical residues on the fruit. 

Additionally, the development of tolerance of B. cineiea to fungicides such as 

vinclozolin, benomyl, captan, ipridione is now common in strawberry fields 

(Dennis and Davis, 1979; Pepin and MacPherson, 1982; Katan, 1982; Maas, 1984; 

Paulus, 1990). Since success in breeding strawberries for resistance to gray mold 

has been minimal, the need for chemical control remains. 

Fungicide residues on harvested fruits, resistance of the pathogen to the 

recommended fungicides, and the lack of success in developing resistant cultivars 

have stimulated interest in identifying strawberry germplasm sources with 

resistance to B. cineiea. Although variation in susceptibility of strawberry 

genotypes to B. cineiea has been demonstrated, there is no agreement among 

researchers as to a particular cultivar that is consistently more resistant than 

another (Maas, 1978; Barritt, 1980).  Variation in fruit susceptibility of strawberry 

genotypes to B. cineiea is attributed to differences in susceptibility of flowers 

(Jarvis and Borecka, 1968), habit of peduncle (Jarvis, 1962), skin strength 

(Gooding, 1976), fruit tissues firmness (Barritt, 1980), content of soluble pectin 

(Hondelmann and Richter, 1973), and recently, the content of proanthocyanidins 

in berry tissues (Jersh et al., 1989). 

Recent work of Bristow et al., (1986) shows that strawberry cultivars differ 
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in the capacity of their flowers parts to support the growth of B. cinerea. After 

penetrating the stigma, hyphal growth in the style is slow and highly branched, 

suggesting that stylar tissue strongly inhibits the growth of the fungus. The 

receptacle apparently in not generally invaded via this route.  Hyphae grow more 

rapidly in stamens than style. Stamens are positioned at the proximal end of the 

fruit, the location at which gray mold is frequently first observed, and are 

considered likely sites for invasion of the receptacle.  Growth of B. cinema in 

stamens has been examined in only a limited number of cultivars, therefore, a 

wider survey of strawberry germplasm needs to be evaluated for this potentially 

important characteristic. 

The aim of this research is to identify resistance to B. cinerea in flowers 

parts of strawberry genotypes, specifically, to quantify differences in rate of fungal 

growth and sporulation in stamens. 



Chapter 2 

Literature Review 

1. Description of Gray Mold 

Botrytis cinema Pers. ex Fr. is a ubiquitous fungal plant pathogen that 

causes disease on a wide range of crops. The diseases occur in field, greenhouse, 

storage and transport environments. Important groups of plants infected by this 

organism include vegetables, ornamentals and small fruits (Jarvis, 1977). In 

strawberries, B. cinema causes gray mold, a common and serious disease. 

Infection of berries reduces yield as well as crop quality and shelf life, resulting in 

direct losses to growers and processors. 

Botrytis exists as a saprophyte or parasite on senescent parts of strawberry 

plants (Jarvis, 1962; Maas, 1984).  Under favorable conditions the fungus produces 

abundant spores that attack flowers, petals and stems (Maas, 1984). Germ tubes 

of germinating conidia penetrate flower parts from which hyphae may grow into 

the young, developing berry. The fruit may start to rot, but more often the fungus 

is inactive for a period and rot is not observed until the berry ripens further. 

Symptoms of gray mold differ between green and red strawberry fruit. 

Infected green fruits shown light brown necrotic areas, usually at the stem end of 

the fruit, and there are considerable differences in color between infected and 

uninfected areas (Haegermark, 1983). On red fruit, no distinct areas separate 

diseased from healthy tissue, and a profuse gray-brown mass of hyphae may cover 
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the surface of the fruit (Maas, 1984).  Infected berries retain their shape, shrivel 

slightly, but leaking of juice is not observed (Stevens, 1916). 

II. Infection of Strawberry by Botrytis cinerea 

A. Sources of Infection 

The determination of inoculum sources in strawberry fields is controversial. 

According to Jarvis (1962) sclerotia are the main source of primary inoculum in 

strawberry fields in England, and they are produced abundantly on strawberry 

leaves and stolons, straw mulch and weeds. However, Braun and Sutton (1987) in 

Ontario found that sclerotia were scarce on plant residues or in soil samples in 

strawberry fields and concluded that they are  minor sources of inoculum. 

Possibly the difference in the importance of sclerotia as a source of inoculum in 

the two regions is related to differences in weather and field microclimates. 

Bristow et al., (1986) reported that the fungus sporulated on strawberry 

stigmas and anthers in the field and spores from these sites are a secondary 

source of inoculum for infection of the surface of healthy fruits.  However, this 

secondary source may contribute little to the total infection pressure, since 

according to Jarvis (1962), only 1% of all fruit infections are caused by spores on 

the fruit surface. He also noted that at the blossom stage the infection occurred 

on senescent strawberry petals, which are a prolific source of spores and mycelial 

inoculum for infection of fruits. He emphasized the importance of good 

plantation hygiene to reduce sporulation and prevent the establishment of new 



sources of inoculum. 

Both Miller and Waggoner (1957) and Jordan (1978) studied the 

concentration of conidia in the air above strawberry plantings. They found that 

conidia were most abundant during rainy weather and the concentration 

decreased rapidly with increasing vertical distance from the ground. From this 

they suggest that the inoculum responsible for flower infection in strawberry fields 

originates from plant debris. The results of Dennis and Davis (1979) support this 

conclusion, since they consistently isolated the fungus from plant debris from 

strawbeny fields. 

More recently, Braun and Sutton (1987) incubated stolons, mummified 

berries and plant residues from strawbeny fields in humidity chambers. The 

sporulation of B. cinema was determined from conidiophore counts. They found 

that 99% of the inoculum (conidia) was produced from mycelium in dead 

strawberry leaves, which are the primary source of inoculum in epidemics of gray 

mold fruit rot in Ontario. 

B. Flower Infection 

Infection of strawbeny flowers and subsequent fruit rot depends on 

weather conditions from the beginning of flowering until harvest (Jordan, 1978). 

Humidity is the most important factor regulating the occunence of gray mold 

(Maas, 1984; Paulus, 1990).  However, Cane (1984) pointed out that free water 

on the plant surface, not high humidity per se, is a prerequisite for successful 
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infection of B. cinema. In Ohio, Bulger et al. (1987) found that temperature and 

wetness during bloom were significant factors for infection of strawberry flowers 

by Botiytis. Optimum temperature for flower infection was ca. 20oC, with 100% 

infection at 24 hr of wetness. A general increase in the incidence of flower and 

fruit infection resulted from increased wetness duration at different temperatures. 

For example, flowers inoculated at 150C with 21 hr of wetness had a 19% in- 

cidence of fruit infection, whereas flowers inoculated at 20oC at 32 hr wetness 

showed the highest incidence of fruit infection (60%).  From this they concluded 

that levels of fruit infection depended on environmental conditions before and 

after flowering. 

C. Susceptibility of Developing Flowers 

Susceptibility of strawberry flowers to infection by Botiytis changes with 

floral development. Jarvis and Borecka (1968) showed that although B. cinerea 

infects strawberry flowers at all stages of development, the white bud stage 

(folded petals and sepals reflexed) and open flowers (petals fully reflexed) were 

the most susceptible to infection, whereas the green bud stage (sepals beginning 

to reflex) was the least susceptible. No reports as to the reason for the change in 

susceptibility were found. 

D. Pathways of Infection 

Gray mold of raspberry and strawberry are frequently combined when 
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considering means to screen for disease resistance (Maas, 1978). The raspberry 

fruit consists of drupelets formed by the swelling of the mesocarp surrounding the 

pit (seed). The receptacle does not form an integral part of the fruit and remains 

attached to the plant when the fruit is harvested. In contrast, a strawberry fruit 

consists of a swollen receptacle with superficial achenes; sepals, stamens and 

pistils remain attached to the receptacle when the fruit is picked with a 'cap', 

however, some fruit are picked without the 'cap'. The structure of the flower and 

fruit of each of these crops may affect the mode of B. cineiea infection (Bristow et 

al., 1986).  Evidence for pathways of infection for each crop is reviewed separately 

and the possible role of flowers parts in the process of fruit infection is discussed. 

1. Raspberry 

McNicol et al. (1985) studied the gynecium (styles and carpels) of red 

raspberry flowers in the laboratory to determine possible pathways of infection 

leading to gray mold of fruit. They found that conidia germinated on stigmas, and 

the resulting hyphae followed the course normally taken by pollen tubes and 

entered the carpel in 7 days.  In comparison, pollen tubes reached the ovules in 

24 hr. In another study Williamson et al. (1987) followed the germination of 

conidia on the stigmas in both greenhouse and field plants. They screened pistils 

of 40 genotypes of raspberry and found wide variation in resistance to stylar 

infection; some genotypes restricted hyphae to the tissues of the stigmas while 

others inhibited germination in the stigmatic fluid. Although the practical 
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significance of this difference has not yet been established, it seems reasonable to 

suggest that infection via the style is prevented in some genotypes by inhibiting 

growth of the fungus in stylar tissue. However, in 'Carnival', a raspberry cultivar 

susceptible to gray mold, germination of conidia on stigmas was inhibited for up 

to 28 days. This suggests that raspberry fruit may become infected by an 

alternative pathway, possibly by direct penetration of the fruit by the fungus. 

One experiment particularly important in revealing whether the fungus 

penetrates by superficial infection or through flowers parts was carried out by 

Dashwood and Fox (1988). They immersed raspberry fruits in alcohol for few 

seconds, shook off the excess, flamed the fruit, and planted halves on malt-agar. 

This treatment reduced the incidence of infection of tissues from fruit harvested 

near the pink stage from 100% to only 14%. From this they concluded that even 

though superficial infections are important, necrotic styles may be significant sites 

for infection because flaming the fruit markedly reduced the incidence of gray 

mold. However, the effectiveness of either flame or alcohol sterilization can be 

questioned, since according to Williamson and McNicol (1986), conidia may 

remain hidden between swollen drupelets and may not be exposed to these 

treatments. 

Dashwood and Fox (1988) also studied infection of the proximal area of 

the raspberry fruit (collar region) by planting stamens, sepals and receptacles 

bases on malt-agar. The infection rate of these tissues were 85%, 47% and 40%, 

respectively. This again demonstrates that flower parts are potential pathways by 
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which the fungus gains entrance into the fruit.  In addition, Jarvis (1962) pointed 

out that raspberry flower parts are not only saprophytic bases from which 

mycelium can spread and infect drupelets, but also are a potential source of spore 

inoculum for infection of other fruits. 

2. Strawberry 

Interest in the manner by which B. cinerea infects strawberry fruits has 

increased in recent years. The ideas of researchers on how infections are caused, 

include:  entrance at the calyx-end of the fruit (Jarvis, 1962; Schonbeck, 1967; 

Haegermark, 1983), infection of styles, stigmas and stamens (Powelson 1960; 

Bristow et al., 1986;), spore germination on the fruit surface, and by mycelial 

growth from senescent petals (Jarvis, 1962). 

According to Jarvis (1962) infections at the calyx-end may result from 

spores in water droplets trapped between the sepals and fruit surface or by 

infection of attached senescent flower parts. He attributed only 1% of the calyx- 

end infections in the field to germination of spores in a film of water on the fruit, 

but 17% to hyphae growing from senescent petals adhered to the calyx-end, and 

64% from penetration by hyphae growing from adhering soil. The low proportion 

of infection originating from germination of spores on the fruit surface is 

attributed to the lack of persistence of a water film. Dry spores do not readily 

germinate, and Jarvis reasoned that spores need at least 3-4 hr in a water film to 

germinate. 



11 

On the other hand, Haegermark (1983) reported that 95% infections at the 

green fruit stage of the strawberry cv. 'Senga Sengana' were due to spore germ 

tubes penetrating through the epidermis of the receptacle. When he incubated 

green fruit in a saturated atmosphere and treated with a fungicide, the percentage 

of stem-end rot was 3.5% compared to 51.9% in untreated fruit.  He concluded 

that the fungicide treatment was highly effective in protecting the green fruit from 

infection since most of the conidia were located at the stem end of the receptacle. 

The fungus may attack various parts of strawberry flowers soon after the 

bud opens causing either blossom blight or symptomless latent infection. This 

also occurs in apples (Sitterly and Shay, 1960; Tronsmo et al., 1977) macadamia 

flowers (Hunter et al., 1972) and grapes (McClellan et al., 1973). Powelson 

(1960) studied latency in strawberry and found that healthy appearing flower parts 

and fruits may contain mycehum of Botiytis. To establish which floral organs 

were pathways to infection he surface sterilized flower parts and planted them in 

PDA (potato-dextrose-agar). Botiytis was isolated only from 4%, 3% and 8% of 

non-necrotic petals, stamens and sepals, respectively, but 80%, 43% and 23% 

from the same parts when necrotic. In addition to this, when petals, stamens and 

calyxes were removed after fertilization, the incidence of the disease was 

drastically reduced.  From this he concluded that necrotic floral parts are more 

susceptible to infection than non-necrotic parts, and that infection of senescent 

floral parts provides a source of mycelium capable of invading tissues of healthy 

strawberry fruits. 
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Recent research shows that strawberry flower parts differ in their capacity 

to support the growth of B. cinema (Bristow et al., 1986).  Hyphae are highly 

branched and growth is very slow in transmitting tissues of the style, suggesting 

that stylar tissue strongly interfere with the progress of the fungus toward the 

carpel (achene). B. cinema also fails to invade carpels of pear (Sommer et al., 

1985) and grape (McClellan and Hewitt, 1973). 

Chow and Price (1968) and Borecka et al. (1986) reported that strawberry 

pollen enhances conidial germination and germ tube elongation on the stigma. 

However, Bristow et al. (1986) found no enhancement of hyphal growth or 

aggressiveness when pollen was present; this suggests either that the presence of 

inhibitory substances in the stigmatic fluid masked the pollen contribution or the 

stigmatic fluid stimulates germination of conidia without any further enhancement 

from the pollen. The presence of pollen on stigma is not necessary for 

germination of Botrytis in raspberry (McNicol et al., 1985). 

Bristow et al. (1986) found that hyphae of B. cinema grew more quickly in 

filaments and anthers than styles, because of this and their location on the fruit 

they suggested that stamens are a more important infection pathway than stylar 

tissue for invasion into strawberry receptacles. 

E Latent Infection 

The invasion of a developing strawberry fruit by Botrytis is followed by a 

period of arrested fungal growth.  In studies of infection of strawberry and 
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raspberry fruits by B. cinema, Powelson (1960) and Jarvis (1962) showed that 

infection of floral parts occurs at a very early stage of fruit development. After 

penetration via a flower part the fungus may became established in other flower 

parts and the developing fruit. The infection in the strawberry receptacle is 

usually quiescent throughout the flower and green fruit stages, but when berries 

ripen, Botiytis becomes aggressive and gray mold appears at the proximal end of 

the fruit. The frequent isolation of B. cinema from the stem-end of ripe, healthy 

strawberry fruit and the high percentage of these fruits which rot under moist 

conditions, indicate considerable latent infection, which is confined primarily to 

the stem-end of the receptacle (Powelson, 1960). 

The cause of the latency of Botiytis in strawberry fruit is unknown, although 

many changes in receptacle tissue which accompany ripening and the apparent 

reactivation of fungal growth have been studied. Hondelman and Richter (1973) 

found that susceptibility to fruit rot was correlated with the shift from insoluble to 

soluble pectins during ripening. They suggested that this change enhances growth 

of the mycelium and allows the fungus to further invade receptacle tissue. Loss of 

fruit firmness is associated with increased solubilization of pectins during ripening 

(Hondelman and Richter, 1973), and Darrow (1966) observed that under some 

conditions firm fruited cultivars develop less rot that cultivars with soft fruit.  In a 

2 year study with nearly 40 advanced breeding selections and cultivars, Barritt 

(1980) found that fruit firmness was negatively associated with the incidence of 

both pre- and postharvest rot, although the correlation coefficient was less than 
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0.65. 

The latent infection has been attributed to changes in nutritional content in 

developing strawberry fruit (Verhoeff, 1980). Forney and Breen (1986) showed 

that the concentration of sucrose in fruit of 'Brighton' was low for the first 10 days 

following anthesis, but increased rapidly between 10 and 20 days after anthesis. 

The increase in sugar content during fruit ripening may explain the change from 

latent infection to active growth of the fungus. These results are supported by 

studies on grapes which demonstrated that susceptibility to B. cinema increased 

with the increase of sugar content from green to ripe berries (Hill et al., 1981). 

The role of preformed fungitoxic substances in the phenomenon of 

quiescence is unclear. Recently, Jersch et al. (1989) indicated that quiescence was 

associated with the concentration of proanthocyanidins (condensed tannins) in the 

receptacle of the strawberry fruit. However, they did not find much difference in 

the level of proanthocyanidins in green and ripe fruit, although the percentage of 

infection of ripe fruit was much higher. They explained that this apparent 

contradiction was due to loss of inhibitory activity of proanthocyanidins due to its 

increased polymerization during ripening.  On the other hand, Hill et al. (1981) 

stated that the resistance of immature grapes to B. cineiea is governed by two 

principles. First, by preformed proanthocyanidins and second, by the antifungal 

stress metabolite a-viniferin. From this they suggest that resistance derives from a 

combination of both factors. However, they found genotypic differences between 

cultivars in proanthocyanidin content and percent of fruit infection. 
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III. Screening for Genotypic Differences in Fruit Rot 

A. Screening Methods 

Since 1918 several methods have been used in an attempt to identify and 

quantify differences in the susceptibility of strawberry genotypes to B. cinema 

(Steven and Wilcox, 1918). Susceptibility of strawberry fruit rot has been 

evaluated at or before harvest (so-called preharvest) and after several days in 

various storage conditions  (postharvest). The most common approaches and 

some of the newer methods used to evaluate strawberry genotypes for their 

susceptibility to B. cinema are discussed below. The results of some of these 

evaluations are provided in a later section. 

1. Preharvest Screening 

Screening flowers and flower parts: Jarvis and Borecka (1968) evaluated the 

susceptibility of strawberry flowers to infection of B. cinema at different stages of 

development by atomizing with a spore suspension or by dusting with dry conidia. 

The severity of lesions on flowers was evaluated on an arbitrary six-level scale. 

They found that the open flower stage and white bud stage were more susceptible 

to infection than the green-bud stage, and the open flower stage was most 

susceptible to the establishment of latent infection leading to fruit rot. 

Bristow et al. (1986) inoculated flowers parts of strawberries cultivars with 

conidia of B. cinema. Infection of styles, carpels and stamens were determined by 
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UV microscopy after staining tissues in 0.1% aniline blue. These histological 

studies showed wide variation among strawberry genotypes in resistance of floral 

parts to B. cinerea infection. 

Habit of peduncle: In this method the growth habit of the peduncle (downward or 

upright cluster position) is evaluated relative to the incidence of fruit rot in the 

field (Jarvis, 1962; Koch, 1963). Daubeny and Pepin (1977) found that clones 

which showed lower incidence of B. cinerea in the field produced fruits on 

relatively erect peduncles. For example, fruit from peduncles of BC 70-17-12 

(Totem' x 'Olympus'), which remains erect even when the fruit is ripe, was less 

susceptible to gray mold than the fruit produced on peduncles of 'Totem' which 

tends to fall towards the ground as the fruit matures. Jarvis (1962) and Koch 

(1963) also suggested that cultivars with erect peduncles are less susceptible to rot 

than prostrate ones, presumably because of less favorable humidity for infection 

of flowers and fruits. 

Field trials and harvest data: Both infected and sound fruit are picked from field 

trials and the percentage of yield showing gray mold is determined. This method 

is commonly used by breeders to evaluate rot susceptibility of advanced selections 

in comparison to that of commercial cultivars (Daubeny and Pepin, 1977; Barritt, 

1980).  Unfortunately, this manner of screening gives rise to inconsistent results 

due to fluctuations in weather conditions and inoculum pressure from year to year 

and even between harvests within a given season (Daubeny and Pepin, 1977). 

Proanthocyanidin content: This potential method is based on the possible role of 
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proanthocyanidins in the latency of B. cinema in immature strawberry fruits 

(Jersch et al., 1989). These flavonoid substances are thought to inhibit the 

advance of the fungus in strawberry receptacle tissue and thereby prevent the 

development of gray mold. The determination of proanthocyanidins in young and 

old strawberry fruit is established by spectrophotometric measurement of 

anthocyanidins released after acid hydrolysis. 

2. Postharvest Screening. 

Storage incubation: Sound fruit of uniform maturity, developed from either 

inoculated or non-inoculated flowers, are harvested and placed in chambers at 

different temperatures, relative humidity and times, and evaluated for appearance 

of gray mold (Daubeny and Pepin, 1977; Barritt 1980). This technique is 

relatively simple and can be used on a large scale in strawberry breeding 

programs to select clones with a low level of postharvest fruit rot. Unfortunately, 

this technique gives inconsistent ranking of clones from one evaluation date to 

another and data need to be collected for several years to confidently identify 

resistant genotypes (Barritt, 1980). 

Juice extracts: In this technique the evaluation of genotypes is based on the 

capacity of juice extracts of fruit to support the growth of B. cineiea.  The 

sterilized berry juice is spread across agar culture media, inoculated, and the 

growth of the fungus recorded (Irvine and Fulton, 1959).  Irvine and Fulton 

(1959) found that juice of 'Sparkle' and 'Empire' berries inhibited Botiytis growth 
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while the juice of other cultivars did not. Although this technique may helpful in 

identifying fungitoxic substances, it does not represent the in vivo situation and 

therefore offers no clues to the possible pathways of penetration of the fungus 

into the fruit (Williamson and McNicol 1986). 

B. Genotypic Differences 

Although no strawberry genotypes possessing a high level of resistance to 

gray mold has been identified, there are many reports that cultivars and advanced 

breeding selections differ in their levels of susceptibility to B. cinema (Jarvis and 

Borecka 1968; Barritt et al., 1971; Maas 1978; Barritt 1980; Bristow 1986, PNW 

Plant Disease Control Handbook 1990). However, evaluation of strawberry 

genotypes by various methods or even the same method at different times or 

locations has not resulted in a consistent relative ranking.  For example the 

percent of fruit rot for 'Northwest' was ranked by different methods of screening 

from resistant with 12% (Table 2.1, B) to susceptible 80% (Table 2.1, F). 

Inconsistent ranking of cultivars from one evaluation date to another even 

with the same technique or different technique has been a troublesome aspect in 

fruit rot resistance studies.  For example, in postharvest studies Daubeny and 

Pepin (1977) (Table 2.1, F) and Barritt (1980) (Table 2.1, G) found that the 

percentage of fruit rot for 'Rainer' was 11% and 66%, respectively. These 

inconsistences require that large harvests be made and that yield records be taken 

for several years before confident results are obtained (Maas, 1978). 
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Daubeny and Pepin (1977) also found a correlation between incidence of 

fruit rot and firmness. Clones which showed postharvest resistance to gray mold 

produced firm-textured fruits. For example, 'Totem' and 'Shuksan' are more firm 

and less susceptible to fruit rot than 'Olympus' and 'Northwest' (Table 2.1, F). 

However, firmness does not ensure a low incidence of Botiytis rot.  For example, 

strawberry clones WSU 1680 and WSU 1647 which were postharvest resistant, had 

relatively soft fruit but low incidence of infection (Barritt, 1980). Barritt (1980) 

suggests that it is first desirable to select genotypes with firm fruit and low 

preharvest rot and then subject these clones to a postharvest rot test, from which 

resistant genotypes could be selected. 

The techniques used to evaluate gray mold resistance have shown that 

strawberry genotypes differ in their susceptibility to infection by B. cinema (Table 

2.1). For example, Bristow et al. (1986) studied infection of stamens and found 

that the percent of filament length colonized by hyphae after 28 days differed 

between cultivars. The entire length of filament of 'Shuksan', a length of 2.5 mm, 

was colonized, but only 28% of the shorter filament (2.1 mm) of 'Trobaudor' 

(Table 2.1, C). This variation may offer some hope for breeding a strawberry 

selection that prevents the establishment of the fungus in flower filaments. 

The results of these techniques (Table 2.1.) support the conclusion of 

Barritt et al. (1971) that a significant and useful level of resistance to Botiytis fruit 

rot occurs in strawberry, and as suggested by Bristow et al., (1986) a wider survey 

of germplasm is required to identify resistant genotypes. 
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Table 2.1 Strawberry cultivars exhibiting differential susceptibility to Botrvtis cinerea fruit rot 
screened by different methods. 

Preharvest Postharvest 

Cultivar 
A 

Yield    1 
trials 
1978 

B 

larvest 
data 
1980 

C 
Filamet 
coloni- 
sed X 
1986 

D 
Proantho- 
cyanidin 
content 
1989 

E 

Cultivar 
reaction 
1990 

F 

Fruit 
rot (%) 
1977 

G 

Fruit 
rot (%) 
1980 

Aberdeen -- 12 -- -- -- -- -- 

Auchincrive 
Climax 

-- 46 -- -- -- -- -- 

BeI rubi -- 24 -- -- -- -- 81 

Benton '-- -- -- -- MS 58 -- 

Bogota -- -- -- 66 -- -- -- 

Cambridge 
Fauvorite 

R -- 59 -- -- 67 -- 

Cambridge 
Vigour 

-- -- 54 -- -- -- -- 

Catskill R -- -- -- -- -- -- 

Cheam -- -- -- -- -- 39 -- 

Columbia I -- -- -- -- -- -- 

Courdiella -- -- -- 26 -- -- -- 

Dixieland IR -- -- -- -- -- -- 

Dulcita -- -- -- 43 -- -- -- 

Earlibelle S -- -- -- -- -- -- 

Earlidawn IS -- -- -- -- -- -- 

Elista I -- -- -- -- -- -- 

Elvira -- -- -- 47 -- -- -- 

Famosa -- -- -- 25 -- -- -- 

Finessa -- -- -- 13 -- -- -- 

Fletcher R -- -- -- -- -- -- 

Corel la I -- 59 -- -- -- -- 

Guardian S -- -- -- -- -- -- 

Hood I 20 57 -- MS -- 25 

Induka -- -- -- 21 -- 42 -- 

Karina -- -- -- 6 -- -- -- 

Kristina s -- -- -- -- -- -- 

Linn -- 33 -- -- MS -- 37 

L i tessa -- -- -- 23 -- -- -- 

Marmion -- -- 39 -- -- -- -- 

Montrose -- -- 45 -- -- -- -- 

Midway IR -- -- -- -- -- -- 

Morthwest -- 12 36 S 80 49 

Olympus -- 19 -- -- MS 82 57 

Perle de 
Prague 

-- -- 76 -- -- -- -- 

Puget Beuty -- 17 -- -- IS 18 56 

(Continued) 
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Quinault -- 

Rainer -- 

Ran" tan s 
Redchief s 
Redgauntlet IR 

Selva -- 

Senga Sengana -- 

Siletz -- 

SiIver .. 
Jubilee 

Shuksan -- 

Sumas -- 

Sivietta -- 

Tago -- 

Talisman -- 

Tantallion -- 

lamella -- 

Templar -- 

Tenira -- 

Tioga R 

Totem -- 

Trobaudor -- 

Tyee -- 

13 

3 

3-4/MS 

34 

32 

33 

100 

34 

36 -- 

8 -- 

-- 31 

-- 36 

-- 33 

-- 69 

12 -- 

17 43 

-- 28 
.. 71 

55 

11 66 

2-3/R 43 65 

MS 54 -- 

-- -- 33 
-- -- 10 

34        --       58 

17        2/R       11       49 

Field plot evaluations during the ripening period of each cultivar. S= susceptible; IS= 
intermediately; IR= intermediately resistant; R= resistant (Haas, 1978). 

D 
Fruit rot incidence expressed as a percentage of total weight harvested (Barrit, 1980). 

Percent of filament length colonized after 28 days of inoculation (Bristow et al., 1986). 

Proanthocyanidin content expressed as M9 pelargonidin/g fresh weight (Jersh et al., 1989). 

Strawberry cultivar susceptibility ratings based in cultivar susceptibility: S= susceptible; 
MS= moderately susceptible; 1= intermediately; IS= intermediately susceptible; R= resistant; 
IR= intermediately resistant; 1= very resistant; 2= moderately resistant; 3= susceptible; 4= very 
susceptible (PNU Plant Disease Control Handbook 1990). 

Percent of fruit rot after 96 hr of incubation at 21-26° C (Daubeny and Pepin, 1977). 

Percent of fruit rot incidence after 65 hr of incubation at 210C (Barrit, 1980). 
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Chapter 3 

Survey of Strawberry Genotypes for Susceptibility of Stamens 

by Botrytis cinerea 

Abstract 

Additional index words, gray mold, Fmgana X ananassa, Fragaria moschata, 

fruit, rot 

Abstract  Stamens offer a potential pathway for infection of strawberry {Fragaria 

X ananassa Duch.) fruit by the fungus, Botrytis cinerea, which causes gray mold. 

Therefore, stamens of newly opened flowers of 42 strawberry genotypes were 

examined at 14, 21, and 28 days after inoculation with dry conidia of the fungus in 

a greenhouse and/or field. Colonization and sporulation on anthers, filament 

length, and length of colonization along the filament were determined by UV 

fluorescence microscopy. Conidia germinated and hyphae colonized anthers and 

filaments. In the greenhouse, colonization of filaments of most genotypes was not 

observed until 21 days following inoculation. The fraction of filament length 

colonized was genotype dependent and after 28 days and ranged from zero in 

'Capron' (Fragaria moschata Duch.) to about 80% in five genotypes.  Genotypic 

variation in filament length was not a factor in determining the relative progress 

of the fungus. The extent of anther colonization was also genotype dependent. 

Anthers and filaments were more rapidly and extensively colonized in the field, 

with filaments of over half the genotypes colonized to greater than 80% of their 
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length in 28 days.  In the field, in contrast to the greenhouse, the fungus 

sporulated on anthers, and stamens of non-inoculated (control) flowers were 

commonly infected. There was a poor correlation in the percent of filament 

length colonized between the greenhouse and field for 33 genotypes common to 

both environments. However, extensive colonization of filaments in both 

environments was found in 'Elsanta', 'Primella', 'Tangi', 'Senga Sengana', and 

'Podnyaya Zagorya', whereas colonization in 'Marlate' and 'Massey' was relatively 

low. Percent of filament length colonized showed a positive correlation with the 

proportion of filaments in which the hyphae grew to the base; a site from which 

the fungus could potentially infect the calyx and receptacle. The results suggest 

that although there is wide variation in susceptibility of strawberry genotypes to 

infection of stamens by Botiytis cinema, genotypic rankings according to 

susceptibility vary with environment. 
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Introduction 

Gray mold of strawberry fruit, which is caused by the fungus Botiytis cinema 

Pers. ex Fr., is an important disease in strawberry production areas throughout 

most of the world (Maas, 1984; Paulus, 1990).  During strawberry bloom, germ 

tubes from deposited B. cineiea spores penetrate flower parts and hyphae from 

infection sites may growth into the receptacle tissue of developing fruit (Powelson, 

1960). The fungus is usually quiescent in the receptacle during the flower and 

green fruit stages, but when berries ripen it becomes aggressive and gray mold 

may appear at the proximal end of the fruit (Powelson, 1960; Maas, 1984). 

Proteaive application of fungicides is effective during periods of moderate disease 

incidence, but control is almost impossible during frequent rainfall (Paulus, 1990). 

Although variation in susceptibility of strawberry genotypes to B. cineiea 

has been demonstrated (Jarvis and Borecka 1968; Barritt et al., 1971; Maas 1978; 

Barritt 1980; Bristow 1986), no strawberry genotypes possessing a high level of 

resistance has been found. Variation in fruit susceptibility of strawberry 

genotypes to B. cinema is attributed to differences in susceptibility of flowers 

(Jarvis and Borecka, 1968), habit of peduncle (Jarvis, 1962), skin strength 

(Gooding, 1976), fruit tissues firmness (Barritt, 1980), content of soluble pectin 

(Hondelmann and Richter, 1973), and recently, the content of proanthocyanidins 

(condensed tannins) in berry tissues (Jersch et al, 1989). 

Recently Bristow et al. (1986) showed that strawberry flowers parts differ 

in their capacity to support the growth of B. cineiea.  After penetrating the stigma, 
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hyphal growth in the style is low and highly branched, sometimes requiring 6 

weeks to reach the style base, a distance of less than 2 mm. Since hyphae very 

rarely entered a carpel and never grew through it into the receptacle, styles were 

not considered major infection sites for gray mold.  Growth of B. cinerea is 

somewhat more rapid in strawberry stamens, and hyphae were observed in 

receptacle tissue of two cultivars at the point of attachment with stamens (Bristow 

et ah, 1986). Since gray mold is often first observed at the calyx end of the fruit 

(Haegermark, 1983), fungal entry via stamens may be an importance source of 

latent infections.  Growth of B. cinema in strawberry stamens has been examined 

in only a limited number of cultivars, therefore, a wider survey of strawberry 

germplasm for this potentially important characteristic was undertaken. 

This paper provides the results of a study in which 42 strawberry genotypes 

were evaluated under greenhouse and/or field conditions for growth and 

sporulation of B. cinema in stamens. 
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Materials and Methods 

Plant Material. Experiments were conducted at the National Clonal Germplasm 

Repository-Corvallis in 1990 using 42 strawberry genotypes for greenhouse studies 

(Table 3.1) and 38 of these for field evaluation (Table 3.3). Thirty three 

genotypes were common to both studies. Genotypes representing a range in 

apparent susceptibility to gray mold were selected from the Repository's collection 

based on their performance as provided in published reports and from personal 

experience of researchers. All genotypes were Fmgaria X ananassa cultivars, 

except 'Capron' which is a selection of F. moschata. Runners from screenhouse- 

grown plants were rooted on a mist bench and then established in small pots in a 

greenhouse. Plants were transplanted to the field or to larger pots for greenhouse 

studies. 

Greenhouse experiment.  Single plants were grown in 3.8 liter polyvinyl containers 

(17 cm x 15 cm diameter) in a commercial soil mix (Progro # 5, Wilsonville, OR) 

composed of 1 Douglas fir bark : 1 peat moss : 1 pumice rock (by volume).  Pots 

received 7 g of slow-release fertilizer ( Osmocote, 14N-6.2P-11.6K) at planting. 

Plants were placed in a greenhouse in January without supplemental lighting at 

210C day and 180C night and watered from below the foliage to minimize 

splashing. Insecticides were used as needed but no fungicides were applied. Each 

genotype was represented by three plants, except for single plants of 'Massey', 

'Marlate', 'Micmac' and 'Pocahontas'. Because of the diversity of genotypes, 

flowering occurred over several months.  Open flowers were selected as they 
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appeared for inoculation with spores of B. cineiea, which took place on 29 dates 

between February 26 and April 16. To obtain a sufficient number of flowers for 

examination, some cultivars were inoculated on as many as five dates. 

Field experiment. The planting was made in April 1988 in a field fumigated a 

month earlier with methyl bromide/chloropicrin (66%/33%).  No insecticides or 

fungicides were applied during the experiment. A hill system was used in which 

plants were spaced 1 m apart in rows separated by 1.2 m. The experimental plot 

was fertilized in March 1988 prior to planting (and then each year until 1990) 

with 360 kg-ha"1 of 10N-8.8P-16.5K.  Flowers were inoculated on 13 dates 

between April 21 and May 9 and a given cultivar was inoculated in a single day 

(Fig. 3.1).  Rain (53.2 mm) occurred only on the last nine days of April (Fig. 3.1). 

Preparation of inoculum. The source of B. cineiea used for inoculation was a 

culture isolated from a raspbeny fruit, identified and maintained by Kenneth 

Johnson (Dept. Botany and Plant Pathology, Oregon State University). 

Pathogenicity was maintained by inoculating strawberry fruit every 4 weeks and 

reisolatmg the fungus on potato sucrose agar (PSA) (200 g potato extract/liter, 20 

g sucrose/liter, 15 g of agar/liter, pH 5.6). The fungus was cultured on PSA and 

maintained at 40C in darkness.  For production of conidia, cultures were placed at 

24 ± 10C under 12 hr alternate cycle of darkness and near UV light (General 

Electric, F40 BLB) for 14-21 days (Bristow et al., 1986). Conidia were collected 

with a small moist brush. 
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Fig 3.1 Daily average minimum and maximum temperature and daily 
precipitation during April and May of 1990 at Corvallis, OR (T=trace). Asterisk 
and numeral denote the number of cultivars that were inoculated on that date 
(*(4)= Earliglow, Catskill, Micmac, Pocahontas, *(!)= Florida Belle, *(!) = 
Comet, *(!)= Linn, *(2)= Brighthon, Olympus, *(6)= Cyclone, Hood, Northwest, 
Shuksan, Tamella, Titan, *(5)= Blakemore, Glooscap, Primella, Tangi, Trumpeter 
*(2)= Konsumaka, Senga Sengana, *(6)= Fukuba, Gorella, Massey, Marlate, 
Sumas, Surecrop. *(2)= Tantallon, Trobaudor, *(!)= Saladin, *(3)= Arking, 
MDUS 3022, Kaiser's Samling *(!)= Elsanta). 
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Inoculation of Stamens. Fully open primary and secondary flowers were 

inoculated and tagged. Petals were removed prior to inoculation to eliminate 

then as a possible saprophytic base for infection of the receptacle tissues and 

other flower parts. Each flower was sprayed with distilled water and excess 

moisture removed by gentle shaking.  Unwashed, dry conidia of B. cinerea were 

dusted onto the surface of the anthers from about 10 mm above the flower. 

Flowers were immediately wrapped with aluminum foil for 48 hr to maintain a 

high humidity environment and reduce variability in germination of conidia. 

Three developing berries were sampled for each genotype at 14, 21 and 28 days 

after inoculation.  One non-inoculated flower of each genotype was sprayed with 

distilled water, wrapped for 48 hr, and sampled at 28 days as a control. 

Evaluation of stamens. All stamens from each developing fruit examined were cut 

at the base of the filament with the tip of a scalpel blade under a dissecting 

microscope.  Stamens were fixed in Camoy solution (ethanol/chloroform/glacial 

acetic acid; 6:3:1, v/v/v) for 1 hr, removed, blotted and then softened in 1 N 

NaOH at 60oC for 24 hr (McNicol et al., 1985). They were then stained in 0.1 % 

w/v aqueous aniline blue (Sigma No A-9016 acid blue 22 CI 42755) in 0.1 N 

K3PO4 and ten stamens selected at ramdon were drawn into a Pasteur pipette and 

mounted on a microscope slide under a cover slip. 

Prepared stamens were examined with a Carl Zeiss universal microscope 

with a UV source fitted with a G 365 excitation filter, LP 420 barrier filter, and 

chromatic beam splitter FT 395.  Growth of the fungus was traced by the 
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fluorescent yellow hyphae.  Stamens were examined to determine the length of 

the filament, length of hyphae growth in the filament, percent of anther colonized, 

and number of conidiophores per anther. The length of the filament and fungal 

growth in the filament were determined with the 10X eyepiece micrometer 

calibrated with a stage micrometer. The value of each division in the eyepiece 

micrometer represented 10 nm. Measurements were made in steps when tracing 

filament length and hyphal growth. Because B. cinema  can potentially invade 

receptacle tissue upon reaching the base of an infected filament, the spread of the 

fungus within the filament was also expressed as the percentage of total filament 

length. This adjusted for genotypic differences in filament length. The proportion 

of filaments in which hyphae were observed at their base was also recorded.  The 

percent of anther colonized and number of conidiophores on anthers were visual 

estimates. 

Statistical analysis.  Both experiments were conducted with a completely 

randomized design and data were analyzed by two way analysis of variance. 

Standard deviations of means are reported. Linear regression analysis was 

executed to determine correlation between filament length colonized and both 

proportion of filaments in which hyphae grew to the base and percent of anther 

colonized. 
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Results 

Greenhouse experiment 

Filament Length.  Cultivars differed in the length of their filaments; those of 

Todnyaya Zagorya' (3.11 mm) and Trumpeter' (2.45 mm) were the longest and 

'CatskilF the shortest (1.24 mm) (Table 3.1). The mean filament length of all 

cultivars was 2.1 ± 0.29 mm. Filament length was not significantly affected by 

sampling date (data not shown). 

Growth and colonization of filaments.   Conidia of B. cinema dusted on anthers 

germinated and developed hyphae that grew into the filament tissues in 41 of 42 

cultivars examined. A preliminary analysis of stamens showed that hyphae were 

essentially absent from filaments during the first 7 days following inoculation; thus 

stamens were not examined for hyphal growth before day 14. The mean filament 

length colonized was 0.08 mm at 14 days after inoculation, but by 28 days it 

reached 0.71 mm, equivalent to 32% of filament length (Table 3.2). 

The length of filament colonized by the fungus was influenced by host 

cuitivar. Although hyphae were not detected in the filaments of a majority of the 

genotypes at 14 days after inoculation, hyphae had grown over 200 iim in the 

filaments of a few genotypes and nearly 1 mm in 'Senga Sengana' (Table 3.1). In 

contrast, hyphae failed to penetrate the filaments of 'Aromel', 'Capron', 

'Olympus', 'Surecrop' and Trobaudor' even after 21 days (Table 3.1).  After an 
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Table 3.1 Mean of length of the filament (^m) and length of hyphal colonization of filaments 

(jim) at 14, 21, and 28 days after inoculation, and proportion of filaments with hyphae in base and 

percent of anther colonized by Botrvtis cinerea of 42 strawberry cultivars in a greenhouse2 
* * rf ^ 

Cultivar 

Length of 
filament 

(Mm) 

Length of 

Days 

hyphal colonization dim) 

after Inoculation 

Proportion of 
filaments with 
hyphae in base 

Anther 
colonized 

(%) 

14 21 28 28 28 

ArKing 1997 t 599 0 314 t 36 413 ± 81 0/30 14 

Aromel 2445 t 245 0 0 45 ± 20 0/30 5 

Capron 2408 t 603 0 0 0 0/30 2 

Cardinal 2433 ± 218 38 ± 5 261 ± 110 654 t  295 1/30 29 

Catskill 1248 t 141 103 ± 43 180 ± 78 299 ± 186 0/30 28 

Cheam 2389 ± 370 0 451 i 114 1266± 448 5/30 53 

Clondera 1604 ± 462 0 227 t 114 270 t 120 0/30 22 

Comet 2251 t 640 0 0 136 t  64 0/30 8 

Cyclone 1963 l 223 0 140 i 20 242 i 126 0/30 16 

Elsanta 1829 i 483 0 450 t 16 1516± 166 7/30 32 

Florida 
Belle 

1872 ± 334 134 t 25 786 t  120 344 t 85 0/30 37 

Fukuba 2038 ± 270 90 t  42 198 l 28 1330± 169 6/30 67 

Glooscap 2051 ± 249 0 225 ± 190 926 t 121 1/30 35 

Corel la 2145 l 297 0 236 ± 87 502 i 415 2/30 26 

Hood 1929 t 322 0 150 t 10 174 t 19 0/30 20 

Kaiser's 
Samling 

1946 ± 195 10 t 0 238 l 145 726 i 126 4/30 28 

Kurune 2291 l 351 0 601 ± 221 1472± 506 12/30 56 

Linn 2376 ± 800 276 t 50 420 ± 192 626 t 270 2/30 52 

Harlate 2107 t 135 0 75 t  40 177 t 125 0/30 12 

Massey 2097 t 83 0 240 ± 75 442 t 110 0/30 21 

Micmac 1947 ± 626 0 0 364 ± 139 3/30 15 

Northwest 2112 t 203 0 0 160 t  100 0/30 3 

MDUS 3022 2139 ± 106 0 190 ± 10 959 i 162 0/30 38 

(Continued) 
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Table 3.1 (Continued) 

Olympus 2351 t 144 0 0 55 ± 35 0/30 10 

Perle de 
Prague 

1950 t 192 0 611 ± 106 744 ± 176 0/30 29 

Pocahontas 2283 i 317 117 l 27 516 ± 128 810 ± 275 1/30 27 

Primella 2037 ± 94 137 i 123 1184± 314 16881 272 18/30 60 

Podnyaya 
Zagorya 

3119 ± 451 0 121 t  40 21401 198 10/30 17 

Saladin 2060 t 389 0 277 ± 39 811 ± 438 7/30 39 

Senga 
Sengana 

2043 ± 140 952 t 260 1265t 215 1513± 524 10/30 72 

Sequoia 1493 ± 159 97 ± 45 192 ± 191 754 i 225 2/30 35 

Shuksan 2172 ± 263 355 t  134 495 ± 70 807 t 321 1/30 44 

Sumas 1949 ± 161 91 ± 10 498 t  39 12281 458 11/30 61 

Surecrop 1463 ± 363 0 0 41 i 35 0/30 7 

Tame U a 2432 l 251 233 ± 56 167 t  97 393 l 113 1/30 20 

Tangi 2035 t 159 0 398 t  132 15791 173 13/30 71 

Tantallon 1560 t 281 0 132 l  42 750 ± 15 0/30 12 

Tillikum 1678 ± 268 309 t  296 411 t 77 994 t 215 0/30 41 

Titan 2150 ± 140 351 t  231 253 ± 24 640 i 118 0/30 21 

Troubadour 1973 t 343 0 0 85 t 10 0/30 5 

Trumpeter 2454 t 259 0 202 i 144 980 t 808 7/30 31 

Tyee 1723 ± 209 0 401 ± 92 754 i 245 0/30 28 

The values presented are the mean t SO of 30 stamens (10/flower). 
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Table 3.2 Overall means of hyphae length (mm) and filament length colonized 

(%) of 42 and 38 strawberry cultivars inoculated with dry conidia of Botiytis 

cinema in greenhouse and field, respectively. 

Colonization of filament 

Days after Greenhousey Field2 

Inoculation 
Length (mm)    % Length Length (mm) % Length 

14 0.08 ± 0.03       3.8 ± 1.6 0.58 ± 0.30 28 ± 11 

21 0.30 ± 0.07       15.6 ± 4.1 1.05 ± 0.50 50 ± 13 

28 0.71 ± 0.20       32.2 ± 8.5 1.64 ± 0.57 78 ± 13 

y Means of 42 cultivars ± SD.   z Means of 38 cultivars ± SD. 
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additional week, hyphae still colonized less than 4% of length of the filaments of 

these genotypes (Table 3.1).  'Capron' appeared especially resistant to B. cinema, 

since hyphae were not observed in its filaments even 4 weeks after inoculation. 

Hyphae were not detected in filaments of non-inoculated flowers (control) on any 

sampling date, indicating that contamination from spores from inoculated flowers 

or other sources was low. 

The rate at which hyphae grew within the filaments during the 4 week 

period following incubation varied. In some genotypes fungal growth was 

relatively slow, but steady, as in 'Catskill', whereas in others, such as 'Podynaya 

Zagorya', growth was limited for the first 3 weeks, followed by a very rapid 

advance in the final week (Table 3.1, Fig. 3.2).  Growth of fungal hyphae in the 

filaments of 'Primella' was most rapid during the second week following 

inoculation. The apparent large decrease in length of colonization between 21 

and 28 days of inoculation in 'Florida Belle' was presumably due to sampling 

error (Table 3.1). 

The percent of filament length colonized by B. cinerea after 28 days, when 

most fruit appeared ripe or near ripe, varied from zero ('Capron') to about 80% 

('Primella', 'Tangi', 'Elsanta', 'Senga Sengana' and 'Podnyaya Zagorya') (Fig. 3.3). 

Even though flowers were inoculated on 29 dates, this wide range in extent of 

colonization of filaments was presumably due to genotypic effects since variations 

in the greenhouse enviroment were likely small. In 30 of the 42 genotypes 

examined the final mean extension of the fungus was less than half the filament 
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length.  Gray mold was not observed on any fruit which developed from an 

inoculated flower. 

Proportion of filaments in which hyphae grew to the base.  Since B. cineiea can 

potentially grow into receptacle tissue from the base of a filament, the proportion 

of filaments in which hyphae reach their base may be useful in evaluating 

strawberry germplasm.  Of the 30 filaments examined per genotype at each 

sampling, hyphae grew to the base of at least one filament in only 5 genotypes at 

21 days after inoculation, but this increased to 21 genotypes at day 28 (Table 3.1). 

At this sampling, hyphae were found in the base of 18 filaments of 'Primella'. 

Other cultivars with a relatively high proportion of basal filament infection 

included, Tangi' (13/30), 'Kurume' (12/30), 'Sumas' (11/30), and 'Podnyaya 

Zagorya' and 'Senga Sengana' (each 10/30). Using the 21 cultivars in which 

hyphae were observed in the filament base at 28 days, regression analysis yielded 

a positive relation between filament length colonized and proportion of filaments 

with hyphae present in the base (r2 = 0.724). 

Anther Colonization.  Hyphae of B. cinema colonized anthers and filament tissues 

between the anthers lobes. Although hyphae were detected in anthers of all 

cultivars, there was considerable variation, and percent colonization ranged from 

2% for 'Capron' to 72% for 'Senga Sengana' (Table 3.1).  Conidia germinated 

poorly on the surface of anthers of some cultivars, and in a few instances a large 

proportion of the conidia failed to germinate even after 28 days of inoculation 

(Fig. 3.4).  Conidiophores were not observed on any of the anthers of the 42 
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Fig. 3.4  Conidia of Botiytis cinema remain ungerminated on the anther of 
'Aromel' 28 days after inoculation. (50x). 
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cultivars inoculated nor on the non-inoculated flowers (control). 

Field Experiment. 

Filament Length .  Mean filament length varied with cultivar and it ranged from 

1.34 mm in 'Linn' to 2.73 mm in  'Podnyaya Zagorya' (Table 3.3).  'Capron', 

which had one of the longest filaments in the greenhouse study, was not available 

for the field experiment. The mean filament length of all cultivars was 2.08 ± 

0.27. 

Growth and colonization of filaments. Infection by B. cinema was greater and 

hyphal growth in stamens more vigorous in the field than greenhouse.  Fungal 

hyphae were observed in filament tissues of all 38 cultivars examined as early as 

14 days after inoculation (Table 3.3). At this sampling hyphae had already grown 

a distance of 1 mm or more in several genotypes and the mean filament length 

colonized was 0.6 mm (Table 3.2). However, fungal advance by day 14 was much 

more limited in some genotypes, for example hyphae had grown only 50 /nm or 

less in the filaments of 'Catskill', 'Massey', and 'Saladin'. Twenty-one days after 

inoculation the mean length of colonization was over 1.0 mm and hyphae were 

already visible near the base of 'Brighton' filaments (Table 3.3).  Hyphae also had 

progressed to 80% of the filament length of 'Podnyaya Zagorya', and 'Tangi' (Fig. 

3.5). By 28 days, hyphal growth across all cultivars extended to 78% of mean 

filament length (Table 3.2).  Native sources of inoculum were prevalent in the 

field and hyphae were observed in stamens of non-inoculated flowers (control) of 



Table 3.3  Means of length of filament (|im), length of hyphal colonization of filament (p-m) 
at 14, 21 and 28 days, filament length colonized (control %) at 28 days by Botrvtis cinerea in 38 
strawberry cultivars in the field2. 
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Length of 
filament 

(Mm) 
Length of hyphal colonization (jxm) 

Control 
filament 

Cultivar colonized 

Days after inoculat ion (%) 

14 21 28 28 

ArKing 2076i 226 10521 454 1016 i 344 1972 ±445 15 ± 2.1 

Blakemore 25061 252 798 t 89 821 i 603 2506 ±283 36 i 1.5 

Brighton 21841 231 837 i 227 2112 i 194 2125 ±125 70 ± 7.1 

Catskill 15141 170 50 l  0 471 i 76 1017 ±227 16 ± 1.3 

Comet 23061 365 897 i 313 440 i 124 1523 ±597 24 i 3.5 

Cyclone 24161 245 428 i 85 1268 l 554 1499 ±327 27 i 4.1 

Earliglou 26381 104 11571 297 1047 l 167 2310 ±164 

Elsanta 21891 273 952 i 251 1099 i 450 2154 i 93 

Florida Belle 18081 271 255 i 49 491 i 199 1363 ±255 

Fukuba 19241 335 R68 i 733 996 i 297 1720 ±445 19 i 8.5 

Glooscap 21391 245 176 t 84 798 l 647 2034 ± 68 68 ± 12 

Corel la 22431 183 12801 509 1423 i 190 2077 ±376 45 ± 3.5 

Honeoye 23111 386 396 l 190 1571 i 235 2007 ±429 13 i 2.4 

Hood 16881 231 738 i 593 967 i 10 1049 i 84 21 i 4.3 

Kaiser's 
Samling 

18141 232 849 i 249 1198 ± 595 1594 ±355 19 i 2.1 

Konsomalka 15761 135 730 i 100 888 l 276 1370 ±145 31 t 9.8 

Linn 13401 216 684 i 131 789 ± 137 1200 ±544 57 i 6.7 

Marlate 2247t 577 205 i 142 326 i 171 596 ±356 

Massey 22351 334 53 l 13 613 l 242 950 ±349 31 i 3.3 

Hicmac 14771 106 355 l 130 317 t 23 968 ±139 

Northwest 21331 305 102 i 84 349 t 304 1585 ±733 28 i 1.6 

HOUS 3022 22801 228 842 i 389 1323 l 749 2059 ±343 61 ± 4.2 

Olympus 21511 399 966 t 225 953 t 310 1377 ±828 59 i 4.5 

(Continued) 
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Table 3.3 (Continued) 

Pocahontas 

Primella 

Podnyaya 
Zagorya 

20121 328 

2310t 272 

2735± 270 

Saladin       2167± 347 

Senga Sengana  2123± 180 

Shuksan 2259t 418 

Sumas 20521 229 

Surecrop 1763± 216 

Tame U a 2098* 270 

Tangi 2337± 361 

Tantallon 1592± 192 

Tillikun 19171 272 

Titan 21641 541 

Troubadour 19371 258 

Trunpeter 2555t 274 

702 l 232 

800 l 191 

884 l 335 

30 i 22 

504 i 263 

868 l 519 

11851 150 

664 i 116 

417 l 342 

112 i 62 

107 l 13 

317 l 202 

481 l 210 

124 l 42 

223 l 142 

1417 i 205 

1463 i 414 

2217 i 77 

737 t 169 

14551 276 

558 i 163 

1323 i 602 

1165 l 95 

971 t 556 

2051 i 415 

425 i 231 

1086 i 301 

1188 l 104 

948 l 263 

1785 i 106 

1547 i255 

2201 1659 

2735 1305 

1041 1561 

1695 1455 

1036 +391 

1544 1974 

1423 1373 

1647 1349 

2244 1383 

942 1658 

1885 1585 

1536 1428 

1660 ±269 

2143 1272 

34 t 6.1 

47 t 3.6 

62 i 17 

46 ± 4.8 

18 ± 1.2 

14 t 3.8 

75 l 2.5 

57 ± 11 

29 i 2.8 

21 t 2.6 

37 i 3.7 

27 t 11 

The values presented are usually the mean i 
recorded. 

of 30 stamens (10/flouer). Dashes indicate no data 
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30 cultivars (Table 3.3).  The mean length colonized in control filaments at day 28 

was 0.76 mm, equivalent to a mean filament length of 36%. 

Since all the flowers of a given genotypes were inoculated on a single day 

and inoculations occurred on 13 dates, flowers of many of the genotypes 

experienced greatly different weather conditions (Fig. 3.1). This dissimilarity in 

environmental conditions might have contributed to the observed differences 

among genotypes for colonization of the stamens and amount of sporulation. 

However, no such effect was apparent and large differences among cultivars were 

observed even when inoculated on the same day.  For example, the percent 

filament length colonized 28 days after inoculation on May 3 ranged from about 

90% in 'Gorella' and 'Fukuba' to only 42% and 26% in 'Massey' and 'Marlate', 

respectively. Similarly, filament colonization of the six genotypes inoculated on 

April 29 ranged from 78% (Tamella') to 45% ('Shuksan'). 

The pattern of hyphae proliferation in filaments varied, in some instances 

hyphae in the distal portion near the anthers were restricted to a narrow channel 

of tissue, below which numerous branches grew to the base of the filament (Fig. 

3.6). A few long, poorly branched hyphae were sometimes observed at the distal 

end of a filament (Fig. 3.7) in contrast to highly branched hyphae which appeared 

to invade the entire filament (Fig. 3.8).  There were insufficient observations to 

relate growth pattern with particular genotypes.  Similar growth patterns were 

observed in the greenhouse study. 

Although fruit rot was not uncommon in the field planting, gray mold was 
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Fig. 3.6 Botiytis cineiea hyphae localized to the upper part of a filament, with 
numerous long branches growing toward the base. 
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Fig. 3.7 Highly branched hyphae of Botiytis cinema colonizing the upper part of a 
filament 28 days after inoculation. 
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Fig. 3.8 Highly branched hyphae of Botrytis cinema invading the entire filament 
28 days after inoculation. 
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not observed on the fruit of any genotype collected within the 4 week period 

following inoculation of flowers.  However, blossom blight was observed on 

inoculated flower of 'Blakemore', 'Earliglow', 'Glooscap', 'Lateglow', 'Sumas', 

'Surecrop', 'Podnyaya Zagorya' and 'Tangi'. 

Proportion of filaments in which hyphae grew to the base.  Generally 30 filaments 

were examined per cultivar on each sampling date. At 14 days after inoculation 

hyphae reached the base of at least one filament in 8 cultivars, this increased to 

22 cultivars on day 21 and nearly to all cultivars, except 'Marlate', on day 28 

(Table 3.4). As early as day 14, 9 of the filaments of 'Sumas' were infected at 

their base. 

Ninety percent of the filaments evaluated 4 weeks after inoculation were 

infected with B. cinersa and hyphae had grown to the base in 50% of them; thus 

the fungus had the potential to infect calyx and/or receptacle tissues.  However, 

hyphae did not grow to the base on any of the filaments of 'Marlate' and only 

one of 'Massey* (Table 3.4). Conversely, hyphae were observed in the base of all 

the filaments of 'Blakemore' and 'Podnayaya Zagorya'.  Stamens of non- 

inoculated flowers (control) were also infected by hyphae and they reached the 

base of at least a single filament in 11 of 30 non-inoculated controls by day 28. 

Correlation coefficients for all cultivars in which hyphae grew to the base of at 

least one filament indicate that filament length colonized was significantly 

correlated with proportion of filaments in which hyphae were observed in the base 

{?= 0.858). 
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Table 3.4 Proportion of filaments with hyphae growth to the base in inoculated (14, 21 and 28 
days) and control (28 days) in the field. 

Cultivar Proportion of f laments with hyphae 
to the base 

growth Control 

14 21 28 28 

ArKing 2/30 4/30 24/30 0/10 

Blakemore 0/30 2/30 20/20 2/10 

Brighton 0/30 18/30 22/30 4/10 

Catskill 0/30 0/30 11/30 0/10 

Comet 0/30 0/30 7/30 0/10 

Cyclone 0/30 1/30 12/30 0/10 

Earlyglow 0/30 0/30 16/20   

Elsanta 0/30 9/30 17/20   

Florida Belle 0/30 0/30 6/30   

Fukuba 0/30 0/30 9/30 0/10 

Glooscap 0/30 2/30 15/20 2/10 

Corel la 2/30 6/30 24/30 1/10 

Honeoye 0/30 6/30 21/30 0/10 

Hood 0/30 4/30 10/30 0/10 

Kaiser's Samling 2/30 10/30 15/30 0/10 

Konsomalka 0/30 2/30 24/30 0/10 

Linn 0/30 1/30 15/30 2/10 

Harlate 0/30 0/30 0/30   

Hassey 0/30 0/30 1/30 0/10 

Micmac 0/30 0/30 4/30 — 

Northwest 0/30 0/30 8/30 0/10 

MDUS 3022 0/30 2/30 10/30 1/10 

Olympus 0/30 0/30 10/30 2/10 

Pocahontas 2/30 4/30 11/30   

Primella 3/30 13/30 19/30 3/10 

Podnyaya Zagorya 4/30 12/30 20/20 2/10 

Saladin 0/30 0/30 4/30   

Senga Sengana 0/30 7/30 13/30 0/10 

Shuksan 0/30 0/30 2/30 0/10 

Sumas 9/30 11/30 8/10 0/10 

Surecrop 1/30 0/30 12/20 0/10 

Tame U a 0/30 0/30 21/30 4/10 

Tangi 0/30 9/30 18/20 2/10 

Tantallon 0/30 0/30 9/30   

Tillikum 0/30 5/30 23/30 0/10 

Titan 0/30 4/30 12/30 0/10 

Troubadour 0/30 0/30 23/30 0/10 

Trumpeter 0/30 10/30 25/30 0/10 

Dashes indicate no data recorded. 
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Percent of anther colonized.     Anthers of all 38 cultivars were colonized by the 

fungus at all sampling dates.  Differences in anther colonization among cultivars 

after 28 days of inoculation ranged from 14% for 'Massey' to 96% for 'Sumas' 

(Table 3.5). The mean percentage of anther colonization was 27% at 14 days 

after inoculation, but this increased to 65% at day 28. 

Number of anthers with sporulation.  Production of B. cinema conidiophores and 

a new population of conidia on anthers was observed only after 28 days following 

inoculation (Fig. 3.9). There was considerable variation in sporulation on anthers 

for the different genotypes (Table 3.5). The fungus sporulated on anthers of 25 

cultivars, and ranged from 48 conidiophores per anther in 'Sumas' to only 2 in 

'Pocahontas'. Sporulation was not observed on the non-inoculated controls nor in 

13 inoculated cultivars, including 'Marlate' and 'Massey' which also showed a low 

percentage of anther colonization. Interestingly, sporulation was not observed on 

anthers of 'Earliglow' and 'Brighton' although more than 80% of their anther 

surface was colonized. 
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Table 3.5 Means of percent of anther colonized and anther with sporulation of 38 strawberry 
cultivars after inoculation by Bottytis cinerea in the field2. 

Cultivar 
Anther colonized (%) 

Pays after inoculation 

Number of 
conidiophoros 
on anther 

H 21 28 28 

ArKing 31 i t 7.8 46 3.0 76 7.1 28 t 2 

Blakemore 34 : t 17.4 45 4.0 89 6.2 38 ± 3 

Brighton 51 i t 2.7 63 11.3 85 12.4 0 

Catskill 54 i t 9.5 59 4.5 71 12.3 12 i 3 

Comet 40 : t 1.5 61 13.1 71 13.0 12 t 5 

Cyclone 22 i t 5.4 37 4.4 51 2.8 0 

Earliglow 26 i t 4.2 52 3.1 81 1.2 0 

Elsanta 25 i t 3.6 47 4.8 51 16.5 19 ± 6 

Florida Belle 30 : t 3.0 42 2.8 51 11.0 0 

Fukuba 54 i t 36.6 65 9.6 82 3.75 0 

Glooscap 21 : t 2.6 36 26.4 94 1.5 28 t  4 

Corel la 37 i t 20.4 57 9.3 90 5.6 27 i 2 

Honeoye 39 i t 13.8 51 3.7 78 8.4 0 

Hood 27 i t 20.5 51 1.6 54 5.0 0 

Kaiser's Samling 45 i t 1.3 54 3.0 67 4.5 18 ± 8 

Konsomalka 38 i t 4.2 44 5.6 66 14.2 0 

Linn 46 i t  3.8 51 5.5 73 8.8 12 ± 9 

Marlate 5 i t 3.2 19 12.0 34 5.0 0 

Massey 2 i t  1.2 8 5.5 14 6.5 0 

Micmac 20 i t  1.4 23 4.5 57 5.2 4 i 1 

Northwest 8 i t  1.5 18 3.7 56 3.8 10 ± 9 

MDUS 3022 26 i t  8.5 56 7.0 70 2.7 14 t 5 

Olympus 39 i 2.7 42 4.5 65 16.8 3 t 1 

Pocahontas 38 i 2.1 41 5.4 53 19.1 2 t 1 

Primella 18 i . 1.5 62 7.0 66 14.8 27 t 9 

(Continued) 
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Table 3.5 (Continued) 

Podnyaya Zagorya 44 7.5 62 9.2 70 7.2 10 ± 6 

Saladin 7 3.8 40 8.3 61 5.9 11 ± 4 

Senga Sengana 33 11 63 4.5 70 9.3 10 ± 1 

Shuksan 9 3.5 21 3.0 49 1.8 0 

Sumas 41 7.5 63 16.6 96 1.3 48 ± 7 

Surecrop 47 1.4 62 17.0 74 1.7 10 ± 2 

TameI la 16 2.7 44 3.5 68 6.6 15 t  2 

Tangi 10 2.1 50 14.1 62 16.0 27 i 5 

Tantallon 7 1.7 46 4.5 53 4.8 0 

TiUikun 23 7.2 52 3.5 54 37.8 9 t  5 

Titan 19 1.6 31 8.4 53 4.4 0 

Troubadour 5 2.0 48 t 2.6 58 8.2 8 t 1 

Trunpeter 16 8.8 42 t 11.2 84 7.7 24 t  10 

The values presented are the mean ± SD of 30 stamens (10/flower). 
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Fig. 3.9 Conidiophores and conidia of Botiytis cinema on anther of 'Sumas' 28 
days after inoculation in the field. 
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Discussion 

This study shows that the extent of colonization of strawberry stamens by 

B. cineiea in a given environment is strongly genotype dependent, supporting the 

results of Bristow et al. (1986). Some genotypes were very vulnerable to fungal 

growth, for example hyphae grew in 28 days to 82% and 98% of the filament 

length in 'Elsanta' in the greenhouse and field, respectively.  Others were less 

susceptible, and the fungus essentially failed to colonize either filaments or 

anthers of greenhouse-grown 'Capron'. 

As reported by Bristow et al. (1986), hyphae of B. cineiea grew from the 

anther into the tissue between its two lobes and down the filament. The degree 

of colonization of anthers and filaments was significantly correlated in both the 

greenhouse {r1 = 0.63) and field (r2 = 0.77) studies, suggesting that these organs 

were similar in their capacity to resist or to host colonization and/or that 

colonization of filaments was preceded by growth of the fungus in the anther. 

The latter was not a requirement since occasionally colonization of filaments 

occurred with little or no growth of the fungus in the anthers (Fig. 3.10). This 

suggests that filament tissue between the anther lobes may be infected directly 

from germinating conidia.  The 68%  colonization of the filament length in 

'Podnayaya Zagorya' in the greenhouse was accompanied with only 17% anther 

colonization. This differential was not observed in the field. 

Since genotypes showed a two fold range in filament length, and hyphal 

growth was relatively slow, those with short stamens might permit the fungus to 
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Fig. 3.10 Low colonization of anther with extensive growth oiBotiytis cinerea 
hyphae in filaments 
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traverse the filament and reach the calyx and receptacle earlier in fruit 

development. However, filament length was not an overriding factor in the 

relative progress of the fungus since there was a poor correlation between length 

and detection of fungus in the filament base. This is exemplified in the extensive 

colonization of the relatively long filaments of 'Podnyaya Zagorya'. Although 

filament length of some of the 33 cultivars common to the greenhouse and field 

studies differed in the two locations, there was moderate correlation (r2 = 0.58) 

between filament lengths.  Differences in length did not explain the dissimilar 

colonization response of some genotypes in the two environments. 

B. cinema is generally a weak pathogen and its rate of colonization along 

the length of a filaments might be expected to increase if stamens senesced during 

fruit ripening. Indeed, mean hyphal growth rate in the greenhouse study was 

lower during the third and than the fourth week following inoculation (0.30 and 

0.49 mm/week, respectively). This difference, however, was not observed in the 

field where the rate of filament colonization was more rapid (i.e., 0.6 mm/week). 

Senescence of stamens in strawberry appears to be slower than that of pistils, and 

filaments often appear healthy when the fruit is ripe even though anthers are 

necrotic.  Delayed senescence of filaments could be a genotypic factor in resisting 

colonization by the fungus. It was observed that stamens of several cultivars in 

which the fungus was restricted to the distal end of the filament (e.g., 'Marlate' 

and 'Lateglow') were yellow-green and never turned black or necrotic even by the 

last sampling.  Powelson (1960) reported that the frequency of isolation of B. 
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cinema was over 10 fold higher from necrotic than non-necrotic strawberry 

stamens. 

Whether hyphae of B. cinema in stamens are able to grow into the 

receptacle sufficiently early in fruit development to cause gray mold could well 

depend on the length of the period between anthesis and fruit ripening. 

Genotypes having a relatively long fruit development period would potentially be 

more vulnerable to infection from hyphae growing in stamens. In this study, final 

sampling occurred at 28 days after anthesis at which time many, but not all fruit, 

were red ripe. Thus caution must be exercised in evaluating whether progress of 

the fungus in filaments of a given genotype at a particular date was sufficiently 

advanced so as to be a threat to cause gray mold before or soon after fruit 

harvest. 

The field was much more conducive to infection and growth of B. cinema 

in strawberry stamens than the greenhouse. This was exemplified by more rapid 

fungal growth in filaments, so that 28 days after inoculation the fraction of the 

mean filament length colonized in the field was over twice that in the greenhouse. 

Moreover, the fungus sporulated on anthers of most cultivars in the field but 

failed to do so in the greenhouse. The field was presumably more favorable for 

fungal growth because of rainfall, high humidity, and cool temperatures in 

contrast to the relatively warm and dry greenhouse environment. Cool night 

temperatures in the field can predisposed strawberry flowers to greater infection 

(Maas, 1984; Jordan, 1978, Bulger et al., 1987). Inoculum pressure was likely 
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higher in the field since stamens of non-inoculated flowers were frequently well 

colonized. Field-grown plants were larger than those in the greenhouse and the 

greater leafyness may have produced microclimates more suitable to infection 

(Vukotvis, 1962). 

The relative performance (ranking) of the 33 genotypes common to both 

the greenhouse and field studies was different in the two environments. This is 

exhibited in the poor correlation (r2 = 0.24) between the percent filament length 

colonized in the field and greenhouse at 28 days. As an example, filament length 

colonization in 'Arking' was relatively low (20%) in the greenhouse, but very high 

(95%) in the field. All genotypes had higher colonization in the field than 

greenhouse. The effect of environment of colonization of filaments by B. cinema 

was also shown in an additional study (data no reported) in which flowers of 

'Brighton' were inoculated in three different environments. The means (± SD) of 

percent filament length colonized were 55% ± 5.4 (growth chamber), 76% ± 6.3 

(greenhouse), and 97% ± 13 (field). 

The small sample size used and the differential response in the greenhouse 

and fields environments limits detailed genotypic comparisons.  However, several 

groups of genotypes with apparent similar susceptibility to B. cinerea can be 

identified. The first group is composed of those cultivars showing a high degree 

of colonization of stamens in 28 days in both environments, this includes 'Elsanta' 

(83% in greenhouse and 98% in field),  'Primella' (83% and 95%), Tangi' (78% 

and 96%), 'Senga Sengana' (74% and 80%), and 'Podnyaya Zagorya' (69% and 
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100%).  A second group is made up of cultivars with stamens that were poorly 

colonized only in the greenhouse, but not in the field.   This includes 'Olympus' 

(2% and 64%), 'Surecrop' (3% and 81%), Trobaudor' (4% and 84%), 

'Northwest' (7% and 74%) and several other cultivars. A third, small group with 

relatively low colonization in both the greenhouse and field includes 'Marlate' 

(8% and 27%) and 'Masse/ (21% and 42%). Possibly stamens of these genotypes 

are be able to resist attack by B. cinema in diverse enviroments.  'Capron' and 

'Aromel', which were poorly colonized in the greenhouse, have yet to be tested in 

the field. 

Eight of the cultivars inoculated in the field were common to a field study 

in Scotland by Bristow et al. (1986) in which colonization of filaments was also 

examined 28 days after inoculation with an isolate of B. cinema. Although the 

length of colonization in 'Hood' and 'Saladin' were comparable in the two studies, 

that of other cultivars differed.  For example, they recorded filament colonization 

for 'Shuksan', 'Tamella', and Troubador' as 100%, 33%, and 28%, respectively, 

whereas in the present study analogous values were 45%, 78%, and 85%.   This 

discrepancy in results could be attributed to several differences between the 

studies, including the isolates of B. cinema. 

Genotypic variation in susceptibility of strawberry stamens to attack by B. 

cinema could results from many factors, including chemical, physical and 

morphological factors which influence spore germination and/or subsequent 

establishment and growth of hyphae.   The relatively slow pace of colonization of 
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the anthers and filaments suggests that stamen tissues are in some manner able to 

inhibit the advance of the fungus.   Factors responsible for this could include a 

cell wall structure resistant to attack by fungal-released enzymes (Verhoeff, 1980), 

and constitutive substances, such as proanthocyanidins Jersch et al. (1989), or 

phytoalexins which inhibit the action of these enzymes or other activities necessary 

for colonization of tissues. The putative inhibitory capacity appears well 

developed in greenhouse-grown 'Capron', and merits further study in this and 

other selections of F. moschata. 

Because the cause(s) of low susceptibility to the fungus is unknown, it is 

difficult to explain the variable response of the same genotypes in the greenhouse 

and field. Possibly a more favorable field environment for growth of B. cinema, 

and presumed increased inoculum pressure, allowed the fungus to avoid and/or 

overwhelm any passive or active inhibitory mechanisms of stamen tissues.  Failure 

to observe sporulation on anthers in the greenhouse could be reasonably 

attributed to the low humidity of this environment.  Bristow et al. (1986) also 

observed sporulation on stigmas of a majority of strawberry cultivars examined in 

the field, but not in growth chamber or greenhouse tests. In the present study, 

the absence of sporulation on anthers of non-inoculated control flowers in the 

field but its relatively frequent occurrence in inoculated flowers is difficult to 

explain. Control stamens in the field were infected by fungal hyphae, presumably 

by B. cinema strains endemic to the field. Possibly the isolate used to inoculate 

stamens sporulated more readily than the native field strains. 
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The large genotypic differences in colonization of stamens by B. cinerea 

suggests that screening other cultivars and Fmgaria species for this trait could be 

useful in identifying a pool of strawberry germplasm with very low susceptibility to 

the fungus. An extensive survey could benefit from the good correlation between 

the percent of filament length colonized and the proportion of filaments in which 

the fungus reaches the base. The efficiency of evaluating germplasm would be 

improved if the base of filaments were examined only for the presence or absence 

of hyphae. However, the apparent genotype-environment interaction relative to 

the susceptibility of stamens to B. cinema may confound the results of such a 

survey. 
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Chapter 4 

Conclusions 

The large genotypic differences in colonization of stamens by Botiytis 

cinema suggest that screening other strawberry cultivars and Fmgana species could 

be useful to identify strawberry germplasm with very low susceptibility to the 

fungus. 

The efficiency of evaluating germplasm would be improved if the base of 

the filaments were examined only for the presence or absence of hyphae. 

This study shows that although there is wide variation in the susceptibility 

of strawberry genotypes to colonization of stamens by Botiytis cinema, genotypic 

susceptibility may be strongly influenced by environment. 

More research is needed to study the factors (biochemical and fungus-cell 

wall relationship) that inhibit the growth of the fungus in strawberry stamens. 

Evaluation for such inhibitory activity should reveal genotypes that can be used to 

developed cultivars less susceptible to gray mold. 



65 

Bibliography 

Barritt, B.H. 1980. Resistance of strawberry clones to Botiytis fruit rot. J. Amer. 
Soc. Hort. Sci. 105:160-164. 

Barritt, B.H., L. Torre, and CD. Schwartze. 1971. Fruit rot resistance in 
strawberry cultivars adapted to the Pacific Northwest.  HortScience 
6:242-244. 

Borecka, H and D. F. Millikan. 1973. Stimulatory effect of pollen and pistillitate 
parts of some horticultural species upon the germination of Botiytis cinerea 
spores. Phytopatholgy 63:1431-1432 

Braun, P.G., and J.C. Sutton. 1987. Inoculum sources of Botiytis cinewa in fruit 
rot of strawberries in Ontario. Can. J. Plant Pathol.  9:1-5. 

Bristow, P.R., R.J. McNicol, and B.Williamson. 1986. Infection of strawberry 
flowers of Botiytis cinewa and its relevance to gray mould development. 
Ann. Appl. Biol.  109: 545-554. 

Bulger, M.A., M.A. Ellis, and L.V. Madden. 1987. Influence of temperature and 
wetness duration on infection of strawberry flowers by Botiytis cinewa and 
disease incidence of fruit originating from infected flowers.  Phytopathology 
77:1225-1230. 

Carre, D.D. 1984.  Influence of atmospheric humidity and free water on 
germination and germ tube growth of Botiytis cinewa Pers.  M.S. Thesis, 
Oregon State University, Corvallis, OR. 

Chou, M.C., and T.F. Preece. 1968. The effect of pollen grains on infections 
caused by Botiytis cinewa FT. Ann. Appl. Biol.  62:11-22. 

Darrow, G.M. 1966. The strawberry. Holt, Rinehart and Wisston. New York. 447. 



66 

Dashwood, E.P., and R.A. Fox. 1988.  Infection of flowers and fruits of red 
raspberry by Botrytis cinema. Plant Pathol. 37: 423-430. 

Daubeny, H.A., and H.S. Pepin. 1977. Evaluation of strawberry clones for fruit 
rot resistance. J. Amer. Soc. Hort. Sci. 102:431-435. 

Dennis, C, and R.P. Davis. 1979. Tolerance of Botiytis cinema to ipridione and 
vinclozolin. Plant Pathol, 28:131-133. 

Forney, C. and P.J. Breen. 1986.  Sugar content and uptake in strawberry fruit. J. 
Amer. Soc. Hort. Sci. 111:241-247. 

Gooding, H.J. 1976. Resistance to mechanical injury and assessment of shelf-life 
in fruits of strawberry (Fragaria X ananassa). Hort. Res.   16:71-82. 

Haegermark, U. 1983. Studies of grey mould (Botiytis cinema Pers ex Nocca & 
Balbis) infections on strawberry green fruit in cv. Senga Sengana. 
Vaxtskyddsnotiser 47:81-87. 

Hill, G., F. Stellwaag-Kittler, G. Huth, and E. Schlosser. 1981. Resistance of 
grapes in different developmental stages to Botiytis cinema. Phytopath. Z. 
102:328-338. 

Hondelmann, W., and E. Richter. 1973.  Uber die Anfalligkeit von 
Erdbeerklonengegen Botrytis cinema Pers. in Abhangigkeit von 
Pektinquantitat undqualitat der Fruchte. Gartenbauwissenschaft 38:311-314. 

Hunter, J.E., K.G. Rohrbach and R.K. Kumito. 1972.  Epidemiology of Botiytis 
blight of macadamia racemes.  Phytopathology 62:316-319. 

Irvine, T.B., and R.H. Fulton. 1959. A study of laboratory methods to determine 
susceptibility of strawberry varieties to gray mold fruit rot.  Phytopathology 

49:542. 



67 

Jarvis, W.R. 1962. The infection of strawberry and raspberry fruits by Botiytis 
cinema  Fr. Ann. Appl. Biol. 50:569-575. 

Jarvis, W.R., and H. Borecka. 1968. The susceptibility of strawberry flowers to 
infection by Botiytis cinema Pers. ex Fr. Hort. Res. 8:147-154. 

Jarvis, W.R. 1977. Botryotonia and botrytis species: taxonomy, physiology, and 
pathogenicity, a guide to the literature. Can. Dep. Agric. Res. Branch 
Monogr. 15. 

Jersch, S., and C. Schlosser, G. Huth, E. Scherer. 1989.  Proanthocyanidins as 
basis for quiescence of Botiytis cinema in immature strawberry fruit.  Z. 
Pflanzenkrank. Pflanzenschutz 96:365-378. 

Jordan, V.W.L. 1978.  Epidemiology and control of fruit rot Botiytis cinema on 
strawberry. Pflanzenschutznachr-Nachrichten. Bayer. 31:1-10. 

Katan, T. 1982.  Resistence to 3,5-dichlorophenyl-N-cyclicimide (dicarboximide) 
fungicides in the grey mould pathogen Botiytis cinema on protected crops. 
Plant Pathol. 31:133-141. 

Koch, A. 1963.  Valentine ein beachtens werter kreuzungselter in 
dererdbeerzuchtung (Valentine a significant parent for crossing in 
strawberry breeding). Zuchter 33:352-354. 

Maas, J.L. 1978.  Screening for resistance to fruit rot in strawberries and red 
raspberries: a review. HortScience 13: 423-426. 

Maas, J.L. (ed.) 1984.  Fungal diseases of the fruit, p.56-57. In: Compendium of 
strawberry diseases. American Phytopathological society. 

McClellan, W.D., and W.D. Helwitt. 1973. Early Botiytis Rot of Grapes: Time of 

Infection and Latency of Botiytis cinema Pers. in Vitis vinifera L. 
Phytopathology. 63:1151-1157. 



68 

McNicol, R J., B. Williamson, and A. Dolan. 1985. Infection of red raspberry 
styles and carpels by Botiytis cinema and its possible role in post-harvest 
grey mould. Ann. Appl. Biol. 106:49-53. 

Miller , P., and P.E. Waggoner. 1957. Dispersal of Botiytis cinerea in strawberries. 
Phytopathology. 47:24-25. (abstract). 

Pacific Northwest Plant Disease Control Handbook. 1990. Extension Services of 
Oregon State University, Washington State University and the University of 
Idaho, pp 30. 

Paulus, A.O. 1990.  Fungal diseases of strawberry.  HortScience 25:885-889. 

Pepin, H.S., and E.A. MacPherson. 1982.  Strains of Botiytis cineiea resistant to 
benomyl and captan in the field. Plant Disease 66:404-405. 

Powelson, R.L. 1960. Initiation of strawberry fruit rot caused by Botiytis cineiea. 

Phytopathology 50:491-494. 

Schonbeck, F. 1967.  Untersuchungen uber Bluteninfektionen. III. Fruchtfaulen 
derErdbeere (Fragaria vesca). Z. Pflanzenkrank. Pflanzenschutz 74:72-75. 

Sitterly, W.R., and J.R. Shay. 1960. Physiological factors affecting the onset of 
susceptibility of apple fruit to rotting by fungus pathogens.  Phytopathology. 
50:91-93. 

Sommer, N.F., J.R. Buchanan., R.J. Fortlage and B.E. Bearden. 1985.  Relation of 
floral infection to Botiytis blossom end rot of pears in storage.  Plant 
Disease 69:340-343. 

Stevens, N.E. 1916.  Pathological histology of strawberries affected by species of 
Botiytis and Rhizopus. J. Agric. Res. 6:361-366. 



69 

Stevens, N.E. and R.B. Wilcox. 1918. Further studies of the rots of strawberry 
fruits.  U.S. Dept. Agr. Bui. 686. 

Tanboon, E.K., G.G. Grove, and M.A. Ellis. 1983. Controlling strawberry fruit 
rots with fungicides.  Ohio Rep. 68:72-73. 

Taylor, G.H. 1990.  Weather Summary for Corvallis, Oregon for May and April 
1990. Department of Atmospheric Sciences. Oregon State University. 

Tronsmo, A., A.M. Tronsmo and J. Raa. 1977. Cytology and biochemestry of 
pathogenic growth of Botiytis cinema in apple fruit rot. Phytopathol. Z. 
89:208-215. 

Verhoeff, K. 1980. The infection process and host-pathogen interactions, p. 153- 
180. In: J. R. Coley-Smith, K. Verhoeff and W. R. Jarvis (eds.). The 
biology of Botrytis. Academic Press, New York. 

Vukovits, G. 1980.  Obstkrankheiten. Erkennung, Ursachen und Bekampfung. 
Teil IV Beerenobst. Leopold Stocker, Gras und Stuttgart. 

Williamson, B., and RJ. McNicol. 1986. Pathways of infection of flowers and 
fruits on red raspberry by Botiytis cinema. Acta Hort.   183:137-141. 

Williamson, B., RJ. McNicol and A. Dolan. 1987. The effect inoculating flowers 
and developing fruits with Botiytis cinema on post-harvest grey mould of 
red raspberry. Ann. Appl. Biol. 111:285-294. 



APPENDIX 



70 

Table 1.  Means percent of filament length colonised of 42 strawberry cultivars at 14, 21 and 28 days 
after inoculation with dry conidia of B. cinerea in the greenhouse2. 

Cultivar Days after Inoculation 

1< 21 28 

ArKing 0  : t  0 16 1.9 20.6 ± 13.1 

Aromel 0  : b  0 0 0 1.8 ± 2 

Capron 0  : t  0 0 0 0 ± 0 

Cardinal 1.5 i t  0 10.9 4.3 26.8 ± 13.0 

Castkill 8.2 i t  3.7 14.5 6.6 23.9 t 11.9 

Cheam 0 i t  0 18.8 7.0 53 * 26.7 

Clondera 0  : t  0 14.1 6.0 16.8 + 16.5 

Comet 0 l t  0 0 0 6.0 + 3.4 

Cyclone 0  : t     0 7 0.5 12.2 ± 8.6 

Elsanta 0  : l     0 24.6 1.6 82.8 ± 21.3 

Florida Belle 7.1 l t  1.2 41.9 9.5 18.3 * 13.3 

Fukuba 4.3 i t     2.1 9.7 1.1 65.2 * 17.1 

Glooscap 0 i t     0 10.9 8.0 45.1 ♦ 15.5 

Corel la 0 i t     0 11.0 3.4 23.4 t 21.1 

Hood 0 i t  0 7.7 0 9.0 * 1.5 

Kaiser's Samling 0 i t  0 12.7 7.9 37.6 t 22.2 

Kurume 0 i t  0 26.2 14.4 64.2 t 20.0 

Linn 11.6i t  1.4 17.6 8.6 26.3 t 15.9 

Harlate 0 i t  0 3.5 1.9 8.4 t 6.5 

Hassey 0 i t  0 11.4 4.4 21.0 * 14.8 

Hicmac 0 i t  0 0 0 18.6 ♦ 19.5 

Northwest 0  : t     0 0 0 7.5 ± 2.4 

MDUS 3022 0 i t  0 8.8 0 44.8 ± 25.0 

Olympus 0 i t  0 0 0 2.1 ± 1.3 

Perle de Prague 0  : t  0 31.2 8.2 38.1 ± 28.4 

Pocachontas 5.1 i t     2.0 22.6 0 35.4 ± 21.9 

Primella 6.8 i t     3.4 58.1 19.4 82.8 ± 9.9 

Podnyaya Zagorya 0 i t  0 38 1.2 68.6 * 12.4 

Saladin 0 i :  0 13.4 1.2 39.2 * 21.1 

Senga Sengana 46.5i s  15.3 61.9 10.4 74 * 26.2 

Sequoia 6.4 i E  4.2 12.8 12.9 50.5 t 25.6 

Shuksan 16.3j t  5.0 22.7 3.7 37.1 ± 25.6 

Sumas 4.6 i :  0 25.6 1.4 63.0 ± 25.4 

Surecrop 0 i :  0 0 0 3 + 1.5 

Tamella 9.5 i t  2.2 6.8 3.1 16.1 ± 13.3 

Tangi 0 i :  0 19.5 7.9 77.5 + 18.4 

Tantallon 0 i t      0 8.4 4.4 48 ± 23.5 

Tillikum 18.4i t      16.2 24.2 3.2 59.2 ± 27.8 

Titan 16. Zi t  12.6 11.7 0 29.7 + 24.5 

Troubadour 0 i :  0 0 0 4.3 ± 3.1 

Trumpeter 0 i 0 8.2 4.9 39.3 ± 31.3 

Tyee 0 l 0 23.2 4.2 43.7 * 21.3 

The values presented are the means of 30 stamens from 3 flowers t SD. 
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Cultivar Days after Inoculation 

14 21 28 

ArKing 

Blakemore 

Brighton 

Castkill 

Comet 

Cyclone 

Earliglow 

Elsanta 

Florida Belle 

Fukuba 

Glooscap 

Corel la 

Honeoye 

Hood 

Kaiser's Samling 

Konsomalka 

Linn 

Harlate 

Massey 

Micmac 

Northwest 

HDUS 3022 

Olympus 

Pocahontas 

Primella 

Podnyaya Zagorya 

Saladin 

Senga Sengana 

Shuksan 

Sunas 

Surecrop 

Tamella 

Tangi 

Tantallon 

Tillikum 

T i tan 

Troubadour 

Trumpeter 

50 ± 19.6 

32 t 22.4 

38 t 4.3 

3 ± 1.5 

39 ± 6.9 

18 t 3.9 

44 ± 7.7 

43 t 8.3 

14 t 4.8 

45 t 46.0 

8 t 4.1 

57 ± 28.4 

17 ± 11.0 

44 ± 25.4 

47 ± 17.7 

46 t 4.1 

51 ± 11.8 

9 t 5.4 

2 ± 1.0 

24 t 6.3 

5 t    1.5 
37 t 13.6 

45 t 2.6 

35 ± 7.3 

34 ± 15.7 

32 ± 15.0 

1 t 1.5 

24 t  13.7 
38 t  20.7 
58 ± 31.8 

37 ± 9.9 

19 ± 20.5 

5 i 3.5 

7 ± 0.6 

16 t 8.0 

22 ± 8.4 

6 ± 2.1 

9 ± 10.8 

48 ± 19.8 

33 t 2.4 

96 t 3.4 

31 ± 1.5 

19 l 6.4 

52 l 12.8 

39 ± 12.5 

50 t 24.0 
27 ± 12.3 

52 t 11.0 
37 t 34.4 

63 ± 3.9 

68 t  10.3 
57 ± 5.3 

66 ± 23.7 

56 l 13.2 

59 ± 4.3 

14 t    5.4 
27 ± 8.7 

21 ± 2.4 

16 t  12.6 
58 ± 13.2 

44 ± 7.2 

70 ± 4.5 

63 t 18.2 

81 ± 8.4 

34 ± 23.6 

68 ± 9.3 

25 t    8.5 
64 ± 17.1 

66 ± 19.1 

46 ± 17.6 

87 ± 10.9 

28 ± 18.4 

56 ± 17.1 

54 ± 15.9 

49 i  12.2 
69 ± 37.3 

95 ± 10.2 

100 ± 0.0 

97 ± 13.5 

67 ± 24.7 

66 ± 21.4 

62 ± 10.0 

87 t    4.7 

98 ± 2.4 

75 t  11.0 

89 ± 8.5 

95 t  15.3 

92 ± 1.1 

87 ± 16.9 

62 ± 4.9 

88 ± 13.9 

87 ± 5.8 

89 t  22.5 

26 ± 15.1 

42 ± 12.1 

65 ± 11.1 

74 ±  25.4 

90 t  23.8 

64 ± 30.1 

77 t    7.3 

95 t  17.9 

100 ± 0.0 

48 ± 24.6 

79 ± 22.2 

46 ± 17.7 

75 t    1.5 

81 ± 9.7 

78 t  9.57 

96 ±  0.0 

61 ± 38.8 

98 ± 9.7 

71 ± 33.2 

85 ± 14.7 

84 ± 3.1 

The values presented are the means of 30 stamens from 3 flowers ± SD. 
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Table 3.  Means percent of anther colonized by B. cinerea of 42 strawberry cultivars at at 14, 21 and 
28 days after inoculation in the greenhouse2. 

Cultivar Days after inoculation 

V > 21 28 

ArKing 0 i t  0 9.2 ± 1.1 14 * 4.9 

Aromel 0 i 0 0  ± 0 5  ± 1.2 

Capron 0 i 0 0  ± 0 2  * 0 

Cardinal 2.1 i 0.6 26. It 8.8 29.5* 5.1 

Catskill 8.0 i 4.5 10.4± 3.9 28.3* 7.5 

Cheam 3.0 i 0 28.3± 9.2 53.6* 17.8 

Clondera 3.1 i 0 9.0 ± 7.2 22.1* 4.6 

Comet 0 i 0 2.3 * 2.0 7.7 * 3.9 

Cyclone 8.9 i 0 7.6 ± 1.1 16.0* 0 

Elsanta 10.91 1.7 32.7± 6.2 32.6* 10.7 

Florida Belle 25. &i 5.4 32.3± 11 37.4* 9.9 

Fukuba 0 i 0 7.1 ± 0 67.3* 17.7 

Glooscap 22.8 i 0 19.3± 6 35.7* 5.2 

Gorella 7.5 i 0 14.8* 5.2 26.3* 20 

Hood 5.9 i 0 8.0 ± 2.3 20.9* 15.9 

Kaiser's Samling 4.5 i 0 3.5 ± 0 28.0* 0 

Kurune 8.0i 7.5 29.8± 11.6 56.1* 10.2 

Linn 26.6^ 5.7 40.3± 3.6 52.6* 8.2 

Harlate 0 i 0 0  l 0 12.1* 6.5 

Massey 1.4 i 0 7.3 ± 4.4 21.0* 6.8 

Micmac 0 i 0 1.8 ± 0 15.7* 8.2 

Northwest 1.9 l 0 0 * 0 3.1 * 1.4 

MDUS 3022 0 i 0 8.5 ± 0 38.7* 4.0 

Olympus 3.6 i 1 0  t 0 9.5 * 4.2 

Perle de Prague 1.9 i 1 26.0± 11.0 29.8* 13.7 

Pocahontas 2.7 i 0 7.7 ± 10.0 27.1* 4.2 

Primella 41.7l 6.9 33.6t 32.7 60.0* 9.7 

Podnyaya Zagorya 0  i 0 5.8 ± 3.4 17.0* 3.8 

Saladin 0  i 0 27.4± 13.2 39.1* 16.1 

Senga Sengana 43.01 5.6 48.6* 7.9 72.5* 6.8 

Sequoia 12.21 6.8 9.5 * 9.8 35.0* 17.0 

Shuksan 28.61 7.4 15.6* 8.0 44.0* 8.3 

Sunas 38.21 14.2 56.0* 20.8 61.1* 28.3 

Surecrop 0  l 0 1.7 * 0 7  * 0 

lamella 3.6 i 1.5 8.6 * 3.2 20.6t 5.0 

Tangi 1.0 i 0 18.5* 6.6 71.5* 4.5 

Tantallon 2.8 i 0 18.7* 15.2 12 * 1.7 

Tillikum 3.2 l 1.3 26.3* 9.0 41.5* 10.4 

Titan 8.5 l 1.2 5.0 * 0 21 ± 7.3 

Troubadour 0 t 0 1.5 * 2.7 5.0 * 2.0 

Trumpeter 0 i 0 3.0 * 1.0 31.1* 17.2 

Tyee 0  i 0 29.5* 5.7 28.8* 4.8 

z The values presented are the mean t SO o f 30 stamens (10/flower). 


