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The influence of atmospheric humidity and free water on

germination and germ tube growth of Botrytis cinerea Pers. ex Fr.

was studied.

Relative humidities (RH) were maintained inside insulated

humidity chambers with sulfuric acid solutions of the appropriate

concentrations. Insulation was necessary to reduce the incidence

of condensation caused by temperature fluctuations. Any

condensation occurring during incubation at humidities above 90% RH

was detected with ink dust on filter paper.

Conidia were dusted on dialysis membranes and placed at

humidities of 70, 90, 94, and 98% RH. Samples removed after 12,

24, 36, and 60 hr were compared to controls that had been placed in

distilled water (dH2O). Conidia germinated in the control but not

at any RH tested. Further studies were conducted to determine

whether or not free water was necessary throughout the germination

process. Conidia were dusted on dialysis membranes and incubated

in dH2O for 1, 2, and 3 hr. Samples were removed after each



interval and percent germinati6n was measured. Conidia were then

incubated at 98% RH. Samples removed after 12, 24, 36, and 60 hr

were compared to initial samples. Percent germination did not

increase after incubation at 98% RH.

The influence of atmospheric humidity on germ tube growth was

investigated. Conidia were dusted on dialysis membranes and placed

in dH2O for 4.5, 8, and 12 hr to promote germination and germ tube

growth. Samples were removed after each interval, and germ tube

lengths were measured. Germinated Conidia were then exposed to

humidities of 70, 90, 94, and 98% RH. Germ tube lengths of samples

removed from humidity chambers after 12, 24, 36, and 60 hr

intervals were compared to the 12 hr control that had remained in

dH2O. Germ tube lengths did not increase when incubated at any RH

tested. Results suggest that water films on plant surfaces are

essential for germination and pre-penetration germ tube growth of

B. cinerea.
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INFLUENCE OF ATMOSPHERIC HUMIDITY AND FREE WATER ON

GERMINATION AND GERM TUBE GROWTH OF BOTRYTIS CINEREA PERS.

INTRODUCTION

Botrytis cinerea Pers. ex Fr. is a ubiquitous fungal plant

pathogen that causes disease on a variety of crops grown throughout

the world. It has been reported in diverse geographical locations

ranging from cool temperate regions of Alaska, to subtropical areas

such as northern New Zealand and Egypt. The disease occurs in

field, greenhouse, and storage and transport environments. Plants

infected include small fruits, vegetables, forest seedlings, and

ornamentals (Jarvis, 1977).

Botrytis cinerea was first reported on roses in Maryland in

1909 (Martin and Jenkins, 1928). Since then, reports of B. cinerea

on roses have come from areas as diverse as Germany (Laubert,

1933), Iraq (Damirgagh, 1979), and India (Gupta, 1979). Recently,

there has been an increase in the incidence of B. cinerea on

greenhouse roses. Botrytis epidemics now cause substantial losses

in the commercial rose industry. Losses during an epidemic period

in December, January and February 1983-1984 were estimated at

500,000 dollars in a 2.5 million square ft production area. This

recent disease increase is probably due to growing roses in cool

moist conditions that favor the development of Botrytis

epidemics. These conditions have become more prevalent in

greenhouses since rose growers have lowered temperatures and

reduced ventilation to offset high energy costs.
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Botrytis infections occur -on both greenhouse and outdoor

roses. Initially, small spots surrounded by water soaked lesions,

and blister-like patches occur on flower petals (Fig. I-1A). As

the disease progresses, the entire petal becomes brown and soft.

At this stage, the fungus sporulates, and the flower appears as a

powdery gray mass. Buds often become infected and will usually

fail to open (Keller, 1952), (Fig. I-1C). Botrytis cinerea also

infects canes where flowers have been cut, or where the plant has

been pruned (Fig. I-1B). These lesions may extend down the canes

(Deacon, 1933; Sweet, 1982). Infections starting at leaf axils

will often cause the girdling and collapse of stems (McClellan,

1949). Flowers also become infected during storage and

transport. Infections observed in storage may have started in the

greenhouse and escaped detection because they are often latent

(Keller, 1952).

Botrytis cinerea is usually disseminated by dry conidia that

are dispersed by air currents or on water droplets (Jarvis,1980).

Prolific dispersal of spores occurs whenever there is a rapid

change in relative humidity (RH) (Jarvis, 1962). Conidia that land

on host plants germinate and grow superficially on the plant

surfaces before penetrating the host tissue. Shortly after

germination, germ tubes adhere to the plant surface with a

mucilagenous sheath (Blackman and Welsford, 1916). Penetration of

the host cuticle has been described as a mechanical process (Brown,

1916). Recent evidence, however, suggests that penetration may

also have an enzymatic phase; esterase activity has been detected
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at the tip of infection pegs (McKeen, 1974). Botrytis cinerea is a

necrotroph, killing the host tissue in advance of the mycelium.

Pectin methyl esterase as well as endo and exopolygalacturonase

dissolve the middle lamella and disrupt cells, providing substrates

for the advancing mycelium (Verhoeff and Warren, 1972). Toxins,

such as oxalic acid, have also been implicated in host cell death

(Verhoeff, 1980).

Epidemics of B. cinerea are associated with cool temperatures,

high atmospheric humidity, and free water (Baker, 1946; Hunter et

al, 1972). The optimum temperature for growth is between 18-22 C

(Baker, 1946; Brooks and Cooley 1917; Ilieva, 1970). Germination

has been recorded at a temperature range of 0-30 C (Brooks and

Cooley, 1917). Atmospheric humidity and the availability of free

water are considered the most important factors influencing

infections caused by B. cinerea (Blakeman, 1980). Germination and

pre-penetration germ tube growth have high moisture requirements

and are dependent on moisture from a humid atmosphere, or from free

water on plant surfaces.

Several researchers have studied germination of B. cinerea at

various relative humidities to determine if conidia require free

water for germination. Results presented in the literature are

contradictory. Germination has been reported at atmospheric

humidities above 90% in the absence of free water (Ripple, 1933;

Snow, 1949; Ilieva, 1970). Other investigators report that conidia

will not germinate without free water, even in a saturated
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atmosphere (Wilson, 1937; VaneV., 1965; Stellwaag-Kittler, 1969;

Gartel , 1970).

The role of surface wetness and atmospheric humidity on germ

tube growth and infection of host plants, has also been

investigated, but it is not clear whether free water is required

for germ tube growth, or if growth occurs at high atmospheric

humidities in the absence of free water. Several researchers have

stated that free water is not necessary for germ tube growth and

infection at relative humidities above 94% (Nelson, 1951; Hennebert

and Gilles, 1958; Gartel, 1970). Others conclude that a film of

water must remain from germination through penetration of the host

plant, if the fungus is to survive (Duggar, 1901; Stellwaag-

Kittler, 1969).

Germination and germ tube growth are the first stages in the

pathogenesis of host plants by B. cinerea. If the pathogen can be

controlled during the initial stages of infection, the incidence of

Botrytis epidemics will be reduced. An understanding of how

various environmental factors influence all stages of the life

cycle of B. cinerea is necessary to develop disease forecasting

systems and effective control programs.

The purpose of this investigation was to determine how

atmospheric humidity and free water affect germination and pre-

penetration germ tube growth of B. cinerea.
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Fig. I-1. Botrytis blight of roses caused by Botrytis cinerea.

A) Small water soaked lesions on petals. B) Cane blight with B.

cinerea sporulating on the end. C) Unopened bud with sporulation

of B. cinerea. D) Botrytis cinerea sporulating on infected

shoot.
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INFLUENCE OF ATMOSPHERIC HUMIDITY AND FREE WATER ON GERMINATION

OF BOTRYTIS CINEREA PERS.

CHAPTER I

ABSTRACT

Conidia of Botrytis cinerea Pers. ex Fr. were exposed to

different relative humidities and free water to determine the

moisture requirements during germination. Conidia dusted on

dialysis membranes were exposed to relative humidities (RH) of 70,

90, 94, and 98%. Relative humidities were maintained inside

insulated humidity chambers with sulfuric acid solutions of

appropriate concentrations. Insulation decreased the incidence of

condensation by reducing temperature fluctuations. Any condensate

was detected with ink dust on filter paper. Samples removed after

12, 24, 36, and 60 hr were compared to controls which had been

placed in distilled water (dH2O). Conidia germinated in the

control with free water but did not germinate at any RH tested.

Further tests were conducted to determine whether or not free water

was needed for the entire germination process. Conidia were placed

in dH2O for 1, 2, and 3 hr. After each interval, percent

germination was measured. Conidia were then placed at 98% RH.

Samples removed after 12, 24, 36, and 60 hr were compared to

initial samples. Percent germination did not increase after

incubation at 98% RH. Results indicate that water films on host

plant surfaces are essential for conidial germination of B.

cinerea.
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INTRODUCTION

Germination of conidia of Botrytis cinerea Pers. ex Fr. is the

first step in the pathogenesis of host plants. The first visible

sign of germination is the swelling of conidia followed by

formation of germ tubes (Epton and Richmond, 1980). During

germination, conidia are dependent on external factors such as

temperature, water, and nutrients. The influence of atmospheric

humidity and free water on germination has been the subject of

considerable study, but results in the literature are

contradictory. Further research is needed to determine whether

germinating conidia require liquid water, or if conidia can imbibe

sufficient moisture from a humid atmosphere.

Germination of conidia in the absence of free water at

relative humidities (RH) above 90% has been reported by several

researchers (Ripple, 1933; Snow, 1949; Ilieva, 1970). Ripple

(1933) stated that conidia would germinate at RH between 90-100% at

a temperature range of 5-20 C. Snow (1949) reported germination at

humidities ranging from 93-100% RH. At 93% RH, he reported a two-

day lag period before germination occurred, compared to a one-day

lag period at 100% RH. Snow concluded that conidia took longer to

imbibe sufficient moisture at the lower humidities.

In contrast, a number of researchers state that free water is

necessary for germination (Wilson, 1937; Vanev, 1965; Stellwaag-

Kittler, 1969; GArtel, 1970). Vanev (1965) found that conidia

would not germinate in a saturated atmosphere if free water was not

present. Yarwood (1950) demonstrated that conidia imbibe a
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substantial amount of moisture from the environment before

germinating. The water content of the conidia ranged from 6-25% of

their fresh weight, but just before germination, the water content

increased to 72% of their fresh weight.

Under favorable environmental conditions, conidia of B.

cinerea usually germinate within 3-5 hr (Hennebert and Gilles,

1958). During this period, the moisture requirements of the

germinating conidia may change. To fully understand the role of

atmospheric humidity and surface wetness on germination, it is

necessary to determine the moisture requirements of the conidia

during the entire germination process.

The objectives of this study were 1) to determine whether free

water or high atmospheric humidity are required for germination,

and 2) to determine what the moisture requirements are during

different stages of the germination process.
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MATERIALS AND METHODS

Inoculum Production. Botrytis cinerea was isolated from roses

(Rosa sp) at Carlton's Nursery, Carlton, Oregon, and from

strawberries (Fragaria chiloensis var. ananassa), at Oregon State

University Hyslop Farm, Corvallis, Oregon. An isolate from broad

bean (Vicia fabae), received from the American Type Culture

Collection was also included. Isolates were designated as R-C, S-

18, and ATCC respectively. Single spores were transferred to

vegetable juice media. The media were prepared as follows: V-8

vegetable juice (Campbell Soup Co.), 1000 ml; dextrose, 5 gm; Agar,

10 gms, and adjusted to pH 6.5 with 2N NaOH. The isolates were

grown for 11 days at 20 C under cool white fluorescent lights (50

uE m-2 SEC-1) on a 12 hr photoperiod.

Inoculation Procedure. Dialysis membranes, 0.0063 mm in width

(VWR Scientific) were cut into 5 mm squares, on which 25 1-mm

squares were etched. The membrane squares were boiled in distilled

water (dH2O) for 10 min, rinsed twice in dH2O and autoclaved for 20

min in 50 ml of a glucose solution (glucose, 1 gm; tween 20, 0.1

ml; dH2O, 100 ml). Following autoclaving, the membranes remained

in the glucose solution for 48 hr at room temperature. The

membranes were then blotted dry on filter paper and placed etched

face down on filter paper in petri plates. To inoculate the

membrane squares, the petri plates were placed at the bottom of a

spore dusting chamber with lids removed. The chamber consisted of

a metal container 15.5 cm in diameter and 18 cm high. Conidia were

collected with a cyclone spore collector, and 2 mg of dry conidia
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were transferred to a small glass vial. Conidia were dusted on the

membranes in the chamber as described by Hart and MacLeod (1955).

The procedure was repeated for each isolate used in this study.

Humidity Chamber. The humidity chamber consisted of a 5 L

battery jar fitted with a 14 x 23 cm plexiglass lid, 6 mm in width

(Fig 1-1A). Four openings were cut into the lid and sealed with

duct tape (Polytape Kendal Co.) so samples could be placed inside

or removed from the chamber during experiments with minimal change

in RH within the chamber. Beneath the openings, 2 square petri

plates (100 x 15 mm) were glued to the plexiglass to support the

samples above the humidifying solutions (Fig. 1-1B). Inside the

chamber, RH of 98, 94, 90 and 70% were maintained with sulfuric

acid solutions of the appropriate concentrations (Table 1-1)

(Wilson, 1921; Stevens, 1916). In each experiment each RH was

tested separately. Sulfuric acid solutions were placed in six 300

ml beakers. To obtain a total exposed surface area of 199.1 cm2 of

the treatment sulfuric acid solutions within the RH treatment

chamber, six 300 ml beakers (each containing 150 ml of the

appropriate sulfuric acid solution) were placed in the chamber.

Sulfuric acid solutions were placed inside the chambers 48 hr

before the start of each experiment so that a state of dynamic

equilibrium was reached. The humidity chamber was enclosed in an

18.93 L glass tank insulated with closed cell polyurethane to

reduce temperature fluctuations (Fig. 1-2A, 1 -2B). The unit was

placed in a Forma Scientific refrigerated incubator maintained at

20 C. A thermocouple was placed inside the humidity chamber at the



11

level of the samples. The temperature remained at 20 C ± 0.1 C

throughout all experiments. Condensation of water at any point

during incubation was detected with ink dust on filter paper (Fig.

1-3). Whatman filter paper was placed on a microscope slide with

double stick tape and dusted with dried ink from a Noblot ink

pencil (E. F. Eberhard Faber). The slide was placed in the

humidity chamber before each experiment and removed with the final

samples. When condensation occurred at high humidities, the ink

stained the filter paper, otherwise the ink dust remained dry. If

condensation occurred during incubation, the experiment was not

included in the final analysis.

A preliminary experiment was conducted to determine if

sulfuric acid solutions released fumes which inhibited

germination. Conidia dusted on dialysis membrane squares were

placed on filter paper in a petri plate containing 2 ml dH2O. The

petri plate was placed in the humidity chamber maintained at 70%

RH. The conidia were removed after 12 hr exposure to 70% RH and

compared to the controls which had not been exposed to the

atmosphere in the humidity chamber. Percent germination and germ

tube growth of conidia exposed to 70% RH with a source of water

were similar to the control not exposed to the atmosphere in the

chamber.

Germination at various atmospheric humidities. Experiments

were performed to determine if conidia of B. cinerea geminate at

various atmospheric humidities. Membranes dusted with conidia were

placed on microscope slides with double stick tape. Conidia were
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then placed in the humidity chambers maintained at four RH

treatments (Table 1-1). Free water controls were placed on filter

paper in petri plates that contained 2 ml dH2O. Another free water

control was included to determine if conidia germinated on dialysis

membrane squares not previously soaked in 1% glucose. Dialysis

membrane squares were autoclaved in dH2O, blotted dry, and dusted

with conidia as previously described. Conidia were then placed on

filter paper in petri plates containing 2 ml dH20. Samples were

removed from the humidity treatments and controls after 12, 24, 36

and 60 hr. Conidia were stained with 0.5% cotton blue in lacto-

glycerine, and examined at a magnification of x400. To standardize

the measurement of germination, conidia were defined as germinated

when the length of the germ tube equaled its width (Manners, 1966).

Percent germination was evaluated by counting the first 100

conidia on randomly chosen etched squares on the membranes. There

were three replicates at each time interval; each membrane was

considered a replicate.

Germination after initial incubation in water. Preliminary

experiments were conducted to determine the time required for

completion of the germination process in free water. Conidia

dusted on membranes were placed on filter paper in petri plates

containing 2 ml dH2O. The conidia were incubated at 20 C for 5 hr;

samples were removed at 30 min intervals. Conidia were stained

with 0.5% cotton blue in lacto-glycerine, and percent germination

was measured on three replicates as previously described.
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To determine if conidia require free water for imbibition

during initial stages of germination, conidia dusted on membranes

were placed on filter paper in petri plates that contained 2 ml

dH2O for 1, 2, and 3 hr. Samples were removed, and percent

germination was measured. The membranes were blotted dry, and the

conidia were placed in the humidity chamber maintained at 98% RH.

The free water control remained in dH2O. Samples were removed from

the 98% RH treatment and the free water control after 12, 24, 36,

and 60 hr. Conidia were stained with 0.5% cotton blue in lacto-

glycerine. Percent germination was evaluated as previously

described. Proportions of initial samples were compared to

proportions of 12, 24, 36, and 60 hr samples from the humidity

treatment using a chi-square test (Snedecor and Cochran, 1980).
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RESULTS

Germination at various atmospheric humidities. Conidia of B.

cinerea did not germinate when exposed to atmospheric humidities of

70 (Fig. 1-4A), 90, 94, or 98% RH. In contrast, germination of the

control, which had been placed in dH2O, was 97% by 12 hr (Fig. 1-

4B). Percent germination of the controls was similar for conidia

dusted on membranes that had been either initially autoclaved in a

1% glucose solution or in dH2O. Conidia of isolates R-C and ATCC

placed at atmospheric humidity of 98% RH showed localized swelling

after 36 hr exposure to 98% RH (Fig. 1-5A). The percentage of

swollen conidia did not significantly increase after 60 hr exposure

to 98% RH (Table 1-2), and normal germ tubes did not develop from

the swollen conidia.

Germination of conidia in dH2O was studied to determine if

localized swelling also occurred during initial stages of

germination in water before germ tube emergence. Conidia from

isolates R-C, ATCC, and S-18 dusted on dialysis membrane squares

and placed in 2 ml dH2O, were removed at 30 min intervals. After

1.5 hr in dH2O, germ tube formation was initiated, detected as a

small protrusion of the conidial cell walls. After 2 hr in dH2O, a

small percentage of conidia had germinated, producing germ tubes

less than 3 u in length (Fig. 1 -5B). The protrusion of the

conidial cell walls were limited to the width of the emerging germ

tubes and were not similar to the localized swelling of the conidia

placed at 98% RH for 36 hr.
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Germination after initial incubation in water. In experiments

conducted to determine the time required for germination, 98% of

the conidia had germinated by 5 hr (Fig. 1-6). From this

experiment, three stages of germination were defined: 1) One hr

incubation in dH2O: Conidia have imbibed water and increased in

diameter, germ tubes have not emerged (Fig. 1-7A). 2) Two hr

incubation in dH2O: approximately 15% of the conidia have

germinated, germ tube length does not exceed germ tube width (Fig.

1 -7B). 3) Three hr incubation in dH2O: germination is greater

than 50%, germ tube lengths are equal to or greater than length of

conidia (Fig. 1-7C).

These three stages of germination were used to determine

whether or not free water was required during the entire

germination process. Conidia placed in dH2O for 1 hr (stage 1),

followed by exposure to 98% RH for 12, 24, 36, and 60 hr did not

germinate. After an initial incubation period of conidia for 2 hr

in dH2O (stage 2), no further germination occurred when they were

subsequently incubated at 98% RH for 12, 24, 36, and 60 hr. The

proportion of germinated conidia from initial samples was not

significantly different (P > 0.05) from those in which samples were

removed from 98% RH after 12, 24, 36, and 60 hr (Fig. 1-8).

Similar results were obtained for conidia initially incubated in

dH2O for 3 hr (stage 3) (Fig. 1-9). The controls in Fig. 1.8 to

1.9 are depicted for isolate R-C, percent germination of the

controls for isolates ATCC and S-18 are similar.
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DISCUSSION

The contradictory results reported in the literature con-

cerning germination at high humidities may be due to difficulty in

maintaining atmospheric humidities above 90% RH without condensa-

tion. In the temperature ranges for growth of plant pathogenic

fungi, an atmosphere at 90% RH or higher will be cooled below its

dewpoint with a 1 C drop in temperature (Schein, 1964). Since

humidity chambers set on laboratory benches or in incubators are

usually exposed to temperature fluctuations greater than 1 C, water

condenses and the conidia may be exposed to a film of moisture.

Insulated incubators decreased the temperature fluctuations and

reduced the incidence of water condensation at humidities above 90%

RH. Experiments conducted to determine the influence of high

atmospheric humidities on fungal germination and growth should also

include a method of detecting condensation. Ink dust on filter

paper provided a simple and effective technique for determining

whether or not condensation occurred during incubation.

The choice of substrates on which to place the conidia is also

an important consideration. A hygroscopic substance may absorb

enough water at high humidities to allow spores to germinate. When

Snow (1949) seeded conidia on gelatin sheeting, he noted that the

sheeting became moist and sticky to the touch at high humidities.

This may explain why he observed germination when liquid water was

apparently not present.

There are several explanations for the requirement of water by

B. cinerea during germination. Conidia of B. cinerea are dormant
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reproductive structures with low water contents (Yarwood, 1950).

During the initial phase of germination, conidia imbibe water and

swell. During this phase, there is a transition from low metabolic

activity to a metabolic rate similar to that of vegetative hyphae

(Gottlieb, 1978). Rehydration of conidia may be essential for

increasing the metabolic rate; water provides a suitable aqueous

environment for increased enzymatic activity.

The presence of self-inhibitors in conidia of B. cinerea has

been suggested as the reason for poor germination at high spore

densities (Blakeman, 1980). Self-inhibitors, incorporated in

conidia during conidiogenesis, may function by inhibiting the

activity of one or more enzymes (Gottlieb, 1978). Water may be

essential for the removal of these self-inhibitors, or reducing

their concentration below a critical level.

Imbibition of liquid water by B. cinerea may be a mechanism

for the uptake of exogenous nutrients in solution. Several

researchers have reported that conidia of B. cinerea are unable to

germinate without exogenous nutrients (Chou, 1972; Yoder and

Whalen, 1975). Blakeman (1975) studied seven isolates of B.

cinerea and found that they differed in their ability to germinate

in dH2O. One isolate, 10T, was unable to germinate without

exogenous nutrients, while percent germination in dH2O ranged from

34-85% for the other six isolates. A comparison of isolates able

to germinate without exogenous nutrients with those dependent on

exogenous nutrients for germination may help elucidate whether

water imbibition is a mechanism of nutrient uptake.
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Water also has a biophysical role in germination. A minimum

hydrostatic pressure must be maintained to allow cell enlargement

and germ tube growth (Cook and Baker, 1983). Water was essential

for the entire germination process for the three isolates tested

and may be required to maintain hydrostatic pressure for germ tube

emergence.

In the present investigation, free water was needed for the

entire germination process, but on plant surfaces water films may

not be of sufficient duration for the completion of germination.

An alternation of wet and dry periods may reduce conidia

longevity. These fluctuating moisture conditions may increase

respiration, and as a result conidia will use endogenous

carbohydrate reserves (Blakeman, 1980). As the spore ages, and

endogenous reserves decline, germination may not readily occur

unless conditions are optimum. A reduction in the number of viable

conidia will ultimately have an effect on the epidemiology of the

disease. Modifying cultural conditions to decrease the incidence

of free moisture on plant surfaces may provide growers with an

effective method of reducing Botrytis epidemics.
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Table 1-1. Approximate relative humidity and vapor pressure at 20

C for dilute sulfuric acid of various percentages.

Percent Approx. RH Vapor pressure

H
2
SO

4
a) (percent) (mm of mercury)

5.96 98.2 17.1

14.35 93.9 16.3

19.61 89.9 15.6

33.43 70.4 12.2

a) Reagent grade diluted in water.
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Table 1-2. Percent of swollen conidiaa after exposure to 98% RH.

Hours at 98% RH
Isolate 12 24 36 60

S-18 0 0 0 0

ATCC 0 0 8.7 9.0

R-C 0 0 6.3 5.7

a) 300 conidia observed
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Fig. 1-1. Humidity chamber with plexiglass lid. A). Battery jar

with plexiglass lid. Arrow shows openings in lid for slides.

B). Humidity chamber. Arrows show petri plate glued to plexiglass

lid to support samples above humidifying solutions, and beakers

containing sulfuric acid solutions.
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Fig. 1-2. Insulated glass tank containing humidity chamber.

A). Insulated glass tank with front open, humidity chamber

inside. B). Insulated glass tank with front closed ready to be

placed in the incubator.
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Fig. 1-3. Ink dust on filter paper. Arrow shows where water

condensed and the ink stained the filter paper.
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Fig. 1-4. Botrytis cinerea conidia stained with 0.5% cotton blue

in lacto-glycerine. A). Isolate S-18 after 60 hr exposure to 70%

RH. B). Isolate S-18 control placed in dH2O for 12 hr.
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Fig. 1-5. Botrytis cinerea isolate ATCC conidia stained with 0.5%

cotton blue in lacto-glycerine. A). Conidia after 36 hr exposure

to 98% RH. Arrow shows localized swelling of conidia. B). Conidia

after 2 hr in dH2O. Arrow shows point of germ tube emergence.
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Fig. 1-6. Percent germination of Botrytis cinerea conidia in

dH2O. Each point represents 300 observations.
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0

Fig. 1-7. Three stages of Botrytis cinerea isolate R-C conidial

germination. Conidia stained with 0.5% cotton blue in lacto-

glycerine. A). Conidia after 1 hr incubation in dH2O. B).

Conidia after 2 hr incubation in dH2O. Arrow shows germ tube

emergence. C). Conidia after 3 hr incubation in dH2O.
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Fig. 1-9. Germination of Botrytis cinerea at 98% RH after 3 hr

incubation in dH20. Control was incubated continuously in dH2O.

Each point represents 300 observations.
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INFLUENCE OF ATMOSPHERIC HUMIDITY AND FREE WATER ON

GERM TUBE GROWTH OF BOTRYTIS CINEREA PERS.

CHAPTER II

ABSTRACT

Germinated conidia of Botrytis cinerea Pers. ex Fr. were

exposed to various atmospheric humidities to determine whether or

not germ tube growth occurs in the absence of free water. Conidia

dusted on dialysis membrane squares were placed in 2 ml distilled

water (dH2O) for 4.5, 8, and 12 hr intervals to promote germination

and germ tube growth. Samples were taken at each interval and germ

tube lengths were measured. Germinated conidia were then exposed

to relative humidities (RH) of 70, 90, 94 and 98%. Relative

humidities were maintained with sulfuric acid solutions of

appropriate concentrations inside insulated humidity chambers.

Insulation reduced the incidence of condensation by maintaining the

temperature at 20 C ± 0.1 C. Condensate was detected with ink dust

on filter paper. Germ tube lengths of samples removed from

humidity treatments after 12, 24, 36, and 60 hr were compared to

the controls which had remained in dH2O. Germ tube lengths did not

increase when incubated at any RH tested. Germ tube lengths of the

controls were significantly longer than those of the humidity

treatments. Water in the liquid state was necessary for germ tube

growth in vitro and may be required for pre-penetration germ tube

growth on host plant surfaces.



34

INTRODUCTION

Conidia of Botrytis cinerea Pers. ex Fr. germinate during cool

wet conditions. Following emergence of germ tubes, germinated

conidia grow superficially on plant surfaces before penetrating the

host tissue. During this period of epiphytic growth, environmental

conditions such as humidity, temperature, and the availability of

free water may fluctuate, and conditions could become unfavorable

for continued germ tube growth. Infection by B. cinerea is

dependent on initial germ tube elongation on plant surfaces

(Verhoeff, 1980). If this growth is impeded by unfavorable

environmental conditions, the epidemiology of the disease will be

affected.

The influence of free water and atmospheric humidity on the

infection process has been studied, but the water requirements of

germinated conidia are not clear. Nelson (1951) reported that

duration of free water on the surface of grapes was unimportant as

long as the relative humidity (RH) remained above 93%. Grapes

became infected whether or not the water films remained on the

fruit surfaces for 1 or 18 hr. Hennebert and Gilles (1958)

obtained infection of strawberry fruits by B. cinerea at 100% RH in

the absence of free water. However, they observed that infection

progressed at a faster rate when free water was present. These

findings support those of Gartel (1970), who stated that germ tubes

of germinated conidia grow without free water as long as high RH is

maintained.



35

Conversely, Wilson (1937) stated that B. cinerea would not

infect bean plants without a film of water on the plant surfaces.

Jarvis (1962) studied the effect of water film persistence on spore

germination and infection of strawberries. He found that conidia

did not readily germinate or infect strawberries in a saturated

atmosphere in the absence of free water. From field observations,

he concluded that water films generally did not persist on the

fruit surface long enough for the completion of the infection

process. Infections of strawberry fruits usually occurred from

infected flowers adhering to strawberry fruits. Other workers have

found that conidia do not remain viable without a continual film of

water on the plant surface during germination and pre-penetration

germ tube growth (Duggar, 1901; Stellwaag-Kittler, 1969).

Studies on the role of atmospheric humidity and free water on

germ tube growth and infection have been done mainly with fruit, by

determining if infection of fruit occurs at different relative

humidities. Research to determine the effect of humidity and free

water on growth of germ tubes of di fferent lengths is lacking, and

no quantitative data are available in the literature.

The purpose of this study was to determine if germinated

conidia, with germ tubes of different lengths, grow at various

relative humidities when free water is not available.
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MATERIALS AND METHODS

Botrytis cinerea isolates from roses, strawberries, and an

American Type Culture Collection isolate from broad bean were used

in these experiments (Chapter I). Isolates were designated as

R-C, S-18, and ATCC respectively. Single spores were transferred

to vegetable juice media (Chapter I), and isolates were grown for

11 days at 20 C under cool white fluorescent lights (50 uE m-2 SEC-

2) on a 12 hr photoperiod.

Dialysis membrane squares were prepared and inoculated as

described in Chapter I. Conidia were placed on filter paper in

petri plates containing 2 ml distilled water (dH2O) for 4.5, 8, and

12 hr to promote germination and germ tube growth. Samples were

removed and germ tube lengths were measured. Germinated conidia

were then placed in the humidity chamber (Chapter I). Relative

humidities of 98, 94, 90 and 70% were each tested separately (Table

1-1, Chapter I). Free water controls remained in dH2O. Samples

were removed after 12, 24, 36, and 60 hr from the humidity

treatments and the controls (Fig. 2-1). Germinated conidia were

stained with 0.5% cotton blue in lacto-glycerine and examined at a

magnification of x400.

Etched squares were randomly chosen on each membrane, and the

germ tube lengths of all the germinated conidia in each randomly

chosen square were measured. A total of 50 germ tubes were

measured on each of five replicates; each membrane was considered a

replicate.
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The experiment was set up as a completely randomized design.

ANOVA was used to determine statistical differences between the

treatment means. A students t-test was used to determine which

means were significantly different (Snedecor and Cochran, 1980).

Each isolate was analyzed separately.
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RESULTS

Germ tubes of conidia initially incubated in dH2O for 4.5, 8,

and 12 hr stopped growing when exposed to RH of 70, 90, 94, and 98%

(Fig. 2-2, 2-3, and 2-4). Germ tube lengths measured immediately

after initial incubation in water were not significantly different

(P > 0.05) from those of samples taken from humidity chambers after

12, 24, 36, and 60 hr intervals. The controls which remained in

dH2O after the initial incubation period could not be accurately

measured beyond 12 hr because they were too long and entwined.

Germ tube lengths of the 12 hr controls were significantly longer

(P < 0.001) than the germ tube lengths of samples removed from

humidity treatments after 12, 24, 36, and 60 hr incubation.

Results for isolates R-C, ATCC, and S-18 at 98% RH are shown in

Table 2-1. Similar results were observed when B. cinerea was

incubated at RH of 70, 90, and 94%, and the data were not included.
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DISCUSSION

Results of these in vitro experiments suggest that water films

on plant surfaces are essential for pre-penetration germ tube

growth of B. cinerea. "Germ tubes of the three B. cinerea isolates

tested did not grow in the absence of free water, indicating that

various isolates may have similar moisture requirements. These

results confirm previous reports that free water is a prerequisite

for infections by B. cinerea.

The effect of atmospheric humidity on growth of germ tubes of

different lengths has not been previously studied. There are

several reports in the literature stating that germinated conidia

of B. cinerea can infect tissue in the absence of free water.

Studies on the influence of atmospheric humidity on infection have

been mainly conducted by placing inoculated fruit in humidity

chambers maintained at high humidities. Slight temperature

depressions may cause condensation on fruit surfaces at atmospheric

humidities above 90% RH (Schein, 1964). Transpiration from fruit

surfaces may also increase the incidence of condensation by

increasing the RH in the boundary layer around the fruit. Nelson

(1951) placed inoculated grapes in a humidity chamber maintained at

high humidities by pumping moist air through the chamber. The RH

of the air flowing out of the chamber was 6-7% higher than the air

pumped into the chamber, indicating that the grapes were losing

considerable moisture through transpiration. Methods to detect

condensation have not been included in any previous study. We were

able to eliminate condensation as a factor in our experiments.
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Insulated humidity chambers reduced the temperature fluctuations

within the incubator. Condensation occasionally occurred at 94 and

98% RH and was detected with the ink dust on filter paper. If

condensation occurred during incubation, the experiment was not

included in the final analysis.

The requirement for free water during germ tube growth may be

due to the need to maintain hydrostatic pressure within the germ

tube. Germ tubes extend by growth at the hyphal tip, a minimum

hydrostatic pressure must be maintained to allow elongation of

hyphae (Cook and Baker, 1983). Water is also involved in the

diffusion of nutrients into the cell from the external medium.

After germination, endogenous reserves from the conidia may be

insufficient for continued gem tube growth and production of

enzymes such as cell wall degrading enzymes. Uptake of exogenous

nutrients may be necessary for hyphal extension and enzyme

production.

Results of the present study suggest that free water is

necessary for germ tube growth, but aerial plant surfaces are

subjected to fluctuating environmental conditions, and water films

may evaporate before germinated conidia have penetrated the host.

Good and Zathureczky (1967) reported a reduction in the number of

viable germinated conidia after intermittent drying over anhydrous

calcium sulphate. Any reduction in the number of viable germinated

conidia during dry periods will ultimately delay the onset of an

epidemic. An understanding of how drying affects the epidemiology



41

of B. cinerea will help growers develop cultural practices that

alter disease-promoting environmental conditions.



Table 2-1. Germ tube length a/ of three Botrytis cinerea isolates after exposure to 98% RH.

Hours Initially Incubated in dH20

Hours at

R-C

Isolate

S-18 ATCC

98% RH 4.5 8 12 4.5 8 12 4.5 8 12

0b/ 14.7 47.8 91.6 28.4 82.3 124.6 29.7 68.6 117.2

12 14.7 48.3 89.9 26.9 76.0 121.6 28.3 79.7 118.3

24 15.1 49.8 88.6 29.0 81.1 122.8 30.0 75.6 117.4

36 15.1 47.0 91.3 27.5 79.8 121.3 28.5 71.6 122.1

60 14.6 48.2 92.3 29.1 78.9 121.5 29.0 73.0 113.4

Controls/ 135.3 182.9 225.7 137.7 154.5 254.4 113.7 142.8 246.9

Lai, Germ tube length in u; the average of 5 replicates.
pi Germ tube lengths of samples taken after initial incubation in water.
c/ Controls which remained in dH2O for 12 hr after initial incubation in dH2O.



43

Conidia Dusted on Membranes

1

Placed in dH2O

4.5hr 8thr

I
12hr

Placed in Humidity Chamber

Samples Removed
Gem Tube
Lengths
Measured

i t i
70% 90% 94I% 98% freIe

water
control

Samples Removed From Treatments

I I I I
12hr 24hr 36hr 60hr

1

Gem Tube Lengths Measured

Fig. 2-1. Experimental procedure used to determine if germ tube

growth occurs without liquid water.
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Fig. 2-2. Germ tube length of Botrytis cinerea isolate R-C at 98%

RH after 4.5 hr initial incubation in dH2O. The 12 hr control was

incubated continuously in dH2O. Each point represents the average

of 250 observations.
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Fig. 2-3. Germ tube length of Botrytis cinerea isolate R-C at 98%

RH after 8 hr initial incubation in dH2O. The 12 hr control was

incubated continuously in dH2O. Each point represents the average

of 250 observations.
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Fig. 2-4. Germ tube length of Botrytis cinerea isolate R-C at 98%

RH after 12 hr initial incubation in dH2O. The 12 hr control was

incubated continuously in dH2O. Each point represents the average

of 250 observations.
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CONCLUSIONS

The free water requirement by B. cinerea during germination

and germ tube growth in vitro indicates that free water on plant

surfaces is a prerequisite for successful infection. These results

are supported by previous reports which correlate prolonged wet

conditions with increases in the incidence of Botrytis epidemics

(Wilson, 1937; Hunter et al, 1972; Jarvis, 1980).

This study suggests that conditions which prolong surface

wetness such as high humidity and cool temperatures, promote

germination of B. cinerea conidia and subsequent infection of host

tissue. Time is an important consideration in the development of

plant diseases. If favorable conditions are of insufficient

duration to allow completion of the germination and infection

processes, the progress of Botrytis epidemics may be delayed. A

reduction in the viability of both germinated and ungerminated

conidia after intermittent drying has been reported (Good and

Zathureczky, 1967; Blakeman, 1980). It should be possible to

modify cultural conditions to alter the environment so that it no

longer favors disease development.

Cultural practices which promote shading, poor air circu-

lation, and free water within the plant canopy should be avoided.

Campbell (1949) found that heaviest infection of pole beans

occurred when rows were spaced close together, oriented at right

angles to prevailing winds, and the foliage was dense. The number

of infected bean plants was significantly reduced when rows were

spaced further apart, oriented parallel to prevailing winds, and
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the plants were thinned. Savage and Sall (1984) reported that the

incidence of Botrytis bunch rot of grapes was correlated with the

type of trellis on which the grapes were grown. Trellis style

influenced the microclfinate within the canopy, creating conditions

that were either favorable or adverse for the development of

Botrytis infections.

Control of Botrytis epidemics in the greenhouse should be

possible by modifying the greenhouse environment. Reducing high RH

within the greenhouse is a major concern for most growers of

greenhouse crops. High RH increases the possibility of water

condensation on plant surfaces. The RH within the boundary layer

of leaf and floral surfaces is usually higher than the ambient RH,

due to transpiration. In the evening, RH approaches saturation

when temperatures are reduced in the greenhouse. Condensation on

plant parts occurs when the surface temperature drops below the

dewpoint. This creates ideal conditions for the development of

Botrytis epidemics.

There are a number of steps a grower can take to reduce RH in

the greenhouse and keep foliage within the canopy dry. 1) Heating

combined with ventilation promotes the exchange of moisture laden

greenhouse air with cooler outside air of a lower vapor pressure

(Mastalerz, 1977). As the outside air enters the greenhouse, its

capacity to hold water vapor increases as it is heated. 2) The use

of fans in greenhouses improves air circulation and helps eliminate

pockets of moisture within the canopy. 3) Watering plants in the

morning so that foliage drys before nightfall and avoiding the use
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of overhead sprinklers will help keep plant canopies dry. These

measures combined with good sanitation practices to reduce amounts

of initial inoculum should help reduce losses incurred by B.

cinerea.
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