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The influence of atmospheric humidity on three aspects of sporulation of

Sphaerotheca pannosa (Walk.) Lev. var. rosae Wor., which causes rose powdery

mildew, was studied on leaf disks of susceptible Rosa cultivar Samantha.

To study conidiophore production, leaf disks were inoculated on the adaxial

(upper) surface with conidia of S. pannosa race 2 and incubated at 21 C for 24

hours, then exposed to 20, 50, 80, and95% relative humidity (RH). RH was

maintained with glycerol solutions inside insulated chambers held at 21 C. After six

clays the disks were removed and the number of conidiophores per disk was

determined with an epi-illuminating microscope. At 80 or 95% RH the number of

conidiophores produced per disk was significantly greater than at 20 or 50% RH. It

was noted that the incidental occurrence of mycoparasites reduced sporulation on

disks exposed to 95% RH, so that it was not significantly different from that on

disks exposed to 20 or 50% RH.

To study the effect of atmospheric humidity on the latent period of

S. pannosa, leaf disks were inoculated on the adaxial surface with conidia of S.



pannosa race 2 and incubated for 24 hours at 21 C , then exposed to RH of 20, 50,

80, and 95%. After 48 hours, disks were removed from the humidity chamber at 24-

hour intervals, and examined under epi-illumination to determine the earliest day that

conidiophores and conidia appeared on each disk. The occurrence of conidiophores

and conidia was significantly earlier at 80 or 95% RH than at 20 or 50% RH.

To study the effect of atmospheric humidity during conidial production on

conidial viability of S. pannosa , leaf disks excised from infected plants were

exposed to 20, 50, 80, and 95% RH for two days. Percent germination of conidia

produced during the RH treatments was evaluated on uninfected leaf disks. There

were no differences in percent germination of conidia produced at any of the four RH

treatments.

Results suggest that the quantity and rate of sporulation of S. pannosa is

favored by high RH, but that RH conditions during sporulation do not affect conidial

viability. Also, the presence of fungal antagonists may inhibit sporulation of

S. pannosa significantly at high RH.
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INFLUENCE OF ATMOSPHERIC HUMIDLY ON SPORULATION OF
SPHAEROTHECA PANNOSA (WALLR )LEV. VAR. ROSAE WOR.

INTRODUCTION AND LHERATURE REVIEW

Rose powdery mildew, caused by the fungus Sphaerotheca pannosa (Wallr.)

Lev. var. rosae Wor., is the most widespread disease of roses grown for the cut-

flower market. It has been reported everywhere roses are grown. Its ubiquity is

indicative of its tolerance to a wide range of environmental conditions. The

characteristic white, powdery growth, on the surfaces of leaves, stems, and flowers,

reduces the aesthetic appeal of roses, and hence their market value (Fig. 1),In

addition, S. pannosa var. rosae infections reduce photosynthetic efficiency, thus

weakening plants and possibly reducing flower production (Wheeler, 1978).

Powdery mildew is first evident on young Rosa leaves as a small blister-like

spot. These soon become discrete, white, fungal colonies. On a susceptible variety

the colonies may spread, coalesce and eventually cover the entire growing end of the

plant. Usually the disease only affects green parts of the plant, although on some

cultivars it may attack the flower petals (Fig. 2). Growing leaves may become

twisted, misshapen and dwarfed (Fig. 3).

The hyaline mycelium grows superficially (Fig. 4), except for occasional

intrusions into the epidermal cells where haustoria are formed. Conidia, which are

formed in long chains are disseminated passively by air currents. Work by Adams

and Leach (1983) indicates that conidia may also be actively discharged in still air by

an electrostatic mechanism. Like most powdery mildews it shows a diurnal cycle of

conidial maturation and discharge (Childs, 1940). Evidence indicates that

S. pannosa var. rosae perennates mostly in buds as dormant mycelium (Price,

1970). Though formed infrequently and erratically (Coyier, 1961; Price, 1970),
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recent data indicates that cleistothecia may also play a role in perennation of the

fungus (Bender, 1983; Bender and Coyier, 1985).

Longree (1939) found conidia would germinate between 4 and 33 C, but the

optimum temperature for germination was 21 C. The optimum for mycelial growth

was between 11 and 28 C; for sporulation it was somewhat narrower at 21-25 C.

Because S. pannosa var. rosae is an obligate parasite, it is difficult to

separate direct effects of light on the pathogen from indirect effects on the host.

Longree found conidia germinated equally well in darkness as in light. Hanunarlund

(1925) stated that conidia produced in the dark did not germinate well. Although the

effects of light on S. pannosa var. rosae are not well understood, in general, the

pathogen thrives in low light or shady conditions (Bewely, 1923; Yarwood, 1957).

The moisture relations of S. pannosa var. rosae and all powdery mildews are

confusing and reports are often contradictory. In general, the powdery mildews are

considered xerophytes, as there are many reports which indicate that epidemics are

more likely to develop in areas where precipitation is lacking. Nevertheless, a

favorable effect of fog is noted, and indeed the San Francisco Bay area has the

greatest incidence of powdery mildews in the United States (Yarwood, 1957).

Many workers have confirmed the deleterious effects of free water on

S. pannosa var. rosae . Longree (1939) found that conidia in contact with water

droplets do not germinate well. Rogers (1959) was able to keep young plants free of

mildew with intermittent mist. Perera and Wheeler (1975) found mycelial growth of

S. pannosa var. rosae was most retarded by water sprays immediately after inocu -

lation; the extent was directly related to the length of wet period. Sivapalan (1981)

immersed inoculated leaves in water and found that germination and mycelial growth
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were inhibited. It is interesting that the mildew grew under water at all (Wheeler,

1981).

All powdery mildews tolerate lower relative humidities (RH) than other

fungi, but published data indicate that various species may differ in their degree of

tolerance. In response to a tendency to generalize about the powdery mildews,

Schnathorst (1965) has divided the powdery mildews into three groups based on

their tolerance to low RH during germination. S. pannosa var. rosae is included in

the least tolerant group. Longree (1939) determined that percent germination was

best at very high RH (95-99%). This has been confirmed by others since (Pathac

and Chorin, 1968; Raggazzi, 1981).

Reports on RH relations of S. pannosa var. rosae have emphasized

germination or qualitative evaluations of disease severity. Longree (1939) noted that

mycelial growth and sporulation was better at high RH, but she did not quantify

these observations. Dimmock and Tammen (1969) also observed that sporulation

was enhanced by high RH. Rogers (1959) felt that RH had no effect on the severity

of rose powdery mildew. Ragazzi (1981) reported that RH had no effect on the

conidial concentration of air in a glasshouse containing powdery mildew-infected

roses. In contrast, Hammarlund (1925), who studied the effect of RH on conidial

production of several mildews including S. pannosa var. rosae, reported that more

conidia were produced at low RH than at high. At the Horticultural Crops Research

Laboratory (HCRL) in Corvallis, Oregon, I have observed heavier sporulation of

S. pannosa var. rosae on glasshouse roses in high humidity (approximately 80%

RH) than in low (approximately 45% RH). Some discrepancy may be explained by

differences in the criteria chosen to assess sporulation. Sporulation is defined as

production of sporophores and production and maturation of spores (Hirst and

Schein, 1965). The quantity of conidia caught in a spore sampler (Hammarlund,
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1925; Ragazzi, 1981), reflects dissemination rather than sporulation (Hirst and

Schein, 1965). In light of these contradictions, the purpose of this investigation is to

determine the role of RH in sporulation of S. pannosa var. rosae .

Few reports on moisture relations within the powdery mildews have related

sporulation to RH quantitatively. The dissemination of S. pannosa var. rosae

depends on the production of large numbers of conidia. It is likely that conditions

that affect sporulation would have a large impact on epidemic progress. Waggoner

and Horsfall (1969), Waggoner et al (1972), and Kranz et al (1973) included

numerical values of sporulation as a basic parameter in predictive models of plant

disease epidemics (Rotem et al, 1978). Such data have been reported for Erysiphe

graminis on barley, for Sphaerotheca fuliginea on squash, and Erysiphe betae on

beet (Drandarevski, 1969b). E. graminis reached maximum sporulation at high RH

(Ward and Manners, 1974), while S. fuliginea (Reuveni and Rotem, 1974) and

E. betae (Drandarevski, 1969b) at low RH. The object of this investigation is to

determine how atmospheric humidity affects three aspects of sporulation in

S. pannosa var. rosae : 1) the quantity of conidiophores produced, 2) the length of

time between inoculation and sporulation, and 3) the viability of conidia produced at

various RH.

Foex (1926) described the development of the S. pannosa var. rosae

conidiophore in detail. The conidiophore initial develops as a swelling on the hypha

just above the nucleus. This initial elongates into a short tube which becomes

separated from the hypha by a septum once a nucleus passes into it. The nucleus of

the conidiophore initial then divides and a septum is formed to divide the initial into

two cells. The basal cell becomes the pedicel of the conidiophore while the upper cell

undergoes further division to form six to eight cells, the topmost of which become

barrel-shaped as they mature into conidia. These stages are evident through a Zeiss
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microscope fitted with epi-illumination (Fig. 5). For this study a colony was defined

as sporulated when the conidiophore initial had divided into two cells. Because

counting conidia with a cytometer was was found to be an unreliable means of

quantifying sporulation, the total number of conidiophores produced was used to

establish this parameter.

Van der Plank (1963) defines latent period as the time between spore

deposition on a susceptible host surface and the production of secondary spores.

Conditions which alter this period may affect the rate of an epidemic. There is but

one study which related RH to this aspect of sporulation in the powdery mildews.

Stave ly and Hanson (1966) found that for E. polygoni, the latent period did not

differ at 52 and 75% RH.

The epidemic potential of the conidia produced, and the consequently build-

up of inoculum, depends not only on the amount or frequency of sporulation, but

also on factors that affect their viability. Wheeler (1981) commented that germination

of powdery mildew conidia could be influenced by the conditions under which they

were produced. Several authors have studied the effect of RH on the viability of

various powdery mildews. Hammarlund (1925), in a study of various powdery

mildews including S. pannosa var. rosae, reported that conidia produced at low RH

were more viable. Drandarevski (1969b) also reported highest germinability in

E. betae conidia produced at low RH. However, Ward and Manners (1974)

reported highest germination for E. graminis conidia produced at high RH (100%),

and Yarwood (1936) found no difference in germination between conidia produced at

approximately 40% RH and those produced at saturation. Again, these data imply

differences in the response of different species of powdery mildews to their

environment.
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Control of rose powdery mildews in greenhouses is mainly achieved with

fungicides. Information on environmental factors affecting the epidemiology of

S. pannosa var. rosae is useful for development of integrated pest management

schemes.
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Fig. 1. Growth of S. pannosa var. rosae on young buds and stems of Rosa cv.
Red Cascade.
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Fig. 2. Rose powdery mildew infection on petals of Rosa cv. Mary Devor.
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Fig. 3. Twisted and misshapen rose leaves caused by S. pannosa var. rosae .
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Fig. 4. Superficial mycelial growth of S. pannosa var. rosae on rose leaf as viewed
at x80 with epi-illumination.
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Fig. 5. Conidiophore development (arrows) of S. pannosa var. rosae viewed at
x128 with epi-illumination.
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MATERIALS AND METHODS

Isolates-Collection and Maintenance. Monoconidial isolates of

S. pannosa var. rosae used for this study were obtained from infected greenhouse

plantings of Rosa cultivars at the Horticultural Crops Research Laboratory,

Corvallis, Oregon (HCRL) during spring of 1985. Two monoconidial isolates of

S. pannosa var. rosae were tested in all experiments. The two isolates were

designated Rc-9 (original host cv. Red Cascade) and Fo-3 (original host cv.

Folklore). Both were characterized as race 2 by methods described by Bender (1983;

Bender and Coyier,1984). Rc-9 and Fo-3 were chosen for humidity tests because

they represented the most common race at the HCRL greenhouses, and they

sporulate vigorously on Rosa cultivar Samantha, the host chosen for these

experiments.

Single conidia were isolated and transferred to detached leaves of a

susceptible cultivar with an eyelash mounted in the end of a pipette (Coyier,

1974),(Fig. 6). The ensuing colonies of S. pannosa var. rosae were increased on

detached leaves then transferred to whole plants which were contained in individual

isolation chambers (Coyier 1973) (Fig. 7). Stock cultures of both isolates were

maintained in the isolation chambers on either cv. Samantha or cv. Mary Devor.

Plant material for the stock cultures was propagated by cuttings from

greenhouse plantings at HCRL. Rooted cuttings were transplanted to 5.72 cm pots.

The small transplants were kept until needed in tents made of plastic bags (Fig. 8).

Young transplants are very susceptible to infection by powdery mildew, yet

fungicides are undesirable on plants used for stock cultures. These tents made

possible an ample supply of mildew-free test plants. The tents were made of large
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plastic bags fitted over a plastic greenhouse flat (50.8x38x5.7 cm). A small electric

fan with an attached automobile oil filter (Purolator P-141) inflated the tents with

filtered air. The moving air prevented heat build-up inside the tents. Holes were cut

in the plastic to allow ventilation and the entrance of a watering nozzle. The holes

were covered with cheesecloth, to prevent contaminantion.

To prepare plants for stock cultures, the leaves were stripped off, the roots

were pruned, and the stems were cut back to the first two or three buds. They were

then surface-sterilized in a solution of 5% sodium-hypochlorite for five minutes.

This procedure produced a plant free of hyperparasites and contaminating races of

S. pannosa var. rosae for maintenance of monoconidial isolates. The sterilized

plants were planted in a steam-pasteurized mix of soil, peat, and perlite (1:1:2). 111

ml of Osmocote (14-14-14), 1.48 ml of micronutrients (Micromax) and 8.5 g of

Ca(OH)2 were added to each .0283 cubic meter of soil mix. Each plant was placed

inside an isolation chamber, before inoculation with a monoconidial isolate.

Stock cultures were kept in a growth room at 21 C. The light at plant level

was approximately 90 gE m-2 sec-1 (measured by a Lycor photometer) on a 12 hr

photoperiod. The relative humidity inside the isolation chambers, measured by a

Vaisala humidity probe ranged from 75-95%. S. pannosa var. rosae cultures were

transferred to new plants about every 2 weeks.

Humidity Chamber. A plastic crisper (Crown Hill Industries) with fitted

lid was used for the humidity chamber. The lid was sealed with Vaseline and water -

proof tape to prevent changes in the humidity equilibria by absorption or evaporation.

To minimize temperature fluctuations, the chamber was placed inside a box made of

closed cell polyurethane insulation. To allow light to reach the samples the top of the

crisper was insulated with dead air space, by two pieces of 6 mm plexiglass (20 x 32

cm) stacked one above the other and separated with pieces of polyurethane foam.
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RH of 20, 50, 80, 95% (vapor pressure deficits of 14.9, 9.33, 3.73, and

.933 mm mercury respectively) were maintained inside the chambers by glycerol

solutions of appropriate concentrations (Table 1),(Hodgeman, 1953; Segur, 1953).

One liter of autoclaved glycerol solution was placed in the bottom of each crisper. A

Vaisala humidity probe showed the RH inside the chambers to be within the error of

the probe. Samples were supported above the humidifying solutions by a plastic-

covered metal rack. All materials were either autoclaved or wiped with 95% ethanol

before each experiment. A humidity probe (Vaisala) determined that a maximum of

0.5 hr was required for the air inside the chamber to equilibrate, therefore samples

could be placed into, or removed from the chamber by quickly opening the lid of the

crisper. The crisper contained within the insulation was placed inside a refrigerated

incubator during experiments. Solutions were put into the chamber 24 hours before

each experiment to allow the temperature and humidity to equilibrate. Light was pro -

vided on a 12 hr photoperiod by a 45.7 cm flourescent bulb (Sylvania, cool-white)

shaded with three layers of cheesecloth. The light reaching the samples was

approximately 19p.E m-2 sec-1, measured by a photometer (Lycor). Preliminary

experiments showed that at higher light intensities severe chlorosis occured in the leaf

disks, and the mildew colonies would stop growing. Temperature was maintained at

21 C ± 0.1 C throughout experiments, measured by a thermocouple placed inside the

chamber at the level of the samples.

Preparation and Inoculation of Samples. Because S. pannosa var.

rosae is an obligate parasite, all experiments were conducted in vivo, with detached

leaves. A commercial hybrid Rosa cultivar, Samantha, was chosen as the host,

because large amounts of uniformly grown leaf tissue were available at HCRL, and

both monoconidial isolates (Rc-9 and Fo-3) sporulate profusely on this cultivar.
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The plants used as a source of leaf tissue for the experiments were growing in

ground beds (5.03 x 1.22 x 0.61 m) in a glasshouse. Each bed was top-dressed at

three to five week intervals with 2.3 kg of dry fertilizer (5-11-11) and thoroughly

watered. The temperature and RH in the greenhouse were approximately 22 C and

50% respectively. Lighting was maintained on a 14-hr photoperiod. The plants were

kept free of mildew by occasional sprays of dodemorph (Mallinkrodt Inc.).

Dodemorph has eradicant properties, yet has little residual activity on plant surfaces

(Coyier, personal communication). This allowed using the leaves for experiments as

early as 24 hours after spraying.

Detached leaf disks were used to support S. pannosa var. rosae in all

experiments. They were prepared by a method developed by Coyier (personal

communication). This method minimized contact with free water which is known to

inhibit S. pannosa var. rosae . It also minimized evaporation from the water

supplied to the leaf disks which could change the equilibrium in the humidity

chamber. In addition, this method aids microscopic examination and makes possible

non-destructive sampling.

Leaves selected for experiments were at their most susceptible stage of

growth. This is an intermediate stage, usually about three days after unfolding,

when the leaf is open but not yet fully expanded. (Longree, 1938; Rogers, 1959;

Wheeler, 1978). The tissue is still quite succulent at this stage. During the warm

summer months, however, leaves at this stage became resistant to S. pannosa var.

rosae. Conidia would germinate then cease growing. Preliminary tests showed that

during summer it was necessary to use younger leaves. In general, with experience

one learns which leaves are most susceptible. Leaves chosen for humidity tests were

rinsed in sterile distilled water to remove debris and spores of mycoparasites or

conidia of S. pannosa var. rosae , then allowed to dry. Leaf disks were cut with a
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9 mm diameter cork borer and secured to glass microscope slides with sail boat

chafe tape (Kenwood). This tape is extremely resistant to water seepage. Holes

punched in the tape exposed 28.3 mm2 of the adaxial surface of the leaf disk. A strip

of filter paper approximately 65 mm long and 0.5 mm wide was placed between the

glass slide and leaf disks (Fig. 9). The slides were placed in a double plastic petri

dish (Fig. 10). A cotton string wicked sterile distilled water from the lower section

of the dish to the filter paper which supplied water to the leaf disk. Boiling the cotton

string used for the wick in 70% ethanol greatly improved its wicking ability. The

samples were prepared under a laminar flow hood to insure aseptic conditions. All

materials were either autoclaved or sterilized in 95% ethanol. The samples were

placed on racks inside the humidity chambers with the petri dish lids removed. The

microscope slide covered the 5 mm hole in the dish, through which the wick

emerged, which helped prevent evaporation from the reservoir below.

Twenty four hours prior to inoculation, compressed air was used to blow old

conidia and debris off S. pannosa var. rosae stock cultures. Freshly produced

conidia were transferred to leaf disks by use of a camelhair brush sterilized in 95%

ethanol (Bender and Coyier, 1984). All inoculations were performed under a laminar

flow hood with a dissecting microscope. Inoculum density was adjusted to 30-70

turgid, hyaline conidia per leaf disk.

Conidiophore production. Experiments were conducted to determine the

influence of RH on the number of conidiophores produced by S. pannosa var.

rosae. Isolates Rc-9 and Fo-3 were inoculated to 40 leaf disks each by the methods

described previously. Ten leaf disks of each isolate were included in each of the four

humidity treatments. Five leaf disks were mounted to each microscope slide,

therefore, two slides of each isolate were contained in each humidity chamber. Ten

leaves were used in each experiment. Each of the ten leaves was represented in each
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isolateRH treatment by one leaf disk. This design helped to reduce the effects of

host leaf susceptibility.

After samples were prepared and inoculated, the double-petri dishes

containing the samples were placed at high RH (approximately 97.5-99%) in an

incubator maintained at 21 C for 24 hours to insure optimum germination (Longree,

1939), and to isolate the effect of the RH treatments on the sporulation stage. After

this initial period the samples were placed inside the humidity chambers maintained at

four RH treatments where they remained for six days. Preliminary tests had

determined that at six days the leaf disks prepared in the manner described above did

not show any signs of senescence, yet sporulation of S. pannosa var. rosae was

extensive.

After six days the samples were removed from the humidity chambers and

conidiophore production was assessed. Preliminary observations showed that when

the spore deposit was adjusted to 30-70 conidia per leaf disk, there was no

significant correlation between inoculum density and the number of conidiophores

produced. Therefore, to assess conidiophore production the absolute number of

conidiophores per disk was counted by observing the samples at a magnification of

x80 with a Zeiss microscope equipped with epi-illumination.

The average number of conidiophores per disk was analyzed for treatment

differences by ANOVA. Each isolate was analyzed separately. The experiment was

repeated.

Several authors have conducted experiments to determine whether or not the

RH adjacent to the leaf surface is higher than the RH of the ambient atmosphere

(Ramsay et al, 1938; Thut,1938, 1939; Frampton and Longree, 1941; Yarwood and

Hazen, 1944; Schnathorst, 1960). After a review of the methods the author agrees

with Delp (1954) and Rotem et al (1978) who concluded that there is no reliable
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means of determining RH adjacent to the leaf surface. With the exception of

Frampton and Longree (1941), the above authors feel that leaf-surface RH is

probably closer to the ambient atmosphere than it is to the intercellular spaces of the

leaf--where the RH is probably very high (approximately 99%). Furthermore,

differences are only detectable at the surface of a transpiring leaf. Since Rosa leaves

only have stomates on the abaxial surface, one would expect negligible effects of

transpiration on the leaf-surface RH at the adaxial surface.

There are morphological and chemical differences, in addition to thepresence

or absence of stomates, between the adaxial and abaxial surfaces of Rosa leaves.

Preliminary experiments were conducted to determine whether or not these

differences affect conidial production of S. pannosa var. rosae when transpiration is

not occuring, i.e. at high RH.

Thirty leaf disks were prepared and inoculated with Rc-9 as above; half with

the adaxial surface exposed, half with the abaxial surface exposed. The samples

were placed in a moist chamber (approximately 97-99% RH). After 7 days the

samples were removed and conidial production was assessed as described above.

Experiments were conducted to determine whether or not the effect of RH on

conidiophore production is altered by stomatal transpiration. All methods were as

described above with two exceptions. One S. pannosa var. rosae isolate, Rc-9,

was inoculated to all fourty disks Half of the samples exposed the adaxial surface,

and half exposed the abaxial surface

Latent period. Experiments were conducted to determine the effect of RH

on the length of the latent period of S. pannosa var. rosae . Leaf disk samples were

prepared and inoculated as described above. Samples were again held at high RH for

24 hr prior to placing them in the humidity chambers. Preliminary experiments

determined that under the conditions of these experiments conidial production did not
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occur before 72 hr after inoculation. Therefore, 48 hr elapsed before the samples

were removed from the chamber. Subsequent sampling was at 24-hr intervals. The

samples were removed from the RH chamber and examined at a magnification of x80

with epi-illumination. The first appearance of conidiophores and conidia was noted

for each disk. This procedure was continued until all leaf disks developed

S. pannosa var. rosae colonies with secondary conidia.

The number of post-inoculation days before the appearance of conidiophores

and secondary conidia was analyzed for treatment differences by ANOVA. The

isolates were analyzed separately, and the experiment was repeated.

Conidial Viability. Experiments were conducted to determine whether or

not conidia produced at various RH differ in their ability to germinate. Leaves of cv.

Samantha infected with young, actively growing colonies of S. pannosa var. rosae

were selected from plants in the isolation chambers. Disks were excised from these

leaves and mounted on microscope slides as previously described. Before placing

the samples in the humidity chambers, old conidia and debris were blown off the leaf

disks with compressed air. After two days the samples were removed, the conidia

were again blown off, and the samples were returned to the RH chambers. This

procedure assured that conidia tested for viability had indeed been produced while the

fungal colonies were exposed to the four treatment humidities.

After 24 hours, the samples were removed from the chambers, and the

freshly produced conidia were transferred to newly prepared, uninoculated leaf disks

of cv. Samantha. The samples were again prepared as previously described.

Conidia were transferred with a camel-hair brush, under a laminar-flow hood. The

inoculated leaf disks were placed at high RH in a refrigerated incubator to insure

optimal germination. Conditions of temperature and light were as described above.
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After 24 hours the samples were removed and examined at x80 with

epiillumination.

Germination was evaluated for each leaf disk by determining what proportion

of the first 25 conidia viewed in the microscope field had germinated. Only turgid,

hyaline conidia were counted (Fig. 11). Conidia that look translucent or crystalline

rarely germinate, and thus were not counted (Manners, 1966). Conidia were

considered germinated when the length of the germ tube equaled its width.

Germination percentages were analyzed for treatment differences with

ANOVA. Isolates were analyzed separately and the experiment was repeated.
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Fig. 6. Isolation of a single conidium of S. pannosa var. rosae with an eyelash
(arrow) mounted in a plastic pipette.
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Fig. 7. Isolation chamber for maintenance of monoconidial isolates of S. pannosa
var. rosae.
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Fig. 8. Plastic enclosures for maintenance of disease-free young rose plants.
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Table 1. Approximate relative humiditya and vapor pressure at 21 C for glycerol
solutions of various concentrations.

Percent Approx. RH Vapor Pressure
Glycerolb (percent) Deficit

(v/v) mm. of mercury

94.05 20 14.9

77.77 50 9.33

46.67 80 3.73

16.58 95 .933

a Calculated from information in Hodgeman (1953), and Segur (1953).
b USP grade diluted with sterile distilled water.
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Fig. 9. Rosa leaf disks (A) mounted on a microscope slide, as viewed from the
bottom. The strip of filter paper (B) and cotton wick (C) provide the disks with
water.
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Fig. 10. Sample placed in double plastic petri dish. The lower section is a water
reservoir.
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Fig. 11. Germinated conidia of S. pannosa var. rosae . Only turgid hyaline conidia
such as these were counted in germination tests.
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RESULTS

Conidiophore Production. Significantly more conidiophores of

S. pannosa var. rosae isolates Fo-3 (p<.001) and Rc-9 (p=.005) were produced on

leaf disks of Rosa cv. Samantha exposed to 80 or 95% RH than on those exposed to

20 or 50% RH. The results for samples exposed to 20 or 50% were not significantly

different, nor were those exposed to 80 or 95% (Table 2).

Although many precautions are taken to keep monoconidial isolates of

S. pannosa var. rosae pure and free of hyperparasites, occasionally isolation

chambers do become infested with mycoparasites of S. pannosa var. rosae . In

several attempts of the above experiment the cultures used had been naturally

contaminated. These experiments had been conducted as those described above The

mycoparasites were evident on samples exposed to 95% RH when they were

removed from the humidity chamber and examined microscopically with epi-

illumination. Since the presence of mycoparasites appeared to have a marked effect

on sporulation of S. pannosa var. rosae , the number of conidiophores produced per

leaf disk was counted as described previously (Table 3).

In the presence of mycoparasites the number of conidiophores produced by

both isolates exposed to 20, 50 or 95% RH was not significantly different. The

mycoparasites appeared to be so enhanced at 95% RH that sporulation of S. pannosa

var. rosae was almost completely inhibited. The samples exposed to 80% RH had

very little evidence of mycoparasite growth and conidiophore production was similar

to non-contaminated experiments. No mycoparasitic growth was evident on the

samples exposed to 20 or 50% RH.

The predominant mycoparasite contaminating the S. pannosa var. rosae

isolates used in this study is tentatively identified as Cephalosporium sp. (Durrell,

1963), (Fig. 12).
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Preliminary studies revealed no significant differences in germination

(p=.796) or sporulation (p=.896) of S. pannosa var. rosae between the adaxial and

abaxial surfaces of leaf disks when transpiration was not occuring (at approximately

97-99% RH) (Table 4). Therefore, it was assumed that morphological or chemical

differences in the two surfaces, other than presence or absence of stomates, had no

effect on growth of S. pannosa var. rosae .

Data are not presented for experiments comparing conidiophore production

on the adaxial and abaxial surfaces of leaf disks exposed to the four RH treatments.

Although S. pannosa var. rosae had acheived secondary hyphal branching, no

samples with abaxial surface exposed to 20 or 50% RH survived. The stomates of

these leaves were completely closed and the fungal growth was shriveled and

translucent (Fig. 13). Only one leaf disk with abaxial surface exposed to 80% RH

survived; it's stomates were closed, but S. pannosa var. rosae hyphae were hyaline

and appeared normal. All leaf disks exposed to 95% RH survived; stomates were

open, and S. pannosa var. rosae was sporulating normally. Results for this

treatment were similar to the preliminary test discussed above.

Latent Period. Both conidiophores and conidia of Fo-3 (p=.015 and

p<.001 respectively) and Rc-9 (p=.001 and p=.002 respectively) appeared almost

one day later on the disks exposed to 80 or 95% RH than on those exposed to 20 or

50% RH (Table 5).

The results for the samples exposed to 20 or 50% were not significantly

different nor were those for 80 or 95% RH.

Conidial Viability. Percent germination of Rc-9 and Fo-3 conidia

produced at 20, 50, 80, or 95% RH was not significantly different (p=.411 and

p=.9'74 respectively)(Table 6).
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Table 2. Number of conidiophores of Sphaerotheca pannosa var. rosae produced
per leaf disk of Rosa cv. Samantha at various relative humidities.xY

Isolate 20

Relative Humidity
(percent)

50 80 95

Rc-9 28.5 aZ 24.4 a 69.1 b 82.8 b

Fo-3 18.3 a 22.1 a 85.8 b 98.2 b

X Average of ten replicates.
Y Between 30 and 70 viable conidia were inoculated to each disk.
Z Counts followed by the same letter within a row are not significantly

different,P=0.05,according to Fisher's Least Significant Difference Test.
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Table 3. Effect of mycoparasites on number of S. pannosa var. rosae
conidiophores produced per leaf disk of Rosa cv. Samantha at various
relative humidities.wx

Isolate

Relative Humidity
(percent)

20 50 80 95

Rc-9 13.3 aY 12.2 a 35.6 b 1.7 az

Fo-3 11.8 a 15.9 a 47.8 b 2.4 a

w Average of ten replicates.
x Between 30 and 70 viable conidia were inoculated to each disk.
Y Counts followed by the same letter within a row are not significantly different,

P = 0.01, according to Fisher's Least Significant Difference Test.
z Mycoparasite growth was evident on all replicate leaf disks in this treatment.
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Fig. 12. Cephalosporium sp. growing on the surface of a Rosa leaf infected with
S. pannosa var. rosae .
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Table 4. Germination and sporulation of Sphaerotheca pannosa var. rosae on the
adaxial and abaxial surfaces of leaf disks of Rosa c.v Samantha exposed to high
relative humidity.v

Germination''
(percent)

Sporulationx

Adaxial

Abaxial

93Yz 58

94 60

v Approximately 97% relative humidity.
W Based on 25 conidia counted per leaf disk.

Number of conidiophores per leaf disk; 30 to 70 viable conidia were inoculated to
each disk.

Y All values are the mean of 15 replicate leaf disks.
Means within a column are not significantly different according to Student's t-test,
P = 0.05.
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Fig. 13. Abnormal mycelium of S. pannosa var. rosae on the abaxial surface of a
Rosa leaf disk exposed to 50% RH.
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Table 5. Number of postinoculation days before appearance of conidiophores and
conidia of Sphaerotheca pannosa var. rosae isolates Rc-9 and Fo-3, at different
relative humidities.

Relative
Humidity
(percent)

conidiophoresY conidia

Rc-9 Fo-3 Rc-9 Fo-3

20 4.0 az 4.5 a 5.1 a 5.2 a

50 4.0 a 4.3 a 4.9 a 4.9 a

80 3.6 b 3.8 b 4.4 b 4.4 b

95 3.4 b 3.7 b 4.2 b 4.1 b

Y All data are the average of ten replicate leaf disks. Data for conidiophores
and conidia are from separate experiments.

Z Numbers within a column followed by a common letter are not
significantly different according to Fisher's Least Significant Different Test,
P = 0.05.
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Table 6. Germination of Sphaerotheca pannosa var. rosae conidia (isolates Rc-9
and Fo-3) which were produced at different relative humidities.

Isolate

Percent GerminationX

20

Relative Humidity
(percent)

50 80 95

Re-9

Fo-3

86Yz

92

93

92

88

93

92

95

X Based on 25 conidia counted per leaf disk.
Y Percentages are the mean of 10 replicate leaf disks.
z None of the means in either row are significantly different according to

Fisher's Least Significant Difference Test, P = 0.05.
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DISCUSSION AND CONCLUSIONS

Results of these experiments imply that sporulation of S. pannosa var. rosae

is favored by high RH, but that conidial viability is not affected by RH during

development and maturation. Both isolates responded similarly to RH treatments,

indicating that different isolates of a single pathogenic race may have similar RH

optima.

It was not resolved whether or not the presence of stomatal transpiration

affects sporulation of S. pannosa var. rosae. An obstacle to interpreting studies of

sporulation in vivo is measuring RH at the leaf surface, which may be affected by

transpiration (Rotem et al, 1978). The waxy cuticle of the leaf surface restricts

diffusion so that most water vapor must pass through the stomates (Salisbury and

Ross, 1978). Since only Rosa leaf disks with adaxial (no stomates) surfaces

exposed were able to survive all RH treatments, evaporation from this surface was

probably negligible. Consequently, the leaf-surface RH in these studies was

probably close to the ambient RH (within the humidity chamber).

In studies of environmental relations of obligate parasites, it is often difficult

to separate direct effects on the pathogen from direct effects on the host that

subsequently influence the pathogen. In the present study, different RH treatments

might have affected the water potential of detached leaf tissue, thereby producing an

indirect effect on sporulation of S. pannosa var. rosae. Exposing only the waxy

cuticle of the adaxial surface provided water to the leaf through the abaxial surface

and probably prevented any differences in leaf tissue water potential. Nevertheless,

these studies should be expanded to attached leaves.

The results of these quantitative studies agree with the qualitative assessments

of conidiophore production by Longree (1939). In contrast, they do not agree with

those of Hammarlund (1925) and Ragazzi (1981). This is probably because different
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criteria were used to evaluate sporulation. They counted conidia in spore traps,

which evaluates spore release and dissemination, not sporulation (see Introduction).

The data of Hammarlund and Ragazzi are consistent with reports of several authors

indicating that low RH favors spore release in the powdery mildews (Adams and

Leach, 1983; Hammet and Manners, 1971; Yarwood, 1936).

In his studies on whole plants, Rogers (1959) observed no effect of RH on

development of S. pannosa var. rosae. Possibly his use of different methods

produced different results, but he did not examine the affect of RH on separate stages

in the life cycle of S. pannosa var. rosae. He assessed only overall disease severity

(percent leaf area covered by the fungus). In addition, Rogers exposed plants to RH

treatments for only three days, then moved the plants to a greenhouse and evaluated

them four to seven days later. It is conceivable that S. pannosa var. rosae overcame

any affects of RH during that time. Various effects of RH on separate stages of a

pathogen's growth may be balanced when overall development is considered

independently. My data indicate that conidial viability is not affected by RH, which

may overcome decreased sporulation at low RH.

Although S. pannosa var. rosae is capable of growing under a wide variety

of RH conditions, different stages of development may have different humidity

optima. Hawker (1966) writes, "initiation, development, and maturation of

particular spores or spore bearing structures may differ in their environmental

requirements." Evidence indicates that germination and sporulation of S. pannosa

var. rosae is optimum at high RH, while dissemination is optimum at low RH. The

epidemiology of S. pannosa var. rosae may be similar to what Butt (1975) found for

Podosphaera leucotricha : high RH at night enhances development and maturation of

conidiophores and conidia, then lowering RH in the daytime favors conidial release
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and dissemination. This sequence is consistent with observations of diurnal

periodicity of spore release.

Because S. pannosa var. rosae is tolerant to a wide range of moisture

conditions, it is unlikely that controlling greenhouse RH conditions alone would

reduce inoculum potential enough to manage an epidemic. Furthermore, it is not

known what stage (if any) of the rose powdery mildew disease cycle is dominant.

According to the theory of compensation, increased response of a pathogen at one

stage can correct for a reduced response during another stage (Zadoks and Schein,

1979). Observations of Phytopthera infestans on potatoes suggest that conditions

enhancing dispersal can compensate for unfavorable conditions during sporulation

(Rotem et al, 1978).

These results would be useful in developing predictive models of disease

epidemics. Until recently there has been little emphasis on developing predictive

models for powdery mildews, probably because of the lack of an obvious critical

environmental factor, such as wetness for late blight of potatoes (Butt, 1978). Butt

(1978) states that model development will be most successful for powdery mildews,

such as S. pannosa var. rosae , with a high moisture optimum at germination or

during other developmental stages. Ideally, estimates of sporulation should be

derived from submodels, which include the interaction of factors relevant to

sporulation (RH, light intensity and quality, temperature, host cultivar etc.).Further

studies on the interaction of these factors are needed to develop an integrated

management plan for greenhouse rose growers.

The effect of RH on S. pannosa var. rosae is markedly altered by the

presence of mycoparasites. Other workers have reported that high RH enhances

certain mycoparasites of powdery mildews.(Yarwood, 1957; Jarvis and Slingsby,

1977) Enhanced hyperparasitism could explain the inhibition of powdery mildews
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that is frequently reported in high RH environments. Increased biological activity

could also play a role in the deleterious effect of free water on powdery mildews

(Coyier, 1985). While mycoparasites have not been successful biological control

agents of powdery mildew in the field (Yarwood, 1957), they have shown some

success in the greenhouse where the environment can be controlled (Sundheim,

1982). The development of biological control strategies for greenhouse rose growers

would be an attractive addition to an integrated management scheme.
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