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Powdery mildew (Podosphaera pannosa 
(Wallr.) de Bary) is a widespread disease 
of roses that is particularly troublesome in 
greenhouse production of hybrid roses 
(Rosa × hybrida). Although the pathogen 
rarely kills the plant, infection reduces host 
plant vigor, productivity, and esthetic (and 
therefore economic) value. In greenhouses, 
the pathogen is disseminated as conidia 
produced primarily on diseased leaves. The 
ascigerous stage of the pathogen has no 
known role in the epidemiology of the 
disease in greenhouse rose production. 

In general, relatively cool atmospheric 
conditions with moderate temperature and 
reduced light (shade) are favorable to 
powdery mildews (28,29). In P. pannosa, 
colony growth and conidial germination 
occur at 50% relative humidity (RH) (22) 
and optimum RH for conidia germination 
is nearly 100% (10). Furthermore, germi-
nation is reduced by free water (24) and 
temperatures above 30°C (21). Dissemina-
tion of conidia, as inferred from spore 
trapping, was associated with rising tem-

perature, increasing solar radiation, and 
decreasing RH (1). 

The influence of light on biological ac-
tivity of fungi has been extensively studied 
in Aspergillus nidulans (3) and Neurospora 
crassa (2,27). However, little is known 
about the effect of light on P. pannosa. 
Importance of supplemental lighting in 
rose cultivation is well established, and 
there is an increase in productivity with 
increasing light intensity and day length 
(4,11,14,16,25). The use of supplementary 
lighting is essential for year-round rose 
production in Norway due to low natural 
irradiance during the winter (12). Our 
preliminary studies indicated that severity 
of powdery mildew was reduced on roses 
grown under continuous lighting compared 
with day lengths of 16 to 18 h (15,17). Our 
objectives in the present study were to (i) 
investigate the effect of day length on ger-
mination, formation, and productivity of 
conidia by P. pannosa; and (ii) quantify the 
effect of supplemental lighting on severity 
of rose powdery mildew. Preliminary ac-
counts of this work have been published 
(17,20,26). 

MATERIALS AND METHODS 
Production of host plant material. 

Mildew-free potted miniature rose plants 
(Rosa × hybrida ‘Mistral’) were grown in 
limed and fertilized peat (Floralux; Nitte-
dal torv industri A/S, Norway) and perlite 

(25% by volume) in a greenhouse com-
partment to produce plant material for the 
experiments. Mercury lamps (Powerstar 
HQI-BT 400W/D day light; OSRAM 
GmbH, Augsburg, Germany) at photon 
flux densities (PFDs) (400 to 700 nm) of 
200 µmol m–2 s–21 recorded at the top of 
the plants were used as a supplementary 
light source (18 h per day). The lights were 
automatically turned off when natural light 
exceeded 200 µmol m–2 s–1. Temperature 
was set at 20°C and RH at 80%. Plants 
were exposed to evaporated sulfur for 4 h 
per day during the night and watered with 
complete nutrient solution when needed. 
The plants were pruned to induce young, 
active shoot growth to ensure sufficient 
supply of uniformly aged, mildew-free 
leaflets. 

Production of inoculum. Rose leaves 
bearing powdery mildew colonies were 
obtained from a commercial greenhouse 
located in southeastern Norway. Detached 
young and newly unfolded rose leaflets 
from the abovementioned greenhouse 
compartment were surface sterilized by 
soaking them in sterile distilled water for 
15 min followed by 4-min soaking in 0.5% 
sodium hypochlorite solution with Tween 
20 (Sigma-Aldrich Chemie GmbH, Stein-
heim, Germany) at 30 µl/liter followed by 
three rinses in sterile distilled water, each 
lasting 3 to 4 min. This process also re-
moved any sulfur residue. The leaflets 
were placed in petri dishes containing 
water agar (15 g liter–1) and were inocu-
lated by touching them gently with mil-
dewed leaves from the commercial green-
house. The petri dishes with the leaflets 
were sealed by Parafilm and kept in an 
incubator for 7 days with 16-h diurnal light 
periods provided by cool white florescent 
lamps (Philips, The Netherlands) at PFD 
(400 to 700 nm) of 30 µmol m–2 s–1 at the 
top of the petri dish lids and 20 ± 1°C. 

These mildewed leaflets from the incu-
bator were then used to inoculate another 
set of clean leaves by transferring single 
conidial chains. An eyelash attached to a 
fine glass needle was used to trap the sin-
gle chain from diseased leaves, and a chain 
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of conidia was deposited directly on the 
clean leaves under a stereomicroscope. The 
petri dishes were sealed and incubated for 
7 days in the incubator with conditions as 
detailed before. Following incubation, 
conidia were transferred two more times as 
described above to reduce the risk of con-
tamination with other microorganisms. 

Disease-free plants of Mistral were in-
oculated by gently touching them with 
mildewed, detached leaves kept in the 
incubator as described above. Inoculated 
plants were kept in an isolated growth 
chamber throughout the experimental pe-
riod, with 18 h of diurnal lighting provided 
by mercury lamps of the same type as 
described above, at PFD of 200 µmol m–2 
s–1, 20°C and 80% RH. The inoculum was 
renewed by continuous replacement of 
healthy plants in the growth chamber. 

In all experiments (detached leaves or 
whole plant), inoculum from 7-day-old 
cultures was used. Seven days before each 
experiment, cleaned, detached leaves were 
placed in petri dishes containing water 
agar and sprayed with a conidial suspen-
sion. To obtain the suspension, 20 young 
mildewed leaflets from diseased plants in 
the growth chamber were added to a 50-ml 
centrifuge tube containing 25 ml of dis-
tilled water and shaken by hand for ap-
proximately 1 min. Leaflets were removed 
from the centrifuge tube, and the conidial 
suspensions were sprayed onto cleaned, 
detached leaflets placed in petri dishes 
containing water agar with a hand-held 
sprayer (approximately 1 ml per 20 leaf-
lets). Petri dishes were sealed by Parafilm 
and kept in the incubator for 7 days under 
conditions as described above. These 7-
day-old cultures are hereafter called source 
inoculum. 

Materials and equipment designed for 
experiments. Experiments were conducted 
both in vitro (detached leaves) and in vivo 
(whole plants) in growth chambers. 
Growth chamber lighting was with mer-
cury lamps (same lamp type as described 

above) with PFD of 50 ± 5 µmol m–2 s–1 
when lamps were on and temperature and 
RH were kept at 20 ± 2°C and 80 ± 5%, 
respectively. Investigations with germina-
tion and formation of conidia were con-
ducted with detached, clean leaves placed 
in double-room humidity boxes. Petri 
dishes (90 mm) were perforated with 20 
circular holes (each with a diameter of 2 
mm) along the bottom edge of the dishes 
by using an electrical heater. The perfo-
rated petri dishes were glued on top of a 
500-ml plastic container with the same 
diameter and made into double-room hu-
midity boxes (hereafter called humidity 
boxes). The lower part (the plastic con-
tainer) contained 100 ml of a saturated 
KCl salt solution (34 g in 100 ml of dis-
tilled water) and, in the upper part (the 
petri dish), a layer of water agar (50 mm in 
diameter) was placed. The agar did not 
cover the holes, allowing air to flow be-
tween the two parts, thus ensuring a con-
stant high humidity (96 ± 2% RH) in the 
upper part. Detached surface-sterilized and 
cleaned rose leaflets were placed with the 
abaxial side up on the agar layer. 

For production of conidia (combination 
of formation and release) and disease se-
verity experiments, whole plants of the 
same age, healthy, disease free, and with 
uniform canopies were selected from the 
greenhouse compartment mentioned 
above. For conidia productivity experi-
ments, four wind tunnels were constructed 
(Fig. 1). An electric wind blower (Enermax 
UC-8FAB, China), 80 by 80 by 25 mm, 
with manually adjustable speed control 
(1,000 to 3,000 rpm) fixed to the upwind 
end of the tunnel, drew ambient air into the 
tunnel. The intake air was drawn through a 
spongy synthetic air filter medium (FIL-
TRAIR; Peregrine Industries Pvt. Ltd, 
Campbellfield, Victoria, Australia) of ap-
proximately 2 cm in thickness that ensured 
both laminar and cleaned air flow. The 
wind tunnel was composed of a light-
transmitting Plexiglas tube (main tube: 500 

mm in length, 250 mm in diameter, ap-
proximately 3 mm in thickness of the 
Plexiglas), with cone-shaped ends (each 26 
cm in length). The downwind end had an 
overflow orifice (29 mm in diameter). A 
narrow metal nozzle orifice (27 by 2 mm) 
channeled the air flow toward a Melinex 
microscope tape (with a sticky substance 
made of 1 g of paraffin, 100 ml of Toluene, 
and 9 g of clear Vaseline added to its sur-
face) fastened to a 24-h rotating clock 
cylinder (approximately 3 mm of distance 
between the orifice and the tape). The 
cylinders were the lower parts of 1.5-liter 
plastic bottles (17 cm in length) fixed to 
the clock by a rubber ring (5.2-cm inner 
diameter) glued onto the bottom of the 
bottle. 

Recording environmental conditions. 
Light intensity was recorded at the top of 
the lids of petri dishes or the double-room 
humidity boxes (described above) in de-
tached-leaf experiments and at the level of 
plant height in the whole-plant experi-
ments, with a Lambda LI-185B photome-
ter (LI-COR Inc., Lincoln, NE) containing 
a quantum sensor. Light quality was re-
corded inside and outside of the petri dish 
or double-room humidity boxes and wind 
tunnel (described above) with a Spectra 
Wiz spectrometer Model EPP 2000 Fiber-
optic (Stellarnet Inc., Tampa, FL). Tem-
perature and RH were recorded inside the 
double-room humidity boxes, wind tun-
nels, growth chambers, and incubators 
with two-in-one sensors of SHT 75 (Sen-
sirion AG., Staefa, Switzerland) with an 
accuracy of ±0.3°C and ±1.8% RH. Addi-
tionally, temperature and RH in growth 
chambers and in greenhouse compartments 
were recorded by a Priva greenhouse com-
puter (Priva, De Lier, The Netherlands). 

Germination of conidia. Three humid-
ity boxes, each containing six detached 
leaflets, were placed in each of four 
growth chambers set to provide either 0-, 
12-, 18-, or 24-h day lengths. Shortly be-
fore lights were turned on, the leaflets 
were inoculated by touching them gently 
with source inoculum leaflets, with one 
inoculum leaflet for each of the healthy 
leaflets. Two leaflets from each humidity 
box (six leaflets from each treatment) were 
removed 24 h after inoculation and kept at 
–2°C (to stop the fungal growth) until 
further examination. These leaflets were 
then placed individually on microscope 
glass slides; a few droplets of 50% lacto-
fuchsin were added to stain mycelium and 
conidia, followed by examination under a 
light microscope with bright field at a 
magnification of ×200. Fifty conidia from 
each leaflet were assessed for germination. 
Conidia having a primary germ tube equal 
in length to at least half the width of the 
conidia were considered germinated. The 
experiments were repeated three times. 

Production of conidia. Twelve humid-
ity boxes, each containing seven leaflets of 
the same age, were inoculated by placing 

Fig. 1. Schematic illustration of a wind tunnel showing an electric wind blower with manually adjust-
able speed control (a); spongy filter (b); overflow orifice, 29 mm in diameter (c); nozzle orifice, 27 by
2 mm (d); clock cylinder (e); and microscope tape (f). Ambient air entered through the wind blower
fixed inside the left plastic funnel of the wind tunnel (a); two diseased plants were placed in the main
plexiglass tube (b); conidia exited the right plastic funnel through the overflow and nozzle orifices (c); 
and spores were trapped on the microscope tape attached to the rotating clock cylinder (plastic bottle, 
24-h rotations) fixed to an electric timer (d). 
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one drop (15 µl) of a spore suspension on 
each leaflet. (The same method of inocula-
tion was used in all experiments below 
with detached leaflets in humidity boxes). 
Immediately after inoculation, the humid-
ity boxes were kept at 18 h of day length 
for the first 2 days to ensure uniform ger-
mination, and then they were transferred to 
0, 12, 18, and 24 h (three boxes at each 
day length). All together, six leaflets with 
conidia from each treatment were removed 
9 days after inoculation and placed in 50-
ml centrifuge tubes, with 5 ml of distilled 
water added, followed by hand shaking for 
2 min. The leaflets were removed from the 
centrifuge tube, and spores in drops of the 
resultant suspension were counted with a 
hemacytometer under a light microscope at 
×200. Two spore counts were done from 
each resultant suspension. The experiment 
was repeated three times. An experiment 
was set up where samples were kept for 4 
days at 18 h before transferring to the dif-
ferent day lengths. Here, samples were 
kept for 5 days in the four day length 
chambers before assessing production of 
conidia (9 days after inoculation). The 
experiment was repeated three times, and 
all other procedures were as described 
above. Inoculated leaflets were also ex-
posed to an 18-h day length for 4 days, 
followed by 5 days at 18, 20, 22, and 24 h. 
All other procedures were as mentioned 
above, and the experiment was repeated 
three times.  

Mistral pot roses were also grown in the 
greenhouse compartment as described 
above. Ten plants were spray inoculated 
with a 25-ml suspension of conidia made 
from 1-week-old source inoculum. Imme-
diately after inoculation, the plants were 
moved to a growth chamber with 18 h of 
day length provided by mercury lamps at 
200 µmol m–2 s–2, 20°C, and 80% RH for 
12 days. Four growth chambers were 
maintained with conditions as described in 
previous experiments, with 0-, 12-, 18-, 
and 24-h day lengths. One wind tunnel was 
placed in each of the four growth cham-
bers. Relative humidity of the intake air of 
the wind tunnels equaled that of the 
growth chambers, and was elevated by 
approximately 5% after passing through 
the canopy of the plant in the wind tunnel. 
Two diseased plants (inoculated 12 days 
before start of the experiments) were 
placed in each wind tunnel and, 1 h after-
ward, the air flow was switched on and 
maintained for 7 days (wind speed of ap-
proximately 0.06 m s–1 in the Plexiglas 
tubes and 2.9 m s–2 at the nozzle open-
ings). A portable air-velocity meter (Model 
1650; TSI Inc., St. Paul, MN) was used to 
measure the air flow speed through the 
plants and nozzle opening of the wind 
tunnel. 

The clock cylinder revolved seven times 
during the 7-day test before the Melinex 
tapes were removed and prepared for mi-
croscope reading. Lactofuchsin was used 

to stain the conidia. There were 144 tran-
sect readings (2 mm or 1 h apart) at ×200 
for each tape. Thus, the spores counted in 
these transects represented the pooled 
number of spores trapped at a particular 
hour of the day for the 7 days the trap was 
operated. The counts from these transects 
were further pooled within eight 3-h peri-
ods (i.e., 0 to 0300 h, 0300 to 0600 h, and 
0600 to 0900 h) and the factors of day 
length, experimental repeat, and time pe-
riod were included in the data analysis. 
The experiment was repeated three times 
and, before each repeat, the tunnels were 
cleaned with moist paper followed by 12 h 
of air flow to ensure that conidia were not 
inside the tunnel. 

A similar experiment was set up with 
18-, 20-, 22-, and 24-h day lengths (re-
peated twice). To clarify if there was a 
possible adaptation of the fungus and plant 
to the 18-h day length given prior exposure 
to the different day lengths that would 
influence the observed trends, inoculated 
plants were kept at the 12-h day length for 
12 days followed by the various day-length 
exposures for 0, 12, 18, and 24 h (experi-
ment repeated four times). 

Influence of day length on severity of 
powdery mildew. On each of 12 mildew-
free uniformly aged pot roses of Mistral, 
three newly unfolded leaves were marked. 
The sulfur evaporator was shut off 2 days 
before inoculation. The plants were then 
spray inoculated as before with 2.5 ml of 
conidial suspension per plant, and three 
plants (each considered as repeats/blocks) 
were placed at each of 0-, 12-, 18-, or 24-h 
day lengths. Eight days after inoculation, 
the three marked leaves from each plant 
(nine leaves from each treatment) were 
detached, and severity of the disease (per-
cent area of leaf surface diseased) was 
assessed for each leaf, based on an assess-
ment key for powdery mildew in roses 
(21). 

Statistical analysis. Treatment effects 
were determined using Minitab version 14 
for analysis of variance (GLM procedure) 
and mean comparison (Bonferroni test) at 
P = 0.05. 

RESULTS 
Germination of conidia, production of 

conidia on detached leaflets. The mean 
percentages of germinated conidia were 
70.3, 77.2, 84.9, and 61.4 after exposure to 
0-, 12-, 18-, and 24-h day lengths, respec-
tively (Fig. 2), with a significant difference 
between 0 and 18 h, and 24 and 18 h (P < 
0.001). 

Significantly more conidia were pro-
duced on detached leaflets exposed to 18-h 
day length compared with all other day 
lengths or continuous darkness (Fig. 3). 
When pretreated for 2 days in 18 h of light, 
there were also significant differences in 
numbers of conidia produced between 12 
and 18 h, and also between 24 and 18 h 
(Fig. 3A). The number of conidia produced 
under an 18-h day length was 1 × 104 co-
nidia/ml and it was 1.6 × 103 and 5.2 × 103 
for continuous darkness and continuous 
lighting, respectively. The 0-h day length 
treatments (continuous dark) always pro-
duced much fewer conidia than the others; 
however, it was not significantly different 
from the 24-h day length treatment when 
exposed to pretreatment of 18 h for 2 days. 
Four days at 18-h day lengths prior to ex-
posure to the different day lengths showed 
the same tendency, with less spore produc-
tion at 12 and 24 h than at 18 h, and there 
were no significant differences noticed 
between 12 and 18 h (Fig. 3B). P values 
were <0.001 for the F test in the two ex-
periments. When comparing day lengths 
from 18 to 24 h, there was a significant 
and steep drop in sporulation between 18 
and 20 h (Fig. 3C). There were no differ-
ences in spore formation between expo-
sures to 20, 22, and 24 h (P < 0.001). 

 

Fig. 2. Effect of day length on germination of Podosphaera pannosa conidia on detached leaflets of 
Rosa × hybrida cv. Mistral placed in double-room humidity boxes (photon flux density of light at 50 
µmol m–2 s–2 with mercury lamps, 20°C, 96 ± 2% relative humidity). Assessments were made 24 h 
after inoculation. Each bar represents the mean of six randomly sampled leaflets in each of three repli-
cated trials; bars indicate standard error of the mean. 
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Spore production and release from 
whole plants in wind tunnels. Exposure 
of mildewed plants to various day lengths 
in the wind tunnels strongly affected the 
total number of conidia trapped (Fig. 4). In 
the experiment, where the incubation (after 
inoculation) took place at 18 h of day 
length for 12 days, the number of conidia 
trapped under 18 h of day length during 1 
week was 24,903. It was 101, 4,691, and 
5,506 for continuous darkness, 12-h day 
length, and continuous lighting, respec-
tively (Fig. 4A). When inoculated plants 
were incubated at a 12-h day length for 12 
days, treatments of 0, 12, and 24 h signifi-
cantly reduced the relative spore numbers 
to 0.8, 44.9, and 38.5%, respectively (Fig. 
4B). In both experiments (with either 18 or 
12 h of day length during incubation), the 
number of conidia trapped under the 18-h 
day-length treatment was significantly 

greater from other day-length treatments 
(P < 0.001 for the two experiments). In-
fected leaves exposed to complete dark-
ness (0-h day length) in the wind tunnel 
also released significantly fewer spores 
compared with day lengths of 24 and 12 h. 

Day lengths of 20, 22, and 24 h reduced 
the relative spore numbers to 28.3, 50.9, 
and 42.9%, respectively, relative to 18 h of 
day length (Fig. 4C). There was a signifi-
cant reduction between 18 and 20 h (P < 
0.001) but no significant differences be-
tween 20, 22, and 24 h. 

Disease severity on whole plants. The 
highest disease severity was recorded on 
plants exposed to an 18-h day length 
(70%), followed by 12-h (48.3%), 24-h 
(22.6%), and 0-h (1.5%) day lengths (Fig. 
5). All treatments were significantly differ-
ent from each other (P < 0.001). Signifi-
cant interaction between treatment and 

replicate (each plant within treatment con-
sidered as replicate) were noticed (P = 
0.01). 

DISCUSSION 
Our results clearly showed that day 

lengths of 20 to 24 h strongly suppressed 
powdery mildew development in roses and 
confirm what was earlier observed in 
greenhouse production of pot roses and cut 
roses (17,20). Furthermore, we have dem-
onstrated that the treatment effects in-
volved a reduction in the quantity of spores 
produced on mildew colonies exposed to 
illumination for 20 to 24 h per day, as well 
as reduced germination potential of co-
nidia. Productivity of roses increases with 
day length and is maximized by continu-
ous lighting (14,20). However, roses grown 
in continuous lighting with constant RH 
frequently exhibit stomatal malfunctioning 
(19), which reduces the keeping quality of 
roses due to severe water loss. Postharvest 
keeping quality of roses (vase life) was 
improved by reducing the day length to 
less than 24 h (H. R. Gislerød., unpub-
lished data; 13). There was no additional 
suppression of powdery mildew when day 
length was increased from 20 to 24 h, indi-
cating that a day length of 20 to 22 h 
would be sufficient to obtain most of the 
suppressive effect upon powdery mildew 
while avoiding the potentially deleterious 
effects on keeping quality. 

When preparing plants for exposure to 
different day lengths in the wind tunnels, 
we kept them at either 18- or 12-h day 
lengths for 12 days after inoculation. If 
comparing the resulting spore counts after 
exposure to different day lengths following 
the 12 days of incubation time at either 18 
or 12 h, the results were similar. This indi-
cates that the high productivity of conidia 
and disease development at 18 h was not 
due to the environmental adaptation of 
plant and pathogen. 

Our results might appear to contradict 
an earlier study (1) in which conidia of P. 
pannosa were not released at high RH 
(100%) but were released when RH was 
reduced independent of light or darkness 
(1), thereby indicating that change in RH 
and not light is the principle factor in lib-
eration of conidia. However, in our ex-
periments, RH was maintained at 80 ± 4%. 
Thus, fluctuations in RH were minimal 
and not directly comparable with treat-
ments imposed in the foregoing study (1). 
P. pannosa forms conidia in chains, and 
release of conidia is dependent upon matu-
ration of new conidia from the base of the 
chain. We found that no or few mature 
conidia were produced if detached leaves 
or whole plants were kept in darkness. 

Adams et al. (1) suggested that libera-
tion of conidia of P. pannosa involved an 
active release mechanism (1). However, 
others have proposed a passive process for 
P. pannosa (6), as well as for Erysiphe 
graminis in wheat (7,8), wherein conidial 

 

Fig. 3. Effect of day length on formation of Podosphaera pannosa conidia on detached leaflets of Rosa
× hybrida cv. Mistral placed in double-room humidity boxes (photon flux density of light at 50 µmol
m–2 s–2 with mercury lamps, 20°C, 96 ± 2% relative humidity). The boxes containing detached leaflets 
were kept at an 18-h day length for either A, 2 or B and C, 4 days after inoculation, and then trans-
ferred to the different day lengths. Samples were assessed 9 days after inoculation. Spore formation at
the 18-h day length was set to 100%, and all other treatments are relative to that. Data presented are an 
average of six spore counts in hemocytometer (two counts per treatment per replicate). Experiments
were repeated three times. Bars indicate standard error of the mean. 
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release required minimum wind speeds of 
0.6 to 2 m s–1. In the present experiments, 
the wind speed in the canopy of the plants 
placed in the wind tunnels was not more 
than 0.06 m s–1 when passing through the 
plant canopy (i.e., one order of magnitude 
lower than the minimum wind speed pre-
viously reported to be necessary to release 
conidia). This supported the hypothesis 
that, if an active mechanism existed, dis-
charge should occur in still air in response 
to environmental factors that trigger spore 
release (1). 

There was a clear and significant reduc-
tion in percent germinated conidia when 
day length was increased from 18 to 24 h. 
However, the reduction was not of the 
magnitude observed for total spore produc-
tion. Similar to reports for P. aphanis (syn. 
Sphaerotheca macularis; 18), the cause of 
strawberry powdery mildew, we found no 
significant reduction of conidial germina-
tion at shorter day lengths or in light or in 
darkness. 

Fungi causing powdery mildew are ob-
ligate biotrophic pathogens, and it is diffi-
cult to distinguish between a direct effect 
of day length on powdery mildew or an 
effect of day length on physiological proc-
esses in the plant that subsequently affect 
the fungus. Experiments conducted in oat 
powdery mildew showed that length of day 
during the growth of the plant prior to 
inoculation was an important factor in 
determining the level of resistance. Plants 
grown in 16 h of day length showed higher 
level of adult (ontogenic) plant resistance 
compared with plants grown in 8 h of day 
length (9), and it was speculated that pres-
ence of light during the initial infection 
induces the host plant resistance. For bar-
ley powdery mildew (E. graminis hordei), 
nascent colonies formed significantly more 
haustoria at 12 h post inoculation in dark-
ness than in light (5). 

Increasing day length will increase 
photoassimilation in greenhouse-grown 
roses (20). In certain plant tissues, suscep-
tibility to powdery mildew appears to be 
dependent on availability of excess carbo-
hydrates that facilitates disease develop-
ment (23). Thus, rose plants treated with 
continuous lighting may have a higher 
nutrient supply for fungal growth and de-
velopment compared with the other treat-
ments. It may then be postulated that 
plants treated with continuous lighting 
should develop more powdery mildew than 
at shorter day lengths. Our results gave the 
opposite result. 

There is a constant pressure on the 
greenhouse industry to reduce pesticide 
usage. From our results and previous find-
ings in Norway (17,20), we can now rec-
ommend increased day length as an impor-
tant control measure to decrease powdery 
mildew in roses. This practice is currently 
being implemented among Norwegian rose 
growers. Furthermore, we have also found 
evidence that not only day length but also 

 

Fig. 4. Effect of day length on formation and release of Podosphaera pannosa conidia in whole plants 
of Rosa × hybrida cv. Mistral placed in a wind tunnel (photon flux density of light at 50 µmol m–2 s–2

with mercury lamps, 20°C, 80 ± 4% relative humidity). Host plants were spray inoculated and kept in 
either A and C, 18-h or B, 12-h day length for 12 days before the day-length treatments started. Values 
given are the percent conidia trapped on a microscope tape relative to the 18-h day length (set to 
100%) during 1 week. Experiments were repeated A, three; B, four; or C, two times. Bars indicate 
standard error of the mean. 

 

Fig. 5. Effect of day length on disease severity of powdery mildew caused by Podosphaera pannosa in 
whole plants of Rosa × hybrida cv. Mistral. Immediately after inoculation, plants were placed in 
growth chambers (photon flux density of light at 50 µmol m–2 s–2 with mercury lamps, 20°C, 80 ± 4% 
relative humidity) with 0-, 12-, 18-, or 24-h day lengths (three plants in each). Three leaves from each 
plants were detached 8 days after inoculation and percent diseased leaf area (severity) was scored
based on visual comparison with an assessment key. Data presented are an average score of nine dis-
eased leaves. Bars indicate standard error of the mean. 
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light quality strongly influence powdery 
mildew, and very low light intensities seem 
necessary to suppress the fungus (A. 
Suthaparan, unpublished data). Light-
emitting diode (LED) technology is cur-
rently developing rapidly, and, in the fu-
ture, it may be possible to manipulate day 
lengths and light qualities with low-energy 
LED lamps with the purpose of controlling 
or delaying powdery mildew epidemics. 
Finally, this information may also be trans-
ferred to other greenhouse crops where 
powdery mildew is problematic, such as 
cucumber and tomato. 
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