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Abstract

The horizontal and vemcal dlstrlbutlon of airborne conidia of Botrytis cinerea in a gerbera crop in
two glasshouses (100 m? and 350 m?) was studied during 18 months in 1988 and 1989. Conidia of
B. cinereq were caught in simple spore traps consisting of agar in Petri dishes placed in a regular
pattern at three different heights in the glasshouse and counted as colonies, after incubation. Lesions
due to conidial infection were counted on gerbera petals. The horizontal and vertical distribution of
conidia of B. cinerea in a gerbera crop grown under glass was fairly uniform in both distinct glass-
houses. Conidia of B. cinerea trapped in a glasshouse can originate from sources inside and outside
the glasshouse. No significant interaction was found between location and time for the colony
counts and for the log transformed (In(V + 1)) lesion counts. The results of this study suggest that
spore trapping at one height and at a limited number of locations and dates is sufficient for efficient
monitoring of B. cinerea in a glasshouse.

Additional keywords: lesions, trapping.

Introduction

Botrytis cinerea Pers. ex Pers. causes damage to a wide variety of plants including
ornamentals like gerbera, rose, chrysanthemum and several pot plant species such as
Saintpaulia (Kerssies, 1993). Conidia, ascospores, mycelial fragments and sclerotia are
important for dispersal (Jarvis, 1980), although only conidia seem to play the main role in
disease dispersal in glasshouses. Conidia are dispersed by air currents, water droplets and
insects. Necrotic lesions (“spotting”} on flower buds and petals are caused by early infec-
tions of plant tissue. Studies on dispersal of plant pathogens (e.g. B. cinerea) in glass-
houses are scarce (Frinking and Scholte, 1983). Hirst (1959) was one of the first to
monitor densities of air-borne spores, and B. cinerea conidia were amongst those trapped.
Frinking et al. (1987) studied the dissemination of particles in a glasshouse divided in
three multiple bays using Lycopodium sp. Little is known about factors influencing
dispersal of B. cinerea in ornamentals in glasshouses. Frinking and Scholte (1983)
showed that the complex dispersal process involves aspects of the pathogen, host, envi-
ronment and the activity of man. Hausbeck and Pennypacker {1991) showed that grower
activity in a greenhouse with geraniums resulted in peak conidial concentrations in the
greenhouse atmosphere.

Dispersal of conidia in a gerbera crop growing under glass and the effects of environ-
mental factors on dispersal of conidia and on infection of gerbera flowers during storage
have been published (Kerssies, 1993). In this former study no seasonal pattern was found
in the numbers of colonies developed from trapped conidia, but the numbers of lesions on

303



the flowers were season-dependent. In spring and early summer few lesions were pro-
duced, whereas many lesions appeared in other seasons. Linear regression accounted for
77 and 81% of the variation in the number of lesions on gerbera flowers in the two glass-
houses in terms of relative humidity (positively correlated), total incident solar radiation
outside the glasshouse (negatively correlated) and age of the crop (positively correlated).
The aim of the present study was to investigate the horizontal and vertical distribution of
airborne conidia of B. cinerea in a gerbera crop growing under glass in order to improve
the efficiency of aerobiological studies in glasshouses.

Materials and methods

Distribution of Botrytis cinerea. The distribution of B. cinerea in a gerbera crop grown
under glass on rockwool was studied in two glasshouses, one of 100 m’ in Aalsmeer
(glasshouse A; 480 plants, cv. Terrafame) and one of 350 m? in Vleuten (glasshouse V;
2000 plants, cvs Rosamunde and Maria). In glasshouse A, six tables each supported four
rows of 20 gerbera plants growing on rockwool on an irrigation mat. In glasshouse V, 20
rows of gutters with rockwool were installed, each with 100 plants. B. cinerea was intro-
duced into the glasshouses. Petri dishes containing heavily sporulating colonies of B. cine-
rea on potato dextrose agar were exposed in glasshouse A (two dishes, between location
10 and 11 and between location 14 and 15) and V (four dishes, at location 7, 9, 22 and 24)
for 7 days and were removed before spore trapping started. The densities of B. cinerea
conidia in the air of the glasshouses were studied between April 1988 and October 1989
using two methods (Kerssies, 1993).

In method 1, spore traps were distributed within and above the crops in a regular pattern
(Kerssies, 1990). In glasshouse A, 24 trap locations within the crop, 24 trap locations
0.5 m above the crop and six trap locations 1.5 m above the crop were used. In glasshouse
V, 30 trap locations within the crop, 30 trap locations 0.5 m above the crop and eight trap
locations 1.5 m above the crop were used. Each week (2-weekly during winter) fresh traps
were placed in the glasshouses for 8 h during the day (08.30-16.30) and for 16 h during
the night (16.30-08.30, glasshouse A only). The dishes were incubated for 7 days at 20 °C
under fluorescent light (Pope, Ftd 36W/30, 8 wmol m~ s™*) after which the number of
colonies (dark brown) were recorded (Kerssies, 1990).

In method 2, each week (2-weekly during winter) 24 flowers near the spore traps were
harvested in glasshouse A and 30 flowers in glasshouse V. The surfaces of the upper ten
petals of each flower were exposed to the glasshouse air. The duration of exposure of the
flower petals to the glasshouse air varied from 6 days in July to 13 days in January.
Thereafter the petals were placed on wet paper in plastic boxes and incubated at 20 °C
under fluorescent light. After 3 days, B. cinerea lesions were counted under a microscope
with a magnification of 10.

In glasshouse A, spore traps were exposed 63 times over a period of 545 days at day-
time and 55 times over a period of 545 days at night. Flowers were harvested and lesions
were counted 46 times over a period of 405 days. In glasshouse V, spore traps were ex-
posed 49 times over a period of 439 days, at daytime only. Flowers were harvested and
lesions were counted 45 times over a period of 371 days. After removal the crop (end of
experiment) from glasshouse A spores were trapped inside (six spore traps) and outside
(five spore traps) the glasshouse during 6 consecutive weeks.

Statistical analysis. In search of systematic spatial differences in numbers of colonies
through time, Poisson regression models were fitted to the number of colonies per trap
location per counting date (for each trapping height) or per trap height per counting date.
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Correlations were calculated between the numbers of colonies at different trap locations
through time.

Spatial differences in numbers of lesions on gerbera petals were tested by analysis of
variance. The log transformed (In(NV + 1)) numbers of lesions on gerbera flowers per
harvest location per counting date was taken as the explanatory variable. Again, correla-
tions were calculated between the lesion counts at different harvest locations through
time.

Results

Colonies on spore traps, horizontal distribution. 'The numbers of colonies on spore traps
per counting date, at daytime, showed few significant differences (P < 0.05) between loca-
tions of one trapping height, in either glasshouse (Fig. 1A,B,C — glasshouse A; Fig.
2A,B,C — glasshouse V). The numbers of colonies per counting date, at night, in glass-
house A (not shown) again showed few significant differences between locations of one
trapping height. In glasshouse A, at daytime, the numbers of colonies on spore traps at 0.5
m above the crop showed that the locations 17-24 were significantly higher (P < 0.05; Fig.
3). The locations 1724 were at the rear end of the glasshouse. In glasshouse V, the num-
bers of colonies per counting date of a few trapping locations were significantly different
within the crop only. No clear pattern could be observed.

Most of the spore trap locations, per trap height, were significantly correlated at
P £0.05 with regard to the numbers of colonies per counting date (Table 1).

Colonies on spore traps, vertical distribution. In neither glasshouse significant differ-
ences (P < 0.05) were found in the numbers of colonies per counting date between spore

1 6.3 ab 9 6.0 ab 17 84 ab
2 42 a 10 6.2 ab 18 8.7 ab
3 6.1 ab 11 72 ab 19 6.6 ab
4 86ab 12 76 ab 20 s8b
/ Main path

5 7.0 ab 13 7.8 ab 21 8.5 ab
6 7.9ab 14 86 ab 22 55ab
7  62ab 15 58 ab 23 82 ab
8 5.4 ab i6 7.8 ab 24 6.7 ab

Fig 1A. Mean number of colonies per spore trap (r = 63) for the 24 trap locations, within the crop,
trapped from 08.30 to 16.30 in glasshouse A: Location numbers refer to traps 1-24. Different letters
indicate significant differences (P < 0.05).
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1 6.1 abed 9 6.6 abed 17 8.2 abed
2 5.7 abc 10 6.2 abed 18 93 cd
3 5.5 abc 11 48 ab 19 9.3 cd
4 6.2 abecd 12 10.1d 20 8.4 abed
/
5 7.3 abcd 13 87 cd 2t 85 bed
6 47 a 14 6.0 abe 22 6.2 abed
7 5.6 abc 15 6.4 abed 23 6.7 abed
8 5.5 abc 16 4.8 ab 24 87 cd

Fig 1B. Mean number of colonies per spore trap (n = 63) for the 24 trap locations, 0.5 m above the
crop, trapped from 08.30 to 16.30 in glasshouse A. Location numbers refer to traps 1-24. Different
letters indicate significant differences (P < 0.05).

1 59 a 3 86 a 5 89 a

2 58 a 4 59 a 6 63 a

Fig 1C. Mean number of colonies per spore trap (n = 63) for the six trap locations, 1.5 m above the
crop, trapped from 08.30 to 16.30 in glasshouse A. Location numbers refer to traps 1-6. Different
letters indicate significant differences (P < 0.05).
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Fig 3. Mean number of colonies per eight
spore traps (n = 63) for the trap locations
1-8, 9-16 and 17-24, 0.5 m above the
crop, trapped from 08.30 to 16.30 in glas-
shouse A. Different letters indicate signifi-
cant differences (P < 0.05).

Table 1. Percentage significant linear correlations between spore trap locations for trap height
through time, in glasshouse A (P < 0.05; n = 53) and glasshouse V (P £ 0.05; n = 47) for the num-
bers of colonies. D: day; N: night; 0: spore traps within the crop; 50: spore traps 0.5 m above the
crop; 150: spore traps 1.5 m above the crop.

Glasshouse Significant linear correlations (%)
Glasshouse A
DO 95
D50 99
D150 100
NO 90
N50 99
N150 100
Glasshouse V
DO 81
D50 94

D150 86

traps, at any location, within the crop and 0.5 m above the crop. The numbers of colonies
did not show significant differences (P < 0.05) between the spore trapping heights, by day
or by night in either glasshouse (Table 2). In glasshouse A the spore trap heights were sig-
nificantly different between day and night at P £ 0.05 for the numbers of colonies per
counting date (Table 2).

Lesions. Analysis of variance of the log transformed (In(V + 1)) numbers of lesions per
harvest location per counting date showed few significant differences (P < 0.05) between
the harvest locations in either glasshouse (Fig. 4A,B). In glasshouse A the lesion density
(log transformed (In(V + 1)) of the twelve harvest locations at the left side of the main path
(3.81) and of the twelve harvest locations at the right side of the main path (3.65) were
significantly different (P < 0.05). In glasshouse V no clear pattern could be observed.
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Table 2. Mean number of colonies per spore trap height in the day and night periods in glasshou-
se A and in the day period in glasshouse V. D: daytime; N: night; 0: spore traps within the crop; 50:
spore traps 0.5 m above the crop; 150: spore traps 1.5 m above the crop. Different letters indicate
significant differences (P < 0.05; Anova).

Glasshouse Spore trap height Mean number of colonies
Glasshouse A (n = 55) DO 72a

D50 69a

D150 69a

NoO 25b

N50 22b

N150 2.1b
Glasshouse V (n = 49) DO 13a

D50 13a

D150 l4a

In glasshouse A and V 91% and 85%, respectively, of the harvest locations were signi-
ficantly correlated at P < 0.05 with regard to the log transformed numbers of lesions per
counting date.

No significant interaction was found between location and time for the numbers of
colonies and for the log transformed numbers of lesions. No relation was found between

1 39eg 9 36ad 17 azaf
2 39cyg 10 39dg 18 409
3 4019 11 36ae 19 38ag
4 38bg 12 37a4 20 3Bag
/
§ 35a 13 33ae 21 37ae
6 36ac 14 38ag 22 36ab
7 36ab 15 38ag 23 38bg
8 37ae 16 38byg 24 37ae

Fig 4A. Log transformed (In(N + 1)) mean number of lesions on gerbera petals at each harvest
location (n = 46) in glasshouse A. 1-24: harvest location numbers. Different letters indicate signi-
ficant differences (P < 0.05).
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3.5 3.7 3.7 36 3.6 37

ab abc abc abc abe abe

30 25 20 15 10 5

37 36 36 37 38 35

abc abc abc abc c ab

29 24 19 14 9 4

36 37 36 37 37 35

abc abc abc abc abc

28 23 18 13 8 3

35 3.6 36 37 a7 36

a abc abe abe abe abc

27 22 17 12 7 2
Fig 4B. Log transformed (In(N + 1)) mean num-

37 38 38 37 3.7 36 ber of lesions on gerbera petals at each harvest

abe bc bc  abc abc  abc location (n = 45) in glasshouse V. 1-30: harvest

26 21 16 11 6 1 . . . . . .
location numbers. Different letters indicate signi-
ficant differences (P £ 0.05).

the distribution of sources of conidia (wet, dead leaves; rarely found) and the distribution
of trapped conidia in the glasshouses.

Discussion

The horizontal and vertical distributions of conidia of B. cinerea in a gerbera crop grown
under glass, counted as colonies or as lesions on petals, were fairly uniform in both glass-
houses A (100 m?) and V (350 m?), with high and low levels of trapped conidia. The sig-
nificantly higher numbers of colonies per counting date, 0.5 m above the crop, at the rear
of glasshouse A, could have been caused by air movements due to draught from the open
door at the front in combination with ventilation through the windows. The significantly
higher numbers of lesions on petals in glasshouse A at the left side of the glasshouse (as
viewed from the main path) might have been caused by increased turbulence, since at the
left side of the glasshouse the windows were more frequently open than at the right side.
Although glasshouse V is more than three times larger than glasshouse A the numbers of
colonies and lesions counts on petals in glasshouse V showed fewer significant differ-
ences. Probably, in glasshouse V more turbulence occurred due to the presence of more
opening windows per m?, resulting in a more regular distribution of colonies of B. cine-
rea within the glasshouse.

The lack of significant differences between trapping locations and between trapping
heights in the numbers of colonies and between harvest locations in the numbers of lesions
on petals suggests that conidia of B. cinerea are transported rapidly within the glasshouse
(Frinking et al., 1987).

Presumably, inoculum of B. cinerea can also be transported from inside the glasshouse
to the outside and vice versa. After removal the crop from glasshouse A conidia were
trapped in- and outside the glasshouse during 6 consecutive weeks. During the first 4
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weeks, the numbers of colonies inside and outside decreased, respectively from 11 to 1
and from 18 to 2 colonies per trap, but after 4 weeks they increased to 10 and to 5 colo-
nies per trap, respectively. Air from outside, containing conidia of B. cinerea, can enter
the glasshouse through open windows, doors and small holes. On spore traps at a distance
of 50 m from glasshouse A, high numbers of spores of B. cinerea were trapped (8 spores
per spore trap, » = 14), though less than in glasshouse A (14 spores per spore trap, n = 14,
P < 0.05). Pady and Kelly (1954) and Richards (1956) reported that B. cinerea is one of
the fungi most frequently trapped in air. Conidia of B. cinerea trapped outside the experi-
mental glasshouse can originate from other glasshouses or from the field. This statement
is in agreement with results of other authors. Zadoks (1967) stated that fungi can enter and
leave glasshouses easily. Frinking (1991) stated that there is a continuous exchange of air
between the glasshouse and the outside environment. Schepers (1984) suggested that
conidia of Sphaerotheca fuliginea will also be transported easily into and out of glass-
houses.

The results of this study suggest that measuring B. cinerea in a glasshouse with spore
traps at a single height and at a limited number of locations is sufficient. Kerssies (1993)
showed that in spring and early summer very few lesions were counted, whereas in the
other seasons many lesions were present. Therefore, trapping B. cinerea spores to moni-
tor spore behaviour is mainly necessary in fall and winter.
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