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Abstract

weather

The major allergenic pollen prevalent in the Derby air in MaQisercuspollen which has been monitored volu-
metrically from 1970-199Quercugollen levels in Derby are increasing, showing an established long term trend,

with 1995 being an exceptionally high year. There is now an earlier start date and a longer seasonal duration. The

meanQuercugdiurnal periodicity for 1991-1997 shows a peak at 15.00 hours.
A detailed study of the 1990-1997 seasons established that a maximum temperaturgCob2@bove,

at the usual time of flowering, occasions the start o

f @ueercuspollen season. Average May temperature

and drought in the previous June and July are important factors in determ@umgcus pollen totals.

Predictions for the forthcoming seasons were produced which compared favourably with the actual pollen

totals.

1. Introduction

Aerobiological monitoring of both pollen and spores
has been carried out in Derby for over 28 years
enabling long term pollen level studies to be under-
taken. In spring, tree pollens of the Fagales order
which includesQuercus are a main allergen source in
the northern hemisphere, with cross-reactivity occur-
ring between pollen within the same order (Matthieson
et al., 1991). The two mairQuercus species in
Derbyshire areQuercus robur(English oak), and
Quercus petraedSessile oak). Recent research indi-
cates an increase in hayfever in the UK (Butland et
al.,, 1997), andQuercuspollen has been implicated
as a significant cause of hayfever symptoms in Britain
(Ross et al., 1996). Luscri et al. (1996) showed a 5.7%
allergy toQuercuspollen in the Rome area, and the
study by Farnham (1990) showed a 29% positive skin
prick test toQuercugollen, which was second only to
Betulapollen in New England USA.

Our study ofQuercuspollen and its long term
trends was intended to provide a comprehensive
record ofQuercuspollen presence in Central England,

including its diurnal periodicity as previously there has
only been a one year study Quercuspollen in this
region, in Chesterfield, Derbyshire (Hyde, 1950). Also
Emberlin et al. (1990) suggested an inherent biennial
cycle forQuercuspollen in London.

It is hoped that our research can be of benefit to
allergic patients and their clinicians.

2. Materials and methods

Derby is an industrial city in central England, more
than 100 km from any coast. At present a Burkard
volumetric pollen/spore trap is sited on the roof of
Derby University Mickleover site, 10 m above ground
level, in a suburb 100 m above sea level and approx-
imately 4 km S.W. of the city centre. Weather data
was provided by a meteorological station 0.5 km from
the present trap site. Up to 1989 a Morrow Brown
trap (Morrow Brown and Jackson, 1978) was sited
on a second storey roof 10 m above ground level in
central Derby. However, building developments neces-
sitated the site change to Mickleover in 1990 which
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has improved accessibility and maintained optimum the inverse of the previous year’s percentage of mean
sampling height. Statistical analysis of the data set June—July rainfall.

showed that the results could be treated as one popula- Regression analysis was carried out usggrcus
tion. In 1991 a Burkard volumetric spore trap replaced pollen totals on the three independent weather vari-
the Morrow Brown trap. Daily slide or seven day ables. A multiple regression computer analysis was
drum traps were used, and mounting and staining tech-then carried out taking the percentage mean for
nigues followed the methods described by Morrow Quercuspollen totals as the dependent variable and
Brown and Jackson (1978). From 1970-1990 average having as the independent variables the percentage of
daily concentrations/fwere calculated by counting mean current May temperature and the previous year's
three equidistant microscope fields along the length June—July drought code. From the multiple regres-
of the slide and applying the appropriate factor. In sion analysis, predicted pollen totals were produced
1991 all UK pollen counting centres were standard- and a plot to compare actual and predicted pollen was
ised, so from that year the daily average pollen counts obtained.

were calculated by counting 12 equidistant transverse

traverses for each 24 hours resulting in Qeercus

pollen count per cubic metre after factorisation. Two 3. Results

hourly GMT counts were used to establish diurnal

periodicity with one transverse traverse of the slide | ong term trends ofQuercuspollen in Derby show
being counted every two hours, and the appropriate increasing pollen levels, even ignoring the excep-
factor applied resulting in an hourly count per cubic tjonally high year of 1995 (Figure 1). The earlier
metre. years (1970-1984) do show alternance but latterly this
Total Derby April-July averag&uercuspollen biennial pattern has been disturbed.
concentrations for 28 years were plotted to assess  The start of th&uercusseason whether measured
any long term trends. From the seasonal totals the by Sum75 or the 2.5% (Figure 2a) method shows a
start, end and duration of season were calculated. Thetrend to an earlier date. At the same time the end of
method used was that defined as the date by whichseason is becoming later resulting in a longer seasonal
2.5% of the total April-July pollen census for the duration (Figure 2b). Statistical analysis showed a

year was trapped, this method has been used successnegative correlation between duration and start date,
fully with Derby Betulapollen data (Emberlin et al.,  with r = —0.74.

1997), and the end of season was defined as that day The mean diurnaQuercuspollen periodicity for
when 97.5% of the total April-JulQuercuspollen 1991-1997 shows the main peak occurring around
was reached. The duration of the season is the differ- 15.00 hours (Figure 3). Pollen levels were dramati-
ence between the start and end of the season. Thecally increased at temperatures ofZDand over.
correlation coefficient for start date and duration was Quercuspollen and daily maximum temperatures
calculated. Trends for seasonal total, start, end, andfrom 1990-1997 (Figures 4a and b) show a vari-
duration of season were calculated and plotted, and able seasonal pattern. In 1990 and 1995 most of the
the two hourly diurnal rhythm foQuercuspollen was  pollen output occurred during the first week in May
worked out for all days, dry days and days of 20 \when high temperatures were sustained. A late season
and over. occurred in 1996 when May was cool auiercus
The Sum 75 method (Driessen et al., 1990) identi- pollen was not released until the last week of the
fies the start of season as that day when the cumulativemonth. In 1991, 1992, and 199Quercus pollen
average daily pollen count reaches 75, and this was peaked around the middle of May but in 1993 the
calculated when numbers allowed. quantity of Quercuspollen was low. The maximum
To compare seasonal pollen totals with weather temperatures show almost as much variability as the
data, botmQuercuspollen and three weather variables pollen, with a maximum temperature of 2@ or
were averaged for each year (1990-1997) and thenabove resulting in a rise iQuercuspollen concentra-
converted to a percentage of mean for each of the tions after April 29.
eight years. The three weather variables used were |\/|u|t|p|e Regression ana|ysis using percentage
current mean May temperature, previous mean Juné—mean Quercus pollen totals on percentage mean
July temperature, and the previous year's June-July current May temperatures and the previous June—July
drought code. The drought code was derived from drought code revealed multipR= 87.6% (Table 1).
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Figure 1. Derby Quercusseasonal totals 1970-1997.

Table 1. Data used for multiple regression analysis.

Seasons % of Mean % of Mean Previous
(descending Quercus average daily  June-July
order of pollen May drought
severity) temperature code
1995 278.6 119.4 2.0

1992 111.3 116.9 0.7

1990 83.1 109.7 1.2

1996 74.9 80.6 1.6

1991 72.9 92.7 1.0

1997 71.9 96.7 1.6

1994 65.1 87.1 0.8

1993 41.9 97.6 0.6

Multiple R= 0.875519927

Figure 5 shows that the predicted pollen compares
favourably with the actuaQuercustotals. Quercus

pollen single regression on percentage mean current

May temperatures gave multiple = 66.4% and on
previous June-July drought codes multiBle 64.7%

but on the previous June—July temperatures multiple
R=30.5%.

4. Discussion

The long term upward trend in Derl§yuercuspollen
seems to be well established, Jager et al. (1991) also
found a weak upward trend faQuercuspollen in
Brussels. 1995 was an exceptionally hiQuercus
pollen year indicating the possibility of masting, and
reminiscent of an exceptionally higBetula pollen
year in Gothenburg in 1993 (Dahl and Strandhede,
1996). The alternance shown from 1970-1984 for
Quercusin Derby is for the most part synchronous
with that of Brussels, Leiden and Vienna (Jager et al.,
1991). Interestingly the loweQuercuspollen total in
both Derby and Leiden was 1975, and in Denmark
1975 was cited as a year of “faileQuercusflow-
ering” (Anderson, 1980). The years 1970-1984 show
alternance but from 1985, a3uercuspollen totals
rise, the cycle becomes more variable, three yearly
nearly as often as alternate. The start of season for
this same period shows a marked trend towards earlier
start dates with a slight trend to a later end date,
resulting in a longer seasonal duration fQuercus
pollen. Statistical analysis has shown a negative corre-
lation between start date and duration, so the earlier
the start date the longer the duration, as does Emberlin
et al. (1993) forBetulapollen in London. The rising
trend of DerbyQuercuspollen totals, with earlier
start dates, may possibly have been brought about
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Figure 2b. Trends in the duration of thQuercusseason 1970-1997.

by warmer weather, as discussed by Emberlin et al. the importance of weather influences in addition to
(1997). inherentrhythms. If 1995 is excluded 1992 might have
The mean diurnaQuercuspollen periodicity for been considered a very high year, and in the long term
1991-1997 shows a peak at 15.00 hours whereasperspective 1974 also. Variation in acorn production in
Kapla (1984) had a peak at noon and in the late the USA (Sork et al. 1993) was largely explained by
afternoon. However, we agree with her tiaercus the weather acting in additition to inherent tendencies
pollen concentrations closely correlate with increased and we think the same applies to pollen production.
temperatures and with a possible threshold level. Itis initially clear from the seasonal patterns 1990—
The detailed study of eight seasons 1990-1997 1997 (Figures 4a and 4b), th@uercuspollen release
shows that, apart from 1995, the total pollen per after April 29 is triggered by sustained high daily
season was mostly moderate, with one above averagemaximum temperatures, 1995 having temperatures
season in 1992 and one below average in 1993. Asof 22 °C and above from May 2-May 7. In 1996
theQuercusl995 pollen was quite exceptionally high, maximum temperatures did not rise above®20until
occurring only once in 28 years, it probably indicates the end of the month resulting in an exceptionally late
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Figure 3. Mean diurnalQuercusperiodicity 1991-1997.

season with lowQuercuspollen levels. Conversely (Lavee, 1989) is said to signal production of flow-
the 1997 season had a brief warm spell early in ering inhibitors by the leaves, and drought conditions
May resulting in an early peak which was not to might be expected to limit this capacity and allow less
be sustained due to frost on May 7. In 1993 higher inhibited flowering with consequent plentiful pollen.
temperatures occurring at the end of April produced a Anderson (1980) stated that summer dryness appar-
peak on April 30 but subsequent lower temperaturesin ently stimulates flower differentiation ilQuercus
early May inhibitedQuercuspollen release. The more  Drought in June and July would be an understandable
usual pattern is that exhibited in 1991-1992 and 1994— influence when one considers that it is only during
1996 whenQuercuspollen release followed the same these months of generally high temperatures in the
graphic curve as maximum temperature. The high Derby area that water supply is often limiting, and
temperatures in May 1990 also produced the main but when shoot growth is at its pealQuercushas a
lowerQuercugollen peak indicating that other factors  second sprouting of leaves by early August “lammas
should be considered. We therefore looked at previous growth”, the last of the season, which could boost
pollen, previous summer temperatures and rainfall, the output of flower bud development inhibitors and

and rainfall during flowering, and found only previous
June and July rainfall was significant and that a very
dry June and July in 1994 preceded the higirercus
pollen year of 1995. Wind speed and direction were
also considered but were not found to be important.
Statistical analysis showed that a combination of
drought code (derived from previous June and July
rainfall), and average May temperatures at flowering
gave a 77% explanation, wheregaiercuspollen

regressed singly on each of these two factors produced

influence next years pollen levels. We think that the
occasional very higQuercuspollen year and drought
in June and July can both affect the pollen potential
for the following year and how much of that poten-
tial is expressed depends very much upon the weather,
and in particular the temperatures at flowering time.
Using both previous years drought code and current
May temperatures we have been able to predict the
probableQuercuspollen total (Figure 5).

Koenig et al. (1994) thought that no single ecolog-

a less adequate explanation. In Pennsylvania Sharpical factor could perhaps account for acorn production
and Sprague (1967) remarked that the good acornin even one taxon oQuercus Similarly, for pollen

year of 1954 was preceded by very dry conditions
the previous summer. A high fruit yield in olive trees

levels, we find that while an occasional very high or
low previous pollen total may also be an indicator,



34

1990
30
& 25
2 3
3 20 3
sb 15 &
5 £
z 10 8
5
25-Apr 1-May 7-May 13-May 19-May 25-May 31-May
1991
250 - +30
B 200 1 - 25
3 150 | 120 35
= 100 | 115 i
= £
8 501 L 10 2
0 - 5
25-Apr i-May 7-May 13-May 19-May  25-May  31-May
1992
500
450 +
., 400 -
E3s0 g
g 300 - §
& 250 + e
g 200 + %
= 150 1
8 100 =
50 1
0
25-Apr 1-May 7-May 13-May 19-May  25-May  31-May
1993
250 + - 30
= 200 + 25
s g
§ 150 4 r20 5
%0 g
5 100 + +15 8
2 04 I l 10 §
0 e e 2
25-Apr 1-May 7-May i3-May 19-May 25-May 31-May
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weather seems paramount, with the two most impor- work and especially to Mr David Vince for supplying
tant factors of those tested in the Derby area being us with our weather data. Thanks are also due to Mrs
drought in the previous summer and ultimately the Pru. Firth for statistical advice.

temperatures in May.
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