TIME OF DAY OF POLLEN SHEDDING OF SOME HAY FEVER PLANTS
Mrrvix D. Joxrs, PH.D.* STILLWATER, OKLA.

OLLEN shedding and dispersal is of particular scientific interest to the

botanist and the plant breeder in their consideration of the phenomena of
pollination, fertilization, and seed setting. But this subject is also of interest
to the medical profession in the treatment of asthma and pollinosis.

The present study grew out of a plant breeding investigation aimed at
determining the time of day when grasses shed pollen. This information is
needed hy plant breeders as a basis for collecting large quantities of viable pollen
and for making hybridizations in the field at the time when there is the least
danger of contamination by foreign pollen in the air.

The same information might he useful to the medical profession in the
collection of large quantities of pollen for use in clinical medicine.

Surface reactions caused by pollen, sueh as hay fever, asthma, and dermatitis
of the exposed parts, vary in Intensity at different seasons, during different
weeks of the same season, and at different times during a given day.? Numerous
kinds of pollen may bhe present in the air at once, but usually only a few of them
will be of any significance as hay fever agents.”

Numerous reports are available in the literature relative to the time of day
certain species shed pollen. However, most of these reports are hased on observa-
tion rather than experimental measurement of the amount of pollen liberated
hourly from plants during the day.

Knuth'” summarizes the observations of numerous workers in his monograph
““Handbook of Flower Pollination.”” In general the reports of time of day of
pollination are in fair agreement, hut numerous exceptions can he found where
investigators report entirely different times of the day for pollen shedding for
a species in the same region.

Jensen and Bggh' made counts of the number of pollen grains caught on
petroleum jelly-coated microscope slides which were exposed at various intervals
during the day. They found this scheme of determining time of day of pollen
shedding to be very acurate.

In a study of 29 grasses at Lincoln, Neb., in 1944 and 1945, Jones and
Newell® used a similar technique and found that most of the grasses required
2 to 6 hours in each of several successive days for the completion of pollen
shedding.  When meteorologic conditions were optimum for blooming, these
daily pollination periods occurred rather regularly at the same time of day
for any specific grass. Before or after this short period of active shedding,
little polien was present in the air, even in the center of the grass field, Daily
pollen shedding occurred partially or entirely during periods of darkuness for
thirteen of the grasses studied. Others normally shed pollen in daylight.

The assumption that the presence of exeitants is a common characteristice
of all grass pollen seems warranted from numerous tests.! In general, the
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self-fertilized grasses, such as wheat, barely, and oats, and the grasses (inelud-
ing corn) which produce the larger and less huoyant pollen, are not considered
of great importance as excitants. The relatively small, buoyant pollen grains
of widely distributed grasses, such as Kentucky bluegrass, Timothy, and Bermuda
grass, have been listed as the most important in contributing to the hay fever
malady.

Geisler,® described the general characteristics of grass pollen and presented
drawings of pollen from 32 different grasses ohtained from mounted herbarium
specimens. She studied grasses from four habitats, viz., aquatic, wet lowland,
mesophytie, and prairie. She reports that the pollen of prairie grasses is
markedly larger than that of more moist habitats with the exeeption of the pollen
of Zizania aquatica, which is similar in size to the pollen of andropogon and
Sorghastrum. This fact made it impossible to separate prairie from aquatic
grasses on the basis of pollen size differences.

Results of studying pollen from the same grass stand in two different years
indicate that pollen size may vary as a result of environmental conditions.”
Seventeen of 31 grasses produced pollen with no significant size variation be-
tween the two years, 5 showed significant differences at the b per cent level and
8 showed significant differences at the 1 per cent level. Thus seasonal environ-
ment has a pronounced effect on the pollen size of some grasses.

In a recent series of articles, Durham®> reported the specifie gravity, rate
of tall, and size of pollen of numerous species of plants causing hay fever.

METHODS

Forty-five species of plants were studied at Lincoln, Neb., in 1945 and at
Stillwater, Okla., in 1946 and 1947, to determine pollen size and the time of
day and time of year that pollen shedding oceurred. The species studied are
given in Table 1.

Pure samples of pollen were collected from each plant and stored in gly-
cerine-aleohol solution. Measurements of pollen diameters were made from
permanently mounted slides according to the method deseribed by Jones and
Newell.?

To determine the time of day a species sheds its pollen, four microscope
slides which had an area of one square inch coated with a thin film of petroleum
jelly were exposed at elevations near the height of the plant in the center of the
selected area. The slides were placed in holders that were attached to weather
vanes at an angle of 45° (Fig. 1). This method of exposure kept the petroleum
jellv-coated side of the slide exposed against the prevailing wind and facilitated
catehing the pollen that was impinged against the slide, whether it was blown
through the air or fell as a result of gravity. The total number of pollen grains
on 10 random low-power microscope fields (16 sq. mm. area) per slide was used
as a measure of the amount of pollen shed.

(Close observation of the anthers previous to blooming made it possible to
predict when pollen shedding might be initiated by a given species. Hor these
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studies, preliminary exposures were made every five to six hours during the first
days when the investigation of a species was begun. After the general time of
day when pollen was being shed from the anthers was determined, intensive
studies were continued for two to six days. IExposures were made at 30 minute
intervals during the period of active pollen shedding. When microseope ex-
amination revealed no pollen was bheing caught on the slides, the 30 minute
time exposures were discontinued. Slides were left exposed until the following
day, so that eounts of pollen could be made for each 24 hour period, as well as
for periods of several days. The counts made at 30 minute intervals were
recorded on the basis of central standard time.

Aids used in identifying pollen included size and shape measurements,
knowledge of which kinds of plants were shedding pollen at the same time of
vear, the time of day that each plant sheds its pollen, and the mass effect of
the pollen under study. Permanent mounts of different pollens were also used
for comparison.

Fig. 1.—A weather vane with microscope slide holder attached, as used in this study. Grass
plants in background.

EXPERIMENTAIL RESULTS

Shape, Color, and Size of Pollen.—The pollen of grasses is characterized
by a somewhat spherical shape and yellowish eolor. Its form varies from the
ellipsoidal shape of rve pollen to the almost spherical shape representative of
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most of the grasses studied. The color of the pollen varies from a deep yellow
in some varieties of corn to an almost colorless condition in swamp foxtail, with
the pollen of most grasses having a creamy to vellowish eolor. Because of the
similarity of the various kinds of grass pollen, neither shape nor natural eolor
appear to be of value in identifying pollen of the different grass species causing
hay fever,
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Fig. 2. —Time of Jday of pollen shedding of Kochia at Lincoln, Nebraska during 1945, and of
western ragweed at Stillwater, Oklahoma, 1946,

Diameter measurements of pollen were made in an effort to identify and to
determine buoyancy of pollen of different species. The mean diameters of pollen
varied from 20.1 + 0.2 p for giant ragweed to 99.5 + 0.8 u for popcorn with 32
of the 45 species having pollen grains between 30 and 50 p (Table I).. Diameter
of pollen is related to size and rate of fall.° Durham® * gives the specific gravity
and experimental rate of fall when compared to short ragweed of eight species
which were studied in the present investigation. Aeceording to his results and
the size measurements made in this study, the small pollen grains of low specific
gravity, such as giant ragweed and western ragweed fall more slowly than the
large heavy pollen of rye and corn. Mexican firebush, Kentueky bluegrass,
Orchard grass, and Timothy were intermediate in rate of fall.*

Time of Day of Pollen Shedding.—It should be emphasized that observa-
tion alone is not always completely reliable to determine the time of day and
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the number of days that species shed pollen. With some plants which are not
prolific pollen producers, the exposure of slides has proved the inadequacy of
casual observation.

Thirty-five species were studied to determine the time of day they shed
pollen, The data are summarized in Table 1; however, six species, which were
considered representative of the entire group, are discussed in detail. These
species include Mexican firebush, smooth bromegrass, giant ragweed, western
ragweed, sweet corn, and rye.

Mexican firebush: Kochia or firebush is an escaped ornamental that is
becoming a serious hay fever and weed pest in the north central United States.
It produces large quantities of pollen from July 10 to September 10 at Lincoln,
Nebraska, and is prevalent in nearly all fields and waste places.
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Fig. 3.—Time of day of pollen shedding of bromegrass at Lincoln, Nebraska in 1945 and at
Stillwater, Oklahoma in 1946 and 1947,

The seriousness of Kochia as a hay fever plant was brought to the attention
of the author by a colleague. He made trips daily at about 10:00 4.M. to experi-
mental plots in the field. Kach day during pollen season he would develop
severe symptoms of hay fever following his field visits. A study made in 1945
at Lincoln, Nebraska, showed that Kochia shed 94 per cent of its average daily
total pollen between 9:00 a.M. and 12:30 p.M., with the peak of shedding occurring
at 10:30 a.m. (Fig. 2). Very little pollen was caught on exposed slides after
2:00 p.M. On the basis of these data, my colleague was advised to visit the
experimental plots after 2:00 p.M. each day. This change in his schedule resulted
in his having very light symptoms of hay fever.
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Smooth bromegrass: The dispersal of smooth bromegrass pollen was studied
for six days at Lincoln in 1945. On the average, it required only 15 minutes
after blooming until the anthers started dehiscing and shedding pollen. Pollen
grains of bromegrass are only 42.1 £ 0.7 w in diameter and are very buoyant.
In a few minutes after maximum blooming, *‘clouds’ of yvellow pollen were
observed as breezes swept across the field. These ohservations were substantiated
hy data obtained from slides exposed for 30 minute periods. Pollen was caught
on the slides from 2:30 to 7:00 .M., but 99.5 per cent of the average daily total
was shed between 4:00 and 6:30 v.m. (Fig. 3).

Temperatures of 80° to 85° F. were found to he optimum for the blooming
of this grass; however, active hlooming has heen observed at temperatures he-
tween 74° and 90° F. Temperatures lower than 70° F. inhibited blooming on
June 14 and 15, 1945.
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Fig. 4.—Time of day of pollen shedding of giant ragweed at Lincoln, Nebraska, in 1945 and
at Stillwater, Oklahoma in 1946.

Records of bromegrass pollination at Lincoln for the period 1936 through
1945 show the seasonal pollen shedding occurring in late May or early June.
The pollen season lasted only for 11 days in 1944 and for 14 days in 1945.
Bromegrass produces a tremendous amount of pollen and is grown on a large
acreage, and therefore, is a hay fever problem for a short period each season.
However, since its daily pollen shedding period is confined to a short period in
late afternoon, it is possible to avoid exposure to the air-borne pollen.

Slide exposures were made on four days in the second and third weeks of
May in 1946, and during early June in 1947, for the investigation of daily pollen
shedding of bromegrass at Stillwater, Oklahoma. The majority of pollen in
both years was caught during the late afternoon and early evening (Fig. 3).
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The days on which studies were made in 1947 were warmer than those in
1946. Clear skies, low relative humidity, and strong winds were common. The
temperatures between noon and 4:00 v.Mm. increased each successive day from
June 4 to June 9, ineclusive. Likewise, the fime of maximum daily pollen
shedding each successive day was consistently later by approximately 30 minutes.
Apparently the delay in maximum shedding on successive days was due to rather
complete blooming and sheddine each day; thus, a little more time was required
for growth and maturation of the anthers for the next day’s pollen supply.
Tven though optimum temperatures for blooming and shedding of approximately
86° F. prevailed near noon cach day, no shedding oceurred at that time. Ap-
parently the duration of light and heat had not been sufficient Dy then to
mature the anthers. The time of day of pollen shedding was found to be a
little later at Stillwater, in 1946 and 1947 than at Lincoln in 1945.

Giant ragweed: Giant ragweed is one of the heaviest producers of pollen
of any speeies known to cause hay fever. It i1s fortunate that this species is
restricted to certain soil sites and thus is not widespread in most regions.
Pollen shedding was studied on Aung. 24 and 25, 1945 at Lincoln. Kighty-eight
per cent of the average daily total was shed between 8:00 and 11:00 am. (Fig.
4).

Studies were condueted at Stillwater on Sept. 5, 6, 9, and 11, 1946. Pollen
shedding was initiated earlier in the day than at Lincoln. About 95 per cent
of the average daily total of pollen was shed between 7:00 and 10:30 a.m.

The pollen season at Lincoln in 1945 extended from August 4 to September
30, with the peak occurring between August 24 and September 3. At Stillwater
in 1946, the pollen season lasted from August 1 to October 10, with the peak
hetween September 14 and 24. The prineipal effect of latitude appeared to be
on dates rather than on length or severity of the pollen season.

Rainfall on the morning of September 10 delayed pollen shedding for ap-
proximately two hours. Apparently the amount of pollen shed on September
10 was only slightly less than normal,

Western raguweed: Western ragweed is a perennial of widespread distri-
bution in the Corn Belt and (ireat Plains. It normally produces a large daily
quantity of pollen from -JJuly 1 to September 15, with the peak of production
oceurring about August 15 to 30 at Stillwater.

As an average for three dayvs in September 1946, pollen shedding extended
from 6:30 a.M. to 12:30 p.M., with the period of maximum shedding at 8:30 A.m.
Approximately 90 per cent of the average daily pollen supply was shed between
7:00 and 10:00 a.m. (Fig. 2).

Rain delayed pollen shedding for two hours on September 10. After the
relative humidity returned to normal, tremendous quantities of pollen were
shed about 10:30 a.m.

Sweet corn: The first few pollen grains were caught between 6:30 and
7:00 a.M. on slides exposed in the center of a field of sweet corn for four days
in late June and early July in 1946. The rate of pollen shedding increased
rapidly until the maximum was reached between 7:30 and 8:00 a.m. (Fig. 5).
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Slide studies were made on June 23, 24, and 25 in 1947. Meteorological
conditions and the daily pollination cveles were very similar on each of these
days. Heavy shedding extended from 8:00 to 11:00 a.M., with the peak of pollen
shedding occurring between 8:30 and 9:00 A.m.
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Fig. 5.—Time of day of polien shedding of sweet corn at Stillwater, Oklahoma in 1946 and 1947.

The maximum rate of pollen shedding occurred an hour earlier in 1946
than in 1947, apparently because of lower relative humidities and higher tempera-
tures in the early morning on the days of study in 1946.
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Fig. 6.—Time of day of pollen shedding of rye at Lincoln, Nebraska in 1945.

Sweet corn pollen was found to be 94.2 + 0.5 n in diameter in 1947 and
appeared to be the least buoyant of any grass pollen. Even though sweet corn
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and field corn are planted on large acreages, the number of plants per acre is
small and they have not proved to be serious hay fever pests. The daily pollen
production was shed in a short period (Fig. 5).

Rye: The effect of wind on the dispersion of rye pollen was studied on
May 26 and 29, 1945. It was necessary to begin exposures of slides before dawn
to determine the extent of pollen shedding. Slides were placed on the ground so
that the number of pollen grains which fell could he compared with the number
caught on slides exposed at the height of the plants.

During 30 minute periods on May 26 when light breezes swept across the
field a large number of pollen grains were caught on the aerial slides. Only a
small number was caught during periods of calm. Considerable variation is
shown in the number of pollen grains caught during different 30 minute intervals
of this relatively ealm day (Fig. 6). Almost four times as many pollen grains
were caught on the ground exposuves as on the aerial exposures.

A wind veloeity of 7 m.p.h. on May 29 resulted in the pollen being dispersed
immediately upon dehiscence of the anthers. The data indicate an inerease in
the amount of pollen shed each 30 minute period until the peak of production
was reached at 6:30 A.M. A rapid decrease in amount occurred until shedding
ceased around 11:00 a.m. (Fig. 6). Considerably less pollen was deposited on
the slides exposed on the ground on May 29 than on May 26. Thus more pollen
is dispersed into the air on windy days, which probably is the reason hay tfever
susceptibles often are more uneomfortable on such days.

Other species: Related speciés within a genus were characterized by similar
pollen shedding habits (Table 1). Blooming and pollen shedding oeccurred at
approximately the same time of the day for five species of wheatgrasses, as well
as for the closely related Russian wild rve. Species within the genera, Ambrosia,
Andropogon, Bouteloua, Festuea, and Sorghum also tended to shed pollen at
similar times of the day and year.

DISCUSSION

The major factors contributing to a plant’s importance as a hay fever
pest are length of season of bloom, abundance of pollen, intensity of pollen
production and buoyance of the pollen. The small pollen grains of Mexican
firebush, smooth bromegrass, giant ragweed, and western ragweed, all heavy
pollen producers, are very buovant and easily dispersed by wind. The pollen
of rye is considerably larger and less buoyant. Corn and sweet eorn have the
largest and least buoyant pollen of any grass.

A determination of the time of day of pollen shedding for the different hay
fever species in a given region would ald materially in associating a patient’s
hay fever symptoms with certain species. Also, a measure of the amounts of
pollen produced in different geographic regions by a species or by different
species should throw light on the subject of why some treatments fail in one
region and not in another.
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SUMMARY AND (CONCLUSIONS

1. Investigations were conducted to deterinine size of pollen and the time
of day and time of vear of pollen shedding of 45 species of plants when grown
at Lincoln, Neb., in 1945 and Stillwater, Okla., in 1946 and 1947.

2. Mean diameters of pollen grains are reported as an aid in determining
pollen size and bhuoyanecy,

3. A determination of the time during each day when a species sheds pollen
will faeiitate the collection of large guantities of pollen for use in clinical
medicine,

4. Petroleum jellyv-coated microscope slides were so exposed as to intercept
air-horne pollen. The number of pollen grains caught during 30 minute inter-
vals per 16 sq. mm. area was used as a measure of the amount of pollen shed.
This means of pollen collection gives a reliable estimate of the relative amounts
of pollen produced and dispersed by species at various intervals during the day.

n. Between 90 and 99 per cent of the pollen shed was liberated by most
species within a short period of three to four hours each day. The time of day
of shedding varied widely for the different species and appeared to be con-
trolled by factors inherent in each speecies.

6. The effects of environmental factors on pollen shedding weve considered.
Temperatures of less than 60° F. inhibited shedding in some species. Wind
movement was important in speeding up anthesis, dehiscence, and disperal.
High relative humidity delayved pollen shedding, but did not inhibit it.

REFERLENCES

I. Coeca, Arthur F., Walzer, M. and Thommen, A. A.: Asthma and Hay Fever in Theory
and Practice, Springtield, 111. 1931, Charles ¢ Thomas,

2. Duke, W, W., and Durham, O. (.: Pollen Content of the Air, J.AM.A. 90: 1429, 1928,

3. Durham, O. C.: The Volumetric Incidence of Atmospheric Allergens. I. Specific Gravity
of Pollen Grains, J. ALLERGY 14! 455, 1943,

4. Durham, O. C.: The Volumetric Incidence of Atmospheric Allergens. 1II. Rate of Fall
of Pollen Grains in Still Air, J. ALULERGY 17: 70, 1946,

5. Durham, O. C.: The Volumetric Incidence of Atmospheric Allergens. 1V. A Proposed
Standard Method of Gravity Sampling, Counting, and Volumetric Interpolation of
Results, J. AuLErGcy 17: 79, 1946,

6. Geisler, F.: A Study of Pollen Grains of Thirty-Two Species of Grasses, Butler Univ.
Bot. Studies 7: 65, 1945.

7. Jensen, I., and Bggh, H.: On Conditiens Influencing the Danger of Crossing in the

Case of Wind-Pollinated Cultivated Plants, Tidssk. Planteavl. 46: 238, 1941.

8. Jones, Melvin D., and Newell, L. C.: Pollination Cycles and Pollen Dispersal in Re-
lation to Grass Improvement, Neb. Agr. Exp. Sta. Res. Bul. 148: 1946,

9. Jones, Melvin D., and Newell, L. C.: Size, Variability and Identification of Grass
Pollen, Jour. Amer. Soc. Agron. 40: 136, 1048,

10. Knuth, P.: Knuth’s Handbook of Flower Pollination. Oxford, 1909, Clarendon Press.

(Translated by J. R. Ainsworth Davis)

11. Koessler, K. K., and Durham, O. C.: A System for an Intensive Pollen Survey With

a Report of Results in Chieago, J.AM.A. 86: 1204, 1926,



