
TIME OF 1)AY OF POLLEN SHEI)I>ING OF SOPvlE HAY FEVER PLANTS 

MEI,\-IS 1). JO~XES, I’H.T).,” ~‘lTI.I,\VA?‘ER, 0KL.A. 

P OLIAEK shedding and dispersal is of particular scientific interest, to the 
botanist and the plant breeder in their consideration of the phenomena of 

pollination, fert,ilization, and seed setting. But this subject, is also of interest 
to the metlical profession in the treatment, of asthma and pollinosis. 

The present, study grew out of a plant breeding investigation aimed at. 
determining the time of da\- when crasses 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 
collect,ion of large quantities of pollen for uw in clinical medicine. 

Surface reactions caused hy pollen, wch as hay fever, asthma, and dermat,it,is 
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 
kintls of pollen may he present in the air at once, lmt usually only a few of them 
will he of any significance as hay fever aK:‘erits.” 

Sumerous reports are available in the literature relative to the time of da; 
certa.in species shed pollen. However, most. of these reports are hased on ohserva- 
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 ot 
pollination are in fair agreement, hut numerous exceptions can he found where 
investigat,ors report entirely tliffrrent times of the day for pollen shedding for 
a slwcies in the same region. 

Jensen and R&h7 made counts of the number of lwll~~n grains caught on 
pc~troleuni jelly-coated microscope slides which were exposed at various int,ervals 
during the da>-. The\- found this scheme of tlrtermining time of da?- of -pollen 
shrtlding to he very acurate. 

In a study of 29 grasses at Lincoln. Nell., in 1944 and 1945, Jones and 
Newell” used a similar technique and fount1 that most, of the grasses required 
2 to 6 hours in each of several successiv2 day for the completion of pollen 
shedding. When meteorologic wnditions were optimum for blooming, these 
daily pollination periotls occurred rather regularly at the same time of dayi 
for any specific grass. Before or after this short period of active shedding, 
little pollen was present, in the air, even in the center of the grass field, 1)aily 
lwllen shedding occurred partially or entirel\- during periods of darkness for 
thirteen of the grasses studied. Others normally shed pollen in daylight. 

The assumption that the prrs>ncae of excitants is a common characteristic 
ot’ all grass pollen seems warranted from numerous tests.’ In general. the 

*Okl;tl~m~n Agricultural Experiment Station. Stillwater, Okla. 
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self-fertilized grasses, such as wheat, barely, and oats, and the grasses (iuclud- 
ing corn) which produce the larger and less lmoyant 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 contZrihuting to the hay fever 
malady. 

(:eisler,” described the general ch:~i~acterist~ics of grass pollen and presentetl 
tlrawings of pollen from 32 difYerent, grasses obtained I~rom mounted herbarirmi 
specimens. She studied grasses from four habitats, viz., aquatic, \vet lowlancl, 
mesophytic, and prairie. She reports that, the pollen of prairie grasses is 
markedly larger than that of more moist habitats with the exception of the pollen 
of Zixania nqucctica, which is similar in size to the pal lrn oi’ andropogon and 
Sorghastrum. This fact made it impossible to separate prairie from ;11~11al ic 
grasses on the basis of pollen size differences. 

Result,s of studying pollen from the same grass stand in two different, years 
indicate that pollen size may vary as a result 01’ environmental couditions.” 
Seventeen of 31 grasses produced pollen with no significant size variation be- 
tween the two years, 5 showed significani tliffcrenrcs at the 5 per cent level and 
8 showed significant diflerrncrs at the I ~)rr c.riit, levc~i. ‘1’1i11s sea,soual environ- 
ment has a pronounced effect on the ~)oJJeii size of some grasses 

In a recent series of art,icles, I )urham”~” rcportc31 1 tir specific gravity, rate 
of fall, and size of pollen of numerous speGes of plants cansing hay fever. 

Forty-five species of’ plants were studied at, lAincoIn! Neb., in 1945 and at 
Stillwat,er, Okla:, in 1946 and 1947, to determine pollen size and the time o t 
day and time of year that pollen shedding oc~c~~rrctl. The species si~ldied are 
given in Table 1. 

Pore samples of pollen were collected fi*om earl1 J)Jailt and stored ill %Jy- 

cerine-alcohol solution. Measilrements of pollen diametri*s were matle from 
permanent,ly mounted slides accordin, (7 lo I he method describetl by ?lones aucl 
Newell.g 

To determine the time of day a species shetls its pollen, four microscopcl 
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 weathrl 
vanes at an angle of 4%” (Fig. 1). This method of exposure kept t,hc petroleum 
jelly-coated side of the slide exposed against the prevailing wind and facilitated 
catching the pollen that was impinged against, the slide, whether it was blown 
t,hrough the air or fell as a result of gravit.v. The tot,al 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. 

(Yose observation of the anthers previous to blooming made it possible to 
predict wheu pollen shedding might be init,iated by a given species. For t,hese 
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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. Xxposures were made at 30 minute 
intervals during the period of active pollen shedding. When microscope ex- 
amination revealed no pollen was being caught on the slides, the 30 minute 
time exposures were discontinued. Slides were left exposed until the following 
day*, so that counts of pollen could be made for each 21 hour period, as well as 
for periods of several days. The counts made at 30 minut,e 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 
year, the time of day that each plant sheds its pollen, and the mass effect of 
the pollen under study. I’ermanent mounts of different pollens were also tlsed 
1’0~ comparison. 

Fig. l.---.4 weather vane with microscope slide holder attached, as used in this study. c, ras.s 
plants in background. 

EXPERIMENTAL RESULTS 

Shape, Col,or, and Size of Pollen.-The pollen of grasses is characterized 
by a somewhat spherical shape and yellowish color. Its form varies from the 
ellipsoidal shape of rye 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 ?-ellow 
in some varieties of corn to an almost, colorless condition iti swamp foxtail, wit,11 
the pollen of most grasses having a creamy to >-ellowixh color. Because of the 
similarit>- of t,he various kinds of grass pollen, n&her shape nor natural color 
appear to be of value in identifying pollen of the different grass species causing 
hay fever. 

Wig. 2. --Tiillc of day of vollen shedding of Kochia at Lincoln, Nebraska during 1945, an11 uf 
western ragnwsl at Stillwater, Oklahoma, 1946. 

Diameter measurements of pollen were made in an effort, to identify and t,o 
determine buoyancy of pollen of different species. The mean di.ameters of pollen 
varied from 20.1 + 0.2 p for giant ragweed to 99.5 + 0.8 p 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.; l)urham”v 4 gives the specific gravity 
and experimental rate of fall when compared to short ragweed of eight species 
which were studied in the present investigation. According 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, Kentucky bluegrass, 
Orchard grass, and Timothy were intermediate in rate of fa11.4 

Time of Day of Pollen Shedding.-It should he 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 I; 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 ITnited 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. 

c I i , : -I 

Fig. S.-Time of day of pollen sheddin 
a 

of bromegrass at Lincoln, Nebraska in 1945 and at 
Stillwater, 0 !ahoma 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 A.M. to experi- 
mental plots in the field. Each day during pollen season he would develop 
severe symptoms of hay fever following his field visits. A study m.ade 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 bronqruss: The dispersal of smooth bromegrass pollen was studied 
for six days at Ilincoln in 1945. On the average, it required only 15 minutes 
after blooming until the anthers start,ed dehiscing and shedding pollen. Pollen 
grains of bromegrass are only 42.1 + 0.7 p iii diameter and are very buoyant. 
In a few minutes after maximum blooming, “clouds” of yellow pollen were 
observed as breezes swept across the field. These observations were substantiated 
by data obtained from slides exposed for 30 minute periods. Pollen was caught 
on the slides from 2 :30 to 7 :00 l’.ti~., but 99.5 per cent of the average daily total 
was shed between 4 :00 and 6 :30 1a.31. (E’ip. 3). 

Temperatures of SO” to X5” F. were I’ound to be optimuni for the blooming 
of this grass; however. active blooming has been observed at temperatures be- 
tween 7-l” and 90” F’. Teml)eratures lower than TO” F. inhibited blooming on 
,June 14 and 15. 19-25. 

. s * , ( e 

,A.H., TIME OF DAY WM.1 

Fig. 4.-Time of day of pollen shedding of giant ragweed at Lincoln, Nebraska, in 1945 am1 
at Stillwater. Oklalmma in 1946. 

liecolds of bromegrass pollination at IAncoIn for the period 1936 through 
1945 show the seasonal pollen shedding occurring iu late May or early June. 
The pollen season lasted only for 11 days in 1944 and for l-1 days in 1945. 
Bromegrass produces a tremendous amount of pollen and is grown on a large 
acreage, and therefore, is a hag 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 majorit,p of pollen in 
both ,vears was caught during t,he late afternoon and early evening (Fig. 3). 



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 n.ivr. incrcuscd each successive day from 
,June 4 to *June 9, inclusive. i,ikcwisc. the time of maximum daily pollen 
shedding each successirc day was consistently later by approximately 30 minutes. 
Xpparent ly the delay in maximum sheddin, 0. 011 succcssivc days was due to rather 
complete blooming and she:ldiny each t1.a~; thus, a little more time was required 
for growth and maturation of the unthcrs for the next day’s pollen st~pply. 

ISven though optimum temperatures for blooming and shedding of approximately 
S6” F. prevailed near iloon each day, no shcddity: occurred at that timr. ~11~ 
parcntl,v- the duration of light and heat llikd not J)ccn sufficient. l)y then to 
mature the anthers. The time of day of J~~llcn shcdtliry was found to bc a 
littlr later at Stillwatrr, in 1946 ant1 1945 than at, liincoln in 1915. 

Gicrnt m~wrerl: (iiant ragweed is one of the heaviest producers of’ pollen 
of any species known to cause hap fever. It is fort~unate that, this spcciex is 
restricted to certain soil sites and thus is not witlesprcad in most regions. 
Pollen shedding was studied on Au?, 24 and 25. 1945 at. Lincoln. Eight,--eight, 
per cent of the average daily total was shed between S :00 and 11:OO A.M. (h’ig. 
4). 

Studies were conducted at Stillwater on Sept. 5, 6, 9, and II, 1946. Pollen 
shedding was initiated earlier in the day than at 1,inroln. About 95 per cent 
of the average daily total of pollen was shed between 7 :00 and 10 :30 h.nl. 

The pollen season at liincoln in 1945 extended from August 4 to September 
30, with the peak occurrinp between August 24 and September 3. At Stillwater 
in 1946, the pollen season lasted from August l to October 10, with the peak 
between September 14 ant1 24. The principal effect, of latitutlc appeared to be 
on dates rather than on lrngth or severit>- of tbe pollen season. 

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

Il’estern ragweed: Western ragweed is a perennial of widespread distri- 
bution in the Corn Belt and (ircat Plains. It normally products a large daily 
quantit,y of pollen from .July 1 to Septrmber 15, with the peak of production 
occurring about August 15 to 30 at Stillwater. 

As an average for three days in September 1946, pollen shedding extended 
from 6 :30 A.M. to 12 :30 r’.nr., with the periocl of maximum shedding at 8 30 A.M. 
Approximately 90 per cent of the arrrage daily pollen supply was shed between 
‘7 :00 and IO :00 A.M. (Fig. 2). 

Rain delayed pollen sheddin g for two hours on September 10. After t,he 
relative humidity returned t,o 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 
‘i :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). 



Slide studies were m& on ,June 23, 24, and 25 in 1947. Meteorological 
conditions and the daily pollination cycles were very similar on each of t,hese 
days. Heav,v shedding extended from I: :OO to 11 :00 A.M., with the peak of pollen 
shedding occurring between 8 30 and 9 :OO A.M. 

IA.M.) TIME OF DAY ,P.M., 

Fig. S.-Time of day of pollen shedding of sweet corn at Stillwater, Oklahoma in 1946 and 194i. 

The maximum rate ol’ pollen sheddin, u occurred an hour earlier in 1946 
than in 194’i, apparently because of lower relative humidities and higher tempera- 
turrs in the early morning on the days of st.udy in 1946. 

(A.M.) TIME o!= BAY (P.H) 

Fig. 6.-Time of day of pollen shedding of rye at Lincoln, Nebraska in 1945. 

Sweet corn pollen was found to be 94.2 Jo 0.5 (* in diameter in 1947 and 
appeared to be the least buoyant of any grass pollen. Even though sweet corn 



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 011 

Rlay 26 and 29, 1945. It was necessaq- to begin exposures of slides before dawn 
to det,ermine 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 
(daught on slides exposed at, the height of the plants. 

During 30 minute periods on Map 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. (‘onsiclerable variation is 
shown in the number of pollen grains caught during different 30 minute intervals 
of this relatively calm day (Fig. 6). Almost, four times as many pollen grains 
were caught on the ground exposures as on the aerial exposures. 

A wind velocity ol’ 7 m.p.h. on May 2!1 resulted in the pollen being dispersed 
itlimediately upon dehiscence of the anthers. The data indicate an increase in 
lhe amount of pollen shed each 30 minute period until t,he peak of production 
was reached at 6 :30 LM. A rapid decrease in amount, occurred until shedding 
ceased around II:00 B.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 fevel 
snsceptibles often arc more uncomfortable on such days. 

0th~ species: Related species within a genus were characterized by similar 
l~ollen shedding habits (Table 1). Blooming and pollen shedding occurred at 
approximate11 the same time of the day for five species of wheatgrasses, as well 
as for the closely related Russian wild rye. Species within the genera, Ambrosia, 
Andropogon, Bouteloua, Festuca, and Sorghum also tended to shed pollen at 
similar times of the day and year. 

I,ISCUSSION 

The major factors contributing to a plarrt,‘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 buoyant and easily dispersed by wind. The pollen 
of rye is considerably larger and less buoyant. Corn and sweet corn 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 aid 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. 



SI’MRIARY .ZSD (‘OSCI,T-SIOSS 

1. Invrstigations w(xre cvnduclrd to tlcterniino size of pollen and the time 
OF clay a11d time of year of pollen shedtlillg of 35 species of plants when gI”OWIl 

at Ikicoln, Neb., in 1945 and Stillwater, ()I&., in 1946 and 1947. 
2. Mean diameters of lwlle:i gains .;ire rcporled as an aid in determining 

pollen sizr and buoyancy. 
3. A determination of the% time during each day whrn a species sheds pollen 

will faci.itate the vol!cctiun OF large quantiti(+ of pollen for use in clinical 
medkine. 

4. l’etrole~~m jrlly-coated microscope slides were HO csposed as to intercept 
air-borne pollen. The numljer of po11~~1 grains caught dtlring 30 minute inter- 
vals per 16 sq. min. area was nsc~l as it mcasltre of the amount of pollel~ shed. 
This means ot’ pollen collection gives a reliable estimate of the relative amounts 
of pollen produced and dispersed 1)~ species at various intervals during the day. 

5. Ret,wecn 90 and 99 per rent OF the pollrn shed was liberated h\~ most 
sl)ecies within a short period oi’ three to four hours each da,y. The time 01’ day 
ot’ shedding varied widely for the different species and appeared to lx con- 
trolled 1)~ factors inherent in each species. 

6. The eflects of environmental factors on pollen shedding were considered. 
Temperatures of less than 60” F. inhibited shedding in some species. Wind 
movement was important in speedinK up a.nthesis, dehiscencr. and tlixperal. 
High rc>lativc humidity tlelayc4 pollen shedding, 1x11 did not inhihit it. 
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