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INTRODUCTION 

Fungi are disseminated mostly in the form of various types of air- 

borne spores and to some extent in the form of hyphal fraEmenta. Their Con- 

centration in the air may vary according to season in a year, during a season 

from day to day and from hour to hour an any one day. 

Considerable work has been done on the seasonal 25 rcll as daily vari- 

Atone of the various air-borne fun *as flora (9, 15, 17, 43). This has 

provided much information in understanding the spread and distribution of 

various plant pathogens and allergens. However, very little is known about 

their hourly variations in the air. 

Hirst's automatic volumetric spore trap (29) showed the possibilities 

for detailed study of hourly variations in the number of air -borne fungi 

over a period of several days. By applying that teohre.c ho demonstrated a 

distinct diurnal pattern for various types of fungus spores in the air and 

ir certain cases demonstrated various meteorological factors governing their 

occarrence in the air it England (30). 

'lox* conducted in Manhattan during the last few years has shown a dis- 

tinct seasonal and daily occurrence of various important plant pathogens and 

allergens in the air. From the previous information obtained here, it was 

felt desirable that the study be extended to observe the hourly variations 

in the concentration of air-borne fungus flora. Ath this end in view, a 

new slit type continuous spore sampler was designed which could sample the 

air continuously for 24 hours (42) . ?reaent work covers the data obtained an 

hourly variations of various air-borne fungus flora by sampling air from May 

throuLa September, 1957, in the new alit type continuous space sampler. 

While particular emphasis was on the study of diurnal periodicity of air-borne 



fungi, some data was obtained regarding the percentere of viable spores and 

hyphal fragments in the air. 

REVIEW OF LITERATURE 
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Dissemination of fungi through sir has long been known and their rela- 

tIon. to eniphytotics and allergens has been well established. 

Alcheli in 1729, es cited by Keitt (33) first observed. that fungus spores 

pia;- be carried in air, liberated by the fruiting bodies in the form of spore 

dust. 

Prevost (55) recognizing the common occurrence of fungus spores in the 

atmosphere adopted certain precautions to protect his water cultures of the 

bunt pathogen fro- contalination. He also pointed out that the bunt seeres 

might be disseminated by the wind at the time of threshing. 

In 1840 Pasteur (9) filtered the air-borne micro-organisms by employing 

nitrocellulose filters and observed the micro-organisms thus collected, 

directly under the microscope. 

Pouchet (9) in 1840 was the first to pass a known volume of air Trough 

funnel, that gave a spore deposit on the glycerine cotter. slide. 

Ward (69) was apparently the first to deronstrate the action of winds 

in distributing plant pathogens. He exposed glycerine coated slides at var- 

ious distances (12 feet, 20 feet, 25 feet) from the nearest eree affected 

with coffee rust (HEMILMA VASTRATRIX BER. & CR.) and found the spores of 

this rust on those slides. 

At saint Paul, Minnesota, Freeman P! Johnson (20) by exposing :reviey 

slides in the summer, obtained rust spores prior to any infection in the 

neighboring fields. They also demonstrated the action of winds in carrying: 

the rust credo -spores from the south. 
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Stakman et al. (64) in 1921 were the first to make use of the airplane 

for the survey of upper air fungus flora. They found a large number of fungus 

spores up to the elevation of 11,000 feet with some spores up to 16,500 feet 

and showed the possibility of carrying various fungi over large distances by 

the upper air currents. Stem rust (Puecinia graminis Pers.) was found viable 

on silicone slides up to the height of 7,000 feet, while Alternaria was found 

viable as high as 10,000 feet. During their flight from Fort Sill, Oklahoma, 

to Denison, Texas, they also found a reduced number of uredo -spores with the 

increase in distance from the source of infection. 

Wolf (70) during his aerial survey from 1,000 to 10,000 feet over Nash- 

ville, Tennessee, found the number of micro-organisms decreasing with the 

increase in height. He also discovered a biological stratum between 3,000 

and 4,000 feet, as reported earlier by Procter (57). 

Meier (36) exposed spores of seven different fungi to an altitude of 

72,395 feet and found that for at least four hours, low humidity, high inten- 

sity of liatt and low temperature had very little effect upon the viability 

-f most of the spores. However, they observed a complete loss and partial 

loss of viability in the case of Hysterium sp. and Cladosporiuin sp. respectively. 

Stephens and Woolman (65) counted the spores of wheat bunt deposited on 

the leaves, from Pendelton to Lagrande and found that the spores decreased 

froe the source of dissemination and concluded that the quantity of spores 

is inversely proportionate to the distance from the souree. 

Duke and Durham (14) were apparently the first to demonstrate a seasonal 

pattern for the air-borne fungus flora. They observed in the air over Kansas 

City, Mo. rust uredo-spores from May through September and found a distinct 

seasonal pattern with a peak in the month of July. 

At Chicago, Feinberg and Little, cited by Durham (18), by exposing 
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nutrient plates daily for 15 minutes through the period, of one year found a 

distinct seasonal pattern for various fungi. Later Prince and Morrow (56) 

by employing the same technic made a seasonal survey at Galveston City (a 

coastal city of Texas) and isolated about 90 different species of fungi, 

however they were unable to find Alternaria in that atmosphere. 

Durham (15) from his preliminary studies throughout the united States 

found alternaria to be a seasonal fungus flora occurring mostly in the months 

of May through November. he concluded from his geographical distribution 

studies that the largest Alternaria belt extends from the Rocky to the 

Appalachian Mountains and found both the coasts and deep south comparatively 

free from Alternaria. By the observation of various slides exposed at var- 

ious places he was also able to trace an unusual shower of fungus spores 

during a wind storm of October 6 and 7, 1937 (16). According to his conclu 

sions the shower originated from southern blinnesota u wont as far us l'aw 

York City. 

3ince then considerable work has been done on the ecological, seasonal 

and various other aspects of air-oorne fungus flora, as has been excellently 

discussed by (Jraigie (11), Harris (27), Durham (17), Keitt (33), Christensen 

(10) and 3takman and Christensen (65). 

In Kansas, Pady and Johnston found a distinct correlation between the 

development of rusts in the fields, meteorological data (temperature, rain- 

fall, and wind) and the number of spores on gravity slides. In 1954 due to 

optimum weather conditions, 'nigh infection of rusts was recorded in the 

fields and the maximum number of spores on 24 hour gravity elides during that 

season was recorded as 167,000/sq.ft. and 239,000/sq.ft. for leaf and stem 

rust respectively (44). In 1955 due to high temperature and dry weather coa- 

ditions, the development of rusts was considerably checked and maximum number 
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recorded on gravity slides was only 53,000/sq.ft. and 110,000/sq.ft. for 

leaf and stem rust respectively (45). Extremely low infection of rusts was 

observed in the field during 1956 (46) and the gravity slides also showed a 

low number i.e. 3,195 lad 43,000/sq. ft. for leaf and stem rust respectively. 

During this period of study they also observed that the south and north winds 

were mainly responsible during spring and fall respectively for bringing 

primary infection into the Kansas fields. 

Pad( in 1957 by employing an improved slit samples (41) demonstrated 

(43) a distinct seasenal variation in the number of air-borne funges flora 

over ,ianhattan, ICansas. Maximum spores in general were recorded in the 

months of July and August, with a low from December through March. He also 

found a direct correlation of air-borne fungus flora with trig increase in 

vegetation in the Kansas soils, reaching a peak in Jul; anc: talgust and 

declining through 3epteelber and October. 

in eanada, iialton and Dudley (68) after a seven year survey of air-micro- 

flora of Nauitoba, demonstrated. a distinct seasonal as well as geographical 

occurrence for various types of fungi. In general they found higher numbers 

of fungi in the areas south of Winnipeg -- compared with the places in the 

north. 

Pady (40) in 1947 was the first to obtain the cultures of air-borne fungi 

over arctic regions by exposing nutrient plates from the aeroplane. 

Kelly and Pady (34) using aeroplanes over some nonarctio regions of 

Canada observed higher numbers of fungi in the air during June, July and 

August, than the rest of the year. They were apparently the first to provide 

quantitative data of the hyphal fragments in the air. 

rady ind ely (52) at Churchill, Aanitoba, found a distinct daily and 

seasonal variation, with the nigh number of spores in the seeeer and the low 



in the winter, which were generally affedted by various air masses. Different 

types and varying ratios of viable and non viable spores that were obtained, 

helped to trace the history of different air masses. In general higher numbers 

of air-borne spores were associated with Tropical and Continental air masses, 

while pure or i;ontinental airmasses were very low in spore counts (50). 

in Lngland, hyde and Williams (31) found a distinct daily and seasonal 

variation in the number of air micro-flora. Achards (59) by exposing nutri- 

ent plates found higher numbers of Uladosporium from June to August and lower 

in October to April; later by exposing nutrient plates at various places in 

the country (60) found no difference in the type but a distinct difference in 

the quantity. Cladosporiula and Alternaria, out of various fungi, were found 

higher in the cities than the urban areas. 

Gregory and Hirst (26) in 1952 demonstrated a high number of Alternaria 

spores in the air during the month of August, which was mostly encountered 

after dry periods followed by rain. They also observed colored basidiospores 

during summer, which were most common during warm spells with substantial 

rains. 

Cammack (8) in Nigeria observed leaf rust of maize (Puccinia. polysora 

Underw.), Nigroapora sphaerica (Saco.) Mason, and Cladosporium app. through- 

out the year. Leaf rust was more prevalent in wet seasons, N. sphaerica in 

dry and Cladosporiuin spp. in both wet and dry seasons. 

Various fungi were found to be associated with the deterioration of cer- 

tain textile products. Rajan et al. (58) in India by exposing nutrient plates 

in the open air found a distinct seasonal pattern of various fungi associated 

with the textile industry. He found maximum and minimum numbers of fungi 

during the months of November and December respectively. Low fungus counts 

in summer (July through September) were attributed mostly to rains or 
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nocturnal condensatiens. 

Distinct seasonal and geoaraphical variations have also been observed 

in stew Zealand (19, 39), Occasional spore showers curing spring, summer and 

fall were recorded by Dye and ';ernon (19), wrath were found responsible for 

sudden fluctuations in the atmospheric eeld flora. 

Neill and Arestrong (39) by employing a selective method for the isola- 

tion of Gloeotinla (Phialea) eemulenta found a distinct seasonal pattern in 

the etrosphere. The number of ascospores in the air was found proportional 

to the number of open peritatecie in the field, and the maximum infection, to 

cause blind seed disease 0: rye aeaae, was correlated with the high number of 

ascospores in the air. 

Yarwood (66) in 1933 was apparently the first to study the variations 

in the number of air-borne fungus flora over short periods of the day. By 

placing adhesive coated slides on he around for different periods (2-15 hours) 

of the day, he colleted to spores of aryeiphe poaygonii D. C. and found that 

the maximum number of spores present in the air were at about 12:00 noon. 

Alvarez and Fosses (3) in Havana, Cuba, made an atmospheric spore study 

in relation to hourly weather changes for six continuous days. At an hourly 

interval they exposed nutrient plates one kept an hourly record of the temp- 

erature, relative humidity, wind velocity and direction and the barometeric 

pressure through the period. They obtained higher numbers of fungi from 10:00 

A.121, to 6;00 Pavia, which tipsy found directly correlated to high wind velocity, 

high barometeric pressure and nigh temperature. The fungi found in order of 

frequency were Horeodendrdm (Cladosporium), Mucor, Fenicillium and Alternaria. 

Later, in 1952 Alvarez and Castro (2) oy repeating the similar experiment 

but minimizing the effect of wind, obtained just the opposite results i.e. low 

number of fungi during the day and high during the night. 
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Myers (37) in Honolulu, Hawaii, by eliminating the effect of wind, 

obtained similar results to those of elvaree and Castro (2), although he 

found very lore rumbera of fungi durine the night. 

Gregory (23) by employing a Cascads Impactor sampled the air for six 

continuous, four-hour periods during 24 hours and found a distinct variation 

in the number of various air-microflora over short eeriode of the day. He 

also found rust uredospores most abundant from 1:00 to 5:00 P.M. An interest- 

ing effect of rain upon the number of Cledoeoorium spores (24) Wa9 noticed 

when during rain the snore count rose from 50,000 to 100,000/cu.m. within 15 

minutes. The rise in the number was thought to be possibly associated '4th 

the upward eoveeent of a spore rich layer from near the surface due to the 

first shovers of rain. 

Hirst (29) in 1952 In England designed an Automatic Volumetric Spore 

Trap which could sample the air continuously for 24 hours, giving a deposit 

of 48 x 14 rm. on an adhesive (vaseline) coated slide. The main parts of the 

trap were (1) an impactor unit, (2) Wind Vane, which kept the orifice into 

the wind stream, mel (3) a Vacuum pump, with a suction rate of 10 L./minute, 

fitted in a separate housinr and attached to the impactor unit through a 

rubber tube. 3y applying this apnarate 3 rrregory and Hirst (25) demonstrated 

a distinct variation in the number of various types of basidiospores ani 

Oladosporium spores both diurnally as well as due to rain. They found basid- 

iospores mostly during early hours of the morning and a few during noon hours. 

Also, they encountered a high number of basidiosporos in the atmosphere 

shortly after rain, which after five-six hours were replaced by Cladomerium. 

Cammack (8) in 1953 in Nigeria by employing Hiret's Automatic Volumetric 

eeore Trap demonstrated a distinct hourly variation for Puccinia po1ysora 

Underw., Nigrospore sphaerica (Saco.) Mason and Cladosnoriu, t spp. In general 
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he found all these seeres showier; peaks at noon, during both wet and dry 

seasons, but a few hours earlier during the dry season which he attributes 

to the low humidity and high temperature in the dry season. 

Padv and Keller (52) in 1953 during a series of aerobiologieal studies in 

the Arctic found a distinct variation in the number of fungi and bacteria 

over short periods of the day. They found some evidence of nigher numbers 

of fungi during 2:00 to 4:00 P.Y. on certain days, although considerable 

hourly fluctuations were observed from day to theyi and various air masses 

were considered to be one ef the faotors respcnsible for this variation (50). 

Panzer et al. ( 4) in 1957 designed a new 24 hour Slide spore Collector; 

the nein features of which were the deposit of fungus spores and other orger- 

isma on a greater area (2.5 cm.) as coepared to the dense deposit of ogler 

volumetric spore traps. They however, eilployed 4 slices, one slide for each 
hour of the day and a long (12.5 co.) suction tube, with an orifice of a.25 

mm. (The internal end of the tube was kept at a distance of ).1 mm. from the 

' exposed surface of the slide.) By applying this apparatus et-Ley demonstrated 

diurnal variation for various air-borne fungi. Alterearia and rircularia 

210.111 were found to be day and ni-ht flora respectively. 

Pady (42) in 1957 designed a ,4ew Slit Type Continuous spore oaeeler, 

which eeeld saeple the air for 24 hours continuously in the form of 24 

distinct bands (14 x 2 mm.) on one three x one inch microscopic slim: kept 

at a distance of two mm. from the orifice. The main features of the sampler 

were the direct attachment of a pump (Dayton blower) to the sampling column 

and an electrically controlled timing device which moved the slide a little 

distance after each hour. The orifice (14 x 2 inn.) was always kept into the 

wind stream by the help of a wind vane, and was always proteceee from rain by 

a metal rain shield. 
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AND 

Silicone Slides 

Samples were obtained by exposing adhesive coated slides in the Few 

Slit Type Continuous Spore Sampler (42) Llounted on the roof of Willard Hall 

(Kansas State College Campus), approximately 150 feet above ground. The 

slides for exposure were prepared by coating a thin film of already tested 

(51) silicone grease (LC-.4) on 5/6 portion of the microscopic slide; the 

noncoated part of the slide contained the serial, number. 

The slides were changed daily between 8:30 and 10:00 A.K. except Sundays. 

It was set in the machine aboul, one cm. past the orifice in such i way that 

the coated surface remained towards the aperture. The first and the last 

bands were not complete because of the changing process and owiz.g to this, 
data between 9:00 and 10:00 A.M. are likely to be less accurate. 

Examination of Bands, 1.;ach band was scanned along its long lYLs, under 

lo r noner of the microscope (10x) covert-- 98 percent of the band area. For 

c.ountin-, different types of spores a hand operated counter was used, itIi that 

five different types of spores could be read simultaneously. Because of the 

length of time required to read a single slide only those slides were studied 

which had the complete and uniform bands. The fungi studied were Alter aria, 

Helminthosporium, Cercosoora, leaf rusts (Puccinia recondite ,ob. ex. Desm., 

P. striiformis West., and P. coronata Oda.), stem rust (P. gram.tnis Pers.), 

long hyaline and brown ascospores and fragments of hyphae. 

numbers of spores and the nyphal fragments were estimated on a cubic 

foot basis, which was calculated by the following formula: 

No, of spores per band 
Time of exposure, (60 x Flow rate, (OW1.1: ) 
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Detailed Analysis of One Slide Under High Power. In order to find out 

a suitable technic and to study spores other than those previously mentioned, 

one elide, number 50B, which already had been studied under low power, was 

selected for detailed study under high power of the microscope. A drop of 

lactophenol, cotton blue and a cover slip were added to the portion of the 

slide to be studied. The cover slip covered twe to three bands at one time. 

Each band was studied at 10 places which covered about a 22.8 percent area 

of the band. Numb are of spores were estimated as described by Pady (41). 

Viability Studies 

Viability studies of fungus spores and hyphal fragments were conducted 

by exposing sterile microscope slides (3 x I inch) containing a thick layer 

of two percent water agar, in the Pady-Rittis sampler (41) and observing the 

eernination directly under the microscope. The following material was era- 

ployed in the process of making agar slides. 

1. Water agar (tee) percent) 

2. Yicroscope slides (3 x 1 inch) 

3. 1ass tubing (nine inches in length) 

Aides were put in petri dishes and sterilized in the oven for an hour at 

160°C., agar in the autoclave and glass tubing by flaming just before use. 

About three ml. of melted sterilized water agar, taken in a glass tube, 

were poured slowly into the ceeter of the elide, which was kept in the petri 

dish. After pouring, the agar covered about 3/4 of the slide. Three slides 

were made at a time and after this process, were stored in the refrigerator 

until their use. The slides were exposed between 8:00 and 10:30 A.M. daily 

froeone to three minutes. each slide was incubated at 73°F. for about 24 

hours, after which lacto-phenol with cotton blue and a cover slip were added 
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to the slide. Viable and nonviable units were recorded b7 observin,q, germi- 

nation under low (10x) and sometimes under high power (44x) of the microscope. 

Most of the recoenizable spores were recorded, however, spores under five u 

were omitted. 

EXPERIMENTAL REJULTJ 

Hourly data of the number of various air-borne fungus flora were recorded 

on 58 days from May through September, 1957. Some bf the data are presented 

on a daily basis for several days, to determine whether there was a diurnal 

pattern of the various types of spores on different days. Part of tlels 

data is presented for each of 24 hours on a monthly average basis, to find 

out if there exists any definite kind of diurnal cycle for the various air- 

borne fungus flora. 

Fungi Imperfecti 

Alternaria. These spores mostly included club shaped, dark, muriform 

coniJia. Alternaria and Ctemphyliu-1 look very much alike under low power of 

the oicroecope and it Is very likely that a feu spores of 3temphylium, which 

re ore)ent in the atmosphere in small numbers, may be included in this type. 

Hourly data an a daily basis are presented from July 15 to August 10, 

while on a monthly average basis are presented for all the months from May 

through September, 1957. Hourly studies indicate a distinct fluctuation 

during 24 hours of the day (PLATE I). No two days were found showing a simi- 

lar pattern, throughout the period of this study. Sometines the maximum 

number of spores was recorded during the day, sonetimes during the night, 

some days showed two or eore peaks while on certain days no definite pattern 

was noticed. 



EXPLANATION OF PLATE I 

Hourly variations in the number of Alternaria 

spores, July 15 through August 10, 1957. 
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One distinct peak during the daylight hours was recorded on July 24 and 

on. August 1, 2, 6, $, and 9, while a peak during the night was recorded on 

July 22 only. Two or more peaks both during day and night were observed on 

July 15, 16, 17, 23, 25, 27, 29, 30 and on August 2, and 3. ao alstinct 

pattern was observed on July 20, 31 or August 5, 6, 7, and 10. 

At 6:00 P.11. on Saturday, July 20, e sudden decline of spores to 0.04/cu. 

ft. was recorded following 0.87 inch of rain. between 5:00 and 6:00 P.M. The 

count remained low until the next day at 7:00 A.M., when it rese to 2.5/cu.ft. 

Following the rein on Saturday there was evidence of further rise in the num- 

ber of spores in the atmosphere showing a peak of 17 epores/ce.ft. on Monday 

at midnight. In general the rest of the days duriee that week (July 22,27) 

showed high concentration of alternaria spores with distInct peaks varying at 

various tries of the day. The number of spores during the next two weeks 

remained low except on Friday, August 2, when two distinct and similar peaks 

with high counts (18 sporesicu.ft.) were recorded at 2:00 A.M. and 2:00 P.M. 

respectively. 

While daily data do not show any definite pattern, monthly averages for 

May, June, July and September suggest a distinct diurnal pattern with a peak 

at 2:00 to 4:00 P.M. and a small one at eidnight (PLATS II). In Aunstthe 

pattern, however, was reversed when a peak of 4.9 sporee/au.ft. wa, recorded 

during the night at 2:00 A.M. while a smaller peak with a count of 4.5/ca.ft. 

was recorded at 3:00 

The effect of rain in washing the spores froe the atmrsphere was apar- 

ent on July 25 at 6:00 P.I4. 

The present data on a daily basis do not show any consistent pattern, 

however, on a monthly average basis, there is some suagestinn of a consistent 

pattern. 



EXPLANATION OF PLATO II 

Hourly variation. during 24 hours as obtained on 

Vie basis of monthly averaged, kAay rihrough ;;egt.- 

ember, 1957. 

Fig. 1. Alternaria spores. 

ig. 2. Hyphae (undifferentiated). 
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Helminthosporium. These snores mostly included lone, cylindrical spores 

with more than four cross walls and der? trove color (21). There were abua- 

dant during the month of June, few in number in July and traces in the month 

of August. 

Helminthosporium does not show any definite pattern on a daily basis. 

Data of two consecutive periods of three days each from the mental of June and 

July respectiveiz are presented (PLATT III). During the period of June 18-20 

there is one distinct peak eeoh day at 5:00 F.M., 3:00 P.I4 and 3:00 P.M. 

respectively, wile small peaks are also apparent during the night throughout 

the eeriod. The second period, July 11-13 does not show any coodistent pat- 

ter:- while a peak at 7:00 P.K. is apparent on July 12 with a sudden rise at, 

9:00 t.r. fro- 0.35/cu.ft. to 6.9/cu.ft. followed by an abrupt drop to 1/cu, 

ft. at 10:00 :e,E. July 13 shows a small peak at about 10:00 P.M. 

Helminthosuorium also shows an hourly variation throughout this period 

of study. June 18-20 shows distinct peaks during the afternoon, while July 

11-13 does not show any consistent pattern. Average of 11 slides obtained 

during these two months shows a distinct peel- at 3:00 e sudden rise 

to 6.9 sporesicuat. at 9:00 A.M. on July 13 and an immediate drop to a low 

of 1 spore/cu.ft. suggests that a seall cloud of Helminthosporium spores was 

passing over this area, which remained in this atmosphere for about an hour. 

Cercosnora. These conidia are characteristically long tapering hyaline, 

many saptate wit:, a distinct scar at the point of attachment at the broad end. 

They were most abundant during the months of July and August. Daily obser- 

vations are presented from July 22 through August 3 (PLATE IV) while monthly 

averages are presented for these two months. 

In this case, also, no definite pattern was observed on a daily basis as 



.,74XPLZATION OF PLATS III 

Hourly variation in the number of Helminthosborium spores, 

as observed during June 18-20 and July 11-13, 1957. 





E.LT)L.MATION OF PLATS IV 

Hourly variation s in the numbers pril_ 

Fig. 1. Hypbai fragments - July 15 through August 

10, 1957. 

Fig. 2. Cercospora spores - July 22 through 

August 3, 1957. 
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for ,ftugarnaria aad Helminthosworium;. Durilv these 12 days one distinct peak 

during light hours 1.rs recorted on July 24 and 25. A night peak on July 26 

and 2; and two or Aore peaks were recorded on July 22, 23, )0 and 31, while 

no pattern was apparent on July 27 and. August 1 and 2. 

Monthly averages for 10 and 12 days for July and August respectively show 

some kind of pattern; although no distinct peak at a particular time was obs- 

erved. In July a high count of spores 3.5/cu.ft. was recorded at 4:CO and 

8:00 A.M. while a peak of 3.9 spores/cu.ft. was observed at 10:00 A.M. In 

August 3.2 spores/eu.ft. were recorded at 2:00 A.M., a little higher 

count of 3.5 sporec/cuat. was noticed at 9:00 A.M. Cercospora also does 

not show any definite diurnal pattern on a daily basis, vc"le oonth17 averages 

suggest higher numibers during night and early morning wIrtieularly between 

2:00 and 10:00 A.M. 

austs 

Leaf iZusts. Uredospores of leaf rust could be readily idontified under 

low power of the microscope due to their bright yellow color, aLze 

24 u) and round Shape (4). During by the incidence of stripe rust (Puccinia 

strilformis Jest.) was also reported on the wheat crop and as the spore mor- 

pholocy of both these rusts is essentially the same (12) it is likely that 

some spores counted as leaf rust may include solte of the stripe rust spores 

also. 

Spores of leaf rust were observed on 27 aides during May 24 through 

July 17. Of the 27 days studied three consecutive days are selected for illus- 

tration (PLATE V). June 20 to 23 shows a higher oencentration of spores in 

the air during light hours with the peaks of 26, 11 and 6 spores/cu.ft. each 



EXPLANATION OF PLATE V 

Hourly variations in the number of rust spores 

in relation to various meteorological factors 

between June 20 and June 23, 1957. 
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day. Correspondingly, the peaks during the night hours were represented by 

five, six and five spores/cu.ft. respectively. Further it way, noticed that 

high concentrations of spores in the air were directly correlated with higher 

wind velocity- throughout this period, except on June 21 at 11:00 A.M. when a 

decline in the spore count, 0.04/au.ft. was recorded coinciding with 0.04 

inch of rain, which was probably responsible for ti s sudden fall in the spore 
count. The spore count which reeained low (0.04/cu.ft.) throughout the rest 

of the night, began to rise the next day and showed two distinct peaks of 

5/cu.ft. each at 3:00 and 5:00 e.1:. respectively. 

It is also of interest to note that when the spore count was high on 

June 21 and 22, the wind was from the south. On June 22, the wind was W, hrW 

or and the spore count was recorded low. 

Maximum numbers of spores were observed on June 6 and 7 whee. about 41 

and 55 spores/cu.ft. were recorded at 1:00 A.M. and 5:00 F.K. respectively, 

while on several days the count was found to be almost zero, lnu velocity 

and direction were found to have a profound effect. High winds with a 

southern direction probably carry more spores. 

The average of 10 days shows a distinct peak of about 16 spores/cuate 

and then two smell peaks at night, at about 12100 o'clock and 3:00 A.M. with 

almost an equal spore count. A distinct diurnal pattern is apparent in the 

case of leaf rust spores, with a proeieent peak at 5:00 P.M. (PLAN vi). 

Stem allot. These spores were identified on the basis of their yellowish 

color, size (21-42z13-24 u), oblong shape, eld Leiden twoun wall, and Le 

distinct echinulations at each end (4). These were observed on 22 slides from 

June 10 through July 22, and the data here presented are of three consecutive 

days. June 20-23 as an illustration (PLATi V). 8tem rust was found to follow 



EIPLANATION OF PLATE VI 

Diurnal pattern of leaf and stem rust 

spores as obtained .frorilthe averages of 

10 and 4 days respectively. 
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a similar pattern to that for leaf rust except that there were additional 

peaks during night hours. On June 20 a small, although distinct peak, 16/cu. 

ft., was observed at 4100 P.M. followed by a higher peak, 21/ou.ft. at 2:00 

A.M. and a still higher, 34/cu.ft. at 8:00 A.M. The next day on June 21, the 

pattern was almost similar to leaf rust, but with a higher concentration in 

the atmosphere. On June 22, the pattern was again similar and the number of 

spores was almost the same, also. 

-ands were found to have a iire::t correlation with the number of spores 

in the atmosphere, effect oe rain in reducing the number of spores in the 

atmosphere was apparent on Jane 21 at 1100 P.M. Maximum nuer of spores 

was observed on June 21, ehich amounted to 34/cu.ft. at 8:00 A.X. while a 

low count up to zero was recorded on several days. 

Four days a"erage during this period of study show three distinct peaks 

(PLATE VI), one peak, (6/cu.ft.) at 2:0C P.ee followed by a similar peak at 

1:00 A.M. and then a still higher peak of 12/cu.ft. at 8:03 A.M. While the 

average data are based upon only four day's, it nay not be representative and 

still more data are needed to form any conclusion. 

Stem runt on a daily basis showed a distinct pattern durinj, this period 

of study, with the high mostly during the day time. 

And velocity and direction appear to have a profound effect upon the 

number of stem rust spores in the ateosphere. Rainfall was found to wash 

the spores from the air, 

Lon'- Hyaline and Brown Asuospores 

This group included readily recognizable hyaline or light brown fill.- 

form, multiseptate spores. These are probably ascospores and are difficult 

to differentiate under low power of the microscope. Owing to their uncertain 
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classification these are grouped together under one heading. 

Behavior of the group is characterized by a. sudden appearance, lasting 

a few hours and then an abrupt disappearance frog the atmosphere. Their num- 

ber in the atmosphere i3 known to be aseeciated edth high humidity or rainfall 

(27). The relevant data for six days are presented in PLATE VII, 

On Sunday, May 12, high moisture due to 0,46 inch of rain Wa4 recorded 

at 3:00 to 5:00 A.M. The first slide exposed at 9:00 A.M. on Monday, May 33, 

showed a high concentration, 2/cu.ft., on the first hour which was recorded 

declining to the minimum of 0.2/cu.ft. at 4:00 P.1. A maximum of 15.6/cu.ft. 

was recorded following an onset of a shower of rain at about 7:00 P.M. and 

agair an inmediate decline was recorded following that peak. On lay 24, 0.15 

inch of rain was recorded at ?:00 P.M. and at the same time these spores 

appeared in the atmosphere rising to a maximmm of 4/cu.ft. at 8:00 P.N. and 

a heavy rain followed by a decline in the ascoopores was recorded. A similar 

pattern was apparent on May 29 with the onset of rain, at 10:00 P.M., followed 

by a peak of 7.5 sporesicu.ft. at 1:00 A.M. 

111i1e the previous days, May 13, 24 and 29 are not consecutive, but had 

rain each day, the data presented from June 11 to 13 is of three continuous 

days with only high humidity* but no rain. During this 3-day period, a sud- 

den rise in the spore content, with the presence of high moieture and then 

an abrupt drop following the anrise was recorded. However, a small appear- 

ance of spores on June 12, at noon with no high humidity in the atmosphere 

was recorded while hi*: humidity on June 13, during light hours was not found 

--a- 
* High hemOdity in the atmosphere as observed on he 24 hours bankl 

in the form of small droplets and shown in PLATE VII as dew. No quantitative 

data are aveilable. 



EXPLANATIOK OF PLATE VII 

Observations on the number of long hyaline 

and brown ascospores as recorded on partici,- 

ular days. 
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followed by any appearance of spores in the atmosphere. 

These ascospores were nostly recorded following high humidity or rain, 

which mostly occurred during night, however, on May 13 and 24, these even appeaP 

ed during light hours when high humidity was recorded during the daytime. 

Hyphal Fragments 

These included mostly brown to dark brown, thick walled, septets frag- 

ments of hyphae, consisting of one to several cells. Conidiophore tips were 

also common and sometines a cluster of several conidiophores was also recorded. 

The fragments mostly represented lten, Cladosporlual, Helminthosporium, 

.,enicillium and Aspergillus as judged from their morphologic characters. 

Hourly data on a daily basis are presented frost July 20 through August 

10, and show no consistent pattern throughout the period of study MAN 77). 

One distinct peak during daytime was observed on four days during this period 

of study and was recorded on July 16 and August 6, 7 and 9. It was recorded 

at night on seven days, July 15, 19, 23, 25, 29 and 30 and on August 2. Two 

or more peaks were observed aa six days, July 22, 27, August 3, 5, 8 tad 10 

and no pattern was observed at all on seven days falling on July 17, 18, 20, 

26, 26, 31 and August 1. 

Po hyphal fragments were recorded in the air following 0.87 inch of rain 

on Saturday, July 20 at 6:00 P.M. and in the ensuing hours the number remained 

low and fluctuating from hour to hour. 

Hourly data on the monthly average basis show some kind of pattern which 

was recorded durina the months May through September, 1957 (PLATE II). In gen- 

eral, the peak during the day was observed during the month of Jure while the 

peak during the night was observed in 1ay and July and three and two distinct 

peaks were observed in the months of August and September respectively. 
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Comparison of the Studies Conducted by Different hethods 

In order to find out a suitable technic for the study of 24 hour band 

slides a comparative study of one slide both under low and high power magni- 

fication was made. It was found that although there -:ere some noticeable 

differences in the total numbe,' of spores under two magnifications, yet the 

diurnal pattern was found to bo similar. It will be seen frorr Table 1, that 

for Zuernaria the total number of spores ccuntsd under two magnifications 

shows a siLilar upward trend, reaching the maximal between 10:00 P.M. and 

12:00 midnight, followed by a parallel decline towelling a minimum at 10:00 

A.M. ceraospora spores exibited almost a similar pattern with a hi:h concen- 

tration uetaaen 10:00 A.M. and 12:00 noon. Diurnal pattern for hyphal frag- 

ments obtained under two magnifications was not as uniform as that obtained 

for klternaria or n*ercoepora. Still the counts under twe magnifications show 

a broadly similar pattern. 

Keeping in view the economy of tiala and efficiency, the 24 hour band 

slide coulu also be studied once only, along its long axis, under high mag- 

nification, that covered about 2.2 percent of the exposed area. To find out 

its efficiency its cobtparison with the average of 10 sweeps was made, that 

covered about 22 percent of the area which should be :lore accurate as compared 

to the study of one sweep only. 

The results show that the pattern obtained by the single sweep and 

10 sweep method were slater only in a very broad manner (Table 2). The 

curve obtained by the single sweep mathod ran roughly parallel to that given 

by 10 sweep mathou, yet was caaracterized by a lack of smoothness and presented 

sudden fluctuations all the way along its length. So much so there was lack 

of uniformity within any one band, as is clear at 1:00 A.M. (Table 2), that 
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Table 1. Comnrrison of the xlmber o: spores and hyphal fragments observed 
OR 24 hours slile, 503, under high power (magnification 440) and 
low power (mar. 100). 

lowle 11, 
J.Ao. : Time 

Alternaria Cercospora gar-dhc,3 

: H.P. : L.P H.P. : L.P. : L.P. 

1 8:30-9 9.5 8.0 3.8 2.0 2,2 0.6 
2 10 9.5 7.7 4.3 2.6 2,2 0,5 
3 11 17.1 12.4 3.8 3.0 2.9 0.3 
4 12 20.3 15.9 3.1 3.1 2.5 0.5 
5 1 PM 20.7 17.7 3.2 24,0 2.7 0.8 

2 27.0 21.9 3.2 2.6 1.1 0.3 

7 
i 3 30.2 24.4 3.2 1.5 ^ ,.. 

,...., 0.2 
4 27.5 17.5 3.2 0.7 ..... 0.6 

9 5 21.1 17.5 2.3 0.7 0.4 0.3 
11 6 31.5 23.3 2.2 

- 0.6 1.4 0.1, 

11 7 22.5 22.3 2.3 0.6 1.4 0.4 
12 8 30.6 24.8 2.7 0,2 2.2 0.2 

13 9 27.2 21.2 3.2 0.25 2.3 0,25 
14 10 21.4 20.2 2.3 0.1 2.2 0.4 
15 11 16.2 16.5 2.0 0.25 3.6 0.7 
16 12 12.2 10.4 0.7 0.25 2.0 0.4 
17 1 Al 15.7 11.5 1* 0.2 3.6 0.7 
18 2 11.0 8.3 2.0 0.2 2.9 0.6 

19 3 11.3 7.5 2.5 0.25 1.6 0.3 
20 4 9.0 7.1 0.9 0.5 2.0 0.5 
21 5 4.3 4.1 1.3 0.7 1.1 0.4 
22 6 5.8 5.5 1.6 0.5 1* 0.4 
23 7 5.8 5.1 1.1 0.3 --- 0.2 
24 8 ,4-.7 3.0 1.1 0.2 0.5 0.1 

25 9 3.5 0.5 0.5 0.9 0.3 
26 10 2.8 1.5 2* 0,3 2* 0.25 

H.P. - high power 
L.P. - low power 
* - actual, number of spores observed. 
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Table 2. Comparison of the results of a single sweep* to th,3 average of 
10 o; cps* w olAained by the study of one s1i Q, number 50B. 

BeNo. : Time 
1 Sweep 

: Total/cu.ft. 

Avarage 10 
1 3,leeps/c11..ft. : !X.ffel'ence 

1 8:30-9 311.4 275.4 +36.0 
2 10 392.4 340,6 +51.8 
3 11 i02.0 +81.8 
4 12 327.6 351.5 '3.9 
5 1 P 246.6 250.9 - 4.3 
6 2 253.8 205.7 +48.1 

7 3 153.0 137.5 +15.5 
8 4 176.4 163.6 +12.3 
9 5 1=9.4 124.6 +24.8 

10 6 113.4 109.8 + 3,6 
11 7 120.6 126.8 - 6.2 
12 8 91.8 234.4 -142.6 

13 9 154.8 130.3 +24.5 
14 10 124,2 97.4 +26.8 
15 11 136.8 134.6 + 1.8 
16 12 91.8 115.2 -24.4 
17 1 A:: ** 146.2 
18 2 201.6 198.5 + 3.1 

19 3 212.4 211.1 + 1.3. 

20 4 183.6 194.6 -11.0 
21 5 167.4 184.0 -16.6 
22 6 235.8 238.1 - 2.3 
23 7 176.4 214.9 -8.5 
24 8 199.8 194.4 + 5.4 

25 9 140.4 163.4 -23.0 
26 10 162.0 164.9 -2.9 

* - :weep: Ar-ia covered aadar 'sigh power (44x) of the microscope 
parallel to the long axis of the slide. 

** - Mo lapoJit. Debris in slit caused blockage. 
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no deposit was found due to blockage in some part of the slit. The overall 

pattern given by the single sweep method consists of sudden fluctuations from 

hour to hour and still smaller variations representing nonuniforeity within 

the bands. 

It was thus concluded that so far as the observation of elteraaria, 

Cercospora, hyphal fragments and similar large size snores were concerned, 

counts under low power were satisfactory both as regaraiag the accuracy and 

time economy. Moreover, the pattern of depoeit on the slide, which was in the 

form of distinct bands (PLAN VIII) allowed study of each band separately, 

even under low nower, which is probably not possible for the slides having a 

continuous deposit. 

'tile conducting the studies under high power fifteen additional types 

of spores and a composite r,roup of pollen grains were recorded (Table 3). 

These incluaed pollen grains, Gladoseorium, colored basidiospores, eusariam, 

seuts, Stemphylium, ..2221a1.111., 3pororaia the spores which Isre like Septonems, 

Leptosphaeria and Pleospora, some unidentifiable one and two celled hyaline 

and one and two celled dark spores. 

Maximum number of total spores was observed at 12:00 noon. Pollen 

grains, Cladosorium, and Fusarium also showed a distinct peak during the 

clay at 12:00 o'clock while smuts were observed maximum at 3:00 P.M. Stem,. 

ph7lium was also found in some number, which showed high number at 11:00 P.M. 

Colored basidiospores and one celled hyaline (Sporobolomyces) spores 

showed peaks at 3:00 and 10:00 A.M. respectively. 

Viability otudies 

These studies were conducted in order to find out the percentage of 



SIFLAtiATliii OF PLATS 

Fig. 1. Photo 24 hours band sl de 

(esqx:sed 10:00 A.M., July 1957, loft 
hand side to 10:00 A.M. July 4, 1957). 

Photomicrograph or two diffe2-sr,t; fields 

under pover (44z) a altda 50a 

exposed on Irby 1, 1957 

Photogz ap of .;,;,,er slides expos, 

adnutes in r*adr-riittis sa sr on J 4, 1957, 
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Table 3. Detailed analysis of 24 hour band slide (508, exposed 
cu. ft./hand. 

1957) under higlh power of the miern. cope (44x). 

11.11,11.11110,1110 

Data provided on the basis of spores per 

B.No.: Time 
: Wind :Taia.s.: 

°F. :Dust:Pollen: Total : :10d. 
Basid-: 

2_ospores Alt. :0emos.: Fus. :lout Oyph.: 
:Sten,: :3epto -: 

:Dir.:Vel.: :1.} : 1.D : 2.1) 

1 
2 

3 

4 

5 

6 

7 
8 

9 
10 

11 
12 
13 

14 
15 
16 

17 
18 
19 
20 
21 
22 

23 
24 
25 
26 

8:30-9 
10 
11 
12 

1 PK 
2 

3 

4 
5 

6 

7 
8 

9 

10 
11 
12 

1 AM 
2 

3 
4 

5 

6 

7 

9 

10 

S 

113 

N& 
N 

E 
NE 

NS 
UE 
,RE 

s 

W 

1 

If 

N 
E 

E 

6 

6 

6 
6 

6 

7 
7 

7 
6 

6 

3 

3 

1 

2 

2 

2 

1 

1 

1 

1 

2 

1 

1 

2 

4 

68 
70 

73 
75 

77 
77 

78 

77 

77 
75 

73 

70 
66 

64 
64 
63 

63 

62 
61 

61 
60 
60 

61 
62 
62 

63 

1 
2 

2 
2 
2 

2 
2 

2 

2 
3 
3 

3 

2 

2 

2 
2 

2 

2** 

2 

2 

2 

2 

2 

2 

18,1 
26.5 

41.2 
88.6 

40.7 
26.1 
27.1 

39.8 
26.3 
23.4 

31.3 
36.4 
41.4 
41..r:; 

2C.1 
24.3 

14.2 
16.2 
25.0 
10.4 
14.2 
43.0 

30.2 
39.4 
13.9 
10.4 

275.4 

340.6 
351.2 
351.5 

250.9 
205.7 

137.5 
163,6 
124.6 
109.8 

126.8 
124.4 
130.3 

97.4 
134.6 
115.2 

146.2 
198.5 
211.1 

194.6 
184.0 
238.1 

214.9 
194.4 
163.4 
164.9 

196.4 
253.0 
257.4 

267.3 

183.2 
160.6 

97.5 
120.7 

78.8 
52.0 

77.4 
72.0 
72,5 
50.6 
,S1.7 

36.7 

44.8 
49.3 
37.3 
48.3 

78.1 
112.7 

111.2 
114.8 

90.4 
40.3 

19.1 
19.9 
18.2 
11.7 

5.8 
2.2 

3.8 
3,6 

5.4 
13.5 

13.9 
9.4 

13.5 
12.6 
39.2 
54.0 

91.1 
125.1 
147.2 
127.1 
90,2 

102.2 

83.6 
57.4 
24.1 
20.3 

8.0 

7.7 
12.4 
15.9 

17.7 
21.i 
24.4 
17.5 
17.5 
23,3 

22.3 

24.8 
21.2 
20,2 
16.5 

10.4 

11.5 

8.3 
7.5 
7.1 
4.1 

5.5 

5.1 
3.0 

3.5 
1.5 

2.0 
2.6 

3.0 
3.1 

2.0 
2.6 

1.5 
0.7 
047 
o. 

0.6 
0.2 
0.25 

0.1 
0.25 
0.25 

0.2 

0.2 
0.25 
0.5 

0.7 

0.5 

0.3 

0,2 
0.5 

0.3 

13.3 
10.4 
11.3 
12.4 

7.7 
1.1 

0.4. 

1.6 
2,7 

2,5 
1.1 
2.3 

3.2 
2.5 

2.9 

1* 

1.6 
4.n 

0.9 
1.4 
2.2 

1.1 

6.7 
8.1 

6.3 

7.6 
7.4 

10.6 

8.6 

6.3 
21.8 
1.6 

5.4 
5.0 

3.6 
2.0 
7.2 
2.3 
4.0 
2.0 

2.5 
2.7 
1.3 
0.7 

1.1 

1* 

0.6 

0.5 
0.3 
0,5 

0.8 

0.5 
0.2 
0.6 

0.3 
0.4 

0.4 
0.2 
0.25 

0.4 
0.7 
0.4 

0.7 
0.6 

0.3 

0.5 

0.4 

0.2 
0.1 
0.3 
0.25 

1.3 

0.9 

2* 

0.7 

1* 
2* 

1* 
1* 

1* 

0.9 
2* 

1* 

1* 

1* 

0.5 
1* 

2* 

0.7 

0.7 
1.1 
2* 

0.7 
0.7 
0.5 

1* 
2* 

1.1 
J. . 1 

0.9 

1.1 

2* 

0.5 
3.8 
4.5 

1* 
0.5 
1.3 
0.5 
2* 

2* 

1* 
1.1 
0.7 

2* 

1.1 
1.1 

17.3 
18.2 
18.7 
10.4 

8.8 
2.2 

0.9 

1.4 
3.4 
0,7 
0.5 
2.3 
1.4 

0.5 
2.7 

4.9 
4.0 
5.0 

94 

7.9 
8.3 

16.9 

37.0 

6.8 
12.2 

9.2 
10.8 

6.5 
0.9 
1.3 
1.6 

3.4 
0 

1 

1* 

0.9 

13.1 

4.9 
3.1 

2.2 

2* 

0.7 
1* 

0.9 

1.8 
2.2 

0.5 
0.7 

Spor- 
ormi4 

1* 

1* 

0.5 

Lepto- 
Pleo.- sph. 

0.5 spora 1.3 
2* 10.4 ,3.2 
3.6 26.5 6.8 0.41110.111. 

LegeLa: Total - Total spores par band/tuft. 
Clad. - Gladosporium 
Col. 3asid. - Colored basidiospores 
Alt. - Altorharia 
Cereos. -Cercoepora 
Fus. - Fusarium 
Hyph. - Hyphal fragments 
* actual number of spores observed 
** - Traces of rain 

}lel. lielmiuthosporiam 
Stem. - 3temphyliurn 
Septor. 3eptoria 
1.H -1 cell hyaline 

*ell hyaline 
1.D -1 cell dark 

- 2 *ell dark 



viable units* in the atmosnhere. Data from August 1 to August 15 is presented 

in Table 4. This period, however, may not be typical of the whole season due 

to varying atmospheric conditions, but it does show the presence of nonviable 

spores and viable hTrphal fragments in the atmosphere and also the possibility 

of employing ager slides for observing germination directly under the nacro- 

scope. Germination of hyphal fragments as found under nigh power is shown 

in PLAT?, IX. 

The percent viability of Alternaria spores varied froa 0 to 100 percent 

and was found to he resistant under these environmAntal conditions. fhe 

percent viability varied from day to day. Spores of Hellirtnosporium were 

round in small number, and their maximum viability was pound up to 43 percent. 

Smuts were found in large numbers on two days and their mamimum percent Nia- 

bility was recorded as 91 percent on August 7. Colored basidlospores were 

found regularly throughout this period of study, but very few spores were 

found to be viable. Lowest percent viability was recorded in the case of 

Cercosnora. Only one spore was noticed germinating that was recorded on 

August 15. 

A large number of viable hyphal fragments were also recorded during this 

period of study. Their viability varied frool day to day and ranged from 0 to 

80 percent. Some of the germinating by phae are shown in PLATE IX. 

On Au;ust 9 it will he seen that no spores or hyphal fragments were 

viable. From these result7 it will be seen that tLere were very few spores 

or hyphal frareents that could help in dissemination of fungi, on that 

particul-,r day. 

* Single spore, clump of spores or hyphal fragment, which on germination 
may produce a single colony, is considered as one unit. 



Table 4. 'rota]. nuLiber of fungal unit,s/ou.ft. (single spore, clump of spores and hyphal fragcint, considered as 
one unit) and their percent germination as obtained from Agar 3_lides, exposed for two minutes in the 
Pady.4tittl_s 3amp1er at 30:00 A.L. between August 1 and August 15, 1957. 

MIIII. 

Date 
: Cl dosiloriori : Smuts : liel"airthosoorium : Alterrloria t Colored 

t'.,sidios ores 
I ha3 

Framer us -r : Get cospora 
: l'ot=3:1-7--- 
: :Germ. 

: Total: 
:Germ. 

: Total: % 

:Germ. 
: Total : % 

: Germ. 
: Total: % : 
: :Germ. t 

Total: 
t Germ. 

: Total: 
: :Germ. 

Aug. 1 16.3 u.6 7,7 12.5 2.9 33.3 31.7 84.9 1* 0 9.6 0 3.8 0 

2 18.2 63.2 3.8 0 2,9 33.3 29.8 87,0 1* 0 10.7 0 3.8 0 

3 28.8 82.2 - - - - 15.4 81.; 2.9 0 8.6 77.7 _. -. 

5 40.3 26.1 - . 6.7 43.0 12.5 100.0 4.8 20,0 8.6 33,3 1./.* 

6 41.3 0.9 4.8 20.0 1* 0 7.6 37.5 8.6 0 8,6 0 1* 0 

7 34.6 86.1 22.1 91.3 - - 14.4 93.3 9.6 10.0 4.8 80.0 1* 0 

8 12.5 30.8 11.5 0 3.8 25.0 16.3 41.1 3.8 0 15,4 12.5 2.9 0 

9 22.1 0 1* 0 2* 0 6.7 0 2* 0 5.7 0 -- .... 

10 20,2 9,4 1* 0 -- - 3.8 25.0 2.9 0 3.8 0 2.9 0 

12 25.0 7.6 2.9 0 3.8 25.0 8.6 77,7 1* 0 5.7 0 2* 0 

13 14.4 46.5 3,8 50,0 2* 2* 9,6 10C.0 2* 1* - ..... - - 
14 17.3 66.4 2* 2* 2$ 2* 2.8 100.0 24- 1* 4.8 60.0 - -- 

15 4.8 80.0 40.1. 2* 2* 7,6 87.5 2.9 36.0 1* 0 2* 1* 

Average 76.6 46.5 44.4 37.5 19.6 18.7 6.2 

*- Torsi. spores. 



ii.+LTL IX 

ayphal fragments (undifferentiated) showing 

germination, as observed on Agar slides 

exnosed during August 19570 
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DISCUSSION 

Ilith a view to work out an efficient and time saving, method of making 

spore counts) the exposed slides were studied under (a) high power repre- 

senting 10 sweeps along the length of the slide that covered about 22 percent 

of the exposed area, (b) high power representing one sweep as in (a) cover- 

ing 2.2 percent of the area. and (c) under low power along the long axis of 

the band covering about 98 percent of the area. from the data obtained it 

was concluded that the counting of spores (v15. TIteat rusts, Alternaria, and 

other spores having large diameters) under low power was not only as accurate 

as that under high power, but it was also found less time consuming and thus 

all the studies were conducted under low power of the microscope* 

These studies show that there were distinct hourly variations both on 

any one day and from day to day. No two consecutive days were found to have 

a sieliar pattern, yet avarlge curves obtained by computing the data for 24 

hours (of several days) showed a distinct trend towards a uniform diurnal 

pattern in certain fungi. 

Alternaria showed a distinct hourly variation from day to day throughout 

the period of sts4y. `;ometimes the peak was observed during the daytime, some- 

times during the night, and on certain days no pattern at all was observed 

although most of the days during this period of study showed peaks during 

afternoon hours. Studies in 241gland (30) show a distinct diurnal pattern for 

Alternaria 4th an almost consistent peak during the afternoon nours. These 

differences may be due to the fairly enaeorm weather of England, whereas our 

weather is subject to great fluctuations. 

Data based upon two days studies from Maryland, Tlis (54) whowed Alter- 

naria to be a day spore, with the peaks at abaft 9:00 and 11;00 A.M. whivh 
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is in agreement vith our studies only on certain days eg. August 8 (PLATE I). 

Monthly averages reduced th ee,eorological effects to some extent which 

showed Alternaria to be eaximum from 2:00 to 4:00 P.M. throughout the period 

of study with a small peak ,uring midnight, except that of August, when a 

little hi-her peak was observed during midnight as coenared to efternoon. A 

high concentration of Alternaria was recorded during July 22 to 27, after a 

short spell of dry season followed ty rain, the similar rise has been reported 

from ngland (31) after similar meteorological conditions. 

Considerable difficulty was experienced in distinguishinF. Steephylium 

spores under low power of the microscope due to their gross similarity to 

those of aternarie. In view of this fact it is very likel7 Y)-4-, on 24 hour 

band slides where Stemphylium was found (aleo eitb Alternaria), spore count 

obtained for Alternaria might have been increased due to inadvertent inclusion 

of Stemphvlium spores. 

Helninthosporium was found to follow a pattern similar to elterneria, 

although its spore concentration in the atmosphere was much less throughout 

the period of study. 4 sudden rise in numbers due probably to a spore shower 

was observed on July 12 at 9:00 A.M.; that was followed by an imeediate decline 

(PLATE III). The wind directions at 8:00 and 9;00 A.M. were recorded from 

East to West and at 10:00 A.M. South to North; this suggests that the apore 

shower which apparently came from the East remained over this area for ap ,ro.4- 

imatelv an hour and lost probably changed its direction to North with tha 

shift of the wind. Such occasional sudden wind changes bringing in spore show- 

ers ;)we been reported for Cladosporium and Alternaria over Eastern U. S.; of 

rust spores in Kansas (45), in the Southern part of the Mississippi Valley (16), 

and from Rey Zealand (19) for various other teee-; of fungi. 
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Cercospora constituted one of the major members of the recorded air- 

borne fungus flora in the months of July and August, and was mostly recorded 

as night spora, which is in sharp contrast to the diurnal pattern of Alter- 

naria and Helminthosporium. ,revious studies in Manhattan (43) by exposing 

30 minute slides once daily between 8:00 and 9:00 A.M. showed ver,- low num- 

ber of these spores in the atmosphere, that may be due to the fact that during 

the previous years mostly dry seasons prevailed, whereas the period of this 

study (1957) was comparatively wet. On a monthly average basis a definite 

pattern with a high concentration of 0ercospora spores at 2:00 A.N. to 10:00 

A.M. was recorded. 

Rusts also showed a distinct hourly variation from day to day. On the 

basis of ten days average leaf rust snowed e definite peak at 5:00 P.M. while 

stem rust on the basis of four days average showed three distinct peaks at 

2:00 I.L., 1:00 A.14. and 800 A.11. Due to the low number of days considered 

in both cases, this may riot be actual pattern for these spores. Studies con- 

ducted in ngland (23) snow a rust peak from 1:00 to 5:00 P.M. which in the 

broad sense ia in agreement with the present studies. 

Figh wind speeds are suspected to increase the number of air-borne fungus 

spores and hyphal fragments and this was apparently true in the case of rusts 

during this period of study. There is a suggestion also that South winds 

bring more rust spores than tine winds from the other directions which is in 

conformity with the previous studies (44, 45, 46). Although these data provide 

some information about the pattern of rust spores in the air and to some extent 

the effect oZ weather this is too meager to make any definite conclusion, and 

more data are needed to understand the nature of such an important pattern in 

the air. 
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Long hyaline and brown spores for t1e sike of convenience were classified 

together. These are classed as ascospores on the basis that various asco- 

mycetous fungi require a stimulus of water to liberate their spores and as 

these were recorded mostly after rain, or heavy dews, these were considered 

as ascosnoree. Moreover, lack of scar at the point of attachment confirmed 

the possibility of classifying thee as ascosnorae. These were particularly 

numerous foflowing showers of rain or heavy dews (PLATE vIII) and in general 

during the ni'ht hours. As far as the hourly pattern is concerned, these 

results show that at least for this period of study they were mostly noctur- 

nal. Hirst (30) in England sug este that these are ascospores and era 

forcibly discharged from mature asci after wetting by water. These have been 

recorded in a considerable number in the local atmosphere and attempts are 

being made to identify- these snore tvoes by culture methods. 

No defirite pattern war recorded for hyphel fragments. Peaks were 

observed at try time throughout the neriod of study. There is some sugges- 

tion of a diurnal pattern on t monthly average basis throughout the months 

from May through September although no two months were found alike and the 

peak varied from month to month. Maximum numbers of hynhal fro-Tents were 

recorded in June and aepteabor ,nd iow numbers during May, July and august 

while orevinus studies showed a high number from June to September. In gen- 

eral, pressnt studies show low numbers of hyphal fragments, as compared to 

the previous year's (43) which may be due to the difference in season. 

Detailed analysis of one 24 hour band slide shoved the presence of a 

comooeite group of pollen grains and 11, other types of fungus spores in 

the air, Hirst (30) in England recorded naximum numbers of oollen grains at 

about 4:00 while in our case they were at a maximum at about 12:00 noon. 

He recorded pollen of Dactolis glomerate and various other grasses, whereas 
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in our case coniferous trees Teere the nein. source. The difference in the 

diurnal pattern may be due to the two different types of plants involved or 

may be due to varying weather conditions. 

Under our conditions Cledosporium and smuts were recorded at about 

12:00 noon and 3:00 P.M. respectively while in England these both have been 

recordad an hour later, which keeping in view the results of the studies are 

in considerable agreement. 

)iurnal pattern of Fusarium and Fusorium-like spores has not been prey- 

ioesly reported and it is of interest to know that they occurred in high 

numbers and showed a peak at 12:00 noon like Cladosporium. 

Our studies show maximm colored and hyaline basidiospores at about 

3:00 4.M4 and 10:00 A.M. while the maxi:71nm number in England (30) has been 

reported at 2:00 A.M. and 6:00 A.M. respectively. 

Oonsiderable work has been done on the ratio of nonviable to viable 

spores in the air (49). The usual method is to compare the total fungus 

colonies per cubic foot on the nutrient plate lad the total number of spores 

per cubic foot on the silicone slides. This may lead to the wrong conclusion 

due to t e lanoline of different air masses or unsuitable medium or nonsporu- 

lation of various fungi hey' easily recognizable spores on the silicone 

slides., like Jter )ria a,),3 2L12a2f221, and also due to the presence of 

spores like rusts that will not form colonies on nutrient media. The agar 

slide technic was found suitable as it was possible to see every individual 

spore and to observe the germination e.eoag the spores deposited. Moreover, 

by employing this technic, it was pcssible to observe the germination of hyphal 

fra,-.7o.nts, of which it was not known before whether they could be a source of 

dissemination. 
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SUMMARY 

Results are reported, obtained from the study of 58 slides,. exposed in 

the New Slit Type Continuous Spore ;;ampler, eey through September, 1957. The 

studies included the apores of Alternarie, 6elminthosporium, Corcospora, leaf 

and stem rusts, long hyaline and brown ascospores and hyphal frageents. 

jata obLined show that there was a distinct hourly variation within 

any one day and from day to day. The pattern of deny variation for any two 

consecutive days was never found to be similar. However, curves drawn for 

24 hours for ,Uternaria, helminthcsporium, Cercospora, rusts and the hyphal 

fragments from the average of several days data gave a fairly uniform pattern. 

Alternaria on the monthly average basis showed prominent peaks mostly 

during the daytime from 2:00 to 4:00 p.n., with a smell peak at midnight, 

except in August, when slightly higher eeak was observed during the night. 

Peaks during the daytime on a monthly average basis showed the spore count as 

9.0, 12.0, 7.8, 4.5, and 11.2/cu.ft. while the night peaks had the spore count 

as 4.5, 7.0, 6.0, 4.9 and 8.0/cu.ft., during the months of May through Sept- 

ember respectively. 

& high number of dercosnora sores was observed from 2:00 A.M. to 10:00 

A.M. during both the months of July and August, peaks were observed at 10100 

A.M. and 9:00 A.M. with the number of spores as 3.9 and $.6/eu.ft. respectively. 

Leaf rust on the basis of 10 days average showed a distinct peak at 5:00 

P.M. having 16 spnres/eu.ft., with teo small but similar peaks, each hexing 

7.5 spores/ouat. at midnight. Stern rust on the basis of four days average 

showed a peak at 8:00 A.M. with 12 spores/cu.ft. Two smaller peaks were obs- 

erved in this case at 2:00 P.M. and 1:00 A.M. each having 6 spores/cu.ft. 

Long hyaline and brown ascospore~ were observed appearing immediately 
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after rains or heavy dev- mostly during night and disappearing suddenly within 

a few hours. The maximum number of spores, 15.6/cu.ft. was recorded on Aay 13 

after about 0.2 inch of rain. 

hyphal fragments on a monthly basis showed peaks at 10:00 5;00 

Y.X. and 9:00 }.Li. during the 7Ionths of hay, June and July, with the count 

of 1.75, 3.0 and 2.25/cu.ft. res-oectively. In August three distinct peaks 

were apparent, the peak witn the maximum number of 2.5/cu.ft., was observed 

at 2:00 A.M. The month of September showed two distinct peaks, the main 

peak occurred at 2:00 P.h. with the count of 3.5/cu.ft. 

,Aermination studies show a considsrble number of nonviable spores 

present in the atmosphere. Some hyphal fragments were also found viable in 

the atmosphere. The total percent viabilitj of different types oC fungus 

spores and hyphal fragments was as follown: 

iaterneria 76.6 percort 

3muts 46.5 p-,rcent 

Helminthosporium 44.4 porcent 

glakEMELE2 37,5 percent 

Colored basidiospores 19.6 percent 

hal fragments 18.7 percent 

Cercospora 6.2 -percent. 
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Aerobiological studies conducted in Manhattan daring the last few years 

have shown a distincL daily and seasonal occurrence of various important 'lent 

pathogens and allergens in the air. Studies conducted in other /arts of the 

world show that there occurs a disti-:ct hourly variation in the number of 

various air-borne fungus flora. Present studies were conducted in order to 

find out whether there exists a similar pattern of hourly variations in the 

number of various air-borne fungi viz., Alternaria, Helminthosporium, Cercos- 

g=A, leaf rusts (Puccini. recondite, Rob. ex Desm., E. aprenattl Cda., and E. 

striiformis dost.) and stem rust (P. 'gminis Pers.), long hyaline and brown 

ascosiores and the hyrhal fragments under Kansas conditions. 

Fifty-eight slides were studied under low i_ower (104 of the microscope, 

obtained by exposing silicone grease coated slides in the New Slit Type Con- 

tinuous Spore Sampler during the months from May through September, 1957. All 

the fungi under study showed hourly variations within the day and from day to 

On no two consecutive days was the pattern found alike and no definite 

pattern could be suggested on the basis of single day data; aa a result, 

monthly averages were made. 

Alternarie, on the basis of monthly averages showed a ccnsistent pattern, 

with a peak mostly from 2:00 to 4:00 P.M. except in the month of August when 

the hijil3st spore count was during the night at 2:00 A.M. Peaks during the 

daytime showed the spore count as 9.0, 12.0, 7.8, 4.5 and 11.2/cu.ft., while 

night peaks had a score count of 4.5, 7.0, 6.0, 4.9 and 8.0/cu.ft., during 

the months of May through September resi_ectively. 

Lelminthosporium was mostly found in June, although on a few days it was 

also recorded in the month of July. Averages of 11 days show a distinct peak 

at 3;00 P.M. with the spore count of 1.5/cu.ft. 

Maximum number of Cercospora spores were recorded in July and August 
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showin e. peaks at I0:0') 6.1%. and 9:00 ea.. with a count of 3.9 and 3.6 spores 

/cu.ft. respectively. 

Leaf rust on the basis of 10 days average showed a distinct peak at 

5:00 P.M. with 16 spores/cu.ft. and two small but similar peaks at midn.ieeht 

each ravine 7.5 spores/cu.ft. stem rust on the basis of four days 

avera,e showed a peak at il:00 A.M. with 12 spores/cu.ft. Two smaller and 

distinct peaks were observed also at 2:00 P.M. and 1:00 A.M. each having six 

spores/cu.ft. 

Long hyaline need brown ascospores were observed appearing immediately 

after rain or heavy does and disappearing suddenly after a few hours. The 

malcirem nusibe_ of spores; 15.6/ca.ft. was recorded on May 13 after about 

0.2 inch of rain. 

Hyphal fragments on a monthly average basis snowed peaks at 10:00 P.M., 

5:00 P.M. and 9:00 P.M. during May, June and July, with the count of 1.75, 

3.0 and 2.25/cu.ft. respectively. In August, three distinct peaks were appar- 

ent, one :ea!: with a meNimum number of 2.5/cu.ft. was observed at 2:00 A.M. 

The month of September showed two peaks, the main peak occurring at 2:00 P.M. 

with the count of 3.5/cu.ft. 

Observations made on the hourly variations of fungus flora in the air 

could be correlated to some extent with some of the more obvious meteorological 

factors like rain and wind. In general rain was found to reduce the number of 

fungi present in the air, yet the peeeence of certain other fungi was observed 

to be directly associated with rain or heavy dews. High winds were usually 

associated with high spore numbers. Southern winds were probably responsible 

for increasing the spore load of leaf and stem rust at least on certain days 

during the period of study. 

Germination studies, using agar slides, were made to determine the per- 
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centago o' spores in the air. The viability percentage of different 

types of fungus spores and hyphal fragments in the air was as follows: 

Alternaria 76.6 percent, uluts 46.5 percent, helmintho4periull 44.4 percent, 

21adoaporiam 37.5 percent, colored basidiospores 19.6 percent, hyl,hal frac- 

ment,., 18.7 percent an i;,rcoel,ora 6.2 percent. 

In general, prese71, studies indicate a definite hourly variation through- 

out 24 hours of the day. Sometimes there was a single peak duc.11.g the day, 

sometilues at night, occasionally there were two or more peaks and in a few 

cases many small peaks were observed. 


