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The Response of Pilobolus microsporus to 

Light Stimulation. 

The spores of Pilobolus are abundantly present in the manure 

of herbivorous animals. From the fresh manure used with the fol- 

lowing experiments, the sporangiophores begin to rise above the 

substratum in which the mycelium is buried in about a week or ten 

days usually appearing in the afternoon. By evening the sporan-— 

giophores are frequently one or two millimeters long, their yellow 

tips are either tapering and pointed, or swollen into rounded knobs. 

During the night these knobs develop into mature sporangia. 

Immediately below the sporangium the sporangiophore is swollen by 

the high osmotic pressure; the force of the ejected water upon 

| the bursting of the membrane immediately below the sporangium hurls 

the latter for some distance thru the air. 

Klein (1872 pp. 306-339) described in great detail the develop— 

ment of the mycelium and sporangia. To this Brefeld ('75 pp. 62-74) 

added further details of the development of sporangia, and also 

|} gave a few physiological observations. In this respect, however, 

Grantz has done far more. 

The experiments of Grantz ('98,p.5) were made on Pilobolus 

jmicrosporus. He cultured Pilobolus on sterilized manure, or agar-—- 

agar with manure decoction. With these cultures Grantz (pp.3-9) 

observed that in darkness sporangiophores do not appear regularly 

each morning, as they do in light. The sporangionhores formed in 

\darkness are white, tapering, and half the diameter of those formed 

in bright light. They grow for weeks (p. 13) without the least 
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sign of sporangia formation, and occasionally attain the height 

of 200 mm. Previously Brefeld ('75,pp.76-77) observed that in 

darkness sterile sporangiophores grew to be 8-10 inehes long in 

from 10 to 14 days. 

Grantz (po. 11-12) from experimental evidence concluded that 

the intensity of the light regulated the rapidity of sporangia 

formation, and so indirectly the length of the sporangiophores since 

with the formation of the sporangium the growth of the sporangio— 

whores ceases. Thus in intense light the sporangiophores attain 

a heighth of 1/2 to 1 m.; in mich dimmer light they frequently 

attain a height of 25 mm. The Yate of growth in each case is the 

same. Since in dim light the sporangia are formed much later than 

in intense light, the sporangiophores have continued to grow for 

a longer time and thus attain a greater height . 

Grantz (pp. 14-15) observed in bright light, but with a lower 

temperature and much moisture, long sterile sporangiophores. He 

econeludes that it is possible that some other factor than the 

absence of light may be the cause of the elongation and sterility 

of P. micros. The small diameter (p.16) he shows experimentally, 

is the characteristic effect of etiolation. Grantz and Brefeld 

both experimented to determine the necessary length of time in 

light to induce the formation of sporangia. 

Grantz (pp. 38-40) found that it requires an exposure of 4-5 

hours in diffused light to induce the formation of sporangia on all 

sporangiophores, regardless of their age or length. An exposure 

of 3 hours rarely induces the formation of sporangia on all the 

sporangiophores of a culture; 15 minutes exposure in diffused 
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light usually induces the formation of a very limited number, 

while 10 minutes gives no result. On the contrary (p. 41) two 

minutes in sunlight induces sporangia formation. From his data 

(p. 45) it is reasonable to suppose that there is a direct propor- 

tion between the intensity of the light,and the time of exposure 

necessary to induce the formation of sporangia. 

Brefeld (p.77) claims that an exposure of two hours is neces-— 

sary to induce sporangia formation on sterile sporangiophores. 

A longer exposure causes larger sporangia to form on a greater 

number of sporangiophores. An exposure of this period has no effect 

on the sporangia formation of the next day. 

Grantz (p. 8) and Brefeld (p. 76) both agree that shutting out 

the light from a culture of matured Pilobolus delays the liberation 

of the sporangia. Brefeld says that the time of delay varies with 

the species. 

Grantz (p. 18) and Brefeld (p. 77-78) agree as to the effect 

of blue and yellow light on the development of Pilobolus. Behind 

a copper ammonia solution, or blue light, the sporangiophores 

develop as in white light; behind a solution of potassium bichro- 

mate, or red light, they act as in darkness, that is, lengthen and 

remain sterile. 
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| two small holes. Into these holes were fitted pieces of lead pipe, 

4. 

The objects of the present investigation were to find whether 

or not Pilobolus remains sterile in darkness, and if so, how long 

an exposure to light is necessary:to induce the formation of 

sporangia. 

The Pilobolus which appeared in the cultures studied was 

identified as Pilobolus microsporus according to the descriptions 

of species by Brefeld (Heft IV.,pp. 69-71). 

Material and Methods 

The cultures under observation were placed next to the glass 

on thesouth,east and west shelves of the greenhouse basement. The 

shelf on the south side was not shaded from above, for the glass 

of the greenhouse bent out in such a way that light from above 

also fell on the cultures. Each shelf could be shaded from direct 

sunlight by drawing a thin, white, cloth curtain. 

Experiment I.- 

To determine the period necessary to induce sporangia formation. 

Two long shallow wooden boxes were filled with manure, and 

plaedd on the north shelf. Into these on Nov. 6, after letting the 

manure dry for a day, were pressed 12 crocks and 6 glass jars of 

the following description: 

In the bottom of a dozen cylindrical stone jars were ground 

which were sealed in and then bent over into a U shape. Thus venti- 

lation was obtained and light excluded. 

Three tin cans were treated as the ecrozks, and then were 

Blackened inside and out. 
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The glass jars were the same size as the crocks, and in the 

bottom of each were two small holes for ventilation. Over three 

of these were placed the blackened tin cans (dad ) and the other 

three were used for the cultures left constantly in daylight (e). 

The cultures were exposed to daylight as follows:- 

(a) 3 cultures were left in continual darkness. 

(b) 3 cultures were exposed to light for an interval of 15 
minutes daily. 

(ec) cultures for an interval of 30 minutes. 4 

(ad) 3 cultures for an interval of 60 minutes. 

(a 3 

(e) 3 cultures exposed to continual daylight. 

cultures for an interval of 60 minutes. 

Cultures (b) (¢c) and (d') were exposed to light by removing the 

stone jars for the respective intervals. ‘Cultures ba) were exposed 

to light by removing the blackened tins from over the glass jars. 

Thus, cultures (d’) and (d*) have the one varying factor of moisture, 

for (d‘) is exposed to the drying effects of the air of the green- 

house for sixty minutes daily, (a*) is protected by the glass jars. 

In comparing (a) with (da) we will see that the moisture relations 

of the two are exactly alike, the only varying factor in these is 

that of light, (a) never is exposed to light while (a*) is exposed 

for an interval of 60 minutes daily. 

Likewise (e) and (d*) are under the same conditions of moisture, 

the varying factor being that of light. 

All the cultures are subjected to the same degrees of tempera- 

ture, as the holes in each stone jar allow an exchange of air. The 

Sun never shown directly on the cultures except in the early morn- 
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/ing, and this was not enough to raise the temperature under any. 

On Nov. 13, Pilobolus was first observed in cultures (e) and 

(a'). The table gives in a very condensed form the average results 

of each set of cultures. Observations and exposures were made 

daily at 9 a. m. for about two weeks, except on Sundays and on 

Nov. 15 and 22. 

In speaking of the number of Pilobolus present "abundant" 

indicates the greatest number, and "quite a few", "few", and "very 

few" decreasing quantities respectively. 
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Monday 

Dates Nov. 13 14 16 

I ee 

(a) : : : : 

Constant dark: 

a  —— 

(b ) 
15 minutes 

exposure 

daily 

a cc 
30 minutes 5 mm., 
expodure fertile 
daily : 

(a Few, longer Quite a few, Quite a few, 
Series I. - fertile : 4-6 mm., LO Mie, fertate. 
60 minutes slender, 

exposure Tern: 1¢6. ‘Quite a few, 
daily 13-20 mm., 

(a*) white pointed 

tips. 

SS 

Series II. Quite a few, 

(a’) 2.MM.5 Lert ite. 
Few, yellow 
pointed tins. 

SS 

Quite a few, Abundant, 2 mm., 
(e) Very few, 2mm., fertile. fertile. 

Light 2mm., long, A very few Very few with 
cultures ; Fertile. tapering, yel- yellow pointed 

low tips or tips. 
yellow knobs. 
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17th 18th 

Very few, 10 
mm.,some fer- fertile 
tile; others Few, 15 mm., 
sterile. Yéllow yellow point- 

at tips. ed tips. 

A few, 10 m., 

Few, 7 mm., 
fertile. 
Very few, yel- 
low pointed 
tips. 

Quite a few, 
5-6 mmn., slen-— 

der, fertile. 
Very few, long— 
er, yellow 

pointed tips. 

Very few, 6-7 

mm.,fertile. 

Quite a few, 
5-10mm.,fer—- 5-6 m., 
tile. fertile. 
Quite a few,15,Frew,8-10 mn., 

Quite a few, 

20,25 mmn., pointed yellow 
fertile.Very tips. 
few of all 
lengths yellow 
pointed tins. 

A few,5 m., Few, 6 mm., 
fertile. fertile. 

Few,10 mm., 
yellow point- 

ed tips,yelliow 
and brown 
knobs. 

Abundant, 2-23 Abundant, 2~-3. 
mm., fertile. mm. ,fertile. 

Few, yellow 
pointed tips 
or yellow 
knobs. 

Quite a few, 
5-10 mm.,long 
yellow pointed 
tips or knobs. 

19th 

Quite a few, 
4-38 mm., 

slender, fer- 
tile. 

Few,all lengths 
vellow or 

white, pointed 
tips,or yellow 
knobs. 

Few, 6 mn., 
fertile. 

Several with 

20th 

Quite a few, 7- 
10 mn., fertile. 
Few, 2 mm. and 
fertile. Few 
&-10 mm.with 
vellow pointed 

tips. 

Few, 3-6 mm., 
slender, 

rertile, 

Fen, 3.0. , £er— 
tile, Bery Trew, 
5 mm., slender 

pointed yellow yellow pointed 

tips. 

Quite a few, 
3-8 mm.,slen-— 

der. fertile. 

Quite a few, 
3-7 mm.,fer—- 
tile. 
Few, 5-8 mm., 
yellow knobs 

Lips. 

Few, 4-6 mm., 

fertile. 

Very few,7 m., 

yellow tips. 

Few,2 mm.,fer- 
tile. 

Very few, longer, 

yellow tips or 

knobs. 
or pointed yel- 

low tips. 

Abundant, 2-2 
mn.,fertile. 
Few, 2-3 mm., 
long yellow 
pointed tips. 

Quite a few, 
2-4 mm.,fertile. 
Few, yellow - 
pointed tips 
or knobs. 
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25ra 

Few,5-6 mm., Few, 8 mm., 

fertile. fertile. 
Very few, 7 Few, 8 mm., 

mm.,steriile. sterile. 

Very few, 3 very Tew, 3 

mn.,fertile. mm.,fertile, 

Several ste- and sterile. © 

rile. 

Very few, Quite a few, 

4mm.,fertile. 1-2 m.,fer- 

tips. Quite a few, 
8-10 mm. and 

sterile. 

Very few, Very few, 

tile. Several sporangio- 
longer and vhores. 
fertile. 

i-2 mu.,fer- 1 Ber 
‘tile. tile. 
Very few, 
with yellow 

pointed tips. 

Quite a fev, Quite a few, 

2-3 m., 2-4 mm., 

fertile. fertile. 

4=5 mn.,fer- long: sterile 

Quite a few, Quite a few, . 

24th : 25th 

Few, 5 mm., 
fertile. 

very few, 4 very few, 4-5 

mm.,fertile; mm., slender, 

one or two fertile. 

sterile. 

Quite a few, Very few, 5-8 

8-12 mm.,slen- mm.,fertile. 

Very few,4 mm. tile. Very few, der, fertile. 

yellow pointed 5-7 mn.,fertile Few,12 mm., 
pointed tips. 

Only several 

4-6 mm., fer- 

tile. 

Quite a few, Quite a few, 

3 min., 2-3 mm., 
fertire. _fertizte. 
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16. 

In the absence of sporangia some of the sporangiophores taper 

to slender yellow tips, a condition which may be seen in normal 

‘eultures in the afternoon. Other sporangiophores have on the tips 

swollen enlargements which are yellow, brownish, or almost black. 

These are, in fact, sporangia in different stages of maturity. 

During the two weeks of observation the cultures in continuous 

daylight show quite a uniformity as to the length of the sporangio- 

phores and the formation of sporangia. 

The sporangiophores of the cultures (a), (b), (¢) and (d) vary 

greatly in length on different days. This variation.of length 

from one day to the next is probably due to some other factor than 

that of light. 

In general the sporangiophores in cultures (e) are shorter 

than in any other series. An examination of the table from Nov. 

17-20 shows that the sporangiophores in (a) are longest, and that 

the sporangiophores gradually become shorter from (b) to (d). The 

length of the sporangiophore is proportional to the length of the 

period of exposure to light, the longest are found in total dark- 

sete the shortest in continual daylight. 

Sporangia are developed and ejaculated in every series of 

cultures, in constant darkness, in the cultures subjected to light 

for an interval daily, and the cultures constantly in daylight. 

In every culture, however, each morning some sporangiophores were 

observed which were either sterile or with immature sporangia. 

There is a noticeable difference in cultures (e) and cultures 

(a), (bd), (¢) and (d) as to the relative lengths of the fertile and 

sterile sporangiophores. In the cultures (e) at 9 a. m the 



j 

| ee i ed 

Penis: 
rs 7 n 

Wee oh 

F he rity’ ' pa rae i) eal note rv 

Ongor sna > “ATG aie orang he itd» 
> re ha a 

i} 

yy UR te gs. bs oe & iy, } obey a¢amr 

} g wy é‘ oO): at aire tors four ee 

‘ a 

“? poltsav'ceds “oo /eneow oe a 7" 

Hho rl tert et. Gk a hifarcolbsbaar od bas 

: Fike is ae ra Vis £) gta 

m | } pret r) ub ‘wid bea ec rotten 

,oVah totes eib oe Pak 

SF ut) “edo Bb O2an lds ong 

~ 

: A 
¥ fae’ RA Reece ep ites 

te Ray 

rota Inrikatogqe omg Sy } Me 

wap > ie 
ip Irs r vag yey | baat! 2G 

4 
: tate (> paet vwierrorre Git, ts 

i t 3 hy aite OT 

' ’ aot ‘ ¥ rt () ng twit m7 seas). \7 ’ — 
i : ; 

i oy Ppuntagoe. ts 

Wm’ Deg go foveal” air LP 

ay , conrne Gointaleal 
ye 

cf? iio: eet? Oe eres 

imeaevote Ho awe | Keone oven | 

bog ' 

oj he 

ewunt£in «i bonen thi stomigs dont 
Meee! 4 

4 

ba ayes Sta § ia 47 as ¥ ole oo rae ty . r) A 

A tee “iit 3 ” 

oa ~ 
ta (@y em: vats re eitis ite es 

By 
vi ‘ ne ' 

bys 



La. 

sterile sporangiophores are about the same length as the fertile. 

On the contrary, at the same time in cultures Cala (ope Ge)ie cana. 

(ad), the sterile sporangiophores are usually mueh longer than the 

fertile. This points to the fact that growth is more rapid in 

darkness, or partial darkness, than in light, a fact which Grantz 

(p. 12) denies. 

Long sterile sporangiophores are usually formed if the regular 

interval of illumination is omitted. This was observed on Nov. 

23, as illumination was omitted on Nov. 22. On Nov. 23 the sporan- 

giophores in (b) are three times longer than on Nov. 21, and many 

of them are sterile; in (c) they are 2-% times longer, and more 

of them are sterile; in (a') all the sporangiophores are much 

longer and sterile. Sporangia often develop on these long sporan— 

giophores after another day, as the table shows for (a’) on Nov.24. 

The formation of sporangia in darkness and in eultures illu- 

minated for such short intervals was so contrary to the observations 

of Brefeld and Grantz that the apparatus was tested to find whether 

or not light was entering. Velox paper was left under several 

stone jars for 24 hours, and on development it showed a strong 

light test. Light may have entered by reflection through the lead 

pipes at the top, or got in under the stone jars, which became 

loosened as the manure became dryer. 

Hence, in all the cultures a very small amount of light was 

constantly pfesent. In addition to this, in all the cultures 

except (a), there is added the amount of light striking the culture 

during the interval of illumination. This latter amount must have 

been perceived for if the interval of illumination is omitted, 
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there is a marked effect as noted above. 

In accordance with these facts, it is true that the longest 

sporangiophores are formed in the cultures subjected to the least 

amount of light,-(a). In eultures (a) sporangia are formed daily 

in the minute amount of light that in some way entered the cultures. 

Grantz (p. 43) says that in weak light an exposure of 15-20 hours 

is necessary to induce the formation of sporangia on sterile 

sporangiorhores. The above observations show that, if light is 

necessary, it requires a far shorter length of exposure than 

Grantz claims necessary. 
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Experiment II.- 

The two long boxes were again filled with manure, and the 

tops of three glass jars, similar to those used in Experiment I., 

and a dozen 4 1/2 inch flower pots were pressed down into the 

manure. The bottoms of the flower pots had been carefully removed 

with a chisel, and over the openings were slipped tin caps made in 

the following manner.- Tin cans were cut down to a height of 1 3/4 

inenes and in the edge were iat eight slits so as to make four 

narrow turned in props which prevented the caps from fitting tight 

to the pots. Thus an interval was left between the can and the 

pot for the circulation of air. Over the tin-capped flower pots 

were slipped cuffs of tin, which were made by meiting off the tops 

and bottoms of larger tin cans. These cuffs fitted tight to the 

flower pots at the bottom and projected above the tin caps. All 

the tin was blackened to prevent reflection of light and rusting. 

Sand 1/4 ineh thick was spread around the base of each flower 

pot, in order to keep out all light from below. Velox paper, which 

| | for 24 hours was left in this 

apparatus in the sunlight, gave no 

test for light. 

All the cultures were under the same conditions of moisture, 

as they were side by side in two boxes which were filled at the 

same time with manure which was uniformly damp. Exposures to light 

were made by removing the tin caps from the flower pots, and to 

keep the moisture constant glass plates were laid over the openings. 
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ayes 

Because of the arrangement of the apparatus air could cireu- 

late and all the cultures were subjected to the same changes of 

temperature. 

Te cultures were exposed to daylight as follows:- - 

(1) 

(2) 

cultures under the glass jars constantly in daylight. 

cultures exposed daily for an interval of 60 minutes. 

(4) cultures exposed daily for an interval of 15 minutes. 

(5) 

(6) 3 cultures left in continual darkness. 

3 

3 

(3) 3 cultures exposed daily for an interval of 30 minutes. 

3 

3 cultures exposed daily for an interval of 5 minutes. 

Observations and exposures were made daily from Jan. 15 to Feb.19. 

Pilobolus appeared for the first time in the cultures in the 

following order.- 

Jan. 25 in ( 

gem. 27 in ( 
Jan. 29 in ( 

( 

) 
) 
) 

Yep. 1 in }, NPA ete. <) 

Thus there is no regular sequence of oceurrence. 

During the four weeks of observation the Pilobolus in cultures 

(1) varied in length from 2-10 millimeters, the usual length was 

about 3 or 4 mm. As was observed in Experiment I.,sterile or 

immature sporangia were frequently seen in the morning. These 

were often mature by evening. 

The sporangiophores of cultures (2), (3), (4), and (5) vary 

greatly in length on different days. One day the sporangiophores 

are 5 mm. long, and the next 10 or 15 mm.; and every day there may 

be a number of each length. The condition in every one of these 

cultures is practically the same. The average length of the spo- 

ame in all cultures and sporangia are developed Pangiophores is the s 
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| and ejaculated in each culture. 

In eultures (6), in constant darkness, Pilobolus is formed 

regularly each day. The sporangiophores are 2-4 mm. long with well 

developed sporangia. The Pilobolus in constant darkness and those 

constantly in daylight are different only in that the sporangio-—- 

phores developed in darkness are more slender, and the sporangia 

are usually liberated in the late afternoon or evening. The 

sporangia developed in light usually are ejected from 8-ll a. m. 

This varies, however. Sometimes in all the cultures of every con- 

dition of illumination the sporangia are not ejaculated until late 

in the afternoon. The temperature in the greenhouse was not constant 

varying from 10 ¢ at night to 25 and 30 at noon. This delay in 

ejecting the sporangia was noticed after a cold night when no 

doubt the temperature became too low for the full development of 

the sporangia. 

As in Experiment I., the omission of the usual interval of 

exposure was followed the next day by the appearance of long ste- 

rile sporangiophores. For example, in cultures (2) from Feb. 1 to 

5 there was an abundance of fertile sporangiophores 10 mm. long. 

The usual intervals of illumination were omitted on Feb. 6 and 7. 

On Feb. 8 there was an abundance of sterile sporangiophores 12-15 

mm. long. The cultures were exposed to light for the usual period 

on Feb. 8, and on Feb. 9 there were many sporangiophores present 

and all were fertile. The longest ones present were the sterile 

sporangiophores of Feb. 8. On each succeeding day these cultures 

were exposed the proper interval and on each day fertile sporangio- 

phores 5-10 mm. long were observed. Again, on Feb. 14 the period 
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“tees 
_ . 

or ure to light was omitted and on the following day all the 

ingiophores were longer and sterile. 

‘This same effect was observed on cultures (5) if the regular 

val of exposure to light was omitted. 
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Experiment III.- 

fhe jars and flower pots were arranged as before in the two 

long boxes of manure, which were placed on the south shelf of the 

greenhouse. From March 1 to 30, except on Maren al, 24 and 28, 

observations and eeeiaiies were made as follows:- 

(1) 3 cultures under glass jars constantly in daylight. 

(2) 

(3) 

3 cultures exposed for an interval of 10 minutes. 

3 

(4) 3 cultures exposed for an interval of 5 minutes. 

3 

3 

cultures exposed for an interval of 3 minutes. 

(5) 

(6) 

eultures exposed for an interval of 3 minutes. 

cultures left in continual darkness. 

The results of this series of observations are about the same 

as in Experiment II. For the first week or ten days the sporangio— 

In constant phores in all the cultures were about 2 mm. long. 

light and in continual darkness the sporangiophores continued to 

be about this length. In the other cultures (2), (3), G4), and 

(5), after March 17 the sporangiophores are longer. They never 

exceed 10 mm. in length, and this length usually occurs the day 

after an omission of the regular periods of illumination. 

In this series the sporangiophores never are as long as in 

Experiment II. The light on the south shelf is far more intense 

at 9 a. m. than on the west shelf, where Experiment II. was con- 

ducted. During the period of exposure the curtains were withdrawn 

and sunlight struck the cultures. As noted before, the sporangio- 

phores in Experiment II. were frequently 15 mn. long. In this 

Experiment, however, although the periods of exposure are shorter, 
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18. 

the light is more intense. As a result, the sporangiophores are 

never as long as 15 mm. 

Sporangia develop regularly each day under every condition of 

illumination and in constant darkness. The sporangia developed in 

light and in darkness are about the same size, and differ only in 

the time of day at which they are ejaculated, as mentioned in 

Experiment II. 

The sporangia formed in cultures (2), (3), (4), and (5) are of 

about a uniform size, but smaller than those which develop in con- 

stant darkness, or constant daylight. 

The effect of omitting a period of illumination was observed 

frequently in this experiment, as an examination of the table will 

show. As noted in Experiment II., the result of such an omission 

is longer, sterile sporangiophores. For example, in cultures (2) 

on March 20 the fertile sporangiophores were from 1 to 5 mm. long. 

On Mareh 21 there was no exposure to light, and on March 22 the 

sporangiophores were sterile and from 5 to 10 mm. long. These 

long sterile sporangiophores were growing on the very places in the 

cultures where on March 20, there had been shorter, fertile sporan- 

giophores. A few fertile sporangiophores, 2 mm. long, were ob- 

served to be growing on places where there had never before been 

any Pilobolus. 

Likewise on March 24, the cultures were not illuminated. On 

Mareh 25 in cultures (2), (3), (4), and (5) almost all the sporan- 

giophores are longer and sterile. These, again, are growing just 

where on March 23, the Pilobolus had been shorter and fertile. 
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ras 

In other places where there had never been any growth of Pilobolus 

are a few fertile sporangiophores, 1mm. long. 

If the long sterile sporangiophores are illuminated for the 

usual period, they become fertile in one or two days. Thus for 

several days following an omission of Illumination there may be 

Un 

seen,usually long, fertile sporangiophores. These sterile 

sporangiophores have been observed to develop sporangia without 

any illumination; and sometimes sporangia are never developed. 

in the latter case it is as if all the energy has been expended 

in elongation, and there is none left to form sporangia. 
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March : 10th : Pt th 2 12th 

Constant Few, 1-3 Quite a few, 
light mm., fertile. #2 m., 
daily. fertiie. 

a —————— 

10 minutes 
light exposure, 
daily. 

8 minutes Few, « m., Few, 2 mm., Few, 2 mm., 

exposure. slender, slender, slender, fer- 

fertile. fertile. fertile. 

5 minutes 

exposure. 

3 minutes Very few, 
exposure. 1—2 mm., 

fertile. 

Constant Very few, 

dark. 4 mm., 
rertile. 





13th 14th : 15th : 16th 

G@uite afew, Few, 2 mm., very few, 
2 mn.,fer- fertile. 1am. , 
tile. Very fertile. 
few, longer 
with pointed 
vellow tips. 

Few, 2 mm., Very few, Quite a few, 
Fertile. 2 mm.,fer— 1-2 mm., 

tile. fertile. 

Few, 1-2 mm., Quite a few, Quite a few, Few, 1-2-3 mm., 

slender, 2mm, fer- 1-2 mm., fertile. 
fertile. tile. fertile. 

Very few, nM. , 

fertile. 

Very fey, Few, 1-2 mm., 

1-2 mm., slender 

Fert lle. fertile. 

Very few, Few, 2 mm., Few, 1-2 mm., Few, 1-2 m., 
1-2 m., fertile. fertile. fertile. 
zertvile. 
several with 
vellow knobds 
on tips. 



- 

h 
> 

a enn 

‘ \ 

4 

ry, 
\3 

7 

. 

. 

'* - 

YT 

Stay 

— 

iv * - 

* 

v 

‘ : 

. 

. 

* 

= 

——— te 

gf 





(ee ane he ee 

a ee Om Ree ee le 

2 
‘ 

‘7 

e 

et 

- 

—- x 

f 
. * 

- 

« 

- 

- 

. 

- 

A. 
~ 

) 
# * <— 

ob 

an i Ce “Pig 

et SREY Wat 08 4 
- - > ¢ (ah a : 

ee oa * 
or omen gy Ale — 

: . 

a 

. ss, ® 

. Paras 

. ¥ 

¥ ae ro. f soe 

n bar git 

7 

— + - eet oe — gate 

oe | 

,  ¢ 
2 +l 

= 

~—-* © 

« 7 
- 

“ @° 29 4 

= 

om em ose eens esti oe ae ly laa ie a 

* 
* 

ae 
af 

_— a aa ll le ~ ante EO ae 

iv 

a} a * 

ne 
a - 

y ~y . a 

‘ 4 
* nv a a, 

* : hah s 
J 4 ® g4 ie ine 

asi a ioe at - 



2eand 

Quite a few, 

2 m0., 
fertile. 

Quite a few, 

1-2 mm. , 

fertile. 

= 

Few, 2 mn., Few, 2-3 m., 

fertile. Fertile. 
Quite a fev, Few, 8-9 mn., 
5-10 mn., and sterile. 
slender and 
sterile. 

very fev, Few, 2-5 mm., 

1-2 mm., fertile but 
fertile. not mature. 

Few, 3-7 mm., 
Fertile but 

not mature. 

Very few, 4-5 
mm. , slender, 
fertile. 

Some have 
yellow knobs 

on tips. 

SS 

Few, 2-3 m., Very few, 
fertile. 1-2 mm.,slen- 

der, fertile. 

Abundant, Abundant, 
2 mm., ei: ae 

fertile. fertile. 

Tew, fertile 
but not 

mature. 

Few, 35-5 mm., Abundant, 
and sterile. 2-5-6 mm., 

fertile. 

Frew, 3 mm., 

and sterile. 

Few, 1 mm.,and 
fertile. 

Abundant, 3-5 
mm. , fertile. 

Quite a few, 
3-5 mm. 9 and 

Quite a few, 
3-4—5 mm., 

sterile. fertile. 

Yew 1 mm., very few 
fertile. sterile. 

Quite a few, Few, 1-4 mm., 
1 mm.,fertile. fertile. 
Very few, 7 Few,5-8 mm., 
mm.,and fertile. 
sterile. 

Very abundant, 
L mime, 

fertile. 

Few,1-2 mn., 

fertile. 
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Quite a fev, 
2-5 mm. : 

fertile. 

few, 3-5 m., 
rertiie. 

Several 1 mn. 
fertile. 

29tn 

Few, 
1 m., 
fertile. 

Quite a few, 
3-5 mm., 
sterile. 
Few 3 mm., 
fertile. 

Quite a few, 

3-5 mm.,ste- 

30th : 31st 

Few, 
i @m., 

fertile. 
Several with 
tapering yel- 

low tips. 

Quite a few, Quite a fev, 

4-5 mn.,fertilel1-2 or 3-4 m., 
some not fertile. 

mature. Very few, 8-10 
Imm.., fertile. 

Quite a few, Few, 2-4 mm., 

5 mum.,fertile. fertile. 

Pie... Few, others with Quite a few 

1 mm.,fertile. yellow tips 5-8 mm., 
or yellow fertiie. Few, 

“knobs. 1 mn., fertile. 

Abundant, 
S$ mm., 

fertile. 

Few, 5 mm., 
fertile. 

Abundant, 
i mm., 
fertile. 

Few, 1 mm., 
fertile. 

Few, 3-7 mm., 
sterile. 

Few, 3-6 mm., 
fertile; few 

sterile. 
very few, 
a: Ts: 
fertile. 

Few, 1 mm., 

Few, 3-6 mm., Quite a few, 

fertile. 3 mm., 

Few, 2-4 mm, fertile. 
and sterile. 

Few, 5-6 mm., Quite a few, 

fertile. 3-4 mm., 
fertile. 

Few, 1 m., 
fertile. fertile. 
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26. 

On March 17, as the table shows, the Pilobolus in every eul- 

ture was immature in the morning. The sporangiophores were taper—- 

-ing and yellow, or little yellow knobs were on the tips. The cause 

of this immature condition in all the eultures may have been that 

of temperature. On that day and on the previous day the room had 

been without heat. 

The observations of these three experiments conclusively show 

that, the conditions of temperature and moisture being the same, 

in darkness fructification occurs regularly, the length of the 

sporangiophores being the same as in light. The sporangia devel- 

oped in darkness are regularly ejaculated, altho some hours later 

than those developed in light. | 

Brefeld (pp.76-77) and Grantz (p.13) agree that in darkness 

no sporangia are formed, and that the sporangiophores greatly 

elongate. Grantz (p. 9) says that the sporangiophores developed 

in darkness are one half the diameter of those in light, the tips 

are white and there is not the least sign of sporangia formation. 

The observations of the foregoing experiments agree with those 

of Grantz that the sporangiophores in darkness are more slender. 

Granting that in the dark cultures of Experiments II. and II. some 

light is admitted, the results differ from those of Grantz (p. 43). 

15 or 20 hours is He says that in dim light an exposure of 10, 

necessary for the formation of sporangia. If this length of time 

is necessary, mature sporangia would not be observed each morning, 

a condition which was observed in Experiments II. end” tit. Very 

frequently also, at 5 p. m. sporangiophores are observed with 

imnature sporangia already formed. 
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ats 

Grantz (p.11) also says that in dim light sporangiophores 

elongate to 25 mn. In Experiments I. and II. the sporangiophores 

in darkness never exceeded 4 mm.; hence if light is present, the 

sporangiophores do not elongate. If these cultures are in complete 

darkness, sporangia do form in darkness, on sporangiophores 

whieh are of the same average length as those developed in light. 

This fact that the formation of sporangia is not dependent on 

light is further shown by the fact that many sterile sporangiophores 

frequently occur in cultures continually in daylight. In every 

culture, no matter what the conditions of light, there are usually 

each morning many sterile sporangiophores. As mentioned in Experi- 

ment ITI., Mareh 17, in every culture many sterile or immature 

sporangiophores were observed. The sterility of Pilobolus is not 

due to the absence of light, a fact which Grantz (p. 16) said might 

be true. He, however, never observed Pilobolus fertile in darkness. 

In the course of these observations no long sterile sporangio- 

phores were found in constant darkness. Consequently many of the 

experiments of Grantz and Prefeld could not be repeated. Elongated 

sporangiophores are found only in the cultures which are illuninat- 

ed for short periods a day. As mentioned before, if one of the 

regular intervals of exposure to light is omitted, the sporangio- 

phores become longer and sterile. 

In these intermittent lighted cultures there seems to be 2 

correlation between the length of the exposure and the intensity of 

light. That is, the sporangiophores in the 10 to 3 minute cultures 

of Experiment III. are shorter in the strong diffused light of the 

south shelf, than the sporangiophores of the cultures of Fxperiment 
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28. 

II. which are 6xposed to weaker diffuse light for longer intervals. 

In constant dim light, as noted in Experiment I., the sporangio-— 

phores are longest. These, however, are fertile and appear each 

morning. 

The appearance of elongated sporangiophores in dim light agrees 

with the statementsof Grantz (pp. 13 % 14). He says that the 

intensity of light indirectly regulates the length of the sporangio- 

phores and gives the results (p.11) of an experiment to show that 

in dimmest light the sporangiophores are longest. He claims, how- 

ever, that the elongation is due only to the fact that dim light 

Gelays the formation of sporangia. The observations recorded of 

the experiments of this investigation show that the light relations 

affect primarily the length of the sporangiophores. 

It is possible that Brefeld's and Grantz's results are due to 

the fact that the cultures, which they thought were in absolute 

darkness, were exposed to faint light. The Pilobolus stimulated 

by very dim light, expended all its energy in elongating the 

sporangiophores so that no sporangia were formed. Such a condition 

was Observed in Experiments III.and II. 

In the three experiments discussed above besides light, there 

has been the varying factor of moisture. In Experiment I. when the 

cultures were exposed to light there was a change in the moisture 

contents of the cultures, for the covers wére entirely removed. 

In cultures (d ) this difficulty was overcome, but the sporangio- 

phores elongated as in (d' ), altho not as much. In Fxperiment II. 

when the tin caps were removed, glass plates were laid over the 

top to prevent any change in moisture contents. Nevertheless, the 
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sporangiophores elongated. 

In a series of cultures in light, but under varying degrees 

of moisture, no difference in the length of the sporangiophores 

could be observed. 

if moister or dryer air should influence the length of the 

sporangiophores there would be a great difference in length between 

Pilobolus grown under crocks in darkness and Pilobolus growing in 

the open air of the greenhouse. There is, however, no noticeable 

difference. There seems no doubt that the elongated sporangiophores 

are caused by a change in light relations. 

In constant darkness and in light similar sporangiophores are 

observed. In cultures exposed 60 minutes daily, and in eultures 

exposed to light 3 minutes daily much longer sporangiophores are 

Observed. These facts lead one to reason that there may be a 

period of illumination long enough and a period short enough when 

the length of the sporangiophores would not be affected. 

As the table indicates, on March 22, after an omission of 

illumination on the previous day, the sporangiophores in the 3 

minute cultures are not elongated as in the 10, 8 and 5 minute 

cultures. The sporangiophores dentimae to be the same length as 

they had previously been and the same length as those in light or 

darkness. Thus, we may conelude that the Pilobolus in the 3 minute 

cultures had not yet perceived any light stimulus. 

A few days later, on the day following the omission of the 

regular 3 minute period of illumination, the sporangiophores are 

elongated. Thus, not until the cultures had been subjected to 

light 3 minutes daily for two weeks, was there any indication that 
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the Pilobolus had been affected by the light. Hence it is reason- 

able to suppose that the period of exposure to light in which no 

lengthening of sporangiophores would occur is less than 3 minutes. 

For the first ten days in all the cultures of Experiment III. 

the sporangiophores are the same length. On Mareh 20 the elongated 

sporangiophores in cultures illuminated 10, 8 and 5 minutes daily, 

indicate that the Pilobolus has perceived the light stimlus. 

When the light stimulus has been perceived energy is expended in 

lengthening the sporangiophores or "reaching the light". If this 

light stimulant is omitted from any culture at the regular period 

of iliumination, the elongation of the sporangiophores continues. 

The omission of the regular illumination is in fact a further 

stimulus, and no energy is expended toward sporangia formation but 

all toward elongation. 

As previously mentioned, the long sterile sporangiophores 

always appear where there had previously been shorter fertile 

sporangiophores. On the same dav and in the same culture there 

may occur short fertile sporangiophores, but these grow on spots 

where there had never been any Pilobolus. This same phenomena was 

observed on cultures which were put in darkness after they had 

produced normal Pilobolus for one or two days. 

There seems to be an "endgram" or "memory" shown in these 

instances. This may be the explanation for the appearance of long 

sterile sporangiophores when a regular period of illumination is 

omitted. 

In exposing the cultures to light daily, it will be noted that 

the exposures were usuallv made at 9 a. m daily. At that time the 
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sporangiophores of the next day had not appeared. Hence that part 

of the growth that is affected by light is not the tips of the 

sporangiophores, but some part of the mycelium. 

Grantz (pp.45-56) says that the sporangiophores of Pilobolus 

elongate if the cultures be placed in darkness after 2 or 3 hours! 

growth in light. 

If a normal culture, which has sterile sporangiophores 1 to 

2mm. high at 5 p. m. is put in darkness, there is no elongation 

of the sporangiophores. This was repeated frequently and at no 

time were results similar to Grantz's obtained. 

if a normal culture is placed in darkness in the morning, there 

is no elongation of sporangiophores until the second day. A culture, 

which had normal Pilobolus growing on it, wes put in darkness at 

9 a. m. Wednesday. The next day the Pilobolus was about the same 

length as on a culture in light. On Friday the Pilobolus was 

twice as long as that growing in light, and many were sterile. 

On the next day all the sporangiophores were longer and sterile. 

On Monday the sporangiophores were long; some were sterile and 

just as manynwere fertile. In the same culture on another spot 

were a few fertile sporangiophores, 1 mm. long. On each succeeding 

day a few short fertile sporangiophores were observed on one side 

of the culture, and on the other side a few which were longer and 

mostly fertile. 

If, after a week in darkness, a culture which has had 

sporangiophores 15 mm. long, be put back in light, all the sporan- 

giophores on the second day are 2 mm. long. 

As pointed out in Experiment I. the rate of growth of the 

sporangiophores in cultures continually in daylight is slower than 



wll ee eae 

“ey 

ef 

} 

¢ 

’ 

‘ 

- 

; y 

7 

i 

alg wy 4 ? i Ta } ret Pe Ga tape’ aN 

s 

NOE -.> 0 ee ee cacgee) 

uae ent 3 di Bo 

Liven i 6S Lapis Sth ow vies 

memitsp «mf Sup hee 

iP hi 2X ,.2208F 2 Rote 

too sary eet SAROES al 

on | . 
wy nol i ie 

ht * 
bart gad ae one ; rpm 

_ ia 

Peal lt veh fay nat a nf ” ie 

nal ds O@ Beet Aiea 
4 

‘ oo 

ee 
[ # 

we e) ot ), otgt foe tartoss 

‘pir anh af 4a tine nt § 

sol @f oe 

POLO ogni re 0 moh 

wo eetodo fie 
~ e Bs 

hw 22 a ee 
¥ 

tae t VWilwory len? aaa 

yy a wMEOgR ©! tog 0 

nt? 4} Lelio), af nici 

eeertors UO! WALD ana! oot, 

‘TOMTOP Se Ogee Peat ots i axe i 

4 OD Dp Sereto Sate to "bres 

 ¢ ,»SOrmPAmes 

~ 

S. 3 
Ary | 

i ee 



——————— eee a il 

| in the other cultures. Grantz says (pp.1S6 % 17) that the rate of 

growth of the sporangiophores is the same under all conditions of 

illumination. 

In the three experiments recorded, a great difference was often 

observed in the length of the sporangiophores in several cultures 

side by side; one is continually in strong diffused. daylight; 

another is illuminated a short period a day; and another is con- 

stantly in dim light. If such cultures be observed in the afternoon, 

small yellow sporangiophores may be seen. Very often no sporangio- 

phores can be observed in the afternoon. In the morning, however, 

short fertile and sterile sporangiophores are present in the 

culture continually in strong diffused daylight. In the other two 

cultures both the fertile and the sterile sporangiophores are fre- 

quently three to five times as long. Hence in dim light, or in 

intermittent Illumination the rate of growth of Pilobolus is much 

more rapid than in bright light. 

Grantz (pp. 12-13) says that unon the formation of the sporan- 

gia, the sporangiophores cease to elongate. All observations during 

this investigation agree with those of Grantz. This explains the 

appearance on the same day of such different lengths of fertile 

sporangiophores of a culture. A difference in sensitivity to light, 

or of physiological conditions of the mycelium, causes a difference 

in the time of the formation of the sporangia, and consequently a 

difference in the lengths of the sporangiophores. 

The tips of the sporangiophores are heliotropic. This was 

frequently observed in the afternoon. The yellow tips of the 

sporangiophores sre always turned towards the window or the strongest 
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light. If in the late afternoon a culture is turned around so that 

the tips point away from the light, the next morning all the 

Pilobolus is again pointed toward the light. This was tried by 

placing at 5 p. m. a strongly bent culture of Pilobolus in a dark 

box with the tips all turned from a single slit where the light was 

entering. The next morning all the Pilobolus was turned toward 

the slit. In order to test the heliotropism of Pilobolus which had 

matured sporangia developed, the cultures were subjected to strong 

unilateral light. 

At 8.30 a. m. a straight growing culture of fertile sporangio- 

phores was placed 2 feet from a strong electrie light in a dark 

room. The culture was exposed for one hour and then put in darkness. 

There was no effect from this unilateral light. Other trials were 

made at a distance of 1 foot for 1 1/2 hours with no effect. 

The growing tip is the zone of heliotropic irritability, as 

Grantz observed (p.31), and after the sporangia are developed they 

are not heliotropically affected by light. 
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Monochromatic Light Screens. 

Colored fluids, made according to the following formulae, 

are used in ground parallel walled Soyka flasks. The flasks are 

of such a size that the fluid is one centimeter thick. 

The fluids were tested spectroscopically, and are found to 

break up the spectrum into bands of violet, blue, green, orange, 

and red light. With each fluid all other light rays, except those 

of the one color, are absorbed; hence these fluids are monochro- 

matie light screens. 

Violet. (See Pennington, 1892) 

To 100 ec.of a saturated copnersulphate solution, [made by 

dissolving 100 grams of coppersulphate in 250 cc.of water | add 

.01 gram of Hoffmann's Violett, which is dissolved in 2 ec. of 

95 per cent alcohol. To this add 10 ec. of water to prevent 

erystallization at low temperature. 

Red. 

Dissolve .5 gram of safranin in 250 ec. of water. 

Green. 

Make a solution of solidgriin by dissolving .25 grams solidgrun 

4n 200 cc. of water. Add to 50 ec. of this solution 50 cc. of a 

saturated solution of coppersulphate. To this mixture now add .15 

grams of tartrazine dissolved in 40 ec. of water. 

Orange. (See Nagel, 1898) 

Make a solution of copper acetate by dissolving 14 grams of 

copper acetate in 200 ce. of water and acidify with acetic acid. 

To 70 ec. of this solution add 28 ec. of the solution of safranin 

as made above. Dilute this with 28 ec. of water. 
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Dissolve 1.5 grams of Echtgrtn blaul in 200 cc. of water. 

To 30 ee. of this solution add 6O ec. of the concentrated copper 

sulphate solution. To this mixture add .02 grams of rhodamine 

dissolved in 40 cc. of water. 

The effect of monochromatie light on the development 

of Pilobolus microsporus. 

Two long boxes, similar to those used in the other experiments, 

were filled with manure. The open ends of a number of cylindrical 

tin cans, about three inches high, were pressed down into the 

manure. The small sealers in the bottoms of these cans had been 

melted out. On the bottoms, around the circular openings thus made, 

were soldered several rivets to prevent the caps, which were next 

put on, from fitting down tight. 

Thé caps were made of cans about a half inch larger in diameter, 

and were cut shorter than the base-cans. The sealers, the same 

size as those in the base cans, were melted out and over the onen-—- 

ings were sealed the Soyka flasks containing the colored fluids. 

When the caps are put over the cans the cultures below are 

subjected to light of different wave lengths. No white light can 

enter the cultures directly because of the arrangement described, 

or by reflection, as all the tin was painted a dead black. Sand 

Was put between the cans and around the bottoms of each as in the 

previous experiments. This apraratus was tested with Velox paper, 

and found not to admit white light. 
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The space left between each can and its cap allows air to 

circulate. Thus all the cultures are under the same conditions of 

temperature and moisture. 

Three cultures are subjected to white light, the flasks being 

filled with distilled water; three are subjected to blue light; 

three to violet; three to green; three to orange; and three to 

Observations were made dailv at 9 a. m. and at 4 p. Mm. red light. 

from February 19 to March 13. 

On March 2, 9 a. m., fertile sporangiophores, 1 to 1 1/2 

millimeters long, were observed in one of the cultures under white 

lignt. 

On Mareh 3, Pilobolus was observed in three cultures in red 

light, one culture in violet light, two cultures in white light, 

two cultures in blue light, one culture in orange light, and one 

culture in green light. The sporangiophores were fertile and about 

the same length in all the cultures. 

At 3.30 p. m. the cultures were examined to see if the sporan- 

gia had been thrown off. In the cultures in white light approxi- 

Mately one half of the sporangia had been thrown off. Under violet 

light all the sporangia had been ejaculated; under red light most 

of the sporangia were still on the sporangiophores; under blue, 

orange, and green light a few sporangiophores still bore sporangia. 

As in the previous experiments, on some mornings all the 

sporangia are immature, or the sporangiophores taper to slender 

yellow tips. 

The Pilobolus in no culture was ever longer than 3 or 4 milli- 

meters. Throughout the three weeks of observation the length of 
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the sporangiophores is almost uniform in all the cultures. Sporan- 

gia are developed under all the colors, and they are similar to 

those formed in white light. The time at which the sporangia are 

thrown off varies quite widely. It was observed in white light as 

frequently as in colored light, that at'4 p. m some sporangiophores 

still bore sporangia. 

The Pilobolus continued to grow under red, violet and blue 

light rays longer than under orange and green light. The table 

also shows that Pilobolus continued to grow longer in red and blue 

light than in violet light. 

The daily number of cultures in which Pilobolus is 

growing from Maren 3 to 10. 

Maren 3 6 

Red. 7 ae a ae: 

Violet i ee. OC ates | 

White or Ss vee OY 

Blue ae cs) ee LO ue 

Orange x Ef 3 it 1 1 

Green oe i 

A similar series was observed from March 17 to April 17. 

On Mareh 27 Pilobolus appeared first in cultures under green 

and violet light. These observations, together with those in other 

similar series, show that the color of the light does not regulate 

in any way the culture in which Pilobolus first appears. 

As in the first series, the abundance of Pilobolus in each 
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38. 

culture varies from day to day. The Pilobolus formed under every 

color is uniform except that in white light the sporangiophores 

frequently are a little longer and more swollen. 

The table shows for each color the daily number of cultures 

in which Pilobolus is growing. As all the cultures did not begin 

‘to have Pilobolus growing on the same day, the diagrams do not show 

the relative daily abundance of Pilobolus under each color. for 

example, on April 1 the cultures under orange light show an abun- 

dance of growth of Pilobolus. On April 2, Pilobolus is most abun- 

dant under violet light; on April 5 under white light, and on no 

day was there an abundance of growth in all the cultures of green, 

red or blue light. 

Daily number of cultures in which Pilobolus 

Mereh 29 30 31 April 

‘~wao1et 3 

White PA 

Blue 1 

Orange 1 

The results of these two series of observations and of several 

other series which followed show that under red, orange, green, 

violet and blue light rays Pilobolus is formed abundantly. The 

sporangiophores under each color are of about the same length and 

diameter. Under all these colors sporangia of the same size are 

formed and ejaculated. The latter frequently does not take place 
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until the late afternoon or evening. 

Brefeld (p. 77) and Grantz (p.18) agree that under red light 

the sporangiophores of Pilobolus microsporus elongate and are ste- 

rile, or act as in darkness; under blue light Pilobolus develops 

as in white light. 

Brefeld (Heft III., 1872, p. 96; Heft VIII., 1889, pp. 286, 

280, 285) and Grantz (pp. 19, 29) agree as to the effect of the 

light of different wave lengths on several species of Coprinus. 

They say that red-yellow light acts as darkness, and the blue light 

as white light. In darkness the stalks elongate and the cans never 

mature. 

Georg B. Lakon (1905, ».162) observed Coprinus plicatilis, a 

species which Brefeld says acts in red light as if in darkness. 

Lakon says that red and blue light affect this species somewhat 

differently, but that the difference is due to the moisture con- 

tents of the air, which are different under red and blue light. 

He regulated the moisture contents and could in this way exactly 

reverse the results under red and blue light. Hence, he claims 

that the different colors of light in themselves do not affect the 

“growth of coprinus plicatilis. 

In these experiments on Pilobolus all the cultures are under 

the same conditions of moisture and temperature. The arrangement 

of the apparatus allows a circulation of air, this and the fact 

that the cultures are all protected by the curtain from the direct 

rays of the sun, keeps the cultures at the same temperature. All 

the cultures are side by side in two boxes, the moisture of which 

is uniform. 
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40. 

Coprinus and Pilobolus have frequently been studied as to the 

effects of light on their growth and development. Grantz and Bre- 

feld agree in many particulars as to the reaction of these fungi 

to different stimli. 

Lakon has shown that Coprinus plicatilis is not affected by 

the different wave lengths of light, and this investigation shows 

that Pilobolus whicrosporus is also unaffected by different wave 

lengths.of light. 

Heliotropic action of different colors. 

In order to test the heliotropie powers of each wave length, 

several methods were used. The simplest method, and the one which 

gave the best results, was to paste over each flask a black paper 

in which was a single long slit. 

If the flasks, so covered, were put as before over cultures 

which had been growing for some time under the respective colors, 

the results were the same as when put over fresh cultures grown 

in white light. In the latter case each color apparatus was put 

over a culture which for several days had had good growths of 

Pilobolus. 

Such a change from white light to colored light, or in other 

words, from strong light to much dimmer light, usually caused 

lengthened sporangiophores. Occasionally these elongated sporan-— 

giophores were sterile until the second day. 

Following are the details of one or two such trials.-— 
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Orange. 

mort) 20. 
Over a culture which had fertile Pilobolus, 1 mm. 

long, was put a flask of orange color. Over the flask was pasted 

a black paper with one long slit in it. 

April 2l. 
9 a. m. Pilobolus is 5-6 mm. long, all the sporan- 

giophores are fertile and turned toward the slit in the paper. 

4). m. Many sporangia are on the flask at the slit, 

although many had not been ejaculated. 

April 22. 
9a.m Sporangiophores are 7 mm. long, fertile 

and pointing toward the slit. 

mera? 23. 
9 a.m. Sporangia are found only under the slit. 

Green. 

April 19. 
5 p. m. A culture with an abundance of vellow tipped 

sporangiophores pointing toward one side, over this is 

put a green flask as above. 

April 21. 

9 a. m. Sporangia are found only on glass under the 

slit in the paper. These are the sporangia formed on the 

sporangiophores observed at five p.m. on April 19. 

Red. 

April 19. 

5 Pp. mM. The same methods are followed as in green 

above. 

April 21. 
9 a.m. The sporangia are all over the surface of 

the flask and on the black tin. An examination of the 
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A2. 

sporangiophores shows that they are turned in all directions, 

even pointing directly toward the tin walls. 

Tests with violet and blue flasks gave results similar to 

the green and orange tests. These tests were repeated with the 

same results each time. 

Thus it is shown that orange, green, blue, and violet cause 

heliotropiec bending in Pilobolus. With red, however, there is no 

such irritability. ; 

Brefeld and Grantz did not use monochromatic light, and so 

| their results with red—yellow light cannot be compared with the 

above. Brefeld (p.77) uses the terms "gelben Liechte". In this 

light he says there is no formation of sporangia, but an intense 

positive heliotropism is shown. Grantz (p. 18) says that both 

red and blue rays cause heliotropie bending. In what Bréfeld 

calls "yellow" and Grantz "red" there is a mixture of the red and 

yellow wave lengths, and it is on the latter no doubt that the 

heliotropic irritability denvends. 
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