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Carbon Dioxide and Hydrogen-ion Concentration 
As Factors Influencing the Germination of 

Spores of Covered Smut of Oats 
Ustilago levis (r&SJ,Mag. 

Recently several experiment\< have given consideration 
A 

to the stimulation of the germination of fungus spores by 

plant tissue. Not only has this stimulation occurred where 

the plant tissue was in contact with the spores, or in con­

taot with the drop in whioh the spores floated, but experi­

ments showed that even volatile sUbstanoe from plant tis­

sues strongly effected the spore germination. 

Blackman and Welsford (1) first found that spores of 

Botrytis cinerea produced strong well-nourished hyphae when 

sown in turnip juice on the leaf to be infected. 

Brown (2) further states that germination of Botrytis 

cinerea 1s inoreased by the action of volatile substanoes 

arising from oertain plant tissues. 

Durrell (3) also was able to stimulate the spores of 

Basisporium gallarum in a similar way with tissues of the 

corn plant. 

Noble (4) working with Urocystis tritici, Xcke, con­

firms Brown's results on the favorable effect of plant 

tissue and distillates on spore germination. 

Griffiths (5) obtained much the same results as 

Noble and Brown in that leaf tissue stimulated germination 
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of Urocystis tritici Kohe. Moreover, she notioed that in 

some instances germinating seeds stimulated spore germina­

tion. 

Leach (6) in working with spores of Col1etotrichum 

lindemuthianum found that they germinated poorly in dis­

tilled water, but readily when small portions of the host 

tissue were present. 

Though the above mentioned papers record instances 

of stimulation of spore germination by plant tissue, no 

analysis or explanation of the phenomenon is attempted. 

Using the spores of a convenient fungus Ustilago 

levis, the following experiments were therefore undertaken 

to f~ther demonstrate the stimulatory effect on germina­

tion of spores by a volatile sUbstance given off from 

plant tissue. Tests were also made to determine the 

identity of ~his substance and to show the nature of its 

effect on the culture drops and the suspended spores. 

MATERIAL AND METHODS 

Usti1ago levis (K & S) Mag. (7), covered s~ut of 

oats, was used for the various experiments. This ma­

terial was collected near Fort Collins, Colorado, during 

the summers of 1923 and 1924. The spores from the diffe%­

ent samples were shaken from the smutted heads of oats 

into a piece of cheese cloth, then dusted thru the cloth 
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onto a clean paper. They were then put into a small 

bottle which was kept corked. This oomposite sample was 

used for all the tests. 

Sinoe the experiments dealt primarily with the ger­

mination of the smut spores, several methods were tried to 

determine the one best suited for the purpose. An op,timum 

temperature l5~25° O. was used (8) during germination and 

the cultures were held for thirteen to sixteen hours (9). 

One of the usual methods of spore germination was 

first tried, ie., drops of solution containing the spores 

were plaoed upon slides in a petri dish as shown in fig. 1. 

This method did not prove very satisfactory because 

despite the moisture in the dish, the drops often dried 

before the time for germination of the smut spores. 

The method described above was replaced by the use 

of Van Tieghem cells. (10). However, instead of plaoing 

the same substanoe in the bottom of the Van Tieghem cell 

as in the hanging drop, germinated wheat and small pieces 

of tomato and apple tissue were p1aoed in the bottom of 

the cell with spores in drops of either tap water, or an 

0.8 per oent solution of gelatin, above the tissue. The 

Van Tieghem oel1s arranged in this 'way were then put in a 

moist ohamber, Fig. 2. By placing the Van Tieghem cells 

in a moist chamber there was small possibility of the 

drops drying before the spores had germinated. This 
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method did not prove altogether satisfactory, however, be­

cause the seedlings often pushed off the cover glass or 

fungus, contamination over-ran the orushed tissue and ef­

fected the drop before the time for germination of the smut 

spores. 

The method described by Noble (11) proved the most 

successful. About 3 00. of the spore suspension were 

placed in Syracuse dishes. These dishes were placed in a 

moist ohamber under the plant tissue which was on a wire 

rack as shown in Fig. 3. This method of using the Syracuse 

dishes also simplified reading the spores, beoause the 

dishes were easily placed on the mechanical stage of the 

mioroscope (fig. 4). The germinated spores were not dis-

turbed and the dish was readily moved so that the entire 

field could be examined. This last method was used for 

the major portion of the experiments. 

For measuring the definite per cents of oarbon diox­

ide the apparatus shown in Fig. 5 was used. Tne carbon 

dioxide was measured in two gas burettes. (Fig. 5, A & A~. 

A Klpp generator was used for the production of the carbon 

dioxide which was washed and passed into the measuring 

burette. When the burette At was filled with gas, the 

clamps D and F were olosed. The Kipp generator was then 

detached and the tube at E fastened to the container G; 

by opening the clamp at F, oarefully regulating the olamp 
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Fig. 1.- Diagram showing position of spore suspen­
sion( 0), on slide (B), which is placed on small pieces 
of glass (.). A few 00. of water are put in the bottom 
of petri dish to maintain humidity and prevent evapora­
tion of. the drop. 
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Fig. 2.- Showing arrangement of Van 
Tieghem cells in a moist chamber . The 
plant tissue is placed in the bottom of the 
cell with hanging drops of spore suspension 
on a cover glass over the cell . The cells 
axe then placed on glass racks in moist cham­
ber . 
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Fig. 3. - Showing moist chamber containing 
the Syracuse dishes of spore suspensions. The 
plant tissue is placed on a wire rack above these 
di shes. 
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Fig. 4.- Microscope showing the 
Syracuse dish on the stage. The 
dish is readily moved by two screws 
at the left of the mechanical stage. 
A special clamp is screwed to the 
moving rack to hold the dish. 
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Fig. 5 . - Gas burettes and 
two of the sealed culture chambers 
used in controlling thEIB percentage 
of carbon dioxide in atmosphere of 
the spore suspensions. 
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D, and raising the burette A to the oil level of AI, the 

necessary amount of carbon dioxide was forced into the 

sealed chamber (G) of 600 cc. capacity, containing the 

dishes of spore sUBpensions and indicator solutions. 

The apparatus shown in Fig 6 was used for germin­

ating spores in a continuous flow of carbon dioxide. The 

spore suspension was placed in a small dish (A) in a glass 

(b) and an indicator solution was placed in a small dish 

(A t ( in a glass (B I). The glasses (B & B I) were fi tted 

with glass and rubber connections (c) to the wash bottle 

(D) which was filled with distilled water, to wash the 

carbon dioxide before passing into the spoTe suspensions. 

The glass tube from C to A and A' dipped just below the 

surface of the spore suspensions and indicator solutions 

in A and AI. This allowed the gas (carbon dioxide) to 

bubble directly into the liquid. 

To determine the amount of carbon dioxide given off 

by a definite amount of plant tissue, anapparatuB was ar­

ranged as shown in Fig. 7. The weighedplant tissue was 

plaoed on a wire rack in the glass (A). The end of the 

glass tube (B) was just below the rack holding the tissue. 

This tube (B) was fastened to the flask (0) which con­

tained a pe.rfeotly olear solution of barium hydroxide. 

The flask was then fastened to a suction pump at D. The 

air was pulled through three wash bottles containing 
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Fig. 6.- Apparatus for continu­
ous bubbling of carbon dioxide into 
the spore suspensions. 
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Fig. 7.- Apparatus used for determining 
the amount of carbon dioxide given off by a 
defi~ite weight of plant tissue. 
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calcium hydroxide (1), barium hydroxide (2), and sodium 

hydroxide (3), in order to take out all the oarbon dioxide 

from the air. Thus the oarbon dioxide free air went int. 

the glass (A) and the air containing the oarbon dioxide 

from the plant tissue was pulled into the barium hydroxide 

in the flask (0) where it peroipitated as barium oarbonate. 

The amount of carbonate was then determined by the method 

used by Soott (12). 

In determinations of acidity the colorometrio method 

as described by Olark (13) was used. Standard solutions 

were made up and kept in a dark cabinet in sealed tubes. 

These standards were checked by electrometrio titration. 

All glassware used in the tests was carefully 

washed and due allowance was made for changes in ph 

during the tests. All cultures where acidity was deter­

mined were tested at time of making the spore suspensions 

and at the end of the period of germination. 

EXPERIMENTAL DATA 

The effect of plant tissue on the germination of 

spores of Ustilago levis." 

It has been noted that plant tissue effects the 

germination of fungus apores and Brown (2), Leach (6), 

Noble (4), and Griffiths (5), have suggested that this 

is perhaps due to some volatile substance, perhaps an 

ester. However, diverse tissues produce similar 
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stimulation whioh indicates some more common substance 

as the stimulating agent. 

The produotion of oarbon dioxide by plant tissue 

is well known and Tashiro (14) has shown that this gas is 

evolved from minute quantities of tissue. The universal­

ity of carbon dioxide production from plant tissue and the 

stimulation of spore germination not only by odoriferous 

tissue such as apple peel but by other tissue as well, 

leads to the assumption that the carbon dioxide may play 

a part in the stimulatory action. 

Using the Van Tieghem cells and methods previously 

described, forty-eight -tests were made to demonstrate the 

stimulating action of plant tissue on the germination of 

spores of Ustilago levis. A count of 100 spores was 

made in each cul tuxe. 

In the following table a summary of these results 

is given: 

TABLE I. The effect of plant tissue upon the germina­
tion of spores of Ustilago levis in hanging 
drops of tap water. 16 hours 23° C. 

Plant Tissue 

Tomato 
Two wheat seedlings 
Apple 
Control (no tissue) 

Percent Germination 
Tap Water 

62.3 
40.4 
43.6 
14.6 

In table I and the graph in Fig 8, it will be seen 

that the highest per cent germination was in the hanging 
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drop above a piece of tomato tissue. It may be noted that 

the apple (Fig. 8,2) and wheat seedlings (Fig. 8,3) also 

produced a higher germination than the control (Fig. 8,4). 

These figures indioate that plant tissue stimulates the 

germination of spores of Ustilago levis and further that 

this stimulation is not produced by anyone kind of tissue. 

Not only is the percentage of germination effect­

ed by the presenoe of plant tissue but the character of 

germination is influenced. Fig. 9 shows the type of promy­

ce11ial germination produoed by the plant tissue; illus­

trating again that the plant tissue stimulates germination 

of spores of Ustilago levis. 

The diverse nature of the tissues used rather pre­

cludes the action of some specifio aromatic substance, and 

presents the probability that the carbon dioxide given off 

by the plant tissue is absorbed by the hanging water drop 

producing a drop or carbonic aoid. The results, therefore, 

may be due to the acidity of the culture drop. 

Determining the acidity of drops suspended above 

pieces of plant tissue. 

In order to determine whether carbon dioxide is ab­

sorbed by a culture drop suspended in a Van Tieghem cell 

over plant tissue with a resulting production of acidity, 

the following experiments were tried. 

Using the colorimetric method described by Clark (13). 
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Fig. 8.- Histogram showing per cent germination 
of spores of Ustilago levis in spore suspensions of 
tap water. 

1 tap, hanging drop spore suspensions above a 
piece of tomato in Van Tieghem oall; 2 tap, water 
spore suspensions above apple tissue; 3 ta.p, water 
spore suspensions above two wheat seedlings; 4 tap, 
water spore suspensions without plant tissue (control). 
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Fig. 9.~ Showing types of germination 
produced in a hanging drop above the plant 
tissue in Van Tieghem cells. 

1, type germination in control; 
2, type of germination in presence of 

tomato tissue; 
3, apple tissue; 
4, wheat seeds (just germinated). 
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drops of tap water containing indicator were suspended in 

separate vials (1) over two wheat seedlings, (2) over a 

piece of tomato and (3) over apple tissue; in the latter 

two, fragments of tissue were used the same size as those 

used in the VanTieghem oel1s with the spore oultures. In 

the controls the drops of tap water with the indicator 

(methyl red) were suspended above barium hydroxide in one 

case and in air (without tissue) in the seoond instance. 

In Fig. 10 is shown the device used in this experi­

ment. Water oontaining the indicator (in amounts equiv­

alent to that used in standards) was drawn into the glass 

pipette inserted through the cork of the vial. Pressure 

on the soft plastlcene plugs caused drops of the water and 

indicator, comparable in size to those used in spore cul­

tures, to be exuded into the vials containing the plant 

tissue. In this way oonditions in the Van Tieghem cells 

were duplicated. After sixteen hours exposure the color 

of the drops was oompared to drops of the standard solution. 
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Fig. 10.- Drops (containing indicator) 
suspended above plant tissue. 1, Control; 
2. Tomato tissue; 3. Control; 4. Wheat seed­
lings. These correspond to the hanging drops 
used in cultures of Ustilago levis spores. 
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The changes in pH obtained in these suspended drops 

are given in the following table which represents the mean 

of three trials: 

TABLE II 

Tissue 

Tomato' 
Apple 

The effect of plant tissue in changingothe 
pH of drops of tap water. 16 hOUTS 23 C. 

Tap Water 

pH 
before 

pH 
after 

2 Wheat seedlings 
Control, air 
Control, Ba (OH)2 

6.7 
6.7 
6.7 
6.7 
6.7 

4.9 
4.9 
4.9 
5.5 
6.7 

Table II shows that the tissues in the vials with the 

suspended drops caused the pH of the tap water to change 

from 6.7 pH to 4.9 in the temperature and time used for all 

the spore cultures. The control over barium hydroxide re~ 

mained unchanged while that in the air absorbed enough oar­

bon dioxide to produoe a ohange in pH. "lo '55 

This leads to the conclusion that the oarbon dioxide 

from the plant tissue 1s absorbed by the suspended drop and 

ohanges its acidity. 

Oomparison of acids in tissue and aoidity pro­
duoed Qz oarbon dioxide. 

In working with Ustilago tritici Noble (I) and 

Griffiths (5) placed fr~gments of plant tissue directly in 

the spore suspensions, which allows for the effect of suoh 

aoids as may be in the tissue. In order to determine if the 

results from acids from tissue and carbonic acid are com­

parable, the following tests were made: 
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Using methods of Noble (1) cultures were made in 

Syracuse dishes, by placing pieces of plant tissue direct­

ly in the dish with the spore cultures and by placing 

plant tissue on raoks in a chamber with the spore cultures. 

Tap water was used for the spore suspensions. 

The following table shows a mean of the results of 

seventy-two cultures: 

TABLE III. Comparison of per cent germination of spores 
of Ustilago levis in aoids found in plant 
tissues and acidity produced by carbon diox­
ide from the plant tissue in tap water, 16 
hours J 23° O. 

Tissue 

Tomato on rack above 
dishes of spores 

Tomato in spore sus­
pension 

Fifty wheat seedlings on 
rack above dishes of 
spore suspension 

Five wheat seedlings in 
dishes of spore sus­
pension 

Oontrol 

Average Per oent Germination 
Tap Water 

40.4 

64.7 

42.6 

71.6 
26.1 

In Table III above, it may be noted that in the 

oontrol,germlnation is lower than where tissue is used, 

further, where tissue is aotually in the cultures germina­

tion 1s greater than where the tissue is merely in the 

ohamber with the cultures. 

To determine the pH resulting under the oonditions 

of the above experiments, Syraouse dishes of tap water, 

containing indicators, were plaoed in the same containers 
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with the cultures. 00101' changes indioated alteration of 

aoidity a.s shown in the following table: 

TABLE IV. The effect of plant tissue in ohanging pH of 
spore suspensions oontaining tissue, also with 
tissue above spore suspensions. 

Tissue 

Tomato above spore 
suspensions 

Tomato in spore sus­
pensions 

50 Wheat seedlings on 
rack above dishes of 
spore suspensions 

5 Wheat seedlings in 
dishes of spore sus­
pensions 

Oontrol 

Average pH of Tap Water 
BEfo~e After 

6.7 

6.7 

6.7 

6.7 
6.7 

5.9 

5.2 

5.9 

4.9 
6.7 

The above figures in Table IV show that tissue in 

the culture medium produoes oonditions of acidity similar 

to those obtained where tissue is in the same chamber but 

not in oontact mth the medium. The tomato tissue and 

also wheat seedlings produced the same ohange in pH (6.7'pH 

to 5.9 pH) when placed on a rack above the spore suspensions 

in tap water. The changes in pH due to tissue directly in 

the spore suspensions are praotically the same for both the 

tomato tissue and the wheat seedlings. These results are 

quite compa.rable to those shown in Table II. 

The type of germination of the spores is affected by 

the acidity changes in a comparable manner to the present 

germina tion. 

In oomparing tables III and IV, it may be noted that 
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the tomato above the spore suspension produoes an acidity 

of 5.9 pH with a resulting germination of 40.4 per cent. 

When the tomato was in the suspension, the pH reached 5.2 

with a resulting germination of 64.7 per oent. Wheat seed­

lings above the suspension produced an acidity of 5.9 pH 

with 42.6 per oent germination while those in the suspen­

sion oaused it to reaoh 4.9 pH and resulted in 71.8 per 

cent germination. Oontrols maintained the original pH of 

6.7 and produoed an average germination of 2S.1 per oent. 

These figures indicate a oorrelation between pH conoentra­

tion and per coo t germina.tion. 

The germination of spores of Ustl1ago levis i~ 
different H-ion conoentrations. 

From foregoing data, the indications are that the 

acidity of the drop cultures materially affects the per­

cent and character of germination of spores of Ustilago 

levis. It would seem logical, therefore, to determine the 

optimum aoidity for germination of the spores of this or­

ganism and also the effects of various aoids and buffers. 

The following experiments were made, using eaoh of 

five aOids, sucoinio, citric, hydrochloric, lactic and 

malic. A series of these acids was set up in H-ion oon-

centrations ranging from 4.0 pH to 7.5 pH in distilled 

water as determined colorimetrioally (13). These were 

checked further by electrioal titration. 
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The results of ninety-six tests are summarized in 

the following table. 

TABLE V. The effect of H-ion ooncentration of 
various aoids in distilled water on the 
germination of spores of Ustilago levis. 
16 hours a 230 O. 

4.0 4.4 4.9 5.5 5.9 6.4 6.9 7.5 
Acid pH pH pH pH pH pH pH pH 

Suooinic 
Oitrio 
HO 1 
Lactio 
Malic 

9.,4 
12.8 
9.9 

12.7 
19.3 

45.0 
31 •. 1 
14.5 
12.8 
46.0 

19.7 15.. 12.7 25.2 15.8 
26.7 14.1 12.7 23.9 14.5 
16.3 15.9 17.3 13.3 10.4 
34.4 18.0 16.5 24.2 17.3 
43.4 24.4 15.2 29.7 22.9 

7.2 
10.2 
10.8 
13.6 
15.4 

In testing the germination of spores of Ustilago 

levis at different pH as indioated in Table V, the spores 

were plaoed in 3 oc. eaoh of these solutions in Syracuse 

dishes which were staoked and left at room temperature 

(23
0 0.) for sixteen hours. No germination was obtained 

below 4.0 pH or above 7.5 pH. Two optimum points are in­

dioated, one between 4.4 pH and 4.9 pH and the other at 

6.4 pH. These results are graphically illustrated in 

Fig. 11. 

McOlendon (15) states that "the pH of water solutions 

is changed by minute traces of impurities. 

If exposed to the air, it becomes aoid due to 

absorption of carbon dioxide and if kept in glass, it be­

comes alkaline, due to solution of the glass. ---- This dif­

ficulty in maintaining fixed hydrogen-ion conoentrations is 

obviated by the use of buffers." An 0.8 per cent solution 
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4 44- 4.9 5S 5.9 6.4 ~.9 7.5pH 

FIG. 11.- Curves showing per cent of germination 
of spores of Ustilago levis at various H-ion concen­
trations of - 1. malic; 2 . lactic; 3. citric; 
4. succinic; and 5. hydrochloric acids . The spores 

were placed in 3 cc. of each of these acid solutions 
for 16 hours at 230 C. 
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of gelatin in tap watex was then used for the following 

tests. 

Using a buffer solution of gelatin a similar series 

of H-ion concentrations was made. The gelatin gave a high­

ex pex oent gexmination. Lactic, suocinic, citrio and 

hydroc1oric acids (with Na OH to neutralize) were used. 

One series using potassium acid phosphate (xa H P04 ) with 

citrio acid was set up; the Kg H P04 acting as the 

buffer instead of the gelatin in this case. Thxee co. of 

each of these solutions with the spores were placed in 

Syracuse dishes and stacked at room temperature (230 C.) 

for sixteen hours. At the end of the germination period 

tests were made of the solutions for possible change in 

acidity. All cultures showing such change were disoarded 

and not used in the following table. 

In Table VI and Fig. 12 the results of 120 cultures 

are summarized. 

TABLE VI. 

Acid 

Sucoinic 
Citrio 
He 1 
Lactic 
x~ PO 
an Oit-
ric 

fhe effect of H-ion ooncentration of varying 
acids in 0.8% gelatin solution on germinatAon 
of spores of Ustilago levis. 16 hours, 23 C. 

Per cent Germination 
4.0 4.4 4.9 5.5 5.9 6.4 6.9 7.5 

:gH :gH :gH ;gH llB llH pH pH 
33.8 89.7 78.0 74.0 75.5 61.8 52.0 36.1 
23.8 81.2 78.0 61.3 63.8 36.2 28.6 16.7 
28.5 81.0 88.4 73.6 70.5 64-.4 72.3 38.3 
21.3 78.7 66.7 56.8 60.3 43.4 30.0 37.5 
25.2 46.5 49.1 27.8 28.6 26.2 25.1 36.1 
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The above table and accompanying curve show results 

similar to those obtained in Table V except that there is 

a greater degree of germination. This might be due to the 

greater stability of the solution buffered by the gelatin; 

however, in the present experiments opportunity was not 

given for consideration of the effect of the buffer. 

One of the most interesting results obtained in these 

tests was the double maximum point as illustrated in Fig. 

11 and Fig. 12. It will be seen in these curves that one 

maximum point of germination lies between 4.4 pH and 4.9 pH 

and the other between 5.9 pH and 6.4 pH. While these 

pOints do not ooincide and axe not definite, the tendenoy 

toward two optimum points is shown in all the solutions. A 

greater number of tests would doubtless correot this dis-

orepancy. 

The character of the promycelium developed at these 

conoentrations is illustrated in Fig. 13. There is a marked 

correlation between the per cent germination and the type 

of promyoelium at the different acidities. Further, the 

oharaoter of the promycelium at the optimum point is iden­

tical with that obtained with plant tissue. 

The effeot of certain Ber cents of carbon 
dioxide on the germination of spores ~ 
Ustilago leVis. 

The highest maximum point of germination for spores 

of Ustilago levis as above indicated lies between 4.4 pH 
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and 4.9 pH. The question arises, what amount of carbon 

dioxide will produoe this maximum pH and resulting ger­

mination? 

Five and ten per oents of oarbon dioxide were put 

in ohambers of measured volume (600 co.) by the method de-

scribed and illustrated in Fib. 5. Eaoh ohamber oontain-

ed two snaIl dishes, i.n one of whioh was 3 cc. of a spore 

suspension in distilled water and in the other 3 00. of 

indicator solution (methyl red). The oontro1 was set up 

in the same way with the exception that no carbon dioxide 

was added. 

The results of this test showed IS per cent germin­

ation with 5 per cent carbon dioxide in the air of the 

chamber; and 16 per oent germinatio n where 10 per cent 

oarbon dioxide was present. The oontrol showed a germin­

ation of 13 per cent. The similarity of these figures 

raises a doubt as to the stimulating aotion of oarbon 

dioxide. However, on examination of the dishes oontain­

ing indioator, it was found that little of this carbon 

dioxide had gone into solution, the indicator having 

changed only from 6.7 pH to 6 pH. It can be seen from 

the curves shown in Fig. 11 that this acidity is not 

favorable for the highest maximum germination of the spore 

of Ustilago levis productlng approximately 15 and 20 per 

germination. 
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Fig . 12 . - Curves showing per cent of germination 
of spores of Ustilago levis in various H-ion concen­
trations . The solutions were made using an 0. 8 per 
cent gelatin solution with acids . 1 . hydrochloric 

acid; 2. succinic; 3. lactic; 4 . K2HP04 and citric 
acid; 5. citric and 6. distilled water and hydro­
chloric acid. 
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Fig. 13.- General types of spore ger­
mination of Ustilago levis in various H-ion 
concentrations. 

1 - 4.0 pH; 2 - 4.4 pH; 
4 - 5.5 pH; 5 - 5.9 pH; 
7 - 6.9 pH; 8 7.5 pH. 

30 

3 - 4.9 pH; 
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Acoording to Smith (16) a saturated solution of oar­

bon dioxide in water attains a pH of 4.8 at 25°. It is 

evident that under the conditions of the experiment little 

carbon dioxide went into solution and but slight change in 

acidity resulted. 

Sinoe the definite per cents of oarbon dioxide in 

the ohamber did not produce the highest maximum acidity 

(4.4 pH to 4.9 pH) continuous bubbling of oarbon dioxide 

through the spore suspensions was tried. In the first 

part of this experiment the solutions were very unstable 

owing to the dissociation of the acid. The oontinuous 

bubbling of carbon dioxide into the spore suspensions did 

away with this difficulty. The solution reached 4.4-4.9 

pH as long as the gas was bubbling into it. In a very 

short time after the gas oeased to be bubbled into the in­

dioator solution, it showed that the pH had changed toward 

alkalinity,due to loss of carbon dioxide. 

The amount of germination in the spore suspension 

with continuous bubbling of carbon dioxide oorresponds to 

the amount of germination in the aoid spore suspension 

of the same aoidity shown in Table ¥ and Fig. 11. 

In table VII and Fig. 14 are shown graphically a 

summary of the results above mentioned. 
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Fig. 14.- The effect of different amounts of 
carbon dioxide on the germination of spar.Bs of Ust11ago 
levis in a spore suspension of di·stil1ed water. 

1. effect of 5 per cent carbon dioxide; 2. effect 
of 10 per cent carbon dioxide; and 3. control. 4. shows 
the effect of oont1nuo.usly bubbling oarbon dioxide into 
the spore suspensions. 
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TABLE VII. The effeot of oertain per oents of CO and 
oontinuous bubbling of 002 in spore s~spen­
sion of distilled water on the germination 
of spores of Ustilago levis. 17 hours,230C. 

Carbon Dioxide Per cent Germination 
5% C~ 10% 
Oontro , ai% 
Oontinuous bubbling 

OOg 

18 
16 
13 

48 

The above figures suggest that 1f continuous bubbling 

of oarbon dioxide into the spore suspensions produoes the 

highest maximum point of aoidity and germination, then 

plant tissue oontinuously giving off oarbon dioxide should 

produoe like results. 

In the foregoing experiments variable results were 

obtained from plant tissue, also as just shown it is neo­

essary that large and oontinuous amounts of carbon dioxide 

be present in order to keep up the acidity of the spore 

suspension to the point of highest maximum germination of 

the spores. 

It seemed necessary, therefore, to determine the 

amount of oarbon dioxide given off from definite amounts 

of plant tissue. 

By the use of the apparatus shown in Fig. 7, deter­

minations were made of the amount of carbon dioxide given 

off by a definite amount of plant tissue. It was found 

that 25 grams of tomato or apple tissue and 30 wheat 
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eeed11ngs gave carbon dioxide sufficient to produce 4.9 pH 

in eaoh of three dishes contain1ng 3 co. ot tap water. 

Q.OI.2.1t!l!!OI! 
The work of Brown (17) and that of Leach (6), 

Noble (4) and Griffiths (5) have suggested that fungus 

spores are stimulated not only by plant tissue in the in­

fection drop but by some volatile substanoe given off by 

plant tissue. However, no effort has been made by these 

workers to offer an explanation of this stimulation or to 

correlate it with other related phenomena. 

Tests with the germinating spores of Ustilago lelis 

indioated that germinating seeds and other plant tissues 

do effect the spore germinat10n of that fungus as to in­

oreased percentage and type of promyoe11um. This occurs 

Dot only when the tissue is in the culture drop but when 

the seed or tissue is in the 8ame chamber as the culture 

drop. 

It has been found· that under both these conditions 

the aoidity of the infection drop is ohanged vary1ng in 

proportion to the amount of tissue used. Where tomato 

and wheat seedlings were placed in the spore suspensions 

the a~idity was raised to 4.9 pH. Oorresponding to this 

was the ohange where seedlings or tissues were put in the 

same chamber as the culture drop. In these the acidity 

was ohanged.from 6.7 pH to 4.9 pH where tap water was used. 
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In the germination of spores of Basisporium gallarum 

Durrell (27) found that the carbon dioxide from plant tis­

sue stimulated spore germination, and suggested that the 

carbon dioxide produced aoidity in the drop whioh influenced 

the permeability of the spore membrane and .hus.resulted 

in germination. 

In the present study of Ustilago levis it has been 

found that germination is praotioally the same in a drop 

containing plant tissue md in a drop exposed to carbon 

dioxide from plant tissue. Further titration of the 

spore suspensions in these experiments shows approximately 

equal changes in acidity. Definite determinations show 

that 30 wheat seedlings or twenty-five grams of tomato pulp 

produce carbon dixoide sufficient to bring 3 cc. of spore 

suspension to 4.9 pH and to produce optimum germination. 

In the case of oitric, lactio, sUoQinio, malic and 

hydrochloric acids, the maximum germination of the spores 

occuxred at about 4.9 pH which point is identioal with 

that produced by plant tissue in the oulture drop and with 

plant tissue in the same ohamber with the drop. 

The aotion of acids on the cell and their effect on 

its permeability is widely recognized, indicating that 

acidity may strongly effect the germination of spores. 

Hind (18) shows that dilute solutions of acids or 

at any rate their hydrogen-ions, readily enter plant tis­

sue. 
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Crozier (19) says that the relative effect of hydro­

gen-ion concentration on the speed of penetration is aug­

mented with inoreasing conoentration of acid; while 

according to Stiles and Jorgensen (20) the rate of exosmosis 

of each organio substanoe depanda on the oonoentration of 

the substance employed; the higher the oonoentration the 

more rapid the exosmosis. 

The effect of aOidity on spore germination has been 

studied by Olark (21), Duggar (10), and Webb (22), ~ndicat­

ing that oertain a.cid concentrations are optimum for spore 

germination as well as for cell permeability. 

Webb (23) and Hopkins (24) working with spores of 

several speoies of fungi also found that in many cases 

maximum germination oocurred at two distinct aoid ooncen­

trations. 

In the present study of the germination of the 

spores of Ustilago levis, maximum germination was likewise 

found at two distinot concentrations, 4.9 pH and 6.4 pH. 

This phenomenon suggests the isoeleotrio points of protein 

as mentioned by Bayliss (25) and Freundlioh (26) and axe 

assumed to be the points of greatest oell permeability. 

If the oarbon dioxide from plant tissue produoes 

the ohanges in the ac1dity of the infection drop as above 

noted and thereby increases germination, it should be 

Possible to duplicate these results by the use of carbon 

dioxide from a generator. 



Germination was inoreased in this manner. However, 

preliminary tests with definite per cents of carbon dioxide 

in the atmosphere gave negative results. This was due to 

the small conoentration of oarbon dioxide used and to the 

unstable charaoter of the carbon dioxide solution which is 

readily effected by vapor tension and buffers that may be 

used in the solutions. 

The pH in infection drops where five per cent and 

ten per cent of oarbon dioxide atmosphere was used did not 

reach a ooncentration optimum for spore germination. How­

ever, where carbon dioxide was oontinuously bubbled through 

the Bpo~a suspensions, saturation was approaohed. According 

to Smith (16) a saturated solution of oarbon dioxide and 

water attains a pH of 4.8. In the experiments oarried 

out with Ustilago levis such oontinuous bubbling of car­

bon dioxide oaused the spore suspension to reach a pH of 

4.9 and stimulated spore germination to the maximum. 

The general conclusions may be made that with spores 

of Ustilago levis, aoid in weak conoentrations stimulates 

germination. The optimum ooncentration being in the 

neighborhood of 4.9 pH. Where plant tissue in the spore 

suspension or in the ohamber with the spore suspension has 

sucoessfully stimulated spore germination it has been 

found that the aoidity of the spore suspension has been 

changed to 4.9 pH. 
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Oarbon dioxide approaching saturation in solution 

produces an acid concentration of about 4.9 pH and under 

such conditions stimulates spore germination. 

It would appear then that the stimulation of spore 

germination by plant tissues resolves itself into a matter 

of acidity of the spore suspension as influenoed by the 

tissues. 

LITERATURE OITED 

1. Blackman, V.H. and Welsford, E. J. 

1916 Studies in Psysiology of Parasitism. 

II Infeotion of Botrytis cinerea. 

Ann. of Bot. 30: 89-398. 

2. Brown, Wm. 

1922 The effect on the germination of fungal spores 

of volatile sUbstances arising from plant tis­

sues. Ann. of Bot. 36: 285-300. 

3. Durrell, L. W. 

1925 Basisporium dry rot of corn 

Ia. Agr. Exp. Sta. Res., Bul. 84. 139-160. 

4. Noble, Robert J. 

1924 Studies on the parasitism of Urocystis tritici 

Koern" the organism causing flag smut of wheat. 

Journ. Agr. Res. 27: 451-489. 

38 



5. Griffiths, Marion A. 

1924 Experiments with flag smut of wheat and the 

casual fungus, Urocystis trlticl, lcke. 

Journ. Agr. Res., 27: 425-449 

6. Leach, J. G. 

1923 The parasitism of Col1etotrichum lindemuthianum 

Univ. of Minn. Agr. Exp. Sta., Tech. Bul 14: 1-41. 

7. Clinton, George, Perkins 

1906 N. Am. Flora, 7:7. 

8. Jones, Edith, Seymour 

1923 Influence of temperature, moisture, and oxygen 

on spore germination of Ustilago avenae. 

Journ. Agr. Res., 24: 577-591. 

9. Stakman, E. C. 

1913 Spore germination of cereal smuts 

Univ. of Minn. Agr. Exp. Sta. Sul. 133: 30-34. 

10. Duggar, S. M. 

1901 Physiolog~cal studies with reference to the ger­

mination of certain fungus spores. 

Bot. Gaz. 31: 38-66. 

11. Noble, Robert J. 

1923 Studies on Urocystic tritici, Koern. 

Phytopath. 13: 127-139. 

12. Scott, Wilfred W. 

1922 Standard Methods of Chemical Analysis. p. 127. 

39 



13. Clark, W. Mansfield 

1920 The Determination of Hydrogen-ion~p. 38-42. 

14. Tashiro, Shiro 

1917 A Chemical Sign of Life, p. 11 

15. McClendon, J. F. 

1917 Physical Chemistry of Vital Phenomena. p. 51. 

16. Smith, Edith, Philip 

1923 Note: Buffer effects of tap water in the esti­

mation of carbon dioxide by ohange in H-ion 

concentration. Ann. of Bot., 37: 344-345. 

17. Brown, Wm. 

1922 On the germination and growth of fungi at 

various temperatures and in various concen­

trations of oxygen and carbon dioxide. Ann. 

of Bot., 34: 257-283. 

18. Hind, Mildred 

1916 Studies in permeability, I1. 

Ann. of Bot., 30: 223-238. 

19. Crozier, W. J. 

1922 Cell penetration by aoids 

Jouxn. Gen. Phys. 5: 65-79. 

20. Stiles, Walter and Jorgensen, Ingvar 

1917 Studies in permeability 

Ann. of Bot., 35: 75-76. 

21. Clark, J. F. 

1899 Toxic effect of deleterious agents on germination 

40 



and development of oertain fi1amentus fungi 

Bot. Gaz., 28: 289-327. 

22. Webb, Robert w. 

23. 

1921 Germination of spores of oertain fungi in re­

lation to H-ion oonoentration. 

Ann. of Mo. Bot. Gard., 6: 283-341. 

----, 
1919 Germination of spores of oertain fungi in re­

lation to H-ion oonoentration. 

Ann. of Mo. Bot. Gard., 6: 283-341. 

24. Hopkins, E. F. 

1921 Note: Growth and germination of Gibberella 

eaubinetti at varying H-ion ooncentrations. 

Phytopath., 11:38. 

25. Bayliss, W. M. 

1924 Principles of General Psye101ogy, p. 204. 

26. Freundlich, Herbert 

1924 Elements of Colloidal Chemistry, p. 153. 

27. Durrell, L. W. 

1924 Stimulation of spore germination by CO2 
Science 6: 499. 

The writer is indebted to Dr. L.w.Durrell for his 
advice and interest, which are greatly appreciated. 

Botanical Laboratory 
Colorado Agricultural College 
Fort Co1lins, Colorado. 

41 


	1924_Howe_0001
	1924_Howe_0002_sig_blocked
	1924_Howe_0003_sig_blocked
	1924_Howe_0004
	1924_Howe_0005
	1924_Howe_0006
	1924_Howe_0007
	1924_Howe_0008
	1924_Howe_0009
	1924_Howe_0010gray
	1924_Howe_0011gray
	1924_Howe_0012gray
	1924_Howe_0013gray
	1924_Howe_0014
	1924_Howe_0015gray
	1924_Howe_0016gray
	1924_Howe_0017
	1924_Howe_0018
	1924_Howe_0019
	1924_Howe_0020
	1924_Howe_0021
	1924_Howe_0022
	1924_Howe_0023gray
	1924_Howe_0024
	1924_Howe_0025
	1924_Howe_0026
	1924_Howe_0027
	1924_Howe_0028
	1924_Howe_0029color
	1924_Howe_0030
	1924_Howe_0031
	1924_Howe_0032
	1924_Howe_0033color
	1924_Howe_0034gray
	1924_Howe_0035
	1924_Howe_0036
	1924_Howe_0037
	1924_Howe_0038
	1924_Howe_0039
	1924_Howe_0040
	1924_Howe_0041
	1924_Howe_0042
	1924_Howe_0043
	1924_Howe_0044
	1924_Howe_0045



