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Eryeiphe Graminis is the powdery mildew whioh grows 

upon the Gram1ne~e ( Gra.ss family). Something likl fifty-

five speoies '- , of the family are affected by this fungus. 

Among these speoies are the cereals whea.t, barley, oats. and 

rye,so naturally thAi mi~dew has sttraoted much attention. 

Many interesting fa.cts have been brought to light conoerning 

the power thisT.nildew posesses to infect the different host 

plants. 

When the con'dia of Erysiphe traminis are placed upon 

the same kin~ of a plant as the original host , they will 

readily germinate and in three or four days t if oonditions are 

favorable, produce mycelium and conidia. Mildew from a wheat 

plant will produce conidia in about four days after it has been 

plaoed on a plant of the same variety. Conidia are ,roduced 

in great abundan~e. 

as s white powder .. 

They appear on the blades of the host plants 

The slightest breeze or jar will stnd 

a cloud of them through the air. ~uP'Ply of :the mildew oan 

be kept at hand in the green house by growing its respeotive 

host and plaoing it near the plants already infeoted. Young 

seedlings planted every two weeks will replace the older ones 

as they die. It might be said here that unless inoculation 

is very heavy the mildew harms the host t '!ssue very Ii ttl •• 

But usually after about two weeks the mildew has spread over 

the surface of ... . most of the leaves to suoh an extent that 

their growth is retarded. The percentage of germination of 

the mildew sporei is between seventy-five and ninety-five. 
11100~~ 
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This~8nd the f aot that numerous spores are produce~ is 

res~onsible for fhe rapid spread of the mildew under favorable 

condi tiona. The follo wing table will show t he peroent of ~ 

germination of . barley mildew conidia. 

The spores wereger~inated in water for six h~urs • 

They were then examined under the mioroscope • The number 

of spores t germinated and ungerminated t which could be seen 

in the field with out moving the slide waS counted. Few 

enoug'h conidia were placed on the slide so they could be readily 

counted. Twenty-five observations were made • These data are 

the sum of all the observations made. 

:No. of O>bs. No.of Ger. No. of UnGer. 
Spores. SPo.res. % of Germination 

25 259 66 80.0- % 

As a res~lt of thi s high percent of spore ge rmination, one 

blade of 'vvheat will, when inooulateij , produce hundreds of 

conidia and these s y: ore sJ i f they lodge on a. wheat plant of the 

same variety, in turn ,will soon be producing hundreds more. 

However in spite of the readiness with which the spores 

from wheat will infect plants of that variety they will not 

grow upon any other genus of the grass famil~and indeed 

their growth is limited to eert.in species and varieties of the 

genus Triticum. This peoulia.r f act, whe L it became known, 

attracted the attention of tiotanists, some of whom have been trying 

to find out to what extent the milde vt· is l ,:umi ted in its power 
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of infection. Marohal {3,4,5,} , Salmon ( lO,ll,12}.nd Reed 

(6,7,8) have obtained valuable results along th~s line. 

Their experiments have been to ascertain to what extent the 

the grass mildew is ,pecialized a8 to the hosts it infects,ani 

how many forms there are as a result of this specialization. 

The results of these men's work all show that the mildew from 

a oertain host plant is limited as to the num.er of different 

speoies it oan grow upon. The spores of barley mildew, for 

instance, will not grow when sown upon wheat , ry~, oats,or 

in faot any ather genus than Hordeum. The mildew seems to have 

beoome specialized with respeot ,to that particular host. 

The slme is true of the forms found on wheat • rye,and oats; 

all are restrioted to their own particular genus or speoies as 

a host. Morphologioally, no differenoe oan be found between 

the mildew on wheat and that on ba.rley. The spores aD. the 

same size and shape ; they germinate in the same manner; in 

fact ,wi th; regard to their struoture ~ they are identioal. 

The only dis'tinotion that can be ,mad's" between these mildews 

is in their p6wer of infeotion. Wheat mildew has no power to 

grow on barley. neither oan ba.rley mildew infest wheat pla.nta. 

The same is true for oats and rye. These faots seem to 

point to the existanoe of certain billogioa.l forms whioh are 

distinot' on eaoh of these four eereals. The fact that the mildew 

growi~g on: one of these cereals will not pass over on to a 
that 

species of any of the others shows eVidentlYAthe mildew has 

become sp'ecialized in these oases to 1 t§lown particular . host 
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and that each form of the mildew has become s~ecially adapted to 

to its host. ~eed(7) found in experiments on the immunity of 

oertain species to Er¥siphe graminis that often the mildew was 

limited to one genus or one species of that genus. He fe)tIld, 

for instanoe , that rye mildew' infeoted only the genus 

Seoale and ~rtain speoies of thts genus were immune. Some 

species of Hordeum (barle,) were . immune to barley mildew. 

In the oase of Tritioum (wheat) Reed(S) found that three 

varities of the speoies T. dioocoum were immune to the wheat 

mildew , i.e. ,Common emmer, Russian emmer and Spring emmer. 

Also four varities of the species T. vulgare (10) showed almost 

no infeoti on , namely; caesiQ~ Alef.,ferrugineum Alef., 

pyrothrix Ale!. and alborubrum Rake. 





Since it appeared that the mildew on wheat , oats , rye, 

and barley had become specialized into bi61ogioal fo~s the 

question then came up: could one "biologic form" be made 

to grow upon the Bost of another? Evidently there must 

be some factor entering in to prevent cross inoculation which 

is diffioult to remQve. Salmon Q3) tried to obtaim infection 

from orOSB inoculation , by several methods. He tried 

wounding the host t ,issue in a variety of ways. Anesthetios, a s 

ether and chloroform vapors • were used. 

the host plant, and alcoholio solutions were used in which 

to soak the plant leaves. After an applioation of one of 

these methods ne cross inoculated the leaves. Some results were 

obtained but norte very conclusive, and as yet securing 

croae infection by bringing external conditione to bear upon 

the host has not ween worked out to any extent. 

The problem which is to be discussed in this paper is: 

The effect various oonditions have on the growth of the 

mildew on wheat and barley plants. 

Most of the data presented here .re on the effect of 

transpiration of the host plants as ' ~influen4ing factor. 

Other expe riments from which data..,.. obta.ined ~."Jere (1) the 

Oross inoouiation of wheat and barle y with the mildew, (2) the 

inoculation of the Common emmer w~th wheat mildew and (3) the 

effeot of alcohol on s~h inoculations. Although the real 

problem is\: conditions whi.oh affect the growth of the mildew 

on its own host, still the results of these studies throw 

(indirectlp:) a light on this problem. 





-6-

THE EXTmfT · TO WHICH INFECTION OF THE MILDEW WILL 

TAKE PLACE , ( I) ON WHEAT AND BARLEY PLANTS WHEN CROSS INOCULATED 

(2) ON COMMON EMMER WHEN INOCULATED WITH WHEAT MILDEW, (3) ON 

THESE PLANTS VffiEN TREATED WITH SOLUTIONS OF ALCOHOL. 

Whe at plants when inoculated with mildew from barley 

will not produce mildew on their leaves, but when inoculation 

is heavy little light patohes oan be observed on the surfaoe of 

the leaves where the t i ssue seems t o have bean injured. !heae 

same injured spots are notioed when barley plants are inoculated 

with wheat mildew and also when the Common emmer , a variety of 

spring wheat, is inoculated with the wheat mildew. 

The object of thts experiment was to asoertain to what 

extent the mildew spores grow on the strange hosts. Evidently 

some growth takes place since the mildew produces those light 

patches on the leaves , although no mycelium or conidia were 

ever observed. 

For this work 'wheat t barley, a.nd Common· emmer seedlings 

were grown in flower pots in the green houae. When they 

were about ten centimeters high the wheat and barley seedlings 

were cross i noculat ed with mildew,wheat mildew being placed 

on the barley seedlings and barley mildew on the wheat. The 

Common emmer plants were inocula.ted -fii th wheat mildew. The 

pots were then 1'hoed und.er bell jars. At the same ti-me controls 

of wheat and barley were inooulated with their respective mildews. 

After forty-ei ght hours a leaf was taken from eaoh plant 

and the mildew examined under the miorosoope. 

The el'idermis of th0 leaf was carefully removed at th e 
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plaoe where inoculation had been made. This epidermis tissue 

was then " treated wi th a solution of acetio a.cid CSO per oent) 

and alcohol(50 per oentl i n order to remove all ohlor~phyll 

if any of the mesophyll tissue' w8~ a present. This solution 

was allowed to aot about , ten minutes. then it wa s wa-shed off 

with water. Iodine was added next, whioh stained the mildew 

spores a light brown but did no~ ~fect ' the host tissue. 

When the iodine had ac t ed for about five mi nutes the tissue was 

mounted in wa t ~r ancl eX~.:rr~ necl • This method of preparing the 

slides was simp le and ,a.t the same time ,effeotive for it 

brought out the mildew plainly so it could be easily distinguished 

from the host tissue. 

On examination of the leaf tissue forty - eight hours after 

inoculation, the spores on all the le ~ves had germinated at 

about the same rate re gardless of the host 9n which they were 

placed, with the possible exception of some of the lommon emmer 

leaves, where the spores had clung to the hairs which cover 

the surfaoe of the leaf~and no germination had taken place. 

But where the spores had come in oontact with the leaf surfaoe 

they germinated al_ost 8S well as those on the wheat leaves. 

The questioD might be raised here as to what importaace these 

hairs on the surface of the leaf have in pre \renting the growth 

of the mildew. Several times it was observed that the spores 

olung to them , and when this wa s the case the spores of the 

mildew did not germinate. It would seem that possibly 

the puiescenoe of the Common emmer may be , in a way, 

responsible for its immunity. But " it cannot be said that 

' the hairy condition of the le a. f is the only factor which 
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prevents infection , for in mahy cases the spores which were 

plao6d on the lea.f oame in oontaot with the epiderm 81 cells 

and germinated 'n the oharaoteristic manner. Although 

pubesoenoe may prevent germination of the spores ~y keeping 

them away from the surfaoe of the leaf, it does not seem 

probable that they prevent infeotion to any great extent. 

On the third day after inooulation, other leaves 

were ~emoved from the plants and examined. Here marked 

di,fferenoes could be seen in the way the mildew had grown. 

Where the wheat mildew was growing on wheat plants the 

germinated spores had sent out germ-tubes penetrating the hott 

tissue. Haustoria could be seen within the oells , some in 

a divided oonditiom. They developed from the ~ppreB8oria 

whioh arose from the germ-tubes outside the oell walls. 

Myoelium and conidia oould be seen on the surfaoe of the 

epidermis. The spores of barley mildew growing on barley 

leaves grew praotioally in the same manner. 

The result of oross i nooulation wa.s qui te different. 

The per oent of germination was almost as high as when eaoh 

form of mildew was plaoed on its own host. In some oases the 

germ-tube had penet.ated the host tissue and appressoria were 

formed against the oell wall. But the haustoria failed to 

develope from these, and no mycelium or oonidia were produced. 

The spores of wheat mildew on Common emmer leaves germinated 

quite well when they were on the surfaoe of the leaf. 

No germination took 1'laoe , however, when the spores olung to 

hairs oovering the surface of the leaf ,as frequently happened. 
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The germinated spores sent out germ-tubes and formed some 

appressoria , but only two haustoria were ever observed growing 

into a cel:. from these appressoria. And these were short 

and undivided ~like those of healthy mildew. No mycelium or 

oonidia developed. 

Apparently , there is something in the strange host tissue 

which prevents the full developement of the mildew. From these 

observations it would .eem that the cells of the steange host 

tissue are able for some r.ason to resist the mildew and prevent 

the formation of the haustoria. It seems possible that i~ 

some ohemioal , could be used on the plant tissue which 

would break down this power of re~1tstance which it offera to 

the mildew, cross inoculations might then be made with success. 

Salmon (13) found that by injury, action of anesthetios , 

alcohol, and heat~. the leaves of s:t:range host plants could 

be rendered susceptible to the mildew to a certain extent. 

The percent of infection he obtained by these methods was low, 

and since all the leaves he treated were removed from the 

plants this ma.y have weakened their resistanoe to the mildew • 
. I 

However , his results .oshov:-ed ,·< o:that possibly these methods of 

treating the host tissues did affect the growth of the mildew 

and from them came the suggestion that peThaps by growing the 

plants in a solution oontaining a certain per oent Ff a chemical, 

alcohol for instanoe , that cross inoculations could be made 

eueee ssfully. Experiments were oarrt.d out in which plants 

of wheat , barley ,and Common emmer were grown in solutions 

containing different peroentages of alcOhol. 
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The experiments were set up in the following manner. 

The nutrient solution inwhich the seedlings were grewn was 

a soil extract , made by mixing about four parts of a rich 

soil with one thousand parts of water. After standi ng 

twenty four hours the solution was filtered. This soil 

solution was clear and the plants placed in it showed very go od 

growth. The different strengths of alcoholio solutions were 

made by adding the req~ired amount of alcoh&l to a definate 

quantity of this soil extraot. 

These solutions were then placed in wide mouthed bottles 

of 500 c.c. oapaoity, which were oovered with black papaw

to prevent the light from injuring the roots~ The 

seedlings were germinated in sand till the plumules were about 

four centimeters long. These seedlings were then inserted 

in to the oorks of the bottles through holes , usually four 

plant s were placed in one bottle. (There should be left 
o 

enough spaBe for good ventilation otherwise fun&l;ls growths often 

kill ' the plants~ 

After the plants were arranged in this manner the y were 

inooulated and allowed to grow until the controls showed 

abundant infection. The first table the results 

obtained from inocula.ting wi th wheat mildew .) ;Jommon emmer 

which wa s growing in alooholic solutions of different strengths, 

i.e. 1, 2,3, and 5 percenti The plants were allowed to grow 

for two wee k s. At the end of that time practically all of 

them were de ad in 5 peroent alcoholic solution. 
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From the ,ni nety-six plants inooulated only one showed 
t 

infe~i6nt more than the oaaraoteristio whitespote. In this 

oase the leaf whioh became infeoted was partially dead. The 

few conidia that were produoed grew on the cell ,ust back of 

the dead tip. They were not dead but in such an ~ealthy 

condition that they could not withstand the attaok of the 

mildew. The 5 and 3 percent alcoholic solutions retarded the 

growth of the plants to a great extent, but those in the 

2 and 1 percent solutions grew at ,about the same rate as the 

controls in the soil extract. 

The wheat and barley seedlings were grown in the 

same alcoholic solutions as the Common emmer. Growth was 

hindered by the 5 and 3 percent solutions,bnt not by the 

2 and 1. The wheat seedlings were inooulated with barley 
" 

mildew and barley seedlings with wheat mildew. Controls were 

grown in 90il soluti on t one part of the plant s being inooulated 

with their own biological form of mildew, the others cross 

inoculated. After a week all the controls whioh were inooulated 

strai ght had mildew growing a'bundantly on them, while none of 

the others had beoome infeoted. White spots were observed 

on the leaves where t he spores had been plaoed but no oonidia 

or mycelt,um was produced. Evidently, the aloohol when applied 

to the plant in sol,tion to its roots does not affeot the cells 

of the host ttssue in suoh a way 8S to produce infeotion from 

cross inooulation. Table II. shows the results of the 

inooulations wi th the wheat seedling;:: and table III. gives the 

results obtained from the barley seedlings which were inooulated. 
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TABLE I. 

COMMON EMMER PLANTS. 

Date when 11 0. of Solution Date Infection 
Started. Plants. Used. Inoculated. After 2 Wks. 

* • 

2-3-'12. 8 1% Alcohol 2-3-'12. None 

2-3-'12 . 8 2% Alcohol 2-3-'12. None 

2-3-'12. 8· 3% Alcohol 2-~-'12. ~Ione 

2-3-'12. 8 $1vA1cohol 2-3-'12. None 

2-3-'12. 8 Controls in 2-3-'12. None 
Soil Solution. 

2-10-'12. 16 1% Alcohol - 2-10-' 12. None 

2-10-'12. 16 z% AlcOhol 2-10-'12. None 

2-10-
1 

3);; 2-10-'12. 12. 16 Alcohol One Plant 
Infected. 

2-10-'12. 16 5 c'! IV Alcohol 2-10-'12. None 

2-10- 112. . 8 Controls in 2-10-'12. None 
Soil Solution. 
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TABLE II. 

WHEAT PLANTS. 

- -~ 

Date when No. of Solution Date Mildew Infection 
Start.ed. Pla.nts. Used. Inoculated. Used. Alter 2 Wke. 

1-27-'12. 6 1% Aloohol 2-~-' 12. Barley None 

" 6 2 ~;1 Alcohol n " None 
n 6 3% Aloohol rt " None 

" 6 5·-1 / 'J Ale oho1 n " None 

" 6 Soil Sol. " " none 
Control. 

n 6 " '1 " Wh8e.t Good 

2-10-'12. 6 lJ~ Aloohol 2-10-'12. Barley None 

" 6 2';: Alcohol " " lIone 

" 6 3/: alcohol • " l~one 

11 6 5": Alcohol " " None 

!! 6 Soil 801. ft " none 

" 6 Soil Sol. n Wheat Good 
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T_'..BLE III. 

BARLEY PLANTS. 

-- - - -
Da.te When No.of Solution Da.te Mildew Infection 

Started. Plants. Ueed. Inooulated. Used. After 2 Wke. 

1-27-'12. 6 1% Aloohol 2-3-'12. Wheat None 

It 6 2;~ Aloohol n " None 

" 6 3}~ Alcohol " " None 
n 

" 6 5 ./~ Aloohol " t' Uone 

n 6 Soil Sol. n " None 

" 6 Soil Sol. " Bai'ley Good 

2-10-'12. 6 1;[, Alcohol 2-10-'12. Wheat None 

" .9. 2A'7 ;0 Alcohol " " Hone 

" 6 3r~ Alcohol " It None 

" 6 5% Alcohol " " None 

" 6 Soil Sol. 11 " None 
- r 

" 6 Soil Sol. n Barley '1004 
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The data. f rom these three tables show ~ j that alcohol added 

to the solution in which the plants are growing will not 

produce inf ection from cross inoculati on even though the percent 

used is high enough to injure the growth of the plants. If 

alcohol is able to break down the resisting power which a 

strange host cell offers to mildew, it is not taken in by the 

roots in sufficient quantities to .produce the result. 

Since growing the seedlings in alcoholic solutions 

was not effective , an other method was tried. Seedlings of 

whes.t , barley, and Common emmer \vere grown in pots, about 

twenty-five plants in each pot. When they were about 

fi f teen centimeters high~ the leaves were soaked in a solution 

of alcohol for a time. A l u percent solution was used and the 

tope of t he pl ants were soaked for two hours. If they were 

allowed to remain in the solution longer at the ' green house 

temperatu~e t he leaves were injured. The plants we r e not 

removed from the soil in any of these experiments. To treat 

the seedlin88 the a lcohol ic solution was plaoed in a jar and 

the pot with the plant s was inverted over it , 80 that the 

leaves were entirely submerged. Part of the ;~ eedlings were 

cross inooulated after treatment and the others inoculated 

with their own respect i ve mildew. Table IV. gives the 

results of this eXJ)eriment in tabula.r form. 
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TABLE IV. 

No. of 
Pots used. Plant. 

Length 
Trea.ted 

Sol. used mildew 
to Treat. used. 

lL 

1 

3 

.! 

1 

1 

'·'Vhea.t 2 hra. lO7~ aleh. 

Barley " " 
Wheat " " 
Barley " " 
" " 4 hrs. " 

Common 2 hrs. It 

em::ner. 

Condition of 
~ lant s. 

Age of plants 
Treated. 

~ood 

" 
Tips slightly 

Yellow. 
Good 

Almost dead 

Good 

9 da. 

14 da. 

" 
" 

9 da. 

Wnaat 

Barley 

" 
Whe a.t 

It 

n 

Infection 
After 10 da. 

Good 

IT 

None 

Jl 

Slight 
growth. 

!lone 
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These results show that oross inoculation .annot 

produoe infeation when the host plant has 'been loaked in a 

10 peroent solution of alcohol for two hours. In the case of 

barl~ , .hioh had been soaked for four hqurs, the leaves weee 

almost dead and the infeotion was very slight. Apparently 

the cells of the leaves infected were so injured that they 

could not withstand the growth of the fungus. Cross inooulation 

in the other oases produced nothing more than the charaoteristic 

whi,h spots • Straight inooulation produced mildew aomewhat 

differ'nt from the normal. The spores were relatively fewer 

and many had a peculiar blaok spot on', them. The mycelium 
\ ' 

seemed to be ~re irregular and the hyphae had a sort of a 
" 

ourled , wrinkled a~pear8nce. These spores when sown on their 

respeotive hosts produced' abundant mildew and when plaoed<" on 

strange hosts aaused no infeotion. However it would seem 

that these d,ifferencee in the appearance of the fungus do 

not affect its ability to infeot its own host so no importanoe 

was attaohed to them. 

From these experiments it seems that aloohol dees not 

affeot the host tissue in suoh a way 8S to allow the mildew 

from a strange host to infeot it or to pre~ent 

when the mildew is ap plied to host plants. 

infeotion 

The remainder of this paper the data and results 

obtained from expee1ments on transpiration of the host plants 

and its effeot on infeotion, 
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EXP~RI~~NTS TO SHOW THE EFFECT OJ TRANSPIRATION 

ON THE INFECTION OF WHEAT AND BARLEY FLANTS BY ERYSIPHE 

GRAIJINIS. 

It is 8 well known faot that plants are oonstantly 

losing water. The prooess by whioh the we.tee i8' gi van off -

the plant is transp~ration~ 

The plant itself is not aative in this process but just 

as a moist pieoe of hlotting paper is unable to prevent the 

evaporation of t he water from it , so the plant is inaotive 

in transpirat ion. 

The oonditions which favor transpiration are; 1, an 

optimu.l;Il amount of watee in the soil in which the plant is 

growing, 2, a dry, warm atmosphere. On the oontrary trans-

piration is reduoed in a plant when the soil is dry and the 

surrounding atmosphere moist. 

The problem to be dtsouBsed in the remainder of this paper 

is : 
t~-a~, 

~he effeotAvaried rates of transpiration in the host 

plant has on inf ection of it by the mildew. 

The faat that the spor~s of the mildew will germinate in 

water t on a slile in arnoist atmosphere, or on the leaves 

of speoies of the grass family other than the particular 

host , was re f erred to earlier in this paper. The conditions 

whioh favor germination are moisture and a co el atmosphere.If 

fhese oonditions are present the spores will send out germ 

tubes even i f t hey are not on their partioul ar host plant. 
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In these experiments the cDnditions for spore germination 

were kept favorable , then~· the effect of different rates of 

. tra.nspiration on infeotion was studied. 

The first series of experiments oarried out in th4a 

problem oonsisted in inoculati~g plants growing where o~nditions 

were best for transpiration and also other plants growing where 

little water wa. lost. Infection of the plants grown in 

these two conditions by the mildew was noted. 

To obte.in maximum transpiration the plants were well 

watered and plaoed in a part of the green house whe.e the 

air was dry and warm. To deorease the amount of ·wate. lost, 

the plants were grown in a rather dry soil and a moist \. Burrount\ts 

atmosphere. ~or this the plants were grown it;l glass 

tumblers with just enough moisture for them to develope. When 

the seedlings ,ppeared through the soil they were not given 

any more water. When the seedlings were about 10 om. high 

the tops of the tumblers were sealed with paraffin so the soil 

would remain dr,. . The seedlings were shielded from the hot 

p~raffin by plaoing pieaes of glass tubing over them until it 
~ 

oooled. The t~mblers were thea plaoed .on glass plates and 

bell jars inverted over them. Along with the jars oontaining 

the plants a tumbler of water was placed • This soon formed 

an atmosphere saturated with ~oisture and under these conditions 

very little transpiration took plaoe. Inooulations were made 

with the mi!dew spores on the plants just before they were 

plaoed under the bell jars • In all these experiments with 

transpiration the mildew was plaoed on its own partioular host. 

Ueually the plants 

oonditions 

were allowed to grow under these 
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for .b~u~ two weeks , or till the mildew had become well 

dave lope d. It might be said here, that if the air ,in whioh 

the plants were kept yas too warm and dry, the spores of 

the mildew oould not germinate ._ This oocured in one or two 

instanoes and no infeotion took plaoe. The' data given in 

table V. fill show the results; of this experiment. 

In some oases the plants under the bell jars beoame infeoted 

with the mildew about one day earlier than those in a Cry 

atmosphere, but this d'fferenoe seemed to be due to the faot 

that the air was too dry and warm for the spores to germinate. 

When the plants were plaoed where the air was a l little oooler 

and oontained 8 11ttlemore moisture t but where transpiration 

still W~, S . rapid infection took plaoe just as readily as on 

the seedlings under the bell jars. Praotically no differenoe 

was found between the time re~uired to produoe infection on 

wheat and barley_ Something like two hundred and fifty 

plan~s were inooulated and plaoed under bell jar~1lbout a8 
. ~ 

many kept in a dry atmosphere - Half of these were wheat and 

half barley, but as infeotion on both took plaoe at practioally 

the same time they wer~abulated together. 

In the case of the plants grown ,in a dry atmosphere t on 

Nov. fifth the temperature was so hig~hat the ,pores failed 

to germinate. But where the oonditions were tavorable for 

the growth of the mildew the tate of transpiration .eemed to 

have no effeot on infeotion. 
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TABLE v. 

Date When Ho. of Plan t s No. of Plants Date of Date of 
Inoculated With reduced with maximum infec. in infec. in 

':; ranspiration. Transp. reduced Trans. max. trans. 

Nov. 5th 9 15 Nov. 15th None 

uov. 27th 4 36 Dec. 3rd Dec. 4th 

Deo. 8th 17 33 Dec. 12th Dec. 15th 

Dec. gtn 36 10 Dec. 13th Dec. 13th 

Dec. 11th 44 25 Deo. 15th Dec. 15th 

Dec. 26th 120' 75 Dec. 30th Dec. 30th 

Jan. 8th 50 25 Jan. 15th Jan. 16th 
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As this means of , varying the rate of transpiration of 

the host plant see~d to be ineffective in producing changes 

in mildew infection another method was employed. This method 

was ,to grow seedlings of wheat and barley in soils '. and 80il 

s6lutions oontaining various amounts of salts and acids. 

Liv.ingston 1905 (2) , Harter 1908 (1) and Reed 1910 (9) 

have published results of experiments in which they found 

that salts and acids effect the amount of transpiration. 

As I oarried out experiments dupldcating in part those of 

Harter and Reed, it will be well to describe their work in 

detail. 

For the most part Harter used soluble salts in his ex-

pe~iments , usually iri' large enough amounts to affect the 

of the plant. A saline soil from the region of Salt Lake 

growth 

City 

Utah , which oontained sodium chloride in most abundance, also 

some sodium phosphate , sodium bicarbonate and potassium sulphate 

was mixed with the required amount of garden loam to form the 

oono.ntrations desired. ~or his experiments • Harter used 

soil of three different ooncentrations,- 2 pe.aent, 1.5 percent 

a.nd 1 pel'cent soluble salts. By analysis. it was found 

that these three concentrations would re~resent respeotively, 

1.4 1.O,and 0.7 percent sodiu~ ohloride. These ' percentages 

are higher than is e -rer found in fields wh:erewheat and barley 

will grow. 

Wheat, oat83 and, barley plants were grown in glass ja_s 

oontaining soil of these three conoentrations of salts. 

Glass ~ots were used so ~one of the salts would be t aken out 
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of the soil by the water. Oontrols were grown in garden 

loam. Harter found that the growth of the plants was retarded 

by the salts especially when _the pe~cen*.ge was as high as 2. 

In fact growth here was very slow. 

The results Harter obtained _howed that the struoture of 

the leaves had been modified , in that the cuticle had become 

thicker and s, waxy bloom appeared on the surfaoe of the leaf. 

The thickness of the cuticle increased with the concentration of 

the soil solution but when there was not enough salts in the 

soil to retard growth no changes in the plant tissue was observed , 

It was also found that the plants grown in the saline soil contain

ing 2 pewcent, 1.5 'percentand 1 percent of soluble salts 

lost less water by transpiration than the controls growing in 

garden 80il. Harter was inclined to thihk that this retardation 

in the amount of transpiration was due to the presence of the 

waxy bloom produoed on the surface of the leaf. 

Two .. series of experiments were oarr,d-ed out wi th wheat in 

whioh the percent of salt in. the soil was 0.09 and 0.12. 

It was found that these small amounts of salts stimulated trans

piration in stead of retarding it. 

From these experiments of Harter's it is . " obvious that the 

amount a plant transpires is affected by the presence of salts 

in the soil. It seemed possible that plants which were grown 

in saline soils would be so modified as to affect the growth 

of the mildew on them. 
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Experiments were ~arried out duplicating t in part , those 

of Harter , and when the' plantf;' were of sufficient size, they 

were inooulated with the mildew. About two hundred plants of 

wheat and barley. were grown : . in soils bbntaining different 

oonoentrations of sodium ohloride • The 80il ueed waa a good 

ric~, sandy. soil and sodium chloride was added to it in the 

peroentages of 1.4 t 1, $nd 0.7 • The plants were grown 

in glass tAt.blers of a'bout 500 c.c. oapaci ty. 

It was found that soil containing 1.4 peroent and 1. 

peroent sodium chloride produced sm~ll plants,iB some oases 

almost no growth taking place at all in ·the soil with 1.4 

peroent sodium chlorid'. The leaves on these plants were differ

ent from the controls. They seemed to be more rigdd and thioke~ 

and there was as Harter reported, a bloom on the surface of the 

leaves. 

Along With the plants grown in the soil , others were 

placed in soil solution containing so4ium chloride in the peroents 

as was used in soil. Also oontrols were grown in the soil 

solution without sodium chloride. These water oultures were 

started in" the same manner as those in whioh the alooholio 

solutions were used, (ref~red to earlier in thba paper) exoept 

in these 8S little spaoe as possible was left where evaporation 

could take plaoe. About one hundred ani fifty plants were 

grown in these aqueous solutions but those in the 1.4 peroent 

sodium chloride solution lived ally about ten days. 

The plants were inooulated with the mildew and as a result, the 

plants grown in the soil and aqueous solutions beoame infeoted 
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uniformly , exoe-pt when the plants were almost dead. The 

average infeotion for both wheat and barley growing in soil 

and aqueous solution which oont ained 1.4 percent sodltim ohloride 

was ab ::ut 50 peroent of the tot al number of pl ants inooula-ted, 

but of the numberllfhioh were living after inooulation had 

been made the percent of infeotion was 80. 

The average infection of the , seedlings growing in 1 peroent 

sodium ohloride solution was ", ' 92 percent but several plants 

whioh were almost' dead did not beoome infected, no doubt 

beoause of their unhealthy condition. The plant.s growing in the 

0.7 peroent sodium ohloride and the controls showed perfeot 

infeotion. No difference was observed in the length of time 

it took the plants to beoome infeoted no matter in what solution 

they were growing. Infeoti on on all the plants sho~ed up well 

in four days. 

One series of these experiments was weighed to determine 

the amount of water lost by trans ~;iration. The reaul ts 

oonfirmed Harter's st atement that soluble salts. when 

present in the soil or solution in large enough quantities to 

produoe a w[J xy bloom , caused a deorease in transpiration. 

Table VI. will show the data obtained from this experiment. 

The plants were grown for ten days; until they began to show 

signs of wilting ana ~ hose in the 1.4 peroent salt solution had 

begun to, t.le. The' ini tisl weighing was oaref~lly done when 

the seedl1ng~ were put " in the the solutions, then other 

weighinge 'were taken at intervals in the ten days. The green 

weight of the plants was taken immediately after the final 
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. wei ghing. The difference be t ween the initial and final 

weighing showed the amount of water · lost by transpiration 

during the ten days. In 'this table the average of eight plants 

was taken in each. case. 

TABIE VI. 

Wheat 
.. .. ... .) 

Water loss Green Wt. Water loss ' Peroent of 
in gra.ms. in grams. per gram of I Transp. using 

Green Wt. . contro1s-l00. 

Controls 38.5 .61 63.0 100.0 

1.4% NaOl 12.0 .31 38.0 60.3 

1.0% ..!taOl . 12.5 .285 43.0 68.2 

0.7%. NaOi 11.5 .25 47.0 74.6 

Barley 

Co#tro1.s 45.0 .69 65.0 166.0 

1.4% 11aCl 10.5 .33 32.0 49.2 

1.0% NaCl 25.0 .485 51.0 78.4 

0.7% UaCl 23.0 .505 47.0 72.3 

The .. da.ta, show:' that there is a marked deorease in the 

amount of green wei ght produced in the soluti6ns oontaining 

the NaCl as well as a deorease in transl'irati'on. The mildew 

!aew uniformly on all these plants exoept some of those in 

the 1. peroent salt solution whioh died before the mildew 

had time to devvlope. 
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It seems from these experiments that the rate of transpiration 

of wheat or barley does not QIfeot the rate at whioh the 

mildew will grow on them. It is ~ite evident that transpiration 

is reduced when salts s.re added in:.large enough tuantities, 

but the rate of growth of the mildew on plants grown in solutions 

of sodium chloride of these percents is neither increased or 

diminished. Only where the plant itself is injured by the salts 

is the infection inhibited. It appears that the mildew does 

not grow readily on plants which s.re unhealthy or almost dea.d. 

The last series of experiments to be described in 

this paper i8 that in which Reed:~8(9) work on transpiration 

was partially duplicated. In his experiments he used solutions 

of salts and acids in quantities small enough not 

growth, and noted the effect on transpiration. 

to reta.rd 

Only those 

which showed a marked increase or decrease of transpiration 

were repeated and these will be described briefly. 

Reed grew wheat in both soil and aqueous solutions. 

The two experiments of his which I wish to describe are those 

with salts and acids. lour different salts were used, 

sodium nitrate ,po t assium sulphate, mono calcium phosphate 

and oalcium oarbonate. The first three were applied to both 

soil and aqueous solutions in the proportion one hundred parts 

to a million; the calcium carbonate was 8,dded one thousand 

parts to a million • Where soil was used the plants were 

grown in paraffin wire pots ·for three wee~s. When the seedlings 

appeared above the soil the top of the pot was sealed 

wi th oiled paper: the seedlings were al~lowed to grow up through 

narrow slits mad~ in the paper. 

a mini mum. 

Thts reduoed evaporation to 
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After the plants were oovered • the initial weighing was 

made. The total transpiration was de~ermined by adding up 

the total water loss from the pots during the experiment. Reed 

'Obtained the green weight of the plants by outting them off 

just above the surfaoe of the soil· . and then weighing them 

immediately. 

The water cultures were prepared by using ou1ture jars 

of 250 c.o. capacity and fitting ten seedlings into the corks 

of these. The soil extraot was prepared by stirring one 

part soil with five parts of d.istilled water. After standing 

thirty minute sit was filtered thr ;)ugh a Pasteur - Chamberland 

filter. The required amount of the differ'nt salta were 

added to the right quantity of this extract and the same 

proportions of the salts were obtained ss were ueed in the 

80il. The seedlings were grown in these solutions for 

two weeks and the green weight and loss of water were 

calculated as in the experiments where soil was used. 

Reed haa given the following figures which show the 

effeot of these four salta on transpiration. They are the 

~erage. of plants grown in one hundred and eighty- nine 

soils from different localities. The untreated pots(oontrols) 

gave off in transpiration 103.3 g. of wa.ter for eaoh gram 

of green weight produced. In the pots where the salts were 

added , the amounts of water transpired per gram of green 

weight were: NaNO t 93.36 gma. 
! 

OaH
4

(P04)2' 104.07 gms.; CaC03 , 

. • K2S04 

101.09 

97.95 grns.; 

gms. If the 

transpiration of the oontrols is used as a basis and is 

represented as 100, these salts 8how the following peroents 
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NaN°a, 90.4% . K
2

S04 , 90.8% Cs.H4(P04)2~ 100.8%; , 

Oa003- 97.9%. 

The first two salts , show a.n inhibiting effect on 

transpiration but the other two do not show much differenoe 

from the oontrols. 

Turning now to the experiments whi.h Reed oarried out 

with different a.cids, it is found that they also have an 
effeot on transpiration. The acids he used were oxalic, acetie 

hydwWohlorio , nitrio and sulphuric. , Each was added to soil 

extraot in five different strengths; n/2500 , n/5000 • 

n/10000, n/ 20000, n/40000. The plants were grown ° in these ,_o! 

solutions for a.bout two weeks. The jars were weighed at 

intervals and,at the end of the experiment the sr.'en weights 

were taken. 

His r esults show that the inorganio aoids retarded 

transpiration. Organio acids were somewhat variable, but on 

the whole they showed a slight increase. 

ether ohemioal agents were used by Reed whioh affected 

transpiration some ,but as these two experiments just desoribed 

are those shich I repeated, 0' the others will not be referred to. 

In repeating the experiments of adding the four aalts 

to the soil I used 'tnstead of paraffin wire pots , gla.ss tumblers 

whioh beld about 400 gms. of soil. 

whioh gave the same amount of transpiration as the controls 

I used NaHPO 4 • Aside from these differenaes the experiment 

was oonduoted very much as Reed performed it. Eaoh pot oontained 

six plants and sixteen pots of soil oontaining eaoh salt was 
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set up, eight of wheat and 'eight of barley. Paraffined paper 

was'" used to cover the top of the tumblers to prevent evaporation. 

The plants were allowed to grow up through holes made in the 

paper. The initial weighings 'we~e made _hen the paper was put 

on and the final ~ ,and g.reen weights were taken when the 'plants 

began to wilt. 

when the plants were about ten em. high t they were inoculated 

with the mildew. In four days after inoculation all the plants 

shewed perfeot infeotion and no differenoe in growth of the 

mildew .ould be detected. 

The results I obttined 'on the amount of transpiration were 

quite different from those of Reed. 

Cae03 and NaN03 increased the amount of transpiration while 

Na2HP04 deoreased it decidedly , . while Reed's figures. show a 

slight deorease in transpiration when K2S04, CaC03 and NaN03 

were used. The following table (VII) will show the 

results of thes experiment. The da ta given here ;~i'.'e the ave rages 

of eight pots each containing six plantae 

This table ( see following page) shows that salts ( exoept 

NaHPO) when::. added in small amounts has a stimulating effect 
4 

on transpiration. But this increase in transpiration does 

not in any way affect mildew growth on the seedlings. It might 

be said that 111 the plants in this experiment grew at praotio

ally the same rate ; no difference in their size could be observed. 

At the same time this experiment was being worked out t 

another was started in which plants of wheat and barley were 

grown in solutions oontaining two concentrations ( n/2500 ,n/50,oO) 

of the following aoids: acetic , oxalio, hydr~ohlorict sulphurio 
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TABLE VII. 

Wheat. 

Salts added Amount of H2O :ireen weight Water loss % of Trans. 
to Boil. lost by Trans. of plants in per gm. of Controls-

in grams. grams. green wt. 100 'Jb . 

K SO 2 4 151.5 2.07 71.2 112.2 

O. 063 182.0 2.76 66.0 104.1 

11aN03 167.0 2.50 66.5 105.2 

Ns2H P04 175.0 3.08 53.5 90.3 

Controls 196.0 3.09 63.4 100.0 

Barley. 

K2S04 180 2.87 62.6 106.1 

CaCo3 168 2.79 60.5 102.5 

NaN03 193 3.27 59.0 100.0 

N2HP04 184 3.37 54.5 92.3 

Controls 183 3.10 59.4 100.0 
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and nitrio. There were four jars of eaoh solution , two 

oontaining four plants each of barley and two with four plants 

eaoh of wheat. The experiment was run for two weeks. Two 

days after the seedlings were placed in the solutions they -were 

inooulated with mildew. It might be well to state here that 

all these inooulations were made straight. 

infeotion was observed on all the plants. 

In four days good 

The inor63nie acids caused a deorease in transpiration 

while the organic acids were ' somewhat variable. usually 

though with a higher water loss than the inorganio aoids and 

a1ightly less than the oontrols. These results are similar to 

those of Reed • . Table VIII. will show the data oolleoted from 

this experiment. 

The la.t s~udieB t on the effect of transptrat10n on the 

growth of m.ildew, were made with solutions of oxalio and 

eelphurio 801ds • (n/500 and n/1000). The plants of wheat and 

barley were glro,an in solutions of these acids for ten days. 

On the fourth day after these plants were inoculated wi~h the 

mildew almost. perfeot infeotionwaa observed. 

The stronger solutions of aoids inoreased the tra~piration 

someWhat. although in two oases it wae deoreased. It is possible 

that this variation was due to some destub1ng factor. Table 

IX. gives the data on this experiment. 

The growth of the plants was somewhat retarded in the 

_/500acid solutions, but in the n/1000 there was very little 

retardation in the growth. 
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TABLE VIII. 

Wheat Seedlings. 

Solution Transpiration Green Wt. Trans. per % of Trans. 
in grams. in grams. gram of oontrols-100. 

Green Wt. 

H
2

O 94.0 1.64 57.3 100.0 

CH3OOOH,n/250u 95.0 1.75 54.5 95.1 

" ,n/5000 95.0 1.71 56.05 97.8 

C2H204 t n/2500 38.0 .785 49.25 87.7 

" n/5000 94.5 1.63 58.0 101.0 

H 01 , n/250CJ 53.5 .985 53.05 93.5 
n n/5000 114.0 2.03 56.2 98.0 

H2SO4 ,n/2500 66.5 ' 1.18 56.00 97.7 

" n/5000 34.0 .68 49.0 87.2 

HN03 , n/2500 75.0 1.32 54 .. ~O 95.0 

" n/5000 123.0 2.22 55.7 97.2 

Barley Seedlings. 

H2O 106.0 1.37 56.5 100.0 

CH3COOH,n/2500 9'7.5 1.79 54.2 96.0 

" tn/5000 11b.0 1.96 58.85 104.0 

C2H204' n/2500 62.0 1.12 59.45 105.2 

" ,n/SOUO 104.0 1.81 57.5 101.7 

HC1, n/2500 105.0 1.89 55.4 98.0 

" n/5000 114.0 2.11 54.5 96.4 

H2SO4' n/2500 94.0 1.69 55.0 97.3 
T1 , n/5000 79.5 1.44 55.2 97.7 

RNO"" , n/2500 97.5 1.88 52.7 93.2 ,.. 

120.0 2.21 5~.3 96 11 J 
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TABLE IX. 

fllieat Seedlings. 
. ._. -_._ ---.. _ -- ----- - .-

Solution .Transpiration Green Wt. Trans. per gm. % of Trans. 
in grams. in Grams. of J.reen Wt. oontrols-IOO. 

H2O 38.5 

C2H204t n/ 600 41.0 

" tn/1000 36.0 

H2S04 ,n/500 42.0 

" .,n/IOaO 35.5 

H2O 45.0 

C2H204 ·n/500 4 2.0 

" , n/l000 31.0 

H2So4 ,n/500 66.0 

" ,n/lOOO 40.5 

.61 63.0 

.405 89.5 

.59 60.5 

.64 66.0 

.59 60.0 

Barley Seedlings. 

.69 65.0 

.55 76.0 

.445 70.5 

.465 71.0 

.57 71.0 

100.0 

142.0 

96.0 

104.7 

95.2 

10Q,00 

116.8 

108.4 

109.2 

109.2 





-27-

It appears from the data taken from these experiments 

just desoribed, that soluble salts and acids when added to the 

nutrient solution of wheat and barley affeot the amount of 

water given off by the plants t but this inorease or 

decrease in transpiration does not affeat the ability 

mildew to infect those plants. 

of the 

Evidently transpiration is not a factor which influenoes 

in any way the growth of the mildew. 

SUMMARY. 

The experiments presented in this ~aper seem to point 

to the following conclusions: 

:1. Wheat a.nd barley pla.nts will not become infeoted when 

oross inoculated,- that is wh'n barley plants are inooulated 

with mildew growing on wheat and visa ver8a~ more than the 

appearanoe of small light oolored areas on the surfaoe of the 

leaf, where inooulation was heavy.' Also Common emmer is 

immune to wheat illilaew. These statements are oonfirmations of 
, 

the results obtained by , previous workers along this line. 

2. Alooholic solutions as oonoentrated as 5 percent wh$n used 

as nutrient solu.tions will not bring about the growth of the 

mildew on wheat and barley plants when they are oross- inocula~edi 

neither do they destroy the immunity which Common emmer has 

for the mildew. .eaves of wheat and barley still attaohed 

to the plants t when soaked in a 10 peroent alooholic 

solution for two hours will not beoome infeoted when oross 

inooulated. 
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This is different from the oonclusion which Salmon~comea to 
." . 

from his experiments. 

3. When plants of wheat and barley are grown under conditions 

where transpiration is greatly reduoed and then inooulated with 

their respeotive forms of mildew, infection takes place on 

them as ::. on plants grown where transpiration is very much greater. 

4. Plants of wheat and barley grown in soil or aqueous solution 

containing 0.7%, 1.O~ , and 1.4% sodium chloride transpire less 

than plan t s grown in media which haY-eno salt, but the~ will 

become infected with the mildew just as readilv, ( except in 

the oase of 1.4% NaCl where the plants are unhealthy or 

almost dead). 

5. The presence of small amount. of the salts K2S04 , NaN03 
and CaC03 in the soil in which wheat and barley plants are 

growing causes an increase in transpiration. 

a sli ght de 8rease in the amount of water lost; but the mildew 

infeots these plants as readily as controls growing in 80il 

with out these salts. 

, 

6. Inorganic acids added to a. soil solution in small quanti tie s 

( n/2500 and n/5000) oause a deorease in transpira.tion , while 

organio acids Reem to produce variable results. The growth 

of the mildew on those plants is not affected by the acids. 

7. Transpiration is slightly increased in plants that are 

grown -in solution of n/EOO and n/lOOO oxalio and sulphurio 

acids but infeotion by the mildew is not affected. 

Department of Botany. 

Univers1:'y of Missouri. 
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