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ATSTRACT

Host range studies showed tirt Helntrthosmoriui sotivum Panm,,

King, and Bekke is cenable of perasitizing e wide range of plant
snecies outside of the grain and gress families,
Several barlcy verielies were tested in three locations and

shiowed no resistance to H, sativum, There wos no corvelation in tie
degree of suscepbtibility amoag trese tiree barley nurserics, Suell
grain and beans used in crop rotation iacreased the emounv of infec-
tion, Mickelite bonr wes shown to be 2 netural host of H, satiwvum,
Sporulation of H, sativum on barley straw c.ring tie growing sezson
is the main source cf inocuwlun fer kernal infection. Snorulction of
H, sctivun on barley straw appears wnere tne strew is exvosed to di-
rect sunlight,

inylase, cellulase, and sucrase were present iu acetone powaer
prevarations of H, sativun., 3Barley rlaits infected with H, sativua
s.low a higher amount of sucrase activity then vlants not ialected.,
Tie nreseace of alpna siylase, diasizse, hemicellulase, and invertase
senarately correlctes with the inhiibition of pernination of barley
geeds, Culture filtrates from E, setivum cultures containec enylase,
cellulase, and sucrase, ThLe culture filtrate had a toxic eflect on
barley seeds (inlibited germination)., The toxic elfect correleted
vositively with the presence of amylase and sucrace, and correlntec

vegatively witu the presence of cellulase,
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I. INTRODUCTION

The fungus Helminthosooriwa sativum Pam,, King, end Ballke has

presented perplexing problems to rlant pathologists siiuce it was first
discovered to be a cerezl pathogen in 1910. Since then en enormoﬁs
amount of research has been conducted and hundreds of papers have been
published on pvarasitism by H, sativun, 1In all, a great deal of know-
ledge concerning H. sativum has been uncovered, but no €olution or
partial solution has ever heen found. The variability of H, sotivum
is one of the most important and hardest to underatand asvects of

this oroblem,

In anproaching the problem in this study, an enzyme theory of
parasitism was oronosed, It was nostulated that in order for a ccni-
dium of H, sativum to invade a plant, it must first germinate and then
produce exoenzymes to aid invasgsion by breaking down the plant constitu-
ents, The breakdown products are then uscd for food by the fungus a-
long with other constituents of the rvlant., Infection results when
the commosition of the nlant and the enzyme system of the fungus are
compatible, assuming environmental factors are favoreble to enzyme
reactions,

In view of the theory outiined, host range, etiological, and en-

zyme studies were made and are reported in this thesis,



11, LITSRATURM REVIRW

Helminthosnoriunm sativum was first descrited as a fungus diseesse

cf Varley in 1910 vy Pamzel, King, and Bakke (22), Since %his firet
descrintion, much of the dicease damage found in bzarley and in wheat
can be attributed to i, s~rtivim., The fungus attacks mainly the foot
of groir nlants (foot rot) but is also immortant in meny aress as a
leaf varasite (smot dlotch) ard a kerneal blight.

During thie neriod from 1520 uc¢ 1930 en exteasive amount of re-
search wes carried on in an effort to understand and control perasi-

). Tais resenrch vnroduced

\O)

tiem caused by H. sotivum (3, &, 5, 6,
some nonme of finding recsistance to tiie disease throusi: a grein bHrecé-
ing wrosren,  Tieee hiemes vere i nisled wien in 1958 Weed, Christen-—

sen, and Lambert nublished a paper eatitled, "Zelmirntlosooriva eriismn

becomes dectructive on hitlherto resistant varieties of barley" (35).

Extensive Lost raige studies have been mede on grain and grass
varieties (1, 2, 11, 12, 14, 23, 26, 28, 29, 33, 34). Tae only
plants, other than grains and grasses, reported as having becen paras-
sitized by H, setivum are cotton, oolum ronpy, pea cotyledons, and
seeding flax (8, 13, 21, 32).

Yaturel inoculun is lmowvn to be present in the soil and in the
air (13, 20, 24, 25, 27, 31). The irmortance of tie inoculun in the
eir and in the soil in relation to infection of grain nlents during

trheir develovment is not fully understood.



Recent researci indicates that a toxin produced by H, sativum
predisposes plant tissue to infection. ZILulwig (14, 13) evalucnted

the inxin produced by meais of a burley germination test and suggested

that the toxin linits tie growtil of Z. sotivum as well ag host nlaats.
Ludwig nostulrtes tist ti.e toxin produced by the fungus affects sue-~
ceptible hosts by conditiorninz viem to infection.

Hess (17) found tirt certain culture filtrates of H, srtivan

radé a harmful eifeet oxn the developuent of barley and that the fil-

e

tretes were inactivated by a change in pd cr by bein. l.eated. Ber-
ley vroved to be 2an unsuit~ble host in these tcsts becouse its suse-
ceptihility was altered vy even slight changes in the nutrient solu-
tion and by retorcded develooment., ZEariort (7) found 2 nositive cor—
relation between nathogenicity of H. scotiwvum and toxin in the culture

filtrate =8 evaluated on seedlings of Viectorgrein 43-93 aund Soutiland
(&Y

oats,



ITI. MATERIALS AND MZTHODS

The experiments renworted in this work were all made using one
isolate (I. S. 101) of H, sctivum that vee a result of single svor-
ing through six generations, Becruse of the large nunber of types of
the fungus and the ihdefinite limits of strains, no other method of
insuring stability or reproducibility in tests wos practical,

Host Ranze Studics

To obtein a bebtler understanding of the cepability of E, s~ti-
vum as a parasite, inoculations of 24 plant species aand varieties
vere mace, The plants were selected to give a range of plant femi-
lies as weil as structural and comrpositional differences.

The seeds (Table IV.) were planted in four inch pvots in the
greenhouse, VWhen the vlants hed developed sufficiently (several
well develovned leaves) they were placed in a2 moist chamber and
sprayed with a water svore suspension of H, sativum (. S. 101).

The inoculum was prepared by scraning svores from dried potato dex-
trose agar (P.D.A,) Petri plates into sterile distilled water. The
svore suspension wes filtered through cheesecloth to remove mycelial
fragments. After inoculation of the plants the humidity in the cham-
ber was kept relatively high (70-90 per cent) for two days., After
this incubation period, the plants were returned to normal greenhouse
conditions., Uninoculated controls were included in all cases,

In nine days the plants were exmmined for lesions and where



lesions were fouud, reisolations were made to recover H. setivuxm and
verify the cause,

Three separate iunoculation trials were made in this experiment
differing only in the pnlants used and the reisolation technigques em~
ployed., The reisolotion tecinioues usecd sre as fcllows:

Trial I: &4 small section of tissue wes removed from tle edge of
a lesion and divped in a solution cf ore part commercial
sodium hypochlorite (Chlorox) to, one part $5 per cent
ethyl alcoliol for one minute, The section of tissue was
then placed on & sterile P,D.A., plate and incubated,

Trial II: Leaves containing lesions were removed and washed in run-
ning tap water for 48 hours. The leaves were then dinped
in a 20 per cent commercial sodium hyvocklorite (Chlorox)
gsolution for fifteen seconds followed hy a rinse in ster-
ile water., Small sections of tlhe tissue were removed
from the edge of the lesions and nlaced on acidified
P.D.A, (5 drovs of lactic acid ver 200 ml of P.D.A.) and
incubated.,

Trial III: Leaves containing lesions were removed from the plant.
A 3/8 inch cork borer was used to remove a rlug of ticsue
from the edce of a lesion, The plugs were vplaced in a
Gooch crucidle and divped in a solution of 1 part 95 per
cent ethyl alcohol, 1 part commercial sodium hypocihlorite

(Chlorox), 1 part distilled water for five seconds, The



plugs were then placed on acidified P.D.A., and incubated,

Etiological Studies

1. Reaction of Several Barley Varieties to NMatural Infection

In the svring of 1357 a barley rnursery to study H, s~tivum dis-
tribution was estrblished in Michigan at three separate locations.
Most of the varieties uscd in tiLis study ere rezorted Ly the Canadi-

ans to have some resistrnce to H, entivum (Tabdle II)., The three lo-

cations, East Lonsing, Standish, and Tuecola reoresent threce different
areas In Michigen where barley is grown., The =0il practices on the
sites cliosen were good; the crop rotation is shovr in Table I, The
varieties were read for inlection by H, s~tivum on culms, leaves,
lower noces and unper nodes after the plants had headed., In addition,
sporulation on the straw was also read in the East Lonsiing nursery,
The data are shown in Tabdble V.
2. The Natural Infection of Michelite Bean

Eight leaves were selected a2t random from & field of Michelite
benrns adjacent to the barley nursery at Tuscola, This wes dorne in
an effort tc correlate the pathogenicity of H, seotivam in the green-
house to the field, Fifty-eight isolatiorns were made of lesions on
the leaves using the technique of Trial III, The field in which the
beans were growing hed the snme cron rotetion ~s tlie Tuscola barley
nursery (Table I),

3, Air-borne Inoculum in Relation to Infecticn »f Barley in Michigan



TABLE 1

Crop Rotation at the Three Locations Used to Test tle Resistance to

Eelmintrosrcrium srtivun of Severrsl Barley Vorieties

Year East Lensing Standish Tuscola

1957 Torley ursery B~rley Nurscry Berley Nursery

1958 Soy Berns Corn String Barley

(Zrie)

1955 Cora Corn Navy Beans

1954 Snall Grnin Hay Oat and
Brrley Plots

1953 Sumner Follow BEny YWavy Bcaus

1352 — Hoy ——




TabBLn II

. a R . . . .
Varieties  of Brrley Grown in Kurseries &t Turee Locotions in Michigen

to Test Theilr Reaction to Eoturally Occurring Inoculiwim of Helnminth

sativam,

ROw I ROW II
187 1245
1.2 1507
€91 1517
711 1:578
731 5069
73 51

1245 2276
13€7 197
1517 LS79
1907 7269
2276 731
L5783 127
4279 5175
7265 €963
51C5 711
(569 137

Bacl. variety 1s planted in il eight-foot row.

®Bacn veriety is listed mccording to its United Stetes Department of
Agriculture Cerezl Investigrtion (C.I.) number.



To investigate the disease cycle a study of air-borne inoculum
in a field of barley was made, Soil and seed-borne inoculum of EH,
sativum account for most of the foot rot =2ad seedling blight infec~
tion which occurs in Michigen. However, tle source of inoculum
wnich gives rise to kernal blight Lad not been determined in Michigan,

A twenty acre field of barley wnich included at one end the East
Lansing barley nursery was chosen for the site of this study. Six
microscope slidees were placed vertically on staxes six incues a2bove
the ground. Each elide had a thin coat of vaseline and was placed
on the slde of the stasle facing the prevailing wiud., The stakes were
speced in the field to obtain a random eample of tne foreign spores
which might pass through the field as well as tuose produced in the
field., The slides were changed periodically during the season., After
the slides were removed from the fiela, a one inch square cover slip
was nlaced on the vaseline in the center of each slide, The slides
were then read under the low nower of the microscove (10x) by passing
across the cover slip three times at 5 mn intervals. The avcrage
number of spores per slide for each group of six slides for eacha

period was recorded. The experiment ran from April 27 to August 26,

1957.

Enzyme Studies

These studies were undertaken to determine if amylasse, cellulase,

and sucrase were produced by H, sativum and to correiate the produc-
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tion of these enzymes with the pathogenicity of the isolate and the
effects of such parnsitigm on the host., Amylase, celiulase, and su-
crase, as referred to in tris thesis, iunclude a2ny or all of the enzymes
which could te present and could hydrolyze soluble starch, alpha cellu~
lose, and sucrose respectively.
1. The Preparation and Reaction of Acetone Powders from H, sativua

To determine the presence of amylase, cellulase, and sucrase,
acetone powders were made in the following way: thiree Fernbach flesks
containing 200 ml of potato dextrose solution were inoculated with
H. S. 1901, The flasks were the:n incubated a week et 28° C. The my-
celial mat which had formed was harvested and made into an acetone
powder (Table III1). The acetone powder was then frozen and used &s
needed for reactions. To test the acetore nowder for amylasse, cellu-
lase, and sucrase, a vortion of the nowder wos added to 40 ml of gless
distilled water. The solution was then vpleced in a cellorhane membrane
and dialyzed for twelve hours at 1° ¢. against one liter of glass dis-
tilled water, After dialysis, the solution was centrifuged to remove
debris (a few minutes in a small centrifuge is sufficieat). The
supernatent is voured off and added to a substrate to test for enzymes,
This is accomplislied by adding 2 ml of the enzyme solution to 10 ml of
substrate (1 ner cent wt./ vol. soluble starch, alvha cellulose or
sucrose) and incudbating the reaction for four hours 2t 220 C. Tae re-
actions are best 1f run in 100 ml volumetric flasks and coutaminstioan

may be excluded by adding a small layer of tolueune. At tlie end of the



1.

3.

6o

7o
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TASLE IIiI

Preparaticn of Acetone Powder from 2 Mycelirl let of

Heluinclosrorivm sotivunm

Filter off the mycelial nat from the liquid media ucing a suction

filter witi.cut filter peper,

Place tiie mot in 200 ml of sverile gless distilled water in a
beaker aal eiare a few seconlds to dissolve pnriicles Trow the

nedia wi.ici may pe adhering to tie mat, Filter oll the net with

suction, Rewncal the process iiree times,
Place thue mat in 200 ml of cold acetone for 24 Lours,

Filter ofl scetoae by mcens of sucvioxn erd suck air through mat
for 20 scconds (if derired, mat may be wnsked with 200 ml of C.P.

ethyl ether before sucking eir through tiue nnij,

» - o [ 2l -
Dry mat in vacuo for two days at 17 C. (sulfuric acid or some other

drying acent may be pleced in the bottom of the dessicator).

Grind mat in mortor erd pestle mechire for a minimum of two Lours,

2dd sterile sez send and 1lled woter as nceced to facili-

}.J
"
-
0
o))
tie
”
o
[

< s . . S . o
tate griunding. This opeiration siould ve carried out at 1° C, iT

poceible,

Pour ground mrt into an airtight pyrex conteiner and freeze, Tiae
ground met is the acetone powder, Remcve vortions of the acetone

powder as needed for ernzyme reactions.
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four hour resction period, 2 ml of Somogyi's reagent (30) are acdded
and the flasks are vnlaced in boiling water, The boiling water stops
enzyme reaction end speeds the reaction between Somogvils reszgent
and reducing sucers. Flasks in which sucrose 1s used as a substrate
ere bYoiled 10 minutes, soluble starch and alnha cellulose flasks 20
minutes. he flasls are cooled =ad 2 nl of Nelson's reagent (19) are
added to hring out a stable color. The final =olution is diluted to
100 ml with distilled woter, Checks of 2 nl of engyme solution and
10 ml of substrate sclution are made at the eame tine. After the re-—
action seclutions heve heen diluted to 19 ml, they are rend in a
Klett-Summerson colorimeter, ne readings of a2ll solutions are re-
corded ard then converted to equiverlent mg of glucose which would pro-
duce the same color under the conditions of the recction minus the
check values.,
2., The Production of Sucrsse during Paragitism

If amylase, cellulase, and sucrase are necessary for varasitism
by H. sativum, then vossibly infected nlants would contain a greater
amount of such enzymes as compared to noninfected wlants. This idea
was tested on Odessa barley (C.I. 934) grown in the greenhouse, Half
of the nlants were inoculated with H, sativum and half remained as
uninoculated checks. Two cdays later lesions had anwneared on the in-
oculated nlents and leaves of infected and vairnlected mlants were
harvested, Samples were telren from leaves which were fairly uniform

in size hy cutting ouvt scctions asproxinntely 1/2 em sauare., From
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this materizl .2 g of infected tissue and ,2 g of w.infected tiercue

were weighed out, ZEacu weiohied sarnle vas then nlaced in 2 sterile

-

'

270 nl Erlermeyer flask, After freeziiu: the ermnles for 24 hcurs, 30
ml of gless distilled water w-s ricded to erci flasiz, T.c¢ flnsls were
placed on a recinrocal sheker for 17 hours &% 25° C. Tie suvernctent
wes Tiltered off and used in tiese studies. ILach solution wrs c¢i-
elyzed and tested for sucrese sclivity as described in the vreceding
section excent thet 2 .1l of 1 per cent sucrose ond 2 ml of exnzyme
solution were reacted at 37° C., Checks were mace of the eng,iie solu-
tions and the substirates. Results are recorded as ecuivalent mg of
glucose whicih would give the same cclor minus the check vclues,
3, The Eflect of Extrz Fiz;mies on Barley Seed Germinetion

2, Effect of nurified ens mes

£

The effect of enzymes on the gerninotion of berley seed
weg tested using the method describted by Iwdwig (14, 15). Tae
purnose of this test was to determine whether enzymes would
actually inhibit the germination of barley seceds. Twenty-five
seeds of a bright Mentcalm barley samnle (C.I. 7143) were
placed in 2 test tube, 1.0 an¢ .1 per cent wt./vol. solutions
of enzymes were made usliy: gless distilled weter es a solvent.
Five ml of solution (cuzyie vrensretion or o liure
wore adled ané tlie seeds were alloved to soalr ia this soluw
!

for I Loura., AL tie €6 of tie & Tiour eo~lirg: meriod, tihie seeds

+-ere vlaced on moist filter pemer in & Peiri disihi and incubnt
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at 22° C, for 3 days. Erch treatnent wae reneated cix times,
After three doys tl.e sceds which hnd germinnted were counted
and the percentare germinatioa wes comouted. Checlks were made
using weater and water covered with toluene because the enzime
solutions use? were nrecerved under tclucre,

. Effect of amylase, cellulase, end sucrase prcdiuc:i by

H, snativin
Tnis expcriment wes desigred to show whether H, sntivmn
produces anylase, cellulase, zad sucrase as exoenzymes in cul-
ture and whether these enzyries are relatzd to the toxicity of
vhe culture filtrate to barley seeds in tihe serminzation tect,
Five 250 ml Erleameyer flasls containing 25 ml of sterile
rotato dextrose solution were inoculated with 1 nl of a syore
ausrension of H., S. 121 and incubrted at 23% C. Starting on
the first day =ud each successive day for 4 doys, the following
lnta were recorced!
1., pH of media after dinlysis
2. nl of nedia ~fler growth
3, veiriit of tlie mycelia (ary weight)
L, incrense in wei,ht of myvcelia (groviin increacnt)
5. voxicity of the media to borley seeds
a. filtcred media (1:0)
b. media diluted 50 ver ceat (2:1)

c. media diluted 170 per cexnt (1:1)
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d. cinlyzed media
€. activity of enzimee in dialyzed medin
a, am-lnse
b. cellulase
c. sucrase

Tie nH of the filtered media was determined by colorinetric
methods after the media was dielyzed for L hours at 1° ¢.
" egainst £00 ml of rless distiiled water.

Each flask was harvested by filtering the mycelia on a
pre-weighed filter poper., The volume of filtrate wns measured,
Tie mycelia and filter raper were dried in an oven for 2 days at
60° €., and then welghed.

Trhe toxicity of the filtered mediz wvas t

)
(&)
ot
4]
%
)
IS

25 tarley
sceds as described in nert a, ebove, The culture filtrete wrs
tecgted in scries of 1:0, 2:1 and 1:1 dilutlons, The tomicity of

-
L

tiie filtrote wrs Plso tested after dizlysis., Results rre re-
corced as nerceuntsge gerainevion,

After dinlysis the media was tested for amylese, cellulrse,
ané. sucrase activitr, Enzyme resctions were incubated at 370 C.
and re=sction mixtures were vrotected from contamincotion bty 2dd-
ing 2 small amount of toluene, Sucrcse reactions were incudrted
for 4 hours while nmylase and cellulese reactions were iacubated

for 138 hours. To improve the cuantitative results ir the cellu~

lacse reaction the solution wes filtered after incudation to
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remove tne celiulose prirticles which cause tie solutici to ve
turbid and to disturb ti.e colorimetric readinzs. The filtered
cellulnee was wosned with distilled weoter to assure lact all
the reductinn nroducts were vresent for the color test. Somogyl
and Nelson reggents were rided axd the final volume diluted to
10C ml, Tne culorimeter recdings for each snlution ere recorded
ag écuivvlent ng of glucose wiich would give the cniie color eas
tl.e reductior nroducts of the enzime reactic:i, Four nl cf ex=
vue solutios (dizlyzed media) wns run 2s a colorietric check

and this value wrs subirccted from the value obicined in the

eazyne reaction.



Host Rniye Studies

Ry

All of the species aud varievies tested proved to te Losts under
the conditions of the expcriment except for cabiinge, rodish, wild cu-
cunber, and winter oets, Winter ocals are ¥rowa to e susceptitle to

sctivum wnaer certein enviromrental conditions, Tae lesions which
ayvecared in Trial I =2ad Trial II were not successfully rciecolsted in
many coses becruce the sterilization techniaues were tco harsn and

killed the nathogen (Table 1V), Tre mocified sterilizetion tecluilioue

used in Trial III was highly successful,

Etiolosical Studlies

1. Reaction of Several Berley Varietieas to ¥atural Infecticn

The vrrieties tested slhiowed no correclaticn in resistauce from
one location tc another. None of the varieties displeyed a high
anount of resictonce to inlfcction, In the Jact Lansing nursery
siorulation of H, sertivim on the sircw seemed to correlete (> ex ex-
tent withh iufecticn of the culm. Generally, irfection was in tle
form of culm rot, MNodes vere infocted in almost every veriety, Al-
tanveh the leaves were usually infected with H, snbivwi, tie denase
was not extensive and soorulation éid not occur on tue lewves, In-
fection wes generelly heavier #t the Tuscola locctiomn,
?. The Yatural Infecticn of Michelite Becn

Of the 53 isolations mnde, four (3.5 per cent) nroved to be

17



TASLL IV

Regults of the Bost Renge Study Showing tie Flents Iaoculntcd in Xach

Trirl, the Avnerrnince of Lesiona, »:l tlle Reisolrtion of Helniatros criuva

s-tivun from tiie Lesioas,

Triel I Triel TT Trirl ITI

Plant Host I R L R L R
Bean: Bluwe Laxe + ¢+ + - + 4+
Fordhook Xo. 242 + = + - + 4
Grest Ilorthern + - + - + 4+
Icaho + 4+ + - + +
Michelite + O+ + - + 4
Pencil Pod Black Vex + - + - + o+
Crucifers: Chinese Marninrin + - - -
Danish Baldhend . - - -
Premium Flat Dutch - -
Visccasin Hollander - -
Early Scarlet Radish + - - - - -
Corn: Goldexz Croe~s Bentam + + + - + O+
Cow Pea: Black - o+ + 4+
Cucurbits: Yationel Pilcilliag +  + + - o+
Mammoth King Pumnlin + ¢+ + 4 + +
Wild Cuecrrder - -
Horge 3ean + - +¢ =~ + o+
Pers:? Aldermen + - - - + o+
Small Greia: Borlerr G34 + 4
Barloy 5105 PO 4k
Winter Oats - -
Sunflowver + o+
Tcnato! Boxnice Beed + - + ¢+ + +
Rutgerg + +
2 L (4) irdicetes lesioa uroduced by H. sriivua
O R (¢) indicates reisolation of H, s~tivun from lesions



PLATE I 17

Infection of Four Plant Species by Artificinl Inoculation wiih Suvores of

Helrinthoenorium g-otivua,

1., Michelite Bean 2, Bliack Cow Pea

3. National Pic¥kling Cucvmber L., Rutqers Tonnto
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PLATY 11

Four isolntions of Eelninthosvorium sotivam fron arti-

ficinlly iroculrted lorves ¢f Faaroth King: Pumirin,

Tote the varinticns nuicny tiie colonies.

Nine isolntes of IIcliiintlocnor

tm cotivua from arti-

} e

] 2 B

ficinlly inoculrted wlants., Reanding left to rigat, too
row, Black Cow Pea, Odesca Barley, and Fational Plckling
Cucumber; Micdle rcw, liramoth King Puauvlin, Golcden Cross
Sweet Corn, 2nd Blue Lake Bean; Bottom row lichelite Bean,

Idaho Stringlecs Lefugec Dean, and Michelite Beern,
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Renction of Barley Varieties to Natural Ianfection by Eelninthosucrium

csativun,

and Infected Plant Parts,

at Enest Lansing Is Coumovarcd to Plant Infectiom.

Comrrisouns Are Made r.ons Locntioas of Yureeries, Varieties
= = ’ ’

Steorulation on the Straw of Infecicd Fleats

Barley ' Zast Leusing Stenaisa Tuscnla Enet Loncine Suvrndich
Varietins §j°1;“1 Culinis Lvs Culus Lve Culus Lvs Us LY LY
€569 L M L L L M L M M
5105 L L R L q M L ¥
7256 M H L M L M M I E M i
L3579 L H H L L H H K H L L
L578 L L L I M M M M K
2276 L L L I M H M H
1507 L L M L L H M L L L
1517 M M L M M M L ! M
1367 L M L M M H K L Mo
1045 L L L M L L M 0 0 L L
735 L L L L L N L 0 N L L
711 M H L M L H M 0 NOM
891 M M M M M H I H 3
153 L L L L L H L L M M
137 L M L L L M L H L L
731 L L L M L M L o) KN
Dete Read: A;g. July 15 _i;éi_ﬁ?' July 9 July 15 ing é/,
H 0 = Mo Infection Tl = U lloces Lvs = Lerves

L

The

i

Heavy Infection
Ligiit Iafcction

M = Medium Infection

T

o
L, = Lower icics

afection rabting in tuis tabvle is the avercge irfection of each veriey,

at eccii locoticn,



Sporulation of Helnintilosvorium gs~tivun on Barley Straw Stimlnitcd by

Surnlight

1. Heavy svorulation of Alternaria sn. and Eelrin'-es-oriua gzodiviva,

2. Moderate svorulrtion of Eelnirtlicenoriwa setivun.

3. Heavy sporulaticn of Eelmintlosiorium s~otiwvia,
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H, ectivum, It was interecting to note that Alternrrin sn. was th

most frequently isolcted orgenism,.

3. Air-borre Inoculum in Reletion to Infecticrn of Berley ia Michigen
Conidia of B, srtivin ¢id not 2ypesr on the encre slides until

late in the growing seasor., The barley hended on June 20. Snorulae-

tion of E, setivusn on tae strow was first noted on July 31. Tae

first slides which showed conidia of H, es~tivua were remnoved from

tlie field on August 3. These clides avercgoed 4.5 spores per slide.
A1 siides thereafter, until the experinent terminated on August 25,
averaged 2 snores ner slide,

It wos noticed thirt socrulntion of H, sotivas in the field on
barley straw wes affected by sunlight, Snerulation 2lwr-ys »uvenred
on the etraw in view of direct sunligrt. Csareful exrminotion of the
strew elinin~ted the wossibility thet the reaction ves crused by
humidity, grevity or temperature, Alterrroria sp. wes found speru-
lating with E, sertivun oa the strew in mrrny instances. Practice en-

ables one to distingidish the two typves of svorulation,

vo.e Povcere fren I ¢““\nu1

Experimenta vitli ecetone wovicrs rreprred fron I ST G-
vealed thetl emylose, cellulaese, and sucrree wcere vresent, While the

totive

Fao

ections all sliowed the nresence of the ensyies, no cusnt
estimetion of the engzvimes wrs mace, A tyvicel reaction gave tne fol-

lowing results:
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(Mg Equiv. of Glucose)

Substrcte Eamme Tested For Reduction Products
Soluble Starch Anylase 4,8
Alpna Cellulose Celluicse 5.2
Sucrose Sucrase 8.0

In every reaction using acetone powder as an encyme source and
e four-hour incubation period at 270 C.; sucrose wos Lydrolyzed the
nost, soluble starch was usually second and elnha cellulose third,
2, Tl.e Production of Sucrese during Parasitism

Yg Zouiv. of Glucose)

Substreie Enzyr.e Source Hecuction Products
Sucrose Infected Bnrley Leaves L
Yoninfected Barlexr Leaves 3.64

These results indicete tlirt the infected brrley nlents had a
€3.19 per cent grenter sucrase activity than the noninfeccted vlents,
3. The Effect of Extra Enzymes oun 3rrley Seed Geruination

a, Effect of purified erzyues

Alvnha anylase, diastese, hemicellulase, and invertese in-

Libited gernination (Tadble VI). Yone of the other enzyincs

teeted showed any avpreciable inhibition of germination.

b, Effect of anylase, cellulaese, 2nd sucrose produced by H,
s~tivum

The Geta obtained in this experiment are shown ia Trhle
VII and are illustroted by Graphs I, II. The p3 &nd mycelial
weight incrcased each dey while the volune of media decreased
slowly. The filtered medi~ rad a toxic effect on berley secds

in the barley seed germination test, The 50 per cent (2:1) and
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(1:1)
100 per cent dilutions as well a2s the Cirlyzed mecia were also

toxic to barley seeds. Anrlece, cellrlase, #nd sucrase wvere
vpresent in the wacdia rs exoenzymes vroduced by H, s-tiven, The
recsults of the enzyue rersctions day o7 drny correlate with the
toxicity of the medies in the borley seed germination test, The

~

toxicity of the med

[N

a to berley seeds incrensed vwith en iacremse

b ~ AL

of amylnse 2nd suciase sct

D

§ e

vity in tiie nedia. The onvosite ef-

r

fect wrs odecerved for cellulase activity,
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TABLS VI

The Effect of Extra Enzymes on the Germinetion of Barley

Solutions Tested Per Ccernt Gerniration
Distilled Vater Check T4
Distilled Vater-Toluene £2
0.1% Alnha Anyicee L7
1.0 6 Alnha Anyi-ce &o
0.1 Dirgtrce 32
1.0% Diretree 13
0.1% Hewiccllulose il
1.0% Eenicellulrse 33
o,1ﬂ Irvertcse 33
1.C% Iuvertese LG
0.1% Pectinrce 9
1.0% Pectinese €7
0.1}; Prote:se 71
1.0;’\; Protease 73
0.1% Proteinrse 75
1.0% Proteinase 71

A1l of %lLe ahove solutions icre mede un on a weight/
volune besis ond were precerved witis e swcll onicunt ol tolucue,
Tr.e enzylcs vwere vroduced vy the fulritionnl Biccl.emicels
Cornoration,



TABLL VII

Data Recorded from Liguld Culture of H, escvivun

27

M1 Grons Groams
PH of of Myvcelial Enz;me Activity
of Media Mycelial Dry (Mg Feuiv. of Glucose)
Filtered eofter Dry Weight

Doy _Media Growth Weisht/Ren, Increcse Am-lcse Cellul-se Sucrose
0 5.8 L1.5 0.0000 0,0CC0 0.00 0.00 0.00

1 6.0 43,0 0.0030 0.0030 0.62 0.12 0,00

2 6.6 L1.5 0.0075 0.0045 1.55 0.4 0.00

3 6.4 33.0 0.0£C20 0,08605 2.16 0.00 0.06
L 7.0 35.0 0.07015 0.0135 C.58 0.09 0.10

Toxicity of Culture Filtirate
to Barley Seeds
(Per cent Germin~tion)
Filtered 2:1 1:1 Dialyzed

Doy Mcéia (2277 Dilution Dilution Medin

0 Lo 52 34 €0

1 50 Le 56 80

2 £S5 36 76 €8

3 23 e8 64 43

L 0 12 12 32
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Anylrse, Cellulase, and Sucrese Activity of Dialyzed Culture Filtrate

— Amyle=e (158 Lr, Recction)
—_— Cellulase (148 hr. Reaction)

Suerase (4 hr, Reaction)

GRAPH TII

Toxic Effect of Culture Filtrntes on Barley Seeds

2.5
2,0
1.5
Mg
Equiv,
Glucose
1,0
o5
100
80
60
Per Cent
Germi-
nation

20

Filtered Media (1:0)

—— — Dilution (2:1)
———— Dilution (1:1)
——e—— Dialyzed
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V. DISCUSSION AID (COXNCLUSIOH

Eost Range Studies

&

H, sntivum 1s a capeble rvarasite which cnon attack a wide range
of nlant species. In the case of the members of the Cruciferae which
were not perasitized in this study, the reason may lie witiiin the
vlant, i.e., perhans the rlant has a toxic commound which inhibits
the fungus or perhavns the surfsce of the nlant contains a2 comnournd
which the enzymes mroduced during vneresitism by H, s-~tivun cennot
break down, This isolate (H. S. 101) may not be able to marasitize

members of the Cruciferae but some other 1solate may be able to,

Et:iolosicc) Studies

1. Suscentibility in Berley Varieties

Wrnile none of the barley varieties tested wrs resis

“
(s
o
]
<t
o
5]
é
-

to encourage a breedins nroject, tre nurseries scrved a useful pur-
rose 1n vointing out that some other method of control may be more
desireble. Tae incidence of e heavier infection at tlie Tuscola nur-
gery coupled with tlie rotation data indicate tlie imvortance of crecp
rotstion in relation to the build-=up of inoculum, This is also em-
rhasized by tne isolation of H, sstivum from Michelite bLean 2t Tus-
cola, ZEnvirorment and the genetics of H. scotivun, 2s they effect
the imvortent enzimes uced in porositism, are nmore irmortant to the
etiology of thiis {iseree thnon the resicteiice cf Lerley.

2. Air-borne Inoculum in Relntion to Infection of Berley in Michigen
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The vrincival source of inoculum for kernal infection is =2ir-
borne inoculun which epnears after the berley hes headed, his wes
cleerly indicated in this study and cornfirms a study which lMachacek
and Greaney made in Canada in 1935 (17). A gcod cenl of the 2ir-
borne inoculum wiich is fourd during the tiiie the herd is open to

infection is from the barley straw which hosts abundant conidia of

H, s2tivum,

Enzyme Studies

Amylase, cellulase, and sucrase are produced by H. s~tivum and
may be found in the acetsne nowder preparetions or as exoenzymes in
culture filtrate. This information cour.led with the increcese in su-
crase activity in infected berley nlants and the toxic effect of amy-
lase and sucrzce on pvarler seeds surport the provosed enszyme theory
of naragitism. Of 51l the erzymes which H, sebtivim probably contains
in its myvcelia, none can bYe immortaant or even useful without the er—
zymes which nrovide the initial fcod. It is pronosed here that amy-
lase, cellulase, end sucrase are anong thie nrincinal enzymes which
provide food and cstablish narasitism of the nlant,

This recearch docs not prove that the toxic effect which shovws
up in the berley secd germination test is tle direct cruse of toxi-
city, tul rather that the presence of engzymes correlatcs with the
toxic effect. The actual toxicity may be due either direcctly to tle

reaction of an enzyme or indirectly to an engzyme reaction vbroduct,



VI. SUMFARY

srtivun heos 2 wide host ronge end is crpable of parasi-

1.

T

tizing meny snecies of wlants.

2. No source of resistarce to E, sotivum hns been observed in
herley varieties. 1In brrley the suscentibility of a particuler veri-
ety canrot be evaluated because of the wide ranze of variation in the
jieolates of H, sctivunm in one location.

3. Srorulation of H, sativum on barley straw correlates with
varietzl infection, Sworulation is stiiwlrted by sunlight,

L, The isolation of H, srtivim from Michelite bean and th
ceneral increase in infection where besns and grein are grown in suc-
ceseion voint out the importence of rotation,

5. Air-borne inoculum in Michizan is the principel source of
inocuium for kernal infectiorn. iIbet of this inoculum is from the
snorulation of H, sztivun on the siraw of the current season.,

6. Acetone vowdiers nrepared from E. sativum contein amrlase,
cellulnse, and sucrase.

7. The activity of sucrese in infected barley is greater than
in noninfected barley plants, The additional sucrase in infected
vlants 1s nrobedbly caused by H, s=2tivum activity.

8. Alnha amylase, diestase, hemicellulase, and invertase have
2 toxic effect on barley seeds and thus inhibit gernination to an

extent,
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9. Amylase, cellulase, and sucrase are present as exoenzymes
in culture filtrate., The nroduction of these enmymes can be corre-

lated to the toxicity of the culture filtrate to barley seeds,
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