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*■»*. .â rw«AitBBi passing through a aeiv« tubs 
s e l l  m i l *

C* Ganaral riois of sg-coliusa within a 
parenahyaatau* call*

L* passing through a sĉ Xorsndsgrauatons
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In the United states, *iiplodia disease4, MttNsd by M plodfia seae 
(Schw*) £ev#, is one of the most prevalent diseases of dent com# ife* 
corn belt from eastward seems to offer conditions beet suited
to it* development, but it has been reported as far south as Florida 
and. Texas* and ha® occasionally be®® observed in the Pacific Morttieest# 
For the year 1SS8, the estimated annual redacti00 in yield from t> sea® 
in Illinois aim©* was 80,777,000 bushels or twelve per cent* luring 
this same period a loss of 102*000 bushels or G*S per cent was reported 
for Maryland (54 >«

•llplodis disease9, though ®cn*"ey»besiie, ©an under ©ptisan® growth 
eonditIons, attack practically every portion of the maturing corn plant* 
it also assumes the form of a seedling blight* The most evident and d#~ 
©tractive form of the ,D-iplodia disease* is the welding or rotting of 
the ears, tiooi rot also is ^uite prevalent and destructive* Reddish 
or purplish spots of varying else and shape an the leaf sheath are 
caused in part by this fungus# 1 leas evident, but destructive form 
of injury due to &* %e&® results fro® its attack upon stalk tissue 
of the maturing com plant* This stelk rot reduces the yield through 
premature death and frequently causes lodging of the plant*

The principal method of stalk infection according to lurrell (8)
Is as follows:

iPyior t© flowering, the ll&ules of the leaf sheath clasp the stalk 
very tightly# after the flowers have matured and stalk elongation 
has ceased, the action of the wind on the leaves causes the ligule® to 
loosen and expose the sheath cavity, thus making it possible for masse®
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of poller* together with much. »p«r*?s m  ®my hm pmmmmt in the &lr# to 
collect here* $Ms asses of moist polios ferns m  excellent sedlaiM
for ftegu© growth mti from this mure® of inoetiXmi hjrjpbss invade the 
stelk timmm®m

ftes prlBOipol njetfcod hp TRfclcfe the pmtfeogos is ©srricd over winter 
is undoubtedly in eitber ths vegetative or fruiting condition o M  
©talks or discarded ears* It too heeis shown, however, that tho fmtgos 
eon grow in ordinary field is oil eentstalng; organic natter, so it is 
possible that it mm live in soil i*s a purely saprophytic afi»ner# inde­
pendent of old he«i i m I m *  lisd is believed to be the prineijml 
agent la disssminstlefi of the spores*

1* ffe&c on setive feeder and Is reported t© v. rodtiee xnsaercms 
erapsses bgr which it digests the censtiicents of the im% tieaee that 
it .psrassleou i*nrrell (8) states, • ♦ * • «utlltsstle* of eellel.es* hy the 
fxmgum is of particular interest, as the penetration end growth in the 
stalk and weakening of the nodes are thos sere readily oaderstood*1*

messttres for eooiroX of .â ae have in the pa#ts hesnc ssntte- 
hien, crop rotation, care in curing and storing the harvested crop, 
seed disinfect ion, snd e^re 1b tbs selection, storing sad testing of 
seed corn* In More recent years, with the advent of r̂ r&rld com, * 
acre effective control has been Introduced 1 the breeding s*sd selec- 
tlesi of 1-* ae&& resistant inh.?ed lines of dent com combined with sub- 
sequent l^bridiration sad testing for resistance of the hybrids#
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In order t© grow com under conditions of controlled mitritle®, 
twelve nutrient ©olution tanks, similar t© those used, 'ogr Sheer (42) 
were constructed* these tanks were made of 24 g©UM© galvanised iron, 
bound with one inch angle iron end measured approximately $Qx4x$ inches* 
Xbe capacity ©f the tank® was approxiisiately 270 liters* tops for the 
tanks were constructed of on© .inch pine shelving* Sasket®, measurijag 
4x4x9 inches were made from 1/4 inch mesh galvanised wire and fastened 
below opening® in the wooden top®* Bach tank accomodated twelve plants*
cag.i)

All galvanised metal surface-® exposed to solutions in the tanks 
were coated with pur© asphalt to prevent sine toxicity*

The solutions were aerated by mean® of a ©mall paint sprayer air 
compressor, for thirty minutes at Intervals ©f two hours* An electric 
time clock provided automatic control. A half inch black iron pipe 
line to -each tank and m% 1 aerator*, eons is ting of a 58 inch length of 
black iron pipe, drilled at eight places with 1/S2 to X/b4 inch holes, 
capped at one end, and with an elbow and 14 inch length of pip® at- the 
other, completed the aeration system. Bobber garden hose was utilised 
as connection between air lias and ’aerator1*

A mean® ©f supplying Iron solution to the tank® at a uniform rats 
throughout the day was devised by the author* An automatic dispatcher 
(Flat© BE), consisting of a separator? funnel with a ground glass valve 
at the top as well as the bottom, wa« operated by means of an electro­
magnet, through the air compressor tine clock* the two valves were
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connected ey a lever era la such a m y  that when cot w.s closed the 
other wa® open# The®, when the elect ro-oagx&et operated, the ftlw at 
the bottom of the separates? funnel cl©»edf and the valve at the top 
opened* Thte adjustment enabled the solution fro®, the supple bottle 
to flow into the separatory funnel until full* An air vent tube,, 
running above the supply bottle provided for the escape of air in the 
separatory funnel* At the end of the thirty minute period, m  the 
current was cut off, the elect re-amgnet dropped back to its original 
position, opening the lower valve and. dosing the upper* A glass 
tubing pipe line supplied each tank with iron solution as it mm® from 
the dispatching separatory fennel* The individual flow to each tank 
was regulated to a urti'em drop- by means of screw clamps*

A solution level Indicator fear each tank was made of a cork float 
attached to a stiff rod which, ran up through a hole in the tank top, 
past a marker* This indicator made lifting of the tops unnecessary• 

in the greenhouse, supplementary lights were used* One 75 watt 
bulb in a fourteen inch reflector for each tank was sufficient i'or 
normal growth and flowering* The height of bulb above the tank we® 
adjustable* An electric time clock operated the lights to give daily, 
the equivalent of fifteen hours of light*

A red cellophane covered wooden frame, Isr&e enough to accomodate 
full grown plants permitted the growing of corn plants under light 
condition® where all wave length® shorter than appro*imately 529 *p 
were eliminated. This frame had an sir vent at the top and a door in 
the side to facilitate addition of water and chemical® to the tank* 
trl&te 5



uermin®bed seeds were planted in the tank© to Insure a uniform stand* 
The seeds were treated ■with &e^esan «Jr. and placed at two inch intervals 
on a piece ©X closely- woven cloth# The cloth and seeds were placed 
on wet sterilised sand and cowred. to a depth ©X about on® half inch 
with sand. ^hen the eoleeptiie length was approacistetely one inch* the 
cloth wee lifted out of the s .und and the seedXin&e carefully removed 
from the cloth# This procedure reduce*. the root hair damage to a 
islnimum. The plants showed very few effects of trsns plant lug*

The wire baskets of tire tank tops w*re filled to the level of the 
solution with sterilise® c**a—sis# gravel# Two seedlings were pi anted 
in each basket* in such a manner that their roots dipped into the sole-' 
tian, but the seed itself was above t m  solution# the plants grew, 
gravel was filled in around them to provide support# T*hen it became 
evident that the plants were well establish#*;? they were thinned to one 
plant per basket#

bolutions used in the tanks curing the s'û ner of 1940 ur® presented 
in fable 1* i*il tanks received a uniform addition of 0#fS p.p.r*. each 
of boron as boric acid UigbUv. ; and manganese as nangmrioiui sulphate 
^nbu^.ghgU). ii daily ado it ion of 0*5 p.p.m. of Iron as ferric citrate 
{i«C $,15.47) wss added to ©set phosphorus deficient tank. The remaining 
tanks each received a daily e4d.ition of 1 p.p.®. of Iron a® ferric 
citrate# The ph of the solutions was maintained between 5.0 and S*5#
There were f our p i ants from each of thro® seed sources to a tank#
Tanks 1 to b inclusive contained plants chosen on thm basis of their 
relative susceptibility to X* see# stalk rot as Indicated In an Illinois 
mimeographed report# (20) these were s susceptible— &4 x 4~8f fairly 
susceptible— ot x 90, and resistant hy x 56-11. Tanks ? to 12 inclusive
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contained plants of each of three inured strain* chosen cm a correspond—
lug basis* (20) The*® were* susceptible— &4, fairly susceptible— 90f. 
E©d resistant—-Its—IX*

The *a«s ©et of six treatments was applied t© both cross©© and 
inbred strains*

Tasks 1 and 7 bad the full nutrient solution and w«?r® consider®©
as cheek tanka, became® they received no mdritio&ftl treatment*

Tasks g and & received & solution deficient in nitrogen*
Tanks & end § received a selation deficient In phosphorus*
Task© 4 and 10 received a lolition deficient in potassium*
Tasks 5 and IX received a full nutrient solution, and tie plant® 

were kept clipped back to two-thirds their nomsl leaf area*
Tanks 6 and 12 received s. full nutrient solution and the ears 

bagged to prevent kernel format ion*
Solutions in the tanka were changed three tisaes during the grow­

ing season at such times m  were required for best plant growth-* On®
half the plant® in each tunk were inoculated with m single spore isola­
tion strain of X* *®ae (Is 9) two weeks (Aug*4) after flowering, and 
readings mmdo twenty nine day® later (Sept*!)*

For the winter of I&40-4X six tank® were set up in t-fc« greenhouse* 
Three tanks were planted to single crosses * $4 x 4—62, ©£ x 90 and
%  x 53—11* The regaining three tanks were planted to three £8 lines 
of dent com which had shown a tendency toward susceptibility to &• a*aa 
in the 1940 field Inoculation® • These lines were designated as hi, 12 
and i&*

Attempts were made to alter the carbohydrate extent of the stalk*
The F® line© worm grown at low, normal and high nitrogen levels in
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TABLE I

Caaatlttttion of solniiccuB usw<3 in stmtif of th« ejffoet* of nutrition cai 
tbm Tm&Gt±m of earn to LLs?lodia $£&& for tlie of 1.940. il?)

i-i* solar »#
Salt soluticm 

pmt tank
**11 tefcrlent.
K on.̂ | X4S
o& s 230
JL 8S&
ĵ gS04 262108
&&4&Qe IS 10

Totals
hunt

M U
Oai’M'Ojt)® $8
CaClg £UH
%S04 4t7
% S m4 S?0
hl.iÂ *M IS 2

Totals

27wa v>0^ ) g 2- 00
U»C$ SSS262 108 

1810

M4
108 3S 11 1510 OS 68

KajjlrÔ  1 5 0    __  4§,
Totals 42 56 1.6 155* ~63 51 ~  50

Ca A & & &
—— —— — — **...■■•*— ~~~~ 0 %

ai SO
42 SO

its 44.
as $118 11

m , §8**2 50 144 1SS 08 $1 so

21 so
10 7
52

its SI
S& 44

? . 7
4Z 8S 144 14 1 m  so

4 10
42 SO

its 44155 51
18 11

68 LB
__it . _ JM_____ __Totals 42 50 144 1S5 63 .101

At.zi-'-‘i 11 1.6
236 42 50

»a*i% 8S5 44
268 26 61
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tanks 7, 3 and 9 respectively* the single crosses were grown at high 
nitrogen (tank 10) ami normal nitrogen levels (tanks 11 and 18t}#
Tank IE was fitted with the previously mentioned red oolXophmm chamber*

One half of the plants in each tank were inoculated with j>* aeee 
strain ^-1 two weeks after flowering, and readings were nad* three 
weeks later*

Solutions used In the greenhouse (Table XI) were suggested by 
Dr* 4* B* Sayre, B*S.£.ifc*, Ohio Agricultural Experiment Station,
booster, Ohio. Xb addition to the salts in the shore table,
boron, eeisgaoese and- iron were added at twice the rate need in the 
aranner of 194Q*

In the summer of 1941, some of the treatments carried on in tanks 
the previous aummr were repeated under field conditions# One hundred 
plants of each of two inbred lines, M  and X®, were planted in the field 
corn nursery* Twenty plants of each line were bagged to prevent the 
formation of kernels. Twenty pi ants, at the time of flowering, were 
©Xippecs to two thirds their leaf area. Twenty plant® were marked as 
cheeks and received no treatment# At a different location these sane 
lines were planted under conditions of high nitrogen, two top dressings 
of Chilean nitrate feeing added during the early growth of the plants«
411 plants were inoculated with £. zt§®y Strain l—l, two weeks after 
flowering# fading® were made three weeks later#

Tea single spore isolations ©f 9. yo&m taken froa a naturally 
infected com stalk, were made and tested in the field in 19S&* imm3 
probably to unfavorable cnvirontisent̂ l c end it ions for the growth ©f 
the organism, n© perceptible difference in virulence was observed, 
the infection being confined in most cases--, to the inoculated intemode#
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XI

Constitution of solutions useti in rta.dy of the effectm of nutrition 
under greenhouse conditions on %hm reset ion of corn to kljafljatta 

%omm for tfee winter of 1940-41. (58)

Salt
Ml* molar 
solution 
per tank

C&
it' %it *js*

jSSjjiJ K I M Cl îa

i-XlUn.i
saig-t* ISO 

1298
€ a ( l% } g  1500

559
1*1141%  m  

T o ta ls

«7XSS §7 
155

12

215 *0? 5 64 22

iOigFuj^
MCI

)g
£»a€Xf* 
i%SQa

190
1*96
*53

1045
§59
SB

T o ta ls

$8
244

28*

27
138

48
48 *15

27
m

22
163
4*6

50 5 m  22 §94

190
KJ%  1195
Oa(I%)g 1969 *87
M#.i% 7635
%6€% §59
SMa&Ck %-,.f-r—....Totals 287

27
138

48
201
$98

■JULJM2,
04

*2
168

48 215 609 10 04 22 168

aSS

OSS
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Cop.sequeally* a strain, £* seâ i .F-X, highly p&thogi nie under eairiroa<"» 
ssental cembitJ ora at the low# ĝricislttiral Experiment Station wae 
obtained lay i*r. k* c* Ksmi* This check strain* £* t#ae f—1, und^r 
Maryland conditions for the years 1S40 and 1&41 has iproven to be no 
more pathogenic than those isolated locally*

Cultures of tie various strains of sea® sere maintained os 
potato-dextrosc agar and for the product ion of spores transferred to 
dilate corn meal extract agar. Four to five seeks sere required for 
the production of spores*

The plants were inoculated approximately taro weeks after the 
time of flowering by introducing a. spore suspension into the middle 
of the Interned# by laeaiss of a modified inoculating needle* The 
modified inoculating needle consisted of a four inch length of small 
brass tube* ®f an inch outside diameter* closed and drawn to a
point at one end* with a hole cut Just back of the point* and a snail 
rubber bulb at the other end* 1 puncturing needle was made by driv­
ing a finishing nail through a Z”xl4*xl* piece of wood and filing 
the nail to a sharp point* A hole was first mmi® with the pameiwr- 
Ixtg needle* held in the pal® of the hand* and. then a drop of inoculum 
was Introduced in the stalk by inserting the inoculating needle and 
pressing the rubber bulb*

Headings of infection were n*®ct# three weeks after Inoculation* 
The stalks were split and the dis colorat1on and rotting of th# tissue 
caused by th® organises was recorded in number of interned#® passed* 
dilate b)

-tjpi.od.la seae was reisolated and platcc. out fro® artificially 
infected material after stir.face sterilisation of the stalk tissue 
with a saturated solution of calcium hypoeblera te• Areas of suspected



©eeondavy invaaicn 'by other organisjHfr wore ©urf&©e sterilised and the
organism isolated* In all easns the spread of 1* ge&© was restricted
to the discolored «na.

Stalk tissue for sectioning wa© fixed in nelly’s alitwa for
twe»ty~f<ray hours, a change to fmah solution being; saab© once during
this period* The flared material was then washed in running water for
iwent;jr-~four hours and run through the ethyl eiehel^butyl alcohol series
and finally imbedded in fiesuei&ftt.

&ellyfs mixture has the following oosaspositioa*
Stock solution

h'otasaiujsi bichromate• *•«*• «•«***•••*•«.•••** •*•*£•£ gm» 
lercury diehiorlde#*«•»•*•«*....... •*•«*•*•«• *S»0 p̂a*
■%t©r* .........    loo cc*

at the tism of using, 9 cc* of the stock solution is 
xslxed with 1 cc. of neutralised formalin* it)

Sections of fifteen to twenty pfp in thickness were made <m a 
rotary aierotene* ffee abundant ©cXerenchyBie tissue oh the mature 
com stalk mode sectioning difficult* & triple stair* of safrantn, 
gentian violet, and ©range *os was found t© he the moat satisfactory 
for staining the fungus fcypha# within the stalk tissue* Vital stain­
ing: of the hyphae in the living tissue was also used* iieutrel red 
was found to fee the- most satisfactory for this type of staining*

Photoalcr©graphs of i>* &e^e fcyphae within the plant colls were 
M&de with equipment involving the use of a 24 i Inch bra flex 
C&WOFO*

To study the possibility that substances, toxic to the fungus, 
.might be present in the stalk tissue of resistant plants, two inbred 
line* of dent com were selecteds one, E4, reported^ resistant, iZO) 
and the other, It, an. IB inbre© line ©elected in 1940 from the dent



norm nursery for .sttscepiibi i. ity to £• stalk rot* These two field
grow lines were- treated identically as follows s

I* I1 to lower four nodes and internodes of ike stalk r^re selected, 
wiped clean and cut into cross-sectional pieces about ©as-fourth of an 
inch thick* tUlm material was irnadlately placed in a ecml&imr iamemd 
in a freeaiag Mixture of solid carbon dioxide and absolute alcohol* 

after the material had completely trozmn it was allowed to thaw* 
Issssdi&teXy *f v«*r thawing it run through a srnll food grinder and 
then placed in a Carver laboratory press Udg> $)# A pressure of 10,000 
pound© per ©%uare inch was maintained for a period of three mimthe©*
The express©*? sap was collected sod kept fro&en until used*

ipon thawing, the cap was diluted with an equal as* mint of dis­
tilled water, mm  a acetified Csepek1* solution was made, using this 
diluted sap* this aelation was first filtered through s® asbestos 
auction filter and then through a sterile Berkfeld filter* the solu­
tion wp© then transferred with sterile 85 ml* pipette into four sterile 
850 ml* erlecifteyer .flasks• fbe flasks were inoculated with a culture 
of C* .geae a train *~1, which had been grown ©as com meal extract agar*
A uniform. Inoculum for each flask w&s obtained by plug *ng out the 
inoculum from the same sector of the culture with a sterilised cerk 
borer* the cultures were kept at a temperature of approximately SO^G*

S* the lower four nodes and. Intern ode© of the stalks were selected, 
wiped, clean and cut at the interned© into lengths* fheac pieces were 
weighed and placed in an electrie ©wen at 95°C* lien dry they were 
weighed and then ground in a filcy Mill* ids tilled water was added 
to the ground material to bring it up i© the original green weight* 
this material was then divider into four 25 ml. samples and autoclaved 
at fifteen pounds pressure for twenty minutes*



loan eo©l tkm sazapmes mre imouaia^ed uniforaiy with inoculum 
taken fro® tii© same sector ©1 ?,r© culture.

5. ttm l s w  i*<mr nodes and interned#© ©X the stalk were selected 
wiped clean and weighed* Xk# samples war© hu.em eat into one-fourth 
inch er©ss-*seet loo&i pieces end ia»cii&t©ly &.xouiad in a food
grinder and extracted in & Carver Isadora tory psmsn at & -hydraulic 
pressor© or 10#Q0& pounds per square tn.eC, j&aint&imed tor three &imtt©s 

The expressed sat m s  c©il#ct#d arid igyaebiately divided ini© two 
equal portions, &* and $ a • a ample hx* IS e*S ©T UUgiih to ft Ceil &8» quickly 
as po®stole after extraction. basque &b m s  quickly freaea in a mix­
ture of solid ©arbon dioxid® and absolute alcohol#

basipi© &u vum diluted with an equal fteount ©f distilled eater* 
Nutrients were added to make Caepele*© agar and four g&sl* staples of 
the media war© sterilised at fifteen pounds pressure for ‘twenty minute© 
X'bes© samples were than poured into sterile petri dishes, cooled, and 
tno'Ciiiftted with uniform. samples of inoculum ©©iaine--- frost the yiijsi© 
sector of the culture* Ifeese eeltores nee© maintained at a teisperft- 
tare-* of approximately &0°€*

Cftmplft id was thawed and diluted with an equal anuuurit of dis­
tilled water* Nutrients to make Caepftie's solution were added and the 
solution filtered through an asbestos auction filter and ilea through 
a sterile derkfeld filter* Four sftaaples were drawn in sterile 2S ml* 
pipette and transferred t© sterile gSO ml. frlemseyer fleaks, the 
flasks were then inoculated with unifern samples of inoculmtt obtained 
fro*® the same sector of the culture* the cultures were maintained at 
a temperature of approximately hO°C*
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Plant growth in- the tank# for the mwxmr of 1940 was satisfactory, 
th# cheek plants, of the single eras® series were, to all appearances* 
normal# ^ocd sised, well developed ears were forme©• bar formation in 
the inbred series wa® not so good as it ess under field ©©editions*

Plants in the nitrogen deficient tanka * Z and S, gum the charac­
teristic nitrogen deficiency symptoms, Interveinal yellowing followed 
by a general lighter, yellowish-green coloration* f he maturing lower 
leaves became 1 fired1 * having a hr own, dried up appearance* the silk­
ing data was delayed from one and cne half to two weeks as cornered 
to the check plants in the single cross series• Ifce roots were thinner 
than Use decks and took on a brownish ©ream coloration*

Plants is the low phosphorus tanks, Z and 0, showed striking 
differences in their phosphorus requirements• Of the single crosses 
24 % 4-8 was the first to show pi oephoru* deficiency rysspteas, the 
symptom# being quite sever# before iyr x &3—1! showed any deficiency 
symptoms at all* Although intermediate In Its phosphorus requirements, 
bb x 00 more nearly approached M4 x 4-8 than My x. SS—11 in this res­
pect* the inbred lines shower phosphorus deficiency symptoms much 
later than did the single crosses* the relative phosphorus require— 
saints of the inbred lines were? 84— highest, S3—XI— intermediate, 
but approaching those of H4# and 90 lowest*

Phosphorus deficiency symptoms were a© follows * lnt*rveinal 
necrotic spots occurred ©a the leei| xost abundantly from the tip to 
a midway point on the blade* these necrotic areas varied from 1/&2 
to 1/8 inches across, according to their rel&tiv# maturity and degree
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of deficiency* These purplish margined areas were oblong and ran 
parallel to the vein* The entire leaf margin also took on a pur­
plish coloration, tlm extent of which increased with the severity of
the deficiency* Older Ifiws vote the first to show the*© symptom*.
The whole plant wm  ©tasted* Keots ©f the phosphorus deficient plant© 
were purplish. in color and were fewer in number than those of %lm 
©heck plants, bilking occurred from two to tiree w©*;k» later than 
©& the ©'tacks*

Hants in the deJTlcient potassiii© tanks, 4 and 10, probably re­
ceived to© severe a deficiency solwtiGR, for- tie plant© beceis© in­
fected with a root rot and died prematurely, IdLffewness in potassium 
requirement# were hi mrhienee* Yfcc first to shoe deficiency systems 
w&n 00 x 90, fcy at. $B-Xi m s  the ne*t and i4 a 4-0, the last, being 
two week© later than 0$ x 90 in shoeing tlesi* sympt© s* It is inter­
esting to not© that K4 % 4-8 w&® the first to show phosphors*© deficiency 
symptoms while it was the last ta show potassium deftcieocy symptom• 

the inbred lines, $8-11 m.® the first to ©how pets aasims deficiency 
sgnsptoc**. Tie last was 14* i'otessin© deficiency is indicated by the 
dying of the tissue in the leaf margin©# starting at the tip and pro­
gressing toward the base* The entire tip of the letf beco&es brown­
ish, wrinkled ©jv* finally dies* The older leaves ere the first to ehm 
these symptom*

The clipping ©f the let?es in tank $ and 11 was & little too 
severe, or va* b*gun too far in advance of flowering, for the ©era 
failed to develop© normally*

Cardens©d inoculation dat& of t1# 1940 tank experiment is pre­
sented In Table Il.i • In each case, eanpsrleeti is mad© with the
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Inoculated plants of the full nutrient solution tanks, 1 or 7, and 
expressed as, more susceptible, ©ore resistant, or the seme degree 
of infection as the cleek plants* Bets ere presented in this manner 
to facilitate comparison with the results of Shear (48) and Eolbert$ 
boppc anti Smith lit)*

ihotogrmphs of the split stalks Eras each tank ere shown in 
flutes 7 to It* The stalk to the left in each group of three is an 
imineeulated stalk from that group and is t© be considered a ©heck 
for that treatment* Seeondaxy invasion and insect injury is evident 
In $«t of the stalks* Isolation of organisms within similar stalk 
tissue confirmed the presence ©X eeccfjdary invasion in areas of sus** 
pentad secondary invasion*

In general, under e©Bdibiom of deficient avail able nitrogen or 
phosphorus, the plants were aore resistant to the spread ©f £•» ^paa 
than when grown raider conditions of fall nutrient* This observation 
is in agreement with bbear’s finding* (48)

lender condition* of partial defoliation for the 1940 tank experi­
ment the plants were lit general more resistant to i. eea# than the 
cheek plants* ibis observation is not in agreement with tolbert, 
hoppe and Smith (lb), but may have been due to poor ear formation*
Foot ear formation probably offset the effect of reduced leaf area 
on the relative amount of carbohydrate in the stalk

JVeventlon of ear formation, tanks S and 12, ir general increased 
the relative resistance to the spread of E* sees in the stalk tissue* 
This observation is in agreeiftent with the findings of halbert, hoppe 
and BmX%hm (lb)

Plant growth of single crosses in the greenhouse tank experiment
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unefrongec susceptibility iaoioafces that the a talk inf* el ion readings 
« w  the smi as for the shook pleats*
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for the winter of 1940-41 was normal -with exception of the fermatioti 
of numerous rudimentary ears* Inoculation with &+ &eae resulted in 
practically do infection* Hates 1-3 to 80 show tie extent of this 
if-.feet ion* the stalk at the left, designated by a whit© clot, is & 
check stalk for that tank and wa© inoculated only with sterile water.

Task 10, receiving m high nitrogen solution, showed very slight spread 
of disease -within the stalk* Tank 11, receiving a normal supply 
©f nitrogen also shewed practically no infection after ir.oculation*

Tank 18, tinder light conditions where approarlocstely all wave length® shor­
ter than S29 pp ware eliminated, likewise showed no infection*

The inbred lines showed practically no infection in both the nor­
mal and lour nitrogen tanks* The high nitrogen tank, however, gave 
tawr© indication of Infection* Hants of inbred line &X were infected 
for one and one half Interned#©* 111 plant® of this line, including 
the check plants were dead when harvested, une plant of Inbred line 
If was rotted and discolored to three Interned©® and the other plant 
to two inte.mod.es* Both inoculated plants were dead while the cheek 
plants still retained their green coloration. Osm plant of the inbred 
line £6 feed one interned© discolored while the ether plant had two 
internodea discolored • On© check plant w?iC in good condition while 
the other showed root and stalk rot.

Condensed data on the results of field inoculation of plants 
subjected to previously aentioMKi treatments is presented in Table IV.

The susceptible inbred line 1*1 responded in a greater degree to 
treatment designed to influence its relative susceptibility than did 
the line 14. Prevention of ear formation resulted in increased resis­
tance to spread of B, sea© within the plant. Beduetion of leaf area
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tamed to Increase the susceptibility of inbred line 1% to £* taaa.
Tba auseeptibility of K4 was unchanged when gromn under condi­

tion* of reduced loaf area* A high rat# of nitrogen apjp&leatien had 
no effect on the relative susceptibility to £• sea^ In either line* 

The aeaeena of 19$ 9 * 1940 and 1941 for I have ap.perentlj
not been entirely favorable to the development of H* aeae as compared 
to the reported degree of infection in the com belt*

TAMiM IV

biplodia. seae inoculation readings of two inbred line® 
subjected to various treatment® in the field corn 
iwrsery for the summer of 1941

average number of interned#® invaded
Treatment

Inbred, line K4 lnhreb line £$
tv© treatment** 
eheok plants 1 S/4
Prevention of 
ear formation 7/3 1/3
Partial
defoliation 1 1
High
nitrogen level 1 S/4



in Plat® $» in each picture B4 i& on the left and lnb£ed line IB <m 
the right* Im ©very case but one, £* seae grew profusely*

A&ateoleal studies of stalk tissue groan imd«r wrions conditions 
of nutrition end ti*©»t̂ eiit suggest that wmdmnle&X barriers within tie 
stalk tissue were- not inetinsg&eatal 1b bringing about resistance to 
S* feat* Hypfoae seemed to enter the cellular and. le&ereelltiler spaces 
at will, ®m& gate no indication that eechaalcal presjure was ©*erted* 
rl&t© 4 ah ewe four photnrdorcgraphe of M* sees feypha© within ciont com 
stalk tisane* flste 41. shows ijypha© within an intercellular space 
of parenchyma tissue* KL&t© 4B shows fcgrpfoae passing' through a ©civ© 
tube cell wall* Plate 4f shows a characteristic constrict ion of the 
kfphae at the middle 'ImmXlfc a® the bypfca peases frost one aoloronchyma— 
tons ceil to another* A general view of b* SSBS hyphee within & 
pSkTmnehymmt&m coll ia shown in Plate 4C*

It Is .generally agreed that resistance to i* fqfte een be estab­
lished in inbred lines of dent com, through- breeding and selection for 
reaistsv-ce (15,421,44 ,4 5)* Smith.$ Hoppe and Holbart 144) have presented 
evidence of the positive inflnen.ce of inbred* on hybrid reaction to 
k* 28SB* present an instance where resistance was smtnlfesteb by
one hybrid involving a highly resistant, and a very susceptible inbred, 
indicating a dominance of resistance In this cross,

A rapid and convenient inoculation technique, consisting ©f needle 
puncture injection of the lower interned© with a pycnid iospore suape»~ 
sion of & pure culture of &• 2Si&, was enveloped by Snlth, hoppe and

^
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helbert (44)* thiM inoculation approached natural infection.
&e«i*tattoe of on* set of tissue of the com plant to b. map- 

does sot neecceeerily insure reetstaBc® of other parts of the same 
pleat* Moreover, conditions that predispose stalk tissues to invislon 
by M* aee^ end those that predispose the ear anil grain to invasion by
the fungus are riot al the ©aise 11©j*

%  m&&& of artificial In©eulstion, Holbert, heppe and Smith (it) 
cam* to the following e0B.elu«ie&» eeraeern ing c<**ditiun© of footing the 
relative ausceptioiiity of dent com to aaa* x

1# tben grain swi m  prevented tie stalk tissue was invaded less 
rapidly m &  to & less extent *

2. 1-feen. leaf area mm  reduced during the latter half of August 
either by artificial defoliation (2S-&S per cent of the leaf area re­
moved) or fro© natural causes moh m  bacterial leaf blight or an
attack of second brood chinch bugs, the stalk tissue was invaded more
rapidly and to a greater extent*

£• Artificial or natural chilling and freesing temperatures in— 
creased the rate and. extent of stalk tisane imrasiesu

In each cifc§» cited, increased susceptibility of the stalk tissue 
to the fungus is associated with conditions that involve a reduction 
of the ©arbobycirate reserve of the plants, and conversely, Increased 
resistance is associated with conditions that involve an increase in 
the carbohydrate reserve of the plant*

Shear (42) found that tie- extent of infection of dent com with 
h* seae is influenced markedly by variations in the nutrition of the 
com plant* HLa,nt® grown with a limited supply of nitrogen or phos­
phorus were more resistant than plant© receiving a normal supply of 
nutrient* these results tend to support the theory advanced by kolbert,



boppe and S&lth (18), that resistance to 1. aeae stalk rot is corre­
lated with a high concantration of reserve eariratiydpate in the stalk 
of the cfcrnt corn plant*

iLMd'x̂ lCnit i&t&C'l' Q.y XI f. i twvilL*** It was decided at the start of 
this in instigation that it would- be wall to consider t m  problem of 
com stalk resistance to |>* se&e, first, from an anatomical standpoint* 
Variations in the amount of mechanicaX tissue, tilcknsss of cell wall, 
else of inbereelialar spaces, etc. could conceivably be responsible, 
at least in part, for varieti'sui in resistance*

It Is sell known that enwircsutienisl condition© govern to a cer­
tain extent the anatomical composition of the plant* Halbert, loppe 
and Smith (18) state, ***** caparisons between strains on an anatomical 
basis are reliable only whmn the strains have been g r m m  under prac­
tically identical conditions**

The nutrient supply has a vexy definite influence on the plant*
Use lack of an element in a nutrient solution induce early maturity 
and senescence, while Its presence in excess may delay maturity and 
senescence (24)* ike effect of the relative supply of aa element is 
not only reflected in the plant as a whole but also in the finer de­
tail of the structure of the cells- themselves*

retri (SS) states that the credit ions of nutrition of a plant 
determine In large measure the degree of its resistance or suscepti­
bility to a pathogen©, fie histological ©r isorpb©logical structure 
or properties and the function of the organs ami tissues may be modi­
fied in such a way as to slow-' or hasten the attacks of the pathogens* 

Observation lay several invest i gat or® indicates that plants grown 
under conditions of deficient available nitrogen exhibit structural



characteristics topical of xercetorpfcy • £*ltro&en deficient pleats are 
stiff sad woody ©«ing to thick cell, mils and formation of mechanical 
fibers, scXerenc!y m&tous tissue, etc* (50,42)* Schneider (41) has 
described and illustrated certain ftnatemiGal features related to differ* 
ant conditions of mineral supply, empli#sising the small wscular bundles 
of plants grom in eolations deficient in phosphorus and nitrogen* 

idgnl float i on and hardening of call ^sils is reduced by large 
mounts of available nitrogen, beeause under such circumstances car­
bohydrate is utilised in processes ©©ndemed with syntheses of .protein 
(25,50,41)*

Ummbmm (27), in his cytologies! study *f the .resistance ©f
apple varieties to GvmBos porangium fonlperi vir^niaaafce. states that 
the facta that there is n© apparent alteration of the cuticle or 
epidemal cell mi l  at the point of entry and that the cuticle is 
often indented, Indicate mechanical pressure as the principal factor 
involved in penetration*

*«ansmxm, and Keiti (23; em the other hand, indicate that resis­
tance of young apple leaves t© Vqnturie ineccraalls is attributed peri* 
marily to relation of the fungus and material emanating from the host 
tissue, rather tlasas t© mee>vsBlc«l barriers* this is in agreement with 
Johnstone (17), and S-cfaaidi (40) «

Awusbsua (27) stales further, *7he fact that there m s  no splitt­
ing apart of the wall* in advance of the hypMl tips preclude the vie* 
that the fungus might haw a case solvent action upon the middle lamella*” 

irom anatomical studies of dent com stalk tissue invaded by 
2> aeae it Is concluded, in the invesi.iga.ti0n. reported n this thesis, 
that mechanical barriers are net instrumental in effecting resistance
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to fe. geae stalk rot#
CJag&lCAIj ASPRCT bi YI& FEQB1EM# Eolberfc, M&pp® and Smith CIS) 

ae previously noted, have attributed Increased susceptibility of stalk 
tissue to the fungus, to a reduction of the earbohy&rate rreerv# of 
tfce plant#

in-'this investigat isaa it was decided t© grow plants under ©cmdi- 
ticne that would prmxssmbl& niter the carbohydrate content of %hm stalk 
and by ?«esn» ox* artificial Inoculation detcraioe the effect upon the 
relative susceptabllity of the stalk t© g# seae#

liters la abundaai ftvjUtenee in literature t© indicate that plants 
grown with a limited supply of either nitrogen ©r phosptherue sccotu- 
lete reserve carbohydrate in their stalks 12,2$,4£}*

in sup, ©rfc ©X the theory advance© by fcolbert, Mopgm rnio d&ltli, 
inoculation experiments of dent corn .plants deficient in either nitrogen 
©r Bosphorus, reporter in this thesis, shoved increased resistance to 
the spread of J>*

flank® grmm with an amount of nitrogen i HI in excess ©f that re­
quired for normal growth accumulate nitrogen in the fera of nitrate, 
ammonium, b&sle~£ree a -amino, amide, basic, and protein nitrogen in 
tbe tissue# trader the same condition®, the tissue content of reducing 
sugars, starch and dextrin, and hemicellulose- is reduced (2)#

Mumeek and Gildehcus (26) reporting an investigation by 'tails©©
»«y that the ©mission of potass i m  from a complete fertiliser results 
in an increased absorjrtiois of nitrogen and phmphorm snd when either 
nitrogen, or phosphorus is omitted from the fertiliser there is a de­
creased abeorĵ tiosi ©£ the other two elements#
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Oas^nsr and Frank* {12} report that tm increase in the COg supply 
to wheat leave© resulted In an increase© rust attack, which is explained 
by the increased nitrogen content*

Inoculation of plants grown under condition# of high is&otsnts of 
available nitrogen reported in this experSjaeBt, falls© to support the 
tbeery* advanced by hoXbcrt, fcappe and bmi%h (lb), that la
associated with high amounts of reserve carbohydrate in the stalk* 
Ccoditions of reduced carbohydrate failed to Increase the degree of 

resistance, it should be noted, however, that environmental conditions 
war® in general not conducive to the spread ©£ the disease*

In addition t© previously saenticoec seens of affecting the ear* 
botgrdrate content of the ©talk tissue, it was decided to grow plants 
under light condition* where all w t i  lengths shorter than approarijwiely 
529 pi? were eliminate cl. hopp ChS) t m m d  that plants grown under these 
light condition* had considerably less starch mid total carbohydrate 
and- generally an increase in total nitrogen*

This experiment failed to support the theoify advanced by halbert, 
Hoppe and badth (lb)* Greenhouse conditions were unfavorable to the 
spread of 1* asac and so this exjaflrieeat dees not present conclusive 
predf of what effect such a light wave length has- ©» the .fungus growth 
under more- favorable conditions*

In etfsmtm with most of the grasses, the vegetative parts of corn 
go not contain starch., and its nearest equivalent, a# am^lodejstrin 
soluble in warm water and allowing a lavender color with iodine, Is 
only a m i n o r  constituent oil the plant* Soerose is the characteristic 
carbohydrate of the vegetative plant and accounts .for approximately 
half of the total carbohydrate of the stalk (l>)*
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Sayre, inarris and Etchy IS 9) found that sucrose was SI per etnfe 
and total sugar So per cent higher 1b. drought-injured, barren plants 
than in abjaeent check sUIks# foooiiB (25) found sucrose increases 
of marly 100- per cent in dofrutted. stalks* Colin and dm 0«g**a© (5) 
state that c&rbatydr&te aceoi«ul*tt©i*s ah©1?# the nmmml level, as a 
result of drought injtopy, were about equally distributed between 
dextrin and sucrose with other fractions playing a minor role*

Kemp and Mmmtm \1S) work!mg with sugar cew plants found that 
stalks of barren plants contained 82*28 'per cent total carbohydrates 
whereas stalks of plants having a normal set of grain contained XI* S$ 
per cent total carbohydrate * htigar corn plant# pollinated with dent 
corn pollen, and having dent grain .had a stalk content of 7*20 per cent 
total carbohyorate*

Pruneon and L&tsfcaw (S} have found that when set of grain in 
com plants is -prevented or reduced by prevent!-on of noams-l pollina­
tion, protein and to a less extent mltro&en-free extract tend to 
accumulate in greater than pom»l proportions in other organs -of the 
plant-, and the proportion of fiber is considerably reduced, particular­
ly 1b the cobs end stem*

44# reported in this thesis, prevention of ear formation in the 
tank experiment and under field conditions effeetec increased resis­
tance of the dent com stslk to &* H M *  fhis observation is in 
agreement with the tbecvy that an aeemul&tiCR of reserve carbohydrate 
in the stalk increases resistance to jD* yea# (it)*

Sayre, Morris and Eichey (58) found that when the leaf area m s  
reduced artificially at the time of teaseling the total sugar content 
of the steaas was lowered* the removal of the four leaves about the
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m&r decreased the total su*;#r content 2*8 per cent <m the average as 
eenpared to normal plants* The removal of tie upper end lower leave® 
decreased the total mt^&r 2*5 per cent*

Seduction of leaf area in the experiment® reported in this the®!® 
was not effective in increasing the susceptibility of the stalks of 
dent com to 1> MSB* This leek of Increased susceptibility may have 
been due in part to the generally unfavorable eondihhon® for the spread 
of the dieease.

Yhl-Qglfed Zih&i&t*&&€*£* in lieu of an actual solution i© the
problem of tie nature of resistance, various theories have b®mt sugges­
ted* Ward (47) in tel® work on the relation® between host and parasite 
in brorae grasses end. their brown rust, jracclnia disperse, proposed that 
immunity was doe to antagonistic reaction® between host and parasite 
of the nature of the formation of t wains and. antitoxins * bibs on (IS), 
Allen (1) and others are generally in -agreement with ^ard* Le&ch (81) 
has suggested an hypothesis based on a possible specific food require­
ment on the part of the fungus end the correspending lack of this food 
substance within the host* Edgecombe (9) perfonsed serological studies 
of wheats, susceptible sn<3 raeistant to jaLC.sAgJ.fe gBtetga-TOHi trltlel. 
fturlfled globulin extracts of the grain were used a® immunising agents 
and the resulting aniiaera were given the precipitin test using the or­
iginal extract® as test antigens* The results shewed a. relationship 
between precipitin react!on and rust resistance* Since the globulins 
used w »  believed to have been a part of the cytoplasm, It wm® reasoned 
that the genetic factors responsible for resistance were in some way 
associated with the factor® producing the specific globulins*



i&mmi (22) proptmon the tfoec*y that the holistic quality ©f the 
cell may play an important role in aetive plant immunity* this theory 
v&s baaed upon it# sssuiapticxi thet id© protoplasm or ©r Isssusse host 
may not contain any specific ©ubfttsnc© detrimental to the invading or- 
ganiaift, tut that the living’ protoplasm kp © whole, built up into a ©o©~ 
plex system, »sy prcsrrt an. nnfavorstele substrate* The phenol hypothesis 
of Newton and AceereoR: (29) suggests that rust resistance 1b wheat may 
he caused by the liberation of toxic phenolic compounds 1 r the host 
cell upon tie entrance of the feigns* It Is* suggested that this ru@cfca.n- 
1am ussy be responsible for different type© of met. reaction® when cm© 
considers the possible conditions following the action, of fungal enzysms 
upon. the phenolic compounds is tfee fcoet-eell protoplasts.

hansb&usii (t?) states that cytologic#.! evidence has not settled 
the question as to whether the antagonism ©gelsnat the apple rust fungus 
is already present in the mke-!sp of the V ©st-cell jxreteplaet* or la 
induced by the parasite m d  presents a eotniter-reaet.1 cm ag&i net the 
Intruder* Ifee substance or substances ^rtogordstie to the fungus eeea&# 
howver, to foe specific;, because fee found many esses vfrere the hana- 
t orient occupy la;,? tt® host cell had died with the cell itself shoeing 
no visible change*

its ecrly as ISIS, Bead (Si) noted that 
wlr^lni&itac killed infected cells of resistant -apples quickly, but 
stimulated those of susceptible varieties into higher metabolic activity* 
Allen (l) baa shown the Puccinis. tr.iticina ©stuses practically n© patho­
logies! changes in the infected cell.

diatom (46) demonstrated that- strains of ibaccinia araittinipi which 
kill Infected cells very rapidly result in lyperaenaitlve spots which
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ar@ restricted to & few necrotic cells, whereas strains -which do not
kill infected coll# earn develop® ierge leaf spots,, the more virulent
a parasite is to the cell it infects, the less virulent it is m. the
host ss a whole.

lost parasites actually thrive only ir. w:r 1st elastic tissue, or
in. woristemstic cells, or in cell® which have reverted, at least locally,
to tbs embryonic stage. in the ®he#t~$»&ra#ite* system, the affected
part® of the host cell revert to an embryonic condition. ihm starch*-
building capacity of plash® is inhibited; starch being utilised by the
microorganism more rapidly than It can be replaced, the plasts are
soon deprived of their starch contents; oil droplets become mere

numerous and enlarged between starch grains 17).
&ufrenoy(7) In discussing the 11host-pard®it®* system statesi

two cases of iater-relation between parasite and host have 
been distinguishedt

1* *i*ertophyhes* kill the living cells before penetrating 
them to make us® of the contents of the dead cells*

2. w&u-*parasIts®*, obtaining their fooc. directly from living 
cells, can thrive as such byt only so far as who infected 
living cells outline the infection*

Each component of the system, either the host or the parasite, 
must be identified rot only from the botanical point of view as 
to species, but from tie genetic point of view as to the strain# 
involved; the genetic constituent® of both determine the potentiality 
of interrelation under given ecological condition.

Immunity of plant# to fungi, bacteria, or viruses can oe studied
from two point® of view; first, the nutritional relation between the

host arid p&rsstte, tl~m parasite being considered ad deriving its food
from the host and second, the toxic effect of the hoot cell content#
on the pathogen.

IOTEXYXCilH EiMYXCl'vfhih. ih;frencEjr if) states that the food a
parasite needs may be mainly polypeptide and carbohydrate# in a
wa t er*«soluble form* The parasite must cither induce the host calls
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to alter their met coolie activity 1b a m y  which will sate available 
for the p&raaite the imirleni© it needs, or the p&r&sit© itself m m % 9 

by ea$yj&Btie soLion, attack the ssateris*! which it oobtecta in the 
infected cells*

m  nutrition*! relationship &e expected to develop between *
susceptible host and a parasite samly when the two following conditions 
oe~tir J 1* tn© water-soluble constituents in tbe host- cell remain water* 
&ol'ubie during tv*© early shades of infection* so that they are ©asily 
translocated out for the benefit, of the parasite, £• the highly meta­
bolised products bocotm w&t@r~eelsblet as Infection. eefceftcas proteolytic 
axa't mwfLolytie activity*

CMKUItdvf ;dlu td feeklel and Kudos ill) have su^ggiied that
the general toamity of rjonocots to root rot Is due &i X^-at ir peri to 
the pronenc* in the root-i* of these jplA&ts of msiss ^entities of acidic, 
etfcer-solubls eabsbimeea, possible organic aside of enters*

Xftr&opelcv* (if) ha® foond that the cell sap of whest varieties 
isessmo or highly resistant to fuccinla triticlan Is characterlmed by 
a high content of phenols simLxer to protocstechulc sold vMl* that 
of susceptible varieties is low or entirely lacking in onu;.p©ui*de*
befreoqy (7) has olown that In reeisiftjat plants the vacnelar #ap of 
cells adjacent to those killed by t}* invading pathogen bee cute rich 
in phenolic compound* 5 be eaggt’S'Ut that such elaboration of to&.ie 
taateri&Jls is &s important role in the roe lata nee of plants to

Xu* 4-v «,.-»« A'it«apt« hare been made to obtain in feirafctlGn
on the node of parasitism of various forn̂ l by a stedy of their reac­
tions to solutions obtained frcm appropriate and in appropriate host 
plant® *



Ore the ©arlieei experissent© was thet carried <m fey Wsrd {41} 
who found that th*> nred©spores of £. dlsta&raa i|> ferofulna Irikgff» i 
would germinate equally veil in extracts of the boat leasee, whether 
of resistant or susceptible varieties* m  in distilled water*

Ja&eklAl (10) ©Xftiisis to have eeiefolisfced m correlation between the 
©us cep t.i'fci~uiiy of a host w&riety* und the effect of its exlrset upon 
rugt spore#* B© obtained hi© extracts by simple procure, end found 
that they required consldersble <& Inti sox before gotrviriai.lor could- be* 
obtained* bxtracts perop&red ?*tt,h the use of beet wore .found to be 
nor© toxic than those which had not bc<r fae&ted*

Johnston© (17) carried out experiment® on the germination of 
conidi*. of fesaturtfL laftecmaila in various extra eta of apple 1tr/tE-u 
She reported a clear correlation between their toxicity* and the 
resistance of the respective, varieties to infection* In order to 
preserve thermostable c<aap©nenta# she did not heat her extracts* hut, 
by using them isasedlately after preparation* minimi®®# esiymsiic 
activity mm much m  possible* It »«©s%s probable* however, that on— 
ayaatie activity could ; mv« taken place firing tbe period follcnrin.f 
Inoculation*

In contrast to the finding© of Ezekiel (10) and Johnstone (17)* 
2»obe court (S1J* who tried the effect of extracts from a number of 
unsuitable hosts on various fungi incapable ©f attacking- them, fomsd 
that magy allots© good germination of the spores* j?»rker-Shodes (S2) 
found that a substance toxic to the ger&inatloB of the uredospores ot 
the rests gagglftiA aljaa&rm iritisi* and £• iadMStiB# obtained from 
triturated leave® was produced ii; the course of autolyls. He em­
phasised the fact that extraction method and subsequent treatment rsaj



Influence the afreet of art erhrafli upon spore g^rnin&tion tm4 
fungus .gr<rwf.li*

Sine* nethod of extraction and snbseQtteot treatment jimy effect 
the natnr* of plant extracts, several aetbeds of extraction mad treat~ 
ssetit were neat? 1b the experfeessi to del era.ins the effect of earn stalk 
extracts, fro* resistant aril smseepttfcle plants, open froeils of S.
As lias been jjranricwsly noted, all treatisents were toeffecfclrs In pr®~ 
ranting fnegns .‘pwrfclu

It in peseibl* that staling products may be predueed In the stalks, 
heervaar, it is eemreely likely that etteh substances wcmltf aodsnsilftte 
wit boot metabolio changes in the tls&ee* Since St# ppsf ease as practice 
nHj no pathological changes in the ©ells of the ©ora stalk, it Is not 
likely that staling product* are instrumental In causing resistance*
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