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I!{TRODT'CTIOÑ

Heating clanaage in storetl grain pxesents an aoute ecoaomic pmbLen

in Canacla ancl the Ïlnitecl States today. Thfs has been accentuaterl by the

neces.sity of storlng i-arge quantitles of graln, for longer psriocls of tlme

than was the oase in prewar clays.' rn üay g1, Lg45, the total storage ln
Canada hatl rfsen to 608 nllllon buehels, an increaee of lg0 niLlton bueheLs

or appx'ìoxfutately 45 peroeat of the storage eapacity over IgSg (¿4). Fornnerly

the vlew was heldl that thls sBoltage ls due to inoreaeert resplratfon ln wbeat

of high moisture content (1). xn more recenü years there has beea eome doubt

as to the vallcllty of thlo theory. T[orkers uslng varfoue graiae anrl graln
protlucts have brought forward presunptlve evidenee that the prlrnary factor ln
this beat clamage may be mlom-organle aotlvlty, Many lnvestigators ( 6 e 14 o ae:

attrlbute the clamage to firngaL gnolvth, or lnrllcate that fungi are the prlmazy

cause of heatlngr wlth. bacterlal lnfectlon a eont¡fbuttng factor at hlgher
temperaturesi wTrlLe sone (L5, 19, 81) merely etate nore generalLy that the
lncreasedl oarbon tlloxitle out-put ln ctanp rrheat is alue to mlcro-organlc

acti'vity. Due to the fact tiat the preserae of bacterla le not readlly appar-

ent, the prcbable part playecl by baaterla in thls spotlago has been glven onry
passing mentlon.

Wlthout lnformatioir as to the nunbers and types of organi$ns on normaL

wheat, lt ls tlifflcuLt,to assess the valüe of results obtained fron reports on

spollecl gralni Therefore nuch funclanentai exBerimentatlon is necessary beforre

the role of mlcro-organlsme ln heatlng tlalnâge to wheat oan be properLy eval-
uated. i¡ lnvostlgatlon of the flora of no¡nal wheat was undertaken as the
flret step towa¡{s a better t¡ntlerstandlng of the pmblen. The study was
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carr{.ecl out by the teehnlque of the bacterloLoglst lnteresteô prtmarll-y

in nicro-organiglns of epoiLage"

EISTORTO"A¡.

, Kent-Jones an(l ll¡ûos, 19ã0, (1?) earrlecl out prelininary etuilies

on the bacteriology of wheat anrt flour. Gounts of baoteria ln slx samplee

of 1ow gracte Maaj.toba wheat, platett 1n nutrlent agar at 57oC. for4t8 hours,

ra¡gecl from Lr260r000 to 810001000 per gran. Fifteen saeBLee frsn other

countrfes gave çoutrtõ bêtween 81000 antl 219r00O per gra¡n. The aount on

sanples held under normal etorage çonditlons b€çame Lowef, whereas count's

oa, samplee tbat were condliti.OAetl ln the Laboratory increaseal' 0ountE o¡1

ptatee trnçubated at â0oÇ. w6r6 lar¡ger than those at 9?06. The Baelll:us

mesenterlc_us group of baoteria was fouatl to be ¡nost univereaLly present

on wheat end flour.

Greaney and Machacek, 1941-, (8) çarried out an extensfvs survey

on the prevalenoe of seed-borto fungl oa cereals from oertain eeeil luspee-

tlon dlstricte ln Canada. These i.nvesùtgators founct sBqcies of Alternaria

to be the nost colmon fungi on wheat, oats, barley antt rVe¡ antl specles of

Helmlnthosporiun and ï'usarir¡m to be the nost lmportant diaease-prodluclng

organlsms:

Leagh, 1944i (I5), oarrylng out laboratory.experiments under

controllecl:conelitÍons, found various fungl developing on heatlng wheat.

They consistett chiefLy of speoies of Pehicllllum, Asperglltue and !'usariun,

witb s1!g!g4, þgþg, types of Allernaria, tenulen varlous yeasts andl

epecies of Monil,la occurring less frequently.
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fouad that fn the 1448 fars samBles of seeil of oon¡aon wheat testeal

spec¿es of this fqngus wet€ pt€seDt 1n approximatelry 3916 of the. eamplee;

and of the 26å se.npLes of tlurun ¡yheat 08/o sh;owcl speoies of Fugarium to

be present. However, spooles of thls fungus were lsolated only frrom a

emåll.pementage of the Êeed (.6ffi of oolmon wheat antl .50ø of dlur-um

wheat) ô

Investlgatlon of other greine anil varloug sêedls has also beetr

undêrtaken. ,lfhom antt Le Fevre, 1941, (85) studlleå the flora of cornneal.

They felt that lt nlght bo possibLe, by routlne aulturtng' to detetulne

the speol€s represented and^ sonething of thelr relatlve abundanee ln the

sample. The folLowlng baoterfa were lsotated: mtoroooeçf., mesenterleu8,

the eolon-aerogen'es group antl Lactobaoilll wlth the norphological anä

eultural ebaract,eris-tios of organisßs of the plcklo and sauerkraut form.

MoLds sualo as 4E!S1Þ repên8, A. nlgeqr A. flavus, Sgug-gg''
varlous Mr¡co{ sBp. ancl the ocoaslona} green speoies of Penlcl}L1r¡n

found. A fæsbly raiLlect sample of meal contalned Ìr00Or0b0 bacterla per

gram ( 6Wfr of whloh ¡uere aclê produoere) and LOOT0OO noltls per gram of

meal.

Bakke andl Noecker, Lgg6, (P) lsoLatedl AspergiU-us 3.!Ê.9I'

A. flavus, RhlàopuÉ 8p. r Fusarlr¡sjg. , &glgts!!gLj19. atrcl varlous
a

specl"es of baoteria frcm oatg" Irragularftiee ln oxjrgen oonsumptloa'

anil tenperature of oats pao'kod in fLasks wer'e thorìght to be due to

variatlon ia tbe fungal flora of the tlifferent seed lots.

Ranetact andl GetiiÌes, 1948, (I9) leolateat a wlcle varlety of fungi

from soybeaü¡: Arternagla sB., Egggg&.-gI.., @,9. ¡ the
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AspetElllus repena groupr. th€ 4. niger groupr @!g!@.,
VerticiLLlun sp., the AspergllLgs fLavug-oryzae BmuPr !flucoraleq i

:Rhiaopue nigrtcans antl Acrostalagnus ep.

.0. tletailetl investigatlon of the mlaroflora of soybeans Ìvas

u¡rêottaken by fan W. Telret (¿g). Soybeanb'were su¡faee sterllized âûd

then plat6d on potato dextrose agar. SBeaies of .[Lternarla devêLopeil

tbe nost frequentl-¡¡, with other species ln the followl¡g order:

FusarÍum sp., ,@gg!$ll€., lþi4gg nlsrica.ns, 9þg!9g!gg39.,

GephaLotheelum rroseun andl Trlchotle:mq -vl,r!qe. Seetle store{l at 4õo0.:=:.È;:- . - _---:-
showeal a maxfmtrm dlegree of infectlon,

M]MEßNS OF OH}AI{I$IÍS IN WASETNGS FROM WHSAT

Trro sets of sanples were prclvided through the courtesy of the

chernist-ln-cbarge, Boarcl of-Oraln Co¡nmissioners for 0anatla, Iflinnipeg.

Tho first set was taken fron. lncllvitluaL bor-cars shippett from varlous

polnts ln llestent Caneila tturfag the Beilodl Hay 1,, 1949 to Januaql I5 
'

L944. ft lnclucletl I8 eamBles of l{o. I, }g of No. â, 6 of; No. õ antt 6

of lü1. 4 Manltoba l{orthem graôes of ¡td eprlng wheat. lhe seoontl set

wll-L be referred to latel.

In orcler to get retiable esti-aates of the populatlons, teste

wers run on slx replle'atE portlons of eaehr sample. Eaoh portton sonsfeted

of t0 grans, whlch was trangferrecl aseptically to a 6 oz,. glass screwbop

bott}e contal.nlng 90 nI. of sterile watér ancl a snaLl qdanttty of sterlle

gravel. llhe bottles wêre then shaken for 50 niautes by a mechanloal

sbàklng rlevlce. All- platirigì was carrierl out'ln a rþom whfch wae previously
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êprayeel vyith a dlsinfectfng sol,ution of chLorfne.

Prellnlnary teeta were made on each sample to rleter¡nine the

tlll-ution which eoulcl be oountett ¡nlth the most aoeuracy. lftro plates

were prepared fr"om the dil-ution, selected as above for baaterla, two

fro¡a the dilutlon for yeasts and two from the diLutlon for fungl.

Thls gave an estinate of baateria on one sanple representing the

average fron LP platee ancl an estimate of yeasts and of fungl baeod on

the same nunber of plates.

Nutrient agar meclium was useal as a substrate for bacterlal

growth and Ozapekts agar, plus 0.5 ml. of lVþ Laetio aoltt pr 100 mI. of

mecllurn, ror yeasts ancl fungl. The addltlon of tbie amount of lactic

aold appreciably inhiblted bacterial growth, thereby encouraglng a nrore

rapltl and luxurlant clevelo¡Naent of fungl.

fn prellminary trials two ternperatures of lncubatlon were

usecl, 25oC. and 5?.5oC,, the latter temþerature befng ennployed ln the

hope that organlems wtth htgh optlnum growth temperatures rnight be

lsolated. However, since ssrrlts at 57.5oC. worê much l-ower than, those

at 859Cn¡ âncl dlifferecl wirteLy in repl-ioate pS.ates fron oos snmple, sturly

at this tormperature ïras¡ discontinued.

The funei anel yeasta were counted. througbout frun the 1:100

antl 1:1000 tlll.utions, respeotlvely. Differenoes ln baoterlel oou[tg were

moro veriecl antl necessltatecl the use of tllfferent dllutlons, clepencllng on

the 6rade of wheat uncler oonsi¿leration. Estirûates oa grade I eanples

usually were basetl on pl-ates fron the L:10r000 clllutlon; on gracles 2 antl 5

fmn eltber 1:10'OOO or L:1O0rO00 tlllutions; on gratle.4 from the l:lOOr0OO

dilutlon; and on grades 5 and 6 fron ctllutions as hlgh as l:1r000r000.

The resuLts are presented in tables l_a, Ib a¡ü Lo.



Eable Ia.
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Bactorla waghed from bor-oar samples of Ma¡itoba

Northe¡n red eprllg wheat, Oradee l, 2, 5 anû 4.

[L00 thousarcls per gn. expressed as logarithns,
averagos fron 1Ê Blates)

RepLications [$racleg

I
2

g

4

5

6

7

I

I

10

t1

L2

0.78

0,98

0.30

0.00

0.56

0.?I

0.76

0.4P

0.59

1.00

0.9?

0.00

0.89

l.'ìA

0.84

0.89

L,gz

0.00

0.79

1.5I

o.85

0.97

L.42

l-.50 ,

L.06

1.00

0"98

r.ã6

L.60

r.76

2.29

1.85

r"79

L.ß?

l_.88

1.90

]( 0.54

0.10

õ. eo

11

a.20

1.0¿

0, l2
g.õ0

I.55

0.14

9.50

2,57

l_.8õ

0.le

15'44

sl
t
d.f ,

õfo Level for t
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Table lb. F,unel washedl from box-car eamples of Manitoba

I$ortbern recl spring wheat, Orades I, Er 6 and 4,

(Hunttreds per gn. expressed as logarlthms,
averages from 18 pLates)

I
2

g

4

õ

6,

I
g

I

L0

11

T8

0.85

0.90

0.70

0.46

l.?g

0.86

1.06

L.4rl

0.8?

0.88

0.85

'o.?2

L.06

0.93

1.01

0.91-

0.9L

1.42

o.81

1.5ã

I.15

o.72

t.06

I.16

1..I4

1.09

0.85

I.BT

1.52

o.6r

1.. ag

o.t?4

0.6g

1..ãg

0.99

1.09

x

A.¡

t
d.f, '
5fi LateL

o.94

0.10

. 9.40

l1

2,20

.l.o5

0,"06

17.1,6

r.0õ

0.lL

9.99

?t.6?

1.00

o.11

9.09

for t
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Table lc. Yeaste washed from box-car eamples of Manttoba

ldorthern recl spring wheat, Grades 1, 8, 3 ârrd 4.

(Thousanrls per g.$t. expr€ssed as }ogaritùms,
averages fron IÊ plates)

. Replicatlons Grailes

I

2

5

4

5

6

?

I

I

1.0

1L

T¿

L.59

1.66

L.06

0.78

1.2L

1.56

'r.05

0.96

L"47

r.99

0.0e

o.î¿a

0.84

1.09

I rao

0.75

0.75

o.0o

L.g4

L.õ9

1.06

1.60

L.46

1.64

0.65

o.7?

L.26

0.45

L.gI

0.88

1.50

L.86

L.5a

1.5å

1.61

L.0P

x

8=
¿L

t
d..f ..;
5/o level- for t

1.09'

0.15

7.ZO

1L

2.20

l.l5
0.14

8.07

0.96

o"80

4.80

5

2.ã7

L.47

0.LP

L2.?,5
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ft fs apparent from the data presenterl ln table La thet Manltoba

Norbhern red spring wheat harbours a large bacterial populgtlon and that,

on the average, thls populatlon lncreasee regularly f r"orn gratte I to graile
'4. 

the varlatlon between eamples of any gratle eloes not exceecl tbe

generally acceBtecl Ltmit, as is shown by a t value for eacb set of ¡e¡>

lioates greaùer than that at the õ6/o Leve)- for the appropriate aumber of

degrees of freeilom.

The tlata for fungi on the sane sanples, presentecl ln table tb,

on the contrary initioate that the numbor-s. of fungl are relatively snail

and that, on the avêrâge, there Ls litt1e difference between grades.

I{ere too, the nea¿s prsvlcle relldble estlmates of ttre þopulatlons in the

tllfferent gracles.

Yeasts, lsolated on the nedlum used, represent nany tlmes the

nurnhers of fungl aqd, as shorm fn table la, there is little evÍdence of

a charaeteristic trend between ntrmbers aad gfacles.

The secontl set of sanples, covering the seme 1Þrlod antl the

sârne area as the for¡rer set, representecl 4 Winnipeg averages of each of

the 4 grades of Maaltoba Northern r9d sprlng wheat antl of No. õ anil No. 6

wheat. Tbe Wlnnipeg avêragê was a oonposite of all sanptes of one grade

taken by the lnepection etaff fr"om box-ears in a periotl of B weoks. The

counts on these samÈIes shouLd represent the populations on wheat better

than the counts on.lntllvldual box-car eamples. This ls borne out ln the

tlata antl statlstics presentecl i¡ tables 2a, 8b and ?e. Again the

aotual counts have been transforßetl to togarlthms.
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10.

Baoteria washed from Tllnnipeg average sanpLes
of Manltoba Northertr rÞd spring uheat, Graûes
I, B, 5 antt 4 antl No. õ encl ¡üo, 6 wbeat¡

(1.00 thousarcls Bêr gn. expreasec! as logarithme,
averages fmn 1Ê platee)

RepLicatl.one Graclee

4It

I
ar

g

4

0.8r

0.54

0.45

0.5¿

1.05

0.94

0.?6

0.87

1.õg

I.?2

1.65

1.56

a.4B

4.09

Ê.1.6

â.06

5.05 B.A2

8"65 P"88

a.5L B.gg

?,69 2.94

t
s¡

t
Cl .f.

õfl level for t

0.59

0.07

8.¿q

Ít¡,

3. L8

0.90

0.06

15.00

I.60

0.04

40.00

2.20

0.10

P,2.OO

2,72 2,.96

O.LL 0109

24.79 gg.eg
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TabLe 8b. I'ungl waeheal fron
Manltoba Northern
2, 5 ancl 4 anrl No.

(Hunilretts Ber gn.
averages fron 12

WlnnlBeg average sarnplee
rerl sprlng ¡vheat, Grades
.5 antl No. 6 wheat.

erpressed as Ìogarlthns,
pJ.ates)

of
I,

t

2

g

4

L.0g

0.96

0.6P

r.0g

L.W

1.11

1.01

L.05

0.97

r.lg

1.40

0.95

1.9õ

0.8e

0.9L

0.98

L.2?

0.9¿

1_.01

0.99

L.09

o "?2

1.22

r. 06

x

s¡

t
dt.f.

ã/ Ievel for ü

0.94 1.10

0.1_1 0.05

8.54 P9.00

g

g.1g !

I.I8

0.1r

IO.PB

0.99

0.10

9.90

L.06 I.0g

0.08 0.10

L2.8? 10.30



lfabLe 2c,

L2"

Yeagta washedl fron Winnlpeg average se.nBles of
Hapitoba l{orthern red sprlng wheat, Grades },
2, 5 antl 4 andl l{o. ã anil No. 6 wbeat.

(Thouaandls Ber gm. expressed as logarlthmo,
averages from l-2 B1ates)

Rêplloatlone Gradee

48

I

2

6

4

L.iA

0.99

I.27

0.79

L.?2

L.29

1. 17

L.62

t.u:

1.S5

1.25

1.s9

L.?4

L. 19

I.2,?

I. TO

1.91"

l_.71

L"65

1.44

1.55

l.g2

I.W

1.4r

i
s-x
þ

d.f .

596 leve} for t

L.06

0.lP

8,7õ

6

g.le

I.3B

0. La

10.78

l.ã8

0.06

?9.00

L.g2

0.L4

9.43

1.65 L.40

0.08 0.05

¿0"61 28.00
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llhe dtata oa tbese øamples are qulte elmf.lar to those for the

box-car sanples, shown ln tabLee La, Ib and lc. Ehey are preseated

graphlca3.ly ln Fig. r. The anarysee of varlanee foLrows in tabLê g.

The bacterlal ¡npulation lo large. Bhe ttiffer€nce bet¡reen grailes is
hlgbly slgnlflcant antl there is a regular upwartt trencl from gratle I
to gracls 6. ftre fungal counts are !.ow ancl unlforrn. ïeast oounts ehow

witle variablLlty. The tlffferenee between grarles and aounts and between

aates of sampling anil oounts are highty slgniffcant,, arthough they fall
to intlfcate. trends that are erplalnable on the basis of the rlata avall-

able.
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Tab1e 5. Analyeie of varlance - Winnipeg average samples.

â. Logarithns of baoterlal counts.

ss DF MS F 516 pt".

Gracles

Dates

Ermr

18.7?65

0.9554

0.1467

9.7fu?

0. L178

0.0098

g8g.Ig

lP,0e

¿.90

9.29

5

5

I5

TotaI 19.P196 ?ß

b. Logarithns of ftrngaL counts.

Gracles

Datee.

Error

0.0900

0.li]49

0.5100

0.0L80

0.04L6

0.0940

0.ã3

L.22

å.90

3.29

5

g

I5

Total o.?îA9

o¡ Logarlthns of yeast counts.

6rades

Datee

Er¡or

0.7957

0.4650

0.1471

0.1549

0.0189

?.?8

g.16

9.90

9.29

0.Ê8Êa

5

6

t5

lfotaL 1.4809
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TFES OF BACMRTA IN W.AS}IXNGS FBOM WHE.U'

trYhea est,imates wêre maôe on the microflora of wheat 1t wag

notecl that the bacterial plates showecl a large number of ¡shat appeareel

.to be one type oi organfsm. lPhis obsematlon pmnpterl the lilea tbat,

there was. posslbS-y a flora prollferating on rdteat, wtth a few preclom-

lna4t bacteria} speclee. lFo obtain information on tbis poin+J, 44

colonles wete,Blcked at ranrlom fr"on the baeterial p3-ates referrecl to

earller. lPwenty-t¡vo of these isolatlons repr€se4ùed one type of baoteria

ancl 1t was estimatect that thls o¡ganign made up alout F,5,40 ot,aII the

baotorla removetl f rom the grain by washlng,Xn,.sterlle watêr.

.êÊ atternpt, was made to ldentlfy these organfans by reaognizetl

ngthocls of oulturlng on various oonmon media antl on oertain eelectlve

media.

hereafter as [Ype 1, had nany of the cultural and pbysioLoglcal

characteristics of Phytononas t¡anslucens var. untlulosa (Smftn, Joneð

antt Retldy) Hagborg - a plant pathogen. Conceivablyr vrrheat mlght harbour

a B4rasltlc species with many of the aharacteristics of a pathogen - a

pheaotenon that ts aocepterl with raspect to parasit'io baoterla on the

hunen skln. A d€soription of Type I fol-Lows;
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rtrES OF BACÍERTA.TN TYASIITNGIS FNOM ITHE,4tr

trfhen estimates rryete naclê on the rnicroflora of ¡rheat lt wae

notetl that the baoteriaL plates showetl a }arge number of what appearetl

to be one type of' organlsm. This obsoratlon pmmpterl the filea that .

there was.¡rossibly a fl-ora prollferatlng on vùeat,, wlth a few predon-

lneqt bacterial speclês. lBo obtain lnformation on tblo poin+¿, 44

co.lonles wetrê'picked at ranrlom fmn the bacterlal- plates referred to

earller. lftventy-two of these lsolatione reprosêqteel one type of baoteria

antl 1t was estimated that this organisn made up qbout 851É of aII the
:

baoterla removecl fron the gratn by washlng ln sterlLe water.

Án atte¡npt was matl6 to ldentify these organlsms by reoognizect

methocls of culturlng on various cormon meclla andl on oertain seJ-ectlve

medlla. ,,,,

,, The pre-tlonlnating species, not litentlfiecl and referreil to

hereafter as Type l, hacl nany of the culturaL andl physioLoglcal

eharacterlstics of Phytomonas translucens var. undul-osa (Smttn, Jones

antl Retltty) Hagborg - a plant pathogen. Concelvably, ruheat might harbour

a Bqrasltlc speeies with many of the charaeteristics of a,pathogen - a

phononenon that ls accepted with respect to parasitic baoterla on the

hunan sklD. A clesorÍption of llype I fol-lows:



tfype r

Source - wheat

Mecllun - Nutrfent

Vegetative ceLls -
Sfze - 0.6 - 0.8 ¡r

Gra¡o-negatlve rocls

Motll-e in broth

].7.

Date of lso_Iation - May l6th, 1944

agar Tenpejrature - 26oC.

aeroble

Áge - 5 clayE

rouncledl, ln so¡e cases
eapsules were seen

by 1.8 - I.6 ,¡

ln sihgles aacl

Encls -

paire

Enclospores absent

Temperature - 26oC.

Agar Colony ¡s. - 5 clays

For:n - circular

Surface - mooth

Eitge - entlre

SLevation of growth - fl-at

Optloal character - opaque

Nutrient Broth Age - S claye

peL11cleSurface gr^owth -

0loucllng - strong

0rlor - decltleil

Sedinent - flakÍ

Ágar Slant

Orowth - modorate

Form - beadecl

¡leJ:. - 6 daYs

Lustre - gLlstening

Chromogenesig - yellow

Otlor - none or slight

0onsletency - butyrous

Metliun - unohanged.

Gelqttn Stab ¿gg - 6 tlayg

Growth - best at top

tine of puncture - fllifom

Llquefaction - craterlform

Medlu¡a - uncha4ged

Anount of setllment - ¡noderate
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Conslstenoy - clear

Reactlon - alkallne

Nitrates reduoed to nltrltes"

Anmonla prorluced from nitrate-peptone broth.

No lntlol producecl fron tryptopbane broth.

No stareh hydrolysis.

Aolcl, but no gas from clext,rose, lactose and suerose.

Potato Slant

Growth - abunclant

For¡r - spreatling

Lustre - gLlstenlng

Conslstenoy - butyroue

Medlurn - brownedl

Li.tnua MtIk

TYPE IT

Source - rvheat

Mediurn - nutrlent

Vegetatlve cells -

Elevation - flat

Optlcal character - translucent

Oclor - declclecl, sweet

Chrrmogeneeis - yellow

Age - 5 tlays

Da?e of lsolatlon - May 23rcl, 1944.

aSar

aerobic

by 1.2

TyBe If was lsolatetl five times. It alosely resembLed Phytonoaas

not produoeatrofaeiens (Uc0u1loch) Bergey et aÌ., rllffering in that 1t dtrt

lndo}, whlle Phytonoaas.atrrfaclens pmtlucee sLlght anounts. A cletalled

desorlptfon follows:

lfenperatq{g - 86oC. Age- - 3 rlays

Slze - 0.5 - 0.8 rr - 2.? tt Ends - roundletl
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Gram-negatlve rodð in chalns

fu brothRaptilly q,e!¡19

Ágar colo+y

Form - circular

Surface - smooth

Eclge - entlre

Elevation - flat

Optfcal oha¡acter

Nutrieut Broth AgB -
Surface - BelLlcle

Clouding - ¡notlerate

Sedfnent, - flne, granular

Amount of seillment - soolt

Odor - slight

Potato Slant

Growth - moalorato

Fonn - sprearllng

Ëlevatlon - fLat

Lustre ; glistenlng

Optical character - transluoent

1$. - S clays ågeir Stroke 4gg. - E flays

I

translueent

Growth - motlerate

Fo:m - ecblnulate

Luetre - gListening

Chromogenesis - eneamy

0clor - sLight

Conslstency - butyrouÉt

Medluß - sllgbtly yellonecl

19.

En{ospo¡ee - absent

3 claye Gelatin $tab Áge_ - 4 claye

Growth - best at top

Llne of puncture - fillform

Liquefaotlon - infunclibutiform

Mediun - unchatged

Otlor - digtlnct

Conståtonoy - butyrous

&[ediun. - greyetl or biqowneil

ChronogenesÍs - white
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Litnus Mi.Ik ¡s - 4 elays

Oonslstenoy - peptonlzatlon (sen¡n

Reaetlon - unehangecl

at 6 ðays eomplete peptoaizatlon.

at 6 days, alkaS-ine "

zone);

,

Nitrltes not produeed fro¡¿ nitrates.

No inttol production.

No hytlrolysis of starch.

Aci'tl anct no gas from clertrose and sucrose. Lactose tu::ns alkaline with no

gâ8 rr

Tellow-green fluorescent pfgnent produoécl ln culture

Three cuLtures cllcl not aBpear to agree wlth any specles describedl

1n Bergeyrs nanuaL (ã). Íhe presence of swollen anel irreguLar forms

suggestetl tbe posslbillty that they nlght belong to the Rhizobiaceae, but

growth on nannltoL ag¡ar protluced only a few enall pfnpotnt eolonles. Ttrey

did not grow on a metlium coataining oeLlulose as the only souroe of enerey,

thereby ellnlnatlng another possibllity.

ftvo Serratia-}1ke organlsms were lsol-atecl, whiab al-though they

proclucetl typicaL reactions in Lit¡nus mllk, failecl to J-iquefy bl-ooct serum.'

AIso, the plnk pfgnent ¡uhlch was procluced was neither water nor al-cohol"

soluble. The organlsm wes a tnrncate rocl, dlifferlng entireLy fmn the

tyBlcal coeoo-bacterla of Serratla marcescens but posslbly slnilar to

Serratia pLymouthensis in thls respeat.

two oultures of Flavobaoterium rtdiatun Bergey et aI. wel€

lsolate¿I. This organisu. was originally isol-aÈeA frcn water.

lwo of the lsoLates agreetl with Bacterlum gLobliorrne Conn, with
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qa6 exeeptlon, Ehls wae tbat the nitrates were reclueoel to arunonia anil

not slnply t'o nitrÍt'ee. Baeterju¡n gLobtfoÍrnl¡ ie wfdtely diistributóit 1n

eo11s.

Thé oaly coosus isolatetl was, StqqþJrLococcus epielermldl,s Bergey

et aI. The usuaL habitat of thfs organlsm ls the humen ekln but 1t ie

of falrly wftle distributlon atr¿l lt ls concelvabLe that, it mleht occur oD

the seed ooat of graln,

One of the cultures, oa ordinaqy 3-aboratory r¿edla showed the

genqral charaçterlstics of Phybomonae trttlci (Hutchtnson) Be¡gey et aI.,

but unllke the latter 1t, prorlucect a sligbt infunttlbullform Liquefaetlon

ln gelatln, Uncloubtedly lt is a member of thls genusr '

Four o-bhqr notlle' grqm-n€gatlve rods were lsolateel whloh pmôuoetl

Llmited anounts of aoicl on oarbohydrate nerlla but whlch tltcl not egree with

qny prevlously narned spegies.

IFÏTES 0F rulGI IN WÁgEIlil0S FROIÌ{ WflEAI

flcatlon etualles on the fungl ruere oarried out on theIrle¡tiflcation etualies on tbe fungi we

pLates ueed. for obtalnlng estlnates. A pure oultuæ of eaeh type was

subculturod on a Czapekrs ager sl-arrt antl preservetl for future rqfêrence.

The folLowlng types were fsolated; the rnoet prevaLent belng speoiee of

Penioll-Ltum, .Apperglllusn Alternaria, Fusariu¡n antl Cladlosporium.

Aerostalagnus a lnnabarinus Corrla

Altemarla tenuis Nees

AsperElllus canilléus Llnk
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A. flavus tÍ.nk

A. fupiqa_tue Fres,

A. gl,aucus Llnk

.4.. alger van Tlegh

A. orvzae (Ahlburg) Cohn

A. verslcolor (Vu1tl. ) Tlrab.

Botn¡tls elnerra Per€.

CephaLosporium gurùipes Saco.

Cephalosþoriu¡û epp.

CephaLotheciun toseum Corila

Cladosporlu.n herbenrm (Pers. ) Link

l'usarium culmorum (W. G. S¡nlth) Saco.

1, "o_..9 
(Peck) Wollenw.

I'. SatrBl acuElnatr¡n (8I1. ancl Ev.) Wollenw.

F. semitetcum $erk. qnd Rav. var. gg[g ltrr.

4eLnllnthosÞoriun satlvum Pnln. r Klng, and Bakke

ryryry nÊ,ï*î outrem

H. vlrlde (Fres.) Sacc.

Monllla spp.

Mueor clrclnelloldteq van ffegh

tr[. rac€noaug tr'treg.

PaeclLomyceg variotl., Baln,

Penf ct Illun ehrys-ogenun Thom

P. fLavl-dorsu4 Blourge

Ii-+qignlg4g TÍestl-.

P. purpurogenum Stoll
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P.. nrgulosum $hom

3. splnulosu¡n Thom

P. terrestre Jensen

Phoma spp.

RhlzoBus spp,

ScoB}larlopsle brevicauLis (Sacc, ) Bain.

Seoputrarlopsis sp.

Septorla nodo¡¡m Betk.

Tonrla spp.

lrichotle¡sa llgnon¡¡n (foae) Harz
\

Speoies of PenlolLliun appearetl in abunrlance ln

sarnples, with Penlcllllum chqirsogenum, P. frequeatans- anô

ocourring the most frequently.

praetlcally aIJ-

P. terrestrê

t:tlf'

:t;

:1.:

ATIEMPTS TO TEEE llßIE^{T T'RO!,Í IIICRO-ORE.ANTSTS

In orcler to establleh experlnentaLly the tllreot reLatlonshtp

between nlero-orBanisms and heat,ing, lt 1s necessary to eontrol the flora

on rùeat and, ia fact, to free the grain from nicro-o¡ganlsns in the eheak

sarnple. 1[hls luas first attenptorl by exposlng the eample to ¡epeatedl

washlngs in sterlle water, lhe procedure was tho san€ as that fol-lowetl

for dete¡mlning the poprrLatlons on wheat, except that the ehaklng wae

repeateû slx tlmes, for baLf hor¡.r lntema1s, lnsteacl'of only onc6. After
:

eaoh shåking the rinse water was poured off antl a fresh suppl¡¡ of, eterile

water atlclecl. Thon the sanp!.e was ringerl 1n sterlle water five times,
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without the use of the ¡neehanicaL shaker, and a ,flnal- or twelfth tine

on the mecha¡loa1 shaker for ono half hour. The final rlnee water was

plateil" The resul-ts for one of 5 replloatee of this experiment, shom.

1n Tab1e 4, demoastrate clearl-y that relatlveLy Large populatlons of

baeteria anil yeasts remala on wheat even after repeated washlngs.

Tabl-e 4. lilumbers of bacte¡ia, fungi and yeasts ln washings

from r¡heat prevlously washeat 11 tlnes in sterlle

water, ,

Sanple Baoteria

M11l,lons per graÍl

Fungl Yeagts

thousande per gram

Pltloohry, Mann

Dysartr' Sask,

Frankslake, Sask.

0.I0

0.2õ

0.06

0.0

0.01

0.01

0.09

o" L8

0.90

DisinfectÍon of the graln wag consldlered as the next method of

p¡ocecture. Se¡¡eral reports cleal wlth cllfferent chentcal-s on a varlety of

seede. Larmour, 0laytoo,,*d tïrenshal}, l-935; (14) matle an attenpt to

surface sterlllze wheat by i4merslon ia O.Lfo metcuric chloritle so1ut,lon.

From their clata 1t was obvioue that the treaünent wlth nercurlc chloridle

was lneffectlve as a sterlLizer for fungi, S¡ränson, l-9S4, (22) use{

Cêresan, a substance composecl of ïfo ef,try3- mercury chloride Ln 98.{o finely

powtlered, tlry, inert material. Traces of Ceresan, which coulcl not, be
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removed, clamaged the quallty of the wheat, therefore, the investlgator

etatee that 1t ls alifflcuLt to kaow how rnuch value tbie substanoe hadl

in preventlng tlanage by lnhibiting mold growth.

Hofer, 1956, (9) and Hofer ancl lla¡nilton, Ig5B, 1940, (L0, IL),

after a thorougb investigation of a large number of r.eports on ohenlcal

cllslnfectlon, conductecl a rather bxtensfve sturty of seed storilizatlon.

Flnally these workers'cane to the concluslon that a Zfi cihLoxtne solution

ililuted I:10, by adlillng I parts of water antl I part of 4/o .benzoLc acid

in alcohol, was hlghly satlsfactory for freeing legume seeds f¡om con-

tamtnating baoterla. Aecordingly the procedure outLlnetl by Hofer wae

actoptect as a basis for dlsinfectlng wheat.

The grain usecl for these ex¡mrinnents was a hlgh quallty wheat

provlclect through the courtesy of the plant Sclence Department of the

unlverslty of l[anltoba. rn prellntnary triaLs varyÍng amounts of a

mixture of 2"fr avallabLe chlorlne, fron a stablLizecl chlorine prroduct,

anð' Afo benzolc acld in alcohoÌ were allowetl to act on the wtreat for
atffferent perlotts of tlne. Satlsfacto¡y reeults were obtalnetl when 50

granê of wheat were t'reated rivlth 20 mJ-. of ohlorine, 2O ml. of benzoic

acld, enit 60 mI. of wator for I0 mlnutes. After thie treatrnent the

graln was rlnsett six tlnes with sterlle water. Effectlveness of the cHs-

lnfeetion ¡vas dlemonstrated by transferring 18 treatetl see¿ls to tubes of

nutrient broth, one seed to a tube. ID order to tletermine the presence

of mlero-organlsns tlrat nlght not be affectecl by treatment because of

proteotion by cllrt or othe:¡rise, half of the seeds were renovetl after 50

mlnutes, whlLe the other half were left 1n. Tubes rrere incubated at 26oC.
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and readlngs were made after several r[aye., the resu]-ts of IO rep-

Lications of thls experlment are presentetl in Table 5. fhey show

that bacteria were washed frcn Tfo of the treatecl seeals rernovecl from

the broth after õ0 minutes and frcn 43fo of the seeds left tn the

broth tlurlng the periotl of lnoubation. This is aoceptecl ae evfdence

that bacterla are protectert 1n erevlces of the seed-eoat, or probably

uncler 1t.
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Tabl-e 5.

RepLieations

I

2

.2

4

ã

6

,l

I

I

L0

Ø of totaL posltÍve¡

Sterl3.lty tests on wheat after dfsfnfeotion.

(lVumUer of seeds pr.oiluoing bacterlal- growth
ln nutrient broth)

Seeds left
b¡oth

o. tested ldo.

I
o

I

I
I
o

I
o

:'
I
I

positive

3

L

7

4

g

g

4

12

?

4

1n

elL Aslí

Seeds removed after
50 ninutes

No. tested No. positive

I

I '.

I
o

I

I
I
o

I
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In ortler to ensure that the chenlcal treatment followecl did

not lnterfere with the nomal metaboLi$il of the graln, tests for
vtablì-lty were matle by transferrlng 25 of the treated eeeds to nutrient

agar plates anrl tncubatlng at, 26oC. The erperlmeút was repeated lO

times. Thrêe check samples, treated wlth water, tnstead of the

chlorine-benzoic acid nlxtur€, wer€ tested for gerrnina'tlng power cturtng

the couree of the experfments. The results, shovrn fn Table 6, lncllcate

that the chemÍcar treatnent forrowed had äo effeot on þerninatlon.

llabLe 6. ViabiLlty tests on wheat aft,er clisinfectlon.

(Nunber of seeds germinatlng)

Repllcation Treatetl Not treateð
No. tested No. viabLe No. tested . ,No. viable

2õ 22

¿525

81

a3

25

25

25

2ã25

¿5

25

a6

Eõ

2õ

2b

26

i¿a

iA

Æ

ffi

2õ

20

L0

fi viabJ-e seeds

2ã

9gl"

22

92f"
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4gain' to be oettaln t'hat the chemiaal treatment dld not affect

theriiiliastase ln ruheat, a slmple test was usecl to rletermlne ¡¡hether or not

cltaetatis actlvity was the sane 1n treaterl and untreatecl samples. The

remaincler of the treatecl eeeds wore drlecl ln the 5?.5oC. lneubator for
two days. Fifty gramg of finely grouncl fLour from each eanple were sbaken

wlth 200 nl. of water, after which the mixturê was al"lowetl to etantl for 5

hours.. The proceôuro folLowed for testing for ttlastase sÍâs the Wohlgemuth

locllne möthod (86). Dllutions of 1.0, o.b, o.pb, 0.1a5;0.06p,0.081 anrl

0.016 were nade fron the s!¡pernatant liquitt of the grain by the actdltion

of sterlle,water. Five mI. of eaoh of the above clilutions were addecl to

tubes contalnlng 5 rnl. of O.I/o starcb solutlon. To 1nhlþ1t bacterlaL

actlon 0.5 mI..of toil.uor wae addedl to eaoh tube. The experiment wae

carrled out in tlupricate antt the tubes wero lncubatecl at 5?.õo0. for p4

houre. A check sanple was ruD. -After the incubatiou períod the preeence

of staroh was ¿lemonstrated by the aclctltion of a forv drops of lodine. îhe

presenoe of a blue red coJ-or¡ lnrlicatfng the conversion of stareh to

tle¡trln, was iletectetl ia the 0.031 dilutlon in alL sanples, incluctlng the

check. This ls regarded es the llnlt of the actlvlty of tbe enzlrme. rt
nay be conc-lutletl thefefo,re that the chl-orlne-benzolc acld treatment dld

not lnterfere wlth diastatic actfvlty.

1TYFES OF F1]IGI .qND BAC{ERTA,AEST89II{G. Tru.Ar¡úBNT

lhe types of baoterla and fungi resisting treatment were stuclled,

Appropriate clilutions were made fron the nutrient br¡oth tubes wÏrich showed

poelÙlve resuLts ancl nutrlent agar anrl Czapekts agar pLates lrere prepared.
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Sl:cty-elght types of bacteria were isoLatecl, 64 of these belng spore-

formers, P non-Bporeforming rocls antl I coocl. The following speoies

were lsolated:

Acrostal-agrûus clnnabarlnus Corcla

Alternaria spp.

Clsdgsporium spp.

Fugarium spp.

Paecllomyces varlotl Bafn.

Penf cillitm chrysogenum Thom

Penf cl}llum purpurogênwr 8to11

-
EFTECT OF VARIOI}S CONCENIRAT]ONS OF CHIORTNE ON GROWTH

OF BACIIERIA ISOT-AIED Í'ROM GRAIN

The possibility that small- amounts of reslalual chlorine might lahtblt

the growth of micro-or€anisns seemed woy'thy of conslaleration. If small

amounts of active chlorine on the treated samples were transferreil to the

meclium it is conceivable that a negetive result rnfght be cluo to lnhibltlon

of baeteria ancl fungÍ rather than to freedon from these organlems. In

orcler to deternlne the amount of chlorlne that might be transferrecl_ in

thls manner, eeeds dlsinfectecl by the procedure of Milner, Washowsky,

Tenret, lntl Geddes, 1945, (17) were t,estetl for resfdual chlorlne by the

Helllge Col-og Disk method. lwo huntlredl.antl flfty treatetl see¿ls in 100 ml.

of water oarriecl over gufflclent chlorine to give a readlng of 0.01õ parts

per nilllon of available chlorine.
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lfests vrere then narle to dete¡r¿ine whether chlorine ln various

concentratlons would'lnhibit growth of baoteria. Elght speoles of

bacteria, isol"atect from the normal wheat populatlons, were used. Calalunr

hypoehlorite solutions were matle up to give the following approxinate

consentratlons of chl-orine; 0.018, 0,05?, 0.075, 0.I0, 0.5, 0.ã, I,O,

I.Er-3-?, ?.5, 15.0, 50.0 parts per m1llion. One tenth nL., 0.2 ml.r. anô

0.5 mI. of each were acklecl to tubes contalning 5 mI. of dextrose broth to

whlch a loop of a young culture of bacterla had Just been added.

Vigorous gmwtb took plaae in all oases, with no inclicatÍon of inhibitioa.

llhis would suggest that the chl-orino attclecl ls ctisslpated, probably by

ahenical union witl sone pmteln matter 1n tle broth. Consequently,

snall traoes of ohlorlne that nlght have been,oarriecl over to the broth

on the seed, would not exert any lnhibltory effeet on miaro-organisno

that migbt have withstoott the chenlcal treatrü.€nt. In other worcle,

negatlve reeuLts ln the teets for eterlllty reportetl in a prevlous sectlon

of. this paper oan be Êccepted as indlcatl¡e of freedom frcm bacterla antl

fungl capable of growing unrler the eondttions provitlerl.

DTSCUSSION

Evldence that connerclal wheat harbours large numbers of a

wirle variety of mlcro-organlsns was not unexpectecl. Durlng harruestlng,

lhreshilg, transportatlon a4d storage grain ls exposect to the eLernents

ancl, consequentLy, mtght Eerse as a mechanlaal- carrler of any of the nnany

species of bacterla and fungl normally present ln eoll antl dust. Most of
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the eBeeles of fungi lclentified tn thls study are llsted as havfng been

lsoLated fron Manitoba soiLs (+, S). Slx ailclltlonaL types were founü

oa graln, nanely: Cephal-otheoium ros€q$r Septoria nodon¡m, tr'usarlun

gemltectum, the Apperglllus glaueue group and 3_eÆ.. Svldently ao

one has prepareil a list of the baoterla in soll- ln thls ro".

Too, one nlght expect to find pathogentc epeoles of fungl on

wheatn espeolally:on eqrnples representlng niany clifferent areas of pro-

duetlon. The foLlowlng lsolations 1n thls stucly are recotrdedl ln Ortonr s

blbLlography., 1951, (18) on seed-borne parasites:

Acrþstalagnus sp.

Alternarla tenuls Nees

AsperglLlus nigor van Tiegh.

C eBhalothee ium, roaeum Cordla

Cladlosporlun ,herbarun (Pers. ) Lirk

Eusarium culmon¡¡n (W. 'G. , Snith) Sacc.

RelninthosBorlum sativum Pan., Kt¡e and BaI*e

Septorla nodon¡m Berk.

fwo flntltngs ln thls stutly prosent presunptlve evlclence of the

exlstence of, a baoteilaL flora that prol-i.ferates on r¡eåt. l{any of the

!.ow grades, uncloubtettly, wêre exposed to weatherlng coatlitlone for Long

perlods of tlme. llhls erpoeure to danpness and wamth woultl favour the

aetlvlty of thls flora and could account_ for the signlfloant rlse ln

bacterial popul-atlon fron gracle I to graclo 6. ?he theo4r of the erlstence

of a bactertal flora on the eeeil coat is supBorteil aLso ln the ilata on

attenpts ùo frree,wheat of organlsns by ropeated washings in sterlle water
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presented ln table 4. Íbe bacterla in washlngs fron goocl quaLity wheat,

prevlouely exposed to several. washingÉr, average 0.I4 ¡nXllione p6r gråm;

or about one-thirtl the average number in tbe flrst washlnge from the

grade L samplee shovrß in table la.

Llkewlse the presence of relativeLy large numbere of yeagts on

aLL sanples of wheat studied suggeets the exlstenee of a yeast flora that

prtLiferates on v¡heat. Thls population is nuch Larger than the yeast

Bopulation ln soil. ID fact, only seldom are yeasts fountl developfng on

Ozapekr s merlium when solL ls platert at the diLution usecl 1n this studly

(4, 5).

The relatlvely smaLL numbers of fungi founcl on al-I gracles of

wheat tn thls study, on the contraryl, do not support the theory of a

sapropbytic fungal flora on the seetl coat of wheat.

Although tbe lnveetigation carrled out here woukl not be suf-

ficient to establleh the erclstenq€ gf an lnternal mlcroflora in wheat,

this posofbillty cannot be lgnoredl. Some lnvestlgators have oonstrleretl-

this to be the oase with reference to other grain and legurne se6tls.

Robinson, I9l-0, (e0) , belièvetl that the fallur€ to sterlllze peas ancl

beang intlicatetl efther chance lnfections morê reslstant thaa those on other

seedls or the pogslbllÍty that sometlmes the lnfeotion exlsted untler tbe

seed coat. In many attempts to steriLize seeds the concl-usfon seened

lnevitable that fungl oecurretl unrler the seed coats rather frequent}¡¡ ln

some lots of sebds. Mlehe, 1930, (16) suggeeted the same possibillty ln

a deooriptlon of an experlment with puspkin seeils. Although the experl-

nent was carrletl out, no less thatr four times, ancl every aseBtic preoautlon

was obsewetl, the seeds sbowed baoterial infectton. The lncidence of
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lnfection was ao regular that there coulcl be no question as to any fault

in technlque; but rather tTre unavolrlabLe conclusÍon waa that the interlor

of th'e punpkln seed was not sterile.

Fungi have been found withln the seed coat. Koehler, 1988, (1ã),

ln hls study of fungus growth in shellecl corn states that the ñblue eyen

contlltlon of corn fs eaused by the growth of eertain specles of PentcilLiun

between the gem antl the seedl coat.

The presenee of bacterla on the outsirle ancl aleo 1n the taterlor

of a Large proportion of poas, soybeans, ancl alfaLfa seeils has been dæon-

strated by Hofer and Hanllton¡ 19g8, (ICI). Rametact ancl Geclcles, :Ig4Í, (191

state that surface sterilizatlon technÍques lndicated that bacterfa and

fungi v¡€Te presen!, not only on the surface of soybeans, but ln the lnterlor

as wel,I.

SU¡IMARY

Ss.nples of wheat shlBBetl frrom varlous polntÉ tn Weßtorn Canada were

founcl to harbour large bacterial popuLations. Numbers of bacterla

waehecl from wheat of tlifforent gradee shoÌy a regular anil s.lgniflcant

lnoreaee from gratle I to grade 6.

E. Likewise, the yeast populationÉt were foundl to be rel-atfvely large anrl

to be oubJeot to wide fLuctuationsr
.'

3. 0n the qontrary, fungi were present in s¡aal!. numbere, although

lsoLated from all l0 gr¿. samples gtudled.

L.
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4. Presumptive evidence to support the tbeory of the existenc€ of bacterial

and yeast ftroras that, proLlferate on wheat 1e presented.

5. Eighty--flvê per cent of alL bacterla rênovetl from graln by waohfng witb

sterlLe water hatl nost of the eultural and physiological eharaeterlsttcs

of Phytononas translueeng var. uncluloea (Sratth, Jones and Reddly) Hagborg.

The fungt isolatecl from wbeat were, for the most part, soil types and

some spêcÍes knorryn to be wheat pathogens. fhe most prevaleat wero

species of Penloi!-1ium, .Aspergi1lus, tr'usarium, Alternarla anct Cladosporlum.

At.tempts to free wheat from micro-organisms by repeat,erl vrashtugs provecl

unsuccessfu}.

8. Alrnost complete f reetlom fro¡t r¡lcro-organlsms was obtalneil when 50 grdns

of wheat were treatecl with 80 mi.. of chlorine, å0 nl-. of benzoio aotrl

and 60 mI. of water for 10 minutee.

9. Viabtlity of the aeede wae unhamett by this ehemlaal treatment.

I0. libe chLorine-benzoie aclcl treatment dlcl not lnterfere with cllagtatla

aotlvlt¡¡.

1I. The tylles of organisms reelsting'treatment were

baoterfa ancl speqies of 3lternarla, Tusariun antl

princ f pally spo rebearf ng

Fenloil,llum.

L2. Sna1l amount,s of ehlorine that nÍgbt have been camletl over t,o the broth

on the seed woulcl not exert any lnhlbltory effect on micro-organiems

that nlght have wlthstood the chemiaal treatnent.
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