GROWTH OF FINGI IN SORGHUI GRAIN STORED AT
MOISTURE CONTENTS OF 18-2l7%

by L ss

ROSEMARY BURROUGHS

A, B,, University of California, Berkeley, 19LL

A MASTER'S THESIS
submitted in partial fulfillment of the
roquirements for the degree
MASTER OF SCIENCE

Department of Plant Pathology

KANSAS STATE UKIVERSITY
Manhatten, Kansas

196
Approved by:

// WA L
e A S 2 LA

' - .

Major Professor



LD
24Lf
T4
/970

379 TABLE OF CONTENTS

INTRODU.CTION' * @ * » * @ 9 » [ ) " & * @ - * » . ®
MTERI.ALSANDEETHODS s ® @ .7- * @ @ ° &« @ a2 * . @

EXPERIMENTAL RESULTS AND DISCUSSION ¢ o o o 6 o & &

Fisld Fungi in Naturally Infected and Autoclaved

Sorghum Stored at High Moisture Content . .

Seed Disinfection, « s« o. o o ¢« o s s s o s o »

-

Invesion of Autoclaved, Fungus-free, and Naturally

Infected RSEL0 Sorghum at 19 and 2%% Moisture by

Four Common Fungi: Aspergillus repens, and

Isolates of Alternaria, Fusarium, and dMucor

Sm‘MY!...‘l...i!lttotl'l‘..
ACKNONIEDGEMENT o o « o s » » ¢ 5 5 o v o ¢ ¢ o s &

LITERATURE CITED. * @ ¢ 5 8+ @ . 9 . & » L] .' LA L] L4

\H
[44]

£ €



INTRODUCTION

"Grain sorghums give trouble in storage for two primary reasons: (1) they
contain too much moisture when threshed in the fall to keep safely in storage,
end (2) they are commonly stored in unventilated bins which do not permit them
to dry out," This statement is as true irn 19&) as it was 30 years ego when
made by F, C. Fenton of Kanses State University (9). Improved technolozy has
compounded the problems even though satisfactory methods for drying freshly
harvested sorghuﬁ grain have been developed,

Farmers have tended to harvest sorghum at highér moistures because com-
bining ldéses are lower and early harvesting gets the crop out when prospects
for favorable weather are best (i), Producers rely on post=harvest artificial
drying, drying with wnheated sir, cooling, or chemical fungicides to put the
grain in good storage condition, The result is often large quantities of warm,
moist grain waiting for treatment, This grain is vunerable to rapid mold
invasion end the accompanying mustiness, heating, and loss of quality.

Growth conditions divide the fungi infeoting grains into two distincd
groups =~ storage fungi requiring as little as 70% RH for development end field
fungi which do not grow below 90% RH (7). Sorghum, like other grains, is
hygroscopic and tends to reach and maintain a molisture content in equilibrium
with the surrounding air. The relative humidity of the air in the interstitial
spaces varies with the temperature (9)., No investigators have determined
equilibrium moisture curves for sorghum above 20% moisture, and there are no
comparisons of equilibrium moisture ourves for different kinds of sorghums or
for mature and immature sorghum segds. It seems likely these would differ from
the ourves determined for Bleckhull kafir by Fenton in 1939 and still given in

the Agricultural Engineers Yearbook (2),



Reduocing moisture content to the safe storage level of 12-1%%, lowerirg
temperature to about L0 F, or a combination of lower moisture and “emperature
produces conditions unfavorable, or at least less favorable, for mold growth,
The methods devised for post-harvest handling of shelled corn zre based on this
premise, Studies with corn have established the maximum safe holding times at
stated moisture contents end temperatures (2l;), and these guidelines are appli-
cable to sorghum with certain qualifiecations., The sorghum plant remains green
until killed by frost; so moisture is available for developing seeds up to
harvest time, The same head may have fully developed seed end immature seed &t
harvest, Seeds of considerably different moisture may be in sach bulk, and
seeds of the highest moisture content must be considered when determining sale
hnlding periods.

There are no reported investigations of safe storage periods for sorghum
with over 18% moisture comtent although sorghum is harvested in that moisture
renge in some years. In one feported study from Texas, Person 33_2}_(18}
dotermined the maximum cooling time without fungus demsge from harvesting
temperatures of 85«05 F for sorghum of 16=187% moisture content is 7 days; for
moisture content of 1li=16%, 20 days,

Aeration hes become an established prectice for maintaining guality of
sorghum in commereisl facilities after it has been dried to a safe moisture
content (15), and is being more widely used in on-farm storage, Unheated air
is effective in cooling freshly harvested grain and for maintaining uniform
temperature and moisture in a grain bulk, Such ventilation will lower the
moisture content, but drying is gquite slow, Depending on the weather, dryirg
often requires several weeks, and grain may deterlorate before a safle molsture
content is reached,

Sorghum seeds have a high infestation of field fungi, The predominant



genera found are Alternaria, Chaetomium, Cladosporium, Curvulsris, Fussrium,

and Helminthosporium, with Alternaria by far the most common followed bty

Fusariun (13, 21), Alternaria often securs in 100% of seeds as it does in
wheat and barley (6). The seeds become infected prior to harvest probably Just
before seeds reach maturity, Entry by two routes has been proposed: via the
stalk and seed attachment from a systemic infection of the plant or by pere-
tration of the immeture caryopsis by mycelium from spores deposited on the
seeds (11}, It is generally accepted that the loss in grain quality due <o
field fungi occurs before harvest or at least before the grain is dfied below .
20=-22% moisture content.. Field fungi may live for years in dry grain, but die
fairly rapidly at moisture contents in equilibrium with relative humiciviles of
about 70% and above. This is about 11# moisture in sorghum, Alternaricz. counts
Hawe been used as an assay to judge whether grein is going out of condition,
since a decreased percentage of invasion indicates grain has been stored above
& sefe moisture content.

"In addition to reducing the nutritive quality, lowering germination,
altering flavor, and affecting processing quality, fungi growing in stored
greins mey produce mycotoxins injurious to man and domestic animals, Two
seners of field fungi commonly found in sorghum, Alternaria end Fusariuvm, are
knovn to produce toxic metebolites in feedstuffs, /The conditions of toxin
production by these fungl under natural conditioﬁs aré not clearly defired,
Isolates of fungi from feedstuffs suspected of conbaining toxins are grown on
sterile substrates and then assayed by feeding to test animals (6).}

Fuserium species are known to produce a toxin lethal to men (E:.tricinctuaL
& toxin causing liver lesions (F. roseun), a toxin, F-2, producing en estrogenic
syndrome in swine (F. roseum} and toxins lethal to rats and turkey poults

(P, roseum and F, moniliforme)}. A period of low temperature is required for



toxin production by F, tricinetum and for F-2 production by I, roseum under
laboratory conditions, but low temperature may not be required by &ll Fusarium
speciss which produce toxins (6). Stored sorghum in the Midwest is subjected
to periods of low temperature as well as moderate to high temperature.

Sereening tests for toxic fungi in suspected corn, feeds, and food
conducted at the University of iinnesote showed 88% of €0 isolates of Alternaria
were toxiq to rets, 75% of 87 Fusarium isolates were lethal to rats and turley

poults, and L& of L1 Cladosporium isolates produced lethal toxins (&), The

extent of mycotoxin-caused syndromes in poultry and domestic animals cannot be
estimated with present knowledge.

Although the reletionships of moisture content, Tempersture, and time in
storage to invasion by storage fungl has not been as extensively studied in
sorghun grain as in wheat and corn, Lopez and Christeﬁsen have reported on the

invesion of sub=species of the Aspergillus glaucus group in sorghum stored with

moisture content up to 15-1&% (1L). Texas workers demonstrated no change in
either field or storage fungi after more than 6 months when sorghum.@veraging

18% moisture content at harvest was stored in bins end asrated withrgconditioned“
air at L5 F. The relative humidity was held at 73% for 3 months and then lowered
to é5%, Some drying occurred end final moisture content was 15,65 (18).

The behavior of fungi in sorghum at over 20% moisture content has not been
studied. It is of importance because of the need to define safe periods for
holding freshly harvested sorghum grain %o preserve quality before drying and
cooling, High moisture conditions may occur at later times in sorghum storage.
Spring temperatures produoé sn increase in relative humidity in sorghum stored
at above 1l7% moisture content end maintained satisfactorily through cold wesather,
Moisture shifts, leaking bins, and the practice of reconstituting sorghum for

cattle feeding (17) may also provide conditions favorable for growth of fungi.



This paper presents a study of growth of selected fungi in sorghum of
18-2)¢ moisture content under controlled conditions, Particular emphasis is
placed on field fungi and their individual performences alone and in

combination,
MATERIALS AND METHCDS

Sorghum, A sample of farm=-stored sorghum was used To observe The effecis
of high moisture and time in.storage on growth of field fungi, The grain was
taken from a wooden storage containing approximately 500 bushels of sorghunm,
Moisture content was 13.,5%, germination L9%. The grein had been storsd about
7 months, snd no storage fungi were deteoted in surface disinfected seeds,

RS610 sorghum from the 1967 crop grown in Nebraska for seed wes used in
experiments on fungus invesion, Moisture content was 8-9%, germination was
§7-9%%; less than 1% of seeds were originally invaded by storage fungi,

Preparation of semples for storage, Treatments used prior to moisture

adjustment are given for each experiment, The moisture coantent of 500 g lots
of sorghum contained in sterile 2 gt mason_jarS'was adjusted by addition of
sterile distilled water, Jars were kept at room temperature and shaken fre-
quently during the next several hours to aid weter uptake, When free water was
absorbed, jars were placed overnight at 15 C to equilibrate moisture, For each
sample, 30=35 g of seed were aseptically dispensed in a Mierovoid sterile air
hood into sterile, screw-capped, L oz presoription bottles, After inoculation
bottles wers sﬁored with caps loosened in incubators at 15 or 25 C and relative
humidity of not less than 95%,

Incubators satisfactorily maintained the initial moiﬁture content,

Fenton (9) showed that as moisture content inereases to 20%, the vapor pressurs

of sorghum approaches that of saturated water vapor at that temperature, and



further increases in moisture content of grain beyond 207 have relabtively little
effect on vapor pressure, At & T the vapor pressure at 100% relative humidity
is 25,5 P.s.i. 2nd thq'b of sorghum with 187 moisture content is 2l p.s.i. 4%
77 F, saturated water vapor has a vapor pressure of L6 p.s.i, and sorghum with
18% moisture content L3 p.s.i, Grain gains or loses moisture because of differ=-
ences between vapor pressure of the grein and the surrounding air, and saall
differences allow little change in moisture content,

Moisture contents, The two-stage, air-oven method specified by the U, S,

Department of Agrioulture (23) was compared with that of Hert et g_g (10) for
sorghum employing a 10 g semple heated at 130 C for 18 hrs, Replication was
good by either method, usually within 0,1%, Veriation was always within the
0.2% limit specified by the U.S.D.A,

Agreement of moisture content values determined by the 2 methods was within
0.1% for semples of low and high moisture contents with the one-stage mechod
giving the higher figure, Because of inherent sources of error snd tims con=-
suming factors in the 2-stage determination, the 18 hr method was considered
supsrior and was used for nmost tests,

Germination, One hundred to LOO seeds were ircubated at room tempergture
on moist paper towels enclosed in sealed aluminum foil folders, Counts wers
made at 3 and & days, Any sprouted seed was considered germinated,

Fungi used for inoculum, Isolations of commonly encountered fungi

Aspergillus repens, Alternaria, Fusarium, ucor, and Rhizopus were made from

sorghum samples, Cultures were maintained on poteto dextroso agar and malt
ager with 1% sodium chloride, Storage semples were inoculated with mycelium
and spores trensferred with a bacteriological needle, Bottles were shaleen

thorouzhly,

¥old index. At each sempling time stored bottles were examined and scored




for moldiness, 4 visual mold index {MI) was established: O = seeds free
flowing, 1 - some seeds sticking together, 2 « seeds clumpsd but easily oroken
up, mold visible on careful examination, 3 = seeds clumped, moldy, and ly - seeds
caked, very moldy., Fungus growth giving a mold index of 1 or 2 in experimental
storages would easily escape notice in & grain bulk especially with mechenized
handling,

Agar, Difco potato dextrose agar with I sodium chloride was used for
plating farm-stored sorghum, Rose bengal, 100 ppm, was added to restrict vege-
tative growth and facilitate counting when the grain was inoculated with
Rhizopus,

For experiments with RS610 sorghum, Difeo malt agar with L% sodium chloride
and 200 ppm Tergitol NPX (& nonionic detergent distributed by Union Carbide
Corp,) was used. Tergitol was effective in reducing vegetative growth without
preventing sporulation end has the advantage over rose bengal of being colorless,

Seeds invaded by fungi., After visual observation of the storage condition,

each sample was mixed thoroughly by shaking, and about 100 seeds were removed
aseptically, Kernels were shaken for 1 min in 2% sodium hypochlorite (¥aQCl),
rinsed in sterile distilled water, placed on agar =- 25 seeds per plate, and
incubsted 5-10 days at room temperature. Plates were examined microscopically
and fungi identified. Seeds also were plated without hypochlorite treatment,
Invasion is reported as pesrcent of seeds infacted based on observabion of 25 to
100 seeds, Fifty surface-disinfected seeds and 25 non-surface~disinfected |
seeds from each semple were examined at intervals during experimental storazo.
The effectiveness of seed disinfection treatments is based on 100-seed samples,

Initiel mold invasion in sorghum sources was determined by examining 100 seeds,



EXPERDMENTAL RESULTS AND DISCUSSION

Field Fungi in Naturally Infected and Autoclaved Sorghum
Stored at High Moisture Content
The potential for growth of field fungi in a lot of farm=stored sorghum
was studied by adjusting the moisbure contents of four 500 g lots to 18, 20,
22, and 2l%, storing sample bottles at each level at 15 and 25 C, and exemining

grain for fungi, Before moisture adjustment 92% of the seeds were internally

infected with Alternarie, 10% with Cledosporium, 1 with Fusariun, and seeds

also had Penilcillium, Mucor, and Rhizopus on their surfaces. Concurrently two

storage experiments were conducted under the same conditions using the same
sorghum source, For one study a li oz bottle at each moisture content was
inoculated with Mucor; another group of four bottles was inoculated with
Rhizopus, and four bottles were inoculated with Fusarium isolate "A" and four
isolate "B", For the second series, 500 g lots in 2 gt mason jars were auto=
elaved 1 hr at 15 1b pressure and 120 C on 2 sucessive days, After sterili-
zetion jars were kept et room temperature and shaken at intervals for a day
before moisture adjustment. Similar groups of L bottles were each inoculated

with Alternaria, Fusarium isolate "A", Fusarium isolate "B", lucor or Rhizoous,

Two sets of liy bottles each were double inoculated with Alternarie and Fusarium

isolate "A" or isolate “B",

The percentage of infected seeds and mold index for naturally infected
sorghum stored at high moisturss are shown in Tebles 1 and 2, The nearly 100%
initial infection by Alternaris made it difficult %o follow the succession of
fungi developing in storage at high moisture, Mold growth increased, indicated
by the mold index, with increased moisture, temperature, and time,

At both temperatures grain stored at 18% moisture content was not notice-

able moldy after 35 days., After L days the sample stored at 18% moisture



Table 1, Effect of high moisture and time on fungi in sorghum et 15 C

Days % Mold Percent surface disinfected sseds yieldine:
Stored Moisture Index Alt, Clado. Fus, dueor Peti,
0% 13 0 ol 10 L 0 0P

L 18 0 88 20 32 0 0

20 0 92 12 16 L 0

22 0 96 20 20 0 0

2l 0 100 2l 5 0 0

12 18 0 100 0 -2 0 )

20 i g2 12 2l 0 L

pere) 1 o2 8 12 0 0

2l 1 100 L 8 8 0

20 18 1 92 12 8 0 0

20 2 g2 12 0 0 o

22 1 100 I I 0 0

2l 3 96 16 0 L o}

35 18 1 100 L 8 0 0

20 2 100 L Lt 0 16

22° L 100 0 16 0 22

a1d b UL 0 12 0 L

1o 18 2 100 28 b 0 0

20 3 100 L 12 0 %6

22 L 100 I 2ly 0 Lo

21° L 80 0 32 0 0

& gSeven months in farm storage; day stored indicates subsequent controlled

storage.
Kon-surface disinfected seeds also had Penicillium (11%), Mucor (2%),

Rhizopus (2%).
12% Tricothecium roseum.
g88% T, roseun,
Ligf T, roseunm,

o

[ < PR e ]
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Table 2, Effect of high moisture and time on fungi in sorghum at 25 C

Days - % Mold Percent surface disinfected seeds yielding:
Stored Moisture Index Alt, Clado, Fus., Macor e,
o i3 0 ol 10 N 0 ob

L 18 0 100 12 16 0 0

20 0 100 2l 36 0 0

22 6] 100 0 16 o/ 0

2l 0 100 L 2h 0 0

12 18 1 96 12 16 0] o

20 1 100 8 2l 0 o

22 2 100 0 22 i I

2l 3 96 8 é, 12 0

20 18 2 96 0 0 0 8
20 7 &l L 2l i 16

22° 3 56 L &0 L 8

21,4 L 56 2 80 2 L

35 18 2 160 0] i 0 L

20 3 100 0 36 0 22

22° L 72 0 Lo L 16

2l L 12 0 72 0 0

& Seven months in farm storage; day stored indicates subsequent controlled
storage. ,

b Non-surfece disinfected seeds also had Penieillium (11%), Mucor (2%),
Rhizopus (2%),

© 12/ Trichothecium roseum,

d 147 T, roseum,

e Lla ?: TOSSUM,
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content and 25 C was very moldy while grein stored at the seme moisture content
end 15 C appeared in good condition, There was little change in mold flora
during the storage period,

Sorghum stored 2t 15 C and 20% moisture content was not obviocusly moldy
after 1 month, but 1&: of the seeds were invaded by Penicillium, In 20 days,
storage at 25 C produced moldy looking sorghum with 1€ invaded by Penicillium
and 21§ by Fusarium, The sorghum of 22% moisture content was clean-lookirg
after 20 days at 15 C and had & mold index of 2 in 12 days at 25 C, &t 217
moisture content sorghum was moldy after 12 days at 25 C, It was in eapparently
good condition after 12 days at 15 C bubt was moldy 8 days later, £&fter 20 days
Pusarium had invaded more than half the seeds at 22 snd 2L% moisture content
stored et 25 C,

Semples stored at 22 and 217 moisture content were invaded by Trichothecium

roseum, At 15 € T, roseum was present after 35 days, and et 25 C the mold was
found after 20 days of storage. T, roseum produces an entibiotic metabolite

with fungicidal properties (3). Reduction in Alternaria end Fusarium counts

and failure of Penicillium and Mucor to continue invasion of the sorghum m2y

have been due to fungicidal activity rether than netural dying out of field
fungi, The infection by T, roseum made it impossible to determine the optimal
development of field fungi in the naturelly infected sorghum,

As e group the field fungi require 90 to 100% reletive humidity for deve-
lopment and sporulation, The relative humidity in equilibrium with sorghum
grain of 20% moisture content at L0 F is 90%; at 70 F, sorghum of 18% moisture
content is in equilibrium with 90% relative humidity (2), The minimum moisture
condition for growth of the meturally infecting fungi mey have been met in all
samples except the one stored at 16% moisture content and 15 C where grain

rems.ined in good condition,
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No "safe periods" =-- times above which mold growth causes encugh loss in
quality to bring about a lowering of grade == for storage of sorghum over 18%
moisture content have been established, Texas workers (18) found the reximmum
allowable time for cooling sorghum to LO F from an initial tempersture of
85«05 F before loss in quality wes 7 days., A series of experiments on storage
of moist corn showed that when storage air temperature is 75 F, freshly har-
vested corn at 25% moisture content has a L.5 day safe period, corn with 20%
moisture content a 12,1 day safe period, At €0 F safe periods lengther to 9,6
days for corn at 25% moisture content and 27 days for corn containing 20%
moisture, If a visual mold index above 1 is used as an indication of quality
loss, the safe periods for storage of high-moisture sorghum appear at least
equal to those for corn at 25 C (Table 2), but & little shorter at 15 C (Table
1), The U, S, Department of Agriculture's "Guidelines for mold control in high
moisture corn " (2L} points out that storage at recommended conditions of
temperature, moisture, and time does not guarantee the absence of mycotoxins,

Field fungi inoculated into high-moisture sorghum did not establish
infection in the naturally infected grein, Mucor conteminated the surface of
8 to 52% of seeds in all trestments in L deys; after 12 days, minimal (L to 8%)
'inwasioh oceurred in both storages at 2l% moisture content, No Mucor was found
et later sampling times, Rhizopus was detected on non-surface disinfected
sorghum containing 2l moisture at 15 and 25 C after l: deys but was not found
agein,

Both Fusarium isolates were eble to invade naturally infected sorghum in
a1l storages, except for Fusarium isolate "B" in grein at 18% moisture content
st 15 C and at 2l#% moisture content at 25 C; percent invasion was generally
high after L days of storage (Table 3). There was an ebrupt decrease in

percentage of inveded seeds at the next sampling period. The drop between L
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Table 3, Effect of high moisture, temperature, and time on invasion of sorghun
by isolates of Fusarium
Percent of seeds yielding Fusarium:

Tenmp, Days 18% moistur% 20% moisture 2Z% moisture 2l moisture
9 Stored nsd®>  &d nsd sd nsd sd nsd sd
Fusarium isolete MA"™ + initiel infection®
15 L 52 36 €8 52 €0 28 56 32

iz 0 8 12 g

20 L L 16 12

35 12 L 32 72

25 L 8L 72 8l 80 88 76 92 L8
12 26 56 L8 Lo

20 0 3 Lo 52

Fusarium isolate "B" + initial infection

15 L 32 L 56 &0 80 & 76 &0
12 16 8 16 0

0 28 0 16 0

ﬁo 8 L 20 8

2 80 2 8L 6 100 88 92 20
2 1% 78 ' 2 26 28
20 8 32 28 el

& Yot surfece disinfected,

Surface disinfected, )
S )7 Fuserium in surface disinfected sorghum; 11% in non-surface disinfected,



and 12 days is not explained, It is unlikely that the high levels of Fuzerium
found on the fourth day were due to inadequate surface disinfection, for
SB;ﬂ.ples hed low mold indices and were not difficult to wash, Treatment of
seeds for 1 min in 2% NaOCl proved adequate for removing surface contamination
of samples throughout the study,

Fusarium counts in the naturslly infected sorghum st 22 and 217 moisture
content stored %5 days at 15 C were higher when Fusarium "A" was inoculated
then when no inoculation was made, At 25 C after 20 days storage, counts were
lower in inoculeted semples, The percent invesion by Fusarium did not increase
at 15 C after 35 days or at 25 C after 20 days when Fussrium isolete "EY was
incculated into naturally infected sorghum, Mold indices were comparables to
those in naturally infected sorghum storages,

Sterilized sorghum was used to determine conditions for development of
common field fungi, Autoclaving alters chemical composition and physicel
properties of seeds, but growth responses of fungi indicate the relative hum-
idity of interstitiel spaces in equilibrium with moisture content of sorghum
seeds is similar for auboclaved and viable sorghum at least up to 20% moisture
content. Equilibrium moisture curves are not given for 15 or 25 C in the
Agricultural Engineers Yearbook (2); so relative humidity velues were inter-
polated from the temperature curves given,

In the 18% moisture sorghum no kermels were invaded at 15 C where relative
humidity was ebout 88% though Mucor and Rhizopus spores were present on seed
surfaces, Invesion was negligible after 12 days in 20% grein at 15 C at about
91% RH, After 20 days Pusarium isolate "A" had invaded 88% of seeds, Fusarium
"B" 82% Alternarie 2l¢, Rhizopus 8%, and Mucor 0% (Teble L),

Fusarium isolates developed in sterilized sorghum at 18% moisture content

and 25 C when reletive humidity was. about 90%; Fusarium isolate "A" invaded nore
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Table L, Percentage of autoclaved sorghum invaded by field fungi at 15 C
Pays 187 moisture 26% moisture 22% moisture EL%“Hgisture
Stored nsd® sdP nsd sd nsd sd nsd sd
Alternaria
L 0 - 0 0 0 0 0 8 i
12 4] 0 0 0] 8 0 gz 58
20 0 0 58 2l 92 58 100
Fusarium isolate YA"
L o 0 8 0 %2 8 €0 20
12 8 0 16 L 96 88 100 gé
20 0 0 100 88 8l 100
Lo 0 o] 100
Fusarium isolate "B
L 0 0 0 0 0 0
12 0 0 il 0 100 36
20 2 0 100 82 94
Lo 0 0 100
Mucor
12 Lo 0 Ll L 76 8 100 56
20 16 0 2l 0 12 &l
Rhizopus
L 20 0 8 0 0 0 +° 16
12 L 0 Ll 0 L 0 52
20 0 0 96 8 52 56
50 8 0 100 8h g6
e

b
¢

Not surface disinfected,
Surface disinfected,
Plate covered with mycelium,
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seeds at 20 days than Fusarium isolate "B", Alterneria, Mucor, Rhizopus did

not grow, When moisbure content was reised to 20%, invasion was generzl in
about 12 days (Table 5),
Panasenko (16} listed minimel and optimal humidity reguirements for

conidial development of some field fungi: Alternaria tenuis, 90 and 987, *ucer

racemous 95 and 98-99%, Rhizopus stolonifer 96 and 98-99%, OCrowth of Alterneria

after 20 days on grain at 20% moisture content and 15 C was greabter than thet

of either lucor or Rhizopus suggesting minimel requirement for sporulation of

the Alternaria isolate used is between 91 and 95%, -

When Alternaria and Fusarium were used together as the inoculum, the

percentage of sterilized sorghum inveded by Alternaria was low, never exceeding
329 (Table 6), As a single infection Alternaria invaded 100% of seeds at 25 C
and 2l moisture content after 8 days of storage and all seeds of 20 and 22%
moisture content by 20 days. Fusarium became established more rapidly; both
isolates infected 76% of seeds at 20% moisture content and all seeds at 22 and
2lg% moisture content by the eighth day {Table 5), However, Alterpariz had
invaded more seeds in l days than Fusarium isolate "B", end Alternaria was
better able to compete with Fusarium isolate ™B" then Fusarium isolate "A".
Christensen showed that wheat already infected by A. glaucus was not infecved
by A. ochraceus and suggested A. glaucus mey become so well established that
other fungi with higher moisture requirements are excluded (5). Speciss of
Fusarium produce sntibiotlc substances (3) which nmay be important in restricting

other fungl in storage, Trichothecium roseum appeared to have a similar

inhibitory effect on other fungi in naturally infected sorghum (Tables 1 and 2).
When kernels were invaeded already, it was difficult to establish another
infection even by a species having a lower moisture requirement as demonstrated

by attempts to infect 100% naturally infected sorghum with isolates of Fusarium,
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Table 5. Percentage of autceclaved sorghum invaded by field funpgi at 25 C

Days 18% moisture 20% moisture 22% moisture 24 moisturse
Stored nsd? sa® nad sd nsd ad ned s2d
Alternaria

L 8 0 52 0 96 N 100 56

8 L 0 &0 L 88 56 100 106
20 0 100 100 100 100
Lé - 100 100

Fusarium isolate "AM

Iy 0 0 20 8 88 22 100 g6

8 L 0 100 76 100 100
12 0 0 100 8Ly 100 100 100
20 g2 32 92 . 100 100
Lé 78

Fusarium isolate "BY

L 0 0 L 0 0 & 20

8 0 L 100 76 100 100 100 100
12 0 0 100 8L 100 88 100
20 28 L 96 92 100
L6 88

Mucor

8 & o} 52 0 88 Ly 160 8l
20 o} 0 g2 Lo 80 &
L6 é, 8l

Rhi.zogus

1 L 0 Ll 0 +° + + +
12 8 0 100 52 100 76 L3
20 0 0 Lo Lh 72
1o 16 gs

2 Yot surface disinfected,
b surface disinfeeted.
¢ Plate covered with mycelium,
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The chief natural infection was by Alternaris which had a higher moisturs
requirement in sterilized sorghum than the Fusarium isolates, llucor and
Rhizopus, with 95% and 9&% minimal reletive humidity requiremsnts for conidial
development, were unable to establish internal infections in moist sorghum fronm
natural surface contemination (Tebles 1 and 2) and were excluded when inoculated
into naturally infected grain, Both invaded sterilized sorghum (Table L and 5),

Infection of seeds by Fusarium inoculated into autoclaved scrghum
increased with time in storage at 15 and 25 C, The percentage of seeds invaded
by Pusarium in naturally infected sorghum inecreased at 25 C in 35 days (Teble 2)
but not &t 15 C in the same length of time (Teble 1), Responses of Fussrium
isolates inoculated into naturally infected grain were variable; highest
invasion was 72% by Fusarium "A" in grain of 2lff moisture content at 15 C
(Table 3).

Whether exclusion of field fungi from neturally infected sorghun is due
to the presence of established infection or to properties of intact, living
seeds cannot be determined from these experiments, Germinability is used as an
indiecation of grain condition (6) and viable grain has better storability-than
non-viable suggesting that living seeds are less vulnereble to fungal invaesion.
Since fungal invasion is more rapid in aubtocleved than in non-autoclaved grain,
autoclaved sorghum is unsuitable for studying safe storage times at high

moistures,
Seed Disinfection

Surfacs disinfected wheet and corn have proved satisfactory for experi-
mental storage at initial grain moistures up to 1&% (20), Beceuse field fungi
require a relative humidity in excess of 90% for development and sporulation,

their presence in the seeds did not interfere with studies on storage fungi,
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The problems encountered in the preceeding experiment utilizing farm-stored
sorghum pointed out the need for viable sorghum fres of field fungl for experi-
mental storage at high moistures,

Sorchum obtained from a local elevator wes treated as shown in Table 7
with various combinations of NeOCl snd 70% ethyl alecohel, Volatile disinfecting
agonts wers used to avoid residues, One hundred-gram lots were placed in a
besker with the alcohol or NaOCl, stirred with a magnetic stirrer, and rinsed

with sterile distilled wetoer after egch treatment.

Table 7, Effects of disinfection treatments applied to commercial sorghum

Treatments Seeds
Yo, 70% EtOH 27, Na0Cl yielding fungi Germination

wmin min % %
3 0 1 (27%) 100 87
2 3 5 100 79
3 5 20 80 7h
L 3 30 &2 73
5 5 30 - 56 71
6 10 30 36 7
7 3 20 (&%) - 56 €3

No treatment sufficiently reduced Alternaria infection to warrant its use
in preparing commercial sorghum for a storage experiment, Treatment & bleached
-seeds and cracksd meny; milder treatments caused less damage, Whole seeds were
selected for the germination test and for plating; seed damage caused by
treatments was not determined,

A shorter series of disinfection treatments was .corxducted using No, 2

yellow corn having 72% Fusarium and &% each of Penicillium and A, flavus in
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surface disinfected kernels, All treatments eliminated Penicillium and A,
flavus and reduced Fusarium to 8-10%; germination remained 98-99%, Xernel
damage was not apparent,

Sorghum seed is routinely treated with fungicide-insecticlde combinations
to control insects and such diseases as seed rots, seedling blights and smut,
Fungus=free seedlings are easily grown under laboratory conditions from
troated seed, and some seed lots produce nearly 100% sterile seedlings (J. W,
Klink, personal commumnication),

To test the possibility of usin.g treated seed for storage experiments, the
capban-malathion was removed from a 250 g lot of RS610 sorghum by stirring 5
min in & volume of 70% ethyl alcohol eql-.zal to twice the volume of the sorghum
sample followed by & 5 min wash in running tap water and the sequence repeated,
Seeds were spread on sterile .pa.par towels in the hood to remove excess water,
No fungal growth was detected upon plating 200 washed seeds, Germination was
88% before washing and 73% after, Washing with 95% aloohol reduced germination
to 247,

Lots of 100-200 washed seeds were placed in sterile petri plates containing
moistened sterile filter paper, Seeds were inoculated with either A, glaucus,

A, flavus, Alternaria, Mucor, or Rhizopus by adding an infected sorghum kernel

end shalding the dish thoroughly. The dishes were sealsd in plastic bags and
incubated at room temperature., Growth was visible on seed surfaces in 2-L days,
After 8 days seeds infected with Alternaria end A, flavus were surface sterie
lized and plated, Invasion was 100% by both organisnms,

Cepbtan was applied as a slurry to RSAL0 sorghum at O% and 15% moisture
content and to hand-harvested corn of 10% moisture coﬁtent. The grains wers
storsd in closed containers et room temperature and sampled at intervals,

Before plating, capban was removed with 2 alternate S-min weshes in 70% ethyl
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alcohol end running tep water (Table 8),

Treated seeds from three 1948 crop sorghum varieties were checked &-7
months &fter fungicide application, ter removing the fungicide with 70%
alochol and water washes, 5l 30 end 2% Alternaris were present,

Sterilizing with fungicides requires considerable Time, end some decreascse
in Alternarie in sorghum at 15% moisture content is perheps due to time and not
fungicide treatment (7). The internal infection rate of untrested RSEL0 sorghum
from the seme source as the capten-treated seed was LO% Alternarie, lf Clado-

sEorium, 1% Fusarium, and 1% Helminthosporium, The seed was subjected to

disinfecting treatments shown in Table 9.

Washing sorghum grain twice in T70% alcohol and twice irn water had less
effect on germination than did treatment with 70% alecohol plus 3% HaOCl (Tables
7 and 9}, Alsc the wash with NaOCl alone was as effective in reducing infec-
tion by field fungi as was that with the combination of NeOCl with 7074 alcchol,
Seed demage was not apparent after a 20 min NaQOCl treatment, but germination
wes slower with 58% of seeds sprouted after 3 days compared with 90% in the
seeds treated 1 min in 2% NaOC1,

Christensen and Lopez (7) stated that storage at controlled moisture
content end temperature will result in death of all or nearly all field fungi
without much reduction in germination percentage or seedling vigor, and sug-
gest this may offer a simple means of ridding seeds of noxious fungi. Sorghum
semples obteined from the X,S,U, Agronomy Department were surface disinfected
end plated to check for infection by field fungi, One lot of Redlen variety
harvested in October, 1966, and fumigeted during storage, contained & field
fungi in surface disinfected seeds in April, 196, The seed surfaces were
_conteminated with Alternaria (197, A, glaucus (2lgf), bo nicer (107}, Fusarium

(18%), Penicillum (52%), and small numbers of Cladosporivm, A, versicolor, and
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Table 8, Reduction of internal fungi by captan

Days Fercentage Eurface disinfected sceds vielding:

Stored Alt, Cledo, Fus, Pen,
RS610 sorghum 15% moisture content, 0,5 g captan/lb

10 28 1 0 0
21 20 2 0 0
85 12 0 0 0
RS610 sorghum 9% moisture content, 1,5 g capten/1b
10 25 0 2 0
a1 el ‘0 2 0
85 L 1 o 0
Hend-hervested corn 10% moisture comtent, 0,5 g captan/ib
10 0 0 Sh 5
21 ¥o) 0 52 0
85 0 0] in 0

Table 9, Effect of disinfecting treatments applied to RSE10 sorghum

Treatment Seeds yielding
Noe Treatment time Alternaria Germination

min % %

1 2% ¥a0Cl 1 Io 93

2 37 Xa0Cl 20 L 88
QEmE,

running

(¢} repeat (a% and (b) 5,5 35 89

(d) 2% HaOCl 1
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Rhizopus, Germirnation was G5%, It is doubtful that surface disinfectlion would
make this grain useful for storage experiments et high moisture content,
Four-year=-old hend~-picked corn, which yielded no fungi from surface-
disinfected kemels, was used in a high-moisture storage experiment, 4 500 g
lot was washed with 70% alecohol and water followed by 1 min in 2% LKaOCl prior
to conditioning to 23.,5% moisture, After 7 days at 15 C four of five bottles
were conteminated with f_._._ glaucus, When the surface flora was checked, LB87 of

seeds were contaminated with A, glaucus, 52% with Cladosporium, 50% with Peni-

cillium, 23% with Alternarie, 1&% with A, niger, 127 with Fusarium, 127 with
Rhizopus and 8% with A, flavus, The disinfection treatment was epparently
inadequate end surviving spores germinated under storage conditions, When
larger quantities of grain are prepared for high moisture studies, a 20 min
treatment with 3% NaOCl could be used,

Invasion of Autoélaved, Fungus~-free, and Neturally Infected RSEL0 Sorghum

at 19 and 23% Moisture by Four Cormon Fungi: Aspergillus repens,
and Isolates of Alternmaria, Fusarium, and iucor

The percentages of autaclaved, fungus-free, and naturslly infected sorghum

inveded by three species of field fungi and Aspergillus repens, s common storage.

organism, were compared, The captan-malathion was removed from 2 500 g lots of
RS610 sorghum, previously shown to be free of fungi, by washing 5 min in 70%
ethyl alcohol and 5 min in running watsr and repeating ths. wasghes, Similar
lots of untreated RSALO were washed in the alcchol-water seriss, and an equal
amount was autoclaved for 1 hr at 15 lbs pressure and 120 C on 2 successive
days.

After the appropriaste treatments the molsture content ‘of each of the three
lots was adjusted so that half was at 19% moisture content end half at 23%,

Fungus-free and autoclaved sorghum were each dispensed into 32 bottles, 16 of



each moisture content, Washed, naturally infected grain at esch moisture lavel
was dispensed into 10 bottles, Germination was 73% for captan treated, fungus-
fres sorghum and 89% for naturally infected seeds, OSample bottles of the thres
sorghun lots et each moisture wers inoculated with isolates of either A, rep;?:s,

Fusarium, Mucor, or Alternaria, Alternaria wes incculated into avtoclaved and

fungus=free sorghum samples, bubt no additional inocculation was mede to the
naturally infected sorghum which contained 33% Alternaria and less than 1%
Fusarium and A. glaucus after the alcohol-water wash treatment, Dual inocu-
lations of Fusarium and each of the other three fungi were similarly made,
Storage was at 15 € and 95-=100% RH for L weeks,

Storage samples were duplicated, When the paired semples were checksd for
mold invasion, replication with inoculated fungl was good, but there were

differences between pairs in nabural infection by Alternaria, Fusarium, and A,

glaucus,

Two samples of fungus=-free and autoclaved sorghum at each molisture content
were kept as controls ageinst outside contaminetion, Seeds were plated without
and with surface disinfection at each sampling time, No external contamination
occcurroed,

Storage conditions of 19 and 23% moisture content of the grain and 15 C
were selected because the relative humidities at the two molstures provided a
sharp difference in conditions related to'development of field fungi. Sorghum
of 19% moisture content at 15 C is in equilibrium with 89+% RH, just below the
lower limit of 907 required for development of field fungi. The relative
humidity of air surrounding sorghum at 23% moisture content is greater then 95%
(2), providing nearly optimal conditions for conidial develépmant of field
fungi, Similar humidity conditions céuld be experimentelly created at lower

moisture contents and higher tempsratures and invasion times would be reduced
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but the 15 C temperature is more realistic in terms of storege temperature in
the late fall and early spring in the Midwest, Since insect activity is greatly
reduced below 20 € (15), molds are chiefly responsible for deterioration of
grain in cool storage.

Tebles 10, 11, 12, and 13 present the results of incculating four fungi
individually into high moisture sorghum. The percentages given for non-surface
disinfected seeds contaminated by fungl are probably only an indication of
survivel of’ the organism under these temperature and molsture conditions,

Only A, repens invaded sorghum at 19% moisture content, and invasion wes
limited to sutocleved sorghum (Table 13} even though the relative humidity in
the other storages was well sbove the 75% required for conidial development of
the fungus (16),

Alternarie, already present as & natural infection, contirued growth and
invasion in grain at 23% moisture content and 15 C. The fungus invaded 80% of
autoclaved sorghum in 2 weeks but required l; weeks to initiate irnvasion in
fungus-free seeds (Table 10),

Invasion of autoolaved sorghun at 23% moisture content by Mucor (88%) in 2
weeks was approximately equal to that of Alternmaria (89%), but the mold index
was 1 for Vucor and 3 for Alternaria, Species of Hucor are frequently present
in high-moisture corn end sorghum at harvest and experimen‘ts at Purdue Unlversity
showed Mucor grew extensively at 28% moisture with high cc;ncen'trations of CO2 in
the atmosphere (22), A low mold index and h:.gh invasion percéntage suggest
considerable deterioration could occur before grain appeared moldy, INucor had
invaded only L of viable grain in L weeks, Growth of Alternaria was respon-
sible for a mold index of 2 in the naturally infected graiﬁ (Table 11},

| During L weeks of storage Fusarium invaded 9&-98% of non=gutoclaved sorghum

with 23% moisture content stored at 15C, The percentage of invasion was the
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Table 10, Percentage of sorghum invaded by Alternearia at 15 C

19% moisture 277 moisture
Days ilold Told
Stored Index nsa? 5dP ] Incex nsd sd
Autoclaved
5 0 L 0 26
7 0 16 0 L 96 L
i 0 Lo 0 3 80
21 0 25 0 L 100
28 0 8 0 L
Fungus-free
3 0 8 0 i2
7 0 L 0 8
1, 0 L 0 0 12 0
21 0 0 0 0 %6 0
28 0 0 0 1 g6 L
Naturslly Infected®
3 0 Ll 0 52
T 0 Liy 0 56
1 0 28 25 1{1 100 L8
21 0- 25 Lo ed 52
28 0 32 2i 3 70

& Wot surface disinfected.
Surfece disinfected,
¢ 3%} Alternaria, 1% Aspergillus glaucus before storage; Alternaria not
inoculated,

d oo A, glaucus,




Table 11, Percéntage of sorghum invaded by Mucor at 15 C

o -

: 19% moisture 235 moisture
Days Iold flold
Stored Index nsd® sdP Index nsg
Autoclaved

3 0 16 0 ia)

7 0 72 0 1 100 20
1l 0 76 0 1 100 83
21 0 L8 0 2 g6
28 0 56 0 2 100 30

Fungus-free

3 0 8 0 20

7 0 Lo 0 L3
1l 0 72 0 0] 8l 0
21 0 32 0 0 i 0
28 0 2l 0 0 Ly

¥aturally Infected®

% 0 I 0 &0

T 0 L8 0 76 0
1 0 él, 0 4 ¢ 72 0
21 0 76 o) 1 0
28 0 ély 0 2 80 L

2 Yot surface disinfected,
b Surface disinfected,
¢ 23% Alternaria before storage,



Table 12, Percentage of sorghum inveded by Fusarium at 15 C

19% moisture

23% moisture

Days Mold . Hold
Storad Index nsd®  gdP Index nsd sd
Lutoclaved
3 0 52 1 96
Vi 0 €8 0 3 100 96
1L 0 & 0 n 100
21 0 Iy 0 L
28 0 36 0 L
Fungus=fres
3 0 0 0 L
7 0 0 0 0 0
1L 0 0 o} 1 e 0
21 0 0 0 2 100 16
28 o) 0 0 3 96
Naturally Infected®

3 0 16 0 8
7 0 L 0 32 0
1l 0 8 0 1 8L L
21 0 L L 2 76
28 0 L 0 2 98

2 ¥ot surface disinfected,
b surface disinfeoted,
® 227 Alternmaria, 1% Fusarium before storage,




Table 13, Percentage of sorghum invaded by Aspergillus repens at 15 C

19% moisture

277 moisture

Days Mold b Hold
Stored Index ngd®* sd Index nsd sd
- Autoclaved
2 0 76 o 100
7 0 100 L 2 100 G6
1k 2 100 b 100
2l 3 92 L
28 3 9L L
Fungus={ree
3 0] L 0 8
7 0 8 0 16
2413 0 16 o] o 72 0
21 0 16 o] 1 100 20
28 0 16 0 3 €0
Naturally Infected®
3 o Lo 0 76
7 0 28 0 52 o
1l 0 20 0 2 100 52
21 0 2l 0 3 He
28 0 5, L 5 i

& Not surface disinfected,

b surface disinfected,

© 337 Alterneria, 1% A. glaucus before storage,
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highest of the L fungi inoculated, During the first 3 weeks invesion of
fungus=free sorghum was negligible, but the mold index had incrsased to 2 in
the fungus=-free samples as well as in naturally infected sorghum ssmples where
Alterparia was also growing (Table 12), Whether field fungi have zrown on
grain surfaces or have proliferated from a sub-epidermal ratursl infection
prior to drying may be significant for maintaining nutritive vaelue of the
kernels, The relationship of toxin production to depth of seed penstration by
fungi haes not been explored, but residusl mycotoxin activity in dry cersal
products has been demonstrated (8),

Although the rapid development of A, repens in autoclaved sorghum indicates

that growth conditions at 237 moisture and 15 C are in the opbtimum range, Ao
repens invaded only éﬂ-éﬂ% of non-autoclaved sorghum in L weeks, A longer
storage period apparently would be needed for invasion of all kernels,

Similarity of percentage of invaesion by inoculated isolates of Fusarium,
lucor, and ég.zgggﬂg_into fungus-free and naturally infected high-moisture
sorghum indicates removal of the fungicide-insecticide treatment from seed
grade sorghum provided a fungus-free sorghum source with proverties like those
sf untreated seed (Tables 11, 12, and 13), Rapid invasion of autoclaved seeds
must have been due to pericarp damage even though the seeds appeared intact,
The pericarp is resistant to fungal invasion, and if it is unbroken, storage
fungi must invede through the point of attachment (20), There is no evidence
that field fungi do not invade stored grain 5y the same route, though ths
96-96% ‘invasion by Fusarium (Table 12) compared to &=~&f by A, repens (Table 3)
suggests another factor may be involved, The 100% surface contaminetion by Ao
repens at 3 weeks indicates there was'adequate iroculum available,

The percent germination of iﬁoculgtad fungus-free seeds after % wesks at

15 C had dropped from 73% to 58, 52, L7, and L& for storages of sorghum et 15%
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moisturs content inoculated with A, repens, Alternaria, Mucor, and Fusariun,

respectively, When the moisture contont was 2%% germination was 26, 12, end 7%
for grain inoculated with Mucor, A, repens, and Fusariun, respectively. Conbtrol
values were 37% germination for grain at 19% moisture content and 22% for sorghum
at 2% moisture content, The germination percenteges are lower than would be
expected considering the lack of invasion in grain of 19% moisture content and
the short storage time, C, M, Christensen has declared germiration & too
sensitive indicator, in some cases, of grein storability (6), Texas workers
have reported & loss of germination in fungicide-treated seeds after the second
year (19) and the treated RS610 variety sorghum seed may have lost some of its
viability in the same manner since it was bebween 1 and 2 years old when used,
Naturally infected sorghum of 10% moisture content stored L weeks et 15 C
had & germination percentage of 81, a decrease of 8% during the storage period,
When moisture content was raised to 23%, germination decreased to Ll but the
stored sample contained a natural infection of 20% é;_glaucus, ﬁhich may have

contributed to the loss in germination percentage. When naturally infected

sorghun of 23% molsture was inoculated with Mucor, A, repens, or Fusarium,
germination was 63, 61, end LI, respectively, Fusarium, the most aggressive
of the inoculated fungi, produced the greatest reduction in percentage of
germination, Reduced germination due to invasion by storage fungi has been
demonstrated (20), but the effects of field fungi in grain of over 18% moisture
have not been reported,

Dual inoculaetions of Fusarium with Alternaria, Mucor, or A, repens were

mede to observe competition of two organisms iroculated simultensously into
eutoclaved and fungus-free sorghum and to study the effcet of established
Alternarie infection on invasion by Fusarium alone and combined with Mucor or

A, repens (Tebles 1l, 15, and 16). As was found in single inoculations of
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sorghum at 19% moisture content, the only significent invasion wes by L. repers
in autoclaved grain, The mold index was O in the stored vieble grain at 19%
moisture content after L} weeks at 15 C,

After Fusarium and Alternaria were inoculated into autoclaved and fungus-
free sorghum at 23% mbisture content, Fusarium invesion in 28 deys was equal to
that found when Fusarium was inoculated slone, but the invasion progressed niore
slowly in fungus-f;ee seeds, Alternaria was unable to invade autoclave& sorzghum
élready invaded by Fusarium, and the natursl infection by Alternarie, which
incressed for the first 3 weeks, dropped after a high percentage of seeds were
inveded by Fusarium (Table 1L).

- g&g&z} inoculated with Fusarium into sorghum st 2%% moisture content, was
able to invade autoclaved sorghum along with Fusarium although invasion was
only 12% in L weeks compared with 90% when lucor was iroculated alons, There
was no invasion by Mucor in fungus-free sorghum and minimal (2%) penetration of
naturally infected seed, Fusarium inveded autoclaved and fungus-free sorghum
as well in combination with Mucor es alone, In the naturally infected sorghum
of 2% moisture content, the percentage of invasion by Fusarium was 10% less in
L, weeks when Mucor was also inoculated {Table 15).

When A, repens and Fusarium were inoculated into autoclaeved sorghum of 2%%
moisture content, A, repens invaded 80% of seeds and Fusarium 234 after 7 days,
but es single infections both invaded 9&% of seeds in the same time, However,
A, repens invasion decreased to 227 end Fusarium increased to 100% after L
weeks of storage, In fungus-free seeds Fusarium invesion was &s high in dual
infection with A, repens as when inoculated singly, but &, revens had invaded
only 12% of seeds after l weeks compared with éO%_when inceulaved alone,
Fusarium invaded 18% of seeds and A, repens 5.7 after Iy weeks in the presence

~ of natural infection by Alternaris, What percentage, if any, of invasion by
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A, glaucus group was due to initial natural infection could not be deternined
although 20% invasion from natural infection was detected in one sample of 2%%
moisture content, Alternaria invasion decressed between 1l and 28 days (Table
16).

Thirty years ago Koehler (12) investigated growth limits of fungi in moist
shelled corn in compa‘cition with surface borne fungi and ir pure culifure after
surface sterilizing the grain, The fungi were studied by selecting com
cerrying the fungus to be studied as an internal infection or by inoculeting

reletively fungus-free corn, Fusariun moniliforme, 28 an internal infection or

when incculated, competed well in corn above 23% moisture content and frequently

predominated over Aspergillus end Penicillium, The observations were made

after 2 moaths of storage, Xoshler conecluded that a fungus already in
posseséion of the field may block the growth of another fungus which might have
predominated if it had en equal opportunity.

After one m.on;ch Fuserium in sorghum at 2%% moisture at 15 C out-competed

Alternaria, lucor, and A, repens in autoclaved and fungus-free grein (Tables

1l, 15, and 16}, It beceme the predominant organism when inoculsted into
naturally infected sorghum with 33% Alternarie infection although the
Alternaria did increase for the first 3 weeks, and also out-competed lucor in

mturallyJMected sorghum, Since the invesion by Fusarium and Alternaris

after 2 weeks, as shown in Tables ily and 15, wes nearly equal, competition

by 4. repens appeared to restrict invesion by Fusarium when the 2 fungl were
inoculated into grain with a natural Alternaria infection, It is possible

that Fusarium would dominate after a longer storeage period at 15 C, In a

study of interaction of fungi present in peanuts, Welty and Cooper (25)

reported that as Fusarium increased at moistures above 20%, A, repens, A, flevus,

4, ruber, and Penicillium decreased, After 35 days at 25 C Fusarium was the
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predominant'fungus in farm-stored sorghum of 2% moisture content when storaze
fungi were absent (Table 2), The possible role of antibiotic metebolites in
the successful competition by Fusarium has been discussed,

Seeds of 19% moisture fungus-free and neturally infected sorghum inocecu-
lated with common field fungi or A, repens were not invaded when stored L weeks
at 15 C, Safe storage, based on visual mold index, was between 2 and 3 weeks
when grain moisture content was 23% if only field fungi were present; when Lo
repens was inoculated, the safe storage period was reduced to between 1 and 2

weeks,
SUMMARY

The moisture content of sorghum grain was adjusted to 18, 20, 22, and 2lf%
for experimental storage at 15 and 25 C and 95% RH, Before moisture adjustment

surface disinfected seeds had 9lff Alternarias infection, 10% Cladosporium, and

I Fuserium; Penicillium, Mucor, and Rhizonus were also detected on seed

surfaces, The relative humidity requirement for growth of field fungi (above
90%) was met in all storages except when grain was at 18% moisture content and
15 ¢, Little evidence of qualitative or quantitative chenge in mold flora was
found when surface disinfected seeds from high-moisture sorghum stored at 15 C
were plated on potato dextrose ager with lf FaCl, Fusarium invasion increased
arnd infection by Alternaria decreased in scorghum stored at 25 C, The initially
high Alternaris infection made it impossible to determine the potential for
growth of common field fungi,

A visual mold index gave a better indication of mold growth than percentage
of seeds invaded eand indicated that safe storage of grain with 18% moisture
content is sbout 6 weeks at 15 C and at 25 C about 2 weeks, A% 25 C, sorghum

at 20% moisture content was in good condition after 12 days of storaze but not



after 20 days. A% higher moisture contents sorghum was in good condition after
), days and moldy after 12 days in storage, Lowering the tempersture to 15 C
inereased safle storage time about 1 week for sorghum with moisture contents of
20% and higher,

Disinfection of commerciel sorghum by combinations of 70% ethyl alcohol
andraﬁ NaQCl did not eliminste Alternerism infection and reduced germinability,
& 20 min wash in 3% NaOCl was as effective in reducing infection &s any alcohol=
NaOCl combination and lowered germination less than 5%, The treatment could be
useful for preparing good quality sorghum for experiments involving grains of
high moisture content since interfering surface conteminants, not completely
removed by 1 min washing in 2% NeOCl, are destroyed,

A source of sorghum free of field fungi was found in fungicide-insecticide
treated seed grade sorghum, After the captan-malathion was removed by washing
in 70% ethyl aleohol and water, germination was high, and the seeds were
susceptible to infection,

The development of isolates of Alternaris, Fusarivm, Mucor and Aspergilius

repens, single and in combination, was compared in autoclaved, fungus-fres
(capten-malathion removed), and untreated seed grade RSE10 variety sorghum
adjusted to 19 and 23%-moisture contents, stored st 15 C and 5% RE, The
natural infection of untreated, surface disinfected seeds was 35% Alterﬂarié,
and less than 1% with Fusarium or 4, glaucus,

The only significaﬁt-invasion of 19% moisture sorghum was Ao ropens in
autoclaved grain, During l; weeks of storage, Fuserium invaded 96-98% of fungus-
free and naturally infected sorghum of 23% moisture content stored at 15 C;

Altornaria and Mucor each invaded lff and A, repens &0-8#%. Similarity of

percentage of invasion by inoculated fungi into the fungus-free and naturally

infected sorghum at 23% moisture content indicated removal of the fungicide=



insecoticide used in treatment of seed-grade sorghum provided a fungus-frze
sorghum souroce with properties like those of untreated secd,
After 1 month Fusarium, incculated into sorghum at £3% moisture content

and stored at 15 C, out-competed simultaneous inoculstions of Alternaria, Jusor,

or &, repens in autoclaved and fungus-free grain. When inoculated into sorghun
with 3%% Albernarie infection, Fusarium became the predominent orgenism slthough
Alternaria increased early in the storage perlod, Competition by A, repens
restricted invasion by Fusarium when isolates of the two fungi were inocculated
into sorghum with & natural Alternarias infection,

Seeds of fungus-free and naturally infected sorghum inoculated with three
cormon field fungi end A, repens were not invaded when stored L weeks at 19%
moisture content at 15 C, Safe storage at 15 C, based on visuzl mold index,
was bebtween 2 and 3 weeks when grain moisture content was 23% if only field
fungi were present; when 4, repens was inoculated, the safe period was reduced

to between 1 end 2 weeks,.



ACKTOWLEDGEMENT

I am appreciative of the guidance, information, end advice given by my
major prefessor, Dr. David B, Sauer, during the course of this study, Financial
support from the Market Quality Ressarch Division, Agriculturzl Research
Service, U, S, Department of Agriculture, in cooperation with the Xansas
Agricultural Experiment Station and Department of Plant P&thology,.Kansas State

University, is gratefully acknowledged,



3e
L.

De

9
10,

i1,

12,

13,

ik,

i5.

164

LITERATURE CITED

Allen, W, 5, and J, W, Sorenson, Jr, 1959, Drying and storing sorghum
grain, Tex, Agr. Ext. Bull, 888, 8 p.

Anerican Society of Agricultural Englneers, 196, Acricultursl Enginesrs
Yearbook, Engineering data on grein storege. p. 328, Am, Soe, 4gr,
Eng., ©St, Joseph, Mich,

Brain, P, W, 1951, Antibiotics produced by fungli., Bot, Rev, 17:357-L30.

Brovm, C, E, and C, 4, Moore, 1963, On=-farm storsge and disposal of
sorghum grain, Tex, Agr, Exp, Sta, Bull, 997, B 1.

Christensen, C, M, 1942, Invasion of stored wheat by Aszgrg*llus
ochreceus. Cereal Chem, 39:100-106,

Christensen, C, M, and H, H, Xaufmenn, 19&, Grain storage: The role of
fungi in quality loss, Univ, of Minnesota Press, Minneapolis, Minn,

153 p.

Christensen, C. M, and L, C, Lopez, 1963, Pathology of stored seeds,
Proc, Int, Seed Test, Ass, 28:701-711,

Ciegler, A, and E, B, Lillehoj, 1968, Mycotoxins, Advances Appl,
{icrobiol. 10:155=-219,

Fenton, F. C, 1941, Storage of grain sorghums, Agr. Eng. 22(5):185-188,

Hart, J, R, L, Feinstein, and €, Golumbic, 1959, Oven methods for
precise measurement of moisture content of seeds, U, S, Dep, Agr. -
Merketing Research Heport 30L, 16 p.

Hyde, M, B, and H, B, Galleymore. 1951, The subepidermal fungi of cersal
grains, II The nature, identity end origin of the mycelium in wheat,
Ann, Appl, Biol. 38:3L8-356,

Koehler, B, 1938, Fungus growth ir shelled corn as affected by moisture,
J. Lgre. Res, 56:291-307,

Leukel, R, W, and J, H, Martin, 1943, Seed rot and seedling blight of
sorghum, U, S, Dep. Agr, Tech, Bull, 839, 26 p.

Lopez, L, C, and C, M, Christensen, 1963, Factors influencing invasion of
sorghum seed by storage fungi., Plant Dis, Reporter L7:597-€01,

Moore, C. A, and G, W, Bfown. 1963, Commercial storage end handling of
sorghum grain, Tex, Agr, Exp. Sta, Bull, 996. 1L p.

Panasenko, V, T, 1967, Ecology of microfungi, Bot, Rev, 33:189-215,



\17.

18,

19.
20,

21,

23,

2k,

25.

b3

Ponic, P,, P, T. ¥arion, J, X, Riggs, and D, D, MeGinty, 1988, Physical
form as a factor in reconstituting sorghum grain for bec? cattle, p 26~
27. In Beef cattle research in Texas, 1968, Consolidated progreczs
report 2557-2567, Tex, Agr, Exp, Sta,

Porson, ¥, K., dr., J, We Sorenson, Jr., W, B, McCune, and P, Zobgood,
1967, Use of conditioned air for meirnteining quality of stored sorghum
grain, Tex, Agr, Exp, Sta, Bull, 1086, 26 v,

Quinby, J. R, 1963, Seed treatment studies on sorghﬁm in Texzs, Agron,

Jo 55:550-551.

Qasen, S, A, end C, M, Christensen, 1980, Influence of various factors on
the deterioration of stored corn by fungi, Phybopathelogy 50:703-T00,

Swarup, G., E, D, Hansing, snd ¢, T, Rogerson, 19é2, Fungi associated
with sorghum seed in Kensas, Trens, ¥ansas Acad, Sci, 65:120-137,

Tuite, J., Co G, Haugh, G, W, Isaacs, and C, O, Huxsoll, 1965, Growth and
effects of molds in the storage of high moisbure corn, Annual lieeting,
Am, Soc, Agr, Eng,, Amherst, Mass, June 2629, Paper Ho, 66=415,

Ue. S, Department of Agriculture, Agricultursl Marketing Servics, 195G,
Methods for determining moisture content as specified in the official
grain standards of the U, 8§, and in the U, S, standards for beans, peas,
lentils, and rice, Service and Regulatory Announcements 1L7. 3 p.

U, S, Department of Agriculture, Agriocultural Research Service, Agricultural
Engineering Research Division, 1968, Guidelines for mold control in
high moisture corn., Farmers® Bull, No, 2238, 16 p.

Welty, R, B, end W, E, Cooper, 1968, Prevalence and development of
storage fungi in peanut Arachis hypogaea seed., Mycopathol Iiycol, App,
35= 290"2960




GROIITH OF FUNGI IN SORGHUM GRAIN STORED AT
MOISTURE CONTENTS OF 18-2L%

by

ROSEMARY BURROUGHS

A, B,, University of California, Berkeley, 0L,

A ABSTRACT OF A MASTER'S THESIS
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE
Depaﬂmén’t of Plant Pathology

KANSAS STATE UNIVERSITY
Manhattan, Karsas

198



High moisture causes problems in storage of sorghum pgrain when the crop
- is combined at moisture contents above 12-13%, whon storage bins are not
weather proof, when spring temperatures warm storage bulks, and when sorghun
is reconstituted for cattle feeding, Grain under these conditions is vulnersable
to rapid invasion by molds,

Experimental storage studies of sorghum adjusted to 18, 20, 22, and 2L%
moisture content and stored at 15 or 25 C and 95% RE were compliceted by
natural infections of field fungi often occurring in nearly 100% of seeds,

Species of Alternaria, Fusarium, and Cladosporium were common with Alternaria

the most frequent, These organisms require relative humidities of over 90% for
growth and suitable conditions were probably provided in all storages except
when grain was at 18% moisture content and 15 C, A visual mold index gave a
better indication of mold growth than percentage of seeds invaded and indicated
that safe storage of érain with 18% moisture content is about & weeks at 15 C
and about 2 weeks at 25 C. At 25 C sorghum at 20% moisture content was in good
condition after 12 days of storage but not afber 20 days. At 22 and 2l
moisture contents sorghum was in good condition after L days and moldy after 12
days storage. Lowering the temperature to 15 C inoreased safe storage timse
about 1 week for sorghum with moisture contents of 20-2l#, The percentages of
‘seeds infected by the various fungil did not appear to change in é weeks at

15 €, 4t 25 C infection by Fusarium increased and Alternaria decrsased,

A source of sorghum free of field fungi was found in fungicide-insecticide
treated seed-grade sorghum, After the captan-malathion was removed by washing
in 70% ethyl aleohol and water, germination was high, and the seeds were
susceptible to infection,

The development of isolates of Alternaria, Fusarium, lMucor, and

L Aspargillué repens, singly and in combinatlon, was compared in autoclaved,




fungus-free, and untreated seed-zrzde RSEL0 variety sorghun adjusied to 19 and
2%% moisture contents and stored at 15 C znd 95% R for L weels, The natural
infection of the untreated seeds was low, only 3%% being infected by Alternaria,

Similarity of percentage of invasion by inoculated fungi in funpus-Trees
and naturally infected sorghum at 23% moisture conitsnt indicated removal of the
fungicide~insecticide used in treatment of seed-grade sorghum vrovided a
fungus-free sorghum source with properties like those of untreated seed,

The only significant invasion of sorghum at 19% moisture conkent stored at
15 € was by A, repens in autoclaved grain, Autoclaved grain is unsuited for
studies of storage at hizh moisture content; alteration of the pericarp and
seed coat probably allows more rapid invasion than occurs in intact, living
seeds,

After 1 month Fusarium, inoculated into sorghum at 23% moisture coatent at

15 €, out-competed simultaneous inoculations of Alternaris, Mucor, or A, rspens

in autoclaved and fungus-free grain, When inoculated into sorghum with 55%_
Alternarie infection, Fusarium became the predominent organism although Alter-
naria increased early in the storage period, Competition by A, revens
restricted invasion by Fusarium during 1 month of storage when Isolates of the
two fungi were inoculated inko sorghum with a nratural Alternaria infection,
Seeds of fungus-fres and naturally infected sorghum inoculated with three
common field fungi and A, repens were not invaded when stored I, weaks at 159
meisture content at 15 C, Safle storage at 15 C, based on visual mold index,
was between 2 and 3 weeks when grain moisture content was 23% if only field

fungi were present; when A, repens was inooculated, the safe period was reduced

to bebtween 1 arnd 2 weeks,



