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ABSTRACT

Toman, J., Jr.,, and White, D. G. 1994. Efficacy of iprodione for control of storage fungi

in corn. Plant Dis. 78:27-33.

Three experiments were done to determine the efficacy of the fungicide iprodione (Rovral
SOWP, Rhone-Poulenc Ag Company) for control of storage fungi. In 1986, corn (B73 X LH38)
harvested at an average of 20.8% moisture was treated with 0, 5, 10, and 20 pg/g (a.i. fungicide/
grain weight adjusted to 15% grain moisture); and the experiment was repeated in 1987 at
an average harvest moisture of 19.9%. In 1987, an additional experiment was done with corn
(Pioneer 3377) harvested at an average moisture of 25.6% and treated with iprodione at 0,
10, 20, and 40 ug/g (a.i. fungicide/grain weight adjusted to 15% moisture). After treatment,
the grain was augered into modified grain bins and dried using ambient air. The incidence
of storage fungi was determined following plating of kernels on malt salt agar. Fungicide treat-
ments reduced the incidence of Penicillium spp. and Aspergillus spp. when compared to the
untreated control. The control of storage fungi resulted in fewer damaged kernels, as determined
by a licensed federal grain inspector. Results suggest that low rates of a fungicide applied
at harvest can be integrated with currently used control techniques, thus allowing for maintenance

of quality grain.
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Fungi that cause kernel rots of corn
(Zea mays L.) can be divided into two
groups: field fungi and storage fungi.
Fungi classified as field fungi require
grain moistures above 20% to grow and
are usually responsible for causing ear
rot diseases prior to harvest. Losses from
ear rots are rarely severe in the mid-
western United States, except in years
when wet conditions prevail after pol-
lination or where drought and/or insect
damage occur. Fungi classified as storage
fungi usually grow at less than 18% grain
moisture. The most important storage
fungi are in the genera Penicillium and
Aspergillus (26). They occasionally may
be ear rot pathogens; however, they are
not normally associated with the corn
kernels until after harvest. Storage fungi
are associated with plant debris, soil, and
other places where moisture is relatively
low. Spores of these fungi are often
spread during the mechanical combining
of the grain crop. The grain becomes
coated with additional spores during the
drying process as air with spores is passed
through the grain. More spores coat the
grain during loading and unloading, and
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during the blending of fines and/ or grain
(30). After a kernel is infected, the fungus
starts to rot the kernel whenever moisture
and/or temperature favor growth. At
favorable temperatures, Aspergillus spp.
can grow in kernels with grain moisture
as low as 13.1%, with rapid growth above
that; and Penicillium spp. actively grow
above 16% (35). As fungi grow, they
produce metabolic heat and moisture,
which create conditions ideal for other
fungi, thus speeding the decay process.
Therefore, deterioration of grain during
shipment and storage is caused by fungi;
and prevention of deterioration during
shipment and storage is a disease control
problem. Current control of storage fungi
in the Midwest relies on the integration
of three major controls: 1) prevention of
mechanical damage during harvest and
transportation of grain; 2) maintaining
moisture below that optimal for fungal
growth; and 3) where possible, main-
taining low temperatures (30).

Mechanical damage may occur at dif-
ferent times in the handling of grain. The
first opportunity occurs during harvest,
when corn kernels are removed from the
ear. When corn is harvested at a high
moisture, or the combine is in poor
adjustment, damage is much greater.
Additional damage is done as corn is
moved during drying and shipment.
Kernels with cracks or exposed starch
surfaces are much more susceptible to
penetration by storage fungi.

The primary control of storage fungi
is to dry corn below the moisture at which
fungi will grow. The most common prac-
tice is high-temperature drying, where
corn is harvested at an average of 20-25%
moisture and dried with a high temper-

ature to a moisture of 15-16% (33). High-
temperature drying has a major advan-
tage, in that it is very rapid and can be
done in wet weather. Its major disad-
vantages are that it requires a relatively
large energy input, in the form of pro-
pane or natural gas (28), and that stress
cracks may occur as corn is rapidly
heated and cooled (31). Stress cracks are
a problem in corn, because as grain is
handled during shipping, kernels with
stress cracks break more readily (31).
Stress cracks also act as sites for pene-
tration by fungi.

An alternative to high-temperature
drying is low-temperature drying, which
is a process of slow drying with ambient
air or air heated only a few degrees
(1.1-5.6 C or 2-10 F) above ambient (2).
This procedure is not as widely used due
to the inherent potential for spoilage,
because the effectiveness of the drying
process depends on ambient air condi-
tions. During falls with warm, moist
conditions, grain that is undergoing low-
temperature drying may remain at high
moisture for long periods (8). Addi-
tionally, because of the slow drying rates,
low-temperature drying is not recom-
mended for high grain moisture that
occurs at harvest in some years (2). Two
major advantages of low-temperature
drying are that it requires less energy (28)
and that it results in little or no stress
cracking of grain (15). Grain successfully
dried using low temperatures does not
break as easily during transportation,
contains fewer broken kernels, and thus
is of higher quality.

Cool temperatures are used to control
storage fungi in much of the upper
Midwest. During the winter months, cool
air blown through the grain lowers the
temperature enough to prevent fungal
growth. Additionally, proper aeration at
all times during storage will reduce or
eliminate “hot spots” that result from and
favor fungal growth.

Another potential method for the con-
trol of storage molds in grain is the use
of chemicals. A number of different
methods to chemically control storage
fungi have been tested. In 1947, Milner
et al (16) tested more than 100 com-
pounds for their fungicidal activity on
stored wheat. Some compounds slowed
the rate of fungal growth, but none of
the compounds tested was consistently
effective and safe. Propionic acid has
been used as a preservative in stored corn
(4,9-13,25), sorghum (11,21,25), barley,
oats, wheat (11), and forages (9).
Propionic acid treatment increases the
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allowable time for completing low-
temperature drying of corn, thus allow-
ing for a higher harvest moisture (29).
Although propionic acid-treated grain
may enhance feeding efficiency in cattle
(10), it is corrosive to bins and conveying
equipment (3), and renders grain unsuit-
able for direct human consumption (21).
Ammonia also has been tested as a grain
preservative in corn (5,9,23) and forages
(9). While it is an effective control,
ammonia treatment results in discolored
grain with a residual ammonia odor (5).
Formaldehyde (20), sulfur dioxide (7,8),
and sorbic acid (6,25) also have been
tested as potential grain protectants. All
have some degree of effectiveness, but
each has particular disadvantages.

Because storage fungi do not usually
invade kernels prior to harvest (24,32),
fungicides applied at harvest may be use-
ful as grain protectants during ambient
air drying and storage of corn grain.
Laboratory experiments with barley
samples treated with different fungicides
suggested that several compounds, par-
ticularly benomyl, may be effective as
grain protectants (22). Work with corn
has shown that several fungicides includ-
ing benomyl and thiabendazole prevent
infection by storage fungi and effectively
protect seed germinability (17-19). Soy-
bean oil, with and without thiabenda-
zole, has been shown to reduce infection
by storage fungi (14). The fungicide
iprodione (Rovral, Rhone-Poulenc Ag
Company) also has been shown to reduce
the rate of corn grain deterioration as
measured by CO, production (1,37).
Other experiments with benomyl,
thiabendazole, and A9248 in grain bins
confirm the efficacy of these compounds
as potential grain protectants (35,36).

The objective of this research was to
determine the efficacy of different rates
of iprodione in conjunction with low-
temperature drying.

MATERIALS AND METHODS
Experiments were done in modified,
commercially available grain bins at the
Agronomy-Plant Pathology South
Farm, Urbana, IL. Bins are 5.7 m high
at the eve and 4.6 m in diameter. Bins
have false bottom drying floors that are
divided in half. Each half of a bin is
equipped with a fan to deliver 0.079 m?/
min/quintal (0.64 ft*/min/bu [cfm/bu])
of ambient air at 248.8 Pa (1.0 in.) static
pressure, which is much lower than
recommended for ambient air drying.
Each bin is divided into 16 wedge-shaped
experimental units (eight under the
control of each fan) to accommodate
various treatments. Each fan is con-
trolled with a programmed aeration
controller that turns fans on when the
relative humidity and temperature of
ambient air are conducive for drying
and/or storage of grain. For the three
experiments, grain moisture was first
reduced with continuous aeration (3 wk
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for lower harvest moisture experiments
and 4 wk for the high harvest moisture
experiment), and then aeration was
controlled by the programmed aeration
controller set to Storage I mode. The
desired moisture was set at 15.5% with
an average of 0.5 hr/day fan run time.
The fans ran when the relative humidity
and temperature of ambient air favored
an equilibrium moisture content of
15.5%. The programmed aeration con-
troller will accumulate a backlog of fan
run time and turn on fans when the best
ambient air conditions exist. Each
wedge-shaped experimental unit has
sampling ports that allow access to the
grain at various grain depths. For
individual experiments, eight wedge-
shaped experimental units were used. All
experiments were done in a randomized
complete-block design with four treat-
ments and two replications.

Corn (B73 X LH38) for the 1986-87
experiment was harvested at an average
moisture of 20.8% on 5 October. In this
experiment, iprodione (Rovral 50WP)
was tested at 0, 5, 10, and 20 ug/g (a.i.
fungicide/grain weight adjusted to 15%
grain moisture). In 1987-88, two experi-
ments were done, one which repeated the
1986-87 experiment at an average har-
vest moisture of 19.9% on 10 September.
In the other experiment, rates of 0, 10,
20, and 40 upg/g (a.i. fungicide/grain
weight adjusted to 15% grain moisture)
were tested using corn (Pioneer 3377)
harvested on 10 September at 25.6%
grain moisture. A different corn hybrid
was used in the higher harvest moisture
experiment in order to obtain high mois-
ture grain at the time the experiment was
begun. Fungicide treatments were applied
using a treater auger and metering pump.
Approximately 350 ml of water per
quintal was used as a carrier for the fungi-
cide, and controls were treated with
water.

Grain samples were taken prior to
treatment, post-treatment, and at weekly
intervals for 40 wk from 1.2 m (bottom
level), 2.4 m (middle level), and 3.6 m
(top level) above the grain bin drying
floor. Samples were evaluated for grain
moisture with a Dickey-John GAC II
moisture meter. Fifty whole, randomly
selected kernels from each sample were
surface sterilized in a 1.575% sodium
hypochlorite (30% commercial bleach)
solution for 1 min and then plated, 10
kernels to a plate, on malt salt agar. After
1 wk at room temperature (approxi-
mately 23 C), the number of kernels in-
fected with particular fungal species was
recorded. Samples taken every 4 wk were
sent to a licensed federal grain inspector
(Champaign, IL) for determination of
percent damage.

The number of kernels from which
Penicillium spp. were isolated was con-
verted to percentage. The number of
kernels from which different Aspergillus
spp. (A. flavus Link:Fr., A. glaucus

Link:Fr. group, A. niger Teigh., A.
ochraceus K. Wilh.) were isolated was
summed for the total Aspergillus spp.
The total Aspergillus spp. was used to
provide for an estimate of control of all
Aspergillus spp. The area under the curve
(AUC) was calculated (27) from data of
the percent Penicillium spp., total Asper-
gillus spp., percent damage, and grain
moisture for each sampling level, and
averaged over sampling levels for each
replicate. AUC values were also calcu-
lated for grain moisture of each treat-
ment at each sampling level and for treat-
ments combined at each level. Analysis
of variance was used to detect significant
differences for percent Penicillium spp.,
total Aspergillus spp., and percent dam-
age for each sampling level and for the
average of the three sampling levels, and
for average grain moisture of all treat-
ments at each sampling level (SAS Insti-
tute, Cary, NC).

RESULTS

1986 And 1987 lower harvest moisture
experiments. AUC values for grain
moisture of the various treatments were
not significantly different from each
other at any sampling level or combined
over levels (AUC values not shown).
AUC values calculated for the average
of all treatments at individual sampling
levels were significantly different among
sampling levels in both lower harvest
moisture experiments. Grain at the
bottom sampling levels dried more
rapidly and maintained a lower grain
moisture than grain from the middle or
top sampling levels (Fig. 1).

In the 1986 experiment, all rates of
iprodione reduced the incidence of Peni-
cillium spp. compared to the control
(Fig. 1). The AUC values of corn grain
treated with the three rates of fungicide
were significantly different than the
control but not significantly different
from each other at the bottom or top
sampling level. The AUC value of corn
grain treated with the 20 ug/g rate was
significantly lower than the AUC value
of the other rates at the middle sampling
level and averaged over all sampling
levels (Table 1). The percent kernels from
which Penicillium spp. were isolated
increased rapidly to an average of 40.7%
over all levels in the control by week 1.
At the end of the experiment, the inci-
dence of Penicillium spp. in the control
averaged 53% over all sampling levels,
whereas Penicillium spp. isolated from
fungicide-treated corn grain averaged
20.7% or below over all sampling levels
throughout the 40 wk. In the 1987 experi-
ment, the incidence of Penicillium spp.
in the control increased at a slower rate
to an average of 46% at week 4. An in-
crease in the fungicide rate decreased the
AUC value of percent Penicillium spp.
at each sampling level and averaged over
all levels, although the differences be-
tween the fungicide rates were not signifi-



cantly different except at the top sam- averaged 16.5 over all sampling levels at 5, 10, and 20 ug/g rates had 4.8, 2.8,
pling level (Table 1). week 3 with the following frequencies: and 1.2 total Aspergillus spp., respec-

Iprodione also provided effective con-  A. glaucus (18.2%), A. Sflavus (40.4%), tively, at week 3 and increased to 12.3,
trol of Aspergillus spp. (Fig. 1). In the  A. niger (40.4%), and A. ochraceus (1%). 11.8, and 9.5, respectively, by week 40.
1986 experiment, total Aspergillus spp. At week 40, the total Aspergillus spp. The frequency of isolation of the various
AUC values for the various rates of  isolated from the control averaged 36.3 Aspergillus spp. in the treated corn grain
iprodione were significantly different  with the following frequencies: A. was similar to the control. There were
from the control at all levels and glaucus (63.6%), A. flavus (13.1%), and significant differences among AUC
averaged over levels (Table 1). Total A. niger (23.3%). Averaged over all values of different fungicide rates at the
Aspergillus spp. isolated from the control sampling levels, corn grain treated with bottom and middle sampling levels, but
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Fig. 1. Effect of fungicide application on corn grain with lower harvest moisture in 1986 and 1987. Percent moisture in corn grain from
three bin sampling levels averaged over two replicates and all treatments. Percent kernels (n = 50) from which Penicillium spp. and total
Aspergillus spp. (sum of the number of kernels [n = 50] for different Aspergillus spp.) were isolated averaged over two replicates and three
bin sampling levels. Percent damage as determined by a licensed federal grain inspector averaged over two replicates and three bin sampling
levels. Sampling levels, bottom, middle, and top, were 1.2, 2.4, and 3.6 m above the grain bin drying floor, respectively.
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not averaged over levels, or at the top
sampling level (Table 1). In the 1987
experiment, the incidence of Aspergillus
spp. was lower than in the 1986
experiments. All rates of the fungicide
reduced infection when compared to the
control (Fig. 1). Total Aspergillus spp.
isolated from the control averaged 23.3
over all levels at week 3 with the follow-
ing frequencies: A. glaucus (95.7%), A.
niger (2.9%), and A. ochraceus (1.4%).
The highest incidence of Aspergillus spp.
in the control occurred at week 30 with
the following frequencies: A. glaucus
(76.1%), A. flavus (8.5%), A. niger
(13.5%), and A. ochraceus (1.9%). There
were fewer isolations of Aspergillus spp.
from treated corn grain with frequencies
of the various species being similar to
the control. At week 3, total Aspergillus
spp. averaged over all levels were only
4.3, 1.7, and less than 1 for the 5, 10,
and 20 ug/g rates, respectively. For the
duration of the experiment, total Asper-
gillus spp. in the treated corn grain was
less than in the untreated control.
Percent damage of untreated corn
grain was greater than for fungicide-
treated grain (Fig. 1). At increased fungi-
cide rates, there was a reduction in the
percent damage AUC value. In the 1986
experiment, percent damage AUC values
of treated corn grain were significantly
different than the AUC values of the
control at the middle sampling level and
averaged over all levels (Table 1). In
1986, damage of the control treatment
at week 4 averaged over all levels was

9.4% and varied between 6.5 and 26.6%
for the duration of the experiment. Corn
grain treated with 5 ug/g iprodione had
6.9% damage averaged over all levels at
week 4 and varied between 5.4 and 11.8%
for the duration of the experiment.
Damage at the 10 and 20 ug/ g rates were
7.8 and 5.9%, respectively, at week 4.
Damage fluctuated between 5.3 and
11.3% for the 10 ug/g rate, and between
4.3 and 10.3% for the 20 ug/g rate for
the remainder of the 40 wk experiment.
In 1987, damage of the control treatment
at week 4 averaged over all levels was
7.1% and varied between 7.9 and 25.2%
for the duration of the experiment.
Damage of corn grain treated with the
5 ug/g rate averaged over all levels was
4.49% at week 4, and varied between 5.5
and 17.19% through week 40. Damage of
corn grain treated at the 10- and 20-ug/
g rates averaged over all levels was 6.9
and 3.7%, respectively, at week 4 and
varied between 4.5 and 13.7% and
between 3.2 and 9.6% for the 10- and
20-ug/ g rates, respectively, for the dura-
tion of the experiment.

1987 High moisture experiment. AUC
values for grain moisture of the various
treatments were not significantly differ-
ent from each other at any sampling level
or combined over levels (AUC values not
shown). When AUC values were calcu-
lated for the average of all treatments
at individual sampling levels, there were
significant differences between moisture
at each of the three levels. As in the lower
harvest moisture experiments, corn grain

at the bottom sampling level dried more
rapidly and maintained lower moisture
(Fig. 2). Grain at the bottom sampling
level was reduced to an average of 12.1%
at week 4. Grain moisture slowly in-
creased to an average of 13.9% by week
13 and was maintained at approximately
14% for the duration of the experiment.
At the middle sampling level, grain
moisture was an average of 20.1% at
week 4 and was maintained at an average
moisture between 14.6 and 20.1%. At the
top level, grain moisture was 19.8% at
week 4 and was maintained at an average
of 14.3 to 25.1% for the duration of the
experiment.

The AUC values for percent
Penicillium spp. for all fungicide treat-
ments were significantly different from
the control at each sampling level and
averaged over all sampling levels (Table
I). At the bottom sampling level, percent
Penicillium spp. AUC values for corn
grain treated with the different fungicide
rates were not significantly different from
each other. At the middle and averaged
over all levels the percent Penicillium
spp. AUC values for corn grain treated
with the 20 and 40 ug/ g rates were signifi-
cantly lower than the AUC value of corn
grain treated with the 10 ug/g rate. At
the top level, all AUC values of percent
Penicillium spp. were significantly differ-
ent from each other, with the higher
fungicide rates having the lower values.
The incidence of Penicillium spp. in the
control treatment was greater than in the
other treatments throughout the exper-

Table 1. The area under disease progress curve (AUC)* for incidence of Penicillium and Aspergillus spp., and percent damage of corn grain

treated with various rates of iprodione

Ye;;t e Penicillium spp.” Aspergillus spp.© Damaged (%)*
(ng/g) B* % 4 T Ab B M T A B M T A
1986 (Harvest moisture 20.8%)
0 1,351 1,568 1,542 1,487 605 726 722 684 360 390 502 417
5 266 349 475 345 162 150 231 181 228 280 395 301
10 221 295 474 348 86 126 198 136 266 260 339 289
20 ‘ 79 149 218 149 27 49 131 69 207 215 285 236
LSD (5%)' 197 97 554 181 111 68 353 161 ns 69 ns 101
1987 (Harvest moisture 19.9%)
0 1,589 2,032 2,282 1,968 1,621 1,700 1,657 1,659 321 461 625 469
5 539 875 1,062 826 374 714 820 636 212 334 502 350
10 279 424 615 440 201 375 568 381 175 284 415 291
20 148 234 275 219 80 3 380 256 166 224 290 227
LSD (5%) 661 721 695 682 252 378 585 318 ns ns ns ns
1987 (Harvest moisture 25.6%)
0 1,626 2,074 2,260 1,987 296 481 786 521 731 1,063 1,219 1,004
5 454 732 895 694 73 113 193 126 556 810 922 762
10 218 395 506 373 24 59 125 69 551 789 967 769
20 146 188 259 198 22 32 79 44 429 623 647 566
LSD (5%) 485 322 99 286 28 99 181 92 ns 230 115 183

*AUC = E[(Yy, + Y)/2] [Xit,

= total number of observations, i = the week of rating.
°% Penicillium spp. is based on the 50 kernels evaluated in each of the two replicates.
¢ Aspergillus spp. is the sum of Aspergillus spp. (A. flavus, A. glaucus, A. niger, and A. ochraceus) from 50 kernels in each of two replicates.
¢As determined by a licensed federal grain inspector.
¢AUC at the bottom sampling level, 1.2 m from the drying floor.
"AUC at the middle sampling level, 2.4 m from the drying floor.
EAUC at the top sampling level, 3.6 m from the drying floor.
"AUC averaged over all three sampling levels, bottom, middle, and top.
" Waller Duncan Bayesian LSD test (k-ratio = 100).
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— X, Y; = the number of infected kernels at the ith observation, X; = weeks of the ith observation, n



iment (Fig. 2). Averaged over all levels,
the percent kernels in the control from
which Penicillium spp. were isolated
increased rapidly until week 4 with an
average of 54.79% and varied between 34
and 74% for the duration of the exper-
iment. Corn grain treated at the 10-ug/
g rate averaged 23.3% Penicillium spp.
at week 4 and varied between 37.3 and
50.3% for the duration of the experiment.
Corn grain treated with the 20- and 40-
ug/g rates averaged 11.3 and 2.7%
Penicillium spp., respectively, at week 4.
For the duration of the experiment, the
Penicillium spp. averaged 5.3-25.0% and
1.7-15.7% for corn grain treated with the
20- and 40-ug/ g rates, respectively.

The incidence of Aspergillus spp. was
not as great in the high harvest moisture
experiment as in the lower harvest
moisture experiments (Fig. 2). The AUC
values of total Aspergillus spp. for all
fungicide treatments were significantly
lower than the control at each level and
averaged over all levels (Table 1). At the
bottom sampling level, there was also a
significant difference between the AUC
values of the fungicide rates. Significant
differences did not occur at the middle,
top, and averaged over all levels. As in
the other experiments, Aspergillus spp.
were isolated more frequently from
kernels from the upper sampling levels.
The most frequently isolated Aspergillus
sp. throughout the experiment was A.
glaucus.

Percent damage was greater for the
untreated than for the fungicide-treated
corn grain (Fig. 2). AUC values of per-
cent damage were generally less with
higher fungicide rates. At the top and
averaged over all levels, the AUC value
of the 40-ug/ g rate was significantly less
than for other treatments. There was an
increase in the amount of damage at each
successive (bottom, middle, and top)
sampling level. Damage was greater in
the high harvest moisture experiment
than in the lower harvest moisture
experiments (Table 1). Damage of corn
grain from the control at week 4 averaged
over all sampling levels was 20.3% and
varied between 19.4 and 35.1% for the
duration of the experiment. Corn grain
treated with 10 ug/g of iprodione had
14% damage at week 4 and varied
between 16.2 and 29.2% for the duration
of the experiment. Damage at the 20-
and 40-ug/ g rates were 15.3 and 11.3%,
respectively, at week 4. Damage varied
between 16.8 and 26.9% for the 20-ug/
g rate, and between 9.1 and 22.5% for
the 40-ug/ g rate for the duration of the
experiment.

DISCUSSION

Repeating a grain storage experiment,
while maintaining control of all vari-
ables, is not possible due to environ-
mental conditions leading up to and
following harvest. A number of factors,
including storage temperature, grain

moisture, relative humidity of air in the
grain mass, fungal species present, levels
of preharvest infection, and mechanical
damage to kernels, influence the inci-
dence and severity of damage caused by
storage fungi (30). Overall, there were

similar results in all three experiments,
even though the magnitude of control
and fungicide rate differences were not
necessarily consistent between experi-
ments. The fungicide iprodione signifi-
cantly reduced the incidence of Penicil-

30—t
g —o—ml%dle
& 25_—-—bottom
o
= ot
c
)
S 15
)
o
10— : : : * *
100

| -~ Oug/g
60 " . 10ug/y
" —-20 ug/g
40 | =40 ug/g

Total Aspergillus spp. Percent Penicillium spp.

Percent Damage

0 ! ‘ s

0 4

8 12 16 20 24 28 32 36 40
Weeks

Fig. 2. Effect of fungicide application on corn grain with high harvest moisture in 1987. Percent
moisture of corn grain from three bin sampling levels averaged over two replicates and all
treatments. Percent kernels (n = 50) from which Penicillium spp. and total Aspergillus spp.
(sum of the number of kernels [n = 50] for different Aspergillus spp.) were isolated averaged
over two replicates and three bin sampling levels. Percent damage as determined by a licensed
federal grain inspector averaged over two replicates and three bin sampling levels. Sampling
levels, bottom, middle, and top, were 1.2, 2.4, and 3.6 m above the grain bin drying floor,

respectively.
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lium and Aspergillus spp., which corre-
sponded with a general reduction in per-
cent damage. We attributed the higher
frequency of Penicillium and Aspergillus
spp. in the 1987 lower harvest moisture
experiments compared to the 1986 exper-
iment to the different environmental
conditions (temperature, relative humid-
ity) at and following harvest. In 1987,
harvest was on 10 September and the
grain was maintained at warmer temper-
atures and higher moisture for a longer
time than in 1986, when the harvest date
was 5 October. In the 1987 experiment,
the incidence of Aspergillus spp. was
more than twice that of the 1986 lower
harvest moisture experiment. Most dif-
ferences were due to a rapid increase in
Aspergillus spp. early in the experiment
that did not occur in 1986. The greater
frequency of A. flavus early in the 1986
experiment was likely the result of the
drier summer and conducive moisture
(15-16%) of the grain mass early in the
experiment. The 1987 higher harvest
moisture experiment provides insight as
to the extent a fungicide will effectively
control storage fungi at much higher than
recommended harvest moisture.

In all three experiments, the use of
iprodione resulted in significantly lower
incidence of Aspergillus and Penicillium
spp. than in the control. These differ-
ences, however, did not always corre-
spond to significant differences in per-
cent damage as determined by a licensed
federal grain inspector, although there
was generally a reduction in AUC values
for percent damage with increased fungi-
cide rates. The lack of significant differ-
ences in AUC values of percent damage
between treated and untreated may be
partially due to factors other than lack
of control by the fungicide. Percent dam-
age was determined every 4 wk, whereas
incidence of Aspergillus and Penicillium
spp. was determined weekly. Addi-
tionally, the magnitude of difference of
percent Penicillium spp. and total Asper-
gillus spp. between treatments was much
greater than the damage, and those
smaller differences may not be detectable
with only two replicates. More frequent
sampling and increased replicates may
have allowed for more precise detection
of significant differences; however this
was not done due to cost. Other problems
exist with the methods used to determine
damage. When determining damage, a
250-g sample is first cleaned by screening
over a 4.76-mm (12/64 inch) round-hole
screen. Kernels are then classified as
sound or mold-damaged on the basis of
their appearance. A kernel of corn is
considered damaged for inspection and
grading purposes, as defined in the Grain
Inspection Handbook, “only when the
damage is distinctly apparent and of such
character as to be recognized as damaged
for commercial purposes” (34). The
determination of percent damage is
therefore subjective. Estimation of per-
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cent damage is compounded by the ran-
dom assignment of samples to several
different grain inspectors. The lack of
consistency between individual inspec-
tors has been identified as a problem in
other research (37). In addition to the
subjectiveness of determination of per-
cent damage, the use of AUC values to
summarize all data may mask treatment
differences at particular times during the
experiment. For example, AUC values
of fungicide treatments for damage in the
1987 lower harvest moisture experiment
were not significantly different from the
control. Until week 36, the differences
in percent damage between treatments
were small and not significant. When
AUC values were calculated averaged
over all levels for weeks 36-40, the
fungicide treatments were significantly
different from the control. AUC values
allow all data to contribute in the analysis
and are a realistic approach for sum-
marizing grain storage data over entire
experiments.

One major disadvantage of low-
temperature drying is the currently
recommended grain harvest moisture (2).
Farmers would rather not allow grain
to dry in the field because stalk rot and
subsequent stalk lodging result in
nonharvestable ears. Grain harvest mois-
ture recommendations are based on the
average relative humidities and temper-
ature of air at different times in the fall.
The recommended harvest moisture is
lower in the fall (September) because the
warmer temperature favors fungal growth.
The recommended harvest moisture is
also lower by mid-November because the
drying potential of the air (cool and wet)
is usually less. Recommendations are
established to allow for successful drying
without excessive damage (greater than
5% damage) by fungi in only 9 out of
10 years. The recommended harvest
moisture of 5 October would be 20.5%
(1986 experiment) and on 10 September
would be 20.09% (1987 experiments) at
an airflow of 0.154 m*/ min/ quintal (1.25
cfm/bu) (2). Harvest moistures in our
lower harvest moisture experiments were
20.8% on 5 October and 19.9% on 10
September and 25.6% in the high harvest
moisture experiment; however, the
airflow rate in the experimental bins was
only 0.79 m*/ min/ quintal (0.64 cfm/bu).
The high harvest moisture experiment of
1987 exceeded the harvest moisture
recommendation based on a 0.154 m®/
min/ quintal airflow rate by 5.6%. Differ-
ences in airflow and harvest moisture are
very important. For example, on 1
October the recommended airflow would
be 0.123 m*/min/quintal (1.0 cfm) for
corn harvested at 20% grain moisture and
0.247 m*/ min/ quintal (2.0 cfm) for corn
harvested at 229% grain moisture. A 2%
increase in grain harvest moisture would
result in a doubling of the recommended
airflow. In general, the airflow in the
experimental bins is half of the recom-

mended cubic meters per minute for the
harvest moisture used in the lower
harvest moisture experiments. Recom-
mendations for maintaining grain quality
would also suggest that the grain should
be dried to 15-16% moisture as quickly
as possible in the fall and to 14% moisture
for storage through the spring and
summer. The objective of our experi-
ments was to determine the efficacy of
fungicides and not necessarily to main-
tain commercially acceptable grain
quality (less than 5% damage). In order
to accomplish this goal, we designed the
experimental bins with relatively low
airflow. Damage of the control treatment
exceeded 5% by week 4 in all three
experiments. Damage of grain treated
with 20 ug/g iprodione in the two lower
harvest moisture experiments ranged
from an average of 4.3 to 10.3% in 1986
and 3.2 t0 9.6% in 1987.

The use of a fungicide as a grain pro-
tectant offers an additional method of
control that can be integrated into cur-
rently used grain management tech-
niques, suggesting that fungicides can
allow for higher moisture at harvest, less
energy (fewer cubic meters per minute),
or increased probability of successful
low-temperature drying. It is extremely
important, however, to consider that the
fungicide functions as a protectant. Corn
grain at harvest has very low levels of
infection by storage fungi in most years
(24,32). The immediate application of
fungicides after harvest would only affect
penetration and infection. Fungicides
would be ineffective once fungi are estab-
lished in the kernel. The use of iprodione
alone, without good grain-management
practices, will not provide satisfactory
control of storage fungi. More emphasis
should be placed on improved formula-
tions and treating technology to increase
efficacy.
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