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Induce Triploidy in Maize
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Coal burning is a major source of energy production in the United
States. A  ma jo r  p rob l em wi th  coa l  combus t i on  fo r  ene rgy
production is that around 75 million metric tons of solid residue are
genera ted  each year  (Murarka  e t  a l ,  1987) .  Approximate ly  50
million metric tons of this residue is fly ash (Rehage and Holcomb,
1990). A major problem for electric companies is the disposal of
this fly ash. The most common methods of fly ash disposal are
landfilling and ash settling ponds (Suloway et al, 1983). The U.S.
government supports recycling coal fly ash due to its abundance and
versatility as well as environmental and economic factors (Keefer,
1993). An attractive use of fly ash would be as a soil amendment to
agricultural land.

Application of coal fly ash to agricultural land could provide a
means to increase the fertility of the soil while alleviating the need
for quickly disappearing landfill space. Fly ash contains several
nutrients such as S and B which are beneficial for plant growth
(Elseewi et al. 1980; Plank and Martens, 1974). A potential problem
with this land application is that, in addition to plant nutrients, fly
ash also contains potentially harmful trace elements such as As, Cd,
Pb, and Sb (Thicke, 1988). Although several studies have indicated
potential benefits of fly ash application to agricultural land, these
studies were looking at gross phytotoxic characteristics and therefore
could have missed subtle genotoxic effects (Adams et al, 1972; Fail
and Wochok, 1977; Thicke, 1988).

A study in our laboratory has shown that growing maize seedlings in
growing media amended with fly ash results in genomic alterations
(McMurphy and Rayburn, 1993). Fly ash had a significant effect on
total nuclear DNA content and cell cycle parameters. These effects
were small, < 5%, and did not appear to affect normal development.
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The concern is that these small effects could accumulate over
multiple generations, resulting in detrimental effects to future
generations.

During the previous study, four percent of the maize seedlings
exposed to fly ash were found to be triploids. No triploid plants
were found in the control treatments. It has been reported that
heavy metals such as those found in fly ash cause mitotic disruption
(Radecki et al, 1989). Such events could result in polyploidization.
If the percent of triploid plants was increased by fly ash, this would
cause a decrease in fertility and thus decrease yield. The purpose of
this study was to determine if fly ash could induce triploidy in maize.

MATERIALS AND METHODS

The fly ash, classified as bituminous fly ash, was provided by the
Central Illinois Public Service (CIPS) power plant at Coffeen,
Illinois. Fly ash was mixed with Terra-lite® Metro-mix 200®
growing medium (Hummert Seed Co, St. Louis, MO) at rates of 0,
35, and 500 tons per hectare (t/ha).  These rates represent the
suggested rates of fly ash application to agricultural land (Adriano et
al., 1980; Thicke, 1988). Five kernels of each of the maize lines
described below were planted in the various treatments in 0.7 L pots
at a depth of 1.25 cm and placed in a growth chamber. The growth
chamber was set for 12 hour days at 24°C and 12 hour nights at
20°C. The seedlings were analyzed two weeks after planting.

A section of the seedling extending 2.5 cm above the surface of the
growing media was excised from three of the five plants. A 0.8 cm
section was chopped from each of the three plants. The chopped
portions of the three plants were then combined and the nuclei
isolated and stained with Propidium Iodide according to McMurphy
and Rayburn (1993). The nuclei were analyzed on a Coulter EPICS
750 series flow cytometer (Coulter Electronics, Hileah, FL) tuned to
an excitation wavelength of 488 nm. Five thousand nuclei were
analyzed per sample. The data was collected as a histogram plotted
as fluorescent channel vs number of nuclei. Each histogram was
analyzed for the presence of triploid individuals.

T h r e e  s e p a r a t e  e x p e r i m e n t s  w e r e  p e r f o r m e d . I n  t h e  i n i t i a l
experiment, kernels of crosses between diploid and tetraploid maize
were analyzed. Crosses between diploid and tetraploid individuals
a r e  o n e  m e t h o d  o f  p r o d u c i n g  a  h i g h  f r e q u e n c y  o f  t r i p l o i d
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individuals. Thus, the ability of flow cytometry to detect triploids
could be tested. One set of crosses involved diploid and tetraploids
in the maize background R75 while the other set of crosses were in
B89 background. These plants were grown in control soil and
analyzed as described above.

In the second experiment, early early synthetic kernels were planted
in both control and 500 t/ha fly ash treatments. Early early synthetic
was chosen due its ease in handling in laboratory situations. In the
third experiment, diploid lines of W22, Va35, and H55 were selected
due to their well documented status as maize inbred lines. The
hybrids B73 X Mo17, Mo17 X Pa91, and B77 X H100 were chosen
due to their similarity to agronomically important hybrid maize.
Kernels of each of these lines were planted in both control and 35
t/ha fly ash treatments.These experiments were analyzed as described
above.

RESULTS AND DISCUSSION

Several triploid plants were observed in the diploid by tetraploid
crosses (Table 1). The histograms from the flow cytometric data
allowed for easy discrimination of triploid individuals in the mixed

Table 1. Number and frequency of triploids recovered from diploid
X tetraploid crosses

Cross Number of Number of
Plants examined Triploids

Frequency

* one haploid plant was found in each of the crosses.
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Figure 1. Overlaid histograms of nuclei from a diploid and a
triploid plant. Note that the triploid peak is approximately 50
channels higher than the first diploid peak.

ploidy populations (Figure 1). These results were consistent with
other reports that have documented the presence of triploid plants in
various populations (DeLaat et al, 1987; Graham et al, 1994;
McMurphy and Rayburn, 1991; 1993).

In the second experiment, a total of 198 early early synthetic
seedlings were examined. Half of the seedlings were grown in 500
t/ha fly ash while the remaining plants were grown in control (0 fly
ash) pots. No triploid individuals were found in either treatment.
McMurphy and Rayburn (1993) had reported around 4% triploid
individuals in seedlings grown for two weeks in fly ash. In their
study one plant was found among plants grown in 500 t/ha while two
plants were found among plants growing in 35 t/ha fly ash. Because
no triploid plants were found in this study it is apparent that the 500
t/ha concentration does not induce triploidy.

The purpose for the third experiment was two-fold: to determine if a
concentration of 35 t/ha fly ash would induce triploidy as indicated
from the previous study; and to investigate the possibility that
different maize lines might be more sensitive to fly ash. The hybrid
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m a i z e  l i n e  M o 1 7  X  B 7 3  w a s  i n c l u d e d  d u e  t o  i t s  a g r o n o m i c
importance in the corn belt, one of the major areas that has been
targeted for the use of fly ash as a soil amendment. In total, 616
maize plants were analyzed. Half of the plants of each type were
grown in 35 t/ha fly ash and the remaining plants grown under 0 fly
ash conditions. The breakdown by maize line examined was as
follows: 28 W22 plants, 108 early early synthetic plants, 120 Va35
plants, 132 H99 plants, 78 Mo17 X Pa91 plants, 66 B77 X H100
plants, and 84 B73 X Mo17 plants.

No triploid plants were detected in any of the lines and treatments.
As expected, the frequency of spontaneously occurring triploids is
very low (Alexander and Beckett, 1963). In addition, no triploids
were found among any of the fly ash-treated plants. Indications are
that 35 t/ha does not induce triploids in any maize lines. This means
t h a t  m a i z e  l i n e s  t h a t  a r e  g r o w n  o n  s o i l s  a m e n d e d  w i t h  t h e
recommended  ag ronomic  r a t e s  may  no t  have  g ros s  genomic
alterations. This is in contrast to the results of McMurphy and
Rayburn (1993). The triploids observed by McMurphy and Rayburn
must have been due to an unusually high number of triploid plants in
the fly ash treated samples. This was a chance event and underscores
the unpredictable nature of biological organisms.

One possible explanation of these results is that the fly ash used in
this study had no genotoxic properties where as the fly ash used by
McMurphy and Rayburn did. We observed in this study the smaller
genomic a l tera t ions  that  were  documented by McMurphy and
Rayburn. Thus, the fly ash did indeed have genotoxic properties.
The conclusion of this study is that while fly ash is indeed genotoxic
to maize plants, the response of the first generation plants is small
with no large genomic effects such as triploidy occurring.
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