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.IRON DEFICIENCY

Study Examines lIron
Deficiency Stress in
Kentucky Bluegrass

Information proves valuable for geneticists seeking
development of new cultivars

By Emily A. Buxton, Bryan G. Hopkins, Von D. Jolley, and Bruce L. Webb

ron (Fe) is essential to plants and is directly involved in chloroplast develop-

ment and important reactions of photosynthesis (Sharma, 2006). Although it’s

the fourth most abundant element in the earth’s crust (Tisdale et al., 1993), its
availability to plants in alkaline soils is very low because it is rapidly oxidized and
immobilized. The effect of soil pH on the solubility of Fe is so pronounced that the
solubility of Fe minerals decreases exponentially with each pH unit increase in the
soil (Hansen et al., 2006).

Despite the low availability of Fe in alkaline soils, many plants have been able to
adapt and grow well in these soil environments (Hansen et al., 2006). The responses
of some grasses to Fe-deficiency stress has been shown to involve the increased pro-
duction and exudation of organic chelates (phytosiderophores) from roots (Hansen
et al., 2006). These phytosiderophores chelate Fe3+ in the soil, thus increasing its
solubility and availability for plant uptake.

In the past, many Kentucky bluegrass (KBG; Poa pratensis L.) cultivars have
been susceptible to Fe-deficiency chlorosis when grown on alkaline soils and
consequently were routinely treated with Fe (Christians, 1998). It is widely
reported that Fe is applied when turf is chlorotic with the result being a greening
response.

Shallow rooting depth is a common problem in shortly mowed golf course and
sports turf management venues and, as such, Fe is often used as a pseudo substitute
for high rates of nitrogen (N), with Fe application providing a bright green color
even when N availability is kept minimal to favor root development over shoot
growth (Yustetal., 1984). The eyesore of chlorosis and the expense to treat it could
be avoided if cultivars resistant to Fe deficiency were identified.

Quantifying phytosiderophore production over time while under Fe-deficiency
stress has been used to identity Fe-deficiency-resistant genotypes in other monocots
such as corn, oat and wheat (Lytle et al., 1990; Hansen and Jolley, 1995; Hansen et
al., 1996) and could potentially be used as a screening technique for KBG (Cesco
etal., 2006).
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QUICK TIP

Successful weed
control involves
much more than
just the applica-
tion of herbicides.
Having a healthy

stand of turfgrass is

one way to prevent
invasive weeds
from becoming a
problem on your
golf course. Plant
species differ in
many ways includ-
ing the amount of
nutrients required
for optimal growth.
When it comes to
competition for
available nutrients,
turfgrass stands
typically dominate
unwanted weed
species because of
their dense canopy
of vegetation and
aggressive growth
habits. Give your
turfgrass a con-
sistent fertility
program by using
Agrium Advanced
Technologies’
slow- and con-
trolled-release
products. Visit

www.agriumat.com
to learn more about

our products and
our dedicated staff
of experts.
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Study methods —
A hydroponic study
was conducted with the 100

objective of comparing
the phytosiderophore
release of four cultivars
(Award, Baron, Lim-
ousine, and Rugby II)
known to differ in their
susceptibility to Fe-defi-
ciency chlorosis. Seeds
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fittings.

The fittings holding
seeds were placed in
plastic trays filled with
a complete nutrient
solution (Barben et al.,
2009). After 36 days
of germination and growth in an environ-
mental chamber, the groups of KBG were
put into deficient (1 micrometer or uM) or
adequate (10 pM) treatments of Fe with a
solution pH of 7.4.

Based on previous work with
other species, we expected
susceptibility to Fe-deficiency
chlorosis in KBG to be related to
a cultivar's inability to produce
adequate phytosiderophore.

After treatment initiation, chloro-
sis scores were made daily. On days five
through 13 of the treatments, phytosid-
erophore release was measured once daily
using an indirect Fe-binding assay (Hansen
et al., 1996). Plant tissue was dried, ground
to pass a I millimeter (mm) screen, digested
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FIGURE 1. Visual chlorosis ratings and phytosiderophore pro-
duction for four Kentucky bluegrass cultivars relative to the
most chlorotic cultivar (Baron). For comparing among cultivars
for chlorosis or phytosiderophore, columns with the same letter
are not significantly different.

in nitric-perchloric acid, and analyzed for
nutrient content by inductively coupled
plasma (ICP, Thermo Electron Corpora-
tion, Franklin, Maryland) spectroscopy.

Physiological response

As expected, all cultivars showed much
greater chlorosis at 1 than at 10 uM Fe.
However, the Baron cultivar developed more
severe chlorosis than Award, Rugby II and
Limousine at both the high and low levels of
Fe (Figure 1). In addition, Baron re-greened
after day nine at the higher level of Fe while
all other cultivars’ chlorosis worsened as the
treatment progressed.

For all four cultivars grown at the low level
of Fe, chlorosis increased during the course of
the treatment.

Expectedly, the low Fe treatments had 25
percent less shoot Fe concentration than the
adequate Fe treatments (Figure 2). Similarly,
the low Fe treatments had 67 percent less root
Fe concentration than the adequate Fe treat-

Continued on page 46
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QUICK TIP

Ants are one of the
most troublesome
pests in golf course
management. Their
mound-building
and nesting habits
disrupt the playing
surface, can dull
mower blades and
smother closely
mowed turf. In
order to get rid of
this nuisance, use
an insecticide along

with commercial ant

bait. This combina-
tion hits mounds
both internally and
externally. For more
information on pest
control, please visit
www.johndeere.
com.

FIGURE 2. Phytosiderophore production,
shoot vield, root yield, shoot iron concen-
tration and root iron concentration of four
Kentucky bluegrass cultivars grown with low
(1 micrometer) hydroponic solution iron
concentration, relative to the adequate (10
micrometer) level. Asterisk indicates a signif-
icant difference (p<0.05) between 1 and 10

micrometer levels for the given parameter.

Continued from page 44

ments. The Fe deficiency at the 1 uM Fe level
resulted in slightly less average shoot yield but
a 7 percent greater root yield than the 10 uM
Fe treatment.

All four cultivars produced significant
amounts of phytosiderophore in response
to Fe deficiency at the low compared to the
high level of Fe. Baron, however, surprisingly
produced 12 percent more phytosiderophore
than the other cultivars.

Physiology implications
Based on previous work with other species
(Hansen et al., 2006), we expected suscep-
tibility to Fe-deficiency chlorosis in KBG to
be related to a cultivar’s inability to produce
adequate phytosiderophore.

The unexpected result of our experiment
was, however, that the cultivar developing
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the most chlorosis during the course of the
treatment (Baron) also produced the most
phytosiderophore and at a significantly
higher level than the other cultivars. This
finding implies that Fe-deficiency suscepti-
bility in KBG may be related to inefficient
uptake, transport or utilization physiology
rather than phytosiderophore production
and release.

This information is valuable for geneticists
seeking the development of new cultivars
that have high greenness scores in Fe-limit-
ing soils.

Emily Buxton is an undergraduate majoring in
plant biology at Brigham Young University in
Provo, Utah. Bryan G. Hopkins, Ph.D., is asso-
ciate professor of soil science; Von D. Jolley,
Ph.D., is professor of environmental science;
and Bruce L. Webb, M.S., is senior scientist in
the Plant and Wildlife Sciences Department of
Brigham Young.
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