: %They will torment, punish and be unusually cruel. All you cz an do
> so that they might make any evidence of their fr

Choose innovative products from Par Aide, built to make your job easier. Like the Accuform”

Ace II Bunker Rake. Ultra-lightweight. Impact-resistant. A patented design that leaves bunkers
more consistent and smooth. It’s one less thing you have to worry about, and one more thing

to help the golfer play through all that conspires against them. For more info, visit paraide.com.

Wherever golf is played.
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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).

Continued on page 44
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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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Continued from page 43

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

o0
o

F<y
o

were germinated on a
layer of cheesecloth (for
wicking of moisture)
atop a layer of plastic
mesh (support) assem- 0
bled between the cap
and base of ABS DWV

Visual Chlorosis and Phyto
2

N
o

Baron

® Chlorosis = Phytosiderophore

Limousine

Award

Rugby I

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

E¥Y TURFGRASS TRENDS March 2009  www.turfgrasstrends com

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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Their research team.

Science. It's kind of our thing. Our research and
development teams are always busy looking for that
next great solution, not copying what others have
already done. We're perfectionists, like you, so we
aren't easily satisfied. Sure, we've developed lots of
great products, but there's always a way to make
them work better. So you know when you're buying

Our research team.

from Bayer, you're not just getting trusted results,
you're investing in the future of your industry. That's
not something many of our competitors can say.
And as always, when you're Backed by Bayer you're
getting all of the science and support that comes
with it. Just call your sales rep, our customer support
line, or log onto BackedbyBayer.com.

BACKED
by BAY ER

Bayer Environmental Science, a business division of Bayer CropScience LP, 2 T.W. Alexander Drive, Research Triangle Park, NC 27709. 1-800-331-2867. www.BackedbyBayer.com
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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

m TURFGRASS TRENDS March 2008  www.turfgrasstrends.com

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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By the time you read this,
your height-of-cut
could have been adjusted.

New Quick Adjust Reels. Yes it's now this easy to adjust the height-of-
cut. Just click in a power drill on either side of the cutting unit, hit the
trigger, watch the gauge, and you're done. No wrenches, and no need
to double-check both sides. (Thanks to SpeedLink technology, they match

perfectly every time.) But don’t just read about these reels. See them for
yourself by calling your John Deere Golf distributor for a demo.
Consider us part of your crew.
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Soil Geospatial Database
Enhances Soil Mappmg

By Sharon
W. Waltman
and Daniel P.
MacDonald

QUICK TIP

A weed is defined
as any plant grow-
ing out of place, so
one man's weed
may be another
man'’s desire. In
turfgrass manage-
ment, the best
defense against any
weed encroach-
ment is a dense
healthy turfgrass
stand. Managing
nutritional balance
In the plant and the
soil is vitally impor-
tant for maintaining
any dense stand of
grass while limit-
ing the ability for
weeds to encroach.
Weeds are always
opportunistic
plants, meaning
that they desire and
need an opportunity
to encroach in order
to survive. Meeting
the turfgrass
stand’s nutritional
necessities with-
out compromise
greatly inhibits

this encroachment
process. For more
information, visit
www.Floratine.com.

he National Soil Geospatial Database
(NSGD) will enable the National Coop-
erative Soil Survey (NCSS) to deliver
consistent, reliable soil information to golf
course superintendents and others in a timely
manner for a desired area of interest, overcom-
ing the former county-to-county disparities.

In the past three years, the U.S. Depart-
ment of Agriculture’s Natural Resources Con-
servation Service (NRCS) Soil Survey Division
recognized the need to geospatially enable the
traditionally nonspatial National Soil Infor-
mation System (NASIS) and to implement
a Major Land Resource Area-wide (MLRA
region) approach to update of detailed soil
survey information.

This effort requires a more institutional
use of Geographic Information System
(GIS) tools in the daily work of field and
regional soil survey staff, compared to the
current ad hoc approach.

Technically speaking, NSGD is a national
collection of timely, consistent, accurate,
reliable and fully attributed soil spatial layers
needed to conduct soil survey operations and
deliver soil data and information that meets
customer’s needs (data content). The trans-
actional connection and processes between
the spatial and attribute data are transparent
to users during development, quality con-
trol/quality assurance, delivery and use of
these data. (More can be learned about the
National Cooperative Soil Survey or NCSS
at http://soils.usda.gov/partnerships/).

Presently, traditional county level soil sur-
vey information is provided by NRCS to the
public through the Web Soil Survey (http://
websoilsurvey.nrcs.usda.gov/), the Soil Data
Mart (http://soildatamart.nrcs.usda.gov/),
and Soil Data Access (http://sdmdataaccess.
nrcs.usda.gov/). These sources provide use-
ful information related to soil productivity,
soil physical and chemical properties, and soil
classification. Current soil survey informa-
tion often possesses some disparity in attri-
butes for similar soils between and among

EE] TURFGRASS TRENDS March 2009  www.turfgrasstrends com

Though geography has been largely misun-
derstood, it is the science for understanding
physical and cultural patterns.

individual county level soil surveys. This
characteristic is an artifact of the county by
county approach historically used to prepare
soil survey maps and manuscripts.

The NSGD and MLRA approach to soil
survey should enhance the ability to deliver
consistent, reliable soil information to inter-
nal and external customers in a timely man-
ner for an appropriate area of interest.

Because GIS applies geography to complex
problems, it's a framework for understand-
ing the relationships and interdependencies
of events and conditions. The geographic
approach avoids a narrow focus that often
characterizes current approaches to solving
problems. Though geography has been largely
misunderstood and underappreciated in the
United States for many decades, it is the sci-
ence for understanding the physical and cul-
tural patterns of the world.

Applying a geographic approach through
the use of GIS enhances collaboration across
organization by improving data sharing,
workflows and communication. Managing
data effectively means avoiding duplication,
maintaining currency, and providing timely
and appropriate access to data. Early GIS

Continued on page 52
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Growing turfgrass is a science. Maintaining it in formidable conditions
is an art. The stress of extreme mowing heights, suffocating heat and
humidity, shade, water and nutritional challenges makes your turfgrass
dependent on you for its very survival.

And this is where Floratine shines. Our patented, first-in-class foliar and
soil-based technologies maximize nutrient uptake when your turf, and
budget need it most. The finest ingredients in the world ensure that your
turfgrass will conserve precious energy while retaining vital nutrients.

Floratine’s highly trained distribution network, spanning 30 countries,
provides you with the tools to keep you and your turfgrass rooted
in solutions. )

Visit our award winning website Lo lsarn more about
our solutions and find a Floratine distributor near you.

www.floratine.com
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