:

here’s an invisible war going on underneath

wheat plants worldwide. On one side is a fungus

that causes a devastating root disease known as
“take-all.” On the other, helpful bacteria.

It’s a formidable match.

Both are microscopic soil-dwellers. The fungal organ-
isms are 100 times larger than the bacteria. But the tiny
bacterial warriors—billions
would fit on your fingertip—
produce powerful antibiotics
that kill their giant neighbors.

So far, the disease has won
most of the battles. Roots turn
black as they are eaten alive by
the take-all fungus. Wheat may
form heads—only to premature-
ly die. Typically, yields drop 10
to 50 percent, but the disease
can “‘take all” of the crop.

Losses from take-all and
other root diseases cost U.S.
wheat farmers about $1-1/2
billion annually, up to 15
percent of the total crop value.

“The environment also
suffers,” says Agricultural
Research Service plant pathologist R. James Cook.
Nitrogen from fertilizer goes unused by the dying roots, to
perhaps pollute water that moves through the soil.

And growers may be reluctant to adopt new farming
techniques that minimize soil erosion, because these same
practices can help take-all survive in the field from one
crop to the next, Cook explains. He works at the ARS
Root Disease and Biological Control Research Unit in
Pullman, Washington.

A farmer’s only defense has been to plow under the
wheat stubble and alternate wheat with other crops. But
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Plant pathologist David Weller examines wheat grown
from seeds treated with soil-dwelling bacteria that
produce natural antibiotics to protect against wheat
take-all. (K5961-1)
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barley won’t work. Take-all survives on barley stubble,
waiting to attack the next wheat crop. ,

“In the Pacific Northwest, wheat is the most profitable
commodity. Farmers want to grow wheat every year, but
they must rotate with less economical crops to suppress
take-all,” says Cook.

Now, after three decades of research, ARS scientists
hope to turn the tide on the fungal
takeover in the Northwest. Grants
from wheat growers and the
National Research Initiative (and
its predecessor, USDA’s Compet-
itive Research Grants Office) of
the Cooperative State Research,
Education, and Extension Ser-
vice—along with the O.A. Vogel
Wheat Research Fund—have
provided additional support for
this research.

“Farmers and scientists have
known about take-all since the
1800°s,” says Cook. “By combin-
ing the knowledge we’ve accu-
mulated with new technologies,
we have a total management
program that should provide
farmers with effective and affordable disease control.”

These controls—a seed coating, specific farming meth-
ods, genetically enhanced bacteria, and a fermentation
bioprocess—make up the defense arsenal.

Scientists have long known that fields infested with take-
all would eventually begin to yield healthy plants after
wheat was grown continuously for many years. But most
farmers can’t withstand a dozen years of poor yields until
nature controls the disease.

In 1988, plant pathologist David M. Weller and geneti-
cist Linda Thomashow, both at Pullman, proved that antibi-
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otics produced by soil-
dwelling Pseudomonas
fluorescens bacteria
were controlling the
take-all.

They found that over
time, the bacterial popu-
lations build up and the
antibiotics—phenazine-
l-carboxylic acid (PCA)
or 2,4-diacetylphloro-
glucinol (Phl)—defeat
the disease. Since then,
Weller and Thomashow
have found several
strains of bacteria that
make antibiotics.

A new seed treat-
ment that coats each
seed with millions of
the bacteria fends off
the fungus in laboratory
and field tests.

“The coating places
the best bacteria right
where the roots can use
them. Using treated
seeds, we can increase
wheat yield 10 to 30
percent in eastern
Washington soils,” says
Weller. Even at 5 per-
cent, farmers would be
interested.

//

“By growing the
bacteria in liquid,” she
says, “we can produce
greater numbers of the
microbes and more
precisely control their
environment.”

Through such con-
trol, Slininger and her
colleagues at NCAUR
can best define which
cultural conditions
help the bacteria thrive
as they are being pro-
duced, survive storage,
and perform well when
they reach harsher
field environments.

They also discov-
ered a potential set-
back: P. fluorescens
produced more than
just the antibiotic
PCA. One of the
chemicals formed dur-
ing PCA synthesis, but
not PCA itself, inhibit-
ed germination of
wheat seeds.

By altering the alka-
linity, temperature,
and composition of the
fermentation media
made up of sugars,

“I"'m really excited To mass-produce Pseudomonas fluorescens bacteria, chemical engineer minerals, vitamins,
about this research,” Patricia Slininger prepares a culture medium in this fermentor, where they and amino acids, the

says John Aeschliman,
a Colfax, Washington,
wheat farmer who is
growing treated wheat seeds for ARS
field trials. “We’re not applying
more chemicals to the soil. We’re
working with bacteria that are al-
ready there,” he says.

The next step is to get coated
seeds into general use. Key to com-
mercialization is producing enough
bacteria to treat the 50 to 60 million
pounds of seed needed to plant the
fields affected by take-all in the Pa-
cific Northwest each year.
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will feed and grow. (K5968-1)

ARS scientists in the Fermenta-
tion Biochemistry Research Unit at
the National Center for Agricultural
Utilization Research (NCAUR) in
Peoria, Illinois, are working to solve
that problem.

Typically, bacteria are grown on
the surface of solid materials such as
agar. But in 1989, ARS chemical en-
gineer Patricia J. Slininger tried a
new approach.

researchers learned

that they could control

the amounts of PCA
and germination-inhibiting chemicals
produced by the bacteria.

In the spring of 1995, Cook and his
colleagues began their fourth year of
field tests using bacteria that were
cultured at Peoria.

The fermentation scientists are also
exploring how best to harvest bacteria
from the liquid, formulate them with
other materials such as starch, and dry
them to prolong storage.



Typically, there are trade-offs to
consider, Slininger says. For exam-
ple, young bacteria in the late growth
stage are generally more disease sup-
pressive. Older ones store better.

Freeze-drying processes are often
used to prepare bacteria for long-term
storage, but they may be too expen-
sive for wheat. A spray-drying pro-
cess may be more economical. “Our
goal 1s to keep the cost of applied

and climate conditions, which favor
different bacteria.

“Just like wheat varieties that are
developed for certain regions, differ-
ent seed treatments could be devel-
oped for each wheat-growing area,”
says Weller.

Coated seeds could be available to
Pacific Northwest farmers within 3 to
4 years. However, even the best seed
treatment will probably not, by itself,

JACK DYKINGA

bacteria down to less than $14 per
acre,” Slininger says.
Their progress with P. fluorescens

stop take-all.

Cook has developed several agro-
nomic practices to help, while permit-
will also help with production of oth- ting farmers to use minimum-till or
er biological control agents. Slin- no-till techniques:
inger, plant pathologist David A. ® Delay seeding as long as possible.
Schisler, and their team of research- ® Kill grassy weeds and volunteer
ers are working on liquid culture pro- wheat seedlings well in advance of
duction of other promising bacteria planting.
for plant health. ® Plant, fertilize, and loosen soil in

Many bacteria are needed, because the seed row with one pass using a
the best treatment for eastern Wash- no-till drill.
ington might not work well in west- ® Plant wheat in paired rows, leaving
ern Washington, Kansas, or other 10 to 16 inches between pairs.
wheat-growing areas. That’s because “This is a win-win system,” Cook
different places have different soil says. “Doing everything with one

To improve wheat take-all control,
geneticist Linda Thomashow identified
and cloned antibiotic-producing genes and
placed them in bacteria that don’t
normally make antibiotics. (K5964-2)

pass is a cheaper way to farm, and it
leaves more water available in the soil
for the wheat to use.

“With both the seed treatment and
agronomic techniques, we can get
wheat yields up to 95 percent of the
yield we would get in fumigated soil,”
he continues. Fumigation is impracti-
cal at costs up to $1,000 per acre.

Cook notes that these practices also
help control Pythium root rot,

Rhizoctonia root rot. and other serious
wheat diseases.

Genetic engineering offers another
tool to spread the benefits of the bac-
teria faster and farther.

Thomashow identified and cloned
the genes in the bacteria responsible
for producing the antibiotics PCA and
Phl. She inserted the cloned genes into
bacteria that originally did not pro-
duce antibiotics.

“The transgenic bacteria control
take-all better than the original bacte-
ria in the laboratory,” says Tho-
mashow. “This will allow us to find
bacteria that thrive in each wheat-

JACK DYKINGA

A
— 2

ARS plant pathologist James Cook (left) and wheat grower John Aeschliman compare
roots of healthy and take-all-diseased plants at Aeschliman’s Colfax, Washington, farm.
(K5962-1)
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growing region and improve their dis-
ease-fighting ability,” she says.

Later this year, pending regulatory
approval, Thomashow will test the
genetically modified bacteria in the
field. The ARS team, in cooperation
with Washington State University
and the Monsanto Co., field-tested
transgenic bacteria on wheat at Pull-
man in 1988—one of the first tests of
its kind in the world.

“It’s important to keep in mind that
we haven’t really introduced anything
new to the soil. These genes are al-
ready present. We’re just putting
them into different strains of bacteria,
where they work better for a specific
location,” Thomashow notes.

Natural competition with other soil
organisms will keep bacterial popula-
tions in check.

This research may also hold the
key for engineering wheat plants to
resist take-all.

However, Thomashow says using
bacteria offers several advantages.
“The resistance trait might have to be
bred into each wheat cultivar sepa-
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Using high-performance liquid chromatograhy, bichemist Bob Bonsall xamines the

rately. But the bacteria, since they al-
ready live in the soil, would work
with any variety.

“Also,” says Thomashow, “the
bacteria produce the antibiotic just
where it’s needed, in the root zone.
There’s no concern about antibiotics
being produced in the food parts of
the plant.”—By Kathryn Barry
Stelljes, ARS. Ben Hardin, ARS,
contributed to this article.

R. James Cook, David M. Weller,
and Linda S. Thomashow are in the
USDA-ARS Root Disease and Bio-
logical Control Research Unit, 365
Johnson Hall, Washington State Uni-
versity, Pullman, WA 99164-6430;
phone (509) 335-1116, fax (509)
335-7674.

Patricia J. Slininger and David A.
Schisler are in the USDA-ARS
Fermentation Biochemistry Research
Unit, National Center for Agricul-
tural Utilization Research, 1815 N.
University St., Peoria, IL 61604,
phone (309) 681-6286, fax (309)
671-7814. &

spectral characteristics of an antibiotic produced by bacteria that control wheat take-all

disease. (K5963-1)

Agricultural Research/August 1995

A Brief History of Take-All
Research

1850’s — Australian wheat farm-
ers name a wheat disease
“take-all” for its devastating
effect on the crop.

1900-45 — Take-all found in
wheatfields across the
United States.

1967 — ARS begins study of
take-all at Pullman, Wash-
ington.

1968-70 — Dutch scientists first
report that soil eventually
controls take-all after years
of continuously grown wheat.
ARS scientists confirm
finding.

1976 — ARS and Australian
scientists report that mi-
crobes in soil act against
take-all. Pseudomonas
bacteria implicated.

1985 — ARS scientists patent use
of Pseudomonas fluorescens
for biological control of take-
all.

1988-89 — ARS reports first proof
that antibiotics produced by
soil bacteria are responsible
for take-all decline. Fermen-
tation research on these
bacteria begins at Peoria,
lllinois.

1992 — ARS scientists identify
and clone genes responsible
for antibiotic production.

1995 — ARS continues transfer-
ring agronomic practices for
take-all control to farmers.
Seed coating technology is
ready for commercial appli-
cation. Transgenic bacteria
are ready for field tests.



