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Chester Andrew is among thou-
sands of San Joaquin Valley
farmers who are helping clear the
air. Cover crops in Andrew’s
vineyards and orchards keep
down dust, and clean-burning
irrigation pumps (inset) have
replaced older ones.
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All articles and photos credited to CTIC unless otherwise noted.
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As drought and erosion

turned the Midwest into the
nation’s Dust Bowl,
California’s San Joaquin
Valley was staking its claim
as the country’s fruit and
salad bowl.  In this issue of
Partners, we’re looking at a
new generation of leaders in
California’s bountiful fields,
orchards and dairy barns –
producers leading the way
to cleaner air and a brighter
future for Golden State agriculture. Quietly integrating
leadership and stewardship into their day-to-day produc-
tion, they don’t often get credit for their work on behalf of
all of their neighbors in the San Joaquin Valley. We hope
to shine a little light on those people, each of whom is
helping everyone in the Valley breathe a little easier.

More than a decade ago, the agriculture industry
helped launch a monumental air quality study, joining
with regulators and other industries to see that good,
credible science drove the effort to clean up the air that
farmers share with their neighbors in the cities.

The research continues and so do the efforts of the
farm community. This year, thousands of farmers are
adopting Conservation Management Practices that will
help them do their share to clean up the Valley’s air and
help the region comply with regulatory deadlines. Many
of those practices will also help them enhance the quality
of their soil, protect their water resources and become
more profitable in an increasingly competitive world
market.

 Recent state air quality laws have thrust the state’s
farmers into the spotlight and focused on agriculture’s
role in the air quality cleanup. But it’s inspiring to see that
agriculture has long been on the leading edge of the quest
to understand air quality in the San Joaquin Valley – and
on the leading edge of improving it.

A.G. Kawamura,
secretary of the
California Department
of Food and
Agriculture.

John A. Hassell, CTIC
executive director.
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A commitment to efficiency –
water efficiency, fuel efficiency and
production efficiency – intersects
with innovative Conservation
Management Practices at Starrh and
Starrh Ranches near Shafter, Calif.

Continuing our coverage of air
quality management, Fred Starrh is
featured in the May/June 2004 issue
of the Conservation Technology

Information Center’s Partners magazine. For a copy of the
issue, contact CTIC at E-mail: scanlon@ctic.purdue.edu or
Tel: (765) 494-9555.

Fred Starrh
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California’s fertile San Joaquin Valley has
become the most productive agricultural land in the
world through the ingenuity of the agricultural
community, which, simulta-
neously, adheres to the most
comprehensive environmental
protections anywhere.

While agriculture is the
dominant industry in the valley,
the sources of air pollution are
varied. Even though there is 10
percent less farmland in the state
than there was in 1990, environ-
mental pressures are on the rise.
The valley’s booming population
and increased development,
much of it on historic farmland,
has placed a greater strain on air
resources due to increased vehicle emissions and
converted land uses. Further, we’re learning that the
continuing degradation of our air quality isn’t
necessarily restricted to local sources. Recent
studies have demonstrated that significant quanti-
ties of pollutants migrate across the Pacific Ocean
daily from industrial sectors of China, reaching
California only to be trapped in the valley by the
western slopes of the Sierra Nevada.

Focusing solely on fugitive emissions won’t get
the job done. We know that particulates associated
with combustion are another significant source of
air pollution. To effectively manage that problem,
California agriculture is focusing on engine replace-
ment and the elimination of field burning. In
addition, 1,500 miles of agriculture service roads
have been paved. By zeroing in on more accurate
assessments of different emissions from various
farming practices, we are able to refine conservation
management and cropping practices to further
reduce and mitigate emissions.

Agricultural lands continue to provide environ-
mental benefits through open space buffers, with
plants that filter the air and sequester carbon, and
through water conservation programs that enhance
supplies and save energy.  California’s farmers and
ranchers are already well established as responsible
stewards of the environment.
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iny particles less than 10 microns
in size – one-sixth the diameter of

 a human hair – are creating tremen-
dous anxiety in the immensely produc-
tive San Joaquin Valley. This summer,
growers who farm more than 100
contiguous acres or who manage
certain confined animal feeding
operations (such as a dairy with more
than 500 mature cows) need to identify
a series of steps they are taking to
reduce emissions of the microscopic
particulate matter (called PM10). The
Conservation Management Practices,
or CMPs, that they select from an array
of choices will comprise their dust
control management plan that will be
filed with the San Joaquin Valley Air
Pollution Control District (“District”
for short).

Each grower’s CMP Plan will
include tactics to reduce PM10, such
as dust, smoke and soot. The goal is to
reduce PM10 in the San Joaquin Valley
by 5 percent per year – an ambitious
target for a crowded bowl that is home
to 3 million people, 2 million cars,
major trucking routes, industry and
some of the world’s most productive
farms.

“One of the biggest challenges we
have is that our air is getting cleaner,
but it’s not getting cleaner fast
enough,” says Kern County Supervisor
Barbara Patrick, who heads the
District’s governing board. The District
is charged with achieving PM10 levels
set by state and federal law within
very strict timeframes. The stakes are
extraordinarily high, she notes – non-

attainment could trigger new fees
ranging into thousands of dollars per
ton of emissions, a federally developed
plan to replace local and state strate-
gies and the loss of billions of dollars
in federal highway funds.

The District is reaching out to the
PM10 sources under its jurisdiction – a
list that does not include mobile
sources such as cars and trucks, which
account for 60 percent of the Valley’s
air pollution – to meet the goals.
Farmers will choose among a menu of
CMPs that fit their operations, then file
their choices with the District as a plan
that will govern their operation for the
next two years. Producers may first
submit their CMP choices to the USDA
Natural Resources Conservation
Service (NRCS) for review, which also
halves the plan filing fee.

To meet the workload and help
producers sort out whether they need
to simply choose CMPs or whether
they must also apply for permits
mandated by SB 700 (state law) for
larger operations, the District added 18
employees and NRCS beefed up its air
quality group with seven new people.

2��5���"�����
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Crop producers must choose at

least one CMP from each of five
categories – for instance, under
Cropland Prep/Cultivation, they
could choose among options that
include conservation tillage and cover
crops; under Cropland Harvest,
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San Joaquin Valley farmers are fighting dust by watering and oiling roads (left) and reducing
tillage (right).
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choices range from hand harvesting to
pre-harvest soil preparation with
water or a soil stabilizer.

The key in a region that produces
more than 200 crops on an array of
farms is flexibility. Even the name of
the approach emphasizes choice.

“We didn’t want to talk about
‘best management practices,’” notes
Manuel Cunha, Jr., president of the
Nisei Farmers League in Fresno, which
represents California growers of an
array of crops. “Who’s to say what’s
‘best’ for every operation?  ‘Conserva-
tion Management Practices’ sends the
message that we’re focusing on
conservation without telling growers
how to farm.”

Cunha sat on the District’s Ag
Technical Group, which developed the
array of CMPs with the help of regula-
tors and about 60 farmers who re-
viewed the list as it developed. In fact,
producers were vital in the develop-
ment of the emission reduction strat-
egy for agriculture, according to Kerry
Drake, associate director of the Air
Division for the U.S. Environmental
Protection Agency’s (USEPA) South-
west Division.

“The intersection of the Clean Air
Act and agriculture is relatively new,
but when the realization hit that we
needed to do this, farmers came to the
table looking for solutions that make
sense for them and also for clean air in
the Valley,” says Drake, who grew up
on a cotton operation in Texas. “We
couldn’t have done it without them.”

�����������
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Farmers are concerned about the

specter of future punishment if the
standards continue to be unmet. But
they’re also concerned about the cost
of complying with a growing list of
regulations today. “One of our biggest
challenges is that these are not particu-
larly good times for many people in
agriculture, and we don’t want to be
the last nail in the coffin,” acknowl-
edges Patrick.

Operating costs have spiraled
upward while margins have marched
steadily downward. And competition
for markets at home and abroad keeps
crop prices under extraordinary
pressure. The result: farmers have to
absorb the cost of regulation. “Indone-
sia isn’t going to pay us 5 cents a
pound more for cotton because we
have to pay for permits and do CMPs,”
says Roger Isom, vice president/
director of technical services for the
California Cotton Ginners and Grow-
ers Association.

Adds Shirley Batchman, director
of industry relations at California
Citrus Mutual, “Our costs are set
locally, but our prices are determined
globally – and the margin between the
two has shrunk significantly until it is
non-existent.”

She points out that many of
California’s citrus producers have had
to push out old orchards or blocks of
varieties such as Valencias, which are
no longer in demand by consumers, in

order to plant more commercially
viable trees. The process can cost
$3,000 to $4,000 per acre, and the
growers have to wait as long as five
years before seeing a harvest. PM10
rules that phase out ag burning will
increase those figures by $400 to $600
per acre, she says – the cost of remov-
ing trees, chipping them and hauling
them off to a biomass plant. In an
extremely competitive world market
where pennies per carton can make the
difference between success and failure,
hundreds of additional dollars per
acre can be a huge blow.

���"���C�����	�0
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A bright side to CMPs is that they

will give farmers credit for their efforts
to clean the air.  At Nisei Farmers
League, Cunha notes that the air
quality research effort has helped
build bridges between agriculture and
regulators.  “We have had the opportu-
nity to work for close to seven years
with Sally Shaver, head of the
USEPA’s Emissions Standards Divi-
sion in Research Triangle Park in
North Carolina, who has done more
than anyone to help EPA understand
how agriculture works,” he says.  “She
has been a tireless advocate for the
process.”

While research was underway and
relationships were strengthening, dust
control efforts were taking shape on
the ground. Cunha notes that Califor-
nia growers have already oiled 1,500
miles of dirt roads and reduced NOx
emissions by 28 million pounds.

That’s impressive, says Anthony
Balakian, a stone fruit grower and
packer near Dinuba, Calif. But the real
key is that CMPs such as reduced
tillage, graveling and oiling roads, and
controlling dust in the field and
around the packinghouse are also
good business.

“We’re using 20-to-30-horsepower
tractors to spray weeds in the orchards
instead of using 70-to-100-horsepower
ones to disk them,” he says, thanks to
a management strategy that no longer
requires disking between the tree rows.
“If you look at dust control on the
roads and the wear and tear on
equipment and fruit, putting down
road base and oil eventually pays itself
off. I’m doing this for me. If it works for
[the District], then it’s killing two birds
with one stone.”

Pushing out orchards and vineyards presents a big challenge – alternatives to burning the
wood piles are expensive. Growers, researchers and regulators are working together to seek
cost-effective, environmentally sound solutions.
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In the late 1980s, air quality regulators in the
San Joaquin Valley saw a looming set of deadlines
for reducing emissions of PM10 – tiny, airborne
particles less than 10 microns across that can be
inhaled directly into the lungs. Though the dead-
lines were set and citizen complaints about air
quality were mounting, one thing became clear –
though researchers knew a bit about PM10, details
were scarce. That was especially true about details
surrounding PM10 in the unique environment of
the San Joaquin Valley, a crowded, arid valley
already subject to California pollution control laws
that had effectively changed the very nature of air
pollution (for instance, dramatically reducing
emissions in passenger cars).

In fact, key PM10 guidance documents from
the U.S. Environmental Protection Agency (EPA)
that were developed in the East and Midwest
focused on windblown dust, which is a negligible
problem in the San Joaquin Valley; others dealt
with the formation of PM10 from airborne sulfates,

which plague areas of the country with
an abundance of coal-fired power
plants. Data from the late 1970s in-
cluded dust emission estimates for
various crop operations that had no
grounds in reality, according to Manuel
Cunha, Jr., president of the Nisei
Farmers League in Fresno, Calif. – such
as a predicted value for dust created
during multiple cultivation passes in
alfalfa, a crop that grows undisturbed
for years. And the cornerstone of dairy
emission estimates was a methane study
that dated back to 1938.

There was little to no information
on rural versus urban sources, or mobile
versus stationary sources. Where data
didn’t exist for dozens of field opera-
tions, guidance documents made broad
estimates based on observations of the
behavior of dust on unpaved roads,
modified by predictions of how tilled

ground might react by comparison. There were no
adjustments for seasonality, so leveling a field
with a land-planer in late August was judged the
same as weeding a tomato field in June.

But in the pressure-cooker environment caused
by pending deadlines and pending lawsuits –
each threatening devastating financial conse-
quences – sparked a race to understand the
mysteries of PM10 and launched extraordinary
partnerships with the goal of improving air quality
in the Valley.
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Fortunately, regulators and industry quickly

got past the traditional stance of presenting
competing research results and instead sat down
to develop a single, comprehensive study effort to
explore the problem. The San Joaquin Valley Air
Pollution Control District (the District) created an
Agricultural PM10 Advisory Committee in 1989,
bringing together federal, state and county organi-
zations and quickly broadening to include more
agencies as well as representatives of agriculture,
other industries and environmental groups. The
committee prompted the U.S. Department of
Agriculture to create an Air Quality Task Force,
placing air quality firmly on the agency’s radar
screen (and securing a place in the budget). The
District also developed a resource conservation
plan to coordinate air and ag interests to identify
workable approaches to PM10 reductions.

In 1992, a consortium of government and
industry organizations (including members of the
Agricultural Advisory Committee) raised $27.5
million from federal, state, district and industry
coffers to fund a massive California Regional
Particulate Matter Air Quality Study.
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A team of researchers capture air samples from
various altitudes to determine how much dust is
created by farm fieldwork. Insight gained from
the study helped hone dust control strategies.
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That study yielded more than a million

samples between late 1999 and early 2001 that are
still being analyzed, says Karen Magliano, man-
ager of the Particulate Matter Analysis Section of
the California Air Resources Board in Sacramento.
The data covers PM10 and PM2.5 (particles
smaller than 2.5 microns); precursor species such
as NOx (nitrogen oxides), VOCs (volatile organic
compounds) and ROGs, or reactive organic gases;
ozone and ammonia collected across a wide swath
of the San Joaquin and Sacramento Valleys, as well
as other areas of the state. Because the study has
been planned by the committee and checked
through a series of quality assurance steps from
data collection through analysis, it promises to
deliver an abundance of credible, useful data.

Collected upwind and downwind, in major
cities and out in the countryside, on tried-and-true
filters and cutting-edge electronic samplers, the
data is “intended to be bringing together all the
different pieces of information on the contributions
to PM10 and analyze them on a common basis,”
says Magliano. “We will be able to better target
which sources contributed when, and how much
each source contributed at the time.”
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Armed with that understanding, regulators

will increasingly be able to direct air quality
improvement efforts where they will help reduce
emissions of PM10 most effectively, says Magliano.

That’s a big step up from the early days, says
Roger Isom, vice president/director of technical
services for the California Cotton Ginners and
Growers Association in Fresno, and a former
permit engineer for the Fresno County Air Pollu-
tion Control District. “In the late ‘80s and early
‘90s, all the EPA guidance spoke to wind erosion,”
Isom says. “Had we controlled just fugitive dust,
we would have missed the boat completely.”
That’s precisely the sort of problem that the
statewide study seeks to prevent.

Another big step is zeroing in on more accu-
rate spatial and temporal assessments of emis-
sions from various farm practices, says Terry
Cassel, a staff research associate in the lab of
renowned PM10 researcher Robert Floccini at the
University of California, Davis.

Working with farmers, Floccini and his team
created a series of calendars chronicling the
seasonal cycles of field operations for 20 key crops
in the Valley. They then took 149 air quality
samples while those operations were underway,
whether it was planting cereals, land-planing
fallow fields, harvesting almonds or running other
equipment. The fine-tuned data on the amount of
dust created – and when it was created – helped
guide recommendations that will allow producers
to file appropriate dust control plans with the
District to comply with air quality laws.

The bottom line: autumn PM10 in the Valley is
dominated by fugitive dust, much of which

appears to relate to farm activities. Winter PM10 is
far more attributable to combustion, whether from
wood stoves, power plants or burning orchard
prunings.

Understanding seasonality in PM10 sources
could someday help focus compliance efforts on
the Conservation Management Practices (CMPs)
that do the most good – when they’re needed most.
The same goes for precursors, notes Cassel. “It’s
really important to understand so we know what
needs to be regulated,” she says.

There’s a lot at stake, both in terms of credibil-
ity and economics. Paul
Martin, director of environ-
mental services for Western
United Dairymen, agrees
that science-based direction
is vital for successful air
quality improvements – and
farmers’ survival. “I don’t
want the District recom-
mending technologies that
we aren’t sure are going to
get us where we need to
go,” he says. “That would
mean resources are wasted,
both time and money. Then
that producer’s money is
gone and it’s not there
anymore to spend on
technology that works.”
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Like crop yield data,

collecting seasonal air
quality data is a slow
process, warns John Beyer,
state air quality coordinator
for the USDA Natural
Resources Conservation Service (NRCS) in Fresno.
“The problem is, you have one chance per year to
gather the data,” he says. “If it wasn’t right, you
have to wait another year.”

The air quality study has provided data to
support the state’s 1997 and 2003 PM State
Implementation Plans, and data is continually
being collected and analyzed to support plans for
deadlines in 2006 and 2008, says Magliano.

That means the search for science – and the
quest to use that emerging understanding as a
guide for pollution control efforts – will be an
ongoing process. It’s a process that will fine-tune
the effectiveness of farmers’ CMPs and prevent the
process from sinking into a quagmire of turf battles
and lawsuits.

At UC Davis, Terry Cassel has advice for
farmers. “Keep asking questions, and don’t stop
asking just because nobody has an answer yet,”
she says. “Keep up the good work. Keep having
faith in the process. Keep allowing access for
research. Let’s avoid turning this over to the
lawyers.”

More than 80 million vehicle-miles of traffic are
logged on I-5 and Highway 99 each year,
yielding nearly 60 percent of the Valley’s air
pollution.
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ince 1850, Chester Andrew’s
family has farmed in the San
Joaquin Valley south of Madera.
 Today, three generations of

Andrews work on the family farm:
Chester, his parents, son, son-in-law,
three sisters and a brother-in-law.
With such long, strong ties to the land,
it’s no surprise that Andrew is actively
engaged in environmentally friendly
farming practices such as integrated
pest management (IPM), reduced
tillage and reducing dust emissions.

“We’ve lived out here all our
lives,” he says. “This is my home, and
that’s how we treat it.”  His family has
watched dust and smog evolve as the
Valley has gotten increasingly
crowded, and they are eager to do their
part to minimize it.

With 1,500 acres of grapes –
serving the raisin and wine markets –
2,000 acres of almonds, 1,100 acres of
pistachios, 200 acres of cotton and 80
acres of alfalfa, the Andrews cover a
broad array of crops, as well as a
broad array of strategies to reduce their
impact on the environment.

C������"�&�/

Cover crops are a staple in An-

drew Farms vineyards. In addition to

the dust-control benefits of ground
cover, Andrew says mowing cover
crops is far easier on the vines than
old-fashioned disking. “Soil compac-
tion is always an issue, so we want to
make the least number of trips,” he
says. “And our mower is on a 45-
horsepower tractor, which is half the
size of the tractor we’d need if we were
disking.”  That means less compaction
and a smaller, cleaner-burning engine.

Cover crops also protect the crop
more directly by moderating the
climate in the vineyard, which can be
punishing in the heat of the summer.

“It’s hotter down in the middle of
the row, and bare soil reflects that heat
right back into the grapes,” Andrew
explains. “With cover crops, there’s
less reflected heat, and they hold the
moisture better.”

The moisture efficiency of cover
crops is compounded by the family’s
investment in drip and micro-mister
irrigation, which can cost $1,000 per
acre to purchase and install. “We’re
cutting water use as much as possible
– pumping water is very expensive,”
Andrew says. “Through drip and low-
volume micromisters, we’ve cut water
usage by 40 percent compared to the
early ‘80s. It’s very expensive, but it’s
worth it.”

2� ����������
Reducing water usage is vital in

the Valley – both in terms of reduced
water costs and reduced pumping.
Andrew says a spike in electricity
prices in the mid-‘80s forced the family
to trade out electric irrigation pumps
for diesel ones. About three years ago,
they traded out their pumps again; this
time, for 33 new, low-emission diesel
units. California’s Carl Moyer Program
helped fund part of the transition, and
Andrew says it’s been money well-
spent.

“The new engines are burning
much cleaner – they release one-
quarter the NOx and hydrocarbons
that our older engines did,” he notes.
Under certain atmospheric conditions,
nitrogen oxides (NOx) can bind with
ammonia in the air to form tiny
particles that become part of the PM10
problem.

Andrew even spent hours of his
time and more than $1,000 to try to
develop a water-based NOx scrubber
for his stationary engine exhaust, but it
didn’t deliver the results he had hoped
for. He says that’s just part of trying to
find better ways to cut down on
emissions.

�
Cover crops inhibit dust, hold moisture, reduce vineyard temperatures and can be maintained by small, lightweight equipment to
reduce soil compaction.
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Linking the farm’s stationary

diesel pumps is a network of unpaved
roads on which the Andrew family
works hard to keep dust emissions to a
minimum. Andrew says he doesn’t
like the cost or maintenance issues that
come with paving farm roads, so he
prefers another approach to road
management.

“We bring in over 1,000 tons of
sand every year for our roads,” he
says. “We also have at least two water
wagons running at all times.”

That’s costly, but it pays off in a
hurry when you look at the havoc dust
can wreak in the orchard or vineyard,
Andrew notes.

“If you have a lot of dust issues,
you have a lot of spider mite prob-
lems,” he explains. “That can be
expensive, not only in terms of the
damage they can do – they can defoli-
ate an almond orchard in days – but
also in terms of controlling them. It’s
worth about $100 an acre to me not
having to control those pests that are
stirred up by the dust.”

	��������"�2�
�
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Seeing dust control as an invest-
ment in pest control is a natural fit for
Andrew, who has made a point of
staying on the cutting edge of pest
management technology. Andrew
Farms has been practicing IPM for
more than two decades, steadily
reducing its chemical use and
shifting to more environmen-
tally friendly products when
pest control applications are
necessary.

“We don’t spray any Class
I chemicals, like organophos-
phates, anymore,” Andrew
says. Instead, he favors softer,
more carefully targeted sprays
that spare his populations of
beneficial insects. When he is
out in the vineyard or orchard,
Andrew is counting not only
pests, but also beneficial
predators such as
Trichogramma wasps, preda-
tory mites, lacewings and
ladybugs – a pest-killing
community that thrives in his
crops and in the vegetated
middles.

The Andrews have
also switched their
cotton acreage over to
Roundup Ready
varieties, which allow
them to manage weeds
with unprecedented
efficiency. “That’s cut
our cultivation costs to
practically nothing,”
says Andrew. “We
used to do four to six
cultivations per
season. Now, once you
get the cotton to about
three or four inches,
you just spray twice.”

That saves a lot of
diesel, a lot of labor
and a lot of dust. Roger
Isom, vice president/
director of technical services for the
California Cotton Growers and
Ginners Association adds that the
Valley has also enjoyed a 20-percent
reduction in volatile organic com-
pounds (VOCs) from crop protection
products thanks, in part, to IPM
programs like those practiced by the
Andrews. (Retirement of farmland is
another contributor to the reduction in
ag VOCs, he notes, though it opens up
avenues for VOCs from other sources
such as cars.)

#�����"������������2��5
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The task of picking up almonds off
the orchard floor at harvest is notori-

ously dusty. Andrew says modern
harvest equipment – with longer soil-
separation chains and modified fans –
is designed to cut dust emissions by 30
to 40 percent. The family is also
looking at buying a brush shredder to
chip its prunings, but Andrew points
out that farmers can’t take a $250,000
purchase lightly.

He says he has been very im-
pressed with the new generation of
shredders, which he tried for the first
time last November. “It shredded the
brush into tiny bits, like toothpicks,”
he says. “It decomposes really fast.”  In
fact, he adds, after a winter on the
orchard floor, the chips were nearly
impossible to see.

Fast decomposition can divert
some soil nitrogen away from the crop

in the short term, but it is a good
long-term investment, says Andrew.
“The Valley is deficient in organic
matter, so humus will help any soil
out here,” he says. “Organic matter
does a lot of things – it opens the
soil up, holds water, supplies
fertilizer. We look at it as our
‘recycling project.’”

When Chester Andrew looks at
the farm that started with his
ancestors a century and a half ago,
he sees nutrients being recycled,
miles of air-scrubbing crops and a
promising future. “Farmers get a
bad rap sometimes, but we’re very
far-sighted,” he notes.

More than 1,000 tons of sand per year and two water
trucks running season-long keep dust down on miles of
Chester Andrew’s roads.

Careful scouting helps Chester Andrew stay ahead of pests. Rarely
does he find big outbreaks of mites, which can be exacerbated by
dusty conditions.
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hen brothers Jean and
Dan Errotabere look to
the sky over their
family’s cotton,

vegetable and almond operation near
Riverdale, Calif., they’ve got a lot on
their mind. Like every  farmer around
the world, they’re scouting the
weather. Like growers up and down
the San Joaquin Valley, they’re taking
a look at the air quality. And like
fellow growers on the cutting edge of
farming technology, they’re aware that
somewhere up in space, a network of
satellites is feeding global positioning
data to their tractors.

The Errotaberes’ investment in a
global positioning system (GPS) sits
like a crown atop massive John Deere
9600 and 8000-series tractors. The
dome-shaped antennae feed into state-
of-the-art auto-steer systems that help
pilot each tractor to within inches of its
ideal position in the field, row after
row. That’s good for the their bottom
line and for the air.

“We used to use four-row equip-
ment, which is 16 feet wide; now we’re
going with 30-foot equipment,”
explains Jean Errotabere. “That’s half

the passes, half the tractors. And with
the new GPS technology, we’re able to
work the ground straight when we’re
disking and ripping. Without overlap-
ping, we’re saving three to four hours
per quarter-section. That’s less time on
the tractor.”  That means hours less
smoke out the exhaust stack, too.

Errotabere notes that the 9600 and
30-foot-wide equipment was as heavy
as the family wanted to use, in order to
avoid soil compaction problems.

�����������"�%��������
Good field preparation is impor-

tant for the Errotaberes’ 6,400 acres of
field crops, which include cotton,
lettuce, onions, garlic, tomatoes,
cantaloupes, edible beans and wheat.
However, efficient field preparation
plays a big part in keeping the bottom
line healthy.

“We do the minimum amount of
fieldwork we can to get from one crop
to another,” says Errotabere. In veg-
etables and cotton, that adds up to
about six passes – including ripping,
two diskings, one leveling pass with a
land-planer to ensure that irrigation

&
water flows efficiently, a fertilizer
application, and bedding up – so
eliminating overlap quickly adds up to
big savings in time, fuel and dust. In
wheat, they can have the crop prepped
and planted in just two passes.

In addition to fine-tuning their
fieldwork, the Errotaberes have
improved the efficiency of their furrow
irrigation systems. They compact the
rows to enhance water flow. Bisecting
fields with gated pipe or ditches every
800 feet saves water and makes the
most of every acre-inch.

.���,�""��

In the family’s almond operation,

the Errotaberes have switched to
double rows of drip tape to water their
trees. That leaves the area between the
tree rows too dry for heavy weed
growth, and it eliminates the need to
maintain middles for flood irrigation.

As a result, the Errotaberes have
been able to eliminate disking row
middles. The only in-season mainte-
nance they do for orchard floors is a
couple of passes with Roundup to
control volunteer vegetation, mostly

����
���������

Jean Errotabere stands beside a minimum-tilled field. With low-till, he and his brother Dan saved labor, fuel and time – and cut down on dust
emissions.
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during the rainy season. As a result,
their orchard floor has regained its
naturally firm soil structure, which
improves water infiltration and sets
the stage for better, more efficient
sweeping at harvest.

In November, the Errotaberes
shake mummies – blank nuts that
hung on the trees through harvest,
which can potentially harbor pests
such as the navel orangeworm – off the
trees and use a floor shredder to grind
them up.

The family has hired a custom
brush shredder to come in and shred
their orchard prunings, which they
spread on every row to enhance
degradation. They like to do their
shredding by mid-December to take
advantage of winter rains, which
speed decomposition.

#�����"�C����
“When it comes to dust, our main

issue is unpaved roads,” says

Errotabere. “We run water trucks
all season, but it costs money to
put a guy on a water truck and
run him back and forth. I figure
it’s $250 a day per truck, two
trucks a day, five months a year.
That adds up.”

This year, the Errotaberes
switched to applying a light oil
on their unpaved roads, which
should reduce dust emissions for
months rather than hours.

“There’s a cost to everything
we do out here,” Errotabere notes,
“and the prices are the same as
they were before. Reducing passes
and overlap is a sign of the times
– we’ve always had to stay a little
more efficient.”

The good news is that the
Errotaberes’ cost-reducing
methods also serve as dust-
reducing methods. And that’s not
just good for their family and
employees – it’s good for the San
Joaquin Valley. Satellite guidance makes fieldwork more efficient,

further reducing dust emissions.

Drip irrigation eliminates the need for the
Errotaberes to disk between trees in their orchards.
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Understanding the sources of PM10 pollution at

various times and places is vital to directing reductions
in emissions. But the other half of the story is the
relatively unexplored realm of understanding just how
much PM10 is reduced by various practices.

At University of
California Coopera-
tive Extension
station in Five
Points, vegetable
crops specialist Jeff
Mitchell, colleagues
and farmers have
been exploring
conservation tillage
systems in a variety
of Valley crops.
Beyond the advan-
tages in improving
profitability and
soil, Mitchell and
his colleagues have
also been testing
PM10 emissions
under various
tillage regimes.
Though he is quick
to note that a
groundbreaking
1999 study was

conducted with procedures that don’t match the latest
science of PM10 data-gathering, Mitchell points out that
the experiment showed that reducing tillage and using
cover crops can have a major impact on dust control.

“The first round of measurements indicates that it’s
pretty proportional to the number of passes reduced in
general,” Mitchell reports. “Of course, it depends on soil
type and soil water content, and it’s all related to the
time of year when certain operations are being done.”

The ability to document the dust-reducing impacts
of specific tillage practices can translate quickly into
dollars and cents – agencies tend to channel resources
into projects that allow them to quantify results. “The
practices we’re cost-sharing on [with EQIP funds] are
those that have data, so we can document the emission
reductions,” says John Beyer, state air quality coordina-
tor for the USDA Natural Resources Conservation
District in Fresno, Calif. Though some EQIP funds are
now available to encourage a shift to conservation
tillage, “we’ve focused on unpaved roads, engine
replacement and chipping in orchards,” says Beyer.
“We haven’t moved into other areas where it is a little
more nebulous what the emissions reductions are.”

In addition to expanding funding or cost-share
options, Mitchell hopes his research helps growers zero
in on how to make conservation tillage most effective
and profitable. “We may not only change some of the
basic approaches to land preparation, but also finesse
the timing,” he says.Jeff Mitchell has been studying how

reduced-tillage systems can cut down on
dust.
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For Nick Hill of Greenleaf Farms near
Sanger, Calif., conservation goes right to the
core of the business, right alongside concern
for worker safety and making a profit in a
market in which prices haven’t risen in
decades.

“There’s a world economy, a world
market, and we’re taking prices that were the
same as they were in 1973,” Hill says. “The
way I’m surviving is that back in 1973, we
got 400 boxes of oranges to the acre; now it’s
800. But that’s a diminishing curve – I can
only get so many boxes out of an acre.
Meanwhile, worker’s compensation is up
300 percent in the last two years, health
insurance is up 200 percent. If you keep
stacking up costs, it’s very tough to make a
profit.”

Rather than trying to cut corners on
labor, Hill and his partners in Greenleaf
Farms work hard to keep its full-time em-
ployees happy. Housing is provided for each
of the 20 workers who attend to the 1,200
acres of citrus trees near Sanger, Calif., and
2,000 acres of almonds, walnuts and prunes
stretching toward Merced. Year-round
employment keeps them on the ranch and off
the road, he adds.

Savings come from practices that turn out to be
both environmentally and economically sound,
including reduced tillage, integrated pest manage-
ment practices and a close eye on all aspects of the
orchards. And there’s a worker safety benefit to it
all: workers have a lot less dust to deal with.

�������2�
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Reducing tillage has cut costs, horsepower

and dust for Hill.
Conventional wisdom in almond orchards

demanded five to six passes with a disk each
season to clean orchard middles (the strips be-
tween tree rows) and condition the soil. Hill has
quit deep disking – and, ironically, says that
there’s less need than ever to maintain the
middles.

“We won’t go in and fix a middle for five years
– we rarely go in there anymore,” he says. “When
you don’t go through and disk things up, you
don’t have loose dirt anymore. And you have this
little weed growth that keeps the soil down.”

Hill says he’s been able to cut passes through
the orchards in half. Just as important, because the
remaining in-season passes have evolved into
spraying or mowing the vegetation that volunteers
in the undisturbed middles, orchard work can be
managed with much smaller equipment.

“Compared to when I first started farming
almonds 25 years ago, we’ve cut our fleet by one-
third to one-half,” he says. “And we’re able to get
down to 60-to-70-horsepower tractors – we don’t
need 100 to 120 horsepower. Most of these tractors
only have to support a light mower or sprayer. In
citrus, the only time I run a large, wheeled tractor
through the center is when I’m spraying. Now,
everything else is light vehicles – ATVs or tractors
less than 30 horsepower.”

“Every time I can cut down and put a lighter
vehicle in there, I save money and I don’t get
problems with compaction and dust,” he adds.

D�������	��������"
Volunteer vegetation in many of Greenleaf’s

nut and citrus orchards provides ground cover
and organic matter. In other orchards, Hill plants

��!�����
�������
�!�

Nick Hill says dust-control measures help make his farm more efficient and
more competitive in a tough world market.
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cover crops, blends of vetches, clovers and peas
that fix nitrogen, open the soil with taproots and
appeal to beneficial insects that help keep pests in
check.

“We’ll try to plant four or five seed sources so
if something fails, something else will come up,”
says Hill of Greenleaf’s cover crop seeding strat-
egy. “They also attract different beneficial insects
and different pollinators.”

In furrow-irrigated orchards, vegetation in the
middles slows the flow of water so it can percolate
into the soil. In orchards with microsprinklers, the
middles stay relatively dry, which makes it even
easier to manage the vegetation. Hill says that a
half-rate of Roundup herbicide slows the growth
of cover crops and volunteers in the middles
without actually killing the vegetation. That’s an
efficient way to avoid dusty disking or mowing
passes, and it costs half as much as running a
mower, he says.

-���������
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Hill points out that vegetation in the pistachio

orchards keeps leaf-footed bugs on the ground
rather than in the trees, where they sting the
developing nuts. It doesn’t take long to realize that
most of what goes on in Greenleaf’s orchards ties
back to the company’s integrated pest manage-
ment (IPM) program.

Hill’s IPM strategy relies on using relatively
innocuous red mites as bait to build up popula-
tions of predators. Those predators ultimately
control his most important pest, thrips. “I’ve gone
years in some cases without having to spray
thrips,” he says.

IPM takes nerves of steel and careful manage-
ment. Greenleaf’s staff entomologist does 100
insect counts per week, closely watching the
balance between pests and predators and monitor-
ing the growth stages of worrisome species. If pests
start getting ahead of their predators, Hill will
bring out an insecticide – one of the relatively new,
environmentally friendly insect growth regulators
that are targeted specifically to key pest species.

The whole IPM strategy starts with dust
control, Hill points out. Dust spurs mite infesta-
tions to explode beyond the capacity of predators
to control them. Minimizing dust gives predators a
head start.

&��"�&���

With limited disturbance in the orchard

middles, Greenleaf’s roads are the next significant
dust hazard to tackle. Hill feels that paving is too
costly for his combination of owned, rented and
custom-farmed ground, and he doesn’t like the
thought of oil or salt solutions in his orchards.
Instead, he runs a pair of water trucks, concentrat-
ing on the highest-traffic areas, to keep dust to a
minimum. He figures it costs about $30 per acre to

keep the roads watered.
A major component of his dust management

strategy is a strict speed limit. “All of my ranches
have posted speed limits,” he says. “Everybody
has to stay under 15 mph – for both dust control
and safety. If I have people who don’t obey the
rules, they’re gone. We’re very sticky about speed.”

��������
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Safety isn’t just an issue of speed. Hill is a fan

of chipping orchard prunings and pushed-out
trees, which significantly reduces PM10 from the
traditional disposal method of burning brush
piles.

“It’s a cleaner process, and I don’t have to
have my guys out there piling things up and
lighting them on fire,” he says. Citrus prunings are
ground up and spread over the orchard middles to
add organic matter, smother unwanted weeds and
conserve moisture. Almond and walnut chips –
which present a greater risk of contaminating the
crop because they can be swept up with the nuts
during harvest – are ground fine and spread in the
orchards, or get carted off to biomass plants.

Hill points out that the state’s biomass incen-
tive program has promise, but hasn’t worked out
as well for farmers as many had hoped. Especially
since subsidy funds ran out, farmers haven’t been
able to compete with urban sources that pay high
prices and offer consistent supplies of biomass to
plants eager for a steady stream of fuel. “We’re
importing materials from L.A. to burn while
they’re telling me I’ve got to clean up my opera-
tion,” he notes.

In all, Hill says dust control is good business,
rules or no rules. The trick, he says, is to let good
science guide the strategies. “Let’s get over the
emotion and back to the science,” he says. “That’s
how you solve problems.”

Simple steps like speed limits can reduce dust dramatically.
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t doesn’t take a long conversation with Simon Vander Woude to realize that
he is the picture of dairy farming’s future.
After graduating from Cal Poly a decade ago, Vander Woude returned to the

San Diego area to lease his grandfather’s dairy and go into business with 150
Holsteins. He’s built his herd to 550 milking head and moved the operation and
his young family to a 160-acre parcel near Merced, Calif. From there, it’s a short
ride to a nearby 1,480-acre farm where his family has been diligently trying to
establish a 3,200-head dairy that Simon can manage with his father, William,
and brother, Arlan, merging their three operations into a single, state-of-the-art
facility.

But it’s not his youth or his drive for the economies of scale that makes
Vander Woude notable. It’s his commitment to research, his efforts to stay
current on the very latest studies that could help him protect the environment
and his bottom line. That strong tie to the technical world helped land Vander
Woude a seat on the San Joaquin Valley Unified Air Pollution Control District’s
Dairy Subcommittee beside regulators, researchers, industry leaders and repre-
sentatives of environmental groups. In that role, he helped shape the Conserva-
tion Management Practices that dairy producers in the Valley will use as the
basis of their air quality management plans this summer.

“Simon is very engaged in this and in trying to do things right,” says Paul
Martin, director of Environmental Services for Western United Dairymen, who
adds that the young dairyman doesn’t just think in theoretical terms, he puts his
beliefs to work. “He’s developed a comprehensive nutrient management plan
field by field, he’s built an extra lagoon to use as a percolation pit for rainwater –
he’s trying to respond to every potential impact on the environment.”
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While the Vander Woudes pour

concrete foundations for the dairy
buildings on their new operation,
Simon Vander Woude has organized
his current operation to minimize
emissions of PM10 – particulate matter
10 microns in size or less.

His cows live in a freestall barn – a
covered structure with an alley down
the center, flanked by feed bunks.
Freestall barns produce significantly
less PM10 emissions than open pens
because the cattle spend far less time
kicking around their manure, a
significant source of particulate
emissions. Frequent scraping of the
manure out of the alley keeps the cows
– and the air – cleaner, notes Vander
Woude. In fact, research is currently
underway to provide an accurate
estimate of PM10 emissions from
dairies, including those with freestall
barns, as many scientists believe that
current estimates are far too high.

Because the home farm is too small
to accommodate the milking herd and
young stock, calves and heifers are
boarded on a nearby operation. There,
they sleep on bedding made from
shredded orchard prunings (which
helps create an outlet for a neighboring
orchardist’s chips, reducing his need
to burn brush).

�''(�)�
�*��%

Simon Vander Woude runs his dairy with dust control in mind.
Clean alleys yield happy cows (top) and
composted bedding (bottom).
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As on cropland, a dairy’s unpaved

roads can be a significant source of
dust emissions. Heavy feed trucks can
kick up a fair amount of dust, notes
Vander Woude, but so can irrigators in
pickup trucks and workers on ATVs if
they are going too fast.

“I try to keep my guys going
slower,” Vander Woude says. “I tell
them they don’t have to run around at
50 miles per hour.”

Vander Woude typically runs a
water truck once every day or two, but
thinks he may oil his roads this year to
cut back on dust without the need for
daily maintenance.

-���2���

The new Vander Woude farm will

feature freestall barns, too. He’s
carefully watching an ongoing study
by University of California, Davis
researchers on heifer density and the
value of covering loafing areas as he
contemplates how to design open

spaces on the new operation. It’s all
part of his drive to use the latest
knowledge to do the best possible job.

Right now, the land that will
someday house the family dairy is
being cropped to feed Vander Woude’s
herd nearby. He has tried minimum-
till in the past, but didn’t have the
success he had hoped for because
widely varying soil types created too
great a disparity in soil moisture
levels. This year, he’s using Roundup
Ready corn, which allows him to
reduce the number of passes he needs
to make across the field. And Vander
Woude hasn’t given up on low-till yet.

“Over time, as we add soil amend-
ments and get dairy manure out there,
it will help build up the soil,” he
predicts. That should help make it
more amenable to practices such as
reduced-tillage management.

Seeing manure as an asset rather
than a waste product is another sign of
Vander Woude’s grip on the future.
Testing both soil and lagoon water
helps him fine-tune his nutrient plan
and avoid buying fertilizer to deliver

nutrients his cows have already
provided.

“On the [larger] ranch, where we
don’t have access to lagoon water yet,
we spend quite a bit of money on
fertilizer,” he notes. “We don’t do any
of that on the home place – we don’t
use any commercial fertilizer. One
hundred fifty dollars per acre is a lot of
savings, and I see my soil getting better
and better.”
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The nutrient testing required by

water quality regulations is actually a
great management tool, Vander Woude
points out. He believes Conservation
Management Practices (CMPs) will
prove to be similarly useful to growers.

“I think these CMPs are definitely
the way of the future,” he says. “It’s
going to be a lot of work up front, but
there are benefits. This business is all
about being more efficient. CMPs are
going to save us money.”

Though the Conservation Management Practices
(CMP) selection process is designed to be easy to com-
plete, reducing dust emissions and sorting out whether a
particular ranch falls under certain permit requirements
can be a complicated affair.  Below is a list of resources –
from informational booklets to cost-share assistance –
that may help.
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The SJV Air Pollution Control District has been
increasing its staff to provide farmers and ranchers – as
well as people in other industries, which all have to
reduce PM10, NOx and ozone emissions — with up-to-
date information and advice on complying with state and
federal regulations.

The District’s Business Assistance office numbers
are:

· Northern Region (office in Modesto; serving San
Joaquin, Stanislaus and Merced Counties): (209)
557-6446 

· Central Region (office in Fresno; serving Madera,
Fresno and Kings Counties): (559) 230-5888

· Southern Region (office in Bakersfield; serving
Tulare and Kern Counties): (661) 326-6969

Business Assistance offices can also aid farmers and
ranchers in locating incentive programs such as the Carl
Moyer stationary engine replacement program.  Informa-
tion on CMPs, permitting, the Carl Moyer Program and

other air quality topics is also available online at
www.valleyair.org.
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For decades, the NRCS and local conservation

districts have been a resource for technical assistance
and funding for conservation efforts.  To meet the de-
mands of air quality planning deadlines, NRCS’s Air
Quality office in the Valley has enlarged its staff and
secured additional EQIP funds. Check county listings for
your district’s phone number.
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Leaders of many agriculture groups have spent years

representing agriculture through the Agriculture Improv-
ing Resources (AIR) program to help ensure that
agriculture’s contribution to the Valley’s air quality
improvement effort is based on scientifically proven, cost-
effective measures.  Partners in AIR include:

· Almond Hullers and Processors Association
(www.ahpa.net)

· California Air Resources Board (www.arb.ca.gov)
· California Apple Commission (www.calapple.org)
· California Association of Resource Conservation

Districts (www.carcd.org)
· California Citrus Mutual (www.cacitrusmutual.com)
· California Farm Bureau Federation (www.cfbf.com)
· California Grape and Tree Fruit League

(www.cgtfl.com)
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100100100100100 Number of contiguous acres over which
a farm must file a Conservation Man-
agement Practices (CMP) Plan

28,00028,00028,00028,00028,000 Approximate number of farms in the
San Joaquin Valley

8,0008,0008,0008,0008,000 Approximate number of farms subject
to CMP Plan rules

4,0004,0004,0004,0004,000 Approximate number of farms required
to file for a permit under SB 700 because
their emissions are at or above 50% of
US EPA’s Title V limits

2,7482,7482,7482,7482,748 Number of old diesel irrigation pump
engines replaced with cleaner-burning
pumps under the Carl Moyer Program
as of April 2004
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· California Cotton Ginners and Growers Association
(www.ccgga.org)

· California Plant Health Association (www.cpha.net)
· Fresno County Farm Bureau (www.fcfb.org)
· Kern County Farm Bureau (www.kerncfb.com)
· Kings County Farm Bureau (www.kcfb.org)
· Madera County Farm Bureau (www.cfbf.com/coun-
ties/co-20.htm)

· Merced County Farm Bureau (www.cfbf.com/coun-
ties/co-24.htm)

· Nisei Farmers League (www.niseifarmersleague.com)
· Raisin Bargaining Association
· San Joaquin Valley Air Pollution Control District
(www.valleyair.org)

· Stanislaus County Farm Bureau (www.cfbf.com/
counties/co-50.htm)

· Tulare County Farm Bureau (www.cfbf.com/counties/
co-54.htm)

· USDA Natural Resources Conservation Service
(www.nrcs.usda.gov)
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Founded in 1999 by researchers, extension agents and

farmers interested in exploring conservation tillage, the
Conservation Tillage Workgroup study alternative tillage
programs within the unique challenges presented by
California’s climate and cropping systems. Proceedings
from past meetings and papers on current projects are
available online at http://groups.ucanr.org/ucct/.
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The Conservation Technology Information Center offers

information on conservation tillage research and practices
around the world. With ties to more than 100 universities
worldwide, as well as federal and state resource agencies
and agribusiness organizations, CTIC also helps facilitate
tours and workshops on conservation tillage, soil quality
and water quality.

CTIC’s website is www.ctic.purdue.edu.
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Administered by

the San Joaquin
Valley Air Pollution
Control District with
money from the State
of California, the
Carl Moyer Program
has helped farmers
and ranchers
replace more than
2,700 older, station-
ary diesel pump and
booster engines with
new, low-emission
models. Cost-share
funds range as high
as 80 percent of the
engines’ replace-
ment cost for high-
hour pumps.
Contact the
District’s Business
Assistance offices
for details.
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Administered by the NRCS, EQIP offers financial and

technical assistance to farmers and ranchers engaged in
voluntary conservation practices. In the San Joaquin Valley,
EQIP funds help cost-share dust-control efforts including:

· Road oiling and paving
· Chipping of walnut and almond orchard
prunings or pushed-out orchards and vineyards

· Stationary diesel engine replacement
· Conservation tillage ($15-to-$30-per-acre stipends)

For more information on EQIP and cost-share rates,
contact your local NRCS office.
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Researchers collect data in a statewide effort to
understand the sources of microscopic, airborne
particles and guide effective control strategies –
including Conservation Management Practices
being adopted this summer by thousands of San
Joaquin Valley producers.
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