
The 2002 Farm Law included a
provision for a new conserva-
tion program, focused on
watershed areas of the country

and with an emphasis on increasing soil
and water quality through such manage-
ment practices as conservation tillage,
nutrient management and grazing man-
agement, and that’s expected to benefit
wildlife and wildlife habitat.

It’s called the Conservation Security
Program (CSP), and while many ag pro-
fessionals may not be aware of it, never-
theless it will become of some impor-
tance, especially in watershed areas. 

As proposed, and a final rule is
pending on the exact shape of the
program, agricultural land in crops,
orchards, vineyards, pasture and range
will be eligible for the program regard-
less of size, location or crops produced.
Exceptions are forest land or land
already in the Conservation Reserve
Program, Wetlands Reserve Program or
Grassland Reserve Program.

Applicants will have to address
water quality and soil quality concerns
to be eligible and enrollment will be tar-
geted to farmers who demonstrate the
highest levels of stewardship.

There are payments available that
increase according to the level of
resource treatment.

Four components are involved: an
annual base component for the bench-
mark conservation treatment; an annual

existing practice component for main-
taining existing conservation practices; a
one-time new practice component for
implementing additional practices; and
an enhancement component for excep-
tional conservation effort.

The three tiers, which represent
increasing levels of resource treatment,
are limited to $20,000, $35,000 and
$45,000 annually and will last for five
years for the first tier, and five to 10
years for the second and third tiers.
Spending on the program is limited to
just $41 million for fiscal 2004.

Luther Smith, executive director,
International Certified Crop Advisers pro-
gram (ICCA), looks for the program to
benefit certified crop advisers if it pro-
vides more work in conservation practices.

If the program is used to coordinate
all conservation programs, says Smith,
the CSP is a positive step in the crop
advising process. But if it’s “just another
program,” it will lose some of its poten-
tial effectiveness.

And it’s not clear just what position
the program will take in the conserva-
tion program mix: the 2002 Farm Law
provides it as a complement to existing
conservation programs through support
of ongoing conservation stewardship of
agricultural working lands and enhanc-
ing the condition of natural resources.

Smith would like to see the CSP in a
coordination role for all conservation
programs. That would eliminate the
need to know multiple programs and the
subtle differences often involved.

“I don’t think it will be as effective
if it is just another program,” says
Smith. “Funding would be better used if
it went into the existing programs. It
does have the potential to impact every
farm, but the funding will be a big ques-
tion — can we truly afford it?”

Last February Congress funded the
2003 Disaster Aid program by reducing
money allocated to CSP. In late January
Congress approved the bill that includes
CSP spending for this year.

Terry Williams, a member of the
ICCA Board of Directors, who is an
official with Royster Clark in Dresher,
PA, looks at the CSP as a positive pro-
gram “to reward the growers who have
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strived for so long to be the most envi-
ronmentally sensitive.”

He adds, “I think it is an opportunity
for (crop) advisers to be recognized along
with the growers.”

The CSP, says Williams, “will force
growers and crop advisers to look at all of
the conservation programs they employ
and determine if overall we are having a
positive impact on the environment.”

There are many good conservation
programs, he adds, that, taken by them-
selves, help clean up the environment,
but this would be sort of an umbrella
effort.

Williams expects his farmer-clients
will respond favorably when the pro-
gram is presented to them. So far, since
the program has not been finalized,
farmers have not been educated about
the program.

“The program is all about commit-
ment,” says Williams. “I think if we are
going to reward the best growers with
management practices, there should be a
substantial commitment.”

And it’s “very fair” to put watersheds
as the emphasis of the CSP. “There are,
I would imagine, eligible watersheds in
my area due to my proximity to the
Chesapeake Bay,” Williams says. “I think
the overall benefit will be the best grow-
ers putting in place several conservation
practices that will enable them to contin-
ue to be competitive with regard to pro-
ductivity and overall crop yield while
keeping our water systems virtually con-
taminate free.”

Given the fact that the CSP yields
money for the participants, it will be
important for crop advisers to “advise our
growers the best way to achieve the
(monetary) award. By doing so, we’re
potentially increasing the amount of soil
conservation on any particular farm,
which in turn helps to clean up the envi-
ronment, which in turn makes us more
desirable as consultants,” Williams says.

Jeff Jacobsen, a soil scientist and
ICCA past chair and current board
member, from Bozeman, MT, finds the

program provides “opportunity for
incentives to land managers (farmers
and ranchers) to apply proven conserva-
tion practices that, if they are site spe-
cific, enhance habitat, improve water
quality, help to implement carbon
sequestration practices and improve or
maintain profitability.”

CCAs, he adds, are professionals pre-
pared to respond to facets of the program
where their expertise is appropriate, pro-
vided that they can be paid. “This may
require some additional training, but they
are currently proficient in soil and water
management, nutrient management, crop
management and integrated pest manage-
ment. In all of these areas, CCAs inte-
grate an optimum system for all of the
above areas and all have environmental
and economic aspects.”

Jacobsen also has not yet explained
the program to his clients because it has to
be finalized. Still, “most are now just ask-
ing questions about it, but it is too new to
get a feel for the reaction,” he says.

Considering the fact that farmers will
have to make a commitment to yet
another set of conservation program reg-
ulations, Jacobsen says they already have
done that and already are committed to
land, water and air stewardship practices,
“provided the dual areas of profitability
and environmental protection are com-
patible,” he says. “In any program there
are the early adopters, second tier, etc.
There will be numerous bugs to be
worked out over time.”

Also, many producers already are
involved in watershed work for weed
management, soil and water quality/quan-
tity protection, land use (urban and rural)
and preservation, Jacobsen notes.

“Watershed groups have been in
place for a number of years in Montana,”
he says. “They are active, inclusive and
for the most part working on or toward
common goals that are win-win.”

For the program areas where a third
party can do the work and be compensat-
ed for it, crop advisers “can play a critical
role, since they are professionals, are
commonly trained on new areas including
the ins and outs of complex government
programs, have a code of ethics and rou-
tinely are the experts that farmers go to
for advice and implementation practices,”
Jacobsen says.

Jeff Jacobsen
ICCA Board Member

“I think the overall benefit will be the best growers
putting in place several conservation practices that
will enable them to continue to be competitive with
regard to productivity and overall crop yield while
keeping our water systems virtually contaminate free.”

Terry Williams
Royster Clark, Dresher, PA



Thank you for honoring the
request I made in my last col-
umn to “listen, really listen.”
My hope is that, by spending

the next few moments reading this col-
umn, you and I will have been able to
share a couple of stories.

I took a look back at our Mission and
Vision Statements that your advisory
board revised in 2002. I would like to
share them with you, as I believe that
they tell a story and that telling stories is
the method we use to most effectively
communicate.

CCA Mission
The Certified Crop Adviser (CCA)
Program validates the credentials of pro-
fessional crop advisers by establishing
standards for knowledge, experience,
ethics and continuing education.

CCA Vision
To become the most valuable certification
a professional crop adviser can hold by
establishing CCAs’ essential role in agri-
cultural production, food safety and envi-
ronmental stewardship.

We can take pride that we have a
“well oiled” organization that is efficient-
ly making our mission statement happen.
On Friday, Feb. 6, we began our second
decade of offering international plus
regional, state and provincial exams. I
congratulate you for being a key partici-
pant in our mission. You are one of nearly
15,000 CCAs.

The vision statement is the area that
tells our story. Our goal is for CCA “to
become the most valuable certification a

professional adviser can hold.” I have
been able to represent you during the
American Farm Bureau Federation
(AFBF) annual meeting. 

I helped recognize the Outstanding
Certified Crop Adviser co-sponsored by
the ICCA and the AFBF with financial
support from Syngenta Crop Protection.
This is the sixth year of the award, and
12 states forwarded nominations for this
award. I offered our colleague, David
Scheiderer of Milford Center, OH, con-
gratulations on your behalf.

Life-Giving Stories
The vision proposed for our CCA pro-
gram can only be given “life” when we
tell our story. The story we have to tell is
powerful and worth telling. As I spent
time in our ICCA booth during the AFBF
annual meeting, I was able to hear many
stories from the delegates in attendance.
It is interesting to watch the interaction
they have with us. 

Since we were one of the few booths
at the trade show portion of the meeting
that were not giving away free samples of
food or clothing or holding a drawing for a
prize, they would often study our booth,
our executive director Luther Smith and
me from a distance. Then, after they read a
bit of the message presented in the display,
they would offer us their story. The story
they told was of their personal relationship
with one of you, the CCA they knew.
Every story I heard was told with pride by
the storyteller. They do value you, and
most often they shared how helpful you
were and how much they trusted you.

There were more than 7,500 atten-
dees that had the potential to see our mes-
sage during this annual meeting. I would

be out of line with my story if I were to
lead you to believe that all of them
stopped to tell us their story. However,
we were located next to a large pillar that
provided passage on one side which was
used to access the clothing sales booth,
and on the other side were free samples
of Wisconsin cheese. Even if we
didn’t get everyone to stop at our booth
and tell us the story of their own CCA,
many of them got a chance to see your
message as they waited in line for the
free sample of cheese.

Increased Value
This opportunity to present this award to
David clearly addresses one of our top
five goals — increasing the value of
CCA Certification to those certified. 

However, we also need your help to
market the value you bring to our profes-
sion. Twelve states had statewide compe-
titions to forward an outstanding CCA. In
order to be entered for this recognition, a
CCA must be nominated by an AFBF
member. Even if you are too modest to
suggest to a client of yours who is a
member to nominate you, I would like to
request that you at least contact the presi-
dent of the county chapter and let the
chapter know that we are partners with
this marketing effort to increase the
awareness and value of the CCA pro-
gram. Please tell them your story and
thank them for helping us recognize you
and your fellow CCAs.

So, to go back to my request that you
“listen, really listen,” I hope you heard a
request to tell your story of why you are a
CCA and what it means to you. Let’s
make this the beginning of a great second
decade for us as CCAs.

Chairman’s Corner

Telling Stories to
Effectively Communicate
By Bob Beck, CCA, Chairman, International CCA Board,
Pioneer Hi-Bred International
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Long-Term Effects of Tillage, Nitrogen and
Rainfall on Winter Wheat Yields in the
Pacific Northwest
By K. M. Camara, W. A. Payne and P. E. Rasmussen

Continuing Education
Self-Study Course

Nutrient Management

The inland Pacific Northwest
(PNW) has some of the highest
soil erosion rates in the U.S.
Residue maintained by conser-

vation tillage systems reduces erosion,
but historically most farmers have been
wary of adopting such systems due to
such perceived drawbacks as poor weed
control, inadequate planting equipment
and lower crop yield. The development of
new farming equipment and chemicals
since the 1980s has increased the proba-
bility of obtaining crop yields similar to
those of conventional clean-tillage sys-
tems and of lowering input costs.
However, there are conflicting results on
yield response of winter wheat to
reduced-tillage systems in the PNW. 

One difficulty in interpreting appar-
ently conflicting results is that many stud-
ies have drawn conclusions based on only
a few years’ data. Long-term studies pro-
vide perhaps the only way to determine
whether agricultural practices will sustain

or degrade the productive capability of
the soil and allow insight into larger
trends in crop production.

Historically, few if any technologies
have increased winter wheat yield more
than N fertilization. However, recom-
mending optimum N rates is not an exact
science, especially under dryland condi-
tions. Recent concerns over environmen-
tal quality, energy conservation and eco-
nomics have increased the need to maxi-
mize crop utilization of applied fertilizer
N and to reduce excess application that
may contribute to stream or ground water
contamination. Determination of opti-
mum N rates is best done with yield
records over a period of time that
includes a range of weather conditions.

Soon after its inception in 1928,
Oregon State University’s Columbia
Basin Agricultural Experiment Station,
located near Pendleton, OR, initiated a
number of long-term cropping system
studies. One of the oldest experiments,
which continues to this day, originated in
1940 to determine the effects of tillage,
crop residue management and N applica-
tion on the sustainability and profitability
of winter wheat–summer fallow cropping
systems. 

The objective of this study is to use
yield data from this experiment to evalu-
ate the long-term effects of tillage, N, soil
depth and precipitation on yield in a win-
ter wheat–summer fallow rotation.

Materials and Methods
Field design. This experiment was con-
ducted at the Columbia Basin Agricul-
tural Research Center near Pendleton,
OR. The climate is characterized by cool,

moist winters and hot, dry summers. The
mean annual precipitation is approxi-
mately 420 mm, of which 70 percent is
generally received between Sept. 1 and
April 11. The soil is classified as Walla
Walla silt loam.

The experiment consisted of a winter
wheat–summer fallow rotation with one
set of plots; thus, yield was obtained only
in odd years. Plots were arranged in a
split-plot design with three replications.
The main plot treatments were three pri-
mary tillage systems (moldboard plow,
subsurface sweep and offset disk) and six
fertility subplots. The moldboard plow
had a tillage depth of approximately 23
cm and approximately 7 percent residue
cover at seeding. The subsurface sweep
had a tillage depth of approximately 15
cm and approximately 43 percent residue
cover at seeding. The offset disk tilled at
a depth of approximately 15 cm and had
approximately 34 percent residue cover at
seeding. Individual plot size was 5.5 by
140 m.

Replication 1 had an average depth to
bedrock of 210 cm on a slope of 3 per-
cent; Replication 2 had an average depth
to bedrock of 130 cm on a slope of 0 to 2
percent; and Replication 3 had an average
depth to bedrock of 110 cm on a slope of
2 percent.

Primary tillage operations (plow, disk
and sweep) were performed in late March
on stubble left undisturbed since the pre-
vious harvest. All plots were subsequently
smoothed to a depth of 10 to 15 cm deep
with a field cultivator and harrow and
rod-weeded four to five times between
April and October to control weeds and to
reduce soil moisture loss. Nitrogen fertil-

CCA

CEU

Earn one CEU!
All CCAs may earn up to 20 Continuing
Education Units (CEUs) per two-year
cycle as board-approved self-study arti-
cles which will include CCA Advantage
articles. The CCA CEU logo (above)
marks all pre-approved material, with the
CEU value indicated by the number in
the middle. To receive one CEU in nutri-
ent management, read this article, fill out
the attached exam and mail the tear-out
form, along with $10, to the American
Society of Agronomy.

22 • AgProfessional • February 2004 for daily updates go to www.AgProfessional.com



izer was normally applied around Oct. 1,
and winter wheat seeded around Oct. 10
with a semideep furrow drill. Medium-tall
soft white winter wheat was grown from
1940 to 1962, and semidwarf soft white
winter wheat varieties since.

Grain yield was determined for 27 of
29 crops grown in alternate years during
the 1941 to 1997 period. Due to a lack of
scientific personnel at the station during
the Great Depression and World War II,
data collected for 1941 and 1943 were
considered unreliable and excluded from
this study. 

The experimental design has remained
relatively unaltered since inception, but
the fertility treatments, timing and tillage
depth have been modified four times to
maintain their relevance to contemporary
agriculture. Therefore, the data were divid-
ed into four time periods, described below,
in which treatments remained consistent. 

Period 1 (1944-1951). Four of the six
subplots received N in the form of ammo-
nium sulfate at a rate of 11 kg N ha-1.
Although this is a very low rate by mod-
ern standards, at the time many felt that
the use of N in dryland wheat systems
would depress yield. The N was applied
to two of these plots at seeding and to the
other two at plowing. The last two sub-
plots received no N fertilizer. Two of the
fertilized plots and one of the unfertilized
plots were tilled to a depth of 13 cm. The
other three were tilled to a depth of 20
cm. The experiment was seeded to the
winter wheat variety Rex M-1 in 1945,
spring wheat in 1947 and the winter
wheat variety Elgin in 1949 and 1951.

Period 2 (1953-1961). In 1953 the rate of
ammonium sulfate was increased from 11
to 34 kg N ha-1. The tillage methods and
depths, and the timing of fertilizer appli-
cation remained unaltered. The plots were
seeded to the winter wheat varieties Elgin
in 1953, Elmar in 1955 and Omar from
1957 to 1961.

Period 3 (1962-1987). Important changes
were made to the experimental design in
1962, reflecting the introduction of high-
yielding, N-responsive semidwarf vari-
eties into regional farming systems. The
initial tillage treatments, including the
moldboard plow, subsurface sweep and

offset disk, continued. However, tillage
depth was discontinued as a treatment,
and all plots were tilled to a depth of 15
cm. Fertility treatments were also revised.
The four plots that previously received 34
kg N ha-1 as ammonium sulfate (two plots
at plowing and two at seeding) were fer-
tilized only at seeding. Newly introduced
fertilizer treatments were 45, 90, 135 and
180 kg N ha-1 as ammonium nitrate. The
two plots, which had previously received
no N fertilizer, began receiving 45 and 90
kg N ha-1. The plots were seeded to the
winter wheat varieties Gaines from 1963
to 1967, Nugaines from 1969 to 1973,
McDermid in 1975, Hyslop in 1977 and
Stephens from 1979 to 1997.

Period 4 (1988-1997). In 1988 the sub-
plot that had received 0 kg N ha-1 from
1945 to 1961 and 45 kg N ha-1 from 1962
to 1987 was designated as the control,
receiving 0 kg N ha-1. Nitrogen rates on
all other plots remained unmodified. The
form and placement of N changed from
broadcast ammonium nitrate to urea
ammonium nitrate (32–0–0) and shanked
15 cm deep with 25-cm band spacing.

Results
Tillage. There was no interactive effect
between tillage and N for any year except
1997. When 1997 data were combined
with those from other years in Period 4,
there was no interactive effect.

Tillage had a significant effect in
each time period. In all four periods, the
moldboard plow treatment had approxi-
mately 300 to 400 kg ha-1 greater yield
than the subsurface sweep treatment.
Winter wheat yield depression under con-
servation tillage systems when compared
with conventional tillage practices was
also reported in three other studies. In the
present study, yield reduction was proba-
bly due largely to poor control of the
invasive grass species downy brome.
Field notes dating back to 1961 repeated-
ly report severe downy brome infestations
in subsurface sweep plots. These qualita-
tive observations nearly always described
downy brome infestation as less severe in
the offset disk treatment than in the sub-
surface sweep treatment, and as negligi-
ble in the moldboard plow treatment. The
importance of weed control to the success
of conservation tillage systems in the

PNW has been well documented.
Similarly, a 1971 study found that a stub-
ble–mulch tillage system increased weed
populations by two to three times com-
pared with moldboard plowing, and a
study in 1969 found that downy brome
control with stubble–mulch tillage sys-
tems was not as consistent as with a one-
way disk or moldboard plow.

It is also possible that lower yields
were in part due to decreased N mineral-
ization associated with conservation
tillage. A study in 1985 found that soils
of a stubble–mulch tillage system accu-
mulated only about 70 percent as much
NO3–N as plowed soils at two sites, and a
study in 1963 found soil NO3–N accumu-
lations to be depressed under stubble–
mulch tillage at seeding time in the Great
Plains. A study in 2000 reported that
wheat grain N content was significantly
reduced in conservation tillage treatments
in a wheat–dry pea rotation experiment,
suggesting possibly reduced N mineral-
ization. Reduced mineralization may be
caused by increased N immobilization
associated with higher-residue systems.
However, the lack of a tillage x N inter-
action in this study suggests that greater
N immobilization was not a factor in
grain yield reduction with conservation
tillage. Furthermore, this was unlikely, as
the 135 and 180 kg N ha-1 rates should
have provided sufficient N to eliminate
any N deficiency and alleviate yield dif-
ferences between tillage treatments.

Yields with the moldboard plow sys-
tem were significantly higher than with
the offset disk tillage treatment in Periods
3 and 4. The same trend was evident for
mean yield in Periods 1 and 2, but differ-
ences were not statistically significant.
Mean yields tended to be higher, although
only significantly in Period 2, for plots
tilled with the offset disk than for plots
tilled with the subsurface sweep, except
in Period 4. In this last period, this trend
reversed, and mean yield with the subsur-
face sweep was approximately 200 kg
ha-1 greater than with the offset disk. This
may be due to improved chemical herbi-
cides, which provide greater control of
downy brome than was possible during
Period 3.

Nitrogen. Fertilizer application affected
wheat grain yield for 19 of the 27 years
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of the study. When annual grain yield
data were pooled within the four time
periods, fertilizer was a statistically sig-
nificant variable for all periods but the
first, when the maximum N rate was only
11 kg N ha-1. Even at this low N rate,
however, there was a tendency for yield
to increase compared with the unfertil-
ized treatment. For Period 2, grain yield
increased significantly with the addition
of 34 kg N ha-1.

For Period 3, grain yield did not sig-
nificantly increase with the addition of
more than 45 kg N ha-1. Insignificant
yield differences between fertility Subplot
1 and 2 (which received 45 kg N ha-1 )
and Subplots 3 and 4 (which received 90
kg N ha-1 ) could be attributed to the use
of ammonium sulfate fertilizer during
Periods 1 and 2. A residual sulfur or N
response may be responsible for slightly
higher yields for Plots 2 and 4. Maximum
mean yield was obtained at an application
rate of 135 kg N ha-1.

For Period 4, average grain yield
increased with the addition of 45 and 90
kg N ha-1. There were no significant yield
increases at greater rates of N. While
yields were not significantly different
between 90 and 135 kg N ha-1, maximum
mean yield was obtained at an application
rate of 135 kg N ha-1.

Precipitation. Total precipitation was a
significant covariate for all time periods
except Period 4. Growing season (April
1-June 30) and winter precipitation (Oct.
1-March 31) were significant covariates
for all periods except Period 1. Grain
yield was positively correlated with annu-
al precipitation and with the 9-month
growing season precipitation, as expected
under dryland conditions. Similar correla-
tions were seen for growing-season and
winter precipitation.

Interaction between soil depth and pre-
cipitation. There was a significant (p <
0.01) interaction between the covariates
soil depth and annual precipitation in all
but the fourth time period when growing-
season precipitation was the highest. In
very dry years, yield was approximately
1000 kg ha-1 greater in relatively deep
soils (>2.8 m) compared with shallow
soils (<1.3 m). However, as precipitation
increased to approximately 400 mm or

more, the effect of soil depth diminished.
Similarly, a 1991 study concluded that
wheat yield was not affected by soil
depth when growing season precipitation
was above average, but was 10 to 20 per-
cent less in shallow soils when growing
season precipitation was below average.
Shallow soils store less water and thus
have a lower yield capability than deep
soils in dry years. A study in 1981 found
that a 210 cm deep soil produced a maxi-
mum yield of 5,034 kg ha-1, while a near-
by 110 cm deep soil reached a maximum
yield of only 4,026 kg ha-1.

When precipitation was >500 mm,
yield decreased by approximately 1,500
kg ha-1, regardless of soil depth. The
decrease in yield was potentially due to
disease, lodging or N fertilizer leaching.

Yield evolution. Wheat yield has
improved since the 1940s with the intro-
duction of new technology. Yield increase
was minimal at first, and became more
rapid soon after 1960 due primarily to the
introduction of semidwarf varieties that
were responsive to increasing rates of fer-
tilizer application. The new semidwarf
varieties also matured earlier, and there-
fore were less susceptible to drought.

Data since 1980 serve to illustrate
that the rate of yield increase, and there-
fore our ability to keep pace with rising
global demand for wheat, has fallen con-
siderably since the period 1960-1980.

Discussion
The consistently depressed yields associat-
ed with conservation tillage illustrate why,
we believe, there has been minimal adop-
tion of this practice in eastern Oregon and
other parts of the Columbia Basin despite
well-documented beneficial effects of such
systems on soil properties. For example, a
1989 study found that after 50 years of
stubble–mulch tillage, soils in eastern
Oregon had 33 percent more soil organic
matter (SOM) in the top 7.5 cm than those
that were conventionally plowed. A study
in 1988 found that organic N and C in the
top 75 mm of soil were 26 and 32 percent
higher, respectively, in two stubble–
mulch systems than in conventional-plow
tillage.

We believe the main reason for yield
decrease under conservation tillage, in
our experiment, was inadequate weed

control. Similarly, after examining 80
years of data at Lethbridge, AB, a study
in 1982 suggested the main factor con-
tributing to increased wheat yield since
1963 was chemical weed control. It fol-
lows that further reduction in herbicide
costs and increased efficiency of weed
control would go a long way toward
making reduced-tillage systems more
practical in the PNW.

Despite the yield disadvantage of the
conservation tillage system suggested by
this study and by farmer reluctance to
adopt conservation or zero-tillage sys-
tems in the inland Northwest, current
rates of soil degradation will eventually
render the presently used system unsus-
tainable in terms of long-term soil pro-
ductivity. Previous research on this exper-
imental plot showed 26 and 32 percent
higher organic N and C, respectively, in
the top 75 mm of soil in the two stubble
mulch systems than with the moldboard
plow. This was recognized long ago by
scientists in the region.

Most farmers presently continue to
sacrifice long-term sustainability for the
sake of shorter-term profitability because
of the low-to-negative profitability of
dryland wheat-based systems. Reductions
in herbicide costs, increased efficiency of
weed control and further understanding
of the influence of surface residue on
seed germination, N mineralization and
immobilization, and weed populations
will perhaps eventually result in greater
yields and greater adoption of conserva-
tion tillage systems in the PNW.

The degree to which results from our
study can be extrapolated to other sites is
unclear because of its uniqueness. Of all
the long-term experiments in North
America reviewed in a 1991 report, the
tillage/fertility experiment (the focus of
this study) was the only one in which the
study of tillage effects on productivity
was an objective. 

Editor’s note: Content was adapted from
the paper “Long-Term Effects of Tillage,
Nitrogen and Rainfall on Winter Wheat
Yields in the Pacific Northwest,” which
was published in Agronomy Journal Vol.
95, July-August 2003, and is courtesy of
K.M. Camara, W. A. Payne and P. E.
Rasmussen.

CCA

CEU

Continuing Education Self-Study Course

24 • AgProfessional • February 2004 for daily updates go to www.AgProfessional.com



1. Some of the highest soil erosion rates in the U.S. are
found in the:
[    ] a. Southeast.
[    ] b. Midwest.
[    ] c. Pacific Northwest.
[    ] d. Mid-Atlantic.

2. Use of a conservation tillage system:
[    ] a. historically, has been widely accepted by farmers.
[    ] b. historically, has been slowly accepted by farmers.
[    ] c. has not been proven effective in reducing erosion.
[    ] d. has shown consistent results on yield response in

winter wheat.

3. Interpreting conflicting results from conservation tillage
systems:
[    ] a. is difficult because there is so much long-term data

to analyze.
[    ] b. is difficult because conclusions have been drawn

based on data of only a few years.
[    ] c. has been very easy because of the Soil Survey

erosion tables.
[    ] d. has been easy because all the studies have been

conducted at one location.

4. One of the oldest experiments to determine the effect of
tillage, crop residue management and N application on the
sustainability and profitability of the winter wheat–summer
fallow cropping system originated at the Oregon State
University’s Columbia Basin Agricultural Experiment
Station in:
[    ] a. 1940.
[    ] b. 1938.
[    ] c. 1930.
[    ] d. 1928.

5.The soil texture of the long-term experiment site is classi-
fied as:
[    ] a. clay loam.
[    ] b. loam.
[    ] c. silty clay loam.
[    ] d. silt loam.

6. In all four periods, the moldboard plow treatment had a
greater yield than the subsurface sweep treatment by:
[    ] a. 100 to 200 kg ha-1.
[    ] b. 200 to 300 kg ha-1.
[    ] c. 300 to 400 kg ha-1.
[    ] d. 400 to 500 kg ha-1.

7. Examining the interaction between soil depth and precipi-
tation found that:
[    ] a. as precipitation increased to 400 mm, yield

decreased.
[    ] b. shallow soils store water more efficiently and there-

fore have higher yield capability in dry years com-
pared to deeper soils.

[    ] c. a 110 cm deep soil reached a maximum yield of
5,034 kg ha-1.

[    ] d. when precipitation was greater than 500 mm, yield
decreased by approximately 1,500 kg ha-1 regard-
less of soil depth.

8. Data since 1980 show that the rate of yield increase:
[    ] a. has fallen considerably since the period between

1960 and 1980.
[    ] b. has increased considerably since the period

between 1960 and 1980.
[    ] c. has stayed the same.
[    ] a. could not be determined.

Long-Term Effects of Tillage, Nitrogen and Rainfall on
Winter Wheat Yields in the Pacific Northwest
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9. A 1989 study found that after 50 years of stubble-mulch
tillage, soils in eastern Oregon have:
[    ] a. 13% more soil organic matter.
[    ] b. 23% more soil organic matter.
[    ] c. 33% more soil organic matter.
[    ] d. 43% more soil organic matter.

10.The authors believe the main reason for yield decrease
under conservation tillage, in this experiment, was:
[    ] a. inadequate weed control.
[    ] b. inadequate soil organic matter.
[    ] c. excessive N application.
[    ] d. low precipitation.
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