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Water is the most common ingredi-
ent in all natural processes and is
the medium for movement of nutri-
ents away from the land surface. It
is constantly being recycled from
water surfaces and through plants

onsiderable national attention

is being given to nitrate nitro-
gen (N) contamination of groundwa-
ter and phosphorus (P) contamin-
ation of surface water. The source of
this contamination is non-point in
nature, meaning that it cannot be
specifically identified. Agricultural
practices, however, have been impli-
cated as causing much of the non-
point source contamination.

to the atmosphere by evapotranspi-
ration and back again to the earth’s
surface as precipitation to produce
stream flow and groundwater flow
on and within our land surface. As
water moves through this cycle, it
dissolves nutrients from soil miner-
als, crop residues, fertilizers, ma-
nures and other materials. Thus
nutrients, like water, have their own
natural cycle.

The earth contains an abundant sup-
ply of plant nutrients, but not all ag-
ricultural soils contain adequate
nutrients for intensive crop produc-
tion, particularly N, P and potas-
sium (K). Fertilizers, manures and
other organic materials are required
to supplement nutrients supplied by
the soil. All nutrients, whether they
are synthetic or naturally occurring,
can become mixed with surface
water or groundwater by natural
processes such as runoff and leach-
ing. Therefore, proper management
of all nutrients is crucial to protect
surface and groundwater quality.
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Managing the amount, form, place-
ment and time of nutrient applica-
tion is the only realistic and
practical approach to minimizing
the risk of surface and groundwater
contamination. Education and dem-
onstration programs are urgently
needed to help producers become
more aware of potential environmen-
tal problems and to get them to
adopt best management practices.
Other alternatives, which are less
desirable, include legislative action
and enforcement. Farmers need to
develop a total farm nutrient man-
agement plan for their farms. They
need to look at the entire farm opera-
tion, not just one field at a time. To
develop a total farm nutrient plan,
they should ask a number of ques-
tions: What nutrient inputs exist on
the farm? Is the farm operation uti-
lizing these inputs to their fullest po-
tential? Where might the operation
be overloading the nutrient cycle?
What practices need more attention?

The following management practices
will help to assure protection of
water quality. Farmers should volun-
tarily follow as many of these prac-
tices as possible.

Soil Testing

Soil testing is one of the best tools
we have for obtaining an inventory
of the nutrients that the soil can sup-
ply. One of the keys to a good soil
testing program is proper soil sam-
pling. MSU Extension bulletins E-
498, Sampling Soils for Fertilizer
and Lime Recommendations, and
E-1616, Soil Sampling for No-till
and Conservation Tillage, available
from your county Extension office,
give instructions for obtaining a
good representative soil sample.
Once we have determined what the
soil can supply, we can better deter-
mine whether the crop needs supple-
mental nutrients. Fertilizer, manure
additions and nutrient removal by
crops will alter the soil test, so each
field should be tested every two to
three years. For high value crops or
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fields where large amounts of fertil-
izer are added, retesting every year
is desirable. Fertilizer recommenda-
tions based on soil tests frequently
vary between soil testing labora-
tories. Though many commercial lab-
oratories recommend more fertilizer
than Michigan State University
does, numerous studies have shown
that MSU recommendations are ade-
quate and economical.

Realistic Yield Goals

Recent surveys have shown that
many farmers are overly optimistic
in assessing their yield goals. Be-
cause fertilizer recommendations

are normally based on yield goal, se-
lecting an unrealistically high yield
goal leads to overfertilization and
loss of farm income, and potentially
threatens water quality. The key is
to select a yield goal that is both real-
istic and achievable, based on soil po-
tential and level of crop
management utilized. The farmer
should achieve the yield goal at least
two out of five years or nearly 50 per-
cent of the time. If the goal is seldom
achieved, you need to reassess the
entire crop management system to
identify what factors other than soil
fertility are limiting yield.

Soil Organic Matter,
Legume and Manure
Credits

The contribution of soil organic mat-
ter to plant nutrition should be
taken into account to make accurate
N recommendations. High organic
matter soils will need less fertilizer
N to obtain the same crop yield be-
cause they are capable of mineraliz-
ing more N than low organic matter
soils. Michigan State University N
fertilizer recommendations are
based on soils with 0 to 4 percent or-
ganic matter. See Table I for sug-
gested N credits for soil organic
matter.

Legumes have long been used in
crop production systems to improve

Table . Suggested nitrogen
credit for various soil
organic matter levels

Soil organic matter Nitrogen credit*

% -Ib N/A-
0-4 0

4-8 (+) 20-40
8 (+) 40-80

*Subtract this amount of N from the recommended rate.

the fertility and tilth of soils. The N
supplied by legumes, which is due to
a nitrogen fixation process in root
nodules, needs to be credited to sub-
sequent crops as a part of the nutri-
ent management plan. A good stand
of alfalfa will release more than 100
pounds of N per acre in the first
year after being plowed or reno-
vated. Other legumes, such as soy-
beans, red clover and sweet clover,
also contribute to the available N
supply, but the amount is usually
less. The amount of credit given for
legume N fixation depends on how
long the legume has been growing,
and the density of the legume when
renovated. See Table II for sug-
gested N credits for previous crops.

Manure has long been recognized as
a source of plant nutrients. All of the
crop nutrient requirements can be
met by manure if sufficient amounts
are applied, but frequent applica-
tions of manure often result in a
buildup of residual N and P. Ex-
tremely high soil P levels should be
avoided, because runoff or erosion
from this land is likely to contribute
to excess P loading of lakes and
streams. This leads to growth of un-
sightly weeds and aquatic plants in
the water and reduces its recrea-
tional value.

Manures and other biological wastes
should be analyzed periodically to

determine the appropriate credit for
the nutrients they can supply. Fields




Table Il. Suggested nitrogen
credit for the previous

crop

Previous crop Nitrogen credit*
-Ib N/A-

Alfalfa,

60-100% stand (+) 80-100

Alfalfa,

30-60% stand (+) 60-80

Alfalfa,

0-30% stand (+) 40-60

Red clover &

other clovers (+) 40-60

Soybeans,

dry edible beans (+) 0-40

Small grains, corn

& sugar beets 0

“Subtract this amount of N from the recommended rate.

that are heavily manured should
also be frequently tested to evaluate
nutrient buildup. Manure should
not be applied to frozen or snow-cov-
ered land unless suitable soil and
water erosion control practices are
adopted.

Fertilizer Placement

Band-applied starter fertilizer to the
side and below the seed is consid-
ered the most efficient placement for
P, K and most micronutrients.
Broadcast applications are less effi-
cient and will normally result in
lower yields than band applications,
particularly when soil test levels are
low. When soil test levels are high,
broadcast applications are not likely
to improve yields but will help to
build or maintain soil test levels.
Broadcast applications should be in-
corporated to improve nutrient re-
covery by plants and to prevent
excessive runoff. Surface applica-
tions of fertilizer on snow-covered or
frozen sloping land should be

avoided.

Deep Sampling for Nitrate

Soil testing for residual nitrate N
has been used for years in several
Western states. Recent studies in
Michigan and Wisconsin have
shown that spring deep soil sam-
pling for nitrate N can be effectively
used to improve N fertilizer recom-
mendations for corn. Fall soil sam-
pling and testing programs are
common in Western states but are
not satisfactory in areas of high fall
and winter precipitation. On fine- to
medium-textured soils, a preplant
sample to a depth of 2 to 3 feet is rec-
ommended. On sandy soils, deep
sampling should be delayed until
sidedress time, because nitrate N
losses from these soils between pre-
plant and sidedress time can be very
significant.

Forms of Nitrogen Fertilizer

Certain forms of N fertilizer are
more subject to loss than other
forms. Nitrate N in calcium nitrate
and ammonium nitrate is a readily
available source of N for plants, but
it is also subject to immediate leach-
ing when added to soil. Nitrate
forms of N should not be used where
leaching is a serious problem. Ammo-
nium forms of N, such as urea or an-
hydrous ammonia, are preferred
sources of N for most crops because
they are not subject to immediate
leaching when added to soil. Ammo-
nium N must first be converted to ni-
trate N before it can be leached or
denitrified. This conversion to ni-
trate occurs rapidly under warm,
moist conditions.

Urea and N solutions containing
urea are subject to volatilization loss
as gaseous ammonia if surface ap-
plied and not incorporated. Because
the volatilization loss is difficult to
assess and represents an economic
loss to the farmer, all urea-contain-
ing fertilizers should be incorporated.

Timing of Nitrogen
Fertilizer and Split
Applications

Spring applications of N in the semi-
humid regions of the United States
have clearly been shown to be supe-
rior to fall applications. Climatic con-
ditions from fall to spring
significantly affect the amount of N
lost. Estimates of N losses from fall
applications vary from 10 to 20 per-
cent on fine- to medium-textured
soils (clay, clay loams and loams)
and from 30 to more than 50 percent
on coarse textured soils (sandy
loams, loamy sands and sands).
There may be certain economic bene-
fits for applying N in the fall on fine-
textured soils, but in general, the
environmental risks of this practice
outweigh the economic benefits. Fall
applications of N are not warranted
in Michigan and should be discon-
tinued.

Yield benefits of split or sidedress N
applications for corn have frequently
been observed on coarse-textured
soils. Although the benefits of side-
dress N on fine-textured soils are
rarely seen, there is no question that
sidedress N applications on fine-tex-
tured soils can improve N recovery.
For these reasons, farmers should se-
riously look at sidedress N applica-
tions on all soil types to improve N
efficiency.

Waiting until the corn is well estab-
lished before applying large
amounts of N has two major advan-
tages: (1) Nitrate N losses between
preplant and sidedress are elimi-
nated, and (2) Yield potential can be
more accurately determined at side-
dress time. Poor stand, poor weed
control and/or dry weather at side-
dress time are good reasons for ad-
justing the yield goal downward and
reducing the total amount of N ap-
plied. The risks of being unable to
sidedress N because of wet weather
can be greatly reduced if corn is side-
dressed when it is 3 to 4 inches tall
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Table IlI.

Potential for an economic response to the use of

nitrification inhibitors with anhydrous ammonia on

corn for different application times and soil
management groups.

Time of nitrogen application
Soil management | Early fall Late fall | Early Spring | Late Spring Blisians
group >50 F. <2 F <2F >50 F.
Clays (0,1) Good Good Good-Fair | Poor-Fair Poor
Clay loams (1.5) Good Good-Fair | Fair-Good Poor-Fair Poor
J T -
Loams (2.5) | Fair-Good | Fair-Good Fair Fair Poor
Sandy loams (3) Fair Fair Fair Fair Poor
Loamy sand (4) Fair-Poor Fair-Poor Fair Fair Poor
Sands (5) ‘ Poor-Fair Poor-Fair Fair-Poor Fair ‘ Poor
|
Good = Economic response expected at least 60% of the time.
KEY: Fair = Economic response expected 40-50% of the time.
Poor = Economic response expected less than 30% of the time.

instead of 1 foot tall. The benefits of
sidedressing N when the corn is 1
foot tall or higher rather than ear-
lier are minimal.

Nitrogen fertilizer applications
through the irrigation system, often
referred to as nitrogation, offer sev-
eral advantages for irrigators:

* N can be applied when the crop’s
demand is greatest;

* The technique requires little en-
ergy for application,

e The practice is well suited to
sandy soils where irrigation is
needed and leaching is a problem.
Approximately two-thirds of the
total N requirements of corn may
be supplied by this method. For
example, some irrigators choose
to apply one-third of their N at
planting, one-third at sidedress
time, and one third through the ir-
rigation system. Depending too
much on the irrigation system to
"spoon feed" the crop in Michigan
can be a disadvantage, however.
Rain during the early growing
season may prevent farmers from

using their irrigation systems.
This could result in a N shortage
early in the season if no previous
N was applied. To eliminate this
problem, some farmers have
regeared their center pivot sys-
tems to apply only a very small
amount of water in one applica-
tion so they can irrigate regard-
less of rainfall patterns.

Plant Analysis

Plant analysis during the season of-
fers the grower an opportunity to as-
sess the status of nutrients in the
growing plant. High or excessive lev-
els of a nutrient in the plant tissue
are an indication that more nutri-
ents may have been applied than
were necessary for optimum growth.
Once the fertilizer or manure has
been applied, little can be done, but
N rates can be reduced in future
years to bring the nutrient levels
back into the normal or sufficiency
range. Research on corn is being con-
ducted to determine if plant analysis
for N early in the growing season
can be used to help determine the

amount of N to apply. Once the corn
plant is past the sidedress stage,
however, growers may encounter
other difficulties with applying N fer-
tilizer. The only equipment available
for non-irrigators is high-clearance
equipment and aerial applicators. In
addition, N applied at later stages
may not be beneficial. Research indi-
cates that N applied to corn after
silking is not efficiently utilized.

Nitrification Inhibitors

Farmers in many states have suc-
cessfully used nitrification inhibitors
to delay the conversion of ammo-
nium forms of N to nitrate N. By pre-
venting rapid conversion of
ammonium to nitrate, farmers re-
duce the amount of nitrate N that is
available for denitrification or leach-
ing early in the season. Table III
gives the potential for economic re-
sponse to the use of nitrification in-
hibitors on corn for various times of
the year and for various soil types.
Farmers should consider using nitri-
fication inhibitors when it is not fea-
sible to use delayed N applications,
such as by sidedressing or applying
through the irrigation system. Nitri-
fication inhibitors can be beneficial
if N applications are made early and
leaching and/or denitrification condi-
tions exist. However, the amount of
N used is very critical to the success-
ful use of a nitrification inhibitor. Ni-
trification inhibitors will work best
when the amount of N applied is
slightly limiting. If the rate of N fer-
tilizer applied is excessive, no bene-
fits can be expected. In summary,
nitrification inhibitors can improve
N recovery when used appropriately,
but they should not be used as a sub-
stitute for following other best man-
agement practices.

Calibration of Equipment

Evidence of uneven fertilizer distri-
bution due to improperly adjusted
fertilizer spreaders can be seen al-
most every year, particularly on win-
ter small grains. The uneven




distribution of fertilizer results in
overfertilization in some areas of the
field and underfertilization in oth-
ers. The result is less than optimum
yields and potential loss of excess nu-
trients to surface water and ground-
water.

All fertilizer applicators need to be
accurately calibrated. If farmers are
unsure whether the equipment they
are using is properly calibrated, they
should recalibrate the equipment to
avoid crop yield loss and potential
risk to the environment. Improving
the calibration of fertilizer applica-
tors will result in more uniform dis-
tribution of the fertilizer at the
proper rate.

Crop Rotations, Forages
and Cover Crops

Crop rotations can be very beneficial
in a successful crop production sys-
tem. For example, a corn-soybean ro-
tation is preferable to a continuous
corn rotation because continuous
corn requires more N fertilizer to ob-
tain the optimum yield. Some of the
noted yield improvement may be
due to the rotational effect (better
disease, insect and weed control and
improved soil tilth) and some to N
fixation by soybeans. Other non-
legume rotations also have been
shown to produce better yields of
corn with less N fertilizer.

Forage crops such as sudangrass
and alfalfa are well suited to recover-
ing nitrate N from soils and thereby
preventing excessive nitrate leach-
ing. Although alfalfa fixes its own N,
it does so only when all of the ni-
trate N in the soil is gone. Alfalfa’s
deep rooting system makes it ideal
for taking up N that has moved deep
in the soil profile. The disadvantage
of alfalfa is that it is slow to estab-
lish, so a longer growing period is
needed before it can prevent nitrate
leaching.

Cover crops such as rye can be very
beneficial in preventing wind and

water erosion. They protect the soil
surface from erosion and thereby re-
duce the risk of nutrient losses by
runoff as soluble nutrients or ero-
sion as sediment. Cover crops may
also be used as green manure crops
to take up nitrate and prevent it
from being leached to groundwater.
This practice is well suited to many
soils in Michigan and could be used
more effectively than it is now. One
of the keys to successfully utilizing
cover crops is to get them estab-
lished in early fall so that they have
a chance to take up excess nitrate N
before winter dormancy and exces-
sive precipitation occur.

Irrigation Management

When crops are irrigated, conscien-
tious management of irrigation
water is necessary for good N man-
agement. Excess water from irriga-
tion or precipitation can cause
nitrates to move below the root zone.
Precise scheduling of irrigation
water during the growing season
can minimize these percolation
losses.

There are several methods of accu-
rately scheduling irrigation water.
All methods require knowing the
soil’s water-holding capacity and
being able to determine or estimate
the available soil moisture at any
time during the growing season. The
soil moisture procedure requires an
estimate of soil moisture. Irrigation
begins when 50 percent of the avail-
able soil moisture is depleted. Tensi-
ometers, which measure the tension
with which soil holds water, are ex-
cellent tools for use on sandy soils.
Their use on fine-textured soils, how-
ever, is usually unsatisfactory. Soil
moisture blocks, which measure
water conductivity, are more useful
on these soil types. The water bal-
ance approach requires an estimate
of crop water use (evapotranspira-
tion). Computerized programs do an
excellent job of estimating crop
water use and keeping track of soil
moisture. Additional information on

irrigation scheduling can be found in
Chapter 12 of the Michigan Irriga-
tion Guide, which is available from
the MSU Cooperative Extension Ser-
vice.

Summary

Many management strategies exist
for achieving effective and efficient
use of nutrients without risk of re-
ducing yield or contaminating water.
Here are several important manage-
ment practices that farmers should
follow:

1. Soil test every two to three years
and follow MSU fertilizer recommen-
dations.

2. Choose a realistic yield goal that
can be achieved 40 to 50 percent of
the time.

3. Take credit for nutrients supplied
by organic matter, legumes, and ma-
nure or other biological wastes con-
taining nutrients. Manures and
other wastes should be tested to de-
termine the amounts of N, P and K
that they can supply.

4. Use ammonium forms of fertilizer
to reduce nitrate N losses where
leaching is a serious problem.

5. Avoid fall applications of N on all
soils where winter and spring precip-
itation causes runoff or leaching.

6. Use delayed or split applications
of N to prevent excessive leaching of
nitrates on sandy soils.

7. Consider taking deep soil samples
to measure residual soil nitrate and
adjust N applications accordingly.

8. Consider using nitrification inhibi-
tors when it is not feasible to use de-
layed or split N applications.

9. Consider using plant analysis to
determine how well you have done
in supplying crop nutrients. Con-
sider using crop rotations rather
than monocultures to reduce the

Continued on back page




need for N and assist with pest con-
trol.

10. Use cover crops and forages to
prevent wind and water erosion and
excessive loss of N to groundwater.

11. Frequently check fertilizer appli-
cation equipment for proper calibra-
tion.

For more information on water
quality, consult the following publi-
cations, available from your
county Cooperative Extension Ser-
vice office:

E-498, "Sampling Soils for Fertil-
izer and Lime Recommen-
dations," free.

E-550, "Fertilizer Recommenda-
tions: Vegetable and Field
Crops in Michigan," $1.00,
for sale only.

E-1616, "Soil Sampling for No-Till
and Conservation Tillage,"
free.

WQO05, "Phosphorus: Pollutant
and Essential Plant Food
Element," free.

WQO06, "Nitrogen Management
Strategies for Corn Pro-
ducers," free.

—

12. Use modern irrigation schedul-
ing techniques to avoid applying ex-
cessive amounts of water that could
leach nitrate N below the rooting
zone.

13. Develop a total farm nutrient
management plan, particularly for a
livestock operation that is generat-
ing manure nutrients. Planning for

WQO07, "Nitrogen Fertilizer Man-
agement for Efficient
Crop Production and
Water Quality Preserva-

tion," free.

WQO08, "Understanding Sedi-
ments: Problems and Solu-

tions," free.

"Nitrogen Management
Strategies for Potato Pro-
ducers," free.

WQO9,

"Livestock Manure Man-
agement for Efficient
Crop Production and
Water Quality Preserva-
tion," free.
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best utilization of all available nutri-
ents — whether from manure, soil
organic matter, legumes or fertiliz-
ers — will return economic benefits
as well as reduce risks to water qual-

1ty.
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