














precipitation, and allows for surface-soil drying prior to harvest. Rather than terminating irrigation at a
given date, monitor weather forecasts, crop development, and soil moisture.

Irrigation Systems

Commonly used irrigation systems are classified as surface, sprinkler, and micro-irrigation. Surface
irrigation systems have been used for millennia. Surface irrigation is inherently non-uniform because
the soil surface is used both for water conveyance and for water storage. Water is available to infiltrate
into the soil longer at the top of the field, so more water is stored in the soil profile in that area. The uni-
formity of water distribution can be improved by minimizing the length of run. Short runs reduce the
difference of infiltration time between the top and bottom of the field, improving water-distribution
uniformity.

An alternative is to optimize the uniformity by increasing the water inflow rate to a maximum,
without causing excessive soil erosion at the top of the field. This advances the water as quickly as
possible across the field by reducing the difference in infiltration time. Other methods for increasing
uniformity include surge irrigation, cutback irrigation, furrow packing (usually for the first irrigation),
and the use of polyacrylamide (PAM) soil amendments.

Center pivot is the most popular irrigation method in South Dakota. Center-pivot systems can
reduce labor requirements (compared to surface irrigation), increase distribution uniformity and irri-
gation efficiency (potentially, for the latter), and allow the effective application of fertilizer or pesticides
with the irrigation water. With center-pivot systems, nozzles can be placed either on the pipe or at the
top of or within the corn canopy.

Historically, high-pressure systems had impact sprinklers widely spaced and mounted on the pipe.
These systems were effective, but to generate the required operating pressure they required high energy
inputs. As pressure inputs have been reduced, nozzle installation elevations have been moved closer
to the ground. Drop hoses or pipes can be used Figure 6.4. Nozzle placement in the canopy
to lower the nozzles to just above or even into
the crop canopy. Where water supplies are greatly
diminished and irrigation systems have limited 4 10 foot nozzle spacing .
capacity, nozzles have been installed as low as 2 feet \ \ \
above the soil surface. In some cases the pipe has
been covered with a sock that drags on the ground
(so that water is applied directly to the soil surface).

High-pressure systems reduce the amount of
water that might be lost to wind drift or evapo-
ration; however, losses due to wind drift and
evaporation are small (as a percentage of the total
amount of water applied). The danger of using low
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corn in the central and southern high plains of the United States. A disadvantage with these systems is
that they are expensive to install. They are not commonly used in South Dakota but may be an option
for areas poorly suited to center-pivot irrigation (e.g., some field shapes, small field sizes, and so on).

Managing Saline (salts) and Sodium Problems

Salts most often interfere with crop water uptake and can reduce yields and crop quality. To prevent
salt accumulation in irrigated systems, monitor the salinity (i.e., total salt content—measured as electri-
cal conductivity) and sodium content of water and soil. In addition, salt buildup can be hastened when
several low irrigation applications are applied (compared with heavier applications). Yield impacts from
salts (salinity) vary greatly with management, soil type, and weather conditions. If salinity problems are
suspected, consult with an Extension educator or crop consultant.

Soil and water samples can be collected and analyzed for salts (electrical conductivity) and sodium
(Na) content. The interpretation of the laboratory results depends on the laboratory method. Saline
(salts) recommendations are based on laboratory tests that measure the electrical conductivity (EC) of
the soil. As EC increases, so does the concentration of soluble salts. There are generally two laboratory
methods for measuring EC: “saturated paste” and “1:1 soil to solution.” The two approaches will not
result in the same values. The South Dakota State University Soil Testing Laboratory uses the 1:1 soil to
solution ratio approach to assess salt accumulation in soil.

Crops have different salt tolerances (Table 6.4), and salts affect plants differently based on growth
stage. During germination, many plants are much more sensitive to salts than at later growth stages. To
minimize salt-related germination problems, high-quality irrigation water can be used to leach soluble
salts from the surface soil. High temperature, low humidity, and high winds increase evaporation and
make the plant more susceptible to salinity problems, with symptoms appearing similar to water stress.
High humidity benefits salt-sensitive crops more than salt-tolerant plants. High temperatures decrease
any plant’s ability to tolerate salt.

In dryland situations, salt problems most often occur in the low areas of fields. The most important
management consideration for these areas is maximizing transpiration and minimizing evaporation
(Franzen 2007). Salts can be managed in these fields in the following manners:

+ Testing the salinity level and planting salt-tolerant crops.

+ Using shallow tillage to minimize the mixing of surface and subsurface soils with high salt contents.

+ Scheduling seeding when salt levels are low (spring).

+ Minimizing salt accumulation by including deep-rooted long-season plants in the rotation. Late-
maturing plants are beneficial because they mulch the soil, thus reducing the potential for surface
evaporation. In addition, late-maturing plants reduce the potential for the capillary movement of
salts to the surface.

Salt problems often occur in soils with poor internal drainage. Layers of low permeability restrict
the flow of water “out the bottom” more slowly than
evapotranspiration removes water from the upper Table 6.4. Comparison of different approaches
profile. To avoid the accumulation of salts in irrigated | for assessing soil salinity problems
situations, the soil must have adequate drainage capac-
ity, even if your water quality is relatively good. Water

Threshold salinity

must move freely through the soil, leave the root zone, Saturated Saturated paste
and carry with it some salts. Without adequate drain- Crop 1:1ratio  paste  at70% yield loss
age capacity, salts will build up over time and cause | Y ——
problems. In poorly drained situations, select salt-tol-

- e . Corn 1.3 1.7 4.2
erant crops and/or install artificial drainage to remove
excess water and salts from permeable soils. County, Alfalfa 14 20 6.1
district, federal, or state drainage laws may apply to Soybean 2.4 5.0 6.5
artificial drainage s.yste.ms. . Wheat 28 6.0 102

Salt accumulation in the soil profile can also be

managed by applying extra water to leach the salts (Courtesy of Franzen 2007)
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from the soil profile. The amount of water needed is referred to as the “leaching requirement” (LR).

Irrigation Water EC (dS/m)
~ Acceptable Deep Drainage EC (dS/m)

LR is determined by measuring both irrigation water and acceptable deep drainage water and then
placing those figures into the equation above. For example, if the irrigation water EC is 2 dS'/m and the
acceptable deep drainage EC value is 6 dS/m (50% yield reduction), the LR is 0.33. A leaching require-
ment of 0.33 means that 33% more water (over the plant’s requirements) is needed. For example, if 3
inches of water are required by the plant, then the amount of water needed to meet the needs of the
plant and to wash excess salts out of the profile is 4 inches (4 = 3 + [3 * 0.33]). More information for
managing saline soils is provided in Bischoff and Werner (1999).

Irrigation water can contain ions that are toxic to corn. In South Dakota, two ions of concern are
sodium (Na) and boron (B). Na and B can reduce yields when their concentrations exceed 230 and
1 mg/L, respectively. In South Dakota, aquifers with high concentrations of Na may also have high
concentrations of B. To determine the Na and B concentrations of your irrigation water, collect a rep-
resentative pint of water and send it to an appropriate laboratory for analysis. The Olsen Biochemistry
Laboratory on the campus of SDSU can perform an irrigation compatibility analysis of your irrigation
water.

Managing Sodic Problems

Extreme care must be used in soils with high Na contents. Na destroys soils by dispersing soil col-
loids and destroying soil structure. In addition, high Na reduces water infiltration and permeability.
Irrigating with water that had high Na concentrations has rendered some land in South Dakota useless.
Na-affected soils often have very poor drainage, and Na-sensitive plants experience reduced growth.
Nutrient-deficiency symptoms (resulting from high pH) and poor soil physical conditions are often
observed in high-Na situations.

If an Na problem is suspected, contact your local Extension educator or crop consultant for advice.
Suspected Na problems can be confirmed by testing soil and irrigation water for Na, calcium (Ca),
and magnesium (Mg) content. Sodium-adsorption ratios (SAR) are calculated using these values and
provide an indication of current or impending Na problems. The SAR ratio is the amount of cationic
(positive) charge contributed to a soil by sodium (Na*) compared to that contributed by calcium (Ca?*)
and magnesium (Mg>"). The SAR is determined from a water extract of a saturated soil paste. An SAR
value below 13 is desirable, but values above 8 can indicate the onset of a problem (if steps are not taken
to reduce Na in the soil profile). If the SAR is above 13, Na can cause the deterioration of soil structure
and water infiltration problems. Some labs report high Na levels as ESP (exchangeable sodium percent-
age). An ESP of more than 15 is considered the threshold value for a soil classified as sodic. This means
that Na occupies more than 15% of the soil’s cation exchange capacity (CEC).

If Na is a problem, the long-term goal should be to prevent further degradation and reduce further
addition of Na. Some options for managing sodic soils include planting Na-tolerant plants, improv-
ing drainage, and adding low-Na manure or gypsum or other sources of calcium. Elemental sulfur (S)
is sometimes recommended to lower soil pH values. However, because soils in South Dakota typically
resist pH change because of high buffering capacity, applications of elemental S may not provide any
benefit to the soil. If gypsum (CaSO, - 2H,0) is present at deeper soil depths, deep tillage may help
bring the gypsum to the soil surface. If drainage and soil amendments are not possible, consider an
alternative land use, such as pastureland planted with salt- and Na-tolerant grasses.

“DeciSiemen per meter (dS/m) is a unit of conductivity equal to 1/10" mho. Conductivity of soil is often reported as millimhos per
cm (mmho/cm) where 1 dS/m = Tmmho/cm.
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Chemigation

One advantage of irrigating is the ability to apply fertilizers or pesticides with the irrigation system.
This practice is commonly referred to as “chemigation.” Fertilizer applied through an irrigation system
must remain soluble in the irrigation water because precipitates form and nozzles, emitters, and fittings
can become clogged. After fertilizer application, a short irrigation may be used to wash the fertilizer off
the plant and lessen the possibility of fertilizer burn. If applying pesticides, the pesticide must be labeled
both for corn and for application with the irrigation system.

When chemigating you must also protect the water supply. Backflow into a well or other water supply
can have serious consequences for other users and make the water unusable for their applications. State
law requires the use of an anti-backflow device when chemigating; examples of anti-backflow devices
include such things as check valves and low-pressure relief valves (SDCL §34A-2A-3). Always read and
follow the instructions on the product label and take precautions to protect yourself and others from
exposure to chemicals.

When using chemigation to apply liquid nitrogen or other chemicals, you may not need water at the
time you want to apply the chemicals. Apply the chemicals in a timely fashion, but use the least amount
of water possible. High-capacity injection equipment, along with an irrigation system that can cover the
field in the shortest period of time, is desirable for chemigation.
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Best Management Practices for Corn Production in South Dakota is the collective work

of agricultural professionals from South Dakota State University, South Dakota
Cooperative Extension Service, and Cooperative State Research, Education, and

Extension Service. All content has been peer-reviewed and includes 66 informational tables
and over 100 full-color illustrations.
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