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Abstract

Over the last decade low (< 130 mg kg™) soil test potassium (K) levels and increased
crop K deficiency have become a major concern in the clay-pan soils of southeast Kansas. The
use of more intense crop rotations and the increased production of high K extracting crops (e.g.
soybeans (Glycine max L.)) has significantly increased K removal from these soils. In addition,
the traditional use of the nutrient sufficiency-based fertilizer recommendations has resulted in K
application rates being substantially lower than removal rates. Because of these practices, many
soils that had naturally elevated K availability 25 years ago have declined in K content. More
troubling is the extreme yearly variation of soil test exchangeable K levels reported in the region,
which has many producers and consultants concerned about proper K management.

This study was initiated to examine the extent of K soil test variation and to determine if
the variability is impacting plant K availability by analyzing soybean leaf K content and crop
yield. A major objective of our research is to identify the mechanism(s) driving these changes in
soil test K levels and K availability to crops during the growing season. The long-term goal is to
be able to design a soil sampling system and develop alternative K fertilizer recommendation
strategies that could alleviate K deficiency impacts on crop yield. Evaluation of different K
fertilizer application practices including rate of application and broadcast or surface band
methods of application were studied as tools to correct soybean K deficiency. The direct and
residual impacts of K fertilization and placement were also evaluated on corn (Zea mays L.)
grown in the rotation with the soybeans.

Results observed from this research showed that monthly soil samples taken during three
crop years at multiple locations have ammonium acetate exchangeable K levels that indeed
change dramatically. The data we collected together with data accumulated by farmers and crop
consultants showed significant fluctuation in exchangeable K levels of up to 50% on a yearly and
even on a monthly basis. Levels seem to demonstrate seasonal changes: higher in the spring
months and then decline in the summer and fall. Potassium soil test levels also appear to follow
a similar trend as monthly precipitation and soil moisture status. During wet months soil levels
tend to increase and then decline during drier months, however, this is not a perfect relationship
and other factors are likely to be involved in regulating soil test K levels. No clear effect of K

fertilization or method of placement on soybean or corn yields was observed during the study.



However, soybean leaf samples revealed that on very low (< 90 mg kg™) soil test sites surface
band applied fertilizer increased leaf K concentrations compared to broadcasted applications.
Furthermore, the corn study revealed no distinct difference between using a split annual or
biannual fertilizer application system.

Maintaining soil test K levels above 130 mg kg™ using a spring soil test appears to be a
successful strategy for avoiding K deficiency. Traditionally most soil sampling occurs in late
summer or fall when soil conditions are dry. Our data has demonstrated that during this period
one should expect to encounter low soil test results that may not be true indicators of soil K
levels during the spring planting months. With that said, spring soil sampling can be difficult to
do in a timely fashion due to weather, as well as potential labor restrictions. Another critical
point is to not switch back and forth between spring and fall sampling dates. Staying consistent
with your sample timing will minimize the seasonal variability that is frequently experienced.
Additionally, adopting a build and maintain fertilizer recommendation philosophy rather than a
nutrient sufficiency-based recommendation approach is a better nutrient budgeting method to
avoid having removal rates exceeding nutrient additions. The best K management proposal
would be to consider using a build and maintain approach in combination with basing fertilizer

rates on spring soil test K levels.
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Chapter 1 - Literature Review

Introduction

In 2010, Kansas production of soybeans (Glycine max L.) was 3.8 million metric tons
(MT) and corn (Zea mays L.) was 14.8 million MT of harvested grain (USDA, 2011). Assuming
an average grain potassium (K) concentration of 20 g K kg™ for soybean and 3.5 g K kg™ for
corn, an estimated 127,800 MT of K was removed from the soil just through soybean and corn
production. The net loss of K from Kansas soils used to produce soybean and corn grains
indicates that eventually, if not already, K supplementation will be a necessity. Many soils in
Kansas are inherently high in K and fertilization is uncommon. The one exception is the older
and highly weathered soils of southeastern Kansas, where K deficiency symptoms are becoming
increasingly widespread. The increased occurrences of K deficiency are caused by inadequate
fertilization in combination with continuous cropping. With ever increasing costs of inputs
involved in crop production, especially K fertilizer, and higher grain prices in 2011, having a

sound K management plan is essential to a producer’s profitability in the future.

Potassium’s Role in Plant Growth

Potassium (K) is an essential macronutrient involved in regulating many processes that
are vital to plant growth and reproduction. Specifically, K plays a vital role in plant-water
relations, photosynthesis, enzyme activation, sugar and starch transport, lignification, plant
growth mechanisms and many other important functions (Marschner, 1995). Potassium is
absorbed by plants in larger amounts than any other nutrient except nitrogen (Havlin et al.,
2005). In fact, many plant species will absorb more K than they actually need when it is readily
available. This is commonly referred to as luxury consumption. Unlike nitrogen, phosphorus
and most other nutrients, K is not a component of biochemical compounds in the plant (Havlin et
al., 2005). Potassium ions exist either solely in plant cellular solution or bound to negative tissue
surfaces within plants. As a result, K strongly influences the ionic strength of solutions and
charge balance inside plant cells (Havlin et al., 2005). The ionic balance in plant cells helps
regulate plant-water relations and provides much of the osmotic pull that draws water into plants.

Potassium ions are the major osmotic component involved with stomatal movement.

Early work done by Fischer (1968) and Fischer and Hsiao (1968) demonstrated how K flux into



and out of stomatal guard cells controlled stomatal aperture by affecting osmotic potential of the
guard cells. Further research conducted by Talbott and Zeiger (1996) found that K and sucrose
both play a key role in guard cell osmoregulation. During the course of a day K promotes
stomatal opening early in the day and then gives way to sucrose as the principle osmotic force
around mid-day (Talbott and Zeiger, 1996). Due to the close relationship between K guard cell
concentration and stomatal aperture, insufficient leaf levels of K can lead to decreased stomatal
conductance (Huber, 1985; Longstreth and Nobel, 1980). As a result, certain K-deficient plants
have higher transpiration losses due to delayed stomatal resistance (Huber, 1985; Graham and
Ulrich, 1972). Additionally, accumulation of K in plant roots produces a gradient of osmotic
pressure that draws water into plant roots. When K is deficient plants are less able to absorb
water and are more subject to drought stress when water is in short supply (Huber, 1985; Graham
and Ulrich, 1972).

The decrease in stomatal conductance also leads to decreased photosynthesis per unit leaf
area (Huber, 1985; Wolf et al., 1976). Potassium maintains stomatal aperture which not only
influences plant water use efficiency, but also subsequent inflow movement of carbon dioxide
(COy) into plant leaves. When K supply is limited photosynthetic fixation of CO, is repressed,
whereas photorespiration and respiration are stimulated (Jackson and Volk, 1968). However, the
reduction in stomatal conductance only partial accounts for the decline in photosynthetic activity.
Biochemical factors also contribute to reduced photosynthesis, especially when K deficiency
becomes severe (Bednarz et al., 1998; Tester and Blatt, 1989; Huber, 1985). Biochemical
limitations under low K conditions are partly related to the need of K for the photosynthetic
transfer of radiant energy into chemical energy through the production of ATP (Havlin et al.,
2005). Shingles and McCarty (1994) further demonstrated the importance of an adequate K
supply for optimal activity of ATP. The energy that is derived from ATP is required to power
metabolic processes in plants that produce carbohydrates, proteins and other compounds
essential for crop productivity and quality.

In addition to reduced photosynthesis under plant K starvation, the transport of
photosynthetic assimilates away from source tissue is also restricted (Mengel, 1980; Ashley and
Goodson, 1972). The accumulation and translocation of newly synthesized carbohydrates,

especially during grain fill, requires K (Mills and Jones, 1996). In K-deficient plants the lack of



translocation of carbohydrates creates a mass build-up of sugars that can indirectly limit plant
photosynthesis (Jackson and Volk, 1968).

Potassium plays a major role in plant metabolism by activating several key enzymes.
Potassium either directly controls or stimulates the activation of over 60 different enzymes
involved in plant growth (Marschner, 1995). Enzymes are proteins that serve as catalysts for
chemical reactions that occur in plants. Potassium changes the physical shape of enzyme
molecules, exposing the appropriate chemically active sites for reaction (Evans and Wilde,
1971). The amount of K in the plant determines how many of the enzymes can be activated and
the rate at which the chemical reactions can proceed (International Plant Nutrition Institute,
2006). Potassium activates enzymes involved with starch synthesis, nitrogen metabolism,
photophosphorylation glycolysis and oxidative phosphorylation (Liebhardt, 1968; Evans and
Sorger, 1966).

Potassium plays significant roles in helping plants adapt to environmental stresses,
resulting in improved crop quality. High levels of available K improves crop physical condition,
disease resistance, drought tolerance, harvestability and feeding value of grain. Potassium
deficient soybeans are highly susceptible to pod and stem blight and studies have shown that
with high rates of K fertilizer disease incidence is dramatically reduced (Havlin et al., 2005).
Adequate K levels in soybeans enhances seed size, produces less shriveled and moldy seed, and
improves grain oil content. Application of K, in conjunction with more resistant varieties, has
provided practical control of Stewart’s wilt (Spencer and McNew, 1938) and Stalk rot (Ellett,
1973; Hooker 1966) of corn. Studies have also shown that when supplemental K fertilization
was applied, corn plants produced grain with increased protein and amino acid content
(Usherwood, 1985). Additionally, K fertilization of corn produces earlier silking, uniform

maturity, improved stalk quality and higher grain test weight (Welch and Flannery, 1985).

Potassium in Soils
Potassium (K) is a primary nutrient that is often found in large quantities in most
agricultural soils. Total K content ranges between 0.5 and 2.5% in most soils, or approximately
11 to 56 Mg K ha™* (Mills and Jones, 1996). It is the seventh most abundant element of the
earth’s crust (Sheldrick, 1985). However, just a small percentage, often less than 2%, of total

soil K is available to plants over the growing season (International Plant Nutrition Institute,



2006). Soil K is often described as existing in three forms: unavailable, slowly available and
readily available. Unavailable K accounts for 90-98% of the total K, whereas slowly available
and readily available represents 1 to 10% and 0.1 to 2%, respectively (Havlin et al., 2005).
These three forms of K give a general representation of the potential sources for plant-available
K, but no distinct boundaries exist among them.

The unavailable form of K is found in primary aluminosilicate minerals in soil. Primary
aluminosilicates include muscovite micas, K-feldspars and biotite (Bertsch and Thomas, 1985).
Over very long periods of time K is released from these structural minerals through physical and
chemical weathering. The break down and conversion of K from mineral forms to a soluble
available K form is a very slow process. It could take years to add significant amounts of
available K to a given soil, however, the weathering of these minerals based on the long-term is
vital in replenishing readily available soil K. The amount of K that is made available is
dependent on intensity of weathering, time of deposition and the proportion and type of clay
minerals that are present in the soil (Sparks and Huang, 1985).

Slowly available K is trapped between interlayers of certain kinds of clay minerals. It is
commonly referred to as fixed K and is of agricultural importance in clay-bearing soils since
about 1 to 2 g K may be fixed by 100 g of clay minerals (Mills and Jones, 1996). Fixation of K
is associated with 2:1 secondary aluminosilicate minerals such as smectite, vermiculite and illite.
Smectite and vermiculite minerals are expanding type clay minerals that shrink and swell during
drying and wetting soil conditions (International Plant Nutrition Institute, 2006). Upon wetting,
the cleavage planes of the lamellae (stacked plate-like sheets) separate, leaving their interlayer
surfaces exposed (Hillel, 2004). Positively charged ions along with water molecules enter the
area between the clay layers. In 2:1 layer silicates, isomorphic substitution of lower valence
cations for silicate and aluminum in tetrahedral and octahedral sheets causes a net negative
charge, or layer charge deficiency. In vermiculite the primary site of isomorphic substitution
occurs in the outer most tetrahedral sheet, making its source of negative charge in close
proximity to positively charged K ions. Smectite, on the other hand, has most of the negative
charge in the octahedral sheet, making the attractive force for K weaker. The residual negative
charge is neutralized by K ions and other positively charged cations present within the interlayer
spaces and surrounding the clay particles (Sparks and Huang, 1985). The electrostatic forces of

attraction between the K ions and the clay surfaces exceeds the hydration forces between



individual K ions, resulting in partial collapse of the lamellae which, to varying degrees, traps the
K ions (Sparks and Huang, 1985). Non-exchangeable K can also be found on the wedge zones
of weathered minerals like vermiculite. Only ions with a similar size to K, like ammonium, can
exchange K from these wedge zones (Sparks and Huang, 1985; Rich, 1968).

[llite minerals on the other hand are non-expanding and have a relatively high density of
negative charges on its clay sheets. They do not exhibit the shrink-swell behavior, but the
tremendous negative charge they possess attracts K ions and fixes them tightly into the ditrigonal
holes on the surface of adjacent lamellae (Hillel, 2004). As a result, the layers are bound
together, so their separation, and hence expansion of the entire lattice are effectively prevented
(Hillel, 2004). Both the fixation and release of K from 2:1 minerals can occur simultaneously
under certain conditions (Bates and Scott, 1964; Mortland, 1961). The release of trapped K is
influenced by the equilibrium existing between the slowly and readily available K forms, which
are dependent on the overall K status of each phase (Bertsch and Thomas, 1985).

Readily available K is made up of K ions in soil solution or is adsorbed as an
exchangeable ion at the surface of soil colloids (Mills and Jones, 1996). Exchangeable K is the
larger portion of the readily available K that is electrostatically bound to the outer surfaces of
clay minerals and organic matter (Sparks and Huang, 1985). As a plant removes solution K,
some of the K held on at the exchange sites is released to replenish solution K; the exchange
continues until equilibrium is established (Sparks and Huang, 1985). Potassium is continuously
supplied to the plant by the exchange sites as long as the soil has enough reserve K at the
beginning of the growing season (International Plant Nutrition Institute, 2006). The amount of
exchangeable K is highly governed by other cations present both in solution and bound to soil
particles. Cations like calcium and ammonium are in constant competition with K for exchange
sites on the surface of soil colloids. Calcium is generally the dominant cation in soil solution.
Ammonium has the same affinity as K for exchange sites, but when high concentrations are
present it can remove K from exchange sites (Sparks and Huang, 1985). When calcium or
ammonium fertilizers are added to a soil with a high degree of K saturation on colloidal surfaces,
K will be displaced from exchange sites and move into soil solution (Havlin et al., 1999).
Fertilization of K may be needed to maintain adequate levels of exchangeable K. Potassium that
cannot be held by exchange sites on soil colloids can be lost through leaching. The extent of

leaching losses is dependent on soil texture and pH of the soil.



Solution K is dissolved in soil water and is a form of K that is directly taken up by plants
(Sparks and Huang, 1985). The concentration of soil solution K varies according to the amount
of fertilizer applied and the K availability of the soil. Typically the dissolved K levels are
relatively small ranging from around 2 to 10 mg K L™ for most agricultural soils (Schulte and
Kelling, 1985). Reportedly, solution K concentrations in no-till fields are the highest in the top 5
cm of the soil profile and decrease with depth (Holanda et al., 1998). In contrast, soil K
distribution in mold-board plowed fields is relatively uniform throughout the plow layer (Fink
and Wesley, 1974). Under field conditions the amount of K in soil solution varies widely due to
the concentration and dilution process brought about by evaporation, precipitation and plant
uptake (McLean and Watson, 1985). In general, the relationship between exchangeable and
solution K is a good measure of availability of labile K to plants. Soil laboratories use
extractants to quantify both solution and exchangeable K when determining K availability in
soils (Havlin et al., 2005).

Movement of solution K to root surfaces is orchestrated by two main processes: mass
flow and diffusion. Mass flow is dependent upon the water uptake by the plant and the K
concentration in soil solution. Mass flow contributes very little to plant K absorption due to the
large amount of water that would need to be taken up by the plant at K concentrations much
higher than what is normally measured in soil solution. However, in soils that have a naturally
higher water soluble K, or where K fertilizer has increased the concentration in soil solution,
mass flow can contribute greatly to K uptake (Havlin et al., 1999). Roughly 85% of K
movement in the soil to root surfaces is through diffusion — a slow movement of ions in response
to concentration gradients through water films surrounding soil particles (Mills and Jones, 1996).
This process is limited to short distances, usually around 1 to 4 mm from the root surface
(Barber, 1985). Since K diffusion occurs within only a few mm of the plant root, some K that is
further away may be in a plant available form, but not in a position to impact plant uptake
(Havlin et al., 1999). The diffusion process is highly dependent on several factors including soil
water content, soil temperature, K concentration gradient and tortuosity of the diffusion path
(Barber, 1985).



Factors Affecting Potassium Availability and Plant Uptake

Many components influence the potassium (K) availability of a soil and, therefore, the
uptake of K by plants. The interactions between various soil properties, plant characteristics and
environmental conditions are the prime drivers that dictate plant K nutrition. The relationship
that is shared between these elements is often what complicates the availability of soil K.
Though many of the environmental factors are uncontrollable, having a better understanding of
soil K dynamics helps in K fertilization and management decisions.

The ability of soils to retain K is dependent on its cation exchange capacity (CEC). Soil
CEC represents the total quantity of negative surface charges on soil particles and organic matter
available to hold and exchange cations in solution (Havlin et al., 2005). The CEC of a soil is
highly contingent on soil texture and the volume of organic matter present in the soil. However,
organic matter particles have a relatively weak attraction for K ions (Schulte and Kelling, 1985).
Consequently, the presence of clay in the soil fraction provides the majority of soil K adsorption.
Soils high in clay possess the highest CEC and sandy soils typically represent the lowest CEC.
Soils with a high CEC have a greater capacity to retain additional K in the exchangeable form
(Munson and Nelson, 1963). However, higher exchangeable K does not necessarily result in
higher solution K (Havlin et al., 2005). Early in the growing season soil solution K is often
lower in high K bearing clay dominate soils as compared to sandy soils. Potassium is bound
tighter to the clay colloids and clays have a higher buffering capacity, reducing the release of
excess exchangeable K. However, the higher soil K levels found in sandier soils are often not
maintained as plants remove the dissolved K from soil solution.

Soil pH indirectly controls the amount of exchangeable K held by the exchange sites.
Only extremely acidic soils, pH below 5.2, contain appreciable amounts of exchangeable
aluminum. At this low pH, aluminum causes more displacement of K ions into soil solution
(Barber, 1995). The excess release of exchangeable K into soil solution by acidic soils and low
CEC soils may lead to increased K leaching losses. Loss of K by leaching is one of the reasons
sandy and organic soils often test relatively low in available K (Schulte and Kelling, 1985). Soil
pH can also affect the amount of K fixation that occurs in the soil. As the pH of a soil increases
it causes displacement of hydrogen and hydroxyl aluminum ions making it easier for K ions to
move closer to colloidal surfaces, where they are more susceptible to fixation (Brady and Weil,
2004). For these reasons, the optimum pH for K availability is 6.0 to 7.0 on the pH scale.



The amount of K available in clays is highly dependent on the mineralogy of the clays.
Soils containing vermiculite, montmorillonite or weathered mica clay minerals typically have
elevated levels of exchangeable K compared to soils containing kaolinitic clays, which are more
highly weathered (Havlin et al., 2005). However, high K bearing minerals often have a higher K
fixing potential resulting in unpredictable K availability. When K is added to soil, some of it
goes into exchangeable positions and some of it is fixed (Barber, 1995). In soils that have been
intensively cropped and highly K depleted, significant fixation of applied K may occur (Bertsch
and Thomas, 1985). The non-exchangeable binding sites in this situation are so exhausted from
under fertilization and continuous cropping that it may take years of supplementation with K
fertilizer to replenish. Consequently, very costly annual heavy applications of K fertilizer are
needed to overcome any adverse effects on yield.

Wetting and drying cycles have been reported to have a big impact on the amounts of K
fixed by 2:1 minerals. The degree of K fixation or release due to wetting and drying cycles is
dependent on the type of clay minerals present in the soil and the concentration of K in soil
solution (Sparks and Haung, 1985). Furthermore, the structural and chemical changes the clay
layers undergo during certain soil conditions significantly influences soil K availability.
Structural K fixation can occur from drying soils high in exchangeable K or with soils that
recently had K fertilizer applied (Laboski, 2005). As the soil dries the clay layers collapse and K
is trapped between the clay layers. On the other hand, structural K release can occur when soils
low in exchangeable K are dried causing the clay sheets to roll back and release K (Laboski,
2005; McClean and Watson, 1985). Chemical fixation and/or release of K are driven by the
oxidative or reductive state of Iron (Fe). Iron is a component of the structural lattice of many
clay minerals. When soils are dried Fe is reduced from a 2" charge to a 3" charge. For smectites,
this results in a decrease in K fixation and likely increases K availability. However, for
vermiculites and illite, more K fixation is evident (Murrell, 2011). Similarly, freezing and
thawing cycles contribute to either fixation or release of K, depending on clay mineralogy. In
soils with considerable amounts of mica clays, freezing and thawing cycles release fixed K. In
soils containing smaller amounts of mica and having greater amounts of exchangeable K,
freezing and thawing has no net effect on K fixation or release (Laboski, 2005).

The availability and plant uptake of K is governed by any factors that impact diffusion

rates and plant root growth. Soil moisture influences the diffusive pathway of K supplied to



plant roots. With low soil moisture, water films around soil particles are thinner and
discontinuous; resulting in a more complex path for K diffusion to roots (Havlin et al., 2005).
Research by Johnson and Wallingford (1983) showed that corn and soybeans take up K less
efficiently in dry periods. This can be an especially important issue in no-till cropping practices.
In no-till systems much more crop debris is left at the soil surface. As nutrient concentrations
start to build up at the soil surface from crop residue breakdown and surface fertilizer application
with limited soil mixing, vertical stratification develops. Nutrient vertical stratification is a
gradient of soil test levels with depth (Murrell, 2011). Under dry soil conditions this could lead
to K positional unavailability. Soil temperature strongly affects both plant K uptake by the root
and K diffusion through the soil (Barber, 1995). Low soil temperature impairs root growth and
drastically slows K diffusion rates. In compacted, or under extraordinarily high soil moisture
conditions, root growth can be restricted due to the reduced supply of oxygen (Havlin et al.,
2005). When the oxygen content is low, respiration in the roots is lowered, and nutrient
absorption is decreased (Hanway and Johnson, 1985). Active plant root K absorption is most

effective in moist, warm, well-aerated soils.

Potassium Deficiency Diagnostic Techniques

Plant potassium (K) status can be evaluated using several diagnostic tools. Assessing the
visual appearance of plants is a good initial indicator of plant nutrient deficiencies. There are
several key visual signs to look for when specifically diagnosing K deficiency. Soybean K
deficiency first appears as an irregular chlorotic mottling around the edges of the leaflets. The
yellow areas may eventually form a continuous, irregular yellow border. Under more severe K
shortages, the leaf margin will be necrotic while leaving only the center and base of the leaf
green. Since K is mobile in the plant, visual deficiency symptoms usually first appear on the
older, lower leaves and progresses toward the top leaves as severity increases (Bissonnette et al.,
2010). Severe K-deficient soybeans will be stunted and can be slow to reach physiological
maturity. Potassium deficient soybean grain is often shriveled with low oil content.

Corn that is K-deficient results in visual symptoms including yellowing of lower leaf
margins while the midrib of the leave remains green. Under severe conditions leaf tips will
begin to die and if the plant doesn’t overcome the deficiency, necrosis will eventually move

along the leaf margins. Potassium deficient corn plants are more prone to lodging due to



insufficient stability of the stalk tissue. Corn roots and nodal tissue are poorly developed and
ears may be small with under developed tips (Bissonnette et al., 2010).

Though visual symptoms alert an individual of a problem, diagnosing the problem solely
off of visual appearance in some instances can be difficult. Misidentification of K deficiency is
not uncommon. Plant tissue analysis is a reliable way to confirm K deficiency when specific
symptoms arise. Plant analysis can play a major role in diagnosing mineral nutrition problems
and for solving field crop problems (Jones, 2001). Being able to identify a nutrient deficiency
before visual symptoms appear is one of the biggest advantages in conducting plant tissue
analysis. In some situations plants can be deficient and show no visual symptoms. This crop
behavior is known as hidden hunger. If deficiency problems are detected before plant stress is
evident then reduction in grain yield and/or crop quality could be avoided if appropriate actions
are administered (Havlin et al., 2005).

When taking a sample there are a number of important components to consider. The
amount of K in plants varies depending on growth stage and between plant part locations on
individual plants. Plants usually absorb most of their K during the first half of their growth cycle
(Mills and Jones, 1996). As the plant matures the amount of K in plants decreases; therefore it is
important to know the plant’s stage of growth to properly interpret the results of a leaf K analysis
(Schulte and Kelling, 1985). Potassium concentration usually decreases from the top to the
bottom of plants, thus the portion of the plant sampled can affect K interpretation. Gathering
samples from the correct portion of the plant at the appropriate time are important when trying to
obtain a representative field sample. To determine whether plant nutrient concentrations are
adequate for plant growth and development, measured concentrations from plant samples from
the field are compared with recommended critical ranges (Plank, 1979). Table 1.1 lists the K
sufficiency range, recommended sample size, plant part and growth stage for soybeans and corn.

Table 1.1 Critical K sufficiency range with sampling criteria for soybeans and corn (Mills
and Jones, 1996)

Crop Sample Size | Plant Part Sampled Growth Stage Sufficiency Range

Soybean 25-30 Top mature trifoliate | Prior to pod set 17.0-25.0 g kg™
Corn 12-15 Ear-leaf Initial silk 17.0-30.0 g kg™
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Unfortunately, plant tissue analysis is often used when visual deficiencies appear late in
the season. Depending on the situation, this may limit options for economically effective
treatments for that year’s crop. One cannot rely on leaf diagnosis alone to give an accurate
picture of fertilizer requirements needed to overcome K deficiency (Mallarino, 2005). While
there are many environmental and soil nutrient interactions that affect soil K availability, soil
sampling is the most useful tool in assessing the relative availability of soil K for crop nutrition.

A major advantage of soil sampling is that producers have the ability to evaluate soil
productivity and address K shortages before the crop season begins. When collecting soil
samples, it’s important to understand that soils are naturally variable horizontally as well as
vertically (Jones, 2001). Since most fields are not homogeneous, naturally or from past and/or
current cultural practices, the challenge for the sampler is to obtain a sample that is
representative of the field under test (Woodruff, 1994). The test results will only be as reliable
as the sample collected from the field.

The first step in conducting soil samples is to establish sampling areas. Some individuals
may choose to break fields into small uniform grid sampling areas while others may choose
larger sampling areas. Either way, a common procedure is to divide a field into uniform
sampling areas based on soil consistency and/or past cropping history. Once sampling areas are
established, 10-15 random individual cores are taken from specific areas to form a single
composite sample. Several studies have shown that collecting more than 8 cores per composite
sample does not provide any more accuracy of soil test results. Better information could be
obtained by a fewer number of cores per sample and more than one composite sample from a
specific field (Jones, 2001). The number of sampling areas and/or cores per sample is based on
individual preferences. When taking individual cores one should pay strict attention to sampling
depth. Appropriate sampling depth is influenced by one of several aspects: horizontal
characteristics, depth of soil mixing during tillage and rooting depth of the crop to be grown
(Jones, 2001). Potassium is relatively immobile so samples are generally taken at 15-20 cm
depth. In reduced till or no-till systems taking addition samples at the 5-10 cm depths could be
useful in determining the degree of K stratification. When using any sample depth it is important

to remain consistent.
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Potassium Management and Fertilization

Soils can provide much of the potassium (K) that is needed by plants, but when supply
becomes limiting, there is a need for supplemental fertilization. The dominant fertilizer K source
in the United States is potassium chloride (KCI); accounting for more than 90% of total K sold
(Young, 1968). Potassium chloride is popular among producers given that it provides the highest
percent of K of any readily available K supplying compound (60 to 62% K,0) (Adams, 1968).
Other K sources are commercially available including potassium sulfate (K,SQO,), potassium
nitrate (KNOj3), and potassium-magnesium sulfate (Ko:Mg(SQO,),) (Mills and Jones, 1996). The
rates and placement methods in which these K sources are applied to agricultural land depends
on various soil and crop conditions. Research conducted with corn and soybean production
across the Midwest has revealed mixed results in response to the addition of K fertilizer and the
different methods of application.

Throughout the Midwest direct K fertilization of soybeans is rarely practiced. In a corn-
soybean rotation, biannual application of K fertilizer before corn has become a popular
management choice. The idea is to apply high enough rates to satisfy the K requirements of corn
and the subsequent soybean crop. Many producers consider soybeans to be far less responsive to
fertilizers in the year of application than corn, even though they were perhaps relatively efficient
in recovering residual fertilizer from the soil (deMooy et al., 1973). Numerous studies have
determined that soybeans responsiveness to direct fertilization with K is significantly less than
corn (deMooy et al., 1973; Norman 1946; Pierre, 1944; Lang and Miller, 1942). Corn typically
requires more K than soybeans, which could help explain the increased K responsiveness
(Ebelhar and Varsa, 2000). Buah et al. (2000) and Rehm and Lamb (2004) found that residual
and direct fertilization resulted in similar soybean yields. Research in Ontario, Canada (Yin and
Vyn, 2002a) concluded that subsequent no-till soybeans responded more to residual fertilizer
than to application timing, tillage and K fertilizer placement in preceding corn. However, in
further research by Yin and Vyn (2002b) they found that no-till soybean response to residual K
fertilizer management varied depending on the tillage system utilized in corn.

It seems the volume of response from either crop is highly dependent on soil test K
levels. Relevant research has shown that soybeans demonstrate positive responses to added K on
relatively low (91 — 130 mg kg™*) K testing soils (Yin and Vyn, 2003; Yin and Viyn, 2002a;
Randall et al., 1997; Rehm, 1995). Two studies (Borges and Mallarino, 2003; Ebelhar and

12



Varsa, 2000) showed that on medium to high K soils (131 — 274 mg kg™), as K rate increased
soybean K uptake increased as well, however, no yield responses were documented. Other
investigations in lowa (Borges and Mallarino, 2000; Buah et al., 2000) showed that no-till
soybean yield response to K fertilization was rarely significant on optimum to very high testing
soils. Gelderman et al. (2002) found corn yield responses on relatively low testing soils with the
addition of K in South Dakota. Ebelhar and Varsa (2000) reported that corn responses were
found in Illinois soils even when soil test K levels were in the high range of 210 to 280 mg kg™,
showing that as the rate of K increased so did K uptake.

The placement of K fertilization can play a huge role in how rapidly K will be available
and utilized by plants. The selection of the appropriate application technique for a particular
field depends in part on the intensity of soil fertility management, the crop to be grown and the
tillage system being practiced. Soybean and corn producers primarily practice three principle
fertilizer placement methods. The most popular and convenient application method is broadcast
fertilization. Broadcasting is simply the spreading of nutrients on the soil surface and can either
be left on the surface or incorporated. The second application method is deep banding of K
fertilizers. Deep banding consists of injecting nutrients 15-25 cm below the soil surface,
typically the fertilizer is placed below the intended crop row area. Lastly, row fertilizer
applications or commonly known as “starter” fertilization. Starter fertilizer is usually surface
applied or placed 5 cm below and 5 cm to the side of the seed during planting. It can also be in-
furrow applied, but salt injury to germinating seed can be a major concern at high K rates.

Broadcast application of fertilizers is a low cost way to supply large quantities of
nutrients. However, broadcasting K fertilizers can lead to more accumulation of K in the upper
soil layer than banded applications. Furthermore, broadcast applications have a higher potential
for K fixation which can reduce the immediate efficiency of K fertilizer (International Plant
Nutrition Institute, 2006). When fertilizer is placed in a band it is concentrated which allows for
less exposure to K fixing clay minerals.

Research conducted by Yin and Vyn (2002a) and Ebelhar and Varsa (2000) concluded
that there were no significant difference of soybean leaf K concentrations at early reproductive
growth stages between broadcast and banded treatments. Other research (Hudak et al., 1989)
also showed no K placement effect on yield of no-till soybeans grown on a silt loam soil in Ohio.
However, Hairston (1990) and Yin and Vyn (2003) showed that deep-banded fertilizer had an
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advantage over surface broadcast placement at the same rates in terms of leaf K and yield on low
to medium testing K soils. Work done by Eckert and Johnson (1985) and Yibirin et al. (1993)
also showed that shallow sub-surface banding can significantly increase P and K fertilizer use
efficiency compared with broadcast fertilizer applications for no-till soybean and corn. Research
in lowa (Borges and Mallarino, 2000) reported that both deep-band and starter K fertilizer in no-
till systems produced slightly higher soybean yields than surface applications on optimum to
very high testing soils. Rehm et al. (1988) found similar results with corn where the greatest
yield responses generally resulted from a combination of sub-surface banding with starter
fertilization. Gordon (1999) found that starter fertilizer (7-21-7) increased corn and soybean
yields even though levels of P and K were high and very high, respectively. However, no
soybean yield advantage with starter K placement alone versus surface broadcast was seen by
Buah et al. (2000) on high K testing soils.

Summary

Potassium (K) is often referred to as the “regulator” in crop production. It has earned this
distinction due to its important role in protein and starch synthesis, as well as the regulation of
over 60 enzyme systems that assist in the development of improved quality and production of
crops. Potassium is also well known to positively interact with nitrogen and phosphorus in soil,
serving to improve their nutrient use efficiency. Improved K management systems are needed to
achieve optimum productivity of many economically important crops and to be able to optimize
fertility inputs. When soil test K levels are not maintained at sufficient levels, the outcome may
result in potential economic losses.

Concerns about K fertility management have increased significantly in southeast Kansas
corn and soybean production. Potassium availability limitations have led to increased K
deficiency incidences in both crops, especially for no-till systems in the area. Long and short-
term limitations of K availability depends upon types and amounts of clay present in soil, soil
pH, soil moisture conditions, soil temperature, degree of soil compaction and extent of vertical
and/or horizontal soil K stratification. During hot, dry summers K availability can be
significantly reduced, this is especially true in no-till systems where compaction and vertical
stratification can be significant. Proper rates and placement of K fertilizer in this situation can

become extremely important.
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Previous research done on K fertilization of corn and soybeans has been exceptionally
variable. In general K uptake for both corn and soybeans is generally increased with increasing
K fertilization rates. However, soybean yield increases are less likely to added K fertilization. It
seems increased K uptake and yield responses are more common in soils with very low to
optimum (> 170 mg kg™) soil test K levels, however, response variation in the optimum (130 —
170 mg kg™ category is more erratic. Research has demonstrated that corn seems to be more
responsive to direct K fertilization at varying rates. Some research regarding K fertilizer
placement techniques have shown that when soil test K levels were in the low range, a positive
response to banded K fertilization was seen. However, in soils with high (> 171 mg kg™) soil
test K levels, responses to either broadcast or banded K fertilization were minimal. In no-till
systems deep banding K has been an effective K placement alternative. Conversely, other
studies have also revealed no significant differences in plant K uptake or yield due to K
placement strategies regardless of soil test K. Responses to starter fertilizer have been variable
as well. Most often corn seems to be more responsive to starter K fertilization then soybean,
especially early in the growing season. The use of deep-banding K fertilizer in combination with
starter fertilizer has shown positive responses for both corn and soybeans in no-till systems.

The decision on proper K rate and placement is going to depend on a producer’s tillage
system and soil test K levels prior to the growing season. It seems the most important aspect of
K management is for producer’s to maintain soil K levels above the optimum (130 mg kg™)
level. Addition of fertilizer may be required to achieve this, but once it is established applying K

at sufficient levels to replenish crop removal rates becomes crucial.
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Chapter 2 - Changes in Potassium Soil Test Levels over Time

Abstract

Kansas soils have long been-recognized for containing naturally high levels of available
potassium (K) for crop production. As a result, in a big portion of the state the practice of
supplemental K fertilization is practically non-existent. The one exception is in southeast Kansas
where large numbers of very low to low (< 130 mg kg™) exchangeable K soil tests are being
reported. Annual K applications in the region have become essential to growing healthy,
productive crops. Producers have relied on soil tests to guide their K application rates.

However, in recent years as farmers and advisers have intensified their collection of individual
field soil data, noticeable and at times dramatic variability in soil test K levels over time have
been observed. The objective of this study was to measure the degree of variability in soil test K
levels over time in cropped fields in southeast Kansas and try to identify mechanisms driving
these changes.

This study was conducted at eleven locations in southeast Kansas during the 2009, 2010
and 2011 cropping seasons. Selected sites varied in soil test K levels, but all initially tested
below the optimum level of 130 mg kg™ exchangeable K, based on samples collected in the fall
or winter. Multiple K treatments were applied in the spring, but only two were regularly soil
sampled to track exchangeable K levels, the unfertilized K control and a single broadcast
application of 202 kg K,0O ha™ applied at the initiation of the study. Soil samples were collected
on a one to two month basis during the growing seasons at each location throughout the duration
of the study.

Results observed from this research showed that monthly soil samples taken during the
past three cropping years at multiple locations had ammonium acetate exchangeable K levels that
indeed changed significantly over time. The data we collected together with data accumulated
by farmers and crop consultants shows fluctuation in exchangeable K levels of up to 50% on a
yearly and even on a monthly basis. Levels seem to demonstrate seasonal changes: generally
higher in the spring months when a crop is not actively growing and then declining in the
summer and fall. The decline in soil K was documented during most growing seasons from crop
establishment up to crop maturity. The drastic decrease observed can be partially attributed to

removal of K from the soil by the crop. Between growing seasons soil test K levels seem to
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build back up, which can be partially explained by K being released from crop residues.
Additionally, variations in soil test K level appear to follow a similar trend as monthly
precipitation and soil moisture status. During many wet months soil test K levels tended to
increase and then decline during drier months, however, the relationship was inconsistent over

time and other factors are likely involved in regulating changes in soil test K over time.

Introduction

In addition to a guide for fertilizer rate information, regular soil test information can be
used as a crop diagnostic tool to identify trends over time that allow producers to evaluate their
nutrient management practices. However, many producers in southeast Kansas are dealing with
some puzzling soil test potassium (K) variability that has made soil K management over time an
enormous challenge. Several individuals’ soil test K histories have displayed tremendous yearly
fluctuations that cannot be explained with K fertilization additions and standardized crop
removal rates. The unpredictable changes have many questioning the true value of soil tests,
how to interrupt soil test K and the effect it has on K recommendations.

A portion of K variability can be clarified with a simple understanding of soil K
dynamics. The exchange of K between soil solution and exchangeable forms of K determine
whether applied K will be leached, taken up by plants, converted into unavailable forms or
released into available forms of K (Sparks, 2001). Studies have shown that the reaction rate
between these two phases of K is strongly dependent on the mineralogy of the soil (Sparks and
Jardine, 1984; Sparks et al., 1980). All minerals vary drastically in their ionic preferences, ion
binding affinities and types of ion exchange reactions (Sparks, 2001). The elemental differences
that exist between clay minerals account for the varying soil K exchangeability and otherwise
unexplainable K variation in soils over time. The exchange of K on kaolinite and
montmorillonite is usually quite rapid (Sparks and Jardine, 1984; Malcolm and Kennedy, 1969),
however, the exchange of K on vermiculite and mica minerals tends to be extremely slow
(Sparks, 2001).

The relationship between exchangeable and non-exchangeable K also has a big influence
on soil K dynamics. Soils high in 2:1 type clay minerals have the ability to fix or release K
depending on the soil test K level and the current environmental conditions (Goulding, 1987).

Potassium that is fixed becomes part of the non-exchangeable pool. Vermiculite and hydrous
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mica minerals are known to be the main minerals that contribute to K fixation (Murashkina et al.,
2007). Smectite minerals possess the ability to fix K as well, but their K fixing potentials are
generally lower. However, smectite minerals that possess a high layer charge have been found to
fix high quantities of K (Singh and Heffernan, 2002; Weir, 1965). The K fixed by these minerals
is not readily released, however, if exchangeable K is excessively depleted or when specific
environmental conditions change, a release of K can result.

Wetting and drying cycles have been reported to have a big impact on the amount of K
fixed or released by 2:1 minerals. The degree of fixation and/or release is impacted by structural
and chemical changes that clay layers undergo during certain soil conditions. Structural K
fixation can occur from drying soils high in exchangeable K or with soils that recently had K
fertilizer applied (Laboski, 2005). As the soil dries the clay layers collapse and K is trapped
between the clay layers. On the other hand, structural K release can occur when soils low in
exchangeable K are dried, causing the clay sheets to roll back and release K (Laboski, 2005;
McClean and Watson, 1985). Chemical fixation and/or release of K are driven by the oxidative
or reductive state of Iron (Fe). Iron is a component of the structural lattice of clay minerals.
When soils are dried Fe is reduced from a 2" charge to a 3" charge. For smectite minerals, this
results in a decrease in K fixation and likely increases K availability. However, for vermiculite
and mica minerals, more K fixation is evident (Murrell, 2011). Similarly, freezing and thawing
cycles contribute to either fixation or release of K, depending on clay mineralogy. In soils with
considerable amounts of mica clays, freezing and thawing cycles release fixed K. In soils
containing smaller amounts of mica and having greater amounts of exchangeable K, freezing and
thawing has no net effect on K fixation or release (Laboski, 2005). The response of soil K to
environmental conditions can differ widely among different soils, therefore it is important to
evaluate how southeast Kansas soils react to such situations.

Management practices can have big impacts of soil K variability within soils. In no-till
systems much more crop debris is left at the soil surface, than in tilled systems. As nutrient
concentrations start to build up at the soil surface from crop residue breakdown and surface
fertilizer applications with limited soil mixing, vertical stratification develops. Nutrient vertical
stratification is a gradient of soil test levels with depth (Murrell, 2011). In long-term no-till, soil
K levels can be significantly higher at the soil surface compared to lower shallow depths. In

situations where severe K stratification exists, depth control during soil sampling becomes
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crucial. Soil samples taken at an inconsistent soil sampling depth can show significant K
variability over time.

A representative soil sample not only depends on depth control, but also a sufficient
number of soil cores being collected from a sampling area. Soil K can be highly variable within
a given field. Causes of variability include differences in landscape position, erosion and
management history (Woodruff, 1994). Taking a small number of cores can result in reduced
chances that the sample represents the average fertility of the area. Consequently, taking too few
cores per sample can contribute significantly to observed year to year K variability in soil test K
results, producing random increases or decreases.

Collectively, an increase in the number of wetting and drying and/or freezing and
thawing cycles in a given period in combination with soil clay mineral composition can have a
big impact on the magnitude of K fixation or release. When you add these uncontrollable factors
with the use of improper soil sampling methods, the accumulative affect could result in extreme

seasonal soil test K variability over time.

The objectives of this study were to:

1. Document variability in soil test K levels occurring in cropped fields in southeast
Kansas.

2. ldentify the mechanism(s) driving the changes in soil test K levels and K availability
to crops.

3. Design an appropriate soil sampling system that will help minimize soil test K

variability.

Materials and Methods
This project was conducted in southeast Kansas. The area, generally defined as east of
the Flinthills and south of the Kansas River, is a major corn (Zea mays L.) and soybean (Glycine
max L.) producing area in Kansas. The region has a humid continental climate with 30 year
(1981-2010) average annual rainfall amounts of 1143 mm in Cherokee County and 1092 mm in
Wilson County (National Climatic Data Center, 2011). Research was conducted on-farm in
cooperation with local producers from 2009-2011. Four research sites were initially established

near Hallowell, Kansas in 2009. Four additional sites were added near Hallowell, KS in 2010.
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In 2011, two additional field experiments near Columbus, KS and one near Buffalo, KS were
added. Buffalo, KS is located in Wilson County while all other locations are located in Cherokee
County. Field site locations, study years, soil classification and initial ammonium acetate
exchangeable K levels are given in Table 2.1. The soils that make up each series are all very
deep clay-pan soils that are poorly drained with very slow to moderate permeability. The soils
are very susceptible to flooding and drought due to a restrictive sub-clay layer that impedes
vertical flow of water and the relatively shallow surface horizon that reduces the amount of
plant-available water.

Study plots were arranged in the field using a randomized complete block design with
four replications. Individual plots were 15.2 meters long and 6.2 meters (or 8 rows) wide at all
locations in 2009 to 2011 except at Pringles in 2011, where plots were 15.2 meters long and 4.6
meters (or 6 rows) wide. Ten different combinations of K rates and fertilizer application
methods were applied to the plots in 2009 to 2011 (Table 2.2) except at North Leeper. At North
Leeper, only eight different combinations of K rates and fertilizer application methods were
applied to the plots because of space restrictions (Table 2.3). All treatments were surface applied
after planting and granular potassium chloride (0-0-62) was used as the K fertilization source. A
month after fertilization soil samples were taken from the unfertilized K control (treatment 1)
and the biannual broadcasted 202 kg K,O ha™ (treatment 7) plots at each location to evaluate soil
K levels. This process continued on a one to two month basis during the duration of each
cropping season at every location. The plots monitored for soil test K levels received no
additional K fertilizer following the year of study initiation. Monthly precipitation amounts were
collected for each area from the nearest local weather station to compare changes in precipitation
with fluctuations in soil test K (National Climatic Data Center, 2011). For the Hallowell,
Columbus and Buffalo locations, weather data was taken from the Oswego, Columbus and Yates
Center weather stations, respectively. Predicted changes in soil test K levels were determined
using standardized crop removal rates and a soil K buffering capacity of 10 kg K,O ha™ per 1 mg
kg™ change in STK level. Additionally, best crop and pest management practices were followed

at each location.

26



Table 2.1 Field site county, study years, soil classification and ammonium acetate exchangeable K levels by location

Location County Study Years  Soil Series  Soil Texture Soil Classification NH,OAc Exchangeable
K Levels (mg kg™)

SW Jennings | Cherokee 2009-2011 Cherokee Siltloam  Fine, mixed, active, thermic 147
Typic Albaqualfs

SE Brown Cherokee 2009-2011 Cherokee Siltloam  Fine, mixed, active, thermic 154
Typic Albaqualfs

SW Brown Cherokee 2009-2011 Cherokee Siltloam  Fine, mixed, active, thermic 149
Typic Albaqualfs

Delmont Cherokee 2009-2011 Cherokee Siltloam  Fine, mixed, active, thermic 139
Typic Albaqualfs

NW of Dads Cherokee 2010-2011 Cherokee Siltloam  Fine, mixed, active, thermic 114
Typic Albaqualfs

East Marks Cherokee 2010-2011 Cherokee Siltloam  Fine, mixed, active, thermic 108
Typic Albaqualfs

Krantz Cherokee 2010-2011 Cherokee Siltloam  Fine, mixed, active, thermic 110
Typic Albaqualfs

Spieth Cherokee 2010-2011 Cherokee Siltloam  Fine, mixed, active, thermic 122
Typic Albagualfs

Pringle Wilson 2011 Lanton Siltloam  Fine, mixed, superactive, 82
thermic Cumulic Epiaquolls

North Leeper | Cherokee 2011 Dennis Siltloam  Fine, mixed, active, thermic 57
Aquic Argiudolls

South Leeper | Cherokee 2011 Dennis Siltloam  Fine, mixed, active, thermic 55

Aquic Argiudolls

27



Table 2.2 Potassium fertilizer rate and placement method

Treatment No. Treatment Abv.

Treatment Description

[EEN

CK

BC Rec (A)
BC 34 (A)
BC 67 (A)
BC 67 (BA)
BC 134 (BA)
BC 202 (BA)
SB 67 (BA)
SB 134 (BA)
SB 202 (BA)

© 00 N o O b~ W DN

[ERY
o

Unfertilized check **

Annual broadcast K rate based on sufficiency rec.
Annual broadcast 34 kg K,0 ha™*

Annual broadcast 67 kg K,0 ha*

Biannual broadcast 67 kg K,0 ha™

Biannual broadcast 134 kg K,0 ha™

Biannual broadcast 202 kg K,0 ha™ **

Biannual surface band 67 kg K,0 ha™*

Biannual surface band 134 kg K,0 ha™

Biannual surface band 202 kg K,0 ha™

** Indicates treatments that were soil sampled to monitor soil test K levels

Table 2.3 Potassium fertilizer rate and placement method for the study at North Leeper

Treatment No. Treatment Abv.

Treatment Description

1 CK
BC 67 (A)
BC 67 (BA)
BC 134 (BA)
BC 202 (BA)
SB 67 (BA)
SB 134 (BA)
10 SB 202 (BA)

© 00 N o o1 b

Unfertilized check **

Annual broadcast 67 kg K,0 ha™
Biannual broadcast 67 kg K,0 ha™
Biannual broadcast 134 kg K,0 ha™*
Biannual broadcast 202 kg K,0 ha* **
Biannual surface band 67 kg K,0 ha™
Biannual surface band 134 kg K,0 ha™
Biannual surface band 202 kg K,0 ha™

** Indicates treatments that were soil sampled to monitor soil test K levels
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Cultural Practices

In 2009 the study was conducted at four locations near Hallowell, Kansas. Each site
initially had double crop soybeans (Glycine max L.) no-till planted into wheat (Triticum aestivum
L.) stubble in 2009. In 2010 the study areas were conventionally tilled and planted to corn (Zea
mays L.). In late 2010 the study areas were once again conventionally tilled and planted to
wheat followed by no-till double crop soybeans in 2011. All fertilizer treatments were applied
on June 30, 2009 at SW Jennings and on July 1, 2009 at the other three locations to recently
emerged soybeans. The plots soil sampled during the study did not receive any additional K
fertilization during the corn and wheat growing seasons. The annual application rates
(treatments 2 — 4) of K were re-applied in 2010 to corn, and in late 2010 to wheat.

In 2010 the study was expanded to four new locations also near Hallowell, KS. The sites
were again initially double crop soybeans no-till planted into wheat stubble, except for the study
at NW of Dads, it was tilled and full season soybeans were planted following corn. In 2011 the
study areas were conventionally tilled and planted to corn. All treatments were applied on June
24,2010 at NW of Dads and on July 19, 2010 at the other three locations to soybeans. The plots
soil sampled during the study did not receive additional K fertilization during the 2011 corn
growing season. However, the annual applications (treatments 2 — 4) were re-applied. The
Krantz and Spieth locations were dropped from the study in 2011 due to the local fertilizer dealer
spreading K fertilizer over the study areas and contaminated the plots we were monitoring.

In 2011 two additional locations near Columbus, KS and one new location near Buffalo,
KS were added. The sites were all full season soybeans following corn. The location at Pringles
was no-tilled while the other two locations had been conventionally tilled prior to planting.
Fertilizer treatments were applied on June 3, 2011 at Pringles and on June 7, 2011 at the Leeper

locations.

Soil Sampling and Analysis
Soil samples consisted of 0-15 cm depth cores collected at random from the unfertilized
K control and biannual broadcast high rate plots. Soil samples were taken using a manual soil
probe and samples consisted of 10 to 12 individual cores mixed together to form a single
composite sample from each plot. Soil samples were always taken on the same day at the

locations that were initiated in the same year. Soil samples were oven dried at 60°C and then
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ground to pass through a 2-mm sieve by a Dyna-Crush 5 flail grinder (Custom Laboratory
Equipment Inc., Orange City, FL). A 2 gram sub-sample of each finely ground plot sample was
weighted out and extracted with 20 mls of 1.0 N ammonium acetate. The samples were agitated
for 5 minutes and filtered for analysis. Potassium analysis was conducted using a Perkin Elmer
Model 200 AAnylyst Atomic Absorption Spectrometer.

Statistical Analysis
Ammonium acetate exchangeable K levels were analyzed by location using the PROC
MIXED procedure at alpha level 0.05, with blocks as a random affect and date as a fixed affect,
in SAS version 9.2 (SAS Institute, 2008). Data was also analyzed by study year for an overall
analysis and run in the same PROC MIXED procedure, but with blocks and locations as random
affects and date as a fixed affect. Determination of significance of difference between fall and
spring soil test K levels were determined using Fishers LSD. T-tests were used to determine

significance of difference between actual and predicted net changes in soil test K levels.
Results and Discussion

2009-2011 Sites

Soil test potassium (K) levels at all locations for both treatments were found to be
significantly (P<0.05) affected by time of soil sampling (Figure 2.1). Potassium fertilization
dramatically increased exchangeable K levels at all locations. The decrease in soil test K (STK)
from the initiation of the study until the conclusion was more pronounced with the addition of K
fertilizer (Table 2.4). On average the no K treatment exhibited a 22% net change in STK, while
the average change of the high K rate treatment reached 43%. The SE Brown no K treatment
actual change in STK was very close to the predicted change based on crop removal rates over
the three year period (Table 2.4). The Delmont no K treatment and the high K rate (202 kg K,O
ha™) treatment at all locations had actual net changes in exchangeable K levels that were
significantly higher (P<0.05) then the predicted net changes in STK after three years of cropping
based on standardized crop removal rates and K buffering factors (Table 2.4).

Soil test K levels for the no K and high K rate treatments were extensively higher
(P<0.05) in the spring of 2010 than in the fall of 2009 for all locations (Table 2.5). The average
increase in STK across all locations was 27 and 26% for the no K and high K rate, respectively.
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Both treatments at all locations, except at SW Brown with the high K rate treatment, had fall
exchangeable K levels that were below the optimum level (130 mg kg™) and a specific rate of K
fertilizer would have been recommended (Table 2.5). In the following spring all the
exchangeable K levels were above the optimum level, except at Delmont with the no K
treatment, and thus no K fertilizer would have been recommended (Table 2.5). Soil sample
timing greatly influenced exchangeable K levels and consequently the K fertilizer
recommendation. In the spring of 2011 the STK levels for the no K and high K rate treatments
were substantially lower (P<0.05) than in the fall of 2010 at SW Jennings, SE Brown and SW
Brown (Table 2.6). At all locations in the fall of 2010 wheat had been planted, so by spring the
wheat crop was well established. As a result the decline in exchangeable K from fall (2010) to
spring (2011) is likely due to K uptake by the wheat crop.

The change in K levels between the locations followed very similar trends over time, as a
result a combined analysis across locations was performed (Figure 2.2). The combined analysis,
as expected, displayed significant (P<0.05) STK variation over time. During each individual
growing season K levels consistently declined from crop establishment to crop harvest. As the
crops matured the volume of K uptake increased paralleling the substantial decline in
exchangeable K. After harvest, the STK levels went through a build-up period until the next
crop was actively growing and taking up K. The post-harvest break-down and decomposition of
the crop residue releases K and as a result the soil exchangeable K levels increased.

The relationship of monthly precipitation and fluctuations in soil test K are documented
in Figure 2.2. During several wet months STK levels noticeably increased for both treatments.
This was observed in March 2010, May 2010 and September 2010, where the average STK level
between treatments increased by 26, 14 and 7%, respectively, from the previous sampling date.
However, in June 2010, July 2010, April 2011 and May 2011 rainfall was high yet K levels
actually decreased. The decrease in exchangeable K levels during these months could be related
to the increase in crop K removal, while the increase observed in fall and early spring could have
been the return of residue K to the soil by leaching. During several dry months STK levels
declined from the previous sampling date. This was observed in October 2009, April 2010 and
August 2010, where the average STK level between treatments decreased by 43, 8 and 4%,

respectively. Overall, the relationship between STK variability and wetting and drying periods
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were very inconsistent throughout the three year period. This is likely an indication that multiple

mechanisms are involved in the control of STK levels in the field.
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SW Jennings Potassium (K) Levels Over Time

w
(=)
o

o u
© o
)’

NH,OAc K Levels {mg kg™)
[N S €
8 &
1 é

NH,OAc K Levels {mg kg™)

wu
o

o -4ttt 11111111
Jul-09 Oct-09 Apr-10 Jun-10 Aug-10 Oct-10 Apr-11 Jun-11 Aug-11 Oct-11
Time (Month/Year)

=e=No K (p<0.0001) ===High K Rate (p<0.0001)

SW Brown Potassium (K) Levels Over Time

1NN
L\ A

w
[=)
o

[=) [Sa)
o o
L

2 R NN
u
o

o
=}
3
2

(52
o
L

01— e e
Jul-09 Oct-09 Apr-10 Jun-10 Aug-10 Oct-10 Apr-11 Jun-11 Aug-11 Oct-11
Time (Month/Year)

NH,OAc K Levels {mg kg™)

—e=No K (p<0.0001) =+=High K Rate (p<0.0001)

w
[=)
o

2 RN
(92
o

2R NN W
o U o u o
o O O o o

NH,OAc K Levels {mg kg™)
&

[=) [Sa)
o o
L

[=)
o
|

wu
o o
Ly

o

SE Brown Potassium (K) Levels Over Time
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Delmont Potassium (K) Levels Over Time
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Figure 2.1 Ammonium acetate (NH,OAc) exchangeable K levels over time by location (2009-2011)
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Table 2.4 Predicted and actual net changes in soil test K (STK) from the initiation to the conclusion of the study by location
(2009-2011)

Location Est. Crop K Predicted Amount of K 2009-2011
Removal Change in STK Applied Initial STK Final STK Net Change
kg K0 ha™ mg kg™ L RGO ] 1 Ful S ———— O P —

SW Jennings 121 12 0 140 116 -24

123 12 202 226 142 -84*
SE Brown 101 10 0 155 140 -15

101 10 202 247 149 -98*
SW Brown 98 10 0 155 123 -32

98 10 202 282 152 -130*
Delmont 111 11 0 157 95 -62*

111 11 202 243 121 -122*

- Net change in soil test K calculated as final STK minus initial STK

* Indicates whether actual net change is significantly different than predicted net change in STK at alpha 0.05
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Table 2.5 Changes in soil test K (STK) between fall (2009) and spring (2010) soil sampling by location

Amount of K 2009-2010
Applied Fall STK Spring STK Net Change
Location Previous Crop ~ Current Crop T 160 ] 1 Tl [ ————— L R —————
SW Jennings Soybean Fallow 0 104 134 +30*
202 116 155 +39*
SE Brown Soybean Fallow 0 109 155 +46*
202 121 177 +56*
SW Brown Soybean Fallow 0 112 143 +31*
202 139 174 +35*
Delmont Soybean Fallow 0 96 121 +25*
202 117 156 +39*

- Net change in soil test K calculated as spring STK minus fall STK

* Indicates significant difference between fall and spring STK at alpha 0.05
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Table 2.6 Changes in soil test K (STK) between fall (2010) and spring (2011) soil sampling by location

Amount of K 2010-2011
Applied Fall STK Spring STK Net Change
Location Previous Crop  Current Crop LT RGO 1Tl N —— L T ——

SW Jennings Corn Wheat 0 139 74 -65*

202 153 110 -43*
SE Brown Corn Wheat 0 116 92 -24*

202 150 101 -49*
SW Brown Corn Wheat 0 101 87 -14*

202 150 119 -31*
Delmont Corn Wheat 0 90 84 -6

202 121 113 -8

- Net change in soil test K calculated as spring STK minus fall STK

* Indicates significant difference between fall and spring STK at alpha 0.05
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Potassium (K) Levels Over Time
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Figure 2.2 Average ammonium acetate (NH;OACc) exchangeable K over time with standard error bars, monthly precipitation
and crop rotation across locations (2009-2011), P-values are given for the effect of time on NH,OAc exchangeable K levels
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2010-2011 Sites

Soil test potassium (K) at these locations for both treatments, except the high rate
treatment at Krantz, were also found to be significantly (P<0.05) affected by time of soil
sampling (Figure 2.3). Potassium fertilization increased exchangeable K levels at all locations.
The decrease in soil test K (STK) from the initiation of the study until the conclusion was more
pronounced with the addition of K fertilizer at NW of Dads (Table 2.7). Soil test K levels
remained higher for the high K rate plots at the end of the study at every location compared to
the no K treatment initial STK level, suggesting that some residual fertilizer remained in the soil
system. The NW of Dads no K treatment STK level was very close to the predicted value, due to
the change in STK based on crop removal rates over the two year period (Table 2.7). The no K
treatment and the high K rate (202 kg K,0O ha™) at East Marks had actual net changes in
exchangeable K that were significantly different (P<0.05) then the predicted net changes after
two years of cropping. A majority of the other locations net change in STK over the course of
the study were well above the predicted change based on crop K removal rates but not found to
be significant (Table 2.7).

Soil test K levels for the no K treatment at NW of Dads, East Marks and Krantz was
significantly higher (P<0.05) in the spring of 2011 than in the fall of 2010 (Table 2.8). At the
Spieth location the no K treatment STK level decreased (P<0.05) 20% from the fall of 2010 to
the spring of 2011 (Table 2.8). There were no significant differences between the high K rate
STK levels from the fall (2010) to the spring (2011) at any of the locations.

The combined analysis of NW of Dads and East Marks is shown in Figure 2.4. The
combined analysis of NW of Dads and East Marks displayed significant (P<0.05) STK variation
over time. During the soybean growing season in 2010, the no K treatment STK level declined
27% from crop establishment to harvest. The high K rate did not begin to decline until after
August, but dropped 10% from that point until harvest. The fertilizer was applied in early July
and by August it had dissolved into soil solution. Going into December the no K and high K rate
STK levels increased by 17 and 6%, respectively, which is likely due to the release of K from the
crop residue. In 2011, from corn planting, after the April soil sampling was conducted, to
harvest the K levels once again decreased. As crop K uptake increased during the growing

seasons, soil exchangeable K levels declined.
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The combined analysis of Krantz and Spieth is shown in Figure 2.5. The Krantz and
Spieth data was not analyzed with NW of Dads and East Marks since the two locations were
dropped in 2011 due to misapplication of K fertilizer. The combined analysis displayed
significant (P<0.05) STK variability over time for both the no K and high K rate treatments.
During the soybean growing season the no K STK level decreased 18% from planting to harvest.
The high K rate STK level increased 24% from July to August, which is due to the addition of K
fertilizer between the two sampling dates. From August to September the no K and high K rate
STK levels increased 8 and 2%, respectively, but by October, at harvest, the K levels noticeably
decreased. By December, the average STK level between the treatments increased 3%, possibly
due to the release of K from the soybean residue. By April the level decreased 5% from
December, which could be due to the fixation of K into unavailable, or at least not easily
measured K forms in the soil.

The relationship of monthly precipitation and fluctuations in STK are documented in
Figure 2.4 for NW of Dads and East Mark. During a couple of wet months STK levels increased
for both treatments, but only slightly. The no K treatment STK level in September 2010, April
2011 and May 2011 increased 2, 4 and 5%, respectively, from the previous soil sampling date.
In May 2011 the high K rate STK level increased 7%. However, in April 2011 and August 2011,
rainfall amounts were relatively high, yet K levels dropped for the high K rate treatment. The
decrease in exchangeable K levels during these months could be related to the increase in crop K
removal. During several dry months STK levels declined, as observed in July 2011 for the no K
treatment, October 2010, July 2011 and September 2011 for both treatments. However, the
relationship between STK levels and wetting and drying periods were very unpredictable and
often times negligible throughout the two year period.

The relationship of monthly precipitation and fluctuations in STK are documented in
Figure 2.5 for Krantz and Spieth. The relationship is very minimal, but during September 2010
the high K rate STK level increased 2% with high levels of rainfall and decreased 12% in
October 2010 with minimal rainfall. The relationship was not prominent with the no K treatment

over the six month period.
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NW of Dads Potassium (K) Levels Over Time East Marks Potassium (K) Levels Over Time
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