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Soil Management and K Availability?

Richard P. Wolkowski?

The 2000 crop year was very challenging because of the variety of wegther that was experienced and
the effect it had on growing conditions. Low over-winter and early spring precipitation had many of us
discussing management for amgor drought. The drought issue quickly became moot as frequent, heavy
late spring and early summer rainsdrowned the landscape. Asthe season progressed, we beganto receive
numerous questions regarding crop conditions. There were many concerns associated with the
precipitation and its effect on N, but surprisingly there were a so reports of occurrences of K deficiencies.
Many were reported in no-till and/or low soil test K fidlds, dthough thiswasnot exclusvey thecase. This
paper will discuss some of the soil management issues that can interact to cause problems with K uptake
by crops.

Potassum is ardatively immobile nutrient in soils. Available K isheld on cation exchange Sites and
leaching from the rootzone is unusua except on sandy, low CEC, and organic soils. Therefore, with the
assumption that soil test K levels were optimum, a K deficiency problem observed on medium-textured
snilswas likdy the result of a plant/soil interaction and not the loss of available K.

Most of the K absorbed by cropsisbrought to the root surface by diffusonwhereit isabsorbed into
the root by an active uptake mechanism. Diffusion is the movement of an ion from an area of higher
concentration to an area of lower concentration by the random activity of aloms. The smplified equation
shown below describes how soil properties affect the rate of ion diffusion (Barber, 1984).

D.=D, ? f
b
where D, = effective diffusion coefficient in soils; O = effective diffuson coefficient in water (1.98 x

10~5cn? s1); ? = soil water content; f = soil impedance factor (low vaue means greater impe-dance); b
= 0il buffer power.
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According to this equation, phenomena in the soil that dow the rate of diffuson would include a
decrease in the soil water content or the impedance factor and an increase in the soil buffer power. Low
s0il water content reduces diffusion because ions must travel aong moisture films coating soil particles,
increasing travel time (much like driving a boat dong a shoreline vs. cutting across the bay). Impedance,
or an increase in the tortuogity of the pathway, can be the result of an increasein bulk dengty thet affects
the “draightness’ of the path an ion will travd (i.e.,, more soil in the way). Findly, the buffer power isan
express onshowing theamount of fertilizer K that must be added to changetheK inthe soil solution. Thus,
soilswith higher CEC (medium- and fine-textured soils) will require more K fertilizer than sandsto change
the soil solution K.

What has been described so far is just the soil chemigtry part of the story. Other factors that are
important are the plant and its uptake capacity, aswell asthe soil physica condition asit relatesto porogity
and the didtribution of water in therootzone. Asmentioned, K isabsorbed acrossthe root cell membrane
by an active process. An active process requires energy that the root provides by respiration, and
respiration requires oxygen. If oxygenisredtricted, K uptake isreduced. Lawton (1945) demonstrated
early the effect that poor aeration has on reducing the K concentration in young corn. This study showed
alarge reduction in corn seedling K concentration when grown in an aerated vs. a non-aerated system.
Subsequent research by Danielson and Russdll (1957) demongtrat-ed reduced monova ent cation uptake
when the soil oxygen content dropped bel ow 10% (the atmosphere has an oxygen content of about 20%).
Aeration isrelated to the soil porosity that must decrease if the soil bulk density (compaction) increases.
Furthermore, even moderate compaction, while not dramaticaly affecting total porosity, has a ggnificant
impact on the pore Sze didribution asshown in Table 1 (Tahlaet d., 1979). These changes in porosity
block soil air exchange with the atmosphere because oxygen diffuses very dowly through the weter-filled
pores. Additiondly, micro-organisms compete with roots and can rapidly deplete soil oxygen.

Table1l. Porogty and pore Sze digtribution of a clay loam soil as affected by compactiont
(adapted from Tahlaet d ., 1979)

Percent by pore size (inch)

inch
No 1to4 53.3 27 7 36 30
6t09 525 24 5 39 32
Yes l1to4d 479 5 13 43 39
6t09 479 5 9 48 38

T Compaction with a 5-ton tractor.

If soil compaction reduces K uptake because of reduced aeration, will increasing available K by
fertilizationoffset growth and yield decreases? Greenhouse studies by Hallmark and Barber (1981) found



that K fertilization did partidly offset the growth reducing effect of compaction, but did not completely make
up for compaction (Table 2). Their study showed substantialy lower root surface areain soybean grown
under a higher bulk density and areduced K concentretion in the leaf. It isinteresting that the relaive K
influx (K uptake per unit surface area) in the compacted, unfertilized treatment is gregter than that in the
uncompeacted, unfertilized treetment. The compaction of the soil likely improved the diffusion of K to the
root surface, but growth was limited because of the overal decrease in root growth.

Shoot
Bulk densty K added weght Root area Shoot K K influx
g/cc ppm oz/pot inch?/pot % rel. %
1.25 0 0.086 85 1.68 100
1.25 100 0.092 84 1.91 133
1.45 0 0.081 57 1.48 121
1.45 100 0.087 67 1.79 125

Wolkowski (1991) evaluated the effects of compaction on the growth and K concentration in corn
seadlings on three Wisconsin soils. Compacting a greenhouse soil to 1.25 times its initid bulk density
decreased both root growth and the total amount of K in the harvested leaves. Plant dry weight, however,
was not reduced by compaction (it actualy increased on the Kewaunee soil) under these controlled
conditions because in each case adightly higher K influx was observed (Table 3). The enhancement in K
influx was greater on the sand, presumably because compaction improved diffuson characteristicsin that
soil. In other words, roots encountered more soil on their surfaces, increasing uptake.

Table 3. Corn seedling growth as affected by soil compaction on three Wisconsin soils.

Kewaunee slty day loam Panfidd sand Pano st loam
Buk  Root Leda Root Root — Led Root Root  Lear Root
dengtyt g/plt K mg K/g o/pit K mg K/g g/plt K mg K/g
mg/plt mg/plt mg/plt
1.25X 098 357 36.4 060 308 51.3 092 3921 426

T Bulk dendties Kewaunee 1.17, 1.50; Plainfield 1.36, 1.70; Plano 0.88, 1.15 g/cc in the initid and
1.25 X compaction treatments, respectively.



Compactioninfield conditions sl dom resultsin the uniform compaction of therootzone. Root growth
may be physicaly redtricted in part of the soil, but relatively unaffected in other areas. Potassum
fertilization of a compacted soil, either by broadcast fertilization or the placement of alocalized band, may
inducerootsto increase K uptaketo compensatefor thelossof root volume. Claassen and Barber (1977)
found exactly that reponsein asplit plot experiment where corn roots were divided between amediawith
and without adequate K. Roots from plants grown in this split root system had aK uptake rate that was
2.6 greater than plants grown entirdy in aK-containing media. Clearly plants have the capacity to “turn
on” switches to absorb nutrients when the demand exigts.

The interaction between compaction and K fertility has been evaluated by this author in severa
studies. Research conducted at Oshkoshin 1985-1987 on aK ewauneesilty clay |oam soil demon-strated
anincreased cornyield responseto K onasoil that wasintentionally compacted (Wolkowski, 1989). This
research clearly shows the increased response to K fertilization, both in the row or as increased soil test
K. Note, however, that K fertilization did not alow the corn crop to totaly overcome the compaction
effects.

Table4. Effect of row gpplied K fertilizert on corn yield a two compaction and soil test K levels
at Oshkosh, WI, 1985-1987.

Compaction Soil test K Row 1985 1986 1987

<5T Optimumd No 132 169 124
Yes 161 175 137

Ex. High No 164 172 123

Yes 161 175 137

19T Optimum No 112 147 120
Yes 159 169 145

Ex. High No 147 150 126

Yes 143 159 134

T Row fertilizer = 45 Ib K,Olacre.
¥ Optimum and Ex. High soil test K = 115 and 214 ppm, respectively

A smilar response was hoted for dfdfain a study conducted a Arlington from 1992-1994. This
study had levels of soil test K and annua K applications superimposed on uncompacted and heavily
compacted plots. Compaction was conducted prior to seeding in 1991 and forage was grown for three
additiond years. Compaction reduced yidd the most in the seeding year and the first hay year, with the
yield reduction diminishing over time. As expected, responses were observed to K fertility as either soil
test level or annud application. The data shown in Table 5 show the relaion-ship between totd yield
compaction and soil test K, and compaction and annual K treatment for the three hay-years. The
interective effect between annua K and compaction was Satigicaly sgnificant. These data show that
dfdfayidd is negativey affected by compaction and, like the corn study, the K fertility management can



patidly overcome the yied limitation. Soil bulk dengity changes were noted down to 18 inches, but the
increases were probably not great enough to reduce air-filled porosity below 10%. Therefore, the yield
decrease is attributed to a poorly distributed rootzone under compacted conditions.

Table5. Interactive effects between soil compaction and K fertility on dfdfayidd, Arlington, Wi, 1992-

1994. t
K fertility trestment <5T 14T
tons dry matter/acre tons dry matter/acre

Annud K =0 11.1 9.2
Annual K =300 Ib K,Olyear 11.3 10.3
Soil test K = Optimum 11.1 9.2
Soil test K = High 10.7 9.8
Soil test K = Very high 11.5 10.3

T Totd of nine cuttings

What happened in 2000? Nearly 18 inches of rain were recorded at the Arlington Agricultural
Research Station in the months of May and June. Soilswere extremely wet and, in some cases, cropswere
lost or replanted. It is speculated that the high soil moisture conditions may have encouraged shalow root
digtributionin corn for which the plant never compensated asthe season progressed. Assoilsbegantodry
out in July, the shalow root syssem was unableto provide K from the subsoil. Recent harvest effortsin on-
farm studies conducted by this author have shown substantial blow down of corn, minimal brace root
formation, and shallow rooting; however, smilar management in drier years did not produce the same
result. Itisdifficult tordate K nutrition to these problems. The farmer-cooperatorsin each caseindicated
that they had gpplied someK fertilizer.

Many of the potassum deficiency complaints were noted in reduced tillage fidlds. Higoricaly, K
problems have been seen in no-till fields presumably because of their higher soil bulk densty, lower
porosity, and root penetration problems. Row K gpplication is strongly recommended for corn grown in
no-till and other high resdue systems. Broadcast K should be gpplied prior to the ingdlation of the high
residue systems to adjust the soil test K leve in the optimum category.

Finaly, severd questions were related to Stuations where corn was no-tilled into fal-killed dfadfa
Problemsin this syslem are somewhat surprising; however, it is possible that K fertilization was not mede
inthefina hay year, thereby reducing plant available K to the succeeding crop. Producers should be made
aware that the large amount of potash removed by an dfalfa crop (50 to 60 Ib K,O/ton/acre) should be
aoplied in thefind year of the forage rotation to maintain soil test levels.

Summary

There clearly appears to be a rdationship between K fertility management and soil compaction on



crop growth and yield. Soils that are compacted may respond to higher levels of soil test K or banded K,
but yidds are il typically lower than a soil that is not compacted. Therefore, avoiding compaction isthe
first step. Growers should userow K (~201b K ,O/acre) for corn grown on corn in high resdue systems,
even a high soil test levels. Producers should replace K removed by the last hay crop in the rotation.

It is suspected that much of the problems that were noted in 2000 relative to K fertility were in
responseto the very wet conditions experienced in the early weeks of the growing season. Shalow rooting
likely reduced the volume of soil explored by roots and the ability of the plant to absorb nutrients during
the early rapid growth period.
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