RESEARCH BULLETIN 1007 DECEMBER, 1

UNIVERSITY OF MISSOURI-COLUMBIA
COLLEGE OF AGRICULTURE
AGRICULTURAL EXPERIMENT STATION

ELMER R. KIEHL, DIRECTOR

Some Considerations for Interpretation
of Soil Tests for Phosphorus

and Potassium

(Publication authorized December, 1974)

COLUMBIA, MISSOURI



https://core.ac.uk/display/62790327?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ACKNOWLEDGEMENTS

Among those persons responsible for establishing and maintaining the
field experiments and for providing much of the field experimental information
referred to in this discussion are Mr. Robert Light, formerly of the Department
of Agronomy, University of Missouri-Columbia, and Dr. E. M. Kroth,
Department of Agronomy, University of Missouri-Columbia. The field
experiments were carried out under the former Missouri AES Project 7033-3610,
Relationships Between Soil Test Values, Crop Yields, and Fertilizer Treatments.












6 MISSOURI AGRICULTURAL EXPERIMENT STATION

If the value for x is x, when the yield is zero, the following value for C is
obtained.

2Y

C=. 2%
(X - %0)2

This value for C may be substituted into equation 3.
- 2
(4 y=Y-vEE
(]

Equation 5 may be derived by rearranging equation 4.
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This is an equation of a second degree polynomial of the type
y = a + bx -cx?. Since it has a theoretical basis described by the
differential equation 1, the coefficients of the equation have physiological
meaning.

If it is assumed that the yield is zero when the soil test value is
zero, equation 5 becomes:

© v=ZLx-5x?

Although soil test values of zero for phosphorus or potassium are rare and
experimental observations on natural soils are essentially non-existant, crops in
which the entire plant is harvested (forages) would be expected, intuitively,
to have zero yield at zero soil test levels. It is conceivable that some
grain crops might have zero yield at soil test levels above zero. Such a situation
might be one in which sufficient nutrient is available to provide for some
degree of vegetative growth but not for grain production. Equation 4 or 5 would
be appropriate in this instance in which x, would have some positive value.
It is suspected, however, that soil test levels for either phosphorus or potassium
would closely approach zero in such instances.

Since equation 6 describes a parabola opening downward with the point
dy/dx = 0 occuring at Y = 100 and x = X, soil test values greater than
that providing maximum yield would cause decreasing values of yield.
Experimental observations strongly suggest that yields do not decline at this
point but remain at a maximum over a rather wide range of increasing
soil test values. For this reason the use of the equation will be restricted
to soil test values equal to or less than that providing maximum yield.

A decided advantage of the second degree polynomial equation for
describing the soil test value-crop yield relationship is that it identifies a
maximum yield rather than the maximum yield being approached asymptotically
as with the logarithmic Mirtscherlich type equation. Bray had no alternative
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but to identify 95, 98, or 99 percent yield levels, and never 100 percent
levels. The implication that a readily identifiable maximum yield does not
exist is hardly acceptable.

As early as 1912 and later through the 1920s, several papers appeared in
the German literature which supported this viewpoint and, indeed, presented
some evidence that the polynomial type equation fitted Mitscherlich’s own data
as well as the logarithmic type which he proposed. A summary and bibliography
of this early work was published by R. Stewart in 1932 (4).

A fundamental difference between the development of equations 5 and 6
and the one proposed by Mitscherlich is the initial premise which provides the
differential equation. The one proposed by Mitscherlich and employed by many
investigators following him is based upon the concept that as the nutrient
supply increases, the yield increases in proportion to the amount by which the
observed yield is less than the maximum yield. This relationship may be
expressed as follows:

dy/dx =C (Y - y)
y = observed yield
Y = maximum yield
x = amount of nutrient in the soil

C = a proportionality constant

Upon integration the familiar Mitscherlich equation may be derived.

The relationship discussed here could be described analogously; as the soil
test value increases, the yield increases in proportion to the reduction of the
difference between the observed test value and the soil test value which provides
the maximum yield. This relationship is expressed by the differential equation 1.

Precise field experimental information which identifies the relationships
between crop yields and soil test measurements is not abundant. Figures 1, 2, and
3 illustrate observations from field experiments on a Baxter silt loam soil
near Purdy in Southwest Missouri with an alfalfa-orchard grass forage mixture
from 1966 through 1970. The experiments consisted of two separate studies,
one concerned with phosphorus, the other with potassium. In each instance,
plots were established with initial plow-down treatments of 0, 100, 200, and
400 pounds per acre of either P2Os or K20, establishing a range of soil
test values from an untreated plot to one receiving the highest treatment.
Superimposed on each of these treatments were annual top-dressed treatments
of 0, 25, 50, and 100 pounds per acre of P20s or KzO. Lime and
nutrient elements other than phosphorus in the one instance and potassium in
the other, were maintained at a nearly adequate level. Each year the
forage yield was measured as a hay harvest. Soil samples were collected to
a depth of six inches from each plot.
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Figure 3. The relationship between the percentage yield of alfalfa-orchard grass hay and the
exchangeable potassium soil test value. (Purdy, Mo., 1966-1970)
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For purposes of illustration here it will be assumed that a Bray P2 soil test
value of 150 pounds P2Os per acre will permit maximum yields of all crops
on all soils of Missouri. It is recognized that this value may differ among
some crops and soil regions within the state which future investigations may
define more precisely.

When the values of 150 pounds P20s5 per acre and 100 percent yield are
substituted into equation 6 for X and Y, respectively, it becomes:

(7)  y=1.333x - 0.00444 x2

The curve which equation 7 describes is illustrated in Figure 4. The
following selected relationships between fertility index (% yield) and soil test
value would exist.

Fertility index (y) 1b. P2Os/A (x)
100 150
95 116
90 102
75 75
50 44

Since equation 6 is actually the equation of a parabola opening downward
as pointed out earlier, soil test values greater than that providing a fertility
index of 100 would cause decreasing values of the fertility index. In order
to provide a fertility index for soil test values greater than X, the soil test
value could be expressed as a percent of X, being always greater than 100. For
example, when the soil test value is greater than 150 in this instance, the
following selected values of the fertility index would apply.

Soil test value

lb. P20s/A Fertility index
150 100
175 117
200 133
225 150
275 184
300 200

The fertility index for any value of x greater than X could be computed from
the following equation.

Fertility index = 100 x / X (x> X)
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The reporting and use of the fertility index could operate in the following
manner. If a farmer’s soil sample tested 60 pounds P20s5 per acre, the
fertility index would be computed from equation 7 as follows:

y = 1,333 x - 0,00444x2

y = 1.333 (60) - 0.00444 (602)

y =64

This fertility index of 64 would be reported to the farmer. He may decide
that he desires to operate at a fertility index of 90. By interchanging the
variables in equation 7 so as to avoid the awkward solution of x in a

quadratic equation, the soil test value required to operate at the 90 percent
yield level could be computed as follows:

®) x=X-0.1X(Y-y)?
X = soil test value at a desired fertility index or yield level
X = soil test value at maximum yield
y = desired fertility index or yield level
Y = 1007 yield
x = 150 - 15(100 - 90)3
x=102.6 b, Py05/A

The farmer could be informed that by establishing a soil test value of
102 pounds P20s/A he could operate at the 90% yield level with respect to
phosphate.

Other appropriate values of X could be utilized including those which
would be applicable to the Bray Pi test.

FERTILITY INDEX—EXCHANGEABLE POTASSIUM

A fertility index for exchangeable potassium may be developed in a manner
similar to that for the Bray P2 test for phosphorus. An added component, however,
relates to the increasing soil test value providing maximum yield that is
associated with increasing cation exchange capacity.

This consideration is currently in use in Missouri and has been for a number
of years. A less detailed adjustment for variations in cation exchange capacity
is currently in use in Illinois. It provides for a recommendation that soil test
values be built up to 260 pounds K per acre in regions with low cation exchange
capacity soils (< 12 me/100 gm) and 300 pounds K per acre in regions with
high cation exchange capacity soils (> 12 me/100 gm).

Other states neighboring Missouri provide no adjustment for variations
in cation exchange capacity. The soil test recommendations in use in Kansas
consider a test value of 320 pounds K per acre to be adequate while those in
both Nebraska and Iowa consider 300 pounds K per acre to be adequate and to
require only maintenance quantities of potassium fercilizer.
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The negative numbers indicate the quantity of P2Os/A that can be removed
by cropping to allow the soil test value to decline to that corresponding to
the selected percentage yield level.

Equation 14 may be combined with an expression providing maintenance
quantities of P2O5 based upon expected or attained yield levels. For example,
alfalfa and alfalfa-grass hay or silage contain approximately 14 pounds P2Os
per ton. If a four-year build-up and maintenance program is desired, equation
14 can be modified to provide values as follows:

(15) x1 = 64/4 {[ 150 - 15 (100 - y)¥ )3 -~ x3} + 14 (yield T/A)

Equation 15 would vary for other crops in the final term in which
corresponding yield units and pounds of P2Os per unit would need to be
inserted.

CORRECTIVE TREATMENTS—POTASSIUM

The procedure for computing corrective treatments for potassium may be
developed in a manner similar to that for phosphorus. Figure 8 illustrates
the relationship observed from the field studies described earlier that existed
between the net amounts of potassium applied as fertilizer or removed by
cropping and soil test values for exchangeable potassium.

Figure 9 illustrates the same relationship as that in Figure 8; however,
the axes have been interchanged and the amounts of potassium added or
removed have been converted to K20 and shifted so that zero addition or
removal coincides with zero soil test value.

The equation of the curve in Figure 9 is as follows.

(16) xp = 75.5 x%
x1 = lbs K,0/A added or removed
x = 1bs K/A soil test value

Following is a listing of increments of K20 additions or removals
required to change the exchangeable K soil test value one increment at
selected soil test levels as computed from the derivative of equation 16.

Soil test value

lbs K/A dxi1/dx
25 7.55
50 5.34
100 3.78
150 3.08
200 2.67

300 2.18









REsgAaRCH BULLETIN 1007 25

The quantity of K2O required to change the potassium soil test value
from some observed value, x, to some desired value, x4, can be computed
with a modification of equation 13 as follows.

1
(17) x1 = 75.5 (xg% - x2)

The value of the constant in equation 17 was determined empirically
and may vary among kinds of soils; however, for purposes here it is
considered to be adequately representative for all Missouri soils.

As in the discussion of phosphorus, an expression can be derived which
would predict the quantity of K20 required to be added to or removed from
the soil to change the soil test value from that corresponding to an
observed percentage yield or fertility index to another value chosen on the basis
of a desired yield level.

Equation 11 predicts the soil test value at a given cation exchange capacity
and selected percentage yield. The value of this equation may be substituted
into equation 17 for the quantity x4 as follows.

1

}

Equation 18 predicts the quantity of K20 required to change an observed
potassium soil test value, x, to another value corresponding to a selected
percentage yield, y. When used for computing the quantity of K20 required
to change the soil test value from some low value to another higher
selected value, x1 may be considered as a corrective treatment. Some selected
values follow for illustrative purposes.

(18) x; = 75.5 {[ (220 + 5 CEC) - (22 + 0.5 CEC) (100 - y) 2]} - x

Soil test 90% yield level 100% vyield level
value 10 me/100gm 16 me/100gm 10 me/100gm 16 me/100gm
Ibs K/A CEC CEC CEC CEC
--------------- lbs K2O/A ---mmeememeeeee
25 649 704 863 930
50 493 547 709 774
100 272 326 486 552
150 102 156 316 383
200 - 41 14 173 242
300 -281 -226 - 67 0

The negative values indicate the quantity of K20 which can be removed
by cropping before the soil test value drops below that associated with the
corresponding percentage yield level.

If the values predicted by equation 18 are to be considered in a four-
year build-up and maintenance program, the equation may be modified by
inserting a V4 term and adding a term which incorporates the yield and the
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K20 content per yield unit of the harvested crop. For example, if alfalfa or

alfalfa-grass mixtures harvested for hay or silage contain 60 pounds K20 per
ton, the equation is:

%1 =% (75.5) {[ (220 + 5 CEC) - (22 + 0.5 CEC)
(100 - )21 % - x2} + 60 (yield T/A)

A similar relationship for other crops may be developed. The final
recommendation to the user would consist of two parts, that quantity which
may be considered as a corrective treatment and that estimated as needed
to sustain the level established by the corrective treatment.

ADDITIONAL CONSIDERATIONS RELATING TO THE
ECONOMICS OF FERTILIZER USE

As discussed earlier equation 6 relates soil test values to percentage yield.

2Y Y

_—y _—5 2
(6) y="g X% X2x

Also, equations 12 and 16 relate the amounts of P20s and K:20
fertilizer, respectively, required to establish given soil test values. When
considering P2Os fertilizer, equation 12 is as follows.

1
(12) xq = 64 x?
X1 = lbs/A P,0g fertilizer
x = lbs/A P50g soil test value

A relationship between percentage yield and the amount of P2Os fertilizer
required to establish given soil test values can be derived by solving equation 12
for x and substituting into equation 6 the equivalent values of P20s
fertilizer corresponding to x.

The above values for x and x* can be substituted into equation 6.
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2Y 9 Y 4
19) y= X1 - X
642X 6adx2
When Y = 100 and X = 150 equation 19 becomes:

v=3.26x107% %2 - 2,65 x10-10 x;*

This relationship is illustrated in Figure 10. At low soil test values and
yield levels, increments of applied P20s fertilizer contribute little to yield,
a large proportion being fixed in the soil. As additional increments are added
an increasing proportion contributes to yield increases until an almost linear
relationship exists. Finally, as maximum yield levels are approached additional
fertilizer increments produce declining yield increments.

When yield and soil test value are expressed as their monetary equivalents
in equation 6, its derivative provides a particular usefulness. At any given
monetary equivalent of the soil test value which is equal to or less than that
providing maximum vyield, the incremental change in monetary value of the
crop yield produced by an incremental change in the soil test value monetary
equivalent can be computed.

The percentage yield predicted by equation 6 can be converted into a
monetary value by establishing a maximum yield and converting yield from
percent into yield units. Multiply this value by the market price per yield
unit. The monetary equivalent of yield, yz2, at a given soil test value, x,
would be predicted by the following modification of equation 6.

20) yp=0.01a7Y] (2 x - L x?

X X2
yo = yield equivalent in dollars
Y; = maximum yield in yield units
a = market price per unit of yield

The soil test value can be converted into a monetary equivalent by utilizing
equation 12 or 16 to compute the quantity of P20s or K20 fertilizer
required to establish a given soil test value and then multiplying this value by
the market cost of the fertilizer. This modification of equation 12 follows when
P20s fertilizer is being considered.

(12) xp = 64 x?
%1 = lbs/A P,0g fertilizer
x = lbs/A PyOs soil test value

@1) xg=64bx3
X9 = monetary equivalent of PoOg fertilizer
b = market cost/lb of P50y fertilizer
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Following are values of dyz2/dx2 as computed by equation 24 for selected
values of market price of corn, a, and P20s fertilizer costs, x2, and
P20s soil test values, x. The percentage yield levels corresponding to x
and x2 are also listed for additional perspective.

dys/dx2 dya/dxe dy2/dxe

X X2 y (a=$1.40) (a=$2.10) (a=$2.80)
10 $ 40.47 12.9% 1.29 1.93 2.58
25 64.00 30.5 1.82 2.74 3.65
50 90.51 54.2 2.06 3.10 4,13
75 110.85 75.0 1.90 2.85 3.79
102.6 129.60 90.0 1.41 2.11 2.81
116 137.86 95.0 1.07 1.61 2.15
119 139.62 96.1 0.96 1.45 1.93
130 145.93 98.0 0.67 1.00 1.29
135 148.71 99.0 0.52 0.77 1.03
140 151.45 99.6 0.35 0.53 0.70
150 156.76 100.0 0.00 0.00 0.00

These values for dyz/dx2 may be most usefully interpreted as being the
ratios of the return in yield per unit of cost for P20s at a particular soil
test value, x, or fertilizer cost, x2, or percentage yield level, y. With reference
to Figure 11, all three examples illustrated indicate a return greater than cost
until rather high values of soil test level and percentage yield are reached,
with the exception of very low values. Considering only the upper portions of
the curves, at the point at which dyz/dx2 equals one, the return equals the cost.
Beyond this point the cost of the fertilizer exceeds the return. For the examples
illustrated, the point at which dyz/dx2 equals one is at a fertilizer cost of about
$139.62, a soil test value of 119 pounds P20s per acre, and a 96 percent
yield level when corn is worth $1.40 per bushel; $145.93, 130 pounds
per acre and 98 percent yield when corn is worth $2. 10 per bushel, and $148.71,
135 pounds per acre, and 99 percent yield when corn is worth $2.80 per
bushel.

Equation 23 can be further interpreted and utilized in the following manner.
When dyz/dx2 equals one, the value of xe is that fertilizer cost at which an
incremental return equals an incremental cost at any selected values of Y1,
X, a, and b. The utility of equation 23, however, would seem to be greater
if this point could be identified in units of soil test value rather than as
fertilizer cost.

Again consider equation 23.
4Y 4Y

(28) dyp/dxg = 0.01 a Yy ( Xo -
64202X 2 patptx2

X23)

Let dyy/dxg = 1
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It becomes apparent that any point on Figure 12 corresponding to values
of a/b and soil test level which fall within the concavity outlined by any of
the curves, is a point at which incremental returns are greater than the
incremental costs necessary to produce the returns. Conversely, any point falling
on the convex side of any of the curves is one at which an incremental
return is less than the corresponding incremental cost.

For example, at a maximum yield possibility of 100 bushels per acre,
and an a/b ratio of less than 5, there is no soil test value thar can be
established that would allow an incremental return equal to or greater than the
incremental cost. Such a ratio would be one less than that provided by values
of $1.00 per bushel for corn and $0.20 per pound for fertilizer. This can also
be illustrated by Figure 11. The situation just described would be represented
by a curve which at no point on it would the slope be equal to or greater
than one.

It should be pointed out, however, that these considerations are being
applied to a yield possibility of 100 bushels per acre the first year only,
following a corrective treatment. In the example just cited, another incer-
pretation would be that the cost of the corrective treatment could not be
recovered the first year.

A situation could exist, however, in which it were desired to apply a
corrective treatment of P20s fertilizer to that point at which an incremental
return of 10 percent of the cost of the fertilizer increment were acceptable.
This would represent a reasonable return on many kinds of investments. In this
instance the /b term in equation 25 would become a/0.1 b. In the example
cited above in which corn was valued at $1.00 per bushel and P20s $0.20
per pound, P20s fertilizer could be applied until a soil test value of approx-
imately 144 pounds P20s per acre was attained before the incremental return
would be less than 10 percent of the incremental fertilizer cost. This would
be a yield level above 99 percent.

An additional perspective emerges when one again considers that the
relationships described above involve the return from yield during the first
year only following corrective fertilizer treatments. If maintenance fertilizer
treatments can be considered operational expense like pesticides, seed, and
fuel, then once the corrective treatment is applied, yield levels are sustained
during following years by maintaining soil test levels.

In effect then, Yi, the maximum yield term in equation 25, can be
doubled when two years are considered, or tripled when three years are
considered, etc. Figure 13 illustrates these additional considerations when two or
more years are involved by the inclusion of curves which could represent
the accumulation of maximum yield values over some number of years.

From Figure 13 one must conclude that if farming is to continue for
some period of several years, it would be profitable to operate at or very
near that soil test value which provides maximum yield. A condition that would
need to exist would be that at some point on a curve such as illustrated
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