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ABSTRACT
A lime-potassium factorial experiment (four K and seven

lime treatments) was established on a Coastal Plain soil in
1970. Wide ranges in soil pH and percent Ca, Mg, and K
saturation were obtained. Results indicate that the use of the
Basic Cation Saturation Ratio Concept for making fertilizer
recommendations should be modified for Delaware's sandy
Coastal Plain soils. This concept, used by commercial labs,
recommends that the exchange complex contain 75% Ca, 15%
Mg, and 2-5% K. Research shows that use of these saturation
percentages and the resulting Ca/Mg, Ca/K, and Mg/K ratios
is not warranted and may result in reduced yields or increased
costs, or both. A liming program which maintains the soil pH
between 5.5 and 6.0 is suggested. Soil pH > 6.0 tends to result
in Mn deficiency. To maintain a soil pH between 5.5 and 6.0
requires a Ca plus Mg saturation of 65-75% rather than that
presently suggested by commercial labs (85-90%). Calcium plus
magnesium saturation of this magnitude results in a soil pH
of 6.5-6.8 on these sandy soils and a resulting Mn deficiency.
Wide ranges or ratios of Ca and Mg have not influenced yield
as long as soil pH is in the correct range.

A K saturation of 2-5% is suggested by the use of this con-
cept, data indicates that this saturation percentage is sufficient
for corn and soybeans on Delaware's sandy Coastal Plain soils.

Additional Index Words: calcium, magnesium, manganese,
nutrient ratio.
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USE OF THE BASIC cation saturation ratio for making
recommendations for additions of lime and fer-

tilizer K is a widespread practice. The concept was
proposed by Bear et al. (1945). This and other work
in New Jersey by Bear and Toth (1948) resulted in
the concept of the ideal soil. An ideal soil was de-
fined as one having the exchange complex saturated
with 65% Ca, 10% Mg, 5% K, and 20% H. These
resulting percent saturations lead to a soil Ca/Mg
ratio of 6.5:1, Ca/K of 13:1, Ca/H of 3.25:1, and Mg/
K of 2:1. These suggested cation saturation percent-
ages and ratios were a result of growing alfalfa on 20
New Jersey soils in the greenhouse. Lime and fer-
tilizer K were applied in an attempt to bring the soil
into the correct nutritional balance. They found that
Ca/Mg ratios were entirely out of line with their sug-
gested ratios; Ca/K ratios, however, were quite close
to the ideal. They also found that a number of soils
could continue to supply K for the length of the ex-
periment.

Liming acid soils to the point where all exchange-
able H+ has been replaced by Ca tended to cause Mn

1 Published with approval of the director of the Delaware
Agric. Exp. Stn. as Misc. Paper no. 936. Contribution from the
Dep. of Plant Sci., no. 123, Univ. of Delaware, Newark. Received
6 Oct. 1980. Approved 26 Jan. 1981.
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deficiencies in crops other than deep-rooted peren-
nials. Hunter et al. (1943) found that alfalfa grew
well on a wide soil ratio of Ca/K, making normal
growth anywhere between 1:1 to 100:1. Hunter (1949),
in a greenhouse experiment, found that alfalfa yield
was not affected by Ca/Mg ratios of 1:4 to 32:1, which
represents ratios both higher and lower than normally
encountered in soils. Maser (1933) found no relation-
ship between Ca/Mg ratio and yield. Adams and Hen-
derson (1962) showed a Mg response in the greenhouse
to Sudan grass (Sorghum vutgare Pers.) and ladino
clover (Trifolium repens L.) when the Mg saturation
was < 4%. Prince et al. (1947) state that soils con-
taining < 6% Mg are likely to respond to Mg appli-
cation although there was variation in this particular
experiment with respect to what Mg-saturation level
was sufficient. Grahm (1959) suggested 75% satura-
tion for Ca, 10% for Mg, and 2.5-5% for K. Fluctua-
tions of 65-85% for Ca, 6-12% for Mg, and 2-5% for
K were considered not to seriously affect a soil's ca-
pacity to produce. Grahm (1980, personal communica-
tion) arrived at these values by modifying the data
of Bear et al. (1945), Bear and Toth (1948), and Hi-
sink (1925) to fit conditions in Missouri. These values
have been used many years in Missouri.

McClean and Carbonell (1972) grew German millet
(Setaria italica German) and alfalfa (Medicago sativa)
on two soils in the greenhouse with Ca/Mg satura-
tions varying from Ca 75%; Mg 5% to Ca 55%; Mg
25% at two K levels. German millet and alfalfa yields
were not affected by treatment of either soil at these
saturations. However, alfalfa yields more than dou-
bled by increasing initial-Mg and -Ca saturations from
3 and 18% to 5 and 75%, respectively (pH increase
from 4.5 to 6.8).

Sparks (1980) reviewed soil K-plant relationships
on Coastal Plain soils and cites numerous reports of no
positive yield responses to fertilizer K in the Coastal
Plain region. The lack of response was attributed
to subsoil K or large reserves of feldspar and mica
which release sufficient K to meet crop needs. Fisher
(1974) found no response to fertilizer K on Missouri
soil (CEC = 8-10 meq/100 g) when the %-K satura-
tion was > 2.3%. Yuan et al. (1976) worked on three
sandy soils in Florida with < 3 %-K saturation which
had not responded to K fertilizer. Lack of K response
was attributed to K feldspars and micaceous minerals.
Sparks et al. (1980) worked with two soils in Virginia
and found that corn yield was increased when the K
saturation was 1.7% but not when it was 2.6%. An
excellent review article by McLean (1977) contrasts
the different concepts of soil test interpretation. The
two main concepts are sufficiency levels of available
nutrients (SLAN) and basic cation saturation ratios
(BCSR). Most universities use the first concept in
their testing programs; commercial laboratories use the
latter. McLean (1977) suggests that 80% of soils tested
in the North Central U.S. during the late 1960's used
the basic cation saturation ratio concept. Informal
discussions with extension agents indicates that this
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Table 1—Corn yield as affected by percent K saturation
and year. (Georgetown, Del.)

Table 3—Soybean yield as affected by soil K and K fertilizer.
(Georgetown, Del., 1979.)

1973T 1974T
Number % K Relative Yield, Number %K Relative Yield,
of plots sat. value quintals/ha of plots sat. value quintals/ha

2
18
89
3

1.2 Very low
1.8 Low
3.1 Medium
5.4 High

87
79
79
80

16
37
58
1

3.7 Medium
4.7 Medium
6.1 High
9.3 Very high

98
96
98
96

t Soils sampled in August of 1973 and May of 1974.

figure may be as high as 80-90% of soils tested in
Delaware. McLean (1977) states: "Yet research which
would indicate how basic cation saturations should
vary with specific soil conditions or how widely satura-
tions may vary without adverse effects on yields and
composition of crops, simply has not been done." In
summary, it appears that the majority of recommen-
dations being made for Ca, Mg, and K are without
field calibration data, information generally consid-
ered to be essential in making accurate recommenda-
tions. From a philosophical, agronomic, and economic
view, therefore, the basic cation saturation ratio con-
cept has a serious disadvantage.

This paper reports on the use of this concept on
sandy Coastal Plain soils of Delaware.

METHODS AND MATERIALS
A factorial set of lime and K treatments (randomized block

design) were established on Kalmia sandy loam (fine-loamy
over sand or sandy-skeletal, siliceous, thermic Typic Hapludults)
at the University of Delaware Substation at Georgetown, Dela-
ware.

Lime was applied in December of 1970 and in October of
1973, at rates of 0, 2.24, and 8.96 metric tons/ha. Three types
of lime were used: 36% Ca:l% Mg (calcitic), 21% Ca:12%
Mg (dolomitic), and 29% Ca:6% Mg (a 1:1 wt/wt mixture of
dolomitic and calcitic lime). The K rates were 0, 56, 112, and
112 kg/ha, and each treatment was replicated four times. One
treatment receiving 112 kg/ha of K received all the K preplant,
as did the 56-kg/ha treatment. The other 112-kg/ha treatment
received three equal applications (preplant and sidedress at
the 6-7 and 10-11-leaf stages), for a total of 112 kgK/ha. In
1979 and in 1980, all K was broadcast preplant, P was broad-
cast at 24 kg/ha in the 112-kgK/ha treatment which had re-
ceived three applications of K. Prior to this time, no P fer-
tilizer had been used because soil-test and plant-tissue data in-
dicated no need for fertilizer P. Each lime treatment represents
the average of four K rates for a total of 16 observations. Con-
versely, each K treatment represents the average of seven lime

Table 2—Soil test values for K extracted with the double-acid
extractant as affected by sampling time, t (Georgetown, Del.)

Sampling date
May 1971
Aug. 1971
May 1972
Aug. 1973
May 1974
Aug. 1974
May 1975
June 1975
July 1975
Aug. 1975
16 Oct. 1975
16 Dec. 1975
12 Feb. 1976
25 March 1976
8 May 1976

26 May 1976

% K saturation
5.2
2.5
5.4
2.4
4.4
2.8
4.7
1.9 ab*
1.7 a
2.1 b
1.9 ab
2.3 c
2.1 b
2.6 c
2.6 c
3.8 d

K fertilizer,
kg/ha

or
67

135

%Ksat.
3.6 a*
6.7 b
7.9 b

Soybean yield,
quintals/ha

32.6 a
32.0 a
33.3 a

Soybean
leaves, % K

2.19 a
2.31 a
2.36 a

* Data below line which do not have same letter are significantly different
at the 0.01 level according to Duncan's Multiple Range Test,

t Average of 28 unfertilized plots.

* Numbers followed by the same letter are not significantly different at
the 0.05 level according to the Duncan's Multiple Range Test.

t Each treatment average of 28 observations.

treatments for a total of 28 observations. Plots were 10.7 by
4.6 m. Nitrogen was applied at 224 kg/ha when corn (Zea
mays L.) was grown, and row spacing was 76 cm. When soy-
beans [Glycine max (L.) Merr] were grown, row spacing was
51 cm and no nitrogen was applied. Prior to planting soybeans
in 1979, an excellent cover crop of rye (Secale cereale) and
hairy vetch (Vicia villosa Roth) was killed by 2-4-D and para-
quat. Plots were irrigated to prevent moisture stress when 50-
60% of available soil moisture was depleted. Ear leaf samples at
silking were taken for corn, and mature trifoliolate leaf sam-
ples were taken at bloom for soybeans for elemental analysis.
Analysis of tissue was done by the method of Jones and Warner
(1969).

Soils were sampled to a depth of 15 cm from the interior of
the plots, air-dried, ground, and extracted with the double-acid
procedure (shake 6.25 g of soil in 25 ml of 0.0252V H2SO4 +
0.05iV HC1 for 5 min. and filter). Elements were determined
according to the method of Steckel and Flannery (1966). Soil
pH was measured using 1:1 soil-to-water ratio. Cation exchange
capacity (CEC) was determined by extraction of soil with neu-
tral, normal NH.OAC. The NH4* saturated soil was then ex-
tracted with 10% acidified NaCl, and NH,* ions in the filtrate
were determined. Therefore, percent-cation saturation is de-
termined by dividing the double-acid extractable Ca, Mg, and K
by the CEC in research samples.

Growers' Study
Sixty-five irrigated grower fields were studied in 1979. This

is a University of Delaware extension program conducted by
Dr. William H. Mitchell. Fifty-nine fields were irrigated with
center pivot systems and seven by traveler irrigation systems.
Fifty-five of the fields were in corn and the remainder in soy-
beans. All were on Coastal Plain soils (Entisols). Soil and
leaf samples were taken in June and July and analyzed by A
and L Laboratory, Richmond, Va. Soil samples were extracted
with nuetral, normal NH4OAC and cations determined by atomic
absorption. Percent saturation of a cation was determined by
dividing the cation by total cations extracted.

RESULTS AND DISCUSSION
Potassium had little influence on the yield of corn

in 1973 and in 1974 (Table 1, Liebhardt et al., 1976).
At that time, soil test values for K were reported in
actual units (Ibs/A) and a relative value to help
growers interpret soil test reports. These relative
values were very low, low, medium, high, and very
high. Medium soil test values in 1974 were split into
two groups for this paper only. The relative soil test
values were grouped together and the percent-K satura-
tion and yield averaged. Increase in the percent-K
saturation did not increase the corn yield over the
ranges observed in this experiment. Soil samples were
taken in August of 1973. Test values were relatively
low as a result of K uptake by the growing crop. Soil
samples taken in 1974 during late May after fertiliza-
tion and the K equilibrium had been re-established
reflect relatively higher test values. Higher spring-soil
test values compared to late summer values is also ap;
parent in the data in Table 2 (Liebhardt and Teel,
1976). These data show that soil solution K and ex-
changeable K are in an active K equilibrium with
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Fig. 1—Yield of soybeans as affected by soil K.

mineral K in this soil and indicates why a maximum
yield is achieved without K fertilizer. This equilibri-
um may operate as follows:

Mineral K ̂ ; Soil solution K ^± Exchangeable K.
Plant uptake reduced the concentration of the two

forms on the right. The equilibrium shifts to the right,
replenishing soil solution K and exchangeable K which
are available to plants. This is further demonstrated
in Table 3. The plants on the plots without any K
fertilizer since 1970 are still well supplied with K,
and there is no response to K above 3.6%-K satura-
tion. The K response data can be seen more clearly
in Fig. 1. A K saturation of 2.3-13% results in no
significant difference in yield.

The analysis of soil and plant samples from growers
involved in an irrigation study on sandy soils of lower
Delaware also complements the analysis of research
experiments. Figure 2 shows data for all fields, and
Fig. 3 shows fields where soils had a CEC of < 3.
In Fig. 2, the lowest K saturation was 2%; we cannot,
therefore, predict what would happen with less than
a 2%-R saturation. At 2%-K saturation, however,
the equation of the lime predicts that ear leaf at

5.4

o 4.5
5j
CO

3.6
u.
4

5 2.7

O.9

= l.83*0.067x
= 0.38"

0.0 3.0 12.0 15.06.0 9.0
% K SATURATION

Fig. 2—Potassium in corn leaves as affected by %-K saturation.
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Fig. 3—Percent K in corn leaves at silking as affected by%-
soil saturation of K. (Soil CEC < 3.0 meq/100 g).

silking samples will contain 1.96% K, which is suf-
ficient (Jones, 1967). With soils containing a very
low CEC, ̂  3, a soil with 2%-K saturation would have
ear leaf samples containing 1.75% K, also a sufficient
value. This prediction is somewhat riskier because
5%-K saturation is the lowest real point (data avail-
able in Fig. 3).

An analysis of the soil and plant samples is pre-
sented in Table 4. In general, these soils contain con-
siderably more K than the 2-5%-K saturation which
is considered necessary according to the basic cation
saturation ratio concept. Over 50% of the plant sam-
ples are in the high-to-excessive category according to
the criteria of Jones (1967). Based on research and
the growers' samples, the probability of a positive
yield response to K fertilizer on most growers' fields
would be very small-to-none.

Calcium and Magnesium
Excessive soil pH reduced the yield of corn pri-

marily as a result of Mn deficiency (Table 5, Lieb-
hardt, 1979). Increasing the soil pH from 5.7 to 6.4
resulted in a substantial decrease in Mn in the ear
leaf at silking. Use of dolomite (21% Ca:12% Mg)
further reduced the Mn concentration of the corn at
both lime rates, the decrease, however, was not statis-
tically significant. Soybean yield, unlike corn, was
not significantly affected by the tissue level of Mn in
this experiment (Fig. 4). The dashed line is repre-
sented by the equation, and the solid curvilinear line
was a free-hand drawing. The major difference for the
yield response to soil pH for corn and soybeans in
this experiment was largely a result of lime-induced
Mn deficiency. Corn was deficient and the soybeans
were not.

This would agree with the findings of Jones (1969)
who found that soybean leaves had a higher Mn con-
centration than corn leaves on either the same Mn-

Table 4—Percent of growers at various soil and plant
K levels (1979).

Soil Plants
%K
sat.
0-2
2-5
5-7
7-10

10-15
15-20

%of
growers

0
12
23
44
20
1

%Kin
leaf tissue

0-1.25
1.26-1.70
1.70-2.25
2.25-2.50

>2.50

%of
growers

0
3

40
34
23

Relative
range

Deficient
Low
Sufficient
High
Excess
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Fig. 4—Corn and soybean yield as affected by leaf Mn concen-
tration. (Georgetown, Del.)

amended or -unamended soils. The Mn concentration
of soybeans was ̂  28 ppm, above the critical concen-
tration of Mn for soybeans (Ohki et al., 1979). They
found the critical level for Mn in soybeans to be 12
jug/g of leaf tissue and a practical sufficiency level to
be 15 /xg/g. Robertson et al. (1973) found a signifi-
cant relationship between soybean leaf Mn and yield
(r = 0.97). Plants with a leaf value of 12 /*g Mn/g
yielded about 50% of normal plants.

Corn, however, had a number of treatments in the
experiment which were classified as deficient in Mn.
Carter et al. (1975) studied 30 soybean cultivars and
found a wide range in tolerance or susceptibility to
Mn toxicity. A differential-cultivar response to Mn
has also been shown with corn (Terman et al., 1975).
Experience has also shown that both corn and soy-
beans display Mn deficiency with some cultivars while
others do not exhibit Mn-deficiency symptoms.

Since Mn or other nutrients in soybeans, were not
deficient (data not presented) the effect of soil Ca
and Mg can be evaluated on its own merits (Fig. 5
and 6). Calcium saturation over a wide range had very
little influence on yield. Calcium saturation over 100%
is probably a result of the double-acid extractant solu-
bilizing nonexchangeable Ca on high-soil pH treat-
ments. The magnesium also behaves like Ca as Mg
saturation from 4 to 37% made little difference in

Table 5—Corn yield as affected by soil test variables.
___________(Georgetown, Del., 1977.)___________

Lime applied

Composition
Rate

metric -
tons/ha

0
2.24
2.24
2.24
8.96
8.96
8.96

Ca

0
36
29
21
36
29
21

Mg

S. ————

0
1
6

12
1
6

12

Corn
yield

quintals/
ha

120 a*
117 a
119a
122 a
108 b
108 b

98 c

Saturation

pH

5.6 a
5.7 a
5.7 a
5.7 a
6.4 b
6.4 b
6.4 b

Ca

———— °i

31.8 a
48.1 b
45.1 b
47.5 b

132.0 e
82.5 d
61.0 c

Mg

'c ———— -

10.6 ab
10.6 ab
12.5 b
18.8 c
9.1 a

21.4 d
32.7 e

Mnin
ear leaf

at silking

ppm

30 a
22 b
22 b
20 b
13 c
14 c
12 c

* Numbers followed by the same letter are not significantly different at
the 0.05 level according to the Duncan's Multiple Range Test.

38

36

2 34

32

30

28

y = 34.57-O.0049x
r=-0.24
p=O.OI

16.0 39.0 63.0 86.2
% Co SATURATION

IIOjO 1330

Fig. 5—Yield of soybeans as affected by soil Ca.

the yield. In both cases, lower saturation levels re-
sulted in high yields.

Yield of soybeans, as affected by soil pH, was the
same as percent Ca- and Mg-saturation (data not pre-
sented). This is to be expected as increased Ca and
Mg from a carbonate source would increase soil pH.
Clearly, in a corn and soybean rotation, which ac-
counts for 80% of Delaware's crop land, a soil pH
of 6.0 would seem to be a prudent liming objective
on our sandy soils if Mn deficiency is to be avoided.

Growers have become aware of this problem, as the
data in Table 6 indicates. Overliming is still a prob-
lem as is excessive soil acidity. Further data in Ta-
bles 7 and 8 indicates the status of Ca and Mg in soils
and plants. Calcium levels in the corn leaf tissue in-
dicate very adequate levels of Ca, even though most
growers' soil Ca is lower than the 65-85% recommend-
ed by the basic cation saturation concept. Levels of
corn leaf Mg are largely satisfactory. Levels of soil

ugK/g SOIL
19 35 51 67 83 99 115 131 147 163 179

38

36

§32
o

30

28

y=33.8l-0.02x
r=-0.2l
p=.02

» M • 2

4.0 7.3 10.6 14.0 17.3 20.6 24.0 27.3 30.6 34.0 37.3
% Mg SATURATION

Fig. 6—Yield of soybeans as affected by soil Mg.
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Table 6—Percent of growers at various soil pH levels.

SoilpH % of growers

<5.0
5.0-5.5
5.5-6.0
6.0-6.5
6.5-7.0

6
35
46
12
1

Table 7—Percent of growers at various soil and plant Ca levels.

Soil Corn leaf tissue

%Ca
sat.

%of
growers

%Ca
leaves

%of
growers

Relative
value

20-30
30-40
40-50
50-60
60-70

1
9

56
34
1

<0.10
0.10-0.20
0.20-0.50
0.50-0.90

>0.90

0
0
8

92
0

Deficient
Low
Sufficient
High
Excess

Table 8—Percent of growers at various soil and plant Mg levels.

Soil

%Mg
sat.

6-12
12-18
18-24
24-30
>30

%of
growers

1
22
50
23

2

Corn leaf tissue

%Mg
leaves

<0.10
0.10-0.20
0.20-0.40
0.40-0.55

>0.55

%of
growers

0
17
76
7
0

Relative
value

Deficient
Low
Sufficient
High
Excess

Mg, in contrast to soil Ca, are high by comparison,
using the basic cation saturation concept. A level of
6-12% saturation is recommended; almost all growers
had considerably more soil Mg, however. These Ca/
Mg relationships are probably a result of almost ex-
clusive use of dolomitic limestone which tends to
maintain a narrower Ca/Mg ratio on weakly buffered
soils than is recommended by this concept.

Research and growers' data show that yield and nu-
trition were not significantly affected as long as the
soil is not overlimed. It is clear that overliming should
be avoided on these soils. Therefore, a relationship
between percent Ca + Mg saturation and soil pH
would be useful for those using this concept. The
relationship is presented in Fig. 7 from the growers'
samples. As expected, the Ca + Mg saturation is
highly related to soil pH. Figure 8 is the same as
Fig. 7 except the real data points are not shown.
Figure 8 presents the various soil pH levels that would
be achieved with various philosophies of Ca + Mg
saturation.

It is apparent that the original concept as proposed

85% Co + 12% Mg GRAHAM
(pH 7.15)

75% Co * 15% Mg COMM. LAB pH 6.8

75% Co * 10% Mg COMM. LAB pH 6.5

L- 65% Co + IO%Mg BEAR and TOTH (pH 6.0)

-65%Ca + 6%MgG/?/V//W (pH5.8)

5.5 5.9 6.3 6.7 7.1
SOIL pH

Fig. 8—Ca + Mg saturation as affected by soil pH.

by Bear and Toth (1948), results in a pH of 6.0, a
figure which is acceptable for Delaware's sandy soils.
This is not surprising as the soils of New Jersey and
Delaware are very similar. Grahm's (1959) data is
based on soils from Missouri, and the low range would
not cause any problem on Delaware's sandy soils; how-
ever, 85% Ca + 12% Mg result in an excessive soil
pH. The same is true of some of the commercial labs
operating in Delaware. The use of a specific Ca +
Mg saturation by these labs will result in recommenda-
tions for excessive lime which result in excessive soil
pH. As a result, growers' costs are increased and
yields may be reduced.

CONCLUSIONS
1) Potassium saturation of 2-2.5% is sufficient for

corn and soybean production on Delaware's sandy soils.
2) Potassium fertilization of Delaware soils, which

contain greater than 2-2.5%-K saturation, has little-
to-no probability of increasing corn and soybean grain
production.

3) Liming beyond a pH of 6.0 (75% Ca + Mg
saturation) should be avoided in order to avoid lime-
induced Mn deficiency.

4) Wide ratios of Ca/Mg satisfy nutrient require-
ments of corn and soybeans, provided the pH or Ca +
Mg saturation levels in no. 3 (above) are followed.

87

zo

IE
3

74

61

: 48

35 - ,
4.2 4.8

2 2..**:•
*f * y=45.8*20.U

r = 0.86***

5.4 6.0
SOILpH

6.6 7.2

Fig. 7—Ca + Mg saturation as affected by soil pH.
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