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INTRODUCTION

Various turf consultants and soil
testing laboratories recommend
application of base saturation ratio
(BSR) theory in turf management.
The BSR theory maintains that opti-
mal soil conditions for plant growth
are not achieved until soils are
adjusted to “ideal” base saturations
and exchangeable cation ratios.
These ideal conditions begin with
80 to 90% occupancy (“saturation™)
of soil cation exchange sites with
the “basic” cations calcium, magne-
sium, potassium, and sodium. Then,
the first three cations have to occu-
py the cation exchange sites as fol-
lows: 65 to 85% Ca, 6 to 12% Mg,
and 2 to 5% K. Finally, the ratio of
exchangeable Ca to Mg needs to be
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around 6.5 to 7.0.

Kussow (2000) reviewed litera-
ture pertaining to the BSR theory
and noted that:

1. Crop responses to changes in
soil base saturation and soil pH do
not differ.

2. Crops are much more respon-
sive to changes in the amounts of
exchangeable cations in soil than
their percent saturations.

Kussow (2000) also reviewed
research on crop responses to varia-
tions in cation saturations and ratios
and concluded that there are no
ideal base saturations, cation satura-
tions, or cation ratios that maximize
crop yields. He then went on to
quote research showing that once
soil supplies of cations are adequate,

plants take up only what they need
and do not respond to cation satura-
tions or ratios on the exchange sites.
Finally, Kussow (2000) pointed out
that there are no published research
reports regarding turfgrass respons-
es to soil base or cation saturations
or cation ratios.

The purpose of the present study
was to determine if and when soil
base saturation, cation saturation,
and cation ratios influence the
growth and nutrient status of turf-
grass. The study was restricted to
creeping bentgrass during its first
few weeks of growth.

METHODS
A pH 5.1 sandy loam soil whose
particle size distribution meets
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cent base saturation (Fig. 1). In

Table 1. Soil chemical properties.

— Exchangeablecations .

Toetment o ‘g‘éa] = o ~ " fact, the top three weights were
cmol(F/ke ¥ recorded at base saturationsranging

from 45 to 88%.
10 5.08 2.61 0.12 1.70 0.43 0.24 412 Soil Ca:Mg ratios likewise had no
11 5.00 2.98 0.19 1.62 0.79 0.32 3.69 consistent or significant influence
12 4.94 3.08 0.17 1.92 0.52 0.39 3.61 on bentgrass growth (Fig. 2). If one
20 572 431 007 343 048 036 227  Were to identify an optimum Ca:Mg
21 5.78 455 0.16 3.3 0.89 034 209 ratio from this figure, it would be in
22 5.77 4.05 0.15 3.09 0.53 0.31 2.53 the range of 2.0 to 5.8 and not the
o £ a - - - - s it values of 6.5 to 7.0 touted by the
31 651 565 015 438 0.8 022 098 BSIIE t}t}?igr};tu PR,

32 6.54 5.61 0.15 4.55 0.56 0.42 0.93 : )
t=pH 7.0 CEC of 6.61 cmol(+)/kg - X exchangeable cations. only one soil, we cannot separate any
+ cmol(+)/kg = meq/100 g. possible effects of percent cation sat-
uration from the effects of the actual
) ) ) . amounts of exchangeable cations on
Table 2. Soil base and c;tlon saturationst and ratios. . _ o bentgrass growth. Thus, it is immate-

Cation saturations ‘ :
Kreutment Wee: £ o Mg C::&g rial whether we refer to soil Ca, Mg,
% % and K as their percent saturations or
as the amounts exchangeable.

10 38 1.8 26 6.5 4.0 There were no significant influ-
1 44 29 24 120 20 ences of the amounts of exchange-
1 % %5 2 (2 37 able Ca or Mg on bentgrass clipping
20 66 10 52 73 71 weights. This observation indicates
21 68 24 47 135 3.5 that soil exchangeable Ca as low as
22 62 23 47 8.0 5.8 1.62 cmol(+)/kg or 24% saturation
supplied all of the Ca the bentgrass
g? gg gg ;g l;; lg‘g required. The lowest values for Mg
3 36 23 69 8.5 8.1 in the study were 0.43 cmol(+)/kg

TAT pH 7.0 CEC of 6.61 cmol(+)/kg.

USGA standards for a putting green
root zone was first limed with col-
loidal CaCO4 to establish three dif-
ferent pH levels. The soil at each pH
was then leached with solutions con-
taining different quantities of Ca, Mg,
and K. The end result was soil pH
values of 5.0, 5.8, and 6.5 and, at
each pH, three different combina-
tions of exchangeable Ca, Mg, and K
(Table 1).

The relationship between soil pH
and cation exchange capacity (CEC)
was then used to calcu- late a CEC of
6.61 cmol(+)/kg (6.61 meg/100 g) at
pH 7.0, This CEC was then used to
calculate percent base saturation
and the saturations of Ca, Mg, and K
(Table 2).

The treated soils were weighed
into pots, fertilized with turf starter
fertilizer, and seeded with
‘Penncross’ creeping bentgrass at

the rate of 1.5 Ib PLS/M. The pots
were then arranged on a green-
house bench into four randomized
complete blocks.

Starting at 2 weeks after seeding,
the bentgrass was clipped weekly at
a height of 0.5 inch for a total of 8
weeks. The clippings were oven-
dried, weighed, and ground for
analysis. Analysis of the clippings
was performed by the Soil and Plant
Analysis Laboratory.

Six weeks into the study, the bent-
grass began showing mild symptoms
of K deficiency in several of the
treatments. This prompted applica-
tion of the equivalent of 0.15
cmol(+)/kg of K as K,SO, and collec-
tion of data for 2 additional weeks.

RESULTS AND DISCUSSION
Bentgrass growth, when mea-

sured in terms of clipping eight, was

not significantly related to soil per-
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(Table 1), or a saturation of 6.5%
(Table 2). The bentgrass showed
no growth response to any higher
values.

Soil K levels exhibited a significant
influence on bentgrass clipping
weight (Fig. 3). While not a strong
relationship, indications from this
figure are that in this study the opti-
mum soil K level was about 0.15
cmol(+)/kg, or a saturation of around
2.2%, which is within the range spec-
ified by BSR theory.

Bentgrass clipping Ca concentra-
tions ranged from 0.57 at 24% soil Ca
saturation to 1.87% at 74% soil Ca
saturation. According to Jones
(1980), the Ca sufficiency range for
turfgrass is 0.5 to 1.2%. This, plus the
fact that we saw no bentgrass growth
response to increasing soil Ca levels,
suggests that soil Ca levels can be
slightly less than 24% saturation or
1.62 emol(+)/kg (around 320 ppm)
without adversely affecting bent-
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grass growth during establishment.

Magnesium concentrations in the
bentgrass clippings ranged from 0.22
to 0.45%. Jones (1980) cites 0.2 to
0.6% as being adequate. Given that
all of our treatments appeared to
supply adequate amounts of Mg, it is
understandable why we saw no
growth response to the different lev-
els of soil Mg, all of which were with-
in or above the percent saturation
range specified by BSR theory.

Clipping K concentrations ranged
from 1.48 to 3.08% before supple-
mental fertilizer K was added to the
pots. After the K addition, clipping K
concentrations ranged from 2.72 to
3.32%. All of these are considered
adequate by Jones (1980), but he
points out that his adequacy range of
1.0 to 2.5% K may not apply to all
turfgrasses. While our data do not
clearly define a range of adequate
tissue K levels, indications were that
for bentgrass the adequacy range
begins at about 2.2% K. This require-
ment was met in all treatments
wherein soil K levels exceeded 0.15
cmol(+)/kg of exchangeable K,
which equates to about 60 ppm K or
2.3% saturation in our soil. Clipping
K concentrations reach a maximum
of around 3.2% when exchangeable
K levels were in excess of 0.32
cmol(+)/kg or 125 ppm.

Soil base saturation and Ca:Mg
ratios were found to have no influ-
ence on bentgrass clipping Mg and
K concentrations. This tends to dis-
pel the notion that adequate Mg
and K nutrition cannot be achieved
unless the soil contains the proper
ratios of exchangeable Ca, Mg, and
K. On the contrary, this is further
evidence that as long as soil Ca, Mg,
and K are present in adequate
amounts, their ratios are, at best, of
minor importance.

SUMMARY AND CONCLUSIONS

Creeping bentgrass was grown for
8 weeks in a sandy loam soil treated
to provide base saturations of 38 to
86%, Ca saturations of 24 to 74%, Mg
saturations of 6.5 to 13.3%, K satura-
tions of 0.8 to 5.2% and Ca:Mg ratios

AND GROUNDS CLUB

Watertronics — Electronically
Controlled Pumping System

Has 2-15 Hp. motor driven centrifugal pumps; capable of pro-
ducing 225 gpm @ 120 p.s.l.; has 3" suction lines and 4” dis-
charge, with pressure tank and relief valve. System has appox.
10,000 hours on 18 hole course. For further information contact
Skyline Golf Club in Black River Falls, Tel: (715) 284-4483 or
Fax: (715) 284-3175.

Don’t Miss the
Wesconsin Turndgrase Field Day

2000

Thursday, August 8th
at the
OJ Noer Turgrass Research and Education Facility

Leading the Industry in Turf and Ornamental Mangement

STOCKING A COMPLETE LINE OF PESTICIDES, FERTILIZERS, GRASS
SEED AND ACCESSORIES FOR THE TURF PROFESSIONAL

Where Success Is Based on a Commitment to People...

TOLL FREE: 800-383-3230
VOICE MAIL PAGER: 888-815-2437
CUBBY O'BRIEN
2N255 County Farm Road; West Chicago, IL 60185

THE GRASS ROOTS JULY/AUGUST 2000




BADGER TURF AND GROUNDS CLUB

of 2.0 to 10.4. There were no sig-
nificant influences of soil percent
base saturation or Ca:Mg ratio on
clipping production or clipping
concentrations of Mg and K.
Maximum clipping production was
observed at percent Ca saturations
above 24%, well below the opti-
mum of 65 to 80% saturation stipu-
lated by base saturation ratio theo-
ry. There was no response to a per-
cent Mg saturation of greater than
6.5 (the lowest in the study) to a K
saturation above 2.3%.

In working with a single soil, one
cannot differentiate between the
influences of percent cation satura-
tion and the amount of exchange-
able cation present on plant
growth or nutrient content.
Relationships between clipping
weights and Ca, Mg, and K concen-
trations and between exchange-
able soil Ca, Mg, and K clipping
percent Ca, Mg, and K were used
to identify optimum growing condi-
tions. Indications were that soil
containing at least 320 ppm
exchangeable Ca and 60 ppm
exchangeable K will meet the
nutritional requirements of creep-
ing bentgrass during establish-
ment. Conditions of the study did
not allow for clear definition of the
minimal soil Mg requirement, but it
appeared to be around 70 ppm.

The results of this study failed
to validate the BSR theory. On the
contrary, there was considerable
evidence that application of the
theory in turfgrass management
can easily lead to applications of
Ca or Mg that have no remunera-
tive value. Rather, turfgrass man-
agers should focus on the amounts
of exchangeable Ca, Mg, and K in
soil and not their saturation per-
centages.
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