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Keys to good soil chemistry: 
pH and nutrient ions 
by Christopher Sarin 

FROM A PRACTICAL TURFGRASS MANAGE-

ment standpoint, the complex world of soil 
chemistry boils down to the study of two 

subjects: relative acidity or alkalinity of the soil 
(its pH) and plant nutrient ions. 

Measured on a scale 1 to 14 with 7 representing 
neutral, pH determines the availability of plant nutri-
ent compounds in the soil. Turfgrass plants must 
compete for nutrients in an environment of natural 
and manmade factors that can work both for and 
against the plants at each particular site. 

Most turfgrass managers may not think of them-
selves as ion farmers, but even "naked-eye" practice 
is based on moving huge numbers of tiny packets of 
beneficial nutrients down through the underlying 
layers of macroscopic, microscopic and chemical 
compound levels down to atomic level. Soil chemis-
try makes that level visible—so the fundamental 
features and factors stand out—and field analysis and 
decisions can be based on scientifically determined 
facts. To be sure, there are complexities that need 
untangling: how nutrient ions react to each other and 
to the full range of forces at work in the primordial 
soup that we call soil and, most importantly, how 
their characteristics and activities affect the surviv-
ability of turfgrass plants. But the reward is that 
managed turf, whether it is maintained at low, me-
dium or high levels, always benefits from good soil 
chemistry. 

The soil acts as both the physical anchor for 
turfgrass plants and as a reservoir of naturally occur-
ring and supplementally applied plant nutrients. These 
elements, the basic building blocks of plant tissues, 
are often held in the soil matrix in forms that cannot 
be readily used by the plants. They are "fixed" in 
unavailable forms and only become available through 
the effects of the forces of weather, degradation and 
decomposition. 

Turfgrass managers, armed with an understand-

ing of soil chemistry and how it affects plant health 
and growth, represent a powerful force for improv-
ing turfgrass performance. 

What are the essential 
plant nutrients? 

TO SURVIVE, turfgrasses require sixteen es-
sential nutrients—in various concentrations and 
amounts. The relative importance of each nutrient 
in plant development and survival can be gauged 
by their grouping as—macronutrients and mi-
cronutrients (see chart below). 

- continued on page 3 

Essential plant nutrients 

Elements A v a i l a b l e Forms 
& Ion Charges 

M a c r o n u t r i e n t s 
Carbon (C) co2=, co3= 
H y d r o g e n ( H ) H+ 

Oxygen ( 0 ) Many fo rms 
Ni t rogen (N) NH4+, NO3+ 
Phosphorus(P) HPO4-, H2PO4-
Potassium (K) K+ 

Sul fur (S) so4= 
Calcium (Ca) Ca++ 

Magnesium (Mg) . . . . Mg+ + 

M i c r o n u t r i e n t s 
I ron (Fe) Fe++, Fe+++ 

Manganese (Mn) . . . . Mn+ + 

Boron (B) H 2 B0 3 -
Copper (Cu) Cu++ 

Zinc (Zn) Zn+ + 

Molybdenum ( M o ) . MO04= 
Chlor ine (CI) Ch 
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Taking soil samples 
S o i l s a m p l i n g — c o l l e c t i n g soil for laboratory test-
ing—is the first step in the process of determining the 
levels of plant nutrient elements at a particular site. 
Accurate soil testing and interpretation of the results 
begins with the proper techniques for sampling. Any 
mistakes made in sampling can lead to improper man-
agement strategies and wasted time and money. 

Where sampling is done depends on the type of 
information the turfgrass manager is seeking. General 
sampling is done on a site or sites where the topographic, 
management, use, and environmental conditions are 
similar. Problem site sampling should be done where 
information about a specific site or problem area is 
needed. 

compaction, management, etc.) have been eliminated. 
Sample cores should be taken in a uniform manner and 
only from within the problem area. Also, another separate 
test sample should be taken from just outside the problem 
area, to provide a comparison. 

Sampling volume, depth, and frequency 
THE MINIMUM AMOUNT OF SOIL that is needed 

for testing is about one cup. If you are sampling from a 
large site with 30 to 50 cores, the individual cores can be 
thoroughly mixed and the one cup sample can be ob-
tained from the mixture. On smaller sites, the minimum 
number of cores that should be taken is seven or eight. 

The soil sample should be taken where the largest 
mass of roots for a particular species occurs. The follow-
ing table illustrates where in the soil profile the mass of 
roots occurs for bluegrass, bentgrass and bermudagrass. 

General and problem area sampling 
GENERAL SAMPLING is done to get an overview 

of nutrient levels and their balance over a large site(s) 
with consistent conditions. General samples should be 
taken so that they are representative of the whole site and 
should not include any soil from any problem areas 
within the sampling site. The number of samples taken 
from any given area within a site should be relative to the 
relationship of the square footage of the area to the total 
square footage of the site. For example, if the site can be 
divided into three areas A, B and C, and the relationship 
of the square footage of each area is 3 to 2 to 1, then three 
samples should be taken from area A, two from area B 
and one from area C. 

Consistently following this practice will assure that 
sampling will accurately reflect the nutrient levels of the 
whole area at the time of testing and that comparison of 
current and future testing results will provide an accurate 
long term picture of the nutrient levels of that site. 

Specific or problem area 
sampling is done to areas of 
limited size within a site, 
which have specific condi-
tions that are different 
enough from the general 
site conditions that the area 
exhibits symptoms incon-
sistent with the whole site. 
Problem-area sampling 
should be done only when 
the other possible causes 
of turfgrass decline (in-
sect, diseases, traffic, 

Percent of root mass profile 
Depth Bluegrasses Bentgrasses Bermudagrasses 

0" -3" 
3" -6" 
6"-9" 

89% 
7% 
4% 

83% 
13% 
4% 

80% 
12% 
8% 

For all three species most of the root mass occurs in 
the top three inches; therefore, sampling should be con-
fined to the top three inches of the soil profile. Try to avoid 
including cores that are less than three inches in the 
sample, if possible. If three inch cores are not available, 
then increase the number of cores in the sample to 
compensate for the lost soil volume. 

In established, stable, well-balanced higher C.E.C. 
soils (>15) [see "Terms to Know" on page 10] bi-annual 
sampling should be enough. In less stable, established but 
well-balanced lower C.E.C. soils (< 15) annual sampling 
is necessary. In poorly balanced soils, no matter what the 
C.E.C., annual or semi-annual sampling is essential. 
Where monitoring of just soil pH is required, sampling 
can be done two to four weeks after an amendment 
application has been made. Newly constructed or reno-
vated areas should be monitored up to four times a year, 
as nutrient levels will change rapidly in these unstable soil 
conditions. 

NO MATTER WHAT SITES you are testing and no 
matter which techniques you are using, be consistent. 
Once you have selected the boundaries of a sampling site, 
do not change them. Once you have established a sam-
pling technique for a site, do not change. The information 
in soil test reports is only as good as the sampling 
techniques that you employ. • 



Good soil chemistry continued from page 1 

Where are plant nutrients 
held in the soil? 

PLANT AVAILABLE NUTRIENT IONS are in a constant 
state of change within the soil. Some of the ions that can be 
used by turfgrass plants are held at ion exchange sites. These 
sites are located on clay, organic matter (including root 
surfaces). Other ions become fixed in compounds with other 
chemical elements. These ions are held within the soil matter 
complex or in the liquid soil solution. 

Nutrient ions, which are held at exchange sites, can be 
stripped away into the soil solution by other ions. Once in the 
soil solution, they may be used by plants, they may become 
reattached at other exchange sites, or they may be leached 
from the plant root zone. 

A soil test reports provides a "snapshot" of plant nutrient 
ion levels in the soil reservoir at a fixed point in time: 

• THE CURRENT NUTRIENT ION BALANCES 
• THE CONCENTRATIONS OF THOSE NUTRIENT IONS 
• AND THE pH, which is one of the controlling factors for 

turfgrass nutrient availability. 
By identifying nutrient imbalances, the report helps 

turfgrass managers gauge the effects of fertilizer and soil 
amendment applications made to correct those imbalances. 
They also can help project the long-term effects of turf 
management strategies. 

Sampling techniques 
and testing choices 

SOIL SAMPLING ON SITE IS THE FIRST STEP—and 
often the most neglected part of the process. A "mis"-taken or 
"mis"-timed soil sample can give an inaccurate picture of the 
forces at work, leading to inappropriate fertilizer and amend-
ment applications that can require considerabletime and 
energy to counteract. Where, how, and when samples are 
taken can have a significant effect on the outcome of soil tests 
(see "Taking soil samples"on page 2). 

Soil testing procedures and the resulting soil test reports 
vary in the number and types of specific nutrient tests that are 
made on submitted samples. The number and types of nutri-
ents tested depend on the plant species being grown, the 
amount of detail requested, and the testing facilities' capabili-
ties. 

Turfgrass managers should make sure that the testing 
done to their samples is appropriate for the turfgrass species 
that they manage. Testing that is appropriate for agricultural 
crops may not be appropriate for turf, and testing that is 
appropriate for turf may not be appropriate for annuals, 
perennials, and shrubbery. Also, because the nutrient require-
ments of different turfgrass species vary, testing designed for 
turfgrasses should allow managers to differentiate between 
turfgrass species or mixtures of species. 

Generally, a good soil test report, focused on the macro-
nutrients, should report the following: 

SOIL pH 
BUFFER pH 
AVAILABLE PHOSPHORUS 
EXCHANGEABLE POTASSIUM 
EXCHANGEABLE MAGNESIUM 
EXCHANGEABLE CALCIUM 
EXCHANGEABLE SODIUM 
C.E.C. (Cation Exchange Capacity) 
% HYDROGEN BASE SATURATION 
% POTASSIUM BASE SATURATION 
% MAGNESIUM BASE SATURATION 
% CALCIUM BASE SATURATION 
% SODIUM BASE SATURATION 

If micronutrients tests are reported, then the following 
results should be available: 

AVAILABLE ZINC 
AVAILABLE MANGANESE 
AVAILABLE COPPER 
AVAILABLE IRON - continued on page 4 

Additional tips on soil sampling 
The following techniques apply no matter what 
information is being sought: 
• SAMPLING CAN BE DONE any time the soil is 

not frozen. 
• ABOVE GROUND, UNDECOMPOSED THATCH 

that has no roots growing in it should not be 
included. 

• THATCH THAT IS DECOMPOSED and has a 
substantial portion of roots growing in it should 
be included. 

• PLASTIC BUCKETS AND MIXING UTENSILS 
should be used to collect large multi-site com-
posite amples. 

• AVOID USING ANY GALVANIZED UTENSILS 
or buckets in taking or mixing cores as they may 
contaminate the samples. 

• WAIT AT LEAST TWO WEEKS after a fertilizer 
or amendment application before sampling. 

• REMEMBER THAT pH READINGS are generally 
higher in cool weather. 

• CLEAN ALL SAMPLING EQUIPMENT after each 
sample is obtained, as residues from one site 
can affect the results for another site. 

• ESTABLISH A CONSISTENT METHOD and fre-
quency of testing so the results of repeated testing 
can be accurately compared. • 



• ! »oil pH and nutrient availability of 11 essential elements 
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The key factor controlling 
plant availability of nutrients 

OF ALL SOIL TEST RESULTS, soil pH is the most 
important measurement. Perhaps the best way to understand 
how pH plays its role in the soil matrix is to remember that soil 
is a mixture of minerals, organic matter, water and air. Plant 
nutrient ions are exchanged and absorbed by the roots through 
the water film that covers the roots and other solid elements 
in the soil. Soil pK is the controlling factor for most of these 
ion exchange activities (see "Terms to Know" on page 10). 

Ion exchanges depend on the electrical charge of the ions 
involved and the location of the exchange sites. Exchanges 
involving negatively charged anions (see "Terms to Know ") 
usually occur on either the positively charged soil organic 
matter or on the surface of the roots themselves. Exchanges 
involving positively charged cations (see "Terms to Know ") 
usually occur on the mineral, clay or organic matter portions 
of the soil or on the root surfaces. No matter which ions are 
exchanged or absorbed, the essential ingredient for the ex-
change process is water, and the factor in the water that 
controls these exchanges—and the plant availability of key 
nutrient ions—is the soil pH. 

There are two measurements of pH: soil pH and buffer 
pH. Soil pH measures the concentration of free hydrogen ions 
(H+), which provides a gauge of the active acidity of the soil 

solution. The buffer pH measures the concentration of hydro-
gen ions that are held on exchange sites and is a gauge of the 
soil's reserve acidity. 

Soil pH or active acidity has a dramatic effect on plant 
nutrient availability, and that can have a dramatic effect on 
plant health (see above chart.) As the soil pH decreases below 
7.0 (neutral) to 6.5 and becomes slightly acidic, the availabil-
ity of some plant nutrients starts to become restricted. As the 
soil pH decreases to 5.5 and below, there is a significant 
reduction in all of the major plant nutrients' availability. This 
reduction in nutrients can have significant effects on long-
term plant survivability. As soil pH increases above neutral, 
the same reduction in plant nutrient availability starts at 7.0 
and becomes as significant at 7.5 as it is at 5.5. Maximum 
plant nutrient availability occurs at a soil pH of 6.5. 

Effects of soil pH 
• Low soil pH 

PLANT SURVIVABILITY can be significantly compro-
mised, under low soil pH conditions, because: 

• THE MAJOR PLANT NUTRIENT PHOSPHORUS be-
comes fixed into unavailable compounds with alumi-
num and iron. 



Soil pH measures the concentration 
of free hydrogen ions (H + ) , which 
provides a gauge of the active 
acidity of the soil solution. 

• AT SOIL pH LEVELS BELOW 5.0, the minor elements 
zinc, copper, manganese, boron and molybdenum are 
restricted. 

• AS SOIL pH LEVELS DECLINE, more hydrogen ions 
occupy exchange sites, reducing the number of loca-
tions at which plants can obtain nutrients. 

• WITH HYDROGEN IONS OCCUPYING exchange sites, 
highly soluble forms of nitrogen fertilizers can rapidly 
leach out of the plant root zone and into the ground 
water. 

• DUE TO INCREASED LEACHING that occurs at low 
soil pH levels, potassium, calcium and magnesium 
levels can be significantly reduced. 

• High soil pH 
LIKE LOW SOIL pH, high soil pH causes a restriction of 

essential plant nutrients, because there is: 

• INCREASED LEACHING of plant available forms of 
nitrogen, ammonium (NH4

+) and nitrate (N03~). 

• INCREASED VOLATILIZING OF NITROGEN, above a 
soil pH of 7.2, as ammonia gas (NH3). When lost 
into the atmosphere in significant amounts, ammonia 
gas can be toxic to turfgrass. 

• INCREASED COMBINING of the major nutrient phos-
phorus and the secondary nutrient calcium, forming a 
plant unavailable salt. 

• INCREASED LEACHING out of the root zone of the 
nutrients calcium, magnesium and sulfur. 

• INCREASED FIXING into plant unavailable forms of 
the minor nutrients manganese, iron, zinc and copper. 

Severe restriction in plant nutrients, caused by either low 
or high soil pH, essentially starves the turf. When both the 
nutrients that are naturally available and the nutrients that are 
applied as fertilizer are leached out of the root zone or fixed 
into plant unavailable compounds, the turf s ability to replace 
normal leaf and root tissues and to recover from the adverse 
effects of drought stress, insect attacks and disease damage is 
severely compromised. This reduced recoverability leaves a 
turf stand open to perennial and annual broadleaf weed and 
grassy weed invasion and can leave large turf areas predis-
posed to disease problems. If the nutrient restriction is severe 
enough and prolonged enough, it can eventually kill an entire 
stand of turf. 

How do soils become 
acidic or alkaline? 

IT IS NOT UNUSUAL FOR SOIL pH LEVELS to change 
over time. This degradation is caused by both natural and 
man-made forces. For example: 

• WATER-SOLUBLE ALKALINE NUTRIENTIONS, par-
ticularly calcium, which normally neutralizes acidic 
soils, leaches out of the soil plant root zone with normal 
rainfall and irrigation. As these alkaline ions are stripped 
from their exchange sites and leached out of the soil 
solution, they are replaced by hydrogen ions, and the 
soil becomes more acidic. 

• AS ORGANIC MATTER DECOMPOSES, it produces 
hydrogen ions that replace alkaline nutrients on the 
exchange sites. 

• AS PLANTS TAKE UP NITROGEN, the roots release 
hydrogen ions which lower the surrounding soil pH. 

• MANY FERTILIZERS PRODUCE AN ACIDIC soil re-
action when applied. Some fertilizers are so strong in 
their reaction that as much as one ton of calcium 
carbonate is required to neutralize each ton of the 
fertilizer. 

• THE GASEOUS EXCHANGE OF CARBON DIOXIDE 
at the roots produces carbonic acid. Carbonic acid is 
produced by the reaction of carbon dioxide and water. 
The acid then dissociates into an hydrogen ion and 
hydrogen bicarbonate—with the bicarbonate leaching 
out of the soil root zone and leaving the soil acidic. 

• NATURALLY OCCURRING HIGH LEVELS of sulfur 
also react with water to produce sulfuric acid and 
release hydrogen ions. 

• THE GREATLY INCREASED ACIDITY of the rain in 
several parts of the country, due to man-made pollu-
tion, also contributes to soil acidification. 

Since soils generally tend to become more acidic over 
time, the reasons that soils tend to become more alkaline are 
limited: 

• EXCESSIVE LIMING when done as a standard practice 
rather than on a recommendation based on a soil test 
may leave soils alkaline. 

• DECOMPOSITION of naturally occurring calcareous 
materials provides a continuous supply of both cal-
cium and magnesium— a common problem in soil 
overlaying natural limestone deposits. 

• USE OF IRRIGATION WATER that contains high lev-
els of calcium, magnesium and sodium will also i n -
crease soil pH. 

• DRY SOILS OR SOILS that receive little irrigation or 
rainfall tend to retain a number of toxic alkaline salts 
that are the by-products of normal turfgrass respira-
tion, which leave the soil alkaline. 

-continued on page 6 



Good soil chemistry 
continued from page 5 

Correcting soil pH 
SINCE NUTRIENT AVAILABILITY is so dramatically 

affected by both low and high soil pH and restricted plant 
nutrients can have such long-term detrimental effects on plant 
health, controlling soil pH is of primary importance. 

When soil pH and buffer pH are low, there is a high 
hydrogen ion concentration. To break the strong ionic bonds 
of hydrogen on the exchange sites and in the soil solution, 
strongly alkaline materials based on calcium and magnesium 
must be applied. When recommended amounts of alkaline 
materials are applied, the soil matrix is flooded with strongly 
alkaline calcium and magnesium ions. They dislodge and 
replace the hydrogen ions there, leaving the soil pH closer to 
neutral. 

The most common materials that are used to reduce soil 
acidity are oxide, hydroxide or carbonate forms of calcium 
and magnesium. Since the carbonate forms (represented by 
ground limestone) are the most efficient, the cheapest, and 
the most abundant, they are the most commonly used 
materials. 

When soil ph levels are high, above 7.0, there is a high 
concentration of hydroxy 1 ions (OH ) in the soil solution and 
a high concentration of calcium, magnesium and sodium ions 
on both soil and root exchange sites. Elemental sulfur is 
applied to lower alkaline soil pH. 

When elemental sulfur is applied to lower soil pH, it 
reacts with water and oxygen to form sulfuric acid. The 
sulfuric acid then dissociates into hydrogen ions and sulfate 
ions (S04

=). The hydrogen ions neutralize the hydroxyl ions 
by reacting to form water and the sulfate ions, which are either 
used by the plants, in this plant available form, or they leach 
out of the root zone. 

pH and soil characteristics 
THE PRACTICE of controlling the natural tendency of 

soils to become acidic does not simply affect plant nutrition. 
It also plays a significant role in the physical structure of soil. 

Calcium and other positively charged soil ions are in-
volved in soil particle flocculation. Flocculation is the 
process whereby positive soil ions are attracted to, and attach 
to the outside of, negatively charged soil particles, primarily 
clay. As the outside of these soil particles becomes "covered" 
with positively charged ions, they are "flocculated." 

Flocculated soil particles, with their outside coating of 
positively charged ions, tend to repel other flocculated soil 
particles. This process temporarily produces a loose soil 
structure with good to excellent soil pore spaces that allow for 
better water percolation and gaseous exchanges, and provides 
openings in which root hairs can grow without restriction. 

If, when soil particles are flocculated, there is a sufficient 
supply of humic acid, a by-product of the decomposition of 
soil humus or organic matter, then a process called aggrega-
tion can occur. Unlike soil particle flocculation, soil particle 
aggregation is a very stable form of soil structure. It is a 
primary reason why large, stable areas of grasslands have 
occurred on most of the continents. This form of ecosystem 
is made more stable by the fact that grasses produce more 
pounds of humic acid per acre than any other vegetative crop. 

Stable as natural turfgrass stands may be, managed 
stands of turf are far more homogeneous and more above 
normal demand intensive and, at least in part, therefore, more 
fragile. That is why benign neglect does not produce accept-
able or predictable levels of managed turfgrass performance. 
Not establishing and maintaining a near neutral soil pH and 
a good balance of all of the plant nutrients essential to 
turfgrasses is a sure recipe for disaster—no matter how 
intensely that turf is managed. Putting the case in positive 
terms, a working knowledge of basic soil chemistry can help 
turfgrass managers make correct and timely fertilizer and 
amendment applications and provides a way of checking the 
results and making sure the desired results are obtained. • 



Turf Grass TRENDS BASIC 
TRAINING 

Understanding soil test reports 
by Christopher Sann 

O o i L TEST REPORTS VARY CONSIDERABLY from one 
testing lab to another. Rather than use a particular lab's test 
report as an example, we have incorporated features from 
several lab's reports for the following sample report. Each test 

result is listed with its unit of measurement and a recom-
mended action for each result. There is a key explanation at 
the end with a brief description of each result. 

X Y Z S O I L T E S T I N G L A B O R A T O R Y 
123 Main Street • Any town, USA 

SOIL T E S T R E P O R T 
Run For: Al Ways Ready, Supt. Site name: 9th & 10 Fairway 

14th Lost Ball Road S p e c i e s : Bentgrass 
Big Swing, PA 

Test Result Units Range Recommenda t ions 
1. Soil pH 5.9* 6.3-6.5 30 lbs. calcitic limestone /1000 ft.2/year 

2. Buffer pH 6.8* 6.9-7.1 See soil pH recommendations 

3. C.E.C. 12.3 meq/100g 3.0-40+ Loamy to sandy 

4. Phosphorus 22* ppm 28-32 1.0 lb. P205 /1000 ft.2/year 

5. Potassium 65* ppm 120-200 2.5 lbs. K 2 0 /1000 ft.2/year 

6. Magnesium 215 ppm varies by C.E.C. See soil pH recommendations 

Calcium 850* ppm varies by C.E.C. See soil pH recommendations 

Sodium 32 ppm >50 None 

7. % H Base Saturation 30.5* % > 5 % See soil pH saturation recommendations 

% K Base Saturation 01.8 % varies by C.E.C. See potassium saturation recommendations 

% Ca Base Saturation 45.5* % 65-75 % See soil pH saturation recommendations 

% Mg Base Saturation 20.0 % 15-20% None 

% Na Base Saturation 02.2 % 0 - 5 % None 

*Needs addressing 

meq/100g = milli-equivalents per 100 grams of soil ppm = parts per million 

Explanation of soil test report 

1. Soil pH is the active acidity of the sample. It measures 
the hydrogen ion concentration in the soil solution, 
and it allows you to estimate the availability of all 
nutrients and the distribution of the major cations held 
on exchange sites. 

2. Buffer pH is the reserve acidity of the sample. It 
measures the hydrogen ion concentration on the ex-
change sites and indicates how resistant the soil is to 
pH change. 

3. C.E.C. or Cation exchange capacity is a numerical 
expression of the quantity of cations held in the soil 
matrix. C.E.C. measures the soil's nutrient holding 
capacity and is a strong indicator of soil texture and 
fertility. 

4. Phosphorus is the amount of plant available phos-
phorus in the sample at the reported soil pH. Phospho-
rus may be held in other unavailable and insoluble 
forms, in the soil matrix, but plant available is the only 
important number. 

5. Potassium measures the amount of potassium that is 
plant available in the soil solution and held on the 
exchange sites. Like phosphorus, potassium can also 
be held in other non-available forms. 

6. Magnesium, calcium and sodium report the amounts 
of each of these elements in soil solution and held on 
exchange sites. These elements are the main compo-
nents of the alkaline portion of the soil, and, though 
you can estimate pH from this information, a better 
picture can be obtained by looking at the percent base 
saturation for these elements. -continued on page 8 



7. Percent(%) Base Saturation (P.B.S.) for hydrogen, 
potassium, magnesium, calcium and sodium repre-
sent the distribution of each element relative to the total 
cation exchange capacity. These five major elements— 
combined with the minor elements—represent the total 
exchange capacity of the soil. From a practical stand-
point, P.B .S. indicates how efficiently the plant available 
forms of these elements are becoming available for plant 
use. 

8. Soil pH recommendations (see tables below) are actu-
ally based on the buffer pH readings. The actual material 
recommended will depend on the balance that exists 
between calcium and magnesium. The amounts of these 

elements that are available at differing C.E.C. levels is less 
important than the ratio of calcium to magnesium. 
Since magnesium is a stronger alkaline material than 
calcium, and calcium is more necessary than magnesium 
both for plant nutrition and soil stability, a ratio of six— 
eight parts calcium to one part magnesium is desirable. 
Soils low in soil pH, calcium and magnesium will require 
a dolomitic limestone. Soils low in soil pH and calcium, but 
with good magnesium levels, will require calcitic lime-
stone or hydrated lime applications. Soils with good soil 
pH, but low in either calcium or magnesium, will require 
gypsum or epsom salts applications respectively. • 

^^m Correcting pH and related deficiencies 

• Table 1. Liming recommendations 
If buffer pH is . . Add calcitic limestone* Or hydrated lime 

6.7-6.8 25 lbs./1000 ft.2 12.5 lbs./1000 ft.2 

6.5-6.6 50 lbs./1000 ft.2 25 lbs./1000 ft.2 

6.3-6.4 75 lbs./1000 ft.2 37.5 lbs./1000 f t 2 

6.1-6.2 100 lbs./1000 ft.2 50 lbs./1000 ft.2 

5.9-6.0 125 lbs./1000 ft.2 62.5 lbs./1000 ft.2 

<5.8 150 lbs./1000 ft.2 75 lbs./1000 ft.2 

* If percent base saturation magnesium levels are less than 10, then use dolomitic limestone 

• Table 2. Correcting magnesium deficiencies with soilpH greater than 6.0, using epsom salts 
If % Mg base sat. is . Add lbs. magnesium* Timing 

<10% 1.0 lb./1000ft.2 spring and fall 

10-15% 0.5 lb./1000ft.2 spring and fall 

>15% 0 not applicable** 
* Actual pounds of epsom salts applied per 1000 ft..2 will vary, depending on the percentage of magnesium in the epsom salts. 
** Usually with soil pH greater than 6.0 but less than 7.0, low calcium levels require gypsum applications. 

• Table 3. Correcting calcium deficiencies with soil pH greater than 6.0, using gypsum** 
If Ca base sat. i s . . And % Mg base sat. is . . . Add gypsum 

<800 ppm 20% 10-15 lbs. 

< 600 ppm 20% 15-25 lbs. 

<500 ppm 20% 25 lbs.* 
* May require multiple applications, and should be monitored closely. 
** Corrective application can be made anytime two weeks prior to, or after, a fertilizer application. 

• Table 4. Correcting high soil pH greater than 7.0, using sulfur 
If soil pH i s . . . And turf length is . . . Add sulfur Timing 

>7.0 very short 100-200 lbs./A spring and fall** 
short-tall 200-4001bs./A* short-tall spring and fall** 

* Do not exceed 200 lbs./acre per application on sandy soils. 
** Make multiple applications if necessary, and monitor soil ph two-four weeks after application. Do not apply during a period two 
weeks before or after a fertilizer application, as a rapid pH change can cause some nitrogen sources to volatilize. 



Forget the tea leaves, 
read soil cores instead 

WHEN YOU ARE TAKING SOIL SAMPLES, 
take a few minutes to take the next step: examine the soil cores 
that you have taken and record your observations. If you take 
the soil samples at the same time each year and you make and 
record the same observations each year, you will develop an 
ongoing data source that will give you a strong indication of 
the effectiveness of your soil chemistry monitoring and 
correction activities, the success or failure of your thatch 
control strategies, and the outcome of your efforts to grow and 
protect your turfs root structure. 

The time you use to take soil samples is an 
excellent time to monitor the success of your other 
turf management efforts. Recording observations 
on the health of your soil and the plants that grow 

in it can pay major benefits in as little time as a year. You can 
examine the core samples for thatch depth, condition and 
level of decomposition, root mass, distribution and health, 
soil layering, compaction and pan formation and soil struc-
ture, particle size and distribution, and pore space size and 
quantity. 

These observations of the current physical soil condi-
tions combined with the results of the soil testing, the field 

-continued on page 10 

^ CORE SAMPLE OBSERVATION FORM 

SITE FACILITY 

LOCATION STREET 

DATE CITY 

TAKEN BY STATE 

• Thatch 
Depth (mm/in.) Condition: • Dry • Normal • Wet 
Root invasion • None • Light • Medium • Heavy 
Decomposition • None • >25% • >50% • >75% • 100% 

• Roots 
Mass • Thin • Medium • Dense 
Depth (mm/in.) 
Distribution: • Poor • Fair • Good 
Color • White • Tan • Dark 
Health • Vigorous • Static • Damaged 

• Soil structure 
Compaction Starts at (mm/in.) Ends at (mm/in.) 
Compaction density: • Light • Medium • Heavy 
Layering: Starts at (mm/in.) Ends at (mm/in.) 
Layering material: • Stone • Clay • Organic 
Layer density: • Light • Medium • Heavy 
Pan formation: Starts at (mm/in.) Ends at (mm/in.) 
Particle size: • Fine • Medium • Coarse 
Particle distribution: • Uniform • Migrating • Stratified 
Pore space size: • Small • Medium • Large 



Good soil chemistry continued from page 9 

observations of foliar conditions during the past year and the 
projected use of the turf site year provide the raw data from 
which you distill your turf management strategies for the 
coming year. 

What observations to make 
IN GENERAL TERMS, you should record any observa-

tion that you feel will facilitate making turf management 
decisions. To be more specific, you may want to consider the 
following: 

• THATCH 
• ROOTS 
• SOIL STRUCTURE 

Why are these observations important? 
THE ABOVE OBSERVATIONS ARE IMPORTANT, be-

cause they can lead to specific management decisions. Thatch 
depth gives an overall indication of an increasing or decreas-
ing problem. Thatch condition indicates the direction that a 
thatch layer is headed (dry—no decomposition, normal— 
possible decomposition) and if turf rooting is becoming a 
problem. Thatch decomposition indicates what level of de-
composition is currently taking place and what will probably 
occur in the future: 

• NONE TO >25%= POOR 
• >50%= GOOD 
• >75% TO 100%= EXCELLENT 

Root mass gives an overall picture of root health, while 
root depth indicates the turf s ability to survive stress periods. 
It also is a good indicator of possible disease or percolation 
problems. Root distribution gives an indication of where 
problems may exist, while color and health give specific 
indicators of current or future problems. 

Soil structure provides indications of why turf problems 
exist. Compaction, layering and pan formation give specific 
information on causes of poor root mass, distribution and 
depth, while particle size, particle distribution, pore size and 
distribution can also indicate poor water percolation, which 
can exacerbate diseases and other pest problems. 

Roots, roots, roots! 
THE SECRET OF GOOD TURF MANAGEMENT is a lot 

like the secret of good retailing. For retailing success, the 
three secrets are location, location, location. For turf manage-
ment success, the three secrets are roots, roots, roots. If you 
keep these secrets of good turf management in mind, a little 
extra time expended while taking soil samples is time well 
spent. • 

ASK THE EXPERT 
HAVE A QUESTION on any aspect of turf management? Send it to: Ask the 
Expert, Turf Grass Trends, 2070 Naamans Rd., Suite 110, Wilmington 
DE 19810-2644 or fax it to (302) 475-8450. If we can't answer your 
question, we will put it to the best available expert on the subject. 

TERMS TO KNOW 

alkaline materials Matter with a pH that is basic, instead of acidic; such as, hydrated lime, magnesium (epsom salts), 
and gypsum. 

actinomycetes A class of microorganism that lives in the soil. 
aggregation A process of particle accumulation in the soil, which is influenced by the presence of humic acid 

and leads to a stable soil structure. 
anion Ions that have a net, overall negative electrical charge. 
buffer pH A measure of the reserve acidity or akalinity of soil. 
calcareous materials Alkaline matter, such as limestone, that contains large quantities of calcium. 
cation Ions that have a net, overall positive electrical charge. 
C.E.C Cation Exchange Capacity is a measurement of a soil sample's capacity for holding plant 

available nutrients. 
humic acid A by-product of the decomposition of soil humus and organic matter. 
ions Electrically charged molecules. 
ion exchange sites Locations on soil and organic matter particles and on root surfaces where chemical interactions 

involving ions take place, 
microarthropods A class of microscopic animals that live in the soil. 
plant available nutrients Chemicals that plants need for healthy growth and reproduction, which are in a form that plants 

can absorb and use. 
percent(%) base saturation ....A measurement of the amount of a nutrient element available in a soil sample, 
soil pH A measure of the active acidity or alkalinity of soil. 
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Part II 

Soil 
What is it anyway? 
by Dr. Eric B. Nelson 
Dept. of Plant Pathology, 
Cornell University 

BEFORE WE BEGIN PART II of our microbial journey 
through soil, it is important to ask the question: What 

is soil anyway? Therefore, this month, I will give you a 
general overview of soil to provide the necessary background 
for the microbiological discussions to follow and to describe 
the environment in which these microorganisms function. 

Soil is simply the loose, outer material of the Earth's 
crust. It accumulates from the weathering of rocks, the decay 
of organic materials, and the activities of man and other living 
organisms. Agriculturally, this is the zone from which plants 
obtain mechanical support and most of their nutrients. Bio-
chemically, soil is distinctly different from the underlying 
bedrock, since many unique organic chemicals can be found 
there. Microbiologically, soil is unique in that it contains a 
diverse array of bacteria, actinomycetes, fungi, algae, proto-
zoa, and microarthropods. It is, undoubtedly, one of the most 
dynamic sites of biological activity in nature. 

Nearly all of the processes, transformations, and associa-
tions that are important for the maintenance of healthy 
turfgrass plants take place at the microscopic level—things 
such as nutrient cycling, organic matter degradation, nitrogen 
fixation, biological control of insects and pathogens, plant-
microbe symbioses necessary for increased plant growth and 
pest resistance, and more. All of these important attributes of 
the plant-soil association are mediated by a plethora of 
microorganisms, without whose activities, managing 
turfgrasses would be a far more perplexing task than it is 
already. 

Soil consists of five primary components: minerals, 
organic matter, water, air, and living organisms. For any 
given native soil, the mineral and organic matter content are 
relatively constant, while the air and water (i.e., pore space) 
can fluctuate widely. For most mineral soils, half of the soil 
volume is composed of pore space (air and water), with the 
other half composed primarily of mineral matter. Organic 
matter may account for 2-10% of the soil volume, the 
exception being organic soils where the organic matter con-
tent can range as high as 95%. Finally, small animals and 
microorganisms usually account for less than 1 % of the total 
soil volume. Despite this small percentage occupied by living 
organisms, it is undoubtedly the most important component 
in terms of plant health. 

The mineral components of soil, excluding stones, gravel, 
and foreign matter, are comprised of sand, silt, and clay. Sizes 
of these particles range from 0.05-2.0 mm for sand, 0.0002-
0.05 mm for silt, and less than 0.0002 mm for clays. The 
relative proportions of these three inorganic materials in soils 

COMPOSITION OF SOIL 

For any given native soil, j 
the mineral and organic 4 
m a t t e r c o n t e n t are 
r e l a t i ve l y cons tan t , ^ k 
while the air and water n 
( i .e. , pore space) can H 
f luctuate widely. 

For most mineral soils, 
half of the soil volume is j 
composed of pore space — 
the other half is composed 
primarily of mineral matter. 

is the basis for the different textural classes, such as a clay 
loam, or a sandy loam. Loam is a soil with nearly equal 
proportions of all three mineral components. The different 
proportions of each of these inorganic components, along 
with organic matter, affect not only air and water movement 
and their retention in the soil, but also affect the nutrient-
holding capacities and microbiological activities. For cus-
tom-made root-zone mixes used in golf course construction, 
all of the components may be varied and manipulated as 
desired. 

Chemically, soils are, with the exception of organic 
soils, composed largely of silicon dioxide—generally 70-
90% of the total mass. Aluminum and iron are usually 
abundant with lesser quantities of calcium, magnesium, 
potasssium, manganese, sodium, nitrogen, phosphorus, and 
sulfur. Carbon exists in soils in the form of decaying plant and 
animal material, living microbial cells, and humus (a by-
product of the synthesizing and decomposing activities of 
microorganisms. Although the exact chemical composition 
of humus varies, it can be characterized as a dark-brown to 
black organic complex of humic and fulvic acids together 
with other polymerized organic molecules. 

An important chemical feature of soils is their ability to 
retain ions. Ions are nutrient elements that have either a 
positive or negative charge. Ammonium (nitrogen), calcium, 
magnesium, and potassium are all positively-charged ions— 
or cations. Cations are readily removed from soil solutions by 
organic matter and clays. The soils ability to remove these 
cations is referrred to as the cation exchange capacity (C.E.C.). 
As might be expected, soils high in clay or organic matter 
content will have a higher cation exchange capacity than 
sandier soils. Ions—such as nitrates, phosphates, sulfates, 
and bicarbonates—are negatively-charged ions—or anions. 
These are not as readily retained in most soils, and are easily 
leached from the root zone during irrigation or rainfall. 

Perhaps the most important soil component, from the 
point of view of microorganisms, is the organic fraction of 
humus. Humus, in the absence of any plants, serves as the 
dominant food reservoir for soil microorganisms. When plant 
or animal remains land on, or are incorporated into soil, 
microorganisms begin the process of decomposition, using 
the material for cell energy, as well as synthesizing new cell 
mass. During decomposition, a number of products are 
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formed that become relatively resistant to further decay and 
persist for extended periods of time in the soil. 

The physical and chemical characteristics of soil deter-
mine the nature of the environment in which microbes 
function. The specific soil environment further affects not 
only the types and numbers of microorganisms found, but 
their activities. These activities may be either beneficial to 
turfgrass growth and development or harmful, as is the case 
with pathogenic soil microorganisms. It will be the challenge 
of the turfgrass manager to manage this environment with 
care equal to the turfgrass environment, if healthy turfgrasses 
are to be maintained. 

In the next article in this series, we will consider the types 
of microorganisms in soil and their important activities. • 
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