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he soil microbial community
consists of a wide array of or
ganisms with numerous and
many yet-to-be-understood
complexinteractions (14). Al-

though studies of soil microbiology have
been conducted for decades, scientists
have recently made considerable progress
in furthering our understanding of mi-
croorganisms and their function in soils
supporting turfgrass growth.

Public outcry and opposition to the
use of synthetic fertilizers and pesticides
have prompted much of the recent re-
search.

While very useful findings have been
obtained through many painstaking and
novel research strategies, these studies
have yielded the realization that consid-
erably more research will be necessary to
develop solid recommendations for man-
aging soil microbial populations. This
article will review soil microbiology and
discuss how to select and investigate the
use of various products and manage-
ment techniques. The intent is to pro-

vide information for golf course super-
intendents and other turfgrass managers
so they can objectively evaluate the
plethora of products that claim to pro-
duce better turf by influencing soil mi-
croorganisms.

Soil Microbiology

A productive, biologically active soil
can contain as many as 45 quadrillion
microorganismsin the rootzone of 1,000
square feet of turfgrass (19). This popu-
lation consists primarily of bacteria, ac-
tinomycetes, fungi, and algae. Within
each of these groups of organisms are
many diverse genera and species whose
populations fluctuate widely both spa-
tially and temporally. Among the factors
contributing to this variation are energy
sources, nutrients, water availability,
temperature, pH, atmosphere, and the
genetics of the organism (6).

Theresultisavery complexand highly
competitive system influenced bya com-
bination of biotic and abiotic forces. The
specific function and characteristics of
the constituents of the microbial com-
munity are not straightforward and are

not thoroughly understood.

Fungi are involved in organic matter
decomposition, mycorrhizal associa-
tions, and turfgrass diseases. Mycorrhizal
associations are known to improve nu-
trient and water uptake, and also stabi-
lize soil aggregates. In fact, mycorrhizal
associations have been shown to provide
interspecific transfer of phosphorus and
other nutrients (3).

Endophytic fungi form associations
with plants and discourage insect preda-
tion. Actinomycetes decompose organic
matter, particularly complex organic
molecules such as cellulose and chitin.
Actinomycetes are also capable of pro-
ducing antibiotics that may confer dis-
ease suppressive qualities (I5, 22).

Thebacterial populationsin soils con-
tributearange of benefits to plantgrowth.
Included in these are nutrient cycling,
soil aggregation, solubilization of im-
mobile elements, competition with
pathogenic organisms, organic matter
decomposition, and the production of
phytohormones.

Bacterial populations and their asso-
ciative functions are diverse and highly
significant to plant productivity. Bacte-
ria tend to utilize simple organic com-
pounds such as plant exudates, while
fungi and actinomycetes are more profi-
cient users of complex organic com-
pounds (6).

Much of the activity described above
occurs in the region of the soil environ-
ment influenced by roots, known as the
rhizosphere. Within this region from the
root surface outward approximately
10mm is found enhanced nutrient cy-
cling, exudates that affect pH, redox po-
tential, and nutrient availability; symbi-
oticassociations with soil microbes; colo-
nization by microorganisms; interactions
with roots and pathogens; and metal
mobility and complexation. More sim-
ply put, this region is the dynamic inter-
face between plants and soil where mi-
crobial function is in action.

Grasses have a significant amount of
rhizosphere due to their fibrous and ex-
tensive root systems. Although our un-
derstanding of the organisms, processes,
and dynamics is increasing, there has
been relatively little discovered that
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would enable turf managers to exploit
the rhizosphere for improved turfgrass
health. Researchers have, however, used
mineral nutrition to affect rhizosphere
pH and control root-infecting patho-
gens (4, 23). Beyond this, there is a host
of unsubstantiated product claims that
purport to favorably affect rhizosphere
processes. In turfgrass systems, there is a
significant lack of research to validate
these claims, not the least of which in-
clude the lack of repeated studies and
findings at diverse sites or across a vari-
ety of soil systems.

Most soils supporting turfgrass
growth contain a very active and diverse
microbial population. Some people have
alleged that the use of synthetic fertiliz-
ers and pesticides reduces or eliminates
the microbial community by altering the
pH of the soil or causing direct and indi-
rect toxicity to organisms. Except for the
presence of inert ingredients in some
emulsifiable concentrate formulations
that have caused toxicity, preliminary
results from one ongoing study indicate
that pesticides do not adversely affect
most non-target microorganisms (16).
Due to the high productivity and rapid
turnover of turfgrass roots, as well as the
high lignin content in the stems and
leaves, organic matter and microbial
habitat are rarely deficient in turf grass
systems (12).

The one system that may limit micro-
bial activity due to a lack of favorable
habitat isa newly constructed high-sand-
content root zone, likely due to reduced
nutrient and water-holding capacity.
Keep in mind, however, that the advent
of the sand rootzone system and sand
top dressing arose to address severe ag-
ronomic difficulties, namely soil com-
paction and poor drainage of native soil
greens. Sand-based rootzones have cre-
ated physical characteristics that allow
golf course superintendents to provide
superior playing conditions and also
maintain an oxygenated root zone. Mi-
crobial populations generally will stabi-
lize 3-5 years after establishment, so
amendments to the sand that can facili-
tate a more rapid colonization of the
rhizosphere should lend stability to the
system (6). These amendments would

include various organic types, including
compostsand/orinorganicamendments.
The challenge of establishing turfgrass
on new, sand-based rootzones could be
due in part to the lack of sufficient mi-
crobial activity to buffer the system from
environmental extremes and harmful
pathogens

Soil Management and
Microbial Enhancement

Testing for Soil Microbes

Undisputed is the important role mi-
croorganisms play in plant and soil
health. The difficulty is in quantifying
and qualifying that role. Recentadvances
in molecular testing capabilities have
enabled fairly accurate quantification of
the microbial component in soils. While
this will not yield a clear understanding
of the diverse function and interaction
of the various organisms, it is a begin-
ning point for assessing microbial health
in soils. Keep in mind that microbial
populations fluctuate widely across sites
and over the course ofa season, however,
so testing for microbial activity may pro-
duce somewhat confusing results until a
large-enough database can be assimi-
lated. This currently may not be feasible
or cost effective, and it will certainly take
time. However, microbial testing may
provide comparisons of soil that sup-
ports healthy turf versus soil struggling
to support turf. Be sure to account for
other factors that may be limiting growth,
such as sunlight, air circulation, drain-

age, fertility, traffic flow, etc. (13). Soil
testing for microbes may help assess
whether microbial activity is influencing
turfgrass quality.

Biostimulants

Biostimulant is a loose term that in-
cludes microbial inoculum, energy
sources for microbes, soil conditioners,
plant hormones, and other non-nutri-
tional growth-promoting substances. In
recent years, products containing both
biostimulants and fertilizers have fur-
ther muddled this definition. This makes
differentiating between fertilizer re-
sponse and biostimulant response diffi-
cult, if not impossible. No doubt this is
precisely what the manufacturers of such
products have intended, since the non-
nutritional component alone may not
elicit a plant response.

One group of biostimulants is plant
hormones. These products may contain
one or more of the following: cytokinins,
gibberellins, auxins, abscisic acid, and
ethylene. When growing under normal
conditions, plants have adequate levels
of hormones for normal growth and de-
velopment. Most physiological processes
in plants involve an interaction of sev-
eral hormones, and individual hormones
have several functions. Further, many
hormones have different functions in
different plant species (8). Normal hor-
mone production can be influenced by
environmental and cultural stress. Dif-
ferent species of plants, growing in dif-
ferent environments, with different
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stresses, at different times of the year are
quite likely to react in different ways.
One of these different reactions will un-
doubtedly be with hormone regulation,
and this is consistent with the variability
in plant response to hormone applica-
tions in research results and field trials
across the country. There currently is no
evidence to suggest that applications of
plant hormones will yield favorable or
consistent results with respect to im-
proved plant health. Furthermore, add-
ing hormones to plants beyond normal
levels may produce an inhibitory or un-
desirable effect. Without research infor-
mation to identify and quantify treat-
ment regimes, it may be wise to avoid
tampering with plant hormonal activity
(7). Anecdotal evidence and testimoni-
als have been the substitute for indepen-
dent research results repeated at mul-
tiple locations.

Another type of growth stimulant
available on the market contains humate
or humic acid. These are naturally oc-
curring organic compounds that are the
end products of biological decomposi-
tion. Accordingly, they are extremely re-
sistant to further decomposition. Prod-
ucts containing humates claim to in-
crease cation exchange capacity, increase
microbial activity, and chelate micronu-
trients. Kussow reviewed manufacturer
recommendations foramendinga sand-
peat root zone mix with humate and
found it to be a very expensive means of
increasing the CEC by 13% (9). His re-
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at another site by another
independent researcher?
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a refereed journal?
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view further concluded that iron, cop-
per, manganese, and zinc are rarely defi-
cient in turfgrass soils, thus enhancing
micronutrient availability may only pro-
vide negligible benefits. Another study
clearly demonstrated that since humates
are the end result of decomposition and
thus resistant to further breakdown, they
do not stimulate increased microbial
activity (25). Yet another study reviewed

the effects of six non-traditional growth-
promoting products on the establish-
ment of creeping bentgrass in high-sand-
content rootzones. Only one of the prod-
ucts produced significant differences
from the control, and the product con-
tained humate. Upon chemical nutrient
analysis of the product, however, it was
discovered to contain 6% N, 5% P,2%K,
4% S, and 4% Fe. Using this product at
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the recommended application rate was
equivalent toapplyingan additional 0.75
pound N, 1.3 pounds of P, and 0.34
pound of K per 1,000 square feet per
month (7). It may well be that this re-
sponse could have been duplicated with
conventional fertilizer,and it would seem
torequestanindependent nutrientanaly-
sis of any growth stimulating products
you intend to try.

Finally, there have been studies that
indicate humates and humic acids can
reduce the efficacy of pesticides by re-
ducing their absorption by plants and
pathogens (9). Itis also reported that the
fulvic acid component of humates can
actually increase the solubility of pesti-
cidesand possibly increase mobility (2S).
Most of the studies that claim any ben-
efit from adding humates were in either
nutrient culture or sand culture systems,
not in field situations. The variation in
humicsubstances from different sources
and lack of research that supports their
use on turfgrasses currently do not jus-

tify their use in turf management.

Carbohydrate fertilizers, another
biostimulant, have not been proven to
improve turfgrass stress tolerance or have
any lasting impact on soil microbial
populations. Again, research on turfgrass
and carbohydrate application is lacking,
but observations across the country in-
dicate no observable benefits. Any stimu-
lation of microbial activity is likely to be
very short-lived.

Microbial Inoculants

Various microbial inoculants have
been formulated for use on turfgrass,
with claims of accelerated organic mat-
ter decomposition, improved nutrient
use efficiency and availability, soil con-
ditioning, disease control, mycorrhizal
associations, and others. The success of
these inoculants has been limited for a
number of reasons. At this point, you
should be aware that the microbial com-
munity is a very diverse and complex set
of organisms The degree of natural com-

petition, antagonism and predation lim-
its the successful establishment of intro-
duced species. Persistence of applied or-
ganisms is further hindered by the con-
tinual temporal and spatial fluctuation
of microorganism populations (6). For-
mulation and delivery of the organisms
present even more problems for micro-
bial inoculation (15). If the organisms
can be kept alive until application, many
are sensitive to UV light and must be
applied frequently (in some cases nightly)
to establish sufficient populations. Al-
though there have been efforts to apply
microorganisms through irrigation sys-
tems, the results remain largely incon-
sistent (2). Finally, some companies will
not even list what organisms they have
formulated, because theyare proprietary.
Without knowing what is being applied,
it is impossible to gauge the potential
benefits. These organisms could be det-
rimental to your turf by actually com-
peting with the beneficial organisms al-
ready present in your soil (7).
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Composts

With little doubt, the most promising
method of managing and enhancing the
activity of soil microbes is with
composted organic matter in wastes and
other materials. Ironically, this is also
one of the oldest agricultural practices.
Composts have been shown to add an
active microbial component to soils and
to stimulate those microbes already
present in the soil (14). Well decom-
posed organic matter provides excellent
habitat and energy sources for soil mi-
crobes, and will provide more perma-
nent benefit than inoculation with mi-
croorganisms. Composts will effectively
enhance soil aggregation, provide nutri-
ents, reduce compaction, and improve
soil porosity. Sandy soils amended with
compost will exhibit greater nutrient-
and water-holding capacity (10). While
limited evidence exists, there is some
data to suggest amending sand-based
rootzones with compost can offer im-
proved establishment and disease con-
trol over commonly used peat amend-
ments (5, 14).

The use of composts in turfgrass man-
agement presents a viable means of recy-
cling municipal and industrial wastes
while improving turfrass quality. Com-
posts can vary considerably, however,
depending on their source. Commonly
used composts include brewery sludge,

On-Site Testing Protocol

* Test products at several locations
representing different conditions on
the golf course.

* Use controls (no product) to
establish comparisons.

* At least two years of field data are
necessary to obtain an accurate
assessment.

* Rate the plots monthly to track
differences (color, disease, stress
tolerance, rooting, etc.).

* Conduct an independent nutrient
analysis of new products. You may
be seeing a fertilizer response!

* Be honest! Is it the product or
favorable weather, better cultivation,
an improved growing environment,
or other changes in management
strategies?
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yard wastes, poultry litter, animal ma-
nure, municipal wastes, and food wastes.
It is recommended to have composts
tested for organic matter content, ash
content (especially if used as a
topdressing), moisture content, pH, nu-
trients metals, and soluble salts (10).
On-site composting operations should
follow guidelines to ensure that the ma-
terial has been properly and sufficiently
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the environment is the primary impetus
behind such study. While research has
proven effective pest control with vari-
ous biological entities in the laboratory,
few have proven consistently effective in
field studies.

Biological control operates on five
basic interactions with the turfgrass-soil
community: competition, antagonism,
predation, parasitism, and pathogenic-
ity (1). The two ways of exploiting these
interactionsinclude microbial inoculants
and organicamendments. While dozens
of organisms with potential as inocu-
lants for disease control have been stud-
ied (17, 18, 24) few have demonstrated
any efficacy in the field, and only one
product (Biotrek 22G, (Trichoderma
harzianum) has been registered for dis-
ease control on turf (11, 15). Biological
control of insects has been somewhat
successful in recent years with such or-
ganisms as entomogenous nematodes,
soil bacteria and fungi although regis-
tered products are still limited (21, 26).

Serious shortcomings exist in the
understanding of the pest control mecha-
nisms themselves, relationships with
other organisms in the community, and
formulation and delivery technology.
Furthermore, foliar disease control with
inoculants is limited due to UV sensitiv-
ity of the organisms and wide fluctua-
tions of environmental parameters in
the turfgrass canopy.

Thedifficulty in delivering organisms
to the roots has preempted much success
in controlling root diseases. Because suc-
cessful pest control typically depends on
the establishment ofhigh populationlev-
els, frequent (and arguably unsustain-
able) applications become necessary.
Injecting organisms through irrigation
systems has yet to be proven as an effec-
tive method of uniform and consistent
microorganism application

Keep in mind that 1) population in-
teractions within the soil are dynamic
and interrelated, 2) introduced organ-
isms are slow to colonize habitat and

generally fail to persist, and 3) it is un-
clear whether the introduction of mi-
crobes in the environment will produce
a lasting change and if the introduction
will be beneficial in the long run (1, 15).

Organic soil amendments and addi-
tives, particularly compost, have per-
haps a greater potential for effective bio-
logical control of diseases than do inocu-
lants. Well-composted material (2-3
years) often exhibits disease-suppressive
characteristics (14).

Studies at Cornell University have
demonstrated significantand lasting dis-
ease suppression of Pythium root rot,
dollar spot, and snow mold when com-
posts were used as amendments or
topdressing (14).

Continued research in this area to
reveal the microbiological mysteries
should help develop more reliable and
predictable composts for disease sup-
pression and soil conditioning. As al-
luded to earlier, proper composting tech-
niques and laboratory testing coupled
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with on-site testing will reveal what to
expect from composts.

New Products

Never before has the turfgrass indus-
try had as many commercially available
products for use. Financial responsibil-
ity and sound management dictate that
product purchasing decisions are of ex-
treme importance. So how does one
choose between the good, the bad, and
the ugly?

The first place to start is with the
product label. There are products that
have been registered with the EPA and
can legally justify the claims of the prod-
uct. These are products that contain ac-
tive ingredients (29). There are unregis-
tered products marketed for various uses,
some of which are supported by inde-
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mentinvolves an economicanalysis. Test
the material at several locations on the
golf course representative of different
conditions, replicate (meaning include
repeated treatments at each site), and
use untreated controls and other treat-
ments in side-by-side comparisons. All
too often, new products are tried all over
the golf course without a control; thus, it
is impossible to determine what effect, if
any, the new product has. Perceived ben-
efits could bearesult of favorable weather
orother managementtechniques (7, 13).
Take consistent, monthly ratings of the
plots for color, disease, and rooting depth
and mass, and note stress tolerance dif-
ferences. Good tests require at least two
years of field data. Because a product will
cause no harm s not reason to use it,and
such a decision is representative of poor
management.

Conclusion
Turfgrass management is a continu-
ally evolving science, and as our under-

standing of the microbial community in
turfgrass systems improves, new prod-
ucts will routinely hit the market. Some
ofthese products will be useful, and many
others will not. Independent reseach will
be essential to the development of effec-
tive products. Perhaps companies mar-
ketingbiological products would be wiser
to fund some research than to purchase
full page ads in popular trade magazines
(if they have faith in their products) !

If completely organic management is
ever realized, it will certainly be through
a gradual phase-out of synthetic prod-
ucts. Along with the advent of biological
products, golf course superintendents
must also keep themselves apprised of
advances in synthetic chemistry. Many
new products have been developed from
synthesized organic compounds thatare
effectiveat verylowlevels of active ingre-
dients, have low water solubility, short
halflives, and a strong binding potential
with soil and organic matter. The new
synthetic chemistries are better for the

environment than many of the older
chemistries.

The importance of a strong micro-
bial community cannot be questioned.
The effectiveness of various products
available to stimulate microbial activity
canbe questioned. Become familiar with
soil microbiology and processes, check
for duplicated independent research to
support product claims, and test the ma-
terial yourself to be sure it is effective
and makes good economic sense. But
whatever you do, don’t forget the basic
tenets of successful turfgrass agronomy:
adequate sunlight, drainage, air circula-
tion, proper fertility, good water man-
agement, traffic control, and cultivation.
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MATT NELSON is an agronomist in
the Northeast Region of the USGA
Green Section. He “bugs” superinten-
dents to take a close look at product
purchasing.
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steel construction, secondary containment
sump, removeable fiberglass floor grating, and

solution to safe storage, containment,
mixing, and dispensing of golf course
chemicals and hazardous materials.

WINTER 2000

chemical resistant coating inside and out.

Select from a full range of options

For complete details, call us toll free at:
1-800-344-6539 » www.safetystorage.

...professional hazardous
materials storage solutions

SAFETY
STORAGE"®
Petro-Chem
Environmental Systems, Inc.
15310 Amberly Drive, Suite 250
Tampa, Florida 33647
800-330-6949
com Fax: 813-972-0955
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Former Sales Rep is
Sold on the Products,
Not the Sales Pitch

Since I tried to sell this technology to
most of you for two years, I felt obligated
to respond to this Hands On topic, “Mi-
crobes — The Real Millennium Bugs.”
I’m not going to waste my time or yours
continuing to sell you on this concept.
By now you either believe that using
microbial products is good science or
you think it is a deception.

Now as a superintendent once again,
I use the Green Releaf products that I
sold, but not exactly in the way I sold
them. I tried to sell programs that incor-
porated small amounts of all the prod-
ucts that Green Releaf sold ona 7- to 14-

day schedule. Green Releaf trained us to
sell the products that way, because if you
bought into the program you would not
have room to use other people’s prod-
ucts. The program I use incorporates
several different brands of products.

I basically spray my greens every week
with a mixture of nutrients. I determine
which nutrients to use and the amount
of nutrient needed by tissue sampling. In
that mixture I incorporate two gallons of
Green Releaf 5-10-5 plasma per acre. I
use the plasma because of the carbohy-
drates, amino acids, and humates that
are in the product. The nutrients in the
plasma are just a bonus.

The theory is that if you increase the
amount of food source for the microbes
in the soil, you will increase their popu-
lation. The more microbes thatare in the

soil the more efficient the plants will
become.

I’m pretty sure that all the so-called
biological products are based on this
theory. In my mixture, I add one gallon
of fulvic acid per acre to help hold the
nutrients in the soil. My own personal
theory is that by using plasma and fulvic
acid, I can get by with using the lower-
priced liquid nutrients and get the same
results as if I used the high-priced ones.

When I was sellingmicrobes for Green
Releaf, most microbiologist were skepti-
cal of the validity of the products. Every
researcher I spoke with said that, in a
laboratory setting ,the microbes did all
the wonderful things that Green Releaf
claimed. However, only a few scientist
felt the microbes could live long enough
to get down into the root zone.

Even the most discriminating skep-
tics felt that if you could get the microbes
into the root zone they would be notably
beneficial. Because of this, I use the liv-
ing microbes in two ways. I use them
when I aerify, and I inject them with a
hydroject.

When I aerify, I spray 5 gallons of Bio
A and Bio B+ per acre after the cores are
removed and before I topdress. I imme-
diately flush the “bugs” into the soil with
10 to 15 minutes of irrigation. I then add
300 Ib. per acre of Green Releaf 15-4-7
organic granular (to feed the microbes),
then drag it into the holes with the
topdressing.

What I see by doing this process is
rapid recovery from the aerification, and
a flush of root growth even in the sum-
mer months.

During the winter I inject microbes
into the greens monthly. Last May going
into the rainy season, the roots on my
greens were 6 to 8 inches deep and dense
('m not just blowing smoke, several
people can attest to this). During the
heaviest part of the rainy season the roots
shrunk to 2 to 3 inches, but new root
growth was always occurring.

So here is the question: Can I at-
tribute the success that I have had to
microbial products? I don’t know! It
could be the microbes and carbohydrates.
Or it could be that the weather was good
last year, or my water management was

THE FLORIDA GREEN




