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The health and vigor of turfgrasses and their ability to en-
dure stresses are totally dependent upon their environ-
ment and management programs. The factors of soils, 
temperature, limited growing season, rainfall and 
humidity are few of the environmental concerns. Many 
factors make up management programs and, although 
there are close interrelationships between these factors, 
this discussion will attempt to bring out in some detail the 
role of micronutrients. 

THE SOIL FACTOR: 

Any discussion of micronutrients is more meaningful 
once we have considered the soil factor. Several aspects 
of the soil factor are briefly discussed as follows: 

carry nutrients with it. Obviously, sand particles, being 
much coarser with much larger spaces between them, 
will leach or drain significantly faster than heavier soils 
with fine particle sizes. 

Structure. The soil structure is simply the arrangement 
of the soil particles. When soil structure is destroyed, 
there are few if any air spaces available and most of the 
root zone is composed of noncapillary (water containing) 
pores. Even when structure is not destroyed, the soil is 
well aggregated, and the drainage rate is normal for that 
particular textured soil, the drainage rate of sands is sig-
nificantly higher than that for a heavier soil containing 
reasonable amounts of clay, silt and organic matter. For 
this reason, the leaching of nutrients, including 
micronutrients, would be significantly faster in a sandy 
soil. 

Depth. The depth of the soil becomes the final factor 
with respect to nutrient storage. Obviously, the greater 
the depth of profile, the greater the root system that can 
be developed and explore more area for nutrients includ-
ing micronutrients. 

MICRONUTRIENTS 

Texture. Soil texture, being the percentage composi-
tion of the components of sand, silt, clay and organic 
matter, can vary from sand to clay. Clay, organic matter 
and, to a much lesser extent, silt are the components that 
determine the cation exchange capacity of a soil. The 
cation exchange capacity is an expression of the poten-
tial of this soil to hold plant nutrients. It is important to 
remember that only ions with a positive charge are at-
tracted to the exchange complex on clay and organic 
matter particles. Likewise, it must be noted that most of 
the micronutrients are cations and are held closely on the 
exchange complex. 

When we compare the ability of sand to hold nutrients as 
compared to clay, there is no comparison. Basically, 
sands have little or no cation exchange capacity; hence, 
no nutrients are held or bound on the exchange complex 
on the surface of sand particles. Another factor in deter-
mining the availability of micronutrients to turfgrass plants 
is the soil pH factor. Micronutrients are notably more 
available in the acid ranges than they are in the alkaline 
ranges (pH over 7.0). Soils with very high pH values can 
frequently develop micronutrient deficiencies. Although 
iron is not usually considered as a micronutrient, it is a 
classic from the standpoint of deficiency symptom where 
iron is literally bound by the high pH factor and is essen-
tially unavailable to the grass plant. 

One other factor worthy of mention with respect to the 
soil factor is the leaching rate of nutrients with respect to 
the texture. The leaching rate is considered to be the 
rapidity with which water can pass through the profile and 

Any practice or program that severely restricts the root 
system of the grass plant can significantly influence the 
uptake of all nutrients including micronutrients. Ex-
tremely close mowing induces a very shallow root system 
thereby restricting the root system to a very shallow 
profile where nutrients can be removed, although at a 
slightly lower depth there may be adequate plant 
nutrients. Even when we are sampling soils for laboratory 
testing at a depth of 3 inches, this may be an unreliable 
test since the root zone may be restricted to the upper 1 
inch where the nutrients have been removed; whereas 
there is literally a banquet awaiting the root system at a 
depth of 3 or 4 inches. Factors other than mowing height 
that will influence the root system and rooting depth 
would include soil compaction and poor drainage. When 
oxygen is restricted to the root zone, there will be little or 
no root development, which restricts the ability of the 
plant roots to absorb plant nutrients. Most soils have 
adequate supplies of these micronutrients since the plant 
requirements are relatively small; however, certain sandy 
soils and those with extremely high organic matter levels 
may be deficient in certain micronutrients. 

The modern trend in putting green maintenance includes 
the use of high quantities of sand. In some instances, the 
entire root zone up to 12 inches is composed of pure 
mineral sand with no organic matter amendment. 
Micronutrient deficiencies can occur on root zones of this 
nature very readily. It should be pointed out before any 
discussion of micronutrients also that high levels of many 
of these micronutrients can become toxic to the grass 
plant, notably ions such as boron and copper. 



Visual deficiency symptoms of micronutrients is often 
misleading and before remedial treatments are begun, 
the turfgrass manger or golf superintendent should have 
soil or tissue analyses conducted to verify the presence 
or absence of micronutrients. For example, a sulfur 
deficiency can very closely resemble both an iron or 
nitrogen deficiency symptom. 

Boron. Very small amounts of boron are usually found 
in soils except in arid regions and are required in ex-
tremely small amount by grass plants. Boron availability 
is very iimited in alkaline soils but is readily available in 
acidic soils which may account for its deficiency under 
highly leached acidic conditions. The function of boron, 
although not well understood, is more in the meris-
tematic (young growing points) and in leaf tips. 

Cooper. Cooper deficiencies are very common in highly 
alkaline and/or organic soils. Sandy soils can also be 
deficient in copper since they have little ability to retain 
this nutrient. Copper is very toxic when it occurs at levels 
greater than that required for plant growth. Copper is 
very essential in a number of enzymatic systems within 
the grass plant and can result in the death of the grass 
plant if the deficiency is severe. 

Molybdenum. Molybdenum is a very important factor in 
the enzymatic system that functions in the reduction of 
nitrate. Deficiencies in molybdenum can result in ac-

cumulation of nitrate in the plant with impaired protein 
synthesis and can possibly lead to toxic concentration of 
nitrates. Molybdenum is required in very small amounts 
and, unlike a number of other micronutrients, is more 
available in the alkaline range due to its solubility at these 
pH values. 

Manganese. Manganese is required in very small quan-
tities by the turfgrass plant and its solubility is partially 
controlled by acidic soil conditions and anaerobic condi-
tions. Due to this very factor, manganese becomes sig-
nificant in the formation of black layer due to the com-
binations of sulfide ions and manganese ions which 
results in a black precipitate. Manganese is very impor-
tant to the turfgrass plant in chlorophyll synthesis and is 
involved in a number of other enzymatic systems as well. 

Zinc. Zinc is required in small amounts and is as-
sociated with a number of enzymatic functions. It is 
believed to be associated with certain growth hormones 
and auxins and deficiency can affect leaf development. 

Iron. This element is probably the one most deficient in 
turfgrass management programs. The deficiency is most 
often associated with insolubility rather than an absence 
of the element. Iron is most deficient in alkaline soils or 
those high in manganese, zinc and certain other ele-
ments. Iron can also be deficient in soils with extremely 

Versatile Motor 180 Adds Power 3-Wheel Drive Option. 
The Ransomes legend in reel mowing began more than 150 years ago, 
with Robert Ransome's manufacture of the world's first reel mower. Since 
that original great idea, Ransomes has made one improvement after 
another. 

Take the Motor 180 as an example. It has always been one of the most 
versatile, compact triplex riders you can find. But now we've added a 
smoother, more powerful engine - the Vanguard V-twin. And the good 
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and maneuverability. An independent cutter drive assures that proper cut-
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high levels of phosphate; therefore, excessive applica-
tions of phosphate should be avoided. Other deleterious 
effects of excessive levels of phosphate, especially with 
their effect upon Poa annua and seed head formation, 
have been noted; hence, phosphate levels should be kept 
to a minimum plant requirement. Iron is not a constituent 
of chlorophyll although it is extremely important in the for-
mation of chlorophyll. 

Chlorine. Although the role of chlorine is not well under-
stood today, it has been accepted as the last essential 
micronutrient. There is little information available on the 
level of chlorine to be supplied, but rarely has there ever 
been observed any deficiency of chlorine. In general, the 
chloride ion exists as an impurity in a number of fer-
tilizers; therefore, there are frequent applications of 
chlorine, generally resulting in no deficiency. 

SOIL AND TISSUE ADEQUACY OF MICRONUTRIENTS 

It has previously been stated that the availability of 
micronutrients is strongly regulated by the soil reaction 
(pH). Only a very few of our nutrients are more com-
monly available in the alkaline range; hence, we should 
carefully guard this factor closely. In general, turfgrasses 
will respond better when the soil pH is in the mildly acid 
range. In general, the writer has not observed any 
problems with nutrient availability in bentgrass or Poa 
annua putting greens with pH values as low as 5.5. 

SAVE ALL 
KINDS OF 
GREEN 
WITHA 
MULE. 
Introducing the Kawasaki 

Mule. A new utility vehicle 
engineered to make turf care 
easier and quicker. A mighty 
454cc, 18 hp. liquid-cooled 
engine delivers torque and 
power smoothly and quietly. 
For nimble handling, there's 
rack and pinion steering and 
independent front and rear 
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suspension. The Mule seats two 
Has a tiltable cargo bed. 1,000 
pound total payloadTows 1,000 
more with optional trailer hitch 
mount. And with its differen-
tial, it won't tear up the turf. 
But it will haul seed, supplies, 
machinery and more. Come in 
and get a Mule today. And 
start saving greens tomorrow. 

Kawasaki Let the good timesroL 
John Sniker 
Tim Commers 
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CUSHMAN MOTOR CO., INC. 
2909 E. FRANKUN AVENUE - MINNEAPOLIS, MINNESOTA - PHONE: (612) 333-3487 

TURF SUPPLY COMPANY CAN FURNISH 
THE FOLLOWING SPECIALTY ITEMS 

Roll out the green carpet with 
Country Club Greens Grade Fertilizers. 

• Great For Greens, Tees & Fairways 
• Small Homogeneous Granulation 
• Less Mower Pick-up 
• High Methylene Ureas (W.I.N.) 
• Four Unique Formulations 

18-4-10 90% Org. 8-4-24 30% Org. 
18-3-12 70% Org. 18-0-18 80% Org. 

TOTAL TURF CARE 
1-800-233-0628 
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TURF SUPPLY COMPANY 
2970 Dodd Road • St. Paul, Minnesota 55121 

(612) 454-3107 



^ VERSATILE VEHICLES 
SALES SERVICE & LEASING 

R8 LIGHT 
UTILITY VEHICLE 

1984 or Newer EZ-GO Body 
Rebuilt Brakes 
244cc Engine Rebuilt 
Automatic Oil Injection 
New Dive Belt 
Diamond Plate Steel Front 
New Vinyl Rear Fenders 
New Seats 
1 Year Drive Train Warranty 
Rebuilt Steering 
Check Differential 
Solid State Ignition 
Rebuilt Drive Clutch 
New Heavy Duty Rear Springs 
32" x 44" Steel Diamond Plate 

Box with Tailgate 
New Soft Track Rear Tires 
Turf Green Color 
800 lb. Capacity 

DAIHATSU Hijet 
* 2 Wheel Drive or 4 Wheel Drive 

* 3 Cylinder, Water Cooled, 
Whisper Quiet, Overhead 
Cam Engine 

* 4 Speed Transmission 

* 2 Speed Sub-Transmission 
Optional on 2 Whl. Drive, 
Standard on 4 Whl. Dr. 

* Available in Full Cab, Cut-
A-Way Cab or Jumbo Cab 

* Power Take-Off Optional 

* Live Power Optional 

PRICE: $2195.00 Delivered 
$2095.00 for 3 or More 

A one day, on the job demonstration will tell you more 
about these utility vehicles than I can put in this ad. 

Call Stan Malone today! 
VERSATILE VEHICLES, INC. 

12461 Rhode Island Avenue South 
Savage, Minnesota 55378 

(612) 894-1123 (800) 678-1123 

TREE TRANSPLANTING 
OWNED AND OPERATED BY A GOLF 

COURSE SUPERINTENDENT WHO CAN 
RECOGNIZE THE GOLF COURSE 

SUPERINTENDENTS' NEEDS. 

OFFERING: 
* Experience in Transplanting & Assistance 

in Tree Placement. 
* The Capacity to move Large Trees. 
* FREE consultations and estimates. 
* Golf Course Budget Rates on jobs Big or 

Small. 

Call: Kevin Shockman 
Days: 612/448-1676 Evenings: 612/941-9038 

GOLF COURSE TREE MOVERS 
7300 Bristol Village Drive #338 

Bloomington, MN 55438 

Bentgrasses usually respond very favorably to pH ranges 
between 5.5 and 7.0. It should be advised, however, that 
Kentucky bluegrasses perform best at p[H values near 
7.0. 

It is extremely difficult to find in the literature and in 
textbooks anyone brave enough to spell out soil values 
and tissue values for micronutrients in turfgrasses. These 
factors have been fairly well identified in many of our 
economic agricultural crop plants, but rarely does any 
refer to the turfgrass plant. 

The author has searched the literature carefully and has 
come up with what he considers the best range of 
micronutrients for turfgrass management, both oil levels 
and tissue levels. Some of these values have been taken 
from soil testing laboratory handbooks, but the most im-
portant factor is that these micronutrients have been 
"road tested" for a number of years in the Pacific 
northwest and we feel very comfortable with these values 
to prevent micronutrient deficiencies. The following table 
shows these values which can be used as a guide, from 
my point of view, anywhere in the United States. 

TABLE 1. MICRONUTRIENT SOIL AND TISSUE ADE-
QUACY LEVELS-

Nutrient Soil level Tissue level 

Boron 
Copper 
Molybdenum 
Manganese 
Zinc 
Iron 
Chlorine 

1.3-2.0 ppm 
1.6-3.0 ppm 
0.2-0.4 ppm 

30.0-50.0 ppm 
5.1-8.0 ppm 

25.0-50.0 ppm 
Unknown 

9.0 ppm 
17.0 ppm 
5.0 ppm 

41.0 ppm 
20-40 ppm 
280 ppm 

Unknown 

Now that we have covered the academics of the subject 
of micronutrient adequacy for turfgrasses, let's be practi-
cal. How does the average golf superintendent or other 
turfgrass managers determine micronutrient deficiency? 
Visual symptoms are quite often extremely misleading. 
We have already mentioned the fact that sulfur deficiency 
very closely resembles nitrogen deficiency. Possibly 
phosphate deficiency can sometimes be confused with 
sulfur deficiency or deficiency of other nutrients. In 
general, phosphate deficiency is a purpling of the grass 
tissue and is quite easy to diagnose. But other times it 
can be somewhat misleading and possibly results in slow 
growth rate. Deficiencies symptoms of magnesium very 
close resemble those of calcium and can be confused. 
Now, let's consider a very practical aspect. What hap-
pens when a nutrient availability is such that a deficiency 
symptom is not distinct, but the growth rate and density 
of the turf has diminished? In this event, the only practi-
cal way to determine the micronutrient deficiency is either 
by tissue or soil test. The above table will be of value in 
helping to determine these deficiencies. In taking tissue 
tests, however, the operator must be extremely careful to 
collect a good representative sample of the tissue, it must 



be clean with no soil particles, and the container (basket) 
in which the clippings are caught must be very clean with 
no fertilizers apparent and they must be properly handled 
all the way to the laboratory. Likewise, the same advice 
is applicable for soil tests. The soil test will also be a 
good means of determining micronutrient deficiency 
provided you take into account the soil reaction - whether 
the soil is acidic or alkaline. 

There is no question that on sand profiles micronutrients 
will be limiting if not supplied. For this reason, we have 
tried to develop a formulated fertilizer that supplies ex-
tremely small amounts of micronutrients with each ap-
plication and can essentially be used every time a putting 
green or sand-based sports field is fertilized. This fer-
tilizer formulation has proved very successful for prac-
titioners in the Pacific Northwest for approximately 5 
years at this point and we feel it is doing a good job on 
sand root zones with no deficiencies ever having been 
observed under this program. 

In conclusion, we must keep reminding ourselves that 
there are 16 nutrients that are required for plant growth, 
three of these being available from air and water, N, P 
and K from fertilizers, calcium and magnesium are avail-
able from liming materials and sulfur is available from any 
number of sources including elemental sulfur materials. 
The other 7 considered to be micronutrients must be sup-
plied in very small amounts where required and on a fre-
quency that the plant does not become deficient. 

THE EXTENSION LINE 
Bob Mugaas of the University of Minnesota Extension Sen/ice is a 
regular contributor to Hole Hotes. As Hennepin County Extension 
Agent, Mr. Mugaas compiles various articles related to the golf field for 
our information. Bob is an excellent source for answers to many ques-
tions on horticultural problems. He may be reached at 612/542-1420. 
Written requests should be sent to: 

Bob Mugaas 
Minnesota Extension Service-Hennepin County 

701 Decauter Ave. N. 
Suite 105 

Minneapolis, MN 55427 

This month's articles cover Perennials, Oak Wilt, and 
Purple Loosestrife. 

PERENNIALS 

by Don Salinger 
Plant Materials Committee 
Minnesota Nursery and Landscape Association 

Perennials that provide us with color throughout the bet-
ter part of the summer have been gaining rapidly in 
popularity. In many respects they combine the flowering 
attributes of annuals with the benefit of not having to 
replant each year. This is especially true of those that are 
reliably hardy, relatively maintenance free and will tolerate 
or thrive under the hot, dry conditions we have been ex-

We are family! 

If turfgrass disease is the problem, turn to the LESCO family of proven per-
formers for broad spectrum disease control. 

LESCO fungicide products are available in liquid, granular and water dispersible 
granule formulations - for convenience and broad-spectrum control. 

Enlist the help of the LESCO family for protection of fine turfgrass. Order 
today! 

LESCO. Quality name. LESCO Fungicides. Quality products. 

Call: (800)321-5325 Nationwide 

Always read 
and follow label 
instructions before 
using any chemical 
product. 

LESCO, Inc. 20005 Lake Road, Rocky River, OH 44116 
(216)333-9250 

Dale M. Parske 
Sales Representative 
LESCO of Minnesota 
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RAIN BIRD GOLF 

GOLF COMMERCIAL RESIDENTIAL 
ALL TYPES OF IRRIGATION - AUTOMATIC OR MANUAL 

• SPRINKLERS 

MASTER TURF DISTRIBUTOR 

• PIPE 
• FITTINGS 
• PUMPS 
• VALVES 
• DESIGN 

Complete Inventory 

Full Service Center 

Let Us Make Your Professional 

Intallations Easier and More Profitablel 

For complete information call: 

BARTLEY/LINDSAY CO. 
9 4 4 5 EAST RIVER ROAD 
MINNEAPOLIS,MN 5 5 4 3 3 

P.O. BOX 8 7 4 
ST. CLOUD.MN 5 6 3 0 2 

1 - 8 0 0 - 2 3 4 - 6 6 0 0 

1 - 8 0 0 - 8 9 2 - 8 5 8 4 

Hours: MON-FRI 8 : 0 0 - 5 : 0 0 




