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President’s Message 
By Victor Heitkamp 

Greetings NCTGA members,  

I hope you are having a great summer as the dog days 

of summer are now upon us. I find it amazingly        

frustrating to look back on how fast the summer has 

gone, and how with every year that passes it seems like 

time slips by just a little quicker. It feels like just last 

week we were wondering if summer was ever going to 

get here, and when it finally did, we all had a variety of 

challenges to face. For some, the challenges were 

huge, and for others, challenges maybe in hindsight 

not that big, but at the time were challenges none the 

less. We are a resilient bunch of people and are always 

ready to adapt and take on any challenge life throws 

our way.  

Hopefully by now most of your facilities are back open 

and as the weather begins to cool and the turf begins 

its recovery from whatever stresses it has been put 

under this summer, for me it is this time of year that I 

enjoy the most. Like us, mother natures resiliency is 

also truly remarkable.  It is this time of year where we 

can look back at our challenges and fully appreciate 

what it is that we do, not only for ourselves, but for 

those who come to our facilities looking for an escape 

from their day to day routine and hopefully taking with 

them a memory or a moment that may be a forever 

moment. What we do isn’t always about us, it’s about 

making a difference for those who live in our communi-

ties. So, as we wrap up another summer season, I    

challenge you to reflect and think about all the        

awesomeness you have brought to your communities. 

I have a few updates I want to briefly mention. First 

update, by the time you receive this newsletter you will 

have received an email about the launch of our new 

website. Our domain name is still the same, 

NCTGA.net, and what you will find is a web page that 

has a fresh, clean look, and will be more user friendly. 

It will have a member only login section so we can put 

better content on the website and keep access to some 

of that content to only you, the member. Second up-

date, the NCTGA Annual Scholarship and Educational 

Golf Outing is September 30th with superintendent 

Tom Johanns and the Bemidji Town and Country Club 

graciously hosting this year’s event. I hope you mark 

this day on your calendar and join us. It is an awesome 

opportunity to take a day and network with your peers 

and break away from the grind of your daily routine. I 

hope to see you there.  

Third update, the 2020 NCTGA Conference and Trade 

Show will be held at the Holiday Inn, Fargo, February 

25-27.  Sam and the committee have been working... 

Continued on page 3…. 
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NCTGA Members Help Out (Cont. pg 

3)  
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President’s Message  
Continued from page 1... 

hard on the speaker line ups, more details to come. 

Please contact Sam, me or a board member if there 

are any topics and/or speakers you think would 

bring value to the conference. I want to give a big 

thank you to Sam and the board of directors for all 

the work they are doing. It has been an honor and a 

privilege to work with a great group of people. Final 

update, BMP is in full swing and is on track to be 

complete by 2020 NCTGA’s Annual Conference. 

Garrett Schultz and the committee have done a fab-

ulous job working on this project, and we are      

excited for the backing we have received from a 

variety of government agencies who are on board 

with us and this project. 

With that enjoy the rest of your summer and I hope 

to see you in Bemidji on September 

30. 

Take care- Victor 

 

35th Annual Conference and 

Trade Show  

Holiday Inn 

Fargo, North Dakota  

February 25th-27th, 2019 
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2019 Annual Scholarship and 

Educational Golf Outing 
 
 

The 2019 NCTGA Annual Scholarship and Educational Golf 
Outing will be held on Monday, September 30th at Bemidji Town & Country Club 
on the north shore of Lake Bemidji, MN.  This year’s host superintendent is Tom 
Johanns.  A 10-year NCTGA member, Tom has been the superintendent at Bemidji 
Town & Country Club for 29 years.  

 
Golf Tournament 
As always, the golf format will be a 2-person scramble with two flights.  Prizes will 
be given out for First Place in each of the flights, along with proximity prizes for 
longest drive, longest putt, and closest to the hole.  The scramble will begin as a 
shotgun start at 12:00pm noon (Central time).  Lunch will be provided prior to the 
golf, starting at 11am.  Following the golf will be the awards ceremony, and hors 
d'oeuvres and refreshments.  
  

Equipment Demonstration 
Come early to get a first-hand look and test some of the newest equipment availa-
ble for the turfgrass industry.  The equipment demonstration and networking ses-
sion will begin at the Bemidji Town & Country Club maintenance facility at 9am.  
 

Registration   
Online registration can be found on the new NCTGA website at: www.nctga.net.  
You will find options for registering yourself and multiple people, and hole spon-
sorship opportunities for vendors.    
 

Hotel  
A block of rooms has been reserved for NCTGA members at the AmericInn (1200 
Paul Bunyan Dr. NW).  Call 218-751-3000 and mention “NCTGA” for reservations.   
 

To register visit: www.nctga.net 

http://www.nctga.net
http://www.nctga.net
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Save the Date: February 25th-27th, 2020 

35th Annual Conference and Trade Show
The 35th Annual NCTGA Conference and Trade Show will be held at the Holiday 
Inn in Fargo, ND from February 25th to 27th, 2020.  Registration will be made 

available on the NCTGA website following the annual golf tournament. 
 

Schedule at a Glance 
 

Tuesday, February 25th  
 

12:00pm - 1:00pm: Registration and Networking 
1:00pm - 1:30pm: President’s Message  

1:30pm - 4:00pm: Seminars  
4:00pm - 8:00pm: Trade Show and Social  

 

Wednesday, February 26th  
 

7:00am - 7:30am: Registration 
7:30am - 8:30am: Seminar  

8:30am - 11:00am: Trade Show, Silent Auction, Raffle  
11:00am - 12:00pm: Annual Meeting 

12:00pm - 1:00pm: Lunch  
1:00pm - 5:00pm: Seminars  

5:00pm - 6:30pm: Social  
 

Thursday, February 27th  
 

7:00am - 7:30am: Registration 
7:30am - 11:30am: Seminars  

12:00pm - 3:00pm: NCTGA Board Meeting 
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NCTGA Member Profile 
Tom Johanns, Bemidji Town & 

Country Club 
Employer 

Bemidji Town & Country Club (Bemidji, MN)  

Job Title  

Superintendent 

Education 

Pennsylvania State University degree in Agriculture with an emphasis in 
Turfgrass Management 

Years of Service in Your Position 

29 years at Bemidji Town & Country Club 

Years as an NCTGA Member 

10 

Favorite Part of the Turf Industry  

The comradery and friendships I’ve made working in this    
profession.  

Favorite Tool in the Shop 

Moisture meter and Toro ProCore aerifier. 

Favorite Job to Perform in this position 

Aerifying– all of the methods we do. 

Any Projects or Big Events this Year 

No projects planned but we are considering putting driving 
range mats on our range tee. 

Favorite Hobby  

Fishing and watching my boys sporting activities. 

Career advice for aspiring golf course superintendents 

A superintendent has to be a very diverse individual.  You 
need to be good with people, managing a budget and being 
sound agronomically.  These traits are what made me          
interested in this profession.   
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Check Out the New NCTGA Website!!! 
 
In an effort to make our website more attractive and user friendly, the NCTGA website has been upgrad-
ed.  For this, we hired Robin Parsons of Parsons Marketing Concepts to create a new user interface and 
registration system.  All NCTGA members have received instructions for creating a personal login.  By log-
ging in you will have access to our member directory, jobs posting, and equipment sales.  We are con-
stantly looking for ways to make the website a more enjoyable experience for you, so please do not hesi-
tate to reach out to Sam Bauer or a NCTGA board member for any comments on improving the website.   
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Attitude and Effort 
By Steve Keating (@LeadToday)  
Many years ago I received some exceptional advice 
from a mentor that has stayed with me to this day. He 
told me to stop trying to control things I couldn’t    
control. His recommendation was that I focus 100% of 
my attention on the things within my control. He also 
said to “block out” the uncontrollable things from my 
field of view because they were nothing more than 
distractions.  

Through the years as I’ve considered his advice I’ve 
discovered there are far fewer controllable parts of my 
life than there are uncontrollable. I can influence what 
other people think of me but I can’t control their 
thoughts. I can try to influence their actions but people 
will eventually do whatever they think is best for 
them. The list of stuff I can’t control could go on       
forever.  

But that’s okay because through the years I’ve also 
discovered that I can control, completely, two areas of 
my life which have the greatest impact on my success 
and happiness.  

Those areas are attitude and effort.  

In his timeless book “Man’s Search for Meaning” 
Viktor Frankl describes the “last of the human         
freedoms.” He says that last freedom, a freedom that 
can be taken from no one, is the choice of one’s own 

attitude. Every human on earth is free, regardless of 
their circumstances, to choose their own attitude. No 
one and nothing can take that freedom away from 
you.  

Before you say “well Viktor Frankl never worked where 
I work. He never experienced how tough my life is. He 
just doesn’t know,” before you say any of that you 
should know that Viktor Frankl is a surviver of Nazi 
Concentration Camps. He knows. 

He would tell you that his choice of a positive attitude 
was literally life saving.  

I can only imagine, actually I can’t even imagine, how 
tough a fight it must have been each day for him to 
choose a positive attitude. But he fought the fight and 
won.  

The choice of a positive attitude is a big fight for me 
even in my relatively cushy world. I lose that fight too 
often but this much I’m certain of: every single part of 
my life is better on the days I win that fight.  

The question for you is will you consciously engage in 
that fight or will you allow other people and things to 
make the choice of your attitude for you?  

Continued on page 10... 
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Continued from page 9... 

When it comes to making an effort I realized early on 
that there was a direct correlation between the level of 
effort I put into something and the results I received 
from that effort. When I really want something I         
remember the words of the immortal Yoda who said, 
“Do. Or do not. There is no try.”  

You alone control the level of effort you’re willing to put 
into any endeavor. You can allow obstacles to stop you 
or you can learn from them and use them as launching 
pads to your next level of success. You can make excuses 
or you can make progress. It’s hard to do both.  

As Babe Ruth said, “It’s hard to beat a person who never 
gives up.” If you allow yourself to be beaten you can be 
assured there is someone close by willing to put in the 
effort to do just that…beat you. 

If you adopt Yoda’s thinking then you won’t try to      
succeed you’ll do it.  

(Editors note: the NCTGA would like to thank Steve 
Keating for allowing us to publish his leadership articles)  

Attitude and Effort, continued 
By Steve Keating (@LeadToday) 



The majority of the soil samples the NDSU Soil 
Testing Lab tests are for crop producers. Homeowners 
and turfgrass managers also rely on the lab for soil 
analyses to amend soil before planting grass seed or 
make soil nutrient adjustments after turf establishment.

However, the interpretation of the NDSU Soil Lab test 
report will be different for turfgrass managers and crop 
producers. Homeowners and turfgrass managers can 
use this publication to clarify the results for the purpose 
of establishing and maintaining a healthy lawn. 

Soil Sample Preparation
To prepare a soil sample for testing, take samples from 
the upper 4 to 6 inches of bare soil if establishing a 
new lawn and from the upper 3 inches if sampling soil 
from an established lawn. We recommend that you 
take 15 to 20 random soil samples from each area to 
be tested: front yard, backyard, garden, etc.

Most homeowners likely won’t make that effort, but 
providing sufficient samples from across the entire 
area is important because it will ensure accurate test 
results. Avoid collecting from unrepresentative areas 
such as dog urine spots and fertilizer spills.

You can use a core sampler or a hand trowel (Figure 
1). Be sure to remove the thatch layer to avoid an 

Figure 1. A ¾-inch core sampler and a hand 
trowel; both are suitable for collecting soil 
samples. (W. Upham, Kansas State University)

Alan Zuk, Associate Professor, Department of Plant Sciences
Esther McGinnis, Assistant Professor, Department of Plant Sciences

H1824

Interpreting the NDSU Soil Test Analysis  
for Managing Turfgrass

North Dakota State University, Fargo, North Dakota

March 2017

(iStock.com photo)



inaccurate high-organic matter reading (Figure 2). 
Place the cores or trowel samples in a clean bucket and 
thoroughly mix together. Send about 1 pint of the mixed 
soil sample from each area to be tested. You can send 
soil samples in a plastic or paper bag or in sample bags 
provided by the lab.

Soil pH
The first chemical analysis category listed on the soil 
test report is soil pH (Figure 3). The pH scale ranges 
from 0 to 14 and indicates the level of hydrogen ions in 
the soil solution. Active hydrogen ions (H+) cause soil 
acidity, while hydroxyl groups (-OH) cause soil alkalinity.

A soil that contains a high amount of hydrogen ions is 
called “acidic” (pH below 7) and a soil that contains a 
high amount of hydroxyl ions is referred to as “basic” or 
“alkaline” (pH above 7). A soil with a pH of 7 is referred 
to as “neutral.”

The ideal soil pH for managing most turfgrasses is 6.5 
because most nutrients are available at this slightly 
acidic level. However, various grass species may differ 
slightly from this pH level. Maintaining the proper pH is 
important because some vital nutrients become “fixed” 
(held tightly) by the soil and become unavailable to the 
turf as the soil pH extends above or below neutral.

Although 6.5 is optimal, turfgrasses will grow and, in 
most cases, thrive in soils above or below that ideal 
benchmark as long as proper cultural practices are used.

Figure 2. Thatch is an accumulation of dead and 
living organic matter above the soil and below 
the turf canopy. Remove this layer from your 
soil samples to avoid an incorrect soil organic 
matter value. (A. Zuk, NDSU)

Figure 3. Soil test options as they appear on the NDSU soil test report form. Soil sample test results for 
turfgrass management purposes are based on a 6-inch depth. 
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Soils in North Dakota tend to be alkaline and range as 
high as 8.5 to 9. At these high pH levels, turf yellowing 
caused by iron chlorosis is quite common because iron 
molecules in the soil become unavailable to turf roots. As 
a result, chlorophyll production in plant cells is hindered 
and the leaves begin to turn dull green to yellow. See the 
section on “Iron” to correct iron chlorosis of turf. 

Soil pH is based on a logarithmic scale. Therefore, a soil 
with a pH of 8.0 is 10 times more alkaline than a soil with 
a pH of 7.0 and a soil with a pH of 9.0 is 100 times more 
alkaline than a soil with a pH of 7.0.

Soil pH can be adjusted downward (more acidic) with 
sulfur or upward (more alkaline) with lime. Refer to Table 
1 for directions in using sulfur to acidify soil. 

Because soils in North Dakota are predominantly 
alkaline, the necessity to lime the soil to adjust the pH 
upward is extremely uncommon. Do not use lime to treat 
dog urine damage in lawns.

Turf managers in North Dakota typically have to 
incorporate a sulfur amendment to lower the soil pH. In 
some cases, the pH may be so alkaline (7.5 or higher) 
that incorporating sulfur may be ineffective because the 
soil’s buffering capacity (its ability to withstand chemical 
change) is so high that the pH cannot be corrected. 
Irrigation water containing high levels of dissolved 
carbonates also can raise the soil pH and even nullify 
the effects of a sulfur soil amendment.

For new lawns, incorporate sulfur into soil to a depth of 
6 inches before planting. For established turfgrasses, 
reduce the rate by half and apply only during spring or 
fall in conjunction with core aeration, and do not apply 
more than 5 pounds per 1,000 feet2 at any one time.

If applying elemental sulfur to bentgrass putting greens, 
do not apply more than 2 pounds per 1,000 feet2 at any 
one time. If applying to annual bluegrass putting greens, 
do not apply more than 0.8 pound per 1,000 feet2 at any 
one time. (Fagerness et al., 1998).

Nitrogen
The next box on the soil test report notes (NO3-N 
lbs./A), which is pounds of nitrogen (N) per acre in the 
nitrate form. Although nitrate is immediately available 
for plant uptake, this number is not really significant to 
turf managers because nitrate is very mobile in the soil 
and can drop quickly: for example, after a heavy rain. 
The nitrate value reported represents available nitrogen 
when the soil samples were taken, and because it’s a 
fluid number, the soil nitrate level can change by the time 
you get the report back from the lab. Evidence of this 
would be a yellowing (chlorosis) of older turf blades even 
though the lab reported an adequate soil nitrate level.

To ensure adequate nitrogen availability for your lawn, 
we recommend that homeowners apply 1 pound N per 
1,000 feet2 on Memorial Day, the Fourth of July and 
Labor Day for a total of 3 pounds of nitrogen per 1,000 
square feet per year. The Fourth of July application 
should be omitted if the lawn is under drought stress.

Golf course superintendents often apply as much as 5 
to 6 pounds N per 1,000 feet2 per year to their greens 
and fairways because their turf is constantly under stress 
from foot and vehicular traffic and is at a low mowing 
height.

Make sure your spreader is calibrated to apply the 
proper amount of fertilizer per 1,000 feet2. To apply 
nitrogen, note the first number of the analysis (the three 
numbers on the front of the fertilizer package represent 
the percent bag weight of nitrogen, phosphorus and 
potassium in that order). For example, a 50-pound bag 
of 29-3-5 fertilizer contains 14.5 pounds of nitrogen per 
bag (.29 x 50 pounds = 14.5 pounds N). That’s enough 
nitrogen to fertilize 14,500 feet2 of turfgrass.

Organic Matter
Organic matter is reported as a percent of total soil. The 
ideal amount of soil organic matter for turf management 
ranges from 2 to 4 percent and should not exceed 5 
percent.

About 95 percent of soil nitrogen is found in the 
soil organic matter (Soltanpour and Follett, 2007). 
However, much of this nitrogen is part of the organic 
matter and needs to be mineralized (to nitrate) by soil 
microorganisms to be available to the grass plants. 
About 30 pounds of nitrogen per acre (approximately 7 
pounds per /1,000 feet2) will be released (mineralized to 
nitrate) during the growing season from each 1 percent 
of organic matter present (Soltanpour and Follett, 2007).

Table 1. Approximate amounts of elemental sulfur  
needed to lower pH for various soil textures.

 Pounds sulfur /1,000 feet2

Change in pH desired Sand Loam Clay 

8.5 to 6.5 46 57 69
8.0 to 6.5 28 34 46
7.5 to 6.5 11 18 23
7.0 to 6.5 2 4 7
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Organic matter also increases the water-holding capacity 
and the cation-exchange capacity (CEC) of soil. The 
CEC is a measurement of the soil’s ability to hold 
cations in place and to prevent their loss from leaching 
and runoff. Although organic matter is beneficial when 
incorporated into sandy and clay soils, too much organic 
matter may lead to layering in the soil profile and the soil 
drying out quickly. Both conditions can cause poor water 
infiltration and puddling on the soil surface. 

Some examples of organic matter that can be 
incorporated to amend the soil are compost, sphagnum 
peat moss, leaves, cow manure and green manures. 
Spread 2 to 4 inches of organic matter on the soil 
surface and incorporate into the top 6 inches of soil 
before planting.

Phosphorus
Phosphorus is reported in parts per million (ppm). The 
optimum level ranges from 15 to 50 ppm.

Phosphorus (P) is essential for healthy turfgrass root 
development. The amount required varies among soil 
types and maintenance regimes (Table 2). Do not apply 
more than 2 pounds P2O5 per 1,000 feet2 to established 
turf at any one time.

Overapplication of phosphorus can lead to runoff into 
waterways, which may promote the rapid growth of 
dense algal blooms. Large blooms often deplete the 
water of oxygen because sunlight cannot reach oxygen-
producing aquatic plant life below the water surface. As a 
result, large numbers of fish may die.

Potassium 
Potassium is reported in parts per million (ppm). The 
optimum level ranges from 200 to 300 ppm.

Potassium (K) is an essential component in regulating 
cellular electrical and water balance and controlling 
stomatal aperture. It’s also used as a catalyst in many 
chemical reactions inside and outside of the plant cells. 
As with phosphorus, the amount required varies among 
soil types and maintenance regimes (Table 3).

Table 2. Phosphorus fertilizer recommendations  
for turfgrass based on soil test results.

 Pounds P2O5 /1,000 feet2/year

Soil Test    High- 
Available P   General quality 
(ppm)*  Turf Turf New Turf**

0-6 Very low 3 4 5
7-12 Low 2 3 4
13-28 Medium 1 2 3
>29 High 0 0-1 1-2 

(Fagerness et al.,1998)

Where a range of recommended P2O5 rates is given, use the 
higher rate if the available P from the soil test is in the lower 
end of its respective range; conversely, use the lower rate if 
the available P is in the higher end of its respective range.
* Olsen test method.
** Incorporate into the surface 1 to 2 inches of soil before 
planting.

Table 3. Potassium fertilizer recommendations  
for turfgrass based on soil test results. 

 Pounds K2O/1,000 feet2/year*
Soil Test  
Available K   General High-Quality 
(ppm)**  Turf Turf

0-40 Very low 4 5
41-175 Low 2-3 3-4
175-250 Medium 0-1 2
250-300 High 0 0-1
300+ Very high 0 0

(Fagerness et al.,1998)

*Do not apply more than 1.5 pounds K2O per 1,000 feet2 
to established turf at any one time. Where a range of 
recommended K2O rates is given, use the higher rate if 
the available K from the soil test is in the lower end of 
its respective range; conversely, use the lower rate if the 
available K is in the higher end of its respective range.
**Ammonium acetate test method.

Soluble Salts 
Electrical conductivity (EC), reported in millimhos per 
centimeter (mmhos/cm), is a unit of conductivity and 
indicates the amount of salt in the soil extract. Soil 
EC can range from 0 to 50 mmhos/cm (seawater). An 
increase in EC or mmhos/cm represents an increase 
in soil salt content. Table 4 provides the EC threshold 
number for various turfgrass species managed in North 
Dakota.

Soil salinity can be caused by poor-quality irrigation 
water, lack of precipitation and capillary wicking from a 
high water table. Soils in western North Dakota tend to 
be saline because of low precipitation and because the 
local soil parent materials are of old marine origin. Not 
enough rain water is available to leach the salts from the 
soil that accumulates as plant biomass, such as leaves 
and roots decay.
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Upward (capillary) wicking is the primary cause of soil 
salinity in eastern North Dakota. The eastern part of 
the state has a high water table; in some areas, it is as 
shallow as 3 feet below the soil surface. The shallow 
water table raises during heavy rain events, bringing 
salts up to the soil surface. After the rain stops, the water 
table recedes, but the salts remain at or below the soil 
surface due to water evaporation from the surface.

Irrigation with water containing salts also can cause soil 
salinity. Many groundwater irrigation water sources are 
saline, and excessive irrigation with these water sources 
can create salinity problems.

The easiest way to remediate a saline soil is to leach 
it with good-quality water (low in dissolved salts 
and sodium). However, this simple remedy may not 
be possible if good-quality water is not available at 
the problem site. Refer to Table 5 for the amount of 
good-quality water required to leach a saline soil of 
accumulated salt.

Do not incorporate gypsum to remediate soil salinity. 
Gypsum should be used only to remediate sodic or 
saline sodic soil conditions. Please contact your local 
NDSU Extension agent for more information on sodic 
soils.

Zinc 
Zinc, reported in parts per million (ppm), is rarely 
deficient in turf. A number below 20 ppm is considered 
low, while 20 to 50 ppm is sufficient for managing turf. If 
a deficiency occurs, elemental zinc (Zn2) can be applied 
as a minor nutrient application.

Zinc toxicity on turf is more common than deficiencies, 
especially if composts containing high levels of zinc are 
used. 

Iron 
Iron, reported in parts per million (ppm), is plentiful in our 
soil but often deficient in turfgrass and other ornamental 
plants because it often becomes unavailable in alkaline 
soil.

Iron (Fe) is an element found in several primary plant 
molecules, including chloroplasts and hemoglobin, 
which are responsible for photosynthesis and oxygen 
transport respectively. The NDSU Soil Testing Lab uses 
the diethylenetriaminepentaacetic acid (DTPA) extraction 
method. According to that method, a test result at or 
less than 2.5 ppm is considered to be low, 2.6 to 5 ppm 
is considered medium and greater than 5 ppm is high 
(sufficient) (Carrow et al., 2001a).

Table 4. Electrical conductivity threshold numbers 
for various turfgrasses managed in North Dakota.

 Soluble Salts 
Turfgrasses (EC or mmhos/cm)

Annual bluegrass <3
Kentucky bluegrass <4
Crested wheatgrass <4
Red fescue <4
Alkaligrass 3 to 4
Fairway wheatgrass 4 to 8
Tall wheatgrass 4 to 8
Tall fescue 4 to 8
Perennial ryegrass 4 to 8
Creeping bentgrass 3 to 16*

*Salt-tolerance varies widely among creeping bentgrass 
cultivars.

Table 5. The amount of water needed to leach 
salt through 1 foot of saline soil.

Amount of good-quality Reduction in 
water needed salt content*

6 inches 50%
12 inches 80%
25 inches 90%

*Although accumulated salts can be leached from the 
soil with good-quality water, saline conditions will return 
quickly after a heavy rain if wicking of salt from a high 
water table is the usual cause.

Iron-deficient turfgrass has a mottled, yellowish/greenish 
(chlorotic) appearance, compared with a nitrogen-
deficient turf, which is uniformly yellowish/greenish 
across the turf canopy.

For iron-deficient turf, a foliar application of actual iron 
can be applied at 0.012 to 0.024 pound per /1,000 feet2 
in 1 to 5 gallons of water as often as needed (Carrow et. 
al, 2001b). Use the lower rate when the air temperature 
exceeds 85 F, and avoid foliar applications of iron when 
the turf is under stress because burning can occur.

Also avoid foliar applications if rain is imminent. Do not 
irrigate for three to four hours afterward to allow the 
leaves to absorb the iron.

You also can use iron sulfate at 0.25 pound iron per 
1,000 feet2. Green-up should occur in 24 to 48 hours and 
last about two weeks.
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If the soil pH is greater than 7.2, use Fe-EDDHA.  
Several EDDHA [ethylenediamine-N,N'-bis 
(2-hydroxyphenylacetic acid)]-based iron chelate 
products such as Sequestar 6% that are available at 
garden centers and online outlets can be applied by 
homeowners to treat iron-deficient turf.

The only method to remediate an iron-deficient soil is to 
acidify it with sulfur. Refer to the sulfur section and Table 
1 of this publication for rates.

Kentucky bluegrass can appear to be chlorotic after 
green-up in early spring in North Dakota because the 
roots are too cold to absorb an adequate amount of iron. 
You don’t need to apply iron at that time. The turf will 
green up uniformly once the soil warms to 50 to 55 F. 

Manganese
Manganese is reported in parts per million. The optimal 
soil range is 1 to 2+ ppm.

Like iron, manganese (Mn) is an element involved in the 
synthesis of chlorophyll. Turfgrass will become chlorotic 
while subjected to a Mn deficiency because it will cause 
a disruption of the photosynthetic process, which leads 
to yellowing of the leaf tissue. Deficiencies can occur on 
alkaline soils with a high pH.

Manganese can be applied as a granular fertilizer or a 
fertilizer minor. Minors consist of the following essential 
nutrients: boron (B), chlorine (Cl), copper (Cu), iron (Fe), 
nickle (Ni), manganese (Mn), molybdenum (Mo) and 
zinc (Zn) but are required by the plant in lesser amounts. 
If a minor is added to a plant fertilizer, it is listed as 
a fourth number in the analysis and often followed 
by the element’s symbol in parenthesis. Manganese 
also can be applied in a liquid foliar formulation. Apply 
manganese sulfate monohydrate (MnSO4·H2O) at 0.025 
pound actual Mn per 1,000 feet2 in 1 to 3 gallons of 
water (Carrow et. al, 2001c). 

Copper
Copper is reported in ppm. Most soils typically contain 
between 1 and 40 ppm of total copper. The NDSU 
Soil Testing Lab uses the DTPA extraction method to 
detect copper micronutrient availability. If the amount 
of available copper in the soil is less than 0.2, it is 
considered low; if it is 0.2 to 0.4, it is considered medium; 
and if it is greater than 0.4, it is high.

If a deficiency is detected, apply a foliar application at 
0.13 pound per /acre or 0.003 pound per /1,000 feet2.

Copper is used for chlorophyll formation and also 
catalyzes several chemical reactions. Deficiencies are 
uncommon but can occur on heavily leached sands and 
organic soils because of strong binding sites that fix 
the copper molecules, making them unavailable for root 
uptake (Carrow et. al, 2001d).

To avoid toxic levels, do not apply copper unless a true 
deficiency has been identified. Copper toxicity can 
hinder the turf’s ability to absorb iron and cause chlorotic 
conditions. Apply a foliar treatment to a small area and 
observe the response for a week before treating the 
entire site.

Sulfur 
The NDSU Soil Testing Lab reports sulfur in pounds of 
sulfur per acre in the sulfate (SO4) form. The lab uses 
calcium phosphate (Ca(H2PO4)2) to extract sulfate from 
the soil. Therefore, a moderate range would be 20 to 
40 pounds per /acre (.46 to .92 pound per 1,000 feet2) 
(Carrow and Duncan, 2011).

Sulfur’s primary role in plants is in the formation of 
cysteine and methionine, two amino acids that are 
required in many physiological functions and chemical 
reactions. 
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The Clean Air Act and subsequent amendments to 
that law imposed reductions on sulfur dioxide (SO2) 
emissions. Prior to the Clean Air Act, soil sulfur 
deficiencies were considered rare in the U.S. except on 
sandy soils.

At that time, many industries in the U.S. burned high-
sulfur fossil fuels, especially in coal-burning power plants 
and smelting plants. The heavy sulfur dioxide emissions 
from these industries settled to the Earth’s surface 
during rainfall in amounts that exceeded the demands of 
turfgrass (Christians, 2011).

The new federal regulations require fossil fuel-
burning industries to reduce sulfur dioxide emissions 
by employing a number of strategies, including the 
installation of more efficient lime scrubbers in their 
smokestacks to reduce ozone-depleting gas emissions, 
including sulfate and sulfur dioxide, into the atmosphere.

Sulfur dioxide deposition in North Dakota within recent 
years has ranged from 0.036 to 0.045 pound per 1,000 
feet2 (National Atmospheric Deposition Program, 2016). 
Therefore, sulfur applications may be required in North 
Dakota to prevent deficiencies. 

Elemental and other reduced forms of sulfur must 
be oxidized by soil microbes into sulfate before it is 
available for root uptake. This oxidation may take a year 
or more. Therefore, sulfate fertilizers such as ammonium 
sulfate, potassium sulfate (K2SO4) or magnesium sulfate 
(MgSO4) should be applied to treat a sulfur deficiency 
because they are immediately available to the turf. 

An application of 0.5 to 2 pounds of granular sulfur 
per year per 1,000 feet2 is usually sufficient. A foliar 
application of 0.05 pound S (as K2SO4) in 3 to 5 
gallons of water per 1,000 feet2 also may be used. The 
application of sulfur should provide a greening response 
within one to three days if it is deficient (Carrow et al, 
2001e). 

Chloride 
The NDSU soil test analysis reports chloride (Cl) 
in pounds per acre. Chloride is involved in cell 
multiplication in leaf tissue and water splitting during the 
photosynthetic process. 

It is required in concentrations 100 ppm (microgram/
kilogram) or less in plant dry weight tissue. Because the 
required levels are so low, deficiencies in turf are almost 
nonexistent. The required amount is typically provided  
by rain. 

Draining chlorinated swimming pool water on your lawn 
is unlikely to damage turfgrass or provide any beneficial 
effects.
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Homeowners and turfgrass managers  
can use this publication to clarify the results for the purpose 

of establishing and maintaining a healthy lawn. 

The NDSU Extension Service does not endorse commercial products or companies even though reference may be made to 
tradenames, trademarks or service names. 

NDSU encourages you to use and share this content, but please do so under the conditions of our Creative Commons license.  
You may copy, distribute, transmit and adapt this work as long as you give full attribution, don’t use the work for commercial purposes 
and share your resulting work similarly. For more information, visit www.ag.ndsu.edu/agcomm/creative-commons.

For more information on this and other topics, see www.ag.ndsu.edu
County commissions, North Dakota State University and U.S. Department of Agriculture cooperating. NDSU does not discriminate in its programs and activities on the 
basis of age, color, gender expression/identity, genetic information, marital status, national origin, participation in lawful off-campus activity, physical or mental disability, 
pregnancy, public assistance status, race, religion, sex, sexual orientation, spousal relationship to current employee, or veteran status, as applicable. Direct inquiries to 
Vice Provost for Title IX/ADA Coordinator, Old Main 201, NDSU Main Campus, 701-231-7708, ndsu.eoaa@ndsu.edu. This publication will be made available in alternative 
formats for people with disabilities upon request, 701-231-7881.
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