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Designing an Experiment
The most important step of experimental design is to de-

velop a central question of problem statement.  For exam-
ple, how well does this fertilizer work, can my greens handle 
two successive aerations, how can I speed snow mold re-
covery in the green banks, or how often do I need to apply 
this plant growth regulator to maintain yield suppression?  
It isn’t difficult to develop these questions because they typi-
cally arise throughout the workday.  You don’t need to for-
mally write out this statement, but keep it in mind as the 
ultimate goal of the experiment.  After you’ve developed a 
question, try to anticipate the answer to your question aka 
develop a hypothesis.  

The next step is to actually design the experiment and 
specifically the treatments (variables) and controls.  This is 
the fun part of research.  The variable treatments are the 
practices that get manipulated during an experiment while 
the controls are practices that are the same across all treat-
ments in the experiment.  The variable treatments should 
represent a range of possible responses.  For example, if the 
product you are evaluating has a range of application rates 
test the low, medium, and high rates to see if it is worth the 
extra cost to use a higher application rate.  It is also im-
portant to have a non-treated plot for comparison, which 
is often forgotten but is the most important treatment!  All 
other management practices besides the treatments being 
studied should be the same across all the treatments.  An 

additional part of experimental design typically neglected 
by superintendents is replication.  Replication is so impor-
tant because it ensures what you are observing is not a fluke.  
Here is a hypothetical example of a research question and 
treatment design:

Question:  I have a moss problem on my greens.  The 
hypothetical product ‘MossX’ can control moss but may 
also cause burn depending on the application rate.  What 
rate should I use to minimize burn yet still control the 
moss?  Also, is it safe to apply it with my wetting agent? 

Treatments: 3 ‘MossX’ application rates – non-treated 
control, low, and high labeled rates 
2 wetting agent rates – none and labeled wetting agent rate 

Controls: Same mowing height, fertilizer rate, top-
dressing rate, irrigation regime for all treatments.

Replication: 3 replicates of each treatment 

Total Plots: 18 (3 ‘MossX’ rates x 2 wetting agent rates 
x 3 replicates)
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In this example there are two types of treatments (or fac-
tors).  One factor is the three ‘MossX’ application rates and 
the other factor is the two wetting agent application rates.  
Therefore there are actually six different treatments (all the 
‘MossX’ rates with or without wetting agent application).  
This is called a balanced factorial design because each treat-
ment of one factor is applied with each variable of the oth-
er factor.  Finally all three treatments are replicated three 
times.  This brings the total number of plots required to do 
this experiment up to 18 (6 treatments x 3 reps).  This is one 
major reason turfgrass researchers have to limit the number 
of treatments in an experiment.  For example, if we wanted 
to test three ‘MossX’ rates, two wetting agent rates, at two 
mowing heights, and at three irrigation regimes replicated 
three times there would by 108 total plots (3x2x2x3x3=108) 
and makes for complicated data analysis.

The next step in the design is to decide what you are 
going to measure and for how long.  Sometimes turfgrass 
researchers measure attributes that require too much ex-
pertise, equipment, time, and expense to feasibly do away 
from a lab or dedicated research facility.  That being said, 
many notable research papers measure responses as simple 
as turfgrass visual quality, color, or clipping yield.  Don’t 
underestimate the importance of simple and careful obser-
vation.  Ultimately, the responses you decided to measure 
are dictated by the problem you are trying to understand 
during that experiment.  Some common and easy measure-
ments include:

Turfgrass Visual Quality Rating: Visually rate the turf-
grass on a one to nine scale where one equals dead/brown 
turfgrass and nine is the most perfect turfgrass you could 
possibly imagine.  Generally the value of six represents 
minimal acceptable quality, and the steps between rating 
values are half a unit (i.e. 6, 6.5, 7, and 7.5).  This rating en-

compasses all aspects related to turfgrass quality including 
color, density, uniformity, ect.  To help determine the values 
it is helpful to find the worst and best plot that you can com-
pare the other plots to.  For example, if the worst plots looks 
to be a four and the best an eight all the other plots should 
have ratings between a four and an eight.

Attribute Specific Ratings: These ratings are more spe-
cific than turfgrass quality.  Some examples include visual 
estimation of turfgrass color, density, diseases severity, re-
covery from topdressing/aeration, or percent disease, weed, 
or dry spot in a plot.  These ratings can be on a similar scale 
as turfgrass quality (1 to 9) or as a percent (i.e. this plot is 
covered with 40% localized dry spot).

Quantitative Measurements: While the previous ratings 
are more qualitative, there are many quantitative measure-
ments that can be easily taken; especially with the explo-
sion of measurement equipment like TDR soil moisture 
probes.  Companies such as Spectrum Technologies have 
TDR moisture probes, chlorophyll meters to measure grass 
color, and inferred thermometers to measure how hot the 
grass gets, which can be used to gather data from research 
plots.  Another quantitative measurement is clipping yield, 
however, it is difficult to measure because it needs to be 
collected from a specific area, clippings need to be dried at 
140°F for 24 hours, and then weighed on a very accurate 
scale (a postage scale usually is not good enough).  

Laboratory Measurements: Several soil testing labs in-
cluding the UW Soil and Plant Analysis labs can test many 
plant and soil properties such as tissue nutrient contents 
and soil fertility levels which are very useful in research but 
can be very expensive.  For example, if we wanted to see 
what the nutrient contents were in the ‘MossX’ experiment 
(18 plots) and it cost $15 to get that analysis the total cost 
for one days sampling would be $270. 

This shows the importance of a non-treated control and 
replication.  The plot in the center was not treated with Pri-
mo Maxx and surrounded by many replicates treated with 
Primo Maxx (other non-treated replicates are not shown).

Visual observations of turfgrass can provide a great 
deal of information.  I’m recording spring snow mold 
recovery ratings on plot map.
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That said there may be cases where that information may 
be important and worth the expense.  These analyses also 
require consistent sampling procedures across all plots and 
days (i.e. soil sampling depth).

One limitation of small scale research plots is finding 
equipment to apply the treatments.  We apply granular 
products such as seed or fertilizer with a very complex piece 
of equipment; a mason jar with holes drilled into the top.  
We weigh out the amount of product to apply over a plot, 
put it in the shaker jar, and then shake it over the plot until 
its gone (preferable going over the plot three times before 
the jar is empty for uniformity).  Spray applications can be 
made with a pump action sprayer outfitted with your fa-
vorite spray nozzle and calibrated to your walking speed.  
We step to the beat of a metronome set to a comfortable 
walking speed to insure a uniform walking speed like in a 
marching band.  The other option is to make plots larger 
enough in size to use traditional equipment such as a top-
dresser or aerator. 
Setting Up the Experiment in the Field

First you need to select a plot design or pattern and de-
cide on the size of the plots.  There are three commonly used 
plot designs you may see in a research report: completely 
randomized design, randomized complete block design, 
and a split plot design (Fig. 1).  A completely randomized 
design (CRD) is just like it sounds.  All the plots and their 
replicates are completely randomized (Fig. 1A).  The next 
design, a randomized complete block design (RCBD), has 
all the treatments in a line or block.  The total number of 
blocks represents the total number of replicates.  In Figure 
1B there are three different treatments in a row (represented 
by different colors) and three replicate rows or blocks.  No-
tice that each row contains all three treatments (colors).  The 
last design is a split plot design (Fig. 1C).  In this design the 
treatments within a block are split down the middle and one 
half gets treated differently than the other half.  These are 
convenient for studies that have different mowing heights 
or receive topdressing rates.  In Figure 1C you’ll notice that 
the whole plot gets treated with one of three treatments (dif-
ferent color) but those plots are split down the middle to 
receive the other factor (i.e. lower mowed height down the 
light shaded colors compared to the brighter colors).

To lay out the plots we use a surveyors tape, marking 
flags, and landscape paint.  To keep the plots square we rely 
on the Pythagorean Theorem (a2 + b2 = c2).  In figure 1A 
for example, the individual plots are eight feet long and six 
feet wide.  The total plot area would be 24 x 18 feet.  To make 
sure the overall plot area is square, the diagonal corner to 
corner length needs be 30 feet (√(242+182) = 30).  Having 
square plots make them look professional, and more im-

portantly is essential to make sure the correct amount of 
product is being applied to the plot area.  It may seem like 
extra work but it is worth it.  After the plot area is square, 
flag of the corners of the individual plots.  Once those flags 
look square paint dots at all the corners.  Placing metal 
stakes in the four corners of the plot area can be helpful in 
high mown grass because they can be located with a metal 
detector if dots are removed during mowing.  It also helps 
with treatment applications and data collection to assign 
the plots numbers and create a rough sketch of the plots the 
direction of north on the map.  Trust me it is very easy to 
forget which treatment is which a week or two after applica-
tion.  Your plot map is your guide.
Data Collection and Analysis

It is up to you how often data needs to be collected.  Gen-
erally you want to collect data frequently enough to record 
changes but not too frequently that it is a waste of time.  
Most field researchers take ratings weekly or biweekly while 
more expensive tests like tissue testing occur monthly or 
seasonally.  Again the frequency is a function of the study.  
We collected clippings as often as five days a week for the 
Primo Maxx GDD studies of my M.S.  Those studies re-
quired frequent data collection because we wanted to see 
when clipping yield transitioned from the suppression to 
rebound growth phase.  Be sure that all data you generate 
is recorded somehow for future analysis.  A simple way to 
record data is to make many copies of the plot map and re-
corded the ratings right on the map for that date.

Collecting grass clippings can be a lot of work but is 
used to measure how the grass is affected by fertil-
izer or plant growth regulators.
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Data analysis is the portion of the research process that 
typically requires complicated and expensive statistical 
software.  However, common programs such as Microsoft 
Excel can be used to do simple stats (i.e. calculate averages 
and compare treatments).  Figure 2 has hypothetical data 
from the ‘MossX’ wetting agent study described above.  In 
this example there is a color coded plot map and ratings of 
turfgrass visual quality and percent moss cover for a par-
ticular day.  The ratings from each replicate of a particular 
treatment were first organized into columns.  The ‘aver-
age’ function can then be used to calculate the mean visual 
quality or percent moss cover for each treatment.  To use 
this function, select the cell where you want the average to 
be generated, type ‘=average(’, and select the cells you want 
to average.  

The last step of the data analysis is to compare the aver-
ages.    From the ‘MossX’ experiment we see that quality of 
the non-treated turfgrass was 7.2 and the low ‘MossX’ rate 
with the wetting agent is 6.7.  We can use a statistical test 
called Student’s t-Tests to compare two treatments based 
on a calculated p-value.  The p-value is basically the proba-
bility that the treatments are actually the same.  The greater 
the p-value the greater the chance, or probability, that two 
treatments are the same.  In science we use a cutoff p-value 
of 0.05 to decide if two treatments are the same or not.  If 
the p-value is smaller than 0.05, then treatments ruled to be 
are significantly different (5% or less chance of being wrong 

and they the treatments are the same).  You may decide that 
a p-value of 0.25 is good enough for you (25% chance that 
the two treatments are the same).  

Excel can calculate the p-value of two treatment by typ-
ing ‘=ttest(select the cells from one treatment, select cells 
from another treatment,2,2)’.  For the ‘MossX’ example the 
excel code is ‘=TTEST(B12:B14,E12:E14,2,2)’.  The p-value 
is 0.101 so the non-treated control is statistically similar to 
the low ‘MossX’ rate with a wetting agent despite a slightly 
lower quality rating.  Alternatively a p-value of 0.101 means 
there is only a 89.9% probability that the treatments are 
different which isn’t conclusive enough for most scientific 
journal but may be conclusive enough for you.  You can use 
the t test function in Excel to compare other treatments of 
interest.  The visual quality of the high ‘MossX’ with wet-
ting agent (4.2) is much different than the quality of the 
non-treated control (7.2) with a very small p-value of 0.003.  
This means that there is a 0.3% chance that both treatments 
have the same quality.  These t-tests require replication to 
function.  By having replicated treatments and non-treated 
control you can use basic statistics to make assumptions 
about how well a product or practice works (or doesn’t 
work).  Without replication and controls it is impos-
sible to know what is happening because day to day 
fluctuation can be so extreme in turfgrass and have 
nothing to do with the treatments you are studying.

Figure 1.  
Different experimental design patterns. A) Completely 
randomized with three treatments and three replicates.  
The individual plots are 8 x 6 ft and the total plot area 
is 24 x 18 ft.  To make sure the plots are square the di-
agonal distance is measured and has to equal 30 ft. B) A 
randomized complete block design has all treatments in 
a line called a block.  Each block represents one replicate. 
C) A split plot design is like a randomized complete block 
design except that the plots are split in half to test another 
factor.  In this example mowing height is the additional 
factor within each plot



STUDENT RESEARCH
Conclusion

Designing and conducting a turfgrass field experiment 
doesn’t have to be complicated or even too time consuming. 
Some thought needs to go into the design and analysis but 
the data collection can be quick. I really believe site specific 
field research can be very helpful to you and your facility. 
Every place is different and turfgrass researchers cannot 
evaluate every possible management practice. Having prior 
experience with a product or practice can provide piece of 
mind and help to justify the costs and benefits associated 
with its utilization at your facility. I’ve included some easy 
projects that you can try yourself. Good luck with your re-
search endeavors!

Herbicide Rates and Efficacy Evaluations
Find an area with a uniform distribution of a problematic 
weed at your facility. For the treatments try different rates, 
products, or even re-application frequencies. Remember to 
replicate and randomize the treatments. Then rate turfgrass 
quality, turfgrass phytotoxicity, and percent weed cover over 
a period of time to find the best strategy for you situation.

Fungicide Rate and Efficacy Evaluations
Apply different fungicides alone or in various combinations 
to a nursery green or problematic area of a fairway to ob-
serve disease development following application. Remem-
ber to have a non-treated control and replicates for com-
parison. Some common ratings include disease severity or 
percent disease cover, and visual turfgrass quality

Grass Variety Evaluations
Obtain sample seed of different grass varieties and plant 

them in replicated grids. Include an older variety or a pre-
dominate variety at your facility for comparison. You can 
apply the seed with a drop spreader or masons jar shaker. 
Some of the ratings you could do include percent establish-
ment, quality, color, spring green up, and disease or drought 
susceptibility if you withheld fungicide or irrigation treat-
ments.

Wetting Agent Evaluations
Wetting agents, like plant growth regulators, are confus-
ing because it is difficult to tell how well they are working. 
For an experiment apply different wetting agents to plots 
on a nursery green or other problematic area. Then reduce 
or eliminate irrigation and rate turfgrass quality and local-
ized dry spot development. If you have a TDR soil moisture 
probe, simply measure the water content within a plot or 
take several measurements within a plot to analyze the dis-
tribution of the water within the plot.

Fertilizer Evaluations
Test different fertilizer products and biostimulants. Simple 
ratings include turfgrass quality, color, clipping yield, and 
tissue nutrient analysis. Again, remember to replicate the 
treatments and non-treated control plots. The control in 
a nitrogen evaluation is particularly important to account 
for soil nitrogen mineralization that can occur and possi-
bly lead to incorrect conclusions. And try different nutri-
ents like calcium and potassium fertilization to see how 
important they are to your foliar fertility program.

Figure 2.  An example Excel 
spreadsheet of the ‘MossX’ 
wetting agent study. The top 
figure is the plot map show-
ing the location of each 
of the six treatments. The 
tables below are the visual 
quality data and percent 
moss cover ratings for a 
particular day. Average was 
calculated below the table 
for each treatment. Selected 
treatments were compared 
with the t-test function in 
Excel to calculate a p-value. 
A p-value less than 0.05 was 
deemed statistically differ-
ent.
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WGCSA MISSION STATEMENT
The Wisconsin Golf Course Superintendents Association is committed to serve each member by promoting 
the profession and enhancing the growth of the game of golf through education, communication and research.

WGCSA VISION STATEMENT
The Wisconsin Golf Course Superintendents Association is dedicated to increase the value provided to its 
members and to the profession by:
•	 Enhancing the professionalism of its members by strengthening our role as a leading golf organization in 
the state.
•	 Growing and recognizing the benefits of a diverse membership throughout Wisconsin.
•	 Educating and promoting our members as leaders in environmental stewardship.
•	 Offering affordable, high value educational programs at the forefront of technology and service.
•	 Being key to enjoyment and the economic success of the game of golf.

April Golf and Educational Meeting at Geneva National
By David Brandenburg, Editor

 

The weather for the first golf meeting for the year 
matches the spring we had.  When I left Fond du Lac 

it was cold, a few flurries had fallen and the sun was com-
ing out for the day.  Usually heading south means warmer 
temperatures and green grass.

That was not the case for this meeting hosted by Kev-
in Knudtson and Geneva National Golf Club.  Knudt-
son a regular host of April meetings has been Director of 
Grounds Maintenance at the 54 hole Geneva National Golf 
Club since 2007.

Upon arriving in Lake Geneva it was clear the 38 degree 
temperatures would not melt the 3” of snow in time for 
the 12:30 shotgun start on the Gary Player Course.  Oddly 
enough driving home there was no snow just miles from 
the course and we had sunshine most of the way.  However 
those courses who felt they missed out on the snow every-
one was rewarded with their own storm later in the week.

Most of the registered attendees made the trip to have 
lunch and listen to Dr. John Stier and his presentation 
“Cost of Benefits of the University of Wisconsin Madison 
Turfgrass Program.  The talk was very informative and 
gave attendees insight into how colleges and programs are 
financed and operated.

If you missed it Dr. Stier provides a recap of his talk in 
his “Gazing In The Grass” column on page 16 and I have a 

few additional notes here.  The University of Madison has 
13 Colleges, 42,099 students and 381,709 living alumni, 
2,022 faculty and 14,946 staff members.  The departments 
and Colleges are run by committee which provides for 
slow but good decision making.  The committee structure 
also allows the colleges to be run with little overhead from 
administration costs.  The overhead at Madison is at 2.5% 
while the average university is 8-14%.

This years tuition is $8,314 for undergrad students and 
$23,063 for graduate students.  The difference in price is 
mainly because the grad student picks up all the cost of 
schooling while the state pays a major portion of the un-
dergrads tuition.

Madison is the only public university regularly ranking 
in the top 20 and is number 2 in public university research 
funding.  The College of Agricultural and Life Sciences 
(CALS) alone brings in over 110 million in research dol-
lars.

Geneva National Golf Club opened in 1991 and features 
three 18 hole courses named after their designers, Arnold 
Palmer, Gary Player and Lee Trevino,  Our group was 
scheduled on the 7,008 yard player course where the 394 
yard first hole give golfers a great view of Lake Como.

Thanks to Kevin and the staff at Geneva National and we 
look forward to our return.
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MISCELLANY

Defending the Profession
By Ben Pease, Research Assistant, Department of Horticulture, University of Wisconsin-Madison

 

Emotion wins arguments. Emotional speech trumps sci-
entific speech. These statements are true for nearly ev-

ery topic, especially in today’s polarized, 24/7 news cycle 
society. It is also true that golf course superintendents are 
educated and humble environmentalists. While our profes-
sion entails actively manipulating an outdoor environment, 
the vast majority of superintendents embrace nature and 
constantly work to lessen the chance of any negative effects 
of turf culture. 

Golf turf in American has come under attack on local 
and national levels, branded a wasteful and polluting prac-
tice that requires extensive inputs. While it is true that turf 
culture requires inputs, the amount and frequency of these 
inputs are decreasing through research, modern technol-
ogy, and innovation. We are aware of our “green” efforts, 
but is the public? Conveying this message to a neighbor or 
a reporter is not an easy task due to our “1+1 = 2” scientific 
defense approach. I would like to present some ideas and 
references that will help us bring an emotional element into 
our message when defending turf and our profession, thus 
better conveying and relating our position and actions.

I believe it is important to first establish your own cred-
ibility. This may be uncomfortable but it will many times 
quickly show that you are much more qualified than your 
opponent. Whether speaking to an individual or a group, 
do not hold back. Unlike the well-known requirements to 
be a teacher or a surgeon, the general population has little 
information on our levels of experience and education, es-
pecially our continuing education efforts (i.e. the Certifica-
tion process or Pesticide Applicator Training). 

Golf course superintendents have a higher average edu-
cation level than the general public (WI Ag. Statistics Ser-
vice, 2001). No element of experience is insignificant. Think 
back to how your career actually began to possibly find an 
emotional element that will connect you with the audience. 
For example, my own background yields this statement: 
“My experience in turf began in home lawn care, where for 
7 seasons I averaged 7 lawns per week. Therefore, by my 
early 20s, I had seen 60% more turf than a 50 year old indi-
vidual.” Your past, present, and future experiences will lend 
credibility to your argument or position. 

beyond conventionalMMoving b ...
               ...                       for a better planet
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better.  smarter.  responsible.

When you choose Prevail®, you’ll achieve superior results and capitalize on cost 
advantage savings by using 20-30% less fertilizer than conventional products. 
Prevail appeals to a vast new audience that cares about the environment and 
the footprint they leave behind for future generations.  With Prevail® you’re 
using high quality products that will provide dependable results, and your 
customers will love knowing they’re utilizing better products to manage 
their greenspace areas.

But we’ve just scratched the surface here, to get the full story on why your 
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show you how these revolutionary new products work.
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