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TifEagle putting green management: 
Nitrogen and PGR applications
Using Primo on TifEagle greens may allow superintendents to reduce nitrogen fertilization.

Patrick McCullough, M.S.; Haibo Liu, Ph.D.; and Bert McCarty, Ph.D.

Ultradwarf bermudagrasses are improved 
cultivars that tolerate long-term mowing 
heights of 0.125 inch (3.2 millimeters) or less 
and produce putting green quality compara-
ble to that of creeping bentgrass for transition 
zone golf courses. However, with ultradwarf 
cultivars like TifEagle, low mowing heights 
may increase sensitivity to environmen-
tal stresses and exacerbate root decline (8). 
Excessive nitrogen fertilization and routine 
close mowing may also shift turfgrass growth 
and nutrient allocation from roots to shoots. 
Therefore, maintaining suffi cient nitrogen 
fertility levels without reducing root growth 
is a major agronomic concern for successful 
ultradwarf bermudagrass culture.

Ultradwarf bermudagrass putting greens 
generally require greater quantities of applied 
mineral nutrients than creeping bentgrass 
greens and higher-cut bermudagrass cultivars 
such as Tifway. Thus, improving nutrient use 
effi ciency would be agronomically and eco-
nomically benefi cial for long-term putting 
green culture. 

A gibberellic acid inhibitor, Primo (trinexa-
pac-ethyl, 1EC), is widely used for putting 
green management and effectively reduces 
clippings of higher mowed bermudagrasses 
such as Tifway (2,4). Applications of Primo 
often enhance turfgrass color and quality from 
compacted leaf tissue containing greater chlo-
rophyll per unit leaf area (1,7). Furthermore, 
incorporating Primo into fertilization pro-
grams may allow superintendents to reduce 

nitrogen requirements by enhancing leaf color 
and minimizing the loss of nutrients removed 
through clipping collection. 

Field experiments were conducted in 
Clemson, S.C., to investigate physiological 
and growth responses of TifEagle shoots, 
roots and rhizomes following nitrogen and 
Primo treatments (Figure 1). 

Materials and methods
Field experiments were conducted from 

April to August 2003 and 2004 on a Tif-

Eagle bermudagrass putting green con-
structed approximately to USGA recom-
mendations in July 2002 at the Turf Service 
Center, Clemson University, Clemson, S.C.

On April 17, 2003, potash was applied 
according to soil tests at 1 pound potas-
sium/1,000 square feet (4.9 grams/square 
meter) to help correct defi ciencies. Beginning 
the fi rst week in May, turf was mowed daily 
at 0.125 inch (3.2 millimeters) with a Toro 
Greensmaster mower and irrigated as needed 
to prevent stress. 

Figure 1. TifEagle bermudagrass treated with and without Primo at four nitrogen rates in experiments, 2003-2004, 
Clemson, S.C.

Ph
ot

o 
by

 P
at

ric
k 

M
cC

ul
lo

ug
h

065-080_Aug06Tech.indd   72065-080_Aug06Tech.indd   72 7/14/06   2:15:06 PM7/14/06   2:15:06 PM

<<
  /ASCII85EncodePages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


Synapse Prepare
Banta_InDesign_090704:Banta_InDesign_090704
QuarkXPressª settings can't be modified by the user
InDesignª Print Style: Banta_PS_CMYK.prst
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: Banta_081804.ppp
PitStop Actions: SynapseLogo.eal
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:   
Job Number:   
Proof Due:  Mon, Jul 10, 2006
Final Due:  Mon, Jul 10, 2006
Company:  Golf Course Management
Contact:  Kelly Neis
Address:  1421 Research Park Drive
City:  Lawrence
State:  KS  Zip:  66049  Country:  USA
Office Phone:  785.832.3646
Email:  kneis@gcsaa.org
�



GCM  73
August 2006

RESEARCH

PRIMO AND NITROGEN TREATMENTS
Primo (ounces/
acre/3 weeks)†

Clipping yield‡ Root mass§ Stolon/rhizome mass§
Chlorophyll concentration

(milligrams/gram)//

Crabgrass cover
(plants/square meter)#

Seedheads 
(% cover)††grams/square meter

0 2.1 16.9 1,005 7.6 2 10

6 0.7 16.5 1,050 8.9 17 0.8

Nitrogen (pound/
1,000 square feet/
week)†

0.125 0.5 18.1 1,021 10.5 6 17

0.25 1.2 17.1 1,075 7.9 18 4

0.375 1.8 16.6 1,040 7.3 6 0.5

0.5 2.0 15.0 972 7.4 8 0

Nitrogen * * * * NS *

Primo * NS * * * *

Note. An asterisk indicates a signifi cant difference between Primo treatments or between nitrogen treatments at the 0.05 probability level. NS, no signifi cant difference.
†Initial nitrogen (34-0-0) treatments were April 26, 2003, and April 24, 2004. Initial Primo treatments were May 8, 2003, and May 4, 2004.
‡Clippings were harvested May 10, 17, 24, 2003 and 2004; June 10, 14, 22, 24, 28, 2003 and 2004; July 2, 5, 7, 12, 14, 19, 2003 and 2004; and Aug. 7, 2003 and 2004. Clippings 
were oven-dried at 176 F (80 C) for 48 hours and then weighed.
§Roots and stolon/rhizome samples were harvested May 23, 2003; June 20, 2003; July 19, 2003; Aug. 14, 2003; May 18, 2004; June 17, 2004; July 15, 2004; and Aug. 11, 2004.
//Total chlorophyll concentrations determined from samples collected June 21, 2003.
#Crabgrass cover was rated June 17, 2004, three weeks after aerifi cation.

Table 1. Clipping yield, root mass, stolon/rhizome mass, chlorophyll concentration, crabgrass cover and seedhead cover of TifEagle bermudagrass treated with nitrogen and Primo in 
fi eld experiments, 2003-2004, Clemson, S.C.

On June 21, 2003, and June 18, 2004, 0.25 
pound nitrogen/1,000 square feet (1.2 grams/
square meter) was applied to all plots with a 
greens-grade granular fertilizer containing 
nitrogen, phosphorus, potassium, magnesium, 
sulfur, iron, manganese and  chloride.

Bermudagrass was aerifi ed with hollow 
tines 4 inches (10 centimeters) long and 0.5 
inch (1.3 centimeters) in diameter with 2-
inch (5-centimeter) spacing on May 20 and 
July 28, 2003, and May 26 and July 28, 
2004. Cores were removed, and holes were 
fi lled with sand topdressing similar to the 
root-zone mix. Bermudagrass aerifi cation 
recovery was visually rated on a scale of 0% 
to 100%, where 0% = no recovery and 100% 
= complete aerifi cation recovery. Crabgrass 
germination following aerifi cation was rated 
by counting all the plants in each plot. 

Treatments 
The experimental design was a split-block 

with four replications of 5- × 7-foot (1.5- × 
2-meter) plots. Four nitrogen rates were 
applied to whole plots (5 feet × 14 feet [1.5 
× 4.3 meters]), and Primo was applied across 
nitrogen treatments over half of every block 
(5 feet × 7 feet [1.5 × 4.3 meters]). Ammo-
nium nitrate solution was applied with a 
single-nozzle CO

2 
spray tank at 0.125, 0.25, 

0.375 or 0.5 pound nitrogen/1,000 square 
feet (0.6, 1.2, 1.8 or 2.4 grams/square meter) 
per week beginning April 24, 2003, and April 
26, 2004. Nitrogen treatments were contin-
ued for 16 weeks thereafter. Primo (1EC) was 
applied at 0 or 6 ounces/acre (0 or 0.04 mil-
liliters/square meter) once every three weeks 
with a CO

2
 sprayer at 75 gallons/acre (70.2 

milliliters/square meter) from May 8 to Aug. 
9, 2003, and from May 4 to Aug. 11, 2004.

Ratings
Turf color was visually rated weekly on a 1 

to 9 scale, where 1 = brown turf and 9 = dark 
green turf. Color ratings below 7 were con-
sidered unacceptable. Seedheads were visu-
ally rated as percent plot coverage. From May 
10 to Aug. 7, 2003 and 2004, clippings were 
harvested with a walk-behind greensmower 
twice weekly, approximately 24 hours after 
the previous mowing, Clippings were oven-
dried at 176 F (80 C) for 48 hours and then 
weighed. Two soil core samples (3 square 
inches × 12 inches [19.4 square centime-
ters × 30.5 centimeters) per plot were taken 
monthly between May 23 and Aug. 14, 2003, 
and between May 18 and Aug. 11, 2004. Soil 
samples were washed thoroughly to harvest 
roots and stolons/rhizomes. 

After backfi lling soil in sample holes, 

percent lateral regrowth was measured with 
a sampling grid (each cell in the grid is 1 
square millimeter) beginning two weeks after 
the fi rst and second root samples. Total cells 
with plant tissue were calculated as a percent-
age of 3 square inches (19.3 square centime-
ters) until bermudagrass cover was complete.

Clippings, roots and stolon/rhizome 
samples were analyzed monthly for nutri-
ent concentrations. Leaf tissue was col-
lected for analysis on the same day as roots 
by collecting clippings. Soil (12-inch [30-
centimeter] depth) was randomly taken from 
root samples and analyzed for nitrate-nitro-
gen concentrations. Chlorophyll concen-
trations (milligrams/gram of fresh clipping 
weight) were determined eight and 16 weeks 
after initial nitrogen treatments.

Results and discussion

Turf color
Throughout both growing seasons, TifEa-

gle color improved as nitrogen rate increased. 
However, color declined in July and August 
from mower scalping and possibly from high 
nitrogen levels (0.375 and 0.5 pounds/1,000 
square feet [1.8 or 2.4 grams/square meter] 
per week) that were excessive for ultrad-
warf bermudagrass. Fertilizing TifEagle at 
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0.25 pound nitrogen/1,000 square feet (1.2 
grams/square meter) per week provided the 
most consistent turf color from April to 
August 2003, but in 2004, TifEagle fertil-
ized at this rate did not produce acceptable 
turf color until nine weeks after initial nitro-
gen treatments (June 24). TifEagle in the 
transition zone may require higher nitrogen 
input (0.375 or 0.5 pound nitrogen/1,000 
square feet [1.8 or 2.4 grams/square meter] 
per week) in spring and early summer, but 
these rates appear to be excessive when 
applied throughout the summer.

Discoloration
Primo treatments initially caused dis-

coloration in 2003, but bermudagrass color 
recovered and was enhanced compared to 
turf not treated with Primo. In 2004 initial 
Primo applications did not cause discolor-
ation, most likely because early summer tem-

peratures were warmer in 2004 than in 2003. 
Our research has shown that applying Primo 
once a week or once every two weeks at lower 
rates effectively reduces discoloration from 
early summer applications (6). 

Clipping yield 
Clipping yield increased with nitrogen 

rate (Table 1), but the clipping yield from 
TifEagle treated with Primo was 67% less 
than the yield from turf not treated with 
Primo.

Stolon and rhizome mass
Stolon and rhizome mass of TifEagle 

treated with Primo was 5% greater than that 
of turf not treated with Primo. Stolon and rhi-
zome mass increased as nitrogen rate increased 
from May to August in both years but was 34% 
greater in 2004 than in 2003. Stolon and rhi-
zome mass increased as nitrogen rate increased 

from 0.125 to 0.25 pound/1,000 square feet 
(from 0.6 to 1.2 grams/square meter) per week 
but decreased with higher nitrogen rates.

Root mass
From May to August 2003, TifEagle root 

growth decreased as nitrogen rate increased, 
probably from persistent shoot growth with 
higher fertility rates and routine mowing at 
0.125 inch (3.2 centimeters) (3,5). Applica-
tions of Primo did not affect bermudagrass 
root mass (Table 1). 

Nutrient allocation
Monthly tissue tests showed that nutri-

ents removed through clippings increased as 
nitrogen rate increased, and inhibiting ber-
mudagrass leaf growth with Primo reduced 
total nutrients lost through clippings by 70% 
compared to turf that was not treated with 
Primo.   Because growth suppression by Primo 

Figure 2. Percent lateral regrowth from two separate 20-square-centimeter samples of TifEagle bermudagrass treated with nitrogen (34-0-0) and Primo 
(0 or 6 ounces/acre once very three weeks) in fi eld experiments in Clemson, S.C.

NITROGEN AND PRIMO
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➤ Applying Primo in May to TifEagle initially caused discoloration, but turf recovered with 
color enhanced 10% to 25% from the untreated turf.

➤ Primo reduced clippings approximately 70% from untreated turf without restricting root 
growth, but Primo inhibited lateral growth, which reduced recovery from aerifi cation.

➤ TifEagle required higher nitrogen rates from May to June (0.375 to 0.5 pound 
nitrogen/1,000 square feet/week), but lower nitrogen rates were suffi cient to maintain 
acceptable turf quality in July and August (0.25 pound nitrogen/1,000 square feet/week).

➤ Clipping reductions from Primo applications reduced nutrients removed through 
clipping collection by approximately 70% while increasing nutrient retention in stolons 
and rhizomes.

decreased nutrient removal through clippings, 
greater amounts of nutrients were retained 
in belowground plant tissues relative to turf 
that was not treated with Primo. TifEagle 
bermudagrass treated with Primo had about 
10% to 30% higher nitrogen, phospho-
rus, potassium, calcium, magnesium, sulfur 
manganese and iron retention in rhizomes 
in June and August 2003, and higher nitro-
gen and phosphorus retention in rhizomes in 
July 2004. Root nutrient levels were similar to 
those in turf that was not treated with Primo 
on all sampling dates in both years.

Lateral regrowth and aerifi cation recovery
As nitrogen rate increased, lateral regrowth 

increased in 2003 and early in 2004 (Fig-
ure 2). Later in 2004, lateral regrowth from 
higher nitrogen rates declined to the same 
level as regrowth from lower nitrogen rates.

Primo reduced lateral regrowth in 
TifEagle 4% to 34% from samples taken May 
23 and 3% to 67% from samples taken June 
20, 2003, compared to turf not treated with 
Primo. In 2003, the most signifi cant reduc-
tions in lateral regrowth occurred one week 
after sod plugs were removed. In 2004, from 
samples taken May 18, Primo reduced lateral 
regrowth only 13% after two weeks. However, 
Primo reduced lateral regrowth 19% to 32% 
for up to four weeks from samples taken on 
June 17.

Bermudagrass recovery after aerifi ca-
tion on May 20, 2003, increased as nitrogen 
rates increased one and two weeks after aeri-
fi cation (data not shown), but by three weeks 
after aerifi cation, nitrogen rate did not affect 
recovery. At one week after aerifi cation, Primo 
had reduced bermudagrass recovery 13% in 
comparison to turf not treated with Primo; 
however, recovery was similar for treated and 
nontreated turf on other dates. In 2004, at one 
to three weeks after aerifi cation, Primo had 
reduced aerifi cation recovery 13% to 38% in 
comparison to turf that was not treated. 

In 2004, reduced aerifi cation recovery 
caused by Primo allowed crabgrass to ger-
minate in aerifi cation holes by June 17, and 
resulted in eight and a half times more crab-
grass plants per square meter than in plots 
that were not treated with Primo. Nitrogen 
fertilization rate had no effect on crabgrass 
germination. 

Reduced lateral growth of TifEagle 
treated with Primo delayed aerifi cation recov-
ery. This may be of concern because dwarf 

bermudagrass requires routine aerifi cation, 
topdressing and vertical mowing to manage 
prolifi c thatch accumulation (8). Withhold-
ing Primo treatments before aerifi cation or 
enhancing nitrogen levels will probably pro-
mote quicker recovery.

Increasing nitrogen to 0.5 pound nitro-
gen/1,000 square feet (2.4 grams/square 
meter) per week caused substantial discolor-
ation following aerifi cation in both years, but 
bermudagrass color generally recovered to 
acceptable levels within seven days. 

Seedheads
Bermudagrass seedheads were present in 

June of both years. TifEagle seedhead cover-
age was reduced as nitrogen rates increased 
(Table 1). Bermudagrass that was not treated 
with Primo averaged 10% seedhead coverage 
in June, but turf treated with Primo had less 
than 1% coverage. 

Conclusions
Our results suggest that superintendents 

in the transition zone who consistently use 
Primo to manage shoot growth in ultradwarf 
bermudagrass may be able to reduce yearly 
nitrogen applications. Reducing leaf growth 
of ultradwarf bermudagrass greens reduces 
nutrient removal through clippings and 
favors nutrient storage in rhizomes. Primo 
applications do not appear to adversely affect 
rooting of TifEagle. However, the greater sto-
lon/rhizome mass and reduced lateral growth 
may increase thatch production, which must 
be controlled with frequent aerifi cation. Aeri-
fi cation recovery, in turn, may also be slowed 
by Primo through inhibited lateral growth. 

Superintendents should be cautious with 
initial Primo treatments on bermudagrass 
greens in early summer because the turf is 

more sensitive to plant growth regulators 
in cooler weather. Only actively growing 
and healthy bermudagrass greens should be 
treated with Primo, but reduced rates and 
suffi cient nitrogen fertility in early summer 
will help mitigate initial discoloration.
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