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Precision Turfgrass 
Management 
and irrigation practices
Following the lead of Precision Agriculture, 
Precision Turfgrass Management makes it possible 
for superintendents to apply precise amounts of 
inputs exactly when and where they are needed.

Joseph M. Krum, M.S. 
Robert N. Carrow, Ph.D.

Precision Turfgrass Management is a term 
increasingly found in the turfgrass literature with 
respect to the potential for precise pest, fertiliza-
tion, salinity or irrigation management (1,2,13,14). 
Many similarities exist between Precision Turf-
grass Management and Precision Agriculture, a 
management concept in traditional agriculture 
that started about 20 years ago (11). To achieve 
input effi ciency, both concepts promote greater 
attention to precise management at the subfi eld 
level in areas called site-specifi c management units 
(SSMUs). Site-specifi c management units are 
areas with similar soil, topography, microclimate 
and the same plant species/cultivar and plant 
growth conditions and, therefore, similar irriga-
tion needs (5,10,15). For golf courses, site-specifi c 
management units are sub-areas within fairways, 
tees, greens and roughs (2). 

As societal pressures intensify toward conserva-
tion for all water users, the golf industry must be 
on the cutting edge in effi ciency (3,4). For irrigated 
turfgrass sites, the most important tools to achieve 
effi ciency are an irrigation system designed for uni-
formity of application and fl exibility, ideally down 
to a single head; and effi cient irrigation scheduling. 
Greater site-specifi c management for irrigation will 
maximize water-use effi ciency and conservation. 
This means making more-precise applications of 
water than are currently possible so that water is 
applied only where and when it is needed and in 

the amount needed by the plant. We must make 
more precise adjustments in irrigation design and 
scheduling on a much smaller area scale than we do 
currently. In this article, we explain how Precision 
Turf Management concepts can improve water-use 
effi ciency and conservation.

Know your site
Site-specifi c management requires site-specifi c 

information, and the more complex the site, the 
more spatially detailed the information required 
across the landscape. For golf courses, spatial vari-
ability across a complex landscape infl uences fac-

During mapping, a truckster pulls the remote sensing device as 
it takes soil moisture readings about every 10 feet (3 meters). 
Mapping an average fairway takes about 30 to 45 minutes. 
Photo by R. Carrow
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tors affecting irrigation management, such as: soil 
factors (water-holding capacity, texture, organic 
matter content, slope, etc.), microclimate condi-
tions (solar radiation, wind, humidity, tempera-
ture), irrigation system characteristics (uniformity 
of application, scheduling), and plant attributes 
(density, growth, color, plant species). Spatial dif-
ferences in soil properties affecting turfgrass water 
relations also can be within a soil profi le, such as 
layers (that is, a surface layer of high organic mat-
ter) in the soil, or a fi ne-textured B horizon on a 
fairway soil.

Precision Agriculture developed rapidly only 
when remote sensing of crop canopies or crop-
yield mapping was coupled with detailed fi eld 
information on soil properties and topography 
that was obtained with mobile fi eld-monitoring 
units (5,11,12). Soil information is important 
because delineation of site-specifi c management 
units requires accurate determination of soil water 
content, which is highly correlated to soil texture 
and organic matter (5,6,12). 

Sensors on the move
A primary factor hindering development of 

Precision Turfgrass Management has been the lack 
of mobile devices for detailed mapping of plant 
stress status and soil attributes affecting plant per-
formance in large complex turfgrass landscapes. 
A review of considerable research involving opti-
cal sensing, especially by spectral refl ectance, on 
turfgrasses showed that all the studies involving 
mobile units used on turfgrass sites obtained only 
plant data and not soil data (1).

Sensor technology and turfgrass applications 
have increased considerably in recent years; for 
example, coupling hand-held mobile sensor devices 
with geo-referenced data (GPS, global positioning 
system) that can be used in geographical informa-
tion systems (GIS) to display maps. Devices that 
determine water-holding capacity (that is, volu-
metric water content) using time-domain refl ec-
tometry (7,9) also are available. However, the 
rapid mobile sensing platforms necessary to make 
spatial maps of large landscape areas where hun-
dreds to thousands of measurements are necessary 
were not available until recently. In 2005, the fi rst 
experimental unit was developed to obtain spa-
tial and temporal soil and plant data over large 
turfgrass areas (some of the applications from this 
unit are discussed later in this article) (2). 

The initial unit could
• determine water-holding capacity of soil to 

a depth of 4 inches (10 centimeters) while 
moving over the site

• map penetrometer resistance to spatially 

Mapping Fairway 10

determine soil compaction
• provide a reasonable estimate of topogra-

phy, especially degree of slope and aspect 
(direction the slope is facing) on sites 
without topographic maps

• determine current turfgrass performance 
spatially over the site based on the normal-
ized difference vegetative index (NDVI) 
[NDVI is the most commonly used plant 
performance or stress indicator and cor-
relates well with turfgrass quality, density 
and color (1)]

• provide GPS referencing for all data so 
that the data could be used in GIS systems 
for map development and analyses

Other researchers (13,14) also have reported 
on combining a spectral unit for measuring 
the NDVI with an electrical magnetic unit to 
estimate soil moisture in a system with GPS 
capability.

Figure 1. Defi ning site-specifi c management units. VWC (volumetric water content) data is 
the primary factor and the legend scale is based on estimated soil types. Secondary factors 
used to adjust SSMU boundaries are NDVI responses (measure of plant stress, where NDVI = 
1 is ideal turf) and the VWC standard deviation data. Information on L (low), M (moderate) and 
H (high VWC) site-specifi c management units is presented in Table 1. 
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Mapping Time = 45 min

0            25              50            75           100 Meters

> 24
24 - 16
16 - 8
8 - 5
< 5

> 0.85
0.85 - 0.80
0.80 - 0.75
0.75 - 0.67
< 0.67

> 28.4
28.4 - 24.4
24.4 - 20.4
20.4 - 16.3
16.3 - 12.3
< 12.3
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management unit, superintendents can use statis-
tical programs that indicate the least number of 
soil samples required and where they are located 
within the unit. Thus, information on each site-
specifi c management unit obtained after the initial 
mapping data can be useful for other site-specifi c
management decisions such as lime applications 
or fertilization. 

Appropriate statistical tests provide a quantita-
tive means to describe spatial data within a site-
specifi c management unit compared to the whole 
area or to other site-specifi c management units. 
A useful means of characterizing the spatial vari-
ability of soil water content at fi eld capacity across 
a whole fairway or within a site-specifi c manage-
ment unit is the distribution uniformity (DU) 
approach, which uses volumetric soil water-con-
tent values instead of catch-can values to assess 
uniformity (Table 1) (7,8,9). This approach is 
valuable for several reasons.

• Whole fairways or greens can be evaluated. 
The catch-can method used in traditional 
water audits covers more-limited areas.

• The distribution uniformity analysis based 
on soil water status at fi eld capacity would 
not refl ect the infl uence of irrigation sys-
tem distribution, but it would determine 
the natural variation of soil moisture at 
fi eld capacity (100% fi eld capacity is the 
fi ll point for irrigation). The lower-quartile 
distribution uniformity (DU

lq
) can be cal-

culated to quantify the variability within a 
site-specifi c management unit. A high DU

lq

indicates good uniformity of soil moisture 
status within a site-specifi c management 
unit, which is the goal.

• Calculation of the DU
lh 

(lower-half distribu-
tion uniformity) is used as a run-time modi-
fi er for irrigation scheduling. This could be 
applied to a site-specifi c management unit 
to schedule irrigation on a more site-specifi c 
basis (8).

Irrigation application No. 2
A second irrigation application (illustrated in 

Figure 2) is to identify problem areas within a 
site-specifi c management unit. Problem areas are 
often related to irrigation heads, scheduling or 
other management issues that are relatively easy 
to correct, such as: head arc alignment, head not 
operating, wrong nozzles, incipient localized dry 
spot that is not yet visible, incorrect scheduling 
(too much or too little), spray blockage caused by 
a head that is too low or not level, disease causing 
turf decline, or other issues. Some of these prob-
lems may be obvious, but others are less apparent 

Field applications for irrigation
Along with Van Cline, Ph.D., of The Toro 

Co., we have defi ned four primary fi eld applica-
tions using Precision Turf Management princi-
ples for enhancing water-use effi ciency through 
improvements in irrigation design and scheduling 
on complex turfgrass sites (2). 

Irrigation application No. 1
The fi rst fi eld application for irrigation is 

mapping after a rain that has brought all areas to 
fi eld capacity (a measure of the soil water-holding 
capacity). Mapping under these circumstances 
determines baselines for defi ning site-specifi c 
management units because fi eld-capacity values 
are highly correlated to soil texture and organic 
matter. Figure 1 illustrates this application and 
site-specifi c management unit boundaries. Map-
ping after adequate rainfall removes irrigation 
non-uniformity and slope runoff that would 
infl uence soil water status. However, NDVI val-
ues may refl ect previous plant stresses and, there-
fore, refl ect the effects of water relations on plant 
performance. 

Initial site-specifi c management unit areas 
based on water-holding capacity at fi eld capacity 
can be further refi ned by considering topographic 
slope and aspect. Sloped areas may require differ-
ent irrigation programs (that is, pulse irrigation 
cycles) to allow water to infi ltrate.

Soil sampling protocols are necessary to vali-
date the site-specifi c management unit areas and 
to determine the soil chemical and physical char-
acteristics of the site-specifi c management unit 
(5). To obtain the best estimate of soil chemical 
and physical properties within the site-specifi c 

VWC uniformity: Fairway 10

Table 1. Characterizing site-specifi c 
management units. See Figure 1 

for the SSMU locations on Fairway 
10. Data relates to the top map in 

the fi gure.

    VWCtot           VWClq  DUlq          DUlh
SSMU   ———————————— %  ————————————

Fairway 22.1 15.2 69 81

High VWC 25.2 19.5 77 86

Moderate VWC 21.8 17.0 78 86

Low VWC 17.5 10.3 59 75

SSMU, site-specific management units; VWC, soil volumetric water content; VWC
tot

 = average of all 

soil volumetric water content (VWC) measurements; VWC
lq
 = average of the lowest one-fourth of VWC 

measurements; DU
lq
, lower-quartile distribution uniformity, DU

lq
 = (VWC

lq
/VWC

tot
) × 100; DU

lh
, lower-half 

distribution uniformity, DU
lh
 = [0.386 + (0.614 × DU

lq
)] is the equation used for irrigation scheduling.
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and show up in the maps. Once possible problems 
are identifi ed on maps — usually by using both 
soil water content and plant stress (NDVI) maps 
— the superintendent can systematically go to 
each area and determine the specifi c problem, as 
was done in the example in Figure 2. 

Once problems are solved within a site-specifi c 
management unit, future mapping should show 
more uniformity of the site. The maps in Figure 
2 show both actual volumetric water content and 
NDVI values. These maps were developed by a 
method incorporating the standard deviation, 
which maps the lowest and highest values for soil 
moisture and makes plant stress easier to identify. 
How data are mapped and analyzed is important 
in order to gain the optimal information for the 
specifi c fi eld application.

Irrigation application No. 3
A third application is evaluation of spatial uni-

formity of soil water status when the irrigation sys-
tem is being operated under normal use conditions. 
This evaluation shows how spatial uniformity of 
soil water is infl uenced by irrigation system design 
(for example, incorrect head spacing); scheduling 
parameters; wind; effect of slope on infi ltration of 
irrigation and precipitation; and other factors that 
result in non-uniformity of soil water status across 
a landscape. Mapping for this fi eld application 
should occur within a few hours of a typical irriga-
tion application and not after a rainfall. 

The distribution uniformity approach also can 
be used in this situation, but it would be a mea-
sure of non-uniformity of soil water status from 
all contributing factors integrated together, in 
particular, natural soil variation in water-holding 
capacity, irrigation system distribution unifor-
mity, irrigation scheduling differences and slope. 
Distribution uniformity is a well-understood and 
frequently used approach for assessing irrigation 
system uniformity and for scheduling irrigation. 
Therefore, including DU

lq
 and DU

lh
 values for 

whole fairways and then for individual site-spe-
cifi c management units would appear to be ben-
efi cial for the same purposes (7,8,9).

Irrigation application No. 4
The fourth application related to more effi cient 

irrigation is determining the best placement of in-
situ sensor arrays. On complex sites, questions 
arise as to how many sensor placements are needed 
and where they should be located. Site-specifi c 
management units offer a common-sense science-
based means to address these issues. Because com-
plex landscapes may have a particular site-specifi c 
management unit type at several locations across 

the broad landscape, careful placement within 
a single site-specifi c management unit could be 
used to represent other site-specifi c management 
units of the same type (2). A typical golf course 
may contain four to six site-specifi c management 
unit types per 18 holes. A sensor array within a 
site-specifi c management unit could provide real-
time, multiple-depth “indicator” information on 
water status and rooting depth (which can be 
determined by dry-down patterns) for the other 
sites with the same site-specifi c management unit 
type. Soil water-content set points can be used to 
help schedule irrigation or act as “red fl ag” values 
for closer inspection of irrigation programs.

Challenges
With companies and university scientists 

focusing on developing the mobile sensor devices 
necessary for large complex sites, precision turf-
grass management can rapidly progress as a 
means for improved effi ciency in irrigation as well 
as other inputs. However, the same restraints hin-
dering more rapid advance of Precision Agricul-
ture will require attention (5,10,15). Important 
challenges include: 

• careful defi nition of mapping goals 
• detailed, uniform protocols for each specifi c 

goal or fi eld application
• data analysis and description
• presentation of maps in the appropriate

formats
• information transfer and interpretation for 

the end user

Identifying problem areas

Figure 2. The normalized dif-
ference vegetative index (NDVI) 
and soil volumetric water content 
— standard deviation (SD) maps 
are useful for identifying problem 
areas. Spatial mapping of actual 
soil volumetric water content (VWC, 
blue = highest) and normalized 
difference vegetative index (NDVI, 
light green = highest); and the 
same maps displayed in a standard 
deviation format (white = average; 
pink = lowest values; aqua = 
highest values). Information on 
the maps can be used to identify 
easily correctable problems. The 
superintendent went to each loca-
tion to determine the cause of each 
problem and found: A, too much 
overlap of irrigation, some scalping; 
B, low irrigation head; C, incipient 
localized dry spot; D, insuffi cient 
coverage or scheduled time from 
the three irrigation heads covering 
the area; E and F, irrigation head 
recessed and tilted.

Day 1, VWC Day 1, VWC, STD Day 1, NDVI Day 1, NDVI, STD

B    C    A    D    F    E 
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research

The research says

Vv
v

➔  Precision Turfgrass Man-
agement, like Precision Agriculture, 
can improve irrigation efficiency by 
providing more-precise information 
about where and when to irrigate 
and how much water to apply. 

➔  Detailed spatial mapping 
of soil-moisture status, topography 
and plant performance on large 
complex landscapes (for example, 
fairways) is important for Precision 
Turfgrass Management.

➔  Specific field applications 
related to improving irrigation 
depend on obtaining site mapping 
information, namely: identify sub-
fairway site-specific management 
units; identify problem areas that 
can be easily corrected; assess the 
uniformity of volumetric soil water 
content within a site-specific man-
agement unit and use that informa-
tion for irrigation scheduling; and 
determine the number and location 
of soil moisture sensors. 

Increasingly, the face of turfgrass management 
will refl ect Precision Turfgrass Management con-
cepts and tools. 

Mapping frequency
Mapping frequency depends on the specifi c fi eld 

application. For example, determining the site-spe-
cifi c management units and using them to locate 
in-situ sensors would be a one-time mapping event, 
assuming the right conditions were present. Spatial 
mapping with a device that could determine both 
volumetric soil-moisture content and plant perfor-
mance by NDVI during a drier period would be 
used primarily to evaluate irrigation design and 
scheduling issues. This type of mapping would be 
a new means of water auditing and could be done 
every two to four years. Mapping with routine 
maintenance equipment would normally involve 
only spectral devices for NDVI or other stress indi-
ces and could be done on a routine basis, such as at 
each mowing or once per week or month. Regard-
less of the frequency, presenting, analyzing and 
interpreting the information in a practical fashion 
is a signifi cant challenge.
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