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IRRIGATION REQUIREMENTS FOR TURF
by

George H. Bargreavesl
INTRODUCTION

There is much overirrigation of turf. Some is unavoidable but gig-
nificant savings of water can be had from a better understanding of the
principles of scheduling irrigation. Irrigation scheduling is greatly
facilitated by uniformity of soil depth and moisture storage capacity.

This paper describes the basic principles of irrigation and provides
a simple and reliable method for calculating the rate at which grass is
using water., For arid climates the only weather measurement required
is mean air temperature. For mean relative humidities above 64 percent,
a correction for relative humidity is desirable.

The methodology is presented in a form that will permit manual
calculation, machine calculation, or computer scheduling. However, ease
of computation makes use of a computer unnecessary.

SOIL CHARACTERISTICS

The Ames Irrigation Handbook gives the following values for soil
moisture storage capacities for various soils:

Table 1. Approximate readily available soil moisture
storage capacity per foot of depth.

Texture Inches/foot Texture Inches/foot
Coarse sands 0.50 Silt loam 1.75-2.00
Fine sands 0.75 Silty clay loam 2,00
Loamy sands 1.00 Clay loam 2.00-2.25
Fine sandy loam 1.25-1.50 Heavy clays 1.75

1
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If the turf to be irrigated contains areas of shallow or very sandy
soils then the readily available moisture storage capacity for those areas
is quite low. It then becomes desirable to irrigate when these critical
areas ave showing moisture stress. Irrigation is usually scheduled
when approximately half of the readily available moisture in the crop

root zone is depleted.

ESTIMATING WATER USE BY GRASS

The California State Department of Water Resources (1)2 measured
Class A pan evaporation from irrigated grass areas and the water use by
grass (evapotranspiration) in various locations. Grass evapotranspiration
averaged about 0.80 times pan evaportation. This relationship is prob-
ably satisfactory for pans located in moderate to large irrigated areas
and for locations having fairly low sensible heat transfer as in the
case for high humidities with low wind velocities.

Various authors have related water use to day length and climatic
factors. A methodology proposed by Christiansen (2) and used and modi-
fied by various graduate students, engineers and technicians, makes use
of extraterrestreal radiation expressed as units of evaporation and
coefficients for several weather elements.

A modification proposed by Hargreaves (3) can be written
ETP = 0,35 x RT x C (1)

in which
ETP 1is potential evapotranspiration

RT 1s the extraterrestrial radiation expressed as
equivalent evaporation by dividing the radiation
(cal/cmz/day) by the heat of vaporization at the
mean temperature, TM, and converting to appropriate
units, usually inches or mm per day or per month (Table 2.)

C= CT xCHx CW x CE (1a)

CT = 0.40 + 0,024 x ™ (1b)
(IM is mean temperature in °C)

CT = 0.013 x TMF (1c)
(IMF is mean temperature in °F)

CH= 0,05+ 1,58 x (1.00 - Hl‘i)ll2 with 2 maxinum value of (1d)
' 1.00 for values of HM less than .64 {HM is mean relative
humidity expressed decimally using integrated values

over a 24-hour period)

2Numberals in parentheses refer to corresponding items in the
Appendix - References.
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CE = 1,00 + 0.04 EL/1000 (1e)
(EL is elevation in meters) Co

CW = a coefficient for wind speed

Based upon data from lysimeters planted to grass in several
different states and/or countries, an equation was developed that com-
bines the concepts of day length and extraterrestrial radiation. The
equation can be written

ETP = ETF x CT x CH (2)

in which

ETF = 0.35 x RT x DL/12.0
(DL is mean day length in Hrs. for the period)

CT and CH are defined in Equation 1.

If the location is at a fairly high elevation, Equ. le should also
be used indicating an increase in water use of about 1.2 percent per
thousand feet above sea level.

The constant in the coefficient for temperature in °F can be com-
bined with ETF in order to obtain a new coefficient to be used to calculate
the evapotranspiration by a short grass. The resulting equation becomes

ETG = T°F x ETFG (3)
in which

ETG is grass evapotranspiration

T°F 1is mean temperature in Farenheit, and

ETFG is the potential evapotranspiration factor for grass
(Table 3).

If the elevation is such as to require a correction coefficient
and if mean 24 hour humidities average above 64 percent, then additional
corrections are required. The equation becomes

ETG = T°F x ETFG x CH x CE (4)
in which

ETG, T°F, ETFG, CH and CE are as defined in Eqs. 1, 2, and 3.
Coefficients to correct for relative humidity are given in Table 4.

This methodology has been evaluated using measured grass evapotrans-
piration from a mixture of rye grass and Bermuda grass at Abde and Tyr
in Lebanon; rye grass at Davis, California; and deep rooted grasses cut
for hay at Coshocton, Ohio. During cold weather there is some loss of
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Table 4. Relative humidity coefficients, CH

Rel. Hum, CH Rel. Hum, CH Rel. Hum, CH

64 1.00 73 0.87 82 0.72
65 0.98 74 0.86 83 0.70
66 0.97 75 0.84 84 0.68
67 0.96 76 0.82 85 0.66
68 0.94 77 0.81 86 0.64
69 0.93 78 0.79 87 0.62
70 0.92 79 0.77 88 0.60
71 0.90 80 0.76 89 0.57
72 0.89 81 0.74 90 0.55

precision due to variability in growth. For those months of mean
temperatures of 48°F and above the mean absolute difference between
measured and calculated monthly grass evapotranspiration varied for the
locations between 6 and 10 percent. On an annual basis differences are
almost negligible. Based upon this evaluation it would seem that the
proposed methodology estimates the evapotranspiration uses by grass with
a high degree of accuracy.

AN EXAMPLE OF CALCULATIONS

If it is assumed that a golf course manager wishes to estimate the
water use during a 3-day period in June at latitude 38°N,, elevation
1000 £t above sea level, mean temperature of 70°F and a mean 24 hour
relative humidity of 72 percent, the computations can be made as follows:

ETFG for grass, (Table 3, line 13 under June)
factor = 0,114

CH for 72% (Table 4) = 0,89
CE for 1000 ft elevation = 1,01
Evapotranspiration use for three days equals
3/30 x 0,114 x 70 x 0.89 x 1,01 = 0,72" or 0.24" per day.

The correction for elevation for altitudes under 1000 £t can be
disregarded. The humidity correction can be disregarded for relative
humidites less than 65 percent.

If it is assumed that the soil is medium textured with a capacity
to hold 1.50 inches per foot of depth and if the effective root depth is
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12,0 inches then using a 50 percent depletion of the readily available
soil moisture, irrigation will be required every three days. For fine
sands or for a 6.0 inch soil depth irrigation will be required about
every day. With increased effective root depth irrigation will be
required less frequently,

If we can assume an efficiency of 75 percent, then an application
of 0.96 inches of water every three days should be adequate for a medium
textured soill with an effective root depth of 12 inches.

CLIMATIC DATA

For many locations maximum and minimum temperatures are published
in the local papers. There is some difference between 24 hour mean
temperatures and the mean of two readings, However, errors introduceu
by using the mean of two readings will not be great.

Mean 24 hour relative humidity data are less readily available,
Various recorders are available that measure both temperature and
humidity. Advice on the proper installation of equipment and callibration
with standardized data can probably best be obtained from the local
Weather Bureau Office,

CONCLUSION

Methodology is presented for calculating the water use of grass
from a minimum of climatic data. For low elevations (under 1000 ft)
and low humidities (24 hour means under 65 percent) the only weather
measurement required is temperature. Based upon available grass
evapotranspiration data the average accuracy and provision of this
procedure appears most satisfactory.
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