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This aticle is written from the perspective of turfgrass in man's planed landscape. It is recognized by the
authors, and stressed to the reader, that turfgrass is one component of a landscape with trees, shrubs,

groundcovers and flowers.

THE INDUSTRY

Tufgrass directly affects the way most Cdifornians live It
provides the play medium on many recregtiond facilities, it mod-
ifies our environment to make life easier and more pleasant; it
provides opportunity for a pleasing and functional home land-
scape and, in turn, the turfgrass industry has a Sgnificant direct
economic impact on our economy and indirect impact on our
tourit  economy.

Many recrestiond  fecilities depend on a uniform,  vigoroudy
growing and recuperating, well-mantaned tuf swad for many
activities.  Common examples include soccer, basebdl and foothal
fidds, golf courses, bowling greens, lacrosse and  polo  fidds,
gened ue and specidty paks and school  grounds.  Turfgrasses
provide a safety cushion that is especidly beneficid in contact and
intensely  physicd  sports.

Because most Californians now live in urban and suburban
centers where glass, dted, concrete, asphat, huildngs and cars
preval, turfgrasses directly influence our immediate  environment
in may postive ways. As examples activdy growing turfgrasses
have been shown to reduce high summer ground surface temper-
dures because of trangpirationd cooling.  Turfgrasses, often  with
tress, shrubs and  groundcovers, reduce discomforting  glare  and
treffic noise  Soil eroson is reduced from sufaces covered with
turfgrass, dust is <abilized, and fire potentid is reduced or eimi-
nated. Turfgrasses increase infiltration of water into the ol pro-
file and dso incresses the water quaity when this waer moves
bow the turfgrass system.

Turfgrasses are used extensively in California home land-
scapes. In many  sdtings, they  provide the functiond cover for
child and adult activities and household pets. A well-landscaped
home adds to the economic value of the property with the
recovery vaue a, or exceeding, 100 percent.

1Extension  Environmentd  Hortiouturig, UC Rivesde Supt.  Agriculturd  Operdions, UC  River-
Sde County Director, Orange  County; Ext. Imigion  and Soils Spedidis, UC Riversde.

Ladly, the Cdifornia turfgrass industry has a sSizesble  direct
economic  activity for individuds and organizations involved in the
design, installation, maintenance and support services for the
industry. In 1982, economic activity was caculated to be over $1
billion per year (4) and in 1979 (5) it was edtimaed tha turfgrass
covers 1,380,000 acres in the dae

TURF NEEDS WATER

Tufgrases need water for growth and development. There is
not enough precipitation and it is not adequately spaced through-
out the year to sustain turfgrasses or other landscape plants.
Therefore, supplementd  water  supplied  as  irrigation  is  needed.

The amount of water used for landscape irrigation can vary
from a very smdl amount of the totd in a rurd water agency or
aea to a ggnificant amount of the totd in an urben aea Teble 1
preents the amount of water used daewide and by the Metro-
politan Water District of Southern California(MWD), awater
digrict that supplies a large urban dlientele.

In uban Southern Ceifornia, 10 percent of waer used is for
agriculturd  production and 90 percent for the urban categories of
resdenti, commercid, industridl, public and other. It is expected
in 1990, a dry year, that 257 percent of the 36 million acre feet
(MAF) for uban use will be used for landscepe irrigation. State-
wide, however, 788 pecent of dl water is used for agricultura
purposss. The daewide urban category accounts for 163 per-
cent of totd waer used in Ceifornia but there are no edimates of
the amount of water used statewide for landscape irrigation.
Usng the MWD urban irigation percentage, however, it would be
expected that 4 percent of statewide water would be used for

landscape  irrigetion.



TURFGRASS WATER USE AND
IRRIGATION REQUIREMENT

Warm-season grasses and cool-season grasses are used in
Ceifornia based on their climatic adaptability. The warm-season
gecies include common and hybrid bermudegrasses, S Augus
tinegrass, seashore paspalum, zoysiagrass and kikuyugrass.
These grasses are used in the San Joaquin Valley, Southern
Cdifornia and pats of the greser Sen Francisco Bay Area The
cool-seeson  grases  used  include  Kentucky  bluegrass,  perennid
ryeyress, tal fesxue fineleaved fescues in mixes and  specidty
grasses such as creeping bentgrass, roughstalk bluegrass and
annual ryegrass.

Cool-season  grases are used  exclusvely in the northen part of
Cdifornia and in the mountain regions of the date. Cool-season
gases ae d usd extendvey in the mgor populated aess of
the date as the primay species & an oversseded grass or mixed
with warm-season species. The differences between warm- and
cool-seaon  grases ae much more fundamentd than ther geo-
graphic  didtribution  (8).

Warm-season grasses use significantly less water than cool-
saon  species.  This difference in water use derives from  changes
in the photosynthetic process that,occurred  in grasses  evolving
under hot, dry conditions. These changes, which include mod-
ifications to biochemical reactions and internal leaf anatomy,
greatly enhance the photosynthetic efficiency of warm-season
species and help reduce water use. Increased photosynthetic
dfiiency means that plants can maintan high levels of carbohy-
drate production and continue to grow even when domaes ae
patialy closed. This patid closure of the domates dows the
plant's water use.

Cool-season  grassss, with a less efficient photosynthetic  pro-
C&s, canot maintan  enough carbohydrate  production to  main-
tan growth unless their domates are nealy wide open. Thus,
when water is limited, transpiration rates of cool-season  grasses
ae genedly higher then those of wam-seson  grasss.

Water enters a turfgrass plant through its root hars, which ae
located near root tips. Water then moves upward through the
plant to the leaves. A vay smdl amount of the water taken up is
used for plant growth. Most water leaves the plant through stoma
td pores in a process caled trangpiration. Free water dso can be
log from lesf or soil sufaces by evaporation. The WATER USE
RATE WUR s the totd amount of water used by a turfgrass plant
or sward through evaporation, transpiration and for growth, per
unit time. Because the amount of water used for growth is so
gndl, it is usudly referred to as evapotranspiration (ET), which is
the evaporation loss plus the trangpiration use, per unit time

Water use is given in units such as inches (in) or millimeters
(mm) per day, per wesk or per month. Figure 1 illustrates the path
of water from a turfgrass leaf blade, in cross section, to the
atmosphere. The rate of water use by turfgrass, and all plant
materid, is influenced by solar radiation, day length, wind, tem-
perdure, relaive humidity, other environmentd factors, the turf-
grass species and  culturd  practices used to maintan the turf.

The most commonly used warm- and cool-season turfgrass
ecies have been caegorized for ET raes Ressach @ Texes
A&M by Drs. J. B. Beard and K. S. Kim (2) evaluated the
comparative water use raes among 19 tufgrasses grown in the
United States. The results for those grassss used in Cdifornia are
presented in Table 2

TABLE 1.  STATEWDE WATER ust AND WATER USE FOR THE METROPOLI TAN WATER DI STRICT
OF SOUTHERN CALI FORNIA, BY CATEGORY
Statewide' Sout hern California'
% for Uban % for Uban
Category Amount % of Total Irrigation Amount % of Total Irrigation
Agriculture 26.941 MAF® 78.8% Not 0.4 MAF 10% -
Avail abl e
Urban 5.576 16.3 3.6 90 25.7%
Resi dent i al 3.474 MAF 10.2 2.1 MAF 52.5 ] 17.7
Industrial 0.797 0.3 7.5 1.0
Gover nnent 0.385 . .. .
Public - 0.2 5 2.8
ther . - .- .
mer ci al 0.920 2.7 8 9 1;.'55‘_ 4.2°
Wldlife & Recreation 0.818 2.4 -
Energy Production 0.084 0.2
Conveyance Loss 0.764 2.2 !
Total 34.183 4.0 25.7
Lrom  california Vater: Looking to the Future. Department of Water Resources Bulletin 10-87.
January 1988. And: Urban wae Use in California. Department of \Water Resources Bulletin 166-3.
Cct ober 1983.
21990 Vater Use Projections by the Metropolitan Water District of Southern California. May 7, 1990,
personal communication, PMCL Report. 1989.
3MAF- MIlion Acre Feet.




Table 2. Evapotrangpiration rates of wam- and cool-seeson  turf-
grases  commonly used in  Cdifornia*

Relative ET Rate Turfgrass
Ranking (mm/day) (in/day) Cool-Season Warm-Season
Very low <6 <.24 Buffalograss
LOW 6-7 24- .28 Bermudagrass
hybrids
Bermudagrass
Zoysiagrass

Medium 7-85 28-.33 Had fexue
Chewings fesue
Red fescue

High 85-10 33-.39 Peremnid ryegrass

Vey high >10 >39 Tall fesue
Cregping  bentgrass
A bluegrass
Kentucky  bluegrass
Itdlian ryegrass

‘From Beard and Kim (1989).

They found that the grasses with a low lesf blade area including
narow leaves with dow veticd extenson rae and grases tha
hed a high shoot densty with a high lesf number, were lower ET
grasses.

A dudy conducted in Irvine, Cdifornia was designed to invest-
gae the effects of aoplying optimum and reduced amounts of irri-
gation water cdculaed a a percentage of evaotranspirdtion  of
gplied waer on cool- and wamseeson turfgrasses It showed
the irigation requirement  differences between these grass  group-
ings (9. The grasses tested included Kentucky bluegrass —peren
nia ryegrass  and tall fescue for the cool- season species and
hybrid  bermudagrass, zoydagrass and  seeshore  paspdum  for  the
warm-season grasses. | rrigation regimes resupplied 100, 80 or
60 percent of calculated ET for the grasses. Irrigation regimes
resupplied 100,80 or 60 percent of caculaed ET for the grasses
Thirty-six percent less water was applied to the warm-season
secies than to the cool-seeson pecies for  acceptable turf  quality.
See Table 3 for results

The amount of water used by the turfgrasses on an annud bess
a the various irrigation regimes is presented in Teble 4.

Table 3. Cool- and warm-season turfgrass appearance ratings
and waer for the durdtion of the sudy (August 1981 to
December 1983, a 29-month period).

Irrigation
Reaime Turf Appearance  8/81-12/83! ETgrass?

% of ET
Cool-season Ken. blue Per. rye Tall fex.

100 55y 6.2y 5.8y 773

80 53y 59y 5.7y1 610

60 48z 50z 53z 46.4
Warm-season Bermuda Pagpalum Zoysia

100 6.5ns? 58 s 56x 655

80 6.5 5.8 48y 514

60 6.4 54 4217 390

‘Rated on a sde of 1 to 9, with 1 indicating worst appearance and 9 best. Vaues
followed by common letters are not significantly different at the 5% level of

probability.

ZETQW equals the actual applied water divided by the extra water factor (EWFg),
which “is 1.35.

3No significant difference.

Vaied difforences in water use raes have been noted within
Kentucky bluegrass, perennia  ryegrass, tdl  fescue and  creeping
bentgrass. These findings support the current research efforts
under way to devedlop turfgrasses that have lower ET raes

Table 4. The calculated ETgrass for 1982 and 1983 at three
irrigation  regimes.

Irrigation  Regime ETgrass
Cool-season 1982 1983
100% ET 320 28.7
80% 259 236
60% 19.7 18.1
Warm-season
100% ET 25.2 244
80% 20.3 19.1
60% 16.0 145
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Figure 1. Cross section of a turfgrass leaf hblade.

WATER USE VERSUS
DROUGHT RESISTANCE

The ET of a turfgrass is not synonymous with its ability to resist
drought. Drought resistance encompasses various mechanisms
that a turfgrass plant has to withstand in periods of drought.
Turfgrasses can resist drought by avoidance or tolerance
mechanisms.

Drought avoidance is defined as. . the ahility of a plant to
avoid tissue damaging water deficits even while growing in
a drought environment favoring the development of water
dress (1)

Drought tolerance is defined as.. the &hbility of a plat to
endure low tissue water deficits caused by drought (1).

Pant characterigtics that contribute to drought avoidance in-
clude deep root sysems with a high root length and root hair
density, rolled leaf blades, thick cuticle or ahility to quickly form a
thick cuticle following water dress initiation, reduced lesf ares,



dow leaf extenson rates, and lesf orientation and densty that give
high canopy resistance (2,3). Examples of turfgrass with good
drought avoidance mechanisms  would be common  bermudagrass
and seachore pagpdum for wam- seson spedies and Al fescue
for a cool-season  gpecies.

Tufgrassss can tolerate drought by escape or by having hardi-
ness to low tisue waer deficts (1). Buffdograss as an example,
tolerates drought with a dormancy mechanism. St. Augusting-
grass has high dehydration tolerance (1). Drought resitance com-
paisons ae presented in Table 5 (1)

Beard (1) clearly states that there is considerable variation
among cultivars within a Species.

From the foregoing, certain turfgrasses may have both low
waer use raes and high drought resstance mechanisms.  Exam-
ples would be common and hybrid bermudegrass, seeshore pas
pdum and buffdograss  Other grasses, such & tdl  fescue, may
have high water use rates and medium drought resstance. Some
turfgrasses have high water use rates and fair or poor drought
resdance such a the ryegrasses and  bluegrasses

Table 5. Drought resistance comparisons of commonly used
wam-  and cool-season  turfgrass used  in - California*

Turfgrass  Species

Relative Ranking Cool-Season Warm-Season
Superior Bermudagrass  (common)
Bermudagrass  (hybrid)
Excdllent Buffdograss
Sesshore  paspalum
Zoysiagrass
Good S Augustinegrass
Medium Tdl fescue
Fair Perennid  ryegrass
Kentucky bluegrass
Cresping  bentgrass
Had fexue
Chewings fescue
Red festue
Poor Colonid  bentgrass
Annud  bluegrass
Very poor Rough bluegrass

‘From Beard (1989)

A dudy that was conducted a the South Coast Field Station,
Irving,  Cdifornia,  evduated 27 tufgrases and  dternative  plant
materiads to very low irrigation regimes (7). The plant materias
presented in Table 6, were irrigated & 60, 40 and 20 percent of
cdculated ET. The 20 percent regime applied 66 in. per yexr in
1986.

Tablé 6. Cover X quality (square r00t) tatings of 27 plant materials irrigsted
st 20%, 40% end 60% of calculated ® v.potr.n.pir.tion for warm-gesason
turfgraes, across May, July, snd December 1986 evaluation dates.

Cover x Quality Retinga!
Percent ETygg Ap|:ol!.-tlz

Seeding | S 1) E— T
OMROR_4| anical N RoL. 0% 08 0
1b/1,000
sq ft
Santa An. bermuda, Cynodon sp, 40 bu 23.8 a ‘232 . 20.7 .
Common bersuds, Cynodon dactylon 1.0 23.7 . 2090 b 23.1 .
Glaucos saltbush; Atriplex glaucus A 221.b 16.5 abede  15.3 abed
Seashore Paspalum, Paspalum_
vaginatum_ 4.0 bu 21.9 gb 17.7 abed 22.0 .
Australian @ *[tbu*h. Atriplex
gorts N 20.2 ashe 200 ® be 15.0 abed

1.}
Buffelograss, Buchloe dactyloides 125 18.4 abed 183 abed 15.7 abed
Sirosa phalaris, Phaliris )
Stenoptera, 6.9 17.8 abed 121 bedef  :i0 i
Blue grama, Boutelous | 1.0 174 abed  15.3 abcde 160 sbed

Siraelan phalaris, Phalarie
atenopters. ’ 6.9 14.9 abed  15.6 abedef 194 gp
Alta tall fescue, Festuca

arundinacea 10.0 14.4 abed  14.8 abedef 202 gb
Fresa strawberry clover,

Trifolium fragilerum ver, Fress N 12,8 abede 104 cdef  12.9 abed
Perla koleagrass, Phalaris

tuberosa var. hirtiglumus 6.9 125 mbede 13.9 abedef 135 abed
Brookston (talll fescue, Festucs

sundinmtig*e** 10.0 11.6 abede 11.0 bedef 14.6 abed
Falrvay vheatgrass, Agropyron

desertorun I.s 105 bede  14.0 sbedef 6.7 abed
Blrdsfoot trefoil, Lotus

corniculata 1.0 104 bede | 1.3 bedef 8.8 abed

B TTororzoysia,aZoysiatijaponicaza 4.0 bu 10.3 bede 13.9 abedef 149 gbed

gartiear orchardgraes, Dactylis

lomerata 34 9.9 cde 9.4 def 7.5 abed
0'561‘“‘\6{"? legume, Trifolium s

fragilerum ) 9.6 bode  10.7 bedef 8.3 abed
Sinood Browus Inermis 125 8.5 ¢de 9.5 defg 10.4 abed
Qresteet! wheatgrass, Agropyron_

frhtntum 15 8,1 cde 11.2 bedef 07 d
!’!benine orchardgrass, 24 80 of 6 ¢ 07 abed

actylis glomerata z .0 cde . .7 abc
Hard fescue, Festuca ovins var. s

duriscula 5.0 71 de 6.4 11} 7.1 abed
Yarrow, Archillea millefolium .06 6.6 de 7.0 efg 3.8 bed
Tel | wheatgrass, Agtopyron

o lang't'm 1.5 57 de 7.2 efg 3.1 cd
Indlan ricegrass, Oryzopais_

hymenoides 125 00 ¢ 00 g 00 d
Fulte weeping alkaligraes,

rug;1n%115€ 1.28 00 e 00 g 1.8 cd
Lemon & igrass, Puccinellia

lemmoni 125 00 ¢ 0.0 g 0.0 d

‘Tuf quality (color. texture. density. and unifornity) rated visually On geale
of 1 to 9 (9=highest quality). Percent |ive desired plaunt utdgrlal deteéln ned
as percent cover. Ratings given represent squars root Of product of ‘quality
cover.

2yalues followed by the same |etters are not significantly different at 5X |evel
of probability. ETyggmevapotranspiration for varm-season turfgrass.

Of the 27 tufgrasses and groundcovers tesed in this sudy,
bermudagrasses and seashore paspalum were the best perform-
ing turfgrasses under very low irrigation regimes. Two gpecies of
sthush, buffdograss, and two varieties of Phalaris ds gave
compartively good cover and qudity.

This work showed that turfgrasses, and other plant meaterid
mantaned as tuf edig tha ae capale of surviving and giving
cover under extremely low irrigation regimes. These materials
goparently resst the dress of low water application by various
mechanisms, including dormancy, deep roots and low raes of
wae  ue

NEW GRASSES

Ressarch is under way to develop new grases that require less
wae. The mog extensve dfort has been funded by the United
States Golf Association and the Golf Course Superintendents
Asxocigtion of America over the past severd years. The following
ae exanples of projects undeway that would foder an irrigation
trend of reduced water needs by turforesses.



— Bermudagrasses  are being developed by Dr. Charles Ta-
iaferro and a research team at Oklahoma State University
that will be seed-propagated, cold-tolerant, fine-textured,
and usful in the northen haf of the bermudagrass belt. Dr.
Taliaferro hopes to be able to fiddtes parent lii in the
near future for seed production and turfgrass quality
characteristics.

— A second bermudagrass program, directed by Dr. Arden
Batengperger of New Mexico State Universty, resllted in
the rdeae of ‘NuMex Schad bermudagrass In the sring of
1987. NuMex Sahara bermudagrass is an improvement
over common bermudagrass because it has shorter leaves,
shorter internode, greater density, and somewhat better
color.

— Dr. Milton Engelke, of the Dallas Station of Texas A&M
University, isimproving zoysiagrasses. TWO new zoySa
grasses from his breeding efforts, currently labeled DALZ
801 and DALZ 8502, ae vegddively propagaed grasses
that have an improved ability to remove rapidly from divot-
ing, scaring and generd injury. This is a major breskthrough
snce dow recovery from injury has been a maor drawback
with  zoydagrass.

— A soond zoySagrass improvement program is under way &
the Universty of Cdifornia Riversde El Toro Zoysagrass
has recently been redeased by UC. Experimentd lines that
give rapid edablishment, good turf characterigics and im-
proved winter color ae being evauated

There is great interet in developing improved native grasses
because of ther ahility to survive and give good cover under dress
and low moisture conditionsin areas where they are adapted.
Such grasss may be used in play aess, such as farways, and
possibly tees, but they would be paticulaly useful in nonplay or
out-of-play locations with minimum  maintenance.

— Dr. Terance Riordan of the Universty of Nebraska heads a
buffalograss improvement program that has developed turf
types adapted to the Pains dates Wider ranges of adapta
tion for huffdograss ae dso beng investigated.

— Dr. Lin Wu of the Universty of Cdifornia, Davis, is working
on new buffdograsses. Work a Davis has sudied tuf quality
improvements,  seed  production  characteristics,  color  reten-
tion during winter months, and vegetative cover
opportunities.

— Dr. Robin Cuany of Colorado State University is breeding
naive wesen grasses for tuf use Dr. Cuany has amased a
large amount of native grass germplasm and is quite far
dong on the production and reease of an improved akali-
grass.

Other breeding programs ae being supported on  bentgrasses,
anud  bluegrasses,  Kentucky bluegrasses and  fine  fescues  Nu-
merous other reseach programs by breeders a  universties  and
sad fims ae devdoping varieties that require less waer than
existing  cultivars.

IRRIGATION AND OTHER CULTURAL
PRACTICES FOR TURFGRASS

Irrigation

Of course, waching for those aess in a tufed dte that show
waer dress fird, and the regular use of soil probes andlor soil
moisure measuring devices will help to perfect irigation sched-
ues and give the desred results with the mogt eficient use of
waer resources. The bass of irrigation scheduling  can be cdor
lated with the water budget method of water application. This
method best maches the grass ET with the reapplication of water
to replace the waer used by the turfgrass sward.

The water budget method of irigation accounts for the water
avalable to the plant based on its rooting depth and soil moisture
capaity. It dso accounts for ET of tufgrass so the amount of
irrigation and frequency of imigation can be determined.

Water Availability All soils contain two water fractions when
viewed in terms of plant absorption.  The fird, unavalable water,
is tightly held by minerd and organic paticles and is unavailable
for plant use. The second, available water, is that amount the
platt can absorb for transpiration and  metabolism.

The amount of available and unavailable water differs with
different il textures. The following table gives a generd relaion-
ship between soil moisture characteristics and  soil  texture.

Table 7. Inches of avaleble and unavailable water per foot of soil.

inches per Foot

Soil  Texture Available Unavailable
Sand 0.4-1.0 0.2-0.8
Sand and Loam 0.9-1.3 0.9-14
Loam 1.3-2.0 1.4-2.0
Silt Loam 2.0-2.1 2.0-24
Clay Loam 1821 2.4-2.7
Clay 1.8-1.9 2.7-2.9

Thee data ae approximate hut nevethdess give an indght
into the amount of water tha is avalable per unit depth for plant
use. Generally, for turfgrass irrigation practices, a 50 percent
depletion of soil water is suggested, as will be further explained.
This information, in conjunction with a knowledge of root depth,
gives an indication of the amount of waer that is avalable to the
tufgrass in the soil profile.

Root System. When conddering tufgrass in  profile, it must
be emphasized that tuf species naurdly differ in  ther rooting
ability. In addition to species difference, root depths are also
influenced by seasond fluctudtions, management  practices  such
& mowing and fetilization, and by on-ste soil compaction. The
best method to determine root depth in a particular location is by
physical inspection; however, a general guide to root depths
would be & follows



Table 8. Approximate root depths of cool- and warm-season
turfgrass under norma use conditions.

Cool-Season  Grasses Root Depth
Kentucky bluegrass 6.0"-1.5’
Perennial  ryegrass 6.0"-15
Tal fescue 15-30
Creeping  bentgrass 40'-15
Annud bluegrasyy .0"-4.0"
Wam-Season ~ Grasses Root  Depth
Bermudagrass 15-6.0
St Augustinegrass 15-50
Seashore  paspalum 1.5"-5.0"
m 1.5"-2.5

As can be sen, rooting depths vary from a few inches to many
fet. Since it should be the objective of irrigation to supply water
to the root system, root depths and soil texture play an important
role in both the amount of water to apply and the irrigation
frequency.

As an example, Table 9 has been constructed to show the
amount of water avalable to tufgrasses growing in three soils and
with three root system depths. In &l indances a 50 percent water
depletion factor has been incorporated to insure nonlimiting  wa
ter  status.

Table 9. Waer avalable to turfgrass, in inches, under three soil
textures and with three root system depths adjusted for
a 50 pecent depletion dlowance

Water  Status Rooting Depth
Available )
Soil  Texture water (in)  6.in. 1ft 3 ft
Sand 1.0 x50%¢depl. =0.50 0.25 0.50 1.50
Loam 1.5 x 50% depl. =0.75 0.38 0.75 2.25
Clayloam 2.0 x 50% depl. =1.00 0.50 1.00 3.00

Evapotranspiration, CIMIS and Turfgrass Water Bud-
get. The Cdifornia Irrigation Management Sysem  (CIMIS)  pro-
vides irigation managers, <cientits and waer agencies with an
accurate and site specific means of estimating plant water de-
mand based on climatic parameters that drive evepotranspira
tion in plants. Reference evapotranspiration (ET) approximates
the water use of an irrigated grass pasture. Water use (ET) by
tufgrases  is  edimated with a cordation factor or crop  coeffi-
cent K, x ET, = grass water use. This crop coefficient will change
during the season based on the plant cover, growth rate, root
growth, and stage of plant development and turf management
practices. see Table 10 for the monthly crop coefficients for
warm- and cool-season turfgrasses. If an annual averageK_ is
desired, use 0.8 for cool-season turfgrasses and 0.6 for warm-
season turfgrasses. (Note: Turf coefficients, K, for aClass A
Wegther Bureal Pan ae ds0 given in Teble 10)

Now, with over 70 CIMIS dations throughout Cdifornia, man-
aers can gt up to the day waer use information for virtudly any
agriculturd  or urban aea By taking the average waer use rates
over a period of years, a historical picture of the turf water
demand in an aea can be condructed. This dlows the manager

to plan irrigation needs besed on the past history or on ectud
climatic, conditions a the ste by accessng current ET, vdues by
computer modern.

Table 10. Turfgress crop coefficients (Kp and Kc) of wam- and
C0ol-season grasses.

KP Kc?

NMonth Warm Cool warm cool
J 44 .49 .55 61
F. 43 51 54 64
M 61 .60 .16 75
A 58 83 .12 1.04
M 63 76 .79 95
J 54 70 .68 88
J 57 .15 11 9%
A 57 .69 1L 86
s 50 59 .62 T4
0 43 60 54 75
N 46 .55 58 69
D 44 48 55 60

‘Monthly crop coefficient fKp) is used with a class A Weather Bureau evaporation pan with the
equation ET,,, = ET,, xKp.

2The crop coefficient Kc is used with reference evapotranspiration ~ (ET,} from a CIMIS  weather
station with the equation ET.e * ET, xKc.

To gan access to the CIMIS information for daly ET, a over
70 stes in Cdifornia, write:

Office of Water Conservation

Sae Dept. of Waer Resources
Sacramento, CA 942360001
or cdl; (916) 445-8327

By having the avalable water, per soil depth, the effective root
sysem depth and the evapotranspiration deta, one can then use
the waer budget method of irrigation manegement. As an exam
ple, a cool-season grass with a one foot root system depth,
growing on a loam soil, would have the following soil water
reservoir:

Water availableft  (in inches) x root depth (in fet)
= il waer reservoir
eg., 0.75" aalaleft x 1 foot
= 0.75" water available.
If the daly waer use is 015" per day, then

snu_\MieéTLeqa:mﬂr_:days of afficent  supply
eg., 0.75"/ft = Sday water supply.

0.5 Iday

It is normdly dedreble to water tuf as infrequently as possble
so for the above example, the sitewould beirrigated after five
days of similar ET, or until 0.75 inches of soil water has been
accumulatively  used.

The time of grinkler operation to resupply the water used by
ET mugt account for the sprinkler gpplication rate, the uniformity
of digribution, the soil infiltration rate and the facility usage. The
god of irrigation, however, must be to resupply the turfgrass with
the waer that is used per unit time applied as infrequently as
possble  and  without  runoff.



Moisture Sensors

Moisure sensors are indruments used to detect the oil mois
ture present and avalable to plants. The information collected is
correlated agangt the needs of a plat and the irrigation sched
uled accordingly. In tufgrass management, there ae two primay
methods for sensing moisture-soil suction and electrical
resistance.

Soil suction is measured with tensiometers consisting of a
plasic tube with a porous cup atached to one end and a vacuum
gauge a the other. As oil dries, a vacuum is crested and indicated
on the gauge Research has determined that a predictable amount
of soil moisture is available to the plant corresponding to the
vacuum reading. Tensiometers are quite accurate instruments,
giving aclear picture of the soil moisture available to the turf
plants.

Water is a good conductor of eectricity. As soil dries, eectricd
resgance increeses a a predicteble rate and  avalable moidture
can be cdculaed. The resstance type moisiure sensors  actudly
conss of porous compostion blocks with  electrodes  embedded
in the center. Resistance block moisure sensors are  practicd  and
ey to ue

The tuf manager can use moisture sensors as individud instru-
ments and teke periodic readings as a guide to adjust the irrigation
schedule Of more vaue is the role the moisture sensors can play
in the automatic operation of an irrigation system. Moisture
snsors can be connected by wire or tdemetry to an imigation
controller and cdl for water when the turf needs it, not just by the
cdock ad cdenda.

The mog criticd factor in the use of moisure sensors is the
location and depth of the instruments within the turf site. For
mogt turf swards, putting the sensor in a dry spot a a depth of
four to sx inches is effective Improper inddlation of moisture
snsors is respongble for far more falures than the religbility of
the equipment.

In the CIMIS water budget method of irrigation scheduling, the
sprinklers are set to apply water to replace that lost to ET.
Historical ET, or rea time ET, may be used to schedule the
irrigation system run frequency and rate. Hidoricd refers to using
an ET, value measured at some earlier time, such as the same
month the year before Red time refes to the ET, vadue a this
point in time in other words, now.

CIMIS is based upon the generd locd aea westher data, and
moisure sensors  are Ste gpecific. Combining CIMIS and  mois-
ture sensors provides the dae of the at of stience to maximize
tufgrass  imigation  efficiency.

Mowing

In addition to irrigation practices, mowing affects turfgrass
growth, including root system development, and water use.
Higher cutting heights result in deeper root systems and higher
water use rates The higher water use rate with higher mowed turf
would be dependent upon the more open canopy, with reduced
shoot density. Conversely, close mowed turf has higher shoot
densty, and a tight canopy. These ae characteritics which have
been shown to reduce ET, as previoudy mentioned.

The frequency of mowing dso affects ET. Infrequently mowed
turfgrass with long grass leaves between mowings results in higher
water use than more frequently mowed grass during the same

time period. Infrequently mowed turf is also aesthetically and
functiondly inferior to a tufgrass swad maintaned consistently
at an appropriate height.

The balance that is desired is to use mowing practices that
enhance root sydem depth and densty yet  eficiently use water
resources. Turf mowed at optimum heights for the individual
species and a a frequency tha dlows no more than 1/3 to 1/2
the lef blade removd achieves that bdance as much a posshle
gven the ovedl uses of turfgrass.

Fertilization

Mog nutrients required for turfgrass growth ae normaly avail-
able in sufficient amountsin soil, air and water, but some are
needed in grester amounts than are naurdly supplied. Al tuf-
grases require nitrogen  fertilizer, and others may need phospho-
rus, potessum and sometimes iron. Fertilization influences tur-
grass growth. The grester the growth rae, the grester will be the
waer ue raes s turfgrass fertilization practices especidly nitro-
gen fertilizetion, directly influences water use

Both root and shoot growth incresse as nitrogen nutrition is
raised from a deficiency level. The resulting deeper roots and
more vigorous topgrowth ae bendficid for the turfgrass  sward.
Additiond nitrogen ferttilization a high raes andlor a freguent
intervals is less beneficid and, in fact, can be defrimentd to the
turfgrass because of root growth stoppage and excessive, lush
topgrowth. Managers must  monitor  and  adjust nitrogen  fertiliza:
tion programs to produce the leet amount of topgrowth and the
grestest rooting possble within the use parameters of the turfed
facility. Otherwise, rapid growing grasses will have an  unneces:
saily high waer use rate

Soil Cultivation and Thatch Removal

Soil  compaction reduces root and shoot growth of turfgrasses
and waer infiltration rates. Turfgrass quelity decresses in  com-
pated soils and waer use decreases with the dower growing,
poorer qudity turfgrass cover. Soil cultivation, such as agifica
tion, will result in an incresse in shoot and root growth, water infil-
tration rae, waer ue rae and waer use dficency.

A deep thatch layer, if hydrophobic, reduces or eliminates
waer infiltration  with the turfgrass profile  Water use  eficiency
incresses when thatch is maintaned & acceptable depths and not
dlowed to dry out.

MAXIMUM IRRIGATION EFFICIENCY

[rrigetion trends for the future ae influenced by concepts which
dress water consarvation and lower maintenance cods yet  dlow
the landscaped Stes to achieve the dated gods for the particular
dte. Ste design for the landscape, as well as irrigation system
desgn, ae important in maximizing irrigation efficiency. Designs
ae common that reduce totd irrigated acreege and that include
low water-usng plant maerids Many golf courses ae now beng
dedgned to use effluent waer as ther primay waer source, and
some will be desgned to havet and conserve naurd precipita
tion (6).

There is ds0 an obvious design trend to zone water application
based on red time water needs This will dlow the placement of
water where it iS needed, when it is needed. Overwaering will be
reduced or  eiminated.



Equipment

The newest sprinklers available combine lower precipitation
raes to more nealy equa <oil infiltration rates, thereby reducing
o diminaing water runoff. Presently avalable ae low volume
0.25- 04 in./hr sprinklers, and under test are sprinklers with
even lower aoplication rates These new turfgrass heads dso  have
lower pressure requirements yet mantan a very high uniformity.

For maximum efficiency, matched sprinkler heads should be
used. Matched sprinklers refer to “matching” the precipitation
raes of the patid heads to the full heads A quater head would
emit onequater of the amount that the matched full head would
put out. Not al sprinklers within a manufacturer’s series are
matched. The newest matched lower pressure heads also have
increased interruption  of the full bore waer dream. By increasing
the jet interruption, water distribution from each head is more
even and uniformity of gpplication among rinkles can be as
high as 90 percent in no wind conditions. Uniformities of 90
pecet and over ae the god of dl manufacturers

Cost savings in sprinkler systems will occur because the lower
application rates and the lower volume of water flow allows
designers to use smaller plastic lateral sizes and smaller sub-
mainlines. Many irrigation controllers contain microprocessors
operating to within one minute accuracy, multiyear embodied
batteries, and multiple repest programs. Full year evapotranspi-
ration or historical’ water use programs can be built into sif-
contaned controlles.  The new age controller  will  automaticaly
downsdage  or reduce waering times as weether higtoricdly cools
and direct reedout soil moidure devices indicate lower turfgrass
needs.

Maintenance

All irrigation trends point to the need for better informed water
managers. There has been a tremendous incresse in  educationd
opportunities  from groups such as the Golf Course  Superinten
dents Association of America, the Irrigation Association, and locd
educational programs sponsored by universities, the irrigation
industry and other professond  organizations.  There will be con
tinued and increased need for in-service training of landscape
maintenance personnel. These educational opportunities are
dressng the interactive importance of grass  variaion and  water
ue, and the influence of mowing, fertilization, coring, and the use
of growth regulators, antitranspirants, and wetting agents on
irrigation practices. Of course, irrigation scheduling is amajor
focus of culturd  dtention.

Other Considerations

Other points to consder to increese watering efficiency would
include some short- and longterm  considerations including:
v lrmigating late a night or ealy in the moming. At these times
water loss by evaporation is minima and didtribution is usualy
good because of good water pressure and limited wind.

/ Avoid runoff by matching water application rates to soil infil-
tration percolation rates. Cycle water gpplication when neces
say to ensure infiltration.

v Practice good weed control methods. If not controlled, the
weeds, not the dedred turf gpecies, will use the water.

v Shaded areas will use much less water than turf in open sun, 0
waer the shaded aeas less. Soil moisture measuring  devices
can be usd to deemine water needs of sheded aess

v Line waer dorage lakes to reduce water loss.

v If your fadlity is conddering the inddlation of a new, more
effective and efficient irrigation system, then this may bhe the
time to act.

v Levd mounds and redesgn other hard to irrigate topographic
features.

v/ Invedigate the possble avalability of effluent water.

v Remove poor peforming plants from the landscape

v If edablising plant maerid, group plants with sSmilar  water
requirement so dl can be irrigated for optimum peformance.

v Use mulches |-2 inches thick to reduce evaporation water loss
in plant beds.

TURF’USE AND RESOURCE INPUT

There are a wide vaidy of uses for turfgrasses and within esch
several levels of performance expectations exist. Accordingly,
different  mantenance  intendty  requirements and  resource  input
ae neded to meet the expectations which ultimatey satisfy the
demands of the users

Turfgrass uses can be loosely categorized into four groups:
aeshetic, land protection, fine turf, and hightraffic turf. Although
dl tuf is conddered to have aesthetic value, some uses are drictly
for appearance, such as commercial lawns, boulevard median
drips, gardens, and many home lawns.

Tuf edablished for land protection generaly provides soil ero-
sion control from wind or water. Fine turf is found in formal
gadens, on putting greens, and on bowling greens  High-traffic
turf on sports fidds, in paks and on golf course teesfairweys is
Subjected to a heavy volume of play.

Within exch of the tufgrass use caegories ae various expecta
tions for appearance and performance. The use of the turf and
the regective expectations detemine the ultimate practicd po-
tentid for input or consarvation of water, energy, financid, and
human resources.

Turf that does not receive traffic and only hasto provide a
minimum of cover either for appearance or for land protection
can certainly be maintained with little resource input. Where
edablished for land protection, the expectations ae that the turf
will help prevent eroson. Water goplication must be sufficient to
mantan the grasses a& a levd where they ae capeble of peform
ing the required task, which can merdy be grass survival. Water
can he applied & a rade adequate to sSmply keep the grass dive
coresponding to a smdl percentage of the ET, vaue

Fine turf has been sngled out a a large consumer of important
reources, especidly water. The peformance of ay tuf is de
oeesd by excessve use of awy resource, be it water, fetilizer, or
manpower. In the management of fine turf there is a premium on
peformance, an obvious incentive to avoid exceses While the
totd aea of fine tuf and the quantity of resources such a water
and energy required for fine turf dSatewide ae not gredt, it is true
thet the input per square foot is high. It is mideading to criticize
tuf & wedeful cting the mantenance of fine tuf as the example
Specialty turfs reguire the maximum management experience
and  knowledge and optimum  resources.



High-traffic turf has been traditionally maintained at levels
vaying from wry low mantenance input to “\.as/ high. Frequent-
ly, facliies receiving low Input ae subject to sSgnificant abuse
from play volume and intensty. Turfs that ae expected to provide
a sfe duradble suface with good playability require that optimum
levls of al resources be provided.

High-traffic turf is submitted to severe stresses from traffic
ausss and should not be subjected to waer or nutrient deficien
cies. The manager of high-traffic turf applies the optimum
amount of water for tuf growth and does not consider minimum
ET for irrigation. The choice of the turfgrass is to be made
acording to the durability, traffic tolerance and  sitebility  for
play, with water use rate an important but clearly secondary
consideration.

To avoid waste and promote conservation, it is crucial that
resource distribution systems and equipment be as efficient as
posshle Poor irigation sysems ae common on high traffic turf
facilitiesin parks and on school grounds. Conservation in the
traditiond sense is not so important on high traffic turf as mini-
miring waste through maximizing tuf management  efficiency.

SUMMARY

In summary, turfgrass is an important component of the Cali-
, fonia lifetyle. As a pat of man's planed landscape, it provides
a medium for play, it positively modifies our environment, it
provides an aeshetic and functiond use aound homes and build-
ings, it isthe backbone of many tourist interests, and it has a
significant economic impact on our economy. Turfgrass needs
waer and in a drought, which is defined a a prolonged period of
anormd  moidture  deficiency, water must be carefully used. This
definition implies that normal moisture conditions will return to an

aea in time Such a stuation means that temporary changes may
be afficient to ride out the waer shortage

Conversely, some areas face the possibility of permanent
drought conditions  because of juristictiona, politicd action or
economic  congderations.  Turf manegers of lage tufed  fadlities
in such aess may condder farly magor desgn and equipment
changes in order to continue their operation.
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A Simulator for Cleated-Shoe Sports Traffic on
Turfgrass Research Plots

S. T Cockerham and D. J. Brinkman?

Figure 1. The Brinkman Traffic Simulator.

1Superintendent of Agricultural  Operations ~ and Farm Machinery Mechanic. UC Riverside,
respectively.

Turf injury from clested-shoe traffic on a sports fidd occurs & a
reult of 1) wear from friction and souffing, 2) compaction from
the concentrated weight digtribution on the clest, and 3) laerd
sher injury to the tuf from the thrust drive of the cleats

To conduct research for sports fieds, it is desreble to uniformly
dmulae sports treffic across a st of plots Criteia for a device to
dmulade sorts treffic ae 1) to impose wear; 2) to cause focused
compaction & with cleds and 3) to creste a thrust producing
laerd  shear injury. Additiond criteria that meke the Smulator
precticd ae 1) to be of smple condruction to minimize mainte-
nance, 2) to be eble to cover a large number of plots in a minimum
amount oftimg and 3) to be ey to operde.

The Brinkman Traffic Smulaor (BTS) (Figure 1) was developed
a the Universty of Cdifornia, Riversde. The BTS condsts of a
frane with two cleated rollers comnected by chan and Sorockets
(Figure 2) pulled by a smal tractor unit.

The frame is made of ded hox tubing (Figure 3) with a hydra
lic ram to rase and lower the trangport wheds. In order to dlow
the hitch to be rigid for trangport and gill be free to float during



use, a sleeve on the tongue dides with the action of the ram
(Figure 4). Each roller is 11 /2 inches diameter by 48 inches wide
(Figure 5). The front sprocket is51/2 inches diameter with 21
tegh and the back is 6 1/2 inches diameter with 26 teeth.

To represent cleats 3/8 inch inside diameter, hex nuts are
welded to the rollers and bolts threaded into the nuts The bolts
have 5/8 inch outdde diameter hex heads and are 3/4 inch long.
The bolts are easly replaced when wear is excessve. The diame
ter and length are agoproximaely that of the clets on the shoe of
professond  footbal  linemen.

iprechel
(21 tosthy

At nd/ 1870347 Box Yubing

e 172 u3*u34 IR Plat iren

r'l('l 14"%36*
on tubi

5 2" n€"x3/16% 36" Bou tebing
T o—Nub to fit 3-8 leg rin

] babblted
uc baaringsy

,g: ola : ) :!"'M.!‘h.:lom

eane al nhm

Figure 3. The Brinkman  Traffic Simulator, frame detail.

The cleat pattern on each roller is a spird to alow smooth roller
movement. The lateral placement is such that in one complete
rotation there are no gaps between the cleats Earlier designs with
a gap proved to be a problem with the turf injury appearing in
rows.

The number of cleats are based upon the Zone of Traffic
Concentration (ZOTC). ZOTC is the area between the hash

10

maks and from the back foot of the offendve lineman to the back
foot of the defensve lineman each in threepoint dance At an
aveae of 14 cleats per square foot per roller, the simulator
makes 56 degt  dents per square foot, the equivalent of one
footbdl game ZOTC, in two passes.

The BTS weighs 900 pounds. There is an average of 12 cledts
on the ground duing operdtion for an average of 75 pounds per
dea or 250 Ib/sg in. A 300-pound  lineman, with seven dleds per
shoe, averages a danding 42 pounds per clest or 140 Ib/lsg in.
Rumning or leg-drive thrugt produces a working weight per cleat
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Figure 4. The Brinkman Traffic Simulator, tongue and hatch
detail.
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Figure 5. The Brinkman Traffic Smulator, roller detall.

wdl in excess of the danding weight as wel a adding the laterd
shear to the turf tensihility.

The BTS produces wear, compaction and turf laterd shear. The
dive thrugt yidding laterd shear is produced by the difference in
gorocket sizes tuning the rolles a  unequa  Speeds.

The BTS is a simple, rugged apparatus that will uniformly
aoply smulated footbdl-type traffic on tufgrass sports fild plots.



Cleated-Shoe Traffic Concentration on a Football Field
Sephen 1 Cockerham?!

American footbdl is a sport mogt injurious to a turfgrass playing
fidd. One of the mgor chdlenges facing a sports tuf maneger is
keeping grass on the center of a footbal fidd Even though the
play may utilize the entire fidd during a game the nature of the
ot is that 78 percent of the traffic is concentrated on 7 percent
of the fidd.

Figure 1. The zone of traffic concentration (ZOTC) is where modt
traffic will occur on any play.

Action in footbdl is not continuous as it is in some other sports.
Thee is a dat and dop for exch srimmage or play. Each play
begins with the bal placed on or beween the hash maks and
ends a few seconds laer. Player adfivity can be readily <udied to
determine  the amount of treffic the heavyy use aess recave

LOCATION OF FOOTBALL PLAYS

Figue 2. The average number of plays by fidd location, for 14
footbal  games.

The aea beween the hash maks and from the back foot of the
offendve lineman to the back foot of the defengve lineman each
in three-point stance defines the Zone of Traffic Concentration

*Superintendent of Agricultural ~ Operations, UC Riverside
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(ZOTC), which is the aea where mog of the traffic will occur on
ay gven play (Figure 1).

The average depth of the ZOTC is 3.25 yards or 9.75 feet
(Table 2). Thewidth in professional’ football (NFL) rules, the
digance between the hash marks is 185 fes. A ZOTC is there-
fore caculaed to be 1804 square feet (975 ft x 185 ft). College
football (NCAA) hash marks are 53 feet 4 inches apart. The
college rules greed the traffic over a wider ZOTC causng less
damage to the fidd on a given play. The college plays aways sart

Table 1. Location of football plays.
Nearest S-yard Iine.
Averane. No1
Yard Lline Plays/Game

0 4.0
5 2.1
10 4.4
15 5.6
20 9.0
25 8.4
30 10.1
35 7.9
40 9.1
45 9.8
50 9.1
45 10.2
40 11.7
35 11.0
30 9.3
25 8.3
20 9.3
15 4.5
10 4.9
5 3.6
0 4.6
Tot al 157.5

1Average of 14 (games.

Table 2. Activity in zone of traffic concentration.
Average Wdth of ZzZOTC (ft.) 9.75
Average Area of ZOTC (sg. ft.) 180. 40
Average Nunber  of  Players 11. 20
Average Number of Steps Per-Player 10.90
Cleats Per Shoe 7.00
Average Plays/CGames (high ZOTQ) 11.70
Average Ceat-Dents/Sq. Ft./Play (high ZOrQ 4.47
Average Ceat-Dents/Sq. Ft./Game (high ZOTQ 55. 46

with the bal on a hash mak, thus the number of players in the
ZOTC is the same as in the professiond game

Data were collected from the study of 14 professional and
magor college footbdl games. The location of ‘eech play on the
footbdl fidd was recorded to the nearet 5yad line Plays per



game averaged 1575 (Table 1), with an average of 117 plays in
thehighet ZOTC occurting & one 40-yard line

The play locations ae better visudized in graph forms (Figure
2. If there is a lot of scoring, god-line area traffic increases due to
points-after-touchdown  plays.  The overdl  traffic  patten  concen
tration data compare with the wear patterns that are visually
observed on footbdl fidds throughout the season.

On exh play, an average of 112 players took 109 deps in the
ZOTC. Foothdl linemen shoes for naturd tuf have seven dleats
per shoe. In the high ZOTC a 117 plays per game there were
4.47 cleat-dents per square foot per play for 55.46 cleat-dents

per square foot per game (112 x 109x 7]/180.4 =4.73; 4.73 X
11.7 = 55.34).

The assumptions made in drawing the conclusions reported
ae 1) each play occurs on a 5yad ling 2) each play uses the full
185 feet between the hash marks, and 3) the players use dl seven
cleats taking each sep on the hed and toe

To quantify the location of maximum traffic concentration, a
footbdl fidd receives the mogt treffic a& the forty-yad line where
5 clest dents per square foot are made per game. The sports turf
manager, & well as the tuf researcher, should focus the intensity
of cuturd practices on fidd manegement for tha aea

Tolerance of Cool Season Turfgrasses to Sports Traffic

ST.  Cockerham, VA. Gibeault,

Sports fidds are high traffic tuf aress that are subject to severd
demands-use and playability aswell as safety and aesthetics.
Sports  fidds include  parks, youth baesebdl, football, and soccer
fidds, high school and college fidds and dadiums Many ae used
seven days per wek and 16 hours per day including night play
under lights. The tufgrasses ae expected to withdand the dress
of this intenee play use plus the pressure of ordinary foot traffic.

Several cool season turfgrasses were subjected to simulated
cleated-shoe traffic to evaluate their tolerance of traffic. The
Brinkman  Traffic Smulaor (BTS) was used to approximate foot-

bdl  gametype traffic.

Perennial Ryegrass Cultivars

Fifty-three perennial ryegrass  (Lolium perenne L.) cultivars
were planted in the Nationd Perennid Ryegrass  Evauation Trid
in October 1984, a the Agriculturd Experiment Station, Univer-
sty of Cdifornia, Riversde. From mid-May to mid-July 1988, the
gases were raed for four weeks of onehdf equivdent game per
wek and four wesks of one equivdent game per wesk smulated
Cleted-shoe traffic produced by the BTS.

Most of the perennial ryegrasses tolerated BTS traffic much
better than expected (Table 1). ‘Pippin’  and ‘Linn’ were poores,
wegkening  dgnificantly  under  traffic.  The bes  peformance  was
‘Citation 1l dthough it was not sgnificantly different from the
remaning  varieties.

Thach thickness of each cultivar was measured prior to  apply-
ing the traffic and compared with the traffic tolerance ratings The
correlation was significant { =-0.251, p = 0.00l), indicating a
trend that incressed thatch accumuldion may enhance  perennid
ryegrass  traffic tolerance.

1Superintendent of Agricultural Operations, UC Riverside; Extension Enwironnental Horti cul tural -
i, U Rverside Farm Advisor, San Bernardino County; Staff Research Associate, C
Riverside.
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J. Van Dam, and M. K. Leonard’

Table 1. Mean turfgrass ratings for perennial ryegrass at  UR

Traffic Jolexance-LSD (0.4

1

Cultivax
citation Il 1
Pal mer 2.0
M 382 2.0
Gat or 2.0
Bl azer 2.0
Prel ude 2.0
SWRG- 1 2.0
Manhat t an I 2.0
Mom LP 702 2.0
NK 80389 2.0
Ranger 2.0
Yor kt own I 2.0
Acclaim 2.0
Barry 2.0
Prem er 2.0
Der by 2.0
HE- 168 2.0
Mm LP 792 2.0
HE 178 2.0
Fiesta 2.0
Di pl omat 2.0
omega 2.0
Crown 2.0
Cowboy (2EF) 2.0
Manhat t an 2.0
Del ray 2.0
Mm LP 210 2.0
Pennfi ne 2.0
Regal 2.0
NK 79309 2.0
WE 19 2.0
Tara (BT-1) 2.3
Pennant 2.3
Dasher 2.3
All*Star (1A 728) 2.3
Elka 2.3
citation 2.3
Cockade 2.3
Qupi do 2.3
NK 79307 2.3
HR- 1 2.1
Birdie Il 2.1
Qvation (Mom LP  736) 2.1
Qgil 2.1
Pi ppi n 3.0
Li"" 3.3
9-100%
anong
entry's
value is
di fference)

3-25% 5-50% injury.
entries, sub-
ma'.  sta-
larger than

val ue.

"Traffic tolerance 1-0%
To deternine statistical di fferences
tract one entry's nea" from another
tistical differences occur when this
the corresponding LSD (least  significant



Tall Fescue Traffic Tolerance

Established ‘Mojave’ tall fescue (Fesuca arundinaceae
Schreb) was submitted to 0, onehdf, and one equivdent game
per week of smulated degted-shoe traffic with the BTS in March
through December 1987. Subplots consisted of one nitrogen
fertilizer application at 0, 1, 2 and 4 Ib nitrogen (N)IOOO g ft.

The tdl fexue plots were rated weekly for turf quadity. At the
termination of the trid, the hardness of the tuf plus soil compac-
tion were messured with a penetrometer a a Smple technique to
edimate the reduction in impact absorption capability.

©

TRUE QUALITY

0
BTS TRAFFIC (PASSES/WEEK)

B ow nvmgi v g2 wm o 4s N
‘Figure 1 Tdl fexue traffic gudy: nitrogen  application.
The highest turf qudity rating for dl ‘Mojave tal fescue treat-

ments was in the highes N trestment (Figure 1). As the traffic level
incressed, the overdl tuf quality decreased. The tdl fescue under
the hevies treffic and no fertilizer trestment was dgnificantly
bdow eccepteble quaity. One nitrogen  fertilizer  application  sig-
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Figure 2. Tdl fescue ftreffic dudy: penerometer  survey.

nificantly improved the turf qudity of tal fesue under traffic. At
the heaviet treffic levd, one equivdent game per wek, and the

highex N treament, the tal fescue was dgill of acceptable qudity.
The penetrometer comparison of the hardness of the field in

ech of the traffic trestments showed that with traffic  incresss,
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fidld hadness increased Sgnificantly (Figure 2). The increase in
hardness indicates a decrease in the impact absorption capability
of the tuf. Thee wee no dgnificat differences in  penetrometer
readings between the fetilizer subtrestments suggesting that one
qoplication of nitrogen fertilizer did not affect impact absorption.
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BTS TRAFFIC (PASSES/WEEK)
Figure 3. Tdl fexue traffic study: thatch thickness.

The thatch thickness of the tdl fescue wes meesured in each of
the traffic trestments (Figure 3). As the levedl of traffic increased,
there was a dgnificant reduction in the thickness of the thatch.
This ds indicates the reduced absorption capability of the turf.

Overseeding Traffic Study

Common bermudagrass (Cynodon dactylon L) was over-
seded with severa  cool-sseson grasses in October 1986  (Figure
4). Roughgtalk bluegrass (Poe trivalis L.) was seeded & 3 10/1000
9 ft (L5 kglae) and dl of the red were seeded & 10 10/1000 &

T
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Figure 4. Overseading  treffic  sudy:  turf  quality.
A - Control

B - Caliente perennial ryegrass
C - Elka perennial ryegrass

D - Annual ryegrass

E- Rebe Il tdl fescue

F - Roughstalk bluegrass

G- Shadow Chewing’sfescue
H - Flyer creeping red fescue



ft (48 kgae). Twothirds equivdent game of BTS traffic one day
per wek was applied for a year beginning Februay 1987. The
plots were raed weekly for tuf quality.

The highest qudity oversseded bermudegrass tuf  without  traf-
fic was observed for the two perennid ryegrasses followed closdly
by the three fescues Roughgdk bluegrass and  annud  ryegrass
(Lolium  multiflorum Lam.) were acceptable but significantly
lower in qudity.

Roughstak bluegrass did not tolerate traffic. Annud  ryegrass
and the two fine fescues-‘Shadow’ Chewing's fescue (Festuca
rubra var. commutata Gaud.) and ‘Flyer’ red fescue (restuca
rubra L.)-performed better. The ‘Rebel |1’ tall fescue under
treffic was dgnificantly better then dl the perennid  ryegrasses.

The two peennid ryegrases a overseeded grases  performed
remakably wel under traffic through a wide range of tempea
tures. ‘Cdiente perennid ryegrass  was  Sgnificantly  better  under
traffic than ‘Elka’ With no traffic, there was no difference be-
tween them. There was vey little observable difference  between
the ‘Caiente with traffic and without.

In the Spring of 1988, the plot area was treated with pro-
namide herbicide to eadicate the remaining cool-season  grasses.
Figure 5 shows the percentages of common bermudagrass cover
in the plots after'the cool-season  grasses had  been  diminaed.
The grasxs tha were wek under treffic as overseeded turf were
better for the spring transition from cool-season grass to be-
mudagrass. The tall fescue did not allow a good transition to

bermudagrass but was better a a result of the traffic diminaing
sme of the fexue The perennid ryegrass  dlowed a poor trang-
tion without treffic and dgnificantly reduced the bermudagrass
dand  with treffic.
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Figure 5. Overseeding traffic study: bermudagrass
transition.
- Control

- Caliente perennia ryegrass
- Hka perennial ryegrass

- Annual ryegrass

- Rebedl |1 tall fescue

- Roughstalk bluegrass

- Shadow Chewing's fescue
- Flyer creeping red fescue
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WARNING ON THE USE OF CHEMICALS

Pesiictdes ~ are poisonous. Aways read and carefully follow all precautions and safety recommendations
given on the container label. Store all chemicals in their original labeled containers in a lacked cabinet or
shed, anay from food or feeds, and out of the reach of children, unauthorized persons, pets, and livestock.

Recommendations are based on the best information currently available, and treatments based on them
should not leave residues exceeding the tolerance established for any particular chemical. Confine
chemicals to the area being treated. THE GROWER IS LEGALLY RESPONSIBLE for residues on his
crops as well as for problems caused by drift from his propety to other properties or crops.

Consult you County Agricultural Commissioner for correct methods of disposing of leftover spray material
and empty containers. Never burn pesticide  containers.

PHYTOTOXICITY:  Certain chemicals may cause plant injury if used at the wrong stage of
plant development or when temperatures are too high. Injury may also result from excessive
amounts or the wrong formulation or from mixing incompatible materials. Inert ingredients. such
as wetters, spreaders, emulsifiers, diuents, and solvents, can cause plant injury. Since formula-
tions are often changed by manufacturers, it is possible that plant injury may ow, even though
no injury was noted in previous seasons.

NOTE: Progress reports give experimental data that should not be considered es recommenda-
tions for use. Until the products and the uses given appear on a registered pesticide label or other
legal, supplementary direction for use, it is illegal to use the chemicals as described.
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