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The Rutgers Turfgrass Proceedings is published
yearly by the Rutgers Center for Turfgrass Science,
Rutgers Cooperative Extension, and the New Jersey
Agricultural Experiment Station, Cook College,
Rutgers, The State University of New Jersey in coop-
eration with the New Jersey Turfgrass Association.
The purpose of this document is to provide a forum
for the dissemination of information and the exchange
of ideas and knowledge.  The proceedings provide
turfgrass managers, research scientists, extension
specialists, and industry personnel with opportunities
to communicate with co-workers.  Through this fo-
rum, these professionals also reach a more general
audience, which includes the public.

This publication includes lecture notes of papers
presented at the 2004 New Jersey Turfgrass Expo.
Publication of these lectures provides a readily avail-
able source of information covering a wide range of
topics and includes technical and popular presenta-
tions of importance to the turfgrass industry.

This proceedings also includes research papers
that contain original research findings and reviews of
selected subjects in turfgrass science.  These papers
are presented primarily to facilitate the timely dissemi-
nation of original turfgrass research for use by the
turfgrass industry.

Special thanks are given to those who have sub-
mitted papers for this proceedings, to the New Jer-
sey Turfgrass Association for financial assistance, and
to those individuals who have provided support to the
Rutgers Turfgrass Research Program at Cook Col-
lege, Rutgers, The State University of New Jersey.

Dr. Ann Brooks Gould, Editor
Dr. Bruce B. Clarke, Coordinator
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EVALUATION OF IRRIGATION REQUIREMENTS AND WATER USE
CHARACTERISTICS AMONG THREE BENTGRASS SPECIES

Michelle DaCosta and Bingru Huang1

1Graduate Research Assistant and Professor, Department of Plant Biology and Pathology, Cook College, Rutgers, the
State University of New Jersey, New Brunswick, NJ  08901-8520.

Water availability for irrigation of turfgrasses has
become a key concern due to widespread water use
restrictions, making water conservation a top priority
for turfgrass growers and managers across many
areas of the country.  One strategy for reducing turf-
grass irrigation requirements is to utilize grasses that
require less water.  The use of grasses that have a
combination of traits for drought resistance and that
also persist with reduced water may increase chances
for survival during periods where irrigation may be
restricted.  Greater insight into water use character-
istics and irrigation requirements of various grass
species is essential for identifying grasses that toler-
ate reduced water inputs and also for developing ef-
ficient irrigation management practices.

Deficit irrigation is the practice of deliberate un-
der-irrigation of a plant to below its maximum water
demand.  This irrigation strategy has been success-
fully applied in many agronomic and horticultural crop
species, resulting in overall water savings and in-
creased water use efficiency.  Investigations where
deficit irrigation has been used have also been con-
ducted on several cool- and warm-season turfgrass
species, including Kentucky bluegrass (Poa
pratensis), perennial ryegrass (Lolium perenne), tall
fescue (Festuca arundinacea), Bermudagrass
(Cynodon dactylon), and zoysiagrass (Zoysia
japonica).  These studies have generally demon-
strated that many turfgrasses can tolerate certain lev-
els of deficit irrigation with little or no loss in aesthetic
turf quality.  Furthermore, the proper use of a deficit
irrigation strategy, either through decreased irrigation
quantity or irrigation frequency, has also been related
to increases in turfgrass water use efficiency and
decreases in total water use.

While there have been investigations conducted
on deficit irrigation for other turfgrass species, infor-
mation is generally lacking on the effects of deficit
irrigation and general irrigation requirements of
bentgrasses (Agrostis spp.), which are popularly uti-
lized as turf for golf course tees, greens, and fair-
ways.  The minimum water requirements for bentgrass
species have not been evaluated, particularly with
regard to variability in requirements among different
bentgrass species used for high maintenance, close-
cut turf.  Furthermore, comparisons of water use and
drought resistance characteristics among
bentgrasses have also not been determined.  This
information would be valuable for providing better ir-
rigation management recommendations for conserv-
ing water in bentgrasses, as well as providing insight
on selecting bentgrasses better adapted to limited ir-
rigation conditions.  Therefore, the primary objectives
of this study were to:  (i) determine minimum water
requirements for maintaining acceptable quality fair-
way established to creeping (A. stolonifera), colonial
(A. capillaris), and velvet (A. canina) bentgrasses; and
(ii) examine and compare water use characteristics
and water use efficiencies of these bentgrass spe-
cies under varying levels of deficit irrigation.

The study was conducted from July to Novem-
ber in 2002 and 2003 at the Rutgers University Horti-
culture Research Farm II, North Brunswick, NJ.  To
quantitatively control irrigation and soil moisture un-
der field conditions, this study was conducted on field
plots covered with a fully automated, mobile “rainout”
shelter that excluded rainfall from test plot areas.  Plots
were irrigated three times per week at four levels of
irrigation quantity based on the percentage of maxi-
mum potential daily water loss through actual evapo-
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transpiration (ETa) (100, 80, 60, and 40% ETa replace-
ment).  ETa was determined using minilysimeters in-
stalled in well-watered plots receiving 100% ETa irri-
gation three times per week.  Turf performance un-
der the four irrigation regimes was evaluated by mea-
suring visual turf quality, canopy spectral reflectance
parameters, soil moisture depletion rates, and canopy
photosynthetic rates.  Cumulative water use was de-
termined using minilysimeters installed within plots
of each of the irrigation treatments.  Long-term plant
WUE was evaluated based on carbon isotope analy-
sis of plant tissue sampled from plots at different
stages of drought stress.

Our results demonstrated that irrigating at 100%
ETa was not necessary to maintain acceptable turf
quality and physiological processes in creeping, co-
lonial, and velvet bentgrasses, and that the minimum
water requirements depended on species and sea-
son of the year and varied between years.  Colonial
bentgrass required irrigation at 80 to 100% ETa, while
creeping and velvet bentgrasses required irrigation
at 60 to 80% ETa to maintain acceptable turf perfor-
mance in the summer (July and August) of 2002.
Velvet bentgrass maintained better turf growth at 60%
ETa for a greater duration than creeping bentgrass
during this period, indicating lower minimum water
requirements for velvet bentgrass.  The comparison
of irrigation requirement between the two years re-
vealed that minimum irrigation requirement to main-
tain acceptable turf performance was generally lower
in 2003 than in 2002.  In 2003, plants were able to
maintain acceptable performance with 60% ETa irri-
gation throughout the majority of the summer treat-
ment period for all species.  The lower irrigation re-
quirements in 2003 could be attributed to the combi-
nation of higher relative humidity, lower air tempera-
tures, decreased wind speed, and lower solar radia-
tion during July and August that could result in lower
evaporative demand.  The minimum irrigation require-
ment for all three species was less in the fall months
(September and October) compared to that in the
summer months in both years.  Irrigating at 40% ETa
in the fall treatment period in both 2002 and 2003
was sufficient to maintain acceptable visual quality,
canopy growth parameters, and canopy photosynthe-

sis compared to plots receiving 100% ETa.  This was
most likely due to changes in ETa rates resulting from
lower evaporative conditions in the fall months

Deficit irrigation also resulted in a decrease in to-
tal water use for all three species, particularly in the
summer months.  In July of 2003, utilizing 60% ETa
replacement that was not detrimental to quality and
other physiological parameters resulted in approxi-
mately 15 to 20% reduction in plant water consump-
tion.  While differences in water use between the spe-
cies were not apparent during October, during condi-
tions of higher evaporative demand in July, a general
trend between species water use was observed:  vel-
vet bentgrasses had lower water use, while colonial
bentgrasses had the highest water use at each of the
irrigation treatments.  These results were also related
to inherent plant water use efficiencies of each
bentgrass species.  According to carbon isotope dis-
crimination values, velvet bentgrass had the highest
water use efficiency, while colonial bentgrass had the
lowest efficiency among the three species.

In summary, colonial bentgrass had the highest
water use and irrigation requirement, while creeping
and velvet bentgrass exhibited lower water consump-
tion and water requirement.  Among the three spe-
cies, velvet bentgrass plots retained a greener color,
higher canopy photosynthetic rates, and lower soil
moisture depletion for a longer time than creeping
and colonial bentgrass under deficit irrigation regimes.
These results indicated that velvet bentgrass had
lower water requirements than the other bentgrass
species.  Furthermore, this study demonstrated po-
tential irrigation savings of 20 to 40% in the summer,
depending on species, and 60% savings in the fall
months, with minimal impact on bentgrass quality and
other physiological parameters.  Consequently, the
use of deficit irrigation practices could be an essen-
tial component in the development of irrigation man-
agement programs that result in both water and mon-
etary savings in managing bentgrass fairways.   Mor-
phological and physiological factors associated with
differences in drought resistance and water use
among the bentgrasses are under further investiga-
tion.




