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Irrigation Efficiency for Turfgrass Managers
By Ali Harivandi, UC Cooperative Extension Area Advisor
Alameda, Contra Costa and Santa Clara Counties
Turfgrasses need water from their seedling stage though maturity. Almost every physiological reaction requires
water; without it, metabolism ceases and the turfgrass plant dies. Water also is essential for proper plant nutrition.
Mineral elements must dissolve in the soil solution before they can be absorbed by roots. Irrigation provides this
“solution” which is absorbed by roots and translocated through the turfgrass plant, providing a constant supply of
food for healthy growth.
Turfgrasses absorb water primarily through
their root systems, and, after using a minute
amount, release most of it through transpiration. If for any reason and to any degree water
transpired exceeds water absorbed, growth is
retarded. Transpiration in turf is determined almost entirely by temperature, humidity, wind and light.
Thus, the need for water over a
given period of time also depends on
these factors. The turfgrass manager must consider these environmental factors when planning an
efficient irrigation program.
Inefficient irrigation programs,
in addition to being wasteful, increase the incidence of diseases and
weeds in turf. They also reduce the
effectiveness of other turfgrass management practices such as fertilization, mowing, thatch and pest control. Due to the diversity of soil and
climatic factors, however, a single
set of recommendations defining irrigation efficiency cannot be given.
In what follows, primary factors affecting irrigation efficiency are discussed with the hope that a thorough understanding of them will enable the turfgrass
manager to develop an efficient irrigation program tailored to his/her individual conditions.
Climatic Conditions. A thorough knowledge of climatic conditions is essential for

maximum turfgrass irrigation efficiency. Water loss from turf is influenced primarily by
climatic conditions. In general, water applied
to turf is used/lost through (a) deep percolation
due to gravitational force, b) runoff, caused

primarily by improper application rates, c) evaporation from soil and/or leaf surfaces and d)
metabolism and/or transpiration of the turf plant.
Deep percolation and runoff can be reduced by
applying the right amount of water at the proper
rate. Evaporation and transpiration (the combi-

nation of which is known as “evapotranspiration” or ET) are influenced by temperature,
humidity, wind, and, to some extent, by solar
radiation. ET increases as temperature, wind
and radiation increase and humidity decreases.
Recent studies also show that ET from
a specific turfed site varies among turf
species. Under similar climatic conditions evapotranspiration from sites
planted to cool season turfgrasses is
generally higher than those planted to
warm season turfgrasses. In other
words, cool season turfgrasses generally use more water than warm season
turfgrasses.
Most turf specialists recommend
water application equal to the ET at a
given site. In studies by researchers at
the University of California, Riverside, however, cool season turfgrasses
such as Kentucky bluegrass, perennial ryegrass and tall fescue showed
no significant difference in quality
when sprinkler irrigation equaled 100
and 80 percent ET. Warm season
turfgrasses (seashore paspalum, hybrid bermudagrass, and zoysiagrass)
exhibited no significant difference in quality
when sprinkler irrigation equaled 100, 80 and 60
percent irrigation. These results indicate that
water savings of 20 percent for cool season and
40 percent for warm season turfgrasses can be
realized without significantly affecting turf qual-
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stored by the soil, some water will be
ity. ET can be measured with several
lost through deep percolation. Sandy
types of evaporation pans, such as the
soils are especially prone to deep perU.S. Weather Bureau Class A abovecolation. Likewise, if water applicaground pan, or by weather stations
tion rates exceed a given soil’s abdesigned to measure a site’s ET for
sorption and percolation rates, water
irrigation purposes. Turfgrass manis lost through runoff. Heavy and/or
agers interested in more site-specific
compacted soils are especially prone
knowledge of daily turfgrass water
to runoff.
use can get such information from the
Root Depth. Turfgrass species difCalifornia Irrigation Management Infer in their rooting abilities. Some speformation system (CIMIS), a free sercies have deep root systems, others
vice to the public offered by the Calishallow ones. Approximate rooting
fornia Department of Water Redepths of common turfgrasses are given
sources. For more information on
.
in Table 2. As the table shows, warm
CIMIS, visit their website at
Figure 1. Relative inches of water required to wet soils to given
season turfgrasses generally produce
wwwdpla.water.ca.gov/cgi-bin/cimis/
depths (assuming no runoff)
deep root systems, while almost all
cimis/hq/main.pl or contact DWR staff
cool season turfgrasses have shallow
at (530) 327-1653.
root systems. (Tall fescue, with an
Soil Water-Holding Capacity.
Soil Texture Available
Unavailable
intermediate root system, is an excepWater-holding capacity depends
tion.) Since it is the objective of an
on soil texture. The more clay a soil
(inches per foot)
efficient irrigation program to supply
contains, the higher its water-holding
water throughout the root zone, rootcapacity.
Sand
0.4 - 1.0
0.2 - 0.8
ing depth as well as soil texture should
All soils have three water fracbe considered when determining the
tions when saturated. The first, “graviSandy Loam 0.9 - 1.3
0.9 - 1.4
rate and amount of water applied.
tational water,” is that fraction which
Loam
1.3 - 2.0
1.4 - 2.0
Although the rooting depth of each
is lost through gravity to deep percoSilt Loam
2.0 - 2.1
2.0 - 2.4
turfgrass species is genetically conlation and is unavailable to turfgrasses.
trolled, environmental factors also afOnce this water fraction has drained,
Clay Loam
1.8 - 2.1
2.4 - 2.7
fect it considerably. Roots, for example,
soil is described as at “field capacity”
Clay
1.8 - 1.9
2.7 - 2.9
can penetrate deeper in sandy than in
(FC). A second fraction of soil water,
clay soils, are generally deeper in fall
also unavailable to turfgrasses, is “hyTable 1. Available and unavailable water per foot of soil
and spring than in summer and winter,
groscopic water” and is very tightly
and are deeper when the grass is mowed
held by soil particles. All water present
higher. Other environmental factors
in soil below the “wilting point” (WP)
affecting turfgrass root depth are irribelongs to this fraction. The third
gation, fertilization, soil compaction,
water fraction, that which the turfgrass
Grass Species
Root Depth
and shade. The best way to determine
plant can absorb, is known as “availturfgrass rooting depth in a specific
able water.” All plant present in the
location is physical inspection. A soil
soil between the WP and FC falls in
Annual bluegrass
probe or a shovel can be used.
this category. The proportion of availCreeping bentgrass
Drought Tolerance. Turfgrass
able to unavailable water differs
Colonial bentgrass
species vary greatly in their toleramong soil textures.
ances of drought stress. Commonly
Table 1 shows the appropriate
Perennial ryegrass
Shallow
grown turfgrasses are ranked accordamount of water available under variCreeping red fescue
ing to their drought tolerance in Table
ous soil textures at field capacity. Note
Kentucky bluegrass
3. Use of the more drought-tolerant
that a fine-textured soil, such as clay,
turfgrasses should be considered when
holds about twice as much water as
it is known before turf establishment
coarse, sandy soil.
Tall fescue
Intermediate
that an area either will not be irrigated
So, the heavier the soil, the
at all or only on a limited basis. It
higher its water-holding capacity
St. Augustinegrass
should be noted that although drought
and, thus, the more water necessary
tolerance depends in large part on a
to wet it to a given depth (compared
Zoysiagrass
Deep
turf species’ genetic characteristics,
to a sandy soil). As Figure 1 indiBermudagrass
several environmental factors also
cates, almost 1.5 inches of water are
contribute to such tolerance. Generrequired to wet loam soil to a depth
Table 2. Relative turfgrass root depth under normal use
ally, deep-rooted grasses growing in a
of 12 inches. The same amount of
conditions
deep soil with good subsoil moisture
water wets clay soil to a depth of 7
remain green for extended periods,
inches and a sandy soil to a depth of
despite lack of irrigation. Once soil
24 inches.
100 percent of its water-holding capacity. Unmoisture in the root zone is depleted, however,
Once a soil is wetted to the desired depth,
der certain conditions, a little extra water may
the turfgrass cannot survive for long. Deepthe amount of water applied in subsequent
be applied to leach salts. Obviously, if more
rooted turfgrasses, such as the tall and hard
irrigations depends upon the rate of plant water
water is applied than the amount which can be
fescues, growing in dry areas where rain or
use. A proper application will return the soil to
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High

Low

Seashore paspalum
Weeping alkaligrass
Hybrid bermudagrass
Zoysiagrass
St. Augustinegrass
Common bermudagrass
Buffalograss
Kikuyugrass
Creeping bentgrass
Tall Fescue
Perennial ryegrass
Kentucky bluegrass
Red fescue
Hard fescue
Highland bentgrass
Colonial bentgrass
Dichondra

Table 3. Relative drought tolerance of turfgrasses
irrigation may wet only the top few inches of
soil, may not exhibit as much drought tolerance
as the same grasses growing in a soil with
adequate subsoil moisture but infrequent rain
and/or irrigation.
It is important to note that a “drought
tolerant” turfgrass does not necessarily provide a lush green turf under limited irrigation.
Most drought tolerant turfgrasses go dormant,
lose color, and stop growth under drought
situations. They do, however, have the capability to resume growth when moisture becomes
available. Non-drought tolerant turfgrasses have
a much shorter drought-induced dormancy
period before they die than do drought-tolerant
species.
Soil Salt Content. Soil salt content can

High

Low

Hybrid bermudagrass
Buffalograss
Zoysiagrass
Common bermudagrass
Seashore paspalum
St. Augustinegrass
Kikuyugrass
Tall fescue
Hard fescue
Red fescue
Kentucky bluegrass
Perennial ryegrass
Highland bentgrass
Creeping bentgrass
Colonial bentgrass
Weeping alkaligrass
Dichondra

"Turfgrasses vary
greatly in their
drought and
salinity
tolerance."

Table 4. Relative salinity tolerance of turfgrasses
influence irrigation practices. Where soil salinity is a problem, over-irrigation can be helpful
for leaching. As a general rule, if the amount of
water applied to the soil (irrigation + natural
precipitation) exceeds evapotranspiration, salt
movement in the soil is downward. Conversely,
salt movement is upward if evapotranspiration
exceeds the amount of water applied. In the
latter case, salt drawn to the soil surface gradually accumulates to levels toxic to turfgrasses. A
salinity problem is best prevented by applying
water in amounts greater than ET. Accumulated
salt is thereby constantly leached downward
through the soil profile to below the root zone.
This is especially important if reclaimed effluent water which contains already soluble salts is
used for irrigation. In severe cases of salinity,

planting a salt-tolerant turfgrass (Table 4) also
should be considered.
Summary. Irrigation efficiency is affected
by many factors. The turfgrass manager interested in adopting efficient and effective irrigation techniques must acquire a thorough understanding of soil-water-turf relationships. This
understanding should extend to the role of
water in turfgrass growth and development, the
influence of climate and soil factors on water
utilization by turf, and to the genetic characteristics of turfgrass species grown.

For Your Information:
Gibeault, V.A., J.L. Meyer, V.B. Youngner, M. Mahady, and R. Strohman. 1982. Irrigation of Turfgrasses for Water Conservation. A report by University
of California and the Metropolitan Water District.
Harivandi, M.A., 1981. Factors in Turfgrass Irrigation. California Turfgrass Culture. Vol. 31. No. 2.
Harivandi, M.A. 1981. The Use of Effluent Water for Turfgrass Irrigation. California Turfgrass Culture. Vol. 32. No. 3, 4.

Sports Turfgrass Management for Professionals
On May 18th and19th, UCCE environmental horticulture advisors and University Extension will offer a course on current techniques
in the art and science of turf management.
The program is specially designed for parks and recreation site managers, athletic turf managers, school and college grounds managers,
horticultural consultants, pest control advisors, and other professional turf and landscape managers.
Coordinated by Ali Harivandi, the two-day course will be taught by Steve Cockerham, agricultural operations superintendend, UC
Riverside; Jim Delfino, grounds manager, 3 Com Park, San Francisco; John Deming, Enhanced Technical Services, Pacheco; Ali Harivandi,
area turf, soil and water advisor, UCCE; and Rex March, vertebrate pest management specialist, UC Davis.
Course fee is $185 (includes course materials and lunches). May 11 is the enrollment deadline. For more information call (530) 7578899.
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How Much Should You Water Your Lawn?
Lawn Watering Requirements Along California's Central Coast
Watering the lawn is a big part of residential water use. Knowing how
much water to apply and how often is important to those who want not only
an attractive lawn, but efficiency and economy.
The term evapotranspiration (ET) describes the total amount of water used by your
lawn. The daily rate at which water is used is
called the “ET rate”—net water application in
excess of ET is not used by the lawn and is,
thus, wasted.
Two factors largely determine ET rate and,
hence, your lawn’s watering requirements: grass
species and climate. Lawn grasses are either
cool-season or warm-season species. Warmseason species go dormant and turn brown in
winter; cool-season grasses remain green. Coolseason grasses use more water than do warmseason grasses. Therefore, to use the watering
information provided herein, you must know
what type of grass you have.
Seasonal changes in the average daily ET
rate roughly correspond to average daily total
sunshine. ET rates are low in winter, increase
in spring, peak near midsummer, and decline in
fall. Other climatic factors affecting daily ET
rates are air temperature, humidity, wind speed,
clouds, and fog. The combination of grass type
and these climatic factors determines the actual ET rate which, along California’s central
coast, increases with distance from the ocean.
When and How Much to Water. Threeday intervals between waterings are suggested.
More frequent watering is usually not necessary; less frequent watering can lead to water
stress or uneven irrigation for some sprinklerwatered lawns. Normally, grass will recover
well if it is stressed mildly—it doesn’t hurt to
skip a watering occasionally, although in midsummer it is best to stay on schedule. Also, the
occurrence of rain during a 3-day interval
should be taken into account, either by delaying a watering as common sense dictates or by
subtracting the amount of rainfall from the
amount of water to be applied.
The Can Test. To determine the longest
possible watering duration, you can do a “can
test.” Distribute several flat-bottom cans of
equal size at various places (on approximately
10-foot centers) on your lawn Then run your
sprinkler system for 15 minutes. Stop the sprinklers and measure the average depth of water to
the nearest 1/16 inch in the cans. Use Table 1 to
obtain a multiplying factor. (If the water levels
in your test cans vary considerably, your sprinkler system may need adjustment or repair.)
From the can test information, you can
determine how long to run the sprinkler system, using the 3-day water requirements given

in Table 2 for your ET zone and grass type.
To learn how long to water your lawn
every 3 days, you must determine (1) your ET
zone (see map), (2) the type of grass in your
lawn (if you do not know or if you have both
types, use warm-season grass), (3) the monthly
water requirement from Table 2, and (4) the
multiplying factor from Table 1.
Using the above information, multiply the
Table 1 factor by the appropriate monthly water
requirement from Table 2 to find out how long
to water every 3 days.
For example, it is June, you live in ET
Zone 4, your lawn is in a warm-season grass,
and your 15-minute can test showed an average
depth of 1/2 inch. How long will it take you to
water every 3 days? From Table 1, under 1/2
inch, the multiplying factor is 30. From Table 2,
under warm-season grass in ET Zone 4 in June,
the factor is .37. So, 30 X .37 = 11. You would
water for approximately 11 minutes every 3
days during June.
Water Penetration Restrictions. Determining the amount of water needed by turfgrass
using ET rates is important to efficient lawn
watering, but other factors are involved. For
instance, anything that restricts water penetration into the soil should be corrected. Two
common problems are thatch accumulation
and soil compaction.
Thatch is dead grass that builds up on the
soil surface. It restricts water, air, and nutrient
movement into the root zone. A thick layer
should be removed in spring or fall by vertical
mowing or by hand raking. Heavy traffic on
turfgrass compacts the soil, restricting air,
water, and nutrient entry, and hinders root
development. Compacted areas should be
aerified (cored).
Landscape features also influence irrigation practices. For example, turf in areas receiving more direct sunlight or considerable
wind may require more irrigation than would
turf not subject to these environmental factors.
Check for areas that may require more or less
water and adjust your watering accordingly.
Shade should also be considered in lawn
watering. Turfgrass grown in the shade generally uses less water and can be watered lightly
or less frequently than unshaded areas. The
roots of turfgrass grown under trees must compete with tree roots for water. Heavy but less
frequent waterings are usually better for
turfgrass grown under trees.

Evapotranspiration Zones for California's
Central Coast
Cool-season

Warm-season

Annual bluegrass
Bermudagrass
Annual ryegrass
Kikuyugrass
Colonial bentgrass
Seashore paspalum
Creeping bentgrass St. Augustinegrass
Hard fescue
Zoysiagrass
Highland bentgrass
Kentucky bluegrass
Meadow fescue
Perennial ryegrass
Red fescue
Rough-stalked bluegrass
Tall fescue

Common lawn grasses
In coastal regions where considerable dew
regularly accumulates at night, these recommendations for water requirements may be too
high. If morning dew is common in your area,
try reducing sprinkler operation time by 10 to
20 percent. To broaden your understanding of
turfgrass irrigation practices and the factors
involved, the following UC leaflets provide
useful information: Lawn Aeration and Thatch
Control (Leaflet 2586) and Efficient Lawn Irrigation Can Help You Save Water (Leaflet 2944).
This article was adapted from UCCE, Division of Agriculture and Natural Resources Leaflet No. 21432. The authors are Richard L. Snyder,
Extension Biometeorologist, UC Davis, and Ali
Harivandi, Area Advisor, Alameda, Contra Costa
and Santa Clara Counties.

For information about turf irrigation in
other areas of California, contact your local
county farm advisor.
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Average depth of water in cans (inches)

Multiplying factor

1/8

3/16

1/4

5/16

3/8

7/16

1/2

9/16

5/8

11/16

3/4

120

80

60

48

40

34

30

27

24

22

20

Table 1. Multiplying factor for determining watering time from the average depth of water measured in a 15-minute can test
Cool-season grass

Warm-season grass

Month

1

ET Zone
2
3

4

1

ET Zone
2
3

4

January
February
March
April
May
June
July
August
September
October
November
December

.08
.13
.18
.24
.28
.33
.30
.28
.24
.18
.12
.07

.11
.16
.21
.28
.34
.38
.37
.33
.30
.23
.15
.10

.08
.14
.22
.33
.41
.50
.59
.50
.40
.26
.14
.08

.06
.10
.14
.18
.20
.25
.23
.21
.18
.13
.08
.06

.09
.11
.16
.21
.25
.28
.28
.25
.22
.18
.11
.08

.06
.11
.16
.25
.31
.37
.44
.37
.30
.20
.10
.06

.10
.15
.21
.29
.36
.40
.40
.35
.31
.24
.15
.10

.08
.12
.18
.24
.30
.34
.34
.31
.26
.19
.11
.06

Table 2. Turfgrass 3-day water requirements

News From the Ex(tension) Files
By Linda Dodge
A local newspaper reporter asks:
What are the
odds of finding a four
leaf clover in the average front lawn?
The motivation for this question may
have something to do with the fact that we’ve
already had two Fridays the thirteenth in 1998
or may be a desparate attempt to ward off the
effects of El Nino. In any case, translated into
science-ese, the question becomes: What is
the probability of the occurence of a
quadrafoliolate mutation in the normally trifoliolate leaf of Trifolium sp.? There are
about 300 species of clovers and some are
used in lawn seed mixes. For those of you
who are fans of the Latin language, the scientific name for the genus, Trifolium, means
“three leaves” and refers to the habit of the
leaves being divided into three leaflets. According to one source, if you searched a patch
of white dutch clover (Trifolium repens) for
thirty minutes you would find at least one leaf
with four leaflets. So you may have to search
a bit longer if the clover is mixed with grasses
in a lawn mix. The latest catalog from Park
Seed Co. features a variety of white clover
(Trifolium repens), the “shamrock” of Irish
#3 - tptr

history believed to be magical and bring good
fortune. They guarantee this variety will produce four-leaf clovers within four months of
sowing the seed and, as a bonus, the leaves are
enhanced by a red and white chevron design.
L. E. of Round Mountain, NV writes:
Our poplar trees seem to be infested
with a blight. A local plant care company
diagnosed the problem as cytospora canker
(produced by a fungus). We injected the
trees with Matasystox but there seems to be
no stemming of the spread of this thing.
Please enlighten us as to whether we are
doing the right thing.
L. E. enclosed a sample of leaves and
stems with the letter showing rounded rough
nodules about one-half inch in diameter attached to the stems or base of the leaf petioles.
The sample was examined by a plant pathologist and the nodules were determined not to be
fungal cankers. Another possibility may be the
poplar bud gall mite, Eriophyes parapopuli,
found on several poplar species throughout the
western states. These tiny mites (0.2 mm in
length) are related to spiders and feed on plant
cells with their piercing mouth parts. In the
process of feeding and egg-laying, the mites
release chemicals that induce the formation of
the galls by the plant tissue. The galls act as

Poplar bud gall, Eriophyes parapopuli

protection and a food source for the developing larvae that hatch from the eggs within the
galls. Development from egg to adult mite
may take as little as two weeks when the
adults emerge to overwinter in bark or buds
and then infest new growth in the spring. In
order to move to new, noninfested trees, the
mites must “hitchhike” by drifting on the
wind or attaching to insects or birds that come
in contact with new host plants. In large
numbers, the bud gall mite can cause leaf
deformation and stunting of new growth on
poplar trees. As far as control or eradication of
these mites is concerned, the chosen chemical would have to be a miticide, specifically
formulated to act against these relatives of the
spider (a class different from insects).
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Notes From the Chair...
By Dave Burger
We extend our
wishes for much luck
and success to
Hongzhan (Peter)
Huang, who has accepted a position with
the Dept. of Epidemiology and Biomathematics at the University of
Texas Health Center at Tyler.
Since receiving his Ph.D. with Jim Harding
in 1993, Peter has done postdoctoral studies in
quantitative genetics. He hopes that his new
position will help him transition into a career in
bioinformatics--a new field that employs computer science, genetics, molecular biology, and
mathematics to analyze DNA structure.
Michael Barbour, plant ecologist with the
Department, recently joined the Watershed Assessment Science Team, a 9-member multidisciplinary research group organized to summarize the health of the Lake Tahoe ecosystem.
Formed with funding that resulted from
the 1997 summit attended by President Clinton,
the group will help put into effect a management plan that will move the area toward a
healthier, more self-sustaining ecosystem.
Among the team members are researchers from
UC Davis, the University of Nevada at Reno,
and the US Forest Service.
Graduate student John Rusmore, who has
worked with Michael Barbour to identify nonherbicide methods of controlling star thistle,
recently earned his MS in Ecology. He plans to
begin Ph.D. studies through the Geography
Graduate Group here at UC Davis. Congratulations John!
UC Cooperative Extension Distinguished
Service Awards were recently given to farm
advisors Karen Robb (San Diego), Ann King
(San Mateo-San Francisco), Steve Tjosvold
(Santa Cruz and Monterey) and Julie Newman
(Ventura and Santa Barbara).
These advisors joined forces to develop a
wide array of objective, research-based programs to fit the needs of California's diverse
floriculture production industry. They conducted educational tours to highlight UC research and regional workshops that use handson curricula. In addition, they coordinated
statewide research in the biological control of
pests, development and economic evaluations
of IPM scouting programs, and postharvest
handling of crops. At present, they are putting
together a statewide newsletter for growers.
Nurserymen's Exchange, one of the
country's largest potted plant growers, has generously provided an unrestricted gift of $1,500

to support the research of Michael Reid and
Linda Dodge on postharvest handling of potted
flowering plants.
Nurserymen's Exchange cooperated in experimental testing of 1-MCP, a new inhibitor
of ethylene action that holds great promise for
the potted plant industry.
Congratulations to Sandy and John Fielden
on the arrival of grandsons William and Timothy Bishop. The identical twin sons of Tim
Bishop and Hilary Fielden, they were born on
the 7th and 8th of December. The new grandmother says the unconditional love that comes
with grandchildren is wonderful! Sandy is Management Services Officer for the Department.
In January, students of ENH 125 (Greenhouse and Nursery Production Management),
members of departmental staff, and interested
community members accompanied Heiner
Lieth on a two-day tour of Northern California
greenhouse and nursery production facilities.
This year's itinerary included visits to
Kawahara Nursery, Yoder Brothers, Salinas
Carnations, Carmel Roses, Suyeyasu Wholesale Florist, Ah Sams (retail florist), Bay City
Flower Company, and California and San Francisco Flower Markets. While in Half Moon
Bay, the group of 35 travelers also heard a
presentation by Ann King, San Mateo-San Francisco Counties farm advisor, about industry and
grower issues in that area.
"This trip is the highlight of the quarter for
these students," comments Heiner. "It helps
them get a cross-section of the greenhouse/
nursery industry in northern California." He
teaches this course each spring.
The Elvenia J. Slosson Endowment has
granted funding for the following research
projects for 1998-99:
Jim McDonald: fill soils in the landscape-an assessment of soil aeration status, root function and the efficacy of remediation systems
($19,700); Mary Louise Flint: interactive,
computer-assisted training for retail nursery
clerks and Master Gardeners ($18,063); Dave
Burger: selection and propagation of deeprooted ornamental trees for urban environments
($12,050); Larry Costello: assessing the influence of irrigation and treeshelters on root development of three California native oak species
($3,025); John Kabashima: UC Garden Information Center Project ($19,863); Truman
Young: root growth in containers, implications
for xeriscape and restoration ($10,000); Chuck
Ingels: Fair Oaks Orchard Demonstration
Project ($3,900); Harry Kaya: use of biological
stressor to enhance efficacy
of
entomopathogenic nematodes for white grub

suppression in turfgrass ($17,780); Richard
Evans: evaluation of method for classifying
landscape plants by relative water use (($4,196);
Lin Wu: study of California native grasses and
landscape plant species for recycled water irrigation ($11,000); Mario Moratorio: creation
of a UC statewide fruit and nut crop web site
($11,831); Michael Reid: rootstocks for difficult plants--rhododendrons, azaleas and
grevilleas ($11,000); Greg McPherson: reducing tree root damage to sidewalks in California cities ($13,500); Ellen Zagory: Australian
plants for Central Valley gardens exhibit in UC
Arboretum ($10,000); Marcella Grebus: evaluation of pruning as a method to reduce damage
by oleander leaf scorch ($7,500); Mike Henry:
Master Gardener information network ($17,450).

Where are they????
Patti Kiehl, who earned an MS in Horticulture in 1990 with Dave Burger and Heiner Lieth,
was a program director and instructor at Foothill
Community College for four years. She taught
many horticulture topics that covered various
aspects of nursery operation, plant propagation,
and pest management.
Patti and her husband, Bruce Ginn, decided to move to the more rural and scenic
atmosphere of Auburn to raise a family. From
Auburn, she has been working with Jim
MacDonald of the Plant Pathology Department, UC Davis, editing research manuscripts,
and also with Dave Burger on problems of tree
roots in urban areas.
She enjoys hiking with 8-month-old son,
Aidan, and friends in the Auburn hills and
forests. Patti can be reached at her home at
(530) 878-6501.
Rose Lovall, who earned an MS in Horticulture with Jack Paul in 1990, has established
Morningstar Nursery in Vacaville. The retail
nursery, which specializes in perennials (over
500 varieties) and herbs, does all of its own
propagation. Rose has established a demonstration garden there, and also teaches classes
on herbs and cooking.
Rose and Patti Kiehl have also developed
another nursery where they specialize in ornamental grasses and vegetables.
Current Environmental Horticulture and
Urban Forestry student Christina Simpson has
been honing her propagation skills through an
internship with Rose.
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Ali Harivandi, Cooperative Extension
Area Advisor, Alameda, Contra Costa
and Santa Clara Counties
The turfgrass industry in the San Francisco
Bay Area is diverse and large. The many city
and regional parks, school grounds, cemeteries, sports fields, indusrial parks, and home
lawns as well as the approximately 100 golf
courses in the area attest to this.
Population growth and the consequent increased use of urban green spaces has created
a demand for practical and reliable maintenance information. As Area Advisor for the
Greater San Francisco Bay Area, Ali has developed a turfgrass Extension program to provide
information on areas of prime importance:
water quality, greenwaste management, low
maintenance, and cultivar evaluation.
California’s green industry currently uses
more reclaimed water for irrigation than any
other state or country. Reclaimed water is high
in sodium chloride (used as a water softening
agent), a compound that many turf and landscape species don’t tolerate. Several of Ali’s
projects address recycled water issues. In cooperation with Pat Lindsey, former landscape
specialist with the Department, one of Ali’s
studies looked at salinity tolerance levels of
common California woody ornamentals. Another project done with Lin Wu demonstrates
that substitution of potassium chloride as a
softening agent eliminates harmful sodium
effects on plants. In 1995, he initiated a longterm study at the Sunnyvale Municipal Golf
Course on the effects of reclaimed water irrigation on 40 species of bentgrass.
Information gathered from these projects
may be found in the chapter on salinity and
turfgrass culture in a book titled Turfgrass,
published by the American Society of
Agronomy. In recent years, he has also presented papers on these topics—at the Japan
Turfgrass Conference in Chiba and the 14th
Australian Turfgrass Conference and Trade
Exhibition. In addition, he teaches various
seminars and authors UCCE leaflets that address turfgrass irrigation with reclaimed water.

Major goals for low maintenance turf are
to reduce mowing, fertilization, and irrigation
requirements without sacrificing reasonable
turf appearance. Reducing turf maintenance
cost can be accomplished by planting grass
species with lower maintenance characteristics. In a continuing series of investigations,
Ali evaluates grass species not currently available commercially for their potential as low
maintenance selections. “Hard fescue, for example, is a grassy groundcover species that no
one knew about,” he explains. “Now it is being
used extensively in Northern Californa.” Likewise, buffalograss, rarely used in the past, is
now considered a promising grass for water
conserving landscapes. (See Growing Points,
Spring 1997.)
Perhaps the greatest drain on turf management budgets results from improper use of
pesticides. “Often, the wrong pesticide or the
wrong amount of pesticide is used, leading to
both pollution and ineffective control,” he says.
Trials conducted in collaboration with UC
Davis weed scientist Clyde Elmore produced
information on the effectiveness of currently
available pesticides.
At the UC Bay Area Research and Extension Center in Santa Clara, evaluating the
suitability of various turfgrass varieties for use
by homeowners and park, schoolgrounds, and
golf course managers is an on-going project for
Ali. Currently he is evaluating 130 varieties of
tall fescue over a period of three years for
overall quality (color, density, disease, weed
invasion, texture). Seed from those varieties
that exhibit good overall quality eventually
becomes commercially available.
Another area of professional interest—
reduction of garden waste—has led Ali to
address issues related to grasscycling. “California faces severely limited landfill space,” he
explains, noting that “California cities are required by Assembly Bill 939 to reduce their
solid waste by 50% by the year 2000.” In two
recent studies, he evaluated the impact of
mowers that recycle on clipping reduction,
weed reduction, and lowered nitrogen use, and
looked at various nitrogen-iron fertilizer combinations that produced acceptable quality but
reduced growth. “Reducing the volume of grass
clippings that goes into landfills,” he says,
“will play a major role in reaching this overall
reduction goal.”
To round out his Extension activity, Ali
participates in short courses and training sessions geared for various levels of educational
background and professional rank. In addition,
through numerous other venues, he works to
educate the broad spectrum of Californians
involved in urban green space establishment
and maintenance.

Lin Wu,
Professor of Environmental Horticulture
Efficient water and energy use is a high
priority for the California landscape industry.
Competition for increasingly limited water
resources, along with higher cost, has forced
the use of recycled water for landscape irrigation, particularly in urban landscapes. It is
estimated by the California Water Reuse Board
that, by the year 2010, landscape irrigation will
account for the second largest use of recycled
water (with ground water recharge being the
first) in California.
“Waste water generated by domestic use
contains high levels of salts, particularly sodium chloride,” Lin explains. For this reason,
it is important for planners of recycled water
landscapes to know the salt tolerance of prospective plants. In response to the need for this
information, he and Ali Harivandi are currently conducting screening trials to determine
the salt tolerance of common landscape plants
and California native grasses..
This study, funded by the Slosson Endowment Fund, Marin County Water District, and
the City of San Jose, examines questions that
will help establish an applicable routine screening protocol. Lin and Ali may also study the
effect of other elements, such as boron, cadmium and selenium, on the performance of
these plants.
Another of Lin’s studies looks at the ways
in which turfgrass takes up salts and other
elements from recycled water. Interestingly,
turf is found to have a “cleaning” function, in
that removing clippings effectively removes
stored salts from the site. Other turfgrass studies look at characteristics of particular species.
In collaboration with Ali, he conducts investigations of the suitability of buffalograss as a
drought-resistant, low-maintenance turfgrass.
(See Growing Points, Spring 1997.)
Soils in some areas of the state are particularly affected by pollution resulting from irrigation. "In the San Joaquin Valley," Lin says,
approximately 395,000 acres of farmland are
affected by salinity and elevated selenium con-
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centrations.” Funded by the US Bureau of Reclamation and the UC Salinity and Drainage Task
Force, another of his studies looks at
phytoremediation of selenium-contaminated
soils.
“Selenium taken up by plants is either
accumulated in the plant tissue or converted
into gas form,” he explains. Both processes
provide potential ways to “clean” selenium
pollution from soil and water. Through these
studies, conducted at the Kesterson Refuge in
Merced County and Tule Lake Water District
facilities in San Joaquin Valley, Lin hopes to
identify the ways in which particular grassland
and aquatic plant species may be of use in
reducing soil and water selenium pollution.
For the future, he plans to continue to
provide expertise that will address ongoing
horticulture issues in California. “A better
understanding of fundamental mechanisms of
plant nutrition at the ecological and environmental levels will lead to better management
of landscape plants,” he says.
In addition to working with public entities,
Lin shares his expertise with students planning
careers in horticulture. He routinely teaches
several courses and seminars that reflect his
interest in a broad spectrum of horticulture
sciences. At the present time, he teaches
Turfgrass and Amenity Grassland Utilization
and Management (ENH 130) and Reproductive
Biology of Flowering Plants (PBI 219).
Lin admits that teaching is a challenge.
“Each student absorbs information differently,”
he says. “I try to deliver as much as I can, make
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it as clear as I can, and offer as much encouragement as possible.” He also teaches various
graduate seminars and frequently assists with
summer internships for students of the turfgrass
management program.
Lin joined the Department faculty in
1979. He received his BS in Botany from
National Taiwan University and his Ph.D. in
Ecological Genetics from the University of
Liverpool. He may be contacted at: (530)7527179 or llwu@ucdavis.edu.

New Web Site
ohric.ucdavis.edu
The Ornamental Horticulture Research and
Information Center is a new University of
California Cooperative Extension resource created to provide a focal point for research-based
information and important issues facing the
horticulture industry in California.
Housed in the Department, the Center is a
cooperative project among UC Extension specialists, county advisors, and faculty, whose
goal is to assist members of industry and the
general public in addressing problems related
to all areas of ornamental horticulture.
Currently under construction, the site will
offer a database of UC horticulture personnel
and research projects, publications, crisis information, industry analyses and summaries,
and a calendar of industry events.

Salute to Spring....Roses et al!
The UCD Grounds Division, Davis
Flower Arrangers and the Environmental
Horticulture Dept. invite you to join in their
first annual celebration of roses.
On May 20, UC researchers, rosegrowers, and landscape and floral design
professionals will offer a day of presentations geared to inform horticulture professionals and home gardeners alike. Educators, retail and wholesale florists, growers,
CE advisors and specialists, public grounds
keepers, landscape architects, nursery
owners, garden hobbyists and flower arrangers are especially invited to attend.
The event will take place on the UC
Davis campus and will include a tour of
professional Davis community garden
projects.
For cost, registration information and
directions, contact Luella Zamzow at (530)
756-1700.
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