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A turfgrass irrigation research program conducted by
the University of California at the South Coast Field
Station was started in 1966. The experiment consists of
two turfgrass varieties having 5 irrigation treatments and
4 replications in a randomized block design.

Table 1. IRRIGATION TREATMENTS
Label Description

I-1 Automatic irrigation when a tensiometer at either 6" or
12"  depth reaches 15 centibars (cb).

l-2 Automatic irrigation when a tensiometer at either 6” or
12” depth reaches 40 cb.

l-3 Automatic irrigation when a tensiometer at either 6” or
12”  depth reaches 65 cb.

l-4 Manual irrigation based on evaporation measurements.
l-5 Manual irrigation to simulate that of local commercial

 turf managers.

‘Table 1 summarizes the 5 irrigation treatments, all of
which are activated through a controller. Individual plots
in treatments I-l, I-2, and I-3 receive water automatically
when either one of th e tensiometers dries to the value

Treatment I-4 is based upon daily measurements from
a sunken evaporation pan. Irrigations are applied to this
treatment whenever the measured evaporation totals about
1 inch. The amount of irrigation applied is 87%  of the
measured evaporation during the peak summer months
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describing the treatment. The controller is set to allow
irrigations only at night and for repeated short cycles.
When ev er enough cycles of irrigation have been applied
to lower the tensiometer reading, the irrigation ceases.
The reaction times of the 6-inch depth tensiometer is
quick enough to terminate irrigation before all the soil is
wet. The reaction time of the 12-inch depth tensiometer
to irrigation is slower and permits enough extra irrigation
periodically to rewet the profile to a deeper depth and
even to accomplish some moderate leaching. In this
ma nn er the applied water comes very close to meeting
the actual need. Time clocks record the exact number of
minutes of irrigation to each individual plot so that the
amount applied is accurately known.
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and 75% of the measured evaporation minus rainfall dur-
ing the fall, winter and spring months. Treatment I-5 is
considered as the check, whose timing and amount of
irrigation are based upon a continuing assessment of the
manner in which commercial turf managers in adjacent
parts of Orange Co. are applying water. Treatments I-4
and I-5 are irrigated manually through the controller with
all four replications in the treatment receiving water
simultaneously.

The turfgrass has now been under this irrigation pro-
gram for almost 3 years and will be terminated in 1969.
Certain terminal measurements will be made and then
the ground sterilized for planting of two new varieties in
the fall of 1969. The new varieties will belong to the cool
season group, whereas the present varieties have been
classed as warm season grasses.

Figure 1 shows the water application by months and
the tital for each treatment on the bermuda grass. Figure
2 shows the same information for the St. Augustine grass.
Less water was applied with automatically controlled ir-
rigations than it was with the manually controlled irriga-
tions, even when considering the rather wet 15 cb treat-
ment (I-l). The 40 cb level of irrigation, automatically
controlled, provided a rather substantial saving in water
compared to the commercial schedule. At no time was
this treatment visibly different from the 15 cb treatment.

The curves show some rather interesting differences
in water use among the treatments. The commercial
schedule (Check plots I-5) received more water during
the early and late spring and again in the fall than those
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treatments depending upon measurements related to act-
ual water use, but received less water during the peak use
season than some of the treatments based upon measured
water use. A feature of southern California climate is a
warming trend in the later winter-early spring months fol-
lowed by a rather prolonged period of cool, overcast
weather in the late spring-early summer months followed
eventually by the hot weather of midsummer. The treat-
ments based on measurements related to water use by the
turf show this interseasonal effect with the rapid rise of
water use in April and a flattening out in May and early
June, but the commercial application rises steadily with-
out any regard for this weather peculiarity.

For 1968, it has become apparent that the berrnuda
grass in the I-l and I-2 treatments has used more water
than the St. Augustine grass. This trend showed very
slightly in 1967 but became more definite in hte 1968
data. There is no suitable explanation for this at present.
Theoretically, both grasses should transpire the same
amount of water.

In southern California it is generally feared that soil
salinity may increase to a damaging level unless excess
irrigation is applied periodically to leach or wash out the
accumulated salts. Soil measurements made each fall
before the rains when salt concentrations would be high-
est showed that there were no important concentrations
of salts in any of the plots. The dry plots (I-3) had a
slight but unimportant increase in salt concentration in-
dicating that the automatic irrigation with its 2 depth
control provided some degree of leaching.
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VICTOR A. GIBEAULT  IS NEW EXTENSION
SERVICE TURFGRASS, LANDSCAPE SPECIALIST

Mr. Victor A. Gibeault
has recently joined the Cal-
ifornia Agricultural Exten-
sion Service as a Turfgrass
and Landscape Specialist.
His responsibilities in this
new position includes work-
ing with county farm ad-
visors on turfgrass and land-
scape problems mainly in
Southern California a n d
broadening the flow of new
research findings to turf/
ornamental users.

Mr. Gibeault currently
is completing the requirements for a Ph.D. degree at
Oregon State University where he majored in turfgrass
management. While at Oregon he taught a crop pro-
duction course and acted as turf specialist in a position
similar to his present one at UCR.

His B.S. and M.S. degrees were from the University
of Rhode Island. Following his studies in Rhode Island,
he spent a year at The Sports Turf Research Institute

NEW BOOK ON TURFGRASSES
TURFGRASS  SCIENCE, Agronomy Monograph No.
14. Edited by A. A. Hanson and F. V. Juska, USDA,
ARS. Published by the American Society of Agronomy.

This book of over 700 pages covers all aspects of turf-
grasses and turfgrass management from basic discussions
of physiology and ecology to maintenance of golf greens
and athletic fields. Fertilization, irrigation, pest control
and many other topics are given thorough coverage. The
book consists of 28 chapters written by 38 authorities in
the field of turfgrass management.

Turfgrass Science is the best reference published to
date in this field. It should be in the library of every
individual responsible for the maintenance of turf. It
may be purchased from the American Society of Agro-
nomy,  677 S. Segoe Road, Madison, Wisconsin, 53711.
The cost is $10.00 to members of the Society and $12.50
to non-members.

in Bengley, Yorkshire, England, where he worked on the
control and understanding of annual bluegrass (Poa
annua)  in fine turf.

Mr. Gibeault will be officed  with the Agronomy De-
partment at UCR in Room 1145, Batchelor Hall.

TURFGRASS VARIETIES AND IRRIGATION PRACTICES
V. B. YOUNGNER

University of California, Riverside

The objective of turf cultural practices with specific
reference to water management is to grow good quality
turf with as efficient water utilization as possible. Un-
fortunately, water is often treated by turf managers as
inexhaustible in supply and as a readily available panacea.
Both are far from the truth as the need for water conser-
vation is great and irrigation mismanagement leads to
more turf ills than any other factor.

Modern turf culture, particularly in the Southwest,
demands a thorough knowledge of characteristics and
adaptations of turfgrass species as well as plant-soil-water
relationships. Only by selecting the best adapted variety
or species for a specific use and environment is maximum
efficiency in water use with high turf quality possible.

Our interest, then, is in the turfgrass plant’s ability to
produce sufficient growth for the quality of turf desired
with a minimum amount of water, a plant characteristic
somewhat akin to drought resistance. Drought resistance
may be considered to consist of two components, drought
avoidance and drought tolerance (Levitt, 1964). In
drought avoidance we have features of the plant which
permits it to obtain water needed for growth and for
replacement of that lost by transpiration even when soil
water levels are low. Drought tolerance is the result of
physiological and anatomical characteristics of the plant
which permit it to survive but not necessarily grow during
periods of low soil moisture.

Our interest in turf management, therefore, is pri-
marily in the characteristics which permit the grass plant
to avoid drought as these also lead to efficient water

utilization. They may be found as features of both the
leaves and roots of grasses.

Most plants have a protective coating of cutin or waxes
on the leaf surfaces which provide a degree of protection
from water loss through the epidermis. The heavier and
more intact this wax layer or cuticle the better the pre
vention of water loss. The responsiveness of stomata in
closing as water stress develops is a major determining
factor of the amount of water transpired duringperiods
of high temperature, low humidity or wind. Leaf blades
of many grasses roll as the plant is subjected to water
stress, thus enclosing the upper surface. Since numerous
stomata are located on the upper leaf surface, such rolling
further aids in reducing water loss.

The fine, highly branched, and extensive root system
of most grasses permit them to extract the available water
in the top one to four feet of soil with great efficiency.
The maximum depth to which water may be removed
varies greatly with the species. Many fine roots of some
species have been found at depths of six feet or more.

Turf cultural practices and soil conditions determine
the extent to which a grass varieties rooting potential may
be realized. Mowing, inadequate fertilization, excessive
fertilization, poor watering practices, traffic, compacted
soil, layered soil and shade, all restrict development of the
grass root system. These factors may also reduce top
growth but the effect on the root system is greater, pro-
ducing a lower root:shoot ratio, a relationship of partic-
ular significance to efficient water utilization.

Crider (1955) showed that as clipping intensity (the
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portion of top growth removed at a single clipping) in-
creased the larger were the number of roots which stopped
growth and the longer the period of root growth-stoppage.
If 40% or less of the top growth were removed at one
time, root growth continued. However, as the amount
removed approached 70-80%, all roots ceased growth and
few, if any roots, resumed growth at any time. At such
intense defoliations new roots which may develop appear
from the plant crown or as branches from old roots just
below the crown. Severe defoliation will also cause a
degeneration of many old roots as well. Thus, the effect
of close mowing is to produce a shallow root system and
a poor root:shoot ratio.

As the root:shoot ratio becomes smaller the grass
plant’s ability to absorb the water needed to meet the
demands of transpiration is lessened. Nitrogen fertiliza-
tion stimulates growth of both shoot and root, but the
increase in growth rate with increased nitrogen levels is
greater for the shoot than for the root. Thus, as nitrogen
fertility is increased the root-shoot ratio becomes smaller.
As clipping is intensified because of the increased top
growth, the root system is further restricted (Troughton,
1957).

Similar responses and interactions with clipping have
been shown for decreasing light intensity (shading of
turf) and for decreasing water tension (Brouwer, 1936).

Bermudagrasses are the best adapted and most drought
tolerant of the turfgrasses for Southern California. Roots
of the improved turf varieties have been traced to depths
of over six feet even when mowed regularly and closely.
The reason for this exceptional root system lies in part at
least in their prostrate growth habit which permits much
leaf surface to remain intact even when the turf is mowed
at one-half inch. Quality turf, however, can be produced
only if adequate moisture is maintained throughout the

root zone.
Zoysiagrass also has a deep root system but, in gen-

eral, it is shorter than that of bermuda. Zoysia will sur-
vive fairly long periods of drought but suffer severely from
poor drainage and saturated soil. Water stress of Zoysia
may be first detected in a rolling of the leaf blades.

Tall fescue is the best adapted cool-season grass for
Southern California. The vigorous root system will pene-
trate tight compacted soil improving structure and water
penetration. Tall fescue turf may survive a month or
more without water and show no thinning or other per-
manent injury when watering is resumed.

Red fescues are moderately drought tolerant but do
not have as deep a root system as the preceding species.
The leaves are normally somewhat rolled and needle-like
with the stomata set deeply between the ridges over the
veins. This structure may contribute to a lower transpira-
tion rate.

Kentucky bluegrasses must be mowed high, a mini-
mum of 1  1/2 inches and preferably two inches or more, if
an adequate root system is to be maintained.

Bentgrasses and annual bluegrasses have shallow root
system and respond readily to high soil moisture. Annual
bluegrass will grow on poor compacted soil if surface
moisture is available.
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CALIFORNIA TURFGRASS CULTURE INDEX
Volume 1, Number 1; 1951 through Volume 19, Number 4, 1969

The California Turfgrass Culture, formerly Southern
California Turfgrass Culture, has been in print for nine-
teen years and, during that time, a wealth of turfgrass
literature has been presented. To aid with the classifica-
tion of this material into a workable source of information,
a subject matter index has been prepared by F. J. Nudge
and V. A. Gibeault.

The twelve designated subject areas have been further
divided into alphabetized subhaedings; each subheading
contains the appropriate article(s), author(s) , volume,
number and page. Cross references have been provided
as needed.
DISEASES AND CONTROL

Control
Fungus Diseases of Turfgrass and Their Control. R. M. Endo
and A. H. McCain. 11(2) :9.
Fungal Diseases of Turfgrasses in California: Their nature,
factors influencing their development and their control. R. M.
Endo  and A. H. McCain. 15 (3) : 17.
Turfgrass Disease Control. P. A. Miller. 6(  1) :7.
The Preventive Program in Controlling Turf Diseases. Law-
rence J. Petersen. 19(  1) :8.
Chemotherapy Breaks Par. E. M. Stoddard and Raymond J.
Lukens. l0(4) :27.

Fungicide Trials
Turf Fungicide Trial-UCLA-1952. P. A. Miller and 0. R.
Lunt. 3(i) :4.
Turf Fungicide Trials-1954. P. A. Miller  and C. Gordon
Wvckoff. 5(21  :l.
Present Status  and Future Problems in Turf Disease Research.
R. M. Endo.  lO(  1) :l.

Identification
Pattern of Turfgrass Disease. L. J.  Petersen 11(4) :30.
Recognizing Turfgrass Diseases. Stan Frederiksen and John
L. Weihing. 18(3) :18.

Potassium, Influence of
Turfgrass Disease: The Relationship of Potassium. Roy L.
Goss and C. J. Gould. 18(2) :15.

Specific Diseases
Brown Patch of Turfgrass Caused by Rhizoctonia Solani Kuhn.
John H. Madison. 16(  2) :9.
Melting-Out Bluegrass. A. II. McCain, T. G. Byrne and Mil-
ton R. Bell. 15(4):30.
Systemic Control of Bluegrass Rust. T. G. Byrne and A. H.
McCain. 18(4):28.
Dollar Spot Control Trials. P. A. Miller. 2 ( 1) :4.
Dollar Spot Control. P. A. Miller nad 0. R. Lunt. 4(2) :3.
Whv Nitrogen Fertilization Controls the Dollar Spot Disease
of Turfgrass. R. M. Endo. 17(2):11.
Altemaria Leaf Spot and Petiole Blight of Dichondra. R. M.
Endo. 15(4) :32.
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Dichondra Leafspot. Arthur H. McCain.  17(4) : 2 6
Miscellaneous

Turfgrass Diseases. P. A. Miller. 7(2) : 9
The Role of Guttation Fluid in Fungal Disease Development.
R. M. Endo.  17(2) :12.
Root Tin Deeeneration of Turfgrasses.  Natural and Induced.
R. M. Ehdo. 117(3):17.
Some Common Causes of Turf Failure in Southern California.
R. M. Endo. 10( 3) :22.
Recovery  of Diseased Turf Grown on Sand and Heavv Clav
Soil. 9(3) :24.

 

The University’s Role in the Control of Pests and Diseases
Injurious to Agriculture and Public Health. M. L. Peterson.
13(2):15.

ENVIRONMENTAL GROWTH -
CONTROLLED GROWTH

Controlled Growth
Chemical Control of Plant Growth and Development. Roy
Sachs. 11(1):4.
Gibberellic Acid on Zoysia Cresses. V. B. Youngner. 8(  1) : 5.
Effects of Winter Applications  of Gibberellic Acid on Ber-
muda and Zoysia Turf. V. B. Youngner. 9(1):7.
Carob Tree Growth Stimulated with Gibberellin. J. R. Goodin
and V. T. Stoutemyer. 13(  1) :7.
Growth Retardants. Roy M. Sachs. 15 (1) : 5.
Progress Report: Electricity in Climate Control for Winter-
green Bermudagrass. H. Hamilton Williams. 19(4) :28.
A Greenhouse for Warm Season Grasses. W. A. Humphrey.
11(2):15.

Environmental Growth
Response of Plants to Their Environment. V. B. Youngner.
17(  1) :4.
The Effects of Temperature and Light on Vegetative Growth.
V. B. Youngner. 18(  3) :22.
Climate and Growth of Turfgrasses. V. B. Youngner. lO(  3) :23.
Environmental Factors Affecting Bermudagrass Growth and
Dormancy. V. B. Youngner. 9(4):25.
Effect of Temperature Stress on Poa annua. James B. Beard.
19(  1) :l.

EQUIPMENT
The Rotary Mower in California. 4(2) :2.
The Mott Hammer Knife Mower. 6( 1) :7.
Preventive Maintenance of Power Equipment. William D.
Goodrich. 9( 3) :19.
New Liquid Applicators for Turfgrass. 7(3) :17.
The Turfgrass Seed Mat. V. B. Younger. 8(4) :32.
Water Measuring and Control Equipment. A. W. Marsh.
8(2):11.
Tensiometers in Turfgrass. Wayne C. Morgan. 10(4) :28.
Standardized Wear Index for Turfgrasses. R. L. Perry. 8(4) :30.
The Point Quadrat Method for Analyzing the Composition of
Turf. M. Zaki Mahdi. l(2) :4.

ESTABLISHMENT AND CARE OF LAWNS,
GREENS AND TREES

Aeration
Aeration, Compaction and Drainage. J. Letey. 11(3) :17.
Aerification or Cultivation of Established Turgrasses. V. B.
Youngner and Tosh Fuchigami. 8(2) :9.
Summer Aeration Helps Turf Growth. Wavne C. Morgan.
14(3) :23.
Observations on Turfgrass Aeration and Vertical Mowing.
Wayne C. Morgan. 12(2) :12.
Patience Needed to Solve the Compaction Problem. 1. E.
Gallagher, Jr. 2 (4) :4.
New Irrigation and Aerification Methods. Wayne C. Morgan.
15(2):11.

Colorants
Colorants for Dormant Bermuda and Other Subtropical
Grasses. V. B. Youngner and Tosh Fuchigami. 8( 1) :7.

Establishment
Weedfree  Turfgrass Seedbeds. V. B. Youngner and W. B.
Tavener. 6(4) :7.
Seedbed Preparation for Turfgrasses. 0. R. Lunt, P. A. Miller
and G. Wyckoff. 6(  1) :5.

How to Plant Creeping Bent Stolens and Produce Putting
Greens. R. R.  Bond. 3(4):3.
The Use of Plugging for Changing Grasses in Turf. Zaki
Mahdi. 6(3) :5.
Vegetative Propagation of Grasses. Tosh Fuchigami. 8( 3) :19.

General
Managing Greens for Hot Weather Survival. V. B. Youngner
and O. R.  Lunt. 8(4) :25.
Winter Turf Maintenance. V. B. Younener. 18(4\ :29.
Management of Bentgrass Putting Greens  in the West  V. B.
Youngner. 8 (3) : 17.
A Greenhouse for Wann Season Grasses. Wesley A. Humphrey.
11(2):15.

Renovation
Reviving Old Putting Greens. C. L. Hemstreet and Fred Doir-
man. 14(3) :20.
Renovation of Old Bermudagrass Turf with Calcium Cyana-
mide. V. B. Youngner. 18(4) :28.
Chemicals for Lawn Renovation. E. Robert Bichowsky and
V. B. Youngner. 6(  1) :3.
A Further Evaluation of the Vertical Muching  Method of
Improving Old Greens. T. G. Byrne et al. 15 (2) :9.
The Use of Plugging for Changing Grasses in Turf. Zaka
Mahdi. 6(  3) :5.
Vegetative Propagation of Grasses. Tosh Fuchigami. 8( 3) :19.

Tree Management
Pruning Responses of Mature Trees. Richard W. Harris.
15(1):7.
Tree Health and Beauty Improved from Vertical Mulching.
Wayne C. Morgan. 12(4) :31.
Carob Tree Growth Stimulated with Gibberellin. J. R. Goodin
and V. T. Stoutemyer. 13(  1) :7.
Trees for the Golf Course. V. T. Stoutemyer. 11(l)  : 1.
Growing Grass Under Eucalyptus. 5( 1) :4.

INSECTS, RODENTS AND CONTROL
Chinch Bugs

Southern Chinch Bug, A New Pest of St. Augustine Grass in
Southern California. F. S. Morishita, R. N. Jefferson and L.
Johnston. 19(2) :9.
Southern Chinch Bug. A New Pest of Turfgrass in California.
R. N. Jefferson and F. S. Morishita. 18(2)  :l0.

General Pests of Turf and Dichondra
Control of Turfgrass Pests. R. N. Jefferson and J. E. Swift.
6(2):1.
Dichondra Pests in Southern California. R. N. Jefferson and
A. S. Deal. 14(  3) :17.
Turfgrass and Dichondra Pests in Southern California. R. N.
Jefferson, A. S. Deal and S. A. Sher. 9(  2) :9.
Look for Turf Pests Now. R. N. Jefferson et al. 17(2) :9.

Gophers
Controlling Gophers with Poison and Traps. J. B. Cook.
12(2) :16.
Mechanical Gopher Control on Golf Courses. Seward T.
Besemer.  14(  2) :16.

Mites and Frit Fly
Progress Report on the Bermudagrass Mite and the Frit Fly.
R. N. Jefferson and F. S. Morishita. 12(2) :9.
The Bermudagrass Eriophyid Mite. G. D. Butler, Jr. and A.
A. Baltensperger. 13 (2) :9.

IRRIGATION
Antitranspirants

Antitranspuants-Uses and Effects on Plant Life. D. C.
Davenport, R. M. Hagen  and P. E. Martin. 19(4):25.

Drainage
Drainage Principles. J. Letey. 15(4) :25.
Drainage of Recreational Areas. Clyde E. Houston. 14(  2) :14.
Aeration, Compaction and Drainage. J. Letey. 11(3) :17.

Economics
T he Economics of Turfgrass Sprinkler Irrigation. Wm. W.
Wood, Jr. 17(2):15.

Measuring
Water Measuring and Control Equipment. A. Marsh. 8( 2) : 11.
Tensiometers in Turfgrass. W. C. Morgan. 10(4):28.
Evapotranspiration-A Guide to Irrigation. W. 0. Pruitt.
14(4) :27.
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Evapotranspiration for Turf Measured with Automatic Irriga-
tion Equipment. S. J. Richards and L. V. Weeks. 14(  1) :7.
Turf Irrigation Based on Instruments. Sterling J. Richards.
14(  3) :24.
SnrinkJer  Can Tests Can Help You. W. C. Morgan. 14(2) :12.

Soil-Water
Water Movement in Soils. W. H. Gardner and J. C. Hatch.
12(1):5.
Water Distribution. Albert W. Marsh. 18(  1) :3.
Soil Water Relations. Sterhne  1. Richards. llf4)  :29.
Water-Soil-Plant Relations. Robert M. Hagen.’  j(4) :25.
Turf and Soil Water-Air Relationship. F. K. Aljibury.
17(  3) :19.
Water Penetration of Soils. D. W. Henderson and J. A.
Vomocil. 7f4):31.
Water Usage. S. J. Richards. 18(2) :ll.
Water Requirements as a Function of Clipping Height and
Frequency. J. R.  Watson. 17(  1) :I.

Systems
Irrigation-systems and Procedures. John H. Madison. 14(  1) : 1.
Concept of Sprinkler System Selection. E. J. Hunter. 15(4) :28.
Characteristics of Pipe Used for Sprinkler Systems. C. E.
Rowland. 16(1):5.  
A Low Applicator Sprinkler System for Bowling Greens. T. G.
Bvrne. 16(4) :29.

Terminology
Sprinkler Irrigation Terminology. Hugh McKay. 19(  3) :22.

Wetting Agents
Wetting Agents. J. Letey, R. E. Pelishek, and J.  Osborn.
12(  1) :3.
The Use of Physical Soil Amendments, Irrigation and Wetting
Agents in Turfgrass Management. W. C. Morgan et al.
16(3):17.
Effect of Wetting Agents on Irrigation of Water Repellent
Soils. J. Letey et al. 13(  1) :I.
Surfactant Longevity and Wetting Characteristics. J. R. Os-
born, J. Letey and N. Valoris. 19( 3) :17.

Miscellaneous
Some Qnestions About Irrigation. 9( 3) :18.
How To Receive the Greatest Benefits from Turfgrass Irr-
gation. A. W. Marsh. 16(4) :27.
Water Management of Turfgrass and Trees. Wayne C. Mor-
gan. 11(3):21.
New Irrigation and Aerification Methods. W. C. Morgan.
15(2):11.

MOWING
Effects of Mowing

Soil Oxygen and Clipping Height Effects on the Growth of
Newport Bluegrass. J. Letey et al. 14(2) :9.
Water Requirements as a Function of Clipping Height and
Frequency. J.  R.  Watson. 17(  1) :l.

Vertical
The Vertical Mowing of Grass. C. Gordon Wyckoff. 4(4) :3.
Observations on Turfgrass Aeration and Vertical Mowing.
Wayne C. Morgan. 12(2) :12.
Vertical Mowing-Aeritication-Poa Annua Invasion. V. B.
Youngner. 18(  1) :6.
Chemical Control of Annual Bluegrass as Related to Vertical
Mowing. V. B. Youngner and F. J. Nudge. 18(  3) :17.

General
Mowing Grass with a Reel-type Machine. Don 0. Benson.
13(2):11.
Problems of Mowing the Warm Season Stoloniferous Grasses.
V. T.  Stoutemyer. 5(4) :4.
Patterns of Mowing. J.  R. Watson. 12(4) :27.

NUTRITION - FERTILIZERS
Chelates

Chelates Correct Micronutrient Deficiencies in Ornamental
Trees and Shrubs. Wayne C. Morgan. 12(3) :21.

Coated Fertilizers
Coated Fertilizers: General Description and Applications. 0.
R. Lunt, A. M. Kofranek and J. J. Oertli. 12(l)  :I.
Properties of Coated Fertilizer Materials. J. J. Oertli and 0.
R. Lunt. 12(2):14.
A Comparison of Resin-Fertilizer with Non-Coated Soluble

Fertilizers on Bentgrass Putting Green Turf. Seward T. Bese-
mer. 13(1):3.

Disorders
Nutrient Disorders in Turfgrass. J. J.  Oertli. 12(3) :17.
Yellowing of Turfgrass. G. C. Horn. 12(  3) :22.

Economics
How To Figure Your Fertilizer Costs. Richard G. Maire.
lO(2) :14.
Budgeting Your Fertilizer Needs for Turfgrass. M. S. Beckley
and Thomas Byrne. 12(2):10.

Liquid Fertilizers
Liquid Fertilization of Turfgrass. L. J. Booher.  12(3) :17.
Liquid Fertilizer Injection. O. A. Matkin. 16(4) :31.

Nitrogen
What We Should Know About Nitrogen Fertilizers for Turf-
grass. 0. R. Lunt. lO(2) :9.
What To Expect From a Nitroeen Fertilizer. Eliot C. Roberts.
15(1):1.  
Urea Formaldehyde. T. G. Byrne and 0. R. Lunt. 12(  3) :19.
Urea-Formaldehyde Fertilizer. 0. R. Lunt and V. B. Young-
ner. 5(4) :3.
Ion Exchange Fertilizers and Ammoniated Organic Matter.
0. R. Lunt, R. H. Sciaroni and A. M. Kofranek. l2( 3) :21.
Metal Ammonium Phosphates. 0. R. Lunt, F. T. Yamaguchi
and S. B. Clark. 12(2) :11.

Phosphorus
Response of Five Grass Species to Phosphorus on Six Soils.
0. R.  Lunt, R. L. Branson and S. B. Clark. 17(4):25.
Metal Ammonium Phosphates. 0. R. Lunt, F. T. Yamaguchi
and S. B. Clark. 12(2) :ll.
Phosphorus and Its  Relationship to Turfgrasses and Poa Annua
L. F. V. Juska and A. A. Hanson. 17(4):27.

Potassium
Turfgrass Diseases: The Relationship of Potassium, R. L.
Goss and C. J. Gould. 18(2) :15.

Recommendation
Turf Fertilization Program. V. B. Youngner. 13(4) :31.
Fertilizer Recommendations for Turfgrass. V. B. Youngner.
9(2) :16.

Solubility
Fertilizer Material Solubihty. 17(  I ) :6.

Miscellaneous
What We Should Know About Nutrients Other Than Nitro-
gen. J. J. Oertli  lO(4) :30.
New Fertilizer Labels Coming. 14(  1) :6.

SOILS AND SOIL MODIFICATION
Air and Aeration

Turf and Soil Water-Air Relationship. F. K. Aljibury.
17(  3) :19.
Soil Oxygen and Clipping Height Effects on the Growth of
Newport Bluegrass. J. Letey et al. 14(2) :9.
Aerification or Cultivation of Established Turfgrasses. V. B.
Youngner and Tosh Fuchigami. 8( 2) :9.
Patience Needed  to Solve the Compaction Problem. J. E.
Gallagher, Jr. 2 (4) :4.
Summer Aeration Helps Turf Growth. Wayne C. Morgan.
14(  3) :23.
New Irrigation and Aerification Methods. Wayne C. Morgan.
15(2) 11.
Observations on Turfgrass Aeration and Vertical Mowing.
Wavne C. Morgan 12(2) :12.
Aeration, Compaction and Drainage J.  Letey. 11(3) :17.
Vertical Mowing-Aerification-Poa Annua Invasion. V. B.
Youngner. 18(  1) :6.

Analysis
T hirty  Years of Turfgrass Soil Testing. 0. J. Noer. lO(  1) :4.
Better Answers with Soil and Plant Analyses. Roy L. Branson
16(1):1.

Compaction
A Method for Minimizing Compaction in Putting Greens. 0.
R. Lunt. 6(  3) :l.
Aeration, Compaction and Drainage. J. Letey. 11(3) : 17.
Patience Needed to Solve the Compaction Problem. J. E.
Gallagher, Jr. 2 (4) :4.
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Drainage - Refer to Irrigation
Modification

Soil Types for Putting Greens. 0. R. Lunt. 8(2) :13.
Soil Amendments - What Can They Really Do? Roy L.
Branson.  11(1):7.
Sands Used in Soil Mixes. John H. Madison. 19(  1) :3.
The Correct Sand for Putting Greens. Charles G. Wilson.
18(4) :31.
Peat Classifications. J. R. Watson. 17(  3) :21.
Making Sand Greens Softer. 0. R. Lunt. 11(l)  :3.
The USGA Green Section Specifications How Have They
Done? W. H. Bengeyfield. 18(  1) :l.
Soil Mixes and Turfgrass Management. 0. R. Lunt. 11(3) :23.
The Use of Physical Soil Amendments, Irrigation and Wetting
Agent in Turfgrass Management. Wayne C. Morgan et al.
1613) :17.
A Method for Minimizing Compaction in Putting Greens. 0.
R. Lunt. 6(  3) :l.

Preparation
Seedbed  Preparation for Turfgrass. 0. R. Lunt, P. A. Miller
and G. Wykoff. 6(1):5.
Weedfree Turfgrass Seedbeds. V. B. Youngner and William
B. Tavener. 6(4) :7.

Water (Also see Irrigation)
Soil Water Relations. S. J. Richards. 11(4) :29.
Is Your Turfgrass Problem Due to Soils or Irrigation? Wayne
C. Morgan. 16(2) :14.
Turf and Soil Water-Air Relationship. F. K. Aliiburv., .
17(  3) :19.
Water Penetration of Soils. D. W. Henderson and J. A.
Vomocil. 7(4):31.
Water Movement in Soils. W. H. Gardner and J. C. Hatch.
12(1):5.
Water Soil Plant Relations. Robert M. Hagen. 7(4) :25.

Salinity
Salinity in Relation to Turfgrass. Roy L. Branson. 11(4) :27.

SURtR;;  AND PROGRESS REPORTS

Turfgrass Research by the California Agricultural Extension
Service. W. B. Davis. 17(  3) :20.
A Review of Recent Turfgrass Research in Southern California.
V. B. Youngner. 19(  1) :6.
Progress Report: Electricity in Climate Control for Winter-
green Bemmdagrass. H. Hamilton Williams. 19(4) :28.
Relationship of the University to the Turfgrass Industry. D.
Aldrich, Jr. 11(4):25.

Surveys
Turfgrass by the Thousands of Acres. M. H. Kimball. 5 ( 1) : 1.
Turfarass-What i s its Future? 1.1. McEllroy. 9 ( 10 : 1 .
California’s 50,000 Acre Golf course. W. B. Davis. 16( 1) :2.
California’s Golf Course Boom. W. B. Davis. 18(4) :25.

TURFGRASS SPECIES AND VARIETIES
Adaptation

Climatic Zones for Turfgrasses in California. V. B. Youngner
et al. 12(4) :25.
Turfgrass Adaptation in California. V. B. Youngner. 17(  2) :13.
Which is the Best Turfgrass. V. B. Youngner. 12 (4) : 30.

Annual Bluegrass (see Weeds)
Annual Bluegrass as a Cool Season  Grass for Bermudagrass
Mixtures. V. T. Stoutemyer. 4( 1) :l.

Bahiagrass
The Bahiagrasses. C. Gordon Wyckoff and V. T. Stoutemyer.
4( 2) :4.
Tall Fescue - Pensacola Bahiagrass Combination. V. B.
Youngner. 8(  3) :24.

Bentgrass
Evaluation of Bentgrass Strains for Bowling and Putting Green
Turf. V. T. Stoutemyer and Pierre A. Miller. 3( 3) :4.
Turf Performance Evaluations. 2( 3) :3.
The Story  of Cohansey. E. R. Steiniger. 19(4) :31.
The Bermudagress-Bentgrass Combination for an All-Year
Putting or Lawn Bowling Green. Zaki Mahdi. 6(2) :8.

Bermudagrass
Bermudagress for Turf in the Southwest. V. B. Youngncr.
8( 3) :21.
Evaluation of Bermudagress Strains. C. Gordon Wyckoff and
V. T. Stoutemyer. 4(  3) :2.
Evaluation of New Bermudagress Species and Strains. V. B.
Youngner. 6(  2) :5.
Improved Bermudagress. W. A. Humphrey and V. B. Young-
ner. 12(  3) :18.
Santa Ana,  A New Turf Bemmdagress for California. V. B.
Youngner. 16(  3) :23.
Depth of Rooting of Bermudagress. 0. R. Lunt. 18(4) :29.
The Bermudagrass-Bentgrass Combination for An All-Year
Putting or Lawn Bowling Green. Zaki Mahdi. 6(  2) :8.

Bluegrass
The Turf-forming Bluegrasses. V. B. Youngner. 7(3) :18.
Merion Bluegrass in California. V. T. Stoutemyer. 3( 2) :l.
Newport Kentucky Bluegrass. lO(  2) :16.
Evaluations of Fescues and Bluegrasses. V. T. Stoutemyer.
3(1):3.
Turf Performance Evaluations.

Classification
2 ( 3) : 3.

Identification of Turfgrasses by Vegetative Morphology. V. B.
Youngner and June Latting. lO(  3) :17.

Dichondra
Dichondra: Past, Present and Future. V. B. Youngner.
16(3):21.

Difficult Sites
Shade Grasses and Maintenance. James B. Beard. 17(4) :29.
The Possibilities of Sedges as Turf. V. T. Stoutemyer. 3( 2) :4.
Prostrate Birdsfoot Trefoil-A Turf for Difficult Sites. S.
Spaulding. lO(4) :25.
Growing Grass Under Eucalyptus. 5 (1) :4.

Fescue
Fine-leaved Fescues as Turfgrasses in Southem  California. V.
B. Youngner. 7(  1) :7.
Evaluations of Fescues and Bluegrasses. V. T. Stoutemyer.
3(1):3.
Growing Grass Under Eucalyptus. 5( 1) :4.
Turf Performance Evaluations. 2 (3) : 3.
Tall Fescue - Pensacola Bahiagrass Combination. V. B.
Youngner. (8( 3) :24.

Ground Covers
The Use of Ground Covers. V. T. Stoutemyer. 7(  1) : 1.

Playground Turf
Playground Turf. V. B. Youngner. 9(2) :15.
The Effects of Traffic on Turfgrass. V. B. Youngner. 13(4) :28.

Seed Mixtures
Turfgrass Seed Mixtures. V. B. Youngner. 7.(  2) :14.
Turfgrass Seed Mixtures for Fairway and Park Turf. V. B.
Youngner. 11(2) :16.
Turfgrass Seed Guide. V. B. Youngner. 7(  2) :ll.

Zoysiagrass
Zoysias as Turfgrasses for Southern California. C. Gordon
Wyckoff. 5(3):1.
Uses for Zoysiagrasses in the Southwest. 9(4) :29.
Zoysiagrass for Lawns. V. B. Youngner and M. H .  Kimball.
12(  3) :23.

Miscellaneous
Microlaena Stipoidcs (R. Br.). L. B. Martin and R. J. Seibert.
5(2) :3.

WEEDS AND CONTROL
Annual Bluegrass (Poa  annua)

Annual Bluegrass, Poa annua. V. B. Youngner. 15(  2) :15.
Phosphorus and its Relationship to Turfgrasses and Poa Annua
L. ‘I’. F. Juska and A. A. Hanson. 17(4):27.
The Control of Poa  annua, Annual Bluegrass in Putting Greens.
V. B. Youngner. 9(4) :27.
Chemical Control of Annual Bluegrass as Related to Vertical
Mowing. V. B. Youngner and F. J. Nudge. 18(3):17.
Vertical Mowing-Aerihcation and Poa Annua Invasion. V. B.
Youngner. 18(  1) :6.
Effect of Temperature Stress on Poa annua. James Beard.
19(1):1.
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Gennination of Annual Bluegrass Seed. aRNE  W. Hovin.
7(2):13.

Broadleaves
Chemical Control of Board-leaved Weeds in Lawns and Turf.
W. A. Harvey. 4( 1) :4.
The Use of 2,4-D and 2,4,5-T in Turf. W. A. Harvey. 6(4) :6.
The Use of 2,4,5-T for Clover Control in Turf. W. H. Daniel.
3(3):1.

Brush
Chemical Brush Control. 0. A. Leonard and W. A. Harvey.
13(1):5.

Crabgrass
Is Crabgrass Here to Stay? R.  E. Engel. 19(  1) :7.
Life Cycle of Crabgrass in California. V. B. Youngner.
12(2):13.
Crabgrass Trials of 1951. J. E. Gallagher and M. Zaki Mahdi.
2(2):1.
Trails of Selective Herbicides for Crabgrass Control-1955.
V. B. Youngner and Tosh Fuchigami. 6( 1) :6.
Control of Crabgrass with Chemicals. V. B. Youngner and
Tosh Fuchigami. 6(4):4.
The Control of Crabgrass in Established Turfgrasses. V. B.
Youngner and Tosh Fuchigami. 8(4) :28.
Crabgrass Control Tests-1959. Tosh Fuchigami and V. B.
Youcgner. 9(4) :32.

Dallisgrass
Dallisgrass Control. Tosh Fuchagami. 7( 1) :8.

Dichondra
Weed Control  in Dichondra. Jesse D. Skoss. 7(  1) : 5.

Ground Covers
Selective Weed Control in Ornamental Ground Covers. W.
A. Harvey.  14(4):25.
Pre-emergence Weed Control in Ground Cover Plantings. C.
L. Elmore, W. A. Humphrey and T. Kretchum. 18(2) :9.
Herbicide Evaluations in Ground Cover Plantings. C. L.
Elmore et al. 19(2):11.

Kikuyugrass
Kikuyugrass Pennisetum Clandestinum and its Control V. B. 
Youngner. 8(1):1.

 Kikuyugrass, Pennisetum Clandestinum  and its Control - A
Progress Report. Tosh Fuchigami and V. B. Youngner.
3(4) :31.

Chemical Control of Flowering of Pennisetum Clandestinum,
Kikuyugrass. J.  R. Goodin.  9(  3) :17.

Management
Weed Control by Turfgrass Management. V. B. Youngner.
6(4)  ~7.

Seedbed  Preparation
Weedfree Turfgrass Seedbeds. V. B. Yougner and W. B.
Tavener. 6(4) :7.
Seedbed  Preparation for Turfgrasses. 0. R. Lunt, P. A. Miller
and G. Wyckoff. 6(  1) :5.

Specific Herbicides
Regulation of Sodium Arsenite as an Injurious Material. John
C. Hills. 13(4) :25.
Substitute Herbicides for Sodium Arsenite. W. B. McHenry
13(4) :26.
Tests with CMU Weed and Grass Killer. C. Gordon Wyckoff.
4( 1) :4.
Summary of Uses of Neburon (Kloben), 50% Formulation,
for Turf Purposes in the Northwest. Roy Goss. 9(3) :22.
The Mode’ of Action of Dalapon. J. K. Leasure. 12(  3) :19.

Miscellaneous
Chemical Pest Control. John H. Madison. 19(  3) :19.
Chemical Calculations in Turfgrass Management. Tosh Fuchi-
gami. 7( 3) :22.
Some Problems in Herbicide Application. V. B. Younger.
16(4) :25.
Turf Weed  Control. John E. Gallagher. 2 ( 1) : 1.
Weed Control Recommendations for 1960 Fairway Turf.
10(1):8.
Weed Control Adjacent to Grassed Areas. M. H. Kimball.
6(4):1.
The Chemical Control of Puncture Vine. Murray R. Pryor.
13(4):29.
Use of Injurious Materials Requires Permit. John Stark.
6( 2) :6.

To supplement the California Turfgrass Culture in-
dex, an author/title breakdown (which will not be pub
lished) may be had by writing to V. A. Gibeault,  Ext.
Specialist in Turf and Landscaping, 1145 Batchelor Hall,
University of California, Riverside, 92502.
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