COOPERATIVE EXTENSION

UNIVERSITY OF CALIFORNIA

ss Culture

Volume 40

1, 2 3, and 4, 1990

Managing Turfgrasses During Drought
M. Ali Harivandi and Victor A. Gibeault!

Tufgrass  directly affects the way mogt Cdifornians live It pro-
vides the play medium on many recregtiond facilities it modifies
our environment to make life essier and more plessant; it provides
opportunity for a plessng and functiond home landscape; and, in
tun, the tufgrass industry has a dgnificant direct economic impect
on our economy and indirect impact on our tourist economy.

Turfgrasses need water for growth and development. There is
notenough  precipitation and it is not adequately spaced throughout
the year to sudan tufgrasses or other landscepe plants. Therefore,
upplementd  water  supplied as irrigation s  needed.

May Cdifornia turfgrass and  landscape  faciliies are facing, or
will face a serious water deficit this summer. Severd  Cdifornia
water didricts have dready enacted mendatory waer rationing and
many others are strongly encouraging water conservation. It is
therefore  essentid  for  tufgrass maenagers and  lawn owners to  take
preventive drought measures, especially in areas where turfgrass
irrgation has been severdy reduced or entirdy  diminated.

It is important to remember that a brown-dormant turf possess-
ing a hedthy laerd dem sysem may not be dead; such a turf often
has the recuperative potentid to initite new growth within a few
days dfter the firg dgnificant fdl ran. This sad, severd culturd
practices may hep tuf plants survive drought.

IRRIGATION

— Repar leky pipes, heads and vaves immediaely. Correct
irrgation sysems that have a poor uniformity of water
digtribution.

— lrrigate when first signs of wilt occur. Spots in the lawn that turn
bluish gray color, footprints tha remain in the grass long after
beng made, and many leaf blades folded or rolled lengthwise are
sgns of wilt.

— Irigate infrequently and deeply. Streich the time intervel be
tween irigations a much a posshle
— Avoid runoff by matching water agpplication rates to oil infiltra-

tion raes If runoff occurs apply waer in severd short repest
cycles, ingead of one single long irrigation.

‘Area Farm Advisor, Alameda, Contra Costa and Santa Clara counties: and Extension Environmen-
tal Horticulturist. UC Riverside

— imigate late a night or in ealy moming when wind and evapora
tion losses are lowed.

— Reduce irrigation of shaded relative to unsheded aress.

— Lage tuf aess should investigate the posshble availability of
effluent water, if dtate and locd regulations permit its use

FERTILIZATION

— If nitrogen must be aoplied because of play or other specid use,
then very light nitrogen rates gpplied infrequently should be
consdered. Moderate or heavy spring and  summer  nitrogen
goplications lead to higher water use due to dimulaed top
growth. Certainly, lush growth is to be avoided where low water
ue raes and drought resgance is desred.

— Apply potassum if deficiencies are suspected. Potassum  pro-
motes increased root growth and thicker cdl wadls thus enhanc-
ing drought tolerance

MOWING

— Increee mowing height to the highet dlowable height for the
turfgrass  species  grown.  Following are  the recommended  mow-
ing height ranges.

Turfgrass Species Cutting Height Range

Inches

I. Cool Season Turfgrasses
Creeping bentgrass 02-05
Colonid  bentgrass 05-10
Red fescue 10- 20
Kentucky bluegrass 15-25
Perennial ryegrass 15-25
Tdl fescue 15- 30

Il. Warm Season Turfgrasses
Bermudagrass 05-10
Zoysiagrass 05-10
Seashore Paspalum 05-10
S Augustinegrass 05-15

Kikuyugrass 05- 10



By increesng the height of cut, turfgrass lesf aea and thus
photosynthes's are increesed.  This results in more  carbohydrates
for plant growth, especidly root growth. In generd, the higher the
height of cut on turfthe deeper and more extensve will be the root
system.

— Do not dlow grass to grow more than 1 1/2 times its mowing
height. (eg., if the mower is s& for 2-inch cut, mow before the
turfgrass reeches an overdl height of 3 inches)

— Kemn mower blades shap and propely bdanced. A ledf blade
cut by a shap blade will hed more quickly, losing less water than
a lesf shredded by a dul mower.

AERIFICATION

— Aeify (by coring or dicing) dopes and compacted oils to permit
eficient water peneration into the soil. Compaction can reduce
waer entry into the soil, resulting in wested water from runoff or
evaporation.

WATER USE PRIORITIES

— Make a lig of priorities for water use For example, on a golf
course, greens ae usudly a the top and rough aress a the
bottom of such a lig. Under 3040 percent water redrictions it
may be posshle to cut back or even shut off irrigation on rough
aea and farway approaches and dill provide norma  amounts
of water to the ret of the course A smila mehod may be
employed in many other tuf aess. Allowing the lawn in front of
a home to tun brown from no irrigation may not be a bad trade
of for a green back yad

— Often, sverd tufgrases ae separdedy found in a tufed  ste
More drought resstance and deeper rooted turfgrasses can
withgand a longer drought period by going dormant and re-
auming growth once water is avalable Less drought-resistant
gecies may ectudly die in a prolonged drought period.

— Ranked drought resstance for Cdifornia turforasses, besed on
root depth and recuperative potentid, would be as follows
kikuyugrass, bermudagrass, Seashore  Paspdum, & Au-
gudtinegrass, zoysagrass, tdl fescue, red fescue, Kentucky blue
grass, perennial ryegrass, colonial bentgrass, and creeping
bentgrass.

DORMANT TURF

—In some caxs, a brown, dormant turf resulting from lack of
irrgetion may not be objectionable. There is aways, however,
the option of tuning a brown lawn “green” by applying turf
colorant  (synthetic tuf dyes) to dead or dormant grass. Some
colorants may provide acceptable gopearance for up to 10
weeks. Tuf colorants ae avaleble from  turfgress  suppliers or
gaden centers If usng colorants be sure to follow manufac-
turer’s label ingructions for rates and volume.

In summary, each turfgrass maneger or lawn owner hes specid,
specific  problems and  opportunities on  higher  facility. To dedl
with a drought condition effectively, the user must know local weter
avalability, be awae of tufgrass menagement practices that lead
to water conservation and implement them.

Buffalograss Turf Performance and Management in Shade

Buffdograss (Buchloe  dactyloides Nutt) is a wam-sason pe
remnid grass Species ndive to the North American Gregt Plains. Its
potentid for use & low mantenance and drought-tolerant  turfgrass
is ganing increasng atention from both the public and turfgrass
indugry. In aid and semiarid, highly populated metropolitan aress,
waer has become a limited naturd resource. In Cdifornia,  drought
problems have caused municipd governments to implement re-
drictions on the amount of water that may be used on home lawns
golf courses, and in the landscagpe Water shortages and changes in
philosophy by many turfgrass “consumers’ have led to increasd
ue of drought-tolerant grasses on sod farms, golf courses, indus-
trid and pudblic paks and gmilar locations. Buffdograss is one of
the most drought-tolerant grasses among  tufgrass  species  How-
ever, its use is limited because of its remarkably long period of
winter dormancy, undesirable tuf qudity, and shade intolerance.

‘Associde  Professor,  Environmentd Horticulture,  UC Davis

Genetic varidion in winter tuf color and cold redsance has been
found among buffalograss collections, and turf quality has been
improved through sdlection and breeding conducted a the Univer-
gty of Cdifornia, Davis However, there is no information available
doout dhade adeptation in  buffaograss.

Mog shederdated problems to turfgrass ae a result of blocking
out direct sunlight by tree canopies, large buildings, and other kinds
of dructures. Extensve acresge of shaded turf exigs in the United
States. It has been estimated that in the United States 20 to 25
percent of tufed aess ae under some degree of shade Nealy dl
paks golf coursss, cemeeries, schools, and lawns, either  com-
mecid or resdentid, have unique aees where tuf is difficult to
gow to shade conditions. There is no smple solution or single
recommendation availdble One reason is that the problem itsdf is
vey complex. The conditions found in a shaded ste can vay
sgnificantly not only between climatic regions but with a relaively
sndl geogrphic area For example the shade cast from a huilding
can be vey diffeeent from the shade cast by trees In addition,
different tree species may affect the performance of a particular
turfgrass  growing  beneath  them.



Buffdograss turf peformance in shade wes dudied & UC Davis
This report presents the information of improved tuf qudity and
manegement  practices of buffdograss under 30 and 50 percent full
anlight, and the findings may seve as references for buffdograss
management in shade.

MATERIALS AND DISCUSSION

Tenfoot by lofoot plots of buffdograss tuf were  established
duing the summer of 1987 from a commercid seed vaiey Texoka
and a vegetativdy propagated experimentd  vaiety  Highlight 24
sdected @& UC Davis. The plots were mowed a& a 1 1/2-inch height,
irigated once a week through the summer months and fertilized
with 1 pound of nitrogen per 1,000 sq ft as ammonium ulfate in
May, July and September of 1988. In the second weesk of May
1989, l-inch diameter turf plugs were collected from the Texoka
and Highlight 24 tuf and transplanted for the shade <udies For
shade treament, lofoot by 20foot fidd plots were shaded with
black nylon screens which provided ether 50 percent full sunlight
(daily energy accumulation of about 15 mol photons m2ht in July)
or 30 pecent sunlight (0.9 mol photons m-2h-1). Control plots were
not shaded. Buffdograss plugs of each of the two varicies were
trandfered into a lofoot by lofoot aea a& 2foot intevas and
the two varieties were planted in each hdf of the lofoot by 20-foot
plots. Duplicate plots were used for each shade treatment, and the
plots and the treatments were completdly randomized. The tuf was
mowed once every two weeks a a 2-inch height. Ammonium
sufae wes auplied & a rae of 1 pound of nitrogen per 1000 & ft
on May 15 1989. The following turf character's were measured;

1 Crowth rae of the huffdograss was measured hy the rae of

dolon eongation. Length of the longest <olon of each of
three turf plugs for both buffdograss varieties in eaxch turf plot
was measured @ an intervd of 6 days in the second week of
Jly 1988 Thee dda ae preseted a inches of growth per
day.

2. Tuf dry weight was messured by collecting 1 square foot of

tuf above the il suface on September 30, 1989.
3. Percentage of ground covered by buffdograss turf in ech turf
plot was visudly edimated on September 28, 1989.

RESULTS AND DISCUSSION

Figure 1 shows that Highlight 24 had a greater turf establishment
rale than Texoka Highlight 24 produced a full tuf cover by August
15 three months dfter trangplanting. Buffdograss did not reach its
maximum growth rate until July. Texoka had a dower growth rate
and produced only 70 percent turf cover by the end of September.

The grester turf spreading rate of Highlight 24 is atributable to
its greater golon elongation rate. Table 1 shows that Highlight 24
had a dolon eongaion rate of 044 inch per day under full sun, and
024 and 013 inch per day under 50 and 30 percent sunlight,
respectively. Texoka had only hdf of the dolon dongation rate of
Highlight 24. Under 50 percent sunlight, it produced less than 50
percent ground cover by September 1989. By the second week of
September,  Highlight 24 had produced 100 and 95  percent
gound cover under 50 and 30 percent sunlight, respectively. In
contradt, Texoka only developed 50 percent ground cover under
50 percent light and 40 percent cover under 30 percent light.
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Fig. 1. Turf devel opment rates from 1 inch

di ameter plugs of Highlight 24 (@ ) and
Texoka | P ) buffal ograss varieties grown
under full sun.

Table 1. Rate of stolon elongation of two buffalograss varieties
established from I-inch plugs.

Rate of stolon elongation (inches per day)

Varieties Full sun W light 30% light
Texoka 0.2420.05 0.13t0.04 0.04£0.01
Highlight 24 0.440.10 0.24f0.05 0.13+0.03

Buffdogress turf grown under shede waes thinner and more open
then that grown under full sun. Therefore the turf dry weight was
severdy reduced. Figure 2 shows that Highlight 24 and Texoka
produced 50 gram and 30 gram dry weight per square foot of turf,
respectively, under full sun. Under 50 percent sunlight, both High-
light 24 and Texoka produced about 20 grams of turf dry weight
per square foot. The tuf dry weight was further reduced to about
10 gran per squae foot for hoth buffdograss verigiies under 30
percent  sunlight.

The results of the shade dudies indicate that buffdograss ba
scdly is intolerant of shade However, tuf qudity differences in
dade exisd between buffdograss varielies Highligt 24 is a re
cently sdected and vegetdively propagated buffdograss line  Its
Superior  tuf peformance under shede is atributsble to its grester
intingc  growth rate.  This character in  buffdograss not only im-
proves turf quaity in shade but dso is of importance in tuf esteb-
lisment ad recovey from traffic damege A buffdograss  vaiely
tha is ale to produce 100 percent ground cover under moderate
dhade may be used in paks cemderies, and golf courses where
turf is under minimum  maintenance.
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Fig. 2. Dry weight production and percentage of
turf coer O buffalograss after one season Of
growth wunder_ three different light conditions:
full sun ( ), 50% sunlight ([FJ), and 30%
sunlight ( ).

MANAGEMENT OF BUFFALOGRASS
IN SHADE

Buffdograss turf management in shade has rady been sudied
and reported.  The information of buffdograss management in
shade generated from the buffdograss reseach  program  con-
ducted @ UC Davis may seve as a reference for huffdograss
management.

TURF ESTABLISHMENT

Buffdograss can be edablished either by seed or by vegeative
platt materids. Texoka and Texas Naive ae commercidly aval-
ale sed vaidties Five to 6 pounds of seed per 1,000 s ft seeding
rae (seed burrs) is recommended. For vegetdive edtablishment, 1-
to 2-inch diameter huffdogress plugs ae used and trangplanted & a
2-inch depth and a& I- or 2foot intervas. June through August is
the bet season for huffdogress turf edablishment. For seeded turf,
four to sx months ae required for etablishment, and it takes two
summers to become maure Tuf edablished from the vegetatively
propagated  Highlight  buffdograss  lines  (fat  growth rate)  during

Percentage

Jly tokes 6 to 7 wesks to make a 100 percent ground cover.

Buffdograss lines having high tuf densty have been sdected, and
it is posshle to edablish buffdograss by sod.

FERTILIZATION

Buffdograss  requires relatively little  fertilizer  for its norma
growth. Application of 1 pound of nitrogen per 1,000 g ft in the
fird wek of May for dimulating new growth is recommended. The
second  application in mid Jly is important for mantaning a
hedlthy growth through the growing sesson. The third 1 pound of
nitrogen may be gpplied a the end of August or the firs wesk of
September to timulae a lae season flush of growth for prolonging
winter tuf color and to enhance ealy spring regrowth from  winter
dormancy.

MOWING

Buffdograss hes a low gromth oaure and only requires infre-
quent mowing. Under full sun it should be mowed below 1 inch.
However, in shade huffdograss tends to grow more erect than its
counterparts in- sunny  aress.  Therefore, a  higher mowing height of
1 1/2 inches is recommended in order to leave sufficient amounts
of lef aea for photosynthess and carbohydrate  production:
Through the growing season, from May to October, tuf may be
mowed once a wek or once evey two wesks. No mowing is
needed from late October to April of the following year during the
cool winter months, while the growth dows down or the turf is
dormant.

IRRIGATION

Buffdograss is drought-tolerant. In  shade, especidly, it requires a
minimum amount of irrigation to mantan an acceptable turf

quality.
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Hard Fescue - Characteristics and Herbicide Tolerance
Ali Harivandi and Clyde Elmore 1

Had fexue (Feduca longifolia) a native of Europe is a
medium-tall, semi-erect, long-lived, densely tufted, noncreeping
bunch-type grass. Its ledf texture is very fine The plant is a heavy
root producer and has a high root-to-shoot ratio. Its root system
endbles the plant to draw water from deep within the il profile
this characteritic  contributes considerably to the grasss high
drought resistance. A heavy root system, abundant, dense leaves,
ad a low cown make had fescue an excdlent grass for erosion
control.

Had fescue is adapted to mowing; however, it is not recom-
mended for mowed turf in aess with hot summers. Nonmowed
had fescue makes an attractive ground cover with a naturd,
meadow-like appearance.

Although hard fescue is adapted to a wide range of soil condi-
tions, its pefformance is bes on well-drained soil with a pH range
of 56. The gpecies does not tolerate “water-logged” conditions on
sdine or akdi soils, but it does well on low-fertility soils and in
shaded areas.

The recent increese in demand for low-maintenance turf and
landscgpe plants makes hard fescue a prime candidate for a mini-
mum mantenance “grassy” ground cover. Slopes, median  grips,
golf course roughs, cemeteries and nonused aess of paks ae
anong the many potentid stes for this grass

A four-year-old hard fesxcue plot a the UC Fed Sation in Santa
Claa has proven itsdf a a low-mantenance nonmowed  tuf for
Cdifornias centrd coast region. This plot, hdf of which was
mowed to 1 1/2 inches and the other hdf nonmowed, received not
more than 2 pounds of nitrogen per 1,000 sq ft per year. The
mowed section thinned out consderably and was infested heavily
with weeds. The nonmowed  hdf, however, consigtently rated high
for color and qudity. With drooping leaves attaining not more than
12 inches in length, and thinned seed heads, it appeared naturd
and adtractive. Since leaves ay green throughout the year, stands
should not be a fire hazard.

Had fexue dealy qudifies as a low-mantenance grass sward. It
can be left unmowed, and requiress no more than 2 pounds
N/1,000 s ftlyear.  Note, however, that summer irrigation is essen-
tid if herd fescue is grown as turf or ground cover and green color is
desired.

Commonly used hard fescue cultivas ae ‘Scddis’ ‘Tourna
ment, ‘Spatan, and SR 3000.

Due to the risng populaity of this species lack of information
regading its tolerance to various herbicides has become an incress
ing concen. To evauate hard fescug's reaction to commonly used
herbicides, the following two dudies were conducted.

‘Area Turf AdVisor, Alameda, Contra Costa and Santa Clara counties, and Weed Scientist, Coopera
tive Extension. UC Davis.

POSTEMERGENCE HERBICIDES STUDY

This gudy evauated turf tolerance to commonly used post-
emergent  herbicides The herbicides lised in Table 1 were applied
on Jly 15 1983 to an edablisned sand of ‘Spatan’ hard fescue
and regoplied on August 2, 1988. The dsand was mowed & 25

Table'l. Effects of postemergence herbicides on hard fescue.

Visual Ratings

Phytotoxicity*+* $ Green Grass Cover***
Rate

Treatment* 1b aifacre 7/22/88 7/29/88 8/17/88 10/5/88 10/25/88 12/1/88
2,4-D oil soluble amine
(3B) 0.5 1.2 1.5 1.2 99.5 9.5 100
2,4-D oil soluble amine 1.0 1.5 1.2 1.2 98.7 100 100
triclopyr (48} 0.25 1.5 1.5 1.2 100 100 100
triclopyr 0.5 1.2 1.7 1.0 100 100 300
MSMA (6S) 1.5 4.5 5.2 6.5 82.5 95.0 100
MSMA 3.0 6.0 7.5 8.0 78.7 88.7 100
bromoxynil (4E) 0.5 1.2 1.2 L5 96.2 98.7 100
bromoxynil 1.0 1.2 1.0 1.0 100 100 100
Trimec (2.2E) 1.0 1.2 1.0 1.0 100 100 100
Quadmec (1.8E) 1.8 4.0 5.5 6.2 82.5 96.2 100
Super Trimec (ester)
(2.0E) 0.75 1.7 1.2 LS 95.7 98.7 100
triclopyr + clopyralid 0.25 + 0.0825 1.2 1.0 1.0 100 100 100
triclopyr + clopyralid 0.5 + 0.165 1.0 1.0 1.2 100 100 100
triclopyr + trimec 0.5 + 1.0 1.7 1.7 2.0 92.0 97.0 100
control —— 1.2 1.2 1.2 100 100 100
LSD (0.01)%w*¥ -— 1.4 1.4 1.1 10.8 6.8

*
First application: 7/15/88. Second application: 8/2/88.
o

Phytotoxicity visual ratingsareon a scale of 1-10, with 10 being complete kill
+#40f hard fescue.
% green grass cover visual ratings are percentage of each plot covered by uninjured
waayBTOCN gTASS.
LSD (Least Sigmificant Difference) for a characteristic exists between two treatments
when differences in their rating for that character exceeds the LSD listed.

inches during the term of the dtudy. It was irrigated as needed and
recdved 2 pounds of nitrogen per N/LOO0 sq ft a ammonium
nitrate. Herbicides were applied with a COp backpack sprayer
usng flafan nozzles & 37 ps and 50 gdlons of water per acre
Trestments were replicated four times on 5 x 5 plots in a ran-
domized complete block design. Air temperatures a the time of
firg and second applications were 72 F and 68 F, respectively.
Plots were visudly rated for phytoxicity after the fird and second
herbicide applications. No weed gpecies were present. Table 1
summarizes the phytotoxicity data from this trid. Climatological
daa for the duration of the dudy ae summaized in Teble 2



Table 2. Average monthly air and soil temperatures at Santa Clara
Field Station, Santa Clara, California *1988-89)

Air Soil’
Temperature Temperature
Month F F
Ave Ave
1988 Max Min Mean Max Min Mean
June 79.3 56.6 67.95 2 64 68
July 85.2 60.1 72.65 76 70 73
Ag 82.4 59.3 70.85 76 70 73
Sep 80.9 55.6 68.25 74 66 70
ot 74.3 55.1 64.70 70 60 65
NO™ 64.9 49.4 57.15 64 51 57.5
Dec 56.7 41.3 49.00 54 43 48.5
1989
Jan 58.3 39.6 48.95 49 42 45
Feb 58.1 40.5 49.30 5% 40 47
Mar 65.5 45.1 55.30 61 50 55
Apr 75.3 53.3 64.30 69 61 65
Nay 70.6 53.0 61.80 71 62 66.5
Jun 77.0 56.7 66.85 70 65 67.5
Jul 82.0 55.6 68.80 72 68 70

Soil temperature measured 4 inches below surface. Maximum and
minimum are highest and lowest figures for the month.

Data from Table 1 indicate that the treatments contaning MSMA
done or in combingtion with broadiesf herbicides (e, Quadmec)
injured hard fescue efter the firgt gpplication in July. This injury wes
aan obsaved after the second epplication. The eder formulation
of Trimec (Super Trimec) was injurious after the second gpplica
tion. Other herbicides did not injure the turf above a rating of 3 on a
gde of [|-10. This ted, with two applications of postemergence
herbicides, identifies herbicides that can be sdfdy used for post-
emergence  broadledf weed control in had fescue tuf. MSMA, a
materid  intended  for  postemergence grass control, should not be
usd on had fescue turf,

A soond trid eveluated severd preemergent herbicides and their
phytotoxicity  effects on hard fescue. Two  postemergent  herbicides,
effective on grass weeds were d0 included in this tid. All the
herbicides used in this study and ther rates of application are listed
in Table 3. The heicides were applied on March 13, 1989 to the
hard fescue sand used for the postemergence herbicide study
described above. All maintenance practices for the turf were as
described  above. Each tretment and check plot were replicaed 4
times on 5 x 5 plots in a randomized complete block design. Air
temperature a the time of application was 55 F. Plots were visualy
raed severd times for a peiod of four months after application for
herhicide phytotoxicity effects. No weeds were presnt. Table 3
summarizes the phytotoxicity data from this trid. Climatologica
data for the duration of this Sudy are summarized in Table 2

Table 3. Effects of preemergent and selected herbicides on hard
fescue.

Visual Ratings

Rate Phytotoxicity*’

Treatment’ Ib ai/acre 5/4/89  S/19/89  7/19/89
pcpA (Dachtal 75 wp) 10 1 1 1
bensulide (Betasan 4E) 10 1 1 1
pendimenthalin (Pre M 60 wDg) 3 1 1 1
dithiopyr (Dimension 1E) 0.5 1 1 1
oxadiazon (Ronstar 50 wp) 2 5 55 1
prodiamine  (Endurance 65 ) 1 1 1 1
benefin + trifluralin (Team ) 2 1 1 1
isoxaben + trifluralin

(Snapshot 2.5 6 2.5 1 1 1
benefin (Balan 60 ) 3 1 1 1
trifluralin  (Treflan 4 E) 0.5 1 1 1
isoxaben (Gallery 75 DF) 2 1 1 1
sethoxydim (Poast 1.5) 0.5 1 1 1
flusifop-p-butyl (Fusilade 1) 0.5 1 1 1
control . 1 1 1
LSD (O.0l)*** . 0.4 0.3 -—

" Herbicide application date: 3/31/89.

" Phytotoxicity visual ratings are on a scale of 1-10, with 10 being
complete kill of hard fescue

LSD (Least Significant Difference) for a characteristic exists
between two treatments when differences in theirrating for that
character exceeds the LSD listed.

Daa from Table 2 indicate that none of the herbicides caused
injury to had fexue with the exception of oxadiazon (Rondar).
Even the two podemergent herbicides flusfop-p-butyl (Fuslade)
and sethoxydim (Poast) did not injure hard fescue The phytotox-
icity of oxadiazon lasted for only three months and the grass
eventualy  recovered.  However, snce other preemergent  herbicides
had no injurious effect on hard fescue, use of oxadiazon is not
recommended.

Smilaly, flusfopp-butyl and sethoxydim, hboth grass  post-
emergent  herbicides, cause no injury to had fescue, when, per the
previous sudy, MSMA cannot be used. It is important to note,
however, tha nether flusfop-pbutyl nor sethoxydim ae currently
regigtered for use on ay species of tufgrassss and should not be
used until they ae
Note. Data in this repot do not conditute a recommendation for
ue. Until the chemicds with ther uses appear on a registered
pesticide labe or other legd form of ingtructions, it is illegd to use
them a dexribed herein. References to commercid names do not
conditute a Universty of Cdifornia recommendation or  discrimina
tion, implied or otherwise
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Fine-Leaf Fescue Performance for California Central Coast
M. Ali Harivandi and Lin Wu 1

Although fineleaved fescues have hbeen avalable for turf pur-
poses since the 1930s and ‘40s, mogt of them did not come to the
maket until 20 vyears laer. Severd improved cultivars were intro-
duced after 1970.

The mogt common hotanicad categorizetion of fineleaved fes
cues, dl of which ae perennid, cool-season  grasses,  recognizes
four digtinct grasses creeping red fescue (Festuca rubra s
rubra); Chewings fescue (F. rubra sgp. comutata); sheep fescue (F.
ouina sp. oving); and had fescue (F. longifolia. Of these four,
creeping red fexcue a ndive of Europe is the most widdy used for
turf purposes. It is comprised of two didinct types, both of prime
importance  to turf breeders One of the creeping red fescue types
includes fineleaved, low-growing grasses with short, thin  rhizomes.
Thee grases ae wek creepers and ae therdfore dow to fill in
bare aess Commonly known as dender cresping red fexue this
type is wel-represented by the cultivars ‘Dawson’ and ‘Logro.

The scond type of creeping red fesue is a drong cregper with
long, spreading rhizomes and wider leaves This type is not
tolerant of close mowing and grows less densdy then the fird type.
However, excelent seedling vigor makes grasses of this type partic-
ulaly veuable as companion grases during turf establishment. The
cultivars  ‘Ensylva)  ‘Fortress” * Ruby’ and ‘Pennlawn’  are good
examples of this group.

Both types of creping red fescue ae adepted to  well-drained,
dy and moderatdy shaded stes they ae especidly intolerant of
wet conditions. Mogt require minima levels of nitrogen and a pH of
55 to 65 Cutting heights of 1 to 25 inches ae common, with
higher  heights prefered  under shady  conditions.

Chewings fescue, dso naive to Europe is fineleaved, low-
growing, and without rhizomes. It is a bunchtype grass which
greads, dowly even under mowing, by basd fillering. It tolerates
mowing a close as 1 to 15 inches where summers ae cool; in
wamer arees, mowing heights of 2 to 3 inches ae best. Chewings
fescue forms a denser turf than creeping red fescue,  especialy
under close mowing. It does not tolerate extremes in  temperature
but does tolerste shade and drought well. It is adepted to well-
drained, coarsetextured, acidic, and infetile soils A number  of
Chewings fescue cultivars exist; examples include ‘Barfdla’ ‘Cas
cade, ‘Jamestown,” ‘Koket’ ‘Wintergreen’ and ‘Shadow.’

Sheep fexcug a noncresping  bunchype grass with  tufted,  diff,
bluish green leaves is indigenous to North America and Eurada It
forms a rdaivey low qudity turf and hes not been widdy used for
turfgrass  purposes.  Its man use is debilization of  well-drained,
droughty, coarsetextured, acid soils of low fertility. It is not adapted
to ether close mowing or intensve culture Examples of sheep
fescue cultivars are ‘Covar, ‘Aries and ‘Azay.

Had fexue a naive of Euope is aso a noncresping bunch-
type grass smilar to sheep fescue but with tougher, wider leaves. Its
drought tolerance is less than that of shesp fescue but befter than

‘Area Turf Advisor, Alameda, Contra Costa and Santa Clara Counties, and Associate Professor,
Environmental Horticulture, UC Davis, repectively.

that of creeping red fescue It is quite deeprooted and has a high
root-to-shoot  ratio, a mgor reason for its drought tolerance. Hard
fexue is shade tolerant but does not adapt to close mowing.
Nonmowed  hard fescue ae attractive ground covers and often used
for soil debilization on roadsides and ditch banks, and for minimum
maintenance, low qudity, and nonuse arees. Commonly used culti-
vas of had fescue are ‘Biljat; ‘Durar, ‘Scadis and ‘Tournament.

Although fine fescues are used as monodands (e, fine fescues
done and not in a mixture with other tuf species) of tuf in severd
regions of the upper onethird of the United States, the use of them
& monodand tuf in Cdifornia egpecidly the grester San Fran-
dsxo Bay Area has been a controversd issue Fine fescues ae
shade tolerant and therefore are often used in seed mixtures (dong
with bluegrass and ryegrass) for shady or semi-shady sites. As
mowed mono-dands of turf, they do not produce a qudity and
yea-round in mogt pats of Cdifornia, egpecidly dong the Centrd
Coast. A comprehensve variely trid was initisted in 1984 to dudy
the wuitahility of fine fexues under Bay Area environmenta condi-
tions The following report presents combined data from this four-
year dudy a the Universty of Cdifornia Santa Clara Feld Stetion.
This dudy was supported financidly by the Northen Cdifornia
Turfgrass  Council and Universty of Cdifornia  Cooperative  Exten-
son. Grass seed was supplied by the Nationd Turfgrass Evauation
Program, sponsored  jointly by USDA. ad Mayland Turfgrass
Council.

Forty-four culivars (Table 1) were planted in October 1984 and
were rated monthly through 1983 for overdl qudity (turfscore) as
well & individud quaity components. color, density, texture uni-
formity and pest activity.

The dudy included severd varieties of cresping red, Chewings
and had fescues Rae of seeding for dl varieies was 44 1b/1,000
q ft.

Plots were in ful sun and mowed a 2 inches, with dlippings
reumed, and fertilized with 4 pounds of nitrogen per 1000 g ft
per vyear. Irigation was besed on 100 percent ET measured from
an aboveground class A evgporation pan. During the term of this
dudy, plots were irregulaly sprayed with herbicides to control
heay  broadlesf weed infedations

Table 1 presents overdl results a the end of the fourth year.
Retings ae the averages of the 4 yeas monthly and quarterly
ratings (1985 through 1988). Ratings fdl on a scde of 1-9, with 9
representing the superior variety in terms of overdl quality, texture,
gengtic color, winter color and dendty. Varieties are ranked in Table
1 from highet overdl qudity score received to lowes.

Review of the data reveds the following concemning the use of
fine lesf fesues as mono-stand mowed turf grown in ful sun under
the San Francisco Bay Area climatologicd conditions (Table 2):

— Although some cultivars performed much  better  than  others,
none produced acceptable enough tuf  throughout the year to'
warant ther use a mowed mono-stands.



Table 1. Mean turfgrass quality and quality components ratings for fine leaf fescue cultivars
grown in Santa Clara, California¥ (1985-88 data).

Density % Ground Cover
Cultivars¥ Overall Leaf
Name Quality Texture Color  Spring .~ Sumser Fall Spring  Samwer  FAIL
SGALDIS (H) LX) 5.8 7.8 7.7 7.8 7.7 976 o952
VALDINA (H) 5.3 5.8 8.6 8.1 71 7T 412 87,1 940
ST-2 (SR 3000)(H) 5.1 5.3 7.7 7.8 73 7.8 97.2 90.0  94.5
CF-2 (VICTORY)(C) 5.0 4.9 7.7 7.7 7.1 7.3 99.0 92.1  94.0
430 (R) 4.9 4.8 6.7 7.7 7.3 6.4  99.0 88.1  85.7
LONGFELLOW (C) 4.8 5.1 8.0 7.6 6.8 7.3 97.1 86.2  94.3
BANNER (C) 4.7 5.0 7.6 7.6 7.0 7.0 98.3 92.5  91.9
BAR FO 81.225 (H) 4.7 5.8 7.8 7.4 7.4 6.8 97.1 84.8  88.3
ENJOY (C) 4.7 5.5 7.1 7.7 7.4 6.7 98.1 85.4  80.8
SHADOW (C) 4.7 4.8 7.7 7.4 6.8 6.6  99.0 90.8  91.9
FLYER (R) 4.6 4.8 7.7 7.4 6.9 6.7  96.0 79.8  B4.6
IVALO (C) 4.6 5.4 6.1 6.9 72 7.3 98.0 90.9  95.9
PERNILLE (R) 4.6 5.2 6.7 7.4 6.6 6.3 99.0 80.2  8L.5
AURORA (H) 4.5 5.3 7.0 7.6 6.9 7.0 97.1 82.4  87.9
LOVISA (R) 4.5 5.3 6.7 7.3 7.1 6.7 96.9 83.7 81.3
RELIANT (H) 4.5 5.5 7.4 7.2 7.1 6.9 97.6 81.46  §9.3
WILMA (C) 4.5 4.9 7.6 7.6 7.0 7.2 98.1 84.5  87.3
BILJART (H) 4.4 5.4 7.3 7.3 7.3 6.8 951 78.6  84.8
MAGENTA (C) 4.4 5.3 8.0 7.0 7.3 7.2 98.1 86.0  92.3
MARY (C) 4.4 4.8 7.6 7.1 6.6 6.4 97.7 76.8  79.1
RUBY (R) 4.4 4.9 6.3 6.8 6.9 6.2  97.6 87.2  85.8
TAMARA (C) 4.6 5.4 6.6 7.3 6.8 6.2  98.1 88.0  84.8
BOREAL (R) 4.3 5.0 6.9 7.0 6.8 6.5 97.7 79.8  79.1
HIGHLIGHT (C) 4.3 4.8 6.6 7.2 6.8 6.2 98.6 76.1 72.3
JAMESTOWN (C) 4.3 4.9 7.1 6.9 7.0 6.7 97.1 87.1  87.9
ROBOT (R) 4.3 4.8 6.7 7.3 7.1 6.1  96.6 88.9  88.4
ATLANTA (C) 4.2 5.0 6.9 7.3 6.3 6.2 98.1 79.9 79.2
BEAUTY (C) 4.2 5.7 7.3 7.9 6.8 57 972 78.9  72.5
COMMODORE (R) 4.2 4.6 6.7 6.7 6.5 61 974 82.7  89.5
ENSYLVA (R) 4.2 5.2 6.1 6.6 6.7 6.5 98.1 81.6 86.6
KOKET (C) 4.2 5.4 7.0 7.2 7.1 6.0 98.1 81.0  78.8
PENNLAWN (R) 4.2 4.6 6.9 6.9 7.2 6.8 986 86.3  89.1
CERES (R) 4.1 4.5 6.3 7.3 6.3 6.4 977 89.3  87.6
EPSOM (C) 4.1 5.3 6.1 7.4 6.8 6.0 958 74.4 70,0
ESTICA (R) 4.1 5.5 6.6 7.6 6.2 5.7 97.1 68.7  62.7
TATJANA (C) 4.1 5.5 6.3 6.9 6.6 6.1 97.6 81.6  79.6
UNKNOWN (?) 4.1 4.5 6.8 6.3 7.0 65 952 85.9  91.2
HF9-3 (WEEKEND)(C) 4.0 5.1 7.1 7.2 6.8 59  96.6 75.7  69.8
* "WALDORF (G) 4.0 5.3 7.2 7.7 6.1 61  97.7 70.7 7132
CHECKER (C) 3.9 5.2 6.6 7.2 6.7 5.9 97.6 82.4 735
FRI-FRT 83-1 (7} 3.9 4.8 6.8 7.1 6.5 5.2 97.2 70.3  63.1
VALDA (H) 3.9 5.8 8.0 7.2 6.8 6.6 936 65.3  79.8
WINTERGREEN (C) 3.8 5.5 6.1 1.9 6.4 58 961 74.8  69.0
CENTER (G) 3.5 5.2 6.8 6.9 6.5 59 937 66.4  77.2
LSD VALUE (0.05) 0.7 1.4 0.6 2.0 1.8 2.5 4.7 23.6 3.6

*
The values ars averagss of monthly and quarterly ratings from 1985 through 1988. The rating
scales ars:

- Overall quality (turfscore): 1-9; 9 =~ Ideal turf,

- Leaf texturs: 1-9; 9 = Finest texturs (narrowest leaf blades).

- Coloxr: 1-9; 9 w» Darkest green color.

- Density: 1-9; 9 = The densest stand of turf in various seasons.

- % Ground cover: 0 = 99; 99 ~ Plots completaly covered with the grass.
This evaluates and/or anv! £
causing partial or complete death of turfgrass in a plot.

L
Specles dasignations of cultivars are:

H = Hard fescus

C = Chewings fescus

R = Creeping red fescus
? = Species unknown

LSD Value: To determine statistical difference among cultivars, subtract one cultivar's mean
from another cultivar‘s mean. Statistical differences occur when this value is larger than
the corresponding LSD value. If the difference between the mean values for two cultivars
within the same column is not greater than the corresponding LSD, then the two cultivars are
statistically the same for that specific quality component.

Table 2. Average nonthly air and soil tenperature at Santa Cara Field
station, Santa Cdara. California (1985-W.

Mont h Air Soil¥
Temperature Tempe;nture

Ave Ave

Max Min Mean Max Mn Men
January 59 43 St 52 45 49
February 66 46 56 57 47 52
Mar ch 68 47 58 60 52 56
April 74 51 63 65 5s 62
May 7 54 66 70 60 65
June 81 58 70 72 65 69
July 83 59 71 i 69 2
August 82 60 71 74 0 72
Sept enber so 58 69 73 65 69
Qct ober 76 55 66 69 61 65
Novenber 65 47 56 63 51 57
Decenber 59 42 51 55 45 50

*

Soil tenperature neasured 4 inches below surface.
highest and lowest for the nonths.

Maxi mum and minimum  are

— Mogt of thee cultivars peformed very well midfdl through mid-
sring, but exhibited severe high temperature dress during the
hot summer months and were prone to summer turf diseases
common to the area (eg., Pythium blight, Fusaium blight). The
drastic summer reduction in percent ground cover shown for
dmogt dl the cultivars indicates this No fungicides were used
during this trid ether as a preventative or cure Preventing
dissase is presumably posshle for these cultivars but  would
require severd  applications of fungicides during the year.

— Thee were no ddidicdly sgnificant differences among  these
cutivars in regard to texture (leaf blade width), spring and
summer  densty, and spring  percent ground cover.  However,
they were sgnificantly differet in tems of overdl qudity, color,
fdl dendty and summer and fdl percent ground cover.

— Al cultivas dayed green and peformed wel during the winter
months. Fine fescues do not experience winter dormancy in
Centrd Coagd Cdifornia

— Had fescue cultivas appear to outpeform both red and Chew-
ings  fescues.

— Although these grasses did not peform wdl in ful sun, the
possihility exists that they would provide acceptable stands if
grown in shade. Also, their usefulness in generd purpose turf-
grass  mixtures (e, in combindgtion with bluegrasses and
ryegrasses) is not affected by this sudy. Future trids will evau-
de the glitability of these species for use as mono-dand turf in
shade and as a component of generd purpose turf mixtures.
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Sulfur, Soil pH and Turfgrass Management
Ali Harivandi!

Soil physcd and chemicd properties play an integrd role in
mantaning quaity tufgrass  sands.  The baanced nutriion  re-
quired for these dsands depends in pat on the avalability of
nutrients  within - the soil  solution. Once adequate  quantities  of
esentiadl  nutrients  are  present, their  availability to plants  depends
on the woil's acidity or akalinity (pH). Sulfur and sulfur-containing
maerids are the primary corrective compounds added to ol with
high pH (akalinity) problems.

SULFUR: THE ELEMENT

Plants need sulfur for tissue development, protein  synthesis,
chlorophyll  production, and root development. The hedthy growth
of tufgrases dso depends on ol microorganisms, the growth and
increase of which in dkdine oils ae dimulaed by sulfur. Quan-
titatively, turfgrasses generdly require as much allfur a they do
phosphorous.

Sources of sulfur added to turfgrass soils vary. Previoudy, highly
polluted ar in metropolitan areas contributed  Significantly to  the
aulfur supply of plants Sulfur defidency in these aess incressed as
pollution  was reduced. Many pedicides and low grade fertilizers
contribute sulfur to the soil as does organic mater during decom-
postion. The primay sources of sulfur for turfgrasses, however, ae
alfur-contaning  fertilizes and chemicd  amendments.  Some  fertil-
izers, such as ammonium sulfate, provide turfgrasses with a  teady
doe of ulfur, wheress many high andyss fertilizers (eg., ures,
conventiond  nitrogen  solutions,  triple  superphosphate  and  muriate
of potash) contain litle or no sulfur. Elementa sulfur is the amend-
ment mogt often used by tufgrass manegers today. It ranges in
purity from 99 percent to 20 percent or less in low grade deposits
containing clay and other materid. Pure dementd sulfur is a
yelow, cryddline solid.

WHAT IS pH?

pH is a numericd designation of acidity and akalinity in soils and
other chemicd sysems. It is an expression used to indicate the
hydrogen ion [H+] activity of a solution. pH is formulaed as the
negative logarithm of that ion activity and written:

pH =-log[H']
where hydrogen ion activity, [H+], is in moles per liter.

A solution with hydrogen ion activity of .001 mole per liter has a
pH of 30; one with a hydrogen ion activity of .0000 mole per liter,
a pH of 40 and so on. Vaues of pH range from 1 to 14, with pH
70 indicating neutrdity. (The solution is neither acidic nor akaline)
Higher vaues indicate incressing akdinity, and lower vaues indi-

1Area Farm Advisor, Alameda. Centra  Costa and Santa Clara counties

cae increesing acidity. Since pH is a logaithmic vaue, eaxch pH
unit indicates akalinity 10 times that of the next smalest unit. For
example, a solution with pH 5 is 10 times more dkdine than a
solution with pH 4 and 10 times more acidic than a solution with
pH 6. A solution with pH 6 is 100 times more akdine than a
solution with pH 4.

As mentioned above, the acidity or dkdinity of a given ol is
important  to  turfgrass  management  because it  affects  nutrient
avallability. It dso affects the solubility of toxic substances such as
duminum, the rates of microbid activities and reactions, soil struc-
ture and ftilth, and pedicide peformance

At a pH of 65 - 7.0 the primary nutrients N, P, and K, as well as
most of the other essentid elements ae most readily avallable
Alkdine soils may be deficient in phosphorus, iron, manganese,
copper  or zinc. Deficiencies of dements such a cdcium, magne
sum and phosphorus may occur a low pH levels. Generdly, a
turfgrass grown in soil with a pH beow the grass's optimum range
requires higher rates of fertilization to keep nutrients a an optimum
level.

LOWERING SOIL pH

Where soil is inherently dkaline, or has been overlimed, pH may
need to be reduced. The materid most commonly used to edidify
sil is dementd sulfur (S); however, iron (ferrous) sulfate (FeSOy),
duminum - sulfate (Alo[SOy]9), sulfuric acid (H230y, and  similar
aidforming maerids ae sometimes employed. Repested use  of
aidifying fertilizers such a ammonium sulfate, ammonium nitrate,
ammonium phosphate and urea will dso result in more acidic soils.
[Note: nitrate sources of nitrogen, such as potessum nitrate (KNOo)
and cacium nitrate (C4NOgly), decrease soil  acidity]. Elementa
sulfur, however, is the most commonly used materid for soil
acidificetion.

Elementa sulfur is useful for reclamation of both naurdly dka
line (high pH) or overlimed soils and sodic (akali) soils. One impor-
tant advantege of eementd sulfur in this role is its low cogt. Also,
snce it is relaively pure and thus has the highest equivdent sulfur
concentration, its unit trangportation cost is lowest.  Unfortunately,
goplication of powdered sulfur (the mogt effective form) is dusty and
somewhat  difficult. Once applied, findy ground eementd sulfur is
oxidized by soil microorganisms and converted into  sulfuric  acid
(HeSOy). The generd processes for the oxidation of elemental
sulfur by these microorganisms are: sulfur(S) + oxygen (3/2 0) +
water (Hp0) MICOOGANSTS,  gjifuric acid (H7SOg)

Theoreticdly, the sulfuric acid itsdf should reduce soil pH since it
increases  hydrogen ion  activity. In cdcareous soils (soils  containing
significant  quantiies of cacium carbonate (CaCOg))  or in overlimed
soils, however, sulfuric acid is neutrdized by CaCO3.  The more
cdcium present, therefore, the more acid required to reduce pH
and thus the more dementd sulfur which must be added to the oil.
As long as CaCOg remans in the ail, pH cannot be permanently
lowered, or very large quantities of sulfur are required to do so. This
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difficulty in changing the pH of a sl hes to do with a propety
known a “buffering” The concept of “buffering” may be illus
trated by visudizing two tires, both regisering 40 poundysy  in of
pressure on a pressure gauge, but one belonging to a hicyde and
the other to a truck. If ar is reeased for 10 seconds from hoth tires,
pressure in the hicyde tire will drop severd pounds while pressure
in the tire with grester volume will barely change. The truck’'s tire is
“buffered” against pressure change.

Lowering the pH of less huffered soils, eg, sandy soils with low
lime content, is eeser and fadter. The amount of sulfur needed to
lower the pH of a given il is determined by chemicd andyss for
pH, cation exchange cepacity, exchangesble sodium  percentage,
and lime content. Table 1 provides generd quiddines from the
Wegern  Fetilizer  Handbook. Note that the rates given in the
table ae for soil incorporation. Applied to edablished tuf a these
raes, sulfur would damage the grass.

Table 1. The approximte amounts of soil sulfur (99
percent) needed to increase the acidity of
the plowdepth layer (7 inches) of a car-

bonate-free soil  (Western Fertilizer
Handbook) .
Pounds of Sulfur Per Acre

Change in pH
Desired Sand Loam Cl ay
8.5 106.5 2,000 2,500 3,000
8.0 to 6.5 1,200 1,500 2,000
7.5 to 6.5 500 800 1,000
7.0 to 6.5 100 150 300

Applying dementd sulfur to sodic soils (soils with a high sodium
content and often very high pH'S) may hdp remove sodium from
the root zone as well as lowering pH. Sodic soils, including sdine
wdic soils, ae “dispersed”  or  “deflocculated,”  terms  referring  to
physicd characterisics of the soil tha make it paticulaly imper-
megble to waer and ar (and therefore fertilizer). Such soils are
unsuitable for growth of mogt plants incuding turf grasses. (By
contrast, a 0l high in soluble cdcium rather than sodium is termed
“flocculated” and generdly exhibits good water and ar per-
megbility) The primary amendment for sodic soil reclamation is
gypsum (CaSQy), the addition of which leads to replacement of soil
sodium (Na) by cacium (Ca): Gypsum (CaSO4 + soil sodium (Nat)
—— > il cacium (Cat+) + sodium sulfate (NapSOp).

10

The resuling sdt, sodium sulfate, is soluble and easly leached
from the root zone given afficient waer and adequate drainage.
When sulfur is added to sodic soils containing CeCOg the adid
produced by oxidation of sulfur reects with the lime to form
gypsum:
alfur(® + waer (H0) + oxygen (Oy) MiCrOrganisms, sulfuric acid
(H)S0H) H0y+Cal03  —————  — gypaum (CaS0y) +
waer  (HpO) + carbon dioxide (CO)

Gypsum then combines with soil sodium as in the previous
scenario.

After sodium removd, soil pH is usudly lowered, soil structure
improved, and water penetration increased. The ol is  thereby
rendered more slitable for plant growth. Leeching after addition of
alfur to soil is esentid to rid the root zone of sodium sulfate If not
leached, this saltcan huild to levels injurious to plants. On sodic soils
where the chan of reactions that produce sodium sulfate may
require severd months, leeching can be delayed somewhat.

The rae a which dementd aulfur oxidizes to aulfuric add de-
pends largely on paticle sze. The smdler the paticles applied the
fagter the reaction. Powdered sulfur, dthough not as convenient to
ue & lager ganuar forms is therefore the fastest adting form.
Severd  granular  products (eg, Dispe-Sul and  Agri-Sul) - contain
90 pecent or more dementd aulfur, ae dust free and disntegrate
into findy divided paticles in the presence of moisture. “Popcorn
aufur’ is nearly pure sulfur that hes been made porous by combin-
ing molten sulfur and waer in a sngle combination nozzle. The
resllting materid is separated into classes of auiteble patice size
for <ol gpplication.

Avaladble moisture, oxygen, nutrients, temperature, Sdinity and
pH ae dl important in sulfur oxidation because they dffect the ol
microbes involved in the necessyry chemicd reactions.  Tempera
ture has one of the most pronounced effects on sulfur oxidation in
soils. Oxidation begins & a soil temperature of approximady 40 F
and its rae incresses deadily with incressing temperature. A shap
increase in rate occurs above 70 F.In mogt climates, therefore,
Qulfur oxidation is relatively modest from midfal to midspring.

Soil moisture is probably the next most important environmenta
factor in sulfur oxidation, with either too much or too little moisture
reducing oxidation rate. The activity of sulfur-oxidizing microorga
nisms is highest a, or dightly above, ol field capacity. These
microorganisms  require  oxygen a well a moisture to  function
properly.

Elementd sulfur should be mixed thoroughly with the soil a the
time of application. Immediately after, irrigation must begin and ol
must be kept moit as long as oxidation is desred. If the soil is
extrendy sodic or contans very high amounts of lime sufficient
oxidation may require severd  months.

Sufur is not water soluble and therefore cannot be applied in
irigation  weter. Sugpensions  of findy divided sulfur in water to
which about 2 percent cday hes been added may be avalddle in
some pats of the country a sulfur durry. In some  Stuations,
alfuric acid is applied ether directly or through the irrigation
gydem. Sulfuric acid (usualy about 93 percent pure - i.e, contain-
ing 30 percent sulfur) is a heavy, corrosve liquid which, after
entering the oil, reacts with lime to form gypsum. The reaction is



much fadter than that of elementd sulfur (which can take up to
sverd months to oxidize under fiedd conditions) because bacterid
oxidation is not required. In sodic oil reclamation, for ressons not
yet undersood, addition of sulfuric acid often improves the ol
more rapidly then does addition of gypsum. Unfortunately, sulfuric
aid is difficult and dangerous to handle. It can be added to the il
by chisding or dilling it in or by spraying it on the unplanted
aurface It can dso be added directly to irrigetion water, if metd or
concrete pipes are not used in the irrigation system. It will corrode
concrefe  pipes, ded culverts, or check gates, therefore,  experi-
enced operators ae usudly hired to apply this chemicd.

Other  aulfur-containing materids used for  soil  reclamation in-
clude polysulphide, cdcium polysulphide, sulfur dioxide, ammo-
nium thiosulfate, ammonium  sulfate, ammonium bisulfatle and iron
and duminum sulfate  Equivdent sulfur contents and other  proper-
ties of severd of these compounds ae given in Table 2. These
maerids should be used according to  ther  manufacturer’s
recommendetion.

Table 2. Acid-forming, sulphur-containing materials (Stromberg and Tisdale, 1979)

Sulphur
Content

Material Formula Nitrogen Sulphur Other (1b/ton)
Aluminum sulphate AIZSOA IBHZO [ 4.4 11.4(A1) 288
i Ammonia-sulphur solution NH3 + S 74 10 200
Ammonium bisulphate solution NH4H803 = Hzo 8.5 17 340
Ammonium polysulphate solution NHASX 20 40 800
Ammonium sulphate (NH4)2504 21 24.2 484
Ammonium thiosulphate solution (NH4)25203 + H20 12 26 520
Aqua-sulphur solution NH; + NH, Sy = H20 20 5 100
Ferrous ammonium sulphate Fe(NH4)2(504)2 6 16 16 (Fe) 320
Ferrous sulphate (copperas) FeSCu4 7H20 0 11.5  20(Fe) 230
Gypsum (hydrated) CaSOA ZHZO 0 18.6  32.6(Ca0) 372
Lime sulphur (dry) CaSX 0 57 43(Ca) 1140
Lime sulphur (solution) Ca(s:gso Saésoa SHEO + 23-24 99Ca} 480
sulphuric acid (100%) UMb A 0, 32.7 654
2774
Sulphuric acid (66 Be + 93%) HZSO4 0 30.4 608
Sulphur s 0 100 2000
Sulphur dioxide S0, 0 50 1000
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SULFUR APPLICATION
TO ESTABLISHED TURF

The amount of sulfur required to acidify a paticular oil is based
on il chemicd and physcd andyses. Application rate usudly
ams for dkdinity correction of the sx-inch plow layers, assuming
the sulfur will be spread uniformly over bare ol suface and then
gther plowed down or disked in. Repeated plowing or disking
speeds  acidification by increesing mixing of ol and sulfur. Prefera
bly, this procedure is caried out long before turfgrass establishment
to dlow ample time for sulfur oxidation. However, in may cases

the decison to adidify with sulfur is made &fter grass is edtablished.
Due to its insolubility, sulfur agpplied to dready established turf
cregtes only a thin zone of low pH soil near the soil surface In such
a condition, where il a the turfgrasss crown level has a low pH,

while s0il in the root zone remains farly dkaine plants experience
litle or no benefit from acidification. In addition, extreme acidity a
or immediatdly below the soil suface may actudly injure the turf
plant. When applying sulfur to edtablished turf, therefore, consider-
dle cae must be exercised. It is dways best to apply sulfur fter
coring. Core agmification  before  «ulfur  gpplication  helps  downward
movement, but even with this practice excessve amounts of sulfur
should not be epplied to the surface Also, light and more frequent
goplicions of sulfur are preferable to  heavier, less frequent ones

Sulfur  (with 90 percent or above purity) applications to putting
greens should be in 05 Ib1,000 s ft increments or less (gpplied 3
to 4 weeks goart) not to exceed 10 Ib sulfur per 1,000 s ft per year,
with gpplication confined to the cooles period of the growing
saon (e, ealy sring, lae fal or periods of winter dormancy).
Snce high temperatures (90 F and above) during fertilization of any
tuf are ill-advised, it is preferable not to apply sulfur in midsummer.
After  sulfur  goplication, turf should be irrigated immediately to
remove mateiad from leaves and thereby prevent burning.

Higher cut grasses such as those of golf course farways, in
paks, ahleiic fidds and home lawns, can tolerate goplications of
up to 5 Ib sulfur (with 90 percent or above purity) per 1,000 s ft
per goplication. The timing and procedure of sulfur  application
given for greens applies to higher cut grasses as well.

Regular  goplications  of  acidifying  fertilizers such  as ammonium
alfde will produce essetidly the same effects as  aoplication of
gemental  sulfur.  Ammonium nitrate, ammonium  phosphate,  ureg,
alfur-costed ures, uresform, methylene urea, IBDU and  activaed
swage dudge A0 have adidifying effedts The lowering of pH by
thee nitrogen sources comes from release of hydrogen ions during
the nitrification ~ of ammonium nitrogen to nitrate nitrogen.
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WARNING ON THE USE OF CHEMICALS CALIFORNIA TURFGRASS CULTURE EDITORIAL COMMITTEE

Pesticides are poisonous. Awas read and carefully follow all precautions and safety recommendations

given on the container label. Store al chemicals in their original labeled containers  in a locked cabinet or Stephen  T. Cockerham, Superintendent, Agricultural Operations
she, away from food or feeds, and out of the reach of children, unauthorized persons, pets, and livestock. University of California, Riverside

Reommendations are based on the best information currently available. and treatments based on them Forrest Cress, Extension Communications  Specialist
should not kae residues exceeding the tolerance establshed for any particular chemical. Confine University of California, Riverside

chemicals to the area being treated. THE GROWER IS LEGALLY RESPONSIBLE for residues on his Victor A. Gibeault, Extension Environmental Horticulturist
crops as well as for problems caused by dift from his property to other properties ~ or crops. University of California, Riverside

Consult ~ you County Agricultural Commissioner for comect methods of disposing of leftover spay material Ai  Harivandi, Farm Advisor
and empty containers. Nt burn pesticide cantainers. Alameda, Contra Costa and Santa Clara Counties

Lin Wu, Assoc. Professor, Dept. of Environmental Horticulture
PHYTOTOXICITY: Certain chemicals may cause plant injury if used at Me wrong stage of University of California, Davis

plant development or when temperatures are too high. Injury may also resut from excessive
amounts or the wrong formulation or from mixing incompatible materials. Inert ingredients. such
as wetters, spreaders, emulsifiers, diluents, and solvents, can cause plant injury. Since formula-
tions are often changed by manufacturers. it is possible that plant injury may occur.  even though
no injury was noted in previous seasons. Victor A. Gibeault

NOTE: Progress reports give experimental data that should not be considered as recommenda- Ba]‘::hebr i Hall Exvtens!on
tions for use. Until the products and the uses given appear on a registered pesticide label or other University of ~California
legal. supplementary directon for use. it is illegal to use the chemicals as described. Riverside, CA 92521

Correspondence concerning California Turfgrass Culture should be sent to:

In accordance with applicable Federal laws and University policy, the University of California does not discriminate in any of its policies, procedures or practices on the basis of
race, religion, color, national origin, sex, marital status, sexual orientation, age, veteran status, medical condition (as defined in section 12926 of the California Government Code),
or handicap. Inquiries regarding this policy may be directed to the Personnel Studies and Affirmative Action Manager, Agriculture and Natural Resources, 2120 University Avenue,
Berkeley, California 94720, (415) 644-4270.
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