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USING NEWER GRASSES

Robert W. Miller
Department of Agronomy

Ohio Agricultural Research and Development Center

Bluegrass Varieties

Kentucky bluegrass (Poa pratensis) is the grass species most often used for
turf in the midwest. Fine texture of the leaves along with the capacity to produce
numerous shoots and rhizomes make this grass well suited for use in lawns, golf
course fairways and tees, cemeteries, and recreational establishments such as parks
and playgrounds.

Some varieties of Kentucky bluegrass have become well known. In 1936, Merion
was selected from common Kentucky bluegrass growing at the Merion Golf Club near
Philadelphia. Research in Ohio has shown Merion to be superior to common Kentucky
bluegrass. It is resistant to the leaf spot disease but susceptible to rust and
stripe smut. In many cases stripe smut infestations have ruined Merion turf. It
requires high nitrogen fertilization and tends to develop thatch. Merion will with-
stand closer mowing than some of the other Kentucky bluegrasses. If managed properl>
it will produce a beautiful dense sod unless stripe smut becomes a problem. Merion
has performed better in northern than in southern Ohio.

Windsor is a selection made in Ohio from an old common Kentucky bluegrass stand.
It is similar in appearance and has performed about the same as Merion in research
conducted at Columbus and Ripley, Ohio. As with Merion, stripe smut infestations
may become a serious problem in Windsor turf. Windsor also is somewhat susceptible
to the helminthosporium diseases. Windsor does well under closer mowing and recovers
quicker from damage than some other Kentucky bluegrasses.

A-20 is available only as sod. It has been outstanding in research conducted
at Wooster, Ohio. A-20 has been resistant to diseases and has produced a dense turf
free from weeds. Injured areas heal quickly, making it well adapted for use on golf
tees, football fields, and other hard use areas.

Pennstar was developed at The Pennsylvania State University and has been evalu-
ated under research conditions for several years at various stations throughout the
United States. Seed was available in 1970. It has excellent disease resistance and
produces a tight weedfree sod. Pennstar shows promise for use in golf tees and fair-
ways, home lawns, and other turfgrass areas where bluegrass is wanted.

Kenblue is a name given to a mixture of seed lots harvested from several natural
bluegrass stands grown in Kentucky. It is resistant to stripe smut but susceptible
to the helminthosporium diseases. The best use for this variety is in areas under a
medium level of management. It will not take close mowing.

South Dakota Certified Kentucky bluegrass was included in tests at The Ohio Stat
University for the first time in 1969. Its performance is not expected to be greatly
different from Kenblue.

Fylking was developed at the Swedish Plant Breeding Station, Svalof. It has not
been included in Ohio studies long enough to fully evaluate its performance. It is
described as a low-growing variety adapted to close mowing with good resistance to
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leafspot and stripe smut. This variety shows promise for use on tees, fairways,
home lawns, and similar areas*

Prato is a variety imported from Europe* It has been somewhat better than com-
mon Kentucky bluegrass in Ohio studies. Prato is fairly resistant to both helmin-
thosporium diseases and stripe smut. It does not producers dense a sod as Merion,
Windsor, Pennstar, or A-20.

Delft has not performed well in Ohio studies. It is intermediate in disease
resistance although it does have some resistance to stripe smut.

Cougar has not performed well in Ohio mainly because of its susceptibility to
leafspot. In studies at Columbus, leafspot has been more severe on Cougar than on
any other variety tested. It has a low growth habit and wide leaf blades.

Nuggett was released by the Alaska Agricultural Experiment Station and Crop
Research Division in 1965. It is dark green in color and is reported to have good
disease resistance and winter hardiness. Research in Ohio with this variety is not
sufficient for evaluation.

Sodco, a release from Purdue University, is a blend of dwarf types of Kentucky
bluegrass. It was included in Ohio studies for the first time in 1969. It is a
low growing variety and shows promise for use on tees, fairways and other turfgrass
areas where bluegrass is adapted.

Park, Newport, Newport C-l, Nudwarf, Delta, Arboretum, and Campus have not
performed as well as Kentucky grown common bluegrass in Ohio studies.

Other named varieties in Ohio studies are A-10, A-34, Arista, Southport,
Palouse, Geary, Primo, Beltruf, and Zwartburg. They have not been included in Ohio
studies long enough for evaluation.

B entgras s Va r i e 11e s

The bentgrasses are well adapted to cool humid regions. High temperature is
the chief limiting factor in producing good bentgrass turf. Bentgrasses are among
the most tolerant turfgrasses to low temperature injury. Bentgrasses require abun-
dant moisture either as rain or by irrigation. In recent years, bentgrass adaptation
has extended farther south as a result of improved management practices to reduce
the ill effects of high temperatures.

The performance of a bentgrass variety varies greatly from location to location
within its area of adaptation. Often one turfgrass manager is able to produce a good
turf with a particular variety while his counterpart fails. In order to grow top
quality bentgrass, it is necessary to select an adapted strain and adjust management
practices to take advantage of the strong point of the strain and to fit local condi-
tions .

Most putting greens in the cool humid regions of the United States are estab-
lished with bentgrass. In many cases, Poa annua soon becomes a dominant part of the
turf. Bentgrass also is used extensively for tees and fairways. High maintenance
requirements limit its use for home lawns. Bentgrasses will do well under semi-arid
and arid conditions provided temperatures are not too high and ample water is avail-
able for irrigation.
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Three bentgrass species are used for turf in the United States. Agrostis
palustris Muds., creeping bentgrass, is used on golf greens and on some tees and
fairways. Agrostis tenuis Sibth., Colonial bentgrass, is used on some golf fair-
ways, tees and home lawns. It is inferior to creeping bentgrass for golf greens,
Agrostis canina L., velvet bentgrass, is used in parts of the northeastern states,
New England, and sections of the Pacific northwest with mild weather. It is used
for bowling greens, golf course turf and home lawns.

Creeping bentgrass is established either from vegetative parts or from seed.
Velvet and Colonial bentgrass are seeded.

The following discussion of bentgrass varieties and strains is based on obser-
vations in Ohio. Performance in other states may vary. All bentgrass varieties
are susceptible to some diseases, therefore disease resistance will be discussed on
a relative basis.

Creeping Bentgrass Varieties

Seeded Varieties: Penncross was developed at The Pennsylvania State University,
First generation seed is harvested from the random crossing of three vegetative
strains. Seed harvested from later generations may contain sufficient variation to
cause patches in the turf. Penncross is a good creeper, has a vigorous growth rate,
is dark green in color, and has a tendency to thatch unless mechanical thinning is
practical. It is more resistant to diseases than most bentgrasses. Penncross will
do best under high fertility. It has performed well in Ohio studies.

Seaside seed contains sufficient variability to cause the turf to appear as a
mass of patches. The turf quality of Seaside is lower than most creeping bentgrasses.
It produces numerous stolons, has a vigorous creeping habit, and is below average in
disease resistance. Seaside has a tendency to grain but does not thatch greatly com-
pared to other creeping bentgrasses.

Vegetatively Propagated Varieties

Cohansey (C-7) has been one of the outstanding varieties in Ohio tests. It is
light green in color, not particularly susceptible to disease, has excellent regrowth,
and is adapted to a wider range of climatic conditions than many bentgrasses. Also,
it is more tolerant of hot weather than most other bentgrass varieties. Cohansey
does best under high fertility levels. Grain, thatch, and swirl are not major main-
tenance problems.

Toronto (C-15) is aggressive, dark green, fine textured, and has good regrowth.
It has performed as well as Cohansey in northern Ohio. Growth is best during cool
weather. Thatch, grain, and swirl are not excessive. Performance is best under a
good fertility level. Disease resistance is good compared to other bentgrass vari-
eties.

Arlington (C-l) was selected at Arlington, Va. by the U.S. Golf Association
Greens Section and the Crop Research Division, USDA. Arlington is tolerant to lower
levels of fertility than most creeping bentgrasses; however, at higher levels of ni-
trogen it has a more upright growth habit and swirls less. It is light blue-green
in color, has good disease resistance, and does not thatch excessively if mowed at
3/16 to 1/4-inch. It has not performed well in Ohio studies.



Old Orchard (C-52) was selected in Wisconsin. This variety is light blue-green
in color, has good regrowth and does not thatch, grain, or swirl excessively. It
does not grow well during hot weather and is average in disease resistance. A good
fertility program is necessary for good growth. It has been inferior to Cohansey,
Penncross, and Toronto in Ohio studies.

Congressional (C-19), a selection from Maryland, is dark green in color, has
excellent regrowth, is average in disease tolerance, and does not have a tendency to
grain, thatch, or swirl. Growth is good in hot weather if enough water is applied.
Performance is best under high fertility. In Ohio studies, Congressional has been
inferior to Penncross, Cohansey and Toronto.

Evansville is a dark green variety selected in Indiana. Performance ratings in
Ohio studies have been about the same as for Washington, Congressional, and Arlington
Disease resistance is good. Thatch buildup is rapid unless mechanical thinning, aeri
fication, and topdressing are frequent.

Pennpar was released by the Pennsylvania Agricultural Research Station. Color
is best described as dark green. It has good disease resistance, is medium textured,
and does not have a vigorous growth rate. Thatch buildup is not a problem if good
management practices are followed. Quality ratings have been high in Ohio studies.

Nimisila, an Ohio selection, is vigorous, dark green in color, has excellent re-
growth, and is susceptible to brown patch. Although it has performed well on several
golf courses in Ohio, it has not rated high in test plot studies at Wooster and
Columbus, It produces a good putting surface and does not have a tendency to thatch
or grain.

Washington (C-50), a joint release of the U.S. Golf Association Greens Section
and the USDA, is light green in color during the growing season but turns to a dark
blue-green or purple in early fall. It is tolerant to hot weather but remains dor-
mant longer during cool weather than most creeping bentgrasses. Although many in-
vestigators have reported good-texture, coarseness has been observed in Ohio studies.
It is relatively free from thatch, grain, and swirl. Dollar spot may become a prob-
lem unless a good preventive fungicidal program is followed. Quality ratings have
been low in Ohio studies.

Pennlu, Collins, and Metropolitan (C-15) have not been extensively studied in
Ohio. Twin Orchards, an experimental selection, has performed well in limited
studies,

Colonial Bentgrass Varieties

Astoria originated in Oregon. It has a weak creeping habit because stolons are
short and slow growing. The color is light green and foliage may be soft and succu-
lent. Best quality turf is obtained under a medium fertility level becuase of soft
succulent growth under high fertility. Thatch is not a problem with this variety.
Some variation in seed is found resulting in patchy appearing turf. It has not per-
formed well in Ohio under close mowing.

Highland, released by the Oregon Agricultural Research Station in 1934, has a
weak creeping growth habit but is superior to Astoria in this respect. It is slow
to heal and like Astoria does not perform well under close mowing. Some variation
in seed is common. Highland is bluish-green in color and has an upright growth
characteristic.



Exeter was developed by the Rhode Island Agricultural Experiment Station. It
has good disease resistance, is bright green in color, and does not have a tendency
to thatch. In Ohio studies performance has been inferior to Astoria and Highland.

Holfior was introduced from the Netherlands. It is dark green in color, has an
upright growth habit, and a moderate rate of spread. It has been rated about equal
to Exeter in Ohio studies.

Velvet Bentgrass Varieties

Kingstown is the only velvet bentgrass variety presently included in Ohio
studies. Data collected are not sufficient to rate it. Other varieties are Piper,
Raritan, and Kernwood.

Red Fescue Varieties

Red fescue was introduced from Eruope. In the midwest it is used for lawns,
golf course roughs, and other turfgrass areas where minimum maintenance is desir-
able. It is well adapted on sandy soils, is fairly shade tolerant, will not stand
close mowing, and will deteriorate under a high fertility program.

Named varieties of fine leaf fescues are Wintergreen, Pennlawn, Illahee, James-
town, Ruby, Rainier, Golfroad, Arctared, Duraturf, Oasis, Highlight, Boreal, Erika,
Brabantia, Reptans, Barfalia, Sceempter, Durlawn, Cascade, Fortune and Dawson. Many
of these have not been evaluated for any length of time.

Illahee and Pennlawn have been included in many studies throughout the Midwest.
Both are superior in performance to common red fescue. They have fair disease re-
sistance.

Perenni al Ryegrass Vari etles

Perennial ryegrass has been used extensively as a so called nnurse cropn with
new turfgrass seedings, as a temporary grass, to overseed damaged football fields,
tees, etc., and to overseed bermudagrass greens. Common perennial ryegrass does
not produce quality turf. It has a coarse appearance, produces a thin turf espe-
cially in hot weather, and is unsightly after mowing. It is often included in cheap
seed mixtures. In Ohio studies perennial ryegrass persists in turf.

Several newer varieties are much more desirable than common perennial ryegrass.
Manhattan has better mowing quality, is finer in texture and produces a better turf
than common. Norlea, NK 100, and Pelo are other varieties that are superior to com-
mon.

Other named varieties are Brabantia, Combi, and Pennfine.

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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SOIL TESTING TO DETERMINE FERTILIZER NEEDS

Robert W. Miller
Department of Agronomy

Ohio Agricultural Research and Development Center

Why Soil Tests Are Needed

Soil testing is the only practical way to estimate turfgrass lime and fertili-
zer needs. Dependable procedures to determine turfgrass fertility requirements
from tissue tests have not been developed.

Many turfgrass managers routinely add fertilizer and lime without any knowledge
of the fertility status of the soil. Insufficient lime or fertilizer results in low
quality turf. Excessive lime or fertilizer may also cause poor turf and is wasteful.
Soil testing will help in setting up a realistic fertilizer program.

When and How to Sample

Samples may be taken any time the soil is not frozen. However, they should be
submitted in plenty of time to allow the laboratory to analyze them and return the
results before you establish the turf or start a maintenance program. Two to 3
weeks are usually sufficient.

A soil sample that is not representative of the area sampled will result in
incorrect lime and fertilizer recommendations. To obtain a representative sample,
collect small cores from several places in the area to be fertilized and make a com-
posite sample from them. For example, 15 to 30 cores from a golf green will make a
good sample. One composite sample from a fairway may be sufficient, but if soils
vary greatly within a fairway more samples are desirable.

Samples should be taken to a depth of approximately 6 inches on turfgrass areas
to be established. Sample established turf to a depth of about 3 inches.

What Soil Test Results Indicate

Results from a properly taken soil sample tell the fertility status of the soil.
Many samples are received at the soil testing laboratory with letters stating that
turf cannot be grown and wanting to know why. Results from a soil test will answer
this question only if the limiting factor is a lack of lime or fertilizer. The 1001
other reasons why grass may not grow cannot be determined from a routine soil analy-
sis.

A soil test should give an answer to fertility problems such as deficiencies or
excessive amounts of potassium, phosphorus, magnesium, calcium, manganese, boron, or
zinc. It would also indicate possible problems from high soluble salt concentrations.

Available Tests

The turf and garden test (Soil Testing Laboratory, The Ohio State University)
consists of pH, lime deficit, available phosphorus, exchangeable potassium, and
soluble salts. A test including exchangeable calcium and magnesium, Ca:Mg ratio,
cation exchange capacity, and percent base saturation is available at an additional
cost. Available manganese, boron, and zinc are offered on an individual basis, A



physical test for soil fraction analysis (texture) consisting of the percentage of
organic matter, clay, sand, and silt in the soil Is also offered.

The immediate nitrogen needs of turfgrasses growing on a mineral soil depend
more on the system of management than on the soil type. Nitrogen does not accumu-
late in the soil to any great extent. Therefore, nitrogen fertility should be
treated on a periodic basis (two or more applications yearly depending on the type
of grass and nitrogen source) according to the growth rate desired and the weather
conditions,

Lime Recommendations

The lime recommendations for turfgrasses to be established are based on the
amount of lime necessary to raise the pH of the soil to 6.5 for a depth of 6 inches.
Lime should be mixed as thoroughly as possible throughout the top 6 inches of soil,

The lime recommendations for turfgrasses already established are based on the
amount of lime necessary to raise the pH of the soil to 6.5 for a depth of 3 inches.
Lime cannot be incorporated in the soil on established turf. Therefore, on identi-
cal soils with the same pH levels the lime recommendation for established turf is
one-half that for turf to be established.

There Is one other difference between lime recommendations for established turf
and turf to be established. If the turf is to be established, sufficient lime is
recommended to raise the pH to 6.5 If the pH is lower than 6.5. On established turf
lime is recommended only if the pH is below 6.0; however, If the pH is lower than
6.0, enough lime is recommended to raise the pH to 6.5 (upper 3 inches of soil),

Lime use on established turf should not exceed 2 tons per acre per application.
Therefore, split spring and fall applications if the lime deficit is large.

The lime recommendations are based on the use of agricultural ground limestone.
If another material is used adjust the recommendations as shown in Table 1. Agri-
cultural ground limestone has a total neutralizing power of 90.

TABLE 1.--Relative Value of Liming Materials

Material Lb. of Material to
90 or More Percent Equal One Ton of

Total Neutralizing Passing Through Agricultural Ground
Power No, 100 Sieve Limestone

Coarse Meal 20-29 2600
Fine Meal 30-39 2400•s
Agricultural Ground Lime 40-59 2000

Pulverized 60-79 1700
Super Fine 80-100 1600
Hydrated (130 TNP) 1200
Hydrated (160 TNP) 1000
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Phosphorus and Potassium Fertilization of Turf to be Established

The amount of phosphorus and potassium recommended on soils to be seeded or
sodded to turf depends on the level of these elements in the soil, the type of grass,
and the use to be made of the turf* Corrective applications, if needed, should be
made to bring the potassium and phosphorus levels up to an adequate level. Correct-
ive applications of phosphorus and/or potassium are needed if soil test levels are
below those indicated in Table 2. The Bray 1 method is used for phosphorus analysis.
Exchangeable potassium is determined by using a neutral IN NHLOAc extracting solution

TABLE 2.—Potassium and Phosphorus Levels Below Which Corrective Applications
Are Suggested.

Turf Type
Phosphorus

Level
Potassium Levels

Clay Soils Sandy Soils

Greens and Tees 98 201 201

Home Lawns, Athletic
Fields, Fairways

Roadsides and Airports

37

30

151

151

121

121

The amounts of fertilizer needed to raise phosphorus and potassium to adequate
levels are shown in Tables 3, 4, and 5, Corrective application of fertilizer should
be worked into the soil to a depth of 3 to 6 inches. A starter fertilizer is needed
in addition to the corrective application. Rates are shown in Table 6.

Fertilization of Established Turf

A good fertility program for established turf consist of (1) corrective appli-
cations to bring the soil phosphorus test level up to 32 Ib. per acre and the potas-
sium test level to 140 Ib, per acre and (2) a sound maintenance program. Amounts of
fertilizer necessary for corrective treatments are shown in Table 7.

If a large amount of corrective potassium is required, make monthly split appli-
cations of a maximum of 2.5 Ib. K20 per 1000 sq, ft* (110 Ib. per acre) to prevent
burning the grass. Large amounts of phosphorus will not burn grass; however, in
some cases it may be beneficial to make split applications.

A maintenance program is not easy to develop. The turfgrass manager must take
into consideration the type of turf desired, the weather conditions, the source of
nitrogen used, cost, soil conditions, and other factors. Suggested programs are out-
lined in Table 8.

Excessive applications of fertilizer may build high levels of soluble salts in
the soil. Injury to turfgrass may result. Soluble salt concentrations can be low-
ered by frequent applications of large amounts of water.

Soil from turf areas should be sampled every 2 to 3 years even though regular
applications of fertilizer are made. If problem areas are present, sample them
separately.
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TABLE 4. --Corrective Fertilization to be Incorporated into the Rootzone for
Establishment of Greens and Tees.

Soil P Test APP^ Lb- Per Soil K Test Apply Lb' Per
1000 Sq. Ft. . 1000 Sq. Ft.

0-12
13-22

23-32
33-42

43-52
53-62

63-72
73-82

83-92
93-97

98+

P205

23.5
18.4

16.1
13.8

11.5
9.2

6.9
4.6

2.3
1.2

0

0-20-0

118
92

85
69

58
46

40
23

12
6

0-46-0

51
40

35
30

25
20

15
10

5
3

0-80
81-100

101-120
121-140

141-160
161-180

181-200
201 +

K2Q

30.0
25.2

23.5
16.1

11.5
6.9

2.3
0

0-0-60

50
42

39
27

19
12

4
0

The corrective application of fertilizer should be worked into the soil to a
depth of 3 to 6 inches.

In addition to the corrective treatment a starter fertilizer of 23 Ib. per
1000 sq, ft. of 15-20-10 or equivalent should be worked into the surface inch of
the soil.
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TABLE 5.— Corrective Fertilization to be Incorporated into the Rootzone for
Establishment of Turf at Roadsides and Airports.

Soil P Test

0-9
10-19

20-29
30+

P2°5
300
200

100
0

Apply Lb.
Per Acre

0-20-0

1500
1000

500
0

Soil K Test .

0-46-0

652
435

217
0

0-80
81-100

101-120
121-140

141-150
151 +

Clay

K20

300
250

200
100

50
0

Apply Lb.
Per Acre

Soils

0-0-60

500
416

333
166

83
0

Sandy

K20

150
100

50
0

0
0

Soils

0-0-60

250
166

83
0

0
0

The corrective application of fertilizer should be worked into the soil to a
depth of 3 to 6 inches*

In addition to the corrective treatment, a starter application of 500 Ib, per
acre of 10-20-10 or equivalent should be worked into the top inch of soil.

Type of Turf

TABLE 6.—Starter Fertilizer Recommended atEstablishment

Recommendations

Merion, Pennstar, Windsor, Fylking,
A-20, Kentucky Bluegrasses, and
Bentgrasses

Common Kentucky bluegrass and similar
bluegrasses and fescue

1000 Ib. per acre or 23 Ib. per 1000 sq,
ft. of 15-20-10 or equivalent in upper
2 inches of seedbed

1000 Ib. per acre or 23 Ib. per 1000 sq,
ft. of 10-20-10 or equivalent in upper
2 inches of seedbed

-12-





TABLE 8.--Maintenance (Annual) Fertilizer Program

Type of Turf
Date to Apply
Fertilizer

*Total Annual Amount
to be applied

Annual Fertilizer
Lb. per 1000 sq. feet
N K20

Men" on, Pennstar,
A-20, Fylking and
improved Kentucky

Windsor,
other
bluegrasses

Sept
Mar.
June
July

. 1-15
15-Apr.
1-15
15-Aug.

15

15

2
1
1
1

1/3
1/3
1/3

Common, Park, Delta
Newport, and s imilar
Kentucky bluegrasses

Creeping Red Fescue

Bentgrass:
Fairways

Bentgrass:
Tees and Greens

Sept. 1-15
May 15-June 15
July 1-15

*Total Annual Amount
to be applied

Sept. 1-15
June 15-July 15

2
1
1

*Total Annual Amount
to be applied

Use schedule outlined
for Merion, Kentucky
bluegrass, etc.

Make monthly application
of 1 to 2 Ib. N per 1000
sq, feet or bi-monthly
applications of 0*5 to
1 Ib. per 1000 sq. feet
from early April thru
mid September. Split
?2®5 anc' ̂0 application
Spring and Fall or apply
with nitrogen. 8

*The N should be applied during the dates specified.
The PgOs and K20 may be applied with the N i n a complete fertilizer or in

separate spring and fall applications. These recommendations are based on nitro-
gen sources that are 85 percent or more water soluble. When less water soluble
nitrogen sources are used, more total nitrogen should be used.

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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TURF RENOVATION

Merle H. Niehaus and Glover B. Triplett, Jr.
Department of Agronomy

Ohio Agricultural Research and Development Center

The most serious weed problem in Kentucky bluegrass turf is contamination with
other perennial grasses. These grasses are a problem because they are of a differ-
ent texture than Kentucky bluegrass and grow at a different rate, causing unsightly
clumps or patches and detracting from the beauty of the turf. They are difficult
to control, and no herbicide has been developed which will remove them without harm-
ing the bluegrass.

The most common of these weedy perennial grasses in northern Ohio are tall fes-
cue, bentgrass, timothy, quackgrass, and orchardgrass. These grasses usually become
established at the same time the turf is established either from the soil or from
contaminated seed or sod. They may occasionally be introduced into an existing lawn
from seed carried by wind, birds, or equipment. Most homeowners do not notice seed-
ling plants of these perennials. After 2 or 3 years the plants cover a large area
and become quite obvious.

Unfortunately, perennial grasses cannot be eliminated by routine management
procedures. A few workers have reported that extra high rates of nitrogen ferti-
lization In early fall will make tall fescue susceptible to winter kill; however,
this high nitrogen fertilization must precede a cold winter with little snow cover
to be effective.

If only a few weedy grass plants are present, the simplest method of eradica-
tion is by digging them out and then laying sod or reseeding the bare spots. Quack-
grass, however, would be almost impossible to eradicate in this manner because of
Its rhizomes (underground stems).

Another alternative to digging is to chemically kill all vegetation, prepare
a seedbed, and reseed or sod the area. At present the best herbicide commonly
available is a mixture of dalapon and amitrol. This treatment kills most vegeta-
tion; but some grasses require repeated applications and even then, 100 percent con-
trol of quackgrass has been difficult to achieve. A disadvantage is that a 4 to 6-
week wait before seeding is required.

Research now underway is aimed at determining the best herbicide or combination
of herbicides for this purpose. Also included is evaluation of some of the newly
developed herbicides. The goal is a one-application spray which will kill all vege-
tation, but will allow reseeding soon after application. Inhibition of annual weeds
with the same spray would also be desirable. Such a spray is not presently avail-
able, but early results on work underway indicate that it may be developed.

Currently, a number of herbicides are being evaluated in various combinations.
Results to date have been encouraging, but more work is needed to define the best
combination of herbicides, rates, date of application, and pretreatment management
of the sod.

The second phase of turf renovation is seedbed preparation and seeding. The
conventional approach is to plow or rototill several inches deep, and then harrow
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and rake until a firm seedbed is obtained. The seed is usually broadcast and a
mulch applied to hold the seed and soil in place and to conserve moisture.

Current investigations indicate that seedings can be made with a minimum dis-
turbance of the soil, expecially if the area is smooth and a change in grade is not
needed.

One key to a successful seeding is good seed-soil contact. The most promising
methods of seeding have involved the use of dethatchers, verticutters, and core aer-
ators alone and in combination to open the soil enough to get the necessary seed
to soil contact* All of the dead grass need not be removed or buried. In fact, a
portion left on the surface acts as a mulch to prevent erosion of the new seeding,
conserve moisture, and allow light traffic on the area without damage.

The best seedbed preparation technique is not yet known. A successful seeding
was made in front of the east half of Williams Hall on the Ohio Agricultural Re-
search and Development Center campus by verticutting the killed turf twice, remov-
ing the loosened grass and thatch, and broadcasting seed. Seedlings developed in
the grooves left by the verticutter and appeared to have been planted in rows.

Information still needed is the best date for seeding, the most desirable type
and amount of seedbed preparation, the amount of thatch that should be left on the
surface, and the type and amount of fertilizer needed.

This research should result in a rapid method of renovating Kentucky bluegrass
turf with a minimum of inconvenience for the users of the turf, and essentially an
elimination of erosion problems.

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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PRE-EMERGENCE CONTROL OF ANNUAL GRASSES

Robert W. Miller
Department of Agronomy

Ohio Agricultural Research and Development Center

Use of pre-emergence herbicides for control of crabgrass and other annual
grasses has been a common practice for some time. As early as 1930 the Ohio Agri-
cultural Research and Development Center (then the Ohio Agricultural Experiment
Station) conducted experiments on the use of lead arsenate for the control of crab-
grass in Kentucky bluegrass. Discoloration and reduced growth of the grass were
reported; however, good crabgrass control was reported on moderately acid soils.

Annual Grasses Controlled

In recent studies at The Ohio State University and the Ohio Agricultural Re-
search and Development Center, several pre-emergence herbicides have given 90 to
100 percent crabgrass (Digitaria spp.; control (Table 1). The same materials have
been less effective in controlling silver crabgrass (Elusine indica). Annual fox-
tails, although usually not a problem in well managed turf, can be effectively
controlled with pre-emergence herbicides. Many other annual grasses are controlled
to a greater or lesser degree by pre-emergence treatment with herbicides.

Poa annua is one of the most troublesome annual grasses on golf courses and in
5ome other turfgrass areas where grass is mowed short and watered frequently. Two
applications per year of any one of several pre-emergence herbicides will prevent
nost Poa annua seeds from germinating or becoming established. Tupersan is an
exception. It has little or no effect on the germination and development of Poa
3nnua.

TABLE 1 .--Pre-emergence Control of Annual Grasses

lerbicide Control of

Crabgrass Silver Crabgrass Foxtail Poa annua*

landane

J a l a n

•etasan

irsenate

lacthal

"upersan

iZak

excellent

excellent

excellent

erratic

excellent

excellent

excellent

fa i r to good

fa i r

poor to fair

erratic

fai r

fair to good

poor to fair

excellent

excellent

excellent

erratic

excellent

excellent

excellent

good

good

good

good

good

none

good

^Ratings are on preventing plants from establishing from seed. Eliminating
stablished Poa annua is not considered in this rating.
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Turfgrass Injury

No pre-emergence herbicide is completely safe to use on all turfgrasses. When
improperly used, any herbicide may seriously damage grasses relatively unaffected
when used as recommended.

Some grasses are more sensitive to pre-emergence herbicides than others. Al-
though several materials are fairly effective in preventing Poa annua from becoming
established, some are likely to severely injure bentgrass turf where Poa annua is
often a problem. Fine fescues are more likely to be injured by pre-emergence herb-
icides than Kentucky bluegrass. Read the label and apply the herbicide only to
grasses listed and at the rates recommended.

Varieties within a species vary in their tolerance to pre-emergence herbicides.
For example, Dacthal is not labeled for use on Cohansey and Toronto bentgrasses
because they are more sensitive to this herbicide than several other bentgrass
varieties.

It is unlikely that a pre-emergence herbicide is ever applied to turfgrasses
without some influence on the desirable grass. Work conducted at The Ohio State
University and the Ohio Agricultural Research and Development Center showed that
shoot numbers were reduced when Dacthal and Zytron were applied to Kentucky blue-
grass turf (Table 2). Bandane applied at the recommended rate of 35 Ib. per acre
did not affect shoot number. Tupersan applications reduced shoots in 1966 but not
in 1965.

TABLE 2.--Shoot Counts from a 4.25 Inch Diameter Core of Kentucky Bluegrass as
Affected by Several Herbicides

Herbicide Rate in Lb. per Acre 1965 1966

Bandane

Bandane

Dacthal

Dacthal

Tupersan

Tupersan

Zytron

Zytron

Control

L. S. D.
L. S. D.

35

70

10

20

10

20

15

30

—
for shoot counts in 1965 (.01) 41; (.05)
for shoot counts in 1966 (.01) 49; (.05)

126

113

118

97

117

119

100

50

113

30
36

179

152

134

141

158

158

141

117

197
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Most pre-emergence herbicides are known to be root inhibitors. Some of them
inhibit root growth of perennial grasses as well as annuals.

The tolerance of a grass to a herbicide is affected by management systems. It
is well known that bentgrass managed under fairway conditions is not as easily dam-
aged by herbicides as bentgrass on greens.

In work conducted at The Ohio State University and the Ohio Agricultural
Research and Development Center, differences in color, texture, and density of
Kentucky bluegrass were observed after pre-emergence herbicides were applied
(Table 3).

Use of Pre-emergence Herbicides

Pre-emergence herbicides should be used with discretion. The policy of using
these materials year after year as insurance against annual grass invasion is
likely to result in poorer turf quality* Do not use pre-emergence herbicides un-
less annual grasses are known to be a problem. Follow the instructions for appli-
cation.

Which Material to Use

Pre-emergence herbicides are listed in Table 4 by common names, technical
names, commercial names, and brand names*

TABLE 3.—Visual Ratings of Kentucky Bluegrass Treated with Pre-emergence
Herbicides

Herbicide

Bandane

Bandane

Dacthal

Dacthal

Tupersan

Tupersan

Zytron

Zytron

Control

Rate in Lb,
per Acre

35

70

10

20

10

20

15

30

—

Color

light green

green

dark green

dark green

green

green

dark green

very dark green

green

Texture

fine

medi um

medium

medi um

medi um

medium

medium coarse

coarse

fine

Densi
1965

8.3

7.5

7.3

7,0

8.0

6.3

6.3

3.5

8.0

ty*
1966

8,0

7.0

6.5

6.8

7.5

6.3

6.3

4.3

7.3

*Density scale: 10 = most dense; 1 = least dense
L. S. D. for density in 1965 (.05) 0.9; (.01) 1.2
L. S. D. for density in 1966 (.05) 1.3; (.01) 1.7
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Arsenicals, usually in the form of lead or calcium arsenate, are the oldest
pre-emergence herbicides available. They are highly toxic to animals. They do not
perform well on high phosphorus soil, which accounts in part for their erratic con-
trol of annual grasses. The main use of arsenicals by turf managers is for annual
bluegrass control.

Azak may damage turfgrasses unless application rates are precise. Control of
some annual grasses is good with Azak; however, the likelihood of damage makes it
a poor selection. After spring use, grasses can be reseeded in the fall.

Balan at recommendation rates of 1-1/2 to 2 Ib. per acre have not given con-
sistent annual grass control in research conducted at The Ohio State University and
the Ohio Agricultural Research and Development Center. Application rates of 3 Ib,
per acre have given excellent control but often result in some injury. Grass can
be successfully seeded 6 to 8 weeks after using Balan.

Bandane is effective for controlling several annual grasses. It is one of the
safer materials to use on Kentucky bluegrass turf. Closely related to Chlordane,
it gives some control of ants, grubs, and certain other insects. Seedings should
not be made for about 6 weeks after Bandane is applied.

Betasan is one of the safest pre-emergence herbicides to use on bentgrass turf.
It has given good control of crabgrass and some other annual grasses at rates of 12
to IS Ib. per acre in Ohio studies. Reseeding may be successful 4 months after
application.

Dacthal applied at 10 to 12 Ib. per acre has given excellent control of crab-
grass and some other annual grasses in several years of testing in Ohio. Broad-
leaf weeds such as chickweed and purslane are also effectively controlled with
Dacthal. Delay seedings for 10 to 12 weeks after applying Dacthal,

Tupersan effectively controls most annual warm season weedy grasses. The
persistence of Tupersan in the soil is of shorter duration than most of the other
pre-emergence herbicides. Because of this it gives poor control of annual grasses
that germinate late in the season. In most years this is not a serious problem in
Ohio. Kentucky bluegrass and some other grasses can be seeded at the time Tupersan
is applied.
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Materials and Methods

Tests were conducted on a naturally infected Merion Kentucky bluegrass (Poa
pratensis) area on the State House lawn in Columbus, Ohio. The causal organism
isolated from crown and leaves of infected plants was identified as Fusarium roseum
(Lk.) Synd. and Hans, The turf was clipped at a height of 1-3/4 inches and re-
ceived 4-1/2 Ib. nitrogen per 1000 sq. feet per year. Individual plots measured
10 x 10 feet, A randomized block design with three replications of each treatment
was used.

The chemicals and rates used are given in Table 1. Each fungicide was mixed
with water and applied to the turf as a drench at the rate of 70 gal. per 1000 sq.
feet per application. Fungicide applications were made June 259 July 9, July 235
August 5, and August 17, 1970, Evidence of the disease was present when applica-
tions were initiated.

Disease ratings based on visual estimates of the percentage of turfgrass
blighted were taken on Sept. 10, 1970. An analysis of variance and Duncan's Mul-
tiple Range Test were computed from these ratings.

Results and Discussion

The experimental data in Table 2 indicate that significant disease control
was achieved with benomyl (8.0 oz.) and thiophanate (2.0 oz. and 4.0 oz.). Plots
treated with these materials were also superior in color and had improved turf
density (Figures 3, 4, 5). T-OM (4.0 oz.) (Figure 6), thiabendazole (4.0 oz.)
(Figure 7), chlorothalonil + PCNB (8.0 oz.) (Figure 8), and Bromo. (5.5 oz.) (Fig-
ure 9) did not have a significant effect on Fusarium blight as compared with the
control (Figure 2).

TABLE 1.--Fungicides Used in Fusarium Blight Trial

Fungicide

benomylb

Bromo*b

chlorothalonil +
PCNBb

thiabendazole
T-OMb

•
thiophanate0

Ratea

8.0

5.5

8.0

4,0
4,0

2.0 and
4.0

Chemical Name

50% methyl l-(butyl carbamoyl )-2-
benzirnidazolecarbamate

40% bis (dimethyl thi oca rbamyol)disul fide
30% tetrachl oroi soph thai oni tri 1 e
1.8% phenyl mercuric acetate

40% tetrachl oroi soph thai oni tri 1 e
20% pentachloronitrobenzene

60% 2-4(4-thiazolyl )-benzimidazole
45% bi s( dime thy! thi ocarbamoyl) disulfide

10% 2-chloro-4-(hydroxymercuri phenol)
50% 1 >2«bis(3-ethoxycarbonyl-2-thiou-reido)

benzene
aOz. of formulation per 1000 sq. feet of turf per application. bbenomyl = Ben-

late. BromcK = Bromosan. chlorothalonil + PCNB = Daconil 2787 + Terraclor. T-Om
= Tersan OM. thiophanate = experimental fungicide formerly 3336 from the W. A.
Cleary Corporation, New Brunswick, N. J.
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TABLE 2.--Comparative Effectiveness of Fungicide Treatments Against Fusar-
ium Blight.

Fungicide Ratea Disease Rating^

benomyl
thiophanate
thiophanate
Bromo.
thiabendazole
T-OM
chlorothalonil + PCNB
control

8.0
4.0
2.0
5.5
4.0
4.0
8.0

0.3 a
1.3 a
3.3 ab
6.6 be
7.0 be
7.0 be
8.0 c
8.3 c

aOz. of formulation per 1000 sq. feet of turf per application*
bMean of three replications. 0=0% blighted turf, 10 = 100% blighted turf.

Groupings based on Duncan's Multiple Range Test (1% level). Any two means not
followed by same letter are significantly different.

This study presents supporting evidence for the effectiveness of benomyl and
also lists a new material, thiophanate, which appears to be an equally effective
chemical control agent. The disease is also amenable to chemical control even
after the symptoms are present. This is especially important because positive
diagnosis is sometimes made only in the later stages of disease development with
tlie appearance of circular patches of blighted turfgrass.

In summary, a successful Fusarium blight control program would consist of the
following:

Maintain grass in optimum growing condition, but avoid excessive nitrogen fer-
tility during hot periods of summer when disease attack may be expected.

Apply enough water to avoid stress on turf.

Thatch build-up should be eliminated by verticutting, power raking, or other
means.

A protective spray program should be used if the disease is or has been pres-
ent in the turf. Apply DuPont's Tersan 1991 (benomyl) at 4 to 6 02. or
deary's 3336 (thiophanate) at 2 to 4 oz. in 5 gal. of water per 1000 sq. feet.
For better penetration in heavily thatched areas, use extra water. Applica-
tions should start in early June and continue through August at 7 to 14 day
intervals.
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Fig. 6.--Nonsignificant con-
trol with T-OM (4.0 oz.).

Fig. 7.—Nonsignificant control
with thiabendazole (4 oz.).

Fig. 8.—Nonsignificant control Fig. 9.--Nonsignificant control
with chlorothalonil + PCNB (8.0 oz.). with Bromo. (5.5 oz.).

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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THATCH REGULATION

Robert W. Miller
Department of Agronomy

Ohio Agricultural Research and Development Center

The Turfgrass and Crop Terminology Committee of the American Society of Agron-
omy has defined thatch as a "tightly intermingled layer of living and dead stems,
leaves, and roots of grass, which develops between the layer of green vegetation
and the soil surface," Although the terms ffmatn and nfelt!f have been used by some
authors, thatch is the preferred term.

Thatch has long been recognized as a problem on highly managed turfgrass areas
Golf course superintendents have aerified and top-dressed greens for many years.
Part of the benefits of these management practices is to help control thatch,

Thatch Hinders Water,Minerals and Pesticides

Thatch appears to hinder plant growth in many ways* Mineral elements applied
on the surface are intercepted before they reach the soil. Because of this and
other reasons, plant response to fertilization is impeded. Larger applications be-
come necessary to meet needs for good plant growth. Often increased fertilization
will not correct the problem*

The undecomposed layer of dead plant parts creates a good environment for dis-
ease organisms and insects to multiply and thrive. This coupled with decreased ef-
fectiveness of fungicides and insecticides caused by thatch formation greatly in-
creases pest control problems.

Water penetration is greatly inhibited by thick thatch layers. Thus, more wa-
ter is lost through runoff. The root system of the turf is shallow under heavy
thatch and the plant cannot make effective use of water in the soil.

The overall effect of thatch buildup is a turf low in vitality,, easily subject
to drought, and often affected by disease and other pests. The weakened turfgrass
plant is easily injured by any stress conditions which may develop as a result of
adverse environmental conditions.

Causesof Thatch

Any condition that increases vegetative production and the subsequent death of
plants or plant parts favors thatch development. Likewise, any factor that slows
down organic decomposition favors thatch formation.

Although most turfgrass species are perennials, an individual turfgrass plant
does not live forever. Plants continually die and are replaced. Many plant parts
are replaced annually in the normal sequence of growth. The majority of roots of
most perennial grasses die each winter, and new ones are formed in the spring. All
of this contributes to thatch buildup. In addition, management practices used to
grow quality turf produce more plants and more vegetative growth per unit of area.
This is one of the reasons why the worst thatch problems occur in turfgrass grown
under high management systems*
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Factors Affecting Thatch Buildup

Clay Soil: more thatch is known to form on heavy than on light textured soils,

Disease and Insects: disease and insect problems, when severe enough to kill
grass, add to the thatch problem.

Weeds: some weeds such as nimblewill contribute to thatch buildup,

Soil Compaction: more thatch will form when soil is compacted, provided it is
not compacted enough to greatly reduce growth,

Nitrogen Fertilization; excessive nitrogen fertilization speeds up thatch for-
mation,

Soil pH: although low soil pH has often been talked about in relationship to
thatch, research to date has not shown it to be a major cause of thatch development.

Mowing Height: the higher the grass is cut the more thatch will develop.

Useof Pesticides: the use of insecticides such as chlordane, aldrin, dieldrin;
and arsenic will speed up thatch formation. It is also thought that the use of fung-
icides may favor thatch development.

Mechanical Control Recommended for Thatch

Today most of the efforts are toward mechanical control. The thatch layer is
physically dug out by use of vertical mowers or other mechanical devices and removed
by raking. Aerification followed by topdressing is one of the most effective ways
to control thatch.

Thatch should be removed from most bluegrass or bentgrass areas at least once
per year. After considerable thatch has accumulated, it is difficult to remove with-
out drastically injuring the turf. There should be green growing points remaining
after the renovation is completed, otherwise brown areas may be too severe and ex-
tensive. Inexperienced operators, on the other hand, are often afraid to remove
enough thatch and vegetation. Removal of the thatch and up to 50 percent of the
grass may be desirable,

Renovation Program Should Include Fertilization

Bluegrass and bentgrass renovation is most often done in the fall. Spring is
also an acceptable time, provided the job is completed very early. Fertilization is
generally favored at the same time,

Topdressing with soil is often used on golf greens. If a thatch layer has al-
ready developed, top dressing will not eliminate the problem. Vertical mowing and
aeration followed by top dressing is usually necessary.

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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EFFECT OF TEMPERATURE ON THE GERMINATION
AND SEEDLING DEVELOPMENT OF TURFGRASSES

P. R* Henderlong
Department of Agronomy

Ohio Agricultural Research and Development Center

The successful establishment of a good quality, dense turf sod reflects the
biological interactions among the individual grass plants and their environment.
The rapidity of the early stages of grass establishment is closely associated with
the germination and seedling growth characteristics of each species or variety.

Several grass species, such as the ryegrasses, characteristically exhibit both
a relatively rapid rate of germination and seedling growth. Others, however, may
exhibit slower germination rates but a rather rapid seedling growth rate once germi-
nation has occurred. Many varieties of Kentucky bluegrass and the red fescues ex-
hibit this latter characteristic. The bentgrasses, in general, tend to germinate
rather quickly but exhibit a relatively slow rate of seedling growth.

Seed germination rates are commonly a function of seed quality and/or viability
as well as seed coat permeability. If the seed coat is not permeable, water move-
ment into the seed is restricted and germination is delayed. Seed coat permeabil-
ity or "hard seed11 is frequently a characteristic common to a particular species.
Hard seed coats are more commonly a problem with legume and/or broadleaf species
than with grass species.

Seedling growth rate is closely associated with seed size. Species with largei
seeds usually exhibit more rapid seedling growth rates.

When the new turf area is seeded to a monostand (pure seeding of one species),
differential germination and seedling growth rates are not a major problem. How-
ever, when seed mixtures are used to establish polystands, differential germination
and seedling growth rates must be considered in making compatible seed mixtures.
For example, a polystand of ryegrass and bluegrass is more difficult to establish
than a polystand of bluegrass and red fescue. In a seed mixture of ryegrass and
bluegrass, the ryegrass will be the dominant species during the early stages of the
sod due to its rapid germination and seedling growth compared to the bluegrass. The
rapid seedling growth rate of the ryegrass increases the relative competitiveness of
this species in the polystand and further delays the effective establishment of the
bluegrass. Polystands of bluegrass and red fescue are easier to establish because
the germination and seedling growth rates of the two species are more similar.

Temperature affects both the rate of germination and seedling growth rates,
The net effect of temperature on establishment varies among the species due to the
differential effect on germination and growth rates.

Several greenhouse and controlled environmental chamber studies have been con-
ducted during the past 2 years to evaluate the effect of temperature on germination
and seedling growth rates of eight different grasses commonly used for turf areas
in Ohio.
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The grasses used for these studies are

Common Name

perennial ryegrass
creeping red fescue
Kentucky bluegrass
Kentucky bluegrass
creeping bentgrass
colonial bentgrass
tall fescue
rough stalked bluegrass

Pelo
Pennlawn
Park
Merion
Penncross
Highland
Kentucky-31
"common"

Scientific Name

Lolium perenne, L.
Festuca rubra, L.
Poa pratensis, L.
Poa pratensis, L.
Agrostis palustris, Huds.
Agrostis tennis, Sibth.
Festuca arundinacea, Schreb,
Poa trivialis, L.

Systems of 90-80° F., 75-65° F., and 60-50° F. day-night temperature regimes
were used for all controlled environmental chamber studies. A 14 hour photoperiod
was used.

In the first experiment, the seeded flats were placed directly into their
respective temperature chambers. Therefore, the results from this experiment are
a manifestation of temperature effects on both germination and seedling development.
The data showed that the average rate of germination (measured as seedling emergence}
for all temperature regimes was Pelo > Pennlawn > Penncross = Ky 31 > Highland >
Park > Merion (Table 1). Optimum germination for Pelo, Pennlawn, Park and Merion
was observed at the 75-65° F. temperature regime; Ky 31 at either 75-65 or 60-50° F.
There was no measureable effect of temperature on the germination of Penncross and
Highland bentgrasses.

TABLE 1.—The Influence of Temperature on the Germination of Seven Common
Turfgrasses.

Percent Germination

10 Days After Seeding 21 Days After Seeding

Pelo ryegrass

Pennlawn red fescue

Penncross bentgrass

Highland bentgrass

Ky 31 tall fescue

Park bluegrass

Merion bluegrass

90-80°F.

67

46

55

78

39

34

1

75-650F.

95

89

63

62

59

58

18

60-50°F.

65

45

50

66

62

33

0

90-80°F.

70

53

52

68

50

35

10

75-65°F.

97

95

79

78

80

81

45

60-50°F.

93

73

53

68

93

68

40

*Day-night temperature
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The optimum temperature range for germination is from about 65° F, to about
85° F. for most cool season turfgrasses. Within this range, the ryegrasses, creep-
ing bentgrasses, and redtop germinate best at the cooler temperatures. The blue-
grasses, fescues, and colonial bentgrasses germinate more rapidly at the mid or high
temperature end of this range.

Temperatures below 45° F. seriously retard the germination of most turfgrasses.
Temperatures above 90° F. also adversely affect germination. High temperatures
alone, below 110° F., may not necessarily be deti^aental. The major problem with
high temperature relates to its adverse effect on retaining adequate available
water to support the germination process. If water is not limiting, the high
humidity environment at the high temperature is often ideal for disease development.

Fluctuating temperatures have little effect on the germination of the ryegrasses
and fescues; however, alternating temperatures reportedly improve the germination
of bluegrasses, redtop, and bentgrasses,

The age of the seed has a sizeable effect on the optimum germination tempera-
ture. Generally the older the seed, the higher the relative optimum temperature for
best germination. Fresh, mature seeds often undergo maximum germination at temper-
atures as low as 50° F.

In the second experiment, the grasses were seeded and germinated under uniform
greenhouse conditions prior to the initiation of the temperature treatments. This
provided a means to evaluate the effect of temperature on the rate of seedling
development without its confounding effect on germination. The growth rate was
measured in terms of dry weight accumulation per plant.

Average seedling growth rates were greatest at the intermediate temperature
(75-65° FO during the early stages of establishment (Table 2). As the age of the
seedlings progressed, the growth rate between the intermediate and high temperature
treatments became less significant. The average growth rate at the lowest tempera-
ture was approximately 50 percent that of the two higher temperature treatments.

The average growth rates for the three temperature treatments shows that rye-
grass exhibits the most rapid seedling growth rate of the eight grasses studied
(Table 3). The fescues and rough bluegrass (Poa trivialis) also exhibit a relatively
rapid seedling growth rate but significantly lower than ryegrass at both 21 and 35
days after emergence. The seedling growth rates for both bluegrass and bentgrass
varieties are markedly lower than the other grasses evaluated.

TABLE 2.—Effects of Temperature on Shoot Dry Matter Accumulation in mg. per
Plant

Day/Night
Temperature

90-80°

75-65°

60-50°

LSD .05

Days
7

0.4915

0.569a

0.398c

0.062
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After Emergence
21

4.0975

4.706a

1.854c

0.461

35

15.135a

17.894a

8.4495

3.410



TABLE 3.--Shoot Dry Matter Accumulation of Eight Turfgrass Species in mg.
per Plant

Species

Pelo (ryegrass)

Ky 31 (fescue)

Pennlawn (fescue)

Poa trivial is

Merion (bluegrass)

Park (bluegrass)

Penncross (bentgrass)

Highland (btg) (bentgrass)

7

1 .085b

1.193a

0.755c

0.248d

0.188dcf

0.193dc

0.090f

0.132cf

Days After Emergence
21

8.25a

5.498b

4.633c

4.505c

2.537d

1.717c

0.678f

0.598f

35

32.505a

20.500b

20.963b

22.173b

5.380C

4.430C

3.040C

1.617c
LSD .05 0.101 0,749 5,565

A significant temperature/species interaction was found with respect to seed-
ling growth rates. This indicates that the seedling growth response to temperature
differs among the various grasses (Tables 4 and 5). This differential growth
response is further illustrated in Figures 1 through 5*

The growth rate of tall fescue is greater than ryegrass at the high temperature
but the same at the intermediate and low temperature in the early seedling growth
stages (Table 4), As the seedlings advance in age, this difference reverses
(Table 5).

Poa trivialis is another striking example of a significant growth rate inter-
action with temperature. The growth rate of this grass is not significantly dif-
ferent from the other bluegrasses or the bentgrasses in the early stages of develop-
ment. However, data at 21 days after emergence show that the growth rate of Poa
trivialis is much greater than the other bluegrasses, the bentgrasses, and the fes-
cues at the intermediate temperature. This growth response was not found at either
the high or low temperature.

The results show that the grasses evaluated in these studies, based on seedling
growth rates, can be ranked as follows: Pelo ryegrass = Ky 31 tall fescue > Poa
trivialis > Pennlawn red fescue > Merion bluegrass = Park bluegrass > Penncross
bentgrass = Highland bentgrass* This relative ranking can be altered to some degree
with an increase or decrease in prevailing temperature.

The data presented provide additional information from the standpoint of the
compatibility of seed mixtures in obtaining successful polystands of turfgrasses.
The results do not necessarily apply to established or mature turfgrass sods, since
the growth rate of mature plants may be decidely different from that of the same
immature grass seedling.
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TABLE 4.--Shoot DMA 7 Days After Emergence as Affected by Species and Tem-
perature

Species

Pelo ryegrass

Ky 31 tall fescue

Perm lawn red fescue

Poa trivial is

Merion blue grass

Park bluegrass

Penncross bentgrass

Highland bentgrass

LSD .05 = 0.169

TABLE 5.— Shoot DMA 21
perature

Day

90°

1.075b

1 . 295a

0.755c

0.255def

0.195def

0.145efg

O.lSOfg

0.085fg

Days After Emergence

Temperature
75°

1.275a

1.430a

0.745c

0.340d

0.240def

0.31 Ode

0.120fg

0.090fg

as Affected by

60°

0.905c

0.855c

0.745c

O.lSOdefg

O.lSOfg

0.125fg

0.020g

0.022g

Species and Tem-

Species

Pelo ryegrass

Ky 31 tall fescue

Pennlawn red fescue

Poa trivial is

Merion bluegrass

Park bluegrass

Penncross bentgrass

Highland bentgrass

Day Temperature
90°

8.535b

7.265c

5.120def

4.175efg

3.520gh

2.305hi

1.025jk

0.820jk

75°

11.410a

5.270de

5.650d

8.755b

3.260gh

1.925ij

0.680jk

0.695jk

60°

4.805def

3.960fg

3.130ghi

0.585k

0.830jk

0.920jk

0.320k

0.280k

LSD .05 = 1.265

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
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RESIDENTIAL LANDSCAPE DESIGN

P. C. Kozel
Department of Horticulture

Ohio Agricultural Research and Development Center

Landscaping may be defined as the organization of outdoor space to enhance the
architecture of a house and make the grounds attractive, livable, and functional.
The outdoor area should be thought of as an outdoor living room, with turf serving
as the floor, the fences or shrub borders acting as walls, and the branches of
trees spreading above the earth serving as outdoor ceilings.

A well-landscaped home is a source of year-round enjoyment to a family. The
welcome flowers of spring indicate with their brilliant hues the end of winter.
The bursting forth of leaves from long-dormant buds add color, warmth, and shade to
the landscape and serve as a food supply for small animals and birds. The coming
of fall is signaled by green leaves turning color with shades of red, yellow, or-
ange, and purple, as if Nature herself was serving up a grand finale before winter.
During the winter months, snow patterns formed on the branches of trees and shrubs
can be breathtaking. Color in the landscape is possible even during winter from
the colored stems of shrubs, attractive bark of trees, and the foliage of evergreen
plants.

In order to enjoy good landscaping to its fullest we must be in a position to
observe it as frequently as possible. This implies that views from inside the hous<
through windows should be pleasant, attractive, and functional. All too often land-
scaping is done to provide immense enjoyment to neighbors but little to homeowners
unless they are outside the house. The appropriate placement of plant materials cai
provide excellent views from windows, achieve the desired landscape effect out of
doors, and provide a homeowner more enjoyment for his investment.

In order to organize outdoor space effectively, a good working knowledge of
plants is essential. The understanding of a plant's individual qualities and en-
vironmental needs is a prerequisite to good design. The following questions should
be asked about any plant before it is purchased for use in the home landscape:

1) Is the plant winter hardy?
2) Does it require acid or alkaline soils?
3) Will it grow best in sun or shade, wet or dry areas?
4) How fast does the plant grow?
5) Does the plant have any serious insect or disease problems?
6) Into what exposure will the plant be placed--N, S, E, W?
7) How much pruning will the plant require?
8) What ornamental features are present, flowers, fruits, leaves, bark, etc.?
9) Does it have any objectionable qualities such as messy flowers, fruits,

seeds, etc.?
10) What is the ultimate size of the plant?

A well-landscaped home is pleasing to the eye. People recognize that a land-
scape is good but are frequently unable to pinpoint why. The explanation is that
the various elements of design were used effectively, resulting in a pleasing view
or landscape. The basic elements of design are as follows:
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Texture.- This is one of the most important design elements because it can add
variety and interest to a landscape* It is defined as the relationships which ex-
ist between plant foliage, size of twigs, bark appearance, and the over-all shape
of the plant. The essence of texture is therefore a plantfs qualities of coarse-
ness or fineness, roughness or smoothness, heaviness or lightness, and thinness or
denseness. Thick twigs, large or hairy leaves, or dense foliage impart a visual ef-
fect of coarseness. Generally speaking, a coarse-textured plant should be used in
large areas because it visually makes small areas even smaller if used in such sit-
uations. In contrast, fine twigs, small or shiny leaves, or plants with an open
growth habit appear fine in texture. Such plants, when used in small areas, visu-
ally increase the size of the area due to their textural characteristics. The tex-
ture of many plants can change with the season. An example is Honeylocust, a medium
sized tree which appears rather coarse in winter because of its rather large branches
but during summer appears fine-textured due to its small fine-textured foliage.

Form: Plants exist in many shapes and sizes. The general outline of most plants
can be described as columnar, round, vase shaped, weeping, pyramidal, oval, spreading
or rug-like. Plant forms should be used with discretion in the landscape as each has
a unique visual impact. A columnar plant accentuates height and draws the eye upward;
a weeping plant, in contrast, draws the eye to the ground* Round or pyramidal shapes
are unnatural in appearance and fit into the landscape best if used sparingly as ac-
cent or specimen plants.

Scale: This term implies keeping plants, houses, and other structures in some
visual proportion to each other. A ranch house, for example, is a low, spreading,
informal structure and landscape plantings should complement this type of architec-
ture. This implies the use of medium size trees and informal spreading shrubs which
carry out the visual horizontal lines of the house. The use of many upright shrubs
around a ranch house will conflict with the horizontal line of the house* Tall trees
around such a house will visually decrease the size or appearance of the house. Like-
wise, small spreading trees or shrubs around a tall house which has strong vertical
lines will accentuate its height. In this instance tall shrubs or trees will visu-
ally blend the house into the landscape, especially if horizontal lines are added to
the plantings by establishing large corner plantings of spreading trees and shrubs.

Line: Landscape plantings are composed of several visual lines, straight,
curved, vertical, and horizontal. Straight lines impart a feeling of order and
formality while curved lines entice the eye by their informality, allowing the eye
to follow along with ease. The eye will follow along horizontal lines until inter-
rupted by a vertical form such as a tree or shrub, since vertical lines tend to ac-
centuate height and draw the eye upward.

Repetition; This design element involves the placement of the same plant, groups
of plants, forms, or textural and color combinations in several areas within the land-
scape. This does not imply equal spacing of plants or groups of plants but rather
means the use of similar materials strategically placed so as to draw the eye through
the landscape. Repetition of plants or plant forms adds unity and a feeling of co-
hesiveness to landscape planting*

Color: A very important and striking element of design but one that must be
used with caution. Colors other than green stand out and the eye is immediately at-
tracted to them. Randomly placed plants, for example, with colored foliage (red,
yellow, etc.} are individually attractive but have the overall effect of confusing
and distrupting the landscape planting. Color, if used correctly, can serve to at-
tract the eye to a feature in the landscape or if the same color is used several
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times draw the eye across a landscape planting. Generally speaking, plants having
non-green foliage should be used as specimen plants or to accent some feature of the
landscape.

Simplicity: The most common error made by homeowners is over planting. If too
many plants are used in a situation where a few would be sufficient the result is a
cluttered awkward planting. Over planting is most frequently the result of failing
to anticipate the size of plants 3, 4 or 5 years after their initial planting. A
planting that looks just right the first year will soon be overgrown.

A few well-placed plants, perhaps unified by planting a ground cover, have a
pleasing effect and allow the character of each plant to be appreciated.

In drawing a landscape plan, the site should be divided into three major areas.
These areas are the public areas (front of house), private or living area (back yard),
and service area (garage, etc.).

The public area encompasses the front of the house, the lawn, and the foundation
planting across the front of the house. This area is of little functional use to a
family but, rather like an antique, is to be looked at and appreciated. Generally,
neighbors are the chief beneficiaries of landscaping in this area even though con-
siderable cost is involved in the planting.

A good lawn is essential to the appearance of this area and plant material of
the best quality will look poor if the lawn is not well established. The lawn area
should be kept free from objects such as birdbaths, globes, stone animals, white
painted stones, small flower beds, sidewalks (as much as is practical), blue spruce
trees, and anything else which would detract from the green expanse of the lawn.
Sidewalks, for example, should be as direct as possible and placed where people
naturally walk. Today people rarely walk when they go to visit, so why have a side-
walk from the house to the street? Place the sidewalk from the front door to the
drive, as people will almost always be driving when they come to visit.

The current concept of foundation plantings originated years ago when most homes
had a high, rather ugly foundation. Certainly at this time it was desirable to hide
the foundation. Today, the architecture of houses has changed. Houses are attrac-
tive and the ugly foundation has gone the way of the Dodo bird. Why then, do most
people plaster plants up against the foundation of a house? It is just a tradition
that has failed to change with the times. A few plants placed at the corners of a
house, and a few plants to accent the front door, perhaps tied together with a ground
cover, serve as an adequate foundation planting. The front door is usually consid-
ered the most important feature of the public area. Landscape plantings should draw
people naturally to the front door, serve as a welcome, and tell them visually that
this is where they are to enter the house.

The private or living area is the place where a family can enjoy themselves.
The components of this area and how it should be developed depend on the likes and
activities of the family. If the family does lots of entertaining, a large patio may
be appropriate. Perhaps the family enjoys athletics; then the living area should be
mainly turf so that games such as badminton and croquet can be enjoyed. If gardening
is a hobby, large flower beds can be included.

Regardless of the exact composition of this area, one feature should be present
and that is privacy. In today's society, the emphasis is on togetherness. There
comes a time, however, when we all like to be alone or with our families. It is not

i t "•
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very enjoyable to sit in a backyard and see such sights as a fight between the neigh
bors, the local stray dog digging a hole, workers painting a house nearby, and the
man across the way burning steaks on a grill. The use of fences and walls or shrub
plantings will permit privacy in the living area. Even though house lots are small
today, the appropriate use of fences, etc., will allow one much needed solitude.

The service area is commonly composed of such features as a tool shed, vegetabl
garden, firewood pile, clotheslines, garbage cans, incinerators, and perhaps a com-
post pile, A work or storage area should be screened from the public and living
areas by fences, shrubs, etc. Generally this area is tied closely to the garage to
provide easy access between them as the garage is frequently used as a storage area.

This is briefly what landscaping the home is all about. Understanding the
fundamentals of landscape design as described is essential before proceeding with
finer details which must be considered in landscaping the home.

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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Trees and Shrubs Most Tolerant of Moist Areas

Trees

Acer rubrum
Acer saccharinum
Alnus species
Amelanchier species
Betula nigra
Gleditsia species
Larix decidua
Liquidambar styraciflua
Magnolia v i rg in iana
Nyssa sylvatica
Platanus acerifolia
Poplar species
Quercus bicolor
Sal ix species
Taxodium dis t ichum

Red Maple
Silver Maple
Alder
Serviceberry
River Birch
Honeylocust
European Larch
American Sweetgum
Sweetbay Magnolia
Black Tupelo
London Planetree
Poplar
Swamp White Oak
Wi11ow
Common Bald Cypress

Shrubs

Aesculus parviflora
Aronia species
Clethra species
Cornus alba sibirica
Cornus amomum
Cornus sanguinea
Cornus stolonifera
Hippophae rhamnoides
I lex glabra
Kalmia lati fol ia
Leucothoe catesbaei
Ligustrum vulgare
Lindera benzoin
Myrica pensylvanica
Rhododendron maximum
Rhododendron nudi f lorum
Rhododendron vaseyi
Thuja occidental is
Vaccinium corymbosum
Viburnum cassinoides
Viburnum dentaturn
Viburnum lentago
Viburnum opulus

Viburnum trilobum

Bottlebrush Buckeye
Chokeberry
Clethra
Siberian Dogwood
Silky Dogwood
Bloodtwig Dogwood
Red Osier Dogwood
Common Seabuckthorn
Inkberry
Mt. Laurel
Drooping Leucothoe
European Privet
Spicebush
Northern Bayberry
Rosebay Rhododendron
Pinxterbloom Azalea
Pinkshe l l Azalea
Eastern Arborvitae
Highbush Blueberry
Witherod Viburnum
Arrowwood Viburnum
Nannyberry Viburnum
European Cranberrybush

Viburnum
American Cranberrybush

Viburnum

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
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Shearing is advantageous only in the culture of formal hedges or screens where
early spring pruning is followed by removal of feather growth in summer to maintain
desired form.

Although it is common practice to shear Taxus in the landscape into tight, for-
mally shaped plants, more healthy, interesting and attractive plants will result
from pruning rather than shearing. Shearing will cause the foliage in the center of
the plant to discolor and drop. There will also be more insect and disease problems
and the natural habit of the plant will be lost. Pruning can be done at any time
of the year, with early spring preferred.

Pests

Taxus are relatively free of pests; however, black vine weevil, mealybug, and
scale may occasionally be troublesome. All of these insects can be controlled by
thoroughly spraying all the foliage with the proper insecticide.

Some Recommended Species and Cultivars

Low types--! to 4 feet

Taxus baccata repandens
Taxus cuspidata densa
Taxus cuspidata nana
Taxus media Chadwick
Taxus media Everlow
Taxus media Flemer
Taxus media Wardi

Small types—4 to 6 feet

Taxus media Berryhill
Taxus media Browni
Taxus media Densiformis
Taxus media Sebian

Medium types—6 to 10 feet

Taxus media Hicksi
Taxus media Kelsey
Taxus media Thayeri

Large types—I 0 to 25 feet

Taxus cuspidata capitata

Spreading English Yew
Cushion Japanese Yew
Dwarf Japanese Yew
Chadwick Anglojap Yew
Everlow Anglojap Yew
Flemer Anglo jap Yew
Ward Anglojap Yew

Berryhill Anglojap Yew
Brown Anglojap Yew
Densiformis Anglojap Yew
Sebian Anglojap Yew

Hicks Anglojap Yew
Kelsey Anglojap Yew
Thayer Anglojap Yew

Upright Japanese Yew

Turf and Landscape Research—1971. Research Summary 56. Ohio Agricultural
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PRACTICAL PROCEDURES FOR-CHEMICAL
PRUNING OF WOODY ORNAMENTAL PLANTS

P. C. Kozel and K. W. Reisch
Department of Horticulture

Ohio Agricultural Research and Development Center

The nursery industry, like many other industries, is finding it an economic
necessity to reduce the amount of time and labor used to produce a quality con-
sumer item. The cost of production is climbing. Land, labor, materials, taxes,
and other items have increased greatly without a corresponding increase in the
amount paid for nursery products. Consequently the nursery industry is experienc-
ing a difficult financial dilemma. The situation is further complicated by the lim-
ited availability of a trained labor force willing to do manual labor essential to
this type of production. To alleviate some of the problems associated with nursery
production, plant scientists are concerning themselves with the development of new
techniques to produce a quality plant in less time with less manual labor.

One of the most important and time-consuming cultural practices in producing
a salable plant is pruning. Plants are pruned in order to create the form and den-
sity associated with a quality product. Light pruning to shape the plant is usually
done once or twice in the nursery and before the plant is sold to the retailer.
Depending on the plant species, pruning to produce a compact, dense specimen may be
done as many as eight times before the plant is sold.

The theory behind pruning a plant to induce branching is apical dominance. It
appears that the physiological factors associated with apical dominance are located
in the terminal meristem of the plant and by removing this meristem, lateral branch-
ing may be induced.

The cost involved in pruning plants is considerable. Not only is this proce-
dure expensive in relation to the amount of time and labor necessary, but it also
increases the amount of time needed to produce a plant of salable size. When
plants are pruned manually, several inches or more of the stems are removed and
this loss of tissue may increase many fold if the operation is performed carelessly.
Since most plants may be pruned many times before they are sold, there can be a
considerable dwarfing effect.

In an effort to solve some of these problems, commercial products were developed
to prune plants chemically. These chemical pruning agents selectively kill only
the meristematic tissue of the plant, without affecting subsequent growth of lateral
buds. If such chemicals prove applicable on woody ornamental plants, much manual
pruning could be discontinued.

It became evident in 1967 that only one material, a chemical pinching agent
entitled Off-Shoot-0 (Procter and Gamble Co., Cincinnati, Ohio), would become
registered and commercially available for use on woody ornamental plants. Thus our
efforts were directed toward the use of this material on woody ornamental plants so
as to direct research information to Ohio nurserymen as quickly as possible.

Experiments with this chemical pinching agent have revealed several important
cultural guidelines that must be followed for optimum chemical pinching.
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The commercial product is a concentrate which is diluted with water to form
a colloidal emulsion, and is applied to plants as a foliar spray. The spray must
be directed to give maximum contact with the growing tips since it is effective
only when it comes in direct contact with them. Therefore, material which falls
on the leaf surface must run down to the growing tip in order to be effective.
The pinching agent must be allowed to remain in contact with the plant for 1 hour
before it is washed off by irrigation or rain. At this time the growing tips will
start to darken and on most varieties will darken to a deep brown or black within
24 hours of application. The emulsion kills the rapidly growing shoot tips of the
plant while leaving the remainder of the plant essentially unaffected. The effect
is similar to manual removal of the tip.

Application techniques vary by grower, depending on available equipment, area
to be treated, and personal preference. The primary objective is to get a sufficient
quantity of the spray mixture in contact with each growing point so that it is wet
with the emulsion.

Usually any nozzle which delivers a fine spray and gives thorough coverage
of the plant from all directions is satisfactory. The spray pattern can be flat or
solid cone, so long as care is used in application. Following is a list of some
of the nozzles that have been used satisfactorily. There are undoubtedly others
which will provide equally satisfactory results.

Solid cones, one piece: TG 0.5, TG 0.7
Solid cones, disc and core: D2-31 -
Flat sprays: 8001, 8002

It is extremely important to pre-test any plant species prior to large scale
field treatment. Do not blindly follow written recommendations by the manufacturer,
research personnel, or experiment stations. Each nurseryman must become familiar
with the effective chemical concentrations which will work under the unique environ-
mental conditions in his nursery. Research information certainly provides valuable
guidelines for the nurseryman but highly variable environmental conditions--hot,
medium, or cold temperatures, wet or dry moisture conditions, windy or still air,
and high or low light intensities, etc. indicate pre-testing. In addition, the
stage of plant growth and development is an important variable. For example,
plants growing in semi-shaded conditions may frequently be chemically pinched at
lower rates than the same plants growing in full sun.

In our trials pre-treatment with a 1 to 3 gal. pump-up sprayer was effective
so long as a nozzle was used that delivers a fine spray. Some of the adjustable
nozzles deliver a spray which is too coarse. These should be avoided.

A pressure gauge is helpful but not required. If your sprayer does not have a
pressure gauge, use directions on sprayer for reaching 20 to 40 Ib. pressure. The
spray extension should be long enough to permit coverage of the entire area to be
sprayed in one pass. If you cannot cover the bed in one pass, you should use shield-
ing so that delayed overlapping is avoided. The spray nozzle should be directed
downwards into the plants to assure adequate coverage.

In some of our Ohio nurseries a motorized sprayer, usually tractor mounted,
is being used for larger scale commercial applications. It is important to maintain
a pressure of 20 to 40 Ib. to assure good coverage with the chemical.
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Several general application guidelines should be followed:

1. Apply the chemical pinching agent at 20 to 40 lb. pressure.

2. Apply foliar application to plants at a distance no closer than 2 feet.

3. Try several different concentrations on a few plants to arrive at the best*
It is suggested that you: (a) test spray in the morning, (b) check results
in the afternoon to determine which concentration is best for the variety
being sprayed, and (c) schedule full-scale spraying the following day.

4. If an adjustment in spray concentration is needed, do not respray plants within
24 hours unless the pinching agent has been washed from plants.

5. If you cannot cover the bed in one pass, use shielding so that delayed overlap-
ping is avoided. Plant foliage should be dry prior to application of the
pinching agent.

6. Plants are most responsive if they are turgid and in a rapid growth stage.
It is suggested that plants be watered the day before or morning of spraying.

7. Don't mix other chemicals with the pinching agent or use within 48 hours after
applying other chemicals (especially oil-based emulsions such as insecticides).

8. Allow Off-Shoot-0 to remain in contact with the plants 1 hour before irri-
gating.

The pinching agent has been tested under a variety of temperature, humidity,
light intensity, and wind velocity conditions. Although some generalizations are
meaningful, it is recommended that conditions for spraying large areas be as simi-
lar to the pretesting conditions as possible. Excellent results are usually achieved
if the temperature is between 55° and 85° F.; the relative humidity is between 30
and 70 percent; and there is a gentle breeze or slight air movement. Spraying in
still air at high temperature and humidity is not recommended as the possibility
of foliar burn is increased. Since the emulsion must remain in contact with the
growing tips for 1 hour, do not spray the plants if there is an immediate threat
of rain.

The formulation of this material by nurserymen is important and the following
guidelines should be followed. The example is for a one quart emulsion, but the
procedure is valid for larger volume formulations. To make one quart of emulsion:

1. Place the required amount of Off-Shoot-0 (as determined by pretesting) into
a clean container.

2. Add 1/2 oz. of warm water and mix thoroughly. (The product will thicken
noticeably.)

3. Add 1/2 oz. more water and mix.

4. Continue adding water slowly and mixing until the product thins and turns
cloudy.

5. Fill container to one quart with cool tap water.

6. Shake thoroughly,
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The emulsion should be milky and stable. This method of mixing assures proper
particle size of the emulsion for optimum results. •

Current recommendations for the use of Off-Shoot-0 are listed below. As indi-
cated earlier, the grower must try various concentrations on a few plants until
the optimum is reached for his particular variety and growing conditions.

Azalea: Concentration in oz. per quart of emulsion: 2 to 5 oz. per quart. Stage
of growth for effective treatment: Any time the plant is actively growing; however,
best results are obtained when majority of new shoots are 1 to 2 inches long.

Cotoneaster: Concentration in oz. per quart of emulsion: 2 to 4 oz. per quart.
Stage of growth for effective treatment: Any time the plant is actively growing;
however, best results obtained when majority of new shoots are 1 to 3 inches long.

Juniper: Concentration in oz. per quart of emulsion: 2 to 5 oz. per quart.
Stage of growth for effective treatment: The plants must be in a state of vigorous
growth. Best results are obtained when new shoots are less than 1 inch in length.

Ligustrum: Concentration in oz. per quart of emulsion: 2 to 5 oz. per quart.
Stage of growth for effective treatment: The plants must be in a state of vigorous
growth. Preferably the new shoots would be 1 to 2 inches in length.

Rhamnus: Concentration in oz* per quart of emulsion: 1.5 to 3.0 oz. per quart.
Stage of growth for effective treatment: Any time the plants are actively growing.
Best results are obtained when new shoots are 1 to 3 inches long.

Taxus: Concentration in oz. per quart of emulsion: 2 to 4 oz. per quart.
Stage of growth for effective treatment: New shoots are 1/4 to 1/2 inch long. The
entire new shoot may be killed and will fall off the plant. Killing of the new
shoot will produce new breaks at the tip 'of the old shoot and throughout the plant.

The potential uses of chemical pruning agents and other growth regulating
substances are limited only by our imagination. Chemicals are available today
which can alter plant growth in almost any conceivable fashion. We cannot afford
ourselves the luxury of thinking that current operational procedures are superior
and that change is not needed. Growth regulating chemicals will certainly have an
important role in the future development of our nursery industry.

Turf and Landscape Research--1971* Research Summary 56. Ohio Agricultural
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MANAGEMENT OF WOODY ORNAMENTALS IN PROPAGATING BENCHES

H. A. J. Hoitink and D. G. Nielsen
Departments of Plant Pathology and Entomology

Ohio Agricultural Research and Development Center
and C. C. Powell

Extension Plant Pathologist
The Ohio State University

Root and stem rots are serious diseases of azalea, pieris, rhododendron, yew,
and other woody plants rooted in propagating benches. In some cases loss is appar-
ent by the reduced number of rooted cuttings. In other cases losses appear later
as diseased plants that were infected initially in the propagating bench. Losses
from plant diseases in propagating benches can be reduced greatly if certain pre-
cautionary measures are followed during the rooting period.

Symptoms and Causal Agents

The symptoms of root and stem rots in rooting cuttings are dying leaves, de- ,
caying stems, and failure of cuttings to root. In some cases plants in a large
area fail to root and must be discarded. Plants that are slightly infected in the
propagating bench may appear to be healthy until planted out. Then retarded growth
and off color yellow foliage may become evident. Such plants often wilt and die
suddenly, although they may decline gradually. Roots die and some internal discol-
oration of the lower stem may develop. Damage or death of the plant may not occur
for several months or even years.

Stem and root rots are caused by a number of soil-borne fungi that attack cut-
tings. The fungi of most concern are Fusarium, Cylindrocladium, Rhizoctonia, Phyto-
phthora, and Pythlum spp. These organisms invade cut stem tissue or injured roots,
prevent proper root development, and eventually kill the cutting or the plant.

Programmed Disease Prevention

1. In the field keep propagating material free of insects and diseases by iso-
lating stock plants from other plants* Take cuttings as near the top of the stock
plant as possible. Stock plants of prostrate type junipers and other low-grading
plants should be staked up off the ground, and vine type plants such as English ivy
should be grown on wire trellises.

Spray plants in the field with Sevin and/or malathion and a fungicide such as
Fore, Tersan LSR, Manzate D, or Dithane M-45 (2 Ib. per 100 gal.) every 3 weeks from
May 1 until Sept. 15. This will reduce the number of fungus spores and insects on
the plants and is important, especially prior to taking cuttings.

2. Treat all unpainted woodwork with 2% copper naphthenate.

3. Treat the interior of the greenhouse when all the plants are out with form-
aldehyde (1 part of 37% formaldehyde solution in 50 parts water) . Spray or drench
the entire propagating area. Keep the greenhouse closed for 24 hours, then aerate
until all odor of formaldehyde is gone.

*Prepared in cooperation with E. M. Smith, Extension Horticulturist, and F» K.
Buscher, Area Extension Agent, Horticulture, The Ohio State University.
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4. Spray the entire headhouse, under benches, painted woodwork, and walkways
in the propagating house with a solution of 1 part LF-10 in 200 parts water. This
treatment should be repeated every 2 weeks throughout the season on gravel, concrete
wood walkways, and in the headhouse. LF-10 is not effective on soil or where large
quantities of organic matter are present.

5. Soak all propagating tools (knives, soil levelers, etc.) for 10 minutes in
a solution of 1 part of LF-10 in 50 parts water (Lehn § Fink Products Corp,, 4934
Lewis Avenue, Toledo, Ohio}.

6. Fill propagating beds with new or sterilized media.

Sticking of Cuttings

1. Drench all media first with a wetting agent such as Aqua-gro or Tergitol.
Other forms of wetting agents may be used on trial basis.

2. Stick cuttings. Experimental research has shown that the following hormone
mixtures resulted in a high percentage of disease free rooted cuttings when cuttings
were dipped in one of the following hormone powders:

a. 10% Benlate 50% WP or 20% Mertect b. 10% Benlate 50% WP or 20% Mertect
60% WP, 2% IBA for red flowered rho- 60% WP, 2% IBA for reds or 1% for
dodendron or 1% for pinks, 88% Talc pinks, 50% Cut Start #4 (strongest
for reds or 89% Talc for pinks, 55 ppm type), 38% Talc for reds or 39% Talc
boric acid for pinks, 50 ppm boric acid

Hormone mixture (b) resulted in the formation of a large callus 'due to the addi
tion of Cut Start. This may or may not be desirable.

3. Water in cuttings to assure contact between cuttings and medium. Use a
combination of Dexon 35% WP at 10 oz. per 100 gal. of water plus either 6 oz. of
Benlate 50% WP or 10 oz. of Mertect 60% WP. Use 1 pint of the solution per sq.
foot of bench area. Use of the wetting agent first helps to distribute the fungi-
cides uniformly in the media. If plants other than those listed are to be grown,
experiment with the use of fungicides, treating only a limited number at first to
be sure there is no injury.

Protection at Rooting and Growing Time

1. Spray all cuttings under mist with captan 50% plus ferbam 76% at 3/4 Ib.
of each per 100 gal. of Water every 2 weeks, and once a month spray with Sevin
and/or malathion. Stop misting until plants dry after each application.

2. Three weeks after cuttings are stuck, treat all cuttings with Aqua-gro or
Tergitol and Dexon 35% at 10 oz. per 100 gal. of water plus either 6 oz. of Benlate
50% WP or 10 oz. of Mertect 60% WP. Use 1 pint of the solution per sq. foot of
bench area. Mix all ingredients together before application. Repeat this treatment
without wetting agent 8 weeks after cuttings are stuck.

3. After mist is shut off and cuttings have been transplanted, spray with
Sevin and/or malathion and a fungicide such as Fore, Tersan LSR, Manzate D, or Di-
thane M-45 (2 Ib. per 100 gal. every 3 weeks to keep new growth covered).

-56-



4. Transplanting: Immediately after each repotting operation repeat the Ben-
late-Dexon or Mertect-Dexon procedure once only.

5. Remove all wilted or diseased plants and/or cuttings from the propagating
and growing area every day. Place diseased plants in a tight container to prevent
spread of infested soil over the bench,

6. Common sense precautions will help avoid contamination of healthy plants
with pathogenic organisms.

If watering with a hose, take care not to splash. Splashing can move pathogens
and bits of soil from untreated soil or other sources to sterilized soil and growing
plants. If you spray or water with a hose, complete the watering operation during
the morning hours so that plants may dry before evening. Take care to keep the noz-
zle and hose off the ground, walkways, or other surfaces that may be contaminated.
Provide a hook near the faucet to keep the nozzle off the ground.

Keep the benches and premises clean. Do not use sides of low benches as a foot
rest. Bits of soil from shoes may be contaminated. Walkways and areas beneath
benches should be kept clean and free of plant debris because they may become over-
grown with Botrytis spores and contaminate the entire area. Place discarded plants
in tight containers to prevent spread of infested soil over the bench.

Treated soil and rooting media should be kept in new or treated containers to
prevent spread of infested soil over the bench.

Treated soil and rooting media should be kept in new or treated containers to
avoid contamination. If soil is kept in bins, -treat the floor and wails with LF-10
solution (3 oz. per 5 gal. of water).

Keep animals out of the greenhouse* Pets and vermin animals running over the
surface of propagating benches may carry in fungi that can attack cuttings.

Fungicide Rates for Small Volumes (Must be accurate)*; 1 oz, = 28.4 gm.

Fungicide 100 gal. 50 gal. 1 gal. Notes

Dexon 35%
Captan 50%
Ferbam 76%
Fore
Sevin 80%
Malathion

WP
WP

S
25% WP

10
12
12
32
20
4

oz.
oz.
oz.
oz.
oz.
Ib.

5
6
6
16
10
2

oz.
oz.
oz.
oz.
oz.
Ib.

3
1
1
4
1
4

1/4
1/2
1/2

1/4

level
level
level
level
Tbsp.
Tbsp.

tsp.
tsp.
tsp.
tsp.

Only control
Pythium and
Phytophthora

5

Keep a record of treatment dates for each material

For clarity, trade names have been included in some instances. This is not in-
tended to discriminate against similar products not mentioned, nor to recommend only
those mentioned.

Turf and Landscape Research~-1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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EVALUATING THE LASTING QUALITY OF BURLAP AND CONTAINERS

Elton M. Smith
Extension Specialist, Landscape Horticulture

The Ohio State University

An increasing number of balled and burlapped (B £ B) and containerized plants
are planted each year by the gardening public, landscapers, and nurserymen. Bur-
lap or containers are left intact.

Untreated burlap and certain containers are known to decompose readily while
others last longer. This study was undertaken to determine the rate of breakdown
in the soil of several burlaps and containers commonly used in the nursery industry.

The burlap and container treatments were as follows:

7-1/2 oz. untreated burlap
7-1/2 oz. treated burlap (0.2 percent copper naphthenate)
Green plastic burlap
Formart pot (plantable)
Paraffined formart pot (non-plantable)
Herculite pots (non-plantable, polyethylene and paper)

Weigela Vanicek (18 to 24 inches) plants were dug from The Ohio State Univer-
sity nursery and balled or planted into containers and reset into the soil the
same day. The clay loam soil was quite moist at the time of planting in November
1968 and remained moist throughout the following spring.

The B § B and containerized plants were dug and examined for decomposition and
root penetration at intervals of 6, 9, 18, and 30 months during 1969 to 1971. The
results of this experiment were as follows:

1. Untreated burlap deteriorated in 6 months.

2. Treated burlap lasted 18 months.

3. Plastic burlap lasted 30 months (study terminated with plastic burlap
completely intact).

4. Herculite pots began to separate at the base and along the seam at 18
months.

5. Formart pots began to break down at 6 months at the base and at the soil
line at the rim.

6. Treated Formart pots began to deteriorate at the base and rim at 18 months.

There was ample root penetration through all types of burlap including the
plastic on all digging dates. The use of plastic burlap did not result in any
noticeable moisture differences between the soil and soil ball. How long the plas-
tic burlap remains intact and what effect it may have in time on large roots of trees
has yet to be determined.
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The Formart pot can be planted, since decomposition is fairly rapid, while
the treated Formart and Herculite pots do not decompose rapidly enough for per-
manent planting. If they are broken apart or cut in several areas before planting,
the roots will grow through. The treated Formart and Herculite pots could be used
to advantage by landscapers and garden store operators who must hold plants for
extensive time periods prior to use or sale.

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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WATERING NEWLY PLANTED ORNAMENTAL PLANTS

James L. Caldwell
Extension Floriculturist

The Ohio State University

One of the most perplexing and frequently asked questions is related to the
proper watering of plants that have just been planted or moved from one place in
the yard to another. Many gardeners feel that watering a plant is probably the
most important cultural practice in determining its establishment.

When planting plants bare-root (dormant and without foliage), it is most im-
portant to get the plant established as rapidly as possible. Small trees and
shrubs are frequently transplanted in this manner* This is an acceptable practice
and watering plays an important part in getting the plant to grow. Since it is
impossible to dig a plant with all of its root system intact, the importance of
quick establishment is a must in order to support the foliage when it appears.

Since it is important to have good drainage in the soil, be certain the soil
is improved by mixing some type of organic matter such as coarse sphagnum peat moss
with it. A ratio of three shovels of soil to one shovel of peat moss is suggested.
In placing the soil around the roots of a bare-root plant, the key to success is
good contact between the roots and soil. The only way to obtain this is to apply
water. Therefore, when planting be sure to form a saucer effect with the soil
so that when the water is applied it will drain down around the roots of the plant
rather than into the grass or elsewhere.

Water should be applied immediately after the plant is in place. You may find
that the soil will sink, so additional soil will have to be added. Apply enough
water so it wets the entire mass of soil around the roots. Additional watering
should be done when the soil starts to dry. Then water thoroughly again. This
may mean watering every 10 days or 2 weeks depending on whether there is adequate
rainfall and how warm it is. How well drained the soil is and whether a mulch is
used will also help determine the frequency of watering.

Watering balled and burlapped plants or container grown stock is essentially
the same as for bare-root stock, with a few exceptions. It is not only important
to wet the soil used around the plant, but also the ball of soil around the roots.
If this is not done carefully, the water will run down along the side of the ball
of soil, wetting the loose soil without ever getting the soil in the ball wet.
This is a particular problem when the wrapping around the soil ball is left on.
However, this is no reason to remove the wrapping, as any problem can be avoided
if adequate water is applied at a slow rate to soak the soil. Metal cans and
other non-decomposible containers should be removed at planting.

When watering the balled and burlapped plant after the initial planting, follow
the same directions as for bare-root plants. Remember that soil in the soil ball
will dry out more quickly than the loose soil so judge the need for water accordingly.
Also, remember that these plants are not water lilies! Do not over water them.
Many a newly planted tree, shrub, and particularly evergreen has been killed with
kindness—a victim of over watering.

Other types of ornamental plants must also be watered when they are planted.
Perennials, annuals, roses, garden chrysanthemums, and bulbs should be watered after
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planting. They should also receive regular watering if natural rainfall isn't
sufficient. The rose is a good example of a plant that may grow poorly the rest
of the season if it doesn't receive sufficient water and is allowed to harden off.

There are various kinds of irrigation equipment available which can be used to
water plants. At planting time, just a hose with slow running water may be ade-
quate. Some type of breaker could be used on the end of hose, if available. This
results in a greater volume of water being applied without too much force and so
prevents excessive run-off. A breaker or some type of sprinkler is particularly
valuable for watering plants after they have been planted.

Sprinklers of all types are available; but in general, the main idea is to
water slowly so less is lost, and to do a thorough job of soaking the soil around
the plants. Size of the garden will determine whether extensive irrigation systems
are used. Soaker hoses, perforated plastic pipe, and other watering equipment is
available.

For deep-watering trees, shrubs, and evergreens, watering wands or root feed-
ers that attach to a garden hose are quite efficient. The water is placed around
the roots of the plant and little is wasted as runoff. Regardless of what is used,
it must provide water in such a way that it thoroughly waters the soil from ground
level to the bottom of the ball of soil or planting hole.

Water is most important for establishing new plants, so be sure to supply
enough. Remember that you can't blame the supplier or planter of the plant if it
dies due to lack of or an excess of water. Once it is in your yard, you become
responsible for supplying adequate moisture. To avoid having plants dry out quickly
use mulches to help conserve moisture present in the soil and keep do.wn competition
from weeds.

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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THE USE OF ANTI-DESICCANTS
TO PREVENT WINTER INJURY

Elton M. Smith
Extension Specialist, Landscape Horticulture

The Ohio State University

Winter injury to woody ornamentals is caused by either low temperatures or
desiccation. Low temperature injury is a result of intercellular freezing, the
latter usually fatal to the cells involved, Anti-desiccants are not effective in
preventing damage caused by low temperatures because they are not insulators.

Desiccation injury to ornamentals occurs when transpiration (water vapor loss)
of leaves exceeds the uptake of water by roots. This type of damage is most pre-
valent when warm temperatures and/or high winds accompany frozen soil moisture.
Desiccation injury is most prevalent on evergreens, particularly broadleaf types
Such as azalea, boxwood, holly, leucothoe, pieris, pyracantha, and rhododendron.

To reduce transpiration, a number of products termed anti-transpirants or anti
desiccants have been introduced during the last 35 years. These products either
cause the stomates to close or form a film over the stomates. The stomate closing
materials have limited application at this time due to gas exchange and other prob-
lems. Most of the film forming products appreciably reduce the rate of transpira-
tion without significantly affecting the exchange of gases between the leaf and
outside air.

The following anit-desiccants are in the trade with some more readily availabl
than others:

Trade Name Type

All-Safe film-forming
Clear Spray film-forming
Fol i-Gard f i 1 m-formi ng
Keynote fi1m-formi ng
Mobi1eaf fi1m-formi ng
Needle Fast film-forming and stomate closing
Protecto film-forming
Spruce Seal stomate closing
Stoma Seal stomate closing
Fol i cote fi 1 m-formi ng
Vapor Guard film-forming
Wilt Pruf film-forming

The effectiveness of anti-desiccants in preventing winter injury depends on
several factors:

1. Frequency of application: With Foli-Gard, Wilt Pruf, Vapor Guard, and
Folicote, two applications spaced 2 months apart are recommended. One
application in December and a second in February have been most satisfac-
tory.

2. Effectiveness of the spraying operation: Thoroughly spraying the upper
leaf surface of broadleaf evergreens is usually adequate. Spraying the
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entire leaf surface has not been more effective than spraying only the
upper surface in research studies at OSU.

3* Efficiency and durability of films: Certain materials will become brittle
upon drying while others such as the acrylic copolymers will remain flex-
ible. Anti-desiccants in the latter group will remain effective for a
longer period of time because they will not chip or peel from the leaf sur-
face as readily. *

In field studies, anti-desiccants have reduced winter injury on plants in the
nursery, in landscape plantings, in polyethylene storage houses, and along highways.

In preliminary studies, Foli-Gard and especially Vapor Guard were successful
in reducing the severity of damage on White Pine caused by salt used to melt ice
and snow.

Two of the major disadvantages to the use of anti-desiccants have been cost
and the plugging of sprayer nozzles and strainers. The approximate cost of the three
most readily available materials per gal. if purchased in 5 gal. drums from distri-
butors, dilution rate, and cost per diluted gal. are shown in Table 1.

TABLE 1,—Approximate Cost of Three Anti-desiccants

Approximate Cost
per Gal. in Dilution Rate

Anti-desiccant 5 Gal. Lots with Water Cost per Diluted Gal,

Foil -Card
Wilt-Pruf
Vapor Guard

$7.00
$7.25

$25.00-$26.00

1:4
1:4
1:20

$1.40
$1.45

$1.19-$!. 23

Greater coverage can be obtained with certain materials such as Wilt Pruf.
Therefore, it's important not to purchase anti-desiccants on initial cost but rather
on performance based on field studies, dilution rate, and coverage.

Cleaning of equipment is especially important immediately after use to avoid
malfunction of sprayers. Upon drying, the residues of numerous anti-desiccants
will plug the strainers and nozzles. Wash with cold water or if drying has begun,
use warm water.

Anti-desiccants, when applied to the foliage of plants, will reduce water vapor
loss and the injury caused by desiccation. If these materials are not currently in
your management program, experiment on evergreens located in the nursery, in the
landscape, in storage, and along highways. Always leave some unsprayed plants for
comparison. Consider anti-desiccants as an investment, similar to insurance, to
protect against possible injury and economic losses.

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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BORER CONTROL IN WOODY ORNAMENTALS

D. G. Nielsen and C. P. Balderston
Department of Entomology

Ohio Agricultural Research and Development Center

In general, the control of borers in many popular woody ornamentals has been
and still is a particularly difficult one. Part of the problem is that the term
HborersH encompasses a large number of unrelated insects that feed within the woody
tissue of ornamental plants during some stage of their life cycles. With this com-
mon characteristic, the similarity ends.

Although most are specific to a particular plant host, borers attack a large
variety of unrelated plant species. This further complicates an already complex
problem.

The physical nature of borer damage is somewhat unique. Internal damage of
apparently healthy wood evades early detection. The fact that borers feed in the
conductive tissues of a plant makes them especially damaging. Since they are afford-
ed the protection of these tissues, they are nearly invulnerable. The solution to
the overall problem lies, therefore, not in a general prescription, but in detailed
consideration of each borer species and its host as an individual problem.

In developing control techniques, identification of the insect and the host
plant are essential. For example, the birch borer is a beetle and the ash borer is
a moth. Each is specific to its particular host. Additional information on cultural
conditions is valuable. In the southern range of native birch, where borers are a
problem, soil conditions are marginal and summer temperatures and water stress pre-
dispose trees to attack by the insects. Knowledge of the life cycle of the insect
and of the damaging stage allows accurate timing of cultural and chemical controls.

Many borers can be controlled at the time of hatch on the bark surface and
before the new larvae become established. Thus the time and location of oviposi-
tion must be accurately determined. Some oak borers have a 2-year life cycle, others
complete development in a single year or less. Once established, some borers are
a long-term problem.

The exact borer feeding habit must be determined. The damage zone of some
borers may be low in the stem where physiological and structural weakening is fa-
tal. Others may attack high in secondary branches where attack may be tolerated.
Borers which feed in the cambial tissue prevent the translocation of carbohydrates
from the foliage and essentially girdle the plant. Others feed in the xylem or
heartwood, inhibiting water translocation from the roots to the foliage. In this
case, the result is flagging, wilting, and eventual death of the plant. The suc-
cess of systemic insecticides in controlling borers is largely dependent upon a
borer's activity in conductive tissues or within a zone where the systemic chemical
is concentrated.

Borer attack is most common on already weakened or damaged plants. Thus di-
seased or dead wood should be removed from plantings. Pruning and other wounds
should be dressed. Dead or weak plants should be removed. Other primary insects,
such as aphids or leaf miners, should be controlled to maintain plant vigor. Soil
fertility and pH should be maintained. Any type of stress condition, especially a
water deficit, should be avoided. Newly planted landscape material should receive
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conscientious care until well established. In general, borer attacks can be avoided
or infestations minimized by good cultural practices. Under ideal growing condi-
tions, a plant can sustain and outgrow a certain amount of damage. Some woody orna-
mentals are actually capable of -"flooding-out" new borer larvae.

Where borers have already become established, damaged wood should be removed
with the insect and the wound dressed if at all practical. If borers are in trunks
and scaffold limbs, surgery with a sharp penknife sometimes proves effective if the
galleries are not deep. When borers are deeply established, even pastes and gas
injections have little effect. Often the tunnel is plugged with borings and frass.

In situations where oviposition and hatch can be accurately determined, con-
ventional sprays with a persistent insecticide may be of protective value. Depend-
ing upon weather conditions and the duration of oviposition, the chemical may
require repeated application. In the past, systemics have shown limited effective-
ness.

Current Emphasis

The culture of Lilac, Syringa spp., and especially the French hybrids in Ohio
is made difficult and costly by the lilac borer. This borer is a clearwing moth,
Podosesia syringae syringae, closely related to the ash borer, Podosesia syringae
fraxini* 'In some areas of northeast Ohio, this borer complex has nearly precluded
the commercial culture of both lilac and ash.

A comprehensive study has been undertaken in this area to determine the degree
of damage by larval populations per individual plant. Differential varietal resis-
tance to borer attack has been evident and is being quantified. Trials using both
conventional hydraulic sprays and soil drench techniques are being evaluated for a
number of different chemical compounds and formulations.

Trapping studies to determine adult emergence and duration of adult activity
have been of special value. Daily activity, mating habits, and oviposition are
being studied in the field and in the laboratory. Of significance is the demon-
stration of a chemical attractant produced by the unmated female lilac borer. This
in itself holds special potential for the control or suppression of borer popula-
tions through the manipulation of mating habits. The chemical attractants may hold
real value for future control of lilac and other borer species. I

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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SHADE TREE EVALUATION RESEARCH AND TREE INVENTORY

K. W. Reisch
Department of Horticulture

Ohio Agricultural Research and Development Center

The need for a comprehensive evaluation of new introductions of shade and
ornamental trees for use in the north central United States has long been recog-
nized by horticulturists, utility companies, and others interested in high quality
trees and landscapes. Two leaders in the street tree field, M. W. Staples, re-
tired vice president of the Davey Tree Expert Company, and Dr. L. C. Chadwick, pro-
fessor emeritus of horticulture, The Ohio State University and Ohio Agricultural
Research and Development Center, developed a proposal for a 10-year comprehensive
evaluation of street trees in urban and suburban areas.

The OARDC, in cooperation with a committee of the Ohio Chapter, International
Shade Tree Conference, and Ohio Electric Utilities Institute, established a re-
search program entitled Characteristics and Adaptability of Species and Cultivars
of Shade and Ornamental Trees with Emphasis on Street and Highway Landscape Use.

The project, which involves two parts, was begun at the Research Center in 1966,
The first part involves a planting of numerous tree species and cultivars located
in a randomized pattern at the OARDC, with many types of data taken throughout the
year. The second part is concerned with evaluation of existing street trees in
five Ohio cities: Cincinnati, Columbus, Toledo, Wooster, and the greater Cleveland
area. It is anticipated that case histories developed in this phase will be valuable
in preparing recommendations of trees for specific sites.

Part I of the research was begun in the spring of 1966 when eight each of sev-
eral tree selections were planted in a randomized design at one site. New selec-
tions are continually being added and in the spring of 1971 the collection included
species and cultivars as follows: Acer (Maple), 30 species and cultivars; Cratae-
qus (Hawthorn), 13 species and cultivars; Tilia (Linden), 13 species and cultivars;
and 16 other genera, 34 species and cultivars.

Detailed data were taken at the time of planting and are being taken throughout
each year on such factors as height, caliper, terminal growth, time of bud opening
and leaf drop, flower and fruit characteristics, habit and branching character,
pest problems, and leaf color.

In addition to the need for a comparative evaluation of tree selections, it
is also necessary to obtain information on the growth of several types in various
planting sites throughout Ohio. This is essential to thoroughly evaluate and make
knowledgeable recommendations, since differences in soil, rainfall, temperature,
exposure, and the surrounding area have a marked influence on the functional and
aesthetic values of trees.

Part II of the research was designed to obtain this type of information, and
data have been recorded annually since 1967 in all cities except Columbus. The
Columbus plots were added in 1969 and data recording was begun at that time.

As more miles of streets and highways are added, the need for these new culti-
vars will continue to increase. Thus, a non-biased scientific evaluation of mor-
phological characteristics and environmental adaptations is essential to provide
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Shade Tree Evaluation Plots Spring 1971 Inventory

Acer lyaergerianum
Acer campestre
Acer ginnala
Acer platanoides
Acer platanoides Almira
Acer platanoides Cleveland
Acer platanoides Columnare
Acer platanoides Crimson King
Acer platanoides Emerald Queen
Acer platanoides Globosum
Acer platanoides Greenlace
Acer platanoides Millers Superform
Acer platanoides Olmsted
Acer platanoides Royal Red
Acer platanoides Summershade
Acer pseudoplatanus
Acer rubrum
Acer rubrum Armstrong
Acer rubrum Autumn Flame
Acer rubrum Autumn Glory
Acer rubrum Bowhall
Acer rubrum Columnare
Acer rubrum Doric
Acer ruJbrum Gerling
Acer ruJbrum October Glory
Acer rubrum Red Sunset
Acer rubrum ScanIon
Acer rubrum Schlesinger
Acer rubrum Til ford
Acer saccharum
Acer saccharum Columnare
Acer saccharum Globosum
Acer saccharum Green Mountain
Acer saccharum Sweet Shadow
Aesculus carnea Brioti
Amelanchier grandiflora
Carpinus betulus Fastigiata
Carpinus betulus Pyramidalis
Celtis occidentalis
Cercidiphyllum japonicum
Crataegus Autumn Glory
Crataegus grignonensis
Crataegus intricata
Crataegus lavallei
Crataegus mollis
Crataegus monogyna Stricta
Crataegus nitida
Crataegus oxyacantha Pauli
Crataegus phaenopyrum Tree Form
Crataegrus prunifolis
Crataegus punctata
Crataegus Toba
Crataegus Winter King

Elaeagnus angustifolia
Eucommia ulmoides
Fagus sylvatica Dawyk
Fraxinus americana Autumn Purple
Fraxinus excelsior Hessei
Fraxinus excelsior Rancho
Fraxinus subintegerrima Marshall Seedless
Gleditsia triacanthos Imperial
Gleditsia triacanthos Shademaster
Gleditsia triacanthos Skyline
Gleditsia triacanthos Sunburst
Halesia Carolina
Koelreuteria paniculata
Liquidambar styraciflua Moraine
Malus Radiant
Malus Royal Ruby
Malus Royalty
Malus Snowdrift
Afalus Tschonoski
Malus Van Eseltine
Ostrya virginiana
Platanus acerifolia
Platanus acerifolia Bloodgood
Prunus sargenti
Prunus sargenti Columnaris
Prunus serrulata Kwanzan
Pyrus calleryana Bradford
Pyrus calleryana Chanticleer
Pyrus calleryana Fauriei
Pyrus calleryana Select
Quercus robur Fastigiata
£?uercus shumardi
Sophora japonica Regent
Sorbus aucuparia Wilson
Tilia americana Fastigiata
Tilia cordata
Tilia cordata Chancellor
Tilia cordata Greenspire
Tilia cordata Rancho
Tilia cordata XP 110
Tilia euchlora
Tilia europaea
Tilia europaea Pallida
Tilia mongolica
Tilia platyphyllos Fastigiata
Tilia platyphyllos Orebro
Tilia Redmond
Tilia tomentosa
Zelkova serrata Village Green

-68-



useful information to utility companies, municipalities, public agencies, landscape
contractors, and home owners. Urban renewal, park development, increased construc-
tion of recreation areas such as golf courses, and landscaping of public and commer-
cial buildings are additional factors indicating a need for more knowledge of orna-
mental tree selections.

The publication Horticulture Department Series 376, July, 1971 is the first
of a series intended to provide a location list and annual growth data from trees
in the city plantings and is available from the Department of Horticulture at
OARDC and The Ohio State University* In addition to describing the case histories o:
many tree types at different sites, this publication will enable the reader to visit
the plantings and observe the aesthetic aspects and the effects of varied environ-
mental conditions.

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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THE OAKS

P. C. Kozel and K. W. Reisch
Department of Horticulture

Ohio Agricultural Research and Development Center

Oak trees have long instilled in people the image of strength, stability, and
magnificence. What greater majesty exists than the sight of a mature oak with its
massive trunk and branch spread of up to 100 feet? A man standing next to such a
specimen realizes his insignificant stature and can not help but wonder at one of
nature's giant creations. Perhaps because of their size, oaks have historically
been considered sacred to the Hebrews, Greeks, and Romans* Today the wood of oak
trees is highly valued for its strength, but for centuries its acorns were prized
as a food source for man and beast. As recently as World War II, acorns were ground
up and used as a flour supplement in the war-ravaged countries of Europe,

Several uncommon oaks were prized for other characteristics. Kermes Oak
(Quercus coccifera), for example, is host to the Kermes insect which produces galls
on its leaves which yield a brilliant red dye upon extraction. The Turkish Oak
Quercus aegelops) was prized for its acorns which were used in the tanning of
leather. In addition, the fishermen of ancient Greece and Rome buoyed up their nets
with cork taken from the Cork Oak (Quercus suber).

Taxonomically the oaks belong to the Beech family (Fagaeae). The leaves are
either deciduous or evergreen, alternate, simple, and stipulate. The plants are
usually monoecious, the staminate and pistillate flowers appearing in catkin-like
racemes, and the fruit is a one-seeded nut referred to as an acorn.

Oaks are divided into two groups. One is the White Oak group, having acorns
which mature in one year. The leaves of this group have rounded lobes, with the
exception of the Live Oak (Quercus virginiana) and Post Oak (Quercus stellata), both
having entire leaves and acorns which are seldom bitter.

The second group is the Black Oak group. Acorns of this group take two years
to mature and are very bitter when tasted. The lobes of the leaves are usually
sharp pointed and tipped with bristles.

The native habitat of the oaks is principally North America, although five,
Quercus acutissima, Q. engleriana, Q. glandulifera, Q. liaotungensis, and Q» varxa-
bili are from the Orient and four, Quercus cerris, Q. libani, Q. robur, and Q. suber
are from Europe. It is noteworthy that the European species have no attractive fall
color.

Most oaks are deciduous although eight have evergreen or semi-evergreen foli-
age: Quercus agrifolia, Q. chrysolepis, Q* engleriana, Q. ilex, Q. laurifolia, Q.
suber, Q. virginiana and Q. wislizenii.

Most oaks reach an ultimate height of 75 feet or more but six have a maximum
height of less than 50 feet: Quercus acutissima, Q. engleriana, Q. glandulifera, Q.
liaotungensis, Q. libani, and Q. marlandica.

Generally, oaks do well in a wide variety of soils and environmental conditions.
This adds to their desirability as an ornamental plant. Four species, however,
should receive special care when used in landscape plantings. Bur Oak (Quercus macro-
carpa) , for example, will not tolerate shady conditions. Willow Oak (Quercus phellos)
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does well in the southern part of Ohio but is susceptible to winter injury when it
is used in unprotected areas in the northern part of the state. Pin Oak (Quercus
palustris) , a very popular tree, should not be planted in alkaline soils. Iron is
not available to Pin Oaks at an alkaline pH and these trees will quickly develop
yellow leaves (iron chlorosis). Iron chlorosis, if uncorrected, will result in a
gradual decline and death of this species* Control measures for iron chlorosis
are available and worthwhile where specimen plants are involved but the best con-
trol is to plant Pin Oaks in acid soils to avoid the problem. In direct contrast
the Chinkapin Oak (Quercus muleribergia) is found native in alkaline soils and should
be planted in such for best growth and development.

Oaks are used in the landscape either as specimen plants or as large shade
trees. Where space permits, as most oaks attain a height of 75 feet or more, cer-
tain species such as Willow Oak (Quercus phellos) , Shingle Oak (Quercus imbricaria),
and Pin Oak (Quercus palustris) have been used in street tree plantings. Many spe-
cies such as Pin Oak, Scarlet Oak (Quercus cocclnea) , and Eastern Red Oak (Quercus
Lubra inaxima) have excellent red or scarlet fall color which add to their attrac-
tiveness in the landscape.

Most oaks are propagated from seed. The acorns of the White Oak group will
germinate as soon as they fall from the trees and should be sown immediately.
Acorns from the Black Oak group require overwintering, or cold temperature exposure,
before germination will occur. A few cultivars, such as the popular Upright English
Oak (Quercus robur FastigiataJ, are grafted.

Several insect and disease problems occur on oaks although none are serious
enough in Ohio to limit their use in landscape plantings. The most common problems
are:

A) Anthracnose: This disease is caused by a fungus (Gnomonia veneta) and
occurs during rainy weather in the spring or summer. The White Oak group
is most susceptible to anthracnose. The disease first appears as brown
spots on the leaves. Rapidly these spots run together resulting in the
appearance of a leaf-blotch or blight. Control is possible through the
use of Zineb or Puratized Agricultural Spray as a dormant spray accord-
ing to manufacturer recommendations.

B) Leaf-Blister: This disease is common on most species of oak during
cool, wet springs and is caused by the fungus Taphrina coerulescens.
It appears as circular, raised areas up to 1/2 inch in diameter on the
upper leaf surface which are often yellowish-white. It is an unsightly
disease but rarely causes permanent injury to infected plants. Control
is readily obtained by spraying dormant trees with either Captan or
Zineb at the manufacturer suggested rates.

C) Wilt: A relatively new disease in Ohio caused by the fungus Ceratocystis
fogacearum. This disease has not been serious in Ohio but may become a
problem. Affected trees have curled, drooping, brown leaves and dis-
eased trees usually die one year after infection. The disease is spread
by root grafts and by several insect pests. Control measures are not
known. It is recommended that all pruning equipment be sterilized
after each pruning operation, since recent data indicate that such equip-
ment may help spread the disease.
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D) Galls: There are many types of galls which appear on oaks but they
rarely affect the health of the tree. Galls are caused by insects
and mites which often feed and grow completely protected inside the
galls. Adequate control can be obtained by spraying dormant trees
with lime-sulfur or with a miscible oi] to control overwintering
pests. In addition, malathion or Sevin spray in mid-May and mid-
June is essential.

E) Scales: There are several scale insects which may occasionally be-
come a problem. Scales vary in size from 1/16 to 1/6-inch in diameter
and vary in color from a golden yellow, to red, to a dull gray. Ad-
equate control can be obtained by either using a dormant spray, such
as miscible oil, or by spraying with malathion in early summer when
the young scales are in the crawling stage.

F) Leaf Eating- Insects: Many species and insect larvae feed occasionally
on oak leaves. Control can be obtained by spraying either with mala-
thion or Sevin when damage is observed, or by having tree treated in
early spring with one of the new systemic insecticides.

Species of Oak
^Indicates those hardy in Ohio

*Quercus acutissima Sawtoothed Oak
Quercus agrifolia California Live Oak
*Quercus alba White Oak
*Quercus bicolor Swamp White Oak
Quercus cerris Turkey Oak
Quercus chrysolepis Golden Cup Oak
*Quercus coccinea Scarlet Oak
Quercus engleriana Englers Oak
*Quercus falcata Spanish Oak
Quercus garryana Oregon White Oak
*Quercus glandulifera Glandbearing Oak
Quercus ilex Holly Oak
*Quercus ilicifolia Black Scrub Oak
*Quercus imbricaria Shingle Oak
Quercus kelloggii California Black Oak
Quercus laurifolia Laurel Oak
*Quercus libani Lebanon Oak
*Quercus lyrata Overcup Oak
*Quercus macrocarpa Bur Oak
*Quercus marlandica Blackjack Oak
Quercus michauxii Swamp Chestnut Oak
*Quercus muehlenbergii Chinkapin Oak
Quercus nigra Water Oak
Quercus nuttallii Striped Oak
*Quercus palustris Pin Oak
*Quercus phellos Willow Oak
*Quercus prinoides Dwarf Chinkapin Oak
*Quercus prinus Chestnut Oak
*Quercus robur English Oak
*Quercus robur Asplenifolia Spleenwort English Oak
*Quercus robur Atropurpurea Purple English Oak
*Quercus robur Concordia Golden English Oalc

robur Fastigiata Upright English Oak

-73-



*Quercus shumardil Shumard Oak
*Quercus shumardli Schnecki Schneck Oak
*Quercus stellata Post Oak
Quercus suber . Cork Oak
*Quercus variabilis Oriental Oak
*Quercus velutina Black Oak
Quercus virginiana Live Oak
Quercus wislizenii Interior Live Oak

Selected Oaks for Use in Ohio

Quercus alba (White Oak) 90 feet: Majestically few trees can compare with a
mature specimen of White Oak. It becomes quite round headed at maturity with very
wide, stout, spreading branches. It is a rather slow growing tree, and has the
characteristic of holding its leaves a good part of the winter. Fall color varies
from a purplish-red to a violet purple* If it is used as a specimen plant, at
least 80 feet should be allowed for vit to mature.

Quercus bicolor (Swamp White Oak) 60 feet: It has a rather narrow, round-top-
ped, open-headed growth habit. Swamp White Oak resembles White Oak but its leaves
and the tree itself are coarser in texture. The bark of especially young branches
tends to peel and gives a shreddy appearance. It is especially suited for use in
moist or wet soils. Fall color ranges from yellow-brown to red.

Quercus coccinea (Scarlet Oak) 75 feet: At maturity Scarlet Oak tends to be-
come broad and rather open headed. The leaves have from 5 to 9 lobes, the sinuses
are nearly circular, and the leaf base is often straight across. The open habit of
growth permits good turf development under the tree. This tree transplants with
difficulty and should be handled carefully. Fall color is an outstanding brilliant
scarlet.

Quercus iwbricaria (Shingle Oak) :• Shingle Oak has a rather pyramidal growth
habit when young and tends to be rather round-topped and open at maturity. The
leaves, different from those of many oaks, are long and narrow with an entire leaf
margin. The leaves are dark green above and densely downy beneath. This tree is
adaptable to shearing and can be pruned into excellent large hedges, windbreakers,
and screens. Fall color varies from yellow to russet.

Quercus palustris (Pin Oak) 75 feet: A very picturesque tree with a beautiful
pyramidal habit of growth. The upper branches are upright, the middle branches are
horizontal, the lower branches are pendulous. The foliage is lustrous green on the
upper surface, shiny and hairless beneath except for tufts where the veins join.
It has a rather fibrous root system and transplants readily. Care should be taken
not to plant Pin Oak in alkaline soils as the foliage will quickly appear chlorotic.
It is an excellent specimen plant, but room must be allowed for the spread of the
lower pendulous branches. Fall color is an excellent red or scarlet.

Quercus phellos (Willow Oak) 50 feet: A medium sized tree with slender branches
and a symmetrical, somewhat open, round-topped crown. It has fine-textured foliage,
the leaves being 2-1/2 to 5 inches long and narrow, resembling those of a willow. It
has a shallow root system and transplants readily. It is used mostly in southern
Ohio because of its susceptibility to winter injury.

Quercus robur (English Oak) 75 feet: A medium to large, open, wide-spreading
tree with heavy limbs and a deeply furrowed trunk. Its leaves are similar to those
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of White Oak but are smaller and not as deeply lobed. The fastigiate form of Eng-
lish Oak is used more widely than the species and is similar to it except in growth
habit. Like all European species, it has no fall color.

Quercus rubra maxima (Eastern Red Oak) 75 feet: A large oval to round-headed
tree with a somewhat symmetrical but open branching habit. Lobes of the leaves are
bristle-tipped and, although the leaves resemble those of Pin and Scarlet Oak, they
are less deeply indented. In general, this tree is not troubled by iron chlorosis
and the dark glossy green leaves provide dense shade. Fall color is maroon to pur-
plish red.

Q. alba Q. bicolor Q. coccinea

X
i$* ViNs

Q. imbricaria Q. palustris Q. phellos

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
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grass lawns, but it is important to note that this amount would be applied to the
tree in a single application and to lawns in three applications or more.

Selection of the proper method will depend on the plant cover under the tree,
the soil conditions, and the amount of time and labor available.

Surface Application: This is the easiest and fastest way to apply fertilizer,
since little or no equipment is necessary and there are few labor or application
costs. Surface application is the most effective means of applying fertilizer to
newly planted trees or to trees where there is no vegetation on the ground under
the branch spread. As the name indicates, it means simply spreading the recommended
amount of fertilizer uniformly on the surface of the soil under the branches*

As already indicated, the recommended 5 Ib. actual nitrogen rate is too high
for a single application when grass or other plants are under the tree. Therefore,
it is necessary to apply the fertilizer in two or three applications with thorough
watering after each application. From the aspect of appearance, grass will possibly
be damaged or grow excessively where the fertilizer has been applied. It is impor-
tant to note that phosphorous does not readily penetrate deep into the soil and
this will not be the most effective means of applying this element.

Hydro-Fertil Application: This technique involves the use of a 36 inch lance,
a thin tube pointed and perforated at the end. This tube is attached to a hose or
sprayer, and fertilizer solution is injected into the ground at the desired depth
through the tube. It is a relatively rapid means of placing fertilizer below the
surface of the soil and, at the same time, irrigating the tree. It should be noted
that homeowner applicator devices which attach to a hose are not too effective for
applying fertilizer since the amount applied is far below the recommended level.
The lance should be inserted to a depth of 18 inches on 2 to 3-foot centers in the
area under the branches.

Drill Hole Application: Holes are punched or drilled in the soil under the
branches and fertilizer then placed in the holes. This technique has the advant-
ages of aerating the soil and placing the fertilizer in the root zone below the
surface. It also permits addition of organic or granular material which will aid
in improving soil conditions. This method is especially beneficial if the tree is
growing in compacted or poorly aerated- soil. The improved aeration may be more ef-
fective in stimulating new root growth than the fertilizer. One disadvantage is
the amount of labor necessary to make the many holes necessary to obtain even dis-
tribution. An auger, punch bur, or crow-bar can be used and the job can be done
most easily when the soil is moist. The holes should be made on 12 to 18 inches
centers at a depth of 15 to 18 inches, beginning 2 feet from the trunk and extending
in concentric circles to a line slightly beyond the edge of the branches. Since
most fertilizer elements do not move laterally, the more holes made the better the
distribution over the root zone. The recommended amount of fertilizer should be
distributed uniformly among the holes using a funnel and a small can as a measuring
device. The hole should be filled with a soil amendment such as peat moss, calcine
clay, perlite, or crushed stone*

Fertilizer is no cure-all for plant problems. It must be used as one tool to
improve growth and health of the tree and make it more resistant to plant pests.

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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A few nurseries grow species, old garden, and shrub roses,
forms can be obtained from local or state rose societies.

Names of these

Roses in existence prior to 1867 are considered old garden roses. This was
the year the first hybrid tea rose, La France, was introduced. Roses developed
after this date are not recognized as old roses.

The best of the species, old garden, and shrub roses for Ohio can be seen in
the Garden of Roses of Legend and Romance. This garden, started in 1968, is located
at the Ohio Agricultural Research and Development Center, Wooster, Ohio. Some 2.7
acres have been planted with more than 1,500 roses of 500 different varieties or
cultivars.

Representative groups of roses in this garden include older hybrid teas, hybrid
perpetuals, rugosa shrubs and their hybrids, shrub roses, mosses, Damascenas,
species roses, hybrid Foetidas, hybrid Musks, Eglanterea, Chinensis, and the various
hybrids of these groups.

One of the outstanding rose groups in the garden are the modern shrub roses.
Equal to or better than the flowering shrubs, they require little maintenance but
give so much. Shrub roses in the Garden of Roses are listed below. (F) denotes
fragrance, (R) denotes repeat bloom.

Shrub Roses

Berlin
Rosa Hugonis
Dornroschen
Elms horn
Golden Wings
Hanseat
Hein Mueck
Hon. Lady Lindsay
Use Haberland
Lillian Gibson
Mabelle Stearns
Mai gold
Mannheim
Ohio
Oskar Scheerer
Pike's Peak
Prairie Dawn
Prairie Fire
Prestige
Sarrbrucken
Scharlachglut
Sparrieshoop
Stadt Rosenheim
Von Scharnhorst
Weisse aus Sparrieshoop
Zitronenfalter

Orange-Scarlet (F-R)
Light Primrose Yellow
Salmon (F-R)
Deep Pink (F-R)
Sulphur Yellow (F-R)
Dusty Pink (F)
Brownish Red
Soft Pink (F-R)
Crimson Pink (F)
Rose-Pink (F)
Peach Pink (F-R)
Bronze-Yellow (F)
Crimson (R)
Bright Red (R)
Velvety Dark Red
Light Red
Glowing Pink (R)
Bright Red (F-R)
Crimson
Scarlet Red (R)
Crimson
Light Pink (F-R)
Orange Red (F)
Yellow to White (F-R)
White
Pure Golden Yellow (F-R)

(R)

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
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ORNAMENTAL FLOWERS AND THEIR PROBLEMS

Robert E. Partyka
Extension Plant Pathologist
The Ohio State University

The increase in population and homeownership has resulted in a greater demand
for trees and shrubs in landscape design. Beautification in areas other than the
home has placed greater demand on plant material. This has resulted in greater use
of flowers such as bedding plants, perennials, and house plants.

Ornamentals are used to complement larger plant material, to provide varied
color, and to encourage the individual's green thumb. These plants have their
problems in the production phase as well as in the established growing area.

House Plants

The environmental conditions in most homes do not favor development of disease
problems on house plants. If a disease problem does exist, chances are it developed
on the plant in production or in transit to its destination. Problems such as root
and crown rot of African violet, foliage plants, gloxinia or poinsettia, leaf spot
of philodendron and begonia (Figure 1) or root knot nematodes (Figure 2) are gener-
ally on the plant prior to its introduction into the home. Some such as leaf spot
may be of minor importance; however, others may be encouraged by improper watering
practices. Most problems of house plants are related to physiological problems
due to deficiencies or excesses of water, light, nutrients, temperatures, or nox-
ious gases. Severely diseased plants should be discarded. Excessive watering may
encourage root rot fungi present in the media. Changing the location of the plant
can often remedy a light or temperature problem. Nutrient requirements are often
specific for each plant variety and must be met accordingly.

Annuals and Bedding Plants

Plants grown from seed may be attacked by damping-off fungi if weather condi-
tions are cool and moist. Bedding plants are also subject to the same problem
after they are planted if cool moist weather conditions exist. Captan 50 percent
WP or ferbam 76 percent WP drenches can be used to minimize these disease problems.

Gray mold or Botrytis blight (Figure 3) may be found on the flowers or foliage
of petunia, snapdragon, and any other plant if weather conditions favor development
of the fungus. In most cases this disease - can be kept to a minimum if plants are
spaced or planted to provide good air movement. Several fungicides can be used to
reduce gray mold including zineb 76 percent WP, maneb 80 percent, Botran 50 percent
and Daconil 2787.

Leaf spots (Figure 4) may develop on specific plants during some seasons.
These can be controlled by planting clean seed and following a protective spray pro-
gram when the disease first appears, using Zineb 76 percent WP or Maneb 80 percent
WP. Powdery mildews (Figure 5) are favored by low rainfall conditions and poor air
circulation in the local plant area. Powdery mildews are readily recognized by
gray-white growth on the surface of the leaf. Improving air circulation or spray-
ing plants with Karathane or sulfur can help minimize this disease.

Excessive use of fertilizer and the resultant soluble salt build-up may injure
the root system and reduce plant growth. Misuse of herbicides or herbicide runoff
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from treated lawn areas becomes a problem on these plants. Prevention is the only
control.

Perennial Flowers

Perennial plants are relatively disease-free if planted in well drained soils
and in areas where there is adequate air circulation. Leaf spot of iris (Figure 6)
or phlox, leaf blotch of peony, black spot and powdery mildew of rose and Botrytis
flower blight are the most common diseases encountered, Maneb 80 percent WP or
folpet 75 percent WP will give adequate protection from these diseases. Folpet,
Karathane, and sulfur are effective against powdery mildew of rose, while Daconil is
good against Botrytis on flowers and foliage.

Crown and root rots on perennial plants can often be attributed to poor soil
locations. In some cases, airborne inoculum may invade the leaf and stem tissue
and then move to the crown and root. This is often the case of Botrytis and Phyto-
phthora crown and root rots of peony (Figure 7). Protective sprays of zineb 75 per-
cent WP or Daconil can be used; but once a plant is severely infected, removal of
the plant and infested soil is the only solution.

Corm and Bulb Plants

Very few diseases are found on bulb plants grown in the garden. The most com-
mon disease is Botrytis blight of tulip (Figure 8) which often grows down to the
bulb and results in bulb rot. Controlling the foliage phase with improved air cir-
culation or protective sprays using maneb 80 percent WP or ferbam 76 percent WP will
control the bulb rot stage. Fusariuzn root and bulb rot is often encountered on per-
ennial lilies. This is evidenced by a gradual yellowing and wilting of the plant
during warm weather. Removal of infected plants is the best control. Fusarium corm
rot (IFigure 9) and scab are most common on gladiolus. These are evidenced by discol-
ored areas on the corm prior to planting. All discolored or diseased corms should
be destroyed. If the problem develops in the soil year after year, plant in a dif-
ferent location or grow another crop.
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CARE OF IRIS IN THE HOME LANDSCAPE

James L. Caldwell
Extension Floriculturist
The Ohio State University

One of the oldest garden perennials is the iris. Four thousand years ago in
Crete, iris was the flower of prince and priest. Native to many countries in the
north temperate zone, they are outstanding flowering plants. With the hybridiza-
tion of newer varieties in recent years, they have again received the recognition
which they so justly deserve.

There are two great divisions of iris which rapidly separate the various kinds.
These are the bulbous group, which is mostly early spring flowering, and the rhizo-
matous. These can be further broken down into Dutch, Spanish, English, and Juno
in the bulbous group. Bearded, beardless, and evansia or crested are rhizomatous.

The Euopogon, which means true bearded iris, are further divided into six horti-
cultural classifications that group species and cultivated varieties according to
height and blooming season. They are as follows: miniature dwarf, standard dwarf,
miniature tall, intermediate, border, and standard tall bearded.

Iris flowers have six petals. The three upright petals are called standards
and the three that hang down are called falls. The bearded iris have a fuzzy line
or beard that runs down the middle of the falls and are called German iris. These
iris grow to a height of 2 to 3 feet. Beardless iris have smooth fall petals and
thin, grasslike leaves. The Japanese and Siberian irises are the most commonly
grown and will grow 1 to 4 feet tall. Crested irises have a small raised area
(which may be sawtoothed) on the middle of each fall. Frequently, crest color con-
trasts with petal colors.

Iris have many uses. Their main requirements are well drained soil and full
sunlight, if possible. They will grow in some shade but more flowering will re-
sult if they are not shaded. The bearded, beardless, and crested irises all grow
from a thick, underground stem called a rhizome. These rhizomes grow just below
the soil surface and store food produced by the leaves. As the rhizomes get older,
they may even appear to grow on top of the ground. Each rhizome produces a bloom-
stalk only once. Newly developing rhizomes flower the next year.

The ideal time to plant irises is in late summer or early autumn. You will
find the rhizomes in most garden centers, or when plants are available. The rhi-
zomes may be potted in some type of container or they may be bare-root in a plastic
bag or something similar. Those potted are quite easily handled. Just remove the
container and the roots are not disturbed. An added advantage is that if the plants
are not planted right away, as should be done with the bare-root ones, it is no
problem to keep the plants watered and in good condition until time is available
for planting.

Nothing has been said about the selection of varieties, and it would be impos-
sible to list them. There are so many good ones available with about every color
conceivable that this is left to the discretion of the gardener. Certainly, if
there is any thought towards developing a garden of named varieties, it would be
wise to purchase only those that are named, and make a permanent record of them.
Before selecting the varieties, look at those that have won awards such as the
Dykes Medal or the annual American Iris Society awards.
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Once the site for planting is chosen and the selection of varieties is made,
it is time to plant. Depending on the effects desired, one or more rhizomes are
planted in a given area or shape. Previous to planting, the soil should have been
worked up to spade depth and organic matter incorporated into the soil. A good pro-
portion to use is three shovels of soil to one shovel of coarse sphagnum peat moss.
Mix the soil and peat moss together before placing it around the plants. The rhi-
zomes should be planted so that the top of the rhizome is one inch below the surface.
Spread out the root system and cover with soil. Water thoroughly after planting.
Remember that the closer the rhizomes are planted, the sooner you will have to di-
vide them. Normally, 18 to 24 inches between plants is desirable.

With most iris, it will be necessary to separate the rhizomes three to five
years after planting depending on how rapidly they grow. This division is done at
the same time as you would if planting new plants. Dig the clump by placing a spade
under the plant and lifting it entirely. Use a sharp knife to cut off the young
rhizomes developing from the mature ones. Be sure the young rhizome has some roots
and cut back the leaves or fan to 1/3 the original height. These divisions are then
ready to plant as described previously.

For the greatest flowering and growth, fertilization is recommended. Some
gardeners never fertilize these plants, but should if they want optimum flowering.
Apply a complete dry fertilizer with an analysis similar to 4-16-16, 5-10-5, or
5-10-10 at the rate of 3 to 4 Ib. per 100 sq. feet in early spring when growth is
beginning and again after flowering. Liquid fertilizer may be used if desired but
follow the directions given on the package or container. Remember that dry ferti-
lizer will not help unless washed into the soil by watering.

One of the most common problems on iris may be detected when dividing the
clumps. This is an insect pest called the iris borer. Presence in the rhizome of
pink, caterpillar-like larvae with rows of black spots along their sides is a sure
sign of this pest. As a result of their feeding, bacterial soft rot is generally
present also. First, remove the larvae and destroy them. Then cut off the rotted
section of the rhizome and discard. If the entire rhizome is affected, destroy it.
Treat the rhizomes which have been damaged and are worth saving with a solution made
by dissolving one bichloride of mercury tablet in a pint of water. The rhizomes
should remain in the solution for 10 minutes. Allow 2 or 3 days after treating be-
fore replanting.

In order to prevent the iris borers from getting into the rhizome, the plants
should be sprayed every year beginning when the leaves are 5 to 6 inches long. The
insecticide Cygon is recommended. A repeat application should be made in 30 days.
If holes are noticed in the leaves in summer, the plants should be checked for borer.
If borers are found, spray with Cygon (dimethoate). A sanitation program should be
practiced in the fall by removing and discarding dead leaves and other debris.

Turf and Landscape Research--1971. Research Summary 56, Ohio Agricultural
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PROPAGATION OF RHODODENDRON CUTTINGS

Makoto Kawase and Harry A. J. Hoitink
Departments of Horticulture and Plant Pathology

Ohio Agricultural Research and Development Center

Success in propagating rhododendron cuttings depends on many factors. First of
all, wood to be used for cuttings must be healthy and mature. Further, the prepara-
tion and treatment of cuttings are important for improvement of rooting, particu-
larly for hard-to-root cultivars. Since rhododendron cuttings must stay in a propa-
gation bed for about 3 months, special care must be given to disease control. Dur-
ing the winter season of 1969-70, a rhododendron propagation study was conducted at
the Horton Nurseries, Inc., Painsville, Ohio, to obtain information on some factors
which control rooting of rhododendron cuttings.

It is generally accepted that higher hormone concentrations result in better
rooting, as long as the concentration is not too high. Naturally, cuttings of easy-
to-root rhododendrons require lower hormone concentrations. Relatively low concen-
trations of hormones are being used in Ohio nurseries as powders or solutions. It
is necessary to find what concentrations of hormones should be used for a specific
cultivar. In this study, Roseum Elegans and Cunningham's White were used as easy-
rooters while Bettex, Dr. H. C. Dresselhuys, Leefs Dark Purple, and Nova Zembla were
used as hard-rooters. Indole butyric acid was used at concentrations of 0.1, 0.5,
1.0, 1.5, and 2.0 percent in powder form.

Rhododendrons make a flush type of growth only under long day conditions. With
shorter days in the fall, the growth rate slows and is completely stopped when days
are shorter than 10 hours. With the reduction of growth, plant maturation starts.
However, the maturation is slowed by warm temperatures, heavy precipitation, heavy
nitrogen application late in the season, or reduced photosynthesis. These factors
may be why some cuttings are not mature in late fall. Container-grown plants tend
to produce less mature cuttings, even late in the season, because of their soft
growth due to high rates of water and fertilizer application. Thus, the best time
for taking cuttings varies with conditions. In this study, the effect of maturity
on rooting of cuttings and the best hormone concentration for cuttings of different
degrees of maturity were investigated.

Systemic fungicides have been successfully used recently for propagation of
cuttings. Earlier the senior author conducted a preliminary study with the coopera-
tion of Mr. Case Mahlstede, Mahlstede Bros. Nursery, 5323 Wilson Mills Road, Cleve-
land, Ohio, in which the effect of thiabendazole, a systemic fungicide, on rooting
of rhododendron softwood cuttings was investigated. Cultivars studied were:
Catawbiense Album, Catawbiense Boursault, Cheer, Chionoides, Dr. Rutgers, English
Roseum, Holden, Leefs Dark Purple, Nova Zembla, Pinnacle, Romeo, Roseum Elegans,
Roseum Superbum, and Spring Dawn. In all cultivars studied, 87 percent of cuttings
rooted when treated with a powder containing 10 percent thiabendazole and 2 percent
indole butyric acid; 68 percent of cuttings rooted when 2 percent indole butyric
acid was used. In some cultivars, such as Lee's Dark Purple and Dr. Rutgers, the
thiabendazole-indole butyric acid treatment resulted in more than twice as many
rootings than obtained by indole butyric acid alone. These preliminary results
clearly indicated that the systemic fungicide increased rooting percentages.

The authors express sincere thanks to the late Mr. James Allen, who gave his
excellent daily care to the cuttings during this study.
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In the study reported here benomyl, another systemic fungicide, was used at a
concentration of 2 percent active. Effect of benomyl on disease control was excel-
lent. Even after 3 months, the basal ends of some cuttings were still white and
clear without an apparent infection or discoloration.

Rhododendron branches were first dipped in a Captan solution (2 Ib. 50% WP per
100 gal.)- Each cutting, 1 to 4 inches long, had 3 to 4 leaves. The terminal half
of each leaf blade was cut off and the terminal bud was removed. A thin 1-inch long
slice was removed from the side of the cutting base. The basal 1-inch portion of
the cutting was next powdered with hormone mixture (Table 1). Combinations of the
hormone mixtures and varieties are listed in Table 2. The propagation medium was a
mixture of German sphagnum peat, sand, and coarse perlite. Shortly before cuttings
were stuck, the bench was drenched with Aqua-Gro and then with a Terraclor (75% WP)-
Dexon (35% WP) mixture (Terraclor 0.75 Ib. and Dexon 10 oz. per 100 gal. water) at
a rate of 1 pint per sq. foot. Every 2 weeks, the cuttings were sprayed with a
Captan-Ferbam (76% WP) mixture (Captan 0.75 Ib. and Ferbam 0.75 Ib. per 100 gal.
water) .

Four weeks after the cuttings were stuck, the bench was drenched again with
the Terraclor-Dexon mixture. Bench temperature was maintained at approximately
71° F. The relative humidity in the greenhouses ranged from 58 to 86% and air tem-
perature sometimes reached 96° F. For each treatment, 70 cuttings were used and
treatments were replicated twice. After approximately 3 months, cuttings were dug

TABLE 1.—Hormone Mixtures Used (by Weight).

Percentage of Ingredients
Hormone -
Mixture Indole Butyric Acid Benomyl (active) Cut-Start 4X* Talcum Powder

1
2

3

4

5

6

0.1

0.5

1.0

1.5

2.0

2.0

2

2

2

2

2

2

0

0

0

0

0

50

97.9

97.5

97.0

96.5

96.0

46.0

^Purchased from Vitamin Institute, 5409-5415 Satsuma Ave., North Hollywood,
Calif.

TABLE 2.--Combinations of Hormone Mixtures and Rhododendron Cultivars.

Hormone Mixtures Cultivars

1, 2, 3 Roseum Elegans, Cunningham's White

3, 4, 5, 6 Bettex, Dr. H. C. Dresselhuys,
Lee's Dark Purple, Nova Zembla
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TABLE 3. —Rooting of Rhododendron Cuttings

Variety

Date Best
Cuttings Hormone

Were Taken Mixture

Percent Rooting
Cuttings Ready Cuttings with
for Transplanting* Good Root System*

Easy Rooter

Roseum Elegans

Cunningham's White

Hard Rooter

Bettex

Sept. 15

Oct. 20

Oct. 20

Sept. 15

Oct. 21

Dr. H. C. Dresselhuys Sept. 5

Lee's Dark Purple Sept. 5

Oct. 21

Nova Zembla Sept. 5

2

3

2

5

5

4

4

6

3

94.2

89.4

94.4

82.3

98.1

89.3

92.1

90.7

83.6

68.6

78.0

85.1

40.1

96.2

78.0

76.4

80.0

49.2

*See Figure 1.
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PRACTICAL PROCEDURES FOR INCREASING
FLOWER BUD INITIATION ON RHODODENDRONS

S. P. Myers and P. C. Kozel
Department of Horticulture
The Ohio State University

Research in the field of bioaesthetics at The Ohio State University during the
past few years has yielded much information on the use of plant growth regulators.
One of our major areas of emphasis has been the use of plant growth regulators on
rhododendrons to enhance flower bud production. More specifically, our goal was
to develop techniques whereby rhododendrons could be cultured from rooted cuttings
to salable budded plants in one year.

Research results from previous years combined with current year data suggest
the following procedures should be followed in order to achieve maximum benefits
from chemical treatments:

Obtaining budded plants from rooted cuttings in one year. A) Initiate supple-
mentary light treatments (from 10 a.m. until 2 p.m.) amounting to 20 footcandles of
light at the plant surface beginning in February. This light intensity can be pro-
vided by 100 watt incandescent lights 4 ft. apart and 4 ft. above the plants.

B) Apply Phosfon to the cuttings during the first week in May. Use this mater-
ial as a soil drench (0.4 gm. per 1 gal. container). This rate is equivalent to
using a 1:50 Phosfon-water dilution and applying 7 oz. of this solution per gal.
container. Water the plants well prior to treatment to assure good distribution of
the Phosfon throughout the soil mass.

C) When the danger of frost is past, transfer the plants out of doors maintain-
ing the supplemental light treatments.

D) Terminate the extended photoperiod treatments on Sept. 1.

Obtaining flower buds on plants that usually will not initiate them until a
later growing season. A) Apply Phosfon as a soil drench and at concentrations pre-
viously described. The application is most effective if applied before or during
the first flush of spring growth. It is advised to apply Phosfon during the first
week in May. Phosfon will enhance flower bud set if applied at those times without
utilizing 20 footcandle supplemental light treatments. In all tests to date, how-
ever, the supplemental light treatments (10 a.m. to 2 p.m.) from June 1 until Sept.
1 enhanced the flower bud count in Phosfon treated plants above those plants treated
but not so lighted. Hence the utilization of supplemental light is strongly advised
to maximize flower bud set.

B) One can, if earlier treatment was not possible, achieve reasonably good re-
sults from treatment no later than the end of June. Treatments applied at this date
must be accompanied by supplemental light treatments until Sept. 1 to be effective.

The following rhododendron cultivars have been in our trials and have been suc-
cessfully treated with Phosfon to enhance flower bud development:

a) Rhododendron Roseum Elegans c) Rhododendron English Roseum
b) Rhododendron Nova Zambia d) Rhododendron Boule De Neige
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The rhododendrons must be cultured in good fashion to achieve maximum effects
from the Phosfon treatment. Our cultural treatments were as follows:

Fertilizer - applied in liquid form every 3 weeks.
12 oz. Ammonium nitrate Per 80 gal. of water
40 oz. Potassium chloride or
8 oz. Iron chelate Per 5 gal. container using

a 1:16 proportioner

Fungicide Treatment - applied once after potting.
6.4 oz. Dexon Per 80 gal. of water
3.2 oz. Terrachlor or

Per 5 gal. container using
a 1:15 proportioner

Turf and Landscape Research—1971. Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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AIR POLLUTION AND OUR ENVIRONMENT

Dr. T. Craig Weidensaul
Laboratory for Environmental Studies

Ohio Agricultural Research and Development Center

We seem to live in an age of crises, be they foreign relations, unemployment,
hunger, race relations, or labor disputes. Another topic which has received atten-
tion in the crisis category is air pollution, not to mention overpopulation, water
pollution, and the toxicity and persistence of pesticides applied to insure produc-
tion of adequate food, fiber and ornamentals.

A serious potential crisis does exist if we continue or begin to mismanage re-
sources and wastes. But for the nation as a whole, there is no present crisis per
se even though some self-acclaimed ecological experts give us only 10 years until
we will need face masks, and others say the world as we know it will no longer ex-
ist in thirty years.

Air pollution in general is not growing that much worse and there is certainly
no reason why it should. Conditions in certain localities however, are at a crisis
level and the effects of toxic gases, particles, and aerosols are seen on materials,
plants, and to a lesser extent on people and other animals.

Certain pollutants can be controlled more easily than others and presently are
either at static levels or even decreasing; others continue to be emitted in full
force and will increase until economical methods can be developed to abate their
emission. The strength of public sentiment and individual awareness coupled with
ingenuity can result in not only a protected environment, but also an enhanced and
improved one.

Some speculators cite overpopulation even now as the direct cause of our air
and water contamination problems. The author does not believe that we are neces-
sarily overpopulated, but rather overpopulated with people who have had things very
nice for a long time and have come to accept luxuries and conveniences as things
they cannot and will not do without. We force producers to continually increase
goods and services and of course, these must be made available to the consumer at
moderate prices. Therefore, through our demands we have forced producers to take
short cuts which eventually "end up in many instances as by-products of progress, or
as we see them, environmental contaminants.

These contaminants cause both acute and chronic injuries to our environment.
The acute injury is more spectacular in nature since plants, for example, show symp-
toms such as tissue death, discoloration and so forth when exposed to relatively
high concentrations (measured in parts per million) of certain air pollutants for
short periods of time (hours).

Chronic injury is much more insidious and manifests itself in the form of pre-
mature plant senescence, reduced vigor and growth, and lower yields of food and fi-
ber. Air pollutants also predispose plants to attack by opportunistic infectious
agents such as fungi, bacteria, viruses, and insects that attack weakened plants.

We have heard frequently that magical word ecology and how it is changing.
Ecology, the relationships among organisms and to their environment, has been chang-
ing for eons and it is not likely to cease changing when we have eliminated all the
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pollutants from our environment. Air pollutants, like wind, extreme temperatures,
excessive or inadequate moisture, plant=light relationships and natural catastro-
phes such as hurricanes, tornadoes, and earthquakes impose stresses on the environ-
ment and its constituents. Many of the effects of air pollutants on plants mimic
injury caused by other factors, at least as far as macroscopic appearance is con-
cerned.

Different air pollutants affect plants in different ways, but a single pollu-
tant usually affects a wide range of plants in the same manner. For example, hyd-
rogen fluoride tends to cause injury or tissue death at the leaf tips or margins of
many plants where the fluorine accumulates until toxic proportions are reached* Not
all pollutants accumulate in plants and some are much more toxic than others, both
to plants and people. In general, plants are much more sensitive to air pollutants
than are animals and are injured by much lower concentrations.

We normally think of air pollutants as gases, aerosols, and particles which
originate at a point source such as a power plant, internal combustion engine, burn-
ing refuse, or an industrial complex. The not-so-obvious pollutants, which man does
not produce, are bacteria, fungi, and viruses which can be airborne alone or adsorbed
on airborne soil or dust particles. The man-made pollutants may also be adsorbed
and disseminated on particles.

In certain areas of our country the production of food and fiber crops has been
jeopardized by the presence of photochemical oxidants such as ozone and PAN (peroxy-
acetyl nitrate) compounds. Sulfur dioxide has caused injury to Christmas trees and
other plants in several states. Both vegetation and animals consuming it have been
severely injured by hydrogen fluoride.

Particles coat vegetation, creating an unsightly appearance and interferring
with the photosynthetic process. In some cases, they accumulate in the soil, mak-
ing certain plant nutrients unavailable for plant growth and reproduction. Heavy
metals such as lead, copper, mercury, beryllium, and cadmium are accumulated by
plants, sometimes without obvious plant injury, but subsequently injure or kill ani-
mals that consume the contaminated vegetation*

These pollutants are very stable, can be detected in air, water, soil, and
plant and animal tissues, and will be in the environment in toxic form for a long
time. Other contaminants such as ozone are very unstable and break down very rapidly
Ozone is formed when an oxygen atom is cleaved from a molecule of one of the oxides
of nitrogen such as nitrogen dioxide (N02). The cleaved oxygen atom is then combined
with an ordinary molecule of oxygen (02) to form ozone (03). This reaction is com-
pleted in the presence of ultra-violet light and is reversible. Ozone and the other
photochemical oxidants are the most important with respect to plant injury. Other
members of the Big Four pollutants are sulfur oxides, particles, and hydrogen fluor-
ide.

As many readers already know, the principal sources of air pollutants are auto-
mobiles, coal-fired electric power generating plants, industry, space heating, ref-
use disposal, forest fires, and agricultural burning. These sources emit millions ol
tons of air pollutants each year in the United States. This tonnage is comprised of
carbon monoxide (52%), oxides of sulfur (18%), hydrocarbons (12%), particulate mat-
ter (10%), oxides of nitrogen (5%) , and miscellaneous (2%) pollutants such as fluor-
ides, chlorides, ammonia, and various chemicals emitted by leaks and spills. Most oi
these pollutants originate in urban areas where the air is about three times as con-
taminated as that in rural areas despite constant pollutant dilution and dispersal.
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Although rain cleans the air just like an industrial stack scrubber, pollutant
concentrations unfortunately reach phytotoxic proportions. It is well-documented
that air pollutants cause both acute and chronic injury to plants. When plants are
injured or killed, others take their places. Animal populations shift in response
since the plant life often governs the animal constitutents of a given microenviron-
ment or niche. In this way man has helped to modify the ecological relationships on
Earth.

The presence of air pollutants alone does not always result in plant injury
since many factors influence plant sensitivity. A few of these factors are wind
for pollutant dispersal, air temperature, relative humidity, inherent plant sensi-
tivity, age of plant tissue, length of exposure to various pollutants, and of
course pollutant concentrations.

Earnest efforts are being made by many pollution sources to control and reduce
the emission of toxicants into the atmosphere. It must be understood that such ef-
forts will likely never result in the complete elimination of these materials from
our environment, and as long as there is biological and chemical activity on earth,
some levels of air pollution will be present. Within 5 to 10 years the highly con-
centrated emissions which cause acute injury will likely be tremendously reduced.

Now we must begin to consider the effects of low pollutant concentrations on
plant and animal life and learn how gaseous mixtures behave at low concentrations.
It is already known that very low levels of ozone and sulfur dioxide combinations
have a more profound effect on certain plant species than higher concentrations of
the individual gases,

Of course, the most desirable and acceptable course of action is to abate the
pollutants at their source. However, we must also select and propagate plants that
can resist or tolerate various pollutants if we are to maintain food, fiber, and
ornamental plants in certain local environments.

The topic of air purification by plants is often discussed. Plants do indeed
filter some particulate matter from the air. They also use carbon from carbon di-
oxide, but there are no research data which indicate conclusively whether plants
can or cannot absorb gaseous pollutants efficiently, accumulate them without injury,
detoxify, or metabolize them to make a cleaner ambient air. This is certainly a
subject which deserves the attention of researchers. It is not enough just to
establish that certain plants can purify air. We must also determine how efficient
plants are at this process. Plants emit oxygen which dilute pollutants, but the
solution to pollution is not dilution.

Many potential crises involving environmental quality do exist and the pursuit
of factual information by both the scientist and the layman will do far more good
than the alarmists1 approach. William S. White wrote for the Washington Post, "There
is no deeper trait in the American character than that of ignoring a great problem
beyond all reason and season and then overnight leaping at it with shrieks of frenzy
and hysteria. We lock the barn door not only after the horses are all out and run-
ning away, but also running away in many different directions.11

Turf and Landscape Research—1971, Research Summary 56, Ohio Agricultural
Research and Development Center, Wooster, Ohio, September 1971.
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