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EFFECTS OF NITROGEN FERTILIZER AND MOWING HEIGHT
ON WEED CONTENT OF A KENTUCKY BLUEGRASS TURF

M. H. Niehaus
Department of Agronomy

Ohio Agricultural Research and Development Center

Introduction

One of the greatest problems in maintaining a quality home lawn is encroachment
by various weeds. Many weeds can be controlled by herbicides, but it would be desir-
able if weeds could be eliminated or kept to a minimum without the use of herbicides.
Mowing practices and rate of nitrogen (N) fertilizer are primary factors governing
the vigor of turf. Since a vigorous turf has few weeds as compared to a thin, un-
healthy turf, it is obvious that N fertilizer and mowing practices affect weed en-
croachment. Fortunately, mowing and fertilizing with N are two areas of management
which the homeowner can completely control.

To determine how well weeds could be controlled by correct mowing height and
N fertilization, an experiment involving these factors was initiated in 1969.

Materials and Methods

An area on the grounds of the OARDC was seeded to a blend of Merion and Kenblue
Kentucky bluegrass in 1969. Merion comprised 15% and Kenblue 85% of the blend by
weight. A blend was used because there is evidence that blends are adapted to a
wider range of conditions than pure strains. Merion was included because it was
one of the most popular varieties available at the time the experiment was initiated.
Kenblue is a variety originated from naturalized seed fields in Kentucky and has char-
acteristics typifying the common bluegrass which is widely sold for bluegrass lawns.
These include poor tolerance to low cutting heights and susceptibility to Helmintho-
sporium leafspot. Since Merion is more aggressive than Kenblue, it made up a smaller
portion of the blend.

Phosphorus and potassium soil levels were high and maintenance applications of
each were made annually to ensure that they were not limiting. Lime was applied
before planting to raise the pH to 6.8, a level considered optimum for bluegrass.

The area was not irrigated and no herbicides were used. Clippings were removed
from the plots. Thatch was minimal and no dethatching or verticutting was done.

The area was divided into plots based on N treatments and mowing heights. Main
plots were the N treatments shown in Table 1. The rates ranged from well above to
well below the recommended rate. Time of application varied through the growing
season. Nitrogen plots were divided into two subplots, with one mowed at 1 inch
and the other at 2 inches. All treatments were replicated three times. Plots were
mowed often enough so that no more than 1 inch of leaf blade was removed per mowing.

The N source was ammonium nitrate, a water soluble, quickly available form of
N. Leaf burn was avoided by applying ammonium nitrate only when the leaf blades
were dry.

Data obtained from the plots included percent of the area covered by broadleafed
weeds in May and percent of the area covered by crabgrass in August. Visual estimates
of color and density of the turf were also recorded periodically.

-1-



TABLE 1.--Nitrogen (N) Treatments Applied Annually to Kentucky Bluegrass Turf
Plots.

N Treatments

1
2
3
4
5
6

TABLE 2.
Plots.

N Treatments

1
2
3
4
5
6

TABLE 3.
Plots.

N Treatments

1
2
3
4
5
6

Lb. N applied per 1,000 sq. ft.

April May June July Sept. Total

2 2 2 2 2 1 0
2 1 2 5

1 1 1 1 1 5
1 . 5 1 2 .

2.5 2.
1.5 1.

—Percent Veronica Invasion of Kentucky Bluegrass Turf

Weed Coverage (%)

1-Inch Cut 2-Inch Cut

1972 1973 1972 1973

0 1 0 0
8 3 0 0
8 6 0 0

13 5 1 0
13 5 0 0
13 5 1 1

--Percent Crabgrass Invasion of Kentucky Bluegrass Turf

Weed Coverage (%)

1-Inch Cut 2-Inch Cut

1972 1973 1972 1973

5 5 3 1 2
11 33 2 1
9 4 3 0 0

12 5 2 2 1
1 6 7 0 2 0
1 8 5 5 3 0

5
5
5
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Results

In 1970, 1972, and 1973, veronica, a small annual broadleafed weed, invaded the
plots. The invasion by veronica was greatest in the low-cut plots, with little occur-
ring in the high-cut plots. In the low-cut plots, the percentage area covered by
veronica decreased as the rate of N increased. Table 2 shows the data obtained in
1972 and 1973. While rate of N was important, there was little effect due to frequenc
of applications of N during the season.

Crabgrass was not a problem in 1970 or 1971. In 1972, it invaded the low-cut
plots and was the dominant species in many plots in 1973. Very little crabgrass
occurred in the high-cut plots at any time. The data from 1972 and 1973 are presentee
in Table 3. The rate and seasonal distribution of N applications appeared to have
only a small and inconsistent effect on crabgrass invasion.

All plots mowed at a 2-inch cutting height remained dense and vigorous through-
out the experiment. Color was poor at least part of the season on plots receiving
less than 5 Ib. of N per 1,000 sq. ft. per year. Plots receiving the 10-Ib. rate
of N turned brown during periods of prolonged drought, but recovered rapidly after
rain.

It was noted that all plots were gradually dominated by Merion. The domination
occurred most rapidly on plots receiving higher rates of N and on plots which were
mowed at a 1-inch height. However, by 1973 all plots were estimated to consist of
between 60% and 80% Merion. This indicates Merion may not be a desirable component
of a bluegrass blend. It is aggressive the first few years, but after it has domi-
nated the blend, it is likely to be damaged by stripe and flag smut, serious fungus
diseases. Merion is the most susceptible of all bluegrass varieties to these diseases

Several improved varieties are now available which would be better choices for
use in blends. Pennstar and Fylking have been tested for several years in Ohio and
have been superior when grown alone or in blends. Varieties appearing superior in
short-term tests have been Nugget, Baron, Sydsport, A-34, Adelphi, and Bonnieblue.
A-20 also has been superior, but is available as sod only, so it cannot be used in a
blend. All of these varieties are resistant to flag and stripe smut,

Summary and Conclusions

Under the conditions of this experiment, mowing height was by far the most impor-
tant factor affecting weed invasion. Plots mowed at 2 inches had few weeds whether
N rates were high or low. Low rates of N resulted in poor color and lower growth
rates, but turf density was adequate. High N rates on the low-cut plots helped pre-
vent invasion by veronica, but had little effect on crabgrass invasion.

It was not possible from the results obtained to determine whether the blend
was superior to a pure variety. However, the fact that Merion dominated the low-cut
plots faster than the high-cut plots indicates that weeds may have been worse in a
pure stand of Kenblue if the relatively aggressive Merion had not been included in
the blend.

Based on these data, it appears that a mowing height of 2 inches and 5 Ib. of N
per 1,000 sq. ft. per year will result in a high quality, relatively weed-free turf.
On other soil types or with a different source of N, the results may differ.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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WINTER NITROGEN FERTILIZATION ON MERION KENTUCKY BLUEGRASS AND PENNLAWN
RED FESCUE

P. R. Henderlong, J. D. Wells, and J. R. Street
Department of Agronomy

Ohio Agricultural Research and Development Center

The use of winter applications of soluble nitrogen fertilizers has been rather
widely adopted in the states south of Ohio and to some extent in the states east of
Ohio during the past 8 to 10 years. The winter nitrogen fertilization program basic-
ally involves either monthly or bimonthly applications of soluble nitrogen materials
from October through January* The application rate generally should not exceed 1 Ib.
of N per 1000 sq. ft. at any specific date of fertilization.

The primary benefit of the winter nitrogen program relates to the enhanced main-
tenance of turfgrass color quality during the winter season. An additional potential
benefit of the winter nitrogen fertilization is the possible reduction in early spring
vegetative growth and hence a reduction in early spring mowing frequency. Usual
nitrogen fertilizer applications in early spring generally enhance the development of
spring green-up. This spring nitrogen application also tends to stimulate turfgrass
vegetative or shoot growth, thus requiring earlier and more frequent mowing intervals.
The potential advantage of a winter nitrogen fertilization program may be the enhance-
ment of the spring green-up without the concomitant stimulation of vegetative growth
associated with the more typical spring nitrogen application.

One of the major unanswered questions or potential problems associated with the
adoption of a winter nitrogen fertilization system in Ohio concerns the long term
interrelationships with disease susceptibility and winter survival. Previous research
in Ohio and Michigan (194Qfs and 1950fs) indicated that liberal fall nitrogen ferti-
lization caused a decrease in low temperature hardiness of annual bluegrass, tall
fescue, red fescue, and the ryegrasses. This early research, however, was conducted
with cultivars which were developed primarily for forage or pasture production.
Recent development of cultivars selected specifically for turfgrass culturing may
alter the earlier research findings.

To further evaluate the adaptability of a winter nitrogen fertilization program
for turfgrass culturing in Ohio, field studies were initiated at Ripley and Columbus
in 1970. Merion and Kenblue Kentucky bluegrass, Pennlawn red fescue, and Kentucky-31
tall fescue were used at both locations to evaluate the feasibility of the winter
nitrogen system.

Summaries of the 1973 data from the Ripley location are shown in Tables 1 and 2.
Since much of the data are still to be analyzed, only preliminary results are pre-
sented. Pennlawn red fescue is generally representative of the trends which have
been observed for Kenblue Kentucky bluegrass and Ky-31 tall fescue at Ripley.

The color ratings at both Ripley (Table 1) and Columbus (Table 3) illustrate the
enhancement of year-round turf color quality with the winter nitrogen program for
both Merion bluegrass and Pennlawn red fescue. Treatment A is essentially the more
typical nitrogen fertilization rate and system generally recommended for Merion blue-
grass in Ohio and was used as the standard treatment in these studies. The winter
nitrogen fertilization system has, in general, resulted in improved turf color quality
as indicated by monthly average ratings (yearly average) throughout the year, includ-
ing the winter season. The monthly average color quality during the typical growing
season (April through October) indicates no significant differences when compared to
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lAbLE 1 --Effect 1- of Date and Rate of Nitrogen Application on Turfgrass Color Ratings (Ripley 1973).

Ferti
Rate

2 Ib,

2 Ib.

1 Ib.

»2 Ib.

1 Ib.

2 Ib.

2 Ib.

3 Ib.

1 1 zer Treatment__(Jb..N/1,000 sq. ft.)
and Date of Application Tc

Sept. ,

Sept.;

Sept.;

Sept. ,

Sept.,

Sept. »

Sept.,

Sept.

Apr., 1 Ib.

1 ID. Oct.,
July

1 Ib. Oct.,
July

Oct., Nov.,
July

Oct. , Nov.,
July

Oct. , Nov. ,
July

l
f Ib. Dec.,

June, Aug.

Nov. , Dec, ,

Nov. , Dec. ,

Dec. , Apr. ,

Dec. , Apr. ,

Dec. , Apr.,

July

LS».C5

ital N/Yr.

6

6

3

3

6

12

3

3

Pennlawn Red Fescue
Yearly Av.

4.12* be

4.29 a

4.09 c

4.14 abc

4.29 a

4.27 ab

4.06 c

4.01 c
0.159
2.2*

'— ••— .' • •"- 't '•' "• — — V

Merion
Yearly Av.

4.23 bed

4.38 ab

4

4

4

4

4

4_

3

.09 cd

.21 bed

.29 be

.52 a

.11 cd

.02 d

.1%

KentucJ^yJBl uegrass
April -Oct.

4.52

4.55

4.29

4.40

4.43

4.74

4.34

4.21

0.252
3.2%

abc

ab

cd

bed

bed

a

bed

d

Nov. -Mar.

3.

4.

70 be

13 a

3.80 abc

3.

4.

4.

3.

3.

0.
5.

90 abc

07 ab

13 a

73 be

67 c
390
7%

*Rating system 1 to 5: 5 = bestTdark green), 1 = dormanTTbrown).

TABLE 2.--Turfgrass Density as Related to Date and Rate of Nitrogen Application (Ripley, October 1973).

Fertilizer Treatment (Ib. N/1,000 sq. ft.)

Rate

2 Ib.

2 Ib.

1 Ib.

h Ib.

1 Ib.

2 Ib.

2 Ib.

3 Ib.

and Date of Application Total N/Yr.

Sept. , Apr.;

Sept.; 1 Ib.

Sept.; l> Ib.

Sept., Oct.,

Sept. , Oct. ,

Sept., Oct.,

Sept.; l* Ib.

Sept.

1 Ib. June, Aug. 6

Oct., Nov., Dec. »
July 6

Oct., Nov. , Dec. ,
July 3

Nov. , Dec. , Apr. ,
July 3

Nov. , Dec. , Apr. ,
July 6

Nov. , Dec. , Apr. ,
July 12

Dec., July 3

3

LSD 05
cv -^

Merion Kentucky Bluegrass

7.00*

6.00

6.33

6.00

6.33

7.00

7.00

7.00

N.S.
8.3%

Pennlawn Red Fescue

3.33 cd

5.00 ab

5,33 a

4.67 ab

4.00 be

2.33 d

5.67 a

5.67 a

1.05
13.3%

*Rating system 1-9: 9 = best
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the standard treatment. The major differences in the yearly ratings are due primarily
to the improved color quality during the winter season as represented by the November
through March data (Table 1).

The results suggest that a lower total N requirement per year with the winter
nitrogen system may result in a turf of comparable quality compared to the standard
N treatment. The potential reductions in yearly N requirement will vary with both
species and location. At the Ripley location, the N treatments did not significantly
affect turf density with Merion bluegrass (Table 2). Pennlawn red fescue did show
some marked effects of N treatments on turf density. The significant reduction in
Pennlawn red fescue density appears to be more closely associated with high rates
of total N per year than to the winter nitrogen program itself. The treatments with
the low density ratings each received a 1 or 2 Ib. N application in late July or
early August. A mild attack of Fusarium blight was also indicated on these same
treatments at Ripley during the July-August period.

Fusarium is generally more serious with relatively high N rates, which would
partially explain the lower density ratings obtained. This tentative Fusarium/density
association with Pennlawn red fescue is further indicated when comparing the Ripley
data to that obtained at Columbus (Table 3). Turf density at Columbus was greatest
with the higher N fertilization treatments for both Pennlawn red fescue and Merion
bluegrass.

Two points should be emphasized when comparing the data in Tables 2 and 3. First,
the density values from Columbus are the average of seven monthly observations (May-
December) compared to the single observation in October for the Ripley location. Sec-
ond, no major incidence of Fusarium was observed on the plots at the Columbus location.

TABLE 3.--Effects of Date and Rate of Nitrogen Application on Turfgrass Color and Density (Columbus 1972).

Fertilizer Treatment (Ib. N/l ,000 sq. ft.)
Rate and Date of Application

2 Ib.

2 Ib.

1 Ib.

12 Ib.

1 Ib.

2 Ib.

2 Ib.

3 Ib.

Sept. , Apr. ;

Sept.; 1 Ib.

Sept. ; l
z Ib.

Sept., Oct.,

Sept. » Oct. ,

Sept. , Oct. ,

Sept. ; *, Ib.

Sept.

1 Ib. June

Oct., Nov.
July

Oct. , Nov.
July

Nov., Dec.
July

Nov., Dec.
July

Nov., Dec.
July

Dec. , July

» Aug.

, Dec.,

, Dec.,

, Apr.,

» Apr. ,

, Apr. ,

LSD.05

Total N/Yr,

6

6

3

3

6

12

3

3

Color Ratings*
Men" on

2.9*

3.7

2.6

2.4

3.4

3.9

2.9

3.0

0.16

d

b

e

f

c

a

d

d

Pennlawn

3

3

3

2

3

3

2

3

0

.3 a

.1 b

.0 D

.9 c

.1 b

.3 a

.9 c

.0 be

.10

Density*
Merion

4.

4.

3.

2.

4.

4.

3.

3.

0.

2 b

4 ab

4 d

8 e

5 a

4 ab

9 c

7 c

24

Pennlawn

4.5 a

4.3 c

4.0 e

4.1 d

4.3 c

4.5 a

4.4 b

4.4 b

0.08

*Color ratings - average of monthly ratings except for July .
tDensity ratings - average of ratings in May, June, Aug., Sept., Oct., Nov., and Dec.
fRating system 1-5: 5 = best.

-7-



A major infestation of dollar spot disease occurred in June on the Merion blue-
grass plots at Columbus during 1973 and 1974. The incidence of dollar spot appears
to be enhanced with the use of the winter nitrogen system on Merion bluegrass (Table
4). A more detailed evaluation of the dollar spot data, however, indicates two
general relationships:

1. A higher degree of dollar spot incidence with lower total N levels.

2. A higher incidence of dollar spot disease when the winter N system
did not'include an early spring application of N, rather than the
winter N program per se.

After 4 continuous years of a winter nitrogen fertilization system at both
Columbus and Ripley, no major problems have been observed from the standpoint of win
survival or unique disease problems on the turfgrass species utilized* Turfgrass co
has been enhanced with the winter N program, especially during the late fall and
winter seasons. The data thus far suggest that a lower total N fertilization requir
ment may be a potential benefit of the winter N system. Turf clipping weight data
are being obtained during 1974 to evaluate the possible reduction of early spring
vegetative growth with the winter N system. If the winter N system does in fact
reduce the spring vegetative growth associated with the more typical N fertilization
system, turf mowing frequency and more efficient use of applied N fertilizer may be
a major advantage of the winter N system.

TABLE 4.—Dollar Spot Incidence as Affected by Date and Rate of Nitrogen
Application on Merion Kentucky Bluegrass (Columbus, June 1974).

Fertilizer Treatment (Ib,. N/1,000 sq.

Rate and Date of Application

2

2

1

h

1

2

2

3

Ib.

Ib.

Ib.

Ib.

Ib.

Ib.

Ib.

Ib.

Sept.,

Sept. ;

Sept. ;

Sept. ,

Sept. ,

Sept. ,

Sept. ;

Sept.

Apr.;

1 Ib.

% Ib.

Oct.,

Oct.,

Oct.,

% Ib.

1 Ib.

Oct.,

Oct.,

Nov.,

Nov.,

Nov.,

Dec.,

June,

Nov. ,

Nov.,

Dec.,

Dec.,

Dec.,

July

Aug.

Dec.,

Dec.,

Apr.,

Apr.,

Apr.,

LSD. 05
CV

ft.)

Total N/Yr.

July

July

July

July

July

6

6

3

3

6

12

3

3

Dollar Spot
Rating*

2.

5.

6.

5.

2.

2.

4.

4.

2.
28%

67

67

00

00

67

00

33

33

034

ab

c

c

c

ab

a

be

be

*Rating system 1-9: 9 = most severe infestation; 1 = no dollar spot.

1974 Turf and Landscape Research. Research Summary 799 Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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SILICA CONTENT OF 'MERIQN1 KENTUCKY BLUEGRASS UNDER SEVERAL
CULTURAL REGIMES AND ITS RELATION TO THATCH ACCUMULATION

John R. Street, P. R. Henderlong, and F. L. Himes
Department of Agronomy

Ohio Agricultural Research and Development Center

Excessive accumulation of undecomposed surface organic matter is a major prob-
lem in turf grass management. This layer of plant debris is generally referred to as
thatch. Thatch is defined 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.

Thatch development, in general, occurs when the accumulation of dead organic
matter from actively growing turf exceeds the rate of decomposition and/or the com-
position of the turf favors a slower rate of decay. Thus, any cultural or environ-
mental factor which stimulates excessive shoot growth (e.g. excessive nitrogen
fertilization) or impairs decomposition (e.g. underwatering) increases the potential
for thatch accumulation. Likewise, any chemical factor which slows down organic
matter decomposition favors thatch accumulation. However, to date, no one single
cause of thatch development has been demonstrated.

The silica content of grasses has recently been reported to have a depressing
effect on grass digestibility. In studies at Columbus, turf grass digestibility
decreased with increasing silica content of the tissue, and, in addition, the trans-
pirational loss of the turf was reduced by as much as 17%.

The nature of the inhibitory effect of silica on the digestibility of grasses
is not yet understood. It has been suggested that silica encrusts the organic com-
ponents of the plant (cell walls), thereby acting as a physical protectant limiting
the availability of plant material to microbial decay. It has also been postulated
that a part of the inhibition may be due to soluble silicon compounds, possibly a
soluble cellulolytic inhibitor.

Two established field studies were utilized to determine the effects of nitrogen
fertilization (Columbus study) and soil acidity (Wooster study) on the silica content
of 'Merion1 Kentucky bluegrass. Nitrogen was applied as ammonium nitrate throughout
the year as indicated in Tables 1 and 2. Cultural practices were similar in the two
studies. Thatch samples of 'Merion1 Kentucky bluegrass were obtained from the mature
turf grass area at Columbus on June 8, 1973. The thatch had accumulated to a depth of
approximately 1 inch or more. Clippings were taken periodically from the two loca-
tions during July through October for silica analysis. Silica content of leaf tissue
and thatch was estimated by the reduced silicomolydate method on a Bausch and Lomb
Spectronic 20 Spectrophotometer.

The silica content (% SiOg ) of the thatch was quite high when compared to leaf
tissue from respective plots (Tables 3 and 4). Thatch is composed primarily of older
or dead sloughed stems, roots, and leaves, in that order. Thus, a higher silica con-
tent would be expected in thatch, since silica concentrations have been reported to
increase with plant age. The higher silica content in thatch can further be ex-
plained by the higher silica content found in stubble tissue of turfgrasses cultured
in hydroponics by the authors.

The silica content between the thatch layers was significantly different only
for the 3 and 6a-lb. nitrogen rates. At both these rates, the silica concentrations
were lower in the upper thatch layers. This may be explained in part by the more
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soluble plant constituents being previously decomposed in the lower, older thatch
layer. Consequently, the silica as a percentage of the thatch remaining would be
higher.

In contrast, the silica content of the thatch at the 6̂  and 12-Ib. nitrogen
rates was not different between layers. With these treatments, a greater amount of
nitrogen was applied during periods more favorable for inicrobial activity, i.e.
summer, spring, early fall (Table 1). The amount and time of nitrogen fertilization
would be expected to favor more rapid decay, resulting in tissue further advanced in
decomposition. In more advanced stages of plant decay, a predominance of carbonates
should be formed, resulting in a medium more favorable to silica dissolution, i.e.
alkaline conditions.

Increasing the supply of nitrogen produced systematic increases in the clipping
yields of !Merionf Kentucky bluegrass which were accompanied by decreases in the
concentration of silica in the leaf tissue (Table 4). The most likely explanation
for this relation would be the dilution of silica in the leaves as a result of in-
creased dry matter production. In general, total silica uptake was higher at the

TABLE 1.--Rates and Time of Nitrogen Application on 'Merion1 Kentucky Blue-
grass at Columbus, Ohio.*

Total Nitrogen Rate Nitrogen Rate/Application
(lb.N/1,000 sq.ft./yr.) (lb.N/1,000 sq.ft.)

Sept. Oct. Nov. Dec. April June July Aug.
3 *1 1 1 1 1 1 1

• 12 "<2 "i2 "12 *;2 £,

6a

6b

12

1

2

2

1

2

1

2

1

2

1

2 1

2

1

2

1

*Soil pH ranged from 7.3 to 7.5.

TABLE 2.—Rates and Time of Nitrogen Application and Soil pH on 'Merion1
Kentucky Bluegrass at Wooster, Ohio*

Total Nitrogen Rate Nitrogen Rate/Application
(lb.N/1,000 sq.ft./yr.) Soil pH* (lb.N/1,000 sq.ft.)

2% 6.1

5 5.8

10 4.8

April

1

2

May

1

1

2

June

1

2

July

h

1

2

Sept.

1

1

2

*Initial soil pH value was 6.5.
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higher nitrogen rates, thus supporting a dilution effect. However, it is also known
that increasing nitrogen supply decreases the transpiration ratio of plants. On the
basis that silica uptake (Si(OH)4) by grasses is a passive process, lower concentra-
tions of silica would be expected with lower transpiration rates. Thus, the lower
silica concentrations in leaf tissue at the higher nitrogen rates may be an indirect
effect resulting from the more efficient plant producing more dry matter for each
unit of water and silica absorbed.

It is interesting to note the variation in silica content of leaf tissue between
the 6a and 6b-lb. nitrogen rates (Table 4). At the 6a~lb. nitrogen rate, the concen-
trations of silica in leaf tissue were higher, in general, but total silica uptake
was lower. A lower amount of nitrogen was applied during the spring and summer months
at the 6a-lb. nitrogen rate, when samples were being collected for analysis. With

TABLE 3.--Silica Content of Thatch of 'Men"on1 Kentucky Bluegrass Expressed
as a Percentage of the Sample Dry Weight.

Thatch Layer
Nitrogen Rate Upper (0-1/2 i n c h ) L o w e r (1/2 inch)

(lb./lsOOO sq.ft./yr.) (« Si02) (% Si02)

3 5.31a* 8.66c

6a 5.12a 6.26b

6*> 4.88a 5.00a

12 4.96a 5.09a

*Va1ues not having the same letter differ significantly at the 5% level.

TABLE 4.--The Effects of Soil pH and Nitrogen Rate on Silica Content of 'Merion1 Kentucky Bluegrass at
Wooster and Columbus.

Annual N Rate
Soil pH (lb./l»000 sq.

4.9

5.8

6.1

7.5

7.5

7.5

7,5

10

5

2%

12

6*

6b

3

July
ft.)T*

1
1
1

2

2

2

3

Si02)

.47a

.78b

.79b

.OOa

.21ab

.55bc

,43d

(gm

0

0

0

2

2

1

0

./plot)

,48r

.66s

.63s

-64t

.47st

.78s

.60r

Au
(% S102)

1.40a

1.50a

1.73b

3.08a

3.49b

3.38b

3.70c

gust September
(gm./plot) (% Si02) (gm./plot)

0.1 8r

0.23r

0.31r

Wooster*
1.39a

1.68ab

1.85b

Columbus"*"
2.61u 2.67b

2.35t

1.71s

0.64r

1.94a

2.58b

3.02c

0.31r

0.29r

0.40r

2.05u

1.56t

1,28s

0.59r

October
(t S102)

1.72a

1.77a

2.14b

2.20a

2,70b

2.53b

3.06c

(gm./plot)

0.30r

Q.44rs

0.54s

1.14s

1.23s

0.59r

0.44r

*Yalues within each cutting date not having the same letter within that sequence differ significantly at
the B% level.

tValues within each cutting date not having the same letter within that sequence differ significantly at
the S% level.
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lower nitrogen fertility, slower growth and higher transpiration ratios would be
expected, resulting in 1) higher silica concentrations and 2) lower total silica
uptake.

Thatch accumulation is more pronounced under higher nitrogen turf management
systems. This has been explained in part by the increased growth and turnover of
turfgrass tissue with high nitrogen fertility. The lower concentrations of silica in
leaf tissue with increased nitrogen do not support the theoretical role of silica in
thatch accumulation, particularly if lower digestibility results from structural pro-
tection of cell wall carbohydrates. However, a greater biogenic cycling of silica
would occur with higher nitrogen fertility since total silica uptake is greater.
If soluble organic silicon compounds are involved in decomposition, then it may be
speculated that a greater biogenic cycling of silica would influence decomposition
to a larger extent.

The silica content of !Merionf Kentucky bluegrass leaf tissue increased with
decreasing soil acidity at each cutting date (Table 4). The solubility of amorphous
silica reportedly increases with decreasing acidity, particularly in the neutral and
alkaline ranges. Therefore, soil silica concentrations would be expected to increase
with increases in pH. The authors noted in hydroponic studies that the uptake of
silica increased in proportion to the concentration of silica in solution. Thus,
higher concentrations of silica in the soil solution resulting from increased silica
solubility would provide an explanation for the higher concentrations of silica in
the leaf tissue.

Differential rates of nitrogen (10, 5, and 2-1/2 Ib. per 1,000 square feet per
year) were applied to the turfgrass area at Wooster with resultant pH's of 4.9, 5.8,
and 6.1, respectively. Total uptake of silica in leaf tissue, in contrast to the
response at Columbus, decreased with increasing nitrogen rate. Thus, the lower con-
centrations of silica in leaf tissue do not appear to have resulted from a dilution
effect. This implies a more direct relationship between soil pH and silica concentra-
tions in the bluegrass leaf tissue. However, it is possible that the higher acidity
in part influenced silica content via an adverse effect on root and/or shoot growth.
The authors noted that 'Merion* Kentucky bluegrass did not respond to increased nitro-
gen fertility as compared to the bluegrass on the calcareous soil at Columbus.

The higher concentration and total uptake of silica which occurred with decreas-
ing acidity can be attributed to an increase in the concentration of silica in the
soil solution. This concentration can be further supported by comparison of the
silica content of the leaf tissue from Columbus and Wooster. Silica concentrations
of leaf tissue were much higher in samples collected from the Columbus turfgrass
area. The soil pH in this area ranged from 7.3 to 7.5. Thus, higher silica uptake
would be expected since the solubility of amorphous silica increases rapidly in the
neutral and alkaline ranges.

The silica content of !Merionf Kentucky bluegrass in these studies was influ-
enced by both rate and time of nitrogen application and soil reaction (pH). Thus,
management practices could be implemented to influence silica accumulation in turf-
grasses. Initial investigations have indicated a role of silica in both turf decom-
position and water absorption. Future research in these areas will determine the
value for implementation of such practices in turf management.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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mt tl-l-tUb Uh NllKUGtN SOURCE, RATE, AND FREQUENCY OF APPLICATION
ON CREEPING BENTGRASS (AGROSTIS PALUSTRIS L., VAR. PENNCROSS}

K. R. English, P. R. Henderlong, and R. H. Miller
Department of Agronomy

Ohio Agricultural Research and Development Center

This investigation was initiated to evaluate the potential degree o£ nitrogen
fertilizer loss through a lfUSGA-type!! golf green. The study was carried out in a con-
trolled environment chamber using a 14-hour photoperiod and a 77/65° F. day/night
temperature regime. Soil columns were used to simulate the ffUSGA-typeff golf green
system. Each soil column was 6 inches in diameter and 18 inches in depth, with a
drain tube attached for leachate collection. Each column was constructed with a
6-inch layer of pea gravel, a 2-inch layer of coarse sand, and a 12-inch surface
layer of topsoil mix containing 92% sand.

Penncross creeping bentgrass was seeded in March 1973 and irrigated with a half
strength standard Hoagland's solution. In July 1973, nitrogen was deleted from the
standard nutrient solution and this minus-N solution was used throughout the rest of
the experiment as the water source. The columns were irrigated at 3-day intervals,
with a total of 2 inches of water applied weekly. Nitrogen fertilizer treatments
were started on Sept. 7, 1973, and terminated May 9, 1974 (8 months duration).

Five sources of nitrogen fertilizer materials were investigated. Two were
soluble or rapid release materials (urea and ammonium nitrate) applied monthly at
1 Ib. N/1,000 sq. ft. Two were slow-release materials [UF (urea formaldehyde) and
IBDU (isobutylidene diurea)] applied monthly, bimonthly, and trimonthly at 4, 8, and
12 Ib. N/1,000 sq. ft., respectively. The fifth nitrogen fertilizer source was a
natural organic (Milorganite) applied monthly and bimonthly at 4 and 8 Ib. N/1,000
sq. ft.

The column leachate was collected every 3 days just prior to the next irrigation.
The quantity of leachate was measured and a sample taken for analysis of ammonium,
nitrate, and nitrite nitrogen content. All leachate samples were initially spot
tested for nitrite, nitrate, and ammonium nitrogen. Only those leachate samples
showing a positive test were analyzed for nitrogen.

All N treatments showed some ammonium in the leachate at one time or another.
Urea consistently had more ammonium in the first two leachates following fertiliza-
tion, but never more than 5 ug. N/ml. as ammonium. All UF treatments had a positive
test for ammonium immediately following fertilization, although the monthly and bi-
monthly treatments were relatively low (less than 4 ug» N/ml. as ammonium). The
trimonthly (12 Ib. N/1,000 sq. ft.) UF treatment had the largest loss of ammonium
among all treatments, almost 20 ug. N/ml. (ammonium), on one occasion immediately
following fertilization. This high rate of ammonium loss declined quickly and was
soon in a similar range indicated for all other treatments. The IBDU and Milorganite
showed only small ammonium losses and this occurred only after a buildup of nitrate
losses* Thus, ammonium loss from IBDU and Milorganite seemed to be more closely
associated with the large nitrate losses than to.time of fertilizer application. The
ammonium nitrate source showed some ammonium loss but this was not consistent. When
ammonium loss did occur with ammonium nitrate, it was immediately after fertilization.

The nitrate loss in the leachate appears to be associated with soil and/or residua
nitrogen buildup and turfgrass clipping yields. The rapid release materials (urea and
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ammonium nitrate) did not show any residual nitrogen accumulation during the 8 months
the experiment was conducted. The nitrate loss from urea and ammonium nitrate was
highest 6 to 9 days after fertilization, in general, nitrate losses were detectable
for 21 days after fertilization with urea and 24 days after fertilization with ammo-
nium nitrate.

The two slow-release materials were somewhat different in their release pattern
as shown by the nitrate leachate losses (Table 1). The UF material showed nitrate
losses immediately following fertilization, with the trimonthly application showing
the largest loss. 'The UF monthly application was least and the bimonthly application
intermediate in leachate losses. There was, however, a definite buildup with time in
the amount of nitrate leachate losses. Each successive fertilization with UF resulted
in larger nitrate losses which extended over a greater period of time. This is best
demonstrated by the trimonthly UF application at 12 Ib, N/1,000 sq. ft. Nitrate
losses were detectable for 27 days after the first fertilization, 51 days after the
second fertilization, and 60 days after the third fertilization of UF at the 12 Ib.
N/1QQO sq. ft. rate. The monthly and bimonthly UF applications had much shorter
intervals and lower levels of detectable nitrate in the leachate.

The IBDU did not show any N losses in the leachate for 2 months after the first
fertilization, and then only with the trimonthly application. Four months after
initiating the IBDU treatments, the monthly and bimonthly applications began to show
some detectable nitrate in the leachate. After nitrate leachate losses were first
detected with IBDU, they continued without interruption. The nitrate leachate losses
continue to increase with IBDU during the course of the investigation. At the end of
the eighth month, the monthly, bimonthly, and trimonthly applications of IBDU were
31, 43, and 109 ug. N/ml. as nitrate nitrogen, respectively.

The natural organic source (Milorganite) required the greatest time period to
show nitrate losses in the leachate. It was the beginning of the sixth month before
nitrates were detectable from the monthly application of 4 Ib* N/1,000 sq. ft. and
nearly 7 months before nitrate losses were detected from the bimonthly applications
of 8 Ib. N/1,000 sq. ft. Nitrate losses from the bimonthly application never sur-
passed the losses from the monthly application of Milorganite over the duration of
the experiment. Once nitrate leachate losses were detected for Milorganite, the con-
centration continued to increase slowly but never exceeded 12 ug. N/ml. as nitrate
nitrogen.

The seventh month sampling period has been selected as the best month to repre-
sent the pattern of nitrate leachate losses among all treatments. Every treatment
rc-ceived fertilization at the beginning of this month (Table 1).

All columns were clipped periodically, as dictated by the relative growth rates.
Clippings were removed and collected for further analysis. The monthly total clip-
ping weights from each treatment for the 8-month period are shown in Table 2. The
clipping weights reflect quite vividly the amount of nitrate leachate losses. Clip-
ping weights indicate that the turfgrass quality or density was very low at the ini-
tiation of the fertilization treatments. Much of the initial fertilizer nitrogen
applied was apparently absorbed immediately by the plants. The resulting improve-
ment in turfgrass quality occurred for all treatments before nitrate losses were
detectable in the leachate.

It was the initial improvement in turfgrass quality which resulted in lower
clipping weights the first month for ammonium nitrate and the first 2 months for urea.
The clipping weights increased only slightly after the first 2 months with either
ammonia nitrate or urea.
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TABLE 2,—Effects of Nitrogen Sources and Rates of Application on Total Monthly
Clipping Weights (mg./column).

Month
Fertilizer

NH4N03

Urea

4 Lb.

8 Lb.

4 Lb.

8 Lb.

12 Lb.

41b.

8 Lb.

12 Lb.

Mil organ ite

Milorganite

IBDU

IBDU

IBDU

UF

UF

UF

1st

1239

1019

367

404

389

630

970

589

1324

1775

2nd

1642

1384

432

364

1121

992

2399

1097

595

1246

3rd

1673

1418

621

540

2553

1875

3244

1347

1984

908

4th

1509

1586

1814

1217

2854

3258

3550

1596

1443

2800

5th

1583

1628

2341

2618

3007

3735

3374

1920

2927

2212

6th

1923

1693

2878

3084

3025

3919

3477

2390

2038

1981

7th

1615

1600

3110

3400

2992

3927

3593

2321

3035

3253

8th

1802

1823

3288

3340

3024

3871

3549

2293

2277

2691

The slow-release fertilizers showed a similar association with clipping weights
and nitrate leachate losses as observed with urea and ammonium nitrate. The clipping
weights increased with IBDU initially among all frequencies and rates of application.
Clipping weights leveled off during the fourth month for the monthly application, dur-
ing the fifth month for the bimonthly application, and during the third month for the
trimonthly IBDU application.

The monthly application of UF resulted in increased clipping weights until the
sixth month; thereafter, the clipping weights were essentially constant. The bimonthly
application of UF showed the greatest increase in clipping weights the month following
fertilization, with each successive fertilization resulting in increased clipping
weights. Clipping weights during the second month following the UF fertilization
were always lower than the preceding month but greater than the previous second month
after fertilization for the bimonthly application. The trimonthly application of UF
showed the greatest clipping weights during the month following fertilization. The
next 2 months showed a general decline in clipping weights. Each UF fertilization
resulted in greater clipping weights than the previous fertilization.

The natural organic nitrogen fertilizer (Milorganite) produced the lowest initial
clipping weights and remained the lowest during the first 4 months. Both the monthly
and bimonthly applications showed considerable improvement during the fourth month in
clipping weights and turfgrass quality. This improvement continued throughout the
duration of the experiment.



Conclusions

The following tentative statements can be concluded for these nitrogen fertilizer
materials from the results of this investigation. Ammonium nitrate and urea are rapid
release materials and monthly application is not frequent enough to maintain uniform
turfgrass growth or quality. While there was some ammonium detected in the leachate,
the amount was small and probably due to the low amount of clay present in the soil
medium. IBDU is a slow-release material which required 2 months before any detectable
nitrate nitrogen was observed in the leachate. The breakdown and release of nitrates
increased after the second month with IBDU, suggesting that its stability as a slow
release material was altered. UF is a slow-release material as evidenced by the
apparent N buildup over time. However, a fraction of UF has a high solubility and is
released at the time of application. This soluble fraction in UF can result in sig-
nificant nitrate losses when applied at 12 Ib. N/1,000 sq. ft. It takes a considerably
longer time period to build up N from Milorganite before leachate losses occur, and
even then the losses remain relatively low. It is possible for all forms of nitrogen
fertilizer to contribute to potential pollution of the environment when used continu-
ously and at excessively high rates of application.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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FUMIGANT-HERBICIDE COMBINATIONS REDUCE WEEDING COSTS AND YIELD
SEASON-LONG WEED CONTROL IN LINING-OUT BEDS

Elton M. Smith
Department of Horticulture

Ohio Agricultural Research and Development Center

To control annual weeds for one growing season in lining-out beds, several
hand weeding operations or two or more applications of most herbicides are required.
If certain herbicides are used too soon following planting of deciduous shrubs, some
phytotoxicity can be expected. However, if the herbicide applications are delayed
too long, expensive hand weeding is required to clean the beds prior to application.

The purpose of this experiment was to attempt to obtain season-long weed control
with initial fumigation prior to planting, followed by an application of herbicides
when needed. Several herbicides were evaluated to ascertain the most effective
treatment.

The study was conducted in a fox silt loam soil in a commercial nursery in New
Carlisle, Ohio. The fumigant Vapam (sodium methyl dithiocarbamate) was applied to
the newly tilled bed to a 6-inch depth at the manufacturer's suggested drench rate
of 2-1/2 gallons to 100 square yards in 200 gallons of water (no cover) on May 1,
1973. The rooted cuttings planted in the bed on May 14, 1973 were: Primus glandulosa
'Rosea1, Ligustrum regelianumf Euonymus alatus/ Forsythla vlridissima 'Bronxensis

1,
Spiraea vanhouttef and Viburnum trilobum 'Compactum

1. The herbicides were applied
at the first indication of annual weed growth on June 11, 1973. The plots treated
with Treflan and A-820 in all combinations were incorporated into the soil. All plots
were irrigated immediately following herbicide treatment.

An evaluation of the effectiveness of the herbicides was conducted August 2, 1973,
7 weeks following treatment (Table 1). The most effective treatments in August
included Lasso (3.0 Ib.)* A-820 (4.0 Ib.), Treflan (1.0 Ib.), Lasso (2.0 Ib.), A-820
(2.0 Ib.), and the combinations of A-820 (3.0 lb.) with Dymid (5.0 Ib.) and Amiben
(2.0 Ib.). Several treatments were still effectively controlling weeds on Sept. 2,
1973, including Lasso (3.0 Ib.), A-820 (4.0 Ib.), and the combination of A-82Q (3.0
Ib.) and Amiben (2.0 Ib.).

The major weed species present were galinsoga, pigweed, purslane, foxtail, and
crabgrass. With values of 7 and above considered acceptable in the control of all
weed species, several compounds look promising. These include Treflan, Lasso (an
herbicide used in corn and soybeans but not yet labeled for ornamentals), and A-820
(an experimental compound from Amchem Chemical Co.)*

There was no injury on any of the seven species of ornamentals with any of the
herbicides or the fumigant. Plant injury from herbicides probably was eliminated
because the young plants had become established during the 4 weeks prior to herbi-
cide application.

The cost to hand weed lining-out beds five to six times per season will range
from $4,QQO»$5,QOQ/acre/season based on labor records of the nursery. Vapam based
on 1974 summer prices costs approximately $6 to drench an acre of freshly tilled
soil, both Treflan and Lasso are priced at approximately $7/acre, and diphenamid
(Enide, Dymid) sells for approximately $38/acre. Therefore, material costs for
Vapam plus an herbicide range from $13 to $44/acre, plus the labor to apply and
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TABLE 1.--Effectiveness of Pre-emergence Herbicides on August 2, 1973, 7 Weeks
After Application and 11 Weeks Following Planting of Six Cultivars of Woody Orna-
mental Shrubs.

Treatment Rate ai/A Weed Control Rating1"

Treflan 4E
A- 820 4E*
Dymid SOW
A- 820 4E*
A- 820 4E* + Dymid SOW
A-820* + Ami ben 2E
Lasso 4E*
Lasso 4E*
Lasso 4E*
Check
Dacthal 75W
A-820 4E*
Ami ben 2E

1 2 3 4 5 6 7 8 9 10
1.0 X
2.0 X
8.0 X
3.0 X

3.0 + 5.0 X
3.0 + 2.0 X

3.0 X
2.0 X
1.0 X

X
10.0 X

4.0 X
2.0 X

*Not currently labeled for use on ornamentals.
"^Values of 7 and above are considered acceptable weed control.

equipment allowance. If Vapam is applied to untilled field soils, considerably
higher dosage rates will be needed and costs will be appreciably higher.

In summary,, based on this study, the combination of a Vapam drench and an herbi-
cide will drastically reduce the need for weeding for the majority of the growing
season without injury to the ornamentals. In addition, the cost of controlling
weeds in lining-out beds can be reduced from several thousand dollars for hand weed-
ing to less than $100 per acre per season with Vapam and herbicides.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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POST-TRANSPLANT HERBICIDE APPLICATION
FOR PRE-EMERGENT WEED CONTROL IN

ANNUAL BEDDING PLANTS

T. A. Fretz, V. R. Walter, and M. R. Cobbs
Department of Horticulture

Ohio Agricultural Research and Development Center

Introduction

Control of weed growth in transplanted annual plant beds is a serious problem
for both professional gardeners and homeowners. Control of weeds in annual plant
beds is most often accomplished by laborious and costly hand weeding.

Previous research has shown that Dacthal can be employed as a pre-emergence soil
application for many species of seeded and transplanted annual bedding crops (1,3)*
Haramaki et.al. (3) observed that satisfactory weed control with no apparent injury
can be achieved on transplanted marigolds 10 weeks after pre-transplant applications
of Dymid, Eptam, and Treflan, each at 4 Ib. ai/A. Fretz (3) has previously found
that Treflan will satisfactorily control annual grass weeds and some annual broadleaf
weeds with no injury on transplanted petunias, geraniums, snapdragons, ageratum, and
marigolds when employed at rates of 2 Ib. ai/A. When Dacthal was used at rates to
20 Ib. ai/A, no injury was observed in any of the above mentioned transplanted annuals,

This study was initiated during the early summer of 1974 to investigate the use
of post-transplant applications of several pre-emergent herbicides on 15 varieties
of annual bedding plants, and to obtain further information on weed control and plant
tolerance when these herbicides are employed in this manner*

Materlaj:$ii:i. a nd Methods

This study was initiated during the summer of 1974 on a clean, cultivated Brooks-
ton silt loam soil on The Ohio State University Horticulture Farm in Columbus. All
pre-emergent herbicides were applied on June 5, 1974, with a C02 constant pressure
sprayer calibrated to deliver the herbicides in the equivalent of 36 gallons of water
on an acre basis. Each treatment was replicated three times in a randomized block
design. In addition, a nontreated control plot was also employed in this test. Indi-
vidual plot size in this study was 6 x 48 feet. Herbicides and formulations employed
in this study are listed in Table 1.

The following plants were studied; Verbena 'Ideal Florist's Strain1, Ageratum
!Blue Blazer1, Snapdragon 'Floral Carpet Mixture', Dahlia 'Early Bird Mixture', Chry-
santhemum 'Minnautumn1, Celosia 'Golden Torch', Dianthus 'Magic Charms', Marigold
'Lemon Drop', Marigold 'Moonshoot', Zinnia 'Lilliput Mixture1, Petunia 'Candy Apple',
Petunia 'Snow Cap', Geranium 'Sprinter Red1, Salvia 'St. John's Fire', and Amaranthus
'Tricolor Splendens Perfecta'. These plants were planted on 6-inch centers on June 11,
1974, and irrigated with 1 inch of water immediately after planting.

Control of weeds and initial herbicidal injury to the transplanted annuals were
recorded July 2, 1974. A standard visual rating scale of 1 to 10 was used for all
evaluations, with 1.0 representing no weed control or no crop injury and 10.0 repre-
senting complete weed control or complete crop kill.

At the time of the weed control evaluation, the major weed species were Galinsoga
(Gallnsoga ciliata) and large crabgrass (Dlgitaria sanguinalis).



TABLE 1.--Herbicides Used for Transplanted Annual Bedding Plants.

Common Name
Trade Name

and Formulation Chemical Name

EPTC

Alachlor

DCPA

Diphenamid

Trifluralin

Napropamide

Chloroamben

Eptam - 6 EC

Lasso - 4 EC

Dacthal-6QQF - 6EC

Dymid - 80 WP

Treflan - 4 EC

Devrinol - 50 WP

Ainiben - 2 EC

A-820 - 4 EC

S-ethy 1 di propy 1 th i ocarbamate

2-chloro-2l,6l~diethyl"N~
(methoxymethyl) acetamilide

Dimethyl tetrachl oroterephthal ate

N,N-dimethyl-2,2-diphenylacetamide

dipropyl-p-toluidine

2- (a-naphthoxy)-N ,N~diethyl
propionamide

3-ami no-2 , 5-di chl orobenzoi c Ac i d

N~secbutyl-4~tertbutyl~2»6~
dinitroaniline

TABLE 2. — Effects of Several Pre-emergent Herbicides on Weed
Control in Transplanted Annual Bedding Plants.

Treatment

Ami ben

Eptam

Lasso

Dacthal

Dymid

Devrinol

A-820

Tref 1 an

Control

Rate
Ib. ai/A

4.0

4.0

3.0

10.0

6.0

3.0

3.0

2.0

—

Weed

Broad! eaf

7.0

5.3

10.0

5.0

8.7

9.0

7.3

7.3

1.7

Control*

Grass

10.0

7.7

10.0

9.3

10.0

10.0

10.0

9.6

3.3

*Visual Rating Scale: 1,0 = no weed control, 10.0 = complete
weed control.
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Results and Discussion

Excellent weed control of both the major annual grass weed (large crabgrass)
and the major broadleaf weed species (Galinsoga) was achieved with the use of Lasso,
Dymid, and Devrinal (Table 2). Treflan, A-820, and Amiben all gave outstanding grass
weed control, but only moderate control of the broadleaf weed species. Dacthal per-
formed poorly in terms of broadleaf weed control, but did manage to more than adequately
control the large crabgrass in the test area. Eptam at the 4.0 Ib. ai/A rate exhibited
poor broadleaf and grass weed control. The performance of both Dacthal and Eptam in
terms of overall ability to control annual grass and broadleaf weed species was as
expected, and has been previously reported (2).

No herbicidal injury was observed on the Ageratum 'Blue Blazer1, Dahlia 'Early
Bird Mixture1, Chrysanthemum 'Minnautumn', Marigold 'Lemon Drop1, Marigold 'Moonshoot1,
Zinnia 'Lilliput Mixture1, Petunia 'Candy Apple', or Petunia !Snow Cap1 (data not
published).

However, herbicide injury was observed on several of the transplanted annual
bedding plant varieties. Amiben severely injured the Verbena 'Ideal Florist Strain',
Celosia !Golden Torch1, Dianthus 'Magic Charms', Salvia 'St. John's Fire', and
Amaranthus 'Tricolor Splendens Perfecta' (Table 3).

These results clearly indicate that satisfactory weed control with little to no
plant injury can be achieved in beds of transplanted annual bedding plants. Several
annuals, including the Amaranthus 'Tricolor Splendens Perfecta', Salvia 'St. John's
Fire', and Celosia 'Golden Torch1, appear to be excellent indicators by which herbi-
cidal injury could be monitored (Table 3).
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PRE-EMERGENT HERBICIDE COMBINATIONS FOR CONTAINER-GROWN NURSERY STOCK

Thomas A. Fretz
Department of Horticulture

Ohio Agricultural Research and Development Center

Introduction

With increased emphasis on growing nursery stock in containers, a viable program
for weed control is essential. During the past several years, a great deal of infor-
mation has been published comparing the effects of various individual pre-emergent
herbicides for their ability to control weed growth in nursery containers (1,2,3,4).
At present, several moderately effective herbicides are available and labeled for
use on container nursery stock. However, no single material will give full-season
control over the wide range of grass and broadleaf weeds which are evident in the
typical container nursery operation. To obtain full-season weed control without the
expenditure of excessive manual labor, the use of herbicide combinations much like
those presently used in numerous agronomic crops may be necessary.

The objective of this preliminary study was to investigate the ability of several
pre-emergent herbicides used in various combinations to control a broad spectrum of
pre-emergent weeds in container-grown nursery stock in an attempt to develop a full-
season weed control system.

Materials and Methods

This experiment was established in the container nursery at the Department of
Horticulture, The Ohio State University, Columbus, on June 20, 1973. Uniform plants
of Kasan Scarlet Firethorn (Pyracantha coccinea cv. Kasan), Andorra Juniper (Juniperus
horizontalis cv. plumosa), and Manhattan Evergreen Euonymus (Euonymus klautschovicus
cv. Manhattan) were planted in 1-gallon nursery containers in a medium of peat, per-
lite, and unsterilized weed-infested loam soil (2:1:1) on a volume basis. In addition
to the natural weed seed population present in the loam soil, large crabgrass (Digi-
tarla sanguinales) and redrooted pigweed (Amaranthus retroflexus) seeds were sown
into the potting mixture, thus insuring an ample weed population.

The herbicides in this study were applied June 21, 1973, using a 1-gallon C02
constant pressure sprayer calibrated to deliver the equivalent of 36 gallons of water
per acre. The common, trade, and chemical names of the herbicides used in this study
are listed in Table 1. Immediately after application of the herbicides, all containers
were irrigated with 1 inch of water to incorporate the herbicides. The plants were
then placed in the nursery area for the remainder of the experimental period and re-
ceived a standard nursery fertilization and maintenance program.

Weed control and phytotoxicity evaluations were made Sept. 10, 1973, using a 1
to 10 visual rating system, with 1.0 representing no control or no injury and 10.0
representing complete weed control or complete kill of the crop.

Results and Discussion

As expected, all four herbicidal materials when applied singly performed sig-
nificantly poorer than several of the combination treatments in terms of overall
broadleaf weed control. In general, these four materials, with the exception of
Lasso, when used singly gave excellent grass weed control (Table 2).
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TABLE 1.--Chemical Names and Formulations of Herbicides Utilized on Container
Nursery Stock.

Trade Name
Common Name* and Formulation Chemical Name

Trifluralin

Linuron

Alachlor

Simazine

Treflan - 4 EC

Lorox - 50 WP

Lasso - 4 EC

Princep - 80 WP

«,°sa-trifluoro--296-dinitro-"
N,N~dipropyl-p-toluidine

3- ( 3 , 4-d i ch 1 oropheny 1 ) - 1 -
methoxy-1-methylurea

2-chloro-2'96
l~diethyl~N-

(methoxymethyl) acetanilide

2-chl oro-4,6-bis (ethyl ami no)- s-
triazine

*Common and chemical names accepted by the terminology committee of the Weed
Science Society of America.

When the herbicides were employed as combination treatments, the broadleaf weed
control in most cases improved significantly. The Treflan + Lasso combination per-
formed significantly poorer than the other treatments in terms of broadleaf weed
controlling ability, but this might be expected as both materials are basically pre-
emergent grass-controlling herbicides (Table 2). Outstanding broadleaf and grass
weed control was observed with the use of Lorox + Lasso at 1.0 + 1.5 Ib. ai/A and
the Lorox + Princep combination at 1.0 + 1.0 Ib. ai/A,

In terms of plant phytotoxicity to the three varieties of container-grown nurs-
ery stock, some significant injury occurred on the Andorra Juniper and Manhattan
Euonymus when the plants were treated with Lasso at 1.5 Ib, ai/A. It should be
noted that in previous research by this author (4) injury by Lasso was not observed,
and this might suggest that additional work needs to be performed to further substan-
tiate these observations. In addition, very slight injury was recorded in the Treflan
+ Lasso and Lasso •*• Princep combinations when employed on the Manhattan Evergreen
Euonymus.

While this study is in no way conclusive, the results indicate that herbicide
combinations offer a means to obtain weed control over a wider spectrum of weed
species than singly applied herbicides and should be further evaluated for phyto-
toxicity and weed controlling ability.

Further studies using many of these same combination treatments are underway
during 1974 and will be reported in the future.
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EVALUATION OF EXPERIMENTAL HERBICIDES ON CONTAINER-GROWN NURSERY STOCK

Thomas A. Fretz
Department of Horticulture

Ohio Agricultural Research and Development Center

Ihe need for weed control in the production of container-grown nursery stock is
indisputable, particularly with the economics of hand removal of weeds (4). On the
basis of previous research by the author (1), losses in container plant size can
exceed 50°o due to weed competition during the growing season.

During the past few years, a great deal of information has been published com-
paring the effects of various pre-emergent herbicides for their ability to control
weed growth in nursery containers (2,3). As has been previously suggested (2), a
herbicide program using herbicides applied singly or in combinations must be used
at several times during the growing season to achieve year-round weed control. How-
ever, at present no single herbicide is available which will give full-season weed
control over the wide range of annual grass and broadleaf weeds which are observed
under nursery conditions. To obtain full-season weed control in the container nursery
operation without the expenditure of excessive money for manual labor, the use of
effective herbicides is necessary.

The objective of this 1973 study was to investigate the performance of five
experimental herbicides which exhibited promise in extensive tests conducted during
1972 in order to determine if they had promise in a full-season weed control program
for container-grown nursery stock.

TABLE 1.--Chemical Names and Formulations of Herbicides Employed on Container
Nursery Stock.

Common Name*
Trade Name

and Formulation Chemical Name

Methazole

Oxadiazon

Oryzalin

Profluralin

Probe - 75 WP
(VCS-438)

Ronstar - 2 EC
(RP-17623)

Surflan - 75 WP
(EL-119)

CGA-10832 - 4 EC

2-(3,4-dichlorophenyl)-
4-methyl-l»294-oxadiazolidine-3,5-
dione

2-tert-Buty1-4-(2,4-dichloro-5-
isopropyloxyphenylJ-A^-l,3,4-
oxadiazolin-5 one

3,5-dinitro-N4,N4-dipropyl
sulfanilamide

N- (Cycl opropylmethyl)-a ,«,
°c-trifluoro-296~dinitro-N-
propyl-p-toluidine

*Cornmon and chemical names accepted by the terminology committee of the Weed
Science Society of America.
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Materials and Methods

This study was established at the Department of Horticulture, The Ohio State
University, Columbus, on June 21, 1973. Uniform liners of Cranberry Cotoneaster
(Cotoneaster apiculata) ,Kasan Scarlet Firethorn (Pyracantha coccinea cv. Kasan), and
Andorra Juniper (Juniperus horizontal!® cv. Plumosa) were planted in 1-gallon nursery
containers in a medium of peat, sand, and perlite (2:1:1) on a volume basis. To
insure a uniform weed population, large crabgrass (Digitaria sanguinalis) and red-
rooted pigweed (Amaranthus retroflexiis) were sown into the medium prior to the potting
operation.

The common, trade, and chemical names for all materials used in this study are
shown in Table 1. The herbicides were applied with a C02 constant pressure sprayer
calibrated to deliver at a volume equivalent to 36 gallons of water per acre. Imme-
diately after application of the herbicides, all containers were irrigated with 1 inch
of water as a means of incorporation. All plants were placed in a nursery area for
the remainder of the experimental period and received a standard nursery fertilization
and maintenance program.

Weed control and phytotoxicity evaluations were recorded on Sept. 6, 1973. The
rating system consisted of a standard weed rating 1 to 10 scale, with 1.0 representing
no control or crop phytotoxicity and 10.0 representing complete kill of the weeds or
crop.

Results and Discussion

All materials employed in this study gave excellent grass control, as had been
previously observed in tests conducted in 1972 (2). As expected, CGA-10832 gave poor
control of broadleaf weeds at all three rates, while Surflan controlled broadleaf
weeds satisfactorily only at the 4.0 Ib. ai/A rate. The most promising materials
were Probe and Ronstar, both of which gave excellent weed control of broadleaf weeds
at the two higher rates (4.0 and 8.0 Ib. ai/A). In previous tests (2), using Hino-
Crimson Azalea and Japanese Holly, no injury was observed from Probe. However, in
this test, all plants showed marginal leaf burn after application with all rates, but
all plants with the exception of Kasan Scarlet Firethorn were able to outgrow the
injury. The Kasan Scarlet Firethorn was significantly injured at the 2.0 Ib. ai/A
rate of Probe, and complete kill appeared at the 8.0 Ib. ai/A rate.

During a similar test in 1972 (2), Ronstar was observed to give excellent con-
trol of both broadleaf and grass weeds, especially at the 4.0 and 8.0 Ib. ai/A rates.
Injury was evident only at the 8 Ib. ai/A rate of Ronstar, and it was not significant
in any case. All plants injured with this rate of Ronstar were able to recover from
the marginal leaf scorch.

It appears that of these new experimental herbicides, Ronstar may have the great-
est promise for use on container nursery stock. Weed control was excellent and an
adequate degree of safety in terms of phytotoxicity was observed. Probe, on the other
hand, adequately controlled weed growth at the higher rates but the crop injury was
excessive.

Further evaluation of Ronstar, Probe, and several other new experimental herbi-
cides is presently underway during 1974 and will be reported in the future.
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FERTILIZING TAXUS AND JUNIPER IN THE NURSERY

Elton M. Smith
Department of Horticulture

Ohio Agricultural Research and Development Center

Production nurserymen usually supply ample amounts of fertilizer to green manure
crops grown for ] or 2 years between plantings of ornamentals. Typically, little or
no fertilizer is applied to newly planted evergreens for 2 to 3 years, with the
thought that ample amounts were applied to the plow-down crop.

The objective of this study was to ascertain which rate of fertilizer resulted
over a 2-year period in the optimum growth of newly field planted Taxus and Juniper.

Four-year old Taxus media 'Densiformis!, Densiformis Yew, and 3-year-old Juniperus
chinensis fPfitzeriana1, Pfitzer Chinese Juniper, were field planted into a fox silt
loam soil in a commercial nursery in May 1971. The plants were fertilized with
16-16-16 on Dec. 22, 1971, and again the following winter on Jan. 3, 1973. No irri-
gation was applied since both growing seasons were above average in rainfall. Weeds,
insects, and diseases were controlled as needed with regular commercial practices,
The plants were evaluated on Oct. 6, 1973.

TABLE 1.—Effects of Varying Rates of 16-16-16 on the Growth of Taxus and
Juniper During a 2-year Period.*

Treatment
Actual N,P,K/
1,000 Sq. Ft./Yr.

Equivalent in Lb. of
16-16-16/Acre

Taxus media
'Densiformis1

Juniperus chinensis
'Pfitzerlana1

(Dry Weight in Grams)

0
2
3
4
5
6
7
8
9
10

0
550
825
1100
1375
1650
1925
2200
2475
2750

36
64
80
93

112
86
79
67
60
50

140
154
208
290
313
252
254
177
150
140

*The figures represent the average of 5 plants per treatment.
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As shown in Table 1, the best growth of both Taxus and Juniper occurred at the
rate of 5 Ib. of actual nitrogen, phosphorus, and potassium per 1,000 square feet
or the equivalent of 1,375 Ib. of 16-16-16 per acre. The next best treatment was
4 lb./l,QQQ square feet or the equivalent of 1,100 Ib. of 16-16-16/acre.

It is of interest to note that high rates of fertilizer are not only wasteful,
but harmful as well. Growth of plants in the 9 and 10-lb. rates was sparse, suggest-
ing possible root damage.

In summary, the results of this study suggest that optimum growth of Taxus media
'Densifonnis1 and Juniperus chinensis fPfitzeriana1 grown in a silt-loam soil is
achieved with an early winter application of 5 Ib. of actual nitrogen, phosphorus,
and potassium/1,000 square feet. The range of 4 to 5 Ib. or the equivalent of 1,100
to 1,375 Ib. of 16-16-16 per year is considerably higher than most producers have
been applying to evergreens during the first 2 to 3 years in the field.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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EFFECTS OF GIBBERELLIN ON YEW GROWTH: PRELIMINARY STUDIES

Ma koto Kawase
Department of Horticulture

Ohio Agricultural Research and Development Center

Introduction

One of the difficulties of growing yews in nurseries is their slow growth. Yews
must be grown in nurseries for 6 to 7 years before they reach saleable size. The
possibility of gibberellin application in stimulating the growth of yew plants was
investigated.

Five-year-old Hicks yews growing in 2-gallon containers were used for the study,
Containers were kept in greenhouses which were maintained at 65° F. at night and 75° F
during the day. To prevent the induction of a rest period, plants were given a daily
16-hour photoperiod starting Oct. 5, 1973.

Aqueous solutions of gibberellic acid were sprayed on yews Feb, 14, 1974, 2.5 ml.
per pot, at concentrations of 0, 25, 50, 100, and 200 p. p.m. A second application
was made 2 weeks after the first one.

Numbers of new shoots longer than 1 cm. were counted 6 and 7 weeks after the
first treatment. Increase in height was measured 19 weeks after the first gibberellic
acid application.

Gibberellic acid treatment increased the number of new shoots in yews. The best
concentrations for the increase in number of new shoots were 25 and 50 p*p.m. Con-
centrations higher 100 p. p.m. seem to decrease the number of new shoots. Height
was also increased by gibberellic acid application at 50 and 100 p. p.m.

From these results, it is apparent that gibberellic acid is most effective at
50 p. p.m., under this experimental condition, in increasing the number of new shoots
and stem height.

_____________________ TABLE 1._— Effects of GibbereIJi c Acid on the Growth of Yew Plants.

Concentration Average Average Number of New
Gibberellic Height _ Shoots _
Acid (p.p.m) Increase (cm.) 6 weeks 7 weeks

0
25
50

100
200

6.48
5.64

10.40
8.62
6.42

1.2
7.6
7.6
4.2
0.4

6.8
10.4
11.4
6.6
1.6
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Ihe results indicate that forcing of yew growth is possible during the winter
season by application of gibberellic acid under an extended photoperiod in green-
houses. Results also suggest a possibility of gibberellin application to increase
growth of yews in the field.

1974 Turf and Landscape Research, Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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PIERIS DIEBACK COMPLEX

Harry A. J. Hoitink and W. G. Gerlach
Department of Plant Pathology

Ohio Agricultural Research and Development Center

In recent years, a serious disease has affected Pieris japonicaf a popular
flowering shrub related to the rhododendron. Symptoms are leaf spots, twig blight,
dieback, and root rot. This fungus disease is caused by two Phytophthora species:
p. citrophthora and P. citricola. On Pieris plants in media with poor drainage prop-
erties, a third species, Phytophthora cinnamomi, also can cause root rot. The first
two species cause disease on plants in all types of container media and in the field.

The disease overwinters in dead leaves and twigs on the ground and in diseased
crowns of infected plants. The disease can be introduced into the cutting bench with
infected cuttings. Tt spreads rapidly here and on rooted cuttings grown in plastic
growing houses. It is most serious at temperatures of 70° to 85° F. Ihe organism is
spread by splashing water during irrigation.

The disease is more serious in nurseries which grow Pieris plants from cuttings
than those producing plants from seedlings. However, the disease does occur on
seedling-produced Pieris japonica stock as well. A control procedure has been found
but the effective fungicides (pesticides) are not yet labeled for commercial use on
Pieris. .t

Research at the OARDC and in nurseries has shown that sprays with Fore, Manzate
200, or Bravo 6F1 completely control the disease.

Studies indicated that best control is achieved when sprays are applied through-
out propagation and growing under plastic, as well as throughout the entire simmer.
Completely healthy plants can be raised in this fashion.

These fungicides break down in about 2 weeks. Therefore, reapplications were
made after each heavy rain during the growing season. Frequent application of these
sprays did not reduce the growth of the plants.

The experiments showed that coverage had to be complete. Both sides of the leaf
need to be covered with spray, since infections occur through both leaf surfaces but
primarily the lower ones.

1 For clarity, trade names have been included in some instances. This is not
intended to discriminate against similar products not mentioned. This does not
constitute an official recommendation, since the materials mentioned are not regis-
tered for the uses outlined.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
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THE CONTROL OF PYRACANTHA SCAB WITH TWO APPLICATIONS OF FUNGICIDES

Charles C. Powells Jr.
Department of Plant Pathology

Ohio Agricultural Research and Development Center

Pyracantha scab, caused by Fusicladium pyracanthe, is most noticeable in the
landscape when the fungus pathogen grows on the berries and blackens them. The
brilliant orange pyracantha fruit which can beautify the late summer and fall land-
scape is then not present. The fungus does cause lesions on the leaves. However,
this part of the disease syndrome is usually not severe—only occasionally causing
noticeable leaf yellowing and defoliation.

Meaningful control of pyracantha scab in the landscape centers on protecting
the fruit during its susceptible growth stages. If the fungus pathogen is prevented
from invading and blackening the fruit, the horticultural advantages of pyracantha
can be maintained. The disease which does occur on the foliage will generally be of
little concern to the home horticulturist or nurseryman.

In these experiments, a pyracantha cv. Lalandi hedge was sprayed to runoff at
full bloom and again 2 weeks later (May 14 and May 31, 1973; May 30 and June 5, 1974).
A 2~gallon hydraulic sprayer was used. Three blocks of 6-row feet each were sprayed
per treatment. The 1973 treatments and rates per 100 gallons were benomyl 50 WP
(Benlate, DuPont Chemical Corp.)* 4 ounces, plus Biofilm (Colloidal Products Co.),
4 ounces; benomyl 50 WP, 4 ounces, plus Sunspray 7E (Sun Oil Co.)> 32 ounces; Thio-
phanate-methyl 70 WP (Topsin-in, Pennwalt Chemical Corp.), 4 ounces, plus 4 ounces
Biofilm; thiophanate-methyl 70 WP, 4 ounces, plus 32 ounces Sunspray 7E; and triforine
20 EC (Niagara Chemical Div., FMC Corp.)* 16 ounces.

The 1974 treatments and rates per 100 gallons were triforine 20 EC, 16 ounces,
MF-586 (15°o thiophnate-methyl + 60% mancozeb, Mallinckrodt, Chem. Corp.), 16 ounces,
plus 4 ounces Triton B-1956 (Rohm § Haas Chemical Corp.); benomyl 50 WP, 8 ounces,
plus 4 ounces Triton B-1956; benomyl 50 WP, 8 ounces, plus 32 ounces Sunspray 7E; and
clorothalonil 75 WP (Daconil 2787, Diamond Shamrock Chemical Co.)* 16 ounces.

Scab severity was noted as the percent of the fruit surface blackened by the
pathogen. No phytotoxicity has been observed in either year's test. In 1973, all
the chemicals except triforine appeared to give reasonably good control through the
June observation (Table 1). By October, disease was evident in all treatments,

TABLE" 1.--Percent Fruit Blackening on Pyracantha Sprayed Only
Twice for Scab Control During 1973. __________ _ , . _ ___ _ _

Treatment* June 29, 1973 Oct. 31, 1973

Benomyl plus Biofilm
Benomyl plus Sunspray 7E
Thiophanate-methyl plus Biofilm
Thiophanate-methyl plus Sunspray 7E
Triforine
Check -- No Treatment

3
3
8
5
72
83

25
37
53
58
91
97

*See text for formulations and rates.
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TABLE 2.--Percent Fruit Blackening on Pyracantha Sprayed Only
Twice for Scab Control During 1974.

Percent Fruit Blackening
Treatment* July 5, 1974

Triforine 35
MF-586 plus Triton B-1956 9
Benomyl plus Triton B-1956 2
Benomyl plus Sunspray 7E 3
Clorothalonil 23
Check — No Treatment 67

*See text for formulations and rates.

although the benomyl-Biofi1m-treated plants looked reasonably good. The addition of
Sunspray 7E instead of Biofilm did not improve the control achieved with benomyl or
thiophanate-raethyl. The 1974 experiment has not yet been finally observed. In July,
the benomyl with Triton B-1956 or Sunspray 7E again appeared to be the best treatment
(Table 2).

Complete control of pyracantha scab is not achieved with this two-spray program.
However, the use of benomyl does result in quite a noticeable reduction in fruit
blackening. Spraying pyracantha twice—once in full bloom and again 2 weeks later--
would seem to be a reasonable program for home horticulturists and nurserymen.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
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FUNGICIDAL IMPROVEMENT OF PERFORMANCE OF MAGNOLIA IN PROCESSED ROOT BALLS

Charles C. Powell, Jr.,
Department of Plant Pathology

Ohio Agricultural Research and Development Center

A nursery plant sold in a processed root ball is a plant which has been harvested
bare-root. Within a few weeks of harvest, a peatmoss-straw mixture is packed around
the roots. The use of processed balls to contain the roots of nursery stock is in-
creasing rapidly. Most types of trees and shrubs do quite well with this treatment.
While being held for sale in garden centers, the plants will leaf out, blossom, and
put on new shoot growth. Some plant types do not respond to this treatment. The
reasons are unknown except that root rot is suspected.

As a preliminary investigation, Magnolia soulangeana (Saucer Magnolia) plants
were received bare-root as 6-foot branched specimens. A 16-inch processed ball con-
sisting of equal parts of peat moss and straw was packed around the roots on April 15,
1975. Fhe material for each root ball either had no treatment or fungicides incor-
porated into it before packing. The treatments were 1 tablespoon ethazol 30 WP
(Trubau, Mallinckrodt Chemical Co.)> 2 tablespoons benomyl 50 WP (Benlate, DuPont
Chemical Co*)* or 1 tablespoon ethazol 50 WP plus 2 tablespoons benomyl 50 WP. Five
plants were included in each treatment. The experiment was carried out in a nursery
in New Carlisle, Ohio.

Five months after balling, the trees were observed for vigor. The trees were
rated on a 0 to 5 scale according to the amount, size, and color of leaves (0 =
poorest, 5 or above = saleable). Trees balled in the untreated material were not
saleable (Table 1). Those in the ethazol plus benomyl-treated balls were healthy.

After rating, the root systems of some of the untreated plants were examined.
Very little growth had occurred. Cultures made from the roots revealed the presence"
of Pythium and Fusanum species. The isolated fungi were not checked to see if they
were pathogenic.

The experiment resulted in saleable plants. Therefore, further tests are war-
ranted. It remains to be determined if the results are due to the control of root
disease pathogens. A fungicidal alternation of the saprophytic or mycorrhizal
microbial balance of the root ball could also account for the results obtained.

TABLE 1.—The Appearance of Magnolia in Processed Balls
5 Months after Balling.

Treatment* Appearance Rating1"

Ethazol 2.2
Benomyl 3.4
Ethazol plus Benomyl 4.8
Check -- No Treatment 1*6

*$ee text for formulations and rates.
fRated on a 0 to 5 scale: 0 - poorest, 3 or above =
saleable.
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EFFECTS OF TIME, TEMPERATURE, COPPER SOURCE, AND CONCENTRATION ON BURLAP
STRENGTH—A PRELIMINARY REPORT

L. J. Kuhns and T, D. Sydnor
Department of Horticulture

Ohio Agricultural Research and Development Center

Introduction

A common problem facing nurserymen, garden center operators, and landscapers
is the breakdown of burlap on balled and burlapped plants In sales lots prior to
planting. Treatment of burlap with copper compounds has been found to slow the
breakdown in the soil (3). Although copper compounds are now being used for this
purpose, the quality of copper-treated burlap is extremely variable. For this reason,
a study of copper- treated burlap was initiated.

Two compounds, copper sulfate and copper naphthenate at 0.05%, 0.1%, 0.2%, 0.4%,
0*8%, and 4.0% actual copper were evaluated. Treatments were applied to 4 x 8- inch
strips of 7-ounce burlap by thoroughly soaking them in a solution of the given com-
pound and concentration. Excess solution was removed and the treated burlap was air-
dried. A modified soil burial method (1) of promoting breakdown of the burlap was
employed, and a Scott break strength tester was selected to determine the degree of
deterioration (2). The experiment was run at two temperatures, 35° F. and 76° P.,
and was designed to last 72 weeks with samples removed and their break strength tested
every 4 weeks.

In addition to the six concentrations each of copper sulfate and copper naphthe-
nate, two different samples of commercially treated burlap, and one sample of poly-
ethylene burlap were evaluated.

Samples of all treatments were analyzed to determine actual copper content. It
was found that burlap treated with copper sulfate contained between 0.46% and 5.25%
copper, while burlap treated with copper naphthenate contained between 0.08% and
3.41% copper. The commercially treated burlap contained 0.66% and 0.91% actual copper.

An initial break strength of samples of all the burlap was also determined. Un-
treated burlap was found to have an initial break strength of 152 lb., burlap treated
with copper sulfate or copper naphthenate had initial break strengths of 115 lb* and
153 lb., respectively. The two commercially treated burlaps had initial break strenths
of 132 and 120 lb., while the initial break strength of the polyethylene burlap sample
was 72 lb.

Results and Discussion

Burlap, of course, deteriorates with time, but the rate of breakdown is greatly
affected by temperature (Figure 1). The rate of breakdown is considerably faster at
76° F. than at 35° F. This difference in deterioration rate is due to differences
in the growth rate of soil microorganisms at these temperatures. In the temperature
range covered, most fungi and bacteria grow much faster at the higher temperature than
at the lower temperature. Since it is the soil microorganisms which cause the deter-
ioration of the burlap, it is easy to understand why breakdown occurs more rapidly at
the higher temperatures.
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Both copper sulfate and copper naphthenate retarded deterioration at all concen-
trations. However, there were significant differences in the way the concentrations
of the two chemicals affected breakdown. Deterioration of copper sulfate-treated
burlap was almost totally independent of copper concentration, while breakdown of
copper naphthenate-treated burlap was directly related to copper concentration
(Figure 2).

Irrespective of concentration, copper sulfate-treated burlap lost its effective-
ness after 32 weeks at 76° F., while at 35° F. it had lost very little of its strength
after 36 weeks. In comparison, 0.2% copper naphthenate-treated burlap at 76° F.
totally deteriorated in 8 weeks, while 4.0% treated burlap retained its strength
after 36 weeks. One other treatment, the 0.8% copper naphthenate, retained a break
strength of 36 Ib. at 36 weeks, but it was rapidly declining. At 35° F., copper
naphthenate-treated burlap seems to be behaving the same as at 76° F., except for a
lag time. At the two lowest concentrations, 0.05% and 0.1%, the burlap is essentially
totally deteriorated, with the strength of the others increasing with concentration
(data not shown).

Both of the commercially treated burlap samples behaved similarly to burlap treated
with 0.4% copper naphthenate (Figure 3). At 76° F., they lost essentially all of their
strength in 36 weeks, while at 35° F. they retained nearly all their original strength
(data not shown).

The polyethylene burlap retained all of its original strength at both temperatures.

The results obtained so far are very promising in that definite differences have
been found between the effects of copper sulfate and copper naphthenate on burlap
deterioration. Perhaps of greater consequence to nurserymen is the fact that break-
down of copper naphthenate-treated burlap has been related to concentration. This
means that eventually recommendations may be made linking a certain life expectancy
of burlap in soil with a particular copper concentration in the burlap. Preliminary
results indicate that burlap treated with copper naphthenate and containing 0.8% actual
copper or more will last 36 weeks, even when exposed to summer temperatures averaging
76* F.
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THE COST OF STORING ORNAMENTALS UNDER PLASTIC WITH MINIMUM HEAT

Elton M. Smith
Department of Horticulture

Ohio Agricultural Research and development Center

The killing temperature of plant roots in 1-gallon cans has been determined by
Havis In Massachusetts to be as high as 23° F. for Magnolias; 20° F. for Dogwood,
Daphne, Japanese Holly, and American Holly; and 18° F. for Firethorn and Rockspray
Cotoncaster. Temperatures in poly houses in Ohio have been recorded at 18° F. and
lower. For this reason, growers in recent years, have been supplying minimum heat
to maintain air temperatures in poly storage houses at 30°-36° F.

The application of minimum heat in poly houses has significantly reduced the
degree of winter damage, improved the condition of the foliage of plants at the time
of sale, and resulted in considerably greater growth of plants by late spring. (Ohio
Nursery Notes, Vol. VJ1, No. 1, Jan.-Feb. 1974).

Since the costs of construction supplies, labor, fuel, and plastic have risen
significantly in the past 2 years, a study was undertaken to determine the costs of
overwintering container-grown ornamentals in heated and unheated poly-covered quonset
structures. The study was conducted during the winter seasons from late November to
April of 1972-73 and 1973-74 at The Ohio State University, Columbus.

The 96 x 12™foot unheated house was constructed with 3/4-inch pipe spaced 4 feet
apart and covered in late November with white 4-mil. copolymer film. The heated house
of the same size and construction was covered with 4-mil. copolymer on the outside
and 4-mil. clear polyethylene on the inside, separated with forced air from a shaded
pole blower. The temperature was maintained in the heated house at 34° F. with a
150,000-BTU Universal Heater suspended from the ridge pole. Ventilation was provided
as needed by opening doors in both ends of the houses.

The natural gas consumption was recorded, as was the electricity needed for both
the blower and heater. All labor was recorded in each house throughout the winter
until the plastic was removed April 30 both years.

The average approximate costs of maintaining the plants during the two winter
seasons from November through April are shown in Table 1.

The costs to overwinter each l~gallon plant were 10.8$ in the heated house and
5.3$ in the unheated house, while the costs for 2-gallon containers were 19.4$ and
9.6$ (Table 2).

In summary, the average prorated cost to construct a 96 x 12-foot white copolymer
covered poly storage house and to maintain the plants from November through April
during the winter seasons of 1972-73 and 1973-74 amounted to $187.30 or a 1-gallon can
cost of 5.3$. The cost to construct and maintain a house at 34° F. resulted in total
expenditures of $378.17 or a 1-gallon can cost of 10.8$.
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TABLE 1.--Average Costs of Storing Container-Grown Ornamentals Under 96 X 12-
Foot Plastic Covered Houses With and Without Heat During the Winter Seasons of
1972-73 and 1973-74 in Columbus, Ohio.

Heated House 34° F. Unheated House

Construction Expenses $62.00 $62.00
(Pipe, Lumber, Labor) Pro-rated 8 Yrs.
Poly Film (Prices 7-3-74) 148.00 68.80
Fungicides 2.50 2.50
Labor - Plant Maintenance 108.00 54.00
@ $2.25/hr. (Watering, pest control)
Natural Gas 18.50 0
18,500 Cu.ft. 9 1.00/1,000 Cu. ft.
Electricity @ 2*/K.W. hr. 6.67 0
Universal Heater Model 150 F.H. 30.00 0
(Pro-rated 5 years)
Shaded Pole Blower 2.50 0
(Pro-rated 5 years)

Total $378.17 $187.30

TABLE 2.—Costs per Plant to Overwinter Container-Grown Ornamentals Under
Plastic Storage Houses During the Winter Seasons of 1972-73 and 1973-74 in Columbus,
Ohio.

Container Size
(Diameter, In.) Number/House Heated House 34° F. Unheated House

3 gal.-10% 1,200 31.5* 15.6*
2 gal.- 8% 1,950 19.4* 9.6*
1 gal.- 6 3,500 10.8* 5.3*
quart - 4̂  7,000 5.4* 2.7*
peat pots-3 10,800 3.5* 1.7*
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CHEMICAL WEED CONTROL IN PERENNIAL FLOWER PLANTINGS

Elton M. Smith
Department of Horticulture

Ohio Agricultural Research and Development Center

Weed control in plantings of perennial flowers has traditionally been by culti-
vation and hand weeding. Within the past several years, a number of herbicides have
been introduced and labeled for use in perennial flowers. The objective of this study
was to evaluate these herbicides along with several experimental herbicides to deter-
mine effectiveness and phytotoxicity to the perennials.

The study was conducted in a sandy loam soil in a commercial nursery in Lake
County? Ohio. The perennials were planted on May 15, 1975, and the herbicides were
applied to the soil over the plants on May 25, 1973. Eptam, Treflan, Devrinol, A-820,
and CGA 10832 were incorporated into the soil and all plots were irrigated with 1/2-inch
of water immediately following the application.

The results on June 25, 1 month after treatment , were averaged and are shown in
Table 1.

The most satisfactory treatments with the least amount of injury were:

Devrinol 2E at 2.0 and 4.0 Ib.
Devrinol SOW at 2.0 and 4.0 Ib.
A-820 4E at 3.0 Ib.
A-820 4E plus Dymid SOW at 3.0 and 5.0 Ib.
CGA 10832 4E at 2.0 Ib.
Dymid SOW at 8.0 Ib.
Amiben 2E at 2.0 Ib.
Betasan 3.6G at 12.5 Ib.

Lasso resulted in the best weed control, but was too injurious with several
species to be included in the above list.

Lasso 2.5E at 2.0 and 3.0 Ib. and Devrinol 2E at 4.0 Ib. and SOW at 6.0 Ib.
resulted in acceptable weed control 10 weeks following treatment.

Since Devrinol, A-820, CGA 10832, and Lasso are not registered for use on peren-
nials, growers are currently limited to Dymid, Betasan, and Amiben, along with Eptam,
Dacthal, and Treflan. However, the latter three were not as effective against the
weed species present in this study (primarily galinsoga and other broadleaved annuals).

Effective and safe herbicides are available and labeled for use in perennial
flower plantings. Prior to extensive use of herbicides in perennials, a small trial
should be established as species vary in their susceptibility, while effectiveness is
influenced by soil type, environmental factors, and weed species.
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APHID CONTROL TRIALS ON OUTDOOR ROSES IN 19731

Richard K. Lindquist
Department of Entomology

Ohio Agricultural Research and Development Center

Introduction

Rose aphids (M^crosxphurn rosae) and potato aphids (M. euphorblae) are common
pests of outdoor roses during the warm weather months. Although large numbers are
required to affect plant growth, their presence constitutes a nuisance, and the
honeydew excreted provides a substrate for the growth of various fungi.

Method^

During the summer of 1973, several materials were evaluated for aphid control
on outdoor roses (cv. 'Confidence'). The treatments included both conventional
insecticides and organic methods. Organic treatments included planting chives
around rose bushes and a garlic extract spray2. All materials (except chives) were
applied as foliar sprays, using a 2.5-gallon compressed air sprayer.

Aphid infestations were recorded at intervals before and after each application
by counting the number of terminals on each plant and recording the percent infested.
No distinction was made between aphid species when recording data.

Phytotoxicity was evaluated by rating injury to foliage and/or floweis on a 0
to 5 scale (0 = no visible injury and more than 2.0 not acceptable).

Results and Discussion

Many of the treatments did an excellent job of aphid control, including the
higher application rate of the garlic extract (Table 1). Of those products presently
available, Spcctracide (Diazinon) and Isotox appeared to give as good control as many
of the experimental materials. Orthene, a new systemic insecticide, will be a valu-
able addition to products available because it can be applied less frequently and
still give good control. Sevimol, Dylox, interplanting with chives, and the lower
rate of garlic extract did not provide aphid control,

Phytotoxicity ratings are shown in Table 2. Of the conventional insecticides,
Dursban, Alfa-Tox, Imidan, and Isotox were moderately phytotoxic in one or more rep-
licates, but only Dursban at the higher application rate had an average rating which
was not acceptable. Both application rates of garlic extract caused moderate to
severe foliage injury in one or more replicates.

No conclusions should be drawn concerning the organic methods included in these
trials. This information was obtained so that questions could be answered concerning
the success of such procedures in controlling a particular pest. Much more work
needs to be done for results to be conclusive.

1Supported in part by a grant from the National Rose Foundation,
2From Organic Gardening and Farming.
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TABLE 1.—Control of Aphids on Outdoor Roses During 1973.

Season-long Average
of Percent Terminals

Treatment

Garlic Extract

Garlic Extract

Interplanting with Chives
Orthene 75 SP
Sevimol 4 S
Dylox 4 LS
Dursban 2 E
Dursban 2 E
Alfa-Tox
Imidan 1 E
Spectracide
Isotox
Check

Rate*

1 part extract/
25 parts water
1 part extract/
50 parts water

—
1.0
1.0
1.0
0.25
0.5
0.5
1.0

2 tbsp./3 gal. water
2 tbsp./l gal. water

—

Infestedt

4.4

28.0

35.2
4.2

33.0
27.4
7.8
1.6
6.6
6.0
6.1
5.5

33.6

*Lb. al/100 gal. water, except where noted.
tAverage of seven sampling dates. Results of each sampling date are mean of

four replications. Spray treatements applied 7/6, 7/17 (except Orthene), and 7/30,

TABLE 2.~~Phytoxicity Ratings on Outdoor Roses 7 Days Following Last Application.

Treatment

Garlic Extract

Garlic Extract

Interplanting with Chives
Orthene 75 SP
Sevimol 4 S
Dylox 4 LS
Dursban 2 E
Dursban 2 E
Alfa-Tox
Imidan 1 E
Spectracide
Isotox
Check

Rate*

1 part extract/
25 parts water
1 part extract/
50 parts water

—1.0
1.0
1.0
0.25
0.5
0.5
1.0

2 tbsp./3 gal. water
2 tbsp./l gal. water

—

Mean Damage
Rating1"

1.6

2.2

0.5
0.6
0.4
0
1.4
2.4
0.9
1.4
0.4
0.9
0.4

*Lb. ai/100 gal, water except where noted.
^Means of four replications. Raings on 0-5 scale, with 0 = no visible injury

and 5 a plant dead.
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CHEMICAL CONTROL OF POWDERY MILDEW OF ZINNIA

Charles C. Powell, Jr.
Department of Plant Pathology

Ohio Agricultural Research and Development Center

When warm days are interspersed with cool, damp nights, powdery mildews begin
to show up on many landscape plants. The powdery mildew fungi generally occur only
on the leaves of the affected plants. Unless they are extremely severe, the mildew
fungi do not kill the plants. Rather, they make them unsightly and misshapen. They
may also cause defoliation. Plants with diseased or fallen leaves may be more sub-
ject to winter kill than disease-free plants of the same type in the same location.

Unfortunately, mildew is usually seen on only a few landscape plant types. The
roost common occurrences are on roses, zinnias, crabapples, viburnums, maples, lilacs,
and oaks. The mildew fungi which attack these various plants are host-specific.
That is, the mildew fungus on plant type is only capable of attacking that plant
type. Thus, if a rose bed in the landscape is mildew infested, the lilac plants
nearby will not necessarily become diseased. Of course, the environment which led
to rose mildew will probably also lead to lilac mildew.

In spite of these many fungi involved, powdery mildews are all generally con-
trolled by the same types of chemicals. In this study, zinnia powdery mildew, caused
by Erysipha cichoraceariw, was the mildew for which chemical controls were evaluated,
A planting of zinnia cv. Lilliput Scarlet Gem was put in OP June 1, 1973. Biweekly
sprays were initiated on August 15 when mildew first appeared. Spraying continued
until Oct. 24, 1973.

Three blocks of 8 row feet each were sprayed to runoff per treatment. A 2-gallon
hydraulic sprayer was used. Treatments and rates per 100 gallons consisted of tri-
forine 20 EC (Niagara Chemical Div., FMC Corp.)* 16 ounces; benomyl 50 WP (Benlate,
DuPont Chemical Corp.), 8 ounces; thiophanate-methyl 70 WP (Topsin-in, Pennwalt
Chemical Corp.), 8 ounces; clorothalonil 75 WP (Daconil 2787, Diamond Shamrock Chemical
Corp.), 24 ounces; zineb 70 WP (Rohm $ Haas Chemical Corp.), 16 ounces; and dinocap
22.5 WP (Karathane, Rohm 6 Haas Chemical Corp.). 8 ounces, Biofilm (Colloidal Products
Corp.) was added as a spreader-sticker at 4 ounces per 100 gallons to the benomyl,
thiophanate-methyl, zineb, and dinocap treatments.

On Oct. 11 and 31, the mildew severity in each treatment was observed and
expressed as the percent of the foliage with mildew lesions. No phytotoxicity was
noted in any treatment* All of the chemicals tested exhibited some degree of control
(Table 1). Benomyl, thiophanate-methyl, and dinocap completely controlled the disease.

This test demonstrated that zinnia powdery mildew can easily be controlled by
spraying every 14 days as soon as the onset of disease is noted. If the interval
between spray applications could be lengthened, a more meaningful control program
for home horticulturists would result. The 1974 test will thus examine the ability
of fungicides to control this powdery mildew when the interval between spraying is
30 rather than 14 days. Finally, powdery mildews on other plant types need to be
examined to further extend this disease control program.
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TABLE 1. — Powdery Mildew Severity* on Zinnia Sprayed
Biweekly Since August 15.

Mildew Severity(%)

Treatment*1" Oct. 11 Oct. 31

Triforine 2 2
Benomyl + Biofilm 0 0
Thiophanate-methyl + Biofilm 0 0
Clorothalonil 2 10
Zineb 20 40
Karathane 0 0
Check -- No Treatment 65 90

*Powdery mildew severity determined as the percent of
leaves with lesions.

''"See text for chemical formulations and rates.
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A STUDY OF THE ECONOMICS OF FERTILIZING TREES IN THE NURSERY

Elton M. Smith
Department of Horticulture

Ohio Agricultural Research and Development Center

Two questions concerning nutrition often asked by production nurserymen are:
1) how much fertilizer Is necessary for optimum production? and 2) what are the
economic returns?

To help answer these questions, a 2-year study was conducted in a commercial
tree production nurseiy in central Ohio to determine the level of fertilizer which
would result in the greatest caliper Increase of trees and to determine if the expense
of the fertilizer would be returned by the additional growth.

One of four cultivars of Norway Maple whips were planted in April 1971.
The cultivars were fCleveland1, !Summershade*, 'Emerald Queen1,
and fColuEinaref, spaced 30 inches apart in 8-foot rows.

The initial fertilizer treatments were applied April 4, 1972, and the second
application was applied April 4, 1973* Each treatment was replicated four times.

The fertilizer treatments were 0, 3, 6, and 9 Ib. of actual nitrogen, phosphorus,
and potassium per 1,000 square feet, which is equivalent to 0, 880, 1,760, and 2,640
Ib. of 15-15-15 per acre.

All caliper evaluations were measured 1 foot from the soil line on Sept. 7, 1973.

An examination ot the data In Table 1 Indicates that the 3-lb. rate increased
the caliper of all cultivars. However, the 6 and 9-lb. rates did not result in addi-
tional caJiper growth.

Typically, trees are marketed in 0.25-inch Increments up to 2 Inches In diameter.
As shown in Table 2, the additional growth of the 3-lb, treatment did not result in
full 0.25 Inch increases. However, the additional growth was sufficient to result In
the next saleable grade.

The price of 15-15-15 In early spring of 1974 averaged $136 bulk and $143 bagged
per ton from a leading supplier. The optimum treatment in this study (880 Ib.) rep-
resents 44% of 2,000 Ib. or $59.84 ($136 x 44) - $62.92 ($143 x 44). At the plant-
ing distance of 8 feet x 30 inches approximately 2,139 trees can be grown per acre.
Dividing the cost of the fertilizer ($59.84) by the number of trees per acre (2,139)
yields a fertilizer cost of 2.8$ per year or 5.6$ per tree for the 2 years (not in-
cluding application labor). Therefore, a 5,6$ fertilizer investment per tree to
yield a return of $3 to $4 even half of the time seems most worthwhile.

In conclusion, 3 Ib. of actual nitrogen, phosphorus, and potassium per 1,000
square feet or 880 Ib, per acre of 15-15-15 resulted in increased caliper growth of
four Norway Maple cultivars during 1972 and 1973* The approximate cost of the ferti-
lizer only (5.6$ per tree) resulted in an average return of $3.81 per tree. Since
the additional increment growth of the 3-lb. treatment averaged 0.15 inches, one
could expect a grade increase 50% of the time or an average return of $1.90 for the
5.6$ investment.
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TABLE 1.--Effects of Varying Rates of 15-15-15 on the Growth of Norway Maple
Cultivars.*

Call per Measurements (Inches)
Cultivar No Fertilizer 3 Lb./l,QOQ 6 Lb./l.OOO 9 Lb./l,QOQ

A.
A.
A.
A.

P-
P-
P-
P-

'Column are'
'Emerald Queen'
'Summershade'
'Cleveland1

Average

1
1
1
1

1

.23

.20

.43

.23

.28

1
1
1
1

1

.37

.37

.59

.36

.42

1
1
1
1

1

.37

.35

.58

.38

.42

1
1
1
1

1

.36

.37

.56

.36

.41

*A11 figures represent the average caliper of 30 trees/species/treatment
measured 1 foot from the soil line.

TABLE 2.--Economics of Caliper Increases (Inches) of Norway Maple Cultivars as
a Function of Fertilizer Treatment.

3 Lb./l.OOO
of Actual

Cultivar No Fertilizer

A. p.
A. p.
A. p.
A. p.

'Columnare'
'Emerald Queen1
'Summershade1
'Cleveland'

1
1
1
1

.23

.20

.43

.23

N,

1
1
1
1

P, and

.37

.37

.59

.36

K

1
1
1
1

Size Increase
(Inches)

.0-1.

.0-1.

.25-1

.0-1.

25 to 1
25 to 1
.50 to
25 to 1

.25-1.

.25-1.
1.50-1
.25-1.

Approximate
Catalogue
Price Dif-
ference per
Plant

50
50
.75
50

$3.50
$3.00
$5.50
$3.25

Average $3.81
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FERTILIZING TREES IN THE LANDSCAPE - PROGRESS REPORT

Elton M. Smith and Kenneth W. Reisch
Department of Horticulture

Ohio Agricultural Research and Development Center

Soil type is among the factors influencing tree response to fertilizer. If
drainage and aeration are less than ideal and soils are wet for extended periods,
newly transplanted trees are slow to become established and often grow poorly.

A study was conducted in a relatively poorly drained, Blount and Morley silt
and Pewamo silty clay-loam area at the USDA Shade Tree and Ornamental Plants Labora-
tory in Delaware, Ohio. The objectives were to evaluate tree growth as a function
of various fertilizer rates and surface vs. drill hole placement.

Trees planted during the spring of 1969 included Tilia cordata 'Select', Improved
Littleleaf Linden; Mains fSnowdrift1, Snowdrift Flowering Crabapple; and Acer saccharum
!Monumentalef, Sentry Sugar Maple. The trees were treated on May 5, 1971, as follows:

1. Control—No fertilizer, no holes

2. Drill holes plus sta-red-bits (S.R.B.) — No fertilizer

3. 3 Ib. Nitrogen/1000 sq. ft.--Drill Hole

4. 6 Ib. Nitrogen/1000 sq. ft.--Drill Hole

5. 9 Ib. Nitrogen/1000 sq. ft.--Drill Hole

6. 3 Ib. Nitrogen/1000 sq. ft.--Surface applied

7. 6 Ib. Nitrogen/1000 sq. ft.--Surface applied

8. 9 Ib. Nitrogen/1000 sq. ft.--Surface applied

All trees receiving fertilizer treatments also received 6 Ib. of actual phos-
phorus and potassium per 1000 sq. ft. at the time of nitrogen application.

The drill hole treatment consisted of 20 holes per tree, 12 inches deep, in
two concentric rings covering an area of 100 sq. ft. under each tree. The trees
were pruned as needed and the area between the trees was maintained in sod and mowed
periodically. On Sept. 18, 1973, after three growing seasons, the caliper of the
trees was measured 1 foot from the ground. Foliage samples were taken yearly in
September and analyzed for nitrogen content. The results of caliper measurements are
shown in Table 1.

The data in Table 1 reveal that a substantial caliper increase of trees occurred
in the holes plus Sta-red-bits treatment. The growth, on the average, was 0.5 inch
greater than the unfertilized control plants and equivalent to the 3-lb nitrogen
treatments. This suggests that the aeration provided by the S.R.B. filled holes was
an important factor in the growth of the trees.

All fertilizer treatments resulted in considerably larger caliper trees than the
unfertilized controls. The greatest average caliper growth for the three cultivars
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occurred at the fertilizer rate o£ 6 Ib, of actual nitrogen per 1000 sq. ft. The
9»lb. rate resulted in growth greater than the 6-lb. rate only with the Sentry Sugar
Maple surface treatment. Although caliper measurement is the commercial basis of
tree growth* other evaluations such as height, illustrated in Figure 1, should be
considered. With higher rates of fertilizer in both drill hole and surface treatments,
the trees will be taller and the foliage greener.

There was no difference, on the average, between caliper growth of trees in the
drill hole treatment vs. surface application-

The average leaf nitrogen level of all species combined during the 3 years was
control, 2.1%; holes plus S.R.B., 2.3°o; 3 Ib. N/1000, 2.3°oj 6 Ib. N/1000, 2.6%; and
9 Ib. N/1000, 2.5%.

In summary, after 3 years from a single fertilizer application, the 6 Ib. N/1000
sq. ft. treatment resulted in the greatest caliper growth and foliar nitrogen level.
Growth of trees in the drill hole treatment with S.R.B. without fertilizer was equal
to the 3 Ib. N/1000 sq, ft. rate. The higher the fertilizer rate is, the taller the
trees and the greener the foliage will be. The growth of the three cultivars was not
affected by placement of the fertilizer.

TABLE 1.--Effects of Fertilizer Treatments on the Caliper Growth of Three Tree
Cultivars 3 Years After Treatment.*

Treatment Linden Crabapple Maple
Average

Three Cultivars

Inches
Control, No fertilizer, No holes
Holes
3 Lb.
6 Lb.
9 Lb.
3 Lb.
6 Lb.
9 Lb.

and S.R
N/l ,000
N/l ,000
N/l ,000
N/l ,000
N/l ,000
N/l ,000

.B.
sq
sq
sq
sq
sq
sq

- No
. ft.
. ft.
. ft.
. ft.
. ft.
. ft.

fertilizer
- Drill Hole
- Drill Hole
- Drill Hole
- Surface
- Surface
- Surface

2.0
2.9
3.0
3.0
3.0
3.0
3.2
3.1

2.
3.
2.
3.
3.
2.
3.
3.

7
0
8
1
1
8
3
1

2.
2.
2.
3.
2.
2.
2.
3.

5
8
9
2
9
8
9
1

2
2
2
3
3
2
3
3

.4

.9

.9

.1

.0

.9

.1

.1

*Each figure represents the average caliper of 12 trees measured 1 foot from
the soil line.
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FIG. 1.--Snowdrift Crabapple. Left to right, above:
control, holes plus S.R.B., 3 Ib. N/1,000—H; below: 6 Ib.
N/1,000—H, 9 Ib. N/1,000—H. The stake is 8 feet in height.
Photos taken in September 1973 following May 1971 treatment.
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EVALUATION OF HERBICIDE COMBINATIONS FOR USE IN
SHADE TREE NURSERIES

Thomas A. Fretz
Department of Horticulture

Ohio Agricultural Research and Development Center

Introduction

The use of herbicides in the commercial production of shade trees is essential
to a good cultural management program. High costs of operation and production require
new and improved methods for reducing weed populations which ultimately compete with
these high-value crops for water and fertilizer.

One of the severe problems in shade tree culture is for nurserymen to find time
to cultivate and apply herbicides during the early spring when they have a heavy work
load, often combined with difficult or adverse weather conditions. For this reason,
this study investigated the use of numerous herbicide combinations of pre-emergent
and post-emergent materials for use in shade tree nurseries. Combinations were
sought which could be used with some degree of plant safety and yet control a broad
weed spectrum. This study utilized 6 to 8-foot trees set out in the nursery earlier
that spring. At the time of application of the herbicides, a heavy stand of weeds
was present, necessitating the use of the post-emergent materials.

In this overall experiment, five separate studies were designed in which one
herbicide was the major constituent in each, with various other materials employed
to strengthen the weed-controlling abilities of the major herbicide employed.

Materials and Methods

This study was designed and performed at the Cole Nursery Co. in Circleville,
Ohio, using spring-planted Glen Jade Norway Maple trees (Acer plantanoides cv. Glen
Jade). In each of the five separate tests, the plot size was 8 x 9 feet, replicated
three times. The herbicides and the formulations employed in these studies are
listed in Table 1. All herbicides in all tests plots were applied on June 12, 1973,
with C02 constant pressure sprayer apparatus calibrated to deliver the herbicides in
the equivalent of 36 gal. of water per acre.

tight Glen Jade Norway Maple trees were located in each plot« An evaluation
of weed control and shade tree injury was conducted on July 12, 1973, using a 1 to
10 visual rating system, with 1.0 representing no control and 10.0 complete control.
The major weed species present in these tests included: Yellow Foxtail (Setaria
JLutescens), Bindweed (Convolvulus arvensis) , Common Milkweed (Ascelpias syriaca) ,
Lambsquarter (Chenopodlum album), Common Ragweed (Ambrosia artemislifolia), Pennsyl-
vanica Smartweed (Polygonum pensylvanclum), Rough Pigweed (Amaranthus retroflexus),
Horseweed (Erigeron canadensis), Horse Nettle (Solanum carolinense), Canada Thistle
(Cirsium arvense), Wild Sweet Potato Vine (Ipomoea pandurata)9 Trumpet Creeper
(Campsis radicans), and Indian Hemp (Apocynum cannabinum).

Data on general grass and broadleaf weed-controlling ability of each herbicide
combination were obtained. In addition, each individual weed species was evaluated
separately.
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When the herbicides were applied, weeds around the shade trees were approximately
8 to 10 inches high and were largely composed of Yellow Foxtail, with equal represen-
tation of the other broadleaf and perennial weed species,

Resu11sand Pi scu $ si on

It was noted in all of the five studies that the application of the post-emergent
herbicides Roundup and Asulox completely killed the Yellow Foxtail and much of the
annual broadleaf weed population. The grass weed control discussed in this article
deals with germination and regrowth of primarily Yellow Foxtail, As for the annual
broadleaf weeds, including Lambsquarter, Common Ragweed, Pennsylvania Smartweed,
Rough Pigweed, Horseweed, and Horse Nettle, these were completely killed with Roundup
or Asulox applications. As with the grass-type weeds, the data are discussed in terms
of how individual herbicides in the combination treatments prevented later germination
and growth of these annual broadleaf weed species. With the perennial broadleaf weed
species, including Trumpet-Creeper, Common Milkweed, Wild Sweet Potato, Bindweed, and
Canada Thistle, the Roundup and Asulox severely injured these weed species. The
data are discussed in terms of the control of their regrowth by the other constitu-
ents in the combinations used in the studies.

TABLE l.~Nomenclature and Formulations of Herbicides Utilized on Glen Jade
Norway Maple Trees During 1973.

Common Name11
Trade Name

and Formulation Chemical Name*

Asulam

Diphenamid

Simazine

Metribuzin

Alachlor

Linuron

Methazole

Napropamide

Oxadiazon

Glyphosate

Asulox- 2 EC

Dymid- 80 WP

Princep- 80 WP

Sencor- 50 WP

Lasso- 4 EC

Lorox- 50 WP

Probe- 75 WP

Devrinol- 50 WP

Ronstar- 2 EC

Roundup- 2 EC

Methyl sulfanilylcarbamate

N9N,-dimethyl-2,2-diphenylacetamide

2~Chloro~4,6-bi$(ethyl amino)-s~triazine

4~amino~6~tert butyl-3-(methylthio)
as-triazine-5(4H) one

2-Chloro-2ljS'-diethyl-N-Cmethoxy-methyl)
acetaniTide

3~(3,4~dichlorophenylJ-l-methoxy-l-
methyl urea

2-(3,4-d1chloropheny])-4-methyl-1-,2,4-
oxadiazolidine~3,5-dione

2-(<*~naphthoxy)-N9N-diethylpropionamide

2-tert-butyl-4-(2,4-dichloro-5-
isopropyloxyphenyl)~A2~l,3»4~
oxadiazolin-5 one

N-(phosphonomethyl) glycine

*Common and chemical names accepted by the terminology committee of the Weed
Science Society of America.
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In all of five studies, there were no signs of injury to the Glen Jade Norway
Maples (at any time during the period of observation) from any of the herbicide com-
binations employed.

In the first study, Ronstar was employed as the major herbicide, with Lorox and
Princep added to increase the broadleaf and perennial weed-controlling ability of
this compound. In addition, two post-emergence herbicides, Roundup and Asulox, were
compared to evaluate their ability to remove the heavy grass covering composed largely
of Yellow Foxtail in the planting.

Regarding ability to control the existing Yellow Foxtail, Roundup appeared to
perform more satisfactorily than Asulox. This difference may, however, be due to
the difference in rates employed (Table 2) and further testing will be required to
substantiate this observation.

Overall broadleaf weed control was excellent with all herbicide combinations
employed in this test. All broadleaf weed species except the perennials, Trumpet
Creeper, Common Milkweed, and Wild Sweet Potato, were completely controlled. These
three species were severely injured with all combinations employed in this test, but
did show signs of regrowth. Typically, the injury as a result of either a Roundup
and Asulox application manifested itself as curled, chlorotic, grossly distorted
leaf tissues. Quite possibly a second application of either the Asulox or Roundup
at this stage could have completely controlled these perennial weed species.

Improved control of Trumpet Creeper was observed with the Asulox + Ronstar
combinations when compared to the Roundup + Ronstar combinations (Table 2).

In the second study, Lasso was employed as the primary herbicide, with Lorox
and Princep employed to strengthen the broadleaf weed-controlling ability of Lasso,
known from past experience to be strong in controlling annual grasses pre-emergently.
In addition, Roundup was employed with all combinations to remove the heavy weed
cover (primarily Yellow Foxtail) existing around the trees.

TABLE 2.—Ronstar and Combinations Employed for Weed Control in Glen Jade
Norway Maple Trees, 1973.

LSD 0.05

Weed Control

Treatment

Roundup + Ronstar
Roundup + Ronstar
Asulox + Ronstar
Asulox +
Asulox +
Asulox +
Asulox +
Asulox +
Control

Ronstar
Ronstar H
Ronstar H
Ronstar H
Ronstar ̂

• Lorox
- Lorox
- Princep
• Princep

Rate
Lb. ai/A

2.0 +
2.0 +
1.5 +
1
1
1
1
1

.5 +

.5 +

.5 +

.5 +

.5 +

3.0
6.0
3.0
6.0
3.0 +
6.0 +
3.0 +
6.0 +

—

1
1
1
1

.0

.0

.0

.0

Broadleaf

9.
8.
9.
8.
8.
8.
9.
9.
3.

3
7
3
7
3
0
0
3
0

Grass

10.0
10.0
7.3
9.0
8.0
8.0
8.0
8.7
1.0

Trumpet
Creeper

9.3
8.7
10.0
10.0
9.3
10.0
10.0
10.0
4.0

1.73 0.84 0.85

*Weed control rating scale:
control.

1.0 = no weed control, 10.0 = complete weed
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TABLE 3.--Lasso and Combinations Employed for Weed Control in Glen Jade
Norway Maple Trees, 1973.

Treatment
Rate

Lb. ai/A
Weed

Broadleaf
Control*

Grass

Roundup
Roundup
Roundup
Roundup
Roundup
Roundup
Control

+ Lasso
+ Lasso
+ Lasso
+ Lasso
+ Lasso
+ Lasso

Lorox
Lorox
Princep
Princep

2.0
2.0
2.0
2.0
2.0
2.0

+ 3.0
+ 6.0
+3.0+1
+6.0+1
+ 3 . 0 + 1
+ 6.0 + 1.0

.0

.0

.0

LSD 0.05

9.3
9.4
8.7
8.0
8.3
9.7
1.0

1.87

10.0
10.0
10.0
10.0
10.0
10.0
1.0

0.0

*Weed control rating scale: 1.0 = no weed control, 10*0 = complete weed
control.

The Lasso treatments and combinations completely controlled the initial stand
of grass due to the use of Roundup , and the Lasso combinations at all rates appeared
to be giving excellent pre-emergent grass control (Table 3), In terms of broadleaf
weed control, the Lasso treatments and combinations were able to completely control
the annual broadleaf weeds, including Lambsquarter, Common Ragweed, Pennsylvania Smart-
weed, Indian Hemp, and Horse Nettle. However, it was observed that perennial broad-
leaf weeds were more difficult to completely control with the Lasso combinations,
Even with the addition of Lorox and Princep to the Lasso combinations, control of
the perennial broadleaf weeds such as Wild Sweet Potato vine and Trumpet Creeper was
poor.

In the third group of studies, Devrinal was employed as the primary herbicide ,
with Lorox and Princep used to strengthen the overall broadleaf weed control* Like
the previous studies, Roundup completely controlled the initial stand of weeds in
each plot.

Following removal of the existing weed growth with the Roundup, it appeared
that the Devrinal combinations adequately controlled the regrowth of grass weeds
present in this study (Table 4). However, none of the Devrinal treatments, either
alone or in combination, adequately controlled the broadleaf weeds present. Only
the annual broadleaves, including Lambs quarter, Pennsylvania Smartweed, and Indian
Hemp, were completely controlled. Control of the perennial broadleaf weeds varied
with treatment (Table 4).

None of the Devrinal treatments or combinations were able to control the Trumpet
Creeper. Although this weed was badly damaged by the initial application of Roundup,
regrowth was evident. In terms of control of the Wild Sweet Potato vine, it is inter-
esting to note that all combinations employing the high rate of Devrinal showed sig-
nificantly better control than combinations using the low rate of Devrinal (Table 4).
It is quite possible that Wild Sweet Potato vine may show some differential response
to high rates of Devrinal, and the data suggest that this be studied further,

Hedge Bindweed was not controlled with any of the Devrinal treatments or com-
binations employed in this study (Table 4).
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TABLE 4.~~Devrinal and Combinations Employed for Weed Control in Glen Jade
Norway Maple Trees, 1973.

Weed Control*

Treatment
Rate Broadleaf Grass Trumpet Wild Sweet Hedge

Lb. ai/A Creeper Potato Vine Birdweed

Roundup +
Roundup +
Roundup +
Roundup +
Roundup +
Roundup +
Control

Devrinal
Devrinal
Devrinal -
Devrinal -
Devrinal -
Devrinal •

*• Lorox
*• Lorox
i- Princep
i- Princep

2
2
2
2
2
2

+ 3
+ 6
+ 3 +
+ 6 +
+ 3 +
+ 6 +

~"""—

iiii

5.7
5.7
5.0
5.7
6.3
4.7
2.7

10.0
10.0
10.0
10.0
10.0
10.0
1.0

6.3
6.0
5.7
6.7
7.7
6.3
3.3

6.0
8.7
5.7
10.0
7.5
10.0
3.7

4
3
3
4
4
3
4

.7

.7

.7

.7

.0

.0

.3

*Weed control rating scale:
control.

1.0 = no weed control, 10.0 = complete weed

In the fourth study in this overall test, Probe was employed as the primary
herbicide constituent, with Lasso and Dymid included to strengthen the grass weed
control. From previous studies, it was noted that Probe gave excellent broadleaf
weed control at all rates, but was weak in terms of grass weed control at the lower
rates employed (1).

When employed on Glen Jade Norway Maple trees, all Probe treatments and com-
binations exhibited excellent control of grass regrowth following the initial removal
by the Roundup. Broadleaf weed control was adequate in that all annual broadleaf
weeds were controlled, but some of the perennial broadleaf weeds were unable to be
controlled by either the Probe ot the combinations (Table 5). While the Wild Sweet

TABLE 5.—Probe and Combinations Employed for Weed Control in Glen Jade
Norway Maples9 1973.

Weed Control*

Treatment

Roundup +
Roundup +
Roundup +
Roundup +
Roundup +
Roundup +
Control
LSD 0.05

Rate
Lb. ai/A

Probe
Probe
Probe
Probe
Probe
Probe

+ Lasso
+ Lasso
+ Dymid
+ Dymid

2.0 +
2.0 +
2.0 +
2.0 +
2.0 +
2.0 +

3.0
6.0
3.0 +
6.0 +
2.0 +
6.0 +

—

Broadleaf

3.0
3.0
5.0
5.0

7.0
7.7
6.3
7.3
7.0
7.3
3.0

1.06

Grass

10
10
10
10
10
10
1

0

.0

.0

.0

.0

.0

.0

.0

.00

Wild Sweet
Potato Vine

10.
10.
10.
10.
10.
10.
1.

0.

0
0
0
0
0
0
0

0

Trumpet
Creeper

6.3
6.0
5.7
6.7
7.7
6.3
3.3

1.62

*Weed Control rating scale:
control.

1.0 = no weed control9 10.0 = complete weed
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TABLE 6.--Sencor and Combinations Employed for Weed Control in Glen Jade Norway Maples, 1973.

Treatment

Sencor
Sencor
Roundup + Sencor
Roundup + Sencor

Control

LSD o.05

Rate
Lb. ai/A

0.5
1,0
2.0 + 0.5
2.0 + 1.0

—

Broadleaf

1.0
3.3
4.3
5,3

2.3

0.97

Grass

1.0
3.0

10.0
10.0

1.0

1.60

Weed

Trumpet
Creeper

4.0
4.3
4.3
4.3

2.3

1.06

Control*

Wild
Sweet Potato

3.3
4.3
4.0
4.0

1.0

1.11

Common
Ragweed

10.0
9.7
10.0
10 0

1.3

0.94

Lambs-
Quarter

10.0
10.0
10.0
10.0

1.0

0.70

*Weed control rating scale: 1.0 = no weed control, 10.0 = complete weed control*

Potato vine was completely controlled, no control of the Trumpet Creeper was achieved
with Probe or any of the combinations (Table 6).

In the fifth and final study, Sencor was employed singly and in combination
with Roundup to determine if it could be used successfully In a commercial tree nur-
sery operation. From past experience, Sencor has shown some post-emergent action
and for this reason it was evaluated singly. When Sencor was used singly, it slightly
damaged both grasses and broadleaf weeds by causing a mild tip burn, but could not
check or control their growth. When Roundup and Sencor were used in combination, the
grasses were controlled, but several of the perennial broadleaves, although damaged,
began to show signs of vigorous regrowth (Table 6).

In general it was observed that Trumpet Creeper and Wild Sweet Potato vine were
basically uncontrolled by either Sencor or the Sencor * Roundup combination. However,
all treatments controlled Lambsquarter and Common Ragweed.

A number of conclusions can be drawn from these tests. l:irst, it Appears that
Roundup and perhaps Asulox can be employed on nursery crops as a directed spray to
control post-emergent annual grass and broadleaf weed growth. Second, a number of
new and interesting combinations of herbicides should be further investigated for
use in field-grown nursery stock. In particular, the following combinations should
be further evaluated: Asulox + Ronstar at 1.5 + 6*0 Ib. ai/A and Roundup i- Lasso *
Princep at 2.0 + 6»0 •*• 1.0 Ib. ai/A.

1.
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MINIMUM SPRAY PROGRAMS FOR SCAB CONTROL ON ORNAMENTAL CRABAPPLES: 1973 RESULTS

Charles C. Powell, Jr.
Department of Plant Pathology

Ohio Agricultural Research and Development Center

In 1972, an extensive timing and material evaluation study was done on control-
ling scab on Hopa crabapples (OARDC Res. Summary 71, pp. 34-38). That study indicated
that a two-spray program of benomyl 50 WP plus Sunspray 7E at full bloom and 1 month
later would give a reasonable amount of control of defoliation due to apple scab
disease. Experiments were designed to examine the two-spray program on other crab-
apple cultivars and with other fungicides.

Four-year-old crabapples were sprayed at a nursery south of Circleville, Ohio.
Hopa, Radiant, Eleyi, and Dorothea were initially sprayed to runoff on April 26 when
the Hopa was in full bloom. A second application was made 1 month later. A 10-gallon
hydraulic sprayer was used. Four blocks of eight trees per block were sprayed for
each cultivar and treatment. Treatments and rates per 100 gallons were benomyl 50 WP
(Benlate, DuPont Chemical Co.), 4 ounces plus 8 ounces Biofilm (Collodial Products
Co.); benomyl 50 WP, 4 ounces plus 32 ounces Sunspray 7E (Sun Oil Co.); thiophanate-
methyl 70 WP (Topsin-m, Pennwalt Chemical Co.), 4 ounces plus 8 ounces Biofilm;
thiophanate-methyl 70 WP, 4 ounces plus 32 ounces Sunspray 7E; triforine 20 EC
(Niagara Chemical Div., FMC Corp.), 16 ounces.

Disease severity was rated on August 28. The percent defoliation was estimated
using a 0 to 11 weighted scale (0 = no defoliation, 11 = 100% defoliation). 1975 was
a severe scab year and these minimal application programs resulted in only moderate
scab control (Table 1). The paraffin!c oil adjuvant (Sunspray 7E) increased the
efficacy of benomyl but not of thiophanate-methyl. With benomyl/ variable control
was achieved, depending on the cultivar sprayed. This may have been due to the fact
that all varieties were sprayed when the Hopa was in full bloom.

TABLE 1.--Defo11 a11on Ra11ngs of Crabapples Sprayed Twice to Control Scab.

Defoliation Rating^

Treatment* Hopa Radiant Elizi Dorothea

Check - No Treatment
Benomyl + Biofilm
Benomyl + Sunspray 7E
Thiophanate-methyl + Biofilm
Thiophanate-methyl + Sunspray 7E
Triforine

9.9c**
7.4b
5.7a
7.6b
8.5c
6. la

9.5c
6.5a
6.0a
-
-

—

9.8c
9. Ob
7. la
-
-

—

8.9a
8.3a
8.3a
-
-

—

*See text for formulations and rates.
^Defoliation rated on a 0 to 11 weighted scale: 0 = no defoliation, 11 = 100%

defoliation.
^Treatments followed by the same letter (within cultivar) do not differ sig-

nificantly at the .05 level (Duncan's New Multiple Range Test),

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster, September 1974.
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Depth of roots is very important In planting rhododendrons,, since they are very
shallow rooted. Many of the first plantings of rhododendron* in the Display Garden
were set in holes which had been augered into the ground. Settling of the soil and
wash-in of soil from around the planting holes soon had some of the root systems
buried under 3 to 4 inches of earth. Many of the first plantings had to be lifted
and reset so that the shallow root systems were near the top of the ground level. A
number of plants died before they were reset.

In six different locations where rhododendrons or azaleas have been planted under
Black Walnut, they have either died or grown so poorly they are barely alive. In some
instances when rhododendrons have been transplanted from these sites, they have started
to recover.

Many rhododendrons have been killed during the winter when they were on exces-
sively wet, poorly drained sites or exposed to severe winds. The same cuJtivars on
well-drained sites protected from the winds came through the winter In perfect con-
dition. Some rhododendrons were planted on sites which appeared to be well drained.
They grew until 1972 when a wet year left these sites In a continual wet condition.
Plants in these areas deteriorated rapidly.

Size of plant can also have a bearing on survival. Rhododendrons of the same
clone were set side by side in the nursery and were outplanted In the Arboretum.
Many plants less than 1 foot high were either killed or partially killed the first
winter, while adjacent larger plants 1 to 2 feet tall showed no signs of winter injury.
Established plants will also often survive climatic extremes, while recently planted
shrubs may be killed.

Survival rate of some rhododendrons planted on the south and west sides of build-
ings has not been as high as the same cultivars set on the north and east sides* Wind
is often an important factor. Many rhododendrons set out on windy sites haven't
survived or grown as well as the same kind of plants on sites protected from severe
winds. This can be noticeable at times at the corners of buildings. One north foun-
dation planting of the azalea Fireball has plants at the northeast and northwest
corners of the building only half the height after 4 years as azaleas growing near
the middle of the building where there was less exposure.

The following rhododendrons and azaleas have all been grown in the Secrest
Arboretum or on the OARDC Campus for 10 years or more. All have survived temperatures
to -20° F. with no winter kill unless noted otherwise. Most of the rhododendrons are
the so-called Ironclads and have been on the market for more than 100 years. Many are
capable of surviving colder weather than they have been exposed to at Wooster.

Rhododendron 'America': Grown for 14 years. Fair bloom mid-May to early June.
Flowers dark red.

Rhododendron arborescens; Grown for 53 years. Fair bloom late May, Flowers
white and fragrant.

Rhododendron 'Caractacus* : Grown for 18 years. Fair bloom late May to early
June. Flowers purplish-red.

Rhododendron carolineanum: Grown for 44 years. Excellent bloom every year,
early to mid-May. Flowers pink.
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Rhododendroncatawbiense album: Grown for 44 years. Excellent bloom every
year late May. Flowers white.

Rhododendron 'Cunningham's_ White': Grown for 16 years. Blooms late April to
early May. Often has scattered bloom in fall. Flower buds often partially killed
at -5° F. All flower buds killed at -12° F, Shrub not damaged and has survived to
-20° F. Good foliage plant but flowers not dependable. Flowers white.

Rhododendron ' English Roseum' : Grown for 44 years. Good bloom late May to
early June. Flowers rose colored.

Rhododendron 'Fireball' (deciduous azalea): Grown for 14 years. Good bloom
every year late May to early June. Flowers scarlet.

Rhododendron 'Lae^s Dark Purple1 : Grown for 22 years. Good bloom mid-May.
Flowers deep purple.

Rhododendron 'Louise Gable' (azalea): Grown for 14 years. Excellent bloom
late May. Flower buds all winter killed at -10° F. Shrub has survived to -20° F.
Flowers pink.

Rhododendron : Grown for 57 years. Fair bloom every year late June to
early July. Flowers white, partially hidden by new growth.

Rhododendron ' Mrs . Charl es S . Sargent'^ : Grown 16 years. Good bloom late May
to early June. Flowers rosy pink.

^ ............ ' Parsons t ..... Grand! fl or urn
 f ..... : Grown 13 years. Fair bloom late May.

Flowers purplish-rose.

Rl^dodendron ....... 'Purpureum Elegans ' : Grown 44 years. Good bloom late May. Flowers
deep purple.

Rhododendron 'Purpureum Grand! florum' : Grown 13 years. Good bloom late May to
early June. Flowers medium purple.

Rhododendron 'Roseum Elegans' : Grown 13 years. Good bloom every year late May
to early June. Flowers rose lilac.

Rhododendron y Roseum Super bum1 : Grown 13 years. Fair bloom late May. Flowers
purplish-rose.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.



This page intentionally blank.



THE BIRCHES

P. C. Kozel
Department of Horticulture

Ohio Agricultural Research and Development Center

Species of Betula vary from small shrubby plants in rocky soils to stately trees
of 100 feet in moist forest soils, Betula species are generally native in the cooler
regions of North America, Europe, and Asia, although some species are found as far
south as Florida. The genus consists of 35 to 40 species throughout the world. The
frequency of hybridization within Betula has created some problems in determining
the exact number of species.

The birches have conspicuous winter buds with sessile (several imbricate) scales.
The leaves are alternate, petioled, serrate or crenate. The flowers are monoecious
and apetalous in catkins. The staminate is formed in autumn and remains naked during
the winter. Every scale bears three flowers, each with a small four-toothed calyx
and two stamens divided at the apex. Pistillate catkins are oblong or cylindrical,
bearing three naked ovaries in the axil of every scale consisting of three connate
bracts. The birch fruit is a nut with membranous wings dropping at maturity, with
three-pointed scales from the radius of the strobile.

The birches are found occasionally in history, folklore, and religious tradition.
The distinguished white barked birch was regarded as a sacred tree in Druidic religion
and folklore. In the Celtic languages, tree means letter, so the Druidic alphabet
was made up of initials for trees. The alphabet began, B L N ..., birch representing
the first letter. In Druidic mythology, the birch was the tree of inception. These
people used the 13 consonants of the alphabet to represent the 13 lunar months.
Birch stood for the first month of the year, from December 24 to January 20. Of
sevea sacred trees, the birch represented Sunday, the first day of the week.

In Scandinavia, the leafing of the birches marks the beginning of the agricul-
tural year, because farmers use this as the signal for sowing spring wheat.

An instance where birch is found in folklore is in the saying, ffspare the rod
and spoil the child.11 The reference here is to a birch rod. Evidence of this is
traced back to Europe when birch rods were used as switches. They were used to flog
delinquents, and at one time to beat lunatics to drive out evil spirits.

The birches are mentioned in tales of witchcraft, for birch twigs were tied to
an ash staff to make witches1 brooms. And at one time, birch rods were used in Britisl
rituals to cast off the spirit of the old year.

The Indians had many uses for Paper Birch (B. papyrifera). The bark with its
durability and water repelling properties was effective as lodge coverings, canoe
hulls, and household utensils. The pioneers made ox yokes from birch limbs.

Birches still have many useful properties today. Birch beer is made from the sap
of the Sweet Birch (B. lenta). The recipe used by the oldtimers was to fftap the trees
at maple sugar time, put the sap in a jug, add a handful of corn, and let nature do
the rest."

An aromatic oil can be obtained by distilling chips of the Sweet Birch in water
until the water has evaporated and the oil concentrate is left. At one time, local
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industries distilled Sweet Birch chips and used the oil in medicine and candy. Ihe
oil extract has been compared to that obtained from the wintergreen plant.

Some of the birches are widely grown as ornamentals, others are valuable timber
trees in the North. Primary uses of birch wood today are in furniture and cabinet
making, veneer, and specialty items (spools, knobs, pegs, dowels, toothpicks, and
golf tees).

The genus Betula is normally divided into two sections, Betulaster and Betula,
which have been further broken down into four series: Acuminatae, Costatae, Excelsae,
and Humiles. In 1965, a fifth series was named, Fontinalae. The series definitions
are:

Acuminatae Regel: fruiting catkins cylindrical, pendant clusters or single,
4-11 cm. long, samara wings broader than the body, leaves 7-14 cm. long,

Costatae Regel; fruiting catkins single, 2-5 cm. long, samara wings not or
barely broader than the body.

Excelsae Koch: mostly trees, rarely shrubs; samara wings broader than the body.

Humiles Koch: shrubs; leaves with 2-5 nerve pairs, samara wings narrower than
the body.

Fontinalae Dugle: represents one shrubby species, B. fontinales.

Linnaeus described two species in North America, Betula lenta and B* nigra, and
two European species, B. pumila and B. nana. Since that time, much information on
the taxonomy of Betula has been gathered and many species have been named.

Several of the birches have received more than one scientific name over the years,
The European White Birch is the most confused in nomenclature, having roughly seven
botanical names. The confusion is a direct result of the polymorphism in natural
stands of birch. In northern forests, many stands of birch can be found which show
small morphological differences within species. One person might name the species
and describe one of the trees. Then another person would come along and describe a
tree from the same stand, but having minute differences in morphology as a new species,

Some Bireh Species

When a birch tree i£ mentioned, one immediately thinks of the graceful white
barked birch which graces stream banks in winter scenes. One of the most common
white birches is Betula Ferrucosa, Ehrh, the European White Birch. This tree has
also been known as BetuJa alJba, Linn.; B. alJba 'Populifolia1, Spach,; B. puJbescerts,
Ehrh.; B. odorata, Bescht.; and B. pendula, Roth.

Betula verrucosa is native to Europe and Japan but has become naturalized from
Newfoundland to Michigan in North America, The European White Birch can grow to 60
feet in dry soil. It has somewhat pendulous branches which give the tree a graceful
appearance. Among the cultivars noted for varying habits are B. F. 'Fastigiata1

(columnar), 'Gracilis1 (dissected leaves), 'purpurea1 (purple foliage), 'Tristis1

(pendulous), and fYoungiif (small and pendulous),

Many birches are noted for their ability to grow as far north as any other tree
species. The European White Birch is a prime example, being a forest tree at 70° N
latitude in parts of Europe, In Russia, where the tree grows more vigorously, an oil
obtained from white birch sap is used in tanning leather. In Finland, the wood is
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used for veneer and furniture. Betula verrucosa is widely grown in the nursery trade,
although it is not highly recommended. It is quite susceptible to the bronze birch
borer and birch dieback.

An excellent substitute for the European White Birch is Betula maximowiczii,
Regel. The Monarch Birch is more resistant to insect and disease attack than European
White Birch. This tree grows to 90 feet, is a rapid grower, and although native to
Japan, is perfectly hardy in North America. The trunk is not as white as the European
White but it is nonetheless a distinguishingly handsome tree. Hie trunk is smooth,
whitish with reddish brown branches, and large leaves. L. H. Bailey describes Monarch
as one of the most beautiful birches.

"The purest white of the white-barked birches" and probably the most popular
birch tree is Betula papyri, f era f Marsh, also listed as B, papyracea, Ait and B. graadis,
Schrad. The Paper or Canoe Birch is found native over a large portion of North America,
It grows frequently in rich woods, along stream banks to 90 feet with a loose, graceful
head. The lenticels are arranged horizontally in unevenly spaced rings along the trunk,
which helps to accentuate the white bark. B. papyrifera is not as susceptible to leaf
miner and bronze birch borer as European or Gray Birch. The Paper Birch might live
150 years but usually it begins to decline after about 70 years. One of the larger
specimens on record, in Glen Cove, Long Island, has a 9-foot 4-inch DBH (diameter
breast high),

Paper Birch is known in Forestry as a pioneer species because of its rapid estab-
lishment on clear-cut or burned-over land. However, the Paper Birch usually gives
way to more shade-tolerant species after the first generation. With an increase in
silvicultural practices such as selective tree harvesting as opposed to clear cutting,
Paper Birch stands are thinning out and regeneration is slow. The wood of Paper Birch
is light, strong, tough, and close grained. It is used mostly for turning specialty
items such as knobs, spools, dowels, and toothpicks. The wood is also valued for
firewood since it is attractive and burns easily even when green. Although the de-
mand for Paper Birch timber is increasing, the supply is decreasing.

Among the cultivars of Paper Birch available is B. p. 'Minor1, a low growing,
bushy tree found in New England. Other cultivars Include; B. p. 'Pensilis1 (weeping),
1Macrostachyaf, 'Commutata9, 'Cordifolia1, and 'Humilis1. Betula papyrifera is the
most vigorous, with the largest leaves and stems of the white-barked birches. It
was placed in the top category in New England by the International Shade Tree Commit-
tee on Evaluation. Definitely, the Paper Birch is one of the most important birches,

Betula populifolia/ Sieb has been described as a small B. rerrucosa. However,
the Gray Birch often grows with a multiple stem. It is a small, white-barked birch
found native in the New England area. The Gray Birch grows to 40 feet with a grace-
ful head. Although it is often attacked by birch leaf miners, the Gray Birch thrives
in poor, dry soil and is the best birch tree for surviving ice storms. The pliable
nature of the wood allows this tree to be bent to the ground and recover again. In
its native area, Gray Birch is a pioneer species, like the Paper Birch, in reestab-
lishing cleared over land. Betula populifolia is occasionally grown in the nursery
industry, but is not highly recommended due to the availability of better substitutes.

Another North American native is Betula nigra, Linn., less commonly called
Betula ru&ra, Michx. The Red or River Birch is found from New England to Texas to
Florida, The tree stays small and often clumped in the North, but in warm, rich
bottomlands it reaches 90 feet. The River Birch will tolerate standing water for
short periods of time. Its reddish-brown exfoliating bark and slender pubescent
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branches make this tree a desirable ornamental. Although not primarily considered
a timber tree, the wood has been used for fuel and furniture making. The pioneers
used River Birch wood for ox yokes because of its strength, hardiness, and light
weight, Betula nigra is especially noted for its winter bark character and is com-
monly found in the nursery trade*

Betula lutea, Michx. is one of the largest deciduous trees in northeastern
America and the most important birch in timber production. Betula excelsa, Pursh
and B. alleghaniensis, Britton are other names which have been assigned to the same
or similar trees. The Yellow Birch is native to a large area in the Eastern U.S. and
Canada. It Is often found associated with Sugar Maples (Acer saccharum) in hardwood
forests of the Northeast* The tree may live 300 years, attaining a height of 100 feet
and a diameter breast high of more than 5 feet. The bark is silvery gray on young
trees and turns yellow-orange on older trees, peeling off to turn reddish brown.
These platy strips of bark are used by woodsmen to start fires In wet weather.

Betula leuta, Linn., Is the tree used to produce birch beer and wintergreen oil.
The Sweet, Cherry, and Black Birch are all the same tree, also once named Betula
carpinifolia, Ehrh. This birch species is found native from New England to Alaska.
The name, Cherry Birch, is derived from the dark reddish brown, cherry-like bark. It
has been called Sweet Birch for its aromatic, sweet-tasting inner bark. The Sweet
Birch does well in moist sites such as north or east exposures. It has grown to 80
feet tall with a 3-foot DBH in its natural state. It is a handsome tree with a round
head and pendulous branches. The wood obtained from Sweet Birch is of high quality
and is used in furniture making. The wood gets dark and rich in appearance with age
and sometimes is called mountain mahogany.

Four more birches of relative importance are found native in North America. They
are Betula occidentalism Hook.; B« glandulosa, Michx.; B. pumila, Linn.; and B. nana,
Linn.

Betula occidentalis is a large tree with a pendulous branching habit, sometimes
growing to 100 feet. Other names given this tree include Betula papyracea fOcciden-
talis v , Dipp, and B. lyalliana, Koehne. Its native range is in the Pacific Northwest,
Betula occldejitalls is not commonly found in the nursery trade.

One of the shrubby birch types is Betula glandulosa, Michx. This moisture-loving
plant is found native in almost all of Canada and down to Colorado along the Rocky
Mountain Range. It is sometimes called the Dwarf Birch, since its mature height is
only 4 feet* Dwarf Birch, however, is not often seen in cultivation.

Betula nana, Linn, is another small birch, staying under 4 feet in height. It
is a low-spreading, graceful shrub which does well on rocky slopes. It is found in
northeastern United States and eastern Canada. Betula nana is occasionally found in
the nursery trade and is the only birch commonly propagated by cuttings.

Betula pumzla, Linn, is another small birch but not as small as the previous two
species. B. pumila has an upright, pyramidal habit, normally 6 to 8 feet but occasion-
ally reaching 15 feet. This species is not normally grown commercially.

i
Some other North American species/ include Betula borealis in eastern Canada; B.

tijber, a tree reaching 25 feet found ip the mountains of western Virginia; and B.
terrae-novae, found in acidic peat bags of Newfoundland and Labrador.

Betula t̂ errucosa and B. maximowjiczii have been mentioned as two European species
commonly grown in North America. THere are many other European birches, some per-
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fectly hardy in our climate, others appearing very similar to a comparable North
American species but only hardy in their native land.

Betula platyphylla-szechuanica is the Asian counterpart of the Paper Birch. With
the common name Manchurian Birch, it has also been listed as Betula mandshurica.
This tree has white bark with red-brown twigs and blue-green leaves which hold late.
It has an open habit and grows to 60 feet. Native to western China, the Manchurian
Birch is hardy to Zone 5 in the U.S. but is not often found in cultivation.

The Asian equivalent to River Birch is Betula davurica. The Dahurian Birch
looks like B. nigra and grows to 60 feet but will tolerate dryer soils. It is hardy
in North America but is not commonly found.

Betula alJbo sinensis, the Chinese Paper Birch, is hardy in North America to
Zone 5. It has bright orange-red exfoliating bark which is attractive in winter but
the tree is not commonly grown. It can attain an ultimate height of 90 feet.

Betula ermanii, Cham, is a white birch found in northeastern Asia and Japan. It
has yellow-orange branches, grows to 60 feet, and has a handsome, round-headed growth
habit. It is not grown in North America.

Another birch indigenous to Asia is Betula olmifolia, Sieb. and Zuic. This tree
has also been named B. costata, Trautv. Native to Japan and Manchuria, this birch
grows to 50 feet and has yellow-brown bark color.

Finally, Betula titilis, Don. or B. bhojpattra Wall, is native to Himalaya and
Japan. It grows to 60 feet with reddish-brown bark and pubescent branchlets. B*
utilis is not hardy in North America.

This brief summary of the species of Betula is not intended to be complete. As
mentioned before, there are about 40 birch species classified and named in the plant
kingdom. Of these 40, less than half are cultivated for any reason. The birches
summarized here are those which are most commonly seen.

Culture of the _B1rches

As is evident from the descriptions of the individual species, there is a plant
in Betula for almost every situation. This can vary from the acidic, swampy habitat
of B. terrae-novae to the rocky slopes of B. nana.

Although there are birches in existence which will grow in a wide variety of
places, they aren't always available. B. verrucosa and B. papyrxfera are grown widely
throughout the temperate regions of the U.S. B. populifolla and B. nigra are occa-
sionally found in the nursery trade, but the rest are seldom if at all grown for orna-
mental purposes.

There are also many disease and insect pests associated with the birches. The
bronze birch borer and the birch leaf miner are the major insect pests. The birch
leaf miner is a fly larva which tunnels through birch leaves between the upper and
lower epidermal tissues. Leaf miners can be controlled with insecticide sprays in
May and July. The most important pest, however, is the bronze birch borer. This is
a flat-headed grub which feeds between the bark and the sapwood. Borers will kill
the tree if attacking in large numbers. Birch borers can be controlled with an insec-
ticide spray program, but it is much easier to use less susceptible species such as
£• papyrifera and B. maximowiczii instead of the susceptible B. verrucosa.



Most of the birches are propagated from seed. The seeds are collected at
maturity and sown in the fall or stratified, except in the case of B. nigra. River
Birch fruits ripen in June and the seeds must be sown as soon as they are harvested.

When growing birch from seed, the seeds are pressed firmly on the soil but are
not covered. Birch seeds are very light. When cleaned, a pound might contain 4
million seeds depending on the species. The soil is kept moist and shaded. After
1 year, the seedlings are transplanted.

Selected varieties of B. leiata, papyriferaf nigra and verrucosa are grafted. A
cleft or tongue graft is used in early spring. Sometimes budding is done in the
summer. The shrubby types can be layered and B. nana can be propagated by greenwood
cuttings.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.
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THE GENUS FAGUS (BEECH)

P. C. Kozel
Department of Horticulture

Ohio Agricultural Research and Development Center

The beeches are among the most majestic of the ornamental shade trees. There
are about 10 species in the Northern Hemisphere, occurring in northern and central
Europe (F. sylvatica), western China (F. engleriana, lucida, longipetiolata), Japan
(F. crenata/ japonica), southwestern Asia (F. orientalis), and eastern North America
(F. grandifolia). Several evergreen beeches grow in the high Andes of Chile and
extend southward to the Straits of Magellan. The evergreen types are not hardy in
the United States. When compared with the two commonly grown species, F. grandifolia
and F. sylvatlca, the others have little to offer as ornamentals.

This genus is not as ancient as some others. Beeches first appeared during the
Tertiary geological period, when many of the world's present mountain ranges were
formed. Many other trees preceded the beeches, such as the honeylocust and magnolia.

In Europe, the oaks dominated and flourished after following the pines in the
early sequence of survival. Hie oaks were in time replaced by the beeches, which
remained to rule. A similar routine took place in parts of the U.S. The progression
from open field to juniper to gray birch halts for a time with an oak grouping, but
finally the plant association becomes primarily one of beech, interspersed with maple.

The word Fagus is the Latin name of the genus, which was derived from the Greek
phagos, meaning to eat, in reference to the good taste of its fruit. Pioneers in
the earlier days of the United States used the sweet tasting nuts as food. They also
gathered dry leaves from the American Beech and used them to fill mattresses. It was
also said that the early writings of the Germanic people were inscribed upon tablets
of beech wood.

There is no record as to the date of introduction of the European Beech in this
country. It was probably not long after the beginning of the 19th century, but F.
sylvatica was first offered for sale in the nursery catalog of William Flushing in
1820. This was probably the first commercial nursery in the United States.

Fagus grandifolia

The American Beech is found all over the eastern United States, from southern
Nova Scotia westward to Michigan and parts of Wisconsin, and southward to Missouri,
Texas, and Florida. It's found in nearly every county in Ohio, sometimes in nearly
pure stands and at other times associated with maples, oaks, and other trees. It
reaches maximum development in the Ohio Valley, along the lower Mississippi, and on
the slopes of the southern Alleghenies, where specimens 120 feet high and 3 to 4 feet
In diameter have been reported.

Trees in the forest have difficulty competing with the American Beech for sun-
light, water, and nutrients. It tends to dominate a wooded situation if allowed to
grow uninterruptedly. This is due in part to its dense shade which discourages the
growth of other trees and to its roots which are shallow and fibrous. Unlike European
Beech, American Beech roots often produce stems which develop into dense thickets.

Although impressive in the forest with its tall, clear, column-like bole and
narrow head, the American Beech is truly magnificant in the open. In the open, its
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trunk is shorter and often divided, supporting a broad, round head of noble propor-
tions. Its branches are wide spreading, with the lower ones horizontal or pendulous.
As the tree matures, the lower branches are shed.

In winter, the most distinctive feature is the bluish-gray bark. Beech bark
has a beauty all its own. Bark of the American species is paler than that of its
European relative, and marked with darker irregularly shaped blotches. The smooth,
thick bark is often made very unsightly by carving initials into it. Sometimes
pathogenic organisms invade these wounded areas and cause the heartwood to rot. This
internal rotting causes openings which are used as homes by many animals and birds.

Beech wood is close grained, tough, and hard to split. Beech is good firewood,
and was used in great quantities to make charcoal for old-time iron smelters. Later,
it was found that the nonsplit characteristic was ideal for clothespins, pulleys,
wooden kitchenware, and tool handles. The wood, although strong, will not withstand
exposure and therefore has no structural or outdoor use. It can be bent and cleft,
making it traditionally used for furniture and turnery.

The American Beech has a shallow, fibrous root system which is highly sensitive
to soil moisture changes, soil compaction, and soil fill. Often a home is built
near a handsome beech, only to have the tree die because of soil compaction due to
construction.

The American Beech will not tolerate a close association with man. Because its
roots are fibrous and near the surface and because of its dense shade, it is diffi-
cult and often impossible to get grass or other plants to grow underneath it. This
fact must be known and accepted in advance where it is to be grown. The beeches are
best set off if their branches are allowed to sweep the ground on all sides. Home-
owners can put a thick layer of mulch chips or shredded bark beneath the tree. That
will solve the grass problem, enhance the woodsy look of the tree, and foster the
soil porosity so dear to a beech. When applying fertilizers, half a normal applica-
tion should be applied twice per year so that the roots are not injured.

Beech leaves are distinctive with their dark green coloring, glossiness, and
thin, silky texture. American Beech leaves are different from those of the European
beech, as they are toothed and not wavy and have long, tapering tips. Because of the
short petioles on both species, the leaves are set horizontally on the twig to in-
sure maximum sunlight absorption. Leaves are borne heavily, creating dense shade.
In the autumn, the leaves turn to a clear yellow and russet tan. There is a tendency
for leaves to cling to the branches during winter, an interesting characteristic.

The fruit is a nut borne in a prickly bur which splits open after the first frost
to discharge the edible contents. The fruit is not ornamental but is valued as edible
nuts by wildlife as well as by man. The fruit called beech mast is used in Europe
for fattening hogs and as a source of vegetable oil. The European beech fruits
have a much more bristly to hairy enclosure than those of the American Beech.

The American Beech is slow growing and does not take kindly to domestication.
These reasons account for its comparative rarity in cultivation, in spite of which
it can be successfully established with special care. Good drainage and rich moist
soils are prerequisites for good growth. Transplanting must be done only in the
spring, using bald stock with wrapped trunks to prevent sunscald. Its value as a
shade and lawn tree is well worth any special cultural efforts involved. Unlike
European Beech, American Beech is not common in commercial nurseries and there are
not many cultivars or varieties.



Fag us sylyatlca

European Beech is a highly regarded shade tree. It is slow growing like American
Beech , but it attains an even greater ultimate size, occasionally reaching heights up
to 140 feet and trunk diameter of 6 to 8 feet* Endowed with a long life span* trees
300 or 400 years old can be found in England and elsewhere within its range.

Like the American Beech, it is shallow rooted, short trunked, and wide spread-
ing with a handsome, broad crown. A very heavy shade is cast, too dense to permit
other growth beneath. In the summer, the dark green foliage mass is dense and leafy
and in autumn the color changes to clear yellow and russet. Although the bark is
a darker gray, it has the same pleasing smoothness so noticeable during the winter
months. The delicate twig pattern stands out most clearly then, too.

European Beech has many fine horticultural cultivars for ornamental planting.
Sixty- seven clones of this European species have been named. The glossy green or
purple leaves, the excellent gray trunk, the massive branching, the dense habit,
and the interesting variations of foliage and habit of the different clones make
this species the most graceful group of ornamental trees. Selected below are a few
cultivars:

This has fine-textured foliage with the leaves finely divided. It's a beautiful
horizontally branched tree, There are many large specimens located in various places
in the United States, but they have not attained the height typical of the species,
reaching only 50 feet in a couple of generations. Its feathery leaves are similar
to those of cv. Laciniata, except that sometimes they are almost linear.

These beeches have purple leaves and are variable in foliage color, shape of
leaves, and habits. These beeches have been offered under the names of atropurpurea,
cuprea, nigra, purpurea, riversii/ sanguinea, and spaetMana. Some nurserymen grow
purple beech from seed, selecting the best and naming them. It would be much better
if they were propagated asexually so that only the best forms would be perpetuated.

This is a purple beech with its young foliage a lighter reddish-bronze than the
straight purple beech. It originated in Great Britain about 1836.

This was originated in Scotland nearly 50 years ago. It has a narrow form with
upright branches. It is one of the best trees with a fastigiate habit.

This is another narrow columnar form.

Laciniata — Cutleaf European Beech

This has narrow leaves often deeply cut to almost regularly lobed. It grows
into a wide-spreading, very beautiful specimen of fine texture.
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Pendula— Weeping ............ Beech

There are many excellent specimens of the Weeping Beech which are popular in
this country and abroad. It makes its finest appearance where its branches can sweep
the ground. Only the best forms should be propagated asexual ly.

Purpureo-pendula^ Purple Beech

This beech has pendulous branches and purple leaves.

This beech has oak-like foliage with narrow and irregularly toothed leaves.

i

This is a purple leaf form originating in the English nursery of Thomas Rivers
before 1869. It has proven to be one of the most popular. The young foliage is red-
dish but turns a deep purplish color later and remains that color throughout the
summer. The tree is densely compact and symmetrical and is an excellent specimen.

Roseo~margi nata

This tree has purple leaves with an irregular light pink border. It is more
difficult to grow than the others because in full sun the delicately colored leaf
margin turns brown. It should be grown in a slightly shaded situation,

Rotundifolia—Roundleaf Beech

The leaves of this beech are round, only 1/2 to 1/4 inches in diameter. The
branches are horizontal but turn upward at the end, making a dense , beautifully
branched pyramidal tree. This tree holds its cigar-shaped bud$ shut until nearly
2 weeks after those of all other European Beeches are fully open.

Spaethiana

This beech is the most recent of the purple leaf beeches, originating in the
Spaeth Nurseries of Germany a few years ago. It keeps its deep purple color through-
out the entire summer.

Tricolor — Tricolor^ Beech

This beech has leaves which are whitish, spotted green, and edged with pink. It
resembles l?oseo-jnarginata and also needs shade for protection.

Uses of ............ Fagus

There are many landscape uses for the beeches. Their dense foliage, splendid
habits, and colorful bark make them among the best specimens for ornamental planting.

The beeches are trees of ample spread and are not suited as individual trees
for the small home area. To be used effectively, they require space around them and
buildings of sufficient proportions. They are not suited for street trees because
they need so much space in which to grow properly. The fastigiata form is the only
one which could be used satisfactorily as a street tree. It might substitute for
a Lombardy poplar, although it is not as fast a grower.
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In a clipped hedge or screen, they provide something different from the ordinary
and can be kept to a width of 4 feet and a height of 7 feet. Ordinarily, the European
Beech makes a more interesting hedge because of its glossier leaves.

1974 Turf and Landscape Research. Research Summary 79, Ohio Agri-
cultural Research and Development Center, Wooster. September 1974.

-87-



This page intentionally blank.



THE FLOWERING CHERRIES

P. C. Kozel
Department of Horticulture

Ohio Agricultural Research and Development Center

Most of the familiar cherries today originated in China or Japan. The Japanese
name for garden cherry is sate zakura. Yae zakura means cherries with double flowers,
and was recorded in Japan more than 1,000 years ago.

Prunus serrulata 'Spontanea* is believed to have reached Japan during the sixth
and seventh centuries. In Japan, its pure white blossom has become the symbol of
chivalry, honor, and purity. Prunus subhirtella 'Autumnalis1 is recorded in Japanese
legend which dates back to A.D. 408, but was not introduced to England until 1900,
Van Siebold introduced Prunus subhirtella 'Pendula1 from Japan to England in 1862.
However, none of the upright varieties were reported to have been introduced to the
western world until 1894.

In 1594, the Emperor and his nobles gave the Japanese people permission to view
cherries. The variety !Fugenzof is known to have existed in Japan as early as 1550,
and is believed to have arrived in England about 1878. P. avium was first recorded
in England in 1634. From 1780 on, many other varieties of sato zakura appeared
in Japan, with the largest number recorded in the Bunka era between 1804 and 1817.
In the mid-19th century, Oten-Kobo had more than 136 distinct varieties in his col-
lection. P. serrula !Hokusaif, the first double flower variety to be imported to
Europe, arrived in England in about 1866,

Much of the work done on flowering cherries has been done in England, and in
the United States at the Arnold Arboretum. In England, Hillier's Nursery is credited
with many new cultivars. However, the most important influence in England has been
Captain Collingwood Ingram, who has introduced at least 20 major varieties, many of
them his own hybrids. In the U.S., E. H. Wilson and Charles Sargent of the Arnold
Arboretum have introduced many cherries.

The great variety of shades of red, pink, yellow, and green, and the ultimate
shape when mature, coupled with the different flowering times, make identification
of the flowering cherries very confusing.

Of the 93 species recommended for the U.S., nine are natives of North America,
14 are natives of Europe, and the rest are natives or hybrids of Asia. Flowering
cherries are best grown in milder southern climates, but species such as P* sargentil
can be grown in the North. They can be found in parts of the East Coast to Washington,
D.C., (mainly zones 3, 4, and 5) and in California. However, two major problems
limiting its use are frost crack in colder climates and sun scald.

The young cherry tree should be firmly staked if an upright variety, given
ample moisture and good drainage. Turf at the base should be removed and a soil of
rich loam supplied, since the chief causes of problems occur from drought and lack
of oxygen at the roots. A balanced fertilizer containing nitrogen, phosphorous, and
potash along with zinc, iron, and other elements should be applied in the spring and
when growth is poor or weak. An excess of nitrogen should be avoided. Because of
shallow rooting, cherries need plenty of water, but again good drainage is stressed.
They must be cared for carefully, perhaps only because 15 to 20 years is the normal
life expectancy. However, some will live considerably longer. The branches split
very easily, and much damage is done in cold winters, heavy winds, and snow or ice
storms.
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The best time to plant is from the begjnroog of November until the end of March,
avoiding frosty periods, snow covered ground, and wet soil conditions* The tops of
the trees should be planted at an angle of about 41>° at d distance of 25 to 30 feet
apart. Shrub types should be at a distance of IS feet. The area should be well
drained but not lacking in moisture. The tree should not be planted deeply , only up
to the soil ring above the roots,, with t> inches of soil above the topmost roots. The
soil should then be firmly compacted but allowing ueralion. The base should be pro-
tected from lawnmowers by a screen around it. This also protects the tree from
rabbits and other small animals.

Flowering cherries can be propagated by budding, grafting at ground level, and
cuttings. Since they usually do not grow true from seed, they are most commonly
asexually propagated.

The best and quickest method Is a form of grafting known as Shield budding.
This consists of inserting a virus-fiec specimen, preferably from Prunus avJum^ be-
neath the bark of a healthy young roots! ock,

Cherry rootstocks can also be propagated from root cuttings. In late winter or
early spring, they should be planted vertically in well -cultivated ground, and taken
out the following autumn when they will be ready for budding the following summer.

Cherries generally should be pruned as little as possible but when necessary it
should be done in mid-summer. Balance and habii are the chief aims of pruning. Thus,
it is important to know the natural habit and ultimate shape of the cultivar. For
example, P. shirotae is flat topped with branches spreading out horizontally. On
young small trees, a single leading shoot- should be encouraged. Thin out and shorten
back the branches of stunted and erratic growth, and then quickly paint over with a
sealer. The tree should be kept in a conical or pyramidal shape until the base has
developed sufficiently, and then the tree may be left to assume its natural shape
according to its cultivar.

Generally, the double- flowering cherries give the best effect when planted as
a single specimen or in groups of one variety in threes or fives at the most. Cherries
show a wide variety and range of colors. There is a shape to suit practically any
site or position from columnar to weeping. Most take up little room and are suitable
for the small landscape. Flowers remain in bloom for at least 10 to 12 days and some
varieties even longer. Because of the ornamental bark on many cherries, many have
three seasons of interest.

Prunus avium 'Plena1 (60 feet, Zone 5, Double Mazzard Cherry) --tall and pyramidal,
dense; flowers white, double. Used as art understock for grafting, Grown over wide
areas of the country. Very hardy. Double flowers effective for a week to 19 days.

Prunus campulata (24 feet, Zone 7, Taiwan Cherry)— Small bushy tree, dense branch-
ing, red fruit, lustrous foliage, flowers rose-colored, single. Supposedly withstands
dry air and high temperature. Blooms 2 weeks early.

Prunus cerasus (30 feet, Zone 5, Sour Cherry)- -Rounded, open, fruit red to black-
ish, foliage light green, flowers white, single.

l1- -Extreme hardiness, double flowers, good in shady locations.
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Prunus contradina !Semiplenaf (50 feet, Zone 6, Double Conradina Cherry)—
Rounded, dense foliage, flowers white to pale pink, fragrant, double. Fruit red,
Highly valued, flowers early in March and remains effective longer.

Prunus 'Hally Jolivette1 (10 feet, Zone 5)--Fine-textured leaves. Double flowers
do not open all at once over a 10 to 20-day period, blooms when 2 years old. Similar
to P. subhirtella.

Prunus hillieri 'Spire1 (25 feet, Zone 5)--Foliage has reddish fall color, pyra-
midal flowers pink, single. Introduced by Hillier Nursery, England, (Winchester) in
1935. Comparatively new, worthy of encouraged use.

P. maximowiczzi (48 feet, Zone 4, Miyama Cherry)--Round dense branching, foliage
dense, flowers white, single in late Hay* Brilliant scarlet autumn color, one of few
with two seasons of ornamental interest.

P. nipponica (18 feet, Zone 5, Nipponese Cherry)—Bushy and dense branching,
foliage dense. Flowers white to pale pink single in late April. Preferred for its
dense foliage which turns a brilliant yellow to orange autumn color.

P. padus ( 45 feet, Zone 3, European Bird Cherry)—Open habit less susceptible
to caterpillar. Flowers white, fragrant, drooping in early May. Fruit is small,
black in July.

'Commutata' (Harbinger European Bird Cherry)--Blooms nearly 3 weeks before
other varieties.

"Plena1 (Double European Bird Cherry)--Flowers large, double. Remains in
flower longer than any variety. One of the best.

P. sargentii (40 feet, Zone 4, Sargent Cherry--Upright rounded top, dense; flowers
single, deep pink in late April. Dense foliage. Ornamental dark lustrous bark of
attraction all winter. Probably the finest of all cherry trees: far more hardy
than most, vivid red fall color, and ornamental bark year !round. 'Columnaris*
columnar form can be found at the Arnold Arboretum*

P. serotina (90 feet, Zone 3, Black or Rum Cherry)--Branches partly drooping,
flowers white, single, drooping in late May. Fruit small, first effective red and
then black in August. Foliage dense, lustrous and peach-shaped, excellent. Best of
the native American species of Primus for ornamental planting. Highly prized for
furniture making since colonial times and thus few large trees are left in the East.

P. serrula (30 feet, Zone 5, Birch Bark Cherry)--Wide-spreading, often multi-
stemmed. Flowers white, single in early May. Foliage open. Brilliant glossy red
bark. Best of all cherries for ornamental bark.

P. serrulata (20-25 feet, Zones 5-6, Oriental Cherry)--Low,, usually upright.
Flowers white to pink single and double in early to mid-May. Foliage coarse. This
is the most confusing species of the entire genus, since there are more than 120
cultivars named by the Japanese, but only about 50 are grown here.

'Amanogaiyaf~~0nly true fastigiate form worth growing of the Ornamental Cherries.

1 BOtan-zaJcuraf•— Spreading upright branches, flowers pale pink fragrant.

'Fugenzo'—Wide spreading, flowers pink.
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'Gyoiko'--about 20 feet, flowers yellowish gieen, similar to 'Ukon* but flowers
are larger.

1 Jo-121011--Upright slightly spreading, must fragrant,

1 Kwanzan1-*-Fairly upright grower, the most hard) of all the double-flowering
types and perhaps the most popular. 12-18 feet. Foliage is bright reddish-copper
color when young. Best of double pink flowers.

'Paul Wohlert'--Dwarf tree, seldom more than 10 feet tall and 8 feet across.

'Shriofugen'—VeTy hardy, double pink flowers which quickly fade to white,
young foliage is bronze.

'Shirotae'--Double pure white flowers, often called the finest of all the double
white Oriental cherries.

1Shogetsu1--15 feet tall, broad and flat topped, flowprs pale pink and double,

'Seijboldju'—As hardy as 'Kwanzan1; double pink £lower$t

'Taki-nioi '--Seldom more than 12 feet; flowers white, single and very fragrant.

*UkQnf--Flowers yellow and pendulous, young foliage is bronze and the contrast
at the time of bloom is striking.

'Washin-o1--Flowers white, single, very fragrant; wide spreading, upright to
20 feet.

P. subhzrtella (30 feet, Zone 5S Higan Cherry)--Rounded, dense branching. Flowers
light pink, single in late April, Leaves small, fine texture*

P. s. auttHBna,Zis--Most effective flowers.

P. 5. peftdula--Most popular of the weeping varieties.

P. s. 'Yae-^Mqfare-Mgan—Effactive longer than P,s. pen$ula»

P. yeoden&ip (48 feet, Zone 5, Yoshino Cherry)--Flat-topped, bushy. Flowers
white £o pink slightly fragrant in late April; leaves dense. Constitutes the majority
of the trees in the Tidal Basin in Washington, D, C., along with Primus serrulata
'Kwanzari1. First introduced to America by the Arnold Arboretum in 1902. Should be
planted 30 to 40 feet apart*

P. y. lPerpendei?sl--lrt%egularly pendulous branches,

p, y. "AfceJbpnof--Often pink flowers.
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