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Evaluation of Poly Film Coverings in Overwintering 
Woody Ornamentals: Part L Plant Quality 

ELTON M. SMITH, CYNTHIA D. MITCHELL, JAMES AYLSWORTH, and RODNEY RAKER1 

INTRODUCTION 
Nearly all container grown ornamentals, along 

with an increasing number of field potted and balled 
and burlapped ( B & B) nursery plants, are overwin
tered under poly-covered structures. Most of these 
structures are quonset-shaped, walk-in type, although 
numerous 3-4 ft. hoop, or flat-type structures are used 
as well. The films used in covering these structures 
influence the environment and thus the viability of 
plants during and after storage. 

The most effective film coverings for evergreens 
in New York were double and single-layer white poly, 
with double and single-layer clear films resulting in 
poorer plant quality ( 3). Overall quality of ever
greens stored in Illinois under 4 mil white poly was 
superior to 4 mil clear poly film ( 2). Clear film 
coverings have been shown to result in warmer day
time temperatures within the structures and greater 
temperature fluctuations ( 1, 3). Shading the poly 
film up to 90% results in better leaf color and quality 
of stored broadleaf evergreens ( 6) . 

With variations in properties between existing 
films and the continuing development of new types, 
a study was initiated to evaluate effects on plant qual
ity of poly films used as coverings for structures to 
overwinter ornamentals. 

1Professor of Horticulture and Technician, Department of Horti
culture, Ohio Agricultural Research and Development Center; formerly 
American Garden Products-Cole; and Horticulture Extension Agent, 
Ohio Cooperative Extension Service, respectively. 

FIG. 1 .-An end view of seven of 
the 100 ft. x 15 ft. poly-covered 
storage structures prior to installa
tion of the doors. 
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MATERIALS AND METHODS 
The study was conducted in a commercial nurs

ery in North Madison, Ohio, utilizing 12 quonset
shaped, pipe frame structures, 100 ft. long, 15 ft. 
wide, and 8 ft. high at the center (Fig. 1). Each 
structure was covered with a different poly film or 
film combinations of either clear, white, or reinforced. 
Four structures were covered with two layers of poly 
and inflated with a 1/10 h.p. shaded pole blower. 
All structures covered with the clear B & A (Building 
and Agriculture) film on the outside were painted 
with white latex paint on Feb. 24, 1976. All houses 
were covered on Nov. 21, 1975, plant evaluations 
were made March 3, 1976, and the films were re
moved April 15, 1976. 

The plant materials in each structure included 
100 plants of both Cotoneaster dammeri 'Royal Beauty' 
and Pieris japonica~ while Azalea 'Hino Crimson' was 
included in 10 structures. Plants were watered and 
sprayed with Captan-Terraclor prior to covering and 
no further water or fungicides were applied. The 
plant condition at the completion of the study was 
evaluated on the basis of a visual examination using 
a 1 to 10 scale ( 1 = dead, 10 = excellent), with a 
minimum of 15 plants. 

Light transmission inside the houses was re
corded on March 3, 1976, using an ISCO SR spectro
radiometer. Temperatures were recorded every 
other day using Hi-Lo thermometers placed at plant 
height. 



RESULTS AND DISCUSSION 
Plant Quality 

Cotoneaster and Pieris: The plant quality of 
Cotoneaster and Pieris in early March was rated good 
to excellent in all of the double-layer inflated houses 
(Table 1). No differences in plant condition were 
noted whether the white layer was on the inside or 
outside of the inflated house. Good plant quality 
was observed with the structure covered with a double 
layer of clear B & A film with the outside layer 
painted and single white copolymer of both 4 and 6 
mil thickness (Table 1). Good et al. (3) reported 
poor plant quality under two layers of clear film; 
however, they did not paint the outside layer. 

Reinforced films were not quite as satisfactory 
as either the inflated or single-layer white films in 

TABLE 1.-Effects of Poly Films on the Quality of 
Coton easter and Pieris following 3 Y2 Months of Winter 
Storage. 

Treatment Mil Thickness Rating" 

White copolymer outside 
and clear B & A inside 4,7 9.0 

White copolymer inside 
and clear B & A outside 4,7 8.8 

White copolymerx 4 8.8 
White copolymer 6 8.8 
White copolymer-two layers 4,4 8.8 
Clear B & A-two layers 7,7 8.7 
Clear reinforced 8.6 
White reinforced 8.6 
White copolymerY 4 8.5 
Clear B & A 4 8.4 
Clear copolymer 4 8.4 
Cisar copolymer 6 8.4 

•Visual rating scale of 1-10, with l 0 best and 7 acceptable. 
"• Ylndicate similar films from different sources. 

TABLE 2.-Effects of Poly Films on the Quality of 
Hino Crimson Azalea following 3% Months of Winter 
Storage. 

Treatment Mil Thickness Rating" 

White copolymer inside 
and clear B & A outside 4,7 8.6 

White copolymer 6 8.3 
White copolymer outside 

and clear B & A inside 4,7 8.2 
White copolymer-two layers 4,4 8.2 
White copolymer 4 7.8 
Cleor B & A 7 7.6 
White reinforced 7.6 
Clear B & A-two layers 7,7 7.5 
Clear reinforced 6.8 
Clear copolymer 6 5.7 

•Visual rating scale of 1-1 0, with 10 best and 7 acceptable. 
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TABLE 3.-Light Transmissi1on Inside Storage 
Houses on March 3, 1976. 

Light Intensity 
Treatment Mil Thickness in Foot Candles" 

White copolymer 6 134 
White copolymer" 4 156 
White copolymer-two layers 4,4 245 
White reinforced 306 
White copolymer inside 

and clear B & A outside 4,7 336 
White copolymerY 4 649 
White copolymer outside 

and clear B & A inside 4,7 653 
Clear reinforced 684 
Clear copolymer 6 745 
Clear B & A-two layers 7,7 768 
Clear B & A 7 790 
Clear copolymer 4 1313 
Outside 1605 

•Values should be used only to indicate approximate, rather 
than specific, comparisons between films due to the varying cloud 
cover at the time of measurement. 

"• Ylndicate similar films from different sources. 

terms of plant quality. The plant quality under 
white copolymer 4 mil films varied due to source for 
the two plant species. The single-layer clear films 
were not as satisfactory even though all rankings 
could be considered commercially acceptable with re
spect to overall condition. Painting of the single
layer clear B & A film did not prove to be particularly 
beneficial on plant quality, although the paint was 
applied relatively late in the winter. 

Azalea: The quality of the azaleas was similar 
to the Cotoneaster and Pieris for the various films 
(Table 2). The most satisfactory storage conditions 
were the double-layer inflated films where at least one 
layer of the poly was white. Fair to good quality 
azaleas were noted with white 6 mil copolymer, white 
4 mil copolymer, white reinforced, and both single 
and double-layer clear B&A (painted) treatments. 
Completely unacceptable commercial quality azaleas 
were observed with storage in clear 6 mil copolymer 
and clear reinforced poly. 

light Transmission 
In previous work, structures covered with white 

poly were darker than those with clear poly and plant 
quality was superior in darker structures (1, 3, 5, 6). 
In this study, the structures covered with white films 
were also the darkest and the clear films the lightest 
(Table 3). 

Generally, superior plant quality was observed 
under double-layer inflated and single-layer white 
poly covered structures. With one exception, these 
same films were the darkest with light intensities of 
653 foot candles or less as recorded on a cloudy day 
in March. The exception was the double-layer clear 
B & A which measured 768 foot candles. Clear films 



transmitted between 684 and 1,313 foot candles of 
light and were, with the exception noted above, the 
treatments with the greatest degree of winter damage. 

Light transmission readings support the conten
tion that white films are superior to clear films for 
overwintering woody ornamentals. 

Temperature 
Since roots of container grown plants are in

jured at temperatures as high as +23° F ( 4) and 
plant damage often follows large temperature fluctua
tions, a major objective of storage is to maintain high 
night (minimum) temperatures and low day (maxi
mum) temperatures. 

The average minimum and maximum tempera
tures for January and February are presented in 
Table 4. The data would indicate that the lowest 
average minimum temperatures were in houses cov
ered with white reinforced ( 23.5° F), white 4 mil co
polymer (25.5° F), and white 6 mil copolymer films 
(25.5° F). Very low average minimum tempera
tures were recorded under three clear films: clear 
B & A, clear 6 mil copolymer, and clear reinforced 
films, all at 26.5° F. The highest average minimum 
temperatures were noted under the four double-layer 
inflated houses, with temperatures averaging between 
29-30° F for the 2-month period. 

The lowest average maximum temperatures were 
noted with white copolymer-two layers (41.5° F), 
white 4 mil copolymerx ( 42.5° F), white 6 mil co
polymer ( 42.5° F), and white reinforced ( 43° F) 
films. The highest average maximum temperatures 
were recorded with clear B & A-two layers ( 62° F), 
clear 4 mil copolymer (59.5° F), and clear B & A 
( 56° F) films. 

The white copolymer (two layers inflated) was 
the only covering among those resulting in the highest 
average minimum and the lowest average maximum 
temperatures. Thus, the temperature under double
layer white copolymer was warmer at night (29.5° F) 
and cooler during the day ( 41.5° F), resulting in the 
narrowest range in temperature. These factors sure-
1 y contributed to the improved plant quality of this 
treatment in this study and in that reported previous
ly by Good et al. (3). 

SUMMARY 
The highest quality Cotoneaster 'Royal Beauty', 

Pieris japonica, and Azalea 'Hino Crimson' following 
3 y; months of winter storage were observed in struc
tures covered with double-layer inflated films, single
layer white 6 mil copolymer, and single-layer white 
4 mil copolymer. Those structures covered with 
white films alone or in combination transmitted less 
light than clear films. 

The desired highest average minimum tempera
tures were recorded under the four double-layer in
flated houses, with temperatures averaging 29-30° F. 
The desired lowest average maximum temperatures 
were noted with white copolymer-two layers and all 
single-layer white films. Thus, the films with the 
least light transmission and the least temperature 
fluctuation resulted in the highest quality plant ma
terial following winter storage. 

ACKNOWLEDGMENTS 
The authors wish to thank the following firms 

which supplied poly films for this study: Dayton Bag 

TABLE 4.-Average Minimum and Maximum Temperatures (°FJ for January and February 1976 Inside Poly 
Covered Overwintering Structures. 

Treatments 

One-Year Films 
Clear copolymer 
Clear B & A 
White copolymerx 
White copolymerY 

Long-Life Films 
White copolymer 
Clear copolymer 
Clear reinforced 
White reinforced 

Double Layer--lnflated 

Mil 
Thickness 

4 
7 
4 
4 

6 
6 

White copolymer outside and clear B & A inside 4, 7 
White copolymer inside and clear B & A outside 4, 7 
Clear B & A -two layers 7, 7 
White copolyme~ two layers 4, 4 

"• Ylndicate similar films from different sources. 
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Av. Minimum Temp. 

Jan. Feb. 
OF OF 

27 29 
26 27 
27 29 
24 27 

25 26 
26 27 
25 28 
23 24 

30 32 
28 30 
27 31 
28 31 

Av. Maximum Temp. 

Jan. Feb. 
OF OF 

44 75 
43 69 
35 50 
38 62 

33 52 
36 58 
43 68 
34 52 

41 64 
41 62 
48 76 
35 48 



and Burlap Co., Dayton, Ohio; General Films, Inc., 
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Poly Plastic and Design Corp., Springfield, Ohio; 
and X. S. Smith Co., Red Bank, N.]. 

LITERATURE CITED 
1. Davidson, H. and R. Mecklenburg. 197 4. Over

wintering of evergreens in plastic structures. Hort
Science, 9 (5): 479-480. 

2. Gartner, J. B. and J. L. Williams. 1971. Storage of 

6 

nursery stock under opaque plastic. Proc. 10th 
Nat. Agri. Plastics Conf., pp. 124-130. 

3. Good, G. L., P. L. Steponkus, and S. C. Wiest. 1976. 
Winter protection of containerized ornamental 
plants. J. Arboriculture, 2 (3): 51-52. 

4. Havis, J. R. 1976. Root hardiness of woody orna
mentals. HortScience, 11 (4): 385-386. 

5. Smith, E. M. and P. C. Kozel. 1969. Light transmis
sion through plastic storage houses. Ohio Nursery 
Notes, II (5): 2-4. 

6. Tinga, J. H. 1969. The effect of structures covered 
with polyethylene film on quality and salability of 
landscape plants. Proc. 9th Nat. Agri. Plastics 
Conf., pp. 190- 193. 



Evaluation of Poly Film Coverings in Overwintering 
Woody Ornamentals: Part II. Film Characteristics 

ELTON M. SMITH and CYNTHIA D. MITCHELL1 

INTRODUCTION 
The major objective of covering winter storage 

structures with poly film was to protect the plant ma
terials from winter damage and results of this aspect 
of the study have been reported previously ( 8). In 
order to be effective, these films must last for 3 to 5 
months and, due to the high investment in stored 
nursery crops, the films must have certain qualities. 
Among the film characteristics considered important 
by growers are resistance to tearing, breaking, and 
burning while maintaining some elastic or elongation 
properties. Each of these characteristics influences 
the quality and performance of film. 

Where poly films are folded or creased, by design 
or hy accident, a weak point develops in the film ( 4, 
6, 7) ; the wide rolls of films needed for nursery stor
age are nearly all folded. Following prolonged ex
posure to the sun, ultraviolet-resistant poly film loses 
tensile strength and breaks up ( 4). If the plastic 
breaks up during overwintering, plant damage is pos
sible depending on weather conditions. 

A loss of elasticity is a common basis of poly 
film failure ( 5). Elasticity or elongation of poly 
film varies with the type of film and degree of rein
forcement ( 6). Polyethylene film will maintain 
flexibility over a range of temperature from -60° C 
to +60° C, with a melting point of 115° C (238° F) 
for low density polyethylene ( 6), the type most often 
used for nursery coverings. Since growers cannot 
obtain fire insurance on flexible film-covered storage 
structures, they desire films as resistant to burning 
as possible. 

The specific objectives of this phase of the study 
were to evaluate and compare the poly films used to 
overwinter the plants for: 1 ) film thickness, 2) tear 
resistance, 3) tensile strength, 4) elongation, and 5) 
burning properties. 

MATERIALS AND METHODS 
Twelve quonset-shaped pipe frame structures, 

100 ft. long, 15 ft. wide, and 8 ft. high, were covered 
with different poly film or film combinations on Nov. 
21, 1975. The films evaluated were either dear, 
white, or reinforced. The study was conducted in a 
commercial nursery in North Madison, Ohio, with 
evaluations of films conducted in laboratories at The 
Ohio State University. 

1Professor and Technician, Department of Horticulture, Ohio 
Agricultural Research and Development Center. 
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Sections of poly film were removed in November 
from the doorway areas (since these areas were cov
ered with plywood doors) of nine different structures. 
In addition, a clear reinforced 8 mil film not used 
as a covering on the structures was included in this 
study. 

Film sections were placed in a conditioning room 
held at 72° F and 50% relative humidity for 2 days 
prior to testing so all films could be evaluated under 
similar environmental conditions. All tests followed 
conditioning except the film thickness measurements 
which were conducted at the nursery. 

The thickness of the films was determined with a 
micrometer at 25-foot intervals along the 100-foot 
structures. The reinforced films were measured 
along a strand and between strands. 

The tear resistance of films was determined using 
the American Society for Testing Materials (ASTM) 
procedure D 1922, a standard method of test for pro
pagation tear resistance of plastic film and thin sheet
ing ( 1). The tear resistance was evaluated at the 
time of covering the structures Nov. 21, 1975, and at 
uncovering April 15, 1976. An evaluation of tear 
resistance at the point of a fold in the film was also 
made April 15. 

The breaking factor of the films was determined 
by ASTM procedure D 882-73, section 11.1, a stan
dard testing method for tensile properties of thin 
plastic sheeting. The percent elongation of films at 
break was determined by using procedures in section 
11.4 of the same testing method. 

Average time and extent of burning were ascer
tained by American Association of Textile Chemists 
and Colorists test method 34-1969 ( 2) . 

RESULTS AND DISCUSSION 
Film Thickness 

Thickness of the film is important as it has some 
bearing on all tests conducted in this study. The 
data show that the clear and white 4.0 mil films 
ranged from 4.0 to 4.5 mils and the 6 mil films from 
5.9 to 6.3 mils. The clear B&A film averaged 7.0 
mils, although a 4.0 mil film was ordered for this 
study (Table 1). 

Reinforced films were measured both over and 
between the fibers or strands to determine uniformity 
of thickness of the film. The 4 mil clear reinforced 
had the largest variation in thickness of 9.3 mils, while 



TABLE 1.-Thickness of Poly Films. 

Film Designation 

Film Extruders 
Thickne$5 Claim 

in Mils Thickness in Mils• 

Clear 
Clear copolymer" 
Clear copolymerY 
Clear copolymer 
Clear B & A 

White 
White copolymer>= 
White copolymerY 
White copolymer 

Reinforced 
Clear reinforced 
Clear reinforced 
White reinforced 

4 
4 
6 
4 

4 
4 
6 

Film 
4.5 
4.4 
6.3 
7.0 

4.4 
4.0 
5.9 

4.0 
8.1 
4.9 

•Figures are an average of four readings in 100 ft. 
x, Ylndicate different sources of similar film. 

Fiber 

13.3 
12.9 

9.5 

the white reinforced varied the least with a 4.6 mil 
difference (Table 1 ) . 

All films matched or exceeded the claims of the 
film extruding firms. 

Film Tear Resistance 
Surprisingly, very little difference was observed 

in the tear resistance of the clear and white films be
tween November and April (Table 2). One 4 mil 
clear copolymer film was considerably less resistant 
to tearing at the conclusion of the study. 

The weakness point of the films occurred at the 
folds in this study as well as in studies reported by 
Clark ( 4), Keveren ( 6), and Landgren ( 7) . Folds 
cannot be avoided in some films since the widths of 
the rolls range up to 40 ft. or more and these widths 
are obviously difficult to package and transport. 

The values of the clear and white films in No-

vember ranged from 73.4 to 161.0 g/mil, which repre
sent levels below and above the range for polyethylene 
of 90-140 g/mil according to Canham (3). 

Reinforced films with fibers imbedded in the 
poly did not tear under the procedure used and 
should represent the greatest protection against storm 
damage. The main advantage of net-reinforced 
films, according to Landgren ( 7), is their good tear 
resistance. 

Tensile Strength 
The data indicate that the breaking factor or 

tensile strength (expressed in lb. per inch width of 
plastic) has a direct relationship to film thickness. 
The 4 mil dear and white films were the most suscep
tible to breaking, the 6.0 and 7 .0 mil films interme
diate or approximately 50% stronger, and the most 
resistant were the two clear reinforced films which 
were 2-4 times stronger than the 4.0 mil films (Table 
3). 

Thus, the breaking of films from prolonged ex
posure to sun or sleet, hail storms, or an occasional 
tossed stone or other object can he lessened by using 
films thicker than the mmal 4.0 mils. However, addi
tional expense must be expected. 

Elongatiion 
The percentage of elongation of poly films be

fore breaking is important to the nurserymen at the 
time of covering the structures as well as during the 
storage season. Some elasticity is desirable to achieve 
a tight fit on the 8tructures while still maintaining 
some resilience to wind and other outside forces. 

The data indicate that the clear and white films 
possess the greatest elongation while the reinforced 
films have the lowest elongation values. The strands 
within the reinforced films will not stretch appre
ciably, thus limiting the elongation of these films 
(Table 4). 

TABLE 2.-Tear Strength of Poly Films Determined at Covering in November, at Removal in April, and 
Along Folds. 

Determined 
Film Designation Mil Thickness 

Clear 
Clear B & A 7.0 
Clear copolymer" 4.5 
Clear copolymerY 4.4 
Clear copolymer 6.3 

White 
White copolymer" 4.4 
White copolymerY 4.0 
White copolymer 5.9 

•Each value represents an average of 10 replications. 
"• Ylndicate different film sources. 

Tear Resistance-g/Mil• 

November April Fold-April 

88.6 abW 89.3 a 67.2 a 
82.2 ab 71.7 a 44.0 c 

128.4 be 87.1 a 59.5 a 
73.4 a 80.6 a 

91.3 ab 84.1 a 64.1 a 
125.6 be 119.8 b 78.0 b 
161. c 

wvalues followed by a different letter within a column are significantly different according to Duncan's multiple range test at the 5 % level. 
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The values of the various copolymer films of 
326 to 410% approach the 500% value of polyethy
lene films as reported by Keveren ( 6) . 

Burning 
The nursery industry is concerned with burning 

properties of films both from the standpoint of fire 
protection during winter use as well as for ease of 
burning during the disposal following uncovering. 

The average time to burn a 10.0 in. x 3.0 in. 
sample of film may vary by nearly a four-fold differ
ence between the fast-burning 4 mil clear reinforced 
film and the slower burning 8 mil clear reinforced 
film. The 4 mil white copolymer films most often 
used in the nursery industry burn quicker than most 
of the other film types tested (Table 5). 

Nearly all films completely burned the 10.0 in. 
or 25.0 cm. section before extinguishing themselves. 
Exceptions were the two clear reinforced films and a 
clear copolymer which did not completely burn the 
full 10.0 in. before extinguishing (Table 5). When 
burning is not complete, disposal of waste film by 
burning may be a problem for nurserymen. 

SUMMARY 
Thickness of 4 mil films varied from 4.0 to 4.5 

mils, 6 mil films from 5.9 to 6.3 mils, and reinforced 
films from 4.0 to 8.1 mils between strands and 9.5 to 
13.3 mils on the strands or reinforcing fibers. Very 
little difference in tear resistance in films was noted 
between November and April; however, all films were 
weaker at the folds. Tensile strength or breaking 
factor of films is in direct relationship to film thick
ness, with the 4.0 mil films most susceptible to break
age and reinforced films least susceptible. The 
greatest elongation of films occurs with the non-rein
forced types. A four-fold difference in time of burn
ing was noted between the fastest and slowest type, 
while most films burned to completion before ex
tinguishing. 

TABLE 3.-Tensile Strength or Breaking Factor of 
Poly Films. 

Determined Breaking Factor 
Film Designation Mil Thickness lb./inch width 

Clear 
Clear capolymerx 4.5 8.68 
Clear copolymerY 4.4 9.36 
Clear copolymer 6.3 13.16 
Clear B & A 7.0 13.60 

White 
White copolymerx 4.4 7.37 
White copolymerY 4.0 6.88 
White copolymer 5.9 12.84 

Reinforced 
White reinforced 4.9 8.10 
Clear reinforced 8.1 16.56 
Clear reinforced 4.0 38.30 

x, YJndicate different film sources. 

TABLE 4.-Percent Elongation of Films Before 
Breaking. 

Determined Mean Value of Percent 
Film Designation Mil Thickness Elongation at Break 

Clear 
Clear copolymerx 4.5 326 d• 
Clear copolymerY 4.4 346 cd 
Clear copolymer 6.3 385 abc 
Clear B & A 7.0 404 ab c 

White 
White copolymerx 4.4 355 bed 
White copolymerY 4.0 377 abc 
White copolymer 5.9 410 a 

Reinforced 
White reinforced 4.9 185 ef 
Clear reinforced 8.1 208 e 
Clear reinforced 4.0 158 f 

•Values followed by a different letter within a column are sig
nificantly different according to Duncan·s multiple range test at the 
5 % level. 

x, Ylndicate different film sources. 

TABLE 5.-Determination of Time and Extent of Burning of Poly Films. 

Film Designation 

Clear reinforced 
White copolymerY 
White copolymer" 
White reinforced 
Clear copolymerY 
Clear copolymer 
Clear copolymerx 
White copolymer 
Clear B & A 
Clear reinforced 

Determined 
Mil Thickness 

4.0 
4.0 
4.4 
4.9 
4.4 
6.3 
4.5 
5.9 
7.0 
8.1 

Av. Time of Burning in Sec. Av. Extent of Burning in cm. 

8.0 a• 23.3 

10.4 ab 25.0 
11.1 abc 24.0 
11. l abc 25.0 
12.3 abed 25.0 
16.2 bcde 25.0 
16.7 cde 20.0 
17.3 de 25.0 
21.0 e 25.0 
30.2 f 17.5 

•Values followed by a different letter with a column are significantly different according to Duncan·s multiple range test at the 5 % level 
x, Ylndicate different film sources. 
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Evaluation of Poly Film Coverings in Overwintering Woody 
Ornamentals: Part Ill. Protecting Plants Within Structures 

ELTON M. SMITH, CYNTHIA D. MITCHELL, JAMES AYLSWORTH, and RODNEY RAKER1 

INTRODUCTION 
The quality of woody ornamentals following 

winter storage varies according to a number of fac
tors including the weather, condition of plants enter
ing storage, overwintering structures, and type of 
film used to cover the storage structures as discussed 
in Part I (page 3 ) . In an effort to further increase 
the quality of plants following storage, anti-transpi
rants and poly covers were incorporated into the 
study as treatments within the structures. 

When plants (which transpire during the win
ter) cannot replace that moisture lost due to frozen 
soil conditions, injury may occur to leaves and twigs. 
Anti-desiccants have been shown to reduce transpira
tion, thereby reducing winter damage ( 5). Desic
cation injury is most prevalent on broadleaf ever
greens, such as Azaleas, Pieris, and Rhododendron 
( 6) . In previous studies, Wilt-Pruf has reduced the 
severity of winter damage on the foliage of Azalea 
'Hino Crimson' and the flower buds of Pieris japonica 
when stored in poly-covered structures during winter 
( 3). Wilt-Pruf sprayed on evergreen Azaleas in win
ter storage structures increased leaf retention by 15 % 
with one application and by 20% with two treatments 
( 4). 

A poly liner or layer of poly film slightly above 
the tops of plants stored in walk-in quonset storage 
structures reduced the extent of leaf and stem dieback 
of Azalea 'Hino Crimson' and Rhododendron 'Roseum 
Elegans' ( 7) . 

The use of microfoam covered with poly has 
been successfully used in overwintering studies in 
Maryland ( 2) . Plants stored under a microfoam 
cover in a poly-covered house had better appearance 
than plants overwintered in a poly house ( 1). 

The objectives of this portion of the study were 
to evaluate the anti-transpirants Wilt-Pruf NCF and 
Exhalt 4-10 with microfilm covered with poly and a 
poly liner alone, to further reduce winter injury on 
several woody ornamental species. 

MATERIALS AND METHODS 
Plants were stored under 12 quonset-shaped pipe 

frame structures, 100 ft. by 15 ft., in North Madison, 
Ohio. The houses were covered Nov. 21, 1975. 

Plants included in the evaluations were: Azalea 

'Professor and Technician, Deportment of Horticulture, Onio Agri· 
cultural Research and Development Center; formerly American Garden
Cole, Madison, Ohio; and Horticulture Extension Agent, Ohio Co
operative Extension Service, respectively. 
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'Hinodigeri', Azalea 'Hino Crimson', Cotoneaster 
dammeri 'Royal Beauty', Pieris japonica, and Rhodo
dendron 'Roseum Elegans'. All plants were included 
in six of the structures. Only the Cotoneaster and 
Pieris were included in all 12 units. 

Plants were sprayed with anti-transpirants on Jan. 
15, 1976, with Exhalt diluted 1 to 4 and Wilt-Pruf 
diluted 1 to 5 with water. Anti-transpirants were 
applied to 15 plants of each species in each house with 
a 3-gallon pressure sprayer. 

Microfoam and the poly liner treatments were 
employed over 15 plants per species approximately the 
same date. The microfoam, which is one-fourth inch 
thick, was applied directly over upright plants and the 
microfoam was covered with 4 mil clear copolymer 
film. In the poly liner treatment, the plastic liner 
was hung over wire supports to keep the poly slightly 
above the tops of the plants to avoid contact injury. 

A random design was utilized with three replica
tions of five plants per treatment. The plants were 
evaluated on March 3, 1976, by visual examination of 
foliage, buds, and flower characters. 

RESULTS AND DISCUSSION 
The microfoam covered with poly and the poly 

liner treatments resulted in the least amount of injury 
with all plants (Table 1). Exhalt and Wilt-Pruf 
treated plants were statistically superior to the control 
plants but the treatments were less effective than the 
poly coverings. These findings are in agreement 
with the improved plant condition found by previous 
workers using either antidesiccants, microfoam, or 
poly liners ( 1, 2, 3, 4, 5, 7). From a commercial 
standpoint, all plants would be salable according to 
data in Table 1. However, the figures include ratings 

TABLE 1.-Effect of Anti-transpirants and Poly 
Covers on Plantsz in Winter Storage. 

Treatments 

Microfoom + poly liner 
Poly liner 
Exhalt 4-10 
Wilt-Pruf 
Check 

RatingY 

9.2 a"' 
9.1 ob 
9.0 be 
8.9 c 
8.7 d 

zp1ants included: Azalea 'Hino Crimson', Cotoneoster dammeri 
'Royal Beauty', Pieris japonico and Rhododendron 'Roseum Elegons'. 

YVisual scale of l to 1 0, with l 0 best and 7 acceptable. 
xvalues followed by a different letter within the column are sig

nificantly different according to Duncan's multiple range test at the 
5 % level. 



FIG. 1.-Azalea 'Hinodigeri' following 3 % months of 
storage under a quonset structure covered with two 
layers of clear B & A film. Left is c'heck and right is 
poly liner. Note increased leaf retention. 

of Rhododendron and Pieris, which were not injured, 
and thus differences between treatments are not ob
v10us. 

Some plants such as Rhododendron 'Roseum Ele
gans' and Pieris japonica were not damaged in storage 
while other plants were damaged extensively (Table 
2). The implication is that within a structure, treat
ments of anti-transpirants, microfoam, or poly liner 
may be necessary only on select plants such as ever
green or semi-evergreen Azalea and Cotoneaster culti
vars. Winter damage will vary from year to year de-

TABLE 2.-Comparison of Plant Quality of Several 
Woody Cultivars Stored During Winter Without Protec
tion from Poly Covers or Anti-transpirants. 

Plants 

Azalea 'Hinodigeri' 

Azalea 'Hino Crimson' 

Coton easter dammeri 'Royal Beauty ' 

Pieris japonica 

Rhododendron 'Roseum Elegans' 

Ratingz 

6.9 

7.6 

8.0 

9.5 

9.9 

ZVisual scale of l to l 0, with l 0 best and 7 acceptable. 
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pending on weather, structures, plant condition enter
ing storage, as well as other factors. Growers must 
decide, based on experience over a number of years, 
whether the added expense of microfoam, poly liners, 
or anti-transpirants is worthwhile. These studies sug
gest they will pay dividends through reduced injury 
on certain plants, but further research is needed. 

SUMMARY 
The purpose of this study was to evaluate Wilt

Pruf, Exhalt 4-10, microfoam, and poly liner treat
ments on the quality of several cultivars of woody 
plants under quonset storage structures. The poly
covered microfoam and poly liner alone were statis
tically the better treatments; however, the two anti
transpirants were nearly as beneficial in increasing 
commercial plant quality. Certain plants such as 
Azalea cultivars and Cotoneaster were more likely to 
be injured in storage than Pieris or Rhododendron. 
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Controlling Winter Storage Molds 
of Ornamental Plants with Fungicides 

C. C. POWELL, JR.1 

Bare-root or containerized ornamental plants are 
of ten held over the winter in enclosed structures. This 
prevents winter cold damage and allows early spring 
sales. Molds, primarily Botrytis, may grow and cause 
damage to the plant during this period. The microbes 
involved usually begin growing on dead leaves and 
other debris associated with the plants. If conditions 
are favorable, the microbes will move from the debris 
into the living buds and shoots of the plants. 

In spite of efforts toward cultural control of stor
age molds, some fungicidal protection may be neces
sary. The only material currently registered for 
Botrytis mold on all woody ornamentals is benomyl. 
Although this is an effective protectant under most 
situations, the label specifies that it must be applied 
every 10-14 days. Such a spray schedule is too fre
quent to be economically feasible while storing orna
mentals over the winter. Further, several strains of 
Botrytis attacking other crops have been reported to 
have developed resistance to benomyl fungicide. Most 
likely this would also occur on stored ornamentals. 

THE 197 4-75 PROGRAM 
During the winter of 1974-75, two experiments 

in which mold occurred were conducted. In experi
ment one, container grown ornamentals were placed 
in unventilated, plastic-covered storage houses and 
treated for mold control. In experiment two, con
tainer grown herbaceous perennials were treated just 
before they were covered and sealed under an insulated 
plastic microfoam "blanket". 

Container Grown Plants in Poly Storage Houses 
Chamaecyparis cyano-verdis, Cotoneaster apicu

lata, Euonymus variegata, Azalea 'Cascade', Pieris ja

'Assistant Professor, Dept. of Plant Pathology, Ohio Agricultural 
Research and Development Center and The Ohio State University. 

ponica, and Hydrangea 'Nikko-blue' were used in the 
first experiment. Fifty containers of each plant type 
were placed in each of identical poly storage houses. 
Each house was given a different mold control treat
ment. 

Fungicide treatments were applied on Nov. 26 
(just after poly was put on the houses), Jan. 2, and 
March 7. Observation of mold damage was made on 
April 9 (just before poly was to be removed). No 
mold damage was noted on the Chamaecyparis. On 
the Pieris, cold damage obscured the results. On the 
other plants, the number of moldy shoot tips was noted 
(Table 1). 

No chemical phytotoxicity was noted on any 
plant in any treatment. The results indicated that the 
Captan-Terraclor treatments were quite effective at 
reducing mold damage. The Daconil 2787 was par
tially effective, but Exotherm Termil appeared to do 
nothing to protect the plants against storage mold dam
age. 

Herbaceous Perennials Under Microfoam 
Either 50 or 100 containers of each of the follow

ing plants were placed in one block in each of five 
identical microfoam beds ( 412 x 55 feet) : 

Ajuga reptans rubra 
Delphinium bellamosum 
Digitalis 'Excelsior Hybrid' 
Hollyhock 'Chaters Double Yellow' 
Myosotis palustris 'Blue' 
Polemonium coerulium 'Blue' 
Pyrethrum 'Robinson Crimson' 
Artemesia 'Silver Mound' 
Creeping phlox 
Carnation 'Grenadin Scarlet' 
Dianthus barbatus 
Gaillardia 'Yellow' 
lberis sempervirens 
Primula polyanthus 'Colosal' 
Phlox 'Prime minister white, red eye' 

TABLE 1.-Botrytis Mold Control on Woody Ornamentals in Poly Storage Houses, 1974-75 Results. 

Number of Moldy Shoot Tips: Total 

Treatment and Rate/100 Gallons 

Exotherm Termil, l can/5700 cu. ft. 
Daconil 6F, 1 pint 
Daconil 6F, 2 pints 
Terraclor 75 WP + Captan 50 WP, l lb. ea. 
Terraclor 75 WP + Captan 50 WP, 2 lb. ea. 
Control 

*Plants lost to experiment, no readings taken. 

Coton easter 

2 
11 

* 

tEuonymus data were recorded as the number of moldy plants out of 50 in each house. 

13 

Euonymust Azalea 

8 38 
2 18 

11 
0 2 
0 7 

13 

Hydrangea 

192 
39 
45 

6 
10 

170 



Shasta daisy 
Lavendula vera 
Vinca minor 
Fungicide applications were made on Dec. 13, 

1974, with 9 gallons sprayed on each bed. The bed~ 
were covered and sealed with microfoam immediately 
after treatments. The beds were uncovered on April 
9, 1975. Mold damage was evident only on the Vin
ca, Artemesia, Delphinium, Pyrethrum, and Gail
lardia. The individual plants were rated on a 0 to 5 
scale, with 0 being very poor condition and 5 the best 
condition. A rating of 2 or less indicates plants of 
questionable salahility (Table 2). 

In general, the Daconil 2787 treatments pro
vided better mold control than the Captan-Terraclor. 
The higher rate of Daconil 2787 provided better con
trol of mold on the Artemesia and the Delphinium 
than the lower rate. The ratings indicate that the 
Captan-Terraclor may have been damaging to the 
Vinca and Gaillardia. None of the plants in the ex
periment showed obvious chemical leaf burn or dis
coloration, however. 

THE 1975-76 PROGRAM 
In this year's trials, the treatments were changed 

slightly to evaluate new materials as well as give more 
direct comparison of performance against that of Ben-

late. Benlate still is the only chemical registered for 
Botrytis storage mold control. 
Container Grown Plants in Poly Storage Houses 

;\s in the previous year, trials were conducted on 
woody ornamentals in containers stored in poly stor
age houses. Treatments were applied to runoff, using 
a power sprayer (centrifugal pump 45 p.s.i.). Fungi
cides were applied on Dec. 5 (when poly houses were 
covered), Jan. 5, and March 5. Mold control was 
observed on April 2, just prior to removal of the plastic 
covering. 

Hydrangea 'Nikko blue', Hydrangea arcuminata 
precosis 'Pink Beauty', potentilla, !lex convexa, Pyra
rantha 'Kasan', Azalea 'Herbert', Prunus laurocerasis 
(cherry-laurel), Euonymus 'Green Lane', Leucothae
axillaris, Leucothoe 'Rainbow', and Azalea 'Stewart
stonian' were sprayed in varying experimental arrange
ments. In all tests with any one plant, all treatments 
were carried out in the same storage structure. How
ever, the quantity of material available for spraying 
allowed replicated spray blocks for only the Euonymus_, 
Azalea 'Stewartstonian', and Leucothoe. There were 
50-7 5 plants in each block in all trials. 

The mold damage resulting this year was not 
heavy. However, damage was noted and compari
sons were made on some of the tests (Table 3). All 
materials were effective in reducing the Botrytis stor-

TABLE 2.-Control of Botrytis Mold on Herbaceous Plants Stored Under Microfoam Insulation, 1974-75 
Results. 

Disease Severity* 

1reatmen~ and Ratetl 00 Gallons Vinea Artemisia Delphinium Pyrethrum Gaillardia 

Daconil 6F, 1 pint 3,1 cdt 2.3 b 1.6 b 3.4 c 2.7 c 
Daconil 6F, 2 pints 3,0 be 3.1 c 2.9 c 2.8 b 2.7 c 
Terraclor 7 5 WP + Caplan 50 WP, l lb. ea. 2.7 ab t 2.4 d 3.2 c 2.4 be 
Terraclor 75 WP + Captan 50 WP, 2 lb. ea. 2.5 a 2.2 b 2.3 d 2.8 b 1.7 a 
Control-no sprays 3.4 d 0.9 a 0.06 a 1.6 a 2.1 ab 

*Plants were rated as to overall appearance, with O=poor condition, 5=bes1 condition. 
tTreatments followed by any letter in common do not differ significantly [0.05 probability level, Duncan's new multiple range test). 
:!:Plants Jost to the experiment. 

TABLE 3.-Botrytis Mold Control on Woody Ornamentals in Poly Storage Houses, 1975-76 Results. 

Treatment and Hydrangea A:z:alea 
Rate/1 00 Gallons 'Nikki Blue' 'Hubert' 

Dacon ii 6F, 1 1/ 2 pints 0.3 0.24 
Terraclor 7 5 WP + 
Caplan 50 WP, 1 lb. ea. 0.7 0.20 
Benlate 50 WP, '/, lb, + 
Wdtpruf NCF, 1 6 oz. 0.4 0.06 
RP 26019 50 WPt, 1 lb.+ 
Wiltpruf NCF, 1 6 oz. 0.3 0.09 
Check 0.9 0.86 

Disease Severity* 

Euonymus Azalea 
'Green Lane' 'Stewarlstonian' 

7 0.38 

9 0.31 

6 0.32 

8 0.31 
15 0.80 

Hydrangea 
accuminata 

0.13 

0.13 

0.26 

Potentilla 

0.40 

0.81 

1.14 

llex 
conexa 

0 

0 

0.29 

*Disease severity rated as follows: Potentilla, H. accuminata, Azalea 'Hubert', Azalea 'Stewartstonian', llex conexa, and Hydrangea 'Nikki 
Blue'-number of dead tips per plant. Euonymus 'Green Lane'-total number of blighted shoots per treatment. 

tRP 26019, a 50 % wettable powder fungicide from Chipman Division of Rhodia, Inc., New Brunswick, N. J. 
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age mold damge. At these light disease incidences, 
it is difficult to tell which product<> were superior in the 
tests. It is interesting to note that Benlate with Wilt
pruf NCF as a sticker did a satisfactory job in these 
trials. No phytotoxicity was noted on any plant from 
any treatment. 

Herbaceous Perennials Under Microfoam 
As in the previous year, five identical microfoam 

beds were set up. Each included 50 plants of the 
following types : 

Primula 'Polyanthus' 
Verbascum 'Alba' 
Strawberry 
Yellow Viola 
Artemisia 'Silver Mound' 
White Hardy Aster 
lberis 'Snowflake' 
Gypsophila 'Bristol Fairy' 
Hollyhock 'Double Pink' 
Dormant Boston Fern 
Daisy 'Little Princess' 
Phlox 'Hardy Red' 

Lavendula 
Sweet William 
Foxglove 
Vinca 
Creeping Phlox 
Ajuga 
Astilbe 'Pink' 
Dianthus 'Red' 

Treatments were applied on Nov. 25, 1 hour 
prior to covering with the microfoam. Nine gallons 
of spray-drench were applied to each 4;;2 x 55-foot 
bed. 

On March 30, the microfoam was removed and 
disease incidence observations were made. There 
was very little disease in the beds. Where differences 
could be detected between beds, results were noted 
(Table 4). Such light disease incidence makes it 
difficult to evaluate the benefit of the chemicals. It 
appears as though all are worthy of further testing. 
No phytotoxicity was noted with any treatment on 
any plant type. 

TABLE 4.-Control of Botrytis Mold on Herbaceous Plants Stored Under Microfoam Insulation, 1975-76 Results. 

Disease Rating* 

Treatment and Rate/100 Gallons lberis Gypsophila Phlox Artemlsia 

Daconil 6F, 1 pint 2.9 2.7 2.9 2.5 
Terraclor 75 WP + Captan 50 WP, 1 lb. each 2.9 2.9 2.8 2.2 
Benlate 50 WP, % lb. + Wiltpruf NCF, 16 oz. 2.8 2.8 3.1 2.4 
RP 26019t, 1 lb. + Wiltpruf NCF, 16 oz. 3.0 3.2 2.4 2.1 
Check 2.5 2.9 2.8 2.3 

*Disease was rated by a general appearance rating, with 0 =poorest, 5 = best. 
tRP 26019, a 50% wettable powder fungicide from Chipman Division of Rhodia, Inc., New Brunswick, N. J. 
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Low Pressure vs. Common Cold Storage of Geraniums 
BARRY A. EISENBERG, GEORGE L. STABY, and THOMAS A. FRETZ1 

INTRODUCTION 
Cuttings stored for extended periods show re

duced rooting and deterioration of foliage. A new 
storage system termed hypobaric, subatmospheric, or 
low pressure (LP) storage offers a means for long
term commodity storage while reducing post-storage 
breakdown. 

Low pressure storage consists of placing a perish
able commodity in a flowing stream of nearly water 
saturated air at a reduced pressure and controlled 
temperature ( 5). Under these conditions, gases such 
as ethylene and C02 that normally accumulate in the 
chamber are rapidly removed ( 2). Temperature 
control and maintenance of high relative humidity 
are more readily accomplished with LP storage as 
compared to common cold (CC) storage ( 5). In 
addition, the partial pressure of 02 is greatly reduced; 
consequently, aerobic respiration is greatly curtailed 
( 3). Thus, with the LP storage system, plants may 
exhibit reduced chlorophyll breakdown, pathogen 
growth ( 9), desiccation, and physiological disorders 
( 5). 

Reasons to implement LP storage vary among 
operations. Nevertheless, the ability to store rooted 
and unrooted cuttings for a long period could be ad
vantageous to producers in numerous ways. First, 
since more cuttings can be stored, it allows for higher 
turnover and increased bench space. Secondly, LP 
storage would allow a grower to store cuttings taken 
prior to a peak season and when demand increased, 
remove the cuttings from LP storage and sell them 
with cuttings obtained from stock plants without any 
loss in quality. Third, if a producer has propagation 
material at the optimum condition and is not pre
pared for propagation, he could store it until the con
ditions allow for propagation. 

Research information regarding the storage of 
rooted and unrooted cuttings is limited. Pryor and 
Stewart ( 6) successfully stored unrooted, softwood 
azalea cuttings for 10 weeks at -0.5, 1.7, and 3.9° C 
(31, 35, and 39° F) with subsequent rooting respo~se 
equal to non-stored cuttings. Flint and McGmre 
( 4) stored 31 species of rooted cuttings for 6 months 
at 1° and 4° C ( 32 and 40° F). Eighteen of the 31 
species tested had a survival rate of 75% or greater. 
Snyder and Hess ( 7) were unsuccessful i~ o?tain~ng 
adequate growth from ]unip~rus commu_nis hz~ermc~, 
Thuja occidentalis pyramidalzs, and Thu1a occzdentalzs 

'Graduate Research Assistant and Associate Professors, Depart
ment of Horticulture, Ohio Agricultural Research and Development 
Center and The Ohio State University. 
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globosa after 139 days of storage at -0.5, 1.7, or 
3.9° C. Taxus cuspidata at 3.8° C were in excellent 
condition upon removal from storage and subsequent 
growth was equal to the controls. 

Low pressure storage has not been used for com
mercial storage of cuttings and the system remains un
tested for this purpose. Studies have shown that the 
storage life of chrysanthemums (Chrysanthemum mori
folium), carnations ( Dianthus caryophyllus), and ger
aniums (Pelargonium X hortorum) can be extended 
66, 210, and 23 days, respectively, using LP storage 
as compared to CC storage ( 1). Rooted cuttings of 
chrysanthemums were successfully stored 90 days using 
LP storage as compared to 14 days with CC storage 
( 1 ) . 

Rooted and unrooted geraniums have a very 
limited storage life utilizing CC storage. If storage 
periods could be extended without pathological or 
physiological disorders, growers could benefit through 
increased efficiency and possibly lower costs. Thus, 
studies were initiated in order to determine if the stor
age of rooted and unrooted geranium cuttings could 
be extended using the LP system. In addition, 
proper pre- and post-harvest handling procedures 
were investigated. 

MATERIALS AND METHODS 
All plant materials were stored in 38.0-liter stain

less steel milk cans lined with 1.9 x 1.9 cm/steel mesh. 
Low pressure chambers were sealed so that lids were 
air tight. Air was removed with a vacuum pump 
and the pressure was maintained with a Matheson 
49 pressure regulator. Chambers were maintained 
at 1/30 atm. with 1 air exchange per hr. Relative 
humidity was maintained between 95-98% by pass
ing the air entering the chamber through a water 
bath. Common cold storage cuttings were placed 
in milk cans with 95-98% relative humidity at atmos
pheric pressure. In all experiments, temperature 
was maintained at 2.2° C (36° F) and plants were 
stored in the dark. 

Uprooted geranium cuttings were taken from 
stock plants immediately prior to being stored. Cut
tings were completely submerged for 30 seconds in 
1-tbsp./ gal. Daconil and allowed to dry before place
ment in storage. Cuttings were then placed in loosely 
sealed polyethylene bags and stored for 2, 4, or 6 
weeks. Upon removal from storage, cuttings were 
rooted in 1 : 1 : 1 ( v :v :v) peat, per lite, sand medium 
under a 6 sec./6 min. mist cycle for 25 days. Para
meters measured were foliage condition of the cuttings 



following removal from the chambers and foliage and 
root development after 25 days. 

Rooted geranium cuttings sprayed with Daconil 
( 1-tbsp./ gal.), were allowed to dry and then placed 
directly into storage chambers for 2, 4, and 6 weeks. 
Plants were stored under either CC or LP ( 1 /30 atm.) 
storage. Upon removal from the storage systems, 
plants were placed under mist for 2 days, then re
moved from mist and placed in a 28° C greenhouse for 
12 days after which the foliage characteristics were 
evaluated. 

Scales used for evaluation of foliage and roots 
were as follows: 

Foliage Evaluation Index 
0-dead 
l - all leaves yellow and deteriorating 
2- all leaves yellow 
3 - majority of leaves yellow 
4 - l or 2 leaves yellow 
5 - all leaves green 
Rooting Response index 
0-dead 
1 - callus 
2 - callus with few roots 
3 - light rooting 
4 - medium rooting 
5 - heavy rooting 

Unrooted Cuttings 
RESULTS 

Unrooted geranium cuttings stored in the LP 
system were of acceptable quality upon removal from 
storage and after 25 days in the mist bed (Table 1). 
Only cuttings of material stored for 2 weeks in the CC 
system were of acceptable quality, while cuttings 
stored 4 and 6 weeks showed terminal dieback, basal 
rot, and yellowing (Figure 1). Material stored in 
the LP system showed some marginal yellowing on 
cuttings stored 4 and 6 weeks, but the yellowing did 
not develop further during propagation. 

FIG. 1.-Comparis·on of common cold (left) and low 
pressure (right) storage of geranium cuttings after 6 
weeks. 
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FIG. 2.-Comparison of common cold (above) and low 
pressure (below) storage of rooted geranium cuttings. 
(Picmis stored 2 weeks, followed by 2 days of inter
mittent mist.) 

Rooting of cuttings stored in the LP system at 
all removal dates was acceptable. Cuttings removed 
from CC storage after 2 weeks rooted; however, ma
terial stored 4 or 6 weeks either died in the mist bed 
or had poor root development (Table 1 ) . 

Rooted Cuttings 
Rooted geranium cuttings stored for 2, 4, and 

6 weeks in a LP storage system were of acceptable 
quality upon removal, but quality decreased as stor
age time increased. Material from the 6-week LP 
storage treatments, however, was not acceptable 
when evaluated 14 days later and exhibited severely 
chlorotic and/ or necrotic areas on the stems and 
leaves (Table 2). Rooted geraniums from the 4-
week LP storage treatment became yellow following 
removal from the chamber, but new growth was ac
ceptable. 

Cuttings stored in conventional CC storage were 
of acceptable condition upon removal after 2 weeks of 
storage, while similar material stored for 4 and 6 
weeks were either completely chlorotic or completely 
diseased. After 2 days following removal from CC 



TABLE 1.-Visual Evaluation of Unrooted Geraniums at Removal and 25 Days Following Removal from LP' 
or CC Storage. 

Low Pressure Storage 

Foliage 
Foliage 

25 Days 

Weeks 
al After Rooting 

Removal Rooting Response 

2 

4 
6 

4.9 
4.6 
3.9 

*See text for explanation. 

Index Value* 
4.6 4.5 
3.9 3.8 
4.0 4.2 

storage, cuttings began to deteriorate while those from 
LP storage did not (Figure 2). 

DISCUSSION 
As a result of these experiments, 4 weeks of stor

age of rooted and unrooted geraniums appears possible 
utilizing the LP system. In this experiment, accep
table results were achieved with unrooted cuttings 
stored 6 weeks under LP storage. 

Due to lack of research involving storage of cut
tings under the LP system, symptoms such as mar
ginal yellowing, dieback of older foliage, and wilting 
can not be completely explained. Marginal yellow
ing which occurred on rooted and unrooted cuttings 
can be reduced by placing cuttings under mist prompt
ly after removal from LP storage. In addition, in
creasing the mist cycle in the propagation area for 
the first 2 days following the moving of unrooted cut
tings from LP storage appears beneficial in prevent
ing wilting. 

The better quality of cuttings noted when inter
mittent misting is applied promptly following storage 
may be related to changes in the vapor pressure deficit 
( VPD) . When cuttings are in LP storage, tern pera
ture is reduced and relative humidity is maintained 
at approximately 95-98%. Following removal from 
the LP system, the cuttings are placed at room tem
perature ( 27° C) where the relative humidity is not 
controlled. Research has shown that if one main-

TABLE 2.-Visual Foliar Evaluation of Rooted 
Geraniums at Removal and 14 Days Following Removal 
from LP or CC Storage. 

Low Pressure Storage Common Cold Storage 

Weeks 

2 
4 
6 

Cuttings 
at 

Removal 

5.0 
4.2 
4.0 

*See text for explanation. 

Cuttings 
14 Days 

Following 
Removal 

Cuttings 
at 

Removal 

Index Value* 
3.8 3.5 

2.4 
1.4 

1.4 
0.0 

Cuttings 
14 Days 

Following 
Removal 

3.0 
1.8 

0.0 
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Foliage 
al 

Removal 

3.3 
l.6 

0.3 

Common Cold Storage 

Foliage 
25 Days 

After 
Rooting 

Index Value 
4.3 
2.0 
0.0 

Rooting 
Response 

4.3 
l.7 

0.0 

tains the temperature at 2.2° C and a relative humid
ity of 90% and readjusts the relative humidity to 
50%, water vapor will escape from the plant five 
times faster ( 8). If temperature is increased to 21 ° C 
with a relative humidity of 70%, water vapor escapes 
10 times as fast from foliage as compared to 2.2° Cat 
90% relative humidity. As a result, increasing the 
intermittent cycle immediately after LP storage of 
cuttings has resulted in preventing the excessive wilt
ing noted in preliminary experiments. 

Cuttings stored under CC storage consistently 
showed diseased foliage and basal rot even when 
treated with a fungicide prior to storage. Yellowing 
caused by chlorophyll breakdown proved to be another 
limiting factor in CC storage. The low oxygen levels 
employed in LP storage can prevent disease and 
chlorophy 11 breakdown from occurring ( 9) . In addi
tion, the removal of ethylene and other volatile gases 
when using the LP system may also aid in extending 
the storage life of rooted and unrooted geraniums. 

LITERATURE CITED 
1. Burg, S. P. 1976. Personal communication. 
2. Burg, S. P. and E. A. Burg. 1965. Gas exchange in 

fruits. Physiol. Plant., 18:870-84. 
3. Dilley, D. R. 1973. Hypobaric storage-a new con

cept for preservation of perishables. Mich. State 
Hort. Soc. 102nd Ann. Rept. 82-9. 

4. Flint, H. L. and J. J. McGuire. 1962. Responses of 
rooted cuttings of several woody ornamental 
species to overwinter storage. Proc. Amer. Soc. 
Hort. Sci., 80:625-629. 

5. Personal communication. 1976. Grumman Allied 
Industries, Inc. 

6. Pryor, R. L. and R. N. Stewart. 1963. Storage of 
unrooted softwood azalea cuttings. Proc. Amer. 
Soc. Hort. Sci., 82:483-548. 

7. Snyder, W. E. and C. E. Hess. 1956. Low tempera
ture storage of rooted cuttings of nursery crops. 
Proc. Amer. Soc. Hort. Sci., 67:545-548. 

8. Staby, G. L., J. L. Robertson, D. C. Kiplinger, and 
C. A. Conover. 1976. Proceedings of National 
Floricultural Conference on Commodity Handling. 

9. Wu, M. T. and D. K. Solunkhe. 1972. Fungistatic 
effects of su batmospheric pressures. Experientia, 
28:866-7. 



This page intentionally blank.



Cadmium and Zinc Toxicity in Seedling 
White Pine, Red Maple, and Norway Spruce 

CYNTHIA D. MITCHELL and THOMAS A. FRETZ' 

INTRODUCTION 
The accumulation of heavy metals in trees is a 

factor which may contribute to stress in hio-hway 
• b ' 

commercial, and residential plantings. Positive cor-
relations between heavy metal accumulation and 
proximity to highways has been demonstrated in areas 
of high traffic density ( 3, 11). The heavy metals 
cadmium (Cd) and zinc (Zn) could contribute to 
the stress of ornamental trees, particularly in an ur
ban environment. 

The chemical and physical properties of Cd 
and Zn are similar and often sources of Cd and Zn 
are such that the two metals are inseparable in indus
trial grade chemicals. Both metals are released into 
the environment during the use or breakdown of 
lubricating oils, vehicle tires, galvanized metals, and 
fertilizers ( 7, 10). In addition, waste water from 
mines, smelters, and sewage treatment centers are 
other sources which may ultimately contribute to soil 
contamination (1, 2, 5, 9, 12, 14). 

This study was designed to determine concen
trations of Cd and Zn in leaves, stems, and roots of 
three woody ornamentals in order to ascertain foliar 
levels displaying visual toxicity symptoms. 

MATERIALS AND METHODS 
Two or 3-year-old seedlings of red maple, white 

pine, and Norway spruce were grown in fiberglass 
greenhow,es under natural daylengths with day and 
night temps of 27° and 15° C, respectively. All plants 
were planted in 0.9-liter plastic containers in a me
dium of acid-washed sand and irrigated with Hoag
land's nutrient solution ( 8), supplemented with either 
0, 0.5, 1, 2, 4, 8, or 16 ug/1 Cd. White pine seed
lings were also treated with 32 and 64 ug/1 Cd. All 
three species were similarly exposed to 0, 6.25, 25, 50, 
100, 200, and 400 ug/l Zn. All treatments were 
initiated by saturating the medium with the Cd-en
riched nutrient solution after the new growth had ex
panded approximately 1.2 cm. Each plant was irri
gated with 250 ml of the treatment solution three 
times a week. Treatments were continued to ap
proximately the end of the growth flush (see respec
tive tables for length of growth flush). A completely 
randomized block design of three or four replications 
with three plants per replicate was employed. 

'Former graduate student and Associate Professor of Horticulture, 
respectively, Department of Horticulture, Ohio Agricultural Research 
and Development Center and The Ohio State University, Columbus. 
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A second series of experiments was designed to 
determine the extent of Cd and Zn accumulation 
from artificially amended soils. A medium of sand, 
soil, and perlite (2:1:1 v/v) with a pH of 6.7, or
ganic matter content of 2.0%, and cation exchange 
capacity of 7 meq per 100 g was used. In these ex
periments Cd or Zn was added in solution as the 
chloride salt to the medium 1 month prior to planting 
the tree seedlings. Tables 3 and 4 show the theo
retical amount of Cd or Zn present. The statistical 
design was a completely randomized block design of 
four replications with three plants per replicate. 

All experiments were terminated with the collec
tion of leaf, stem, and root tissue, each collectively, 
for Cd and Zn analysis. The roots were agitated in 
a 0.1 % solution of Alconox and rinsed with distilled 
water to remove surface deposits of Cd or Zn ( 15). 
At the same time, roots were visually scored for 
growth and appearance according to the following 
scale. 

Abundant root initiation and development = 5 
Abundant root initiation but stunted root 

development - 4 
Moderate reduction in number of roots 

initiated, along with stunting - 3 
Severe reduction in number of roots 

initiated, along with stunting - 2 
No new roots initiated l 
Immediately after collection the plant tissues 

were placed in a drying oven at 70° C. Plant tissue 
samples were ground in a Wiley mill to pass a 40-
mesh screen and dry ashed ( 6) . Metal determina
tions were made on a Varian Techtron Model 1200 
atomic absorption spectrophotometer. An air-acety
lene flame was used for Cd and Zn. Data were ana
lyzed by a two-way analysis of variance for each spe
cies. When there was a significant F value at the 
0.05 level, Duncan's multiple range test ( 4) was used 
to detect differences among the treatment means. 

RESULTS AND DISCUSSION 
The Cd and Zn enriched nutrient solutions pro

duced phytotoxicity in all plant species. Symptoms 
of Cd toxicity appeared on the newest growth of red 
maple in the form of interveinal chlorosis. Also, fo
liage size was stunted in most instances. Higher con
centrations of Cd induced loss of turgor which lead 
to permanent wilting and then death. The first dis
cernible effect of Cd phytotoxicity on white pine was 
the inhibition of needle expansion and on Norway 



spruce, chlorotic tips of new growth. The wilting of 
foliage on both in higher concentrations progressed 
basipetally, followed by necrosis. 

Red maple seedlings treated with relatively low 
concentrations of Zn developed interveinal chlorosis. 
Relatively higher concentrations developed chlorosis, 
quickly followed by wilting of the new growth and 
finally necrosis of the leaf and stem tissue. Zn pro
duced similar effects on white pine as did Cd. Leaf 
expansion ceased early in the growth flush, resulting 
in a stunted appearance. The first signs of possible 
Zn toxicity on Norway spruce were seen as a stunting 

of the terminal growth. These symptoms were fol
lowed by permanent wilting and necrosis proceeding 
basipetally. 

Poorer root initiation and root development re
sulted in higher concentrations of either Cd or Zn 
(see respective tables). 

Tissue accumulation of either Cd or Zn and the 
amount of either metal in the nutrient solution is 
highly correlated (Tables 1, 2, 3, and 4). Red maple, 
white pine, and Norway spruce seedlings exhibited 
foliar symptoms at 22.8, 61.3, and 7.5 ug Cd/g leaf 
tissue, respectively (Table 1). Foliar toxicity symp-

TABLE 1.-Cadmium Accumulation and Root Growth Indices for Seedlings Grown in Cd-Enriched Nutrient 
Solution. 

Red Maple• 

Cd Concentl'Clted in Roof Cd Accumulation 11 

Nutrient Solution Growth Leaves 
(ug/1) lndexw ug/g 

0 4.0aV 2.2a 
0.5 3.5ab 7.2b 
1.0 3.3ab 9.lbc 
2.0 3.5ab 12.Bcd 
4.0 2.Bbc 15.3d 
8.0 2.Bbc 22.Be 

16.0 2.0c 28.8f 
32.0 
64.0 

Correlation Coefficients t (r) 0.92 

•Experiment initiated 4-22-7 4, terminated 6·6-74. 
YExperiment initiated 6-22-74, terminated 8-27-74. 
XExperiment initiated 4·22-74, terminated 6-6-74. 

Roots 
ug/g 

5.6a 
65.9a 
85.9a 

146.6ob 
244.lb 
446.9c 
677.2d 

0.88 

White PineY 

Roof Cd Accumulation11 

Growth Leaves Roots 
Index ug/g ug/g 

4.0a 0.4a 3.Ba 
3.7a 1.7a 59.2a 
2.7bc 1.7a 76.?a 
3.0b 3.3a 120.4a 
3.0b 10.0a 215.4ab 
2.7bc 15.0o 472.lb 
2.3bc 15.4a 815.Bc 
2.0c 61.3b 1581.3d 
2.0c 98.3c 3231.3e 

0.80 0.82 

WV1suol roting scale: 5.0 =abundant root initiation and development; 1.0 =no new roots initiated. 

Norway Sprucax 

Roof Cd Accumulation" 
Growth Leaves Roots 
Index ug/g ug/g 

3.5a 1.6a 6.3a 
3.3ab 2.Ba 44.4a 
3.3ob 3.4o 58.lo 
2.Bab 5.3a 66.9a 
3.0ob 7.5ab 187.8b 
2.5b 17.2bc 385.0c 
1.3c 25.3c 697.8d 

0.75 0.86 

5% 
vvalues followed by same letter or letters within a column are not significantly different according to Duncan's multiple range test at the 
level. 
usased on dry weights. 
tcorrelation coefficients (r) between Cd concentration and Cd accumulation in leaves and roots, as indicated. 

TABLE 2.-Zinc Accumulation and Root Growth Indices for Seedlings Grown in Zn-Enriched Nutrient Solu-
ti on. 
--------- --- -- -- - ------- ------- - - ---- ----
Zn Concentl'Clted Red Maple' 

in Nutrient Root Zn Accumulation" 
Solution Grawth Leaves 
(ug/1} lndexw ug/g 

0 3.8aV 49.3a 
6.25 3.3a 147.5ab 

25 3.5a 421.3c 
50 2.0b 381.3c 

100 1.3c 360.Bc 
200 1.0c 287.3bc 
400 1.0c 385.Bc 

Correlation Coefficientst{r) 0.53 

•Experiment initiated 8-30-74, terminated 11-15-7 4. 
YExperiment initiated 6·22-74, terminated 8-27-74. 
"Experiment initiated 8-30-74, terminated l 1·15-74. 

Roots 
ug/g 

53.8a 
271 Ba 

1427.5b 
2187.5c 
2037.5d 
4000.0e 
7187.5f 

0.93 

White PineY 

Root Zn Accumulation" 
Growth Leaves Roots 

Index ug/g ug/g 

3.3a 98.8a 64.0a 
2.8a 128.3a 584.2a 
3.3a 323.Sa 1625.0ab 
3.0a 433.8a 3062.5bc 
3.0a 647.la 4275.0c 
2.0b 1005.5a 9375.0d 
1.0c 2650.0b 11875.0e 

0.72 0.91 

WVisual rating scale: 5.0 =abundant root initiation and development; 1.0 =no new roots initiated. 

Norway Sprucex 

Root Zn Accumulation" 
Growth Leaves Roots 
Index ug/g ug/g 

3.3a 133.8a 375.0a 
3.0ab 165.0ab 875.0b 
2.8ab 242.5ab 1687.5c 
2.Bab 621.3b 2187.Sd 
2.0ab 496.3ab 3062.Se 
1.3b 1437.5c 4125.0f 
1.5ab 1625.0c 5750.0g 

0.84 0.97 

5% 
"Values followed by same letter or letters within a column are not significantly different according to Duncan's multiple range test at the 
level. 
"Based on dry weights. 
tcorrelation coefficients {r) between Zn concentration and Zn accumulation in leaves and roots, as indicated. 
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toms developed on seedlings containing 421.3 ug Zn/g 
leaf tissue in red maple, 1005.5 ug Zn/g leaf tissue in 
white pine, and 496.3 ug Zn/g leaf tissue in Norway 
spruce (Table 2). Smith ( 13) suggested moderate 
toxicity occurred in Norway spruce leaf tissue at 102 
ppm Zn. In this study, toxicity in red maple and 
Norway spruce occurred within the reported range 
of 400 to 500 ppm foliar Zn capable of producing 
toxicity in red oak ( 2). 

In comparing phytotoxicity, it appears that white 
pine, because it accumulates less Cd in its foliage at a 
given treatment level, may avoid toxicity until ex
posure to the element is increased. On the other 
hand, when comparing Zn phytotoxicity it appears 
that white pine has a greater tolerance to Zn; where 

respective treatments are relatively low and toxicity 
is present on red maple and Norway spruce but not 
on white pine, foliar Zn accumulation is greater in 
white pine than in either of the above species. 

Highly significant correlations between the root 
growth index and Cd and Zn concentrations in the 
nutrient solution suggest that increasing metal levels 
resulted in poorer root development. The nutrient 
solution supplemented with Cd produced r values 
equal to -0.70, -0.73, and -0.71 for red maple, 
white pine, and Norway spruce, respectively. The 
nutrient solution supplemented with Zn produced r 
values equal to -0.90, -0.74, and -0.59 for red 
maple, white pine, and Norway spruce, respectively. 
In addition, both leaf and root accumulation correlates 

TABLE 3.-Cadmium Accumulation and Root Growth Indices for Seedlings Grown in a Cdr-Amended Soil 
Mix. 

Theoretical 
Cd Concentrated in Root 

Laboratory Prepared Soil Growth 
ug/g Index 

0 3.3aW 
1.0 3.0ab 
2.6 3.3a 
5.3 2.Sab 

10.6 2.Bab 
21.2 2.3b 
31.8 2.Sab 

Correlation Coefficients (r)t 

•Experiment initiated 11-23-74, terminated 3-4-75. 
YExperiment initiated 11-23-74, terminated 3-26-75. 

Red Maple• 

Cd Accumulation'" Root 
Leaves Roots Growth 
ug/g ug/g Index 

-------- ----
0 0.2a 4.3ab 
0.9ab 33.4a 4.Ba 
2.0abc 32.4a 3.0bc 
O.Sab 26.7a 3.5abc 
5.4c 41.4a 3.Sabc 
4.3bc 98.0b 2.5c 
5.7c 148.lc 2.Sc 

0.64 0.74 

XVisual rating: 5.0 =abundant root initiation and development; 1.0 =no new roots initiated. 

White PineY 

Cd Accumulation'" 
Leaves Roots 
ug/g ug/g 

Oa Oa 
Oa 4.9a 
3.lab 27.0ab 
2.4ab 38.4ab 
8.9bc 102.7b 

15.lc 188.lc 
5.8ab 67.7ab 

0.59 0.79 

wvalues followed by same letter ar letters with a column are not significantly different according to Duncan's multiple range test at the 
5 % level. 

vsased on dry weight analysis. 
tcorrelation coefficients between Cd concentration and Cd accumu latlon in leaves and roots, as indicated. 

TABLE 4.-Zinc Accumulation and Root Growth Indices for Seedlings Grown in a Zn-Amended Soil Mix. 

Theoretical 
Red Maple• 

Zn Concentrated in Rool Zn Accumulation" 
Laboratory-Prepared Soil Growth Leaves 

ug/g lndexw ug/g 

0 3.5a 42.4a 
4.1 3.5a 47.0a 
8.2 2.8a 45.3a 

20.6 4.0a 64.3a 
41.2 3.3a 70.lab 
82.5 3.3a 117.3b 

165.1 3.5a 209.lc 

Correlation Coefficients {r) t 0.74 

•Experiment initiated 1-3-75, terminated 4-30-75. 
YExperiment initiated 1-3-75, terminated 4-30-75. 
xExperiment initiated l ·3·75, terminated 4-8-75. 

Roots 
ug/g 

72.8a 
114.6ab 
89.la 

146.5ab 
198.8b 
318.8c 
617.5d 

0.82 

Root 
Growth 
Index 

2.5a 
3.0a 
2.8a 
3.3a 
3.3a 
3.0a 
3.3a 

White PineY Norway Sprucex 

Zn Accumulation" Rool Zn Accumulation u 
Leaves Roots Growth Leaves Roots 
ug/g ug/g Index ug/g ug/g 

115.9a 60.5a 2.8a 53.9ab 52.9a 
107.8a 77.0a 2.8a 47.7a 61.9a 
104.9a 89.4a 2.8a 55.9ab 67.9ab 
128.3a 182.0a 2.8a 54.0ab l 07.4bc 
159.9ab 273.2a 3.3a 63.6bc 133.4c 
208.lb 919.3b 2.8a 71.4c 255.0d 
314.4c 1427.5c 3.0a 127.ld 615.0e 

0.79 0.80 0.74 0.81 

WVisual rating scale: 5.0 =abundant root initiation and development; l .0 =no new root initiation. 
'"Values followed by same Jetter or letters within a column are not significantly different according to Duncan's multiple range test at the 

5% level. 
"Based on dry weight analysis. 
tcorrelation coefficients between Zn concentration and accumulation in leaves and roots, as indicated • 
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well with increasing concentration of either metal in 
the treatments. Cadmium and zinc accumulation in 
the root tissue was greater than foliage accumulation 
in almost every case (Tables 1, 2, 3, and 4). 

Lagerwerff and Specht ( 15) correlated high den
sity traffic areas with soil and plant accumulation of 
heavy metals, including Cd and Zn. They observed 
in four traffic density areas that soil from 0 to 15 cm· 
depth accumulated 1.03 to 0.42 mg Cd/kg, respec
tively. In the amended medium of our study, the 
theoretical fraction (Table 3) based on the Cd-con
taining solution added to the prepared medium 
ranged from 0 to 31.8 ug Cd/ g of medium. Zinc 
levels found by Lagerwerff and Specht ( 15) ranged 
from 34 to 90 mg Zn/kg soil, depending ·upon soil 
depth. The concentrations based on the Zn-contain
ing solution added to the prepared medium ranged 
from 0 to 165.1 ug Zn/g medium. 

Seedlings in Cd and Zn amended soils developed 
early symptoms similar to the nutrient solution study 
except injury was less severe at a given treatment 
rate. Reduced leaf size, chlorosis, premature fall 

c 

color, and generally a reduction in root growth were 
observed at various levels of leaf accumulation. Mild 
toxicity was associated in red maple with 5.4 ug Cd/ g 
tissue and in white pine with 15 .1 ug Cd/ g tissue 
(Table 3). Early Zn toxicity symptoms were ob
served in red maple, white pine, and Norway spruce at 
tissue levels of 117.3, 159.9~ and 127.1 ugZn/gtissue, 
respectively (Table 4). 

In general, high levels of Cd or Zn appeared to 
affect only current season's growth. Tissue accumu
lation was highest in roots and lowest in leaves and 
highly correlated to the concentration in the medium. 
Generally, white pine seedlings accumulated more Cd 
and Zn than either red maple or Norway spruce when 
compared in similar experiments, especially when 
comparing root tissues. White pine appeared to be 
more tolerant of Cd and Zn accumulation since toxi
city appeared at higher metal levels than in either 
red maple or Norway spruce. Tree age must be con
sidered when determining toxicity since the possibility 
also exists that younger trees may succumb to lower 
quantities of Cd or Zn than older trees. 

ZINC TOXICITY 

es PPM 

FIG. 1.-Toxicity symptoms of seedlings treated with an amended nutrient solution. A) Acer rubrum 
treated wit'h Cd-enriched nutrient solution (8 ug/l left, 0 ug/1 right). B) Acer rubrum treated with Zn
enriched nutrient solution (25 ug/1 Zn). C) Acer rubrum treated wit'h Zn-enriched nutrient solution (from 
lef(· to right in ug/1: 0, 6.25, 25, 50, 100, 200, and 400). D) Picea abies treated with Zn-enriched nu
trient solutiion (from left to right in ug/1: 0, 6.25, 25, 50, 100, 200, and 400). 
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Tests to Evaluate Programs and Materials for Chemically 
Controlling Diseases of Ornamental Crops 

CHARLES C. POWELL, JR.1 

INTRODUCTION 
This research program has a rather broad set of 

objectives designed to make the program as relevant 
as possible to the present and future needs of the in
dustry. Since so many plant types and so many di
sease<; occur in the area of woody ornamentals, it is al
most impossible to decide which deserve to he worked 
on more. Many times, finding a disease outbreak 
somewhere in Ohio which is able to he sprayed in a 
controlled, experimental manner is the key to its in
clusion in the year's tests. Further, this disease out
break should be one often seen in Ohio nurseries or 
landscapes. Finally, there must be some indication 
that reasonably economical spray materials and pro
grams can be devised to counter the disease. 
' The 1972 amendments to the federal pesticide 
production, marketing and use law have changed 
very much the flow of this sort of a research project 
( 3). Prior to 1972, if a product was on the market 
for some other crop, it could he recommended for use 
on a minor nursery crop based on the author's experi
ence or perhaps a preliminary experiment. Today, 
however, such a recommendation or use is illegal un
less the use is specifically listed on the product's label. 
In order to approve the listing of uses, extensive repli
cated and statistically analyzed trials must be con
ducted in many parts of the country for several ye~rs. 
Because of the nature of field experiments, many tnals 
are not replicated, nor are they statisti~ally ~nalyzed. 
However, such preliminary work might mfluence 
other researchers to conduct, if possible, more thor
ough trials. Chemical companies must also be per
suaded, because they must support the work and 
actively seek the label. Finally, the federal go~ern
ment may someday realize that human a?d enviro~
mental safety can still he preserved even if the law is 
made more workable for growers of many different 
"specialty" crops. 

Part I. Controlling Firethorn Scab 
with Two Applications of Fungicide 

In 1974 the author reported good control of the 
scab lesions ~n the berries of firethorn with a spray of 
benomyl (Benlate) fungicide at fu!l b~oom and once 
more 2 weeks later ( 2). The objective of the pro
gram was to keep the berries disease free, or orange 

'Assistant Professor, Department of Plant Patholog~, Ohio Agr~
cultural Research and Development Center and The Ohio State Uni
versity, Columbus. 

'2.7 

rather than black. Complete control of the fungus 
on the leaves was not attempted. The experiment 
was carried out again in 1975. Different materials 
were used in the hope of finding another material in 
addition to benomyl which would be effective. 

Methods and Materials 
A 7-year-old hedge of Pyracantha coccinea 'La

landii' was divided into six 8-foot long replicates for 
each treatment. The first fungicide spray was ap
plied on May 23, when the hedge was in full bloom. 
A second application was made on June 5. Sprays 
were applied to runoff, using a 10-gallon power 
sprayer (centrifugal pump, 45 p.s.i.). The identifi
cation of the materials used is given in Part VII of 
this article. 

Results and Discussion 
On Sept. 19, disease severity was rated as an 

estimate of the percent of fruit surface blackened by 
scab (Table 1). As in 1974, benomyl (Benlate) did 
an excellent job. Additionally, chlorothalonil (Da
conil 6F) application gave very acceptable results. 
It is interesting to note that this flowable form of 
chlorothalonil gave much better control than the wet
table powder form of chlorothalonil used in 1974. The 
fact that another material besides benomyl will pro
vide satisfactory control is important in light of the 
resistance to benomyl which has occurred among 
many pathogens ( 1). If resistance to benomyl 
should occur in this scab pathogen, it could thus be 
countered with the use of chlorothalonil. 

Part II. Monthly Sprays for Control 
of Powdery Mildew on Crabapple Understock 

Many of the seedling understocks used for crab
apple budding are highly susceptible to powdery 

TABLE 1.-Control of Scab Lesions on Fruit of 
Pyracantha. 

Treatment and Rate/100 Gallons 

Benlate 50 WP, 8 oz. + Biofilm, 4 oz. 
Daconil 6F, 1 1/ 2 pints 
EL 222 12.5 EC, B oz. + Sunspray 7E, 0.1 % 
Triforine 6.5 EC, 32 oz. 
EL 222 12.5 EC, 8 oz. 
Control-no sprays 

Average 
Disease Severity* 

2at 
6a 

34b 
40bc 
50bc 
68c 

*Disease severity was an estimate of the percent of fruit surface 
blackened by scab. . 

tThe small letters indicate Duncan"s multiple range groupings 
of treatments which do not differ significantly at the .05 level. 



mildew. There are many experimental mildicides 
on the market which are systemic in nature. It is 
not practical to spray crabapples or crabapple under
stock every 10-14 days for mildew control. This ex
periment was conducted to see if satisfactory control 
~ould be achieved with these new materials sprayed 
JUSt once a month. 

Methods and Materials 
Treatments were applied to a 200-foot row of 

1-year-old apple seedlings of uncertain cultivar lined 
out about April 9 for use as crabapple understock. 
Sprays were applied to runoff, using 2-o-allon com-

• 0 

press10n sprayers. Applications were made on June 
9, July 8, and August 9. Three randomized blocks 
of 10 trees were sprayed in each treatment. The 
identification of the materials used is given in Part 
VII of this article. 

Results and Discussion 
Mildew did not appear m the planting until 

mid-July. On Sept. 8 each tree was rated for mil
dew severity (Table 2). Several of the materials 
did a very good job at controlling the powdery mil
dew. It should be noted that benomyl (Benlate) 
plus Biofilm did a fair job at control. Benomyl was 
the only material used that is currently reo-istered and 

·1 0 avai able for use on crabapple understock for pow-
dery mildew control. 

Part 111. Bacterial Leaf Spot ,of Ivy 
Bacterial leaf spot has been a troublesome di

sease on certain cultivars of English ivy for some time. 
~h.e newer ivy cultivar 'Thorndale' appears to be sig
mf1cantly more susceptible to this disease. Growers 
who wish to produce this ground cover under rapid 
growth conditions with overhead irrigation will have 
t~ employ bactericidal sprays to achieve a reasonably 
disease-free crop. The purpose of thiR experiment 

TABLE 2.-Control of Powdery Mildew on Crab~ 
apple Seedling Understocks. 

Treatment and Rate/100 Gallons 

PP 588 25 EC, 32 oz. 

Triforine 615 EC, 52 oz. 
Triforine 6.5 EC, 104 oz. 
EL 222 12.5 EC, 8 oz. 
Dodemorph 40 EC, 64 oz. 

Benlate 50 WP, 8 oz. + Biofilm, 4 oz. 
PP 588 25 EC, 16 oz. 
Dodemorph 40 EC, 32 oz. 
RP 26019 50 WP, 16 oz. + Biofilm, 4 oz. 
RP 26019 50 WP, 32 oz. + Biofilm, 4 oz. 
Control-no sprays 

Average 
Mildew Severity* 

a.oat 
0.3ab 
0.4ab 
0.5abc 
0.7bc 
0.8bcd 
0.9cd 
1.2de 
1.6e 
2.5f 
2.6f 

*Disease severity rated on a 0 to 5 scale. 0 =no disease, 
5 =all foliage blighted. 

tThe small .letters indicate Duncan's multiple range groupings 
of treatments which do not differ significantly at the .05 level. 
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TABLE 3.-Control of Bacterial Leaf Sp,ot on 
Thorndale Ivy. 

Treatment and Rate/100 Gallons 

Kocide 1 01 54 WPt, 2 lb. 
Kocide 101 54 WP, 2 lb. + Maneb 80 WP, 1 '/2 lb. 
Agri-Strep 17 WP, 'j, lb. 
Acme Bordeaux Mixture 12.75 WP, 6 lb. 
Control-no treatment 

Average Lesions/ 
Square Foot* 

5.2a 
4.6a 
5.la 
9.5b:j: 
9.6b 

*Bacterial lesions were counted on leaves in three randomly 
select!d 1-sq. ~t. OJeas of bed in each replicate for each treatment. 

1 Formulations WP expressed as percent metallic copper and as 
percent streptomycin. 

:j:The small letters indicate Duncan's multiple range groupings 
of treatments which do not differ significantly at the .05 level. 

was to evaluate several bactericides to see if reason
able control could be obtained with spraying just once 
each month. 

Methods and Materials 
Thorndale ivy in 3-year-old nursery ground bed 

rows of stock plants were sprayed on May 9, June 9, 
July 8, and August 9. The beds were pruned back 
severely in February and had just begun to leaf out 
on May 9. Sprays were applied to runoff, using a 
10-gallon power sprayer (centrifugal pump, 45 p.s.i.). 
Care was taken to cover both leaf surfaces with spray 
material. Six replicates for each treatment, each of 
20 feet of row, were randomized throughout the stock 
bed planting. 

Results and Discussion 
Bacterial lesions were counted on Sept. 9 (Table 

3). Although Bordeaux mixture is the only material 
currently registered for control of this disease, it was 
ineffective in this test when sprayed only once each 
month. The other materials provided moderate con
trol. However, even 4 to 5 lesions per square foot is 
a rather high amount of disease. Thus, growers 
should probably spray every 2 weeks rather than once 
a month. The best bactericide to use when spraying 
every 14 days may not be the best one of this experi
ment. No phytotoxicity was observed here, but all 
these materials have potentially damao-ino- properties 

• b b 

on ivy. 

Part IV. Alternaria Leaf Blight 
and Powdery Mildew Control on Zinnia 

Most cultivars of garden zinnias are subject to 
t~o leaf dis:as~s, Alternaria leaf blight and powdery 
mildew. Zmmas are not a "crop" which would be 
of production interest to nurserymen. The experi
ment was conducted because of the ease of growing 
the plants and the fact that these two diseases will 
natura~ly occur in almost any experimental planting. 
The disease control information obtained provides 
valuable information on whether a new material will 
control many different types of diseases or not. 



Methods and Materials 
Zinnia elegans 'Giant Cactus' were seeded in the 

field on June 15. Treatments were applied to runoff 
on August 29 and Sept. 15, using a 2-gallon compres
sion sprayer. Each treatment was replicated four 
times in 3-foot lengths of two 100-foot rows of plants. 
The identification of the materials used is given in 
Part VII of this article. 

Results and Discussion 
The planting became infested with Alternaria 

leaf blight in early August, before sprays were initi
ated. Powdery mildew was not present in the plant
ing until early September. Disease severity was rated 
for both diseases on Sept. 30 (Table 4). Many of 
the chemicals are being developed specifically as mil
dicides. Thus, good control of leaf blight was not 
expected with them. However, more of the materials 
may have controlled leaf blight more effectively if 
sprays had been begun earlier. Most of the chemicals 
provided excellent control of powdery mildew in this 
2-week spray interval. 

Part V. Black Spot on Rose 
Moderate to extreme susceptibility to black spot 

fungus disease is contained in almost all hybrid tea 
and other garden rose cultivars in use today. Grow
ers wishing to produce quality plants must continual
ly spray to control this disease. Additionally, home 
rosarians must also initiate spray programs to produce 
acceptable plants. For these reasons, most compa-

TABLE 4.-Confrol of Powdery Mildew and Alter~ 
naria Leaf Blight on Zinnia. 

Treatment and 
Rate/100 Gallons 

Average Mildew Average Leaf 
Severity* Blight Severity* 

Benlate 50 WP, 8 oz. + 
Biofilm, 4 oz. o.oat 3.2abcdet 

Zyban 15 60 WP, 16 oz.+ 
Biofilm, 4 oz. O.Oa l .3a 

Zyban 15 60 WP, 32 oz. + 
Biofilm, 4 oz. O.Oa 1.3a 

Triforine 6.5 EC, 26 oz. O.Oa 2.5abcde 
Triforine 6.5 EC, 52 oz. O.Oa 
EL 222 12.5 EC, 8 oz. 0.0a 
PP 588 EC, l 6 oz. + Biofilm, 8 oz. 0.0a 
Dodemorph 40 EC, 32 oz. 0.3a 
Dodemorph 40 EC, 16 oz. 0.3a 
EL 222 2.1 Oil EC, 4 oz. 0.3a 
Pipron 82.4 L. C., 4 oz. 0.3a 
RP 26019 50 WP, 32 oz. + 

Biofilm, 8 oz. l .8b 
RP 26019 50 WP, 16 oz. + 

Biofilm, 8 oz. 2.0b 
PP 588 25 EC, 8 oz. + 

Biofilm, 8 oz. 3.0c 
Control-no sprays 3.8c 

l .8abc 
4.0de 
3.2abcde 
3.8cde 
4.0de 
2.8abcde 
3.0abcde 

l.5ab 

2.2abcd 

3.5bcde 
4.5e 

*Disease severity rated on a 0 to 5 scale. 0 =no disease. 
tThe small letters indicate Duncan's multiple range groupings 

of treatments which do not differ significantly at the .05 level. 
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TABLE 5.-Control of Black Spot Disease on Peace 
Rose. 

Treatment and Rate/I 00 Gallons 

Triforine 6.5 EC, 52 oz. 
Daconil 6F, l 1/ 2 pints 
Phaltan 75 WP, 16 oz. 
EL 222 2.0 Oil EC, 4 oz. 
EL 222 12.5 EC, 8 oz. 
Control-no sprays 

Black Spot 
Severity* 

2.0at 
2.4a 
3.5b 
3.8b 
4.2bc 
4.5c 

*Disease severity rated on 0-5 scale: 0 =no disease. 
tThe small letters indicate Duncan's multiple range groupings 

of treatments which do not differ s1gn1ficantly at the .05 level. 

nies developing materials for ornamental plant uses 
include rose black spot among the earliest registra
tions. 

Methods and Materials 
Peace rose plants were planted in April in a 

sodded area. Herbicides and bark chips were placed 
around each plant to prevent sod overgrowth. They 
were grown without irrigation. On August 15 the 
plants were inoculated by spraying leaves with a di
luted suspension of infected rose leaves which had 
been finely blended or chopped in water with a few 
drops of Tween 20 added as a wetting agent. Sprays 
were applied to runoff with a 2-gallon compression 
sprayer on August 29 and Sept. 15. Three replica
tions of five plants each were sprayed with each treat
ment. The identification of the materials is given in 
Part VII of this article. 

Results and Discussion 
The weather was dry until mid-August, when it 

became cool and rainy for several weeks. A few 
blackspot lesions were noted on some of the plants on 
August 29. The excellent disease-producing wea
ther that followed resulted in no plants completely 
free of black spot on Sept. 30, when disease severity 
was rated (Table 5). Thus, the black spot control 
achieved with triforine or chlorothalonil ( Daconil 6F) 
was considered quite good. Also, note that the first 
treatment date was 14 days after inoculation. Some 
of the disease present on Sept. 30 may have resulted 
from infections that occurred prior to the first pro
tective spray. 

Part VI. Preliminary Evidence on the Chemical 
Control of Cedar-Quince Rust on 

Washington Hawthorn 
Washington hawthorns are susceptible to several 

rust diseases. Cedar-quince rust, which infects the 
fruit and twigs of the hawthorn, is the most serious. 
If allowed to go unchecked for enough years, it will 
so disfigure the trees that they are unsalable. Like
wise, it can seriously lessen the beauty and desirability 



of this tree in the landscape. This experiment was 
conducted to see if zineb would adequately control 
the disease. Zineb is legally registered for control. 

Methods and Materials 
"Dependable" year-to-year disease outbreak lo

cations are difficult to find for this disease. Thus, 
the experiment was conducted at three landscape lo
cations. One had five trees in a group, the second 
had two trees, and the third had three trees. Zineb 
75 WP ( 1 lb. per 100 gallons) plus Biofilm (8 oz./100 
gallons) was sprayed using a 10-gallon power sprayer 
(centrifugal pump, 45 p.s.i.). The leaf buds broke 
out on April 23 and the trees were in full bloom on 
June 4. 

At location one, tree no. 1 was sprayed on April 
23, May 5, May 19, and June 4; tree no. 2 was 
sprayed on May 5, May 19, and June 4; tree no. 3 
was sprayed on May 19 and June 4; tree no. 4 was 
sprayed on June 4 only; and tree no. 5 was not 
sprayed. At location two, tree no. 1 was sprayed on 
April 23, May 5, May 19, and June 4; tree no. 2 was 
not sprayed. At location three, tree no. 1 was sprayed 
on April 23, May 5, May 19, and June 4; tree no. 2 
was sprayed on May 5, May 19, and June 4; and tree 
no. 3 was not sprayed. 

Results and Discussion 
The results from location one were: 
Tree no. 1-four applications-no disease 
Tree no. 2-three applications-5 twig cankers. 
Tree no. 3-two applications-64 twig cankers. 
Tree no. 4-one application-38 twig cankers 
Tree no. 5-no applications-42 twig cankers. 
At location two, the sprayed tree was disease-

free, whereas the unsprayed tree had six twig cankers 
and about 1 % infected fruit. At location three, the 
two sprayed trees were disease-free and the unsprayed 
tree had no new twig cankers but about 5% infected 
fruit. 

Zineb plus adjuvant (spreader-sticker) applied 
every 14 days from leaf bud break through blossom
ing will apparently control this disease. A more ade
quately replicated experiment should be carried out, 
however. Further experiments should be done to 
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determine if less frequent applications or fewer total 
applications would also provide good disease control. 

Part VII. New and Coded Products 
Used in These Studies 

Many of the chemicals used here are experi
mental and not yet registered with the EPA. Their 
common names or numbers, formulations, chemical 
names, and suppliers are as follows: 

1. 

2. 

3. 

1. Zyban 15-60 WP: 15 % thiophanate methyl 
plus 60 % maneb. Mallinckrodt Chemical 
Works, St. Louis, Mo. 63147. 

2. RP 26019 50 WP: l-isopropylcarbamoyl-3 (-3, 
5-dichlorophenyl) hydantoin. Chipman Di
vision of Rhodia, Inc., P. 0. Box 2009, New 
Brunswick, N. J. 08903. 

3. Triforine 6.5 EC: N.N' -/1,4-Piperazinediylbis 
(2,2,2-trichloroethylidene)/-bis/formamide /. 
Chevron Chemical Co., Ortho Division, 940 
Hensley Street, Richmond, Calif. 94804. 

4. EL 222 25 EC and 2.1 Oil EC: a-(2-chloro
phenyl )-a-(4-ch lorophenyl )-5-pyri midi nemeth
a nol. Lilly Research Laboratories, 307 E. 
McCarty, Indianapolis, Ind. 46206. 

5. PP 588 25 EC: 5-putyl-2-ethylamino-6-me
thyl pyrimidin-4-yl diemthylsulphamate. ICI 
America, P. 0. Box 208, Goldsboro, N. C. 
27530. 

6. Dodemorph 40 EC: N-cyclododecyl-2,6-dime
thylmorpholine acetate. Mallinckrodt Chemi
cal Works, St. Louis, Mo. 63147. 
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An Evaluation of Structures in Overwintering Woody Ornamentals 

ELTON M. SMITH and CYNTHIA D. MITCHELL1 

INTRODUCTION 
Woody ornamentals produced in containers, fall 

field-potted or grown B & B (balled and burlapped) 
are commonly overwintered in poly-covered storage 
structures in the northern United States. These 
structures range from the standard walk-in quonset
shaped houses to low, flat or hoop-style structures 
which are normally sealed shut all winter. The most 
recent type of unit is the microfoam covered plant bed 
which involves covering the plants with microfoam 
and poly without structural pieces to separate the 
plants from the microfoam. 

Poly-covered walk-in type structures are quite 
effective as storage units according to research in New 
York ( 4), Illinois ( 3), Michigan ( 2), and Ohio ( 6), 
but are fairly expensive to construct and heat ( 7). 
The low flat or hoop-style structures, used by produ
cers for deciduous stock and certain evergreens, are 
less expensive to construct, but may have the disad
vantages of drying plants or the presence of rodent 
and disease problems unless the grower periodically 
lifts the plastic for observation. 

Microfoam-covered plant beds have been used 
successfully to overwinter plants in Maryland ( 5) and 
Ohio ( 1); however, rodents and diseases may again 
be problems. 

A study was conducted during the winters of 
1974-75 and 1975-76 to evaluate plant quality as a 

1Professor and Technician, respectively, Department of Horticul
ture, Ohio Agricultural Research and Development Center. 
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function of storage in walk-in quonset houses, hoop 
structures, and microfoam-covered plant beds. 

MATERIALS AND METHODS 
The two quonset houses 7 feet high, 14 feet wide, 

and 100 feet long were covered with one layer of 4 
mil white copolymer film. One house was heated 
and covered, in addition to the white copolymer, with 
one layer of 4 mil clear construction grade polyethy
lene film on the inside and inflated with a shaded pole 
blower to maintain a separation of films of 2-3 inches. 
Minimum heat at 34 ° F. was maintained by thermo
stat control with a natural gas fired Universal heater 
suspended from the ceiling at one end of one quonset 
house. The four hoop structures were 30 inches 
high, 4 feet wide, and 8 feet long and covered with 
one layer of 4 mil white copolymer. The structures 
included either poly alone or poly over a microfoam 
inner layer over the structure, poly over lath, or poly 
over a heavy wood chip mulch. 

A wood chip-covered bed without a poly cover
ing 12 feet long by 5 feet wide was included in the 
1974-7 5 study only. Two beds of similar size were 
covered with either a single or double layer of micro
foam over the plants with 4 mil white copolymer over 
the microfoam. Microfoam is a light-weight pack
ing material available in rolls Y4 inch thick, 5 feet 
wide by 225 feet long. 

The plants were all sprayed prior to covering 
with Captan-Terraclor to prevent disease. A mini
mum of five plants of each of the following were in-

FIG. 1.-Hoop structure with poly 
cut prior to removal in foreground 
and walk-in quonset-shaped, single 
plastic-covered house in the back
ground. 



TABLE 1.-Visual Condition of Woody Plants Following 4 Months of Storage During 1974-1975. 
- --- - --------· -_-_-_,.·-----~-~--

Type of Structure General Plant Condition* 

House-no heat 
House-minimum heat (34 ° F) 
Bed-microfoam two layers and white copolymer 
Bed-microfoam one layer and white copolymer 
Hoop-white copolymer and microfoam 

Visual Rating 
Excellent 
Excellent 
Good-Excellent 
Good-Excellent 
Good-Excellent 

Notes 

Minimal plant injury 
No injury, some growth advancement 
As above with some water soaking of Euonymus leaves 

Some growth advancement, botrytis 
Growth 7 -1 0 days ahead of other plants, Azaleas in 

full bloom 

Hoop-white copolymer and lath 
Hoop-white copolymer 

Good-Excellent 

Good 

Some Boxwood injury, Azaleas in bud 
Some growth advancement, drying and Boxwood injury 
Considerable plant injury, etiolation from many plants Hoop-white copolymer and wood chips Poor 

Bed-woodchips-no cover Poor 

*Rated April 8, 197 5. 

duded under each structure: Rhododendron 'Hino 
Crimson', Rhododendron 'Herbert', Cotoneaster api
culata, C otoneaster dammeri 'Royal Beauty', M ahonia 
aquifolium, Deutzia gracilis, Spiraea japonica 'Al
pina', Viburnum burkwoodi, Viburnum rhytidophyl
lum, Euonymus fortunei vegetus, Euonymus fortunei 
'Sarcoxie', !lex crenata, !lex opaca, Pyracantha coc
cinea 'Lalandi', Juniperus horizontalis 'Andorra', For
sythia intermedia 'Spectabilis', W eigela 'Vanicekii', 
Ligustrum obtusifolium regelianum and Buxus sem
pervirens. 

The structures were covered with plastic during 
the last week of November both years and the plastic 
was removed April 8, 1975, and March 12, 1976. 

RESULTS AND DISCUSSION 
Houses: The condition of nearly all plants, both 

years, in the heated and unheated houses were rated 
excellent (Tables 1 and 2). Excellent plant results 
were also noted by Davidson ( 2), Gartner ( 3), and 
Good ( 4) with quonset houses covered with white 
poly. These plants were examined periodically, wa
tered when needed, and fungicides were applied for 

covered, unsalable quality 
Extensive plant damage, poor foliage color, bark split

ting, defoliation, unsalable quality 

botrytis. Some bud swelling and growth advance
ment were noted in the double-layer heated house. 
The average daily temperature at 10:00 a.m. during 
February and March 1976 was 44.3° F in the heated 
house and 39.9° F in the unheated house. 

Hoop: Plants stored under hoop structures 
ranged in 1975 from poor (foliage discoloration and 
defoliation) to good to excellent (slight to no foliar 
injury) (Table 1). The 1976 evaluations ranged 
from good to excellent (Table 2). The daytime 
temperatures averaged 4 ° F higher in hoop structures 
than houses (Table 3), accounting for the advanced 
stage of growth of most plants despite the removal of 
the plastic by mid-March 1976. 

Plants stored under the hoop house and mulched 
with wood chips in 1975 were not considered commer
cially acceptable because the chips excluded the light 
and the foliage discolored and dropped while new 
growth was pale. This and the wood chip l)ed treat
ments were not repeated in 1976. 

Beds: Storage of plants under microfoam-cov
ered beds resulted in good to excellent plant condi
tion, particularly in the bed covered with two layers 

TABLE 2.-Condition of Woody Plants Following 4 Months 1of Storage During 1975-1976. 

Type of Structure 

House-no heat 
House-minimum heat (34° FJ 
Bed-two layers microfoam and white copolymer 
Hoop-two layers microfoam and white copolymer 

Hoop-white copolymer only 
Hoop-one layer microfoam and white copolymer 
Bed-one layer microfoam and white copolymer 
Hoop-lath and white copolymer 

*Rated March 12, 1976. 

Visual Rating 
Excellent 
Excellent 
Excellent 
Good-Excellent 

Good-Excellent 
Good-Excellent 
Goad-Excellent 

Good 
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General Plant Condition* 

Notes 
Minimal plant injury 
SI ight growth advancement 
Some growth advancement, botrytis 
Some boxwood injury, Azalea flower buds swelling, 

botrytis 
Some growth advancement, Boxwood injury 
Growth advancement, Azalea injury 
Growth advancement, Botrytis Azalea injury 
Growth advancement injury noted on Boxwood, Azalea, 

Viburnum, and Euonymus 



TABLE 3.-Average Daily Air Temperature at 
Plani Height Between Feb. 11, 1975, and April 6, 1975. 

Type of Structure 

House-no heat 
House-minimum heat 
Bed-microfoam (two layers) 

and white copolymer 
Bed-microfoam {one layer) 

and white copolymer 
Hoop-white copolymer and microfoam 
Hoop-white copolymer and lath 
Hoop-white copolymer 
Hoop-white copolymer and woodchips 
Bed-woodchips 
Outside Air 

Av. Temp. °F 

3 a.m. 3 p.m. 

29 52 
31 52 

27 48 

27 49 
28 52 
29 54 
28 58 
28 61 
28 43 
27 45 

(Tables 1 and 2). Work hy Gouin ( 5) and Buscher 
( 1) resulted in similar plant quality with one layer 
of microfoam. Temperatures were consistently cool
er during the evening and daylight hours compared 
to other structures (Table 3) due to the exclusion of 
light by the film and microfoam. Since there was no 
practical way to ventilate or cool the beds during the 
day, as was the case with the houses, some growth of 
foliage and flowers occurred and hotrytis was preva
lent. For this method of storage to be accepted by 
producers, growth advancement must be reduced and 
diseases prevented. 

Summary: Plant condition during the winter 
seasons of 1974-75 and 1975-76 was excellent in poly-
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covered quonset houses, good-excellent in microfoam 
beds and hoop structures covered with poly plus one 
or two layers of microfoam. Hoop structures covered 
with white copolymer plus lath and white copolymer 
alone rated good or good to excellent plant quality. 
The use of wood chips under a poly-covered hoop or in 
an open bed were not satisfactory methods of storage. 
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Phytotoxicity of Glyphosate on Ornamental Trees: 
A Two-Year Evaluation 

ELTON M. SMITH, ALVIN L. PARKER, and HARVEY D. TRIPPLE1 

Growing trees in sod culture has become an im
portant practice with commercial nurserymen in re
cent years. With this system, weeds are controlled 
in the row with post-emergence herbicides. Desic
cant type herbicides such as Paraquat or Phytar 560 
are typically utilized rather than systemic materials; 
thus perennial weeds are not controlled. 

Glyphosate, an excellent post-emergence herbi
cide for control of annual and perennial weeds and a 
potential nursery herbicide, was selected to treat orna
mental trees as a possible replacement for desiccant 
herbicides. Generally, glyphosate has been found to 
be relatively non-injurious under deciduous ornamen
tal trees ( 1, 2, 3, 4, 7). Injury has been reported on 

'Professor of Horticulture, Ohio Agricultural Research and De
velopment Center, Wooster; Product Development Department, Mon
santo Chemical Co., Bowling Green, Ohio; and Product Development 
Department, Monsanto Chemical Co., St. Louis, Mo. 

Toringo Flowering Crabapple ( 1, 2, 3), American 
Sweet Gum ( 1 ) , Crimean Linden ( 7), and Sunburst 
Honeylocust ( 7) . 

The specific objective of this study was to eval
uate the phytotoxicity of glyphosate as a direct spray 
on the trunks of 45 species and cultivars of commonly 
grown shade and small trees over a 2-year period. 

MATERIALS AND METHODS 
Branched whips, 5-7 ft., of 45 species and culti

vars of shade and small trees were planted in a com
mercial nursery in west central Ohio in May 1974. 
No herbicides were applied for 1 year to allow the 
trees to become established. The 1975 application 
of glyphosate was May 28 and no further treatments 
were applied until May 20, 1976. The herbicide 
was applied at 1.5 and 3.0 lb. AJA each year on the 
same trees. Herbicide treatments were applied with 

TABLE 1.-Glyphosate Phytotoxicity of Shade Trees in September Following Treatment on May 28, 1975, 
and May 20, 1976. 

Phytotoxicity• 

Glyphosate Glyphosate 
Check 1.5 lb. AIA 3.0 lb. AIA 

Trunk Foliage Trunk Foliage Trunk Foliage 
Shade Tree Species 1975-6 1975-6 1975 1976 1975 1976 1975 1976 1975 1976 

Acer campestre 0 0 0 0 0 0 0 0 0 0 

Acer platanoides 'Emerald Queen' 0 0 0 0 0 0 0 0 0 0 

Acer platanoides 'Royal Red' 0 0 0 0 0 0 0 0 0 0 

Acer rubrum 'Red Sunset' 0 0 0 0 0 0 0 0 0 0 

Acer saccharum 0 0 0 0 0 0 0 0 0 0 

Acer saccharum 'Green Mountain' 0 0 0 0 0 0 0 0 0 0 

Betula pendula 0 0 0 0 0 0 0 0 0 0 

Carp in us betulus 'Fastig iota' 0 0 0 0 0 0 0 0 

Fraxinus americana 0 0 0 0 0 0 0 0 0 0 

Fraxinus pennsylvanica subintegerrima 
'Marshalls Seedless' 0 0 0 0 0 0 0 0 0 0 

Ginkgo biloba 0 0 0 0 0 0 

Gleditsia triacanthos inermis 'Skyline' 0 0 1 0 1 0 2 0 2 0 

Gleditsia triacanthos inermis 'Sunburst' 0 0 2 0 1 0 4 0 1 0 

Liriodendron tulipifera 0 0 0 0 0 0 0 0 0 0 

Liquidambar styraclflua 0 0 0 0 0 0 0 0 

Plata nus hybrida 0 0 0 0 0 0 0 0 0 0 

Quercus imbricaria 0 0 0 0 0 0 0 0 0 0 

Quercus palustris 0 0 0 0 0 0 0 0 0 0 

Quercus rubra maxima 0 0 0 0 0 0 0 0 0 0 

Quercus rubra 'Sovereign' 0 0 0 0 0 0 0 0 0 0 

Sorbus aucuparia 0 0 0 0 0 0 0 0 0 0 

Tilia cordata'Greenspire' 0 0 0 0 0 1 0 0 

Tilia cordata 'June Bride' 0 0 0 0 0 0 0 0 1 

Tilia euchlora 0 0 0 0 0 0 0 0 4 0 

Zelkova serrata 'Village Green' 0 0 0 0 0 0 0 0 0 0 

•Visual scale of 1-10, with values above 3 commercially unacceptable. 
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a SO-gallon tractor-drawn sprayer designed to apply 
50 gallons of spray per acre. A hand gun was utilized 
to direct the spray to the lower 15-18 inches of each 
tree trunk from both sides of the row. 

The nursery soil was a clay loam with a pH of 
6.5. Two trees per species or cultivar per treatment 
were treated and evaluated periodically throughout 
the summer of 1975 and 1976. 

RESULTS AND DISCUSSION 
Shade Trees 

1975: The 1975 observations of 25 species and 
cultivars of shade trees indicate that slight but com
mercially acceptable injury occurred on the foliage of 
Gleditsia triacanthos inermis 'Skyline' and 'Sunburst', 
as well as Tilia cordata 'June Bride'. Commercially 
unacceptable foliar injury was noted only on Tilia eu
chlora at the 3.0 lb. AIA rate. Slight trunk injury 
was observed on Liquidambar styraciflua and Gledit
sia triacanthos inermis 'Skyline', with unacceptable in
jury in the form of bark discoloration on Gleditsia tri
acanthos inermis 'Sunburst' at the 3.0 lb. AIA rate 
(Table 1). Studies by Bing ( 1) indicate previous 
glyphosate injury on Liquidambar; however, Prochas
ka (6) did not injure Gleditsia at 4.0 lb. AIA. 

1976: Slight foliage damage on shade trees in 
1976, in form of leaf malformation, was observed only 
on Tilia cordata cultivars 'June Bride' and 'Green-

TABLE 2.-Glyphosate Phytotoxicity of Small Trees 
May 20, 1976. 

Check 

Trunk Foliage 
Small Tree Species 1975-6 1975-6 

Amelanchier canadensis 
Amelanchier laevis 0 0 

Cercis canadensis 0 0 

Cercis canadensis 'Alba' 0 0 

Crataegus lavallei 0 0 

Crataegus phaenopyrum 0 0 
Crataegus 'Vaughns' 0 0 
Crataegus virdis 'Winter King' 0 0 
Eleagnus angustifilia 0 0 
Malus baccata 'Jacki' 0 0 
Malus 'Radiant' 
Malus 'Red Jade' 
Malus 'Royalty' 0 0 
Malus sargenti 0 0 
Malus 'Snowdrift' 0 0 
Prunus cerasifera 'Thundercloud' 0 0 
Prunus 'Canada Red" 0 0 
Prunus serrulata 'Kwanzan' 0 0 
Prunus subhirtella 'Pendula" 
Pyrus calleryana 'Bradford' 0 0 

spire'. No foliage was injured to the extent of seri
ously affecting the growth or salability of the trees. 
No trunk in jury occurred on any of the trees from the 
1976 treatments, although bark splitting of the Gledit
sia trees damaged in 1975 was still noticeable. The 
splitting occurred during the winter of 1975-76. With 
the exception of Tilia, Gleditsia, and Liquidambar, 
glyphosate was found to be nonphytotoxic to most 
shade trees. 

Small Trees 
1975: Foliage injury was not observed on any 

of the 20 species and cultivars of small or flowering 
trees in 1975 (Table 2). Trunk injury in the form of 
vertical discoloration was noted on Amelanchier laevis, 
M alus baccata 'Jacki', and Pyrus calleryana 'Brad
ford', all of which had considerable amounts of green 
or yellow coloration in the trunk tissue at the time of 
treatment. None of the treatments resulted in un
acceptable quality for the grower at the time of evalu
ation. 

1976: No foliage injury on any of the small 
trees was recorded in 1976 despite the fact that suckers 
at the base of Crabapples were sprayed, indicating a 
minimal amount of translocation from suckers to tree 
foliage. 

No phytotoxicity to the trunks of the small trees 
in 1976 was observed. However, splits in the trunk, 
in the process of healing, were noted on Pyrus callery-

in September Following Treatment May 28, 1975, and 

Phytotoxicity• 

Glyphosate Glyphosate 
1.5 lb. AIA 3.0 lb. AIA 

Trunk Foliage Trunk Foliage 
1975 1976 1975 1976 1975 1976 1975 1976 

0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

0 0 0 
0 0 0 0 0 0 0 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 
2 0 0 0 2 0 0 0 

'Visual scale of 1-10, with values above 3 commercially unacceptable. All values an average of two trees per treatment. 
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ana 'Bradford' at the time of spraying. These splits 
which opened during the winter could have initiated 
from the 197 5 injury; however, trunk splits were not 
found in Malus baccata 'Jacki' in 1976. Injury to 
flowering crabapple was also observed by Bing ( 1, 2, 
3 ) with glyphosate treatments. 

Glyphosate, although slightly injurious to Ame
lanchier and Malus and somewhat more damaging to 
Pyrus, was non-injurious to 17 other species and culti
vars of small trees. 

SUMMARY 
Glyphosate, a potential herbicide for the nursery 

industry for the control of perennial weeds, was evalu
ated for phytotoxicity on 45 species and cultivars of 
shade and small ornamental trees. Generally, gly
phosate was non-injurious to most of the species and 
cultivars treated at the 1.5 and 3.0 lb. AIA rate. In
jury to foliage and trunks was most severe during the 
first year of the study and practically non-existent the 
second season. Phytotoxicity was most noticeable on 
the foliage of Tilia euchlora and on the trunk of Gle
ditsia triacanthos inermis 'Sunburst'. Trunk discolo
ration following spraying may result in bark splitting 
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during the winter season and result in unsalable trees 
by the next sea5on, as was noted with Gleditsia triacan
thos inermis 'Sunburst' and Pyrus calleryana 'Brad
ford'. 
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A Comparison of Oryzalin and Profluralin 
for Weed Control in Container Grown Nursery Stock 

THOMAS A. FRETZ1 

INTRODUCTION 
Previous research has demonstrated that weeds 

compete severely with nursery crops grown in con
tainers ( 5) and losses in plant size can exceed 50% 
during a single growing season. At the same time, 
cultivation is not possible in the container nursery 
and manual weeding has proven expensive ( 8). 

During the past several years, numerous reports 
have been published comparing effectiveness of vari
ous preemergent herbicides for control of weeds in 
containers ( 1, 3, 7). Several researchers have noted 
that trifluralin ( Treflan) will control a broad spec
trum of broadleaf and grass weeds (2, 4) while others 
report it unsatisfactory for broadleaf weed control 
( 3, 7). Similar results have been reported with di
phenamid ( Dymid) and the experimental herbicide, 
alachlor (Lasso), both used in large quantities on 
container grown nursery crops ( 6). 

With this in mind, a study was established to 
evaluate oryzaline (Surflan) and profluralin (Tol
ban) , which in previous tests ( 6) had shown promise 
for controlling annual grass and broadleaf weeds in 
container grown nursery stock. This effort is a con
tinuing attempt to find an herbicide which will extend 
full season control over the wide spectrum of weeds 
presently observed in the typical container nursery. 
Both herbicides were compared against trifluralin 
and alachlor standards to determine comparative 
weed control and phytotoxicity to several genera of 
woody ornamentals. 

1Assoc1ate Professor, Department af Horticulture, Ohio Agricul· 
tural Research and Development Center. 

MATERIALS AND METHODS 
The study was conducted in the Department of 

Horticulture container nursery area at The Ohio State 
University, Columbus, to evaluate oryzalin ( 3,5-dini
tro-N4, N 1-dipropylsulfanilamide) and profluralin (N
( cyclopropylmethyl) -a, a, a-trifluoro,2,6,-dinitro-N
propyl-p-toluidine) to control weed growth in con
tainer grown nursery stock. Uniform cuttings of An
dorra Juniper (luniperus horizontalis 'Plumosa') Ka
san Scarlet Firethorn ( Pyracantha coccinea 'Kasan'), 
California Privet ( Ligustrum ovalif olium), and Royal 
Beauty Cotoneaster (Cotoneaster dammeri 'Royal 
Beauty') were planted in 1-gallon tapered plastic nurs
ery containers on May 28, 1975. The medium used 
for all plants was composed of equal parts by volume 
of sphagnum peat, #400 washed sand, composted 
milled hardwood bark, and clay loam soil. 

Immediately prior to the application of the herbi
cides, large crabgrass (Digit aria sanguinalis) and 
rough pigweed ( Amaranthus retroflexus) were sown 
into the pots in order to insure a uniform weed popu
lation. 

All herbicides were applied with a C02 constant 
rate sprayer calibrated to deliver a volume equivalent 
to 36 gallons of water per acre. In addition, the 
treated containers were irrigated with 1 inch of water 
immediately after the herbicide applications to serve 
as a means of incorporation. All plants remained in 
the nursery area for the experimental period and re
ceived a standard fertilization and maintenance pro
gram. 

Weed control and phytotoxicity evaluations were 

TABLE 1.-Control of Large Crabgrass and Rough Pigweed in Container Grown Nursery Stock. 

Percent Weed Control* 

Treatment Large Crabgrass Rough Pigweed 

Rate Days After Treatment 
Herbicide (lb. AIA) 45 75 45 75 

Trifluraltn 2.0 80 65 87 65 
Alachlor 3.0 98 64 94 64 
Oryzaltn 2.0 100 98 100 96 
Oryzalin 4.0 100 100 100 100 
Oryzaltn 8.0 100 100 100 100 
Profluralin 2.0 93 72 93 75 
Profluralin 4.0 97 77 100 82 

Profluralin 8.0 94 83 98 89 

Non-weeded control 30 10 32 10 

*Values Jess than 75 % are considered commercially unacceptable. 

39 



made 45 and 75 days after the herbicide applications 
using a 0-100% scale in comparison to the control 
treatments. The study was designed as a completely 
randomized block with four replications (four plants/ 
replicate) of each treatment. 

RESULTS 
In general, all the herbicides at all rates resulted 

in excellent control of the large crabgrass and rough 
pigweed 45 days after treatment when compared to 
the controls. Seventy-five days after treatment, how
ever, both the trifluralin at the 2.0 lb. active ingredi
ent per acre (AIA) and alachlor at the 3.0 lb. AIA 
rates were no longer as effective in controlling either 
the large crabgrass or the rough pigweed as the oryza
lin treatments (Table 1). 

All rates of oryzalin were still exhibiting nearly 
complete control of the two sown weed indicator crops 
7 5 days after herbicidal application, while only the 
8.0 lb. AIA rate of profluralin could still be considered 
to be effective against large crabgrass. Both the 4.0 
and 8.0 lb. AIA rate of profluralin were still effec
tively controlling the rough pigweed 75 days after 
application (Table 1 and Fig. 1). 

c 

Neither the alachlor nor trifluralin treatments 
exhibited any signs of plant injury to the four orna
mental genera used in this study. The 8.0 lb. AIA 
rate of both oryzalin and profluralin injured Kasan 
Scarlet Firethorn (Table 2). 

SUMMARY 
The study indicates that oryzalin may extend 

full-season broadfleaf and grass weed control in nurs
ery production in containers without plant phytotoxi
city. Although profluralin controlled grass weeds, 
it did not continue to control broadleaf weeds 2 
months after application at any of the rates used in 
this study. Further study will be needed to deter
mine if repeat applications of profluralin may be re
quired in order to obtain broadleaf weed control. 

In this study, nursery crops were tolerant of both 
oryzalin and profluralin at rates higher than that 
necessary to achieve adequate weed control, indica
ting that both materials have a measure of safety 
above recommended application rates. The 4.0 lb. 
AIA rate of oryzalin appears to have great potential 
to control annual grasses and broadleaf weeds in the 
production of container grown nursery stock. 

D 

FIG. 1.-(A} Profluralin at 0.0, 2.0, 4.0, and 8.0 lb. AIA on Royal Beauty Cotoneaster; {B} Profluralin at 0.0, 2.0, 
4.0, and 8.0 lb. AIA on Andorra Juniper; {C} Oryzalin at 0.0, 2.0, 4.0, and 8.0 lb. AIA on Royal Beauty Coton
easter; (0) Oryzalin at 0.0, 2.0, 4.0, and 8.0 lb. AIA on Andorra Juniper. 
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TABLE 2.-Phytotoxicity* of Four Genera of Nursery Crops from Experimental Herbicides 75 days after Ap-
plication. 

Treatment Percent Phytotoxiclty 

Rate Andorra Scarlet Califomia Royal Beauty 
Herbicide (lb. AIA) Junipet Firethom Privet Cotaneaster 

Tnflurolm 2.0 00 0.0 00 00 
Alochlor 30 00 00 00 00 
Oryzalin 20 00 00 82 0.0 
01yzol1n 40 00 00 99 00 
Oryzal1n 8 0 00 12 6 82 00 
Profluralm 2.0 00 99 00 00 
Profluralm 2.0 00 00 00 00 
Pnfluralm 80 00 20 5 00 82 
Weedy Control 00 00 00 00 

*Values greater than 20 % are considered commerc1olly unacceptable. 
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Evaluation of Herbicide Combinations 
For Container Nursery Stock 

THOMAS A. FRETZ1 

INTRODUCTION 
With the increased emphasis on production of 

nursery stock in containers, a viable weed control 
program is essential. During the past several years, 
a great deal of literature has been published compar
ing the effectiveness of various preemergent herbicides 
to control weed growth in nursery containers ( 1, 2, 4, 
5, 7). At present, several moderately-effective herbi
cides are labelled for use in container nursery stock. 
However, no single material will provide full-season 
control over the wide range of grass and broadleaf 
weeds that are present in the typical container nurs
ery. Obtaining full-season weed control at the least 
cost may necessitate the use of herbicide combina
tions, much like those presently employed in numer
ous agronomic crops. 

Weed growth has been shown to compete severely 
in the production of nursery stock in containers with 
losses often exceeding 50% of those of weeded controls 
( 3). Cultivation is not practical in container nurs
ery operations and hand weeding is expensive ( 6). 
While studies have described the effects of various 
herbicides in controlling weed growth in the con
tainer nursery ( 1, 2), few have reported on the use 
of herbicide combinations ( 4, 5, 7). 

Ryan (7) reported that simazine at the rate of 
2.7 kg/ha gave fair control of annual bluegrass, but 
with the addition of trifluralin (Treflan) or diphena
mid (Dymid) both at 2.8 kg/ha, increased control 
of bluegrass was observed. A combination of sima
zine (Princep)plus nitralin (Kerb) at 2.7 kg + 2.8 
kg/ha gave complete bluegrass control for 3 months. 
In addition, it was noted that the simazine-trifluralin 
combination decreased the growth of Japanese Holly 
and Rosebud Azaleas by 75 and 40%, respectively, 
compared to weeded controls, while the simazine-ni
tralin treatment reduced the size of the azaleas by 
40% of that of the weeded controls. 

A previous study by Fretz ( 4) showed that 
herbicide combinations, including trifluralin-linuron 
(Lorox) at 2.0 lb active ingredient per acre (AIA) 
+ 1.0 lb. AIA, trifluralin-simazine at 2.0 lb. + 1.0 
lb. AIA and alachlor (Lasso)-simazine at 1.5 lb. + 
1.0 lb. AIA exhibited excellent broadleaf and grass 
weed control with no injury to several species of con-

'Associate Professor, Department of Horticulture, Ohio Agricul
tural Research and Development Center. 
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tainer grown nursery &tock, including Kasan Scarlet 
Firethorn ( Pyracantha coccinea 'Kasan'), Andorra 
Juniper (.luniperus horizontalis 'Plumosa') and Man
hattan Euonymus (Euonymus patens 'Manhattan'). 

Two studies were designed to investigate the po
tential of several preemergent herbicides used singly 
and in combination to control a broad spectrum of 
weeds in container grown nursery stock in an effort to 
develop a full-season weed control system. 

MATERIALS AND METHODS 
Both experiments were established in the Depart

ment of Horticulture container nursery at The Ohio 
State University, Columbus, during May 1975. A 
growing medium was prepared of equal parts (by vol
ume) of sphagnum peat, #400 coarse sand, and com
posted hardwood potting bark, and clay loam field 
soil. In addition to the natural weed seed population, 
rough pigweed ( Amaranthus retroflexus), lambsquar
ter (Chenopodium album), yellow foxtail (Setaria 
lutescens), and large crabgrass (Digit aria sanguinalis) 
were seeded in prior to the herbicide application to 
insure an ample weed population for evaluation. 

In both tests, the herbicides were applied on May 
14, 1975, with a 1-quart C02 constant rate sprayer 
calibrated to deliver the equivalent of 36 gallons of 
water per acre. At the time of the herbicide applica
tion, the wind speed was 4 miles per hour and the air 
temperature was 75 ° F. Immediately after the com
pletion of the herbicide applications, all the containers 
were irrigated with 1 inch of water to incorporate the 
herbicides. Plants were then placed in the nursery 
area for the remainder of the experimental period 
where they received a standard fertilization and main
tenance program. 

Weed control and phytotoxicity evaluations were 
made periodically throughout the summer. Weed 
control was expressed as percent of control while 
phytotoxicity was expressed as percent of foliage in
jured above control levels. A completely randomized 
design was used for both studies, with four replications 
(three plants/replicate) of each treatment. 

Study I: In this study, the herbicides, trifluralin, 
alachlor, napropamide ( Devrinol), and oryzalin 
( Surflan) were applied singly at a rate determined to 
be a standard for usage in the container nursery in
dustry, and at that rate plus 1.0 lb. AIA of simazine 
as the combination. The eight treatments were ap
plied May 14, 1975, to uniform plants growing in 1-



TABLE 1.-Control of Large Crabgrass and Rough Pigweed in Nursery Containers. 
- -- --·--- ------------- -----~ ----

Herbicide 

Trifluralin 

Trifluralin + S1maz1ne 
Alachlor 

Alachlor + S1mazine 

Napropam1de 

Treatment 

Napropam1de + S1mazine 
Oryzalm 

Oryzalin + S1mazine 
Weedy Control 

Rate 
(lb. AIA) 

20 
20 + l 0 

30 
3 0 + l 0 

40 
4 0 + l 0 

20 
2 0 + l 0 

*Values less than 7 5 % are considered commerc1ally unacceptable 

30 

56 
54 
75 
73 
76 
91 
85 

l 00 
15 

Percent Weed Control* 

Crabgrass Rough Pigweed 
Days After Treatment 

60 30 60 
-------

26 64 41 
36 69 59 
42 75 66 
39 80 65 
66 80 84 
69 76 74 
81 93 89 
97 100 99 

0 19 0 
·--------- ----------

TABLE 2.-Percent Herbicidal Phytotoxicity to Four Genera of Nursery Crops, 60 Days After Application. 

Percent Phytotoxicity* 
Treatment Kosan 

Rate Royal Beauty Andorra Scarlet Manhattan 
Herbicide (lb Al A) Coton easier Juniper Firethorn Euonymus 

- ---~ --
Trifluralin 20 00 00 10 0 00 
Trifluralin + S1mazine 20 + l 0 11 0 00 l 0 0 00 
Alachlor 3 0 12 5 00 00 00 
Alachlor + S1mazine 30 + l 0 10 0 00 00 18 5 
Napropam1de 40 0 0 00 00 00 
Napropam1de + S1mazine 4 0 + l 0 55 0 00 l 0 0 18 5 
Oryzal1n 20 00 00 00 22 0 
Oryzalin + S1mazme 2 0 +1 0 46 6 00 00 20 5 
Weedy Control 0 0 00 00 00 

-- --- -~·-- -
*Values greater than 20 % are considered commerc1ally unacceptable 

gallon nursery containerq. Plantq of each of the fol
lowing four species were used: Andorra Juniper, Man
hattan Euonymus, Ka~an Scarlet Firethorn, and Royal 
Beauty Cotoneaster ( Cotoneaster dammeri 'Royal 
Beauty'). 

Study 2: In the second ~tudy, oxadiazon (Ron
star) was employed at rates of 4 0, 8 0, and 16.0 lb 
AIA qingly and at 4.0 lb. AIA in combination with 
one of the following herbicideq, qimazine at 1 0 lb 
AIA, alachlor at 3.0 lh. AIA, linuron (Lorox) at 1.0 
lb. AIA, and oryzalin at 4 0 lb. AIA. Plants used in 
thi<s study included Royal Beauty Cotoneaster, Man
hattan Euonymus, and Convexleaf Japanese Holly 
(!lex crenata convexa). 

RESULTS AND DISCUSSION 
Study 1: Trifluralin at the 2.0 lb. AIA rate ap

plied singly or in combination with simazine at the 
1 0 lb. AIA rate resulted in unacceptable control of 
both large crabgrass and rough pigweed at 30 and 
60 days after application Alachlor, when used alone 
or in combination with simazine, controlled both weed 
species for 30 days but crabgra<ss control declined 
markedly 60 days after application (Table 1). 
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TABLE 3.-Control of large Crabgrass and Rough 
Pigweed with Oxadiazon and Various Combinations 
in Container Nursery Stock, 90 Days After Application. 

Percent Weed Control* 

Rate Large Rough 
Treatment (lb AlA) Crabgrass Pigweed 

Oxad1azon 0 10 10 
Oxad1azon 80 95 93 
Oxad1azon 80 100 92 
Oxad1azon 16 0 100 96 
Oxad1azon 40 + S1mazme l 0 96 96 
Oxad1azon 40 + Alachlor 3 0 100 97 
Oxad1azon 4 0 + Linuron l 0 100 90 
Oxad1azon 40 + Oryzal1n 4 0 100 100 

*Values less than 75 % are considered commerc1ally unaccept
able 

Control of the large crabgrass wa~ adequate when 
napropamide was used at the 4.0 lb. AIA rate, how
ever, with the addition of 1.0 lb. AIA of <iimazine it 
increased appreciably when evaluated 30 days after 
application. Control of large crabgrass with napro
pamide applied singly or in combination with sima
zine was less than qatiqfactory 60 days after treatment 
Rough pigweed control with napropamide applied 



singly or in combination with simazine was satisfactory 
(Table 1). 

The best control of both weed species was a
chieved with oryzalin at 2.0 lb. AIA applied singly or 
in combination with 1.0 lb. AIA of simazine. In addi
tion, only the treatments employing oryzalin continued 
to exhibit excellent crabgrass and rough pigweed weed 
control 60 days after application (Table 1). 

Only slight phytotoxicity was noted on the Kasan 
Scarlet Firethorn and no injury was observed on the 
Andorra Juniper from any of the herbicide treatments 
employed in this study. The combinations of napro
pamide-simazine and oryzalin-simazine caused severe 
injury in the form of leaf chlorosis and stunted plant 
growth and development on the Royal Beauty Coton
easter. Similarly, both the oryzalin and oryzalin-sima-

TABLE 4.-Herbicidal Phytotoxicity* to Three Genera ,of Container Grown Nursery Crops Following Appli
cation of Various Oxadiazon Treatments. 

Convexleaf 
Rate Japanese 

Treatment (lb. AIA) Holly 
--- - -------·-

Oxadiazon 0 0.0 

Oxadiazon 4.0 11.0 

Oxadiazon 8 .0 44.0 

Oxadiazon 16 .0 46.6 

Oxadiazon 4 .0 + Simazine 1.0 29.0 

Oxadiazon 4.0 + Alachlor 3.0 22.0 

Oxadiazon 4.0 + Linuron 1.0 42.5 

Oxadiazon 4.0 + Oryzalin 4.0 51.0 

*Rated 90 days after application. 
**Va lues greater than 20 % are considered commercially unacceptable. 

' / 

Percent Phytoto:iticity* * 

Royal 
Beauty 

Coton easter 

0 .0 

1.0 

22 .0 

33.0 

33 .0 

57.7 

68 .8 

0.0 

Manhattan 
Euonymus 

0.0 

10.0 

8.5 

33.0 

35.5 

68.8 

23.5 

27.8 

FIG. 1.-Weed control in Cotoneaster Royal Beauty. (A) Trifluralin at 2.0 lb. AIA and trifluralin-simazine at 
2.0 + 1.0 lb. AIA; (B} Alachlor at 3.0 lb. AIA and alachlor-simazine at 3.0 ~ 1.0 I~. AIA; (C) Oryzalin at 2.0 lb. 
AIA and oryzalin-simazine at 2.0 + 1.0 lb. AIA; (0) Non-weeded check and tnflurahn at 2.0 lb. AIA. 
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zine caused moderate injury to the Manhattan Euony
mus (Table 2). 

Study 2: Oxadiazon at all rates when used singly 
exhibited outstanding control of large crabgrass and 
rough pigweed 90 days after application. The addition 
of simazine, alachlor, linuron, or oryzalin did not sig
nificantly improve the control of either weed species 
over that achieved by oxadiazon alone at the 4.0 lb. 
AIA rate (Table 3). Previous work by Ryan ( 7) 
has shown that oxadiazon will effectively control a 
number of broadleaf weed species at rates of 1.0 lb. 
and 2.0 lb. AIA with no injury to container grown 
azaleas and rhododendrons. 

Phytotoxicity with the use of oxadiazon was noted 
to be quite severe with all of the combination treat
ments and when used singly at rates above 4.0 lb. AIA 
(Table 4). Injury caused by the oxadiazon was gen
erally characterized by necrosis of the terminals and 
some necrotic leaf spotting on the older leaves. 

SUMMARY 
These and other studies indicate that the use of 

herbicide combinations appear to be a practical me
thod of achieving season-long control of weeds in con·· 
tainer nursery stock. The herbicide combinations 
consisting of oryzalin-simazine at the rate of 2.0 lb. + 
1.0 lb. AIA gave outstanding control of rough pigweed 
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and large crabgrass 60 days after application and 
should be seriously evaluated in the future as possible 
nursery herbicides. 

In addition, the use of oxadiazon applied singly 
at rates of 4.0 lb. AIA or less should be further evalu
ated, while rates above this level should be avoided 
because of phytotoxicity. 
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FIG. 2.-Weed Control with oxadia
zon. (A) Cotoneaster Royal Beauty 
treated wit'h (left to right): oxadiazon at 
4.0 lb. AIA; oxadiaz;on-simazine at 4.0 
+ 1.0 lb. AIA; oxadiazon-alachlor at 
4.0 + 3.0 lb. AIA; oxadiazon-linuron 
at 4.0 + 1.0 lb. AIA; and oxadiazon
oryzalin at 4.0 + 4.0 lb. AIA. (8) Eu
onymus Manhattan treated with (left 
to righO: oxadiazon at 4.0 lb. AIA; 
oxadiazon-simazine at 4.0 + 1.0 lb. 
AIA; oxadiazon-alachlor at 4.0 + 3.0 
lb. AIA; oxadiazon-linuron at 4.0 + 
1 .0 lb. AIA; and oxadiazon-oryzalin 
at 4.0 + 4.0 lb. AIA. 



Effect of Stock Plant Nitrogen Fertilization 
on the Rooting Response of Taxus Cuspidata 'Thayer' 

CYNTHIA D. MITCHELL and ELTON M. SMITH1 

INTRODUCTION 
The fertilization program of evergreen stock 

plants has been demonstrated to have a positive corre
lation with the rooting of cuttings which have been 
taken from the stock block ( 1 ) . Nurserymen agree 
that nutrient levels which produce reasonably vigo
rous growth of stock plants without signs of nutrient 
excess or deficiencies, results in cuttings yielding the 
best rooting responses ( 4) . High levels of nitrogen 
are reportedly detrimental to rooting as a result of 
stimulation of vegetative growth ( 2). Cuttings taken 
from stock plants growing under relatively low nitro
gen conditions produced fewer primary and secondary 
roots than cuttings from plants under sufficient nitro
gen fertilization ( 3) . 

This study was undertaken to ascertain the ef
fect of low, recommended, and high rates of nitrogen 
fertilization on the rooting response of cuttings of 
Thayer Japanese Yew (Taxus cuspidata 'Thayer'), 
often marketed a<> Anderson Yew. 

METHODS AND MATERIALS 
Fifteen to 18-inch Taxus, growing under nursery 

c.onditions in a Brookston clay loam soil, were treated 
with 0, 3, 6, and 9 lb. of actual nitrogen per 1,000 sq. 
ft. on March 14, 1975. Ammonium nitrate (33.5% 
N) was used as the source of nitrogen and was applied 
to plots, each containing a minimum of 120 plants. 
The study was designed and statistically analyzed as 
a completely randomized block with four replications 
(30 plants/replicate) of each treatment. On Jan
uary 14, 1976, two hundred (200) 6-inch cuttings 
from the previous season's growth were prepared from 
each replicate of the nitrogen treatments. Cuttings 
were treated with Hormodin #3 (0.8% IBA), in
serted in flats of #400 propagators sand, and placed 
under intermittent mist with bottom heat of 70° F. 
All cuttings were rooted in approximately 4Y2 to 5 
months and on June 14, 1976, were evaluated for root 
number and length. Root number was evaluated on 
a 1-5 scale with 1-5 roots/cutting= 1, 6-10 = 2, 11-
15 = 3, 16-20 = 4, and 20+ = 5. Root length was 
rated 1-5 with no growth = 1, less than ~ in. = 2, 
Y2-1 in. = 3, 1-2 in. = 4, and more than 2 in. = 5. 

1Techn 1c1an and Professor of Horticulture, Ohio Agricultural Re· 
search and Development Center, respectively. 
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RESULTS AND DISCUSSION 
Nitrogen fertilizer, when applied at the rate of 

6 lb./1,000 sq. ft., produced higher quantity and 
longer roots than all other treatments (Table 1). The 
root quantity in the 0, 3, and 9 lb. N/1,000 sq. ft. 
treatments were similar. However, higher ratings for 
root length were produced in the 0 and 3 lb. N treat
ments compared to the 9 lb. N rate. 

The commercially recommended nitrogen rate of 
6 lb./1,000 sq. ft. produced the best Taxus cutting re
sponse. The higher nitrogen level (9 lb./1,000 sq. ft.) 
produced a definite decrease in rooting quality, sug
gesting that there is a limit to the amount of nitrogen 
which can be applied to the stock plants and still in
crease the rooting quality of cuttings as indicated by 
Hess ( 2). Lower than optimal rates of nitrogen were 
also less favorable to rooting as suggested by Maire 
( 4). 

The response of cuttings to these four rates of 
nitrogen will be evaluated in subsequent years to deter
mine the influence of a continued fertilization pro
gram. 

TABLE 1.-Rooting Response of Taxus Cuttings as 
Influenced by Nitrogen Fertilization. 

Treatment Root Quantity Root Length 

0 lb N/1,000 sq ft. 2 Sb* 2 3b 
3 lb N/1,000 sq ft 3.lb 3 6b 
6 lb N/1,000 sq ft 4 Oa 4.la 
9 lb N/1,000 sa ft 2 6b 2.9c 

•Values followed by a different letter within a column are s1g· 
n1f1cantly different at the 5 % level according to Duncan's multiple 
range. 
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Ohio's major soil types and climatic 
conditions are represented at the Re
search Center's 12 locations. 

Research is conducted by 15 depart
ments on more than 7000 acres at Center 
headquarters in Wooster, seven branches, 
Green Springs Crops Research Unit, Pom
erene Forest Laboratory, North Appalach
ian Experimental Watershed, and The 
Ohio State University. 
Center Headquarters, Wooster, Wayne 

County: 1953 acres 
Eastern Ohio Resource Development Cen

ter, Caldwell, Noble County: 2053 
acres 

Green Springs Crops Research Unit, Green 
Springs, Sandusky County: 26 acres 

LABORATORY 

EASTERN OHIO RESOURCE 
DEVELOPMENT CENTER 

• 

Jackson Branch, Jackson, Jackson Coun
ty: 502 acres 

Mahoning County Farm, Canfield: 275 
acres 

Muck Crops Branch, Willard, Huron Coun
ty: 15 acres 

North Appalachian Experimental Water
shed, Coshocton, Coshocton County: 
1047 acres (Cooperative with Agricul
tural Research Service, U. S. Dept. of 
Agriculture) 

Northwestern Branch, Hoytville, Wood 
County: 247 acres 

Pomerene Forest Laboratory, Coshocton 
County: 227 acres 

Southern Branch, Ripley, Brown County: 
275 acres 

Western Branch, South Charleston, Clark 
County: 428 acres 




