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Penn State's educational exhibit about the air pollutant, ozone, wins award at the 1973 Philadelphia
Flower Show. James Rathmell, left, coordinator of the exhibit, receives trophy from Herbert W. Good-
all, Jr., Chairman of the Philadelphia Garden and Flower Show Committee, Pennsylvania Horticultural
Society.



THE AIR POLLUTANT, OZONE,
FEATURED AT PRIZE WINNING
PENN STATE EDUCATIONAL
EXHIBIT AT FLOWER SHOW

Theme for the Penn State display
was Ozone—Philadelphia's Air Pol
lutant. The floor plan was drawn up
by Professor E. R. DeSilets, retired
P.S.U. landscape architect. Construc
tion of the display was done by Coun
ty Line Nurseries, Harleysville, Penna.

County agricultural agents from
fourteen Southeast Pa. counties and
six specialists from Penn State were
on hand to answer lawn and garden
questions. The Center for Air En
vironment also supplied staff mem
bers to answer technical questions re
lated to ozone and other air pollutants.

Educational material from the Cen
ter of Air Environment, U. S. Depart
ment of Agriculture, U. S. Depart
ment of Health and Welfare and the
Air Pollution Control Association,
Pittsburgh, Penna. were used on the
panels.

Plant materials were subjected to
ozone at the Center for Air Environ
ment. The treated plants showing
ozone symptoms were planted in the
"Polluted Garden". Untreated plants
were planted in the "Pollution-Free
Garden" area. Shrubs, trees, vege
tables and flowering annuals were
used.

The following information about
ozone, prepared by Dr. Donald Davis
and Prof. Rathmell of Penn State, was
distributed in leaflet form.

OZONE

It is estimated that ozone causes
more injury to vegetation than any
other pollutant in America. Many spe
cies of plants are injured by it, not
only in urban and suburban areas
but in remote areas as well. Ozone
sensitive crops include flowering
plants, vegetables, ornamental shrubs,
trees and even grass.

What is Ozone? Ozone is a natural
component of our upper atmosphere,
where it filters out dangerous ultra
violet radiation. Downdrafts during
severe thunderstorms occasionally
brings ozone down to ground level.

Small amounts of ozone are also
formed during any electrical dis
charge such as lightning. However,
these sources are of minor importance
when one looks at the amount of
ozone produced in our cities.

In urban areas—lots of automobiles
and trucks—sunlight acts upon the ex
haust fumes from these vehicles, caus
ing a chemical reaction which pro
duces a photochemical smog, com
prised mainly of ozone. Ozone formed
over cities is capable of moving long
distances and still have the ability to
cause plant injury in rural, forested
or farmland areas.

Pines Injured: Eastern white pine
is one plant that is easily injured by
ozone. The injury shows up as a "tip-
burn" of needles and also as "chloro-
tic dwarf. The tipburn causes the
needle tips to turn reddish brown to
a gray. Chlorotic dwarf results in a
stunted yellow, sickly looking pine
which usually only keeps the current
year's needles, rather than three
years' as on a health pine.

More Plant Injury: Ash trees and
hybrid poplars are also very sensi
tive to ozone. Ozone causes either a
dark purple or tan freckle on the up
per leaf surface. On corn, small is
lands of tissue between the veins,
become yellow or tan. In most cases,
if a plant is extremely sensitive to
ozone or if high concentrations of
this pollutant are present, the in
jured tissue may simply collapse and
turn brown as it dies. This type of
injury results in large lesions of the
leaf.

While petunias have long been rec
ognized as one of the most sensitive
plant species to ozone. Petunias are
sometimes used to detect and monitor
the amount of pollution in urban
areas. Some of the most sensitive pe
tunia varieties include: Apollo, Fi
esta, Show Magic, White Joy, White
Empress and Harmony.

Why are Plants Injured? The ef
fects of air pollution on the structure

and physiology of plants is not yet
well understood. However, after
ozone enters the minute openings \
called stomates, in the leaves, it ap- <smr
parently disrupts the membrane struc
ture of some leaf cells. This causes
the cell to lose water and die. If
many cells are affected, entire leaves
or even the entire plant may collapse
and die. Recently mature leaves are
generally more sensitive to ozone than
are younger or older leaves.

What About the Future? Certain
species or varieties of plants are re
sistant to ozone. Some examples of
these plants are: Arborvitae, Douglas
Fir, Red Pine, Colorado Blue Spruce,
Norway Spruce and Eastern Hem
lock.

Plant breeders can use ozone toler
ant varieties to develop new varieties
of plants that will be resistant to
ozone. This has already been accom
plished by plant breeders working
with tobacco plants.

Chemicals such as growth regula
tors and systemic fungicides, offer
new hope and promise to the horti
culturist. It has been found that one
chemical actually reduces the size of
the stomatal opening, decreases the \
size of cells and increases the thick- ^*
ness of cell walls. All of these factors
increase a plants resistance to ozone.

The environmental crisis is growing
more threatening every day. The hor
ticulturist can help to meet that crisis.
He can put greater horticultural
knowledge and experience into man's
efforts to improve the world he lives
in.
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GROWING INSTRUCTIONS-

(Continued from page 4)

qualities at the retail outlets and
in the home than the Aphrodite
varieties. 85%-90% of the begonias
produced in Europe today are
RIEGER's Schwabenland. Some
growers are producing 100% RIE-
GER Schwabenland red 52 weeks
a year!

(20) Leaf cuttings of RIEGER Sch
wabenland Red with three or
four bottom shoots can produce
a high quality plant in flower in
eight or ten weeks during the
summer period, when fully ex
ploited! This is five or six weeks
faster than the original suggested
schedule. Undoubtedly the winter
schedule can be somewhat re
duced after more experience.

(21) The RIEGER Schwabenland be
gonia series are very useful as
the center attraction in combina
tion pots. Schwabenland Red is
used extensively for Christmas
and Mothers Day in Europe.

(22) New RIEGER begonias presently
being tested look fantastic. Lively
colors, compact attractive foliage,
and improved stem strength. Now
is the time to get into a contin
uous begonia flowering program
so that you will have the exper
ience when these new begonias
are introduced.

(23) The Aphrodite variety "Amoena"
will be available in January 1972.
This is a two tone pink and yel
low double type that is quite at
tractive.

(24) Three additional Schwabenland
types will be available in 1972 as
stock becomes productive. These
are Crispa, Krefeld Orange, and
Schwabenland Goldorange. Stock
has been secured on a yellow
type named Bernsteins Gelbe.
This will be tested in 1972 for
introduction in late 1972 or 1973.

Exciting reports have been received
from various parts of the U.S.A. about
the wonderful results of planting the
RIEGER begonias outdoors directly
in the flower bed or in large contain
ers. Colors have been intensified and
overall growth is fabulous in semi-
shaded areas. Mothers Day plants can
have a double sales appeal! Garden
Centers should be interested!

Looking ahead for Christmas in
1972-73-74 etc. begonias could be
more valuable than poinsettias as part
of the Holiday crop. The Schwaben
land varieties are saleable over four to
eight weeks from half open bud stage
to open flower stages. Begonias not
sold at Xmas would be very useful for
early January sales when there is a
frequent shortage of good pot plants.

HISTORY AND RESEARCH-

(Continued from\page 2) \

planned for the Rieger begonias. He
said, "It is rather difficult to mention
problems connected with Rieger be
gonias, as these have become popular
for the very reason that they offer so
few problems." "At this laboratory
we have studied the effect of growth
regulators, but the influence of en
vironmental factors is a virgin field.
In Holland, flower formation during
winter is often insufficient, but this
is known to be an effect of low light
intensity and will probably not occur
in the U.S. where light intensity is so
much higher."

G. Sandved (1969) of Norway has
been conducting daylength and tem
perature studies for several years with
some of the older Elatior cultivars of
B. x hiemalis including Trau Gertrud
Rieger, 'Rose Queen', Tresident'
'Nelly Visser. His results could pro
vide some insights into the day length
and temperature responses of the
Schwabenland types, since 'Schwa
benland' and 'Frau Gertrud Rieger'
were reported to have the same num
ber 27 and 14) of long and short
chromosomes, respectively (Arends,
1970). However, we might have reser
vations about applying the results
from the other varieties which were
reported to have 28 long and about
12 to 14 short chromosomes.

Sandved reported that the cultivars
'Novemberglut', 'Liebesfeuer, 'Presi
dent', 'Nelly Visser, 'Rose Queen', and
'Frau Gertrud Rieger' are short day
plants with a critical daylength be
tween 12 and 13 hours. He found a
highly significant interaction of tem
perature and daylength in all culti
vars studied. In plants given long days
(13 and 16 hours) during the induc
tive period, flowering was delayed
with increased temperature, while in
plants given short days (10 hours) the
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opposite reaction occurred. High tem
peratures (24°C about 75°F) and 16-
hour days during the inductiveperiod
suppressed flowering with a concomi
tant stimulation of vegetative growth
including an increase in leafing.
Vegetative growth of 'Frau Gertrud
Rieger was strongly suppressed in 10-
hour days regardless of temperature.
Best flowering of 'Frau Gertrud Rie-
ger' occurred with a 13-hour photo-
period and 60-63°F (15-18°C) night
temperatures. He suggested that an
inductive period of 4 days is suffi
cient to flower B. x hiemalis cultivars.
He also showed that high tempera
tures given after the inductive period
produced smaller individual flower,
increased plant height and hastened
flower development.
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RESEARCH AT PENN STATE
RIEGER ELATIOR BEGONIAS

PROGRESS REPORT I
John W. White, Jay Holcomb and Tom Maczko

The Rieger begonias can be pro
duced at any time of the year. There
does not seem to be any seasonal pre
judice such as there is with poin
settias for Christmas and lilies for
Easter. Thus, if the grower doesn't
sell out his begonias for a given holi
day, he probably can sell them during
the post holiday period. The use of
Rieger begonias for autumn festivals,
Christmas, Valentine's Day, Easter
and Mothers Day is already common
in Europe. The ultimate consumer
can have a double value in the spring.
Begonias can be enjoyed in the home
at Mother's Day and placed outside in
semishade for flowering all summer.

A series of experiments were con
ducted with Rieger Elatior Begonias1
at Penn State. These experiments in
volved temperature, daylength, ferti
lity, irrigation regime and growth re-
tardant studies with 'Schwabenland
Red', 'S. Orange', 'S. Pink', and 'Kre-
field Orange'.

Experiment 1

The first experiment was conducted
in the summer of 1971 with 'Schwa
benland Red, Pink and Orange.'
Started leaf cuttings were potted in
5-inch azalea pots on May 10 in a
1:1:1 v/v/v soil, peat, perlite mixture.
Growth terminals were pruned May
28. Natural daylengths were used
until June 28 and then 12-hour days
until July 26. The treatments were:

1. Fan and pad cooling — light
shade on glass — weekly fer
tilization (533 ppm N)

2. Fan and pad cooling — light
shade on glass — daily fertili
zation (200 ppm N)

1A11 plants were donated by Mikkelsens,
Inc., Ashtabula, Ohio 44004.

3. Fan and pad cooling — cheese
cloth shade (50% of daylight) —
weekly fertilization (533 ppm N)

4. Fan and pad cooling — cheese
cloth shade (50% of daylight) —
daily fertilization (200 ppm N)

5. Fans only — cheesecloth shade
(50% of daylight) — daily fertili
zation (200 ppm N)

Results and Discussion

Anthesis occurred between August
10 and 24. Fan and pad cooling pro
duced very large individual flowers
compared with flowers on plants
grown with only Fan cooling. Tem
peratures were 10 to 15°F lower in
the fan and pad cooled houses.

Plants under cheese cloth were sev
eral inches taller than those not under
cheesecloth in the fan and pad cooled
houses. Temperatures under the
cheese cloth were 5 to 7° F higher
than the average of the rest of the
greenhouse. These findings are in
agreement with Sanved (1969) who
reported that high temperatures pro
duced smaller individual flowers and

increased plant height.
Plants fertilized daily were shorter

than those irrigated daily and fer
tilized weekly. Leaves in all treat
ments were very dark green and many
leaves had a slight marginal necrosis.
We believe that this necrosis was an
indication of an accumulation of
soluble salts from over-fertilization.

Experiment 2
The second experiment conducted

in the winter of 1972 involved com
binations of scheduling (pot size),
temperature, photoperiod and ferti
lization regime.

Recommendations from Mikkelsens
(as of November 1971) suggested a
68-70° starting temperature and sup
plemental light up to 4 hours per
night in Fall, Winter and early Spring
depending on the natural daylength.
Weekly fertilizing of 100 ppm N of
soluble fertilizer or 1 teaspoon of 14-
14-14 Osmocote per 5 or 6" pot in
winter was recommended.

Ten treatments were used for each
of 3 schedules. The schedules were:

Long Days Short Days Pot Size
Schedule 1—Dec. 15-Jan. 26 (6 wks) Jan. 27-Apr. 12 6"

2—Jan. 5-Jan. 26 (3 wks) Jan. 27-Apr. 12 5"
3—Jan. 26- (0 wks) Jan. 27-Apr. 12 4"

Ten treatments were used during long days for each schedule.

Treatment Temp. Light/Night Fertilized

1 65-68°F 8 hrs. Daily
2 65-68°F 8 hrs. Weekly
3 65-68°F 4 hrs. Daily
4 65-68°F 4 hrs. Weekly
5 70-73°F 8 hrs. Daily
6 70-73°F 8 hrs. Weekly
7 70-73°F 8 hrs. Sub-irrigated
8 70-73°F 4 hrs. Daily
9 70-73°F 4 hrs. Weekly

10 70-73°F 4 hrs. Sub-irrigated
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The environment under short days
was standardized for all 3 schedules
at 60°F night temperature, daily fer
tilizing at (15-15-15) (50 ppm N), and
the natural daylength. Three varieties
were used:

Variety A and B
Schedule 1—50 Schwabenland

Orange (A)
2—50 Krefield Orange (B)
3--50 Krefield Orange

Variety C
Schedule 1—50 Schwabenland Red

2—50 Schwabenland Red
3—50 Schwabenland Red

Fertilizer

During the long day part of the
experiment, plants in the daily fer
tilization were irrigated with 8 oz. of
the 50 ppm N fertilizer solution.
Plants in the weekly treatments re
ceived 8 oz. of 200 ppm N fertilizer
solution once a week but were wa
tered every day. Fertilizer in both
cases was (15-15-15). Plants receiving
sub-irrigation had 150 gm of 18-6-12
Osmocote topdressed on each pot and
were sub-irrigated every 2 to 3 days
when needed.

After the initial treatments all
plants were moved to the final grow
ing bench where they received 50
ppm N from 15-15-15 every day
starting January 27. Because of a
slight intervenial chlorosis, fertilizer
was changed on March 16 to 50 ppm
N, 49 ppm K, 22 ppm Ca, 20 ppm
Mg, and 0.5 ppm B. The volume of
fertilizer solution applied at each ir
rigation was 4, 6 and 8 oz for the 4-,
5- and 6-inch pots, respectively.

Light
Half of the treatments were given

4 hrs. of incandescent light (8 p.m. to
midnight) and the other half 8 hours
(8 p.m. to 4 a.m.).

The growing medium was a mixture
of 1:2:2 v/v/v Soil, Peat, Perlite with
6 oz. each of 20% superphosphate and
dolomitic limestone added to each
bushel of soil. Periodic fumigation
was the only insect control as no ser
ious problems developed.

RESULTS

First results were noted in cropping
time. Although April 12 was set as
the target date, 'Schwabenland Red'
on schedules 1 and 2 flowered two
weeks early while 'Krefield Orange'
on schedule 2 reached anthesis on

Table 1. Growth response of 'Schwabenland Orange' Rieger Begonias, grown in 6-inch
pots on long-days for 6 weeks, to temperature, day-length and fertilizer treatments.

Temp. Light
Treat

ment

Ferti
lizer

Height"
(in) (cm)

Number
Flowers Shoots Rating"

65-68°F 8 hrs.

4 hrs.

1

2

Daily
Weekly

7.9
8,3

20.P
21.0CD

32.5*
36.4*

6.0*
7.2*

3.2

3.2

3

4

Daily
Weekly

9.8

9.7

24.8*n
24.6*n

43.0*
38.4*

5.8*
5.6*

2.6

3.4

5

6

7

Daily
Weekly
Sub-ir.

8.7

9.0

10.4

22.0CD
22.8BC
26.4*

27.0*
27.0*
28.6*

6.4*

6.4*
7.4*

2.4

3.4

3.2

8

9

0

Daily
Weekly
Sub-ir.

9.7
9.8

9.7

24.6*n
24.8*B
24.6*B

36.4*
21.6*
32.0*

6.2*
6.6*
5.8*

3.2
2.8
2.8
3.02

8 hrs.

70-73°F

4 hrs.

Notes a) Rating of all treatments: 1 poor—4 excellent
b) There were no significant differences between any treatments.

Table 2. Growth response of 'Krefield Orange' Rieger Begonias grown in 6-inch pots on
long-days for 6 weeks, to temperature, daylength and fertilizer treatments.

Temp. Light
Treat
ment

Ferti

lizer
Height"

(in) (cm)
Number

Flowers Shoots Rating*

65-68°F
8 hrs.

1

2

Daily
Weekly

8.2

7.0

20.8CDE
17.7EF

29.4*
27.6*

6.4*
6.0*

2.4

2.2

4 hrs.
3

4

Daily
Weekly

7.4
9.0

18.7EF
22.8BC

35.4*
41.8*

6.6*
5.8*

3.0
3.8

8 hrs.
5
6

7

Daily
Weekly
Sub-ir.

8.4

8.0

10.0

21.3CD
20.3DE
25.4*

32.6*
24.4*
33.6*

5.6*
5.2*
7.6*

2.0

2.2

3.7

4 hrs.
8

9

10

Daily
Weekly
Sub-ir.

9.2

9.7

9.6

23.3*B

24.6*B
24.3*B

32.0*
31.8*
24.8*

6.0*
5.8*
6.2*

2.0

3.0

3.2
2.75

Notes a) Rating of all treatments: 1 poor—4 excellent
b) There were no significant differences between any treatments.

For The
Discerning
Grower

ALL THE BEST AND LATEST

SEEDS FOR POT PLANT GROWERS

Write for 1973 Catalog

RAYMOND A. FLECK, INC.
1139 Street Road Southampton, Pa. 18966

Phone: ELmwood 7-9200 — Area Code 215
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Table 3. Growth response of 'Krefield Orange' Rieger Begonias grown in 5-inch pots on
long days for 3 weeks, to temperature, daylength and fertilizer treatments.

Temp. Light

65-68° F

70-73°F

8 hrs.

4 hrs.

8 hrs.

4 hrs.

Treat
ment

Ferti
lizer

Height"
(in) (cm)

Number
Flowers Shoots
(open)

Rating"

1

2

Daily
Weekly

9.8

11.1

25.0
28.2

23.2

29.2

5.7
6.2

2.2

3.0

3
4

Daily
Weekly

12.5
10.0

31.7
25.4

34.7

25.0
5.7
5.5

1.5
3.2

5
6

7

Daily
Weekly
Sub-ir.

10.4

9.3

26.4

23.6

30.2

38.2

6.6

5.8

3.0

2.2.

8

9

0

Daily
Weekly
Sub-ir.

10.2

9.1

8.7

26.0

23.1

22.2

41.5

33.2

22.2

5.7

5.2

4.2

2.0

2.0
2.5

2.10

Notes a) Rating of all treatments: 1 poor—4 excellent
b) There were no significant differences between any treatments.

Table 4. Growth response of 'Schwabenland Red' Rieger Begonias, grown in 5-inch pots on
long days for 3 weeks, to temperature, daylength and fertilizer treatments.

Temp. L'ght

65-68° F

70-73° F

8 hrs.

4 hrs.

8 hrs.

4 hrs.

Treat
ment

Ferti

lizer
Height"

(in) (cm)
Number

Flowers Shoots
(open)

Rating"

1

2

Daily
Weekly

4.2

6.3

10.6

16.0

8.4

9.2

5.6

5.2

1.6

2.8

•3
4

Daily
Weekly

6.1

6.5

15.4
16.5

13.4

18.0

5.6

5.6
2.2
3.2

5

6

7

Daily
Weekly
Sub-ir.

4.8

5.4

5.8

12.1

13.7

14.8

9.0

9.2

8.0

4.0

3.8

5.0

2.6

2.4

3.0

8

9

10

Daily
Weekly
Sub-ir.

4.9

4.1

5.5

12.4

10.3

13.9

12.6

16.8

19.7

5.2

6.6

6.7

2.0

2.2

3.2

2.50

Notes a) Rating of all treatments: 1 poor—4 excellent
b) There were no significant differences between any treatments.

"GERMAN'S SEEDS GERMINATE"

Service isn't EVERYTHING, It's the ONLY THING.

— All Orders Shipped Return Mail —

The VERY BEST in Flower and Vegetable Seeds

H. G. GERMAN SEEDS, INC.
103 BANK STREET SMETHPORT, PA. - 16749

When you want the best
in seeds and service, call us . . . A. Code 814-887-5567
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April 12. Both varieties on schedule 3
flowered over a week late.

Cropping time for a winter sched
ule then developed as follows:
6" pots — 'Schwabenland Orange' or

Red — 14 weeks
5" pots — 'Krefield Orange' — 13

weeks
5" pots — 'Schwabenland Red' — 11

weeks

4" pots — 'Krefield Orange' & 'Schwa
benland Red' — 7 weeks

Effects of the treatments on growth
are shown in Tables 1-4. Measure
ments for height were taken from the
pot rim to the growing point. The
number of open flowers and the num
ber of main shoots also were counted.
A subjective rating of plants was used
to assess overall appearance and sale-
ability.

No precise standards such as
height, number of flowers, shoots,
etc. were used in making these rat
ings. They were based more on plant
form and distribution of flowers
rather than aiming for a specific size.
The ratings varied from 1 for poor
to 4 for excellent. All figures shown
are averages of 5 plants per treat
ment unless otherwise noted.

Out of 39 groups of plants, 16 aver
aged good (3.0) or better. Emphasis
in evaluation was placed on subjective
ratings rather than measurements of
number of flowers or shoots because
only height in schedule 1 for all va
rieties showed any significant differ
ence between treatments when ex
amined statistically. In all other fac
tors, number of flowers and shoots
and height of schedule 2 plants; there
were no significant differences be
tween treatments.

Although each schedule and variety
must be examined separately to find
the most promising treatments, a good
treatment common to all was the ob
jective to be attained if possible.
Using the rating system, treatment 4
was consistently the best in all 4
tables. In most cases, 4 hours of light
gave the best results, but the ad
vantage was slight. However, money
could be saved by only lighting for
4 hours and slightly shorter plants
were produced, which are usually
more desirable as they are not as top
heavy.

The 65-68°F treatment produced
slightly better results with weekly



fertilization than the 70-73° tempera
ture treatment. Unfortunately, only
the 70-73°F temperature was used for

•>—- sub-irrigation treatments.
Although Mikkelsen's reports in

dicated that plants in 6" pots are
sell-supporting, we found it necessary
to stake nearly every plant. If staking
is done in the proper manner, how
ever, it does not adversely affect the
appearance of the plants.

In schedule 3, 4" pots and no long
clays were used with the objective of
producing a small, attractive plant in
a short time with little fuss. Data
was not presented because of wide
variations in quality of plants, num
ber of flowers, shoots, and height
despite the fact that they were all
under the same treatment. In gen
eral, there were many lopsided plants
with few flowers. Even nicely shaped
plants had no more than 6 or 7
flowers. It appeared that Reiger be
gonias are best grown in 5" or 6" pots
with a minimum of 3 weeks of long
days. Flower display in particular suf
fered with small plants.

SUMMARY

Experiment II

A minimum of 3 weeks of long
days, 65-68°F minimum night tem
perature during the long-day cycle
and 5-6" pots are best for growing
Rieger begonias ('Schwabenland
Orange', 'S. Red', and 'Krefield
Orange'). Weekly fertilization with
200 ppm nitrogen and the use of 4
hours of supplementary incandescent
light or sub-irrigation plus Osmoeote
18-6-12 and with either 4 or 8 hours
of light gave the most consistent re
sults. Effects of temperature and ir
rigation interactions are still uncer
tain and more experiments should be
tried along this line, particularly sub-
irrigation at 65-68°F.
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ANNETTE HEGG
WAS ALWAYS

A LOGICAL CHOICE.

NOW IT'S
A BRILLIANT SELECTION.

Annette Hegg—dependable, long-lasting,
strong-rooted, easy-to-grow. Popular with
customers, profitable for growers. A very logical
choice. But now there's a new red sport, the
Annette Hegg Supreme. It's everything the other
Heggs are, plus it is incredibly brilliant—
especially under fluorescent lights."Which makes
it an even more logical choice.

PAUL ECKE
POINSETTIAS
Encinitas, California
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GO WEST!
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CONVENTION
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