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Four-inch Geraniums of high quality can be produced from stem cuttings in a
comparable period of time. T - terminal cutting; S - single eye stem cutting;
D - double eye stem cutting. (See story on Geranium Research at Penn State.)
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GERANIUM RESEARCH

AT PENN STATE
Darell E. Walker

Head, Department of Horticulture
Penn State University

The Agricultural Experiment Station of The Penn
sylvania State University is supporting an extensive
research program on the many phases of geranium
production and breeding. The floriculture and plant
breeding .sections of the Department of Horticulture
.are collaborating with the Department of Entomology
and the Department of Plant Pathology to study the
cultural aspects including methods of propagation,
.soil mixes, watering methods, nutrition and disease
and insect control as well as varietal improvement
through genetics and breeding.

This research may be cited as an example of how
much more can be accomplished when several scien
tists with different but related specialties work to
gether than any one working alone. The work de
scribed here is the combined efforts of Dr. J. W. Mas-
talerz and Dr. J. W. White in floriculture; Dr. J. Tam-
men and Mr. J. F. Knauss in plant pathology; Dr.
R. J. Snetsinger in entomology; Dr. R. Craig, Mr.
W. W. Knicely and Dr. D. E. Walker in plant breed
ing.

Pennsylvania feels a definite responsibility to do
this work since it produces almost ten per cent of the
40 million geranium plants produced annually in the
United States. Sales of these plants make a significant
contribution to the economy of the state. These sta
tistics refer to plants of the genus Pelargonium, com
monly called geraniums, and are not to be confused
with the large genus Geranium which has representa
tives distributed over many parts of the world. Fur
ther, most geraniums in commerce are included under
Pelargonium hortorum, the common zonal geranium.
However, the Regal or Martha Washington types,
Pelargonium domesticum, are also important. There
are several of somewhat lesser commercial significance
such as the ivy-leaved, the scented and the miscel
laneous dwarf and variegated-leaf types.

The production of high quality plants depends
upon several factors: means of propagation; optimum
treatment; disease and insect control; and good varie
ties. The program at Penn State covers all of these
phases and will be discussed in that order.

PROPAGATION FROM CUTTINGS

At present, the principal method of propagating
geraniums commercially is asexually or by cuttings,

Presented at
19th American Horticultural Congress and published in

American Horticultural Magazine.

however a discussion of geranmms from seed will fol
low later. The qLiality and quantity of cuttings avail
able is clearly dependent upon the mother or stock
plants used in propagation. In asexual propagation,
the cuttings produce plants exactly like the parent
plant with few exceptions. It follows that if a poor
quality stock plant is chosen, the offspring will also
be inferior, therefore vigorous plants that are true to
type, apparently free from disease, free flowering,
early blooming and of good habit should be chosen
for this purpose. After a good parent plant is selected,
the quality and quantity of cuttings available depends
upon culture of the stock plants.

Dr. John Mastalerz has done considerable re
search on the culture and handling of stock plants and
from this can make several recommendations. He has

shown that a loose soil mixture composed of 3 parts
silt loam, 1 part peat and 1 part perlite or other coarse
aggregates such as sand or vermiculite is an excellent
growing medium. He recommends sphagnum peats
but agrees that local peats, pine and hemlock barks or
redwood sawdust can be substituted. Stock plants
should be grown in one-half bushel baskets and they
should be fertilized with three pounds of 20-20-20
fertilzer in 100 gallons of water applied once a week
during the spring and summer with a reduction to
once every three weeks during the winter. There are
a lew slowly available fertilizers that can be substi
tuted for the 20-20-20. Two of these are urea-formal
dehyde and the coated fertilizers. The former is an
organic fertilizer and the latter are regular chemical
fertilizers covered witha plastic coating which controls
the rate of release of the chemicals. Since both types
are released slowly, sufficient amounts can be mixed
with the compost before planting to eliminate the need
for further feeding. Adequate water should be sup
plied at all times to prevent undue hardening of the
plants which in turn will result in a reduction of the
number of cuttings.

Two distinct systems are available for handling
stock plants. The conventional method, used for many
years, is one in which the plants are pinched one or
more times to induce branching and the terminal
cuttings are harvested at regular intervals. These ter
minal cuttings are rooted and they in turn may be
topped to produce additional cuttings. The stock
plants are usually maintained one or two years. A
more recent system has been developed and uses a
single-stem, tree-type stock plant. The rooted cutting
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or young plants to be used as stock plants are planted
in the baskets. The top of the plant is not pinched
and the main stem is trained to grow upright by tying
it to a stake. The side shoots that develop are pinched
regularly to produce a large number of cuttings which
arc accumulated on the plant. It may be necessary to
remove some of the larger leaves to permit air circu
lation and provide more light for shoot development.
When cuttings are required, the entire plant is cut up
into terminal and stem cuttings to produce a large
number of plants at one time. Stem cuttings produce
plants of a quality equal to those from terminal cut
tings. (See cover photo.) Dr. Mastalerz recommends
that a stem cutting contain two nodes or eyes and care
should be taken to avoid an eye that has produced a
flower because it won't break after rooting. Too close
spacing of stock plants causes thinner growth and thus
lower quality cuttings.

Dr. Mastalerz has found that the quality and
quantity of cuttings from the two methods of handling
stock plants are equal. It may be necessary to use
slightly more space and light and less water when
rooting stem cuttings to guard against botrytis infec
tion at the cut end which is exposed.

TREE GERANIUMS

An interesting by-product of this type of stock
culture can result from a partial harvesting of the
cuttings. If only the lateral shoots are harvested from
the elongated stem and a few are left at the top a
very interesting tree-type geranium of considerable
ornamental value will result. Such a plant is two to
three feet tall and when planted in a large container
is very attractive for use on a patio. It may be desir
able to pinch the shoots at the top to induce more
branching. It blooms constantly and, as is the case
with all geraniums, grows quite well even when ne
glected.

WATER AND FERTILIZER

The work of Dr. John White had dealt more spe
cifically with the culture of the rooted cuttings and
the production of high quality plants. He has worked
extensively with automatic watering systems. The
plastic tube system with various methods of control
ling the time of watering has been tested. Fertilizers
can also be applied through this system. With gerani
ums a daily watering controlled by a time clock has
been proven very satisfactory. Results indicate that
the same optimum conditions for growing stock plants
applies to rooted cuttings. Good soil mixes, ample
water and fertilizer, high light intensity and good
varieties are all important in production.

The addition of carbon dioxide to the atmosphere
has been shown to enhance the growth and improve
the quality of flowers of several greenhouse crops and
geraniums are no exception.

Dr. Mastalerz and Dr. White suggest that with
the proper combination of the environmental factors
— soil mixture, water, fertilized, temperature, light,

carbon dioxide, and disease and insect control — and
good varieties, production time for finished plants can
be reduced from 14 to IS weeks now required to
about 10 weeks.

CULTURED CUTTINGS

Geraniums are susceptible to several diseases
which can be extremely devastating under certain
environmental conditions. One of these is Bacterial
Stem Rot and Leaf Spot or Bacterial Blight caused by
the bacterium Xanthomonas pelargonii. Bacterial
blight is a systemic disease which means that the bac
teria are carried in the plant tissues and there may or
may not be any visible expression of the disease.
Symptoms are particularly suppressed during periods
of cool weather. Since most propagation is done dur
ing the cooler months of the year, it is difficult or
impossible to select only healthy cuttings and the
pathogen is propagated with the cutting.

Control of bacterial blight can be achieved by
the use of pathogen-free plants propagated from cul
ture-indexed cuttings. Dr. James Tammen has applied
culture-indexing to geraniums and has provided sev
eral cultivars of bacterial-free geraniums to be used
commercially. Culture-indexing is the laboratory test
ing of thin slices of stem tissue for the presence or
absence of the bacteria. Each cutting is tested indi
vidually and if one is found to be free of the organism,
this cutting is used to provide a plant in a nucleus
block of disease free plants. These plants are given
special treatment to prevent the reinfection of the
plant because these plants are in no way resistant to
the disease. Increases from these plants eventually
provide sufficient cuttings for use by growers. At
regular intervals, the plants in the nucleus block are
again culture-indexed to maintain the freedom from
the disease.

Culture-indexing also frees the plants of other
root rot organisms including the black leg fungus but
offers no control of virus diseases which are present
in most cultivars. Tomato ringspot is the main virus
in P. Iiortorum. Dr. Tammen is currently adapting the
heat treatment method of eliminating viruses which
has been successfully applied to chrysanthemums and
carnations. The infected plants are grown three to
four weeks in a growth chamber at alternating tem
peratures of 95°F at night and 105° during the day.
They are grown under constant fertilization with 2,-
000-3,000 foot candles of light at the leaf surfaces.
Short growing tips about one fourth inch long are
taken from the treated plants and rooted on an arti
ficial medium containing growth substances. Plants
resulting are then tested on tobacco to determine if
they are virus free. This is a very tedious process
with only about two to eight per cent success. As new
techniques are developed, it is hoped that greater
success may be attained.

Culture-indexing and heat treatment to produce

(Continued on page 6)
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3. Can the costly operation of watering be done
quickly and efficiently?

4. Can the material be depended upon to carry
a small hold-over of nutrients for continued
plant growth between fertilizer applications?

5. In the event of excess salts, is the drainage
sufficient to induce leaching?

6. Is the mixture one that will hold the plant in
top condition when the retailer has it on his
shelf?

7. Will the mixture hold moisture enough to keep
a plant turgid and growing during a sunny
day when other work loads demand your at
tention?

8. Can you trust your labor force with the mix
on days that you must be away?

COMMON SENSE MIXTURE

Read the above eight suggested requirements of
a soil mix and then add your own specific require
ments. After all of that is accomplished, you can make
an intelligent decision to suit your own management
conditions. There are always a few "Don'ls" that
must be considered.

DON'TS IN SOIL MIXTURES

1. Don't use straight field soils.
2. Don't use field soils with only peat or local

humus added.

3. Don't add dry fertilizer before transplanting
to mixtures containing high soil content.

4. Don't add manures or chemical fertilizers in
large quantities to any soil mix before trans
planting.

5. Don't use any mixture that doesn't include a
liberal portion of drainage material.

6. Don't become sold on soil additives which
have not been proven to do the job you re
quire of them.

PENN STATE FLORICULTURAL

RECOMMENDATIONS

The Pennsylvania State University Floriculture
Extension and Research Staff recommends that the

base soil you have available should determine what
additives are needed to make a good plant growing
mixture.

If your base soil is a sandy loam, yoii can grow
well in a 2 part soil, 1 part peat and 1 part perlite mix.
In fact, you might get by with a 3-1-1 mix but only
if the sand ingredient of your soil is coarse.

If your base soil is silt and clay or clay (as so
many soils are), you will need a 1-1-1 mix.

The important factor is always drainage. If you
don't get water in the top and out the bottom, you
will have management problems every day.

Yoli can add fertilizer to any mix, but removing
the excess fertilizers without a well drained porous
mixture is very difficult.

WAGNER, VICE PRESIDENT

of J. L DILLON, INC

Arnold B. Wagner

Arnold B. Wagner has been named Vice President
of J. L. Dillon, Inc., Bloomsburg, Pa., growers and
wholesalers of flowers with 230,000 square feet of glass
greenhouses, 100,000 square feet of plastic green
houses, and 12 acres of outside clothhouse production.

Mr. Wagner has been production superintendent
of the Dillon firm since his employment 23 years ago.
His earlier experience included employment with the
McLellan greenhouses near San Francisco and Am-
ling's greenhouses near Chicago. The principal flower
crops grown at Dillon's include roses, chrysanthe
mums, carnations, chrysanthemum pompons, pot
mums, and poinsettias. The firm was established in
1875.

B.A. Degree in Mathematics from Culver-Stock
ton College, Canton, Missouri.

M.Sc. Degree in Horticulture from Ohio State
University, ColumbLis, Ohio.

Member of several Honorary Societies: Pi Alpha
Xi, Floriculture; Phi Epsilon Phi, Bontanical; Gamma
Sigma Delta, AgricLilture; and Society of Sigma Xi,
Research.

Member of Ohio Florists Association, Member of
Pennsylvania Flower Growers, President of Pennsyl
vania Growers 1959-1961; at present time, Secretary
of Penn State Horticultural Council.
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GERANIUMS AT PENN STATE-

(Continued from page 2)

pathogen-free plants is proving to be extremely valu
able to geranium growers but as indicated above,
plants so produced are not resistant to the disease
organism and thus every precaution must be taken to
prevent reinfection. In addition, the initial culture-
indexing and heat treatment require special equip
ment and highly trained personnel and thus is an ex
pensive procedure.

BREEDING GERANIUMS

For these reasons, the plant breeder has an ex
cellent opportunity to make a contribution. The plant
breeder immediately has two lines of approach open
to him, namely, the breeding of cultivars resistant to
bacterial blight, and secondly, the development of true
breeding lines which can be propagated from seed
and used as open pollinated types or as parents of
hybrids.

In order to breed disease resistance into existing
cultivars, it is necessary to locate a source of genetic-
resistance. This may be foLind within the species
Pelargonium hortorum or in other species. If it is
found within the species, the hybridization necessary
to incorporate resistance should be relatively easy.
However, if it is found in P. domesticum or certain
other species, it may be difficult to make the cross or
if the cross is successfully made, the hybrid may be
sterile and thus preclude further progress. Failure of
the cross may be due to genetic causes or to chromo
some differences between the species to be used as
parents. This indicates the need to undertake two
further lines of investigation. One is to search for a
source of resistance and the other is to establish the
cytogenetic relationships between the species and cul
tivars.

Mr. James Knauss, who earned his M.S. degree
in plant pathology while working with Dr. James
Tammen, applied the technique of screening plants
for resistance and susceptibility to bacterial blight. A
uniform, highly pathogenic isolate of the bacteria
causing the disease was selected. This isolate was
used to innoculate the plants and the reaction within
the plant was used as a measure of resistance or sus
ceptibility. With this technique several species and
cultivars were assayed and it was found that tested
plants fell within the complete range of highly resist
ant to highly susceptible. Only relatively few of the
possible types were tested, thus it will be necessary
to apply this technique much more extensively in the
search for a source of resistance.

At the same time that the search for resistant
types was being made, Mr. Walter Knicely, a Master
of Science candidate in plant breeding, was determin
ing chromosome numbers in many of the cultivars and
species. The results of his studies have confirmed

previously reported chromosome numbers and have
provided counts of several new species and cultivars.
From these determinations it should be possible to
more accurately judge the feasibility of making inter-
cultiver and interspecific crosses. By correlating the
results of the pathological and cytological studies, it
will be possible to set up systematically a hybridiza
tion program that might provide a means for trans
ferring genetic resistance into existing cultivars.

The breeding of disease resistant lines under opti
mum conditions takes several years. A quicker meth
od to obtain results would be to develop true-breeding
lines and hybrids which are not necessarily resistant
but can be reproduced from seed. Plant pathologists
report that bacterial and fungal diseases are not trans
mitted through seed and that it unlikely that many
viruses are carried from generation to generation
through seeds. Therefore, reproduction from seeds
would provide pathogen-free plants more easily than
culture-indexing.

GERANIUMS FROM SEED

Dr. Richard Craig, then a candidate for the Mas
ter of Science degree in plant breeding began work
on this problem. Several Pelargonium hortorum cul
tivars were chosen because of their desirable horticul

tural qualities and a program of inbreeding was be
gun. Several inbred lines were developed that differed
from each other in flower color, flower doubleness,
leaf zoning, earliness of flowering, branching habit
and many other characters. A surprising amount of
uniformity was observed after only a few generations
of inbreeding.

Within a relatively short period of time Mr. Craig
observed one inbred line that showed considerable

promise. This line had single, dark red flowers and
foliage with a dark red zone. In addition, it showed
uniformity of habit and flowering time. After testing
in several parts of the country it was decided to name
it and release it through Agricultural Experiment Sta
tion. Thus 'Nittany Lion Red', the first true breeding
geranium line reproducable from seed, will be avail
able to the public in 1965.

In the meantime, several other inbred lines are
being observed and hybrid combinations are being
tested. Within a few years it is expected that several
lines displaying different flower colors and with semi-
double flowers will be available. Further it is likely
that, as in many other flower and vegetable crops, the
Fi hybrid will be most desirable.

During the time that it took to develop 'Nittany
Lion Red', Dr. Craig worked on several other related
problems. The most important are seed germination,
culture of seedlings and the inheritance of several
characters.

The geranium seed is about three-sixteenths of an
inch long. When harvested the seed is enclosed in a
husk which is easily removed. The seed coat is shiny
and smooth and very hard. This seed coat is quite
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impermeable to water and as might be expected, un
treated seed exhibit low germination and irregularity
of germination. Several seed treatments were tried
with the result that simple mechanical scarification
was found to be sufficient to allow for almost immedi
ate germination and a germination percentage in ex
cess of 90.

The handling of seedlings has been found to be
quite routine. The seedlings are ready to transplant
in seven to ten days after sowing. A recommended
procedure is to transplant the germinated seedlings
into 21//' peat pots with later repotting into 4" clay
pots. Dr. Craig and Dr. John White have determined
that the culture of seedlings is essentially no different
from that for rooted cuttings. It is necessary to fer
tilize the seedlings as soon as they are transplanted to
the peat pots. Their recommendation is to incorpor
ate coated fertilizer in the soil and supplement this
with liquid fertilizer (20-20-20) at each watering using
a rate of 8 oz. per 100gallons of water. Automatically
watering once a day using plastic tubes in each pot
has proven very satisfactory. High levels of fertiliza
tion had no effect on the earliness of flowering on the
number of flowers per plant. This is contrasted to a
delay in flowering of seedlings grown dry and at low
fertility levels. Differences between lines were also
noted.

The length of time from sowing to flowering is
important and has been found to differ becaLise of
both genetic and environmental factors. In addition to
optimum levels of water and fertilizer, Dr. Craig has
found that light intensity is a factor and that a given
amotint of light energy is required for flowering. Thus
in the summer months when light intensities are high,
plants will flower in a shorter luimber of days than in
the winter. Selection for earliness is probably the most
important factor. Under similar conditions, some
plants have been observed to flower in as few as 60-
65 days while others require much longer periods with
an average of 85-90 days during the spring and sum
mer months. With selection for earliness and the prop
er cultural practices, geraniums grown from seed will
compare favorably with rooted cuttings as regards
time required to flower.

A vital part of any breeding program is an un
derstanding of the inheritance of the important plant
characteristics. For his doctoral thesis, Dr. Craig
studied the inheritance of flower color, flower type,
leaf zoning, and stigma color. Those results have not
been published but he found three genes were respon
sible for the flower colors of seven genotypes studied.
He found a relationship between flower color, stigma
color and red color in the zones of the leaves. He
also described three types of leaf zones — zoneless,
green zoned and red zoned — and proposed geno
types for each. It appears that flower type is deter
mined by one gene with no dominance. An interesting
observation was made regarding insect resistance. A
few mite infected plants were found in segregating

population. Dr. Robert Snetsinger studied these plants
and discovered that segregation for mite resistance
was occurring.

Much more work remains to be done concerning
the genetics, cytology, and breeding of geraniums but
enough has been done to clearly indicate that growing
geraniums from seed will be routine in the near future
and may replace the cutting method of production.
This will become a reality as soon as the plant breed
ers have time to develop lines and hybrids with the
range of flower colors and with the different flower
types now found in existing cultivars.

It can be seen that the research program at Penn
State is quite comprehensive. The study of the meth
ods of handling stock plants for asexual propagation
and the determination of the best practice for pro
ducing finished plants provides valuable information
to the grower on how he can produce top quality
plants in a minimum of time and thus at a lower cost.
No mention has been made of the investigations con
cerning control of insects and diseases, but research
is being carried out in these areas also. New fungi
cides and insecticides are constantly being tested as
well as the methods of application.

The production of pathogen-free plants from cul
ture indexing has already been proven to be extremely
valuable to the geranium grower. If virus-free types
can also be produced, an even greater contribution
will be made.

In a very short period of time the breeding pro
gram has shown the feasibility of producing geraniums
from seed.

In conclusion, it might be stated again that a co
operative effort such as the geranium program at Penn
State can make valuable contributions to the art and
science of horticulture.

AFRICAN VIOLET SOCIETY

SUPPORTS DR. SNETSINGER'S

RESEARCH ON INSECT PEST

A pest that resembles a tiny white pebble and
attacks the roots of African violet plants is under study
by Robert J. Snetsinger, assistant professor of entom
ology, at Penn State. The African Violet Society of
America has provided a grant of $500 for support of
the research.

Dr. Snetsinger's purpose is to develop a program
of control and prevention through insecticides and to
study the biology of the pest. It has appeared in the
eastern part of the United States only during the past
two or three years, he explains, and was first described
as a species only about five years ago.
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PENNSYLVANIA BUSINESS

IN BRIEF
Penn State Bureau of Business Research

Business activity paused in October in both the
nation and Pennsylvania. The average factory work
week in this State was a little shorter than in Septem
ber, manufacturing employment was a little lower,
and coal production was less than usual for the month.
Contract construction, although it expanded, did not
make quite the gain expected. The steel industry,
however, remained very active and output was higher
in October than in September in both the nation and
Pennsylvania. Auto industry labor disputes were
mainly responsible for the national slowdown in busi
ness generally, but their effects on Pennsylvania busi
ness conditions were difficult to measure.

EMPLOYMENT

Total employment in the nation was lower because
of the strikes; but in Pennsylvania the shifts were no
greater than seasonal shifts.

Manufacturing employment fell back only frac
tionally from the September level. That was the first
time since 1960 that enough improvement was shown
to equal the 1957-59 average level. Strike effects
showed up more in local areas than in the State, and
were especially evident in the fabricated metals sector
of manufacturing in Philadelphia and Pittsburgh.

Nonmanufacturing employment was a little better
in October than in September. The shifts in employ
ment in the various industry groups were small, but
with two exceptions. Federal Government employ
ment has been declining steadily for several months,
apart from plans to close certain military installations
in this State. In October, Federal employment reached
the lowest level since December 1963. State and local
government employment, on the other hand, has been
rising. In October the gain was just enough to top
the previous record made in May. Most other non-
manufacturing industry groups remained steady at
high level.

Estimates of the Pennsylvania Department of La
bor and Industry for mid-October put the percentage

"PETERS FERTILIZERS"

A complete line of soluble and long-life fertilizer for
mulas specially designed for the commercial grower and
manufactured by ROBERT B. PETERS CO., INC., the

trade's leading commercial soil test laboratory. Drop a

card for complete price list and your free brochure,
"The Peters System Of Soil Fertility Control."

ROBERT B. PETERS CO., INC.

2833 Pennsylvania Street Allentown, Penna.

of unemployment in Pennsylvania below the percent
age for the nation for the first time. The seasonally
adjusted rate for the State was 4.9 per cent; for the
nation, 5.2 per cent.

The shortening of the factory workweek was
slightly more than generally occurs this month. Pay
rolls also eased off. They have remained virtually at
peak for three months, after rising rapidly earlier this
year.

PRODUCTION

Pennsylvania in October had the largest steel out
put for any month in more than foLir years, with
2,815,068 net tons. For the accumulated 1964 tonnage
through the end of October, the corresponding annual
rate was very little short of the 30 million mark.

Both soft coal production and freight carloadings
fell back somewhat from the sharp gains made in
September; but under the stimulus of continued steel
production they remained higher than in earlier
months. Hard coal production continued to decline,
as warm weather continued well into the fall.

FINANCE

The seasonally adjusted volume of checkbook
spending, as measured by deductions from checking
accounts, once more resumed its upward trend after
remaining stationary for two months. The aggregate
of balances at the end of the month in demand de
posit accounts was smaller than the exceptionally large
September aggregate, but larger than any other
time deposits increased modestly to a new peak.
Bank loans also peaked after rising sharply all year.

SALES

Department store sales were strong, although the
Third Federal Reserve District and metropolitan
Philadelphia were disappointing. In five of the eight
areas of Pennsylvania for which records are available,
all-time highs were reached or regained, and a sixth
area was nearly at peak.

Sales of new passenger cars and trucks in Septem
ber made the best record in several months — they
were far stronger than is Lisual for the month. Sales-
in September were not affected by the auto strikes.

For The
Discriminating
Grower

Complete Catalogs on Request

IMPORTERS - DISTRIBUTORS - JOBBERS

SEEDS - FLORIST SUPPLIES

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

Phone: ELmwood 7-9200 - Area Code 215
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