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Pointers
SOILS:

0 Use a poms, well-drained soil—
such as Y3 soil, % peat, % perlite.

* Add dolomitic limestone to pro
duce pH of 6.6 to 7.2.

° For soils low in phosphorous, add
up to 2 lb. superphosphate per cubic
yard, but do not add to Croft variety.

* Have soil tested for best results.

DRENCH:

Apply at time of planting a drench
using one-half pint per 6-inch pot of
a mixture consisting of 8 oz Dexon
(2.3-dichloro-l,4-naphthoquinone, 35%)
plus 4 oz Terrachlor (Pentachloroni-
trobenzene, 75%) WP/100 gallons of
water. (See Guide to Programmed Di
sease Control of Easter Lilies.)

TEMPERATURE:

Grow at 60°F. (No temperature
above 70°F. until after January 31.)

LIGHTING:

If there is some question about pre-
cooling that bulbs have recived,
then lighting for 2 weeks starting
when shoots emerge may also help
assure adequate precooling effect at
15- to 30-foot candles from 10 p.m.
to 3 a.m. Lights can be left on from
sun down to sun up.

FERTILIZER:

Start fertilizing when plants
emerge. Soil test results are best guide
to use in selecting a proper program.
Alternative Program for Fertilization

(Continued on page 9)
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One of the intriguing aspects of
plant disease control is biological con
trol or the use of one organism to in
hibit or control another. With in
creased restrictions on pesticide use,
this area of research is becoming more
important and receiving more atten
tion. This report gives the results of
a study designed to control Fusarium
stem rot of carnation with bacteria
isolated from soil. This project was
supported in part by funds from the
Pennsylvania Department of Agricul
ture (Act 159-Harness Racing Fund),
The Middle Adantic Carnation Grow
ers, and the Pennsylvania Flower
Growers (Dillon Research Fund) and
was carried out in conjunction with
the aerated steam project.

Fusarium roseum 'Culmorum*
causes a basal stem rot of carnation
cuttings during propagation (Fig. 1).
Antagonistic microorganisms have
been tested as a means of controlling
F. roseum and other plant pathogens.
Several workers reported that micro
organisms which adversely affect the
growth of plant pathogens may func
tion in plant disease control. Antagon

istic microorganisms have been used
to control Fusarium stem and root rots
of cereals and damping-off seedlings.
Since relatively little work has been
reported on the use of antagonistic
microorganisms to reduce the stem
rot disease of carnation cuttings
caused by F. roseum 'Culmorum', we
1) examined soils for naturally occur
ring antagonistic microorganisms; 2)
tested these soil microorganisms for
antagonism to F. roseum 'Culmorum'
in laboratory culture; 3) tested the
antagonistic microorganisms's ability
to reduce the devolpment of stem les
ions on unrooted carnation cuttings;
and 4) determined whether the anta
gonistic microorganisms remained ac
tive against the pathogen when intro
duced into carnation cuttings.

Soil dilution plates were prepared
utilizing 39 field soils to obtain and
screen antagonistic microorganisms. A
suspension of spores of F. roseum
'Culmorum' was atomized on the agar
surface of the soil dilution plates. The
isolate of F. roseum 'Culmorum' used
throughout this study was obtained
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from a plant of Laddie Sim carnation.

If zones of inhibition occurred with
in 14 days (Fig. 2), bacteria from
colonies within the zones were re
moved and cultured. Zones were
either large, with a distinct margin
and with little fungus growth entering
the clear zone or small, without a dis
tinct margin and with fungus growth
entering the clear zone (Fig. 2).

Bacterial isolates that produced
zones of inhibition in soil dilution
plates were streaked on the surface
of agar along a line through the cen
ter of the petri dish and a spore sus
pension of F. roseum 'Culmorum' was
atomized onto the agar surface. Zones
of inhibition were apparent within 3
to 5 days. Rating of the inhibition was
done 14 days after adding the spore
suspension to the plate. A clear zone
(Fig. 3) and a zone containing ab
normal fungus growth (Fig. 4) oc
curred most frequently. Ten bacterial
isolates from five soils were selected
by this procedure for testing on un
rooted carnation cuttings.

Unrooted cuttings of Improved
White Sim were used throughout this
study. Stock plants were started from
culture-indexed cuttings obtained
from Yoder Brothers, Inc., Barberton,
Ohio. A propagation medium consist
ing of 1:1 peat-perlite was placed in
5-inch clay pots, steam-treated, then
kept under intermittent mist. Carna
tion cuttings were removed from stock
plants, and while held under water
were cut with sterile razor blades to
a length of 4 to 5 inches. The cut ends
of the cuttings were placed in beakers
containing a bacterial cell suspension
and kept 24 hr in the greenhouse
under light shade provided by two
layers of cheesecloth.

In test 1, 15 cuttings per bacterial
isolate were treated for 24 hr with the
bacterial cell suspension, then placed
in a propagation medium infested
with the pathogen. The medium was
infested by mixing a suspension of
spores of F. roseum 'Culmorum' in the
rooting medium 7 clays prior to stick
ing the cuttings. In test 2, 15 cuttings
per bacterial isolate were treated with
a bacterial cell suspension for 24 hr
and placed for 15 min into a suspen
sion of spores of F. roseum 'Culmor
um'. The inoculated cuttings were
stuck in a steam- treated rooting med-

Fig. 1-5. 1) Bases of carnation cuttings inoculated with Fusarium roseum 'Culmorum'
showing lesions formed. 2) Portion of a soil dilution plate sprayed with spores of F. roseum
'Culmorum' showing mycelium of die fungus (F), bacterial colonies (B), zone of inhibition
less than 3 mm in diam (S), and zone of inhibition greater than 3 mm in diam (L). 3,4)
Dual culture of isolates of antagonistic bacteria and F. rosemum 'Culmorum' on soil extract
agar showing a zone of inhibition void of mycelial growth (3) and a zone showing abnormal
fungus growth (4). 5) Portion of a plate of soil extract agar with carnation stem sections
from a cutting inoculated 30 days previously with antagonistic bacterial isolate A and
rooted in a medium infested with F. roseum 'Culmorum'. Stem piece (a) is die base of the
cutting and the other letters represent consecutive 5-mm stem pieces up the stem. Stem
pieces (a) to (d) show zones of inhibition causd by antagonistic bacterial isolate A.

ium, five cuttings per 5-inch pot. The
rooting medium was kept at 72±2 I
for both tests. All cuttings were left
in the rooting medium for 30 days,
then removed and observed for les
ions. All cuttings that rooted were
planted in 1:1:1 soil-peat-perlite mix,
and were grown in the greenhouse for
an additional 3 months to observe
them further for disease development.
In test 3, competition between the
bacterial antagonists of F. roseum
'Culmorum' was tested. The rooting
medium was infested with a spore
suspension of F. roseum 'Culmorum'

— 2 —

and a cell suspension of the selected
bacterial antagonist. The infested
rooting medium was placed under in
termittent mist for 7 days; then five
freshly cut, untreated, unrooted car
nation cuttings were inserted into the
rooting medium in each pot.

In each of the three tests, the cut
tings were rated and assigned a nu
merical value (disease rating) based
on the scale: 1= no basal lesions and
cuttings well rooted; 2 = no basal
lesions and cuttings not rooted; 3 =
basal lesions present.

Cuttings soaked in cell suspensions



of several antagonistic bacteria or in
sterile distilled water (controls) and
rooted in a medium infested with F.
roseum 'Culmorum' were selected 1,
10, 20, and 30 days after treatment,
surface disinfested with a Clorox solu
tion and sectioned into short pieces.
Alternate sections were placed on soil
extract agar and the others on a med
ium suitable for growth of Fusarium.
A water suspension of spores of F.
roseum 'Culmorum' was atomized on
to the surface of the soil extract agar
plates 24 hr later. The plates were
observed for inhibition zones around
the stem pieces after 5 to 7 days.

These tests provided a means of
screening potential bacterial antagon
ists in unrooted cuttings (Fig. 6).
Soaking the cut ends of unrooted oar-
nation cuttings in cell suspensions of
the bacterial antagonists apparently
did not affect the rooting of cuttings
except in a few oases where brown
streaks occurred in the lower stem tis
sue after 30 days and persisted for the
additional 3 month period in which
the cuttings were observed. In test 1
(Fig. 6-A), isolate A was effective in
reducing the number of inoculated
cuttings that exhibited basal lesions,
but in test 2 (Fig. 6-B) was less ef
fective. The performance of the other
bacterial isolates was erratic (Fig. 6).
Cuttings which were free of stem les
ions and well rooted at planting time
continued to grow and flower normal
ly during a 3-month growing period,
whereas cuttings that were poorly
rooted or had lesions rotted during
this time.

In test 3, none of the bacterial iso
lates reduced the number of inocul
ated cuttings that developed lesions
on the base of the stem. Isolate A,
which performed effectively in tests
1 and 2 ,was ineffective in this test
(Fig. 6-C).

Zones of inhibition occurred around
stem pieces sectioned from the lower
portion of a carnation stem (Fig. 5).
In almost all cases, the zones associ
ated with the inoculated stem pieces
were similar to zones produced by the
antagonists in culture (Fig. 3). Inhi
bition zones surrounding pieces of cut
tings were present 1, 10, 20 ,and 30
days after treatment, indicating that
the antagonistic bacteria were present
during the entire propagation period.
The height on the cutting at which
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ANTAGONISTIC BACTERIAL ISOLATES

Fig. 6. Results of the propagation of
unrooted carnation cuttings. Cuttings were
inoculated with antagonistic bacterial iso
lates by soaking the base of the cuttings in
a cell suspension for 24 hr. All readings
were made 30 days after the cuttings were
placed in the rooting medium. A) Cuttings
inoculated with the antagonistic bacterial
isolates and placed in a rooting medium in
fested with Fusarium roseum 'Culmorum'.
B) Cuttings inoculated with antagonistic
bacterial isolates and immediately placed
in a conidial suspension of F. roseum 'Cul
morum' then into a steam-treated rooting
medium. C) Rooting medium simultaneously
infested with the selected antagonistic bac
terial isolate and F. roseum 'Culmorum' 7
days prior to placing cuttings in the rooting
medium. The disease rating used was 1 =
no macroscopic basal lesions present and
cuttings well rooted; 2 = no macroscopic
basal lesions present and cuttings not root
ed; 3 = macroscopic basal lesions present.
No R-72 was the noninoculated check and
+ R-72 was the inoculated check.

the antagonistic effect was associated
with a stem section varied but aver
aged % inch from the cutting base
and often occurred as high as 1%
inches. In all tests involving the patho
gen and the bacterial antagonists, the
pathogen was isolated from cuttings
whether or not there was any reduc
tion in the number of diseased plants.

Bacterial isolate A produced clear,
distinct zones of inhibition on agar
plates and reduced the number of
carnation cuttings with stem rot symp
toms. Some preliminary tests indicate
that this bacterium belongs to the
general group called Pseudomonads
which are common in soil.

This study indicates that some bac
teria which occur naturally in soil
can restrict the growth of F. roseum
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'Culmorum' in culture. Selected bac
terial isolates may reduce the amount
of Fusarium stem rot that develops
on carnation cuttings in propagation
benches. In test 1, the bacteria were
inside the cutting or on the cut sur
face at the base of the cutting prior
to the time the cuttings were placed
in the infested rooting medium. The
antagonistic bacteria may spread
throughout the interior of the basal
portion of the cutting and, by pro
ducing an antibiotic, inhibit growth
of the fungus. Some bacterial isolates
effectively reduced the number of
diseased plants, and may provide a
possible method of control of the
Fusarium stem rot disease of carna
tion. Although the results are promis
ing, more work is necessary before
this method of control can be con
sidered on a commercial scale.
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"PETERS FERTILIZERS"

A complete line of soluble and long-
life fertilizer formulas specially de
signed for the commercial grower and
manufactured by

ROBERT B. PETERS CO., INC.

the trade's leading commercial soil
test laboratory. Drop a card for com
plete price list and your free bro

chure, "The Peters System Of Soil

Fertility Control."

ROBERT B. PETERS CO., INC.

2833 Penna. St. Allentown, Pa.



USING A GREENHOUSE
FOR SELLING

Ransom Blakeley

Allen Hammer

Philip Carpenter

Reprinted from Purdue Univ. Focus on Floriculture

has been a shot of technology. For the
retail bedding plant industry, the
plastic greenhouse could be a real
shot in the arm. After all, every dis
count house in the country can put
bedding plants out on the asphalt in
front of their store and sell them,
"Three for a dollar." But these dis
count houses are not going to put up
a good plastic houseso that the plants
won't be whipped by the wind, or ex
posed to excessive cold; and they
aren't going to be able to utilize this
facility year around.

Its not enough to have the bits and
pieces of technology available. Some
body has to fit these together into a
system which works, physically, and
economically. This is what we're at
tempting with the concept of a "sales
greenhouse."

System Objective
Of course the objective of trying to

sell plants from a greenhouse is to
increase sales. But just as the growth
of a plant can be limited by the lack
of any one of several essential factors,
such as fertility, water, light, etc., so
can sales be limited by one or more
factors; and a substantial increase in
sales will not occur unless all factors
related to the sale are favorable for
the customer. It should be "easy" for
the customer to decide what to buy,
to handle the purchase from display
table to planting site, and to success
fully grow the plant, so she will want
to buy again. It is time for the in
dustry to be looked upon by consum
ers as "professional plantsmen." Only
you can project that image!

Thus we need a system for dis
playing the plants which eliminates
sales bottlenecks. This means we need
to provide:
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Limitations of Conventional
Greenhouses

The idea of selling from a green
house is not new. It has undoubted
appeal to both customers and retail
ers. But the limitations of conven
tional greenhouse design largely pre
clude its successful use as a selling
tool. Some of the objections to the
conventional production greenhouse
as a sales area are:

1. Aisles are too narrow to permit
customer circulation, let alone
the use of shopping carts, or
materials handling equipment by
the proprietor.

2. Plastic greenhouses of the single
layer type tend to drop conden
sation on customers.

3. Many are excessively hot due to
inadequate provision for natural
air flow or forced ventilation.

4. Being a production greenhouse,
the benches are typically quite
deep and not easily accessible
to customers.

5. In addition, the walkways tend
to be narrow, causing conges
tion; and with nothing but dirt
or gravel underfoot, customers
may slip or twist an ankle.

6. Low clearances due to steam or
water pipes, or the structure
itself are a potential hazard and
distraction for customers.

No doubt there is considerable ap
peal for customers to go into a green
house to see growing plants. How
ever, as a selling tool, the production
greenhouse just can't handle an ade
quate volume of customers.

Systems Approach Needed
In many industries it seems the dif

ference between a stagnant or dying
industry and a progressive industry

1. Fast restocking to avoid displays
which appear too shopped-over to
encourage sales. This requires a ma
terials handling system which per
mits a number of units to be handled
at one time without a great deal of
rehandling, and an aisle systemwhich
allows easy circulation of whatever
materials handling equipment is used.

2. A system to maintain plants in
saleable condition. Of course, the
plants should sell at a fast enough
rate so they do not become leggy or
deficient in nutrients. However, pro
vision should be made for control
ling light, temperature, water, rela
tive humidity, wind and for fertiliz
ing the plants.

3. Easy customer access to the
plants without interfering with sales
personnel or other customers.

4. Displays which facilitate selec
tion, not only by displaying plant ma
terials attractively, but by providing
information on how bedding plants
may be used, suggestions for attrac
tive color combinations, uses in shady
or sunny location, and tips on how to
plant and care for the plants in order
to assure success.

A number of seed and supply com
panies, provide point-of-sale posters
and hand-out brochures which present
this information quite well. Appar
ently, few retailers are aware of the
availability of these materials, or their
importance to the consumer in provid
ing information which they need to
obtain satisfaction from their pur
chases.

Of course, some clerks should be
available in the sales area to answer
the less common questions, but the
major emphasis should be upon pro
viding customers with commonly de
sired information on a self-service


