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Easter Lily
Production

Pointers
SOILS:

• Use a porus, well-drained soil—
such as Y& soil, % peat, Ys 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)

Prospects For Biological Control

of Fusarium Roseum 'Culmorum'

On Carnation

Alan H. Michael and Paul E. Nelson

Former Graduate Assistant and Professor

Department of Plant Pathology
The Pennsylvania State University

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 Atlantic 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 httle 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 days 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 the 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 F
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'
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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



THE ANATOMY OF RESISTANT

AND SUSCEPTABLE PELARGONIUM

SPECIES INFECTED WITH THE

BACTERIAL BLIGHT ORGANISM

Paul E. Nelson and S. H. Wainwright

Professor and former Graduate Assistant
Department of Plant Pathology

The Pennsylvania State University

Bacterial blight of Pelargonium
species caused by the bacterium,
Xanthomonas pelargonii, is recognized
as one of the most important diseases
of florist's geranium, Pelargonium X
hortorum, in the USA. This wilt
pathogen gets into the water-conduct
ing tissues of the plant and is spread
primarily in cuttings during vegeta
tive propagation. As symptom expres-

^^ sion is suppressed under the cool con
ditions prevailing at propagation,
many symptomless infected plants
may be produced and sold. In warm
weather, symptom expression occurs
and many of these apparently healthy
plants may suddenly wilt and die.

Knauss and Tammen found a wide
range of resistance to Xanthomonas
pelargonii among 22 species and four
hybrids of Pelargonium. Stem-inocu
lated plants fell into three distinct
groups: highly resistant, intermediate
resistance or susceptibility, and highly
susceptible. Examples of each group
are P. X domesticum, highly resistant;
P. graveolens, intermediate resistance
or susceptibility; and P. peltatum
highly susceptible. The pathogen was
found to persist in root-inoculated,
symptomless plants of P. X domesti
cum maintained for 66 days under
conditions optimum for disease de
velopment. Although highly resistant,
this species cannot be considered im
mune as reported earlier by Mun-
necke. Thus several Pelargonium spe
cies possess significant resistance to

^, X. pelargonii, but none of the culti-
vars of the highly desirable P. X hor
torum are resistant. All attempts to

incorporate disease resistance into P.
X hortorum have failed. This report
summarizes the results of a project
designed to determine whether ana
tomical differences exist in resistance
and susceptible Pelargonium species,
and to study the differences between
the reaction of resistant and suscep
tible Pelargonium species to infection
by X. pelargonii.

Isolates of X. pelargonii were ob
tained from diseased geranium plants
from several areas of Pennsylvania.
The isolates were tested for patho
genicity on P. X hortorum 'Improved
Ricard.' The most virulent isolate was
selected for use in this study. Plants
were inoculated by injecting a small
amount of a suspension of bacterial
cells in sterile distilled water into the
plant stem. Sterile distilled water was
injected into stems of check plants.

Pelargonium X hortorum Improved
Ricard' (Susceptible), P. radens 'Dr.
Livingston' (moderately resistant), P.
fulgidum 'Brilliant' (moderately resist
ant), P. graveolens 'Rober's Lemon
Rose' (resistant), and P. acerifolium
(resistant) were used in this study.
All plants were derived from culture-
indexed stock plants. Cuttings were
rooted under intermittent mist in BR-
8 blocks and potted in steam-treated
1:1:1 peat, perlite, soil mix in 5-inch
clay pots. Greenhouse temperatures
were maintained at about 70 F (day
and night) in order to get rapid di
sease development, but temperatures
were higher in the summer, about 70
to 85 F.

Inoculated plants were sampled be
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fore and during symptom appearance.
Branches to be sampled were re
moved, the leaves cut off, and the
branch surface sterilized in a 15%
clorox solution. Branches were cut in
to short pieces and alternate pieces
fixed for sectioning and the remain
ing pieces were cultured for X. pelar
gonii. Stem pieces adjacent to these
yielding the pathogen were prepared
for sectioning. Check plants were
treated in the same manner.

Stem pieces to be selected were
killed in a fixative and then water
was removed from the tissue with a
series of alcohol solutions and finally
the stem pieces were immersed in
melted paraffin. After the paraffin
hardened the stem pieces were
mounted in an instrument called a
microtome and very thin sections cut.
These sections were mounted on a
microscope slide, stained with ap
propriate dyes and observed under
the microscope. In this way bacteria
can be observed in the cells of the
stem and their effect on these cells can
be studied.

In a susceptible plant such as P. X
hortorum 'Improved Ricard' the bac
terium was detected initially in the
stem as a mass of cells in one or more
of the water-conducting elements of
the plant (Fig. 1). The bacteria oc
curred in long strands which extended
up and down the water-conducting
tissue of the stem. Later the bacteria
move into the tissue surrounding the
water-conducting tissue and begin to
form what is called the bacterial

(Continued on page 8)



RESISTANCE TO

BACTERIAL BLIGHT

(Continued from page 7)

pocket (Fig. 2, 3). The bacterial pock
et initiates large scale destruction of
plant tissue by the pathogen. Gradual
ly the bacteria invade more tissue
until external stem lesions are visible
(Fig. 4). The progression of disease
development in stems of P. X hor
torum from the blocking of a few
water-eonducting vessels (Fig. 1) to
the initiation of pocket formation
(Fig. 2, 3) to the development of ex
ternally visible lesions (Fig. 4) and
collapse of most or all stem tissues is
characteristic of this disease.

The moderately resistant and res
istant species responded similarly to
infection as did P. X hortorum, but
differed in the degree of development
of the pathogen. The bacteria moved
both above and below the point of
inoculation in these plants and could
be isolated from all inoculated plants
during the course of the experiment.
The response of resistant plants was
characterized by the limited establish
ment and multiplication of the bac
teria in the water-conducting tissues
of the plant and by reduced lateral
spread and pocket formation of the
pathogens (Fig. 5, 6).

Thus, we can see that there is some
factor in moderately resistant and
resistant Pelargonium species that al
lows only for limited multiplication
and development of X. pelargonii in
these plants. The bacteria remain alive
but are not able to destroy tissue as
they do in susceptible species. The
factors that enable the plants to re
strict bacterial growth and activity
are not known at present. We do
know that these plants contain sub
stances called tannins. It has been
shown that these compounds may in
hibit the growth of bacteria and the
action of some enzymes. In the Pelar
gonium species infected with X. pel
argonii, inhibition of bacteria by tan
nins could account for the inability
of the bacteria to become established
and spread in resistant plants. Tan
nin-induced enzyme inhibition could
account for the lack of lateral spread
and tissue breakdown. A more de
tailed study on the nature of the sub-
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Fig. 1-4. 1) Stem section of Pelagonium X hortorum infected with Xanthomonas
pelargonii showing several vascular bundles (arrows) displaying infected water-conducting
elements. 2) Continued development of X. pelargonii within die stem and the initiation of
pocket formation (arrow). 3) Close-up of a portion of the stem shown in Fig. 2. showing
the early development of the bacterial pocket (arrow). 4) Stem section showing collapse of
invaded tissues in a section of the stem. The collapsed tissues are visible as the external stem
lesion.

stances involved and their effect on
the pathogen is necessary before defi
nite conclusions can be drawn.
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Fig. 5-6. 5) Stem section of Pelargonium radens 'Dr. Livingston', a moderately re
sistant species, showing several vascular bundles (arrows) displaying infected water-conduct
ing elements. 6) Close-up of an infected vascular bundle showing a few infected water-
conducting elements (arrows) and no further development of the bacterium.

News From S.A.F.
CHRYSANTHEMUMS

FOUND NOT GUILTY

The Lancet, a British medical jour
nal, recently carried a frightening ar
ticle advising the public not to send
flowers to hospital patients . . . the
flowers could keep them from getting
well.

The article emphasized that mums
carry bacteria that can keep wounds
from healing and make antibiotics
less effective.

The article also warned nurses
against handling mums which could
contaminate the hands.

A Berkeley, California, research
group was credited as the source of
the information that bacteria on mum
flowers may be harmful to human
beings.

The Lancet article was widely re
printed in leading American news
papers and florists across the nation
reported this serious P. O. problem
to the Florist Information Committee
of the Society of American Florists.

FIC sprung into action by first un
dertaking an investigation to identify
the Berkeley, California, research
group responsible for release of the
shocking research information indict
ing chrysanthemums.

Simultaneously, the Florist Infor
mation Committee contacted SAF's
counterpart in England, the British

EASTER LILY

PRODUCTION POINTERS
(Continued from page 1)

liquid feed (per 100 gallons of ir-
^" rigation water)

1. Emergence to mid-February
A. Constant Fertilization:

(mix your own)
5 oz. ammonium sulfate

10 oz. calcium nitrate

(Commercial mix)
18 oz. 15-0-15, or 16-4-12,

or 15-15-15

B. Weekly Fertilization:
Double the rate given for con
stant fertilization.

2. Mid-February to mid-March
Constant Fertilization:

(mix your own)
8 oz. potassium nitrate
8 oz. calcium nitrate

(Commercial mix)
18 oz. 15-0-15, or 16-4-12,

or 15-15-15

slow release: 8 oz. 14-14-14 slow
release type fertilizer,0 plus y2 liquid
fertilizer program listed above.
REGULATION OF HEIGHT:

Reduction in Height — (1) Apply
* growth regulator A-Rest (ancymidol,

0.0264%) when plants are 4 to 6 inches

tall if height control is needed. (2)
Pull black cloth from 4 p.m. and re
move at 8 a.m. starting January 1 and
discontinuing February 1.

Increase in Height — (1) Use mum
lights from 10 p.m. to 2 a.m. starting
January 1 and discontinuing Febru
ary 1. Intermittent (flash lighting) or
lower light intensities of 1 watt per
square foot of bench area are also ef
fective. Lights can be left on from
sun down to sun up for greater effect.
(2) Use of automatic watering will in
crease height as compared to hand
watered crops.

For The
Discerning
Grower

ALL THE BEST AND LATEST

SEEDS FOR POT PLANT GROWERS
Write for 1974 Catalog

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

Phone: ELmwood 7-9200 - Area Code 215
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awcr Industry Association, to ascev-
ta what action they were instituting
offset the harmful effects the Lan-

t article would have on the British
wer industry, and to seek their aid
attempting to learn from the edi-

rial staff of the medical journals
io the people were that conducted
5 research on mums which led to
blishing the article.
FIC learned that Dr. Milton N.
Iiroth, Professor of Plant Pathology
d Assistant Dean for Research, at
\ University of California, had con-
cted research work in the univer-
/'s laboratories on certain orna-
ntal plants such as chrysanthe-
ms, African violets, and petunias
determine bacterial populations

eudomonas aeruginosa) in the soil
1foliage of these plants,
n discussing the matter with FIC
ector Howard Anderson, Professor
iroth reported that he was shocked
I incensed to learn that a former
lent in his department, who vvith-
authority, took advantage of his

lartment, as well as Lancet maga-
J, in writing a letter in part based
work conducted in his laboratory,
rofessor Schroth further stated

most regrettable, however, was
misleading commentary on his

•ratory report, on which the Lan-
article condemning mums was

•d.

rofessor Schroth disclaimed all
onsibility for the misleading ar-

detrimental to mums that ap
ed in the magazine. He has writ-
and forwarded to the editorial
B of Lancet a report contradict-
thc unfortunate and misleading
mation contained in their recent
Ie on mums. He lias also re-
ted the editor of the magazine to
ish Iiis letter of perspective on
is in an early issue of the maza-

which should correct the in-
y to which the innocuous and
y mums have already been pub-
subjected.

ifessor Schroth informed FIC Di-
r Anderson that he had also
3ii an article, with appropriate
S, which he has requested the
it Information Committee of SAF
istribute to various media for
cation.

(Continued from page 1)
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