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In the past few years reports have been published
(N.Y.S.F.G. Bui. 145) on how factors such as light and
temperature can be used to hasten the maturity of snap
dragons. These reports gave an indication of a period or
stage in the growth of a snapdragon that was most respon
sive to treatment with little or no effect on the final flower

quality. However, these reports did not consider the com
bined effects of daylength and temperature; nor was there
any significant uniformity in observations or collection of
data that would allow a possible identification of the
period or periods most responsive to these treatments.
Because of this an experiment was designed to observe
the effect of both daylength and temperature on the vari
ous stages of flowering. The stages considered were flower
bud initiation (observed microscopically), first visible
bud, first floret opening and harvest.

The following procedure was used in this experiment.
Seeds of the variety Jackpot were sown at about 2 week
intervals (January 5, 1959, January 15, 1959, February 2,
1959, February 13, 1959 and February 27, 1959) for 5
sowings and germinated under mist at 60° F nights. When
the seeds had germinated (cotyledons just starting to un
fold) the seed pans were placed in greenhouse compart
ments at constant temperatures of 40, 50, 60 and 70° F
and under daylengths of 9 (short day) and 18 hour (long
day). The 9 hour day was obtained with 9 hours of nat
ural light and 15 hours under black cloth. The 18 hour
day was obtained by 9 hours of natural light plus 9 hours
of artificial light (incandescent at 10-25 f.c). When the
seedlings reached the 4-6 leaf stage they were pricked into
3" plastic pots and on reaching approximately the 8 leaf
stage stem tips were taken every 5 days to determine
flower bud initiation using a microscopic technique. In
addition to the four stages mentioned above observations
were made on stem length, spike length, number of florets,
weight and leaf number.

This work showed that flower bud initiation responds
to photoperiod. There was an indication that the subse
quent stages of flowering (first visible bud, first floret
opening and harvest) did not respond to photoperiod but
further work must be done to substandate this point. In
Table 1 it may be seen that the number of days from
germination to harvest was greater at the 9 hour day-
length than the 18 hour daylength. In this same table it
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Fusarium Stem Rot
of Carnations

Paul E. Nelson

Department of Plant Pathology
Cornell Ornamentals Research Laboratory

Farmingdale, Long Island

The Fusarium stem rot disease of carnation has become

increasingly important in New York during the past few
years. It is not a new disease but the damage caused by it
has been more readily recognized since the use of mother
blocks and clean planting stock have given satisfactory
control of the vascular wilt diseases.

Fusarium stem rot is caused by the fungus, Fusarium
roseum, and is a separate and distinct disease from
Fusarium wilt, caused by Fusarium oxysporum f. dianthi.
F. roseum attacks the outer portion of the stem while F.
oxysporum f. dianthi enters the plant through the root tips
and grows throughout the water conducting tissue of the
plant. F. roseum may attack the carnation plant at all
stages of its growth but it usually causes the most damage
to cuttings during propagation and to young rooted cut-
lings when they are benched. The disease is particularly
favored by conditions of excessive soil moisture, high
humidity and deep planting of young rooted cuttings. On
Long Island the disease often causes a great deal of injury
during late winter and early spring when soil in the
benches fails to dry out properly and remains excessively
moist for extended periods of time.

Symptoms of Stem Rot.

Unrooted cuttings may be attacked as soon as they are
stuck in the propagation bench. The fungus attacks the
cutting causing reddish brown lesions and rotting at the
base. Sometimes the entire base of the cutting is rotted, as
shown in Figure 1, or in other cases the lesions may form
only on one side of the stem with roots forming on the
opposite side. In many cases the lesions are too small to
be detected when the cuttings are removed from the prop
agation bench and these are benched as healthy cuttings.
After planting the lesions expand eventually girdling the
stem and causing the young cuttings to wilt and die. In
this way the soil in the bench becomes infested and other
cuttings in the bench may be attacked.

The fungus can cause damage to mature flowering
plants in several ways. One of the most commonly observ
ed is killing back stubs left when flowers are picked or
plants are pinched. The fungus grows down the stub, kill
ing it, and then into the main stem or side break. It may
girdle the main stem or side break causing the branch to
wilt and die, thus cutting the productivity of the plant. It
may also attack the stems of mature plants at the soil
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level, girdling the stem and causing the plant to wilt and
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Figure 1. Healthy rooted carnation cuttings on the left and
those attacked liy Fusarium roseum on the right showing rotting
of the entire liases.

Work in Other States.

Most of the work on control of Fusarium stem rot of
carnation has been done by Dr. Ralph Baker and his stu
dents at Colorado Stale University. The results of their
work with fungicide sprays and dips and drenches have
recently been published (1.2). Since spores of the fungus
are carried on the surface of cuttings, they tested a num
ber of chemicals as sprays applied to mother blocks in an
attempt to kill these spores. They concluded that of the
commercial compounds available, Captan (orthocide,
Captan 50-W) merited recommendation as a spray for
carnation mother blocks (I). They also tested a number
ol chemicals as dips and drenches and found that, Pano-
drench i and Ferbam were effective in controlling the dis
ease. Although clips and drenches were effective in con
trolling the disease, sprays were just as effective and were
easier to apply. They suggest that the use of dips and
drenches be confined to situations where sprays are not
feasible, for example, when cuttings for propagation are
derived from cut flower stems (2). Other work in Cali
fornia has confirmed the effectiveness of Pano-drench 4
as a culling dip and soil drench in control of the disease
(3).

Current Recommendations.

A successful control program against this disease con
sists of several steps, none of which can be ignored or
slighted. The first and probably the most important rec
ommendation is to spray the mother blocks regularly and
to be certain that the mother block plants arc adequately
sprayed just before cuttings are taken. A protective coat
ing of the proper fungicide will help protect cuttings from
injury caused byr F. roseum during propagation. Under
New York conditions mother blocks should be sprayed
every 14 days during the winter months and every 7 to 10
days during the summer months. Throughoul the year

spray one time with Zineb (Parzate, Dilhane Z-78, Ortho-
Zineb, Thiodan-Powder) at the rale of ~\\/-> to 2 pounds
per 100 gallons of water and the following week use Cap
tan (Orthocide, Captan 50-W) at the rale of 2 pounds
per 100 gallons of water. A wetting agent should be in
cluded in each spray. Alternate spraying with these 2
materials is recommended for the following reasons.
Zineb is recommended to control Allernaria Ieafspot and
branch rot (Allernaria dianthi) and rust (Uromyces
caryophyllinus). Captan is recommended to kill any
spores of F. roseum that may be on the surface of the
plant parts, especially on cuttings that may be taken for
propagation. Therefore il would be best to apply the Cap
tan spray just before cuttings are taken.

Cutting dips are not recommended under any condi
tions in New York because of the presence of bacterial
will of carnation (Pseudomonas caryophylli). As long as
this disease is present, even in small amounts, dips are
dangerous since the bacteria from one infected cutting
can infect many healthy cuttings during the dipping pro
cess. Recent results in California have shown the danger
involved in cutting dips. Workers there found that the
bacterial wilt organism was able to pass from infected cut
tings to healthy cuttings during the dip treatment in Pan-
ogen 15. Consequently they recommended that cutting
dips be discontinued in any ranges with a previous his
tory of bacterial will (4). Since most carnation ranges in
New York State have had bacterial will trouble at one

time or another cutting dips are not recommended.
A sterilized rooting medium must be used throughout

the propagating operation. This means that the rooting
medium must be sterilized after each group of cuttings is
rooted. Failure to do so may result in extensive losses
from stem rot for the following reason. Often the first
group of cuttings will show only a small amount of loss
from stem rot. However, failure to steam before the next
group of cuttings is rooted allows the fungus to multiply
and build up to a level where losses in the second group
may be extremely high.

Drenches applied to cuttings immediately after they
have been stuck have shown some promise. More work
musl be done on this phase of the program before spe
cific recommendations can be made. However, both Pano-
drench 4 and Ferbam (Fermate, Karbam, Nu-Leaf Black.
Ferradow) may be tried experimentally. Pano-drench I
should be used at the manufacturers recommendations

and Ferbam at the rale of 2 level tablespoons per gallon
of water. Apply one gallon of either of ihe above materials
to every 2 lo 3 square feel of the propagating medium.

When rooted cuttings are removed from the propaga
tion bench they should be carefully examined for any
lesions at the base. Any cuttings showing such lesions or
evidence of poor rooting should be discarded. Two weeks
after benching drench with 1 pound of Captan per 100
gallons of water, using this lo cover 400 square feet of
bench area. This may be applied with the recommended
drench of Terraclor. This treatment will aid in prevent
ing reinfestation of the soil by F. roseum and help pre
vent spread of the fungus in the bench from infected cut-
lings to healthy cuttings. If the disease appears at a later
date Pano-drench may be used as a spot: treatment at the
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How is Your Spraying
Technique?*

J. A. Naegele, B. M. Glancey and H. Aller
Department of Entomology

Cornell University

Periodically the acaracide used in the spray program
failed to provide adequate control yet on other occasions
it provided excellent control. As far as could be deter
mined the spray operation was carried on the same way on
all occasions and no noticeable climatic conditions could
be pinned down as the blameworthy cause of the difficulty.
The situation resulted in a more careful look at spraying
operations with particular reference to distribution and
coverage of the spray. To do this we incorporated a fluo
rescent powder in the spray mixture without the knowl
edge of the men that were spraying. After the spray had
dried leaf samples were collected from the bottom,middle,
and top of the sprayed plants. These samples were exam
ined under ultra violet light where the spray deposit fluo-
resed providing a graphic picture of the coverage and
distribution of the spray. A leaf demonstrating "minimum
acceptable coverage" was then chosen to serve as a stand
ard and all the other leaves were then compared to this
standard. The data thus obtained are presented in table 1
as the per cent of leaves demonstrating acceptable cover
age. Both the upper and lower surface of the plants were
thus evaluated. As can be seen in table 1 not all the leaves
were adequately covered particularly in house B-9-E (Bet
ter Times) on the lower leaf surface, bottom of the plant.
This is even more dramatically seen in house B-3-W (Gar-
nett) where the coverage on the middle and bottom of the
plants was totally inadequate. The difference in coverage
between these two houses is mostly varietal but is also due
to personnel and equipment. In order to determine the

Table 1. Spray Coverage on Two Rose Benches Treated with
Fluorescent Powder. A. N. Pierson Co., Cromwell,
Connecticut.*1 1959.

House and Bench

% Leaves with Adequate Coverage

Upper Surface Lower Surface

B9E—bench 6—top 53
B9E—bench 6—center 48
B9E—bench 6—bottom 47

B3W—bench 1—top 70
B3W—bench 1—center .1
B3W—bench 1—bottom .1
a Courtesy of the A. N. Pierson Co.

66
48

26

77

.1

.05

coverage variability due to equipment we tested several
nozzles on one variety of plants with one man doing all
the spraying. The leaves were examined in the same man
ner as before and the data presented in table 2. While
these data must be interpreted as applying particularly to
one variety of a given age they do demonstrate some start
ling differences between nozzles. The differences between
these nozzles was not obvious when the spraying operation

* Reprinted from "Current Status of Resistant Red Spider Stud
ies at Cornell University." A Report to Roses Inc., September
1959.

Table 2. Percentage of Dubonett Leaves Demonstrating Ade
quate Coverage When Sprayed with Various Nozzles.
A. N. Pierson Co., Cromwell, Connecticut.51 1959

Leaf Surface

Location on Plant

Nozzle Top Bottom

Foggitt Upper 92 92
Lower 92 69

Twin
(No. 4 disc) Upper 100 92

Lower 83 46
Hardie "Carwash"
(No. 4 disc) Upper 0 20

Lower 46 10

No. 6 disc Upper 36 80
Lower 72 53

n Courtesy of the A. N. Pierson Co.

was in progress. It is interesting to notice that the nozzles
that produced the best coverage are also designed to pro
vide the most breakup particularly the "Fogg-itt."

It seems apparent then that an important ingredient in
control failure is the equipment and technique used in
spraying. Consequently, time spent in evaluating equip
ment and personnel concerned with the spraying opera
tion is time well spent.

Carnations (Continued from page 2)
manufacturers recommendation. This will prevent further
spread of the fungus in the bench but will not save plants
already infected.

Strict sanitation measures are also a part of this pro
gram. Splashing of water and soil should be kept to a
minimum during watering. Care should be taken to see
that contaminated soil is not introduced into the steamed
soil in the benches on dirty tools or on workers hands and
feet. These precautions are just as essential to a successful
control program as the recommended sprays and soil
drenches.

Summary.
The most important step in controlling Fusarium stem

rot is to spray mother blocks regularly. This is a preven
tative spray program and is designed to provide cuttings
with a protective fungicidal coating when they are taken
for propagation. Dips and drenches during propagation
are stop-gap measures and should not be necessary if the
proper spray program is followed. The drench applied
after young rooted cuttings are planted is also a preven
tive measure designed to help prevent reinfection of the
steamed soil by F. roseum. Remember prevention is the
key to success in this program. Don't wait until you can
see damage from stem rot to begin your control program.
By then you are already too late.
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