and 1 pint; and Pipron-Parnon at 4 ounces
each. Four ounces of B-1956 spreader
sticker per 100 gallons of water were used in
all plots. Sisthane treatments were applied
approximately every 14 days and were done
on May 13 and 27 and June 10. Pipron-
Parnon treatments were applied ap-
proximately every 7 days and were done on
May 13, 20, and 27 and June 3, 10, 17, and

24. Plots were sprayed with a handgun at
200 psi, using a John Bean piston pump
sprayer. Results are shown in table 5.
Sisthane used at 1 or 2 quarts applied every
14 days was significantly better for control
of powdery mildew of rose than the stand-
ard Pipron-Parnon sprayed every 7 days.
Sisthane at 1 pint sprayed every 14 days
gave intermediate control.

Stem lesion of Easter lilies —
a complex disease

John Bald O John Lenz O Albert O. Paulus

very year, lesions appear on the
E stems of field-grown Easter lilies; but
the serious effects of the disease known as
“‘stem lesion’” are very erratic. The lesions
are most frequently superficial and one-
sided, and reduce yield and quality very
slightly or not at all. In some seasons and
in some fields the lesions deepen and ex-
pand around the stem, interfering with
transport of nutrients and reducing the
yield and quality of the bulbs. Conditions
promoting the intensification of symptoms
are not understood; this fact and the erratic
incidence of the disease in its serious form
make experiments on control of stem lesion
very difficult. Unfortunately, field experi-
ments so far have been done only during
seasons and in fields where the disease has
been evident but has not become serious.

Cause

Stem lesion has been associated with
another symptom, rotting on the tips and
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sides of bulb scales, known as scale tip rot.
The two symptoms may reasonably be con-
sidered due to one disease. The same or-
ganisms have been isolated from both types
of lesion. These are, (1) a fungus, Fusarium
oxysporum, isolates of which can cause
basal rot of lilies, and (2) a bacterium,
Pseudomonas sp. Both organisms have
been isolated many times from single le-
sions. They have also been inoculated to
lilies singly and in combination, causing le-
sions, and have been recovered by subinoc-
ulation.

Inoculation of Fusarium causes different
symptoms according to the severity of the
isolate applied. Some isolates cause surface
yellowing due to penetration between the
surface cells only. Others cause various
types of lesions of bulb stems and roots.
The most severe syndrome is rotting of the
basal plate of the bulb and the bases of
scales, so that the bulb falls apart and the
plant is destroyed.

Darker colored foliage and shortened in-
ternodes were consistently noted in all trials
where CG 64251 was applied.

Albert O. Paulus is Extension Plant Pathologist, UC,
Riverside; Jerry Sodomka is Rose Production Manager,
Niedens Hillside Floral Company, Encinitas, California;
Seward Besemer is Farm Advisor, San Diego County;
and Jerry Nelson is Staff Research Associate, UC,
Riverside.

In a susceptible cultivar, ‘Croft,” inocula-
tion of bulb scales with even a mild isolate
of Fusarium, plus the bacterium, Pseudo-
monas, caused an expanding and destruc-
tive rot. Pseudomonas alone caused defi-
nite but restricted lesions. The combined
damage was much more severe than the
sum of the damage caused singly by each
organism.

Pseudomonas gains entry to the tissues
through wounds and natural openings, but
it seems capable also of unaided entry into
the tips of bulb scales, particularly the
paper-thin tips of young scales. Thus pene-
tration by both Fusarium and Pseudomon-
as may be independent. Each appears capa-
ble of establishing itself in lily bulb tissues
in the soil. There is also sufficient superfi-
cial wounding of bulbs between digging
and planting and sufficient movement and
mixing of bulbs to allow many infections to
occur when bulbs are out of the ground and
in the packing shed.



Opportunities for infection of stems are
more confined. The stem apex is hidden in
the bulb, and the stem is exposed only by
growth of the apex up through the soil
from between the tips of the bulb scales.
Also, the tissues are harder, and not so
easily wounded. Wound inoculations with
Pseudomonas do produce small lesions on
immature stems, and the bacterium may be
recovered by isolation procedures.

Consideration of these and similar obser-
vations suggests that by itself Pseudo-
monas is unlikely to act as a serious patho-
gen on lily stems. However, it has been re-
covered with Fusarium from many severe
stem lesions. From other stem lesions, par-
ticularly when they have not been very
damaging, only Fusarium has been recov-
ered. 1t is assumed, though not fully prov-
en, that the more severe forms of stem le-
sion are due to the combined effects of Fu-
sarium and Pseudomonas. Presumably,
Pseudomonas may enter stem tissues with
Fusarium, and enhance its pathogenicity.

Field experiments with ‘Croft’

During 1959-62 and 1966-68, field trials
were made in northern California with
Easter lilies of the cultivars ‘Croft’ and
‘Ace’ to test various materials as preplant-
ing dips. Some of the fungicides tested were
PCNB, ferbam, folpet, and fenaminosulf
(Dexon and Leson). A bactericidal materi-
al, Agrimycin 100, was also tested. Agri-
mycin 100 was included after evidence ap-
peared that Pseudomonas was involved in
the production of stem and bulb lesions.
Agrimycin 100 was composed of two anti-
biotics, Streptomycin sulfate mixed with a
smaller proportion of oxytetracycline. This
combination is no longer available for use
against plant diseases, and, therefore, the
results with Agrimycin 100 may have no
application in farming practice. They are
recorded here because they and the sup-
porting laboratory and greenhouse work
provide evidence on the nature of stem le-
sion and scale tip rot. This evidence is still
relevant because efforts to find a bacteri-
cide to help control stem lesion are being
renewed.

A 1962 field experiment with ‘Croft’
lilies failed to show any significant reduc-
tion of scale tip rot symptoms from dipping
with the fungicides applied, or with various
combinations of these fungicides. Treat-
ment with Agrimycin 100 alone, or in the
presence of PCNB and ferbam, gave reduc-
tions of scale tip rot that were almost statis-
tically significant.

Greenhouse and laboratory work with
bulbs from the field trial gave information
that influenced diagnosis and evaluation of
scale tip rot. Culturing from many slightly

damaged scale tips gave more colonies of
soil inhabiting fungi of the genera Chaeto-
mium, Alternaria, Trichoderma and
others, than of Fusarium and Pseudo-
monas. Apparently, slight damage to scale
tips and penetration of damaged tissues by
soil fungi had been confused with early
stages of lesions due to the Fusarium-Pseu-
domonas complex. In later estimates of
scale tip rot, bulb scales with slightly dam-
aged tips were classified as healthy.

Trials with ‘Ace’

Agrimycin 100 was tested again in field
and greenhouse experiments during 1966-68
with the cultivar ‘Ace.” By then ‘Ace’ had
become the dominant cultivar of Easter
lily. ‘Ace’ bulblet stocks from two growers
were dipped (pretreated) in the standard
PCNB-ferbam mixture. One grower had
also hot-water treated the bulblets. Both
provided equivalent samples of bulblets for
the trial that were not pretreated. An early
and a final harvest of bulbs gave a variety
of data on yield and disease incidence. The
final harvest provided bulbs for a forcing
trial in the greenhouse, and for a second
field trial during 1967-68.

During 1966-67, Agrimycin 100 was test-
ed at two concentrations, 100 and 200 parts
per million of the combined antibiotic.
Also Bordeaux mixture at 10-10-100 was
tried as a dip on the premise that it would
kill bacteria as well as fungi. Like Agrimy-
cin 100, it was applied both to untreated
and pretreated bulblets. It was quite effec-
tive, but was deleted from the 1967-68 trial
because it depressed growth and yield. Also
deleted was the treatment with Agrimycin
100, at 100 ppm. The number of treatments
was made the same as in the first trial by
dipping half of each remaining lot of bulbs
a second time in Agrimycin 100, at 200
ppm, and leaving half untreated.

In both field trials, Agrimycin 100
caused a consistent and statistically signifi-
cant reduction in bulb scale lesions, includ-
ing scale tip rot. The effects on stem lesions
were more complex. These are illustrated in

Percentages of Easter Lily Stems with
Lesions. Final Harvest from a Field Trial,

1966-67.°
Not
pretreated Pretreated

Check 44.4 29
Agrimycin 100

(100 ppm) 34.3 29
Agrimycin 100

{200 ppm) 19.3 3.0
Bordeaux

mixture

(10-10-100) 11.8 3.1

* Treatments were a preplanting fungicidal dip
with PCNB-ferbam (pretreatment) followed by
the bactericide, Agrimycin 100, or Bordeaux
mixture used as a bactericide.

the table by the final harvest results from
the 1966-67 field trial. Results from the
first harvest were similar. Numbers of
stems with visible lesions were reduced by
the fungicidal pretreatments to about 3 per-
cent. On the bulb stocks without pretreat-
ment there was a decrease of stems with le-
sions from 48 percent of those growing
from untreated bulbs, through 34 and 19
percent of stems from Agromycin 100
treatments, to 11 percent of those from
bulbs treated only with Bordeaux mixture.
The decrease from 48 to 19 percent, due
presumably to the bactericidal action of
Agrimycin 100, was statistically signifi-
cant. Bordeaux apparently acted as both
fungicide and bactericide.

These results are consistent with the abil-
ity of Pseudomonas to become established
in bulb tissue and its probable dependence
on Fusarium for establishment in stems. If
establishment of Pseudomonas on stems
without Fusarium is rare, recognizable
stem lesions will be few when the Fusarium
component is repressed by a fungicidal dip.
If the expansion of incipient or inconspicu-
ous Fusarium lesions to visible size is en-
couraged by association with Pseudo-
monas, recognizable lesions will be reduced
progressively as a bactericide reduces the
Pseudomonas population. If there is no
bactericidal treatment, aresidue of
Pseudomonas is always likely to remain in
the bulb, and ultimately, with the aid of
what Fusarium remains, infect the stems.
This explanation of the results is consistent
with the results of laboratory and green-
house experiments.

Conclusions

In this series of trials, Agrimycin 100 had
no effect on bulb weight or yield. Stem le-
sions were relatively superficial and appar-
ently had no effect on the passage of nutri-
ents either from the roots to foliage or
from foliage to bulbs and bulblets. On the
other hand, dipping in PCNB-ferbam (pre-
treatment) increased bulb weight signifi-
cantly during both seasons, although it was
applied only once, before the first trial was
planted.

If Pseudomonas on Easter lilies can be
checked cheaply and conveniently by add-
ing to or altering the bulb dip, the unpre-
dictable but occasionally severe effects of
stem lesion may be contained. Hence the
continued search for an effective bacteri-
cidal dip for lily bulbs.

John Bald is Professor, Emeritus, Plant Pathology De-
partment, Albert Paulus is Extension Plant Patholo-
gist, both from UC, Riverside; John Lenz is Farm Ad-
visor, Humboldt and Del Norte counties.
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