
Timing
Weeks to

Development of Plant Easter Date

Buds can be "felt" in tip 7 Feb. 28

Buds just visible (i Mar. 6

Buds 1" long- 5 Mar. 13

Buds 2" long 4 Mar. 20

Buds 3" long- 3 Mar. 27

Buds crooked over 2 Apr. 3
Some buds swollen and white 1 Apr. 10

If you are off the above schedule you should change
the temperatures; if early, lower the temperature; if
late, raise the temperature.

If the lily matures too early it can be moved to a
45 to 50° storage for a period of about 10 days with
out detrimental effects.

RALEIGH GARDEN SHOW—1961

The board of directors for the North Carolina As

sociation of Nurserymen and the North Carolina
Commercial Flower Growers Association recently
held a joint meeting along with officials from the
Fair-grounds to discuss the possibilities of a Spring
Garden Show in Raleigh. Following the very success
ful State Fair exhibit, a garden show in its own right,
which was staged by these associations, enthusiasm
for a large spring show has been very high. However,
due to time limitations and a lack of experienced
know-how in staging a large garden show it was de
cided to forego a 1960 show but to start immediately
on plans for one in 1961.

Correcting Boron Deficiency In Carnations
BY C. A. JACKSON, J. B. GARTNER AND T. F. CANNON,

NORTH CAROLINA STATE COLLEGE, RALEIGH, N. C.

Boron deficient carnations were first recognized at
the Waltham field station of the University of Massa
chusetts late in 1954 and were reported by Mastalerz
et al. (3). They reported that the first apparent symp
tom of boron deficiency in carnation Mowers was a
decrease in the normal petal number, with the de
crease being directly related to the severity of the
deficiency. At a particular stage in calyx development,
some of the cells were injured, causing an epinastic
curve of the bud as a result of boron deficiency. With
severe boron deficiency, the immature buds died,
became straw-brown in color, and papery in texture.
Following the abortion of the flower or terminal bud,
vegetative growth of the axillary shoots developed
normally and usually vigorously until their own
terminal buds died. Occasionally a proliferation of
axillary shoot growth occurred below an aborted bud,
representing the typical witch's broom effect. A
greater number of splits was recorded for boron de
ficient plants as compared to plants receiving ade
quate amounts of boron. This observation was con
firmed by Campbell (1). The appearance of a ring
in the waxy bloom on the calyx usually occurred with
the increased rate of calyx splitting. The development
of a purple leaf tip was determined by Mastalerz
(3) to be a characteristic foliar symptom of boron
deficiency in carnations.

Symptoms similar to those described were observed
in several carnation plantings in North Carolina at
about the same time. It was thought at first that the
witch's broom effect and other symptoms in the carna
tions were caused by virus or some other disease.
Since none of the symptoms were confirmed to be
pathological, it was then thought that a mineral de
ficiency was the cause of the abnormalities which oc
curred in the carnations.

In order to determine the specific deficiency symp
toms of several elements, rooted carnation cuttings

of the variety Sidney Littlefield were potted in
washed quartz sand in plastic containers and fer
tilized with one of six nutrient solutions. The solu

tions used were a complete nutrient solution (Hoag-
land Solution) and solutions deficient in either cal
cium, iron, magnesium, sulfur, or boron. Deminera-
lized water was applied to a check. Daily observa
tions and comparisons were made of the plants. Pro
duction records included the number of flowers

produced, stem length, flower diameter and stem
quality (Table 1).

The plants began to show differences in rate of
growth and appearance within a few weeks after
they were subjected to the various treatments. The
first group of plants to show deficiency symptoms was
the one which was fertilized with a solution deficient
in calcium. These plants developed a chlorotic ap
pearance along the margins of the leaf and small
necrotic spots occurred near the leaf tips. The grow
ing points of the plants died, and the necrotic leaf
spots enlarged until the entire leaf tip became a straw-
brown color. The margins of the leaves became ir
regular and the tips curled backward. The symptoms
continued to become more severe until the entire
plant was killed. These plants produced no flowers.

The plants which were fertilized with a solution
deficient in iron became chlorotic and growth was
stunted appreciably. The leaf tips and young leaves
showed more severe chlorosis than older leaves. As
the deficiency became more severe, the leaf tips be
gan to die. Flower production was low in this treat
ment.

The deficiency of magnesium also caused severe
chlorosis of the plants subjected to that treatment.
Growth was severely stunted, and the plants became
very weak. As the deficiency became more severe, the
leaf tips turned purple and finally began to die. The
flowers produced on these plants were small and of
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very poor quality. The stems were very small and
extremely weak.

The absence of sulfur in the nutrient solution
caused the plants to show some chlorosis and a re
duction in shoot growth. Defoliation was also evident
on the lower parts of the plants. Flower production
was greatly reduced and the flower and stem quality
was very poor.

The plants which were fertilized with a solution
deficient in boron developed many of the same symp
toms which had been described earlier by Mastalerz
et al. (3). A splitting of the leaf at the node and the
growth of the axillary shoot through and below the
leaf was one of the first abnormalities to be observed.
Messing, (4) working in England with sand culture
experiments, reported this as a symptom of boron de
ficiency. However, Mastalerz (2) has indicated that
this symptom is not a reliable indicator of a boron
deficiency, since it does occur in normal plantings.
A purpling of the leaf tips was observed, and as the
deficiency became more severe the leaf tips began to
die. The internodes immediately below the flower bud
were shortened, and the leaves were very brittle.
Many of the flower buds were curved in an epinastic
fashion, causing the flowers to open only on one side.
As the deficiency became more severe, many of the
immature buds died. Following the abortion of the
terminal bud, the axillary shoots developed normally
until their own terminal bud died. This proliferation
of shoot growth below an aborted bud caused a witch's
broom effect to occur. The flowers produced on these
plants were of poor quality and had very short stems.
The petal number was greatly reduced in many of the
(lowers, especially as the deficiency became more
severe.

The plants in the check plot which received de-
mineralized water only, made no new growth and
became very chlorotic.

Table 1. Average number of flowers, stem length, flower
diameter, and stem quality for plants cultured
in sand which received one of seven nutrient

solutions.

AveraKe Average AveraKe AveraKe
Number Stem Flower Stem
Flowers Length Diameter Quality

Solution per plant (in.) (in.) Ratine*

Complete nutrient .'5.66 19.50 2.87 7.45

Minus boron 2.66 17.63 2.48 7.06

Minus iron 2.33 15.11 2.82 7.36

Minus magnesium 2.16 10.08 2.44 2.92

Minus sulfur 1.83 17.64 2.70 5.27

Minus calcium 0.0

Demineralized water 0.0

* Stem quality was rated on a scale of 1 (very weak.) to 10 (very strong).

The results of the sand culture investigation pro
vided very strong evidence that boron deficiency was
the cause of the abnormal carnation flowers and re
duced production which had been observed in North
Carolina. The symptoms observed in the plants which
were fertilized with a solution deficient in boron
seemed to be very similar to those reported by
Mastalerz el al. (3).

Since these orginial observations were made,
boron-deficient flower of carnations have been col

lected from almost every greenhouse in North Caro
lina in which carnations are grown. One grower re
ported a 60% reduction in production because of
boron deficiency.

The deficiency did not occur during the first year
following replacement of the greenhouse soil. During
the second and third year, however, the severity of
the deficiency increased very rapidly. This increase
in severity following the first year after a soil replace
ment has been evident throughout the carnation in
dustry in North Carolina. This may partially be ex
plained by some of the cultural practices which have
been adopted by carnation growers. Steam steriliza
tion, liquid fertilization, and increased production
per square foot may all be contributing to the severity
of the boron deficiency problem. These factors also
help to account for the somewhat sudden appearance
of boron deficiency in carnations throughout the
country.

The modern cultural practices have reduced the
cost of production so much that the growers cannot
discontinue the use of them. It has become necessary,
therefore, to find a source of boron to include in the
carnation fertilization program in order to produce
good quality flowers.

Borax has been recommended by Mastalerz (2) at
the rate of one ounce per one hundred square feet
per year to correct boron deficiency after the symp
toms have been diagnosed. The recommendations
for the use of borax in preventing the problem were
to use one third to one half ounce per one hundred
square feet three times per year. Borax at these rates
has failed to correct the deficiency in North Carolina.
Other sources of boron have been found to have po
tential value in the correction of boron deficiency in
carnations. Some of these materials are "fritted" so

that the boron supply is slowly available to the plants.
The fritted micro-metabolic elements are made from

glass which is ground into a fine powder after the
elements have been incorporated into the contents
of the glass.

In November 1957, an experiment was initiated at
North Carolina State College to study the effect of
different rates of application of five sources of boron
on carnation production. The results of this experi
ment will be reported in the next issue of the N. C.
Flower Grower Bulletin.
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