
19.5 weeks after sowing, only 17% of all
SD plants flowered, whereas 100% of the
LD plants flowered, suggesting that Cras-
pedia is a quantitative LD plant.

There was a concurrent reduction in veg-
etative growth when Craspedia was grown
under LD. LD plants had rosette foliage with
scapes produced from the middle of the
crown. SD plants were bushy, with foliage
growing to the same height as the. secondary
inflorescence grew on the LD plants. Thus,
PP had no effect on total plant height (data
not shown).

As GAF increased, days to bud decreased
and foliage and total plant heights increased
linearly (Table 3). Quadratic and cubic trends
were nonsignificant. GAF did not affect days
to anthesis, number of flowers, total flower
and bud or foliage fresh or dry weight (data
not shown). Therefore, GA3 did not substi-
tute for LD.

LD scape caliper averaged 2.0 ± 0.08
mm SE, and scape length averaged 87 ± 3.3
cm SE and were not affected by GAF (data
not shown). Gibberellin application did not
increase secondary inflorescence size of
Craspedia and caused malformed inflores-
cences by decreasing secondary inflores-
cence width (Table 3).

Craspedia cut-flower production can be
maximized with LD exposure. The number
of flowers was increased and vegetative
growth was minimized. Growing Craspedia
under night-interruption lighting would al-
low closer spacing of the plants in the bed,
improving efficiency. Relative daylength has
influenced morphological development of
other species of the Asteraceae. SD-treated
shasta daisies had different growth habits than
LD-treated plants (Griffin and Carpenter,
1964), and gloriosa daisies had more leaves
(Orvos and Lyons, 1989).

In this study, GA3 application did not im-
prove C. globosa ‘Drumstick’ cut-flower
production by reducing time to harvest or
increasing flower yield, although days to bud
was decreased by ≈6 days and the number
of buds was increased under SD. These re-
sults may be due to GA inducing flower ini-
tiation but not flower development, as was
shown with other Asteraceae species (Evans
and Lyons, 1988; Molder and Owens, 1974;
Sharman et al., 1989).

Applications of GA3 did not affect Cras-
pedia LD scape length and caliper. This dif-
fers from findings for blanket flower that
gibberellin (GA4+7) increased scape length
and decreased scape caliper (Evans and Lyons,
1988), and GA3 increased plant height and
produced spindly stems in cosmos (Molder
and Owens, 1974). Similar to our study,
flower deformities were also evidenced when
GA3 application to cosmos produced a smaller
receptacle, crowding ray flowers (Molder and
Owens, 1974), and GA4+7 reduced flower
diameter of blanket flower (Evans and Lyons,
1988). This response was thought to be due
to GA3 inducing vegetative growth else-
where on the plant, resulting in a deficiency
in the supply of substrate or other necessary
hormones at the floral apex (Molder and
Owens, 1974).
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In this study, gibberellin application did
not alleviate the LD photoperiod requirement
for flowering of SD-treated C. globosa plants.
Gibberellin-induced bolting of LD plants un-
der noninductive SD depends on many fac-
tors, including plant species, maturity status,
the specific GA applied, and the GA con-
centration (Evans and Lyons, 1988). Addi-
tional rates or other gibberellins would need
to be tested to fully determine their effect on
Craspedia flowering.
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Abstract. The Al content was determined in roots, buds, and stems of dormant florists’
hydrangeas [Hydrangea macrophylla subsp. macrophylla var. macrophylla (Thunb.)
‘Mathilda Gutges’ and ‘Brestenburg’] that were or were not treated in the field with
aluminum sulfate. During the greenhouse forcing stage, previously nontreated plants
were subjected to four successive weekly subirrigated applications of aluminum sulfate
totalling 4, 8, 12, or 16 g/pot. Applications were early (weeks 2, 3,4, 5) or late (weeks
6, 7, 8, 9), using the start of forcing as week = 0. The Al contents in stems and buds
of dormant plants were about five to six times higher in field-treated than in nontreated
plants. Roots were the primary location of Al accumulation (≈70%). (≈70%). Aluminum sulfate
applications of 12 to 16 g/pot during greenhouse forcing provided commercially ac-
ceptable blue plants. Maximum foliar Al concentration was 50% higher in early than
in late-treated plants and calculated to occur with 14.5 and 12.2 g aluminum sulfate/
pot for early and late-treated plants, respectively. There was a positive correlation
(r = 0.74) between blueness ranking and the Al foliar concentration of the two up-
permost expanded leaves taken from flowering plants.
Chenery (1937) and Allen (1943) showed
that availability of Al in soil and/or appli-
cation of Al ions to the sepals strongly in-
fluenced the blueing of florists’ hydrangeas.
Robinson and Robinson (1932) showed that
both Al and anthocyanin (delphinidin-3-
monoglucoside) were involved in blueing of
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hydrangea sepals. Takeda et al. (1985) re-
ported that the blueing of hydrangea sepals
was mainly due to the delphinidin-3-gluco-
side-aluminum-3-caffeoylquinic acid com-
plex, with Al serving as the stabilizer.

Florists’ hydrangeas are normally grown
from spring-rooted cuttings in pots placed
outside during the summer (Bailey, 1989).
At the end of summer (August-September),
Al is applied to plants scheduled to be forced
with blue sepals. This is normally done by
manual drenching the substrate two to four
times with aluminum sulfate (AS) at 12 to
20 g-liter-1. Besides the additional labor of
applying the drenches, this decision commits
the field producer to the number of plants to
be forced as blue, since AS-treated plants are
ORTSCIENCE, VOL. 27(10), OCTOBER 1992



Fig. 1. (A) Effect of early (top row) and late (bottom row) applications of aluminum sulfate (4, 8,
12, or 16 g/pot) on blueing of hydrangea ‘Brestenburg’ during the greenhouse forcing stage only.
Treatments 12E and 16E (the two plants in northeast comer) were considered commercially acceptable
(blue) plants. (B) Plant on left was treated in the field only, while control plant was not treated with
aluminum sulfate (0 AS/pot). Neither was considered commercially acceptable (as blue).
difficult to force as true pink (personal ob-
servation). Following cold storage, AS is
further applied during the forcing (green-
house) stage to guarantee the “true” blue of
the flowers.

We found no published reports describing
where Al is stored in the plant and/or its
availability during forcing. Moreover, quan-
titative information is difficult to interpret
due to the method of AS application (over-
head). In this regard, the subirrigation tech-
nique that allows negligible leaching from
the pots (Blom and Piott, 1990) permits a
more quantitative approach to the application
of AS.

This study was initiated to determine: 1)
the distribution of Al in dormant plants pre-
viously treated with AS in the field during
the summer vegetative growth stage; and 2)
whether blue hydrangeas could be produced
by applying AS solely during the greenhouse
forcing stage using subirrigation.
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In early Oct. 1990, AS-treated and non-
treated (control) ‘Mathilda Gutges’ or ‘Bres-
tenburg’ hydrangeas grown in 15-cm-diameter
(l.6-liter) pots from three producers were
defoliated and placed into 4 to 5C dark stor-
age. These producers represented the three
replications of the experiment confounding
the effect of cultivars, as two growers pro-
vided ‘Mathilda Gutges’ and one grower
‘Brestenburg’. Plants field-treated (pre-
forced) by growers received three applica-
tions of AS with overhead irrigation at 15
g·liter -1 during August and September.

In early Dec. 1990, two field-treated and
control plants from each producer were re-
moved from cold storage and divided into
roots, stems, and buds. Roots were washed
extensively to remove substrate particles.
Samples of each plant part were air-dried at
70C, weighed, ground to pass through a 2-
mm mesh screen, and analyzed for total N
by a Kjeldahl method (with copper sulfate
2

as the catalyst) and for Ca, Mg, Fe, Mn, Zn,
and Al by flame emission or atomic absorption
spectrophotometry (Varian SpectrAA-300,
Varian Techtron Pty., Mulgrave, Victoria,
Australia). Aluminum was measured at a
wavelength of 309.3 nm in a nitrous oxide
+ acetylene flame. Aluminum content for
each plant part was calculated by multiplying
dry weight and Al concentration. Acidity (pH)
and soluble salts of the substrate, expressed
as electrical conductivity (EC), also were de-
termined using the pour-through method
(Yeager et al, 1983).

On 15 Jan. 1991, 45 control and five field
AS-treated plants from each replicate were
removed from cold storage (after a total of
9 weeks), completely randomized in groups
of five plants (experimental unit), and placed
in a greenhouse (week 0) on subirrigation
troughs. Two weeks later, all plants were
pruned leaving four shoots per plant. The
control plants were subjected to one of the
following nine treatments: 1) nontreated
controls; 2-5) four early, and 6-9) four late
applications of 4, 8, 12, or 16 g AS/pot. The
early applications of AS were timed during
weeks 2, 3, 4, and 5; the late ones during
weeks 6, 7, 8, and 9. The late timing was
completed before the sepals of the hydran-
geas showed color. For each AS application
(controls received no AS), each plot (five
plants) was transferred from the troughs to a
separate subirrigation tray containing 1 liter
of solution with an AS concentration of 5,
10, 15, or 20 g·liter-l, providing AS doses
of 1, 2, 3, or 4 g/pot at each application for
a four-application cumulative total of 4, 8,
12, or 16 g/pot, respectively. After absorb-
ing the solution, treated plants were returned
to the troughs, and all plants were subirri-
gated with water. On days that AS was not
applied and plants required irrigation, all
plants were subirrigated with a solution at
the following concentration (mM): 7.8 NO-

3

2.4 NH+

4, 1.7 K+, 2.4 Ca2+, and 0.7 Mg2+

with an electrical conductivity of 1.0 to 1.2
mS·cm -1. The heating setpoint in the green-
house was 18/16C (day/night) for the first 2
weeks followed by 18/18C for the remainder
of the forcing period.

At flowering (full color), the degree of
blueness of sepals on plants was judged by
three people, and the plots were given a nu-
merical ranking according to the purity of
the blue pigmentation (lack of pink). The
two uppermost expanded leaves of shoots on
all plants per plot were collected, air-dried,
and analyzed for nutrients as described above.
Substrate samples also were taken and ana-
lyzed using the saturated medium extraction
(SME) method.

Statistical analysis. After cold storage, the
nutrient levels of the plants with and without
field AS applications were subjected to a
factorial analysis of variance (ANOVA) for
each plant part separately, since the Al con-
tent of the different plant parts might be in-
terdependent.

During the forcing stage, the experiment
followed a completely randomized design with
three replicates, four doses of AS per pot,
and two timings, plus a common nontreated



Fig. 2. Effect of aluminum sulfate applied during greenhouse forcing on foliar Al content of florists’
hydrangeas. The regression curves represent early (weeks 2, 3, 4, 5) and late (weeks 6, 7, 8, 9)
applications. Data are means of three replicates of five plants (pooled). R2 = 0.85, SE α = 71.1,
and SEß = 4.3.

Table 1. Tissue analysis of various plant parts of dormant hydrangeas that were treated in the field
with aluminum sulfate.
control. The initial model for the various nu-
trient contents of the foliage was Yijk = µ
+ rk + aiX j + ßiX j

2 + eijk, where Yijk =
the response from the i-th timing (early and
late) at AS concentration j (j = 0, 1, 2, 3,
4), µ represented the mean response without
any AS applications, and rk was the effect
of the producer ( ≈ cultivar). The terms aiXj,
and ßiXj represented a quadratic polynomial
response, respectively, from AS dose (Xo =
0, X1 = 4, X2 = 8, X3 = 12, X4 = 16),
and eijk the random error term. Graphically,
the model represents two curves, one for each
timing, radiating from a common intercept
representing plants that received no AS (Coch-
ran and Cox, 1955). Multivariate ANOVA was
used to determine the error correlation co-
efficient (r) between the foliar Al concentra-
tion and the blueness ranking. Micro-SAS
(SAS Institute Inc., Cary, N.C.) was used
for the analysis.

Preforcing. The Al concentration in the
roots was similar in field-treated and corre-
sponding nontreated plants (Table 1). How-
ever, the Al concentration in buds and stems
in field-treated plants was five to six times
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that of nontreated plants. The reason(s) for
the lack of redistribution of Al ions to the
buds or stems in the control plants, unlike in
the AS-treated plants, is unclear. The sub-
strate pH of AS-treated plants (5.1 ± 0.4)
was lower than that for nontreated plants (6.0
± 0.5) and may have influenced the redis-
tribution of Al within the plant. The source
of Al for the control plants likely was the
vermiculite, perlite, baked clay, or compost
in the producers’ growing substrate. There
appeared to be an antagonistic effect of up-
take between Fe and Al, as the Fe concen-
tration in the roots was lower in AS-treated
than in nontreated plants, but there was no
effect from AS treatment in Fe content in
either bud or stem. The concentrations of the
other elements (N, P, K, Ca, Mg, and Mn)
were not affected in any of the plant parts
by AS treatment (Table 1). Since the dry
weight ratio of roots : buds : stems of dor-
mant plants was ≈3:1:4 (Table 1), the roots
were the primary location (≈70%) of stored
Al, followed in order by stems and buds.
The total amount of Al absorbed per plant
was calculated to be ≈28 and 46 mg for
H

The error correlation between the blueness
ranking and foliar content of Al in the leaves
(data not shown) was r = 0.74 (P = 0.0001).
There were also positive correlations be-
tween Al and Mn (r = 0.71, P = 0.0001)
and Fe (r = 0.52, P = 0.008) in the foliage.
The positive character of the latter two r val-
ues was expected, as AS applications to the
substrate lower the pH, thereby increasing
the availability of Mn and Fe. Similar cor-
relations were also found between Al and
Mn (r = 0.63, P = 0.009) and Al and Fe
(r = 0.84, P = 0.009) on the dormant plants
(data not shown).

Substrate analysis. The pH, EC, Ca, and
Mg levels in the substrate at the time of
flowering were affected by the rate of AS
but not by the timing of its applications (data
not shown). The pH decreased from 6.0 to
4.5, while EC increased from 1.5 to 3.8
mS·cm -l with increasing doses of AS. The
Mg and Ca concentrations increased simi-
larly with the EC. All changes were a direct
result of the acidic reaction and salt content
of AS, respectively, or an indirect result (Ca
and Mg) from a higher solubility in the sub-
strate at lower pH levels. The N, P, and K
concentrations were not affected by AS ap-
plications.

The results of these experiments show that
Al had been absorbed into the roots of dor-
mant plants and partially translocated into
stems and buds in plants treated with AS in
the field at the time of forcing. However,
roots remained the primary location of Al in
dormant, field-treated plants. Commercially
acceptable blue plants were obtained with

nontreated and AS-treated plants, respec-
tively.

Forcing. Increasing the amount of AS ap-
plied during forcing to previously nontreated
plants increased the blueness of the flower
sepals (Fig. 1). Early treated plants were
generally ranked more blue than late-treated
plants (data not shown). Commercially ac-
ceptable blue plants were obtained with 12
and 16 g AS/pot applied early (1.1 and 1.4
g Al, respectively).

Foliar Al content of the flowering plants
showed a quadratic response to both early
and late AS applications (Fig. 2). The initial
slope (linear coefficient) for the early one
was steeper than that of the late one, while
the curvature (quadratic coefficient) was
similar for the two timings. The maximum
Al concentration of the foliage was calcu-
lated to be 14.5 and 12.2 g AS/pot for early
and late timing, respectively. As a conse-
quence, the maximum Al content of leaves
from the early treated plants was higher than
that of the late-treated plants (1960 vs. 1250
ppm, respectively), showing a more favor-
able response from the early applications.
The blueness of field-treated plants receiving
no AS during forcing was intermediate be-
tween those receiving 4 and 8 g AS/pot of
early or late applications. However, the Al
concentration (1460 ppm) was slightly higher
than the maximum level of the late appli-
cations. These results indicate the impor-
tance of the timing of Al availability in relation
to forcing stage.
ORTSCIENCE, VoL.27(10), OCTOBER 1992



AS applications made during the early
greenhouse forcing period using subirriga-
tion. Blueing florists’ hydrangeas required
≈ 12 g AS or 1.1 g Al/pot. Overhead irri-
gation systems would normally require higher
doses, i.e., >20 g AS/1.6-liter pot due to
leaching. These results provide field produc-
ers more flexibility in determining the num-
ber of plants that are to be treated with AS.
Greenhouse forcers will have to apply the
AS at the early stages of growth to allow
uptake and redistribution of Al within the
plant.
HORTSCIENCE 27(10):1087-1088. 1992.
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Abstract. Media and nutrient variables wer
ducing the incidence and severity of fusarium
Schlecht. f. sp. radicis-lycopersici Jarvis & 
current importance with tomato Lycopersic
seedlings were transplanted into trays of a
that had been prepared with factorial com
Ca(NO 3)2 or (NH4)2SO4 (each at 225 mg N/lit
the experimental treatments. Crown rot wa
with (NH4)2SO4, and supplemental NaCI. D
as percentage values relative to the noninoc
disease severity.

Fusarium crown rot of tomato incited by
Fusarium oxysporum f. sp. radicis-lycoper-
sici (FORL) has been a serious problem in
the field in Florida (Jones et al., 1990) and
in the greenhouse and field elsewhere (Bra-
mall and McKeown, 1989; Jarvis and Thorpe,
1980; Vakalounakis, 1988). The develop-
ment of crown rot is quite different from that
of fusarium wilt of tomato. Crown rot de-
composes cortical tissue, while fusarium wilt
invades the vascular system, blocking or in-
hibiting upward movement of water. Fusar-
ium crown rot attacks the crown, roots, and
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hypocotyls of seedlings. Some crown rot
isolates may attack the roots very strongly,
while others are only weak pathogens of roots.
Crown rot has also been referred to as foot
and root rot (Jarvis and Thorpe, 1980).

The seedling culture medium selected for
this research was intentionally very acid (pH
4.0 to 5.7). Our results from previous work
(Jones et al., 1990) show that an acid reac-
tion is essential to clear rapid expression of
the disease. Also, field experience associ-
ated low soil pH with higher levels of se-
verity and incidence of the disease incited by
FORL. Florida pine-palmetto flatwood soils
have an initial pH that is very acid (≈3.8),
and the usual liming procedure does not ad-
just the pH upward quickly and uniformly.
Sampling indicates that acid and moderately
pH-elevated regions are present in the soil.
Spot samples tested in addition to the cus-
tomary samples show that both limed and
unlimed conditions persist in the soil for some
time after liming. Thus, an individual tomato
plant will have some roots in strongly acid
zones while others will be surrounded by re-
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gions of moderately elevated pH. Although
plant growth is satisfactory, nonuniform lim-
ing does not control fusarium diseases. Nor-
mal sampling procedures do not reveal the
range of pH values that exist nor the relative
proportion of the volume that is effectively
limed. Optimally, conduct of research ne-
cessitates quick and uniform production of
the disease at will, which is aided by the use
of an acid medium. Lack of horticulturally
acceptable cultivars with resistance to FORL
accentuates the problem.

Sodium chloride was selected as a variable
because commercial tomato growers and
workers in agricultural fields reported to us
that high soil NaCl was frequently associated
with the development of more severe and
extensive outbreaks of crown rot. Also, Davet
et al. (1966) reported that fusarium wilt of
tomato is aggravated by high NaCl content
of irrigation water. Undesirably elevated soil
NaCl levels are occasionally encountered by
growers of tomatoes in areas of the United
States.

Since earlier research led to a system of
control or reduction in the tomato fusarium
wilt disease (Davet et al., 1966; Woltz and
Jones, 1968, 1973, 1981), we have at-
tempted to apply and extend the findings with
wilt to crown rot (Jones et al., 1990), inas-
much as the two Fusaria are of the same
species.

Two-week-old seedlings of ‘Walter’ to-
mato were root-dip-inoculated in FORL in-
oculum prepared by blending potato glucose
agar cultures in sterile deionized water and
diluting to a final concentration of 5 × 106

spores per milliliter. The root dip also in-
volved crowns and a portion of the hypo-
cotyl. The inoculated seedlings, 15 per
container, were transplanted into 18.5 × 24.5
× 2.5-cm plastic trays containing ≈2 ×
10 -3 m3 of a 1 Canadian peat : 1 vermiculite
mix. The medium was amended with 1.5 kg
of Perk micronutrient mix (Vigoro Indus-
tries, Fairview Heights, Ill.) and 3.0 kg of
single superphosphate per cubic meter. Fac-
torial combinations of powdered CaCO3 (0.75
or 3.0 kg·m-3), solutions of Ca(NO3), or
(NH4)2SO4 (each at 225 mg N/liter), and NaCl
at 0 or 2000 mg Na/liter were employed as
the experimental treatments. Calcium car-
bonate was included in the dry mix while
200 ml of solutions of the N sources and
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