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Summary. A series of crop-specific,
resin-coated, controlled-release ferti-
lizer formulations, including: Sierra
Geranium Mix 13-12-11 Plus Mi-
nors, Sierra Chrysanthemum Mix 12-
10-17 Plus Minors, and Sierra Poin-
settia Mix 12-12-15 Plus Minors
were preplant-incorporated into
Metro Mix 350 growing medium for
the production of potted zonal ger-
aniums, chrysanthemum, and poinset-
tia. Plant growth and foliar nutrition-
al responses were compared to those
obtained from plants produced with a
standard resin-coated, controlled-re-
lease Osmocote formulation (19N-
6P-12K), water-soluble Peters 20N-
10P-20K, and a combination of wa-
ter-soluble and resin-coated treat-
ments. Crops produced with specialty
resin-coated mixes (at recommended
rate = 1x) were equal in growth and
flowering characteristics to those pro-
duced with Osmocote (1x), water-sol-
uble (200 ppm nitrogen), or a combi-
nation of water-soluble (200 ppm ni-
trogen) and resin-coated (0.5x) fer-
tilizer treatments. Foliar analyses re-
vealed elemental concentrations in
resin-coated fertilizer-treated plants
were below those in water-soluble or
combination treatments, but were
within a range to support satisfactory
quality crop production.
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ertilization is a basic component
F of greenhouse crop manage-

ment. The principal means of
fertilization include 1) application of
controlled-release fertilizers incorpo-
rated into or top-dressed onto the
growing medium, 2) injection of wa-
ter-soluble fertilizers into the irriga-
tion stream, or 3) a combination of the
two. Each technique has its merits.
Benefits of controlled-release fertiliz-
ers include 1) application of the total
fertilizer charge made at or prior to
planting, and 2) gradual nutrient re-
lease, which allows for efficient fertil-
izer uptake and usage.

Two controlled-release fertilizers
that have become standards in the
greenhouse industry (Osmocote 14-
14-14 and Osmocote 19-6-12) are
composed of water-soluble fertilizer
prills covered with a resin film. Fertil-
izer release into the growing medium
is mediated by moisture, with release
rate governed by composition and
thickness of the resin film and by grow-
ing medium temperature. Both
Osmocote formulations are designed
to release their contents over 3 -months
at a growing medium temperature of
70F (21C). This is suitable for pro-
duction of most floriculture green-
house crops. Osmocote formulations,
either alone or in combination with
injection of water-soluble fertilizers,
have been used to produce satisfactory
quality Lilium longiflorum (Kiplinger
et al., 1972); Celosia cristata, Den-
dranthema gandiflora, and Euphor-
bia pulcherrima (Maynard and Lorenz,
1979); Kalanchoe blossfeldiana Pixie
(Kovacic and Holcomb, 1981); and
Saintpaulia ionantha Ulli and Lisa
(Payne and Adams, 1980).

Three crop-specific, controlled-
release, resin-coated fertilizer formu-
lations have been released for zonal
geraniums, chrysanthemums, and
poinsettias. These specialized mixes
are designed to deliver proper ratios of
essential nutrients required for opti-
mum production. In a preliminary
study, poinsettias fertilized with a
then-still experimental Sierra Poin-
settia Mix 12-12-15 Plus Minors at
the recommended rate or 1.5% exhib-
ited significantly reduced vegetative
growth, floral response, and leaf el-
emental concentration compared to
those fertilized with Osmocote 19-6-
12 or Peters 20-10-20 (Tayama and
Carver, 1988). The study was repeated
using commercially available Sierra
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Poinsettia Mix 12-12-15 Plus Mi-
nors, along with Sierra Geranium Mix
13-12-11 Plus Minors, and Sierra
Chrysanthemum Mix 12-10-17 Plus
Minors.

This study included two gera-
nium, one poinsettia, and two chry-
santhemum trials. Each trial included
seven treatments arranged in a ran-
domized-block design with three rep-
licates per treatment and six (gera-
nium) or three (poinsettia and chry
santhemum) pots per replication. The
seven treatments were 1) no fertilizer
control, 2) Peters 20-10-20 Peat-Lite
Special at 200 ppm N at every irriga-
tion, 3) Sierra specialty Mix Plus
Minors at 1%, 4) Sierra specialty Mix
at 1.5%, 5) Sierra specialty Mix at
0.5x plus Peters 20-10-20 Peat-Lite
Special at every irrigation at 200 ppm
nitrogen, 6) Osmocote 19-6-12 at
1%, and 7) Osmocote 19-6-12 at 0.5x
plus Peters. The specialty and Osmo-
cote resin-coated fertilizer formula-
tions were preplant-incorporated into
the medium. The recommended (1x)
rates for the formulations used were 9
Ib/yard® (5.3 kg m™) of Poinsettia Mix,
Chrysanthemum Mix, or Osmocote,
and 12 Ib/yard® (7.1 kg m™) of Ge-
ranium Mix. The medium was irri-
gated as required with a solution con-
taining 200 ppm (200 mg liter") N
from Peters 20-10-20 or with tap wa-
ter only, as dictated by the treatment.
At the end of each experiment, leaf
samples (youngest fully expanded
leaves) were collected and submitted
to the Research and Extension Ana-
lytical Laboratory, Ohio Agricultural
Research and Development Center,
The Ohio State Univ., for analysis.
Chemical growth regulators were ap-
plied as a spray, 1 gal of solution per
200 ft* (204 mlm™) of bench space.

Zonal generation. The two zonal
geranium trials were conducted con-
currently, beginning 15 Jan. 1989,
when 2.5- to 3-inch (7-cm) calloused
Your s Truly cuttings were stuck in
Qasis Strips and placed under inter-
mittent mist with 70F (21C) minimum
night temperature. Three weeks later,
rooted cuttings were removed from
the mist, planted one per 4.5-inch
(11-cm) pot in Metro-Mix 350 grow-
ing medium amended with resin-
coated fertilizer as required by the
treatment, and placed on 6-inch
(15-cm) staggered centers in an un-
shaded glasshouse, with 60F (15.5C)
minimum night temperature. Gerani-
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urns were not pinched, but were
sprayed with Cycocel (chlormequat)
at 1500 ppm a.i. (1.5 g a.i./liter) on
26. Foliar samples (30 most recently
expanded leaves among six subsamples
within each replication) for nutrient
analyses and plant growth data were
collected on 30 Mar. Days to flower
were determined from the day plants
were removed from the mist house
until the first flower on the first inflo-
rescence within each treatment/rep-
lication opened. Data from the two
trials were combined for analyses and
presentation.

There were few differences in plant
growth among water-soluble, fertil-
izer combination, or 1.0x Geranium
Mix fertilizer treatments (Table 1).
Plants fertilized with the 1.0x rate of
Osmocote were significantly smaller
than for any other treatment except
control. There were no differences
among fertilizer treatments in the num-
ber of flowers produced or days to
flower. Elemental concentrations in
plants receiving water-soluble or com-
bination fertilizer treatments were
generally in or above the range of
sufficiency for N, P, K, and Mg, but
concentrations of Ca were insufficient.
Plants grown with Osmocote at 1.0x
rate had leaf N concentrations slightly
below sulfficiency, but higher Ca levels
than any other treatment. All micro-
nutrients were within the sufficient
concentration range for all treatment
groups.

Potted chysanthemum. The first
chrysanthemum trial was initiated 14
July 1989, when Bright Golden Anne
rooted cuttings were planted five per
6.5-inch (16.5-cm) pot in amended
Metro-Mix 350, amended as required
for treatment. The plants were placed

under intermittent mist for a week
after planting, and then moved to a
whitewashed glass greenhouse with
67F (19.5C) minimum night tempera-
ture and spaced on 9-inch (23-cm)
centers for 4 weeks, followed by a final
staggered spacing of 15-inch (38-cm)
centers. Plants were pinched to seven
leaves when roots had reached the bot-
tom of the pots on 4 Aug., at which
time short-day treatment began. B-
Nine (daminozide) at 5000 ppm a.i.
(5.0 g a.i/liter) was applied when 1.5
inches (3.8 cm) of new growth was evi-
dent (11 Aug.), and again 2 and 4
weeks later. The plants were disbud-
ded 8 Sept. Foliar samples (24 most
recently expanded leaves among three
subsamples within each replication)
for nutrient analysis and plant growth
data were collected on 6 Oct. Days to
flower were determined from the day
plants were removed from the mist
house until half the flowers in each pot
were about one-half open (eight to 10
rows of ray florets open). The second
chrysanthemum trial, using the same
protocol, was initiated 30 Nov. 1989.
Data from the two trials were com-
bined for analyses and presentation.
There were no significant differ-
ences in plant height or days to flower
among plants in all treatment groups
(Table 2). Plants produced with resin-
coated fertilizers plus soluble fertiliz-
ers were widest ; plants fertilized with
Chrysanthemum Mix at 1x and 1.5%
rates produced the greatest number of
flowers. Leafelemental concentrations
among the treatments were very similar
to those observedwith zonal geraniums
except that Ca concentrations were all
within the sufficiency range. Nitrogen,
P, and K concentrations were generally
highest in all treatments receiving

Table 1. Zonal geranium Tours Truly growth and foliar elemental concentrations with

different fertilizer regimes.

Plant growth (c¢m)

Element (%)

Treatment Height Diameter N P K Ca Mg
Control 9 16 1.6 0.3 29 09 0.3
Peters alone (200 ppm N) 14 24 5.4 0.8 44 1.0 0.3
Geranium mix at 0.5x

plus Peters 14 25 5.8 0.5 44 1.0 04
Geranium mix at 1x 14 25 4.1 0.6 3.8 1.2 0.5
Geranium mix at 1.5x 14 25 4.7 0.8 4.1 1.1 0.5
Osmocote at 0.5x

plus Peters 15 26 55 0.9 4.2 1.0 0.3
Osmocote at 1x 12 22 3.3 0.3 3.5 1.3 0.4
Sufficient” 3844 0.3-05 26-35 14-2.00.2-04
LSDy, o 1.0 1.4 0.36 0.18 0.27 0.10 0.02
*Dole and Wilkins, 1989.
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Table 2. Chrysanthemum Bright Golden Anne plant diameter, flower number, and foliar
elemental concentrations with different fertilizer regimes.

Plant diam Element (%)

Treatment (em) No. flowers N P K Ca Mg
Control 27 8 2.5 0.6 4.6 14 04
Peters alone (200 ppm N) 50 11 5.6 0.9 6.9 1.9 0.7
Chrysanthemum mix at

0.5x plus Peters 53 10 5.5 1.0 7.0 1.8 0.7
Chrysanthemum mix at Ix 51 14 5.0 0.7 6.1 1.8 0.7
Chrysanthemum mix

at 1.5% 50 14 51 0.7 6.1 1.8 0.7
Osmocote at 0.5x

plus Peters 55 12 55 1.0 7.0 1.8 0.7
Osmocote at 1x 50 13 49 0.6 5.6 2.0 0.6
Sufficient® 3844 03-05 2.6-35 14-2.002-04

LSDOAOS

32 1.5

04 0.15 0.27 0.23 0.09

*Dole and Wilkins, 1989.

water-soluble fertilizer or water-soluble
fertilizer plus resin-coated fertilizer.
Micronutrients were for all treatments
were all within a sufficient range.
Poinsettia. The poinsettia trial
began 7 Aug. 1989, when 2.5- to 3-
inch (6. to 7.5-cm) A.H. Diva Star-
light cuttings were stuck in net pots
filled with Metro-Mix 350 and placed
under intermittent mist with 70F (21C)
minimum night temperature. Rooted
cuttings were removed from the mist 3
weeks later, planted one per 6.5-inch
(16.5 cm) pot in amended Metro-Mix
350, and placed on staggered 15-inch
(38-cm) centers in awhitewashed glass
greenhouse with a 67F (19.5C)
minimum night temperature. Plants
were pinched to seven leaves when
roots had reached the sides and bottom
of the pots (11 Sept). Plants were
sprayed with Cycocel (chlormequat)
at 1500 ppm a.i. (1.5 g a.i./liter) on
25 Sept., when shoots were 1.5 to 2
inches (3.8 to 5 cm) long, and again 9
and 23 Oct. Foliar samples (24 most

recently expanded leaves among three
subsamples within each replication)
for nutrient analyses and plant growth
data were collected on 11 Dec. Days to
flower were determined from the day
plants were removed from the mist
house and planted until pollen was ob-
served.

Plants produced with water-solu-
ble fertilizer alone were generally taller
and wider compared to plants produced
with Osmocote at 0.5x rate plus Peters
or Osmocote at 1x rate (Table 3). All
other treatments were similar with re-
spect to height and width. There were
no significant differences in flower size,
days to flower, or flower number
among the treatment groups. Leaf el-
emental concentrations among treat-
ments in this trial were generally similar
to those in the zonal geranium and
potted chrysanthemum trials. Nitrogen
concentrations and, to a lesser extent,
P levels, were higher for all treatments
than those ofchrysanthemum or zonal
geranium.

Table 3. Poinsettia A.H. Diva Starlight growth and foliar elemental concentrations with

different fertilizer regimes.

Plant growth (cm)

Element (%)

Treatment Height Diameter N P K Ca Mg
Control 18 28 4.2 04 2.4 1.7 0.7
Peters alone (200 ppm N) 25 47 6.1 1.0 29 1.6 0.8
Poinsettia mix at 0.5x

plus Peters 24 43 6.2 0.9 29 1.3 0.8
Poinsettia mix at 1x 24 44 5.7 0.7 3.0 1.4 1.0
Poinsettia mix at 1.5x 24 40 59 0.9 2.7 1.4 1.0
Osmocote at 0.5%

plus Peters 22 43 5.8 0.8 2.7 1.5 0.9
Osmocote at 1x 23 43 5.3 0.5 2.6 1.5 0.8
Sufficient” 3844 03-05 26-35 14-2.00.2-04
LSD 1.7 3.8 0.52 0.08 0.23 0.20 0.09

0.05

*Dole and Wilkins, 1989.
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Zonal geraniums, potted chry-
santhemums, and poinsettias produced
with the recommended rates of Sierra
Geranium Mix 13-12-11 Plus Mi-
nors, Sierra Chrysanthemum Mix 12-
10-17 Plus Minors, or Sierra Poinset-
tia Mix 12-12-15 Plus Minors were of
comparable quality at harvest as those
fertilized with Osmocote 19-6-12,
Peters 20-10-20 Peat-Lite Special at
every irrigation, or a combination of
0.5% resin-coated plus water-soluble
fertilizer. For zonal geraniums, plants
produced with standard Osmocote
were significantly smaller than plants
produced with the geranium-specific
mix and the other fertilizer treatments.
Leaf elemental concentrations of
resin-coated fertilizer produced plants
were generally below those of plants
that received water-soluble fertilizer,
but they were typically within the range
to support optimum crop growth (Dole
and Wilkins, 1989). The exception
was Ca concentration, which was in-
sufficient for all treatments for zonal
geraniums excluding Osmocote at the
Ix rate. Foliar nutritional levels, espe-
cially N, from water-soluble or combi-
nation treatments were excessive or at
the upper range of desirability. High
elemental concentrations, in the range
observed in this study, have been asso-
ciated with reduced postproduction
quality in fresh-cut (Joiner and Smith,
1962) and potted chrysanthemum
(Prince et al., 1990).

The crop specific mixes provided
adequate nutrients for satisfactory
quality crop production and proved to
be a satisfactory alternative type of
fertilizer compared to Osmocote 19-
6-12 or Peters water-soluble Peat-Lite
Special at 200 ppm N concentration.
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