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Abstract. An experiment was initiated to determine the effect of a low N, high P and K
fertilizer applied during the flowering season on a hybrid moth orchid (Phalaenopsis TAM
Butterfly Blume.). On 1 Sept., plants of flowering size receiving N, P, and K at 100, 44,
and 83 mg·L–1, respectively, from a 20N–8.8P–16.6K soluble fertilizer were given N, P, and
K, at 30, 398, and 506 mg·L–1 (high P), respectively, at each or every fourth irrigation.
Control plants continued to receive the 20N–8.8P–16.6K fertilizer. The high P treatments,
regardless of the frequency of application, had no effect on the date of emergence of the
flowering stem (spiking), anthesis, or flower size. All plants treated with the high P
fertilizer had fewer flowers (15 to 19) than the controls (24 flowers). Continuous applica-
tion of adequate N appears to be more important than low N and increased P for optimal
flowering. In a separate experiment using the same hybrid orchid, terminating fertiliza-
tion completely on 1 Sept., 29 Sept., or 27 Oct. or when the flowering stems were emerging
(1 Oct.) reduced flower count (≤19 vs. 24). Flower longevity was reduced by 12 d when
fertilization was terminated on 1 Sept. Flower size was unaffected by any treatment in
either experiment. Discontinuing fertilization prior to late November reduced flower
count. Withholding fertilization for extended periods resulted in red leaves, loss of the
lower leaves, and limited production of new leaves.

Orchids are a specialty crop and they are
produced mainly by people who have learned
by experience. In the past, the market for
potted orchids was primarily limited to hobby-
ists and people with higher income who could
afford them. In recent years, use of orchids,
particularly the hybrid Phalaenopsis, as pot-
ted flowering plants has increased dramati-
cally, with a 50% increase in value from $47
million in 1996 to $70 million in 1997 (U.S.
Dept. of Agriculture, 1998, 1999). A signifi-
cant increase in the production of potted bloom-
ing orchids is expected in future years
(Cosgrove, 1997).

Flowers of Phalaenopsis orchids are ex-
tremely long-lasting, staying in bloom for 4
months or longer (Wang, 1997), making them
ideal pot plants. As the price has dropped
steadily, more people have started purchasing
potted blooming orchids. However, more in-
formation is needed for the development of a
standard production procedure to follow for
producers who do not have much prior expe-
rience growing potted orchids .

chids must be determined so that plant quality
is not compromised.

The objectives of this study were to deter-
mine the long-term effects of reduced fertil-
izer application and the use of a low N, high P
and K fertilizer in the fall on reproductive
performance and flower longevity of a hybrid
Phalaenopsis orchid.

Materials and Methods

Twenty-month-old (from the time of seed
sowing) Phalaenopsis TAM Butterfly seed-
ling plants of flowering size were transplanted
in early April into 1.75-L (15.2 cm diameter
and 14 cm tall) plastic pots containing 80%
fine-grade Douglas fir bark and 20% Cana-
dian sphagnum peat (by volume). The me-
dium was amended with 1.5 kg powdered
dolomitic limestone and 0.5 kg of Micromax
(a micronutrient source; Grace-Sierra, Milpitas,
Calif.) per m3. Plants were grown in a green-
house with a maximum photosynthetic photon
flux (PPF) of 300 µmol·m–2·s–1 and given N, P,
and K at 100, 44, and 83 mg·L–1, respectively,
from a water-soluble Peters 20N–8.8P–16.6K
fertilizer (0.5 g·L–1; Scotts, Inc., Marysville,
Ohio) at each irrigation with municipal water
that had an electrical conductivity of 1.4
dS·m–1. On 1 Sept., the uppermost leaf on each
plant was marked for later determination of
new leaf production.

High P and K fertilization. Treatments
were initiated on 1 Sept. The high P and K
fertilizer was prepared by mixing 0.25 g of
Ca(NO3)2·4H2O and 1.75 g of KH2PO4 in 1 L
of water. This solution provided 30 mg N (2.14
mmol·L–1), 398 mg P (12.6 mmol·L–1), 506 mg
K (12.9 mmol·L–1), and 42 mg Ca (1.06
mmol·L–1) per liter. Peters 20 N–4.4P–8.3 K
fertilizer contains ≈12% urea as its N source,
whereas the low N, high P and K fertilizer does
not contain urea. Plants received either con-
tinuous high P (PP) or the high P fertilization
followed by three irrigations with municipal
water (PW). Controls continued to receive the
Peters fertilizer at every irrigation. Plants were
irrigated at irregular intervals, depending upon
weather conditions. At each irrigation, 240
mL of fertilizer solution was applied to each
pot. A single plant in a pot constituted an
experimental unit and treatments were repli-
cated 20 times in a randomized complete-
block design. This high number of replications
was deemed necessary for increased precision
and accuracy because of the use of seedling
plants.

Termination of fertilization. Fertilization
was terminated either by date at 4-week inter-
vals (1 Sept., 29 Sept., 27 Oct., or 24 Nov.) or
by developmental stage [at first spiking (no
flower primordia), spikes 10 cm in length
(partial initiation of flower primordia), or at
the opening of the first flower]. Fertilizer was
withheld from each plant when it had reached
its designated developmental stage. Only mu-
nicipal water was applied following the termi-
nation of fertilization. Plants that continu-
ously received the Peters fertilizer served as
controls. A single pot represented an experi-
mental unit and treatments were replicated 25

For many years, Douglas fir bark from the
logging industry on the Pacific coast of the
United States has been the primary medium
for growing orchids in pots. Although Batchelor
(1993) recommends a high nitrogen fertilizer
(such as 30N–4.4P–8.3K) during early pro-
duction phase, followed by a high P fertilizer
prior to flower initiation in early fall to im-
prove reproductive growth, no research had
been conducted to support this recommenda-
tion.

Phalaenopsis orchids planted in pure fir
bark do not grow as well as those grown in
improved media that promote leaf growth and
flower production (Wang, 1995; Wang and
Gregg, 1994). Orchid roots are sensitive to
high salinity, and water high in dissolved salts
tends to injure the roots (Wang, 1998), par-
ticularly in media containing peat, which also
promotes growth (Wang, 1995). Since high
fertilizer rates are needed during the warm
spring and summer to promote vegetative
growth, reduced fertility may be needed in the
early fall to avoid root injury due to limited or
no vegetative growth and reduced nutrient
uptake during the cooler period of the year.
Reducing the rate of fertilization or terminat-
ing fertilization completely near the end of the
production cycle improves the postproduction
keeping quality of poinsettia (Euphorbia
pulcherrima Willd.) (Biernbaum et al., 1992;
Nell and Barrett, 1986). However, the effects of
similar practices on flowering of potted or-
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times in a randomized complete-block design.
Dates of spiking and opening of the first

flower, flower diameter, total flower count,
and leaf number were recorded for each plant.
The date on which the first flower started to
wither was recorded for determining flower
longevity. Data were subjected to analysis of
variance and Tukey’s HSD was used for mul-
tiple range mean separation.

Results and Discussion

Neither treatment PP nor PW affected the
dates of spiking and flower opening (Table 1).
However, the low N, high P and K fertilizer,
regardless of the frequency of application,
reduced flower count (Table 1), but did not
affect flower longevity. The PW treatment
resulted in 10 fewer flowers per plant than did
application of Peters fertilizer at much lower
rates of P and K. In a previous study (Wang
and Gregg, 1994), as the rate of a 20N–8.6P–
16.6K fertilizer increased from 0.25 to 1.0
g·L–1, after over 1 year of application, plants
bloomed progressively earlier, with increas-
ing flower counts (Wang and Gregg, 1994).
On the contrary, Kubota and Yoneda (1994)
found in a short-term study that large plants
given a complete fertilizer from April to Sep-
tember did not produce more flowers than
those that received the same fertilizer during
April and May, but were not given N between
June and September. Their extremely low
flower counts, the relatively short treatment
period, and the use of sphagnum moss as the
sole potting medium may have masked any
possible effects of the reduced N application.

Plants in PP and PW treatments had fewer
leaves than the controls (Table 1) at the termi-
nation of this experiment as a result of both
slower production of new leaves and the accel-
erated abscission of lower leaves. That in-
creased rate of fertilizer promotes vegetative
growth is well documented (Kubota and
Yoneda, 1994; Lee and Lin, 1987; Wang and
Gregg, 1994). Wang (1996) determined that
higher concentration of N is more critical than
P or K in promoting vegetative growth in a
medium consisting of 80% Douglas fir bark
and 20% peat.

When moth orchids are grown in pure
Douglas fir bark, applying a fertilizer high in
P in the early fall is recommended to promote
flowering (Batchelor, 1993; Gordon, 1990).
However, when plants were grown in the same
mix as the one used in the current study and
given N at 200 mg·L–1, P at levels between 22
and 262 mg·L–1 and K at levels between 152
and 332 mg·L–1 from various soluble fertiliz-
ers, no differences in vegetative growth and
flower production were observed (Wang,
1996). In the current study, the low N, high P
and K fertilizer reduced flower count, rather
than increasing it (Table 1). Therefore, con-
tinuous application of an adequate level of N
may be more important than increased P for
optimal flowering. The concentration of N (30
mg·L–1) in this high P and K fertilizer did not
appear to be sufficient to maintain a high flower
count in the warm climate where this study
was conducted. Most potted Phalaenopsis are

produced in states with warm climates (U.S.
Dept. of Agriculture, 1998).

Terminating fertilization completely on any
date or at any stage of development had no
impact on the date of spiking and anthesis or
on flower size (Table 2). All plants flowered
between 9 and 17 Jan., with flowers averaging
10.5 cm in diameter. Discontinuing fertilizer
application in September and October reduced
flower count (Table 2). Flower longevity was
reduced more when fertilization was discon-
tinued on 1 Sept. than when discontinued later.
When fertilization was terminated during the
early stages of inflorescence development,
plants had fewer leaves, mainly as a result of
abscission of lower leaves, at the end of this
experiment.

Using a hybrid Phalaenopsis orchid, Lee
and Lee (1996) found that a flowering stem
starts to initiate its first floral primordium
when it is only 3.5 cm in length. Plants used in
the current experiments started spiking on 1
Oct. By 24 Nov., the flowering stems were
>15 cm in length and most of the flower
primordia should have been differentiated (Lee
and Lee, 1996). In addition, plants were irri-
gated infrequently in late fall and the nutrients
applied previously may have stayed in the
medium for some time following the termina-
tion of fertilizer application. Using peat-based
media, Argo and Biernbaum (1995) found that
nutrients in the root zone of container-grown
poinsettia remained at acceptable levels for 42
d after fertilization was terminated. Therefore,
discontinuing fertilization at this advanced
stage of inflorescence development had no

adverse effect on flower count of Phalaenopsis
(Table 2). The results of this study indicate that
maintaining a relatively high concentration of
N fertilizer before and after spiking until near
completion of floral bud initiation is crucial to
sustaining the initiation of floral primordia,
resulting in a high flower count.

That the size of the first flowers on inflo-
rescences did not change in either experiment,
regardless of reduced nutrient application, is
rather surprising. Nutrients in the lower leaves
may have been remobilized for production of
flowers. Since flower size near the tips of the
inflorescences was not measured, we do not
know how discontinuing fertilization at any
stage would have affected the size of such
flowers.

Leaves of plants that received no fertilizer
after 1 Sept. were less green, with the highest
degree of red pigmentation and more abscis-
sion of the older leaves, indicating that they
were under severe nutrient stress, as described
by Mengel and Kirkby (1982). As fertilization
was discontinued at progressively later dates,
this red pigmentation decreased and the green
intensified, suggesting increased chlorophyll
levels. Since Phalaenopsis orchids have rela-
tively few leaves, they must be given proper
levels of nutrients to keep the lower leaves
from abscising.
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