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Abstract. Scaevola aemula R.Br. (fanflower), an ornamental plant native to Australia, pro-
duces stunted growth when fertilized with high concentrations of P. To determine optimum
P concentration, rooted cuttings were transplanted into 15 cm standard pots and grown
with a water soluble fertilizer, where P concentrations were 0, 14.5, 29.0, 43.5, 58.0, 72.5,
87.0 mg-L! and all plants received 200 mg-L! N and 166 mg-L! K. Shoot growth and
flowering data were taken every 21 days until the experiment was terminated after 84
days. Shoot length, number and dry weight, and leaf size were reduced significantly at P
concentrations higher than 14.5 mg-L-! with severe reduction at P levels higher than 43.5
mg-L-!. Number of flowers per plant was not affected by P concentrations in the range of
0 to 43.5 mg-L, but decreased significantly at P levels higher than 43.5 mg-L'. Medium
pH decreased with increase in P rate due to the acidic nature of the P fertilizer. When
P was applied in every irrigation, the optimum concentration was 14.5 mg-L! or less. P
greater than 43.5 mg-L~' was detrimental to vegetative growth and flowering, possibly
due to above optimum P or to medium acidification.

Scaevola aemula R. Br., a member of
Goodeniaceae, is commonly called fanflower
because each flower's five petals are at one side,
like a fan. ‘New Wonder’ is a Proven Winner
cultivar, widely used for hanging baskets and
as a bedding plant (Armitage, 1997; Starman
and Faust, 1996) making it an economically
important plant. Because itis grown forits long
shoots and profusion of flowers, factors that
adversely affect these reduce its visual appeal
and limit its value as an ornamental.

Recently, the authors, as well as commercial
growersinthe northern U.S., observed reduced
growth and flowering when this plant was fertil-
ized with P in the early production stage. Poor
performance has a potentially large negative
influence on new plants, whose growthrequire-
ments, including nutrient regime, is not well
documented. Since its native soil in Australia
is a sandy mix with low P, it is possible that P
concentrations currently used to fertilize this
plant may be too high. Symptoms of P toxicity
are stunting of shoot growth and dieback of
older leaves (Foote and Howell, 1964; War-
ren and Benzian, 1959). Hordeum vulgare
Barley (Richards and Rees, 1962), Lupinus
luteus Lupin (Warren and Benzian, 1959),
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Euphorbia pulcherrima poinsettia (Whipker
and Hammer, 1994) and some cultivars of
Glycine max soybean (Foote and Howell,
1964) are reported to be sensitive to high P,
but this problem has not yet been documented
for scaevola. Our objective was to determine
the optimum concentration of P fertilizer for
growth and flowering of Scaevola aemula
‘New Wonder’.

Materials and Methods

Rooted cuttings were transplanted into
1.7-L (15-cm) standard, round plastic pots
(Dillen Products Inc., Middlefield, Ohio)
with Premier Pro-Mix BX (Red Hill, Pa.) on
30 Mar. 2001. Plants did not receive fertilizer
until the start of the treatments. All plants were
grown in a heated glass greenhouse in Orono,
Maine. Day temperature ranged from 20 to
24 °C and night temperature from 18 to 21
°C. Plants received natural light. When plants
were well-established on 6 Apr. 2001, the P
treatments began.

Treatments included seven levels of P,
which were 0, 14.5,29.0,43.5,58.0,72.5, and
87.0mg-L! (actual P). All treatments received
200 mg-L™! N and 166 mg-L™! K except for an
additional control, which received only water.
Plants were fertilized whenever the medium
surface appeared dry (usually two to three
times per week). To avoid salt accumulation,
tap water alone was applied after every three
fertigations. Tap water pH was 8.5, electric
conductivity was 202 wmhos-cm™, and alkalin-
ity was 59 mg-L'. The tap water contained the
followinglevels of nutrients: 0.10 mg-L'NO,,
0.35 mg-L!' P, 24 mg-L' K, 10.7 mg-L™' Ca,
2.2 mg- L' Mg, <0.01 mg-L' B, <0.01 mg-L""!
Zn,0.03 mg-L ' Mn, 0.24 mg-L' Fe and 0.145
mg-L! Cu. The Scotts Company (Marysville,
Ohio) Peters water soluble fertilizer 20N-8.7P—

16.6K (General Purpose) and 20N-0P-16.6K
(Hi-Cal Peat-Lite) were used to prepare the
different fertilizer concentrations. These two
fertilizers were chosen because they contained
the same concentration of N and K, but dif-
fered in concentration of P. They were used
alone or in combination to get the desired
rate of P. The P-free fertilizer had a potential
basicity equivalentto 10 g-kg™ CaCO,, and the
P-containing fertilizer had a potential acidity
equivalent to 279 g-kg™ CaCO.,.

Shoot growth and flowering data were taken
27 Apr., 18 May, 8 June, and 29 June 2001.
Data included length of the longest shoot on
each plant, number of nodes on the longest
shoot, number of shoots longer than 10 cm,
and number of flowers. Shoot dry weight was
measured on four plants from each treatment
at each date. At the termination of the experi-
ment on 29 June, a subsample of leaves was
collected for measurement of leaf size with a
portable leaf area meter (LI-3000A, LI-COR,
Lincoln, Neb.).

Growing medium samples were collected
every 21 d and analyzed by the University of
Maine Analytical Lab (Orono, Maine) for pH,
soluble salts, N, P, K, Ca, Mg, B, Cu, Fe,Zn and
Mn. Nutrients were measured using the satu-
rated media extract method (Warncke, 1995)
and by inductively coupled plasma emission
spectroscopy, NO, and NH, colorimetrically,
and soluble salts by electrical conductivity.
A completely randomized block design was
employed with a total of 192 potted plants
randomly placed in one of four blocks. Each
treatment was replicated four times and had six
plants perreplication. Data were analyzed using
analysis of variance to test for the linear and
quadratic effect of P. The unfertilized control
was not included in the trend analysis. Mean
separation was performed on all treatments
using Tukey’s studentized range (HsD) test
(SPSS Inc., 2003).

Results and Discussion

Phosphorus had a significant influence on
shoot growth of ‘New Wonder’ fanflower.
Length of the longest shoot was initially
about 20 cm, and this increased 3-fold over
the course of the experiment (Fig. 1a). At 21,
42, and 84 d, length of the longest shoot was
reduced by P above 14.5mg-L". At63 d, there
was no difference at concentrations lower than
14.5 mg-L!, but a reduction by P above this
concentration. The number of shoots per plant
was initially low with an average of less than
10 at the first measurement date and more
than five times as many by the final date (Fig.
1b). There was a reduction in the number of
shoots per plant by the higher concentrations
of P at all measurement dates. In this experi-
ment, a shoot was defined as having a length
greater than 10 cm. At 42 and 63 d, there was
a reduction in number of shoots, but only
when P was higher than 43.5 mg-L™". Shoot
dry weight also increased steadily throughout
the course of the experiment, but this increase
was not as great in plants receiving high rates
of P (Fig. 1c). At21 and 63 d, shoot dry weight
decreased as the rate of P increased, especially
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after plants were in production for 42 d or
more. At 42 and 84 d, there was little or no
response to P at concentrations of 0 and 14.5
mg-L!, but above this, a reduction occurred
with increase in P.

Leaf size, number of nodes, and amount
of flowering were affected by P levels. After
84 d of fertilization, plants that received only
water had the smallest leaves (Table 1). The
water only control also had the least number
of nodes per shoot and number of flowers per
plant. These plants were stunted and produced
few flowers indicating a need for N and K for
optimum growth. Leaf size was reduced by P
in the range of 14.5 to 87 mg-L-'. The number
of nodes on the longest shoot decreased as the
rate of the P increased. The largest number
of nodes occurred in the 14.5 mg-L-' P treat-
ment, while the least number was observed
in the 87 mg-L™! P treatment (Table 1). Based
on the reduction in number of nodes with no
difference in internode length (Fig. 1a), it ap-
pears that higher P rates reduced the growth of
Scaevola aemula ‘New Wonder’ by regulating
cell development, rather than by regulating cell
expansion, as occurs with growth regulators,
such asuniconazole, where there is areduction
ininternode length with no effect onnode num-
ber (Starman and Williams, 2000). Because
there is only one axillary flower per node, the
number of flowers per plant followed the same
trend as the number of nodes, decreasing as
P concentration increased. There was a little
or no response to P levels in the range of 0 to
43.5 mg-L, but a significant reduction above
43.5mg-L-' (Table 1). The effect on flowering
was apparent from the early flowering stage
at 21 d (data not shown) up to the end of the
experiment at 84 d. In contrast to scaevola,
lack of P fertilizer reduced vegetative growth
and flowering of chrysanthemum (Hansen and
Lynch, 1998), petunia and begonia (Baasetal.,
1995; James and van Iersel, 2001). Phosphorus
in the medium may have been sufficient for
early growth of scaevola since there was no
significant reduction in growth or flowering in
plants receiving 0 mg-L-'. At the start of the
experiment P concentration in the medium
was 36 mg-L". This decreased to 5 mg-L™' by
21 d in the 0 mg-L! rate, but was 52 mg-L"!
at the high rate.

The available P in the medium increased
with increase in P rate at 21 d of treatment
(Fig. 2a). At P concentrations below 43.5
mg-L, there appeared to be a small effect on
medium P, but above 43.5 mg-L" there was a
larger increase in medium P with increase in P
rate. At42 and 63 d, medium P increased with
increase in fertilization rate. At 84 d, increase
in medium P occurred with P in the range of
0 to 43.5 mg-L"', and little or no increase at
concentrations above 43.5 mg-L-!. Available
N and K were sufficient under the different P
treatments (data not shown). In the 0 mg-L™"!
treatment, medium pH was above 6.0 after21d
and remained near this after42 d, but decreased
to less than 5.5 by 63 d (Fig. 2b). Medium pH
was reduced by increasing P concentration at
21,63 and 84 d. Medium pH was reduced at42
d when P was in the range of 0 to 58 mg-L',
and no further change in pH at concentrations
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above this. At84d, pH
was very acidic for all a
levels of P. Medium 80
pH with the highest
P rate reached 4.3
and at the lowest rate

reached 5.0. Since 60
pH below 5.0 can
greatly reduce nutrient
availability (Lucas 40

and Davis, 1961),
it is possible that P
reduced the Scaevola
growth and flowering
by lowering the avail-
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there was no effect of 0 O
Prate on soluble salts,
and at 84 d, there was
0.0 14.5

a slight reduction in
salts at higher P con-
centrations (Fig. 2c).

Micronutrients in
the medium, copper, zinc and iron, were
affected by P fertilization. Available copper
was initially less than 0.04 mg-L". By 63 d,
this increased to above 0.06 mg-L~" with low
rates of P, but with the highest rates there was
almost no change from the level at 21. As
the P rate increased, available copper in the
medium decreased, but only after 21 d (Fig.
3a). At 42 and 63 d, there was a reduction in
available copper. At 84 d, there was no effect
on copper with P in the range of 0 to 43.5
mg-L", but above this there was a reduction.
At 21 d, available iron was below 1 mg-L™,
and was not affected by P fertilization (Fig.
3b). At 42 d, it was still below 1 mg-L, but
was reduced by P. At 63 and 84 d, available
iron was unchanged or slightly increased by
increase in P in the range of 0 to 43.5 mg-L™!
and decreased at rates above this. Available
zinc was reduced by phosphorus at 21 and 42
d, but not significantly affected by P after 42
d (Fig. 3c).

29.0 43.5 58.0 72.5 87.0

Phosphorus (mg.L'l)

Fig. 1. Effect of phosphorus on (a) length of the
longest shoot, (b) number of shoots longer than
10 cm, and (c) shoot dry weight of Scaevola
aemula ‘New Wonder’ after 84 d of fertilization.
NS.#****Nonsignificant or significant at P < 0.05,
0.01, or 0.001, respectively.
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Table 1. Effect of phosphorus (P) fertilization rate on number of nodes on the longest shoot, leaf size, and
number of flowers of Scaevola aemula ‘New Wonder’ after 84 d of fertilization.

P rate Leaf size No. of No. of

(mg-L™) (cm?) nodes flowers/plant

Water Only 3.0e* 29e 75¢e
0.0¥ 5.6.ab 53 ab 714 a
14.5 6.5a 58 a 739 a
29.0 54b 49 be 690 ab
435 4.9 be 51 abc 720 a
58.0 4.1cd 45 cd 619 be
72.5 3.4de 40d 555cd
87.0 33 de 38d 518d

P rate linear* o ok o

P rate quadratic NS NS *

“Mean separation within columns by hsd, P < 0.05.
YThe nitrogen and potassium concentrations were 200 and 166 mg-L".

*Excluding the water only treatment.
NS 555
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Fig. 2. (a) Medium phosphorus levels, (b) medium pH, and (¢) medium soluble
salts during 84 d of phosphorus fertilization of Scaevola aemula ‘New Wonder’.
NS **Nonsignificant or significant at P < 0.05, 0.01, or 0.001, respectively.

Nonsignificant or significant at P < 0.05 or 0.001, respectively.

When concentrations greater than needed lead to
a reduction in growth, they are considered toxic, in
contrast to luxury consumption, which has no effect
(Loneragan and Asher, 1967). Phosphorus toxicity
in most species generally occurs when shoot tissue
concentration exceeds 0.9% on a dry weight basis
(Loneragan and Asher, 1967). Foliar analysis was
not conducted in our study, but should be part of
future studies to determine what tissue concentration
is associated with toxicity symptoms in Scaevola.
Reductions in growth caused by extremely high P
in the medium may be due to phosphate retarding
the uptake and translocation of micronutrients such
as zinc (Millikan, 1963; Watanabe et al., 1965) iron
(Rediske and Biddulph, 1953) or copper (Nus et
al., 1993). It is possible that P reduced growth and
flowering by reducing the uptake and translocation
of these micronutrients, but this was not measured.
Phosphorus concentrations above 14.5 mg-L-' reduced
the productivity and economic value of Scaevola ae-
mula ‘New Wonder’. This reduction in growth could
not be attributed to P level alone, since medium pH
was reduced by P fertilization as well.
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