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Chinese ladder brake fern (Pteris vittata) has potential for use as a bioﬁlter for arsenic-contaminated groundwater.
However, little research has been conducted on growing ferns hydroponically, especially for months at a time. The
purpose of this experiment was to determine the effects of hydroponic nutrient solution concentration and aeration
on Pteris vittata growth. Individual fern plugs in net pots were suspended in 10%, 20%, or 30% strength Hoagland’s
#1 solution from polystyrene sheets ﬂoating in 11-L tanks. Half the tanks were aerated and half were not. Solution
electrical conductivity increased with increasing Hoagland’s solution strength, and pHs were higher in the aerated
than in the non-aerated tanks. Root dry masses were not affected by solution strength, but frond and rhizome dry
masses increased linearly with increasing Hoagland’s solution strength. Dry masses of all three plant parts were generally greater in the aerated tanks. Frond water use (mL·cm–2) was reduced by aeration while water use efﬁciency
(g dry wt·L–1) was increased. Hoagland’s solution strength had no effect on these latter two parameters. Pteris vittata
was successfully grown hydroponically in low-strength nutrient solutions selected to reduce the chances of secondary
contamination to water sources upon release by fertilizer components. While not essential, aeration of the nutrient
solution was beneﬁcial.

Chinese ladder brake fern (Pteris vittata L.) has been shown to
be an arsenic hyperaccumulator with potential for use in remediation of arsenic-contaminated water (Elless et al., 2005; Fayiga et
al., 2005; Huang et al., 2004; Tu et al., 2004). Use of hydroponic
ﬂoat systems to decontaminate water containing arsenic using
Pteris vittata could be a simple and economical method if this
fern can grow well in this type of system. However, relatively
little information is available on growing this plant in hydroponic
systems, especially with regard to solution aeration and nutritional
requirements. In addition, nutrient application rates would have
to be such that the nutrient concentrations, for example nitratenitrogen, meet EPA standards by the time the As-decontaminated
water is released (Kalkhoff et al., 2000).
The purpose of this study was to compare the growth of Chinese
ladder brake fern in aerated and non-aerated hydroponic nutrient
solutions containing Hoagland’s #1 solution at three (10%, 20%,
and 30%) strengths.
Materials and Methods
The fern were started from spores sown in ﬂats ﬁlled with
growing medium (Container Mix A, Vergro, Tampa, FL). When
the sporophytes were large enough to handle, they were transplanted into 5-cm pots partially ﬁlled with absorbent, mediumgrade, horticultural rockwool (AGO ABS51240, AgroDynamics,
Coppell, TX). At experiment initiation on 17 Feb 2004, similarly
sized transplants were moved, one per hydroponic tank, to a 7.6cm net pot suspended in a 5-cm-deep polystyrene ﬂoat (Fig. 1).
The 11.3-L plastic tanks were then ﬁlled with 8 L of complete
Hoagland’s #1 solution at 10%, 20%, or 30% of full strength.
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These reduced rates equate to initial N and P concentrations of
21, 42, and 63 mg·L–1 N and 3.1, 6.2, and 9.3 mg·L–1 P. Additional
solution of the same strength was added to each tank as needed
throughout the study and the volumes added were recorded.
Solution electrical conductivity (EC) and pH were determined
at initiation and on a monthly basis using dedicated temperature
compensated probes and meters (AccuTupH+ and AR25 meter,
1-cm conductivity cell and AB30 meter; Fisher Scientiﬁc, Pittsburgh, PA). Half of the tanks were aerated using aeration stones
connected with tubing (PHARMED, Cole-Parmer, Vernon Hills,
IL) to a multi-channeled peristaltic pump (07534-08, Cole-Parmer) that was run continuously. Dissolved oxygen content of the
water was measured using a multiparameter meter (85D, YSI,
Yellow Springs, OH).
Plants were grown in a double-poly covered greenhouse where
the shade level from the support structure and cladding was about
40%. The greenhouse was equipped with forced air heaters, cooling
pads, and fans, so the temperatures were maintained between 13
and 32 °C. Frond tissue was harvested six times. Stems were cut at
a height of 10-cm to mimic mowing. At the end of the experiment
on 16 Aug. 2004, root and rhizome tissue were collected, along
with any remaining frond tissue. Fern tissue was dried at 140 °C
for 3 d and then weighed. Frond surface areas were calculated
from frond dry weights using the following equation derived
from measuring the surface area of 10 variously sized Chinese
ladder brake fern fronds and then determining their individual
dry weights — surface area (cm2) = 16.03 + 95.69 [dry wt (g)].
Frond water use was based on the amount of evapotranspiration
(ET) from each tank and the total amount of frond surface area
for that tank during the experiment. Water use efﬁciency was
calculated by dividing the total fern dry mass for each tank by
total ET for that tank.
Experimental design was a 3 × 2 factorial with 3 replications.
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Fig. 1. (A) Experiment setup at initiation and (B) an example of an established Pteris vittata plant growing in the hydroponic solution.

Statistical analysis was by ANOVA, regression, and means
separation by protected and unprotected LSD (SAS, SAS Institute,
Cary, NC).
Results and Discussion
As expected, solution electrical conductivity (EC) increased
with increasing Hoagland’s solution strength (P ≤ 0.001, Fig. 2A)
and the increase was linear for all sampling dates (Ps ≤ 0.001).
ECs increased over time but remained low and well within
recommended levels (Jones, 2005). Overall ECs were higher in
the aerated treatments from March onward, and there were no
interactions between solution strength and aeration for EC. From
April onward, solution pHs were higher in the aerated solutions
(Ps = 0.044 to 0.0001, Fig. 2B). During that period, pHs averaged
8.05 overall and 0.14 pH units higher in the aerated than in the
non-aerated treatments. Aeration can result in an increase in pH as
dissolved carbon dioxide (CO2) is stripped from solutions (Elphick
et al., 2005). In addition, the fern may have been affecting the
solution pHs. Pteris vittata has been shown to have the ability to
increase the pH, at least in soils (Gonzaga et al., 2006), and has
its As uptake optimized at soil pHs above 8 (Campos and Pires,
2004; Gonzaga et al., 2006). This suggests that using these types
of nutrient regimes might be very effective for arsenic removal.
Interestingly, P. vittata is often found growing on limestone and
in mortar joints of buildings (Jones, 1987; Mickel, 1994).
Water use per unit area of frond surface area was negatively
correlated with frond production and was higher in the non-aerated than in the aerated treatments (Table 1). Water use efﬁciency
was 26% higher in the aerated than the non-aerated treatments,
again suggesting that aeration should be included when using
the ﬂoat system.
Both aeration and Hoagland’s solution strength had signiﬁcant
effects on P. vittata frond, rhizome, and total biomass (Table
1). Aeration increased frond biomass by 46% and overall plant
biomass by 43%. Dissolved oxygen contents of the solutions in
aerated tanks generally were about 25% higher than in the tanks
that were not aerated (data not shown). Aeration can be especially
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Fig. 2. Hydroponic solution electrical conductivities and pHs changed over
time depending on Hoagland’s #1 solution strength and solution aeration or
lack thereof.
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Table 1. Effects of Hoagland’s solution strength and aeration on Pteris vittata water use and production.
Hoagland’s
Water use
# 1 solutionz
Frond
Water use efﬁciency
Fronds
(% of full
water use
(g dry wt/liter
dry wt
Aerated
strength)
(mL·cm–2)y
of water)x
(g)x
No
10%
13.1 bw
1.39 b
22.7 b
No
20%
12.7 ab
1.35 b
25.7 b
No
30%
12.0 ab
1.45 b
26.0 b
Yes
10%
10.7 ab
1.58 ab
27.5 b
Yes
20%
9.6 ab
1.77 a
33.7 ab
Yes
30%
9.3 a
1.86 a
42.4 a
Signiﬁcance
Aeration
*
**
**
Solution strength
NS
NS
*
Aeration × solution strength
NS
NS
NS
Solution strength—linear
NS
NS
*
Solution strength—quadratic
NS
NS
NS

Pteris vittata yield
Roots
Rhizomes
dry wt
dry wt
(g)y
(g)x
9.4 ab
7.7 b
7.1 b
9.1 b
6.3 b
8.0 b
9.8 ab
7.0 b
8.9 ab
11.9 ab
11.6 a
16.3 a
*

Total
dry wt
(g)x
39.7 b
41.9 b
40.4 b
44.3 b
54.5 b
70.3 a

NS

*
*

**
*

NS

NS

NS

NS

*

*

NS

NS

NS

Complete Hoagland’s #1 solution used, but reduced in strength to 10%, 20%, or 30% of full strength.
Means separation by least signiﬁcant difference (LSD).
xMeans separation by protected LSD.
wColumn means with a letter in common are not signiﬁcantly different (P ≤ 0.05)
NS, *, **
Nonsigniﬁcant or signiﬁcant at P ≤ 0.05 or 0.01, respectively.
z

y

important at higher nutrient solution temperatures since dissolved oxygen saturation limits decline with increasing solution
temperature (Brooke, 1995). Production increased linearly with
increasing solution strength (frond dry wt = 18.6 + 0.58x, P =
0.021; rhizome dry wt = 4.8 + 0.28x, P = 0.016; plant dry wt =
23.4 + 0.86x, P = 0.011; where dry weights are in grams and x
is the percentage strength of the Hoagland’s solution). Neither
of these results is surprising but it does establish the advantage
of aerating the hydroponic solution, something that is not always
done when using ﬂoat systems.
These results show that Pteris vittata can be successfully
grown in hydroponic ﬂoat systems for months at a time. This
would be important for use in bioremediating large quantities of
contaminated water. Aeration was not essential but it did improve
yield. Yield was highest when aeration was combined with 30%
strength Hoagland’s #1 solution.
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