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Abstract
Azolla filiculoides showed a planar development in four culture media, but with overlapping of sporophytes after 28
days, and curled roots in all cases except for IRRI2. The difference in biomass between the media IRRI2 and IRRI1Fe10x was statistically significant at Days 14, 21 and 28 by ANOVA. Medium IRRI2 gave the highest duplication
time.
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Introduction

Materials and methods

Azolla Lamarck is a small floating aquatic pteridophyte with bilobed leaves (dorsal and ventral lobes).
The dorsal lobe has an ovoid cavity in which inhabits
the nitrogen-fixing cyanobacterium Anabaena azollae
Strasburger. This unique association is important as
rice culture biofertiliser, animal feed or wastewater
purifier (Carrapiço et al. 2000).
The nutrients (macro- and micronutrients) and
abiotic factors (light, temperature and pH) in an
artificial culture are important for an excellent
plant growth and development (Pierik 1987). In
the culture of Azolla, which resembles a hydroponic culture, the most frequent media are Hoagland (Allen & Arnon 1955; Peters et al. 1980) and
IRRI media (Watanabe et al. 1977). Optimised
growth systems in controlled conditions are important for the production of large amounts of biomass and for ensuring the good quality of Azolla if
the goal is to provide this pteridophyte as animal
feed.
The aim of the present study was to compare
the relative growth rate (RGR), duplication time
(DT) and production of biomass of Azolla filiculoides growing in four different culture media (H40, IRRI1, IRRI1-Fe 10x and IRRI2) in artificial
conditions.

Growth of Azolla filiculoides in culture media
Azolla filiculoides were placed in uncovered round
PVC boxes (11 × 18 cm) in a culture chamber. The
fern was kept at a temperature of 23–24°C, photoperiod of 16 h light/8 h dark, relative humidity of 55.8%
and light intensity of 6.0 Wm−2 (Phillips Cool White
TLD 36W). The tested media were Hoagland (H40) (Allen & Arnon 1955; Peters et al. 1980), IRRI1Fe1x (Watanabe et al. 1977) and IRRI2 (T. Ventura,
personal communication, 10 May 2002) (Table I).
The IRRI1-Fe10x medium has an iron concentration
10 times higher than that of IRRI1-Fe1x medium.
The medium was renewed every 28 days.

Relative growth rate and duplication time
Four replicas of acclimatised A. filiculoides were used
to estimate the RGR and DT. The biomass inoculated in each PVC box was approximately 4 g and
the medium was not replaced throughout the experiments. Weekly (T = 7, 14, 21 and 28 days) the fern
was removed from the PVC boxes, placed on absorbent paper to remove the excess of liquid and
weighted. The RGR and DT were assessed by standard formulae (Pabby et al. 2001).
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Table I. Macronutrients, micronutrients and iron source of the
culture media used for the growth of A. filiculoides.
H-40
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Macronutrients
CaCl2. 2H2O
MgSO4.7H2O
NaCl
KH2PO4
K2HPO4.3H2O
KCl
NaH2PO4
K2SO4
NaH2PO4.H2O
Micronutrients
CuSO4.5H2O
MnSO4.H2O
H3BO3
Na2MoO4.2H2O
ZnSO4.7H2O
CoCl2.6H2O
MnCl2.4H2O
Iron source
Fe-EDTANa2
FeC6H5O7

1.50 mM
0.80 mM
0.50 mM
0.40 mM
0.05 mM
2.00 mM
–
–
–

IRRI1-Fe1x

0.7 mM
1.6 mM
–
–
–
–
0.7 mM
0.5 mM
–

IRRI2
40 µM
40 µM
–
–
–
–
–
40 µM
20 µM

µM
µM
µM
µM
µM
µM
–

3.2 µM
27.2 µM
3.2 µM
0.2 µM
–
0.2 µM
–

0.01 µM
–
0.20 µM
0.15 µM
0.01 µM
0.01 µM
0.50 µM

7.2 µM
–

–
35.5 µM

0.50 µM

0.3
9.1
46.3
1.0
0.8
0.2

Statistical analysis
One-way ANOVA (F-test) and Tukey (q-test) with
α = 0.05 (Zar 1999) were applied to the biomass at
7, 14, 21 and 28 days for each medium. The differences are statistically significant if F > F0.05,3,12 =
3.49 for ANOVA and q > q0.05,12,4 = 4.199 for
Tukey.

Figure 1. Sporophyte and roots of A. filiculoides after 28 days of
growth in artificial media. (A) Planar growth in medium H-40;
(B) overgrowth in medium IRRI2; (C) curled root in medium
IRRI1-Fe1x; (D) uncurled root in medium IRRI2. Scale bar = 5
cm (A–B); 200 µm (C–D).

(Table II), the biomass of IRRI2 was statistically
different from IRRI1-Fe10x at 14 (q = 6.803 >
4.199), 21 (q = 7.972 > 4.199) and 28 days (q =
7.455 > 4.199). The biomass of IRRI1-Fe1x was
statistically unlike that of IRRI-Fe10x at 14 (q =
5.688 > 4.199) and 28 days (q = 6.111 > 4.199).
There were significant differences between IRRI2
and H-40 only on Days 14 (q = 4.269 > 4.199) and
21 (q = 6.852 > 4.199).
Figure
(*p = 0.002;
2. Biomass
**p = 0.0005;
of A. filiculoides
***p = 0.001).
grown in H-40, IRRI1-Fe1x, IRRI1-Fe10x and IRRI2 culture media. The data show the means of four replicas; the vertical bars correspond to the standard deviation. The asterisks indicate values that are statistically significant by the ANOVA test

Results
The sporophyte of A. filiculoides in all the culture
media tested showed a planar growth (Figure 1A),
but as the biomass increased overlapping of sporophytes was observed (Figure 1B) without necrosis.
The roots curled at the tip (Figure 1C), although
on IRRI2 medium root curling was not evident
(Figure 1D).
The RGR were similar on all the media, varying
from 0.03 g day−1 for H-40, IRRI1-Fe1x and IRRI1Fe10x to 0.04 g day−1 for IRRI2. The DT was
shorter for IRRI2 (8.43 days), longer for IRRI1Fe10x (11.91 days) and intermediate for IRRI1Fe1x (8.99 days) and H-40 (10.36 days).
The biomass of A. filiculoides was analysed by
ANOVA (Figure 2). On Days 14, 21 and 28 there
was a significant increase in the biomass, mainly for
IRRI1-Fe1x and IRRI2. This differences were
statistically significant by ANOVA (F = 9.52 >
3.49, F = 12.73 > 3.49 and F = 10.74 > 3.49,
respectively for Days 14, 21 and 28). According to
the Tukey test used to compare the pairs of averages
Figure 1.

Sporophyte and roots of A. filiculoides after 28 days of growth in artificial media. (A) Planar growth in medium H-40; (B) Overgrowth in medium IRRI2; (C) Curled root in medium IRRI1-Fe1x; (D) Uncurled root in medium IRRI2. Scale bar = 5 cm (A–B); 200µm (C–D).

Discussion
The differences in type and concentration of chemical compounds of the four culture media do not
seem to hinder the growth and development of A.
filiculoides, as demonstrated by the DT and RGRs
that were similar to the values obtained by Arora and
Singh (2003). Although the low relative humidity
(55.8%) used in the present study, differed from that
of other studies (70–75%, Costa et al. 1994; 85–
90%, Wagner 1997), this did not change the growth
of A. filiculoides.
The curling of the roots has been attributed to a
deficiency in phosphorus (Cohn & Renlund 1953;
Lumpkin & Plucknett 1980). However, in the
present investigation this seems not to be the case,
because in IRRI2, with the lowest concentration of
phosphorous (20 µM), the plant did not show curled
roots. Hence, it is not only the deficiency of this
mineral, but also other abiotic factors, as well as the
proportion of the macro- and micronutrients that
probably cause the root curling.
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Figure 2. Biomass of A. filiculoides grown in H-40, IRRI1-Fe1x, IRRI1-Fe10x and IRRI2 culture media. The data show the means of
four replicas; the vertical bars correspond to the standard deviation. The asterisks indicate values that are statistically significant by the
ANOVA test (*p = 0.002; **p = 0.0005; ***p = 0.001).

Table II. Tukey test applied to the biomass of A. filiculoides
growing in four artificial media under optimised conditions.

medium gave the lowest DT, the highest RGR and
biomass, and the roots were not curled.

Culture medium
Day

H-40

IRRI1-Fe1x

IRRI1-Fe10x

IRRI2

Acknowledgements

14
21
28

15.63b
23.60b
32.06

18.43c
28.84
39.33b

13.38ac
21.66a
21.91ab

19.42ab
35.47ab
43.16a

This work was supported by FCT-MCES under
POCTI and by FSE-III QCA through the fellowship
PRAXIS XXI/BD/21325/99 to A. L. Pereira.

Means within a line for the same day followed by the same letter
are statistically significantly different.

The biomass production and RGR for IRRI1Fe10x were the lowest, which points to a different
performance of the pteridophyte in a solution with
high iron concentration. A pH reduction in the
medium could have made the iron unavailable for
uptake by the roots (Peters et al. 1980). Maybe this
effect was more severe in the medium where the iron
is 10 times higher (IRRI-Fe10x). Nevertheless, the
fern biomass in IRRI1-Fe10x medium was always
statistically different from that of IRRI2 and IRRI1Fe1x at Days 14 and 28. This indicates that, in the
former, the macro- and micronutrient concentrations and the iron source were probably the causes
for the differences; as for the last, it suggests that the
higher iron concentration influenced the growth
behaviour of A. filiculoides.
Under optimised artificial conditions (temperature, light intensity, relative humidity, pH and
photoperiod), A. filiculoides exhibits an excellent
development and growth, without necrosis. IRRI2
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