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GROWTH ANALYSIS OF TYPHA DOMINGENSIS AFTER THE TRANSPLANTING TO A FLOATING SYSTEM
FOR BIOMASS PRODUCTION
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ABSTRACT: Typha domingensis Pers. (cattail) is a highly productive plant species that thrives in eutrophic water
bodies. Controlled cultures of T. domingensis in the form of green floating filters (GFFs) represent a possibility of
combining water improvement with biomass production for biofuels and bio-products. In order to establish GFFs,
young cattails are planted on ad-hoc supports -e.g. perforated floating trays- that are placed on water surface. Plant
adaptation to floating culture is critical to succeed in GFF establishment, however little is known on this subject. In
this work, a comparative growth analysis of floating culture versus soil culture of T.domingensis was carried out for
better knowledge of how cattails respond to floating culture.
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1 INTRODUCTION

In nature, Typha domingensis Pers. (cattail) is an
emergent aquatic plant that lives rooted in mud on the
bottom of shallow water bodies. It is a robust perennial
herb, up to 3 m high, with fibrous roots and creeping
rhizomes [1]. In eutrophic conditions, it can be highly
productive, which suggested that it could be used in
constructed wetlands for removing nutrients from
wastewater. Different types of constructed wetlands have
been developed in which T. domingensis has been grown
both as an emergent plant [2] and as a floating plant for
restoration of water quality [3]. Thus, controlled cultures
of Typha spp. in the form of green floating filters (GFFs)
represent a possibility of combining water improvement
[4] with biomass production for biofuels and bio-products
[5]. Green floating filters based on cattails have been
studied for water cleaning, carbon capture and biomass
production in the framework of the European LIFE 16
CCM/GR/000044 BIOMASS C+ project, in line with
policies of climate change mitigation, rural development,
and promotion of renewable energies [6].

In order to form GFFs vegetated with emergent
plants, young plants are planted on ad hoc supports, such
as perforated floating trays, that are placed in water
bodies [6, 7]. This way cattails, that are emergent in
nature, can be grown like floating aquatic plants and live
on nutrients contained in oligotrophic or hypertrophic
water bodies. In addition to removing nutrients from
water, the submerged plant parts (stem base, roots, and
rhizomes) act as a filtering net [8]; the emerged biomass
has to be harvested at the end of the cycle for better
performance of the system [9] and can be used for
biofuels and bio-based products. Rhizomes are rich in
starch and can be used as feedstock for bioethanol
production [10]. Cattail survival after its establishment in
a floating system, and plant adaptation to flotation, are
critical to succeed in GFFs establishment. However, little
is known on this subject.

The objective of this work was to acquire knowledge
on growth performance of T. domingensis after the
transplanting in a floating system for biomass production.
To this aim, a comparative growth experiment was
performed with seedlings of T. domingensis.
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2 MATERIAL AND METHODS

2.1 Location and experimental design

The experiment was carried out at the nursery
facilities of the Agro-Energy Group, Technical
University of Madrid (Spain); latitude 40° 26’ 36” N,
longitude 3° 44> 18” W, altitude 650 m a.s.l. The experi-
mental design included two treatments: soil-free culture
(SF, simulating a floating hydroponic culture), and
flooded soil culture (S, simulating the natural growth
environment of cattails). The experimental unit was one
seedling grown in a single container.

Seedlings of Typha domingensis were raised in 96-
cell plastic plug trays with 8 cm deep and 4 cm wide cells
in a greenhouse in autumn/winter 2019/2020. Cells were
filled with a commercial substrate for cattails, prepared
by Pindstrup Mosebrug S.A.E. (code 51212). Then, the
plug trays were placed inside flat trays (54 x 39 x 9 cm
internal measures) with 5-cm height of water. Sowing
was made by hand, using seeds from wild stands of T.
domingensis in Spain. When seedlings reached a height
of about 8-10 cm, they were thinned to keep only one
seedling per cell. Then, they were let grow until the start
of the experiment.

2.2 Treatments

Seedlings were taken out of plug trays in February
2020; they were washed with tap water to remove every
substrate particle from the root ball. Then, the bare-root
plants were acclimatized to hydroponic culture for seven
days, using a nutrient solution prepared from complex
fertilizer (1 g/L of 20-5-5 water-soluble fertilizer
including chelated micronutrients).

Treatment S was implemented in pots. Forty round
black plastic pots of 12 cm top diameter, 9.5 cm depth
and 8 cm bottom diameter were taken and filled with 140
g of the above-mentioned commercial substrate per pot.
Then, one bare-root plant per pot was planted. Finally,
the pots were placed at random inside flat trays
containing approximately 5-cm high tap water to simulate
flooded conditions. In parallel, Treatment SF was
prepared in cylindrical containers of 10 cm diameter and
19 cm height, that were filled with 1 L nutrient solution
(same solution as the one used for seedling acclimation).
One plant per container was used. Buoyancy was
provided by a perforated cylinder of polyethylene foam
(2.5 cm height) adjusted to the neck of the container.

After the treatments were prepared, all plants -potted
plants and plants in nutrient solution- were maintained
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under greenhouse conditions for growth analysis.

2.3 Measurements

Daily maximum, minimum and mean air
temperatures were recorded in a data logger (HOBO U12,
Onset Computer Corporation, Pocasset, MA, USA).
throughout the experiment. The experiment duration was
62 days. Five destructive samplings (n=5 plants) were
carried out on Day 1 (11/03), Day 34 (14/04), Day 48
(28/04), Day 55 (5/05) and Day 62 (12/05). The
parameters studied were the following:

e Number of living leaves in a plant

e Number of dead leaves in a plant

e Mean lamina length of living leaves: mean
value of the lengths of every living leaf in a
plant.

e  Mean lamina length of dead leaves: mean value
of the lengths of every dead leaf in a plant.

e Number of rhizomes in a plant

e Total length of rhizomes: sum of the lengths of
every rhizome in a plant

e Dry matter content of living and dead leaves,
rhizomes, and roots: ratio of dry weight to fresh
weight, in percentage.

e Biomass partitioning (%): ratio of the dry
weight of a plant organ to the dry weight of the
whole plant

e Biomass production (fresh and dry matter):
weight of the whole plant

3 RESULTS

3.1 Temperature records

Temperatures inside the greenhouse increased from
March to May, in line with meteorological records [11].
Mean temperature over the experiment duration was
22°C, a temperature that can be considered favorable for
Typha growth [12]. However, the range of daily mean
temperatures was very wide, from 10.6°C (31 March) to
32°C (8 May), because temperature inside the greenhouse
was not controlled and the greenhouse was made up of
polycarbonate sheets. Extreme values were recorded also
at the above-mentioned dates: 4.9 °C absolute minimum
temperature (31 March), and 43.7 °C absolute maximum
temperature (8/May). The diurnal temperature oscillation
was 16.9°C on average (Figure 1).
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Figure 1: Maximum (Tmax), minimum (tmin) and mean
temperature (tm) recorded during the experiment.
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3.2 Plant growth analysis

Seedlings at the start of the experiment (after
acclimation) were sampled and measured for growth
characterization. The average seedling was described as
follows: 4.2 living leaves (coefficient of variation
24.6%), 15.1 cm length of leaf lamina (c.v. 30.7%), and
0.04 g leaf dry weight (c.v. 6.4%) per plant; 1.2 rhizomes
per plant (c.v. 35.1%), 0.4 cm rhizome length, 0.03 g
rhizome dry weight per seedling; 0.06 g root dry weight.
The dry matter content of rhizomes, leaves and roots
were 12.1%, 10.9% and 10.1%, respectively.

The evolution of the number of living leaves, dry
weight of living leaves, and mean lamina length during
the experiment is shown in Figure 2.
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Figure 2: Living leaves (LL). Number, dry weight (DW),
and mean lamina lenght. The bars represent the standard
deviation (n=5).

Results showed that the intra-sampling variation was
higher for hydroponically cultured plants than for plants
grown with soil, suggesting a preference for soil
conditions. Nevertheless, this is consistent with the fact
that cattails are helophytes, i.e., aquatic plants rooted in
the mud underwater.

In Treatment SF, the coefficients of variation were
higher (>39%) for the number of living leaves in the
samplings of Day 34 and Day 62, and for the dry weight
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of living leaves, in the samplings of Day 55 and Day 62.
Mean values of lamina length were very similar between
treatments throughout the experiment; from 28.4 cm to
36.8 cm, and from 28.7 to 39.7 cm for Treatments SF and
S, respectively. Furthermore, the coefficients of variation
within samplings were low (from 7 to 21%), suggesting
that this parameter was less sensitive to culture
conditions than the previous one. The general trend was
that cattails under Treatment SF developed more leaves
(but with similar length), meaning higher leaf dry weight
per plant, as compared to plants under Treatment S. No
significant differences were found between treatments for
the number of living leaves in any sampling date, neither
for the leaf dry weight in the last two samplings, a fact
that was attributed to high sampling intra-variation.
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Figure 3: Dead leaves (DL). Number, dry weight (DW),
and mean lamina length. The bars represent the standard
deviation (n=5).

Results of rhizomes growth (Figure 4) showed that
cattails developed rhizomes since an early stage of plant
growth. The presence of rhizomes was recorded since the
first sampling date (11 March). Seedlings presented 1-2
rhizomes all throughout the experiment; the mean values
of samplings were slightly higher for Treatment S than
for Treatment SF. In contrast, the differences between the
two treatments were much higher for the parameters of
total length of rhizomes and dry rhizomes weight per
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plant, where Treatment S was superior to Treatment SF.
It is worth noting that parameters of rhizome growth
varied extremely from plant to plant in a same sampling
date; therefore, statistically significance was generally
not detected. The coefficients of variation attained values
over 100%.

In both treatments, the dry weight of rhizomes
(Figure 4) and roots (Figure 5) increased with the time.
However, the performance of cattails in S treatment was
more heterogeneous. Thus, the mean rhizome dry weight
of Treatment S - Day 55 was higher than it could have
been expected from the general trend of the previous
samplings -with 47% coefficient of variation-, although
the mean root dry weight in that sampling was in line
with the general trend. Mean roots dry weight in the
sampling of Treatment S - Day 48 was also higher than
expected (as compared to the general trend of the
samplings), but in this case, with a low coefficient of
variation (only 6%). Probably, the number of replications
should be increased for statistical analysis of rhizome
growth.
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Figure 5: Roots dry weight (DW). The bars represent the
standard deviation (n=5).

Dry matter content of rhizomes, stem base and roots
were very similar for both treatments; mean values were
the following: 12.0% (cv. 16%), 9.9% (c.v. 17%) and
11.4% (c.v. 20%), respectively. Slight differences
between treatments were found for the dry matter content
of living leaves. Leaves of Treatment S were slightly
more hydrated (87.8% moisture content with only 3%
c.v.) than the leaves of Treatment SF (82.1% moisture
content with 7% c.v.), in all samplings. This finding
suggested that soilless culture could cause increased
sensitivity to high temperatures and/or diurnal
temperature oscillation. Temperatures above 35°C were
often recorded in April and May, and even surpassed
40°C on Day 29, 33, 46, 54, 57 and 59. Dry matter
content of the dead leaves varied greatly among
samplings, from 21% to 70%, but these values were not
related to the sampling date. Variation was attributed to
differences in the senescence level achieved by those
leaves.

3.3 Biomass production and partitioning

Figure 6 depicts the mean values of fresh weight and
dry weight per plant (total biomass production per plant).
Regardless of the intra-sampling variation (particularly
high in the last sampling), cattails cultured in flooded soil
accumulated more fresh matter than cattails cultured in full
nutrient solution. In Treatment SF, the fresh weight
increased approximately by 4 times in 62 days, whereas in
Treatment S, it increased ~ by 5 times. However, in terms
of dry mass, the final biomass production was similar for
both treatments, it represented about 7 times the initial dry
mass.

The stem fraction (living leaves + stem base)
represented > 50% dry mass of SF plants all throughout the
experiment. The proportion of roots and rhizomes was
much lower than for S plants (Figure 7). It was inferred
that cattail performance was different between the two
culture systems.
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Figure 6: Biomass production. FW, fresh weight; DW, dry
weight.
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4 CONCLUSIONS

Seedlings of T.domingensis endured the removal of
all soil from root balls and the subsequent floating
culture; survival was 100%.

Plant growth was altered by the floating culture, a
fact that suggested that seedlings experienced some stress
after the transplanting. Cattails subjected to floating
culture presented higher variability, developed more
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leaves, but of similar length, and their moisture content
was slightly lower, as compared to soil-cultured cattails.
The number of dead leaves and their respective dry
weight were higher for the soilless culture. On the other
hand, root and rhizome growth parameters in the soil
culture achieved higher values for most of the experiment
duration, resulting in higher proportion of roots and
rhizomes, in relation to total plant dry weight. Although
variability was high, roots and rhizomes dry weights in
both treatments seemed to converge on Day 62.

Despite the differences in plant performance and high
intra-sampling variability, both systems of culture
attained similar values of biomass production (total dry
weight per plant) on Day 62.
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