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ABSTRACT: The aim of this work was to determine the effect of nitrogen nutrition on biomass production of
different ecotypes of T. domingensis grown hydroponically for two months. The experiment was a two-factor
randomized design with five nitrogen treatments and three ecotypes, where treatments were increasing N levels (0,
20, 50, 100 and 200 mg-1"") in the nutrient solution. Biomass production, biomass partitioning and total nitrogen
content (TN) in the biomass produced by each ecotype were determined, and results were analysed by using two-way
analysis of variance (ANOVA). Increasing N level resulted in a significantly increase of biomass production, where
the best response was found for the ecotype from Cuenca. The N level also influenced TN; interaction between
ecotype and treatment was recorded. TN was higher in the submerged biomass than in the aerial biomass. Results
from this work showed that the response of hydroponically grown T. domingensis to N concentrations depends on the

ecotype.
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1 INTRODUCTION

Typha domingensis Pers. Steudel (commonly known
as cattail) is a perennial monocotyledon herb that can be
found in wetlands, marshlands and polluted aquatic
habitats [1]. It has been reported for the aquatic flora of
Spain, being widely distributed in the Iberian Peninsula
and the Balearic Islands. Numerous researches have
demonstrated that 7. domingensis has a great capacity to
remove nutrients from eutrophic water, mainly nitrogen;
thus, it has been used in constructed wetlands for
wastewater treatment [2]-[6]. In this respect, one of the
most innovative systems for wastewater treatment of
small agglomerations is the system known as Floating
Helophyte Filter (FHF). Growing FHF can be regarded as
a type of hydroponic crop. In essence, the FHF system is
based on cattails grown as floating plants in a water body,
in order to form a floating and filtering plant mat that
enhances wastewater treatment [7].

Among the characteristics of 7. domingensis, it can
be highlighted the production of starchy rhizomes and its
life form (helophyte), a perennial herb with annual
growth cycle [8]. Starch from cattail rhizomes is easily
fermentable to bioethanol. Several studies have
demonstrated that cattail shoots are rich in fibres at the
end of the growth cycle and represent a potential biomass
source for cellulosic bioethanol [9]-[13]. However, few
studies have addressed the issue of Typha’s requirements
to enhance the production of biomass or the interactions
between the level of nutrients and the cattail ecotype for
biomass production.

Therefore, the aim of this paper was to determine the
effect of N on biomass production of different ecotypes
of hydroponically grown 7. domingensis. The hypothesis
underlying of this work was that the response of T.
domingensis to N level has a distinct effect on the growth
of submerged and aerial plant organs when cattails are
grown hydroponically, and that the response differs
among ecotypes.

2 MATERIALS AND METHODS

2.1 Plant material
Plant material for this study came from natural 7.
domingensis stands grown in three locations of Spain.
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Mature spadices were collected from Puebla de
Alcocer, Badajoz (Ba); Olmedilla del campo, Cuenca
(Cu) and Lantejuela, Seville (Se) (Fig. 1) and taken to
laboratory; once the fruits had dehisced, the seeds were

gathered and conveniently identified for plant
propagation.
,Olmedilla
del campo =
, Puebla de
Alcocer ‘53
- Lantejuela \/—J
I~ i
Y .
JoT g P .

Figure 1: Origin of the ecotypes of 7. domingensis in this
work: Puebla de Alcocer, Badajoz (5°26°W, 38°99°N);
Olmedilla del campo, Cuenca (2°69°W, 40°06’N) and
Lantejuela, Seville (5°22°W, 37°35°N)

The production of plantlets was carried out in the
Experimental Fields of the Agroenergy Group (GA),
Technical University of Madrid (Spain). Seedbeds were
prepared in planting trays filled with a substrate made of
50% sand and 50% peat [14] in 13/April/2018. Seedlings
were let grow in plant tray cells (one plant per cell) until
11/August/2018. At day 120 (day after sowing, DAS),
healthy plants of similar size were set apart for this study.

2.2 Experimental design

A two-factor randomized experiment was designed
with three ecotypes (Ba, Cu, Se), five N levels
(treatments TO-control=0 mg-1"'; T1=20 mg-1-!, T2=50
mg-1!, T3=100 mg-1"! and T4=200 mg-1"), and nine
replicates for treatment. The experimental unit was
represented by a container filled up to 1L with a nutrient
solution containing the intended N level; three plantlets
were established per container. The nutrient solution was
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prepared as an aqueous solution of Ca (NOs3)2*4(H20);
Mg SO4*7H20; K:HPO4; (NH4)NOs3; KNOs and iron
chelate (Fe-EDTA) to reach the concentrations of 40 ppm
P, 100 ppm K, 150 ppm Ca, 49 ppm Mg, 1.24 ppm Fe,
and the above mentioned N concentrations (pH 7.25).

2.3 Experimental conditions and sampling

The N experiment was carried out during 60 days
from 11/August/2018 to 11/October/2018. Daily
maximum, minimum and mean air temperatures during
this period were quite warm, 34.6°C, 18.6°C and 23.6°C
respectively; this notwithstanding, the cattail plantlets
were able to survive. According to State Meteorological
Agency of Spain (AEMET), August and September were
warmer than average by about 1.7°C and 1°C,
respectively, as compared to the reference period (1981-
2010).

The evaluation of plant growth was performed after
60 days of the N treatment. The length of leaves and
roots of each plant were determined. Total leaf length
was calculated as sum of all leaves [15]. Four T.
domingensis plants were randomly taken and separately
fractionated into aerial biomass (shoots) and submerged
biomass (roots and rhizomes). Each plant fraction was
dried in a drying oven with forced air circulation set at
60°C until constant dry weight.

2.4 Analytical methods and data analysis

Dried plant material was cut into pieces and ground
in IKA analytic grinder mod. A10. Nitrogen content (TN)
in plant material was determined by the Kjeldahl method,
which involved the steps of sample digestion, steam
distillation and titration.

Mean plant dry weight and mean nitrogen content
were calculated for each N treatment. Two-way analysis
of variance (ANOV A) was carried out to compare results
from the different treatments and ecotypes. Tukey's test
was used for means separation with 95% confidence
level.

3 RESULTS AND DISCUSSION

3.1 Biomass production

Results in Fig. 2 show that N availability played a
major role in the accumulation of dry matter of T.
domingensis, and that the performance of the ecotypes
was different. Two-way ANOVA showed significant
differences between treatments (F4,45=169.96; p<0.001)
and between ecotypes (F(245=37.26; p<0.001); the
interaction between treatment and ecotype was
significant as well (F(s,45=12.86; p<0.001).

The highest dry weight was obtained in T4 for every
ecotype (Fig. 2), consistent with previous studies that
showed that higher nitrogen availability resulted in an
increase of biomass production of cattails[16]-[18]. The
analysis of boxplot showed that the highest median was
the ecotype from Cuenca for the treatment T4, whereby
this was the best ecotype in high nutrient conditions; it
was also the ecotype that showed the highest dispersion
of results. On the other hand, Badajoz was the best
ecotype in low nutrient conditions (Fig. 2).

The aerial biomass (AB) as well as the submerged
biomass (SB) of every ecotype increased significantly
with N availability (Fig. 3). The dry weight of the aerial
biomass was higher than the submerged biomass for
every ecotype (Table I), in agreement with previous
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studies that showed that cattails accumulated more
biomass in the aerial biomass than in the underground
biomass (roots and rhizomes) [16], [18], [19].
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Figure 2: Boxplot of the results of dry weight of each
treatment. Treatments: T0, control; T1, 20 mg-1-'; T2, 50
mg-1""; T3, 100 mg-1"'; T4, 200 mg-1"'. Ecotypes: Cu,
Cuenca; Ba, Badajoz, Se; Seville

250
1 TR P

150 [rreessnmsmsnm s e e s

100 freemsmmmmmmmmmmme s

S e fiagty

1Y SR

Dry weight (g)

1.00
Se | Ba Cu Se
TO Tl

Ba Cu Se | Ba Cu Se
T2 T3

Ba Cu Se
T4

@ Aerial biomass @ Submerged biomass

Figure 3: Dry weight of the aerial biomass and the
submerged biomass of three ecotypes. Treatments: TO,
control; T1, 20 mg-1"; T2, 50 mg-1''; T3, 100 mg-1"'; T4,
200 mg-l"!. Ecotypes: Cu, Cuenca; Ba, Badajoz, Se;
Seville. Means with different letters, by treatment,
indicate significant differences

Concerning the ecotypes, the rank of dry weights was
the following: Cuenca>Badajoz>Seville, with 2.66+0.42
g, 1.69+0.26 g and 1.38 +0.25g per plant, respectively. In
the treatments TO and TI1, the ecotype from Badajoz
showed significant differences with the ecotypes from
Cuenca and Seville, which did not tolerate low N
conditions (Table I). In high N conditions (T3 and T4)
the ecotype from Cuenca showed significant differences
with the other two ecotypes.

The N level also resulted in changes of plants
morphology. The higher the N level, the thicker and
longer were the leaves and the shorter roots (Fig. 4). The
total leaf length of the ecotype from Badajoz increased
with nutrient availability, on the contrary the submerged
biomass, particularly roots, decreased (Table II). In a
study of the influence of nutrient supply on the growth of
T. angustifolia it was shown that cattails allocated the
lowest amount of biomass to roots [20].
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Table I: Dry weight (mean + standard deviations) and
Biomass partitioning (% on dry weight basis) of three
ecotypes. Treatments: T0, control; T1, 20 mg-1-'; T2, 50
mg-1"; T3, 100 mg-1''; T4, 200 mg-1'1. Ecotypes: Cu,
Cuenca; Ba, Badajoz, Se; Seville. AB; aerial biomass,
SB; submerged biomass. Different letters represent
statistically significant differences between ecotypes for
each treatment

Total dw Biomass partitioning

Ecotypes () %dw AB % dw SB
TO

Ba 0.4140.05a 37.2 62.8

Cu 0.13+0.03b 51.4 48.6

Se 0.08+0.01b 42.9 57.1
Tl

Ba 0.74£0.19a 60.1 39.9

Cu 0.22+0.05b 50.2 49.8

Se 0.16+0.02b 50.2 49.8
T2

Ba 0.85+0.14a 60.6 394

Cu 0.62+0.06b 68.3 31.7

Se 0.40+0.06¢ 67.5 325
T3

Ba 1.30+0.24b 75.0 25.0

Cu 1.83+0.23a 69.2 30.8

Se 0.97+0.22b 71.5 28.5
T4

Ba 1.69+0.26b 71.7 28.3

Cu 2.66+0.42a 72.2 27.8

Se 1.38+0.25b 72.5 27.5

Figure 4: Growth of 7. domingensis plantlets (ecotype
from Badajoz) subjected to different N treatments for 2
months. Treatments: TO, control; T1, 20 mg-1-'; T2, 50
mg-1-'; T3, 100 mg-1''; T4, 200 mg-1!
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Table II: Mean values of total leaf and roots length of T.
domingensis plantlets (ecotype from Badajoz) subjected
to different N treatments for 2 months. Treatments: TO,
control; T1, 20 mg-1"; T2, 50 mg-1''; T3, 100 mg-1"'; T4,
200 mg1'. Different letters represent statistically
significant differences between treatments according to
Tukey’s test

Total leaf length  Total roots length

Treatment (cm) (cm)
TO 81.50+26.70¢ 47.50+£9.71a
Tl 113.75£26.91bc 36.50+12.06b
T2 156.25+26.89b 18.75+1.70¢
T3 237.85+31.71a 18.25+0.95¢
T4 245.65+28.27a 16.25+0.95¢

3.2 Nitrogen content of the plant

N content in the aerial and submerged biomass was
always less than 3% in agreement with the results by
Martin & Fernandez; in their study the N content (% on
dry matter basis) of leaves and roots ranged from 1.5% to
3% [19].

N content in the aerial and submerged biomass
increased with the N level, though the submerged
biomass was richer in N than the aerial biomass (Fig. 5).
These results are different to other studies in which there
was an increase of N in aerial cattail parts [15],[18], [19].
However, the results by Dubbe showed that nutrient
uptake was slower in September and October; they found
greater nitrogen accumulation in belowground biomass
than in leaves, since translocation of nutrients from
leaves to rhizomes occurs in the autumn [21].
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Figure 5: Nitrogen content of aerial and submerged
biomass. Treatments: TO, control; T1, 20 mg-1-; T2, 50
mg-1""; T3, 100 mg-1"'; T4, 200 mg-1"'. Ecotypes: Cu,
Cuenca; Ba, Badajoz, Se; Seville. Different Iletters
represent statistically significant differences between
ecotypes within a same biomass fraction

Two-way ANOVA of N content in the aerial biomass
indicated significant differences between treatments
(Fa.45=146.4; p<0.001) and between ecotypes
(F2,45=24.6; p<0.001); the interaction between treatment
and ecotype was significant as well (F45=12.6;
p<0.001). Similarly, the submerged biomass responded
significantly to N treatments (F(4.45=143.6; p<0.001); the
ecotypes were significantly different (F245=10.4;
p<0.001) as well as the interaction treatment X ecotype
(Fs.45=10.1; p<0.001).
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4 CONCLUSIONS

Results from this work showed that higher N
availability promoted more growth of 7. domingensis
plants grown in a hydroponic system, but that the
response of the ecotypes studied was different. The
production of both aerial and submerged biomass
increased with nitrogen. N content of the biomass was
always higher in the submerged biomass than in the aerial
biomass.

Among the ecotypes studied in this work, the ecotype
that performed best in low-N conditions was the one from
Badajoz, whereas the best ecotype in high nutrient
conditions was the ecotype from Cuenca. Further
research is needed to model the growth of each ecotype.
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