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ABSTRACT. The objective was to evaluate the potential use of the dry matter of the aquatic macrophyte ( Eichhornia
crassipes) as a substrate for germination and initial growth of corn (Zea mays L.). The experimental design was
completely randomized with four treatments and five replicates. The treatments consisted of testing substrates with
different levels of E. crassipes dry matter and agricultural soil mixtures, with 100% E. crassipes dry matter, 50% E.
crassipes dry matter and 50% agricultural soil, 25% E. crassipes dry matter and 75% agricultural soil, and 100%
commercial agricultural substrate. Average stem height and diameter, and shoot and root fresh and dry mass were
compared by one-way ANOVA and Tukey's test (p < 0.05). The results showed that E. crassipes dry matter could be
used as a substrate for the germination and initial growth of corn, although the commercial agriculture substrate alone
has resulted in higher initial corn growth
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RESUMEN. El objetivo del estudio fue evaluar el uso potencial de la materia seca de los macréfitos acuéticos
(Eichhornia crassipes) como un sustrato para la germinacién y el crecimiento de maiz (Zea mays L.). El experi-
mento se realiz6 con cuatro tratamientos y cinco repeticiones en un disefio completamente al azar. Los tratamientos
consistieron en mezclas de materia seca de la maleza y el suelo agricola, con 100% de macréfitos, 50% de la E. crassipes
y 50% de tierra agricola, 25% de E. crassipes y 75% de tierra agricola y un sustrato comercial al 100%. Se avalu6
altura media, didametro, peso fresco de la parte aérea, peso fresco de las raices, peso seco del vastago y la raiz, y peso
seco del tallo mediante ANOVA de una via y la prueba de Tukey (p < 0.05). Los resultados indican que la materia
seca de E. crassipes se puede utilizar como sustrato para la germinacion, aunque el sustrato comercial tuvo un mayor
crecimiento inicial de maiz.
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INTRODUCTION

Aquatic plants (macrophytes) play an impor-
tant role in the structure and function of aquatic
ecosystems (Chambers et al. 2008, Mormul et
al. 2010). Eichhornia crassipes (Mart.) Solms,
Pontederiaceae is a perennial floating macrophyte,
native to the tropical Americas. In some areas
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where E. crassipes was introduced, it has become a
problem due to obstruction of waterways preventing
navigation and water capture for various purposes
(Bortolotto and Neto 2005). The excessive growth
of these plants may be due to the release of effluents
resulting from human activities, which increase the
amount of nutrients in receptor water bodies, pro-
viding favorable conditions for their development
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(Paez-Osuna et al. 1997). In Brazil, unwanted
proliferation of macrophytes has been reported in
hydroelectric dams and environments impacted by
the release of wastewater from domestic, industrial
and aquaculture activities (Marcondes et al. 2003,
Pistori et al. 2010).

Macrophyte overgrowth has led to increasing
interest in investigating the potential use of this
biomass. Several studies have reported the use of
macrophyte biomass as a carbohydrate and protein
source in animal feed (Henry-Silva et al. 2006,
Biudes et al. 2009) and nutrients removal of organic
effluents (Henry-Silva and Camargo 2008, Henares
and Camargo 2014). The use of macrophytes as
fertilizer and organic fertilizer was reported by Sam-
paio and Oliveira (2005) and Bezerra et al. (2007).

Agriculture, like any other agricultural
activity, undergoes constant innovation to im-
prove productivity. In this context, the use of
agrochemicals to control pests and to obtain more
fertile soils and more productive crops are high-
lighted. However, the use of agrochemicals to
increase productivity can lead to pollution of soll
and surface and groundwaters. In Brazil, corn and
soybean contribute about 80% of grain production
(FAO 2014). An alternative to reduce the use of
chemical fertilizers in corn crops may be to use the
biomass of aquatic macrophytes as a substrate for
plant growth. Macrophyte organic matter, when
incorporated into the soil, may alter the physical,
chemical and biological properties of the soil and
eventually change soil fertility. Given the above,
we hypothesized that using E. crassipes dry matter
could favor corn germination and growth due to the
nutrients incorporated into the macrophyte biomass.
A 25 d experiment using E. crassipes dry matter as
a substrate for germination and initial growth of
corn (Zea mays L.) was conducted to test this hy-
pothesis.

MATERIALS AND METHODS

The use of E. crassipes dry matter as
substrate for corn germination and initial growth
was evaluated using a completely randomized
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experimental design with four treatments and five
replicates, in a greenhouse in Barretos, SP, Brazil
(20° 33" 33" South and 48° 34’ 8" West). According
to Képpen, the region has an Aw-type climate, with
mild and dry winters and hot and rainy summers.

The treatments consisted of mixing different
levels of E. crassipes dry matter and agricultural
soil. The following treatments were tested: 1) the
substrate consisted of 100% aquatic macrophyte (E.
crassipes) dry matter (Am); 2) 50% E. crassipes dry
matter and 50% agricultural soil (AmAs); 3) 25%
E. crassipes dry matter and 75% commercial agri-
cultural substrate (AAs); and 4) 100% commercial
agricultural substrate (CAS). The substrates with
macrophytes (Am, AmAs and AAs) were prepared
by mixing the plant’s parts and roots. Table 1 shows
the ratios of the substrates.

Table 1. E. crassipes dry matter and commer-
cial agricultural ratios used in the substrate.

Dry matter (g)

Treatments Eichhornia crassipes  Soil
Am 12 -
AmAs 6 75.0
AAs 3 75.0
CAS - -

The E. crassipes used in the experiment came
from the macrophyte collection of the Agricul-
tural Sector of the Centro Universitario da Fun-
dacdo Educacional de Barretos (UNIFEB), SP. Ta-
ble 2 shows the physicochemical parameters of
the water in the macrophyte maintenance tank.
The selected macrophytes had similar sizes and
appearance. The plants were washed to remove
solids adhered to the biomass, cut and placed on
metal trays, which were subsequently placed in an
oven at 60 °C until constant weight. The dried
plants were then crushed in a mill (model Willye
Te-650) and weighed on a semi-analytical balance
(Model Shimadzu 3200HL BL) to obtain the dry
matter mass (g).

The agricultural soil used in the AmAs and
AAs treatments was collected in an UNIFEB area
with no agricultural activities. The soil is classified
as Oxisoil with the following chemical properties at
0.20 m deep: pHCaCly = 4.0; organic matter - OM
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Table 2. Means (n=3) and standard deviation of water parameters: temperature (temp.), pH, dissolved oxygen
(DO), electrical conductivity, total Kjeldahl nitrogen (TKN) and total phosphorus (TP) in the Eichhornia crassipes

tanks.
Physico- Electrical
chemical Temp. (°C) pH DO (mg L™1) conductivity TKN (mg L™ TP (ug L™1)
parameters (mS cm™1)
Tanks
with 271 061 79+04 6.0 £0.6 0.094 £ 0.023 0.50 + 0.12 205.0 £ 29.1
macrophytes

Table 3. Means (n=5) =+ standard deviation of the parameters height (H); stem diameter (SD), shoot fresh mass
(FMsh), root fresh mass (FMro), shoot dry matter (DMsh) and root dry matter (DMro).

Treatment Variables
H (cm) SD (mm) FMsh (g) DMsh (g) FMro (g) DMro (g)
Am 249 +16° 032+003 0.86+0.13% 025+020° 420+06 1.82+0.61
AmAs 273 +23% 0324+00 1.02+0.11%® 017 +£0.15° 317 +13 13440385
AAs 275+ 562 026 +0.03 0.28+0.12° 0.21+0.04® 338+08 2244045
CAS 39.0 £ 85 0.35+0.0 1.834+0.20% 058+0.20° 483+12 1.724+ 023
ANOVA P value <0.0001 0.186 <0.0001 <0.0001 0.076 0.44
ANOVA F value 31.3 1.8 29.2 10.80 2.75 0.95

(s dm_S) =12.0; P (mg dm_3) = 3.0; K, Ca, Mg,
H+Al, SB and CTC (mmol dm~—3) = 1.9; 4.0; 1.7;
48.6; 7.6; 56.2, respectively, and 14% base satura-
tion (Ca, Mg and K).

Conventional corn seeds were provided by the
UNIFEB Soil Laboratory. Three corn seeds were
planted in the substrates in germination tubes (100
cm~3), which were placed in plastic trays inside the
greenhouse. The temperature was maintained at
27 £ 2 °C and relative humidity (RH) at approxi-
mately 85%. After germination, the lower growth
seedlings were cut to avoid competition between in-
dividuals and ensure better development of the re-
maining seedlings.

Seedling growth (H, cm) and stem diameter
(SD cm) were measured every 3 d from the tenth
day of planting using a graduated ruler and caliper,
respectively. At the end of the experiment, the
seedlings were removed from substrates, carefully
washed and dried on paper towels to determine
the fresh mass (g) of the shoots (FMsh) and roots
(FMro). The seedlings were then placed in metal
trays to obtain shoot (DMsh) and root (DMro) dry
matter (g) following the methodology previously
described.

Statistical analysis
The growth parameters stem diameter and
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fresh and dry matter were subjected to descriptive
statistics and, subsequently, to the Kolmogorov-
Smirnov and Bartlett test to verify the normality
and equality of variances (homoscedasticity),
respectively. The one-way analysis of variance (one-
way ANOVA) was applied to the stem diameter and
fresh and dry mass data. The repeated measures
ANOVA was used to assess the effects of the treat-
ments (Am, AmAs, AAs and CAS) on seedling
growth in the different evaluation periods (days).
The means were compared by Tukey's test (p <
0.05).

RESULTS AND DISCUSSION

The initial hypothesis of the study was par-
tially confirmed. The seeds germinated in all treat-
ments six days after planting. At the end of the ex-
periment (25 d), the stem diameter (SD) and root
fresh (FM) and dry matter (DM) of corn seedlings
were not significantly different (p < 0.05) between
treatments (Table 3). Regarding aerial plant parts,
ANOVA showed that shoot FM and DM were sig-
nificantly higher in the CAS treatment. Moreover,
shoot fresh mass was on average 1.8, 2.1 and 6.5
times higher than that of the Am, AmAs and AAs
treatments, respectively (Table 3). Seedling height
in commercial agricultural soil (39.0 cm) was on
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Table 4. Means (n=5) (+ standard deviation) for corn (Zea mays L.) seedling height and results of repeated
measures ANOVA. Values of P for effects of treatments (Tr.), time (Te.) and treatment vs. time interaction (Tr.

X Te.).
Repeated measures ANOVA (P values)
Am AmAs Ahs CAS Tr. Te. Tr. X Te.
H(cm) 249 +16° 273+23° 277+560 390+85% <0000l <0.0001 <0.0001

H = seedling height. Treatments: 100% macrophytes (Am), 50% macrophyte and agricultural soil (AmAs); 25%
macrophyte and 75% agricultural soil (AAs) and commercial agricultural substrate (CAS).
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Figure 1. Growth curves (means and standard deviation) of corn seedlings planted in four different substrates:
macrophyte only (Am); 50% macrophyte and 50% agricultural soil (AmAs); 25% macrophyte and 75% agricultural
soil (AAs); and commercial agricultural substrate only (CAS).

average 46.6% higher compared to the other treat-
ments (26.6 cm on average) (Table 3).

The repeated measures ANOVA showed sig-
nificant difference (p < 0.05) between treatments,
time (days), and treatment vs. time interaction (Ta-
ble 4). Corn seedling growth was significantly (p <
0.05) higher in the CAS treatment. Substrates with
macrophytes (Am, AmAs, and AAs) did not result
in significantly different growth rates for corn (Ta-
ble 3). This result suggests that E. crassipes dry
matter can be used as a component of the substrate,
but further studies are needed to determine the best
mixture ratio (E. crassipes dry matter and agricul-
tural soil).

Figure 1 shows that average corn seedling
height was lower (26.6 cm) in the macrophyte treat-

www.ujat.mz/era

100

ment compared to the commercial agricultural soil
(39.0 £ 8.5 cm), at the end of the experiment. The
seedlings planted in the substrates with E. crassipes
probably absorbed nutrients from the dry matter
(i.e., nutrients incorporated into the E. crassipes
biomass). According to Malavolta et al. (1989),
the nutrients absorbed by the macrophytes are in-
corporated into the soil allowing the nutritional re-
quirements of the plants to be met. However, the
lower average corn seedling height reached in the
treatments with macrophytes (Am, AmAs and AAs)
might be related to low nutrient concentrations
present in E. crassipes dry matter since the macro-
phytes originated from an environment with average
TN and TP concentrations of 0.50 mg L~! and 205
pg L~1, respectively. Probably, E. crassipes that
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originate from aquatic environments with higher nu-
trient concentrations also have higher nitrogen and
phosphorus concentrations in their biomass. Thus,
the use of plant biomass from eutrophic and hy-
pereutrophic environments should be considered be-
cause a larger stock of nutrients in the macro-
phyte biomass might enrich the planting substrate.
In addition to incorporating nutrients to the soil,
the removal of macrophytes from environments im-
pacted by human activities may represent a manage-
ment strategy of unwanted infestations of aquatic
weeds.

The dry matter of aquatic macrophytes can
be used as a substrate in agriculture, as reported
by Sampaio and Oliveira (2005). These authors re-
ported that the Egeria densa biomass removed from
the Paulo Afonso hydroelectric reservoir was incor-
porated into the soil. The plant biomass increased
the amount of nutrients in the soil, which resulted in
a corn yield increase from 4.2 t ha=! in (soil fertilized
with cattle manure) to 7.7 t ha=! (soils with macro-
phyte). The continuous use of organic fertilizer in-
creased corn productivity compared to chemical fer-
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tilizer, as reported by Maia and Cantarutti (2004).

The greater growth observed in the CAS
treatment is probably due to the increased
availability of micro and macronutrients in the
commercial agricultural substrate. Although the
CAS treatment displayed better results in early corn
growth, Farias et al. (2013) suggest the use of E.
crassipes as a substrate for germination and initial
seedling growth due to the high C/N ratio observed
in the macrophyte biomass.

The commercial agricultural soil performs
better during initial corn growth. The E. crassipes
dry matter can be used as substrate for corn
germination and initial growth; however, further
studies are necessary to determine the macrophyte
DM /agricultural soil ratio that can optimize corn
germination and initial growth.
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