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Abstract: Irrigation with recycled water can be considered as an element of integrated water management,
in which the nutrients in the water are used and decomposed by natural processes, while water retention is
realized at the local level. The objective of the study was to monitor the changes in nitrogen, phosphorus,
potassium, calcium, magnesium and sodium content of the plant parts (leaves, stems, roots) of the energy
willow in response to effluent water irrigation of the fish farm. In our study, we used the effluent of an intensive
African catfish farm for irrigation. The farm uses thermal water for fish farming, which is characterized by a
high sodium content. At the same time, the effluent is rich in organic matter and minerals. The planting of the
willow plants in the study area, which is close to 3 ha, took place in the spring of 2014 with a variety candidate
’Naperti’. During the experiment, seven treatments were set up, of which one was non-irrigated, three were
irrigated with the water of the Koros oxbow lake and three were irrigated with the effluent water. Three doses of
irrigation water (15, 30, 60 mm) were applied to the one-week irrigation intervals with a microspray irrigation
system. At the end of the growing season, samples of the plant parts were collected, during which mineral
element analysis was performed with special regard to N, P, K, Ca, Mg and Na levels. The results of the study
showed a significant difference in macroelements only for nitrogen for all plant parts. However, there was no
significant difference in case of the mesoelements. In the case of sodium, compared to the leaf and stem plant
samples, the root part accumulated a significant amount of salt, especially in the samples irrigated with 30 mm
effluent water, where the Na content reached 521 mg kg~ !.
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Introduction production and utilization of bioenergy from
biomass has become a strategic issue. Both

Europe and the world are facing energy

The growing demand for biomass and renew-
able energy sources in the European Union
can be met in the long term by setting en-
ergy efficiency targets in the European En-
ergy Union’s strategy and increasing the Eu-
ropean share of renewable energy sources
(European Environment Agency, 2006). The
use of renewable energy sources is becom-
ing less and less avoidable. Nowadays, the
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shortages, and energy-based systems are de-
clining, while energy demand is on the rise
(depending on social and economic devel-
opment) worldwide (European Environment
Agency, 2013; Popp et al., 2014).

The willows are one of the plants which
can be used to produce biomass for en-
ergy purposes. Woody stem crops grown
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for energy can generally withstand extreme
weather conditions. Mostly 500-600 mm of
rainfall are needed for the balanced develop-
ment of these crops, but they can reach high
biomass masses in years with 300400 mm
of rainfall. However, a balanced water supply
is particularly important in the year of plant-
ing, as the plants are more sensitive to peri-
ods of drought during their initial develop-
ment (Liberacki et al., 2022). Dimitriou and
Aronsson (2011) described in their study that
the wastewater applied had no negative effect
on plant growth. Hangs et al. (2011) noted
that moderately saline (ECe < 5.0 dS m~1)
conditions were still tolerated by energy wil-
lows.

Water scarcity and climate change are among
the most pressing global challenges of our
time. Due to declining freshwater supplies,
the use of alternative water sources in agri-
cultural cultivation has become necessary
(Gabr et al., 2020). In the integration of aqua-
culture and crop production, effluent water
has been successfully used in irrigation or
hydroponic systems in many crops (Castro
et al., 2006; McMurtry et al., 1993; Naegel,
1977). The effluents from intensive fish pro-
duction have a high content of organic mat-
ter and macronutrients. They provide an ex-
cellent opportunity for nutrient replenish-
ment during crop production (Omeir et al.,
2019; Kolozsvari, Kun, Jancso, Bakti, et al.,
2021; Valencia et al., 2001). Several promis-
ing studies have been conducted in the field
of crop and vegetable productions by using
higher salinity effluent water from fish and
shrimp farms for irrigation during cultivation
(Castro et al., 2006; Guimaraes et al., 2016;
Simoes et al., 2016).

The aim of our thesis was to determine the
effect of irrigation with the effluent of in-
tensive fish farming on the macro- and,-
mesoelement and sodium contents of the
plant parts of the short-rotation energy wil-
lows.
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Materials and Methods

The experimental area was set up in the field
(46°51’06.9”N 20°31'25.0"E Szarvas, Hun-
gary) of the Hungarian University of Agri-
culture and Life Sciences, Institute of envi-
ronmental Sciences, Research Center for Ir-
rigation and Water Management in spring of
2014, with an area of 2.7 hectares. The short
rotation energy willow (Salix alba L.) cop-
pice of Forest Research Institute 'Naperti’
candidate variety was used for the experi-
ment. The cuttings were planted in the spring
of 2014. Sampling of plant parts (leaf, stem
and root) took place in 2014 at the end of
the growing season (october). During the ex-
amination we applied a non-irrigated treat-
ment (C) and combinations of two differ-
ent water types and three different irrigation
doses for the irrigation of the energy willow
clones. The area of a treated plot was 20 x
50 meter (width x length). We used water
from the Ko6ros River oxbow lake (K15, K30,
K60) and untreated effluent water (E15, E30,
E60) from a local intensive African catfish
(Clarias gariepinus) farm. Irrigation water
was sampled three times during the irriga-
tion cycle and the average chemical param-
eters are presented in Table 1. The effluent
water was directly collected from the outflow
of fish rearing tanks. The quality of the efflu-
ent is characterized by a higher sodium con-
tent, as thermal water is used for the produc-
tion of African catfish (Table 1.). In addition,
it is characterized by higher organic matter
and nutrient content (Table 1.). The irrigation
interval was one week with the doses of 15
mm (K15, E15), 30 mm (K30, E30), and 60
mm (K60, E60). We used microspray irriga-
tion system (in three replications). The plan-
tation was irrigated six time during one irri-
gation period (June, July, August), with nat-
ural rainfall (326 mm).

The mineral content of the plant parts was

analyzed at the end of the growing season.
All samples were assayed by the Hungar-
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Table 1: Mean of plant height and stem diameter for lettuce under two cultivation systems

during three phenophases

EC NH4-N P Ca K Mg Na
uS/cm mg/dm® mg/dm® mg/dm® mg/dm? mg/dm? mg/dm?
Koros River water 399 0.161 0.093 41.2 497 9.93 31.9
Effluent water 1330 21 3.47 20.5 6.8 9.35 273
ian and ISO standard methods according to Results
Kolozsvari, Kun, Jancsd, Bakti, et al. (2021):
Macroelements and sodium: Nitrogen

Kjeldahl-Nitrogen MSZ EN ISO 5983-
2:2005: Animal feeding stuffs. Deter-
mination of nitrogen content and cal-
culation of crude protein content. Part
2: Block digestion and steam distilla-
tion method (ISO 5983-2:2005).

Phosphorus MSZ-08-1783-28:1985: Use of
high capacity equipment in plant anal-
yses. Quantitative determination of
phosphorus of plant materials by ICP
method.

Potassium and Sodium MSZ-08-1783-
5:1985: Use of high capacity equip-
ment in plant analyses. Quantita-
tive determination of potassium and
sodium contents of plant materials.

Mesoelements:

Calcium MSZ-08-1783-26:1985: Use of
high capacity equipment in plant anal-
yses. Quantitative determination of
calcium of plant materials by ICP
method.

Magnesium MSZ-08-1783-26:1985: Use of
high capacity equipment in plant anal-
yses. Quantitative determination of
magnesium of plant materials by ICP
method.

The statistical analyses were implemented by
IBM SPSS Statistics 25.0 software. One-way
analysis of variance (ANOVA) was applied.
The differences were determined significant,
where the Tukey’s post hoc test were consid-
ered significant at p < 0.1.
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In the case of nitrogen (Figure 1) it can be
stated that the leaf part had the highest N
level. In the case of K30 treatment it was
4.47 m/m%, while the lowest value was mea-
sured in case of C treatment (0.37 m/m%).
Lower levels were observed in the stem and
root parts. The N level was between 1.41—
0.08 m/m% and 0.88—0.5 m/m% in the stem
and the root parts, respectively. Furthermore,
it can be considered that the N content of
the C and 30 and 60 mm effluent water ir-
rigated plant samples differed from the val-
ues measured in the other treatments. In a
one-way analysis of variance, we found a
significant difference between treatments for
all three plant parts. In the case of the leaf
part, the K30 treatment (p = 0.028) had a
significantly higher N level than the other
treatments. In the case of the stem and root
parts, in both cases the plant samples of the
K15 treatment (p < 0.001) contained signifi-
cantly more nitrogen compared to the lowest
C treatments.

Phosphorus

In the case of phosphorus (Figure 2), it can
also be observed that the leaf had the high-
est P content (2935 mg kg~ !). The values for
stem and root parts were in the same range
(1655-950 mg kg~ !). No significant differ-
ence was detected in any of the plant parts
during the statistical evaluation. However, it
can be observed that the P levels of C treat-
ments are in the lower range for the stem and
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Figure 1: The nitrogen content of the plant parts (leaf, stem and root) at the end of the grow-
ing season. The different letters show a significant difference between treatments during the
study period, according to the Tukey’s test was used at p < 0.1 level.
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Figure 2: The phosphorus content of the plant parts (leaf, stem and root) at the end of the
growing season. The different letters show a significant difference between treatments dur-
ing the study period, where the Tukey’s test was used at p < 0.1 level.

root plant part.

Potassium

For potassium (Figure 3), the same trend
as for phosphorus can be observed, with a
higher range of K levels in leaf parts (13630—
9505 mg kg~! d.m.). This is followed by the
potassium content of the root samples, where
K15 treatment (8265 mg kg~! d.m.) pro-
duced the lowest and K30 treatment (9390
mg kg~! d.m.) the highest values. The stem
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parts had the lowest potassium levels. Here,
we measured the lowest values for the K15
samples (3655 mg kg~! d.m.) and the highest
element levels for the E15 treatment (5180
mg kg~! d.m.). In the one-way analysis of
variance, no significant difference was de-
tected between treatments for the root sam-
ples. However, in leaf samples, C treatment
(p =0.096) had a significantly higher K con-
tent compared to K15 and E60 treatments. In
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Figure 3: The potassium content of the plant parts (leaf, stem and root) at the end of the
growing season. The different letters show a significant difference between treatments dur-
ing the study period, where the Tukey’s test was used at p < 0.1 level.
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Figure 4: The calcium content of the plant parts (leaf, stem and root) at the end of the grow-
ing season. The different letters show a significant difference between treatments during the
study period, where the Tukey’s test was used at p < 0.1 level.

the case of stem samples, E15 treatment (p =
0.061) had a significantly higher K level.

Calcium

It was also observed that leaf samples con-
tained calcium in the highest proportion
(Figure 4). Where the lowest value was mea-
sured in the K30 treatment (20310 mg kg~!
d.m.) and the highest to E60 samples (31345
mg kg~! d.m.). The stem and root samples
moved in the same range. For stem parts, the
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K30 treatment (5885 mg kg~! d.m.) had the
lowest Ca content, while the E15 samples
(7730 mg kg~' d.m.) had the highest, but
no significant difference between treatments
was observed. The calcium content of the
root parts ranged from 6295 to 7630 mg kg !
dm. The statistical evaluation showed signifi-
cant differences only in leaf parts, where E60
treatment samples (p = 0.047) had signifi-
cantly the highest Ca values.
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Figure 5: The magnesium content of the plant parts (leaf, stem and root) at the end of the
growing season. The different letters show a significant difference between treatments dur-
ing the study period, where the Tukey’s test was used at p < 0.1 level.
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Figure 6: The sodium content of the plant parts (leaf, stem and root) at the end of the grow-
ing season. The different letters show a significant difference between treatments during the

study period, where the Tukey’s test was use

Magnesium

In the case of magnesium, the leaf parts also
contained the highest concentration (Figure
5). This was followed by the Mg element
content of the root parts and then the stem
parts. For leaf samples, treatment C (4045
mg kg~! d.m.) had the lowest value, while
treatment K15 (6410 mg kg~! d.m.) had the
highest value. In the case of the stem part,
the Mg content was between 999 and1225
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dat p <0.1 level.

mg kg~! d.m. The lowest element content
was measured for the root samples in the E15
treatment (2555 mg kg~ ! d.m.) and the high-
est in the C samples (4895 mg kg~! d.m.).
According to the one-way analysis of vari-
ance, compared to the C treatment the K15
sample (p = 0.075) had significantly higher
Mg levels in the case of the leaf samples.
Furthermore, compared to the E15 treatment
the C sample (p = 0.081) detected signit-
icantly higher values in the root part. No
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significant difference was observed between
stem treatments.

Sodium

The sodium content of the plant parts devel-
oped differently from the mineral elements
presented above (Figure 6). In this case,
the willow leaf and stem parts stored sig-
nificantly less Na in the tissues. This value
ranged from 62 to 108 mg kg~! d.m. In con-
trast, in the case of root samples, the K15
treatment (157 mg kg~! d.m.) with the low-
est value also had higher Na levels. The Na
content of the root samples of the highest
K30 treatment reached 606 mg kg~!' d.m.
During the statistical evaluation, there was
a significant difference between the treat-
ments for the root samples between K30
(p = 0.003) and K15, K60, E60.

Discussion

The effect of effluent from an intensive
African catfish farm on the mineral content
of plant part was investigated in a short rota-
tion coppice plantation in 2014. In the case
of nitrogen, it can be observed for all parts
of the examined plants that the C treatments
and the samples irrigated with 30 and 60
mm effluent water had significantly lower N
content. For treatment C, this decrease was
caused by water deficit, and for the samples
irrigated at 30 and 60 mm, it could be due to
irrigation of effluent water with higher EC.
Similarly, as nitrogen, phosphorus is an es-
sential macronutrient for all plants. In addi-
tion, it is a component of many cellular com-
pounds that are essential for energetic and
photosynthetic metabolism (Maathuis & Di-
atloff, 2012). During the measurement the
leaf samples had the highest phosphorus
value. Potassium is the most abundant cation
in plants and its amount decreases as the
growing season progresses (Gierth & Miser,
2007). The highest concentration was mea-
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sured for leaf samples.

Mgt and Ca?" are essential for plant
growth because magnesium is a structural
component of chlorophyll and calcium is a
component of the cell wall and a receptor for
environmental stimuli (Ranty et al., 2016).
According with the study of Akter and Oue
(2018) measured magnesium levels in root
samples irrigated with high salinity irriga-
tion water were lower than in non-irrigated C
treatments. In the case of calcium, leaf sam-
ples irrigated with 60 mm of effluent had the
highest concentration.

High salinity can induce nutrient deficien-
cies in plants. In addition to altering the ionic
balance of cells, salt stress can also gener-
ate oxidative stress in plant cells and tis-
sues. In halophytic plants (which are well
adapted to the saline environment), they in-
crease the presence of compounds with high
antioxidant activity, such as the production
of polyphenols (Mansour et al., 2018). Under
the study, there was a significant difference
between the treatments for the root samples.
During which the highest Na concentration
reached 606 mg kg~! d.m. The same result
as in our previous study was obtained during
effluent water irrigation of silage sorghum
(Kolozsvari, Kun, Jancsd, Biréné Oncsik, et
al., 2021).

In summary, in areas where irrigation wa-
ter is not available or we have poorer quality
soil, the effluent of the intensive fish farm we
studied can be a suitable alternative. At the
same time, it is necessary to monitor the ir-
rigated area, in particular to monitor changes
in soil parameters.
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