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Introduction

Project Aquafluosense (NVKP_16-1-2016-0049) aims to develop a new water analysis
system for natural and artificial waters, allowing complex, systematic and in situ
fluorescence-based assessment and monitoring of water quality. This modular
instrument family is able to detect some main parameters including chlorophyll-a
content (as an indication of algal density), certain amino acids (as an indication total
organic carbon), polycyclic aromatic hydrocarbons, and certain agricultural pollutants.
Within the project an enzyme-linked fluorescent immunoassay (ELFIA) module was
developed for monitoring and quantification of mycotoxin zearalenone (ZON). ZON is
a well-known food and feed contaminant, moreover in the last years it has also emerged
as a surface water pollutant. With our developed ELFIA method analytical detection of
ZON in surface water can be performed without any sample preparation prior to
immunofluorometric analysis.

A review of the scientific literature indicates that ZON, a toxic secondary metabolite
produced by species of the Fusarium genus e.g. F. graminearum, F. culmorum, F.
semitectum, F. cerealis, and F. equiseti (Dénicke and Winkler, 2015), is a frequently
occurring mycotoxin mostly found in food and feed (especially in grains) having
economic impacts on agriculture and causing high risk to food and feed-born
intoxication in humans and livestock (Khaneghah et al., 2019). The wide range of
mycotoxin impacts includes genotoxic, cytotoxic, mutagenic, and teratogenic effects,
but the most known negative effect of ZON is its endocrine disruption. Hormon-
mediated processes in mammals may be affected by ZON (and its derivatives) via
triggered estrogen-like effects (Zheng et al., 2019). Natural mycotoxin contamination in
agricultural products (both commodities and processed products) has been investigated
for decades and this resulted numerous well-established methods for quantification of
ZON, most of them using colorimetric and fluorescence-based strategies,
chromatographic methods or enzyme-linked oligonucleotide assays (Caglayan et al.,
2020). Traditional chromatographic methods have low limits of detection (LODs) and
limits of quantification (LOQs) but are time consuming technologies and require special
instrumentation for sample preparation. In contrast, immunoassay-based techniques are
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cost-effective and allow rapid monitoring. Therefore, if a single analytical signal
indicating the presence of ZON is sufficient, immunoassay can be a method of choice.
The occurrence of ZON in surface waters is a quite recent finding (Gromadzka et al.,
2009). This is of importance not only from the aspect of surface water analysis and
environmental assessment but also because such water contamination provides another
potential route to human exposure beside food- and feed-born intoxication (Russell and
Paterson, 2007). ZON and other mycotoxins have been often found lately in surface
waters in Poland (Gromadzka et al., 2009), Brazil (Emidio et al., 2020), Portugal
(Laranjeiro et al., 2017) and the United States (lowa State) (Maragos, 2012).

Materials and methods

Chemical and biochemical reagents, including goat anti-rabbit IgG-HRP (horseradish
peroxidase) conjugate as secondary antibody, salts for buffers and the ZON standard
were purchased from Sigma-Aldrich Inc. (St. Louise, MO, USA), unless indicated
otherwise. The preparation zearalenone-6’-carboxymethyloxime-bovine serum albumin
conjugate (ZON-BSA), immunization in rabbits, serum collection, and purification of
rabbit anti-ZON 1gG as a primary antibody were performed on the basis on the literature
(Székacs et al., 2009).

Immunoassays were carried out in high capacity 96-well microplates (Nunc, Roskilde,
Denmark) for colorimetric assay and in low profile 96-well (white wells for increased
fluorescence) microplates (Bio-Rad Laboratories, Hercules, CA, USA) with the use of a
self-designed holder printed by 3D printer (provided by Budapest University of
Technology and Economics) for ELFIA. In the last step of the immunoassay QuantaRed
Enhanced Chemifluorescent HRP Substrate Kit (Thermo Fisher Scientific Inc.,
Waltham, MA USA) was used. The kit contains a non-fluorescent reagent (10-acetyl-
3,7-dihydroxyphenoxazine, ADHP), which is converted into a highly fluorescent
reaction product (resorufin) when dehydrogenated (oxidized) by HRP. This process
allows bot visual colorimetric detection in a plate reader and fluorimetric detection by
our method reported here. Absorbances were read by SpectraMax iD3 Multi-Mode
Microplate Reader (Molecular Devices, San Jose, CA, USA) at a wavelength of 576
nm. Relative fluorescence signals were determined by the prototype of our microplate-
based immunofluorescence reader instrument (Fig 1. A, B) equipped with CREE
XPEBGR-L1-0000-00F01 LED (520-535 nm min-max dominant wavelength) as a light
source and an FF01-593/40-25 output filter (peak: 593 nm, width: 40 nm) developed in
the Aquafluosense project (Csész et al., 2019).

In an indirect competitive ELISA format, plates were coated with 1 pg/ml of the ZON-
BSA conjugate in carbonate buffer (15 mM Na;COs;, 35 mM NaHCOs;, pH=9,6)
overnight at 4°C. Blocking was carried out with 1% gelatine in phosphate buffer saline
(PBS) (137 mM NaCl, 2,7 KCI, 10 mM Na;HPO4 x 2 H20, pH=7.4) at 37°C for 1.5
hours. After 4 times of washing, 50 ul/well of the sample or a ZON standard solution
(delivered in dilution series to several wells) and the ZON-specific antiserum (rabbit,
dilution 1:1000) were added, and the plate was incubated for 1 hour at 37°C. After 4
times washing, 100 pl/well of goat anti-rabbit-HRP (dilution 1:7500) were added, and
the plate was incubated for 1 hour at 37°C. The unbound fraction of the labelled
secondary antibody was washed out 4 times with PBS, and the QuantaRed Enhanced
Chemifluorescent HRP Substrate Kit was added to obtain a detectable amount of the
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fluorescent product. Colour development was terminated by adding 10 pl/well of the
stop solution supplied in the fluorescence kit.

A Detector

i

Figure 1.: Schematic view of the ELISA plate compatible sensor head (A). Photo of the ELFISA plate reader
instrument prototype (B).

As this immunoassay is devised in a competitive format, the higher the ZON
concentration in the sample, the lower analytical signal is recorded. Assays were
performed in triplicates. Background measures were performed by using a high
concentration of ZON at 2000 ng/ml, where all the antibodies of the antiserum were
bound to ZON in the solution and eliminated from the system with the washing process.
Matrix effects were determined by comparing calibration curves obtained in assay
buffer and in surface water sample from river Danube.

Results and discussion

Indirect competitive ELISAs were performed to determine ZON calibration curves. The
LOD was found to be 0.09 ng/ml for ZON, and the detection range was investigated in a
concentration series of 0.004 pg/ml — 2 ug/ml ZON. After the colorimetric assay the
liquid phase was transferred with 8-channel pipette to a low profile white 96-well
microplate where fluorescence was determined. Calibration curves and LODs were
established in parallel for absorbance and fluorescence, and both in assay buffer and in
surface water (Figure 2.). For comparable presentation relative analytical signals
(relative to the maximal, negative control signal) are presented. The investigations for
matrix effects did not result significant difference among curves in buffer of surface
water (p > 0.05).

Different LOD values were calculated for the two analytical signals, and resulted in
LODs = 0.25 and 0.09 ng/ml for visual absorbance and fluorescence detection,
respectively. Determination by fluorescence provided a wider and steeper dynamic
range, thus ELFIA proved to be a more sensitive method than the corresponding
ELISA. Application of the QuantaRed Enhanced Chemifluorescent HRP Substrate Kit
with HRP enzyme reaction provided lower LOD than that with o-phenylenediamine
dihydrochloride (OPD) as chromophore (LOD for OPD=0.84 ng/ml) in the colorimetric
assay.
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Figure 2: Competitive indirect calibration curves for zearalenone obtained in assay buffer (hollow markers,
dashed lines) and in surface water from river Danube (solid markers, solid lines) determined by absorbance
(@, 0) and fluorescence (A, A), detected at 576 and 593 nm wavelengths, respectively.

Conclusions

Application of the fluorescence detection method reported here resulted in a more
sensitive method with a lower LOD value than those obtained in the corresponding
colorimetric assay. This benefit allows determination of lower pollutant concentrations
in surface water as ELFIA proved to be a more effective technique in the given
analytical determination than the related ELISA method. In addition, no significant
differences have been found between the calibration curves in assay buffer and in
surface water, indicating the possibility of carrying out the measurement without any
sample preparation step. The 96-well microplate format of the method allows an assay
capacity of 25 samples in parallel in triplicates (with standard curves of 7 calibration
points).

Summary

This study reports the development of an enzyme-linked immunfluorescence assay
(ELFIA) for determination and quantification of mycotoxin zearalenone (ZON) based
on a competitive enzyme-linked immunosorbent assay (ELISA) format combined with
fluorescence detection. ELFIA analyses were carried out in the 96-well microplate-
based fluorimeter prototype instrument we developed within project Aquafluosense.
Within the project, prototypes of fluorescence-based instrumentation for in situ
measurement of several characteristic parameters of water quality were developed. The
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immunofluorescence method applied into the system has the possibility to detect several
environmental xenobiotics/agricultural pollutants including ZON. The method reported
is appropriate for in situ determination and monitoring of the target compound in the
concentration range of 0.09-400 ng/ml. The immunofluorescence module of the
fluorimeter set and the ELFIA method applied can be utilised for detection of other
water-polluting substances if antibodies of suitable avidity and specificity are available
for immunoanalytical determination with proper sensitivity are available. This provides
versatility of the immunofluorescence detection technique and instrumentation
developed.

Keywords: Aquafluosense, immunofluorescence, zearalenone, mycotoxin, fluorescence
detection, competitive immunoassay
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Immunfluoreszcencias vizsgalati modul kidolgozasa mezogazdasagi
szennyez6 anyagok meghatarozasahoz vizben

Osszefoglalé

Enzimjelzéses immunfluoreszcencias vizsgalati (ELFIA) modszert fejlesztettink ki a zearalenon (ZON)
mikotoxin kimutatasara és mennyiségi meghatarozasara egy versengé enzimjelzéses immunoassay (ELISA)
vizsgalati formatum és fluoreszcenciadetektaldas kombinalasaval. Az ELFIA elemzéseket az Aquafluosense
projekt keretében kifejlesztett 96 tireges mikrolemezalapt fluoriméter miiszerprototipussal végeztik. A
projekt keretében kidolgoztuk a vizmindség szamos jellemz6 paraméterének in situ mérésére szolgald
fluoreszcenciaalap miszer prototipusait. A rendszerben alkalmazott immunfluoreszcencias modszer szamos
kornyezeti xenobiotikum/mezégazdasagi szennyezbanyag kimutatasara alkalmas, beleértve a  ZON
mikotoxint. A mddszer alkalmas a célvegyiilet in situ meghatarozasara és monitorozasara a 0,09—400 ng/ml
koncentraciotartomanyban. A fluorimétercsalad immunfluoreszcens modulja és az alkalmazott ELFIA
modszer felhasznalhatdo mas vizszennyez6 anyagok kimutatdsara is, ha megfelelé érzékenységii
immunanalitikai meghatarozasra megfeleld aviditast és specifitasu antitestek allnak rendelkezésre. Ez
biztositja a kifejlesztett immunfluoreszcencia detektalasi technika és miiszer sokoldaltl alkalmazhatosagat.

Kulcsszavak: Aquafluosense, immunfluoreszcencia, zearalenon, mikotoxin, fluoreszcencia detektalasa,
versengd immunoassay
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Bevezetés

Az antropogén eredetli vegyi anyagok kozil a mezdgazdasagban alkalmazott
novényvédé szerek jelentds kornyezeti terhelést jelentenek, mivel lefolyassal,
kimosddassal bomlastermékeik ¢€s maradvanyaik konnyen bejuthatnak felszini
vizrendszerekbe (Verro et al., 2009; Brock, 2013; Silva et al., 2015). Ez befolyasolja a
viztestek Okoszisztémajat, Okologiai allapotat, és megvaltoztatja a vizhasznalati
lehetdségeket. Az algdk jO mutatéi a vizmindségnek, ezért a kornyezetvizsgald
rendszerek fontos elemei. Szamos modszer 1étezik mennyiségiik becslésére, az egyik az
algdk f6 fotoszintetikus pigmentjének, a klorofillnek a mérése. Kiilonb6z6 tipust
pigmenteket tartalmaznak, amelyek diverzifikalt detektalasa lehetdséget ad az
algadsszetétel becslésére.

A fluoreszcencia jelensége felhasznalhat6 a klorofill mérésére, amelynek soran a mintat
adott hullamhosszon elektromagneses sugarzassal gerjesztjiik, és az valaszul egy masik,
valamivel nagyobb hullamhosszon fényt bocsajt ki. A fluoreszcenciaalapu
klorofillmérési modszert az 1970-es évek elején fejlesztették ki (Kiefer, 1973), és
késébb szamos kisérletet tettek arra, hogy a f6 algacsoportokat kiilonbozd
pigmentOsszetételitk alapjan elvalasszak egymast6l (Yentsch és Yentsch, 1979; Yentsch
és Phinney, 1985). Ma mar rendelkezésre allnak fluoreszcencian alapulod eszkozok a
klorofilltartalom és az algaOsszetétel becslésére (Beutler et al., 2002), bar
hatékonysagukat gyakran vitatjak (Kahlert és McKie, 2014).

Az Aquafluosense (NVKP_16-1-2016-0049) konzorcium keretében egy komplex,
modularis miiszert fejlesztink ki a vizmindség mérésére. Célunk olyan modul
kifejlesztése algasiiriiség és -Osszetétel fluoreszcencia alapuld mérésére, amely a
korabbi miiszereknél nagyobb hatékonysaggal miikddik.
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Anyag és modszer

A modul fejlesztése soran tobb miiszerprototipust alakitottunk ki, és teszteltiink az 1.
tablazatban bemutatott specifikus jellemzdkkel.

1. tabldzat. Fluoreszcens mérOmiiszerek prototipusai az egyes fejlesztési fazisokban

Fluorometer with

A miiszer iellemzéi FluoroMeter Modul Klorofill Fluorometer dichroic rendszer
uszer J (FMM) (CFM4Ch) (FDS)
. - . Lézerdioda Lézerdioda . .
Gerjesztési forras (10 mw) (>25 mW) LED-fényforras
Gerjesztési
hullimhossz 635 637 470, 630
(nm)
1? ?{;ﬁ;ﬁ‘z 690 (AA=10) 690 (AA=10), 735 (AA=10) 716 (AA=43)
u (nm) 735 (AX=10) 716 (AA=43), 708 (AA=T5) 708 (AL=75)
Csatornak szima 2 4 2

Table 1. Fluorescence measurement instrument prototypes at developmental phases
Column 1: Instrument characteristics, Excitation wavelength (nm), Detection wavelength (nm), Number of
channels

Az optimalis gerjesztési hullimhosszok kivalasztasa érdekében 420, 470 és 630 nm
gerjesztési  hullamhosszon  felvettik a  kiilonb6z6  algafajok  emisszids
fluoreszcenciaspektrumat. A vizsgalati fajok a kékalgak csoportjaba (Cyanophyta)
tartozd Cylindrospermopsis raciborskii (CR) és Microcystis aeruginosa (MA), illetve a
z6ldalgak (Chlorophyta) csoportjaba tartozd6 Desmodesmus subspicatus (DS),
Raphidocelis subcapitata (RS) és Scenedesmus obtusiusculus (SO) voltak. A
szétvalasztas alapja, hogy mig a kékalgak fotoszintetikus rendszere csak a klorofill-a-t
tartalmaz, a z6ldalgak emellett klorofill-b-t is tartalmaznak.

Eldkisérleteket végeztiink a modul tovabbi paramétereinek vizsgalatara. A vizmintatartd
mikrotalca szine jelent6s hatassal lehet a detektalt fluoreszcencia jelre. A mérés soran
fehér és fekete mikrotalcakon mértiik a reflexidt fényintenzitas folyamatos novekedése
mellett algatapoldaton. A visszaverddést harom algatenyészet fenntartisa soran hasznalt
tapoldatokon és desztillaltvizben néztiik.

Megvizsgaltuk a sotétadaptacio hatasat a fluoreszcens jelre, amelynek soran az
algamintdk  koncentraciosorozatanak  10-perces  soOtétinkubacidjat  alkalmaztuk
fluoreszcencias mérésiik elott. Ezutan a fluoreszcens jeleket Osszehasonlitottuk a
sotétinkubalas nélkiili mérésekkel.

Teszteltiil a FluoroMeter Module (FMM), a Chlorophyll Fluorometer (CFM4ch) és a
Fluorometer with dichroic system (FDS) prototipusok alkalmazhatdsagat Raphidocelis
subcapitata zoldalga és a Microcystis aeruginosa kékalga monokulturdin. Az
eredményeket egyéb, algadenzitas becslésére alkalmas modszerekkel hasonlitottuk
Ossze. Ezek a kovetkezok voltak: az optikai slirliség mérése spektrofotométerrel,
mikroszkopos sejtszamlalas Biirker-kamra segitségével és klorofillmérés szerves
oldoszeres (etanolos) kivondsos modszerrel (Wetzel & Likens, 2013). Végiil
meghataroztuk és osszehasonlitottuk a prototipusok kimutatasi hatarait (KH) és mérési
hatérait (MH).

11
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Higitasi sorozatot készitettiink Raphidocelis subcapitata zoldalga és Microcystis
aeruginosa kékalga torzskultarajabol. Az R. subcapitata legsiiriibb sejtkoncentracié
5,97*10° sejt ml, a M. aeruginosa sejtkoncentraci6é 6,33*107 sejt ml* volt. A higitasi
sorozatokat Uigy készitettiik el, hogy az els6 tag 100% -os algat, a masodik tag 90% -0S
algat és 10% tapoldatot tartalmazott, és igy 10% -0s 1épésekként, mig 100% tapoldatot
nem tartalmazott. Ez kiilon-kiilon tortént mindkét algara. Ezutan a két alga kiilonb6z6
koncentraciés tagjait elegyitettiik egymassal, igy Osszesen 121 mintank keletkezett.
Ezutan a kombinaciok fluoreszcenciajeleit az R statisztikai szoftverrel vizualizaltuk (R
Core Team, 2013).

Egyszeri mintavétel soran egy horgaszto (E 47.173014, K 18.171313)
algak6zOsségének Osszetételét Zeiss Axiovert 100 forditott mikroszkoppal hataroztuk
meg, 100-szoros nagyitassal (Utermdhl, 1958) valamint a FDS modul alkalmazasaval
megnéztiik a fluoreszcenciajel intenzitdsat adott mintan, majd Osszehasonlitottuk az
eredményeket.

Eredmények és értékelésiik

A legujabb fluoriméter prototipushoz 470 nm és 630 nm gerjesztési hullamhosszokat
valasztottunk (1. abra). Ezen gerjesztési hullimhosszokon emisszidés csucsokat
detektaltunk 690, illetve 660 nm hullamhosszokon. A miszer detektalasi hullaimhosszait
az emisszios spektrum, valamint a modul fejlesztése altal megkovetelt egyéb fontos
elektrotechnikai és optikai szempontok (1. tdblazat) figyelembevételével valasztottuk ki.
1. dbra. A vizsgalt algafajok fluoreszcenciaemisszids spektruma kétféle gerjesztési hullamhossz, 470 nm (a)

és 630 nm (b) mellett. CR: Cylindrospermopsis raciborskii, MA: Microcystis aeruginosa, DS: Desmodesmus
subspicatus, RS: Raphidocelis subcapitata, SO: Scenedesmus obtusiusculus.
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Figure 1. Emission spectra of different algal species studied at excitation wavelengths of 470 nm (a) and 630
nm (b). CR: Cylindrospermopsis raciborskii, MA: Microcystis aeruginosa, DS: Desmodesmus subspicatus,
RS: Raphidocelis subcapitata, SO: Scenedesmus obtusiusculus.

y axis: Relative fluorescence unit (RFU)
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A mikrolemez szinének hatasat a fluoreszcenciajelre a 2a. abra mutatja. A jel nem nétt a
fényintenzitds ndvekedése mellett, allandd maradt a fekete mikrolemezen. Ezzel
szemben a fehér mikrolemezen novekvd tendenciat mutatott a ndvekedett
fényintenzitassal. Ez azzal magyarazhato, hogy a fekete mikrolemez elnyeli a fényt, mig
a fehér lemez jol detektalhatod jelet produkal. Ezen eredmények alapjan a késébbi
elemzésekhez a fehér mikrolemezt valasztottuk.

2. dbra. Reflexi6 kolonbozé szinii microtalcakon a fényintenzitas folyamatos novekedése mellett (a),
sotétadaptacio hatasa a fluoreszcencias jel nagysagara (b).
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Figure 2. Reflection measured on microplates of
different colours with increasing light intensity over time (2a), effect of dark adaptation on the magnitude of
the fluorescence signal (2b)

2a, x axis: Time
y axis: Fluorescence signal

2b, x axis: Relative fluorescence with dark adaptation (sign/signmax)
y axis: Relative fluorescence adaptation (sign/signmax)
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A sotétadaptacioval és anélkiil kapott mintak jelei kozotti korrelacio a 2b. abran lathato.
Az illesztett egyenes R? értéke >0,99, ami azt mutatja, hogy a két adatsor szignifikinsan
korrelal. Ezen eredmények alapjan arra kovetkeztetiink, hogy a sotétadaptacio
alkalmazasa nincs hatassal a kapott fluoreszcenciajel mértékére. Igy a jovében nem
sziikséges sotétadaptaciot alkalmazni a méréseink eldtt.

A kiilonb6z6é abudanciamérési modszerek eredményeit Osszehasonlitottuk ugyanazon
mintakon a harom modul prototipusaval kapott fluoreszcencia jeleivel. A korrelacidkra
illesztett linearis modellek R? értékeit a 2. tiblazat tartalmazza. Minden esetben igen
erds korrelaciokat talaltunk (R? > 0,90).

2. tablazat. Korrelacios koefficiens kék- és zoldalgadenzitast meghatarozo modszerei kozott

Raphidocelis subcapitata Microcistys aeruginosa
Prototipus FMM CFM4ch FDS FMM CFM4ch FDS
oD 0,98 0,97 0,99 0,99 0,99 0,96
Biirker-kamra 0,98 0,95 0,94 0,99 0,99 0,95
Klorofillkivonas 0,99 0,97 0,90 0,99 0,99 0,94

Table 2. Correlation coefficients between densities of model green and blue-green algae detemined by
different methods
Column 1.:Prototype, Optical density, Biirker-chamber, Chlorophyll extract.

A harom modul prototipusara szdmitott KH és MH értéket a 3. tdblazat tartalmazza. A
KH ¢és MH értékei folyamatos csokkenést mutattak a modul fejlédési fazisa mentén, a
KH 4,01%10%, 2,22*10° és 8,12*10° sejt mlt, a MH pedig 8,12*10% 2,65*10° és
6,10*10° sejt ml* voltak.

3. tdbldzat. Kimutatasi hatar (KH) és mérési hatar (MH) a fluoreszcens modul harom prototipusaval

Prototipus FMM CFM4ch FDS
KH (sejt ml?) 4,01*10° 2,22*10° 3,70*10°
MH (sejt ml™) 8,12*10° 2,65*10° 6,10*10°

Table 3. Limits of detection and limits of quantitation values for the three prototypes of the fluorometer
modules
Column 1.: Limits of detection (cells mI%), limits of quantification (cells mI™)

Az algakeverékek FDS segitségével detektalt fluoreszcencia jeleit az 3. dbra mutatja. Az
3a. abran lathato, hogy az 1. csatornan a jelintenzitas a kék- és zoldalgasejtek szamanak
novekedésével nétt. Az 3b. dbra azt mutatja, hogy a fluoreszcenciajel nem nétt a M.
aureginosa novekedésével, amikor az R. subcapitata alacsony koncentracioban volt

s

novekedést mutatott a zoldalgasejtek koncentracidjanak ndvekedésével. Magas
sejtkoncentracié esetén a fluoreszcencia jel csokkent a M. aeruginosa-sejtek
koncentracidjanak parhuzamos novekedésével. A  kapott eredmények azzal
magyarazhatok, hogy a késziilék 1-es csatornija 470 nm gerjesztési hullamhosszon és
716 nm detektalasi hullamhosszon miikodik, amely mind a klorofill-a, mind a klorofill-
b mérésére alkalmas. Ezzel szemben a masodik csatorna 630 nm gerjesztési

hulldmhosszon és 708 nm detektaldsi hullamhosszon csak a klorofill-b-t méri. A
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kékalgak, mint példaul a Microcystis, csak klorofill-a-t tartalmaznak, mig a
Raphidocelis klorofill-a-t és klorofill-b-t is (Suggett et al., 2010).

3. dbra. A fluoreszcens jelet a kevert tenyészetekben levd MA és RS sejtkoncentraciok, illetve azok
aranyanak fliggvényében mértilk az 1. és a 2. csatornan is. Az 1. csatorna gerjesztési és detektalasi
hullamhosszai 470 nm, illetve 716 nm, mig a 2. csatornanal a gerjesztési és detektalasi hullimhosszok 630
nm, illetve 708 nm.
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Figure 3. Fluorescence signal (colours) in function of the cell concentrations of MA and RS in the algal
mixtures measured on channel 1 (a) and channel 2 (b). Channel 1 uses excitation and detection wavelengths of
470 nm and 716 nm, respectively. Channel 2 uses excitation and detection wavelengths of 630 nm and 708
nm, respectively.
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A horgaszté vizének fluoreszcens gerjesztése soran az 1. csatornan 64,35, a 2. csatornan
46,35 fluoreszcenciajelet detektaltunk. Ez az érték a vakon mért mennyiség kétszerese.
Mivel az 1. csatornan nagyobb jelet kaptunk, mint a 2. csatornan, feltételezziik, hogy a
vizben a kékalgak aranya nagyobb a zoldalgakhoz képest. A horgasztd algafajainak
mikroszkdpos azonositasa eredményeként azt kaptuk, hogy valoban a kékalgak nagyobb
dominancidja van jelen. A zdldalga (Chlorophyta) sejtkoncentracidja 5245 sejt ml?t, a
kékalga (Cyanophyta) sejtkoncentracidja pedig 137 444 sejt ml? volt. A kapott
értékekbdl a meghatarozott algafajok térfogata alapjan a vonatkozd biomasszaértéeket
kiszdmitva azt kaptuk, hogy a Chlorophyta biomasszaja 862 mg m=, a Cyanophyta
biomasszaja pedig 8428 mg m volt.

Osszefoglalas

Arra a kovetkeztetésre jutottunk, hogy a modul jelenlegi prototipusa jO mindségi
eredményeket ad, amelyeket az algabiomassza mennyiségi meghatarozasara hasznalt
mas modszerek is igazolnak. Mind a KH hatar, mind a MH csokkent a fejlesztési
folyamat soran, és a jelenlegi prototipus érzékenynek és hatékonynak tekinthetd e
paraméterek tekintetében. Tovabbi fejlesztési terveink tartalmazzak a miszer
kalibralasat  algacsoportok  mennyiségi  meghatarozasira a  fotoszintetikus
pigmentosszetételiik alapjan. Célunk, hogy kiterjessziik az alkalmazhatdésagot olyan
természetes vizmintakra, ahol dsszetett k6zosségek vannak jelen.
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DEVELOPMENT OF A FLUORIMETER FOR AN IN SITU
CHLOROPHYLL MEASUREMENT

Abstract

In our research we developed an instrument to measure algal density based on the fluorescent property of
chlorophyll. Preliminary tests determined the appropriate colour of the sample holder used during excitation
and the need for dark adaptation. The fluorescence signal intensities measured by the prototype fluorimeter
module were compared with the results of other methods used to estimate algal density (e.g. Biirker chamber
cell counting, optical density measurement, chlorophyll-a measurement) and the correlation between the
methods was determined. The fluorometric results correlated well with the other methods (R? > 0.95). The
measurement and detection limits showed a decreasing trend in the development phases. When tested in
natural surface water, higher blue algae cell concentrations were detected with the instrument, which was
confirmed by microscopic examination. The work was supported by project NVKP_16-1-2016-0049.

Keywords: Raphidocelis subcapitata, Microcystis aeruginosa, fluorescence, algae groups, chlorophyll
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Introduction

Soil is an important component of the biosphere which is formed by physical and/or
chemical weathering due to the disintegration of parent materials (rock) (White et al.
2013).

The quality of soil is a combination of stable and dynamic soil properties. Soil
properties vary even in relatively small spatial scales (Ziadi et al, 2013).

Standardized analytical techniques are used to measure soil properties, which are
expensive, time-consuming, and require a professional operator. These procedures
depend on a small number of mixed soil samples that represent a large area. Therefore,
alternative measurement techniques are necessary to replace laboratory reference
methods in order to provide comprehensive knowledge about soils at a low cost, with
acceptable reliability, and in a timely manner. (Mouazen et al, 2007). Near-infrared
(NIR) spectroscopy is one of the valuable technologies that have a lot of potential in
meeting these needs.

NIRS is a non-destructive analytical method for characterization and quantification of
chemical and physical properties of materials that is fast and easy to use. This method is
commonly used as a quality control instrument in the agriculture and food industries
(Williams and Norris, 1987).

The advantage of NIRS over mid-infrared spectroscopy, which can also be used for the
rapid multi-component analysis of materials, is that NIRS is generally less expensive
and is both portable and rugged enough to be used in a factory or in an agricultural field
(Chang et al, 2005). In this study, we used NIR infrared technology for estimating soil
properties (including pH (KCI), organic carbon (%), total N (%), total P (g/kg),
exchangeable K (mmol/kg), Clay (%), and cation exchange capacity (CEC)) in 2
different conditions of air-dried and moisturized soil. The objective is to find whether
moisture affects NIR spectroscopy measurement or not.

Material and Methods

Location of the study

The study site is a small forest located at the Jozsefmajor experimental and training
Farm (JETF) of Szent Istvan University (47° 41’ 30.6” latitude N, - 19° 36’ 46.1"
longitude E; 110m above sea level). This strip is covered with perennials and bushes
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whereas the predominant tree species of the strip is Robinia pseudoacacia (Black
Locust). The area is flat (Elevation: 110 m above sea). Figure 1 shows the location of
the study
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Fig 1. Location of the study area

Sampling and measurement

The sampling was performed in 24 plots with a size of 6m>13m and a soil depth of 0-10
cm. For this purpose, 3 points were selected randomly under or near the trees on each
plot, the 3 soil cores per plot were combined into a mixed sample so that finally 24 soil
samples were available for the whole area, the roots were picked out of the soil by hand.

We used the Near-infrared spectrometry (Wavelength Range: 1300-2600 nm MEMS
(micro-electromechanical systems) technology) to measure soil properties with an agro-
care scanner device. Near-Infrared spectroscopy is a robust method that requires little
soil preparation (e.g removing roots and stones) (Sharififar et al, 2019). After drying the
soil in the air and grinding the large portion into small particles, parameters such as (OC
(%), total N (g/kg), total P (g/kg), cation exchange capacity (CEC), exchangeable K
(mmol/kg), clay content (%), pH (KCI) were measured (figure 2). After that, distilled
water was applied to the soil samples to determine the impact of water or moisture on
measurement using this method (about 10% of the weight of each soil sample).
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Figure 2. The Soil Cares soil scanner and its use for soil measurement
Data Analysis

A variable analysis illustrates the important features of the measured soil parameters
(Table 1). T-test, W test, and F test also were applied to compare the two categories
(wet and air-dried soil).

Standard

parameters Min Max Average deviation Median
Dt* D? Dt D Dt D Dt D Dt D
pH (KCI) 5.6 4.8 6.8 6.5 6.10 5.84 0.31 0.44 6 5.75
Organic Carbon (%) 45 3.8 8 8.5 5.96 5.75 0.72 1.36 5.85 5.6
Humus (%) 774 653 1376 14.62 10.25 9.9 1.25 2.34 10 9.6
Total N (g/kg) 25 2.2 4 4.2 3.27 3.1 0.33 0.56 3.2 3.2
C/N proportion 1.63 1.58 2 2.297 1.82 1.84 0.10 0.17 1.79 1.7
Total P (g/kg) 0.7 0.7 0.8 1 0.75 0.83 0.05 0.08 0.7 0.8
Exchangeable K 53 46 94 101 702 75 0.84 1.2 705 77

(mmol/kg)

Clay (%) 147 122 256 266 2061 18.8 2.92 3.54 20.3 19
214.4 223.
cEC (mmol/kg) 207.9 1553 304.8 270.6 24391 7 28.09 36.8 240.55 55

Tablel- Descriptive statistics of the estimated soil parameters
Results

Figure 2 shows the trend of different soil properties’ values for both air-dried and
moisturized soil samples. Also, table 3 presents the results of, t-test, F-test, and Mann-

1 -soil samples which moisturized with distilled water
2 -Dry soil samples
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Whitney (Wilcoxon) test which summarize the differences between these two categories

to find the effect of moisture on NIR spectroscopy.
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Figure 3. Measured soil properties trend in air-dried and moisturized soil

T-test to F-test to (Compare ( Cvglr-rfgsatre
e (compare means)  Standard Deviations) Median)
P-value P-value P-value
OC_Dry soil & OC _wet soil 0.581948 Eaxas 0.374645
pH_ Dry soil & pH wet soil * 0.133193 *
N_ Dry soil & N _ wet soil 0.253113 & 0.350679
P_ Dry soil & P _ wet soil Fkk *x Fkk
K_ Dry soil & K _ wet soil 0.11914 0.0926061 *
Clay_ Dry soil & Clay _ wet soil 0.0662208 0.360526 0.0618742
CEC_ Dry soil & CEC _ wet soil falad 0.199013 *

Table 2. Significance test for different measurements

Main findings

According to the results, applying moisture to soil can affect the result significantly. As
table 2 shows pH, P content, and CEC show differences comparing their means and
median based on T-test and W-test. Also, organic matter, total N and P shows difference
based on standard deviation. This result reveals the impact of moisture on NIR
spectroscopy measurement (using the agro scanner) for soil properties except for clay
and K contents. These results suggest that the necessity of analyzing field moist soils is
an important impediment to the deployment of commercial NIRS soil analysis
technology and should be considered during soil properties measurement.
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Using technique of Near-Infrared spectrometry for soil measurement

Abstract

Soil spectroscopy is quick and easy to use, less costly, non-destructive, and requires less sample on occasion,
intensified with the use of other techniques, such as multivariate statistics and geostatistics, and also very
reproducible. Because of these advantages, infrared spectroscopy is becoming an accepted and powerful tool
of soil properties quantification. In this study, using a mobile agro-scanner, we tested a Near-Infrared
Spectrometer (Wavelength Range: 1300-2600nm MEMS (micro-electromechanical systems) technology) to
measure soil properties in two distinct conditions: wet soil and air-dried soil. Soil samples were collected from
a small area located in Jozsefmajor. Soil properties including pH (KC1), organic carbon (%), total N (%), total
P (g/kg), exchangeable K (mmol/kg), Clay (%), and cation exchange capacity (CEC) were measured. T-test,
W test, and F test were applied to compare the two categories (wet and air-dried soil).

Comparing means and medians revealed that, three soil chemical properties such as pH, total P, and CEC had
a significant difference. Comparing standard deviations (F test) indicated a significant difference for organic
carbon, total N, total P between the two groups of soil samples.

Keywords: soil properties, spectroscopy, differences, air-dried

24



Every Drop Counts
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Bevezetés

A ndvények mindségét sokféle értékmérd tulajdonsag (kiilsé megjelenés, beltartalom,
eltarthatosag, stb.) egylittesen hatarozza meg. Az egyes mindségi jellemzok fontossaga
novényfajonként, a felhasznalas céljatdl és modjatdl fiiggden valtozik.

A voroshagymanal fontos értékméré jellemzé a hagymak mérete. A szarazanyag-
tartalom els6sorban az ipari feldolgozasra keriildé hagymanal jelentkezik mindségi
kovetelményként.

A cikkben a magrol vetett voroshagyma méret szerinti megoszlasat, szarazanyag-
tartalmat, C-vitamin- és nitrat tartalmat mutatom be kiilonb6z6 viz- és tapanyagellatasi
kezelések hatasara.

Irodalmi attekintés

A vizellatas termés mindségre gyakorolt hatasat tobben vizsgaltak. Cseldtei (1985) és
Varga (1988) megallapitottak, hogy a vizpotlas kedvezden hat a termés mennyiségére,
méretére és a piaci értékére, de a szarazanyag-tartalmat csokkenti, amely némely
ndvényfajnal hatranyos.

Kincses et al. (2017) kisérleti eredményei szerint a magasabb vizellatottsig csokkentette
a vOroshagyma szarazanyag-tartalmat. Abdelkhalik et al.(2019) megfigyelései szerint a
novény vizigényéhez viszonyitott 50 %-os vizpdtlas erésen csokkentette a hagymak
tomegét, de viszont novelte a szdrazanyag-tartalmat. A hagymaméreteket tekintve,
azokban a kezelésekben, amelyek nagyobb vizadagot kaptak, a nagy méretii hagymak
aranya n6tt ( Santa Olalla et al. 2004). A miitragyazas hatasat vizsgalva a voroshagyma
mindségére, a ndvekvo nitrogén adag novelte a piacképes hagymak aranyat, a hagyma
tomegét és a szarazanyag-tartalmat is (Al-Fraihat, 2009).

Anyag és modszer

A kisérletet Szarvason a Halaszati és Ontozési Kutatdintézet Liziméteres Kisérleti
Telepén allitottuk be 2001-ben, agyagos valyog fizikai féleségii talajon, amely
foszforral és kaliummal igen jol, nitrogénnel kozepesen ellatott. A magrol vetett
voroshagyma fajta Sonesta volt, amely vizigényes, hosszu tenyészidejii, botermé fajta.
A hagymat marcius 30-31.-én vetettiik 25 x 3 cm sor- és totavolsaggal. A kelés aprilis
15 és 23.-a kozott tortént. Az elévetemény csemegekukorica volt. Az 1. tablazatban a
vizsgalt év csapadékviszonyait mutatom be.
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1.tabldazat. A téli félév és a tenyésziddszak havi csapadék dsszegei (mm). Szarvas

3 céli félev (1 honapok (2) éves (3)
v difétev (1) =77 05 06 07 08 09 04-09 mm
2001 174 49 19 | 138 | 80 | 46 | 114 447 621

Table 1. Precipitation amounts for the winter semester and the growing season (mm). Szarvas
(1)winter season, (2) month, (3) annual

A két-tényez0s kisérlet 4 viz- és 4 tapanyagellatasi fokozat 16 kezeléskombinacioval, 4
ismétléssel volt beallitva 30 éve folyd tartamkisérlet egyik blokkjaban 32 m?-es
parcellakon és a liziméterekben, split-splot elrendezéssel.

A 0 tényezd a vizellatas a kovetkezd szintekkel: ai: Ontdzetlen kontroll; az: az
ontozoviz igény 1/3 -aval Ont6zott; as: az Ontdzéviz igény 2/3-aval Ontozott; as: a
ndvények igénye szerint Ontdzott. Az optimdlisan Ontdzott kezelésben a talaj
nedvességtartalmat a diszponibilis vizkapacitas 50-100 % kozott tartottuk a talaj felsd
10-30 cm-es rétegében. Az ontézOvizet csepegtetd modszerrel adagoltuk ki 10-30 mm-
es dozisokban. A tenyészidGszakban kiadott 6ntd6z6viz a kezelésekben: al:0; a2:50; a3:
100; a4:150 mm (2. tablazat).

2. tablazat. Az 6ntozés dozisai (mm) és iddpontjai. Szarvas, 2001.

kezelés (1) | majus 22. | majus 23. | janius 1. | jalius 11. | jalius 17. | augusztus 8. | 6sszesen (2)
al 0 0 0 0 0 0 0

a2 10 10 0 10 10 10 50

a3 10 10 20 20 20 20 100

ad 15 15 30 30 30 30 150

Table 2. Doses (mm) and dates of irrigation. Szarvas, 2001
(1)treatment, (2) total

A vizellatasi fokozaton belill a tdpanyag-ellatdsi szintek: b1, b2, bs, bs = 50; 100; 150;
200 kg/ha N-hatoanyag.

Az "a" és a "b" tényez0 jelolése két szamjegyll szammal torténik a tablazatokban és az
abrakon. Az els6 szamjegy a vizellatasi, a masodik a mitragyazasi szintet jeloli. Pl. a
11-es szam = albl kezelést jelenti).

Eredmények és értékelésiik

A 2001-es év tavaszan - bar a tél folyaman kevés csapadék esett - a talaj
nedvességtartalma vetéskor a liziméterekben kozel vizkapacitasig telitett allapotban
volt, azaz a 80 cm-es talajréteg Osszesen 280-310 mm koOzotti vizmennyiséget
tartalmazott. Az aprilis els6 felében lehullott kdzel 50 mm csapadék hatdsara a hagyma
koran és egyenletesen kikelt. Ezt kdvetden azonban junius 4.-éig csak 20 mm csapadék
esett, ¢ miatt a hagymat haromszor kellett 6ntdzni. Az addig kiadott vizmennyiség
kezelésenként Osszesen 20, 40, 60 mm. A juniusi csapadékmennyiség a hagyma
vizigényét joval meghaladta, jelentds szivargd viz is keletkezett. Julius 10.-e utan
azonban Ujra sziikségessé valt az Ontozés. Julius utolsdé dekadjaban lehullott 50 mm
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csapadék egy ideig feleslegessé tette az Ontdzést. Az utolsd Ontdzést augusztus 8.-an
végeztik, kezelésenként tovabbi 10, 20, 30 mm vizmennyiséget adtunk ki.
.Osszességében a kiadott 6ntdzéviz-mennyiség 50, 100 és 150 mm. A csapadék dsszege
a betakaritasig 447 mm volt. A voréshagyma betakaritdsa, a szeptemberi tal sok
csapadék miatt oktoberre tolodott ki.

A viz- és tapanyagellatas hatisa a véroshagyma termésatlagdara és méret szerinti
megoszldsara

A hagyma termésatlaga a nem 6ntozott kezelésekben is viszonylag magas (40-55 t/ha,
atlagosan 49 t/ha). Az 6nt6zésnek azonban mégis jelentds hatdsa volt, mert a majusi-
junius eleje kozotti szaraz idészakban elésegitette a hagyma fejlédésének megindulasat.
A miitragya hatdsa a vizellatastol fiiggéen valtozott. Ontdzés nélkiil a 150-200 kg/ha N
hatéanyag er6sen depressziv (-2 - -10,8 t/ha), ugyanakkor az as-es kezelésekben a
miitragyahatas eléri a 19-24 t/ha termésnovekedést. A 43 és 44 —es kezelésben 75- ill.
80 t/ha volt a termésatlag.

A hagyma méret szerinti megoszlasat tekintve a kozepes méretli hagymak szama
viszonylag magas, vizellatasi kezelésenként atlagosan 32 - 45 % kozott valtozott (1.
dbra). Bz a jo kelésbdl adodé magas tészamnak (atlag 130 db/m?) tulajdonithatd. Ebbe
a méretcsoportba (3-4 cm ) tartozd hagymak atlagos tdmege 47 g, ami jelzi, hogy ez
még étkezési célra értékesithetd. A nagy méretli ( > 4 cm atmér6jii) hagymak atlagos
darabszdma vizelltasi kezelésenként 13, 23, 33, 43 db/m?, a kdzepes méretiiek 22, 24,
26, 38 db/m2, az apré hagymaké pedig 50 és 90 db/m? kozott véltozott. A hagymak
atlagos tomege méretcsoportonként a kovetkezo: 97, 47, 15 g/db.

t/ha
90 -+ kicsi (<3cm) (3)
80 A kdzepes (3-4 cm) (2)
70 1 #nagy(>4cm) (1) -
60 -
50 A
a0 v
30 A
20 A
10 A
0 T T T T T T T T T T T T T T T T T T 1
1112 1314 212223 24 31323334 41 42 43 44
Ontozéviz: 0 50 100 150 mm

1.dbra. A voroshagyma termésének méret szerinti megoszlasa, Szarvas, 2001.

1.Figure 1. Distribution of onion bulb yield by size, Szarvas, 2001.

(1) small, (2)medium, (3) large
Az 50- 100- 150 mm vizpotld 6ntdzési fokozatok termésndveld hatasa a tapanyag potlas
mértékétdl fiiggden valtozott. A novekvd vizellatasi fokozatok a tapanyagellatasi
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kezelések atlagaban 49 t/ha-rél 70 t/ha-ra novelték a voroshagyma termésatlagat. Ezen
beliil a nagy méretli (4 cm-nél nagyobb atmérdji) hagymak aranya is emelkedett 45 %-
6l 54 %-ra.

A szeptemberi sok csapadék miatt meghosszabbodott tenyészid viszont a hagyma
mindségét hatranyosan befolyasolta, a 114 mm csapadék a hagyma egy részének tjra
kizoldiilését idézte eld, féleg az 6ntozott kezelésekben.

Viz- és tapanyagellatas hatdasa a voroshagyma beltartalmi értékeire

A voroshagymanal a szdrazanyag-tartalom elsésorban csak az ipari feldolgozasra
keriil6 hagymanal jelentkezik mindségi kovetelményként. A kisérlet kezelései kozill a
miitragya adagok novelése fokozta, a vizellatas pedig mérsékelte a hagyma

szarazanyag-tartalmat (3. tabldzat).

3. tablazat. A voroshagyma szarazanyag tartalmanak alakulasa (%)

N vizelldtis (mm) (1)
kg/ha 0 50 100 150 atlag (2)
100 9,77 9,18 8,60 8,53 9,02
200 9,18 10,03 9,84 9,09 9,54
300 10,83 10,31 9,80 8,53 9,87
400 12,40 10,17 10,03 8,59 10,30
atlag (2) 10,55 9,92 9,57 8,69 9,68

Table 3. Changes in the soluble solids content of onions (%)
(1) water supply, (2) average

A C-vitamin tartalmat kezelések koziil a miitragyazas jelentésebben-, az 6nt6zés pedig
mérsékelten csokkentette (4. tabldzat).

4. tablazat. A voroshagyma C-vitamin tartalma (mg/100 g) a szarazanyag %-aban

N vizellatis (mm)(1)
kg/ha 0 53 100 147 atlag (2)
100 18,30 17,95 18,25 18,24 18,18
200 18,05 17,85 17,56 16,95 17,60
300 15,75 14,95 14,75 14,50 14,99
400 14,45 14,60 13,40 13,48 13,98
atlag (2) 16,64 16,34 15,99 15,79 16,19

Table 4. Onion vitamin C content (mg/100 g) in % of dry matter
(1) water supply, (2) average
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A hagymak nitrat tartalmat a kezelések hasonld iranyba moddositottak, mint a
szarazanyag-tartalmat, vagyis a miitragyazas fokozta, a vizellatas pedig mérsékelte (5.

tablazat).

5. tablazat. A voréshagyma nitrat tartalma (mg/kg) a szarazanyag %-aban kifejezve

N vizelldtds (mm)(1)
kg/ha 0 53 100 147 atlag (2)
100 86,30 79,30 76,40 75,40 79,35
200 87,40 83,10 81,60 80,10 83,05
300 91,70 97,50 89,80 86,50 91,38
400 95,20 98,20 93,20 92,20 94,70
atlag (2) 90,15 89,53 85,25 83,55 87,12

Table 5. Onion nitrate content (mg/kg) in % of dry matter
(1) water supply, (2) average

Kovetkeztetések

A viz- és a tapanyagellatds szabalyozasaval bizonyos hatarértékeken beliil nemcsak a
novények mindségét meghatirozo kiillemi, de a beltartalmi tulajdonsagok is
modosithatok.

A voroshagyma beltartalmi jellemz6i koziil a szarazanyag-tartalmat a vizellatas
nagyobb mértékben csokkentette, mint amilyen aranyban a tapanyagpo6tlas novelte.

A hagyma C-vitamin tartalma a vizpodtlassal kismértékben, a tapanyagpotlassal
jelentésebben csokkent.

A hagyma NOs koncentracidja viszont a miitragya adagok novelésével erGsebben
fokozddott, mint amilyen aranyban a vizpdtlassal csokkent.

Osszefoglalas

A Kkisérlet Szarvason a HAKI Liziméteres Kisérleti Telepén volt beallitva 2001-ben,
tartamkisérletben, agyagos valyog fizikai féleségli talajon. A magrol vetett
voroshagyma termését, méret szerinti megoszlasat, szarazanyag-tartalmat, tovabba C-
vitamin- és nitrat tartalmat vizsgaltam 4 viz- és 4 tapanyagellatasi fokozat 16
A vizsgalt két f6 tényez0, a viz- és a tapanyagellatas egyiittesen jelentGsen novelte a
temésatlagot, ami kizarolag a hagyma méretének ndvelésében nyilvanult meg.

A voroshagyma beltartalmi jellemz6i koziil a szarazanyag-tartalmat a miitragya adagok
novelése fokozta, a vizellatas pedig mérsékelte.

A C-vitamin tartalom a vizpotlassal kismértékben-, a tdpanyagpotlassal jelentésebben
csokkent.

A hagyma nitrat-tartalmat a kezelések hasonldo iranyba modositottdk, mint a
szarazanyag-tartalmat, vagyis a miitragyazas novelte, a vizellatas pedig mérsékelte.
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Kulcsszavak: vizellatas, tapanyagellatas, voroshagyma, mindség
Koszonetnyilvanitas

A publikdci6 az EFOP-3.6.1-16-2016-00016 azonositoszamu, SZIE ~ Szarvasi
Campusanak kutatasi és képzési profiljanak specializalasa intelligens szakosodassal:
mez6gazdasagi vizgazdalkodas, hidrokultiras ndvénytermesztés, alternativ szantofoldi
novénytermesztés, ehhez kapcsoldodd precizids gépkezelés fejlesztése cimli projekt
keretében jott 1étre.
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Every Drop Counts

Effect of water and nutrient supply on the quality of seed grown
onion

Abstractpt

The experiment was set up in Szarvas, in the Lysimeter Experimental Station of the Research Institute for
Fisheries and Aquaculture, in 2001. The soil was clay-loam with excellent phosphorus and potassium content,
while it had medium nitrogen supply. The two-factor experiment was set up with 4 water and 4 nutrient
supply levels with 16 treatment combinations and 4 replicates.

The main factor was water supply with the following levels: a;: control group without irrigation; a,: irrigated
with one third of the total water demand; as: irrigated with two thirds of the total water demand; a.: irrigated
with the total water demand of the plant. Irrigation water discharged during the growing season was 0, 50,
100, 150 mm per treatment.

Within each water supply level nutrient supply was also determined as follows: by; b; bs and by were meant
50; 100; 150 and 200 kg/ha N active substance, respectively. The total number of combinations was 16. These
were indicated by two-digit numbers where the first digit corresponded water supply level and the second
digit showed the level of fertilisation (e.g. 11=a;b,).

The bulb yield, distribution of bulb sizes, dry matter content, vitamin C and nitrate content of seed grown
yellow onion was studied as a result of various water and nutrient supply treatments.

Together, the water and nutrient supply significantly increased the average yield, which manifested itself in an
increase in the size of the onion.

The total soluble solids content was increased by increasing the fertilizer doses and decreased by the water
supply.

Vitamin C content decreased slightly with increasing water supplementation and more significantly with
nutrient supplementation.

The nitrate content of onions was increased by increasing fertilization and reduced by water supply.

Keywords: water supply, nutrient supply, onion, quality
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Introduction

Water is one of the important elements necessary to sustain life and with increasing
urbanization and population the demand for it is rising. Maintaining its quality and
accessibility is an important goal in today’s society as a significant portion of freshwater
is under threat of pollution or being mismanaged (EU Water Framework Directive,
2010). Hungary is abundant in freshwater sources, having most of its water bodies
located in small watershed areas and usually an excess of the water amount needed for
consumption (Barreto et al., 2017).

Globally a trend of increase in consumption and usage of freshwater has been present
for more than a century, having population growth, change in diet preferences and a vast
usage in the industrial and agricultural fields (Mekonnen & Hoekstra, 2011). Production
of crops can be one of the main consumers of water in our society and in accordance to
FAO (2011), water consumption in this field will increase due to the projected 50%
increase in agricultural production until the year of 2050.

Water footprint is a concept used to indicate the quantity of water used with the
production of a certain product, referring to the human appropriation of freshwater
resources (Hoekstra & Chapagain, 2007). This concept is being widely used in many
fields, as water is one of the most important resources needed in our society (Zhuo et
al., 2014).

The analysis was done for the year of 2020 and the Rakos watershed was the chosen
area. The main freshwater body of the watershed is the Réakos stream. It is one of the
smallest streams located in the central part of Hungary, its source originates from
Godollo hills and flow across Isaszeg and Pécel until the north part of the Danube river
in Budapest (Heltai et al., 1998). Rakos-stream has a 44 km length and the water
catchment is 187 km?2. Half of the length (22 km long) the river flow through the capital
city (Budapest). In the XVIII century the riverbed was controlled to avoid the further
flood damage. These construction works still happen nowadays with shorter or longer
interruptions. The ecology of the river, thanks for these constructions, isolated from the
wider environment (httpl).
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The stream passes through different areas with different land uses (residential,
industrial, agricultural, forested and mixed) that can influence water quality conditions,
especially due to anthropogenic sources (Saedi et al., 2020)

Even though Hungary has an abundant quantity of available freshwater, a
mismanagement of those resources may lead to some shortage problems in the future,
and considering that the global trend is a rise in freshwater consumption it is necessary
to have tools to analyze, for example, the water footprint of some areas in the country.
Knowing that, this paper focuses on analyzing the water footprint of two different crops
that are common in Hungary (maize and sunflower) utilizing the aquacrop model (http2)
to obtain the yield and evapotranspiration needed to calculate the water footprint.

AquaCrop is a crop growth model developed by FAO which addresses food security
and the effect of the environment and management on crop production, it simulates the
yield response of crops to water and is well suited to conditions in which water is a key
limiting factor in crop production (http2). The software that is provided for usage of the
model only works for a specific location and for a better understanding of the water
footprint of a certain crop in an area a spatial analysis needs to be accessed. For a spatial
analysis a script, developed in R, was developed so that it was possible to run the model
for an area, rather than just a point.

The results and discussion of this paper will not only focus in the end value for the
water footprint, but will focus as well in the usability of the developed script and how
well it could be used for future projects.

Literature Review

The water footprint methodology is acknowledged to be a strong tool that contributes to
sustainable water management. The water footprint of a product is defined as the total
volume of freshwater used through the whole supply chain of a product and similarly
the water footprint of an area is the total amount of consumed water within the region
(Hoekstra et al. 2011).

There are three different classifications for water footprint, blue water footprint which
considers the volume of surface and groundwater consumed due to evaporation as a
result of the production of different goods; green water footprint which refers to the
volume of rainwater consumed; grey water footprint refers to the freshwater volume
which is necessary to assimilate a quantity of pollutants, based on environmental
standards (Mekonnen & Hoekstra, 2011).

Aquacrop model can be used as a tool to manage rainfed and irrigated crops and is
really useful for obtaining: actual yields of the crops in the field; identifying constraints
to crop production and water productivity; analyzing useful scenarios for a better water
management of the field and others (Greaves and Wang, 2016).

Using AquaCrop for water footprint calculation has become widely common. Some
studies have focused their water footprint assessment on the AquaCrop program. Some
examples can be seen on the simulation of water footprint of woodies in China (Poppe,
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2016), another study focused on irrigation technologies for Cotton water footprint
utilizing AquaCrop and Cropwat (Zouidou et al., 2017).

Methods

Aquacrop model can run under different scenarios, the one that was used for this
analysis was that the crops were only rainfed, so no irrigation was used. No specific
conditions for groundwater and management methods were used as well, so the model
ran utilizing its standard values for that. The crop characteristics were available in the
download package of the model.

The necessary inputs for this analysis were weather data (reference evapotranspiration,
precipitation, minimum and maximum temperature) and soil profile characteristics
(field capacity, soil texture, wilting point, soil water content at saturation and saturated
hydraulic conductivity). The soil inputs were all rasters and preprocessed utilizing the
QGis software and the weather ones were obtained from a meteorological station close
to Budapest.For this analysis just the less urbanized area of the Rakos catchment was
used (Figure 1).
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The script works in a way that it is only required to input some basic information about
the analysis and usual inputs that the Aquacrop model asks for. In the end the results are
presented in a raster format.

Results

The main goal of this analysis was to test the R script used in the analysis, access its
effectivity and check in the end the water footprint value for both of the crops.

As it is visible in Figure 2, the spatial variation is apparent, showing that the script has
worked and utilized the Aquacrop model for a spatial analysis. But when looking at
Figure 3 only a small variation can be seen throughout the area and this is due to the fact
that one weather source was considered for the whole region and the model ran just
utilizing the water input from the rain.

This small variation was true for the evapotranspiration and yield results, as both have a
bigger dependency in the weather parameters and not a lot in the soil ones, but for water
drainage (figure 1) it can be seen that the different soils of the region had a big influence
init.

As for the water footprint of the crops, their results are 17.6 cm/ton/ha for maize and
55.1 cm/ton/ha for sunflower, which maize got results more similar to the ones in the
literature (Mekonnen & Hoekstra, 2011).
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Discussion

According to the results it is possible to determine that the script could utilize the
Aquacrop model and run it in a spatial manner, which could be visible in Figure 1. That
shows that this script could be used even at its initial stage and with better
improvements it could later on be released for public usage, as it gives a hew and not
complicated manner to use the Aquacrop model. For the water footprint analysis as just
one source of precipitation data was taken in consideration for the whole area, its value
could be improved, but even though the values shown are close to the ones seen in
literature. The water footprint analyzed in this paper was the blue one, as only rain was
considered in this analysis.

Conclusion

When checking the results that were given from the usage of the created R script for the
Aquacrop model, it can be seen that a spatial analysis while utilizing this model can
have a higher impact, than just a point to point analysis, in which the software provided
by FAO does. With a better improvement and refining of the script, later it could be
released for public usage, giving a new approach to scientists who would want to use
the Aquacrop model.

As for the water footprint results, their values are similar to the ones seen in the
literature, but a deeper analysis utilizing not a singular rain source and implementing
irrigation would be recommended, so a more realistic value of water footprint could be
found.
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Water footprint analysis of maize and sunflower in the Rakos stream
watershed for the year of 2020

Crop production can be one of the main consumers of water, especially in areas that have a shortage of
freshwater resources. Even though Hungary has an abundant supply of freshwater resources, with most of the
country having an excess amount of surface and groundwater sources, most of them are prone to pollution or
can be mismanaged which may lead to an over usage. The aim of this paper is to analyze the water footprint
of two different crops, maize and sunflower, in the Rakos stream watershed area.

This analysis was done by utilizing the AquaCrop model as a tool to determine the necessary information that
is needed to calculate the water footprint (evapotranspiration and crop yield). A secondary aim of this study is
to compare the water footprint of the two selected crops to a grassland, checking the difference of their water
needs. The analysis was done for the year of 2020, which gives a more recent view of the current situation in
the Rakos watershed, regarding its water footprint.

Key words: Crop yield, Water footprint, Rakos Watershed
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