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Purpose. In our experiment, the hydroculture cultivation of lettuce (Lactuca sativa convar. capitata L.) was
studied under various Mg treatments, and we used pesticide protection against cotton bollworm (Helicoverpa
armigera). Methods. The biometric evaluations were calculation with variance analysis (Tukey-HSD method and
the statistical tests were performed using SPSS v19 software). Results. Our results observations that plant
protections (Actara 240 SC, tiametoxam) were successfully contra Helicoverpa armigera. The recording time (94
pieces H. armigera) was on 5t October 2015. The number of lettuces infected with the worms of the cotton
bollworm was 9 (total) of end the research. When the lettuce was harvested (29t October), we measured the
weight of lettuces, counting the number of caterpillars of H. armigera and analysing variance on the calculation.
The most infected lettuces with the caterpillar were calculated in the 150 and 200 mg/L Mg treatments. We
measured 28 plants from each treatment area. The highest lettuce weight was found in the control group
(186.1 g), while the lowest was among the 250 mg/L magnesium treatment. A Tukey statistical analysis was
summarized. Conclusions. Despite the widely and commonly used traditional agricultural production
technologies, hydroponic growing also has a great role in nowadays and in the future as well. In the course of our
experiment we found that the easily purchased materials (rock wool, medium raw material) can be used cost-
effectively in the hydroponic cultivation. Based on our results we found that the effect of plant protection
(Actara 240 SC, 21.1% w/v thiamethoxam) was successful against cotton bollworm. Overall, the effect of
insecticide treatments against Helicoverpa armigera protection was successful; the 56% infection on 5t October
was reduced to a 5% infection level on 29t October. The lettuce was grown using hydroponic cultivation in our
study. Their growth was steady, but there was a great deviation in head weight. While measuring the hydroponic
lettuce we found that the magnesium treatment led to a significant decrease in head weight, compared to the
control group.
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Introduction

Nowadays hydroponics cultivation is very popular. Gohler and Molitor [1] prepared to divide one of the
most comprehensive methods. During the improvement of hydroponic cultivation, several kinds of
application methods have been developed for vegetable production. According to the composition of the
substrate, organic and inorganic cultivation can be distinguished. The inorganic occurring cultivation
listed cultivation with rock wool, calcined clay balls, plastic sponges, perlites, pebbles, and polystyrene
pellets, which may take place in culture vessels. Environmental regulations are getting stricter, allowing
only closed operation. Operating the system requires greater professional skills, continuous monitoring
and attention is required. Periodically check the EC value, pH, oxygen content, nutrient composition,
contamination, and temperature [2].

Lettuce became from a seasonal vegetable into an all-year grown food having a wide range of species.
Modern technologies, by using hydroponic lettuce growing, permit continuous cultivation of lettuce for 12
months every year [3-4]. The average consumption of the plant increased during the previous decade, so
it can be inserted into modern healthy nourishment. Lettuce (Lactuca sativa convar. capitata L.) is a
significant vegetable, rich in vitamins and minerals as well. Growing in hydroculture has several beneficial
advantages compared to the soil growing as regard of: faster development, higher average of yield,
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balanced and schemed development. Furthermore, growing can be automated by electric technologies, in
an environmentally friendly way, and the production does not require significant manual labour [5-6].

By the use of an automated (electronic technology) system, the nutrient solution can circulate several
times a day in the hydroculture channel system [7-13].

Magnesium is a central component of chlorophyll, which has a unique role in photosynthesis;
magnesium is an essential metal in the plant metabolism, protein biosynthesis, and collaborates as a
metallic catalyst in take and release of energy [14-21].

[t can influence the development of plants with low or high humidity. The optimum humidity is 70%
[22]. The optimal growth of lettuce depends on the temperature. If there is no continuous air exchange,
the vapour and oxygen build up, thus assimilation will deteriorate and eventually stop [23]. Due to the
sensitivity of the lettuce, the drying of the rock wool may damage the root feel. For economic reasons, 4x4
or 5x5 rock wool is used for seedlings [24].

In our experiment, the hydroculture cultivation of lettuce (Lactuca sativa convar. capitata L.) was
studied under various Mg treatments, and we used pesticide protection against cotton bollworm
(Helicoverpa armigera).

Materials and methods

The experiment was carried out in the greenhouse of the John von Neumann University, Faculty of
Horticulture and Rural Development in autumn 2015. A small air-space, 6.4 m wide and 6.4 m long in a
closed area, three hydroponics table, in the cultivation channels dedicated Groden Delta rock wool
performed lettuce experiments begin. Experimental plants were propagated by seeding and subsequent
transplant raising in greenhouse. The lettuce seedlings were placed into rock cotton cubes, and put into
hydroponic growing channels. The level of heating the greenhouse at 15-20 °C. The lettuce seed was
thrown into the cell feeding tray on 24t August 2015. The seedlings of the Groden Delta rock wool were
placed on 4t September 2015. The water-soluble fertilizer was measured by a digital laboratory scale.
Treatments used in the experiment: control, 50-, 100-, 150-, 200- and 250 mg/L of magnesium treatments.
Magnesium fertilizer data for the experiment: Magnisal fertilizer (active substance content N 11%, MgO
15%). It is very soluble in water. Medium: 1 litre of distilled water was added 310 grams of Magnisal
fertilizer. This medium was measured for treatments (50 mg/L Mg treatment with 50 ml medium;
100 mg/L Mg treatment with 100 ml medium; 150 mg/L Mg treatment with 150 ml medium; 200 mg/L
Mg treatment with 200 ml medium; 250 mg/L Mg treatment with 250 ml medium). Each channel of the
closed nutrient system had a separate container with a separate submersible pump to ensure adequate
circulation of the nutrient solution for plants. The number of plants per plot was 28. The experimental
design was a randomized blocks with 4 repetitions. In each treatment 7 plants were measured. The 28
litre container containing the hydroculture channels was filled with the medium which was exchanged
once a week. The submersible pump device in the tanks circulated the nutrient solution three times a day
in the system.

The temperature control is adjusted according to the recommendation, with a thermostat
automatically. During the day, we adjusted the temperature by compensating for the heat of the sunshine
by manually opening and closing the ventilators.

On 5% October 2015, we noticed that the lettuce was damaged by the cotton bollworm (Helicoverpa
armigera) larva. Probably during the ventilation it was possible for the pests to settle on the lettuces. On
8t October 2015 Actara 240 SC (21.1% m/m thiamethoxam) insecticide spray was sprayed onto the
lettuce. Harvest of lettuce was made on 29t October 2015, we measured the fresh weight of lettuce. The
evaluation of the lettuce data infected with the worms of the cotton bollworm was carried out using the
Tukey-HSD method and the statistical tests were performed using SPSS v19 software. The mean difference
is significant at the 0.05 level [25]. Following harvest, the leaves of lettuce were dried in a LTE-OP-250
drying oven in the laboratory. In the course of the experiment, the nutrient element concentrations
nitrogen, magnesium and calcium were determined in the leaves of lettuce.

Results

We can show the number of lettuces infected with caterpillar of the cotton bollworm (Table 1). The
most infected lettuces with the caterpillar were calculated in the 150 and 200 mg/L Mg treatments (26
and 23). The recording time (94 pieces H. armigera) was on 5t October 2015. The Table 2 presents the
significance values of the Tukey-HSD method. The 50 and 100 mg/L. Mg treatments were not significant.
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Table 1

Number of Helicoverpa armigera caterpillars on the lettuce head before plant protection

Treatments Total lettuce | Lettuces infected with caterpillars Mean St. Error
(number) of cotton bollworm (number)
Control 28 6 0.2143 0.41786
50 mg/L Mg 28 10 0.3571 0.48795
100 mg/L Mg 28 13 0.4643 0.50787
150 mg/L Mg 28 26 0.9286 0.26227
200 mg/L Mg 28 23 0.8214 0.39002
250 mg/L Mg 28 16 0.5714 0.50395
Total 168 94 0.5595 0.49793
Table 2
Tukey-HSD test of significance measurement
(parameter: H. armigera caterpillars on the lettuce head before plant protection)
Treatments Treatments Mean difference St. Error Significance
(A) (B) (A-B)

Control 50 mg/L Mg -0.14286 n.s. 0.11678 0.825

100 mg/L Mg -0.25000 n.s. 0.11678 0.272

150 mg/L Mg -0.71429* 0.11678 0.000

200 mg/L Mg -0.60714" 0.11678 0.000

250 mg/L Mg -0.35714" 0.11678 0.031

* The mean difference is significant at the 0.05 level.
n.s. = not significant

When harvesting lettuce (29t October 2015) we measured the weight of the lettuces, counting the
number of caterpillars of H. armigera by repetition and treatment (Table 3), and a variance analysis was
made on the calculation (Table 4).

Table 3

Number of Helicoverpa armigera caterpillars in the lettuce head after plant protection

Treatments Total lettuce Lettuces infected with caterpillars Mean St. Error
(number) of cotton bollworm (number)
Control 28 0 0.0000 0.00000
50 mg/L Mg 28 1 0.0357 0.18898
100 mg/L Mg 28 0 0.0000 0.00000
150 mg/L Mg 28 6 0.2143 0.41786
200 mg/L Mg 28 0 0.0000 0.00000
250 mg/L Mg 28 2 0.1071 0.31497
Total 168 9 0.0595 0.23731
Table 4
Tukey-HSD test of significance measurement
(parameter: H. armigera caterpillars on the lettuce head after plant protection)
Treatments Treatments Mean difference St. Error Significance
(A) (B) (A-B)

Control 50 mg/L Mg -0.03571 n.s. 0.06070 0.992

100 mg/L Mg 0.00000 n.s. 0.06070 1.000

150 mg/L Mg -0.21429" 0.06070 0.007

200 mg/L Mg 0.00000 n.s. 0.06070 1.000

250 mg/L Mg -0.10714 n.s. 0.06070 0.491

* The mean difference is significant at the 0.05 level.
n.s. = not significant
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After plant protection, the number of cotton bollworm decreased to 9 (Table 3). Only the 150 mg/L Mg
treatment was significant (Table 4), because the value was 0.007 (the mean difference is significant at the
0.05 level).

We measured 28 plants from each treatment area. The highest lettuce weight was found in the control
group (186.1 g), while the lowest was among the 250 mg/L magnesium treatment. Tukey statistical
analysis were summarise in Table 5.

Table 5
Tukey HSD test of lettuce (parameter: lettuce head weight)
Treatments Treatments Mean difference St. Error Significance Wet weight
(A) (B) (A-B) level (g)
Control 50 mg/L Mg 54.89* 6.904 0.000 132.3
100 mg/L Mg 29.11* 6.904 0.001 131.4
150 mg/L Mg 75.46 * 6.904 0.000 111.6
200 mg/L Mg 67.96 * 6.904 0.000 1171
250 mg/L Mg 77.43* 6.904 0.000 104.1

*The mean difference is significant at the 0.05 level.
n.s. = not significant

In the course of the experiment, the nutrient element concentrations nitrogen, magnesium and
calcium were determined in the leaves of lettuce (Figure 1).
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Figure 1. The nutrient element concentration (Ca, Mg, N) in the leaves of lettuce

The increasing magnesium concentration in the nutriment solution caused the decrease of nitrogen
content of dry matter in the leaves from 4.72 m/m % to 4.63 m/m %. The concentration of magnesium
increased from 0.29 m/m % to 0.49 m/m %. The calcium concentration was decreased from 0.62 m/m %
to 0.71 m/m %, in the average of repetitions.

Conclusions

Despite the widely and commonly used traditional agricultural production technologies, hydroponic
growing also has a great role in nowadays and in the future as well. In the course of our experiment we
found that the easily purchased materials (rock wool, medium raw material) can be used cost-effectively
in the hydroponic cultivation.

Human labor is only needed for planting into stone wool, filling in the nutrient solution and harvesting.
More work is needed for production on a field. In the case of hydroponic growing there is no need for
weeding, fertilizing or groundwork. The leaves turning brown and rotting can be avoided with using
adequate nutrient solutions. Higher salt concentration or excessive nutrient ratios may easily cause
inadequate growing or disorders.
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The lettuce was grown using hydroponic cultivation in our study. Their growth was steady, but there
was a great deviation in head weight. While measuring the hydroponic lettuce we found that the
magnesium treatment led to a significant decrease in head weight, compared to the control group. The
highest lettuce weight was found in the control group (186.1 g), while the lowest (104.1 g) was among the
250 mg/L magnesium treatment.

Based on our results we found that the effect of plant protection (Actara 240 SC, 21.1% w/v
thiamethoxam) was successful against cotton bollworm. Magnesium treatments were used in our
experiment. Magnesium is a central component of chlorophyll, which has a unique role in photosynthesis;
magnesium is an essential metal in the plant metabolism, protein biosynthesis, and collaborates as a
metallic catalyst in take and release of energy. The most infected lettuces with the caterpillar were
calculated in the 150 and 200 mg/L Mg treatments. Overall, the effect of insecticide treatments against
Helicoverpa armigera defence was successful; the 56% infection on 5% October was reduced to a 5%
infection level on 29t October.
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MeTa. Y HamoMy eKCIepuUMeHTi KyJbTUBYBaHHs TipoKy/abTypu canaty (Lactuca sativa convar. capitata L.)
BUBYAJIOCS 33 pi3HUX pexUMiB Mg, a TakoX MM BHUKOPHUCTOBYBaJM NECTULUAA HNPOTH GAaBOBHHUKOBOI COBKHU
(Helicoverpa armigera). Metoau. bioMeTpryHi BUMiproBaHHSI BUKOHYBaJU 3 aHaJizoM gucnepcii (Metoxn Tukey-
HSD, cTaTucTUYHI TeCTH NPOBOJMJINA 3 BUKOPUCTAHHAIM NporpamMHoro 3a6e3neyeHHs SPSS v19. PesyabTaru. Haiui
pe3y/ibTaTH CBiJ4aTh MPO Te, L0 CHUCTeMa 3aXWUCTy pocauH (mpemnapat Actara 240 SC, na.p. Tiametokcam) 6ysa
ycnimHo BukopucTtana npotu Helicoverpa armigera. KinbKicTh roJIOBOK cajiaTy, 3apakeHUX 6aBOBHUKOBOIO COBKOIO
crtaHoBuJa 9 (3aranbHa KinbkicTh). Yac o6uiky (94 opaunuub H. armigera) pesyabTaTiB 5 k0BTHA 2015 poky.
KisnbKicTb ToJI0BOK casiaTy, 3apakeHHX 6aBOBHHKOBOIO COBKOIO, CKJIaZasia 9 (Bcboro) y KiHii gocaimpkenb. Ha yac
360py Bpoxato (29 >KOBTHS ), MM BUMIpsJIM Bary rojloBOK cajaTy, MijipaxyBaBLIU KiIbKiCTb TyceHULlb H. armigera Ta
MpoaHasi3yBaJiy BiXWUJeHHS B po3paxyHKax. Hal6inbily KibKiCTh 3apaKeHHUX TOJIOBOK casaTy 6yJo 3adikcoBaHO
3 pexxumamu Mg 150 i 200 mr/n1. Mu Bumipsisiv 28 poc/vH 3 KOXKHOTO pexxuMy Mg 3 pisHUMU KOHLeHTpALlisiMH.
Haiibinbllle 3HaYeHHS1 Macd TOJIOBKM cajlaTy Oy/J0 BH3HAYEHO B KOHTpPOJbHIN rpymi (186 r), a HalHMX4e 3a
MarHieBoi 06po6ku 250 mr/a. OTpuMaHi AaHi OyJiM OLiHEHi 3a AONOMOrOI CTaTUCTU4YHOro aHanizy Tukey-HSD.
BHCHOBKHU. He3Bakaroun Ha IIMPOKO MOIIMPeHi TPafWIliiiHI TeXHOJIOTII CiIbChKOTOCIOJapChKOTr0 BUPOOHHUIITBA,
ri[pONOHHe BUPOIIYBAaHHS TAKOX Bifjirpae BesnKy posib i B Hai JiHi, i B MallOyTHbOMY. Y HPOIECi eKCIepUMEHTY
MU BUABUJIY, L0 MaTepiaJiy, iKi 3HaX0AATbCs ¥ BiIbHOMY npojaxy (kaM'siHa BaTa, CAPOBUHHUU MaTepia/) MoxkHa
eKOHOMIYHO edeKTHBHO BUKOPUCTOBYBAaTH 3a TiJJpONOHHOTO0 Ky/JbTHBYBaHHA. Ha OCHOBi pesysnbTaTiB HallKX
JOCTiIP)KeHb BU3HAYeHO, 0 BIUIMB cucreMu 3axucty (Actara 240 SC, 21.1% r/mu, A.p. TiaMeTOKcaM) BHUSBUBCS
epeKTHBHUM NPOTU 6ABOBHUKOBOI COBKU. 3arajioM, edeKT BiJi BIVIMBY iHcekTHLMAY npoTu Helicoverpa armigera
6yB ycrnimHUM; 56-BifjcCOTKOBA 3apaKeHiCcTb 5 »KOBTHs 6yJs10 3HUKeHO 0 5 %-ro piBHA iHbiKyBaHHA 29 KOBTHA. Y
HallMX JOC/i/PKeHHSX CcajJaT BUPOLIYBaJM 3 BUKOPUCTAHHSAM TiAIpONOHHOI KynbTHBaLii. Pict canmaty 6yB
CTabiJIbHUM, ajie crocTepirajocs 3Ha4YHe BiJXUJIeHHS y Basi royioBKU. BigmoBizHO 10 mokasHWKIB BUMiploBaHb
riJpONOHHOr0 cajaTy, MU BUSIBUJIY, 1110 06p06Ka MarHieM MprBeJia 0 3Ha4HOI'0 3HIKEHHS Baru rojIoBKU cajlaTy B
MNOPIBHAHHI 3 KOHTPOJIBHOIO TPYTOI0.

Katouoei cnoea: Lactuca sativa convar. capitata L.; zidpononika; 3axucm pocaun; Actara 240 SC; ypoxcaii casamy.
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Yuueepcumem /Jscona ¢pon Helimana, Pakysemem ogoujesodcmea U pasgumusi ce/nbCKoxXo3sUcmeeHHbIX patioHos,
kaghedpa cenbckoxo3slicmeeHHbIX HAYK, naowads [vrona Mecyoau, 1-3, Keukemem, 6000, Benzpusi
‘e-mail: vojnich.viktor@kvk.uni-neumann.hu

Leas. B HameMm skcnepuMeHTe KyJbTHUBUPOBaHHWE T'MAPOKYJbTYpbl cajaTa-iaTtyka (Lactuca sativa convar.
Capitata L.) n3y4anocb OpU pasJUYHBIX pexuMax Mg, a Takke Mbl UCII0JIb30Ba/IM NEeCTH LIU/bI IPOTHUB XJI0MOKOBOM
coBkHU (Helicoverpa armigera). MeToapbl. BuuoMeTpuyeckre H3MepeHHUs OblJIM IPOM3Be/eHbl C aHAJTU30M JJUCIIEPCUU
(MeToz Tukey-HSD, cTaTucTH4eckye TecTbl ObLIM BBIIOJHEHBI C MCIOJb30BAaHUEM NPOrPaMMHOr0 o6ecrneyeHus
SPSS v19). Pe3yabTarbl. Hamm pe3ysnbTaThl CBUAETENBCTBYIOT O TOM, UTO CUCTEMA 3aI[UThI pacTeHUH (mpenapaTt
Actara 240 SC, A.B. THaMeToOKcaM) OblLjia YCIELIHO HCNOJib30BaHa NpoTUB Helicoverpa armigera. KonudectBo
roJIOBOK cajlaTa, 3apaKeHHbIX XJIOMKOBOM COBKOHM cocTaBujio 9 (o6iee koaudecTBo). Bpems yuera (94 eunun,
H. armigera) pe3ynbTaToB - 5 okTsA6ps 2015 roga. KosmyecTBo rosioBok canaTa, 3apa’k€HHbBIX XJIONKOBOUW COBKOH,
coctaBwio 9 (Bcero) B KOHIlE UccaeA0BaHui. Bo BpeMs c6opa ypoxkas (29 okTs6psi), Mbl U3MepUJIH BeC TOJIOBOK
caJiaTa, MOoACYMTAB KOJIMYECTBO Ir'yceHU, H. armigera u npoaHalu3UpOBaIu OTKJIOHEHHUS B pacyeTax. Haubosbliee
KOJIMYEeCTBO 3apa>KeHHbBIX TOJIOBOK casiaTa 6bl10 3adpuKkcHpoBaHo ¢ pexxumaMy Mg 150 u 200 mr/1. Mbl usmepuiu
28 pacTeHu# U3 KaXXA0ro pexkuMa Mg ¢ pa3HbIMHU KOHIleHTpalusMu. Han6osblee 3HaueHHe Macchl FOJIOBKH caJlaTa
OBLJIO OMpenesieHO B KOHTPOJIbHOM rpymme (186T), a camMoe HU3KOe — IMpHU MarHueBod o6paboTke 250 mr/.
[Tony4yeHHble JaHHbIE GbUTH OL[€HEHBI C TOMOIIBIO CTaTHCTHYecKoro aHaau3a Tukey-HSD. BeiBoabl. HecMoTps Ha
IIUPOKO PacHpOCTPaHEHHbIE TPAJULMOHHbIE TEXHOJOTUU CEJbCKOX035IHCTBEHHOTO MPOU3BOJCTBA, THAPONOHHOE
BbIpallMBaHUe TaKXe UTpaeT GOJIBLIYI0 POJb M B HAllM JHU, U B 6yayuieM. B xofe Halero akcnepuMeHTa Mbl
06Hapy>KUJIM, YTO MaTepHaJibl, KOTOpble HaXOJATCA B CBOGOJHOM npojaxe (KaMeHHas BaTa, CbIpbeBOM MaTepHal)
MO>KHO 3KOHOMHYeCKU 3¢PeKTUBHO HCII0J1b30BaTh NIPH I'MPONOHHOM KyJIbTUBHpOBaHMU. Ha ocHOBe pe3y/ibTaToB
HCC/ieIOBAaHUN ONpeJiesieHo, YTO BJIMsSIHUE cucTeMbl 3amuThl (Actara 240 SC, 21.1 % r/mJj, A.B. TUAMETOKCaM)
oKaszasocb 3¢$eKTUBHBIM IPOTUB XJIONKOBOM COBKU. B LiesioM, 3¢deKT 0T BO3/eCTBUA NHCEKTULIMAAMU IPOTUB
Helicoverpa armigera 6bL1 ycrelmHbIM; 56 %-Hasi 3apaKeHHOCTb 5 OKTsAOps Obula CHHM>KeHa 10 5 %-ro ypoBHSA
nHPunupoBaHuss 29 OKTAOpsS. B Hamux Hcc/le0BaHUAX CaJaT-JaTyK BbIpAllMBaJM C HCIOJb30BaHUEM
U PONOHHON Ky/JbTHUBAaLMU. POCT caslaTa 6bU1 CTAGUIBHBIM, HO HAGJII01a/I0Ch 3HAYUTEJNbHOE OTKJIOHEHHE B Bece
roJIOBKU. B COOTBETCTBHH C MOKa3aTeJsIMU U3MepeHUH TMJIPONOHHOr0 cajaTa, Mbl OGHAPYXKU/IH, UTO 06paboTKa
MarHueM IpYBeJia K 3Ha4UTeJIbHOMY CHHKEHHIO Beca T'OJIOBKHU cajlaTa 10 CPABHEHUIO C KOHTPOJIbHOM IpyHIOH.

Kamwuesvle caosa: Lactuca sativa convar. capitata L.; ezudponoHuka; 3aujuma pacmeHuili; Actara 240 SC; ypoxcaii
casama.

Hadiiiwnaa / Received 02.11.2018
Ilo2o0daceHo do dpyky / Accepted 28.11.2018

ISSN 2410-1303 (online) Novitni agrotehnologii [Advanced agritechnologies], 2018, No. 6



