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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 5% 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 29th 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. Géhler 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].

It 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 24th August 2015. The seedlings of the Groden Delta rock wool were
placed on 4th 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 5t 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
8th October 2015 Actara 240 SC (21.1% m/m thiamethoxam) insecticide spray was sprayed onto the
lettuce. Harvest of lettuce was made on 29th 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 5th 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 ns. 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 (8)
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 5th October was reduced to a 5%
infection level on 29th October.
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Meta. Y HalmoMy ekcrnepUMeHTi KyJbTUBYBaHHA TiJIpoKy/JIbTypH cajtaTy (Lactuca sativa convar. capitata L.)
BUBYaJIOCA 3a pi3HMX pexHUMiB Mg, a TakoXX MU BHUKOPHUCTOBYBaJM INeCTULUJM NPOTH GaBOBHHUKOBOI COBKHU
(Helicoverpa armigera). MeToau. bioMeTpruyHi BUMiprOBaHHSI BUKOHYBaJ/IM 3 aHaJizoM gucnepcii (meton Tukey-
HSD, cratucTryHi TecTy NpoBOJXIN 3 BUKOPUCTAHHSAM HporpamMHoro 3a6e3nedeHHs SPSS v19. PesyabTaTn. Hami
pe3yJIbTaTH CBi[4aTh MPO Te, 1[0 CHCTEMAa 3axWUCTy pocjauH (mpemapat Actara 240 SC, g.p. TiameTokcam) Gysa
ychinHo BUKopucTaHa npotu Helicoverpa armigera. KifbKicTb I'0JI0BOK caJaTy, 3apaXkeHUX 6aBOBHUKOBOIO COBKOIO
ctaHoBuJa 9 (3arasbHa KijnbkicTe). Yac o6uiky (94 ogunuups H. armigera) pesynbptaTiB 5 koBTHs1 2015 poky.
KinbKicTb roJIOBOK caJsaTy, 3apaxeHUX 6aBOBHHMKOBOIO COBKOIO, CKJaJasa 9 (Bcboro) y KiHui gocaifpkeHb. Ha yac
360py Bpoxato (29 »KOBTHS), MM BUMIPSAJIM Bary rojoBoK caJlaTy, NijpaxyBaBIlH KiJbKiCcTb TyceHullb H. armigera Ta
MpoaHasli3yBaJy BiJXUJIeHHsI B po3paxyHKax. Hal6inbiny KiJbKicTh 3apakeHUX 0JIOBOK caJiaTy 0yJio 3adikcoBaHO
3 pexxumamu Mg 150 i 200 mr/s. Mu BuMipsiin 28 poC/MH 3 KOXXHOTO pexxuMy Mg 3 pi3HUMM KOHILIEHTpaLlisiMH.
Haii6isbiie 3HAaYeHHSI Macd TOJIOBKU caJjlaTy 6y/i0 BU3HAYeHO B KOHTPOJIbHIM rpymi (186 r), a HallHmK4Ye 3a
MarHieBoi 06po6ku 250 mr/n. OTpumaHi AaHi OyJiM OLiHEHI 3a ZI0OMOMOroW CTaTUCTU4YHOro aHasizy Tukey-HSD.
BucHOBKU. He3Bakaouu Ha LIMPOKO MOUIMPEHi TPaJULIiMHI TEXHOJIOTII CibChKOTOCIOIapChbKOTO0 BUPOGHHUIITBA,
ri[pornoHHe BUPOILIYBAaHHS TAaKOX BiZ[irpae BesIMKy poJib i B Hallli AHI, i B MallOyTHHOMY. Y HpoILieci eKClIepUMEHTY
MU BUSIBWJIY, 1[0 MaTepia/y, fKi 3HaXo4AThCA y BiIbHOMY npoAaky (kaM'siHa BaTa, CHDOBUHHUI MaTepias) MOXHa
eKOHOMI{4HO e(deKTHBHO BUKOPUCTOBYBATH 3a TiJ[pONOHHOTO Ky/JbTHBYBaHHA. Ha OCHOBI pe3y/bTaTiB HauIUX
JOCJTi/PKeHb BU3HAYEHO, 0 BIUIMB cucTeMHU 3axucty (Actara 240 SC, 21.1% r/mu, A.p. TiaMeToKcaM) BUSBUBCS
edeKTUBHUM NPOTH GAaBOBHUKOBOI COBKU. 3arajioM, epeKT BiJj BIUIMBY iHCeKTULUAY npoTu Helicoverpa armigera
O0yB ycoilmHUM; 56-Bi/ICOTKOBA 3apaKeHiCThb 5 )KOBTHs 6yJI0 3HWXKEHO 110 5 %-r0 piBHA iH}iKyBaHHSA 29 KOBTHS. Y
HallUX JOCJi/PKeHHSIX cajJiaT BUPOLIYBaJud 3 BUKOPUCTAaHHSM TiApONOHHOI KyJabTuBalii. Pict canaty OyB
CTabiJIbHUM, aJjie crocTepirajocs 3Ha4YHe BiJXUJIeHHs y Basi rojioBKU. BigmoBifHO [0 MOKa3sHMKIB BUMiplOBaHb
riAponoHHOro casaTy, MU BUABUIIY, 110 06po6Ka MarHieM npuBeJia 0 3HAYHOT0 3HMKEHHS Baru roJ0BKU cajlaTy B
NOPiBHAHHI 3 KOHTPOJIBHOIO IPYNOI0.

Kamouosi caoea: Lactuca sativa convar. capitata L.; 2idponoHika; 3axucm pocaun; Actara 240 SC; yposcali canamy.
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YHusepcumem /]xcoHa on Helimana, Paky1emem ogoujegodcmea U paszeumusi ceAbCKOX035UCMBeHHbIX PAtloHO8,
Kagedpa cesnbckoxo3slicmeeHHbIX HaYK, niowads [vosa Mecyoau, 1-3, Keukemem, 6000, Benepus
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Ilenb. B HalleM 3kcneprMMeHTe KyJbTHBHpPOBaHWE TMAPOKYJbTYpbl canaTa-JaTtyka (Lactuca sativa convar.
Capitata L.) usy4ajiocb Ipyu pa3/MYHbIX pexxuMax Mg, a Tak»Ke Mbl UCII0J1b30BaJIN NeCTULM/bl IPOTUB XJI0TIOKOBOH
coBkH (Helicoverpa armigera). MeToApl. BruoMmeTpuieckre n3MepeHusi ObLIM NPOU3BE/IEHbI C aHAJIM30M JUCIIEPCUU
(meTon, Tukey-HSD, cTaThcTuYeckre TeCTbl ObLIM BBINOJHEHBI C UCIOJb30BaHUEM MPOTPAaMMHOr0 obecredyeHust
SPSS v19). Pe3yabTaThl. Hamiu pe3ysibTaThl CBUAETENBCTBYIOT O TOM, YTO CUCTEMA 3alUThl pacTeHUN (nmpenapaT
Actara 240 SC, p.B. TMaMeTOKcaM) OblLIa YCIHEIIHO HCIOJIb30BaHa NpoTuB Helicoverpa armigera. KonvnyecTBo
roJIOBOK CaJjaTa, 3apaKeHHbIX XJIONKOBOM COBKOM cocTaBuJio 9 (0o6iee kosnyecTBO). Bpems yyera (94 eanHun
H. armigera) pe3yabTaToB — 5 okTsA6ps 2015 roaa. KosinyecTBO roJloBOK casiaTa, 3apaKEHHBIX XJIONKOBON COBKOH,
coctaBus0 9 (Bcero) B KOHIle HccejoBaHUMN. Bo BpeMs c6opa ypoxas (29 okTsa6psi), Mbl HU3MepUJIU BeC TOJIOBOK
caJjlaTa, MO/ICYMTaB KOJMYECTBO ryceHUl, H. armigera v npoaHaJu3MpoBaJu OTKJIOHEeHUs B pacyeTax. Haubosbiee
KOJINYeCTBO 3apaXKEHHbBIX T'0JIOBOK casiaTa 6b110 3adpUKCHpoBaHO ¢ pexxuMaMu Mg 150 u 200 Mr/s1. Mbl usmepuiu
28 pacTeHUH U3 KaXA0ro pexxuMa Mg ¢ pa3HbIMU KOHIleHTpanusiMu. Han6osblliee 3HaueHHe Macchl TOJIOBKM caslaTa
ObLIO OmpejJie/IeHO B KOHTpOJibHOUM rpymme (186 T), a caMoe HU3KOe — NMPH MarHueBod o6paboTke 250 mr/..
[lonydyeHHble JaHHbIe OBUIN OLl€HEHBI C MOMOILbI0 CTaTUCTUYeckoro aHau3a Tukey-HSD. BeiBoabl. HecMoTpst Ha
IIMPOKO pacnpoCTpaHeHHble TPAJUIIMOHHbIE TEXHOJOTUM CEJbCKOX03WCTBEHHOTO NPOU3BO/CTBA, I'M/IPONIOHHOE
BbIpallliBaHUe TaK)Ke WrpaeT OOJIbIIYIO pOJb U B HallW JHHU, U B OyaylieM. B xose Hallero skcepuMeHTa Mbl
00HaPYKUJIY, YTO MaTepHaJibl, KOTOpPble HAXOAATCS B CBOOOJHOU MpoJjake (KaMeHHasl BaTa, ChIpbeBOM MaTepual)
MO>KHO 3KOHOMHYeCKH 3 PEKTUBHO UCNOJIb30BATh NPU F'MPONIOHHOM KYJbTUBUPOBAaHUU. Ha ocHOBe pe3y/ibTaToB
HCCJIeIOBAaHUN ONpe/iesieHo, YTO BJIUSIHHME cUCTeMbl 3amuThl (Actara 240 SC, 21.1 % r/mJ, A.B. THAMETOKCaM)
0Ka3asa0cb 3¢ PeKTUBHBIM MPOTUB XJIONKOBOW COBKU. B 11es10M, 3ddeKT OT BO3AeHCTBUSA HHCEKTULUAAMH NPOTUB
Helicoverpa armigera 6bL1 ycneumHbIM; 56 %-Hasi 3apaXXeHHOCTb 5 OKTsAOps OblL1a CHMXKeHa 10 5 %-ro ypoBHs
vHOULMpOBaHUS 29 OKTA6ps. B Haumux wucciejoBaHUAX caJaT-JIaTyK BbIpallMBajJM C MCI0JIb30BaHUEM
TUJIPOTIOHHOM KyJIbTUBALUU. POCT casaTa 6bl1 CTaGUJIBHBIM, HO HAaGJII0Ja/I0Ch 3HAYUTE/IbHOE OTKJIOHEHHE B Bece
TOJIOBKU. B COOTBETCTBUHM C MOKAa3aTeJsIMH U3MEPEHUM THMAPOIOHHOTrO caJlaTa, Mbl 06HAPYXKUJIH, YTO 06paboTKa
MarHueM NpuBeJa K 3HaYUTeJTbHOMY CHMKEHHUIO Beca r0JIOBKHU cajlaTa 0 CPABHEHHIO C KOHTPOJIBHOW IPYIIION.

Kamwoueswle caoea: Lactuca sativa convar. capitata L.; 2zudponoHuka; 3auwjuma pacmenuli; Actara 240 SC; ypodicaii
casama.
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