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Study regarding the quality of undersground water within Natura 2000 Cefa site
(ROSCI 0025), Romania

Abstract: Having in view the background of water quality problems and the need to conserve
biodiversity globally and regionally, this study aims at analyzing the underground water quality of
Natura 2000 Cefa site, Bihor county, Romania. In this respect, the exceedances of the acceptable
limits regarding the quality of groundwater for a series of quality indicators have been analyzed. The
results obtained will form the basis of other scientific endevoars that will lead to better preservation,
protection and valorisation of the biodiversity in the protected areas.

Keywords: groundwater quality, quality indicators, 2000 Nature site, biodiversity.

DOI: https://doi.org/10.32523/2616-6771-2019-129-4-91-99

Introduction. Water, thanks to its multiple functions, represents an indispensable element of
life. Over time, life, in all its forms of manifestation, including man, has adapted and evolved in close
connection with this primordial element [1-4]. In this context, it goes without saying that “water is
not a commercial good but a patrimony that must be protected, defended and treated as such”[5].

2000 Natura Cefa site, ROSCI 0025, is a structural part of the Natura 2000 Ecological Network,
with functions in the field of conservation, protection and capitalization of natural heritage in order
to promote and stimulate sustainable, responsible social and economic development of the territory
[6-9]. In its essence Natura 2000 Romania Ecological Network, with an area of 5 555 854.13 ha
and 23% of Romania’s surface area [10], is a clearly defined geographical area, structured from 383
Special Areas of Conservation (SAC) and 148 Special Protection Areas (SPAs) [11, 12], with a major
role in the conservation of species and habitats set out in the annexes of the two “Habitats” Directives
92/43 / EEC and “Birds” Directive 79/409 / EEC [13, 14].

Natura 2000 Cefa site, ROSCI 0025 with an area of 5,268 ha, is located in the North-West of
Romania, in Bihor County, on the territory of Cefa, Spnicolau Romen, and Mrdrras territorial
administrative units (figure 1).
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Fi1GUuRrE 1 — Localization of Cefa site (ROSCI 0025) at regional and European level

The physico-geographic features generated by the spatial location have led to the emergence and
development of a favorable environment for coexistence of species of community interest and not
only, in the studied area. Of the species of community interest listed in Annex II of the Council
Directive 92/43 / EEC, we mention the following: mammals (Myotis d., Lutra l.); amphibians and
reptiles (Emys o., Triturus c., iturus d., Bombina b.); fish (Cobitis t., Misqurnus f., Rhodeus s. a.);
invertebrates (Coenagrion o.); plants (Cirsium b., Marsilea q.). Besides these species, in the area of
the 2000 site Cefa, a number of other important flora and fauna species have been identified, among
which: Hyla arborea, Rana arvalis, Triturus vulgaris, Ondatra z., Pipistrellus n., Pelobates f., Rana
d., Felis s., Felis s., Alisma p., Polygonatum o., Iris s., Lacerta a., Natriz n. etc. [15].

Representative natural habitats for the site of natura 2000 Cefa are: Highland hygrophilous
grassland communities from the plains to the alpine mountain; Low altitude meadows (Alopecurus
p., Sanguisorba o.); Dystrophic lakes and ponds; Riparian forests mixed with Quercus r., Ulmus L.,
Frazinus e. sau Frazinus a., along the big rivers (Ulmenion m.) and Pannonian and Ponto-Sarmatian
meadows and marshes [15].

As a result of the study performed by A.B.A. Crisuri on the level of dependency between the
Natura 2000 Cefa site and the groundwater body ROCRO01, it was found that the level of dependence
is type A, which implies the highest level of dependency [16].

Considering this, the study is an informational support regarding the groundwater quality, con-
tributing to the conservation and maintenance of biodiversity within the Natura 2000 Cefa site. As
“underground water is an important mineral resource whose quantitative and especially chemical
degradation is difficult and costly to remedy”, [16] with direct functions in the “conservation of nat-
ural habitats, flora and wild fauna species and all species of birds found in the wild”, [16] the present
study is self-explanatory, having the role of shaping a picture in time about the quality of the water
underground from the Natura 2000 Cefa site.

Research methodology. In making the present study the data obtained by A.B.A. Crisuri in
the boreholes: Ateas (between 1993 and 2010); Cefa (between 1993 and 2010); Sannicolau Roman
(between 1993 - 2017) and Martihaz (between 2006, 2010 - 2017). Their analysis involved the
identification, spatial and temporal distribution of deviations from the maximum limits allowed by
Law no. 311 of 28 June 2004 amending and supplementing Law no. 458/2002 regarding the quality
of potable water quality 17 for the following quality indicators Ammonium (NH 4, Nitrates (NO 3 ),
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Nitrates (NO 2 ), Phosphates (PO 4), Chlorides (Cl), Sulfates (SO 4 ), Fixed Residue, Manganese
(Mn), Calcium (Ca), Magnesium (Mg) and Sodium (Na).

Results and discussion. The analysis of the number of exceedances of thresholds allowed for
the indicators analysed has highlighted the existence of a number of 157 exceedances of the maximum
allowed thresholds imposed by LAW no. 311 of 28 June 2004 amending and supplementing Law no.
458/2002 on the quality of drinking water (table 1).

The analysis of the data on the exceedances of the acceptable limits regarding the groundwater
quality for the studied indicators, at the level of the drilling samples from which the samples were
taken, reveals the following situations:

- During the taking of samples from the Ateas drilling, 62 exceedances of the accepted thresholds
were observed between 1993 and 2010. Most exceedances of the maximum admissible limits were
recorded in Magnesium Mg (28 exceedances), Manganese Mn (13 exceedances), Fixed residue (11
exceedances), Calcium Ca (3 exceedances), Phodphates (PO 4) (2 exceedances) while for Nitrates
(NO 3 ), Nitrites (NO g ), Chlorides (Cl), Sulphates (SO 4) and Sodium (Na) were registered only
one exceedance. For Ammonium (NH 4 ) quality indicator, the exceedance value was equal to 0.

- As for Cefa drilling site, 50 exceedances of the maximum permissible limits for the analysed
parameters were identified as follows: Manganese Mn (18 exceedances), Magnesium Mg (12 ex-
ceedances), Calcium Ca (7 exceedances), Fixed residue, Nitrates NO 3 (4 exceedances), Phodphates
PO, (3 exceedances), Nitrites NO o (1 exceedance) and Ammonium NH 4 (1 exceedance).

- from the analysis of the data obtained from the Sannicolau Roman drilling, 28 exceedances
of the maximum allowed limits were reported for the following quality indicators: Manganese Mn
(7 exceedances), Nitrites NO o (6 exceedances), Magnesium Mg (3 exceedances), Calcium Ca (3
exceedances), Fixed residue, Nitrates NO 3 (2 exceedances), Phodphates PO 4 (2 exceedances), and
Ammonium NH,4 (2 exceedances).

- at Martihaz drilling 17 exceedances of the limits allowed for the indicators were identified:
Manganese Mn (16 exceedances) and Ammonium NH, (1 exceedance).

Table 1. The situation of the number of exceedances in the indicators of groundwater quality 16

Indicator Am | Ni Ni Pho | Chl | Sul | Fi Man | Cal | Mag | So To
mo |tra | tri dph | ori pha | xed |gan |cium | nesi|di tal
ni tes |tes |ates|des |tes |resi|ese |(Ca)|um |um |ex
um | (NOgz) (NO2) (POy4) (Cl) | (SO4) due | (Mn) (Mg)| (Na) | ce
(NHy4 ed

an
ces

Ateas 0 1 1 2 1 1 11 13 3 28 1 62

Cefa 1 4 1 3 0 0 4 18 7 12 0 50

Martihaz 1 0 0 0 0 0 0 16 0 0 0 17

Sanicolau 2 2 6 2 0 0 3 7 3 3 0 28

Roman

Total 4 7 8 7 1 1 18 54 13 43 1 157

The analysis of the data on the exceedances of the acceptable limits on the groundwater quality
at the global and drilling level for each studied indicator in part revealed the existence of the largest
deviations to Manganese (Mn), Magnesium (Mg), Fixed Residue, Calcium (Ca), followed by Nitrites
(NO 2 ), Nitrates (NO 3 ) and Phodphates (PO 4) (Table 1).

The temporal analysis of the data with regard to the exceeding of the acceptable limits of the
groundwater quality for the studied indicators highlights the existence of a trend defined by two
different time intervals in terms of quantity, 1993-2003, characterized by a relatively high number
of exceedances of the admissible limits (with an average of 7.4 exceedances per year), respectively
2006-2017 (with a lower number of exceedances of the maximum admissible limits (averaging 3.7 per
year), separated by two years of the highest increase in exceedances of the water quality indicators
analyzed, ie 2004 (13 exceedances) and 2005 (17 exceedances) (Figure 2).
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Ficure 2 — Evolution of the number of exceedances of groundwater quality indicators

From the analysis of the exceedences of the maximum thresholds accepted by Law no. 311 of 28
June 2004 amending and supplementing Law no. 458/2002 on the quality of drinking water, for the
11 indicators analysed, their existence, in different ratios, from one indicator to another was noted
(Figure 3).

The analysis of the evolution on the number of exceedences over time, of all the underground
water quality indicators studied, highlights an improvement of the groundwater quality situation, so
that starting with 2006 their number does not exceed the value of 6, and in 2015 it was registered a
single exceedance of the maximum limit admitted to the Manganese (Mn) indicator at the Martihaz
drilling (Figure 2, 3).
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Ficure 3 — Evolution of the number of exceedances in the indicators of groundwater quality

Indicators with the most exceedances of the maximum allowed limits within the Natura 2000 Cefa
site were Manganese (Mn), Magnesium (Mg) and Fixed Residue.

As a result of the study on the exceedances of the maximum manganese tolerances, at the level of
the Natura 2000 Cefa site, over the period 2000 - 2017, 54 exceedances were identified, distributed
in the four localities as follows: Cefa (17 exceedances ), Martihaz (16 exceedances), Ateas (13
exceedances) and Sanicolau Roman (8 exceedances).

The evolution of the number of excedences over time, to the Mangan (Mn) quality indicator,
shows an improvement in the groundwater quality situation starting with 2010 (Figure 5, Table 1).
The highest deviation from the maximum allowed limit for the manganese indicator was recorded
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in 2001 in Ateas, which was 2.510, compared to the maximum admissible limit of 0.05. Very high
values were recorded in Ateae between 2007 - 2010, after which no measurements were made at this
drilling, the samples being taken from Martihaz and Sanicolau Roman. Here the situation is the
same in the sense that the maximum accepted threshold for manganese (0,05) was exceeded for each
measurement, but with values below those recorded in Ateas locality (figura 4).
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Ficure 4 — Evolution of the number of exceedances to Manganese

The magnesium indicator was the second in the series of exceedances of the maximum limits
admitted in the Natura 2000 Cefa site, recording 43 exceedances in the period 1993 - 2017. Most
exceedances were recorded in Ateas locality (28 exceedances), followed by Cefa (12 exceedances) and
Sanicolau Roman (3 exceedances). The highest value of deviation from the maximum admissible
limit was registered in Ateas in 1998, which is 111.3, double the maximum accepted limit (50). From
the analysis of exceedances done on time related to the magnesium quality indicator, there is an
improvement in groundwater quality, so that no exceedance of the magnesium quality indicator has
been recorded since 2011 (figura 5).
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For the water quality indicator, the fixed residue in the period of study 1993 — 2017 were observed
18 exceedences of the maximum allowed limits, in Ateas (11 exceedences), Cefa (4 exceedences)
and Sannicolau Roman (3 exceedances). The highest value from the maximum allowed limit was
registered in 1998 (1731), in Ateae locality. As in the case of previously analyzed indicators (man-
ganese and magnesium), in this case, from time to time analysis of the number and intensity of the
exceedances was noticed an improvement in water quality starting with 2011.

Conclusions. Water through its properties and functions constitutes a primordial factor with
profound implications in the genesis, evolution and sustaining of life on Earth [18-20] . In this
context, considering the increase of the anthropogenic impact on the natural environment [21-25],
the study of groundwater quality in nature 2000 sites is an important and necessary step at the same
time, knowing its role and implications in the preservation, protection and conservation of natural
habitats and the flora and fauna species they host.

From the groundwater quality analysis of the Natura 2000 Cefa site, the following conclusions
were drawn:

- at the level of the 4 drillings (Ateae, Cefa, Martihaz and Sannicolau Roman) related to the
studied site, over the period 1993 - 2017 were identified 157 exceedances of the maximum admissible
limits for the following water quality indicators: Ammonium (NH 4 ), Nitrati (NO 3 ), Nitrites (NO 2 ),
Phosphates (PO 4 ), Chlorides (Cl), Sulfates (SO 4 ), Fixed Residue, Manganese (Mn), Calcium (Mg),
Magnesium (Mg) and Sodium (Na);

- analysis of the total number of exceedances at the drilling level revealed their predominance
in hierarchical order at: Ateas (62 exceedances), Cefa (50 exceedances), Sannicolau Roman (28
exceedances) and Martihaz (17 exceedances).

- the analysis of the evolution of the number of exceedances over time, for all the underground wa-
ter quality indicators studied, highlights an improvement of the underground water quality situation
within the Natura 2000 Cefa site.
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I'.B. Xépman ' , I.K. Uaunem ! , C.M. Couko20. I'aney !, A. Uauem ' , 1. Jd>xycan !, K. Mecrep 2

1 Opados ynusepcumemi, zeozpadus darysvmemi, Typusm orcone cnopm kagdedpacv, Pymovrrus.
2 Accane Cexa 3uzuHuwiop amuirdaes, YHUSEPCUMEM, IKOHOMUKANDIE HCOHE dNEYMEMIMIK 2olAMOGD Kadhedpacvl, MYpusm
rxagpedpacu,, Cenezan
2 Kuuypu e3eni araboinbir, CY WaPYOUBLAGIE oKimuinizi, Opadas, Pymoinus.

2000 >x. Cedpa Garmapsamacei (rosci 0025) xKongany apkblibl PyMbIHUS >KepacThl CyJapbl CanacbhblH 3epTTey

Apgparna: Cy canackl Mocesie/IepiHiH Tapuxbl MEH OHOAyaHTYPJIUIKTI CaKTay/IblH FaJlaM/IbIK, YKOHE ailMaKThIK, JeHreiaeri
KarKeTTUIIrH eckepe oThIpbIi, 6ya 3eprrey Pymbinus, Buxop enipingeri "CEFA 2000" Ileda afimarbinga Kep aCTbl CyJIapbIHbIH,
camachlH TaJijayra GarpiTTasrad. OcbiraH GallyIaHBICTBI GipKaTap camnaJjblK KOPCETKIIITep OOMWBIHINA YKeP acThl CyJIapbIHBIH,
aCBIIl KETY JIeHreifine Tanaay Kacajabl. AJIBIHFAH HOTUXKEJEP KOPFAJIATHIH TAOUFU ayMaKTapAa GUOJIOTUSIIBIK alyaHTyPIIIiKTIH
KYH/BUIBIFBIH KOTEpPYTe, KOPFayFa »KoHe XKaKCapTyFa 9KeJIeTiH 0acKa FhIJIBIMU 3epTTeyJep YIIH Heri3 6osa ajaaibl.

TyitiH ce3mep: Kep acThl CYJIAPBIHBIH CAlachl, CalaJblK KepceTkimrep, "2000 CEFA" xemnici, 6uoatyanIbUIbIK.

I.B. Xépman !, JI.K. Wanem ! , C.M. Couxko 2 O. Tauey !, A. Mnnem ! , 1. Jxycan !, K. Mecrep 2

1 Vhusepcumem Opadasa, zeoepaduneckuts daxysvmem, xadedpa mypusma u cnopma, Pymovurus
2 Vnueepcumem um. Accamne Cexa Buzunwop, Garysvmem dKOHOMUYECKUT U COUUANLHOLT HaYk, Kadedpa mypusma, Cernezan
2 Admunucmpayus 600nozo xosaticmea baccetina pexu Kuuypu, Opadss, Pymwvirus

VccuenoBanue KadecTBa NOA3€MHBIX Boj, PymbiHnu ¢ npumeHenueM nporpammbl 2000 Cefa (ROSCI 0025)

Annoranus. IlpuauMasi Bo BHUMaHME HUCTOPUIO MPOBJIEM KAadeCTBa BOABI M HEOOXOAMMOCTH COXPaHEHUs 6MOpasHoObpa3us
Ha I“J'IO6aJIbHOI\/I 1 PEruoHaJIbHOM YPOBHAX, aBTOPBI HAIIpABUJIA UCCJIEIOBAHNE Ha aHAJIN3 KaveCTBa IIOA3€MHBIX BOJ Ha yYIacCTKe
«2000 CEFA» Ileda, okpyr Buxop, Pymbiaus. IIpoanaiusupoBaHbl IPEBLINIEHNS JTOIYCTUMBIX IIPEJIEJIOB B OTHOIIIEHUU Ka4eCTBa
MOA3EMHBIX BOZ, IJIsl PsAfa [IOKa3aTesell KadecTsa. [lojydueHHBIE pe3ysbTaThbl CTAHYT OCHOBOHM APYTHX HAyYIHDLIX HCCJICIOBAHHUIA,
IIOCIIOCOGCTBYIOT MOBBIIIEHHUIO IIEHHOCTU OHOpa3HOO0pa3usl Ha OXPAHIEMBIX TEPPUTOPHAX, €0 JIyUIIeMy COXPAHEHUIO U 3aIlUTE.

KuroueBble cjioBa: KavecTBO IOI3EMHBIX BOJ, KadecTBeHHbIe moka3aresn, ceTb «2000 CEFA», 6uopasnoobpasue.
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«JI.H. I'ymuineB arbingarsl Eypasust yaTTeiK, yHuBepcureriniy Xabapuibicbl. Xumus. 'eorpadmusi.
DKOoJIOTUsl CEePUsACHI» >KYPHAJBbIHA MaKaJja >Kapusijay epekeci

1. 2Kypnasn makcarbl. Xumus, reorpadus, SKOJIOIUs Cajaagapbl OOMBIHINA MYKUAT TEKCEPYIEH OTKEH FBLIBIMHI
KYHJIBLIBIFBI 6ap MakaJjajiap Kapusiiay.

2. ZKypuamaga makasia KapuUsIayIIbl aBTOD MAaKAaJaHBIH KOJ KOWBLIFAaH 1 JaHa Kara3 HYCKACHIH I 'bLIBIME
GacpuibiMap Gemimine (pemakuumsra, Mmekemxkaiibl: 010008, Kaszakcran Pecny6imkacoi, Hyp-Cysran, kamacor, K.
Cornaes kemeci, 2, JI.LH. 'ymuses arsianarsl Eypasust yarTeik yHuBepcureri, Bac rumapar, 402 kabuHer) »KoHe e-
mail vest chem@enu.kz snexrponasik nomrracsina Word, Tex, PDF dopmarrapsingarst HycKaaapbiH Kibepy KaxKeT.
Maxkasia MoTiHiHIH Kara3 HYCKAChl MEH 3JIEKTPOHIBI HYCKaJapbl 0ipzeit 6osrymapsr KaxkeT. Makasmamap Ka3ak, OpbIC,
aFBUIIIBIH TliAepinge kabblnnanansl. CoHBIMEH KaTap, aBTop(Jap) lecie XaT yCbIHYBI KEPEK.

3. ABTOpabIH KoJ>ka30aHbl penaknusira >kidbepyi makasmanbiy, JI.H. 'ymuaes arbinmarsl Eypasus
VIATTHIK, YHUBEPCUTETIHIH xabapiubiChbIHJa 0acyra KeJriciMin, mIeres TijliHe ayJapblLiblll KalTa
OacburybIHa Kedicimin Oinaipeni. ABTop MakaJsiaHbI pefakIUsiFa >kibepy apKbLIbl aBTOP TYPaJbl
MOJIiIMeTTiH, AYypBICTHIFBIHA, Makajia KeulipisMereHziride (maruaTTbiH >KOKTBIFbIHA) >KoHe Oacka Ja
3aHCHI3 KeIIipMeJiep/iH >KOKThIFbIHA Kemijigeme oepesi.

4. Maxasuasabis kesteMi 18 Gerren acnayra tuic (6 6erren Gacrarn).

5. MaxkajiaHbIH, KYPbLJIBIMBI

FTAMPK http://grnti.ru/

Aemop(aap)doiy amuoi-otconi

Mexemenir, moasl, amayst, KaAACH, Memaeremi (erep aBTOPJAD OPTYPJi MEKEMeIEe YKYMBIC *KaCaWThIH
6oJica, OH/Ia Op aBTODP MEH OHBIH YKYMBIC MeKeMecl KachlHa Oipzeil 6esri KONbIILy Kepek)

Aemop(aap)dvr, E-mail-vi

Maxanaa amayst

Annomayus (100-200 ces; dopmyrachi3, MaKaJaHbIH arayblH MeijiHIle KafTasaMmaybl KaxkeT; oaebuerrepre
cinremesiep 60Maybl Ka2KeT; MaKAJIAHBIH KYPBLUIBICHIH (Kipiche /MaKaJaHbIH MaKCAThl,/ MIHAETTEPl /KapaCThIPLLILIIT
OTBIPFAH CYPAKTBLIH TAPUXbI, 3€PTTEY SICTEPl, HOTHUZKEJED,/TaJKbLIAY, KOPBITHIHIbI) CAKTAH OTBHIPBIN, MAKAJAHBIH
KBICKAIIA Ma3MYHBI 6epinyl Kaxer).

Tyiin ceadep (6-8 ce3 me cos ripkeci. Tyilin ce3mep Makaga Ma3MYHBIH KOPCETIN, MEHJIHIIE MaKaJIa ATaybl
MEeH aHHOTAIMJIAFBI CO3JEPAl KaiTasiaMmail, Makajia Ma3MYHBIHIAFBI CO37epii KosaHy Kaxker. COHBIMEH Karap,
aKIapaTThIK-13/IeCTipy Kyiiesiepinie MaKaJIaHbl YKeHiJT TadyFa MyMKIH/IIK OepeTiH FBIIBIM CaJIaJIapbIHBIH TEPMUHIEPIH
KOJJIAHY KAXKET).

Hezizei momin MakaJaHblH MAKCATbI/ MIiHZETTEPI/ KAPACTHIPBUILII OTBIPFAH CYPAKTBIH TAPUXbI, 3ePTTEY
9JIicTepl, HOTHXKEIEP / TAJIKBLIAY, KOPBITBIHIbI OOTIMIEPIH KAMTYBI KArXKeT.

Tabauua, cypemmep — aTaJFaHHAH KeiH OPHAIACTBIPBLIAIbBI. Op Tab/INIa, CyPeT KACBIHIA OHBIH, ATAJIYbI OOJTY b
kaxker. Cyper aliKblH, CKAHEDJEH OTIereH OoJIybl Kepek.

Maxkasiagarsl gopmyaaaap TEK MOTIHIE ojapra ciireme Gepijice FaHAa HOMEDJIEHET].

Kanner kosnmanbicra 6ap abbpesuamypaaap MeH KbicKapmyaapdar OacKajgapbl MIHIETTI Typ/e aJjFarl
KOJIJIAHFaH 18 TYCIHIAIpityl Gepinyi Kaxer. Kapotcviaal kemex mypaasve aknapar OipiHiii 6erre Kepcerise/i.

Odebuemmep mizimi

Mboringe omibumerTepre ciaremesep TIKXKAKIIAFa aJIbIHAIHI. Mboringeri omebuerTep TisiMiHe CclaTemMesepIiH,
HOMepJIeHyl MOTIHAE KOJJIAHBULYBbIHA KATBICTHI KYpPrisluife: MoTiHze Ke3zeckeH oaebuerke asraimksl cinreme [1]
apKbLIBL, eKiHml cinreme [2] apkpuibl T.c.c. xyprisineni. Kiranka »KacajaTblH cliremenep/ie KOJJAaHbLIFAH GeTTrepl
e kepcerimyl kepek (mbicambr, [1, 45 Ger]). 2Kapusnambaram enbekrepre cirremenep kacammaiiapl. CoHbIMEH
KaTap, PEIEeH3UsAIaH OTIHeNTIH 6achlIbIMIApFa 1a cliremesiep KacaaMmaiiael (agebuerrep Tizimin, oxebuerTep TiziMiHig
arpIIIIBIHIIA 93IpJiey YJIrijIepiH ToMeH 1eri MakaJaHbl POCciMey YIIriCIHEH KapaHbI3).

Maxkasia COHBIHIAFBI 9/1€0MeTTEp Ti3iMiHEH KeiiH O6UbAU02PAPUAABIK, MIATMEMMED OPBIC XKOHE AFBLIIIBIH
Timinage (erep Makasa Kasak TLIIHZIE YKa3bLICA), KA3aK, 2KOHE aFbUIIIBIH TiMiHe (erep MakaJa OpbIC TIMH/E Ka3blIca),
OpBIC KOHE Ka3ak, TiliHje (erep MakaJa aFbUIIIBIH TUIiHIe XKa3bulFaH 6osica) Gepiresi.

Asmopaap mypaavl MaatMeM: aABTOPILIH aThI-?KOHI, FHIJIBIMUA ATAFbI, KBI3METI, 2KYMBIC OPHbBI, 2KYMBIC OPHBIHBIH,
MeKeH-Kalbl, TeesidoH, e-mail — Ka3ak, OpbIC YKOHE AFbLIIIBIH TiIEPiH/IE TOITHIPHLIA b

6. Koimkaszba MYKUAT TeKceplireH 0OJybl KaykeT. TeXHHKAJIBIK TajlallTapra cail KeJIMereH Kospkasbasap Kaira
eHJIeyTe KaliTapbutaabl. KomkaszbaHblH KaiTapbLIYybl OHBIH YKypHAJIAA 6aChUTYbIHA XKibepiiryin 6Limipmeiti.

7. Penakuumsara TyckeH MakaJsa »KaOblK (aHOHHMII) Tekcepyre »kibepimezi. Bapiblk penensusiap aBTOpJIapra
kibepineni. ABTOp (peleH3eHT MaKaJIaHbI Ty3eTyre YCHIHBIC OepreH Karjaiifa) yII KYH apaJbIFbIHIa KafiTa Kapail,
KOJ2Ka30aHbIH TY3€TiJITeH HYCKACHIH PeJaKInsara KaiTa xkibepyl kepek. PereHseHT KapaMChI3 /el TAHBIFAH MaKaja
KafiTapa KapacThIpbLIMaipl. MakKajaHbIH TYy3€TiINeH HYCKAChl MEH aBTODABIH DPeIeH3eHTKe Kayabbl PeIaKIUsIFa
Kibepisrei.
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8. Tesnemaxkpl. BacbiabiMra pyKcaT eTireH Makajaa aBTOPJAPBIHA TOJIEM JKacay TypaJbl eckepTimemni. Temem
keseMi 4500 Tenre — EYY kbi3merkepJiepi yiria xkone 5500 TeHre 6acka yibIM KbI3METKEPJIEPIHE.
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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Solanum lycopersicum ecimzairinge pe3ucTeHTTiNIIK »kayanTbiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Annoramust.  Tomato bushy stunt virus (TBSV) supyceiven kogramarsin P19 akybisst
PHK wunaTepdepennusauniy, KyaTThl CyHIpeccopbl O0JbIn TabbLaaabl koHe Nicotiana benthami-
ana eCiMIIKTepiHiH BUpPYCIEeH KYKTBIPBLIYBIHIA MaHBI3IbI peJl aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIaHybl aflkblH Kepinic Oepemi i€, ©CIMIIKTIH TOJBIK, KOJIJIAIICHIHA
okesrin coKThipasbl. CoHbIMEH Karap cympeccopdiblk P19 akybiser Nicotiana tabacum ecimiriame
TUTIEPCe3iMTANIBIK, PEAKITUICHIH Oesicenaipyre xKkayanTtol. Bupycroin P41 kancuaTik akyb3bl BUPUOH
KYPBLIBIMBIH KAJIBIITACTBIPBII, OCIMIIK OOMBIMEH TapaJiayblH KAMTaMAChI3 eTeli. AJIBIHFaH 3epTTey
wormkesiepi TBSV Bupycbinbiy xabaiibl Tuninig nadeknuscer Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJIriH/E BUPYCKA KAPChl TO3IMILIK KayaOblH TYJLIPATHIHBIH AHBIKTAIBI.
OCIMIIKTIH TaMbIp »KOHE >KAIBIpaK, yJrnackiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMaCcTaH
BUPYCIIEH 3aKbIMJIAJIYIbIH, CBHIPTKbI Kepiici Hamap Oaiikaygbl.  Agaiiga, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramackl BUpyciieH 3akbIMJIaFal ©CIMIIKTEP/IE YKacy Iainmiiik
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MeTabOIIM3MIHIH ©3repyiH aHBIKTaAbl. AJI BUPYCTBIH KAICHJITIK aKybI3bl 9KCIPECCUTIAHOANTHIH
MyTaHTIIEH UH(MEKIUS TYAbIPFaHIa, KbI3aHAK OCIM/IIKTEpl KOFApbhl Ce3IMTaJIIbIK, KOPCETil, Kyhemik
HEKPO3Fa YIIbIPa/Ibl. 3epTTey HoTHKeIepi KbizanakTblH Money maker cypeiobiaia TBSV Bupycoina
KapChl KOPFAHBIC MEXaHU3M/IEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-7i Tamy apKbLIbl OeIceHIipiieTiHin
KopceTe/i.

Tyitia ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kamncuarik akysr3, BUpuoH, Solanum
lycopersicum, pesucrentrinik, PHK-untepdepentus.

I.C. Mykusinosa ', A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !

! Bepasuticxuti navuonarvroiti yrusepcumem umerw JI H. Dymunesa
2 Henanckuti mayuonaionsi ucciedosamenvexuti yenwmp, I'panada, Uenanus

Kanicuguasriii 6e1ok p41 Bupyca tomato bushy stunt virus (tbsv) akrTuBupyer
PE3UCTEHTHOCTh Y pacTeHwuii Buja solanum lycopersicum

Awnnoranms. Kosgupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 siBisiercs
MotabiM cytipeccopom PHK waTepdepeniiny u urpaer BaXKHYIO POJib P UHMEKITUH PACTEHUIT
Nicotiana benthamiana, Koropasi xapakTepusyercsi SpKO BBIPAYKEHHBIMU CHMITOMAME 3200/ I€BaAHUS
U CHCTeMHBIM KoJutanicoM. Kpowme Toro, 6emok P19 siBisiercss /ucuTOpOM THIIEPYYBCTBUTEIHLHOTO
orBeta y Nicotiana tabacum. Kamcugasriit 6esiok Bupyca P41 ¢popmupyer BUPHOHBI U CIIOCOOCTBYET
pasBUTHIO cucTeMHOI uHpeknuu. llosydeHHble HaMU JaHHBIE [TOKA3AJU, 9TO TPU HUHQMEKITUH
nukuM tuiom TBSV y pacrennit Buga Solanum lycopersicum (copr Money maker) akruBupyercst
pe3ucTeHTHBIN oTBeT. HecMmoTpsi HA CHCTEMHYIO aKKyMyJsiuio Oefika cymnpeccopa P19 B smmcrbsix
U KODHSIX, Y PACTEHHIl He IPOSBJISIOTCS BUJIUMBIE CUMIITOMbBI 3abosieBanus. OJHAKO aHAIU3
Chlorophyll Fluorescence Imaging system (Chl-FI) mokasas, 4uro B wHHUINPOBAHHBIX BHPYCOM
PACTEHUSIX TTPOUCXOIAT SHATUTEIbHbIE U3MEeHeHnsT MeTabom3Ma. Bostee Toro, mHbEKINsT pacTeHmi
myrantoMm TBSV mno kancugaomy OejKy HNPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pacTeHWUil.
[Tonyuernbre JaHHbIE YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3AIMUTHBIE MEXAHU3MBI B OTBET
Ha KCIIpeccrio Karcuaaoro 6eiaka P41 supyca TBSV.

KumroueBbie cioBa: Tomato bushy stunt virus (TBSV), kancuausiit 6esok, Bupnon, Solanum
lycopersicum, pesucrenrnoctsb, PHK-unTepdepentms.
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