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PE3IOME

MN3cnegBaHo € W3MEHEHMETO Ha
KNUMaTUYHUTE YCIoBUSI B 3emefernckarta
TEpUTOPUSA Ha CTpaHaTa npes3 yetTupuae-
cetroamwHunsg nepuog 1971-2010 r. Obpa-
0OTeHN ca exedHeBHW MeTeopOsiornyHU
AaHHM oT 40 arpomMeTeoponornyHn CTaH-
umm B mpexata Ha HMX-BAH. [JokasaHu
ca TeHAeHUMM Ha U3MeHeHne Temnepa-
TypaTa Ha Bb3ayxa, geduumra Ha Hacu-
llaHe Ha Bb3gyxa C BOOHW napu u eTa-
NOHHaTa eBanoTpaHcnMpauus 3a nepuo-
na 1971-2010 r. HannuneTto Ha TeHOeH-
UMM e [okasaHoO 4pe3 Tecta Ha Mann-
Kendal. BnusHneTo Ha BanexuTe BbpXy
XapakTepuctukata Ha knumarta no OTHO-
LUEeHNe Ha HeroBaTa BaXHOCT € OLEHEHO
ype3 NHaekca Ha cyxoTaTta Ha e MapToH
3a nepmoga 1981-2010 r. YcrtaHoBeHMU ca

SUMMARY

This paper studies the climate
change in the agricultural areas of the
country for the period 1971-2010.

Daily weather data from 40 agro-
meteorological  stations  within  the
measuring network of NIMH-BAS were
processed. Trends of the air temperature,
vapor pressure deficit and reference
evapotranspiration of  the period
1971-2010 were detected and statistically
proven. The trends were detected by
Mann-Kendal test. The impact of the
quantity and time distribution of the
rainfalls on 1981-2010 climate
characteristics was estimated by use of
De Martonne Aridity Index. The
distribution over the agricultural territory of
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N ca kaptorpadupaHu: 1) KnMMaTU4HUTE
ctoHoctn (1981-2010) Ha cymapHaTa
eTarioHHa eBanoTpaHcnMpauus 3a noTeH-
unanHus BereTauMoHeH nepuon anpun-
CenTeMBpU 3a TOOWHW C XapaKTepHu
BMaXHOCTHW XapaKTepuUCTUKN U 2) yBenu-
YEeHMEeTO Ha eTanoHHaTa eBanoTpaHcnu-
pauus 3a TpuOeceTroguwiHuS nepuos
1981-2010 r. 3a CTOMAHCKM 3HaA4YUMWU
nepuoan ot BeretTauusita Ha 3eMeaerncku-
Te kynTypu. [pencrtaBeHuTe KapTu ca
n3paboteHn B cpega Ha GIS. 3a onpe-
AensiHe Ha MHOroroAuLLHOTO M3MEeHeHue
Ha eTarioHHaTa eBanoTpaHcnupauus e
NPUNOXEH PerpecuoHeH aHanus.
KnioyoBn pgymmu:  KnMMaTU4HK
NpOMeHU, eTanoHHa eBanoTpaHcnMpauus,
WHOEKC Ha ae MapToH; kapTorpadupaHe

YBO[

MN3MeHeHMeTO Ha KnumaTta Ha
TepuTopuAaTa Ha cTpaHarta e npega-
MeT Ha MHOroroguilHn mn3cnenBa-
HMA. YCTaHOBEHU ca TeHAEHUMN Ha
3aTtonsisHe M 3acywaBaHe, KOUTO
ca ACHO u3paseHn B Kpasl Ha ABa-
pecetn Bek (Slavov, Alexandrov,
1997; Slavov, Georgiev, 2002;
Slavov, Moteva, 2007; KasaHgxueB
n ap., 2010; Motesa n gp., 2015;
Moteva et al., 2015). N3cnegBaHus-
Ta nokaseaT, 4Ye B MHOro marka
YyacT OT 3emMeperickarta TepuTopus
Ha cTpaHaTta cbliecTByBaT bnaro-
NPUATHN  (CbIMAcHO  TEPMUHOIO-
mmaTta Ha CbBMECTHUS  Hay4Ho-
nscnegosaTtenckm LeHTbp Ha EK).
KNUMaTUYHN YCNoBUS 3a OTMNEeX-
AaHe Ha 3eMeersiCKu KynTypu

Cnopea MoteBa n agp. (2015)
rogMwHaTta  HeobxogumocT  OT
BOJa B pacTEHMEeBBLACTBOTO B
CTpaHata ce yBenuyaBa npes3
nepuoga 1971-2000 r. ¢ 30 go 60
mm. Mo nacnegBaHe Ha Georgieva

the country of two kinds of agroclimatic
indexes for years of different wetting
patterns were estimated and mapped:
first, the climatic values (1981-2010) of
the reference evapotranspiration totals for
the potential vegetation period April-
September and, second, the increase of
the reference evapotranspiration within
the same thirty-year period.

The presented maps were elaborated in
GIS environment. Multi-regression
analysis was used to determine the
increase of the reference
evapotranspiration.
Keywords: climate

reference evapotranspiration,
Martonne Aridity Index, mapping

change,
De

INTRODUCTION

Climate change over
Bulgarian territory has been a
subject of long-term research. A
number of authors have
established trends of warming and
drought. These trends are
especially prominent in the last
thirty years of 20" century (Slavov,
Alexandrov, 1997; Slavov, Georgiev,
2002;.Slavov, Moteva, 2007,
Kazandjiev al., 2010; Moteva al.,
2015; Moteva et al.,, 2015). They
keep their character during the
period 1981-2010, as a result of
which a very small part of the
agricultural area is favorable
(according to the terminology of
the Joint Research Center of EC)
climatic conditions for growing
agricultural crops.

According to Moteva et al.
(2015), the annual need for water
in plant growing over the country
increases during the period
1971-2000 by 30-60 mm. In the
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(2015), nouBeHuTe BRarosanacu
npe3 nepuoga 1981-2010 Hamans-
BaT cCrpsMo Te3uM OT nepuoja
1951-1980 ¢ 2%-12%. EceHHo-
3MMHUTE Banexu, crnopes cbliarta
aBTOpKa, ca TparvHO MOHWXEHW, a
Bnaroobes3neyeHOCTTa Ha €CeHHo-
3UMHUTE KYNTYypU € YyBCTBUTENHO
HamaneHa. CbBpeMeHHUTe pesyr-
TaTu OT [Ba KOMMITbPHU Moaena
(HadCM2 n CGCM1) nokassart, 4e
B 6baeLLe ycroBusaTa Ha OBNaxHe-
HWe B no-rofisMarta 4YacT Ha cTpa-
HaTa we 6baaT cyxu unu gopwu no-
CYXM OTKOJSIKOTO Npe3 eKCTpeMHUTE
1993 n 1994 r. (3acywaBaHeTo B
Bvnrapus, 2003).

Llenta Ha HacTosiwarta pabo-
Ta e [da ce xapakTepusupa mnsme-
HEHVeTO Ha Knumarta B 3emepen-
CKUTE TepuTopuM Ha CTpaHaTa 3a
nepuoga 1971-2010 r. n ga ce kap-
Torpachmpa nNpOCTPaHCTBEHOTO W
BPEMEBO BapupaHe Ha eTasloHHa-
Ta eBanoTpaHcnMpauusa 3a Knuma-
TnyHna nepuog 1981-2010 .

MATEPUANTI U METOOU

CbcTtaBeHu ca veTupuaeceTt-
roguWwHN CTaTUCTUYECKN peauum
(1971-2010 r.) OT exxegHEeBHU CTON-
HOCTW Ha MakcumanHarta, MUHUMan-
HaTa U CpeaHO-AEeHOHOLHaTa TeM-
nepaTypa Ha Bb3gyxa, OTHOCUTES-
HaTa BMaXHOCT Ha Bb3ayxa, cpea-
HOOEHOHOLHAaTa CKOPOCT Ha BATbpa
N NPOABLIMKUTENHOCTTA Ha ChbHYe-
BOTO rpPeeHe, U3MEPEHU B YeTUpu-
AeceT arpomMeTeoposiorMYyHN  CTaH-
umm ot mpexata Ha HUMX-BAH.
Peanunte ca nposepeHu n obpa-
6oTeHn 3a OTCTpaHsiBaHe Ha rpeLu-

study of Georgieva (2015), soil
moisture  during the  period
1981-2010 compared to the period
1951-1980 have decreased by 2%-
12%. According to the same
author, the amount of autumn-
winter precipitations and the water
supply for the autumn-winter crops
have significantly reduced. The
recent results from two computer
models (HadCM2 and CGCM1)
show that the future moisture
conditions in the greatest part of
the country will be dry or even drier
than in the extreme 1993 and 1994
(Drought in Bulgaria, 2003).

The objectives of this paper
are to study the changes of the
climate within the agricultural
territory of the country in the forty-
year period 1971-2010; to map the
spatial distribution of the reference
evapotranspiration and its change
within the period 1981-2010.

MATERIAL AND METHODS

Forty-year (1971-2010)
statistical rows of daily values of
the maximum, minimum and
average air temperature, relative
air humidity, daily wind speed and
sunshine duration, which have
been measured at forty agro-
meteorological stations of the
measuring network of NIMH-BAS,
were composed.

The rows were checked and
processed for removal of errors
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K/ 1 nunceawm aaHHu. Obpa3sysa-
HM ca CyMuM Ha CpeaHOLEHOHOLL-
HaTa TemnepaTypa Ha Bb3gyxa U
Aedvunta Ha HacuwaHe Ha Bb3-
Ayxa C BOAHW Mapwu 3a CTOMaHCKM
3Ha4YMMuTe nepuoan anpus-toHu,
lONN-aBryct 1 anpun-cenTeMBpu.
lMepuvognte ca cBbp3aHW C Bere-
TauMOHHMA Nepuoa Ha KyntypuTe:
anpun-tHN — Nepuog Ha nponeTHa
BeretauMsi Ha €CEHHO 3MMHUTE
XMTHW, HONN-aBrycT — TpaguUMOHHO
nonueeH ce3oH 3a bvnrapus,
anpun-centTemMBpu — noTeHUManeH
BereTalMoHeH nepuopg 3a KbCHUTE
nponeTHn Kyntypu. Yetupuaecet-
roauwH1UTEe peavum oT Te3n Cymu
ca aHanuaupaHm 4pe3 TecTa Ha
Mann-Kendal (Salmi et al., 2002)
3a OTKpMBaHe MW [OKa3BaHe Ha
TeHAEHUMN.

Mo OTHOWeHMe Ha konun4dec-
TBOTO Ha Banexwurte, KNMMMaTbT 3a
TpMAaeceTroanLLIHMSA nepuoa
1981-2010 r. e xapakTepusnpaH rno
mMeceum un ctaHumm 4vpes3 MHgekca
Ha cyxotata Ha [e MaptoH (De
Martonne, 1926).

C paHHMTE 3a MeTeoponormny-
HUTE €eneMeHTU Cca WU3YUCIIEHU
€XeHEBHN CTOMHOCTM Ha eTaroH-
Ha esanoTpaHcnupauma  (ET,)
(Allen et al., 1998) 3a crtaHuuuTe,
BKMOYEHM B TOoBa u3cnegsaHe. C
N34ncrieHnTe CTOMHOCTU ca CbCTa-
BEHM CTaTUCTUYECKM peanumn Ha
cymmte Ha ET, 3a nepuogute
anpun-toHW, NM-aBryct n anpun-
centemBpu. Ypes npunaraHe Ha
Tecta Ha Mann-Kendal (Salmi,
2002) ca ycTaHOBEHU U [OOKa3aHu
TEeHOeHUMM Ha WU3MEHeHne 3a

and missing data. The totals of the
April-June, July-August and April-
September air temperature and
vapor pressure deficit were
calculated.

These periods are important for the
agricultural production since they
are related to the vegetation
periods of the crops as follows:
April-June — the spring vegetation
period of the autumn-winter
cereals;  July-August —  the
traditional period for irrigation in
Bulgaria; and April-September —
the potential vegetation period of
the late spring crops. The forty-
year rows of these totals were
analyzed with Mann-Kendal test
(Salmi et al., 2002) for detection of
trends.

In terms of rainfalls, the
climate was characterized per
stations and months for the thirty
year period 1981-2010 by using De

Martonne  Aridity Index (De
Martonne, 1926).
The data of the

meteorological elements was used
for calculation of daily values of the
reference evapotranspiration (ETy)
for all stations, included in this
study (Allen et al., 1998). By using
the calculated values, statistical
rows of the ET, totals for April-
June, July-August and April-
September were composed. By
applying the test of Mann-Kendal
(Salmi, 2002) ET, trends for the
forty-year period 1971-2010 were
detected and statistically proven.
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YyeTupuaeceTrognLLIHNS nepuoa
1971-2010 r. KbM cTaTUCTN4ECKK-
Te peguumn 1981-2010 r. e npuno-
XeH perpecuoHeH aHanus. OT pe-
rPECUOHHNTE YpaBHEHUSA Ca U34MC-
nenu pasnuknte ET, mexagy kpan-
HUTE W HayanHuUTe CTOMHOCTU Ha
TpeHposeTe. PasnpegeneHneTo Ha
KNMUMaTU4YHUTE CTOMHOCTU Ha Cy-
MapHaTa eTarioHHa eBaro-TpaHc-
nupaums 3a nepuoga 1981-2010 r.
3a pasfiMyHU Mo BNAXXHOCT roANHU
N HEMHoTo m3ameHeHne ET, 3a pas-
NIMYHWM CTOMAHCKM Nepuoanm B 3eme-
AenckaTta TepuTopus Ha cTpaHaTta e
KapTorpacdupaHo B cpega Ha GIS.
WHTepnonaumsita e  u3BbpLUEHa
ypes Invert Distance Weighting.

CrtaHuunTe, Kouto ca obekT
Ha wu3cnensaHe, ca C HagMopcka
BMCO4YMHA OoT 5 go 736 m u ca
paBHOMEpPHO pasrnpeaeneHu 3a 3e-
Megernickata Teputopusa Ha cTpa-
HaTa. [pynupaHn ca B wWecT arpo-
rpynn (A" 1-VI) cnopen cymaTa Ha
aKTUBHUTE TemnepaTypu Ha Bb3ay-
Xa 3a nepuoga anpur-centemsepu
(3axapwves n gp., 1986).

PE3YJITATU U OBCBbXOAHE
TectbT Ha Mann-Kendal noka-
3a Hanuyue Ha MONOXUTENHU TPEH-
AOBE Ha TemnepaTypara Ha Bb3ayxa
npyu BCUYKM CTaHuuwW, a 3a gedwu-
uuTa Ha HacuwaHe Ha Bb3gyxa C
BOAHW Mapu M eTarnoHHaTa esano-
TpaHcnupauus — npyv MNOBEYeTO OT
Tax (Tabnuua 1). He cobliecTtByBa
TpeH4 Ha M3MeHeHue Ha Temnepa-
Typata Ha Bb3dyxa 3a nepuoaa
anpun-toH1  3a ctaHuumn [leTpwny,
MBannosrpag, Kepmxkanu n KHexa.

The statistical rows of 1981-2010
were processed by a regression
analysis.

On the base of the regression
equations were calculated the
differences between the final and
the initial values of the trends ET,,
The distribution of 1981-2010 ET,
totals in years of different wetting
pattern and the distribution of ET,
over the agricultural territory of the
country for different economy
periods were mapped in GIS
environment.

Interpolation was done by Invert
Distance Weighting.

The included in this study
stations are situated at an altitude
from 5 to 736 m and are evenly
distributed over the agricultural
territory of the country. They are
grouped in agro-climatic groups
(1% to 6™ AG) based on the April-
September active air temperatures
totals (Zahariev et al., 1986).

RESULTS AND DISCUSSION
Mann-Kendal test indicated
positive air temperature trends for
all stations and positive vapor
pressure deficit and reference
evapotranspiration for most of
them (Table 1).

No April-June air temperature
trend was detected for Petrich,
Ivaylovgrad, Kardzhali and
Knezha.
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Tabnuua 1. 1oka3aHOCT Ha TeHOEHUMUTEe HAa MeTeOpPOJsIOrMYHUTE eJyleMeHTU 3a
nepuoaa 1971-2010 no metoaa Ha Mann-Kendal no ctaHuuu B arpo-rpynu (Al

Table 1. Statistical significance of the 1971-2010 trends of the meteorological
elements per agrometeorological stations in agro-groups (AG)

Cyma Ha aKTuBHUTE

Cyma Ha fecmumTa Ha

Cyma Ha eTasioHHa

BarnoTpaHcnupaums
Alr* TemnepaTypu Ha |HacuwaHe Ha Bb3ayxa cBanoTpa paums/
CraHuus Reference
Ne Statilén Bb3ayxa / Air ¢ BogHu napwm / Vapor Evapotranspiration
AG Temperature Total | Pressure Deficit Total P Totalp
IV-VI| VII-VII] IV-IX | IV-VE [ VIV IV-IX V-V VIV IV-IX
1 1 | CangaHcku/Sandanski *x ek dokok * okk ok ok kk xx
2 | NeTtpuy/Petrich i * +
1 | BugmH/Vidin + whk *hk +
2 Nom/Lom *kok Kk *kk *% * *kk *kk *kok
3 | MoHTaHa/Montana *k ok Hkk *k * * *kk *xk okk
4 | NneBeH/Pleven + ok * * *x *k + N
5 | Cunucrpa/Silistra * rk o + ki * + o ok
6 | MaenukeHw/Pavlikeni * ok Hkk * *k *x *kk kk okk
7 BprHOBONTarnOVO *kk *kk *kk *kk *k *kk *kk *kk *kk
8 | CnueeHr/Sliven ok b ok o ok ok ek .
9 | KapHobat/Karnobat Hk | ek o + * + ok o ek
10 | Nnosawe/Plovdiv * ok i * *
I/ 11 | Misanno/lvaylo * b ok ok *x *k ok
2| 12 Caposo/Sadovo b ok b * * ok ok ek
13 | YupnaHr/Chirpan * ek ok * + *
14 | EnxoBo/Elhovo ** *kk oxx +
15 | Ambon/Yambol ko el ok * o *x ok ok .
16 | Puna/Rila * ke ok + *k *%
17 Eyprac *kk *kk *kk *kk *kk *kk *kk *kk *kk
18 | bnaroesrpag/Blagoevgrad * ok ok * *
19 | XackoBo/Haskovo + ki *k ok *% *
20 | CeuneHrpag/Svilengrad il il il ik ok ok * ** x
21 | isavnoerpag/Ilvaylovgrad *kk * *k *% *kk *%
22 | Kbpmxanu/Kardzhali ok * *k * *ok kk oxx
1 | Bpaua/Vratsa i whk *hk + + * *% >k
2 | bb3oBeu/Bazovets + i Hokk *kk + ok *x *
3 | Knexal/Knezha ik rkk *% * kk . okk
4 O6p L’IM(bJ'WIK/ObI’ChIﬂIk + Kkk *kk *% *kk *kk * *kk *kk
I I I/ 5 PaSFpa,D,/RaZgl’ad *kk *kk *kk * *% *kk *%
3¢ 6 | Vicnepux/Isperih *ek | e ok * * *k *
7 | Tuprosuuye/Targovishte * el ok * *x ook ok
8 ,U,06p|/|"I/DObI’iCh kK *hk kK *k *% *k * *k Kk
9 | Kasannbk/Kazanlak + ek okk + +
10 | Kioctengun/Kyustendil > sl o * * +
11 BapHa/Varna *kk Fokk *kk *kk *okk *kk Kk Kk *okk
1 | l'eH. ToweBo/Gen.Toshevo * *kk dkk * * * *okk kk
v/ 2 | lWymeH/Shumen * rrk rokk * *x kil + * i
h -
4 3 | Codusi/Sofia ol ok * +
4 LWabna/Shabla *k *kk *kk Kk *kok Kk *kk *kk *kok
V/5"| 1 | Oparoman/Dragoman ok ek ok * ok e

*P=0.0001;*P=0.001; *P=0.01; **P=0.05 [__] oTpuuaTeneH TpeHs / negative trend
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3aTonngHeTO Ha KnuMmarta npes
nepuvoguTe M-aBryct M anpun-
cenTemMBpU € AoKasaHo 3a uanara
3emeericka TepUTopuda Ha cTpaHa-
Ta npun BepoaTHocTt P=0.001. 3a
yeTupu ctaHummn — lMNeTpuy, MNneseH,
Meannosrpag n Kbpmxkanu, npoue-
CbT Ha 3aTonnsiHe € JokasaH npu
BeposTHocT P=0.01 n 3a egHa —
XackoBo — npu BeposaTHocT P=0.05.

Bb3gywHoTo  3acywiaBsaHe,
N3MepeHo CbC cymaTa Ha aeduum-
Ta Ha HacuvlwaHe Ha Bb3gyxa C
BOJHM Napu, e JoKa3aHo Han-Beye
3a nepuoguTe  ONnW-aBryct wu
anpun-centemepu. 3a nepuoga
OfIN-aBrycT WU3KMOYEeHNe npaBsT
TPpW CTaHUMK, 32 KOUTO HE € OTKPUT
TpeHa Ha u3MmeHeHne — EnxoBso,
KazanHnbk n OparomaH. 3a nepuo-
Aa anpun-cenTeMBpu He ca OTKpU-
TW TPEeHOOBE Ha W3MEHeHue npu
ctaHumn lNetpuny, BuamH, Enxoso,
Puna, Pasrpag, Tovprosuwe, Ka-
3aHNbK U [paromaH. TpeHgoBeTe
ca [okasaHu npu  BEepOATHOCTU
P=0.05 n P=0.01. 3a nponetHus
nepuog anpun-toHN ca ycTtaHoBEHU
TEHOEHUMM Ha 3acyllaBaHe Ha
Bb3ayxa npu 16 craHuumn. 3a
cTaHuMsa bb3oBey TpeHOoBeTe ca
oTpuuaTenHn 1 3a TpuTe uacnen-
BaHu nepuoaa.

N3naputenHute ycrnosusa B
3emegenckute nnowm obycnasart
Nno-BMCOKa €eTarloHHa eBanoTpaHcC-
nupauma B Kpas Ha 40-roguwiHua
nepuod. ToBa ce BuMxaa ACHO OT pe-
3ynTatuTe OT npunaraHeTo Ha TecTa
Ha Mann-Kendal 3a nepuoagunte
tONIN-aBryct v anpun-centemepu. 3a
MbpBUA OT TAX, TPEHABLT € LoKa3aH

Climate warming in July-August
and April-September is statistically
significant for all the agricultural
territory of the country at
probability P=0.001. Four stations
— Petrich, Pleven, Ivaylovgrad and
Kardzhali — have statistically
significant trend at probability
P=0.01 and one station — Haskovo —
at probability P=0.05.

Air  drought, which was
estimated through the amount of
vapor pressure deficit, is proven
mainly for July-August and April-
September. Three stations -
Elhovo, Kazanlak and Dragoman,
make an exception for July-August
because no trend was detected.

No April-September trend was
detected for the stations of Petrich,
Vidin, Elhovo, Rila, Razgrad,
Targovishte, Kazanluk and
Dragoman. The positive trends
were established basically at
probability P=0.05 and P=0.01. For
sixteen stations increasing April-
June trends of the air drought were
established.

All three periods have negative
trends at Bazovets station.

The evaporation conditions at
the end of the forty-year period
have changed for higher reference
evapotranspiration. This is clearly
evidenced by the results of Mann-
Kendal test for July-August and
April-September. The  positive
trends of the first of those periods
are statistically significant for thirty
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e npu 33 cTaHuum, a 3a BTOpUA —
npn 30. He e oTKpuUT TpeHAa 3a tonu-
aBryct W anpun-centemBpu npu
ctaHumn [etpuy, BuguH, lMNnosawms,
Bnaroesrpag, Xackoso u Codus.
Kbm Tax ce pobaBaT craHumu
UnpnaH, EnxoBo n KiwocteHgun, o
ce Kacae 3a nepuoga anpun-
centemspu. lNpaBn BneyaTneHve, ye
TPeHAbT 3a nepuoga Hnu-aBryct He
€ [oKasaH 3a pavoHuUTe C Hawn-
BUCOKM INEeTHUTe Temnepatypu 3a
ctpaHaTa (Al | n Al 11). Cobwespe-
MEHHO, 3a BWCOKATE U XMagHu
panoHn Ha cTpaHaTta (4actm ot Al
V), 3@ KOUTO He ca perucTpyvpaHu
NONOXMUTENHN TPeHOOBe Ha Temne-
paTypata Ha Bb3ayxa, aHanornyHo
He ca OTKpUTWU U TpeHOoBe Ha yBe-
nu4yeHne Ha eTarioHHaTa eBsano-
TpaHcnupauus. 3a nepuoga anpuin-
IOHW € OTKPWUT TpeHn Ha NoBuLUEHNE
Ha eTanoHHaTa eBanoTpaHcnMpauns
npun 23 cTaHuuu. 3a ctaHums Puna
npeobnagaesaT oTpuuaTenHu TpeH-
AoBe.

Pasnnunsata mexagy TpeHOo-
BEeTe Ha eTarioHHaTa eBanoTpaHc-
nupauma n Te3n Ha Temnepartypa-
Ta Ha Bb3gyxa W gedwumumTta Ha
HacullaHe Ha Bb3gyxa C BOAHMU
napu rnokassaT, 4Ye W3MEHEeHWEeTOo
Ha eTanoHHaTa eBanoTpaHcnupa-
umMa 3aBUCU U OpPYrM MeTeoporio-
MYHK dpaktopu. [lokasaHo e, 4e
Te3n daktopu ca npoabInkuTen-
HOCTTa Ha CITbHYEBOTO rpeeHe un
CKOpOCTTa Ha BATbpa, OTpa3eHu

BbB opmynata Ha FAO 3a
n3vyncrnsiBaHe Ha eTanoHHaTa eBa-
notpaHcnvpaumna (Allen et al.,

1998). lNpencraseHuTe pesyntaTtu
cBuaeTencreaT 3a TOBa, Ye 3eme-

three stations, and of the second
period — for thirty stations. No July-
August trend was detected for the
stations of Petrich, Vidin, Plovdiv,
Blagoevgrad, Haskovo and Sofia.
No April-September trend was
detected for Chirpan, Elhovo and
Kyustendil. It is noteworthy that no
July-August trend of the reference
evapotranspiration was detected in
areas of high summer temperatures
(1% and 2™ AG).

Also, no reference evapotran-
spiration trends were detected for
the cold regions of the country
(parts of 4" AG) that don’t have
positive air temperature trends.

Positive April-June trends for the
reference evapotranspiration were
detected at twenty three stations.
Prevailing negative tendencies
were detected for Rila station.

The differences between the
trends of the reference
evapotranspiration and those of
the air temperature and vapor
pressure deficit indicate that the
changes of the reference
evapotranspiration are probably
influenced by other factors such as
the sunshine duration and the wind
speed, which are reflected in FAO
formula for calculating of the
reference evapotranspiration (Allen
et al., 1998).

The results presented indicate that
the agricultural territory falls into a
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Aerncka TepuTopusa Ha cTpaHaTa
nonaga B 30Ha C npouecn Ha
3aTonnsHe Ha knumaTta. 3a % ot
3emegernckata Teputopus Moxe
[a ce TBbpAW, 4Ye npoTuyaTt npoue-
CM Ha aTMociepHO 3acyluasaHe,
ocobeHo 3a nepuoaa nn-asryct un
noTeHUnanHus BereTauuMoHeH ne-
pvog anpun-cenTeMBpu.
O606LweHnTe gaHHM no arpo-
rpynn (Tabnuua 2) nokassart, 4e
Mo OTHOLWEeHMe Ha TemnepaTyparta
Ha Bb3adyxa, BCUMYKM Tpynn ca B
30Ha Ha 3aTonnaHe Ha KnumarTa.
Mpouecute Ha Bb3AYLWHO 3acyLlua-
BaHe ce orpaHuyaBsaT B nepuogute
loNn-aBrycT u anpun-centemBpu.
3a Te3n aBa nepuopja, etanoHHaTa
eBarnoTpaHcnMpaums e ¢ JokasaHo
yBennyeHne BbB BCUYKM arpo-

rpynu.

zone with processes of climate
warming. In about % of the
agricultural territory a process of
atmospheric drought takes place,
especially in  July-August and
during the potential vegetation
period April-September.

The summarized data per
agro-groups (Table 2) indicates
that with respect to the air
temperature, all the groups are
representative of a zone with
processes of climate warming. As
to vapor pressure deficit, the
processes of drought are limited
mainly in July-August and April-
September. For these two periods,
the increase of the reference
evapotranspiration is also
statistically significant in all groups.

Ta6bnuua 2. [loka3aHOCT HAa TeHAEHUMUTE HA METeOpPOSIOrMYHUTE efleMeHTU 3a

nepuopga 1971-2010 no arpo-rpynu (Ar)

Table 2. Statistical significance of the 1971-2010 trends of the meteorological

elements per agro-groups (AG)

Al Temnepatypa Ha Bb3ayxa 'ui(ﬁzu”;;g ;:c:;l.lggeMHa ETanoHHa eBanoTpaHcnvpaums
Air Temperature Ay A Pl Reference Evapotranspiration
Vapor Pressure Deficit
AG |Anpun-KOHu|KOnu-aeryctiAnp.-cent.JAnpun-kOHu|KOnu-aeryct| Anp.-centJAnpun-tOHu|KOnu-aerycT|Anp.-cenT.
April-June | July-AugusttiApril-Sept.] April-June | July-Augustt April-Sept] April-June | July-August{April-Sept.
I/lSI * *k%k *k%k + ** *% * ** *k%k
I I/an *% *k%k *%k% * *k%k *% * *k%k *k%k
I | I/Srd *% *k%k *kk * * * *%* *%
IV/4th *% *k%k *%k% * *% *% *% *%
V/5th *k%k *k%k *%k% *% *%

*P=0.0001;*P=0.001; **P=0.01; **P=0.05

MN3meHeHneTo Ha KiumaTta
KbM arpoHOMWYeCKO 3acylLiaBaHe
He Moxe paa Obae eaHO3HaYHOo
OLIEHEHO Mo KONMMYyecTBOTO Ha Ba-
nexmTe, Tb KaTo BIUSAHMETO UM
BbpXy pasBUTMETO Ha 3emepnen-

The climate change towards
agronomic drought cannot be
uniguely evaluated on the base of
the rainfall totals since the impact
of the rainfalls on the development
of the agricultural crops used to be
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CKUTE KyNnTypu ce oueHsiBa U OT
rmegHa TOYKa Ha rOAMLIHOTO MM
pasnpegenexHue. Hanocneawbk,
CbC 3a4yecTsBaHeTO Ha HaBofHe-
HUsATa, edeKTUBHUTE 3a 3emefqe-
nneTo Banexu BCe MO-4ecTo ca
pasfMyHn OT nagHanute. BbB
Bpb3Ka C TOBa, 3a OUEHKa Ha Knu-
mMaTa Mo BMaXHOCT, € W3rnon3saH
NHpekcbT Ha [e MapToH, B KOUTO
BanexuTe yyactBaT C MeceyHuTe
cn ctonHoctn. Ha durypa 1 ce
BWXOaA, Ye npes3 anpur, Mawn, toHU
N cenTemMBpwU CTpaHaTa nonaga B
30Ha Ha YMepeHO BNaXeH Knumar,
a npes M 1 aBryct — B 30Ha Ha
ymMepeHo cyx knumart. Koedwm-
UMEHTBT Ha Bapuaumsa Ha cpegHo-
TO MO Meceuun nokasea, Ye Bapwu-
paHeTo € B LUMPOKU rpaHuumM — 3a

nponeTHute wMeceun — 11.9-
19.6%, a 3a netHute - 20.3-
21.3% (Tanvua 3). [lo-Huckute

BapupaHe Ha MeceYHust MHOEKC Ha
Je MapToH npe3 nponeTHute
Meceun [okasBaT, Yye 3a Hawarta
CTpaHa BnaxHocTtTa €  no-
cTabunHa xapakTepucTmka Ha Knu-
MaTta, OTKOMKOTO cyxotata. OT
durypa 1 e BugHo, 4e Al | ce
Xapakrepusupa Han-Beye CbC CyX
Ha KnumaTa — B Tasu rpyna Tou ce
N3MEHS OT YMEPEHO CyX B Ha4anoTo
Ha Maun O CyX npe3 MeceuuTe onu,
aBryct u centemspu. KnumatsT Ha
Al V Bapupa OCHOBHO OT BRaxeH
[0 YMEPEHO BMNaXKeH, HO Mpes3 lonu
N aBryct ce gobnwxasa 0O ymepe-
Ho cyx. Mpwu Al Il u Al IV npeobna-
AaBa yMepeHOo BnaxeH Knumar. [Mpu
Al Il ycrnosusaTa npun BCUYkM Mece-
LK ca OKOMo cpegHuTe 3a cTpaHaTa.

assessed in terms of their annual
distribution. Recently, with the
increase of the frequency of
floods, the effective rainfalls for
agriculture are increasingly
different from those that fall. In this
connection, De Martonne Aridity
Index (DMAI) was used for
evaluation of the humidity of the
climate.

It is evident from Figure 1 that in
April, May, June and September
the country falls into a zone of a
moist sub-humid climate, and in
July and August — into a zone of a
dry sub-humid climate. The
coefficient of variation of the
average monthly DMAI shows that
its variation is in wide range -
11.9-19.6% in the spring months
and 20.3-21.3% in the summer
months (Table 3). The lower
variation of the monthly DMAI in
the spring and autumn months
shows that humidity is a more
suitable characteristic of the
climate vs. dryness. Figure 1
shows that dryness is peculiar for
1% AG - its climate changes from
moderately dry in early May to dry
in July, August and September.

The wet and moist sub-humid
climate is peculiar for 5™ AG but in
July and August the conditions are
similar to those of a dry sub-humid
climate. In 3 and 4™ AG prevail
the conditions of a moist sub-
humid climate, while in 2" AG -t
he monthly conditions are around
the average for the country.
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®ur. 1. UameHeHne knumMaTuiHuTe ctonHoctu (1981-2010) Ha UHaekca Ha [e
MapToH no meceum u arpo-rpynu (Al
Fig. 1. Dynamics of the monthly climatic values (1981-2010) of the De
Martonne Aridity Index per agro-groups (AG)

Ta6bnuua 3. CraTUCTMYECKM XapaKTePUCTMKU Ha peguuute OT MeCeYHMU
knumaTtuyHm (1981-2010) cronHocTn Ha MHpekca Ha [le MapToH
Table 3. Statistical properties of the rows of 1981-2010 monthly values of De
Martonne Aridity Index

Mokasatenwu/Indices | Anpun/April | Man/May tOHn/June Onu/July Asr./Aug. | Cent./Sept.
min, mm/°C 20 15 15 10 7 12
max, mm/°C 32 33 32 29 23 29
average, mm/°C 26 24 23 19 15 20
stdev, mm/°C 3.1 4.1 4.5 4.1 3.0 4.1
c % 11.9 17.2 19.6 21.3 20.3 20.6
KnumaTuyHute - CTOMHOCTM The climatic (1981-2010)
(1981-2010) Ha cymapHaTa eTa- | values of April-September
NOHHa eBanoTpaHcnvMpauus 3a | reference evapotranspiration vary

nepuoga anpun-centeMmBpu ce
pasnpeaenart no Teputopusita Ha
CTpaHaTa, KakTO € Mnokas3aHoO Ha
durypa 2: 3a cpedHo cyxa rogumHa
Bapupatr oT 560 pgo 890 mm
(Purypa 2a), 3a cpegHa — ot 590
po 860 mm (durypa 26), a 3a
cpenHo BnaxHa — ot 590 go 830
mm (Purypa 28B).

throughout the country as shown
on Figure 2: In a moderately dry
year they vary from 560 to 890
mm (Figure 2a), in a year with
average moisture conditions
from 590 to 860 mm (Figure 2b), in
a moderately wet year — from 590
to 830 mm (Figure 2c).
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®dur. 2. KapTn Ha pa3npegeneHMeTo Ha KnumaTuiHuTe ctomHocTm (1981-2010) Ha
eTaJyloHHaTa eBanoTpaHcnupauusi npe3 a) cpegHO cyxa roguHa 0) cpeaHa
rogvHa; B) cpeaHo BnaxHa roguHa

Fig. 2. Maps of the distribution of climate values (1981-2010) the reference
evapotranspiration in a) an average dry year b) an average year; c) average wet
year
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30HU1TE C Han-BUCOKa eBanoTpaHc-
nupaums ca okono CaHgaHcKu,
MeTpuy, XackoBo n Kepmxanu (Al
| v Il), cnegBaHn oT panoHuTe Ha
Mnosgue, Cagoso, Enxoso (Al )
n MNneseH n Knexa (Al IlI).

CymapHaTa eBanoTpaHcnupaums
€ HaW-HUCKa B YaCTu OT panoHuTe
Ha Al IV n V, ynnTto npeacrasure-
nn ca Cocoms n [iparomaH.

Ha ®durypa 3 e npeacraBeHo
NPOCTPaHCTBEHOTO U3MEHEHME Ha
eTanoHHaTa eBanoTpaHcnMpauus
(ET,) B TeputOopuaTa Ha 3emenen-
CKO MNPOM3BOACTBO 3a 4eTumpuae-
ceTrognwHusa nepuog 1971-2010 .
M3meHeHneTo 3a nepuoga anpwi-
IOHN e B uHTepBana -32 - 86 mm
(Purypa 3a), 3a nepuoga ronu-
aBrycT — B MHTepBana -26 - 90 mm
(Purypa 36) n 3a noTeHunanHus
BEretauuoHeH nepuvog  anpwin-
centemMBpun — B MHTepBana -77 - 190
mm (Purypa 3B). [lpeobnapa-
BawmTe wu3MeHeHuss B HOxHa
Bbnrapusa 3a nbpBuA  nepuopg
Bapupatr ot 0 go 30 mm, a B
CeBepHa bvnrapus — ot 30 go 60
mm, 3a BTOpUA — CbOTBETHO OT 0
o 50 mm mn ot 50 go 100 mm, a
3a nepuoga anpun-centemBpu -
ronemn yactn ot CeBeposanagHa
Bbnrapusa, YepHomopckoTo kpau-
G6pexwne, LeHTpanHa CeBepHa u
tOxxHa Bbnrapua ca ¢ yBenuyeHus
ot 100-150 mm. Han-ronsmo yse-
nnyeHne ET, ce HabnopaBa B
panoHute Ha LLlabna n Byprac —
Hag 150 mm, a Han-manko — B

The areas with the highest
evapotranspiration  totals are
around Sandanski, Petrich,

Haskovo and Kardzhali (1% AG
and 2" AG), followed by the
regions of Plovdiv, Sadovo, Elhovo
(2" AG), and the regions of
Pleven and Knezha (3" AG). The
reference evapotranspiration is
lowest in the areas of 4™ AG and
5" AG — in Sofia and Dragoman
regions, respectively.

The spatial distribution of the
forty-year changes (1971-2010) in
the reference evapotranspiration
(ET,) over the agricultural territory
is shown on Figure 3. The
changes for April-June are in the
range of -32 - 86 mm (Figure 3a),
for July-August - in the range of -
26 - 90 mm (Figure 36), for the
potential vegetation period April-
September - in the range of -77 - 190
mm (Figure 3B). The prevailing for
the first period values of ET, vary
in South Bulgaria from 0 to 30 mm,
while in northern Bulgaria they
vary from 30 to 60 mm. For the
second period ET, varies from 0 to
50 mm and from 50 to 100 mm in
southern and northern Bulgaria
respectively. For April-September,
large parts of Northwestern
Bulgaria, the Black Sea coast,
Central Northern and Southern
Bulgaria ET, have increased from
100-150 mm. The greatest
increase of ET, is observed in the
regions of Shabla and Burgas —
150 mm, and the least — in areas
with contrasting conditions — the
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panoHUTE C rpaHNYHU KOHTPACTHU
yCrnoBus — Han-TONSIMTe WU Hau-
XnagHuTe B CTpaHarTa.

n3soaun

1. OTKpUTUTE M OOKa3aHU Ypes
TecTa Ha Mann-Kendal TeHaeHuunn
Ha yBenuyeHne Ha Temnepartypara
Ha Bb3dyxa, gedvumTta Ha Brax-
HOCTTa Ha Bb3gyxa W eTarnioHHaTa
eBanoTpaHcnupaums npes nocneg-
Hute 40 rogmHm (1971-2010 r.)
AoKasBaTt Npouecu Ha 3aTonnsiHe n
3acyllaBaHe Ha knMmaTa C LUMPOK
TeputopunaneH obxsat. KbM 30Ha-
Ta 6e3 KNMMaTU4YHN N3MEHEHNS Ce
OTHAcCAT pavoHUTE C HaW-BUCOK
TemnepaTypeH noTeHuman — 4acTtu
ot [lbpBa n BTopa arpo-rpynu B
HaW-IOXXHUTE YacTuM Ha CcTpaHaTa,
okornio p. [yHaB n BUCOKUTE W
XragHM  panoHM Ha YeTBbpTa
arpo-rpyna. O0606LWeHuTe AaHHK
no arpo-rpynu nokassaT 3aTonns-
He M 3acyllaBaHe Ha KnumaTta 3a
BCUYKM CTOMAHCKN 3HAYNMMM NeEpUO-
AW OT roguHara.

2. Mece4yHute KNMMaTU4YHU
cToMHOCTM Ha WHpekca Ha [e
MapToH 3a nepuoga 1981-2010 r.
nokaseaT, 4e npes3 anpun, mam,
IOHW U CenTeMBpU cTpaHaTta nona-
Aa B 30HA Ha YMEPEHO BriaXeH
Knumar, npes nuM M aeryct — B
30Ha Ha YMepeHo Cyx Knumar.
MbpBa W neta arpo-rpynu ca c
KOHTPACTHM YCNoBUS MO OTHOLUe-
HMEe Ha BNaXHOCTTa / cyxoTaTa Ha
knumaTta. KnumatsT Ha Nbpa AKD
Bapupa npes3 noteHumanHus Bere-
TauUMOHEH Nepuoa OT YMEPEHO CyX
00 CyX, AOoKaTo KNumaTbT Ha [leTa

warmest and coolest in the

country.

CONCLUSIONS

1. The detected and statistically
proven by Mann-Kendal test
positive trends of the air
temperature, vapor pressure deficit
and reference evapotranspiration
over the past 40 years (1971-2010)
are evidence for processes of
climate warming and drought with
a wide territorial coverage. The
climate change free zone includes,
first, the areas of highest regional
air temperature, i.e. parts of 1* and
2" agro-groups in the southern
parts of the country, along the
Danube River and, second, the
areas of lowest regional
temperatures of the 4™ AG. The
generalized per agro-groups data
reveals climate warming and
drought in all important for the
agricultural production periods of
the year.

2. The 1981-2010 monthly
climate values of De Martonne
Aridity Index show that in April,
May, June and September, the
country falls into a zone of a moist
sub-humid climate, while in July
and August — in a zone of a dry
sub-humid climate. The 1% and 5™
agro-groups appeared to be
contrasting in terms of
humidity/dryness of the climate.
The climate of 1% AG vary within
the potential vegetation period
from dry sub-humid to dry, while
the climate of 5™ AG — from moist
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AKIT — oT BnaxeH OO yMepeHo
BNaxeH. KnumaTtbT Ha ocTaHanute
TpU rpynu ce U3MeHs B NO-LIMPOK
AnanasoH — OT YMepeHO BhaxeH
A0 CyX.

3. KnumatnyHute  CTOMHOCTU
(1981-2010) Ha cymapHaTa eTa-
NOHHa eBanoTpaHcnupaunsa 3a ne-
puoga anpun-centTemBpu ce pas-
npegenatr no TeputopusTa Ha
cTpaHaTa KakTo creaBa: 3a cpej-
HO cyxa roguHa — ot 560 go 890
mm, 3a cpegHa rogmHa — ot 590
no 860 mm, a 3a cpedHo BriaxHa
rognHa — ot 590 go 830 mm. Hamn-
BMCOKMUTE Ca CTOMHOCTUTE B tOXHa-
Ta 4acT Ha ctpaHata (Al | n Al 1)
n B LeHTpanHa CeepHa bbrra-
pua (Al Ill), a Han-Hucknte — B
3anagHa CpegHa Bwnrapusa (Al IV

nAlrv).
4. Han-ronemu yBenuyeHna Ha
ce30HHaTa (anpun-centemBpu)

eTanioHHa eBanoTpaHcnMpauusa 3a
nepuopga 1971-2010 r. ca
yCTaHOBEHM 3a YepHOMOPCKOTO
Kpanbpexune — Hag 150 mm, Han-
mankm — ot 1 go 30 mm — 3a Haun-
TONSIUTE U B HAN-XNagHUTE panioHn
Ha cTpaHara.
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to moist sub-humid. The climates
of the other three groups varied in
a wider range — from moist sub-
humid to dry.

3. The climatic values (1981-
2010) of April-September
reference evapotranspiration are
distributed throughout the country
as follows: for moderately dry year
— from 560 to 890 mm, for average
year — from 590 to 860 mm, and
for moderately wet year — from 590
to 830 mm. The highest values are
established in the southern part of
the country (1% and 2" AG) and in
Central North Bulgaria (3 AG),
while the lowest are established in
West Central Bulgaria (4™ and 5™
AG).

4. Considering the  period
1971-2010, the April-September
reference evapotranspiration has
increased most in the Black Sea
region — totally with 150 mm; it has
least increased in the warmest and
coolest parts of the country —
totally with 1-30 mm.
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PE3OME

N3cnepgsaHa e reHeToKCUMYHOCTTa
Ha PEHTIEeHOBU 1YW BBLPXY KPOMUZ SyK
(Allium cepa). JlykoBuunTe Ha fyka ca
TpeTupaHu ¢ aeseT pasnuuHu aosu (300,
500, 700, 900, 1100, 1300, 1500, 1700 u
1900 rad) Ha peHTreHOBM Nbuun. Habnto-
JaBaHu ca XpoOMO30MHY aHoManun. 3abe-
nAa3aHM ca XpoOMO30MHUM abepauny B
MUTO3aTa Ha TpeTupaHns KOPEHOB BPbX,
KaTo HanpvmMep: aHad)asHu MOCTOBE,
MblhKyBaHe Ha A4poTo, pasnag Ha
KNETbYHO AAPO N anonTOTUYHU KIIETKU,
OBYSApEeHN KneTkn un obpasyBaHe Ha
MUKPOAAPO. XPOMO30OMHUTE aHOMasIun ce
yBenuyasar C MosullaBaHe Ha fo3suTe.
XpOMO30OMHUTE aHOMa/in 3aBUCAT OT
[031Te Ha pagvauusTa.

Knto4yoBn Aymn: reHOTOKCUYEH,
PEHTreHOBW /TbYU, JTyK, KOPEH

yBO/A
Mama-nbunte (4act OT enek-
TPOMarHUTHUA CnekTbp) npuHagne-

SUMMARY

Genotoxic effectiveness of x- rays
on Allium cepa was studied. The bulbs of
onion were treated with nine doses (300,
500, 700, 900, 1100, 1300, 1500, 1700
and 1900 rad) of x-rays. Chromosomal
abnormalities were observed.

Chromosomal aberrations such as:
anaphase  bridges, nuclear buds,
fragmented nucleus and apoptotic cells,
binucleated cells and micronucleus
formation were noticed in treated root tip
mitosis. The chromosomal abnormalities
were increased with increasing doses.
The chromosomal abnormalities were
dependent on the radiation doses.

Key words: genotoxic,
onion, root

x-ray,

INTRODUCTION
Gamma rays (is a part of
electromagnetic spectrum) belongs
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XallM KbM AOHU3MPALLOTO STbYEHME
mMoraT ga O6baaT €eHepruimHo 3ape-
AEHW YacTuuu, Kato Hanpumep
€/1eKTPOHN WM BUCOKO EHEepruitHu
hoTOHW. BMONOrMYHOTO Bb3AEN-
CTBME Ha rama-bunTe ce OCHOBa-
Ba Ha B3aMMOZENCTBMETO C aTOMU-
Te WX MOJNIeKynuTe B KeTkaTa,
Hal-Be4ye c BogaTa, KOeTo Boau Ao
obpasyBaHe Ha CBOOOAHU pajumKa-
nn B knetkute. Pagukanute morat
Aa yBpeasaT Unn NPOMEHST BadKHU
KOMMOHEHTM Ha pacTUTen-Hute
KNeTku, Karto ce nocoysa, ue
Bb3AeincTeaTr pas/iMyHo Ha Mopdoo-
norusiTa, aHaToMmusaTa, GuoxmmusTa
W uanonornaTa Ha pacTeHusaTa
(Kim et al., 2004; Wi et al., 2005).
BuonornyHoto BBL3AENCTBUE
Ha rama-bunTe ce OocHoBaBa Ha
B3aMMOENCTBMETO C aTOMUTE UMK
MOJIEKY/IUTE B KieTkara, Hali-Beuye
C Bogarta, KOeTo BoAM A0 obpa-
3yBaHe Ha CBOOOAHM pagnkanu
(Borzouei et al., 2010). Pagukanu-
Te pearnpar ¢ 6/IM3KUTE MOSIEKYN
3a MHOro KpaTKo Bpeme, KOeTo Boau
[10 TMpeKbCBaHEe Ha XMMUYEcKuUTe
BPB3KM HA NOB/IMSIHUTE MONEKY/IN.
MbpBUYHUTE pe3ynTatu oT
NOHN3MPAaLLOTO bYEHME ca MOHU-
3aums, pasnagaHe wn Bb3Oyaa.
Bb3bygara npegussukBa cnabo
B3aMMofencTene, gokato MoHusa-
unsATa 1 pasnaga BogAaT A0 CUMHO

B3aumogeiictBue. lMornbliaHeTo
Ha lOHM3MpaWoO /byYeHne oT
OMONOTUYHN  TbKaHW, BEPOSITHO

Bb34elicTBa NPsiko BbPXY KNHOUYOBK
Touykn B knetkata (Kovacs and
Keresztes, 2002).

to ionizing radiation can be
energetically charged particles,
such as electrons, or high-energy
photons. The biological effect of
gamma rays is based on the
interaction with atoms or molecules
in the cell, particularly with water to
produce free radicals in cells.

These radicals can damage or
modify important components of
plant cells and have been reported
to affect differentially the
morphology, anatomy, biochemistry
and physiology of plants (Kim et al.,
2004; Wi et al., 2005).

The biological effect of
gamma-rays is based on the
interaction with atoms or molecules
in the cell, particularly water, to
produce free radicals (Borzouei et
al.,, 2010). Radicals react with
nearby molecules in very short
time, resulting in breakage of
chemical bonds of the effected
molecules.

The primary effects of
ionizing radiation are ionization,
dissociation and excitation. The
excitation cause a weak interaction
and the ionization and dissociation
resulted in strong interaction.
Absorption of ionizing radiation in
biological materials acts, there is a
possibility that it will act directly on
critical targets in the cell (Kovacs
and Keresztes, 2002).
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MATEPVANT N METO4U

EKCNepyMeHTbT e n3BbpLleH
B nabopatopusata Ha KaTtegpa no
reHetvka, daky/nTeT no ecrecTtse-
HW HayKku, AOKATO TpeTupaHeTo C
paguauusa e u3BbpLIeHO B YacTHa
paguonornyHa knuHuka “Devaja’, B
rpag NHunaHe.

PactuteneH matepuan

B HacTosweTo nscneasaHe e
n3nonssaH kpomug nyk (Allium
cepa L.). J/lykoBuunute ca B3eTn OT
CeficKkoCcTonaHcka anteka B rpaj
Hunaxe.

O6paboTKa Ha pacTeHUETO

CpaBHUTE/IHO TONIEMU J1yKO-
BUUM Ha Nnyk (pascag, wan mnago
pacTeHue), ca pasnpefesieH B
Jecet rpynu, Bcsika cbabpxa 10
6pos pascag, nam miagun pacrte-
HMUA Ha Nnyk. Te3n rpynu ca mn3no-
XEHW Ha [OeBeT [03M PEHTreHOBO
nvyeHue: 300, 500, 700, 900,
1100, 1300, 1500, 1700 »n 1900
rad, kaTo e npubaBeHa KOHTPOsIHA
rpyna, KoiTo He ce 06/sb4YBa. Mna-
[ANTe pacTeHus NyK ca U3/TI0KEeHN Ha
PEHTFEHOBO /TbYeHME 3a NeT MUHYTU.

Cnen obnbuBaHETO pasca-
AbT, WX MN1aZ0TO JIYKOBO pacTte-
HMEe Ha fnyka ce obpabotBa 3a 7
(cegem) aHM npu  nabopaTopHu
YC/OBUS.

Cnepn obpaboTBaHe Ha Mna-
[OTO pacTeHMe ca u3paboTeHn
npegmMeTHn cTbkia. OT BCEKM JyK
ca HanpaBeHW No 2 npeaMeTHU
CTbkna.

OuBeTaBaHe

OuBeTABaHETO € M3BbPLLUEHO
no PomaHoBCKN-I'Mm3a.

MATERIAL AND METHODS

This experiment was carried
out at the laboratory of Genetics
Department of Biology, Faculty of
Natural  Science, while the
treatment with radiation is done at
the private radiology clinic
“Devaja”, at Gjilani city.

Plant material

Onions (Allium cepa L.) were
used throughout this study. The
onion bulbs were obtained from the
agricultural pharmacy, in city
Gjilan.

Plant cultivation

Relatively big onion bulbs
(sapling, or young plant), were
divided into ten groups, each
contained 10 of sapling, or young
plant of onion. These groups were
exposed to nine x-rays doses: 300,
500, 700, 900, 1100, 1300, 1500,
1700 and 1900 rad and un-
irradiated group was added to the
experiment as a control group. The
young plant of onion exposed to x-
rays for five minutes.

After radiation the sapling, or
young plant of onion cultivated for

7 (seven) days in laboratory
conditions.
After cultivation of young

plant of onion, we have made the
slides. From each onion we have
done 2 slides.

Staining
Staining of slide is done by
giemsa.
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PE3YJITATU N OBCBb)XOAHE

Pe3yntatute ca npeactaBeHU
B Tabnuua 1, kbAeTo ca nokasaHu
XPOMO30OMHM abepauun B CpaBHe-
HWe C KOHTpONHaTa rpyna, Kato
Hanpumep: aHadasHM  MOCTOBE,
MbNKyBaHe Ha A4POTO, pasnaj Ha
KNeTbYHO SAA4PO W anonTOTUYHK
KNeTku, ABYSAPEHN KNeTKn 1 obpa-
3yBaHe Ha MUKPOS4pO.

Xpomo3omHata  abepauus,
KOATO AOMMHMpa e obpa3yBaHe Ha
MUKpPOSApPO ¢ 28 mukposaapa/200
KNeTku, cnefsaHo OT aHadasHu
mMocTtoBe C 20. [lbnKyBaHeTO Ha
AAPOTO, pasnafbT Ha KIETbYHOTO
A4PO M anonToTUYHM KNEeTKN ca B
paBHOBecKe, BCAka abepauuma nma
no 13. Haii-manbk 6poii abepaymm
nmMa npu apyagpeHuTe knetkm (12).

Jos3nte  pagnauma  CbLO
oKasBaT BJ/IMAHWE, KaTo C YyBenu-
YyaBaHe Ha [03UTe Ha pagnaumsaTta
ce yBesivyasa 6posi Ha XpOMO30M-
HUTe abepauumn. [Mo-ronam 6pon
Ha XpoMO30MHa abepauus e oTye-
TeH npu no-sucokute no3su (1900
r. Mpu gosa 1900 r, o6WMAT 6poii
Ha XPOMO30OMHM abepauunn e 18,
KOeTO € 3HauuTesIHO MoBeye B
cpaBHeHue ¢ go3ute no 300 r, npu
KOUTO 06WMAT G6PO XPOMO3OMHM
abepauuu e 3.

Hawwnte pesyntatm CbOTBET-
cTBaT Ha pApyrm asToOpW, KOWUTO
paboTAT C pas3NnUyHu pacTeHus,
kato Hanpumep: Allium, Vicia,
Lathyrus, Capsicum, Phlox (Evan,
1962; Evan and Savage, 1963;
Bhatta and Sakya, 2008), Allium n
Vicia (Pillai et al., 1997), Capsicum
annum (Dhamayanthi and Reddy,

RESULTS AND DISCUSSION

The results are presented at
Table 1, as it show in table
Chromosome aberration, such as:
anaphase bridges, nuclear buds,
fragmented nucleus and apoptotic
cells, binucleated cells and
micronucleus formation, compared
with control group.

Chromosome aberration
which is dominant is micronucleus
formation with 28
micronucleusis/200 cells, followed
by anaphase bridges with 20.
Nuclear buds and fragmented
nucleus and apoptotic cells are
balanced, each of the aberration
are 13. The lowest number of
aberration is binucleated cells (12).

Doses of radiation also have
an impact, by increasing the doses
of radiation increased and number
of chromosomal aberration. The
higher number of chromosome
aberration it is detected at higher
doses (1900 r). At doses 1900 r,
total number of chromosomal
aberration is 18, which s
significantly higher compared with
treated doses in 300 r, where in
total the chromosomal aberration is
3.

Our results are in accordance
to other authors, which works with
different plants such as: Allium,
Vicia, Lathyrus, Capsicum, Phlox,
in Allium (Evan, 1962, Evan and
Savage, 1963; Bhatta and Sakya,
2008), Allium and Vicia (Pillai et
al., 1997), in Capsicum annum
(Dhamayanthi and Reddy, 2000) in
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2000), Lathyrus sativus (Tripathi
and Kumatrr, 2011);
drummondii (Verma and Raina,

1980; Verma et al., 1998); Vicia

faba n Phlox drummondii (Pillai
and Verma, 1992).

Phlox

Lathyrus sativus (Tripathi and
Kumar, 2011); Phlox drummondii
(Verma and Raina, 1980; Verma et
al.,, 1998); Vicia faba and Phlox
drummondii (Pillai and Verma,
1992).

Tabnmuya 1. XpOMO30OMHM abepaumn Ha KOPEHU Ha KPOMUA /YK, U3N0XEHUN Ha
LeBeT pas/In4yHM 0031 peHTreHoBo nbyeHue: 300, 500, 700, 900, 1100, 1300,1500,
1700 n 1900 rad, 3aegHO C HeobnbueHaTa KOHTPOJIHA rpyna, HabposiBawm 200

KNEeTKn

Table 1. Chromosome aberration of roots of onions, exposed to nine x-rays
doses: 300, 500, 700, 900, 1100, 1300, 1500, 1700 and 1900 rad and un-irradiated
group as a control group, counted in 200 cells

[eBeT 003K peHTT. TbYeHne: n3paseHo B rad
The nine x-rays doses: expressed in rad

Xpomo3omHa abepauus 300r|500r|700r|900r| 1100r | 1300r | 1500r | 1700r | 1900r | Total | Control
Chromosome aberration group
/AHadpa3aHn MocToBe 11|21 2 3 3 3 4 20 0
anaphase bridges
MbrnkyBaHe Ha S4p0TO 110|112 1 1 2 2 3 13 1
nuclear buds
pasnaf Ha KI1eTb4YyHo A4p0 1 o011 1 2 2 3 3 13 0
anonToTuyHn knetku / fragmented
nucleus and apoptotic cells
JBYAOPEHN KNeTKN 0 1 1|2 1 1 1 2 3 12 0
binucleated cells
Ob6pasyBaHe Ha MUKPOSAPO 212 |32 3 3 4 4 5 28 1
micronucleus formation
O6uo / Total 4 14188 8 10 12 14 18 2

KopeHOBMAT Mepuctem Cb-
AbpXXa BUCOK NPOLEHT Ha KeTKM B
muto3a (Kihlman, 1977; Leme and
Marin-Morales, 2009). Pactuten-
HATE CUCTEMWU Ca UMa/IM BaxkHa
poNs B HayasHUTe u3cnenBaHus
Ha reHeTU4yHuTe MPOMEHN MpPUUn-
HEHW OT MyTareHHW XMMWUKann u
pagvnaumsa. EgHO OT Hail-nogxopns-
lWMTEe pacTteHua 3a onpegensiHe
Ha pas/InyHN BULOBE KCEHOONOTH-
um e Allium cepa L. lNbpBarta
Mogudomkaums Ha Tecta ¢ Allium
cepa 3a MOHUTOPUHI Ha OKoJHaTa
cpepa e npeacrtaeseH oT Fiskesjo
(1985), Agarwal (2001) n Trushin
et al. (2013).

The root meristem contains a
high proportion of cells in mitosis
(Kihlman, 1977; Leme and Marin-
Morales, 2009). Plant systems had
a major part in early investigations
of the genetic changes caused by
mutagenic chemicals and
radiation. One of the most suitable
plants for detecting different types
of xenobiotics is Allium cepa L.

The first modification of the Allium
cepa test for environmental
monitoring was introduced by
Fiskesj6 (1985), Agarwal (2001)
and Trushin et al. (2013).
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BpoaT Ha XpOMO30OMHUTE
abepauumn ce ysesimyaBa C MOBU-
laBaHe Ha [03uTe paguauus.
Hanpumep, 6posaT Ha aHadpa3HUTe
MocToBe (4) e no-ronsM, KbaeTto
[o3uTe ca no-ronemMu.

Evans n Savage (1963) us-
cnepjpart pesynrtatu OT PeHTreHo-
BO NbYeHMe, KbAeTo NoBeYveTo OT
06/1bYeHNTE G-KIETKN BOAAT [0
XpOMO30MHM abepauun, a npome-
HUTe B XpoMarugara ce nopaxgaar
OCHOBHO B S 1 G2. Te3u abepa-
UMM NpegusBrvKaHn No  XMMWUYEH
MbT BOOAT A0 NPeanosiokeHNeTo,
ye BbMNpPeKn, Yye Knetkata Moxe aa
6bae YyBCTBUTE/IHA KbM Hayasio-
TO Ha abepaunnte camo B paHHa
NHTepdasa, CbLIMHCKOTO MPOU3-
BeXxJaHe Ha abepauuun ce ciy4ysa
B HAKOW eTan oT pa3BUTUETO.

N3BOaMU

Cnopep, nony4yeHute pesyr-
TaTW, MOXEM A HarnpaBuM 3aK/1Ho-
YeHMeTo, Ye 06/TbYBAHETO C PEH-

The number of chromosomal
aberrations increased with
increasing doses of radiation. For
example the number of anaphase
bridges (4) is higher there where
the doses is higher.

Evans and Savage (1963)
investigated the X-ray results
where, most of the irradiated G-
cells yield chromosome
aberrations and chromatid type
changes are mainly induced in S
and G2. These chemically induced
aberrations has led to the
suggestion that although the cell
may be sensitive to the initiation of
aberrations only in early
interphase, the actual production
of the aberrations occurs some
stage in the development.

CONCLUSIONS

According to obtained results
we can conclude that radiation with
x-ray induce the genotoxic effect,

TreHOBM /bun npegussukea re- | higher compared with  control
HOTOKCMYEH ecdphekT, MHoro no- | (untreated) group.
rondam B CpaBHEHME C KOHTPO/IHaTa
(HeTpeTMpaHa) rpyna.
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PE3OME

Llenta Ha HacToSLLEeTO npoy4yBaHe
e [a uscnefBa Ka4ecTBOTO Ha BojaTa, Ha
peka J>Xerpa npe3 eceHHUA Ce30H Ha
2010. Peka >Xerpa e pa3snosioxeHa B
foromsToyHara 4act Ha KocoBo, Karto
npemunHaea npe3 cesio XXerpa. Mpobu ot
MWKPOOMONOTMYHUTE aHaNu3n ca cbbpa-
HW OT TPW MECTOMOJIOXEHUS NO nopeyune-
TO Ha pekarta. Bb3 ocHOBa Ha nocturHaTu-
Te pe3ynTtatv npasyM 3aKNHYEHMETO Ye:
Bopata Ha peka XXerpa e cuiHO 3aMbp-
CeHa OT 6akTepuu BbB BCUMYKM MECTOMO-
noxeHusi. Fonsm 6poii OT BCMYKM MUKPO-
OpraHMsMn e perucTpupaH Ha BCUYKM
MEeCTONnosiIoXeHusA. Bb3 ocHOBa Ha Konu-
hopmMHUTE GakTepuu crnopeps cuctemara
Ha TbMMOAKWHT, BoAaTta Ha peka >Kerpa
nonagja BbB BTOPY K/lac 3aMbpCcsiBaHe.

Kntouosu OyMU: 3uma,
MUKpo6uosnormyeH, Boga, peka, XKerpa,
KocoBo

SUMMARY

The aim of this investigation is to
estimate the quality of water of river
Zhegra during autumn season in 2010.
The Zhegra river is located in south-east
part of Kosovo, which passes through the
village Zhegra. Samples for
microbiological analyses are collected in
three localities along the river. Based on
obtained results led us to conclude: the
waters of river Zhegra is higher polluted
by bacteria at all localities. It is registered
relatively  higher  number of all
microorganisms, at all localities. On base
of coliform bacteria according to Tumpling
system the waters of Zhegra river belongs
at second class of pollution.

Key words: winter, microbiological,
water, river, Zhegra, Kosovo
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YBO/,

Boga, koATO e 3ambpceHa
npencrasnsBa cepuosHa 3ansaxa
3a 06LecTBeHOTO 34paBe B CBe-
TOBeH Mawab nopagu npuUchHC-
TBMETO Ha MUKPOOPraHU3mu, Haw-
Beue Kosnmcpopmun. Konudpopmute
(T.e. 06WMTE M (hekanHn Konndop-
MK) ca WHAMKATOPHWU Gaktepuu,
KOWTO Ce 13Mnos3BarT 3a ja ce noka-
€ HMBOTO Ha (pekasIHO 3aMbpCs-
BaHe Ha Bogara. ®ekasiHuTe UHAU-
Katopy kato perynatopy Ha BOA-
Harta cpefja ce M3nosi3Bar 3a W3-
B/iIM4aHe Ha uHopmMauus 3a Ka-
4ecTBOTO Ha BOAA M crasBaHe Ha
6aKTeopOornYyHNUTE cTaHgapTu
(Niemi and Niemi, 1990). Te3u
MUKpOOpraHuammn npegcrasnsasar
3annaxa 3a 6e3onacHocTTa 3a nu-
TeliHaTa BOAa MOHEXe Te NocoY-
BaT BEpPOATHOCTTa BojaTa fa npu-
YnHM 6ymMm B 60/1E€CTU MpPEeHacsHU
no BogeH nbT (Young, 1996).

Bogata e M3TOYHWK, KOWTO ce
M3N0N3Ba 3a pasNNyHu Lenu, BKILO-
YNTENIHO Bb3CTAHOBUTE/THU, TpaHC-
MOPTHW, 3@ BOAHOE/NEeKTpuYecka
eHeprus, AOMaKWHCKW, HAYCTpuas-
HW 1 TbProBCkU. BogaTta cbLo Taka
nogabpXa BCUUYKA hOPMM Ha XMBOT
W BAMSie BbPXY HaleTo 34pase,
HauMH Ha XWBOT U WMKOHOMWYECKO
6narononyyve. Bbnpekn ye noseve
OT TPpW 4YeTBBbPTM OT 3emHaTa
MOBBLPXHOCT MpeAcTaBnsBa BOAA,
camo 2.8 npoueHTa OT Bogara Ha
3emdaTta e rogHa 3a KoHcymauums ot
yoseka (Iskandar, 2010). lNoHacTosR-
LLeM, OKOJI0 efiHa TpeTa OT Hacefne-
HMETO Ha CBeTa XMBEEe B AbpXaBu C
yMepeH [0 BUCOK HeAOCTUT Ha BOAa,

INTRODUCTION

Water that is contaminated
constitutes a serious threat to
public health world-wide because
of the presence of microorganisms,
especially coliforms. Coliforms (i.e.
total and faecal coliforms) are
indicator bacteria used to show
levels of water contamination due
to faecal pollution.

Faecal indicators as aquatic
environment monitors are used to
obtain information about the quality
of water and compliance with
bacteriological standards (Niemi
and Niemi, 1990). These micro-
organisms constitute a threat to the
safety of the drinking water
because they indicate a potential
of the water to cause an outbreak
of water-borne diseases (Young,
1996).

Water is a resource that has
many uses, including recreation,
transportation, and hydroelectric
power, domestic, industrial, and
commercial uses. Water also
supports all forms of life and
affects our health, lifestyle and
economic well being.

Although more than three quarters
of the earth’s surface is made up of

water, only 2.8 percent of the
Earth’s water is available for
human consumption (Iskandar,

2010). At present, approximately
one-third of the world’'s people live
in countries with moderate to high
water stress and the worldwide
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a CBETOBHOTO MOTpebneHne Ha
npsicHa Boga ce e yBennuuao wect
nbTv Mexay 1900 n 1995, noseve
OT ABa NbTW OT TEMMNA Ha pacTex Ha
HaceneHueTo. lNopagu TOBa, MHOrO
paiioHn B CBeTa ca M3npaBeHn Npeg,
HeJoCTUr OT BOga nopaau OorpaHu-
YEHMEeTO Ha BOAHWUTE pecypcw,
KOeTO cbBNaga C HapacTBalloTO
HaceneHne (UNEP, 2000).

OcHOoBHUTE akTopK, KOWUTO
BNNAAT BbPXY MUKPOOBMOIOTMYHO-
TO KayecTBO Ha MOBBbPXHOCTHUTE
BOAM ca oTnagHWUTe BOAW M OTTOKa
OT HepernameHTupaHu cenuuia.
OG6WMKHOBEHO Ce K3nosi3BaT MHAW-
KaTopHM opraHn3smmn 3a ga ce oue-
HA MUKPOOGMONOTMYHOTO KayecTBO
Ha MOBBLPXHOCTHMUTE BOAW, a phe-
Ka/IHATE KONMopmMn ca Hain-4ecto
N3Mnon3BaHna bGakrepuaneH MHAU-
Katop 3a (heka/IHO 3ambpcsiBaHe
(Luyt, 2011).

MpsicHaTa BoAa € orpaHuyeH
pecypc, BaXeH 3a 3emefenuneTo,
NHOYCTpUATA M AOPU YOBELLKOTO
cbulecTByBaHe, 6e3 AocTaTbyHO
KOZIMYECTBO W Ka4vyecTBO MpsACHa
BOAA, HE € Bb3MOXHO YCTON4YMBO
passutne (Kumar et al.,, 1997).
Peknute wurpaat BaxHa pona 3a
yCBOSIBAHETO WM OTBOAHSABAHETO
Ha OUTOBU N MHAYCTPUAsIHM OTna-
ObYHM BOAM N OBXAOBHM BOAM OT
3emMefesnickuTe 3emu, Kato nMbpBU-
Te npeacTtaBnsBar MNOCTOAHEH W3-
TOYHMK Ha 3ambpcsiBaHe, A0KaTo
nocrnegHuUTe ca Ce30HHO SBleHne
(Muduli, 2010). C 6Bbp30TO passu-
TVe Ha 3eMefeniMeTo, MMHHOTO fe-
no, ypbaHuszauusaTta, W UHAYC-
TpuanHuTe AenHoCTH, 3ambpcsiBa-

freshwater consumption raised six
fold between the years 1900 and
1995 more than twice the rate of
population growth. Thus, many
parts of the world are facing water
scarcity problem due to limitation
of water resources coinciding with
growing population (UNEP, 2000) .

Major factors affecting
microbiological quality of surface
waters are discharges from
sewage works and runoff from
informal  settlements.  Indicator
organisms are commonly used to
assess the microbiological quality
of surface waters and faecal
coliforms (FC) are the most
commonly used bacterial indicator
of faecal pollution (Luyt, 2011).

Fresh water is a finite
resource, essential for agriculture,
industry  and even human
existence, without fresh water of
adequate quantity and quality,
sustainable development will not
be possible (Kumar et al., 1997) .

Rivers play a major role in
assimilation or carrying off of
municipal and industrial
wastewater and runoff from
agricultural  land, the former

constitutes the constant polluting
source whereas the later is a
seasonal phenomenon (Muduli,
2010). With the rapid development
in agriculture, mining, urbanization
and industrialization activities, the
river water contamination with
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HEeTO Ha pekuTe C ornacHu oTnadb-
UM ¥ oTnagHu BoAM € 06uYaitHo
AB/IEHME.

MATEPVANT N METO4U

Mpobute 3a aHa/M3a ca
CbbpaHu B ABY/IMTPOBU CTEPUITHU
nonueuHun  xnopugHn  (PVC)
nnactmMacosu 6ytunikm ot Tpu (3)
onpegeneHn nyHKTa 3a npooéu no
nopeuneTo Ha peka >Kerpa npes
eceHHunA ce3oH Ha 2010. BogHute
npobu ca cbbpaHy 3a PU3MKo-XMK-
YeH N MI/IKpO6VIOJ'IOFI/Il-IEH aHa/113.

Llenta Ha B3MMaHeTo Ha
npo6u e aa ce cbbepe maTepuan c
JoCTaTbyHO Masbk 06em 3a fa
6bAe TpaHcnopTupaH yAo6HO A0
naboparopus, Kato BbMNPeKM ToBa
TOYHO npejcTaBnsBa maTtepuana,
OT KONTO e B3eTa npoba. MeToabT
3a 3anasBaHe Mpu CbXpaHeHue e
3amMpassaBaHe.

BogHute npobu ca aHanvau-
paHn 3a (PU3MKO-XUMUYHOTO CU 1
MUKPOOUONOMMYHO KavyecTBo, a Xu-
MUYeckuTe xapaktepuctukm (TDS,
nposBogumMmocT, pH, coneHoct) ca
onpejeneHn c AvrutasiHa anapa-
Typa HAHC.

BakTteoponornyeH aHan3

Mpu n3onnpaHeto Ha bGakre-
pun ca W3Non3BaHW XpaHuTesieH
arap 3a XeTepoTpooHN GakTepuwu,
XTbYHO-ECKY/IMHOB arap 3a
Streptococcus faecalis, BnonetToBo
yepBeH arap 3a Ko/MOPMHU
6akTepuu, SS arap 3a ca/iIMoHesna
n wurena, cabypo arap 3a r»om.
BcAaka cpepa e noprotseHa u
CTepuaM3MpaHa KakTto e NnocoyeHo
OT NPOV3BOAMUTENS.

hazardous waste and wastewater
is becoming a common
phenomenon.

MATERIAL AND METHODS

The samples for this analysis
were collected with two-litre sterile
polyvinyl chloride (PVC) plastic
water bottles from three (3)
designated sampling point in river
Zhegra during autumn season,
2010. The water samples were
collected for both physiochemical
and microbiological analysis.

The objective of the sampling
was to collect a portion of material
enough in volume to be
conveniently transported to lab,
while still accurately representing
the material being sampled. The
preservation method for storage
was refrigeration.

Water samples were
analysed for physiochemical and
microbiological quality and
chemical characteristics (TDS,
conductivity, pH, salinity) were
determined by digital aparature
HACH.

Bacteriological Analysis

In the bacteria isolation,
nutrient agar for heterotrophic
bacteria, bile aesculin agar for
Streptococcus faecalis, Violet red
agar for total coliform bacteria, SS
agar for salmonela and shigella,
saborud agar for fungi, were used.

All media were prepared and
sterilized as  instructed by
manufacturer.
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PE3YJITATU N OBCBXXOAHE

MUWKPOOBMOOTMYHUAT aHaIn3
Ha Bogarta u npobute OT OTnagHu-
Te BOAM ca nocoyeHn B Tabnuua
1. Mo-BNCOK 6GpO XeTepoTpotHM
GakTepun e peructpupaH Ha Tpe-
TOTO MecTononoxeHue (320 cfu/10
ml Boga). [okato Ha BTOPOTO
MECTOMNOJIOXKEHME ca perucrTpupa-
HK 158 cfu/10 ml Boga. Ha nbpBo-
TO MEeCTOMNOJIOXKEHME ca PerucTpu-
paHu 120 cfu/10 ml Boga.

Mo-BMCOK Opoii 06K Konu-
dopmun e pernctpmpaH Ha TPeToTo
mecTtonosioxeHve, 160 cfu/10 ml
Boga. ManbK 6Gpoii o6wm Konu-
dhopmu e peructpmpaH Ha NbLPBOTO
mecTtonosioxeHve ¢ 50 cfu/10 ml
Bofa. [lokaTo Ha BTOPOTO MeCTO-
NnoJsioXXeHne ca perncTpupaHn 78
cfu/10 ml Boga.

Mo-ronam  6poit  dpekanHu
CTPENTOKOKM Ca peructpuvpaHn Ha
TpeTtoTo MecTononoxeHve, 108
cfu/10 ml/Boga. Manbk 6poi doe-
KasIHX CTPENTOKOKM € perncrpupaH
Ha NMbpPBOTO MecTonosoxeHne (60
cfu/10 ml Boga). JokaTto Ha BTOpPO-
TO MEeCTOMNOJIOXKEHME Cca PerucTpu-
paHu 72 cfu/10 ml Boga.

Mo-BMCOK 6poit SS GakTepun
€ pernctpupaH Ha TpeToTo MecTo-
nonoxexue, 110 cfu/10 ml Bopga.
Manbk 6poii SS 6Gaktepun e pe-
rMCTPMpaH Ha MbPBOTO MECTOMNOJIO0-
XeHne (68 cfu/l0 ml Boga). [Aokarto
Ha BTOPOTO MEeCTOMOIOXEHNEe ca
pernctpupanu 60 cfu/10 ml Boga.

Mo-ronsm 6poit rLbuukn e
perncTpupaH Ha TPeToTo MecTono-
noxenuve, 13 cfu/10 ml Boga. Ma-

RESULTS AND DISCUSSION
The microbiological analysis
of the water and waste water
samples is shown in Table 1. The
higher number of heterotrophic
bacteria is registered at third
locality (320 cfu/10 ml water).
While at second locality is
registered 158 cfu/l0 ml water.
While at first locality is registered
120 cfu/10 ml water

The higher number of total
coliform bacteria is registered at
third locality, 160 cfu/10 ml water.
The low number of total coliform
bacteria is registered at first
locality 50 cfu/10 ml water. While
at second locality is registered 78
cfu/10 ml water.

The higher number of
Streptococcus faecalis bacteria is
registered at third locality, 108
cfu/10 ml water. The low number of
Streptococcus faecalis bacteria is
registered at first locality (60 cfu/10
ml water). While at second locality
is registered 72 cfu/10 ml water.

The higher number of SS
bacteria is registered at third
locality, 110 cfu/10 ml water. The
low number of SS bacteria is
registered at first locality (68 cfu/10
ml water). While at second locality
is registered 60 cfu/10 ml water.

The higher number of fungi is
registered at third locality, 13
cfu/10 ml water. The low number of
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TbK OPON IbOMYKM e perncTpupaH
Ha MbPBOTO MeCTOononoxeHne (2
cfu/10 ml Boga). JokaTto Ha BTOpPO-
TO MeCTOMNOJIOKEHNE ca pPerncTpu-
paHu 6 cfu/10 ml Boga.
HacTtoawwuTe pesynratm no-
KasBaT, ye BogaTta Ha peka Kerpa
e No-CU/IHO 3amMbpceHa OT [onyc-
TMMUTE cTaHgaptu Ha OpraHusa-
UuaTa No npexpaHa n semegenuve
FAO (1997). lMo-ronemusaT 6poii
6akTepum e OTKPUT B MHOTO MaJiko
Konimyectso Boga (10 ml). MNpeno-
PBbUUTENHUAT CTaHOapT 3a BoguTe
€ no-Manbk OT Hal-BeposiTHO
yncno 2 (MPN/100ml (FAO, 1997).

fungi is registered at first locality (2
cfu/10 ml water). While at second
locality is registered 6 cfu/10 mi
water.

These results show that the
water of the river Zhegra is higher
polluted than standards according
to FAO (1997) allow. These higher
number of bacteria is found in very
low amount of water (10 ml water).
Recommended standard for water
is less than 2 most probable
number (MPN/100mI (FAO, 1997).

Tabnumuya 1. MUKpo6bmMonornyHm pelyntaTtn Ha BoguTe Ha peka ,,)Kerpa“ npes

eceHHus ce3oH Ha 2010
Table 1. Microbiological results of w
season 2010

aters of river “Zhegra” during autumn

Mpynu 6akTepun MecTtononoxeHus / Localities
Group of bacteria MecTononoxeHne | MectononoxeHne | MecTtononoxeHue
Locality Locality Locality
1 2 3
10 ml/water 10 ml/water 10 ml/water

XeTepeTpotHu 120 158 320
Heterotrophic bacteria
O6Lwm konudgopmun 50 78 160
Total coliform bacteria
Streptococcus faecalis 60 72 108
CanmoHena-wmrena 60 68 110
Salmonela Shigella - SS
Mb6mykm / Fungi 2 6 13

MpsicHaTa Boga ce cpewa Fresh water has become a

pPSAKO nopaan cBpbx notpebne-
HMe 1 3amMbpcsiBaHe. Bopgata e
Hail-BaXkHa MO OTHOLUEHME Ha
yrnpaB/fieHMe Ha CbCTOSSHUETO Ha
3ambpcasaHe (Patil et al., 2009).
N3nckBaHMATa KbM Kauyec-
TBEHa NuTeliHa Boga ca ce npo-
MEHWU/IN 3HAUYNTESTHO C Pa3BUTUETO

rare commodity due
exploitation and pollution.

to over
The

water is the foremost regarding
improvement and management of
pollution status (Patil et al., 2009).

The demands for
had

drinking  water

quality
changed

considerably with the development

260




B CTapuTe BpeMeHa, e4UHCTBEHO-
TO W3NCKBaHE KbM nNUTelHaTa
BoAa e 6uno ga 6bae cBo604HO
Teyawa n ga He e MbTHa. C
HapacTBalwara MHAycTpuanmsayms,
ypbaHusaLuma, 1M paspacTtBaHe Ha
HaceneHneTo, OKoMHaTa cpefa Ha
Homa cTaBa yA3BuMMa U npegus-
BukBa nputecHeHns (Mohapatra,
1999).

YpbaHunszauuata mMma npsiko
Bb3AelCTBME BbPXYy BOAHUTE
M3TOYHULM TOHEXe HacesieHuTe
MecTa ce HamupaT OKO/M0 BoAoe-
MW M nopagu suncara Ha npo-
CTPaHCTBO XxopaTta MMaT CK/1O0H-
HOCT pga 3a3ematr Bogute(Khan,
1998).

n3BO4MN

Bb3 OCHOBa Ha nony4vyeHuTe
pesynratn, MoOXe fAa HanpasBum
3ak/oueHne, Yye BoguTe Ha peka
XKerpa ca c1nHO 3aMbpCeHN.

ToBa ce Ab/KM Ha 6Gespas-
6GOPHOTO U3XBBbPJISHE HA oeKasTHU
oTnagbun. OCBeH TOBa, NPUCHC-
TBMeTo Ha CanmoHena un LWurena,

in olden days, the only
requirement of drinking water was
that it should be free flowing and
non turbid. With increasing
industrialization, urbanization, and
growth of population, India’s
environment has become fragile
and has been causing concern
(Mohapatra, 1999).

Urbanization  has  direct
impact on water bodies as the
settlement takes place around the
vicinity of water bodies and due to
lack of space, people have
tendency to encroach upon the
lake (Khan, 1998).

CONCLUSIONS

Based on obtained results we
can conclude that the water of river
Zhegra is higher contaminated.

This is due to the
indiscriminate  disposal of their
faecal wastes. And the presence of
Salmonella and Shigella, and other

KakTo 1 Apyrn MMKpoopraHmsamm oT | enteric  microrganisms call  for
ypeBHaTa (pniopa, e npuyMHa 3a | Serious concern.
CEPUNO3HO NPUTECHEHNE.
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