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PE3HOME

MpouecuTe Ha 3aTon/isHe U 3acy-
LIaBaHe Ha knvMmarta oT BTopaTta MoJfioBu-
Ha Ha MVUHaNMs BeK B HallaTa CTpaHa ca
[loKasaHu ype3 peauua HayyHu nscnegsa-
HWs. B cneacTteBMe Ha Tesn npouecu, e
OTYETEHO MOBMULUEHO BOAONOTPE6/IeHNE B
3emMefesnickute nnowy. lpoekTHUTE Ha-
NOUTESIHN HOPMM, KOUTO B MUHA/IOTO ca
YTBBPAEHU W MOHACTOSILLEM BCe oOlle ce
M3MON3BaT KaTo TEXHNYECKN HOpMAaTMB 3a
NMpoeKkTUpaHe U ekcrnioaTauus Ha Hanow-
TE/IHUTE CUCTEeMMW, He CbOTBETCTBaT Ha
HacTosiata Heo6XoANMOCT OT HanosiBa-
He M MNoCTaBsT MpeYyku 3a pauuoHasHO
ynpas/ieHMe Ha BOAHUTE pecypcu. B cTa-
TMATa ce npegnarat akTyasM3upaHu Ha-
NOUTESTHN HOPMU 32 CPEeAHO CyXa ¥ MHOTo
cyxa rofiMuHu 3a rosisiM Habop OT KynTypu,
OTINEXAAHN B LIECT arpo-rpynu B 3eme-
[lefnickata Teputopusi Ha cTpaHata. KbM

SUMMARY

The processes of climate warming
and drought over the territory of the
country have been established by many
model studies. As a result of these
processes an increase of the water
consumption in the agricultural fields was
detected. The present irrigation depths
that have been approved as standards for
design and operation of the irrigation
systems proved not to be adequate to the
increased need for irrigation and to
impede the rational management of the
water resources.

In this paper, updated irrigation depths for
moderately dry and very dry year for a
great number of crops in six agro-groups
within the agricultural territory of the
country are presented. Coefficients that
reflect the increase of the reference
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M3MN0/I3BaHNTE MOHACTOALLEM MNPOEKTHU
HETHW HanouTenHn HopMu (3axapuesB W
ap., 1986), ca npuioxeHn KoeuumneHTH,
oTpassiBall HapacTBaHETO Ha eTasIoHHa-
Ta eBanoTpaHcnupauust npes nepuoga
1981-2010 r. O6pa3yBaHn ca OBPYTHU Ha-
MOUTENTHN HOPMW 3a Pa3/IMYHN TEXHONO-
rMM Ha HanosiBaHe, CbobpasHO edeKTUB-
HOTO [eiCcTBME Ha HamnouTesnHUTe cucre-
MWU. AKTyasiM3npaH € 1 CNMCbKbT Ha CTaH-
uuMTe, nonagaum B arpo-rpynute, KouTo
OT CBOSI CTpaHa ca hopMupaHu Ha 6asata
Ha TemnepatypeH haktop. MpeanoxeHu-
Te HanouTesIHM HOpMM MoraT Aa nocsy-
XaT 3a CbCTaBsiHE Ha HopmaTuMBM 3a
npoekTupaHe B o06nacTTa Ha Xugpo-
mMenuopauunte 1 3a obnekyaBaHe Ha Ha-
CTOSILUMTE YC/IOBKA 3a 3ansaljaHe Ha Bo-
faTta 3a HanosiBaHe OT Bogonos3BaresnimTe.
KniouoBn  gymu:  arpo-rpynu,
HanouMTeNHW HOPMW, €eTasloHHa eBarno-
TpaHcnupauus, HanouTeIHU CUCTEMM

yBO/.

MpomAHata Ha couuasHo-
MKOHOMWYECKNTE YC/NOBUSA Y Hac
foBefioxa 40 NPecTpykTypupaHe n
npoMsHa Ha BogonoTpebsieHneTo
B pacTeHMeBbACTBOTO. LleHTpanu-
31MpaHoTOo MJaHOBO BOAOMNOJI3BAHE
€ M3MecTeHO OT 4aCcTHO BOAOMOSI-
3BaHe, KOeTO 3aTpyfHsBa WUnu ce
okasBa (PUHAHCOBO HEMOCWJIHO 3a
MHOXEeCTBOTO ApebHu 3emenenuu.
Cutyaumata [OMNbL/IHUTENIHO Cce
yTeXHsiBa OT HapacHas/I0TO BOJO-
notpebneHne B 3emepesickuTe
naowu, Koeto ce o06ycnass oOT
npouecuTte Ha 3aTonsHe M 3acy-
laBaHe Ha kivmata (Slavov,
Alexandrov, 1997, Slavov,
Georgiev, 2002; Slavov, Moteva,
2007; KaszaHgpxueB un gp., 2010;
MoTteBa 1 gp., 2015; Moteva et al.,
2015; MoteBa u gp., 2016). Cno-
pen MoteBa n ap. (2015), roaniwu-

evapotranspiration during the period
1981-2010 have been applied to the
current net irrigation depths found in
Zahariev et al. (1986) for moderately dry
and dry year. The gross irrigation depths
for different irrigation technologies have
been calculated by taking into
consideration the efficiency of the
irrigation systems. The list of stations
belonging to the agro-groups was updated
too. The agro-groups in turn have been
completed on the basis of the temperature
factor. The proposed irrigation depths can
be used for establishing up-to-date
standards for design of irrigation systems
and setting practicable standards for the
water consumption in plant production in
accordance with the changing climate of
the country

Key words: agro-group, irrigation
depth, reference evapotranspiration,
irrigation systems

INTRODUCTION

The changes of the socio-
economic conditions in our country
were a precondition for
restructuring the water use for the
field crop production. The centrally
planned water use was replaced
by privately water use, which
proved not to be affordable for a
great number of small farmers.

The situation is further aggravated
by the conditions of warming and
drying of the climate which cause
enhancing the water consumption
in the cropped fields (Slavov,
Alexandrov, 1997; Slavov,
Georgiev, 2002; Slavov, Moteva,
2007; KasaHpgxveB n pgp., 2010;
MoTeBa u gp., 2015; Moteva et al.,
2015; Moteva et al, 2016).
According Moteva et al. (2016), the
annual need for water in plant
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HaTta noTeHumnasiHa HeobxoAnMoCT
OT BOAAa B 3emMefesickaTa TepuTo-
pus Ha cTpaHaTta HapacTBa npes3
nepmnoga 1971-2000 r., ot 30 go
60 mm. HacTtodawmnTe HopmaTtunBU
3a npoekTupaHe U ekcnaoatauus
Ha HanouTenHUTe cuctemm ca 06-
Bbp3aHW C KIUMATUYHUS NEepuof,
1946-1980 r. Te ce ocHOBaBaT Ha
HanoutenHuTe Hopmu, paspabo-
TeHn npe3 1986 ot 3axapueB n ap.
(1986).

Llenta Ha HacTosiwaTa pabo-
Ta e, [a ce akTyam3unpar HacTos-
LMTE HETHM HANOUTENTHN HOPMK 3a
3emegesnickute Kyntypu oOT pas-
paboTkata Ha 3axapueB W Ap.
(1986), oTuMTakMm TeHAeHuuuTe
Ha MW3MeHeHMe Ha eTa/loHHaTa
eBanoTpaHcnupaumns 3a nepuoga
1981-2010, cnep koeto pa ce
nosyyaT akTyasiHu OGpYyTHW Hanowu-
Te/IHA HOPMM 3a pas/IMyHN TEeXHO-
norMmn Ha HanosieaHe. C nosnyyeHu-
Te OpPYTHM HaNoUTEesSIHU HOPMU MO-
rat fa ce akTyasm3upar HopmaTu-
BUTE 3a NPOeKTMpaHe Ha Hanowu-
TeJSIHU CUCTeMM U fa ce onpeaensT
peasHn HopMu 3a BogonoTpebrie-
HWEe B PacTEHMEBBACTBOTO B CbOT-
BETCTBME C NMpoMdAHaTa Ha Knmmara
y Hac.

MATEPVANT N METO4N

3a OoCHOBa Ha CbCTaBfiHe Ha
aKTyasHu HoOpmMK 3a BOAOMNOTPeO-
NleHne B pacTeHMeBBbACTBOTO (OpyT-
HW HaNoOUTesIHM HOPMK) € N3MoN3BaH
TPyLbT Ha 3axapues v ap. (1986). B
TO3N Tpyn ca npeactaBeHn npo-
€KTHW MNONUBHU pexnmn 3a 33
KynTypu, 3a 97 xugpomenimoparuns-

production has increase during the
period 1971-2000 with 30 to 60
mm.

The standards for
operation of

design and
irrigation  systems
nowadays still reflect the
evaporative conditions of the
period 1946-1980 since they have
been developed in 1986 on the
base of the net irrigation depths of
Zahariev et al. (1986).

The purpose of this work is to
calculate the actual net irrigation
depths in Zahariev et al (1986)

according to the 1981-2010
tendencies of change of the
reference evapotranspiration.
Thereafter to calculate gross

irrigation depths for a wide range
of crops grown in our country and
for different irrigation technologies.

With the resulting gross irrigation
rules can be updated standards for
designing irrigation systems and
setting practicable standards for
water consumption in the plant
production in accordance with the
changing climate of the country.

MATERIAL AND METHODS

Current  gross irrigation
depths were compiled by using the
book of Zahariev et al. (1986).

This book presents types of design
irrigation scheduling for four typical
in wetting pattern years with
provision of 25% probability of
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HW palioHa N YeTUpU XapakTepHu
Mo BJIQXHOCT rofuHu c obesneye-
HOCT Ha HanouTesiHaTa Hopma
CbOTBETHO 25% (CpefHo BriaxHa),
50% (cpepgHa), 75% (cpegHo cyxa)
n 95% (MHoro cyxa roguHa). Io-
JINBHUTE PEXMMN ca CbobpaseHu C
MOYBEHO-K/IMMATUYHUTE  YC/IOBUS
Ha m3rpageHute Ao 1985 u npeg-
BUAEHUTE 3a ycBosaBaHe o 1995r.
nonnBHM nnowwn. [lpunoxeHo e
palioHupaHe Ha Te3n nowm u
obeMHABAHETO UM B arpo-rpynu

cnopeg  TemnepatypHute UM
ycrnoBus 3a nepuoga  anpun-
centemBpu. B MeToaukata KbM

TO3U TPYA ca B3eTu npensus dak-
TOpU KaTo BOAHO-(PU3NYHM CBOW-
CTBa Ha MNo4YBuTE, U3MN0JSI3BAEMOCT
Ha eCeHHO-3VMHUTE BasleXxu, MHO-
roroguWHN  AaHHW 3a HavasiHuA
BOJEH 3arnac B aKTUBHWSA MNOYBEH
C/NON KbM gatata Ha Hadaslo Ha
aKTVBHaTa Beretauus, penykunoH-
HN KOeUUNEHTHN, OTUMUTaLLN BIIUS-
HMETO Ha 0a3uCHUA ePekT N HMBO-
TO Ha NoANOYBEHUTE BOAWN BbPXY
eBarnoTpaHcnpaumaTa, Kakto U
[aHHN 3a Banexurte n Temnepary-
puTte 3a nepuop oT 35 KasieHgapHu
roguHn (1946-1980 r.). MHororo-
AVLWHUTE OaHHW ca U3Mnon3BaHu 3a
N34ncnsiBaHe Ha MPOEKTeH Mosu-
BEH pexuMm 3a BCEKM TuM roguHa
cnopej, BfiaxHOCTTa C pasnpeje-
JIeHVe Ha MOoJIMBKUTE Mo [feceT-
AHEBKM OT Beretaumata Ha BCsKa
OT KyNnTypuTe.

B Hawarta paboTa e un3BbpP-
LUEHO akTya/im3npaHe Ha Harou-
TeNIHUTe HOPMU, MpPeaioXeHn OT
3axapveB 1 gp. (1986), cbobpasHo

exceedance of the rainfalls
(moderately wet), 50% (average),
75% (moderately dry) and 95%
(very dry), for 33 crops and 97
irrigation districts. These types of
irrigation scheduling have been
developed in accordance with the
soil and climatic conditions of the
sites. They have been related to
the built until 1985 and planned for
construction until to 1995 irrigated
areas. These areas are distributed
in  agro-groups  with  certain
temperature thresholds for the
April-September total of the active
air temperatures. The methodology
for this work have taken into
account factors such as hydraulic
properties of the soils, effective
precipitation in the autumn-winter
period, long-term data on the
available soil water on the date of
the beginning of active vegetation
period, reduction  coefficients
reflecting the impact of the oasis
effect and of the groundwater level
on the evapotranspiration, and
rainfall and temperature data for a
period of 35 calendar years (1946-
1980). This multi-year data was
used for determination of a design
irrigation scheduling with
distribution of the irrigation
applications in ten-day periods
during the growing season of each
crop and for each type of year
according to its wetting pattern.

In our work an update of the
irrigation  depths proposed by
Zahariev et al. (1986) for all 33
crops in medium-dry and dry year

229



HacTbMUINTE W3MEHEHMSI B eBa-
MOTPaHCNNPALUOHHUTE  YC/I0BUS
3a  TpuAeceTrogulHMA  Nepuos

1981-2010 r., 3a BCuYku Tpugecet
n TpU Kyntypu, audhepeHumpaHo
3a CpefiHO cyxa W cyxa roguHa, no
arpo-rpynu. CimcbKbT Ha KynTypuTe
€ aKTya/im3npaH M C AaHHU 3a Ma-
nnHn (MetposBa-bpaHuuyesa, 2016),
opus (XKmekos, 2013) un panuua
(Tvroea, 2013). KynTtypute, 3a Kou-
TO Nunceat faHHU OT u3cnepnBa-
HUA, ca BK/IKYEHW Kato ,apyrn*
KbM BCSka rpyna Kyntypu. AKTya-
NIN3MpaH e, CbLO Taka, CMUCHKbT
N pasnpefeneHneTo Ha craHuum-
Te, NMocoyeHu OT 3axapuesB u Ap.
(1986), no arpo-rpynun, cbobpasHo
TeHAeHUMUTEe Ha 3aTonnsHe Ha
knumara (MoteBa u gp., 2016).
OnpepneneHu ca KoeuuneH-
™M K Ha CbOTHOLWEeHWEe Mexay
KpaiHata M HavasHata CTOWHOCT
Ha TpeHOoBeTe Ha eTasloHHaTa
eBanoTpaHcnupauusa (Allen et al.,
1998; MoteBa u pgp., 2016) 3a
nepuoguTe  anpwua-loHW,  HOn-
aBrycT, anpun-centemepu, MapT-
anpwn, asrycr-centemepu, Cb0oO6-
pasHO BereTaunoHHUTE MNepuoam
Ha Kyntypute. Te3n KoeuuMeHTH
ca [MpWIOXKEHN KbM  HeETHUTe
HanouTeslHM HOpMW 3a nepuoja
1946-1980, ny6AnKyBaHu oT
3axapveB v ap. (1986), npn koeTo
ca MNoOJlyYeHN akTyasIHu HeTHU
HanouTeslHM HOpMW 3a nepuoja
1981-2010 r. lNogxoaAbT ce OCHO-
BaBa Ha [0NnyCckaHeTo, Ye HeTHaTa
HarnouTesHa HopMa ce W3MeHs
CVMHXPOHHO C eTa/loHHaTa eBaro-
TpaHcnupaumsi, 0CO6eHO npu Ha-

per agro-groups according to
1981-2010 trends of the reference
evapotranspiration was done.

The list of the crops was updated
with raspberries (Petrova-
Branicheva, 2016), rice (Zhivkov,
2013) and canola (Gigova et al.,
2013). The crops, which are not
provided with research data, are
included as "other crops" to each
crop group.

The distribution of the stations,
systemized by Zahariev et al.
(1986) per agro-groups, was
updated according to the warming
trends of the climate (Moteva al.,
2016).

The ratio (k) between the final
and the initial value of the trends of
the reference evapotranspiration
(Allen et al.,, 1998; Moteva et al.,
2016) for the periods April-June,
July-August, April-September, from
March-April, and August-September,
according to the growing season of
crops was calculated.

The so estimated coefficients k
were applied to the net irrigation
depths of the period 1946-1980,
published by Zahariev et al.
(1986), to obtain actual net
irrigation depths for the period
1981-2010. The approach is based
on the assumption that the net
irrigation depth changes
synchronously with the reference
evapotranspiration, especially in
the presence of trends of warming
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nMyne Ha TeHAeHUUN Ha 3aTonns-
He W 3acylaBaHe Ha Kiumarta.
BTopoTo pgonyckaHe e, 4ye paBeTe
BE/IMYMHN MUMAT efHaKbB TeMn Ha
N3MEHEHNE, KONTO ce m3passiBa C
koedmuMeHTa Ha W3MEHeHVe Ha
eTa/loHHaTa esanoTpaHcnupaums.
KoedhmumeHTnTe 3a BCAKA CTaHUUA
ca nojsiydyeHn Kato  CcpefHo-
apuTMETUYHN OT TpuLeceTroAmLl-
HUTe (1981-2010) peanum OT CTOW-
HOCTW, C/ef KOeTo ca OCpefHeHU
N NO arpokNMMaTuyHu rpynu. Het-
HUTE HanouTeNHN HOPMW Ca akTy-
asiM3npaHn 3a cpefHo cyxa u cyxa
roanHy npensug U3MCcKBaHuATa 3a
npoekTMpaHe Ha HanouTenHuTe
CUCTEMMU, KaTO BTOPUAT BUA roam-
HMW Ce OTHacAa 3a 3e/IeHYyKOBUTEe
kyntypn (MonoB wn pgp., 1984).
AfanTMpaHeTo Ha CbLieCcTByBaLLuTe
HETHW HanoUTESIHA HOPMU KbM Tex-
HOMIOrMATa Ha KankoBO HanosiBaHe e
N3BBbPLLUEHO 4Ype3 koedmumneHT 0.4,
oTumTal, peaykuusTa Ha u3nape-
HMETO OT noyBeHaTa MOBBPXHOCT
(benues n gp., 1979; Lamm et al.,
2007).

OT akTyanusnpaHuTe HEeTHU
HarnouTesIHM HopMK ca obpasysa-
HU OPYTHU HaNOWUTENIHNW HOPMU 3a
pas3NN4yHM TEXHOJIOTUN Ha Hanos-
BaHe, Karo ca B3eTu npeasup Koe-
vumeHTUTEe Ha nonesHo pAei-
CTBME Ha HanouTesiHuTe cucTemu
(Monos n ap., 1984; benuyeB n ap.,
1979) (Tabnvua 1).

and drought of the climate.

The second assumption is that
both variables have the same rate
of change, which is expressed by
the above described coefficient.

The coefficient k of each station
was obtained as average of the
thirty-year (1981-2010) row of
values. Afterwards were
determined averages per agro-
groups. The update of the net
irrigation depths was processed for
moderately dry and dry year
according to the requirement for
design of the irrigation systems.
The second year type was
addressed to vegetable crops
(Popov et al., 1984). The existing
net irrigation depths were adapted
to drip irrigation by a coefficient
0.4, taking into account the
reduction of the evaporation from
the soil surface (Belchev et al.,,
1979; Lamm et al., 2007).

The updated net irrigation
depths served as basis for
calculation of gross irrigation
depths for different irrigation

technologies, taking into account
the efficiency of irrigation systems
(Popov et al., 1984; Belchev et al.,
1979) (Table 1).

Tabnuua 1. KoedmuymeHTr 3a 3aryba Ha NnoNvBHa BoJa B HanouTesiHata cucrema
Table 1. Efficiency coefficients of the irrigation systems

Bupaose HanosiBaHe / Irrigation technology

KoedhmnumeHT 3a 3ary6u Ha Boga / Efficiency coefficient

MoBBbPXHOCTHO HanosiBaHe / Surface irrigation

1.4

dbxaysaHe / Sprinkling

1.2

KankoBo HanosisaHe / Drip irrigation

1.05
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PE3YNTATU N OBCbXXOAHE
[MpouecbT Ha 3aTonnsHe Ha
KnuMarta Ha TeputopuaTa Ha Ha-
LwaTa cTpaHa e (pakT, KOMTOo Beye e
[oka3aH B Haykata. CpaBHsBaliku
KNnuMaTnyHuTe AaHHu 3a cymaTta
Ha akTMBHUTE TemnepaTtypu 3a no-
TeHUnasiHMa BereTauuoHeH nep-
nop anpwui-centemBpu Ha pAsaTa
nocnegosartenHu nepuoga 1946-
1980 n 1981-2010, yacT OT cTaH-
uMnMTe nokasaxa MO-BUCOKN CTOW-
HOCTM 3a BTOPUSA Nepuos U CbOoT-
BETHO MnpemMunHaxa B [M0O-BUCOKa
arpo-rpyna (durypa 1). lNpomsHa-
Ta ce ycTaHOBsBa MpeAuMHO 3a
cTaHumMm B EBpOMencko-KOHTUHEH-
Ta/lHaTa KaumMaTtuyHa obnact y
Hac. PasnpegeneHnero no arpo-
rpynu e kakto cnegsa (Tabnuua 3):
Tpu 6pos ctaHumn — B Nbpea arpo-
rpyna (Al 1), 38 —B Al ll, 46 — B Al
l,17 — 8 Al IV, yetnpn — B Al' V 1
egHa — B Al VI. B Tabnvua 2 ca
npeAcTaBeHn cpefHUTe CTOMHOCTY
Ha TemnepaTtypHuUTe CymMuU U CyMU-
Te Ha Banexute Nno arpo-rpynu,

KaKTo M cpeaHaTa Hagmopcka
BMCOYMHA 3a rpynuTe.
i@ 3 ..,?

S ol

3

3

3

3
. Se

RESULTS AND DISCUSSION

The process of climate
warming over the territory of the
country is a fact that has been
already scientifically proven. The
data of the climatic 1981-2010
values of the active air temperature
totals for the potential vegetation
period April-September, compared
to the climatic 1946-1980 values
show that some of the stations
belong to higher temperature level
agro-group (Figure 1). It is noted
that these are stations mainly from
the areas of the European-
continental climate in the country.
Hence the following current
distribution of the stations per the
agro-groups was  established
(Table 3): three agro-climatic
stations are included in the First
Agro-Group (1% AG), 38 — in 2™
AG, 46 —in 3" AG, 17 — in 4" AG,
four — in 5™ AG, and one station —
in 6™ AG. The updated totals of the
mean air temperature and the
rainfalls in the agro-groups, and
the average altitude are presented
in Table 2.
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dur. 1. Kapta Ha cTaHumnTe, NpemM1nHasin B NO-BUCOKa arpo-rpyna
Fig. 1. Map of stations passed to higher agro-group
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Tabnuua 2. CbBpeMeHHO pasnpeesieHne Ha cTaHuuuTe no arpo-rpynu (Al
Table 2. Updated distribution of the stations per agro-groups (AG)

'paHnyHn cToliHoCTM Ha | CpefHu CTOMHOCTM 3a Nepuoja anpuni-cenTemspu Bpoi
cymMara Ha akTuBHUTe 1981-2010 no AKF arpometeo-
Temnepatypu 3a 1981-2010 averages of the April-September totals
Al nepuoga anpun- per ACG pg:;);m::m
AG cenremMspu CyMa Ha aKTuBHuTe c H NumbLér of
Thresholds of the active TemMneparypm yma Ha aam. stations
temperature totals temperature totals
°Cc °Cc mm m
/1™ Hag 3700 3913 224 170 3
/2™ 3450-3700 3530 280 182 38
/3¢ 3250-3450 3353 322 251 46
Iv/4" 3000-3250 3229 300 347 17
v/5" 2550-3000 2830 318 736 4
VI/6" nog, 2250 1

Tab6nuuya 3. CtaHuum no arpo-rpynu (Al
Table 3. Stations per agro-groups (AG)

Q(I; CraHuum / Stations

1 [apa MNupuH, CaHgaHcku, MeTpuy
Station Pirin, Sandanski, Petrich
Jlom, Kosnopyii, OpsixoBo, N'ynsHuu, BeneHe, KapamaHoBo, Puna, Bnaroesrpag, lMasapmxuk,
Kosapcko, Mnosau., MbpBomaii, Bpsaroso, AceHosrpag, Kbpmxanu, Visaiinosrpag, CBuneHrpag,
XapmaHnn, Xackoso, Aumutposrpag, Ctapa 3aropa, PagHeso, Hosa 3aropa, BuauH, MoHTaHa,
MneseH, Cunuctpa, MaBnukeHwn, Benuko TbpHoBO, CnueeH, KapHobaT, CagoBo, YupnaH,

/2" | Enxoso, im6on, Byprac
Lom, Kozloduy, Oryahovo, Gulyantsi, Belene, Karamanovo, Rila, Blagoevgrad, Pazardzhik,
Kozarsko, Plovdiv, Parvomay, Bryagovo, Asenovgrad, Kardzhali, Ivaylovgrad Svilengrad,
Harmanli, Haskovo, Dimitrovgrad, Stara Zagora, Radnevo, Nova Zagora, Vidin, Montana, Pleven,
Silistra, Pavlikeni, Veliko Tarnovo, Sliven, Karnobat, Sadovo, Chirpan, Elhovo, Yambol, Burgas
HoBo ceno, Bpycapuu, Mwuxaiinosrpag, Bbnuegpbm, JlexueBo, Bpaua, XaiigepuH, Fanuue,
KHexa, bpeHuua, Cagoseu, [lonHa Mwutpononus, HoaueHe, JleBcku, [epmaHun, YrbpuuH,
Noseuy, CesnveBo, [lpsiHoBo, KapavceH, MopHa Opsxosuua, bana, [ise mornnu, Pyce, bpbLunsH,
TytpakaH, Kioctengun, OynHuua, loue [enueB, Kapnoso, [xeb6en, BeHkoBcku, CTpanmgxa,
Bonsposo, CyHrypnape, PycokacTtpo, KameHo, Kab6newkoso, Bb3oen, O6pa3uosB u4ndivk,

/3 Pasrpag, Ncnepux, Toprosuile, flobpuy, Kasanbk, BapHa
Novo Selo, Brusartsi, Mihaylovgrad, Valchedram Lehchevo, Vratsa, Hayderin, Galiche, Knezha,
Brenitsa, Sadovets, Dolna Mitropoliya, Novachene, Levski, Dermantsi, Ugarchin, Lovech,
Sevlievo, Dryanovo, Karaysen, Gorna Oryahovitsa, Biala, Dve Mogili, Ruse, Brashlyan, Tutrakan,
Kyustendil, Dupnitsa, Gotse Delchev, Karlovo, Djebel, Benkovski Straldzha, Bolyarovo,
Sungurlare, Rusokastro, Kameno, Kableshkovo, Bazovets Obratsov Chiflik, Razgrad, Isperih,
Targovishte, Dobrich, Kazanlak, Varna
Kyna, M'pamaga, MNMonoso, Jlo3Huua, Ky6part, 3acuposo, LUlymeH, CmsigoBo, MapkoBo, [opeH

[v/4t Undpnuk, Mposagus, Wabna, KasapHa, Cotus, Ennn MNenun, Botesrpag, MeH. Towweso
Kula, Gramada, Popovo, Loznica, Kubrat, Zafirovo, Shumen, Smyadovo, Markovo, Goren Chiflik,
Provadia, Shabla, Kavarna, Sofia, Elin Pelin, Botevgrad, Gen. Toshevo

v/5t" Muppgon, Uxtumad, TpbH, Pagomup, baHcko, Benudrpag, paromaH
Pirdop, lhtiman, Tran, Radomir, Bansko, Velingrad, Dragoman

t | CamokoB
Vi Samokov
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Tabnuua 4 cbabpxa koedu-
UMEeHTUTe Ha yBesinvyeHne Ha eTa-
JIOHHaTa eBanoTpaHcnupauusa 3a
30-rogunwHua nepuopg 1981-2010
r. no nepuoau, CBbp3aHn C Bere-
TauyuaTta Ha kKyntypute. BugHo e,
ye KoepmumeHTUTEe K 3a BCUYKMK
n3cneaBaHn nepuogn HapacTear
OT Hal-Tonnara KbM Hai-xnagHata
arpo-rpyna. Hali-H1uckmn ca CTonHoc-
TUTE Ha KoeuuueHTUTe 3a nepuo-
ante mapt-anpun (k=1.049-1.123) n
anpusi-toHU (k=1.030-1.123) -
nepnoau, KOMTo ca 06e3neyeHn ¢
€CEeHHO-3MMHM MOoYBeHN Bfarosa-
nacm u nposeTHU artmocgepHu
Basiexu. Tesn nepuoan ca, CbLl0
Taka, C HEeBUCOKM TemnepaTtypu u
Heronam AeduunT Ha HacuwaHe Ha
Bb34yXa C BOAHM napu. Haii-Bucoku
ca KoedhmumeHTUTe 3a nepuoanute
tonun-aeryct (k=1.051-1.170) n aBrycT-
centemBpu (k=1.061-1.170) -
TpaguLMOHHO ropewm N ¢ BUCOK
AenunT Ha HaculaHe Ha Bb3ay-
Xa ¢ BoAHu napu meceun. Koedgom-
UMeHTUTe 3a noTeHUnasHUA Be-
retaynoHeH nepuog, anpun-
centemMBpn Cceé  U3MEHAT  OT
k=1.104 3a nbpBa Al go k=1.134
3a MNeta n Wecta Al'. CTolHOCTK-
Te Ha Koe(puMuMeHTUTe CBUAETes-
cTBaT 3a okono 11% ysesninyeHue
Ha eTasloHHaTa eBanoTpacnupa-
LUMsa cpefHo 3a NnoTeHuuasiHiA Be-
retayMoHeH nepuog B cTpaHara.

Table 4 shows the
coefficients of the total increase of
the reference evapotranspiration
within the 30-year period from
1981 to 2010, per periods
associated with the vegetation of
the crops. It is obvious that the
coefficients k increase from the
warmest to the coolest agro-group
for all study periods. The lowest
values of the coefficients are from
March to April (k=1.049-1.123)
and from  Aprii  to June
(k=1.030-1.123) — periods in which
the crops use most the water
reserves accumulated in soil
during the autumn-winter period

and the spring precipitations.
These periods have low
temperatures and low dryness of
the air as well. The highest

coefficients were established for
the periods from July to August
(k=1.051-1.170) and from August
to September (k=1.061-1.170) —
the traditionally hottest and of high
vapor pressure months. The
coefficients for the potential
vegetation period from April to
September vary from k=1.104 in
1% AG to k=1.134 in 5™ and 6"
AG. The values of the coefficients
are evidence for around 11%
increase  of the reference
evapotranspiration in average for
the potential vegetation period in
the country area.
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Tabnuua 4. KoethmuMeHTN Ha yBe/InyeHre eTaJiOHHaTa eBanoTpaHcnmpaums B
pes3ynTtar Ha KIMMaTUYHUTE NpoMeHu 3a nepmnoga 1981-2010 r. (k)
Table 4. Coefficients of increase of the water consumption due to climate change

within in 1981-2010 (k)

Al MapT-anpun ANpun-1oHu Onu-aBryct ABrycT-centemspu |Anpua-centemspu

AG March-April April-June July-August August-September | April-Septtember
111" 1.049 1.030 1.051 1.061 1.104
/2" 1.080 1.079 1.131 1.084 1.084
/3 1.090 1.085 1.153 1.115 1.109
Iv/4" 1.124 1.085 1.146 1.103 1.105
V/5" 1.123 1.123 1.170 1.170 1.134
VI/6" 1.123 1.123 1.170 1.170 1.134

C nomoLyta Ha KoeuLMeHTH- With the help of the

Te oT Tabnuuya 4 ca nonydeHu | coefficients in Table 4 were

aKTyasIHN HETHM HaNOUTENHN HOPMHU
3a nepuoga 1981-2010 r. 3a nuwe-
HUUa, eyeMuK, dpacyn 3a 3bpHO,
paHHU KapTodu 1 paHHM gomaTun ca
N3MN0N3BaHN KoedouLmeHTUTe 3a ne-
puoga anpus-toHK. 3a uapesuvua 3a
cunax Il kyntypa, pypaxHu cMecku
Il KynTypa M KbCHM gomMatu ca us-
non3BaHn koeuUUeHTUTe 3a nepu-
ofla t0NN-aBrycT, 3a HOBa NiouepHa
€CeHeH MnoceB N KbCHO 3e/le — Koe-
duuneHTUTEe 3a nepuopa aBrycrt-
cenTemspu, 3a 3UMHU MpPeaKynTypu
NnposieTeH nepuos — KoeuLumeHTn-
Te 3a nepuoga Maptanpui. 3a
BCUYKM OCTaHauln KynTypu ca Wus-
non3BaHn koeuuUueHTUTe 3a ne-
puoga anpua-cenTemspu.

durypa 2 gasa nHopmaums
3a yectoTarta Ha yBesimdeHuaTa Ha
HETHUTE HanouTesIHW HOPMU NpuU
NOJICKUTE KYNTypwW, TpanHuTe Ha-
CaXKAEHNA U eTepuyHO-MacneHuTe
KynTypu B pe3yntar OT U3MeHe-
HMeTo Ha kKivmaTta. BuaHo e, ue
npu rpaBuTa4yHo HamnosiBaHe W
ObXAyBaHe, N3MeHeHuaTa no Kysi-
Typn u arpo-rpynn ce pasnpege-
NAT paBHOMEPHO 3a VHTepBa/InTe
10-20, 20-30, 30-40 n 40-50 mm.

obtained the updated net irrigation
depths for the period 1981-2010.
For winter wheat, barley, beans
grain, early potatoes and early
tomatoes were used April-June
coefficients. For corn silage I
crop, mixed fodder crops Il crop
and late tomatoes were used July-
August coefficients, for new alfalfa
autumn sowing and late cabbage—
August-September coefficients, for
winter pre-crops spring period —
March-April coefficients.

For all the other crops were used
April-September coefficients.

Figure 2 provides information
on the frequency of increases of
the net irrigation depths as a result
of climate change for field crops,
perennials and essential oil crops
among the studied stations. It is
evident that the changes per crops
and agro-groups for surface
irrigation and sprinkling are evenly
distributed in the intervals 10-20,
20-30, 30-40 and 40-50 mm.
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Mpeobnagasat yBenuueHuaTa oT
10-20 n 30-40 mm, KoeTo npeg-
cTaBfisBa efiHa TpeTa [0 NOJ/I0BMH
NMpoeKTHa MNoJsiMBHa Hopma
cboTBeTHO no 34 m 33 cnyvas.
Mpn KankoBOo HanosiBaHe, Hai-
MHOI0 C/lyyan Ha yBenuyeHuve —
47 — ce Habnwgasar 3a UHTepBa-
na 10-15 mm, no-masiko 39
cny4dasa — 3a UHTepBasia 5-10 mm.
Cnyyante c yBenuyeHusa 15-20
mm ca 23.

Ha durypa 3 e npeacraseHo
pasnpegesnieHNeTo Ha ysenunye-
HMATA Ha HETHUTE HarnouTesiHu
HOpMK Mnpu 3eneHdyyun. Mpu rpa-
BUTAYHO HanosiBaHe U AbX/ayBaHe
npeobnagasar W3MeHeHWsATa B
nHTepsana 60-70 mm, T.e. egHa
npoekTHa nonveHa Hopma. [lpu
KankoBoTO HanosiBaHe YyBe/n4e-
HMATa ca pasnpefeneHn pasHo-
MepHO, npeob6nagasat yeenunye-
HMA 10 mm n 25 mm.

34 33
75
12
(1]
o i 1 0
1] —
0 0 0 30 ap S0 60 Mo

YReAMUEHME Hil HETHATA HANDHTEAHA HOPMAE, MM

&

HeTOTa Frequency
o il
LS B = [ I =1

Increase of the netirrigation depth, mm

e

There prevail the increases of
10-20 mm and 30-40 mm, which
represent 1/3 to 1/2 of a design
irrigation depth — in 34 and 33
cases respectively. For drip
irrigation, the most cases — 47 —
are in the range of 10-15 mm
increase, less — 39 cases — in the
range of 5-10 mm increase. The
cases with increases in the range
of 15-20 mm are 23.

On Figure 3 is shown the
distribution of the increases for
vegetables. For surface irrigation
and sprinkling increases of 60-70
mm prevail.

They are equal to one design
irrigation rate. For drip irrigation
the frequency of the increases is
predominantly 10 mm and 25 mm.
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dur. 2. Xnuctorpama Ha yBefiMdyeHmsitTa Ha HeTHaTa HanouTesiHa HopMa 3a MoJICKK
KyNTypW, TpariH1 HacaXXAeHNs N eTEPUYHO Mac/ieHn Ky/ATypu Npu: a) rpaBuTadHo
HanosiBaHe U AbXAyBaHe; 6) KankoBO HarnosiBaHe

Fig. 2. Histogram of the increases of the net irrigation depth for field crops,
perennial crops and essential oil crops in: a) surface irrigation and sprinkling; b)
drip irrigation
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dur. 3. Xuctorpama Ha yBe/IMYeHUATA Ha HeTHaTa HanouTesnHa HopMa 3a
3e/IeH4yLM Npu: a) rpaBUTavyHO HanosiBaHe U AbXAyBaHe; 6) KankoBO HanosiBaHe
Fig. 3. Histogram of the increases of the net irrigation depth for vegetables in: a)
surface irrigation and sprinkling; b) drip irrigation

Mpunaraikn koeguumeHTuTe
oT Tabnuua 1 kbM akTyanmsupa-
HATE HETHM HamnouTeNHN HOpPMWU,
ca MnoMy4yeHn akTyaslHu OpyTHU
HarnouTesIHM HOPMU MO KyNTypw,
arpoK/iMMaTUYHN TPynu M TEeXHOo-
nornn Ha HanosieaHe (Ta6svua 5
n 6).

n3BOAN

1. AKTyanmnsmpaHo e pasnpe-
[eNeHneTo Ha arpoMeTeoposiorny-
HUTe CcTaHuuMuM no arpo-rpynn. C
Han-ronam 6poi ctaHumm — 46 — e
TpeTta arpo-rpyna (Al Ill), kosTo e
CbC CpefHn TemnepatypHu ycno-
BMA 3a CTpaHara, cnegsaHa oT Mo-
Tonnarta Al Il — 38.

2. 3a TpuaeceTrogmLLIHNA
nepuog 1981-2010 r., eTasiOHHaTa
eBanoTpaHcnupauusa ce e ysesnu-
ymna, cpefHo 3a cTtpaHara, ¢ 11%.
Haii-ronamo ysenuueHune — 12-17%-—
ce Habnwgasa npes feTHATE Mece-
um nn-centemspn B Al V. u Al

By using the coefficients from
Table 1 to the updated net
irrigation depths and updated
gross irrigation depths per crops,
agro-groups and irrigation
technologies were obtained (Table
5 and 6).

CONCLUSIONS

1. The distribution of the agro-
meteorological stations per agro-
groups, was updated. The greatest
number of stations — 46 — belongs
to 3 Agro-Group with average
temperature conditions, followed
by the warmer 2" AG — 38.

2. The reference evapo-
transpiration increased within the
thirty-year period 1981-2010 by
11% on average for the country.
The largest increase — 12-17% — is
in the summer months from July to
September in 5™ and 6™ AG, which
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VI, KOUTO ca C Hal-xnagHu ycno-
BUS, @ Hal-mMmanko — 4-8% — npes
NnposieTHUTE Meceuu MapT-loHU B
Al | n AT 1l ¢ Haii-TonAn ycnoBsus.
3a noTeHUMasiHUA BereTauuoHeH
nepuog anpun-centeMBpu YyBesu-
YEeHMEeTO B pas/InYHUTE arpo-rpynm
Bapupa oT 8 go 13%, KkaTo CbLUO0TO
e B Nocoka OT Ton/uTe KbM Xnaj-
HUTE TPynu CTaHLUUW.
3. CpaBHsiBalikn  nepuogute
1946-1980 r. 1 1981-2010 r., Tepu-
TOPUa/IHOTO pasnpefeneHve Ha
yBE/NIMYEHNETO Ha HETHUTE Harnou-
Te/IHW HOpMW B 3emMefesickute
TEPUTOPUN e KakTo cresa:

npu 3BbPHEHO-XKUTHMU,
eTepuYyHO-MacneHn KynTypu n Tpai-
HN HacaxgeHua: 20-30 mm 3a rpa-
BMTAYHO HanosiBaHe U ObXAyBaHe U
10-15 mm 3a KankoBO HanosiBaHe;

npu 3eneHyyuyn: 60-70 mm
3a rpaBMTayHO HanosiBaHe U AbX-
pyBaHe 1 10-25 mm 3a Kankoso
HanosiBaHe.
4. N3uncnewn ca  OpyTHU
HanouTesIHW HOpMU 3a CcpefHo-
cyxa roguvHa 3a 3bpPHEHO-XUTHU,
eTepUYHO-MasiIeHn KynTypw, Tpaii-
HN HacaXKAeHua 1 3a cyxa rogunHa
3a 3e/ileHyyun, Kouto Morat gda
nocnyxar 3a upaborsaHe Ha Hop-
MaTVBM 3a NpoeKTnpaHe Ha Hanow-
Te/IHM cucteMm N 3a dpopmupaHe
Ha peanHW HOpMM 3a BOAOMOT-
pebneHne B pacTEHWEBbBACTBOTO,
CbOOpPAa3HO HACTBLMNWUANTE NPOMEHM
Ha KInMmMaTta Ha TeputopudaTa Ha
cTpaHara.

have the coolest conditions in the
country; the least increase -
4-8%-— is in the spring months —
from March to June in 1% and 2™
AGs with the warmest conditions in
the country. For the potential
vegetation period April-September,
the increase ranges from 8 to 13%
in direction from the warm to the
cool conditions.

3. By comparing the periods 1981-
2010 and 1946-1980, the spatial
distribution of the net irrigation
depth increase  within  the
agricultural territory is as follows:

for cereals, essential oil
crops and perennials — 20-30 mm
for surface irrigation and sprinkling
and 10-15 mm for drip irrigation;

for vegetables — 60-70 mm
for surface irrigation and sprinkling
and 10-25 mm for drip irrigation.

4. Gross irrigation depths for
medium-dry year for cereal,
essential oil and perennials and for

dry vyear for vegetables are
determined.

They can be wused for the
development of standards for

design of irrigation systems and
the formation of practicable norms
for water consumption in plant
growing, according to the climate
changes over the country.
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Tabnuua 5. AKTyasTHM 6pYTHM HANOUTE/THN HOPMUW Ha MOJICKM KYNTypu, TPaiHN HacaxAeHUst U eTeEPUYHO Mac/ieHn KynTypu 3a cpefHo
cyxa rogunHa (75% o06e3nevyeHOCT Ha Ba/ieXnTe) Npy rpaBuUTa4vyHO HanosiBaHe, AbXAyBaHe M KankoBO HarnosiBaHe no arpo-rpynu (AlN), mm
Table 5. Updared gross irrigation depths for field crops, perennial crops, essential oil crops in moderately dry year (75% probability of
exceedance of the rainfalls) under surface irrigation, sprinkling and drip irrigation per agro-groups (AG), mm

HOB'prHOCTHO HanosiBaHe ,U,'b)K,quaHe KankoBo HanosiBaHe
Surface irrigation Sprinkling Drip irrigation
Kyntypa/ Crop AT/ AG AT/ AG AT/ AG
U T2 Tr3® [ via™ [ vis™ [vie™ | va™ w2 s [ivia™ [ vis™ [ vie™ | ™ [ 2™ [z ] via™ [ vis® [viie™
3bpHEHO XUTHW KynTypwu / Cereals
Nwenuua / Winter wheat 180 | 180 [ 150 | 170 | 110 | 100 | 150 | 160 | 140 | 140 [ 100 | 80 | 55 | 55 | 45 [ 55 | 35 | 30
Euemuk / Barley 180 | 140 [ 1120 | 120 | 100 | 100 | 150 [ 120 | 90 [ 100 [ 90 | 90 | 55 | 40 | 35 [ 35 | 30 | 30

[Opyrn 3bPHEHO XUTHY (PbX, OBEC, TPUTUKa/IE, COPro U

- 180 | 160 | 130 | 150 | 100 | 100 | 150 | 140 | 130 | 120 | 100 90 55 50 40 45 35 | 30
ap.) / Other cereals (rye, oats, triticale, sorghum, etc.)

LlapeBuua 3a 3bpHo / Grain corn 530 | 450 | 400 | 380 | 320 | 190 | 450 | 380 | 340 | 330 | 280 | 170 | 160 | 135 | 120 | 115 | 95 | 60
Opu3s / Rice - |3500| - - - - - - - - - - - - - - - -
3bpHeHo 6060BK / Legumes
Cos / Soybean - 380 | 350 | 340 - - - 320 | 300 | 290 - - - 115 | 105 | 100 - -
dacyn 3a 3bpHo / Beans grain - 110 | 110 | 120 - - - 90 100 | 110 - - - 35 35 40 - -
[Opyrn 3bpHeHo-60608M (Tpax, fiewa, HaxyT) / Other ) 110 | 110 | 120 ) } } 90 | 100 | 110 ) } ) 35 35 | 40 } )

grain legumes (peas, lentils, chickpeas)

MacnopaiHu kyntypwu / Oilseeds
CnbHyornepq / Sunflower - 230 | 230 | 220 - - - 200 | 200 | 190 - - - 70 70 65 - -

Panvua / Rapeseed 230 | 170 | 170 | 150 | 160 - 200 | 140 | 140 | 130 | 130 - 70 50 50 45 70 -
KopeHonnogHu n kny6eHonnogxu / Roots and Tubers
3axapHo 1 KpbMHO UBekno / Sugar and fodder beat 560 | 520 | 450 | 420 | 350 | 190 || 480 | 450 | 390 | 360 | 300 170 170 | 155 | 135 | 130 | 105 | 60

PaHHun kapTodom / Early potatoes 120 | 180 | 170 - - 100 | 150 | 150 - - - 40 55 55 - - -

CpegHo paHHu KapTodm / Moderately early potatoes - - 330 | 320 | 280 | 130 - - 280 | 270 | 240 | 110 - - 100 | 95 85 40
TexHuyeckun kynTtypu / Industrial crops

Mamyk / Cotton - 290 | 280 - - - - 250 | 240 - - - - 90 85 - - -

TioTioH Ape6HonucTeH / Tobacco small-leaved 360 | 300 | 290 | 250 | 210 - 310 | 260 | 250 | 220 | 180 - 110 | 90 85 75 65 -

TioTioH egponucTeH / Tobacco large-leaved 510 | 470 | 430 | 420 - - 440 | 410 | 370 | 360 - - 155 | 145 | 130 | 125 - -

Xmen / Hop - - 400 | 260 | 260 | 190 - - 340 | 220 | 220 | 170 - - 120 | 80 80 | 60

Apyri TEXHUIECK (71EH, KOHOM, (IBCTBLM 1 AD.) 360 | 300 | 290 | 250 | 210 | - | 310 | 260 | 250 | 220 | 180 | - | 120 | % | 85 | 75 | 65 | -

Other industrial crops (flax, hemp, peanuts, etc.)

dypaxHu KynTypu / Fodder crops

CwunaxHa uapesuua Il kyntypa / Silage corn (2”d crop) | 520 | 430 | 360 | 340 - - 450 | 370 | 310 | 300 - - 160 | 130 | 110 | 105 - -
R nd
Pypatm cmecku Il Kym%’f’gp/) Fodder mixed crops (2 | 4g | 410 | 360 | 340 | - - | 420 | 350 | 310 | 300 | - - 145 | 125 | 110 | 100 | - -

Hosa niouepha ecexen noces / Newly sawn alfalfa — | 176 | 119 | 110 | 110 | 120 | 120 | 140 | 100 | 200 | 1200 | 100 | 100 | 50 | 35 | 35 | 35 | 35 | 35
autumn sowing

NouepHa 1 getenvHa ctapa / Old alfalfa and clover 620 | 520 | 470 | 470 | 350 | 190 | 530 | 440 | 400 | 400 | 300 | 170 | 185 | 155 | 140 | 140 | 105 | 60
3umHK npeakynTypu / Winter pre-crops 90 100 | 100 | 100 | 100 - 80 80 80 80 80 - 30 30 30 30 30 -
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fApyTh chypaxHu 1 cmece 606080-xuTHu | Other fodder g4 | 550 | 470 | 470 | 350 | 190 | 530 | 440 | 400 | 400 | 300 | 170 | 185 | 155 | 140 | 140 | 105 | 60
and legume-grass mixture crops
Jlo3s1/ Vines 380 | 290 | 290 | 290 - - 320 | 250 | 250 | 250 - - 115 | 90 90 90 - -
Arogonnogxu kyntypw/ Berries
Arogu / Strawberries 810 | 670 | 600 | 510 - - 690 | 570 | 510 | 440 - - 245 | 200 | 180 | 155 - -
ManwvHu / Raspberries - - - 670 - - - - - 580 - - - - - 200 - -
OBoLWHN KyNnTypw / Fruit trees

A6bnka / Apple trees 650 | 570 | 530 | 460 | 390 560 | 490 | 460 | 390 - - 195 | 175 | 160 | 140 | 115 -
Kpywa / Pear trees 650 | 570 | 510 | 450 | 390 - 560 | 490 | 440 | 390 | 330 - 195 | 175 | 155 | 135 | 115 -
MpackoBa u HekTapuHa / Peach and nectarine trees 560 | 500 | 470 | 430 - - 480 | 430 | 410 | 370 - - 170 | 150 | 145 | 130 - -
A6bKa cynepuHTeH3nsHa / Apple trees superintensive | 680 | 560 | 510 | 450 | 370 - 590 | 480 | 440 | 490 | 320 - 210 | 165 | 155 | 135 | 115 -
Kpywa cynepvHTeH3uBHa / Pear trees superintensive 660 | 550 | 500 | 440 | 350 - 570 | 470 | 430 | 380 | 300 - 200 | 165 | 150 | 135 | 105 -

[lpyru 0BOLLHYM (CNIMBU W [KAHKW, Kaiicum 1 3ap3ani,
sepewnt u BuwHv 1 Ap.) / Other fiuit rees (plums and | g1 | 550 | 510 | 450 | 380 560 | 480 | 440 | 410 | 320 | - | 195 | 170 | 155 | 135 | 115 | -

wild plums, apricots and wild apricots, cherries and sour
cherries, etc.).
ETepnyHo—MacneHn kyntypu / Essential-oil crops
Po3a/ Roses - 490 | 420 | 310 - - - 420 | 360 | 270 - - - 150 | 125 95 - -
MeHTa / Mints - - 530 | 440 - - - - 460 | 380 - - - - 160 | 130 - -
[pyrn eTepuyHo-MacneHun n nekapcTBeHn (nasaHayna,
KopuaHgbp n gp.) / Other essential oil and medicinal - 490 | 480 | 380 - - 420 | 420 | 330 - - - - 150 | 145 | 115 - -
crops (lavender, coriander, etc.)

Tabnunua 6. AKTyasiH GPYTHM HanouTeSTHM HOPMW Ha MOJICKU KYNTYPU, TPaiHW HacaXeHUs U eTepuyHO Mac/leHn Ky/lTypu 3a MHOro
cyxa rogunHa (90% o6e3nevyeHOCT Ha Ba/leXXMTe) NPy rpaBUTa4vyHO HanosiBaHe, AbXAyBaHe 1 KankoBO HanosiBaHe no arpo-rpynu (AlN), mm
Table 6. Current gross irrigation depths for field crops, perennial crops, essential oil crops in very dry year (90% probability of
exceedance of the rainfalls) under surface irrigation, sprinkling and drip irrigation per agro-groups (AG)

[OBBLPXHOCTHO HanosBaHe AbxaysaHe Kankoso HanossaHe
Surface irrigation Sprinklin Drip irrigation
Kyntypa / Crop AT/ A(ga ,Er / AGg ApKF /gAG
st | 172 3@ [ivia™ [ vis™ [vie™ | iast [ 2™ [ 1™ [ ivia™ [ vis™ [ vire™ | iast [ 172" [ /3™ [ via™ [ vis™ | vire™
PaHHu gomatu / Early tomatoes 490 | 510 | 500 - - - 420 | 440 | 430 - - - 150 | 155 | 150 - - -
ICpepgHo paHHu gomatu / Moderately early tomatoes 780 | 710 | 660 | 620 - - 670 | 610 | 570 | 530 - - 235 | 215 | 200 | 185 - -
KbcHu gomaTtu / Late tomatoes 760 | 670 - - - - 650 | 570 - - - - 230 | 200 - - - -
Munep 3eneH n yepseH / Green and red pepper 790 | 740 | 690 | 660 - - 680 | 630 | 590 | 570 - - 240 | 220 | 205 | 200 - -
KbcHo 3ene / Late cabbage 520 | 520 | 520 | 480 | 410 | 310 || 450 | 450 | 440 | 410 | 350 | 260 160 | 155 | 155 | 145 | 125 90
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PE3IOME

OcHoBHaTta LUen Ha HacToAweTo
npoyysaHe e fa ce u3crefBa KauyecTBOTO
Ha BofjaTa Ha peka Kpusapeka npes3
nponeTHUa ce3oH Ha 2009r. Kpueapeka e
pasnosioxeHa B lOroM3ToyHara 4acT Ha
KocoBo, kato npemvHaBa npe3 rpag
JappaHa. TMpobu OT MUKPOOMOMOrnyHUTE
aHa/M3n ca cbbpaHy OT TPU MECTOMNOsIoXKe-
HWA MO NopeyneTo Ha pekata. Bb3 ocHoBa
Ha nocTurHaTuTe pesyntaTy npasuM 3ak/io-
yeHueTo 4Ye: Bogarta Ha KpuBapeka e CUIHO
3amMbpceHa OT 6aKTepnn BbB BCUYKM MECTO-
nonoxeHus. OTHOCUTENHO ronsam 6poli ot
BCUYKM MUKPOOPraHu3Mu e peructpupaH Ha
BCUYKM MECTOMONOXeHUsA. Bb3 ocHoBa Ha
KonMopMHUTE BGakTepuu cnopeg cuctema-
Ta Ha TbMmnAuHr, Bogara Ha peka Kpusape-
Ka nonaja BbB BTOPU K/1ac 3amMbpcsiBaHe.

KnrouoBu aymMu: npoJsieT,
MUKpobuonornyeH aHanus, BOAa, peka,
Kpusapeka, KocoBo

SUMMARY

The main objective of this
investigation is to estimate the quality of
water of river “Krivareka” during spring
season, 2009. The Krivareka river is
located in south-east part of Kosovo,
which passes through the city Dardana.
Samples for microbiological analyses are
collected in three localities along the river.
Based on obtained results led us to
conclude: The waters of river “Krivareka”
it is polluted by bacteria at all localities.
Registered relatively higher number of all
microorganism, at all locality. On base of
coliform bacteria according to Tumpling
system the waters of “Krivareka” river
belongs at second class of pollution.

Key words: spring, microbiological
analysis, water, river, Krivareka, Kosovo

243



YBO/

HapactBawuar  gncbanaHc
Mexnay npegsiaraHeTo 1 Hyxante e
[OBENO [0 XPOHUYEH HefoCTUr u
CbpeBHOBaHMe, KOeTo BOAW [0
3aMbpcsBaHe W yBpexpaHe Ha
oKosiHata cpepfa. KauectBoTo Ha
niTelriHaTa Boga Ce e BJ/IOWNo
nopaguM HeageksatHata [AEWHOCT
Ha npeyncTBaTesIHATE CTaHUuMK,
ONPEKTHOTO M3TMYaHe Ha Hernpe-
4YnNCTEeHM OTNaZHN BOAW B pPeKUTE U
HeepeKTMBHOTO ynpas/ieHNe Ha
BogonposogHata cuctema (UNEP,
2001).

Bogata nma >XXM3HEHOBaXKHO
3HayeHue 3a noagbpXKaHe Ha Xu-
BOTa, M 3a BCMYKM TpsibBa ga nma
3a0BONITENHO CHabasBaHe (agek-
BaTHO, 6€30nacHO 1 AO0CTBLMHO). MNo-
[obpsiBaHeTO Ha AocTbna Ao 6e30-
nacHa nuTeilHa Boga Bogu A0 oce-
3aeMu non3u 3a 3gpaseTo. Tpsibea
[la ce nosoxaT BCSKakBU yCUnns 3a
fa ce MNOCTUTHE Bb3MOXHO Hali-
6e30nacHO ka4yecTBO Ha nuTeliHaTa
Boga (WHO 2006).

Boga moxe ga 6bae nosyde-
Ha OT peguua U3TOYHULN, N3MEX-
[y KOUTO ca noTtouu, esepa, peku,
N3KyCTBEHW BOAOEMMU, W3BOPU U
knageHun (Flusche, 2005). 3a He-
LacTtume, 4y1icTa, npsicHa n 6esonac-
Ha BOoJa ChblUuecTByBa caMO 3a
KpaTko B lNpupogaTta n BegHara ce
3amMmbpcABa OT  [AOMUHMpaLmTe
€KOJIOTMYHN (DaKTOpu M YOBELLKU
OENHOCTN.

Bogata oT noBeyeto M3TOY-
HAUM He e rofHa 3a npska ynort-

INTRODUCTION

The growing imbalance
between supply and demand has
led to chronic shortages and
competition that have resulted in
pollution and environmental
degradation. The quality of water
for drinking has deteriorated
because of the inadequacy of
treatment plants, direct discharge
of untreated sewage into rivers and
inefficient management of the
piped water distribution system
(UNEP, 2001).

Water is vital to sustain life,
and a satisfactory (adequate, safe
and accessible) supply must be
readily available to all. Improving
access to safe drinking-water can
result in tangible benefits to health.

All effort should be made to
achieve a drinking-water quality as
safe as practicable (WHO, 2006).

Water can be obtained from a
number of sources, among which
are streams, lakes, rivers, ponds,
springs and wells (Flusche, 2005).

Unfortunately, clean, pure and safe
water only exists briefly in Nature
and is immediately polluted by
prevailing environmental factors
and human activities.

Water from most sources is
unfit for immediate consumption
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pe6a 6e3 HsakakbB BUA npepaboT-
ka (Scheren et al., 2000).
3annaxata 3a BOAHUTE €eKo-
CUCTEMU B [HELWHO BpemMe ce
nosyLLaBa nopagun ysesivyaBaHeTo
Ha yYoBellkata nonynauus, npu-
OPY>XEHO OT paspacTsBaHe Ha cerfl-
CKOTO CTOMNAaHCTBO M MHAYyCTpUATA.
Mopaan ToBa, OTKPMBAHETO Ha
MUKPOOGHO M FreHOTOKCUYHO 3aMbpCs-
BaHe e BaXHO 3a ynpas/ieHMEeTO Ha
BoAHWTE GaceilHn 3a ga ce nofg-
Abpxa 6e3onacHOCT Ha BogaTta cno-
pes HOpMaTMBHUTE MokasaTtenu 3a
kadyectBo (Farnleitner et al., 2001).

MATEPVANT N METO4U

Mpobute 3a aHa/M3a ca
CbOpaHu B ABY/IMTPOBU CTEPUSTHU
NOSIMBUHUA  XJTIOPUAHN (PVC)
nnactmacosu 6yTunkm ot Tpu (3)
onpegeneHn nyHkKTa 3a npooéu no
nopeuneto Ha peka Kpuapeka
npes nponeTHus ce3oH Ha 2009.

BogHute npobu ca cbbpaHu
3a (PU3MKO-XUMUYEH U MUKPOOBUO-
nornyeH aHanvs. Llenta Ha B3uma-
HEeTO Ha nNpobu e pa ce cbvbepe
mMaTepuasi C [AOCTaTbyHO MauTbK
o6em 3a ga 6bOe TpaHcnopTMpaH
y[ooHO [0 1 B nabopaTtopus, KaTto
BbNPeKN ToBa TOYHO NpeacTaBsA-
Ba mMarepuana, oT KOMTO e B3eTa
npo6a. MeToabT 3a 3anasBaHe
Npy CbXpaHeHve e 3aMpassBaHe.

BogHute npobu ca aHanusn-
paHn 3a (U3UKO-XMMUYHOTO CU U
MWKPOOMOIOTMYHO KayecTBO, a Xu-
Muyeckute xapakrepuctukn (TDS,
npoBogMMOCT, pH, coneHocTt) ca
onpeAeneHn ¢ gurntanHa anaparty-
pa HAHC.

without some sort of treatment
(Scheren et al., 2000).

Water ecosystems are
nowadays under increased threat
from rising human populations
accompanied by increased
agricultural and industrial growth.

Therefore, detection of
microbial and genotoxic pollution is
crucial for watershed management
activities in order to maintain safe
waters according to their quality
targets (Farnleitner et al., 2001).

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
Krivareka during spring season,
2009.

The water samples were
collected for both physiochemical
and microbiological analysis. The
objective of the sampling was to
collect a portion of material small
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
characteristic (TDS, conductivity,
pH, salinity) were determined by
digital aparature HACH.
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BakTeoponorunyeH aHanns

Mpu n3onnpaHeto Ha Gakre-
pun ca W3NoN3BaHW XpaHuTesieH
arap 3a XeTepoTpooHN GakTepuwu,
YXTbYHO-ECKY/IMHOB arap 3a
Streptococcus faecalis, BM0n1eToBO
yepBeEH arap 3a 06wy KoNnMdopm-
HNW 6akTepuu, SS arap 3a casiMo-
Hena u wwurena, cabypo arap 3a
re6u. Becska cpefa e nogroteeHa u
cTepuMsmpaHa Kakto e noco4eHo
OT NPOV3BOAMUTENS.

PE3YJITATU N OBCBXXOAHE

MUWKPOOBMOOTMYHUAT aHaIn3
Ha Bogarta u npobute OT OTnagHu-
Te BOAM ca nocoyeHn B Tabnuua
1. Kakto noco4ysa Tabnuuara, no-
BMCOK OpOil XeTepoTpohHN GakTe-
pUn e perucTpypaH Ha TPeToTo
mMecTonosioxeHne ¢ 270 cfu/10 mi
Bofa. [lokaTo Ha BTOPOTO MeCTO-
NnosioXXeHne ca pernctpupaHun 169
cfu/10 ml Boga. NbpBOTO MecTomno-
NOXeHne e no-csiabo 3ambpCceHo B
CpaBHeHWe C BTOPOTO U TPeToTo
MEeCTOMNOJIOXKEHME.

Mo-BMCOK 6poii 06K KoMK-
dopmu e pernctpmpaH Ha TPeToTo
mecTtonosioxeHve, 115 cfu/10 ml
Boga. Manbk 6Gpoii o6wm Konu-
dhopmu e peructpmpaH Ha MbPBOTO
mecTonosioxeHne ¢ 35 cfu/10 ml
Bofa. [lokaTo Ha BTOPOTO MeCTO-
NnosioXXeHue ca pernctpupaHn 67
cfu/10 ml Boga.

Mo-ronam  6poit  dpekanHu
CTPENTOKOKM Ca peructpuvpaHn Ha
TPeTtoTo MecTononoxeHve, 121
cfu/10 ml Boga. Manbk 6poii
dhekasniHn CTPEenToOKOKM € perncTpu-
paH Ha MbpPBOTO MECTOMNOJIOXEHME

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.

RESULTS AND DISCUSSION

The microbiological analysis
of the water and waste water
samples is shown in Table 1. As it
show at table the higher number of
heterotrophic bacteria is registered
at third locality by 270 cfu/10 ml
water. While at second locality is
registered 169 cfu/10 ml water.

The first locality was less polluted
compared to second and third
locality.

The higher number of total
coliform bacteria is registered at
third locality, 115 cfu/10 ml water.
The low number, of total coliform
bacteria, is registered at first
locality 35 cfu/10 ml water. While
at second locality registered 67
cfu/10 ml water.

The higher number of
Streptococcus faecalis bacteria is
registered at third locality, 121
cfu/10 ml water. The low number of
Streptococcus faecalis bacteria is
registered in first locality (37 cfu/10
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(37 cfu/10 ml /Boga). [okato Ha
BTOPOTO MECTOMNOJIOKEHME ca pe-
ructpupann 78 cfu/10 ml Boaa.

Mo-BMCOK 6poit SS GakTepun
€ pernctpupaH Ha TpeToTo MecTo-
nonoxexue, 105 cfu/10 ml Bopa.
Manbk 6poii SS 6GakTepun e pe-
rMCTpUpaH Ha MbpPBOTO MECTOMO-
noxenve (34 cfu/l0 ml /Boga).
[lokaTto Ha BTOPOTO MeCTOMNoJIoXe-
Hue ca peructpupanun 57 cfu/10 mi
BOJaA.

Mo-ronsm 6poit rLbuukn e
perncTpupaH Ha TPeToTo MecTono-
noxenue, 19 cfu/10 ml Boga. Ma-
NTbK 6POI IbOMYKM € pernctpupaH
Ha MbPBOTO MecTononoxeHve (6
cfu/10 ml Boga). [lokaTto Ha BTOpO-
TO MECTOMNOJIOXEHNe ca perncrTpu-
paHu 9 cfu/10 ml Boga.

ml water). While at second locality
registered 78 cfu/10 ml water.

The higher number of SS
bacteria is registered at third
locality, 105 cfu/10 ml water. The
low number of SS bacteria is
registered at first locality (34 cfu/10
ml water). While at second locality
registered 57 cfu/10 ml water.

The higher number of fungi is
registered at third locality, 19
cfu/10 ml water. The low number of
fungi is registered at first locality (6
cfu/10 ml water). While at second
locality registered 9 cfu/l0 ml
water.

Tabnuuya 1. MMKpOOMOIOTMYHM pe3ynTaTu Ha BOoAUTE Ha peka KpuBapeka npes

NpoJiIeTHMA ce30H Ha 2009 .

Table 1. Microbiological results of waters of river “Krivareka” during spring

season 2009

MecTononoxeHus / Localities

Mpynu 6akTepun

MecTononoxenne MecTtononoxeHne MecTONONOXEHNE

Group of bacteria Locality Locality Locality
1 2 3

10 ml/water 10 ml/water 10 ml/water
XeTepoTpothHu 6akTepum 96 169 270
Heterotrophic bacteria
O6Lwm konudgopmun 35 67 115
Total coliform bacteria
Streptococcus faecalis 37 78 121
CasimoHena v nurena 34 57 105
Salmonela Shigella - SS
Me6mykm / Fungi 6 9 19

HacTtoawwuTe pesyntatn no-
Ka3BarT, ye Bogara Ha peka Kpusa-
peka e Mno-CU/IHO 3aMbpCeHO OT
gonyctumuTe crtaHgaptv Ha Opra-
HM3auMaTa no npexpaHa n semene-
nne FAO (1997). To3u no-ronam

These results show that the
waters of the river Krivareka is
higher polluted, than standards
according to FAO (1997) allows.
These higher number of bacteria is
found in very low amount of water
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6poit GakTepun e OTKPUT B MHOrO
Masiko Konmyectso Boga (10 ml).
MpenopbYyaHMAT CTaH4apT 3a BoAa-
Ta € No-Malko OT 2 KaTo Haii-
BepoATHO umcno (MPN/100ml (FAO,
1997).

Ha TpeToTOo MecTononoxe-
HMe, BUCOKMAT Opoii 06K KOoAu-
dopMmn mMoOxXe pga 6bAE nokasa-
TeJIeH 3a Ha/IMYNEeTO Ha MHOro op-
raHM4YHN CbenHEHNs BbB BoJarta.
ToBa MACTO € MHOro 67mM3ko 4o
rpaga, Kb4eTo kaHanute ce OTTu-
yar B pekara.

Peknte Ha uganarta nnaHeta
UrpasT BaXKHa PoJiA B XUBOTA Ha
BCUYKM XOpa NO CBeTa U BCUYKM
XVBM CcbliecTBa. BogHute pecyp-
C/ ca OT ro/fAMo 3HayeHue 3a
pas/IMyHyN AeliHOCTU, KaTo Hanpwu-
Mep nueHe Ha BoAa, HanosiBaHe,
aKBaky/1Typy U BOLHOE/IeKTpuyec-
KN UeHTpasiu. 3HayeHneTo Ha
BoauTe B KOCOBO B MOMEHTa ce
OCb3HaBa BbB Bpb3Kka C ynpasJie-
HMeTO Ha BOAWTE Mopaju eKcrnsio-
atauusa Ha U3TOYHULMTE C NpscHa
Boga. OCHOBHUTE hakTOpW, KOUTO
B/INAAT BbPXY MUKPOOMOSIOTMYHO-
TO KayeCTBO Ha MOBBbPXHOCTHUTE
BOAM ca OThnajHuUTe BOAM N OTTOKA
OT HepernameHTMpaHu cenuuia.
O6VKHOBEHO Cce M3non3sar UHOU-
KaTtopHW opraHu3mMn 3a pga ce
OLEHN MUKPOBMOJIOTMYHOTO Kayec-
TBO Ha MOBBPXHOCTHUTE BOAM, &
dekanHute konudopmMn ca Haii-
4ecTo M3MNon3BaHuAt GakTepuaneH
NHOMKaTop 3a hekasHO 3aMbpcs-
BaHe (FKOxHa Adpuka, 1998). Te
ca yCTaHOBEHM BbB BOAA, KOATO €
3aMbpceHa C (pekanHn oTnagbum

(10 ml water). Recommended
standard for water is less than 2
most probable number

(MPN/100ml (FAO, 1997).

At locality 3 the high total
coliform count may be indicative of
the presence of high organic
compounds in the water. Because
this place is very close to the city
where discharges from
channeling, to river.

The rivers of all planet play
an important role in the lives of all
people over the world and all living
things. Water resources are great
significance for various activities
such as drinking, irrigation,
aquaculture and power generation.

The importance of water in Kosovo

IS now recognized in water
resource management due to
exploitation  of fresh  water

resources. 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 (South Africa,
1998).

They are found in water that is
contaminated with faecal wastes
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OT YOBELIKM W >XUBOTUHCKM Mpo-
n3xopn. Hawwre pesynratu cbBna-
AaTt C Te3n Ha gpyru aBTopu, KO-
TO yCTaHOBSIBAT CXO4HW pe3ysiTa-
™. Cblinte pesynratu C ronam
6poin o6wm Konndopmn e Habnto-
AaBaH OT pas/iMyH1 aBTOpW B pas-
NINYHN BOoJoemMun B NHOMA B ce30-
HATE npeaM W cnefj  MycoHa
(Rajurkar et al., 2003; Radha
Krishnan et al., 2007).

N3BO4AN

Bb3 OCHOBa Ha nony4vyeHuTe
pes3yntatu, MOXe [Ja HanpabBum
3ak/oueHne, Yye BogUTE Ha peka
KpnBapeka ca 3aMmbpceHu. Pesyn-
TaTu nokassar, Ye 3aMbpCSABAHETO
OTYETEHO Ha wu3cfefBaHUTe Mec-
TONOJIOXEeHUA (Hail-Beye TPeToTo
MECTOMNOJIOXKEHNE) MOXe Aa O6bae
NPUMNMCAaHO OCHOBHO Ha rosiiMOTO
KO/IMYeCTBO HernpasBu/HO o06pabo-
TEHW rpajcky oTnagHn BoAM, KaTo
nosuLleHara cesicKocTonaHcka
OENHOCT B TO3M paiioH B nepuoga
Ha cbbupaHe Ha nNpobuTe BEpOAT-
HO [JonpuvHaca 3a OpraHU4yHOTO
3amMbpcsaBaHe. HanmuneTo Ha ca-

of human and animal origin. Our
results are in accordance with
other authors who found the
similar results. The same results of
the high number of total coliforms
were observed by different authors
in different water bodies in India
during pre-monsoon and post
monsoon seasons (Rajurkar et al.,
2003; Radha Krishnan et al.,
2007).

CONCLUSIONS

Based on obtained results we
can conclude that the waters of
river Krivareka is contaminated.

The obtained results show that the
pollution detected at the studied
sites (notably third locality) can be
mainly attributed to the high
amount of raw or not properly
treated urban wastewaters, while
increased agricultural activity in
this area during the sampling
periods probably contributed to the
organic pollution.

The presence of Salmonella and

MoHena u wwuirena, kakto u gpyru | Shigella, and other  enteric
EHTEePMYHN MUKPOOPraHu3Mm npe- | microrganisms call for serious
AN3BUNKBa CEPUO3HO 6E3MOKOICTBO. | concern.
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PE3IOME

3ambpcaBaHeTo Ha BoguTe e Bce-
obwa rpwka, M Hali-Beye Ha u3cnego-
BarenuTe. VI3XBbp/IAHETO Ha KaHanHuTe
BOAM B pekuTe, Hanara ga 6bae npose-
[eHo 6akTeoponorMyHo uscnepsaHe. Ms-
cnefBaHeTO e W3BbPLUEHO Mpe3 JIeTHUA
Cce30H Ha 2008 r.

Bb3 oOcHOBa Ha nocTurHaturte
pe3yntatym MpaBuM 3ak/IKOYEHUETO Ye:
Bopata Ha peka Xerpa e cuiHO 3aMbp-
CeHa OT 6akTepuu BbB BCUMYKM MECTOMO-
noxeHusi. OTHoCUTESIHO ronsim 6poii oT
BCUYKN MUKPOOPraHu3MuM e peructpupad
Ha BCUMYKM MeCTOMosIoXeHus. Bb3 ocHoBa
Ha KONUAOPMHUTE GakTepun cnopes
cuctemarta Ha TBMMAVHTL, BoJaTa Ha peka
Xerpa nonaga BbB BTOpPY Kiac 3aMbp-
csiBaHe.

KniouoBu Aymun: MUKPOOBUONOTNYEH,
BOAa, peka, XXerpa, nato, Kocoso

SUMMARY

River pollution is everyone's
concern, and researchers in especially.
Discharge of canalization in rivers, makes
it necessary their bacteriological research.
Investigation is done during summer
season, 2008. Samples for micro-
biological analyses are collected in three
localities along the river.

Based on obtained results led us to
conclude: The waters of river “Zhegra” it is
polluted by bacteria at all localities. It is
registered relatively higher number of all
microorganism, at all locality. On base of
coliform bacteria according to Tumpling
system the waters of “Zhegra” river
belongs at second class of pollution.

Key words: microbiological, water,
river, Zhegra, summer, Kosovo
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Be3onacHocTTa 1 KauecTBoTO
Ha nuTeliHaTa BoJa BUHaArM ca
BakHa rpwxa 3a o006LlecTBeHOTO
3apase (Hrudey and Hrudey, 2007;
Reynolds et al., 2008). KauectsoTo
Ha npscHaTta Bofa Moxe fa 6bae
MOBJ/IUSIHO YOBELUKa W/ XXUBOTUH-
cKa AEeWHOCT KaKTo BbB BOAHMSA Ga-
CeliH, Taka 1 B Herosusi Bogegern.

YecTto 3amMbpcsBaHeTO Ha
BoJara e CBbp3aHo C npejaBaHe-
TO Ha 60/1ecTn, KOUTO NPUYNHABAT
6akTepuu, Vibrio, Salmonella, 6ak-
TepyasiHa U napasuTHa [AOn3eHTe-
pus, U OCTPO 3apasHa Auapus,
KoATO npuumnHaga E. coli (Fobes et
al., 2002). /lowaTta KaHanm3aumsa u
XPaHUTeSIHM  U3TOYHMLM npenus-
BMKBAT €HTEPUYHN naroreHun. Mu-
TeilHaTa BOJa € OCHOBEH M3TOYHU
Ha MWKPOOMONOTMYHN NaToreHu u
ce cuMTa 3a efuMH OT OCHOBHUTE
NMPUYMHKL 3a MOBULLEHA CMbPTHOCT
Ha fJeuata B pasBuBaliute ce
ctpaHn (Kondakal-Olukemi et al.,
2009).

BakTeoposIorMyHOTO KayecT-
BO Ha BoZara 0OMKHOBEHO ce oLe-
HsiBa 4pe3 HabngaBaHe Ha HUBA-
Ta Ha obwwu Konudopmn 1 doekasn-
H1 Konmdoopmu. C. perfringens ce
npegnara kato a/itfepHaTMBeH 6ak-
TepuasieH nokasartes Ha hekasiHO
3amMbpcsiBaHe, Tbil Kato ce CBbp-
3Ba C 4YOBELUKM OTMNagHu NPOAyKTU
(Bezirtzoglou et al.,, 1997). C.
perfringens, 1 Hali-Beye TexHuUTe
Cnopu, KOWUTO ca Mo-ToJIepaHTHU
KbM pas/IniyHN (PU3NKOXMMUYECKM
napameTpu,  OTKOJIKOTO  ApYru

INTRODUCTION

Safety and quality of drinking
water are always an important
public health concern (Hrudey and
Hrudey, 2007; Reynolds et al.,
2008). The raw water quality can
be affected by human or animal
activity either within that body of
water or within its watershed.

Contamination of water has
been frequently found associated

with  transmission of diseases
causing bacteria, Vibrio,
Salmonella, bacterial and parasitic
dysentery, and acute infection

diarrhea causing E. coli (Fobes et
al., 2002). Poor sanitation and food
sources are integral to enteric
pathogen exposure. Drinking water
is a major source of microbial
pathogen and considered to be
one of the main reasons for
increased mortality rates among
children in developing countries
(Kondakal-Olukemi et al., 2009).

The bacteriological quality of
water has traditionally been
assessed by monitoring the levels
of total coliforms (TC) and fecal
coliforns (FC). C. perfringens has
been suggested as an alternative
bacterial indicator of fecal pollution
because it is  consistently
associated with human wastes
(Bezirtzoglou et al., 1997). C.
perfringens, and especially its
spores, which are more tolerant to
various physicochemical

parameters than other fecal
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dhekasiH MHAMKATOPHN GakTepuu,
mMoraT fa cryxaT KaTo noJsieseH
NHOMKATOP B €KOCUCTEMW, TMpu
KOUTO MMa CTpecoBu akTtopu
(Bezirtzoglou et al, 1994,
Bezirtzoglou et al., 1996). OT gpy-
ra ctpaHa, npegnosara ce 4ye 6po-
AT Ha XeTepoTpodpHUTE aepobHu
6akTepun B €KOCUCTEMU C MpsiCHA
BOZa € MPsKO MpOMoLMOoHasIeH Ha
cTeneHTa Ha OpraHNM4yHOTO 3amMbp-
csaBaHe (Hiraishi et al., 1984).

MATEPUAN N METOAOMW

Mpobute 3a aHa/M3a ca
cbOpaHu B ABYNUTPOBU CTEPWUSIHU
NOSIMBUHUA  XJTIOPUAHN (PVC)
nnactmacosu 6yTunkm ot Tpu (3)
onpegeneHn nyHkKTa 3a npooéu no
nopeuneTo Ha peka XXerpa npes
NeTHUA ce30H Ha 2008 T.

BogHute npobu ca cbbpaHu
3a (PU3MKO-XUMUYEH U MUKPOOBUO-
noruyeH aHanms. Llenta Ha B3uma-
HEeTO Ha Npobu e pa ce cbvbepe
maTtepvasl C [OCTaTbyHO MasTbK
o6em 3a ga 6bOe TpaHcnopTMpaH
y[ooHO [0 1 B labopaTtopus, KaTto
BbNPeKN ToBa TOYHO NpeacTaBs-
Ba mMarepuana, oT KOMTO e B3eTa
npo6a. MeToabT 3a 3anasBaHe
Npu CbXpaHeHVe e 3aMpassiBaHe.

BogHute npobu ca aHanvsu-
paHn 3a (PU3NKO-XMMUYHOTO CU U
MUKPOOUONOMMYHO KavyecTBo, a Xu-
MUYeckuTe xapakrepuctukm (TDS,
nposBogumMmocT, pH, coneHoct) ca
onpefenieHn ¢ gurntasiHa anapa-
Typa HAHC.

BakTeoposiornyeH aHanm3

Mpu n3onupaHeto Ha bGakTe-
pyM ca W3MNOoN3BaHN XpaHUTeNeH

indicator bacteria, could serve as a

useful indicator in ecosystems
suffering from stress factors
(Bezirtzoglou et al., 1994;

Bezirtzoglou et al., 1996). On the
other hand, it has been suggested
that the number of heterotrophic
aerobic bacteria in freshwater
ecosystems is directly proportional
to the degree of organic pollution
(Hiraishi et al., 1984).

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 summer season in
2008.

The water samples were
collected for both physiochemical
and microbiological analysis. The
objective of the sampling was to
collect a portion of material small
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
analyzed for physiochemical and
microbiological quality and
chemical characteristic  (TDS,
conductivity, pH, salinity) were
determined by digital aparature
HACH.

Bacteriological Analysis

In the bacteria isolation,
nutrient agar for heterotrophic
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arap 3a XeTepoTpooHN GakTepuwu,
X/TbYHO-ECKY/IMHOB arap 3a
Streptococcus faecalis, BM0N1eTOBO
yepBeH arap 3a o6wwm konudop-
MHU 6akTepuu, SS arap 3a casiMo-
Hena v wwurena, cabypo arap 3a
rbou. Becska cpefa e noaroteeHa u
cTepunmnsMpaHa Kakto € noco4YeHo
OT NPOV3BOAMUTENS.

PE3YNITATU N OBCBXOAHE

BakreoposiornyHute  pesys-
TaTtu MosydYeHn OT u3cnefBaHeTo
OCbLLECTBEHO Mpe3 JIeTHUA Ce30H
Ha BoguTe Ha peka XKerpa ca
nokasaHu B Tabnumua 1. Kakto no-
coyBa Tabsmuara, no-BUCoOK 6Gpoi
XeTepoTpohHN GakTepun e peruc-
TpUpaH Ha TPeToTO MEecTOMnosioxe-
Hne ¢ 457 cfu/l0 ml Boga. [ljokato
Ha BTOPOTO MECTOMNOJIOXEHNe ca
pernctpupann 276 cfu/10 ml Boga.
Ha nbpBOTO MECTONOJIOXKEHNE ca
onpegenenun 163 cfu/10 ml Boga.

Mo-BMCOK Opoi 06N KOMK-
dopmun e peructpmpaH Ha TPeToTo
mecTtonosioxeHve, 154 cfu/10 ml
Boga. Manbk Opoii o6Wwu Konu-
dhopmu e peructpmpaH Ha NbPBOTO
mMecTtornosioxeHve ¢ 76 cfu/10 ml
Boga. flokaTo Ha BTOPOTO MECTO-
NnoJIoXXeHne ca pernctpupanm 112
cfu/10 ml Boga.

Mo-ronam  Gpoli  hekanHu
CTPENTOKOKN Ca PEerucTpvpaHn Cb-
WO Ha TPeToTO MEeCTOMOMOXKEHNE,
161 cfu/10 ml/Boga. Manbk 6pon
dhekanHn CTPENnTOKOKMN € perncTpu-
paH Ha MbpPBOTO MECTOMOJIOXKEHNE
(128 cfu/10 ml /Boga). [okaTo Ha
BTOPOTO MECTOMOJ/IOXKEHNE ca pernc-
TpupaHu 85 cfu/10 ml Boga.

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.

RESULTS AND DISCUSSION

Bacteriological results
obtained from investigation
realized during summer season of
the water of river Zhegra are
shown in Table 1. As it show at
table the higher number of
heterotrophic bacteria is registered
at third locality by 457 cfu/10 ml
water. While at second locality
registered 276 cfu/10 ml water. At
first locality determined 163 cfu/10
ml water.

As regards to the total
coliform  bacteria the higher
number is registered at third

locality, 154 cfu/10 ml water. The
low number, of total coliform
bacteria, is registered at first
locality 76 cfu/10 ml water. While
at second locality is registered 112
cfu/10 ml water.

The higher number of
Streptococcus faecalis bacteria is
registered also at third locality, 161
cfu/10 ml/water. The low number of
Streptococcus faecalis bacteria is
registered at first locality (128
cfu/10 ml water). While at second
locality registered 85 cfu/10 ml
water.
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Mo-BMCOK 6poit SS BGakTepun
e pernctpupaH Ha TPeToTo MecTo-
nonoxeHve, 105 cfu/10 ml BoAa.
Manbk 6poit SS 6Gaktepun e pe-
rMCTpUpaH Ha MbpBOTO MECTOMO-
noxexnuve (34 cfu /10 ml Boga). fo-
KaTo Ha BTOPOTO MECTOMOJSIOXEHMEe
ca perucTtpupanu 57 cfu/10 ml Boga.

Mo-ronsm 6poit rebuukn e
perncTpupaH Ha TPeToTo MecTono-
noxexuve, 19 cfu/10 ml Boga. Ma-
NTbK 6POI IbOMYKM € pernctpupanH
Ha MbPBOTO MecTononoxeHve (6
cfu/10 ml Boga). [lokaTto Ha BTOpO-
TO MECTOMNOJIOXEHNe ca perncrTpu-
paHu 9 cfu/10 ml Boga.

BucokunaTt obuy, 6poii Ha xeTe-
pPOTPOhHN GakTepun e nokasare-
NIeH 3a Ha/IMYNEeTO Ha BUCOKO Cb-
AbpXaHve Ha OopraHu4yHn n pas-
TBOpUMKN conn BbLB BopaTta. Oc-
HOBHUTE W3TOYHUUM HA Te3n Oak-
TepuM BbB Bogarta ca OT XWUBO-
TUMHCKM 1 YOBELLUKMN oTnagbuun. Tesn
M3TOYHUUM Ha OGakTepuasiHO 3a-
MbpcABaHe BK/IOYBAT MNOBBPX-
HOCTHN AbXA0BHU BOAM, MaCULLHM
n gpyrn obnactu 3ems, KbaeTo ce
Tpynart XMBOTMHCKM oTnagbuun. [o-
Mb/IHATE/THA U3TOYHULM BKIHOYBAT
NMPOCMyKBaHe UM 0CBOOOXAaBaHe
OT CEeNTUYHU AMU, CbOPBXEHNS 3a

oTnagHn BOAM W  eCTeCTBEHU
noyseHu/pacTuTesiHn b6akTepumn
(EPA, 2002).

CbOTBETHO, O0OLWMAT 6poli

Konmncpopmun 3a BCUYKM NpPodu e no-
BMCOK B CpaBHEHWE C Makcumar-
HOTO HMBO Ha 3ambpcsaBaHe (MCL)
Ha AreHuuaTa no 3awura Ha OKOJI-
HaTa cpega (EPA) 3a konndpopmHm
bGakTepun B nuTeliHaTa BOAa,

The higher number of SS
bacteria is registered at third
locality, 105 cfu/10 ml water. The
low number of SS bacteria is
registered in first locality (34 cfu/10
ml water). While at second locality
is registered 57 cfu/10 ml water.

The higher number of fungi is
registered at third locality, 19
cfu/10 ml water. The low number of
fungi is registered at first locality (6
cfu/10 ml/water). While at second
locality is registered 9 cfu/10 mi
water.

The high total heterotrophic
count is indicative of the presence
of high organic and dissolved salts
in the water.

The primary sources of these
bacteria in water are animal and
human wastes. These sources of
bacterial contamination include
surface runoff, pasture, and other
land areas where animal wastes
are deposited.

Additional sources include
seepage or discharge from septic
tanks, sewage treatment facilities

and natural soil/plant bacteria
(EPA, 2002).

Accordingly, the total coliform
count for all samples were
exceedingly high the EPA
maximum  contamination level
(MCL) for coliform bacteria in

drinking water of zero total coliform
per 100ml of water (EPA, 2003).
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KOWUTO € HWKakBu 06LM Konmdop-
Mu B 100ml Boga (EPA, 2003).
Bucokmat 6poii konmdopmmn nony-
yeH OT npobuTe MOXe Aa e noka-
3aTesl, Ye BOJHUTE pecypcu ca
dhekanHo 3ambpceHn (EPA, 2003;
Osuinde and Enuezie, 1999). Huto
efHa OT BOAHWUTE nNpPo6U He
CbOTBETCTBA Ha CTaHgapTuTe Ha
EPA 3a konudopmn BbLB BogaTta.
Cnopep ctaHgapta Ha EPA, Bcska
BOAHa npoba, KOATO uMMa Kosu-
dopmn, Tpsbea ga 6bae aHanu-
3MpaHa 3a doekasiH1 Konndpopmu
nnun 3a E. coli (EPA, 2003), c uen
[a ce yCcTaHOBM 3aMbpcsBaHe C
YOBELUKM UIN XXMBOTUHCKN OTNagb-
LN, U eBEeHTyasIHO naToreHHu Gak-
Tepum WAn opraHu3Mn, Kato Ha-
npumep Gardia un Cryptosporidium
(EPA, 2003).

The high coliform count obtained in
the samples may be an indication
that the water sources are faecally

contaminated (EPA, 2003;
Osuinde and Enuezie, 1999).
None of the water samples

complies with EPA standard for
coliform in water.

According to EPA standard, every
water sample that has coliform
must be analyzed for either fecal
coliforms or E. coli (EPA, 2003)
with  a view to ascertaining
contamination with human or
animal waste and possibly
pathogenic bacteria or organism,
such as Gardia and
Cryptosporidium may be present
(EPA, 2003).

Tabnunua 1. MumkpobuosiormyHu pesyntaTtv Ha BoguTe Ha peka XXerpa npes

neTHmna ce3oH Ha 2008r.

Table 1. Microbiological results of waters of river “Zhegra” during summer

season 2008

MecTtononoxenus/Localities

Mpynu 6akTepun

MecTononoxeHne MecTononoxeHne MecCTOMNOMIOXeHMEe

Group of bacteria Locality Locality Locality
1 2 3
10 ml/water 10 ml/water 10 ml/water

XeTepeTpohHu 6akTepum 163 276 457
Heterotrophic bacteria

O6Lwm Konudgopmun 76 112 154
Total coliform bacteria

Streptococcus faecalis 85 128 161
Salmonela Shigella- SS 43 97 159
Mb6mykm / Fungi 13 29 43

HacTtosawmnTte pesynratn no-
KasBaT, Ye Bojarta Ha peka >Xerpa
€ Mo-CM/IHO 3aMbpCeHO OT Aomnyc-
TMMUTEe ctaHgapty Ha OpraHu3a-
umaTa no npexpaHa v 3emepenuve
FAO (1997). To3n no-ronsim 6poi

From these results show that
the waters of the river Zhegra is
higher polluted, than standards
according to FAO (1997) allows.

This higher number of bacteria is
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6akTepun e OTKPUT B MHOIO MaJsiko
konuyectso Boga (10 ml). Mpeno-
PBbUUTENHUAT CTaHAAPT 3a BoAarta
e Mno-maJIko OT 2 KaTo Hali-Be-
poATHO uucno (MPN/100ml (FAO,
1997).

Bucokunat 6poii Ha
Salmonella, Shigella spp u Vibrio
cholerae B npo6ute oT notounTe u
pekMTe He CbOTBETCTBA Ha CTaH-
paptute Ha EPA 3a Bopgata 3a
Bb3CTAHOBUTENIHN HYXAWN, KOWUTO
rnocoysar 4ye Te3n NaToreHHW op-
raHMsmMm He TpsbBa fa nNpuUcChC-
TBaT BbB BOjaTa, NOHeXe Te ca
BaXHW 3a 00LeCTBEHOTO 34pase,
Tbi KaTo ca CBbP3aHU C racTpo-
WHTECTUHA/IHN  MHpeKumn: aua-
pusa, OouseHTepusa, T U Apyru
nHekuun (EPA, 2003).

Mpenopbkute Ha CBeTOoBHaTa
3gpaBHa  opraHusauua  (WHO)
coyaT, ye pekanHUTE KoM opmmn
He TpsbBa fga CcblecTByBaT BbB
BOAHM npo6u ot 100 ml (WHO,
2004 a, b).

n3BOAN

Bb3 ocHoBa Ha nonyyeHute
pe3yntatn, MOXe [a HanpasuMm
3akK/loyeHve, 4ye BOAMTE Ha peka
>Kerpa ca CU/IHO 3aMbPCEHMN.

BpoAaTt Ha obwwnte Konumdop-
MU B TPUTE MECTOMOJ/IOXEHUA Npes
NETHNA CE30H € NnoBeYye OT Mexay-
HapogHuUTe OO0NyCTMMU HMBa Mnpe-
nopsv4yaHu ot WHO.

[MpucbCTBMETO Ha Cca/IMOHe-
na v wurena, Kakto u Apyrn eHre-
PUYHU MUKPOOPraHu3Mu npeams-
BMKBa CEPUO3HO 6E3MOKONCTBO.

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).

The  high  number  of
Salmonella, Shigella spp and
Vibrio cholerae in stream and river
samples is not in agreement with
EPA water standard for
recreational use which states that
these pathogenic organism must
not be present in water, because
they are of public health
significance, having been
associated with gastrointestinal
infections: diarrhoea, dysentery,
typhoid fever and other form of
infection (EPA, 2003).

WHO drinking water quality
guidelines recommend that fecal
coliform must not exist in 100 ml of
water sample (WHO, 2004 a, b).

CONCLUSIONS

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

Total coliform counts at the
three stations during summer
seasons were more than the
international permissible levels
recommended by WHO.

The presence of Salmonella
and Shigella, and other enteric
microrganisms call for serious
concern.
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