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PE3OME

MpoyyBaHeTo ce dhokycupa BbpXy
emkacHocTTa Ha 22% cnupoTeTpamar-
Tnaknonpug SC 3a KOHTPO/ Ha THOTHOHe-
Barta 6enokpuska (B. tabaci) npu opaHxe-
puiHn pgomaTtn. TecToBeTe 3a edimkac-
HOCT Ha nosieTo Ha 22% cnupoteTpamar-
Tnaknonpug SC wn  pgpyrn nectmungm
cpely B. tabaci ca nposegeHn no metoga
Ha gpo6HMTe napuenu. Pe3yntarbT nokas-
Ba, ye 22% cnvpoTteTpamaT Tuakionpug
SC uMa OoT/M4YeH KOHTponupaly, edhekT
Bbpxy B. tabaci. - 59.4% (npun Bb3pacT-
Hute) n 80.3% (npu Humdnte), 21 AeH
cnep npbckaHeTo. Upes nosesu ekcnepu-
MEHT € YCTaHOBEHO, Ye 22% cnupoTeTpamart-
Tnaknonpug SC uma A06bp KOHTPOAU-
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SUMMARY

The study was focused on control
efficacy of 22% Spirotetramat-thiacloprid
SC against B. tabaci in greenhouse
tomato. The field efficacy trials of 22%
Spirotetramat-thiacloprid SC and other
pesticides against B. tabaci was carried
by the method of plot experiment.

The result showed that 22%
Spirotetramat-thiacloprid SC had an
excellent control effect against B. tabaci.
The control effects were 59.4% (on
adults) and 80.3% (on nymph) at 21% day
after spraying. 22%  Spirotetramat-
thiacloprid SC had good control effect and
persistence to B. tabaci through field
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pall edekT, NpoAb/HKUTENHO AeincTene
Bbpxy B. tabaci n HaAma cTpaHuUyHM
edekTV BbpXy pactexa Ha gomarture.

Knwo4vosu gymu: 22% cnupoTetpamar-
Thaknonpug  SC; Bemisia  tabaci;
KOHTPOsIeH edhekT

YBO/[,

TioTioHEBaTa 6enokpusika (Bemisia
tabaci) npuHagnexm kbm paspeg Hemiptera:
Aleyrodidae Bemisia u e wWKMpoko
pasnpoctpaHeHa B 90 CTpaHu U PernoHu,
C u3KYeHne Ha AHTapkTuka (McKenzie
et al., 2009; Yin-quan LIU et al., 2012).
Cnopef, Henb/iHaTa ctaTucTuka, buotuna
B Ha B. tabaci ce pasnpocTtpaHsiBa B 26
NPOBWHLMN W PErMoHn Ha Kwutai kato
AHxyei, MekuH, ®PymxmnaH, MNyaHayH, MyaH-
cn, HOHaH, Tyeligxoy, XaliHaH, LUaHgoHr,
Xbben, XbHaH, Xyb6eli, XyHaH, [3sHcy,
[3sHcn, Wanxai, XelsHr, TaliBaH, OTKaKTo
e HaBNA3bLA B kpas Ha 90" roamHn (Hu J
et al., 2011). buotunsuT Q Ha B. tabaci e
OTKPUT B 25 MNPOBUHUMW WU PErnoHu B
Kutaii, oTkakTo e yctaHoBeH npe3 2003r.
W pBata 6uoTuna ce cpewiat egHoBpe-
MEHHO B MHOrO pernoHw. TioTOHeBaTa
6enokpunka He camo Bpeau Ha 3efeHuy-
uuTe, HO M npegasa BUPYC, KOWTO npu-
yrMHABa No-cepuosHn yepexaaHusa. Cboob-
waea ce, 4ye B. tabaci moxe ga npepasa
noseye ot 200 Bwupyca, BK/IHYUTESIHO
Geminivirus (JIU Min et al., 2006).
MpoyyBaHMATa NokasBar, Ye orHuLaTa Ha
MHOIO HOBW BMpycM Morat pa o6baar
CBbp3aHu c nossara Ha B. tabaci (Rybicki
et al.,, 1999). XMMWYHUSAT KOHTPON Ha
TIOTIOHEBaTa 6enokpuska Bce olle 3aema
BaXHO MSICTO B WHTerpuvpaHata 6opba c
BpeauTenuTe no pacTeHusaATa B pamkute
Ha onpepeneH nepuoj OT  BpPeEMeE.
UecToTo npuiaraHe Ha  XUMUYECKU
WHCEKTULMAMN BOAN A0 YCTOMYMBOCT KbM
pasnuuHuTe nectuuman. docera B. tabaci
nposiBABa  pas/IMYHN  CTeneHu  Ha
YCTOMUYMBOCT Ha XUMUYECKN UHCEKTULMAMN,
BK/TIOUMTENHO opraHodocdiopHU, nmpeT-
pouaun, kKap6amaTu, HEOHWKOTUHOMAWU W
perynatopy Ha pacrtexa Ha Hacekomute
(Nauen et al., 2005; Roditakis et al., 2009;

experiment and had no side-effects on
tomato growth.

Key words: 22% Spirotetramat-
thiacloprid SC; Bemisia tabaci; Control
effect

INTRODUCTION

Bemisia  tabaci belongs to
Hemiptera: Aleyrodidae Bemisia, and is
widespread throughout 90 nations and
regions except Antarctica (McKenzie et
al., 2009; Yin-quan LIU et al., 2012).

According to incomplete statistics, the B
biotype of B. tabaci distributed throughout
26 provinces and regions such as Anhui,
Beijing, Fujian, Guangdong, Guangxi,
Yunnan, Guizhou, Hainan, Shandong,
Hebei, Henan, Hubei, Hunan, Jiangsu,
Jiangxi, Shanghai, Zhejiang, Taiwan in
China since it invaded in the late 1990s
(Hu J et al., 2011). The Q biotype of B.
tabaci has been found throughout 25
provinces and regions in China since it
invaded in 2003. Both biotype occur
simultaneously in many regions. B. tabaci
not only harm vegetables, but also
transmit virus, which causes more serious
damage. It is reported that B. tabaci can
transmit more than 200 viruses, including
Geminivirus (JIU Min et al., 2006).

Studies have shown that the outbreaks of
many new viruses may be relative to the
occurrence of B. tabaci (Rybicki et al.,
1999). Chemical control of B. tabaci still
occupies an important position within a
certain period of time among B. tabaci's
IPM.

Frequent  application of  chemical
insecticides leads to resistance to
different pesticides. By now, B. tabaci
demonstrates  varying  degrees  of
resistance to chemical pesticide including
organophosophorus, pyrethtoids,
carbamates, neonicotinoids, and insect
growth regulators (Nauen et al., 2005;
Roditakis et al., 2009; Wang Zhen-yu et
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Wang Zhen-yu et al., 2010).

22% cnupoTteTpamaT-Trnaknonpug,
SC e HOB TuN nectTuyua, KoWTo e nonyns-
pusnpaH oT komnaHusATa Bayer B Kutai
oT 2015r. EdhekTMBHaTa My CbCTaBHa
yacT e cnupoTeTpamaTr W Tuakaonpua..
CnupoTeTpamarbT MOXe ga nNpUYUHK
OTpaBsiHE U CMBPT 4pe3 MHXMbupaHe Ha
ainugHna cuHTes. Tol uma cuiHa aBy-
rnocoyHa npoBOAMMOCT U abcopbupae-
MOCT, MOX€ [a Ce ABWXMN Harope u Hago-
iy B UANOTO pacTeHMe U MMa NpoAab/i-
XUTETHO AeNcTBME, MOXe eeKTUBHO Aa
KOHTPO/IMpa pas/iMyHu CMy4veln Bpeau-
TeNN, KaTo JIMCTHU BbLUKW, TpUNC v Ap.
(WANG Da et al., 2010), SHI Wen-juan et
al., 2010). B Kutait cnmpoTteTtpamart CK e
peructpypaH 3a nbpeu nNbT npes3 2010r.
3a 6opba c B. tabaci npn gomatute u 3a
KOHTPO/1 Ha peavua HacekoMu Mo LMTpy-
coBuTe pacteHus (XIE Wen et al., 2011).
Twaknonpug € HOB TWUM MHCeKTMuug, oT
XNIOPOHUKOTVH. TOI AelicTBa rnaBHO Bbp-
Xy 3afiHaTa MembpaHa Ha HepBHUSA Bb3es
Ha HacekomuTe, Mpeyn Ha HopmasHaTa
NPOBOAVMMOCT Ha HepBHaTa cucTema Ha
HacekoMuTe ypes CBbp3BaHe C HUKOTUHO-
BUSA aLeTWUIXO/IMHOB peuenTop, NpuynHA-
Ba 3anyllBaHe Ha HepBHUS NpPoxon u
HaTpynBaHETO Ha aueTUXOMUH, KaTo Mo
TO3Y Ha4YvH NPUYUHSBA HEOOUYANHO Bb3-
Oy)XJaHe Ha HacekoMOTO U ymupaHe OoT
cnasbM 1 napanmsa. Toii nma cunHa ab-
Ccopbuus, KOHTaKTHa M CTOMalLHa TOKCUY-
HocT. CMecMM e C peguua KOHBEHLMO-
Ha/IHW UWHCEKTULMAWM KaTo nNUpeTpounau,
opraHocochopHM cbeanHeHus 1 kapba-
MaTW, KaTo No TO3WM HaynH MOXe fa ce
13Mon3Ba 3a KOHTPOJ/1 Ha PEe3NCTEHTHOCT-
Ta. W pgBata mHcekTuumpa ca 6esonacHu
3a nonesHuTe BWAOBE, 3a OKosHaTa
cpefa U ca MOAXOAAWM 3a WHTerpvpaH
KOHTpos Ha BpepuTenute (ZHAN Kai et
al., 2013). 3a ga ce u3fAcHU epmkacHoOCT-
Ta Ha KOHTpo/sa, ObpP304eNCcTBaLLOTO
CBOWCTBO, MPOABL/MKUTETHOCTTA Ha [Aeli-
CTBMETO W B/IMSIHMETO BbPXY AoMaruTe,
6s1xa NpoBeeHN TECTOBE Ha NOJIETO BbP-
Xy Bb3pacTHW M HUMGKU Ha Genokpuska
(B. tabaci) npn nponsBoaCcTBOTO Ha gOMaTW.

al., 2010).

22% Spirotetramat-thiacloprid SC is
a new type pesticide which has been
promoted by Bayer company in China
since 2015. lIts effective constituent is
Spirotetramat and Thiacloprid.
Spirotetramat can cause poisoning and
death by inhibiting lipid synthesis. It has
strong bidirectional conduction and
inabsorbability, can move up and down in
the whole plant and has long efficacy
duration, it can effectively control various
sucking pests, such as aphid, thrip
whitefly, and etc. (WANG Da et al., 2010;
SHI Wen-juan et al., 2010). In China,
Spirotetramat suspension Concentrate
was first registered in 2010, to control B.
tabaci on tomatoes, and to control scale
insects on citrus (XIE Wen et al., 2011).

Thiacloprid is a new type of chloronicotine
insecticide. It mainly acts on the posterior
membrane of insect nerve junction,
interferes with the normal conduction of
insect nervous system by binding with
nicotinic acetylcholine receptor, causes
the obstruction of nerve passage and the
accumulation of acetylcholine, thus
causing the insect to be excited
abnormally and die of spasm and
paralysis.

It has strong inabsorbability, contact
toxicity and gastric toxicity. It has no

cross-resistance with conventional
insecticides such as  pyrethroids,
organophosphorus  compounds  and
carbamates, thus can be wused for

resistance control. Both insecticides are
safe to natural enemies, compatible with
plants, safe to the environment and
suitable for integrated pest control (ZHAN
Kai et al., 2013). In order to make clear its
control efficacy, quick-acting property,
efficacy duration and safety to tomato,
field efficacy tests were carried out on
adults and nymphs of B. tabaci on tomato
to provide reference for the control of B.
tabaci on tomato production.

187



MATEPVAT N METOON

22% cnupoTeTpamaT-Trnaknonpug,
CyCrneH3WoHeH KoHueHTpar; 22,4% cyc-
MEeH3NOHEeH KOHLUEeHTpaT Ha ChupoTeT-
pamaT (npoayktn Ha Bayer); 50% Bopo-
pasTBOpPMMM rpaHynu Ccbe cyndocdanop
(npoayktn Dow AgroSciences); 10% auc-
neprupyemMo macneHa CycneHsus Ha
umaHTpanununpon (npogyktn Dupont); 20%
AvHoTeddypaH pa3TBOPMMK rpaHynu (npo-
Ayktn Ha Mitsui Chemicals); 10% 6udeH-
TpuH EK (MecTHO usnonssaHu npoayKkTu).

B npoyuyBaHeTO e n3nonssaH copra
pomatn ‘Zidali' (Solanum lycopersicum),
3acafeH Ha pasctosiHue 45 cm u pas-
cTosHne mexnay peposete 70 cm. Ekcne-
PUMEHTBLT € MpoBefeH B 3e/IeHYyKoBa
oparxepus (500 m?) Ha AkagemusTa 3a
CEeJICKOCTONAaHCKN Hayku B SAHTai, npo-
BUHUMA LLaHaoHr, B neproda ot 5 mai ao
3 toHM 2016r. [louyBaTa € r[/MHeCTa,
noKpuTa C nosveTuneHoBo gponuno EVA.
MpunaraH e npeavMHO 6uo-OpraHnyeH
TOp W BOAOPA3TBOPMMM TOpPOBE Ha
komnaHuAT Boli & fung.

Jomatute ca 3acatu Ha 21 aHyapwu
2016r. n ca 3acageHu Ha 5 mapt 2016r.
rbctota 42000 pacteHus/ha. MNMpoBegeHo
€  KOHBEHUMOHaUTHO  MPOW3BOACTBOTO.
EkcnepvmeHTTEe ca nposegeHu c 8
TpetnpaHna — c¢ 22% cnupoTteTpamar-
Tnaknonpug CK 450 mi/ha n 600 ml/ha, ¢
22,4% cnupoTteTpamaT CK 450ml/ha, ¢
50% cyndocchanop Bogoancneprupyemm
rpaHynu 225 g/ha, 10% umaHTpaHUNu-
npos gucneprupalla ce MacsieHa CycreH-
3usa 360 ml/ha, ¢ 20% avHoTedypaH pas-
TBOpUMA rpaHyna 450 g/ha, 10% 6udeH-
TpuH EC 1500 ml/ha n koHTpona ¢ Boga
(C). Bcsiko TpeTupaHe e U3BBLPLLUEHO Tpu
NbTU. EKCNEpVMEHTHLT e npoekTupaH u
peasnM3npaH no MetToga Ha paHgomusnpa-
HUTe yyactbum, ¢ 30 m?® Bceku OT TSIX.

MbPBOTO NECTULMAHO TpeTupaHe e
M3BbPLWIEHO Ha 5 malk 2016r., kaTo e
NPbCKAHO PaBHOMEPHO BbLPXY pacTeHus-
Ta ¢ obem 675 L/ha. W3nonssaHa e
efniektpuyecka npbckayka 3WBD-20 c
kanauuteT 20 L 1 gBoiiHa Aato3a. o eaHo
M CblWO BpeMe ca npunoxedn 3

MATERIAL AND METHODS

22% Spirotetramat-thiacloprid
Suspension Concentrate; 22.4%
Spirotetramat Suspension Concentrate
(Bayer productl 50% Sulfoxaflor Water
Dispersible Granules (Dow AgroSciences
products;10% Cyantraniliprole Dispersible
Oil Suspension (Dupont products; 20%
Dinotefuran  Soluble Granule (Mitsui
Chemicals products)l 10% Bifenthrin EC
(Commonly used products locally)

The tomato (Solanum lycopersicum)
cultivar ‘Zidali’ bred by was used in the
study, planted with a spacing of 45cm and
a row spacing of 70 cm. The experiment
was carried out in a vegetable
greenhouse (500m?®) of Yantai Academy
of Agricultural Sciences, Shandong
Province, from May 5, 2016 to June 3,
2016. The soil was loam, covered with
EVA plastic film, and mainly applied bio-
organic fertilizer and irrigation fertilizer
from0 0 00 Boli &fung company.

The tomatoes were sown in
January 21, 2016 and planted in March 5,
2016 with a density of 42000 plants/ha.
Using conventional production
management, the growth of tomatoes was
basically the same. Experiments were
carried out with 8 treatments of 22%
Spirotetramat-thiacloprid Suspension
Concentrate 450 ml/ha and 600 ml/ha,
22.4% Spirotetramat Suspension
Concentrate 450 ml/ha, 50% Sulfoxaflor
Water Dispersible Granules 225 g/ha,
10% Cyantraniliprole Dispersible QOil
Suspension 360 mi/ha, 20% Dinotefuran
Soluble Granule 450 g/ha, 10% Bifenthrin
EC 1500 ml/ha and water blank control
(C). Each treatment repeated three times.
The experiment was designed and
imzplemented by randomized plot with 30
m* of each plot.

Pesticide was first applied on May
5, 2016, sprayed evenly on the plants with
the volume of 675 L/ha. The sprayer used
is 3WBD-20 type knapsack electric
sprayer with sprayer capacity of 20 L and
double nozzle. 3 repetitions of each
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NMOBTOPEHNSA OT BCAKO TpeTupaHe. Cpeg-
Hata Temneparypa W OTHOCUTenHaTa
BNIXKHOCT B OpaHXepusta ca CbOTBETHO
20,5°C 1 61%. o BpemMe Ha eKkcnepumeH -
TanHMa nepuog (6 mMail go 3 tOHW)
cpefHarta Temneparypa U oTHocuUTesHaTa
BNIXXHOCT B OpaHXepusAta ca CbOTBETHO
23,8°C 1 56%.

Monynaumsata Ha  HacekomuTe
6elle oTueTeHa 6 NbTN — Npeamn TpeTupa-
HeTo, 1 aeH, 3 gHu, 7 aHn, 14 gHn, 21 gHn
n 28 oHu cnepg TpeTupaHeTo. Viscnegsax-
Me feceT v3bpaHM gomaTeHu pacTteHust
OT cpejarta Ha BCeku y4acTbK 1 npebpos-
BaxmMe Bb3pacTHUTe Ha B. tabaci Bbpxy
NbpBUTE TPU BPBLXHU JIUCTA OT BCAKO
pacteHne npegu 7:00 yaca. OTunTaHeTo
Ha HUMUTE € M3BLPLUEHO Ha ropHUTe
TpM nocnefoBaTesiHU fiucta OT ChbLyuTe
JeceT pacTeHus. EdpmkacHoCTTa Ha KOHTpO-
Na n34ncnmnxmMe no cnegHara popmyna:

EdpmkacHocT (%) = [(1- (N npegm
TpeTupaHeTo B KOHTponata X N cnep
TpeTupaHeTo)/(N cnep TpeTtupaHe X N
npeau TpetupaHe B TpeTupaHus yyacTbk)
x 100.

N: 6pOii XXMBW HACEKOMM

3a aHa/IM3 Ha JaHHUTEe 3a pas/IMyHuU-
Te peareHTW, KakTo W 3a nosyyeHuTte
CpefHn CTOMHOCTM U cTaHJapTHaTa rpeLuka
€ W3MoJfI3BaH CTaTUCTUYECKUAT codTyep
SPSS17.0 3a Windows. 3a cpaBHsiBaHe Ha
pasnuknTe e 13Non3BaH efHoakTopeH aHa-
nn3 (ANOVA) u TecT Ha AbHKaH (P < 0.05).

PE3SYNTATU N OBCbXOAHE
Ot1 Tabnvua 1 moxe ga ce Buawu,

ye edekTbT OT BCHAKO TpeTupaHe ¢
WHCEKTUUMA BbpPXYy Bb3pacTHM Ha B.
tabaci ce 3acuneBa cres nepvoja Ha
TpeTupaHeTo A0 21 paeH. EdektbT Ha
22% cnupotetpamar-tnaknonpug CK c
600 ml/ha goctura Hali-BUCOKOTO HMBO OT
59,4% Ha 21-ua geH cnep TpeTupaHeTo,
HO HAAIMa 3HauMma pasfinka C KOHTponHaTa
rpyna. Pesyntatute nokassar, 4e uma
Bb3pacTHU Ha B. tabaci, ymupawm 24-36
yaca cnep  npunaraHe  Ha o 22%
cnupoTeTpamar-tTuaknonpug CK, Ho He e
yCTaHOBEH TakbB eqieKkT npu apyrute

treatment were applied at the same time.
The average temperature and relative
humidity in the greenhouse were 20.5°C
and 61% respectively. During the
experiment period (6" of May to 3™ of
June), the average temperature and
relative humidity were 23.8°C and 56%
respectively in the greenhouse.

The insect population was
investigated 6 times, which were before
treatment, 1day, 3 days, 7days, l4days,
21days and 28 days after treatment. We
investigated specific ten tomatoes chosen
in the middle of each plot, and numbered
the adults of B. tabaci on the top three
leaves of each plant before 7:00 a.m. The
nymph survey was carried out on upper
three consecutive leaves of the same ten
plants. We calculate the control efficacy
according to following formula.

Control efficacy (%) =l 1- (N before
treatment in control area x N after
treatment in the treatment area)/(N after
treatment in control area x N before
treatment in the treatment area)l x100
N: number of live insects

Statistical software SPSS17.0 for
windows was used to analyze the data of
different reagents, and the means and
standard error were obtained. One-way
ANOVA and Duncan were used to
compare the differences among different
treatments (P < 0.05).

RESULTS AND DISCUSSION

From Table 1, it can be seen that
the effect of each insecticide treatment on
adult B. tabaci was increased after the
treatment period to 21 days. The control
effect of 22% Spirotetramat-thiacloprid
Suspension Concentrate using 600 mil/ha
reaches the highest level of 59.4% at 21
days after treatment, but there was no
significant difference with control group.
The results showed that there are B.
tabaci adults dying 24-36 hours after
application of 22%  Spirotetramat-
thiacloprid Suspension Concentrate, but
no such phenomenon was found in other
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WHCEeKTMLMAMW, KOEeTO MNokasBa Heropata
6bP30 AelicTBalla peakumsi.

insecticides, which shows its quick acting
property of 22% Spirotetramat-thiacloprid
Suspension Concentrate to tomato B.
tabaci.

Tabnuua 1. EpekT Ha pas/inyHn NHCEKTULMAN BbPXY Bb3PacTHU Ha Genokpusikara

B. tabaci

Table 1. Effects of different insecticides on adults of tomato B. tabaci

EdpmkacHocT / Control efficacy (%)

1 aeH cnen
TpeTupaHeTo
1* day after

treatment

3 oHn cnep,
TpeTupaHeTo
3" day after

treatment

TpeTtupaHe / Treatment

TpeTMpaHeTo

7 pHY cnep, 14 pHv cneg
TpeTupaHeTo
14" day after

treatment

21 gHn cnepn 28 gHu cneq

TpPeTUpaHeTo TPETUPAHETO

21% day after 28" day after
treatment  treatment

7" day after
treatment

22% Spirotetramat-
thiacloprid SC

22% cnupoteTtpamar
Tnaknonpug CK

450 ml/ha

145+ 1.6ab 39.5+6.2a

51.5+22a 41.8 +6.0a 56.8 £ 6.7a 28.2+4.4a

22% Spirotetramat-
thiacloprid SC
22%cnupoTteTpamar
Tnaknonpug CK
600 ml/ha

19.5+3.2a 45.8 +£6.3a

47.3+6.1a 55.4+5.1a 59.4 £ 3.3a 31.6+£3.9a

22.4% Spirotetramat SC
22.4% cnupoTeTpamar
Tnaknonpug CK

450 ml/ha

13.5 + 2.0ab 36.5+5.7a

47.4 £9.5a 45.1+54a 53.1+3.4a 26.2+4.7a

50% Sulfoxaflor WDG
50% cyndoccnaposu Bl
225 g/ha

10.7 = 2.4ab 30.9+8.1a

43.2+4.9a 34.2+6.0a 51.4 +5.5a 19.8 £ 3.4a

10% Cyantraniliprole
Dispersible Oil Suspension
10%~UuaHTpaHUINNpon
Aucneprupatya ce
MacnieHa CycrneHsus

360 ml/ha

13.7 £ 2.6ab 38.2 £ 2.6a

51.0+1.9a 32.4 £ 3.5a 47.4 £ 9.0a 23.4 +3.1a

20% Dinotefuran S G
20% puHoTedypaH Bl
450 g/ha

12.9 £ 4.0ab 32.6+7.2a

41.7 +£8.8a 32.6 £ 9.6a 41.0+5.1a 23.4 +3.1a

10% Bifenthrin EC
10% 6uheHTpyH EK
1500 ml/ha

9.3+ 1.4b 35.5+4.8a

44.8 £ 1.9a 37.1+4.4a 27.3£6.6a 18.9 +3.1a

+

3abenexka: CpegHUTe CTOWHOCTM
pasnuuasar cblyecTseHo npu p < 0,05%.

CTaHAAPTHUTE TPELLKM B KOMOHWTE, NOC/MEABaHW OT efHa U cblia 6ykBa, He ce

Note: Meanszstandard errors in the columns followed by the same letter are not significantly different at p < 0,05%.

Tabnuua 2 nokasea, 4e 22% Table 2 shows that 22%
cnupoTeTpamat-Tmaknonpua CK n 22,4% | Spirotetramat-thiacloprid Suspension
cnupoTteTpamatr CK mmatr gobbp edekt | Concentrate and 22.4% Spirotetramat
BbPXY HUMpuTe Ha B. tabaci. Suspension Concentrate have good

22% cnupoTeTpamar-tmaknionpug CK
umMa no-gobpo 6Gbp3ogeicTeallo  Aei-
cTBME BBLPXY HUMGMUTE Ha B. tabaci B
cpaBHeHne c 22,4% CK Ha cnuportert-
pamart, Tbii Kato MOXe ga MpuyMHK
CMBpPTTA Ha HUMGUTE 3a KpaTKO Bpeme
(3 gHW). Ha 7-us, 14-ua n 21-ua aeH cnepg,
npuiaraHeTo  edekTbT Ha  fgBarta
WHCEKTUUMAA BbpPXy HuMduTe  Ha

effect on the nymphs of B. tabaci. 22%
Spirotetramat-thiacloprid Suspension
Concentrate has a better quick acting
property on the nymphs of B. tabaci
compared compared with 22.4%
Spirotetramat Suspension Concentrate
for it can cause the nymphs of B. tabaci
to die in a short time (3 days). On the ™
14™ and 21% day after application, the

effects of the two pesticides on the

190



B.tabaci 6sixa 3HauMTENHO NO-BUCOKN OT
TEe3N Ha [PYyrute YeTupu MHCeKTMuuga.
EdektbT Ha 22% cnupoTeTpamar-
Tnaknonpug CK n 22,4% cnuportetpamar
CK Bbpxy HuMcuTe Ha Genokpunkara e
No-HUCHK Ha 28-uA AeH OT npuiaraHeTo,
HO BCe MaKk € MOo-BUCOK OT TO3M Ha
ApYyrvTe YeTnpu TeCTBaHM MHCEKTULMAA.

Cnen 28 pgHu ot npuniaraHeto Ha 50%
cyndpochnaposn  gucneprupyemu  rpa-
Hynn, 10% agucneprupyema MacseHa
cycneHsusi, 20% pauHoTedpypaH n 10%
6udeHTpuH EK, no nuctaTta Ha gomartute
ce HabnwpgaBa nosiea Ha HUMcu Ha B.
tabaci, gokato npu TpetupaHute ¢ 22%
cnupotetpamart Truaknonpug CK n 22,4%
CYCMEH3NOHEH KOHLeHTpaT Ha CnupoTeT-
pamart He ca OTKpUTW.

nymphs of B.tabaci were significantly
higher than those of the other four
pesticides. The effect of 22%
Spirotetramat  thiacloprid  Suspension
Concentrate and 22.4% Spirotetramat
Suspension Concentrate on B. tabaci
nymphs was lower after 28 days of
application, but still higher than those of
the other four tested insecticides. After 28
days’ application of 50% Sulfoxaflor
Water Dispersible  Granules, 10%
cyantraniliprole Dispersible 0]]
Suspension, 20% Dinotefuran Soluble
Granule and 10% bifenthrin EC, new
emergence of B.tabaci nymphs was
observed in tomato leaves, while no such
phenomenon was found in tomato treated
with 22% Spirotetramat-thiacloprid
Suspension Concentrate and 22.4%
Spirotetramat Suspension Concentrate.

Tab6nvua 2. BAnsiHne Ha pas/iniyHn MHCEKTMUMAM BbpXy HUMduMTe Ha B. tabaci no gomatn
Table 2. Effects of different insecticides on nymph of tomato B. tabaci

EdpukacHocT / Control efficacy (%)

TpeTupaHe / Treatment

1peHcnes 3pHucnen 7 oHW cnen
TPEeTMpPaHEeTO TPETUPAHETO

14 puv cnep 21 gHv cnep 28 gHu cneg,

TPETMPAHETO TPETUPAHETO TPETUPAHETO TPETUPAHETO

1% day after 3" day after 7" day after 14" day after 21 day after 28" day after
treatment  treatment  treatment  treatment  treatment  treatment
22% Spirotetramat-thiacloprid SC
22%cnupoTeTpamart Tnaknonpug CK 16.1 +3.2ab 32.0+3.1ab 62.0+3.4ab 68.6+2.7ab 71.2 +2.1ab 65.5+5.4ab

450 ml/ha

22% Spirotetramat thiacloprid SC
22%cnupotetpamar Tuaknonpug CK
600 ml/ha

20.5+3.1a 39.3+4.2a

70.8+6.1a 76.5+3.7a 80.3x4.9a 70.3+2.8a

22.4% Spirotetramat SC
22.4%cnupoteTtpamar tmaknonpug CK
450 ml/ha

14.0+2.7ab 36

S5+57ab 65.4+£85ab 73.4+59a 76.0+4.3ab 71.9+4.0a

50% Sulfoxaflor Water Dispersible Granules
50% cyndoccnaposu Bl
225 g/ha

9.6 £ 1.5b

21.2+2.3b

42.1+12b 54.7+58b 63.2+4.7ab 58.2+2.3ab

10% cyantraniliprole Dispersible Oil
Suspension

10%~UuaHTpaHUInNpon
Auvcneprupatia ce Mac/ieHa cycneHausi
360 ml/ha

13.2+2.8ab 24.4+4.3b

50.8+2.2b 66.1+4.4ab 56.8 +2.5ab 61.2 + 6.3ab

20% Dinotefuran Soluble Granule
20% puHoTedbypaH Bl
450 g/ha

10.7+1.7b 21.3+3.9b

433+24b 57.7+36b 57.6+51b 51.1+6.2b

10% Bifenthrin EC
10% 6uheHTpyH EK
1500 ml/ha

9.9+1.3b

225+39b 46.9+4.4b

54.0
6.1ab

+

61.8+7.8ab 61.3+3.3ab

3abenexka: CpefHWTe CTOWHOCTU + CTaHAAPTHUTE TPeLKW B KOMOHWTE, CnefBaHn OT cblyata GykBa, He ce pasnmyasar
chllecTeeHo npu p < 0,05% (EAHOAKTOPE y ananus ANOVA / TecT Ha [ibHKaH).
Note: Meanszstandard errors in the columns followed by the same letter are not significantly different at p < 0,05% (One -

Way ANOVA /Duncan’s test).
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N3BOAN
PernoHa Ha ®ywaH, fHTalh e BaxeH
3e/IeHYyKOBO NPOW3BOACTBEH paioH B

npoBuHUmMA LLaHgoHr, ¢ rongma naowy, Ha
OpaHXepuiHo OTrexaaHe, C rofsAmMo
pasHoobpasue oT 3eNeHYyLM N nMa gbara
nctopus. Okono 20 Buga 3eneHvyym karo
aomatu, natnazpkaH, 4wau, Kpactasuua,
3yXuvHW, 606, ce oTrnexaar B opaHxepuu,
HO ca Cepuo3HO 3acTpalleHn OT MHBAa3UsA-
Ta Ha THoTIOHeBaTa 6enokpusnka B. tabaci.
TpyaHo e ga ce KOHTpoaupa nopagm Lu-
pokus cu obxBar, 6bpP30TO Bb3NPOM3BEX-
JaHe, 3acTbnBally ce NOKO/IeHWs, Kpar-
KNSt XKM3HEH UUKBLI, JIECHOTO Npuaobusa-
HE Ha YCTOMYMBOCT HaA WHCEKTULMAW.
Bbnpekn TOBa, XMMUYECKUTE npenapartu
BCe Oule ce W3NoM3Bar LUMPOKO, Koraro
Bb3HMKHAT orHuwa (CAl Mei-yan et al.,
2014). Hawwuat pesynrar nokasea, 4e
22% cnupoteTpamar-tnaknonpug CK wu
22,4% cnupotetpamar CK umar OT/iMyeH
edhekT Bbpxy THOTHOHEBaTa 6enokpunka B
opaHxepunte. B cbLLoTo Bpeme 22% KOH-
LUEeHTpaT Ha chnupoTeTpamMar-TUuakionpug
uma un 6bp3 MHUuManeH ecekt. lMpeno-
pbuBame ga ce msnonssa 22,4% cnupo-
TeTpamat-Tnaknonpug CK 3a KoHTponu-
paHe Ha B. tabaci B HauaneH crtaguii.
MpunaraHeTo Ha WHCEeKTUTULUMAN He e
NnoBAWAMIO Ha pacTexa Ha uctaTta,
LBETOBETE U NNOLOBETE HA AOMaTUTE MO
BpeMe Ha MoJicKMA ekcnepumeHT. He e
ycTaHoBeHa (OMTOTOKCMYHOCT 1 M3M0/3Ba-
HaTa fgo3a e 6e3onacHa 3a pasBMTUETO Ha
JOMaTeHuTe pacTeHus.

CONCLUSIONS

Fushan, Yantai is an important
vegetable production base in Shandong
Province, large area of protected
cultivation with a wide variety of
vegetables has a long history. About 20
kinds of vegetables planting In
greenhouse such as tomato, eggplant,
chili, cucumber, zuchhini, kidney bean
have been impaired severely since B.
tabaci invaded. It is difficult to control due
to its wide host range, fast reproduction,
overlapping generations, short life cycle,
and easy acquisition of pesticide-
resistance ability by chemical control.
Nevertheless, chemical pesticide is still
used widely when it outbreaks (CAIl Mei-
yan et al., 2014).

Our result shows that 22% Spirotetramat-
thiacloprid SC and 22.4% Spirotetramat

SC has an excellent effect and
persistence to tomato B. tabaci in
greenhouse, meanwhile 22%
Spirotetramat  thiacloprid  suspension

concentrate also has fast-acting property.
We suggest using 22.4% Spirotetramat
thiacloprid suspension concentrate to
control f B. tabaci in its initial stage. The
application of pesticide didn't affect the
growth of tomato’s leaves, flowers, and
fruits during the field experiment.

Phytotoxicity hasn't been found, the
dosage used is safe to tomatoes’ growth.
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PE3OME

Llenta Ha paspaboTkata e fga ce
npoyyn BAWAHWETO Ha  perynvpaHuns
BOZEH AeduunT BbPXY NPOAYKTMBHOCTTA
Ha nosickus dhacyn U ga ce ycTaHOBAT
napameTpuTe Ha Bpb3Karta ,HanouTtenHa
HopMma-A06MB”. ONUTHT € NpoBedeH npes
nepuoga 2014-2016 rognHa B YOIl Ha
AY - Tlnosgue. W3nonssaH e copTt
»~J0OPYyAXaHCKK-7". BapnaHTuTe Ha onuTa
ca: 1) 6e3 HanosiBaHe, 2) HanosiBaHe C
25% OT nosvBHaTa HoOpMa, onpegeneHa-
Ta Npy oNTUMaJIHUA BapuaHT, 3) Hanossa-
He ¢ 50% oT nonMBHaTa Hopma, 4) Hanos-
BaHe cbC 75% OT nonMeBHaTa Hopma, 5)
ontumanHo HanossaHe 100% nosiMBHa
HOopMa npu npegnosimeHa BnaxHoct 80%
ot [MNB 3a cnoa 0-40 cm. Pesyntatute
rnokassar, ye pefyuupaHeTo Ha MonuBHa-
Ta Hopma ¢ 25% ocurypsasa Hag 95% ot
MakcUMasIHus [o6vB, AOpW NPe3 rof4uHY ©
NPOABL/MKUTESTHN NTETHW 3acylasaHus. Mo
WMKOHOMWYECKM NokKasartesin TO3M1 MoJIMBEH
pexum e 611M3bK 0 ONTUMAasIHUA U Npu
HeJoCTUI Ha MoJIvBHa BoAa MOXe Aa ce

Accepted: 17.12.2018

Published: 27.12.2018

SUMMARY

The aim of this work is to study the
influence of the regulated water deficit on
the productivity of common bean and to
establish the parameters of "Yield-
Irrigation rate" relationship. The field
experiment was conducted during the
period 2014-2016 in the experimental field
of Agricultural University - Plovdiv. The
variety "Dobrudzhanski-7" is  used.
Experimental variants are: 1) without
irrigation, 2) irrigation with 25% of
optimum irrigation rate (25%m), 3)
irrigation with 50% of optimum irrigation
rate (50%m), irrigation with 75% of the
irrigation rate, 5) optimum irrigation (100%
irrigation rate) by 80% of field capacity for
the 0-40cm soil layer. The results show
that reducing of the irrigation rate by 25%
provides over 95% of the maximum yield
even in years with long summer droughts.
By economic point of view, this irrigation
regime is close to the optimum and can
be successfully applied by shortage of
irrigation water. The yield losses in realize

194



npunara ycnewHo. Mexgy 8 n 15% ca
3arybuTte Ha A0o6MB Mpu peanm3mpaHe Ha
50% oT onTMmaniHaTa nosiMBHa HOpMa,
KaTo TO3U MOJIMBEH PEXNM CbLLO MOXeE fa
6bAe NPUIoXKEH NPU HeOCTUI Ha MNONMB-
Ha Boga. He ce npenopbyBa HanosBaHe-
TO C MaJiKv NOAMBHM HOpMK (25%m), Tbit
KaTo ce nocTura HesHauyuTeneH MKOHOMMU-
yeckn edpekt, 0cobeHo npes Cyxu roguHu.
MpoayKTMBHOCTTA Ha HanouTtesiHata Hop-
Ma npv ONTUMasIHO HanosiBaHe e cpeiHo
0.712 kg.da’l.mm'l. MpunaraHeTo Ha Ha-
pyLLEH NOJIMBEH PEXWM, BOAN [0 HEMHOTO
yBenuyaBaHe. Bpb3kaTta “[Jo6MB-HanouTenHa
Hopma" ce nspasssa Haii-fobpe upes cTe-
neHHata 3aBUCUMOCT Y:1-(1-Yc)(1-x)1'7,
Kato X" e OTHOcuTesiHaTta HarouTesnHa
Hopma, a Y. € OTHOoCUTeNnHus fobus 6e3
HanosiBaHe. [pachmyeckn 3aBuUCUMOCTTa
ce u3passBa 4pe3 usnbkHana napabona
npu koedUMEHT Ha Kopenauns R=0.994.

KntouoBn gymu: chacyn, nonveeH
pexum, perynvpaH BOAeH Aeduuur,
NpPOAYKTUBHOCT

yBO/[,

Mpe3 nocnegHMTe HAKOMKO AeceTu-
netunsa NnpobsemmTe CBbp3aHn C edIeEKTUB-
HOTO M3NONI3BaHe Ha Bojarta 3a HanosiBa-
He cTaBarT BCe No-akTyaslHu, KaTo OT efHa
CTpaHa ce TbpCU Bb3MOXHOCT 3a ONTUMU-
3upaHe Ha HanosiBaHeTo OT BWOoIornYHa
rnegHa Toyka, a oT gpyra — nosyyasaHe
Ha NPOAYKUMS C NO-HNCKa CEOECTOMHOCT U
[0o6pu MKOHOMUYECKM nokasaTtenu. Tosa
MOXe [a ce MOCTUIHe Ype3 Hay4yHo o60c-
HOBaHa KOPEKUUS Ha ONTUMasTHUS MOMu-
BEH PEXMM, a KaTto pe3yntaT — MKOHOMUS
Ha MoJIMBHa BOAA, NPV MUHMMasIHa 3ary-
6a Ha oobus.

Kato pacTteHue, thacynsT e TOne-
paHTeH KbM YCNoBMATa Ha cpegaTta, no-
pafv KoeTo ce oTrnexaa B MHOro panoHu
Ha cTpaHaTta. CyxoycTonuuB €, HO Bereta-
UMOHHUTE Banexu OOMKHOBEHO He ca
[OCTaTb4HM 3a MNOJlydyaBaHeTO Ha BUCOK,
cTabuneH M KayecTBeH pAo06uMB, nopaau
KoeTo Toil TpsbBa pga O6bae HanosiBaH.
MpoBegeHnNTe y HacC n3cnegBaHusi, CBbp-
3aHM C HanosiBaHEeTO Ha Tasun KynTypa ce

50% of the optimal irrigation rate are
between 8% and 15% and this irrigation
regime can also be successfully applied in
case of irrigation water shortage. Irrigation
with small irrigation rate (25% of the
optimum) is not recommended as there is
little economic effect, especially in dry
years.

The annual irrigation rate productivity at
optimum irrigation regime is on average
0.712 kg/da’lmm'l. The application of
regulated water deficit leads to its
increase. The relationship "Yield-Irrigation
rate" is best expressed by the power
equation Y=1-(1-Yo)(1-x)"’, where “X" is
the relative irrigation rate and Yc is the
relative yield without irrigation. This
relation is graphically expressed by
convex parabola with a correlation
coefficient R = 0.994.

Key words: common bean,
irrigation regime, regulated water deficit,
productivity

INTRODUCTION

During the last few decades, the
problems related to the effective use of
irrigation water have become increasingly
relevant, on the one hand is the search of
possibility for optimum irrigation from a
biological point of view, and on the other —
to obtain lower cost and good economic
output indicators. This can be achieved
through a scientifically-grounded correction
of the optimum irrigation regime, and as a
result — saving irrigated water, with
minimum vyield loss.

As a plant, common bean is
tolerant to the conditions of the
environment and is grown in many areas
of the country. It is dry-resistant, but
vegetative rainfall is usually not enough to
produce high, stable and quality yields, so
it must be irrigated. The studies
conducted in Bulgaria related to the
cultivation of this crop mainly concern the
determination of the depth of the active
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OTHaCcCAT NpeAuMHO 3a onpefensHe AbJl-
6ouMHaTa Ha aKTUBHWA NOYBEH CMOoW U”
HMBOTO Ha nMpeAnosiMBHaTa B&XHOCT
npes OTAeslHUTE nepuoau OT Beretauums-
Ta. Ha 6asa npoBefeHn AbATOrofuULLIHK
nscneasanusa Vitkov (1973, 1974, 1975) n
Radkov (1975) npenopbuyBaT nosnBHa
cxema 75-85-75% ot TMNB, KoATO ce
peanu3npa nocpenctsom 3-4 Bereta-
LMOHHN NOMIMBKMA C nosvMBHa Hopma 30
mm u HanoutenHa Hopma 90-120 mm.
Mpy HEBB3MOXHOCT 3a npuiaraHe Ha Ta-
KbB MOMIMBEH pPEeXuM, aBTopuTe Mpeno-
pbuBaT cxema 60-70-60% ot TIMB,
peanm3npaHa ¢ 1-2 nonueku. Cropep
cblmTe U3cnensaHns, akTUBHUAT NOYBEH
cnoi Ha pacyna He Hagsuwasa 0.6 m.

Mpe3 nocnegHNTe HAKOJKO AeceTu-
neTus nscnensaHnsaTa ca Haco4yeHu npe-
OMMHO KbM MoBULIABaHe eekTMBHOCTTA
OT HanosiBaHeTo Ha chacyna, upes gonyc-
KaHe Ha perysmpaH BOAEH AedUUnT, KO-
TO AaBa Bb3MOXHOCT 3a yBe/nimyaBaHe ns-
Nnon3BaeMocCTTa Ha BanexuTe 1 CblueBpe-
MEHHO rapaHTupa nosiydaBaHeTo Ha BU-
COokn gobuswn. Mo oTHoweHne Ha thacyna,
pe3yntaty OT ONUTU C HanosiBaHe, ypes
penyuvpaHe Ha NofMBHUTE HOPMU ca U3-
HeceHn camo B YyxJecTpaHHaTta cneuua-
nn3ypaHa Hay4Ha nuTepaTtypa. Barbieri &
Pascale (1992) 3a ycnosuaTa Ha HOxHa
Wtanua n Al-Kaisi et al. (1999) 3a Kono-
pano (CALL) cbobuasar, ye U3MeHeHue-
TO Ha noJsiMBHaTa Hopma B AuanasoHa oT
66-67% po 100% He Bnnsde CbLECTBEHO
BbpXY fo6uBa. HanosisaHeTo ¢ Hopma no-
ronama oT onTuMmanHara, BoAM camo [0
M3BECTHO MOBULLIABAHE Ha cyxaTa maca
Ha pacTeHusTa.

[lo Nnpnbnn3nTesnHo cbute pesyn-
Tatu ca gocturHanm EI-Noemani et al.
(2010) B ceBepousToyHaTa 4acT Ha Eruner,
KaTo ce cbobLlaBa 3a MakCUMasieH Bere-
TaTMBEH pacTeX Npu ONTUMAasIHO Hanos-
BaHe W cTabunusmpaHe pasmepa Ha fo-
6uea B rpaHuymte 80-100% OT NosMBHa-
Ta Hopma. PeanusmpaHeto Ha 75% oOT
onTMManHaTta HanoutesiHa Hopma, Ccro-
pen Erdem et al. (2006) rapaHTupa nosny-
yaBaHeTO Ha 87% OT MakcumasnHusa Ao-

soil layer and the level of the pre-irrigation
soil moisture during the different periods
of vegetation.

Based on many years of research, Vitkov
(1973, 1974, 1975) and Radkov (1975)
recommend a irrigation scheme of 75-85-
75% of FC (field capacity), which is
realized by 3-4 vegetation irrigations with
irrigation rate of 30 mm and annual
irrigation rate 90-120 mm. In the case of
impossibility to apply this irrigation regime,
the authors recommend a scheme of 60-
70-60% of FC with 1-2 irrigation.
According to the same research, the
active soil layer of beans does not exceed
0.6 m.

During the last few decades,
research has been primarily geared to
increasing the efficiency of bean’s
irrigation with regulated water deficit
application, which allows for increased
rainfall utilization while ensuring high
yields.

As far as beans are concerned, results of
irrigation  experiments by  reducing
irrigation norms have been exported only
in foreign specialized scientific literature.
Barbieri & Pascale (1992) on the
conditions of Southern Italy and Al-Kaisi
et al. (1999) for Colorado (USA) reported
that the change in the irrigation rate in the
range of 66-67% to 100% did not
significantly affect the yield. Irrigation with
a rate greater than the optimal, only leads
to a certain increase in the dry mass of
the plants.

Approximately the same results
were achieved by EI-Noemani et al.
(2010) in the northeastern part of Egypt,
reporting maximum vegetative growth
under optimal irrigation and stabilizing
yields in the range of 80-100% of the
irrigation rate.

The realization of 75% of the optimal
irrigation rate, according to Erdem et al.
(2006) ensures 87% of the maximum
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61B, a HanosiBaHeTo c ¥2 OT HeA peAyLu-
pa pobuBa c go 32%. Te3un pesyntatu ce
noTebpXAaBaT M OT uM3cfe[BaHusATa Ha
Sehirali et al. (2005), kaTo mMoxe ga ce
[ONb/HKW, Ye C yBesiMyaBaHe Ha OTHOCU-
TEeNHUA pasMep Ha HanouTesnHara Hopma,
HeliHaTa MpPOAYKTMBHOCT HapacTtBa oOT
0,34 po 0,41 kg/m3. M3HeceHuTe [0 TyK
JaHHWN JokasBar, 4ye u npu gacyna nsme-
HEHMETO Ha Ao6vBa He e nponopunoHan-
HO Ha W3MEHEHMETO Ha noauBHaTa
Hopma. 3a ycnosuATa Ha bpasunnus,
Nascimento et al. (2004) cbwo Taka
oTunTat cTtabunusnpaHe Ha p[ob6buBa B
AnanaszoHa 80-100% oT onTtumasiHata
HOpMa, KaTo Npu HamaneHneTo i ¢ 40 n
60% Beye e HaNMue CbLECTBEH OTPU-
uartesieH ehekT BbpXy camuTe pacTeHus,
KO/IMYECTBOTO M Ka4yecTBOTO Ha A06MBa,
KakTo e CMOMeHaTo U OT LMTupaHuTe mno-
rope aBTopu. OT6ENsA3Ba CE€ 3HAYMTENHO
M30CTaBaHe Ha CTpecupaHuTe pacTeHusi
Mo OTHOLLUEHWE Ha BMCOYMHaTa (CbOTBET-
HO 26 n 48%) 1 NO OTHOLLUEHME Ha 6pos
Ha nuctaTta (23 n 35%).

Cnopef, vn3cneaBaHus, NpoBefeHu
B Ispatra (HOrosanagHa Typuus), obpwu
pesyntatu ce nosyyasaT, korato dpacy-
bT Ce HanosiBa C HamasnieHn Hopmu (25
unn 50%) B nbpBata 1 nocnegHata vact
ot BeretauusaTta (Ucar et al., 2009), kaTo
npyM HyXga Te3n HOpMM MoraT ga ce
npuiarat M npes ueavs BereTauuMoHeH
nepuog. HamansBaHeTo Ha nosMBHaTa
Hopma ¢ 50% BoAu 4O 3HA4YUTEsIHU Npo-
MEHV BbB BOAHUSA NOTEHUMaN Ha iucTara,
B CpaBHeHMe C Te3u, Mpu ONTUMaHO
HanosiBaHus thacyn (Wakrim et al., 2005).
ToBa e curHan 3a HacTbnNUIO MOYBEHO
3acyllaBaHe ¥ nocnefsallim ro BCUYKK
cromMeHaTun no-rope oTpuuaTeniHu nocne-
anun. Korato oGaye e Ha/loXUTESTHO,
aBTOpUTE MpenopbyBaT peasin3vMpaHeTo
Ha %2 OT onTUMassHaTa HopMa npu rpasu-
TayHO HanosiBaHe fJa cTaBa npes 6pasga.

Mo oTHoweHne Ha nonckus cacyn,
nyonukauumtTe CBbP3aHNW C Bpb3Kata
»JOOUB — HanouTenHa Hopma” ca TBbpAe
Masiko. Gencoglan et al. (2006) yctaHoBsI-
BaT, Ye BbPXY Xapakrepa Ha 3aBMCMMOCT-

yield, and irrigation with %2 of it reduces
the yield by up to 32%. These results are
confirmed by the studies of Sehirali et al.
(2005), and it can be added that by
increasing the relative size of the irrigation
rate its productivity increases from 0.34 to
0.41 kg/m®.

The data provided so far prove that even
in the beans the variation of the yield is
not proportional to the change in the
irrigation rate. For the conditions of Brazil,
Nascimento et al. (2004) also reported a
stabilization of the yield in the 80-100%
range of the optimal norm, with a
reduction of 40 and 60% already having a
significant negative effect on the plants,
the quantity and quality of the vyield, as
mentioned by the cited above authors.

There is a significant lag of stressed
plants in terms of height (26 and 48%,
respectively) and number of leaves (23
and 35% respectively).

According to studies carried out in
Ispatra region (Southwest Turkey), good
results are obtained when the bean is
irrigated with reduced rates (25 or 50%) in
the first and last part of the vegetation
period (Ucar et al., 2009). These irrigation
regimes may be applied throughout the
growing season.

Reducing the irrigation rate by 50% leads
to significant changes in leaf water
potential compared to optimal irrigated
beans (Wakrim et al., 2005). This is a
signal of the occurrence of soil drought,
and all the aforementioned negative
consequences follow. However, when it is
imperative, the authors recommend the
realization of ¥ of the optimum irrigation
rate — gravity through a furrow.

Concerning common beans, the
publications related to the relationship
"Yield — irrigation rate" are too little.
Gencoglan et al. (2006) found that the
character of dependence on beans
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Ta npu gracyna okassa BAUSHUE N HAYMHA
Ha HanosiBaHe, KaTto Ce M3MEeHs HaknoHa
Ha NUHWMTE Npu rpadnyeckoTo n npeg-
ctaBsiHe. Cnopepn Sehirali et al. (2005)
Bpb3kata ,[obuB — HanoutenHa Hopma”
npu chacyna ce n3passisa Hai-gobpe ypes
JIMHelHa 3aBMcMMOCT. Barbieri & Pascale
(1992) yctaHOoBAABAT 3aBUCUMOCT MeXAy
[o6uBa 1 HanouTesiHaTa Hopma, crnopej
KOATO Hai-g4o6bp WMKOHOMUYECKM edhekT
ce nosiydaBa nNpuv Hopma, ocurypsisalia
90-95% OT MakcumasiHms 4obus.
AHanNu3bT Ha pesyntarute oT npo-
BeleHUTe B CBETOBEH Mawab onutu
nokassa, 4Ye BJIMSHUETO Ha OTHOCUTESIHO
NOCTOSAHHMA BOLEH AeduumnT BbpXy 3ary-
6uTe Ha Aobus oT hacyna nNpu passiMyHo
HamasieHne Ha HopMmuTe, Bapupa B gocta
rofiiM AmnanasoH, B 3aBUCUMOCT OT YCJIO-
BMATA Ha oOTrnexgaHe (knumart, MnoyBw,
KpUTEPMM 3@ ONTMMAasIHO HarosiBaHe U
AP.) U MeTeoposiornyHaTa XxapakTepuctu-
Ka Ha roguHute. Jluncata Ha WHdopma-
UMs 3a pasnuyHu paliioHn Ha cTpaHara,
Hanara nNnpoBexaaHeTo Ha TakuBa uscnes-
BaHus, C orneps nosy4yaBaHeTo Ha [JOCTO-
BepHa WHdopmauus, Heobxoauma 3a
Npon3BOAMTENNTE, KAKTO U NPU OpraHusa-
UMsATa Ha MNOSIMBHUTE MIOWWU U Centobo-
obpaleHnsTa, B CbCTaBa Ha KOUTO €
3acTbneH hbacynbvT. ToBa npegonpegens
M UenTa Ha HacTosiwaTa pa3paboTka, a
UMEHHO: fa Cce MNpoyy4n BAUSHMETO Ha
perynvpaHns BOgeH pedumuut  BbPXY
NPOAYKTMBHOCTTA Ha Nosickus dhacyn n ga
Ce YCTaHOBAT napameTpuTe Ha Bpb3kaTa
.HanontenHa Hopma-go6ue”.

MATEPVAT N METOON

3a uenta Ha paspaboTkata ca
U3M0M3BaHN [aHHW OT TpuUroAauLleH nosn-
CKM ONUT, 3a NPoy4BaHe NOSIMBHUA PEXUM
Ha (pacyn, NpoBefeH B ONMTHOTO Nose Ha
ArpapeH yHuBepcuteT - [l1oBguB npes
nepunoga 2014-2016 roguHa, BbPXY
anlyBMastHO-NMBaHa noysa. 3nonssaH e
paioHMpaHuAT  3a  cTpaHata  copT
[obpymkaHckn 7. OnNUTLT € 3as1araH no
6/10K0BUA MeTon, B YeTUpU MOBTOPEHUS,
KaTo B HacTosillata paspaboTka ca

influenced the irrigation mode by altering
the slope of the lines in its graphical
representation. According to Sehirali et al.
(2005) the relation "Yield — irrigation rate"
in beans is best expressed by linear
dependence. Barbieri & Pascale (1992)
establish a relationship between yield and
irrigation rate, according to which the best
economic effect is obtained at a rate
providing 90-95% of the maximum vyield.

The analysis of the results of the
world-wide experiments shows that the
influence of the regulated water deficit on
the bean’s yield losses at different rates
varies in quite a large range depending on
the conditions of cultivation (climate, soils,
criteria for optimal irrigation, etc.) and the

meteorological characteristics of the
years.
The lack of information on different

regions of the country requires such
studies to be made in order to obtain the
reliable information needed by producers,
as well as the organization of irrigated
areas and crop rotation in which the
beans are covered.

This predetermines the purpose of the
present study, namely: to study the
influence of the regulated water deficit on
the productivity of the common beans and
to establish the parameters of the
relationship "Irrigation rate-Yield".

MATERIAL AND METHODS

For the purpose of the study, data
from a three-year field experiment with
aim to study the bean’s irrigation regime.
The experiment was carried out in the
experimental  field of  Agricultural
University Plovdiv in the period 2014-2016
on alluvial meadow soil. The variety
“Dobrudzhanski 7" was used.

The experiment is based on the blocking
method in four repeats and the present
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U3MNoN3BaHn pesyntatnute OT cregHuTe
BapuaHTuK: 1) 6e3 HanosiBaHe (KOHTpona),
2) HanosiBaHe Cc 25% OT nosMBHaTa
HOpMa, onpejeneHara npu ONTUMAa/HUA
BapuaHT (25% m), 3) HanosiBaHe ¢ 50%
OT NoNMBHaTa HopMa, onpegeneHaTa npu
ontumanHua BapuwaHt (50% m), 4)
HanosBaHe cbC 75% OT nMonuBHaTa
HOpMa, onpejefnieHara npu ONTUMasTHUS
BapuaHT (75% m), 5) HanosiBaHe ¢ NbjHa
nonusHa Hopma (100%m) — onTMMasiHo
HanosiBaHe (KOHTpona). Monuekute npwu
onTUMasniHusa BapuaHT (BapuaHT 5) ca
nogasaHu nNpu crnagaHe Ha BaxHoOCTTa
Ha noysata o 80% ot MNB B cnos 0 —
40 cm, a pa3MepbT Ha NosaMBHATa HopMma
e n3yncnsiBaH 3a HasiaxHaBaHe ao INrB
Ha uUenua akTMBeH no4yseH cnoii (0-60
cm). 3a uenTta e npocnegasaHa guHaMu-
KaTa Ha no4yBeHaTa BJI@XHOCT npe3 5-7
OHW no TernoBHus wmetoh (Atanasov,
1972). Mpwu BapuaHTuTe 2, 3, 4 1 6 NOMUB-
KATe ca nojaBaHn efHOBPEMEHHO C Te3w,
npu BapuaHT 5, HO CbC CbOTBETHaTa
KOpekuMss  Ha  MOMUBHUTE  HOPMMU.
HanosBaHeTo Ha OMUTHWTE nap-uenn e
M3BBbPLIBAHO  [paBUTa4YHO MO KbCU
3aTBOpeHn 6pasan. daHHuTe 3a gobuea
no BapuvaHTM N NOBTOpPEHUs ca obpabo-
TEHW 4Ype3 AUCMEPCMOHEH aHanM3 C Mo-
MOLLTa Ha cneunanmManpaHaTa KOMNTLP-
Hata nporpama BWOCTAT (Penchev,
1988), kaTo e ycTaHOBeHa CTeneHTa Ha
[0Ka3aHOCT Ha pas/ikuTe Mexay TAx.

MapameTpuTe Ha Bpb3KaTa Mexay
[obuBa 1M HanoutesiHata Hopma ca onpe-
JeneHn no cTeneHHata dopMmyna Ha
Davidov (1994): Y=1—(1-Yc).(1-X)", KbaeTo:
n e CcTeneHeH nokasaten, X -—
OTHOCWTENHA HamouTenHa Hopma n Yc —
OTHOCWUTENEH [A06MB MpU  HEMNOJINBHU
ycnosus. 3a mM3uncnsiBaHe napameTpuTe
Ha 3aBMCMMOCTTa € M3Mnos3BaHa cnewma-
nmM3mpaHaTa  KOMMIOTbPHa  nporpama
,YELD” Ha Davidov (1994), nocpeactsom
KOATO OTHOCUTESIHUTE CTOMHOCTU Ha
pobmBa W HanouTesiHata Hopma no
BapuaHTM ca o6paboTeHn Mo meToga Ha
Hali-masikuTe KkBagpaTu.

study uses the results of the following
variants: 1) without irrigation (control), 2)
irrigation with 25% of the irrigation rate
determined in the optimal variant (25%m),
3) irrigation with 50% of the irrigation rate
determined in the optimal variant (50%m),
4) irrigation with 75% of the irrigation rate
determined at the optimal variation (75%
m), 5) irrigation with full irrigation (100%
m) — optimum irrigation (control), 6)
irrigation through a furrow (50%m average
for the experimental plot) The irrigations
for the optimal variant (variant 5) are
scheduled by pre-irrigation soil moisture
80% of FC for the 0-40 cm soil layer and
the irrigation rate is calculated to moisten
to FC of the entire active soil layer (0-60
cm). For this purpose, the dynamics of
soil moisture was monitored during 5-7
days (Atanasov, 1972).

The experimental plots of variants 2, 3, 4
and 6 are irrigated simultaneously with
variant 5 but with the corresponding
correction of irrigation rates. Irrigation of
the experimental plots is performed
gravity on short closed furrows.

The data for yields were processed by
ANOVA dispersion analysis using the
specialized computer program BIOCANT
(Penchev, 1988).

The parameters of the relation
between the yield and the irrigation rate
are determined by the power equation of
Davidov  (1994):  Y=1—(1-Yc).(1-x)",
where: n is a exponent, and Yc - relative
yield under non-irrigation conditions.

For the calculation of the relationship

parameters, specialized computer
program "YELD" was used (Davidov,
1994), using the smallest squares
method.
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PE3YJITATU N OBCBXXOAHE

MeTeoponornyHa xapakTepucTu-
Ka Ha ONUTHWTE roAnHN

EekTbT OT HanosiBaHeTo C Hama-
NEeHN TMOJIMBHU HOPMK 3aBWUC B rofisima
CTEMEH OT METEOpPOSIOTMYHUTE YCOBUS
npes3 BereTauMoHHUs nepuog, KaTo c Hali-
CbLECTBEHO € B/IMSHMETO Ha BasexuTe
(kaTO KOAMYECTBO W pasnpepeneHue) wu
Temneparyparta Ha Bb3gyxa. [lJaHHuTe 3a
Tesun gBa nokasarens no roavHn N cpeHo
3a Ab/ArorogulleH nepuog ca npeacrase-
HW Ha Ta6numya 1.

RESULTS AND DISCUSSION

Meteorological characteristics of
the experimental years

The effect of irrigation with reduced
irrigation rates depends on the weather
conditions during the vegetation period,
with the most significant impact of
precipitation (such as quantity and
distribution) and air temperature. The data
for these two indicators by year and
average over a long term period are
presented on Table 1.

Tabnuuya 1. MeTeoponormndHm gaktopu 3a nepuoga V-Vlll 3a paiioHa Ha MNnoBave

Table 1. Meteorological factors for V-VIII period in region of Plovdiv
cpakTop/factor CpeaHo 3a 64 roAnH 2014 2015 2016
average for 64 years
mm 288.7 301.6 210.3
ZN po | 22L5mm 19.8 13.2 415
R °C o 2631 2748 2775
27 P % 2625°C 46.5 19.2 14.1
*2N — Banexw/precipitations; 2T° - TemnepaTypa/temperature; P% -
ob6esneyveHocT/probability
MbpBaTta onuTHa rogmHa e cpegHo The first experimental year is

BNaxkHa (c obesneyeHocT 19,8%) cbC
3acyliaBaHe npes TpeTara [eceTAHeBKa
Ha IOHW 1 NbpBaTa Ha KN, KOETO KasleH-
[AapHO CcbBMaja C Kpas Ha pacTexHus
nepuog v nepuoga Ha OyTOHM3aUMA —
Hayasio Ha ub(Tex. KonnyectsoTo Ha
BaniexuTte npes neprnoga Ha 606006pasy-
BaHe M Ha/MBaHe Ha 3bPHOTO ca B Aua-
nasoHa 30-40 mm 3a gecetgHeBKa, KaTo
cblwuTe obesnedyaBaT B ronsAma creneH
BoJopasxofa Ha pacTteHusita. Mo OTHO-
LleHMe Ha TemnepaTtypHata cyma, rogu-
HaTa e cpefHa ¢ obesneveHocT 46.5%.
Btoparta onutHa roguHa (2015) ce
Xapaktepusvpa kato BfaxHa ¢ obesneyve-
HocT 13.2%. BbNpekn ToBa, Npe3 nepuoga
OT TpeTaTa [eceTHEeBKa Ha OHW [0 BTO-
pata Ha aBrycT (BK/IHOUMTESIHO) e Ha/uue
3acyllaBaHe, kaTo cymaTa Ha BasiexuTe
npes uenns To3u nepuos e easa 44 mm.
ToBa HanpakTVka O3Ha4yaBa, 4e npe3
penpoykTnBHUA  nepuos  Ha  dhacyna
rogmHata e cyxa. CobulectBeHn ca
BaUIeXuTe Mpes TpeTara Aekaja Ha asryct

moderately humid (probability 19.8%)
with drought in the third ten days of June
and the first of July, which coincides with
the end of the growth period and the
period from bud formation to beginning of
flowering. The amount of precipitation
during the pod formation and grain filing
period is in the range of 30 - 40 mm for
ten days and they provide the water
consumption of the plants. As regards to
the temperature sum, the year is medium
with 46.5% probability.

The second experimental year
(2015) is characterized as wet with a
13.2% probability. However, during the
period from the third ten days of June to
the second of August (inclusive) there is
drought, with the sum of precipitations
throughout this period being only 44 mm.
This practice means that during the
reproduction period of beans the year is
dry. Rainfall in the third decade of August
(136 mm) is significant, but they are of no
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(136 mm), HO Te HAmaT npPaKTU4ecKo
3HayeHve 3a fJobusa. o OTHOLWeHue Ha
TemnepaTypHara cyma rogvHata e cpefHo
ToMNMa Ao Tonna ¢ obesneveHocT 19.2%.

3a nepuoga Mmali-aBryct, Tpetarta
roguHa Ha onuta (2016) e cpegHa no
obesneyeHocT Ha Banexute (41.5%) un
Tonsa no ob6esneyvyeHoCT Ha Temnepartyp-
Hata cyma (14.1%). MNpe3 Ta3n roguHa ce
HabngaBa CpaBHUTENIHO pPaBHOMEPHO
pasnpaganaHne Ha BasiexuTe no gecet-
[OHEBKM, BBMPEKN Ye KaTo KOMNYECTBO Te
ca KpaliHO HefocTaTbyHO. [0 Bpeme Ha
PEenpPoAyKTUBHUA nepuog ca najgHaIm
easa 70 mm.

EnemMeHTU Ha NONNBHUS PEXUM

EnemeHTUTE Ha MOMMBHUA PEXUM
npes3 TpuTe ekcnepuMeHTasIHU roAMHN ca
B CUHXPOH C MeTeoposornyHaTa obcra-
HOBKa, KaTo [JaHHMTe ca npeacTaBeHu
HarnegHo Ha Ta6nuua 2. N npes3 Tpute
eKcrnepMmMeHTasIHM  FOAMHN  BereTaTuB-
HUAT nepuoj MpoTuya B YC/0BMATA Ha
€CTECTBEHO OBJ/IAXHSABAHE Ha aKTUBHUSA
MoYyBeH NfacT, T.e. He ca W3BbPLUBAHM
nonueku. Mpes nbpsBaTa rognHa Ha onuta
npun BapuaHtute 2, 3, 4, 5 n 6 ca
nogageHu no 2 nosiMBk1, CbOTBETHO Npes3
neproga Ha UubTex n 606o0o06pasysaHe.
Mpe3 BTopaTa onutHa roguHa (2015)
6poAT Ha nonuBKMTE € 4, KaTo MbpBUTE
[Be ca peanusvpaHu npe3 nepuoga Ha
6yToHM3aUnsa 1 ubpTex, a Tpetara u
yeTBbpTaTa, CbOTBETHO MNpe3 nepuoaa
Ha 606006pa3yBaHe ” Ha/MBaHe Ha
3bpHOTO. pe3 TpeTaTa ekcnepyMeHTan-
Ha roguHa ca nofafeHu TpWu MOJSIMBKW,
pasnpegenieHy npes nepuoga ot LbdTex
[10 HaUIMBaHe Ha 3bPHOTO.

practical significance for the vyield. In
terms of the air temperature, the year is
between medium warm and warm with
probability of 19.2%.

For the period May-August, the
third year of the experiment (2016) is with
medium rainfall probability (41.5%) and
the warmest of the temperature
(probability 14.1%). This year saw a
comparatively uniform of precipitations,
although they are extremely low in
quantity. They are only 70 mm during the
reproductive period (from the beginning
of bud formation to the end of grain filing).

Irrigation regime components

The irrigation regime components
during the three experimental years are in
line with the meteorological conditions
and the data are presented on Table 2. In
the three experimental years, the
vegetative period runs by natural wetting
of the active soil layer (without irrigation).

During the first experimental year, two
irrigations were realized for variants 2, 3,
4, 5 and 6 (respectively during the
flowering and pod formation periods).

In the second experimental year (2015),
the number of irrigations is 4, the first two
being realized during the period of bud
and flowering, and the third and fourth,
respectively, during the period of pod
formation and grain filing. In the third
experimental year, three irrigations were
distributed, from the flowering period to
the filling of the grain.
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Tabnuua 2. EnemeHTn Ha NOSIMBHUSA PEXUM
Table 2. Irrigation regime components

BapwuaHTu (variants)
rogvHa | pata 2 3&6 4 5 da3za
year date | | (days) m M m M m M m M | Phase
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (Mm)
06 VI 12.5 25.0 375 50.0 2
2014 13 Vil ! 12.5 25.0 25.0 50.0 375 /5.0 50.0 100.0 3
15 VI 21 12.5 25.0 375 50.0
06 VII 15.0 30.0 45.0 60.0
2015 13 Vil 8 ! 14.3 54.3 28.5 1085 42.8 162.8 57.0 217.0 3.4
21 VI 12.5 25.0 375 50.0
21 VI 15 12.5 25.0 375 50.0 2
2016 6 Vil 125 | 375 25.0| 75.0 | 375 | 112.,5| 50.0 | 150.0 2-3
22 VI 16 12.5 25.0 375 50.0 4

m — nonuBHa HopMma (irrigation rate); M — HanouTenHa Hopma (annual irrigation rate); T — mexaynonveeH nepwvog (period
between two irrigations); 2 ubpTex (flowering); 3 606006pa3ysaHe (pod formation); 4 HanneBaHe Ha 3bpHOTO (grain filling)

Tabnuua 3. BnvsaHue Ha NONMBHUA pexnmM BbpXy NMPOAYKTUBHOCTTA Ha dhacyia
Table 3. Irrigation regime influence on the common bean’s productivity

. [obns cnpsamMo 1 sBapuaHT cnpsMo 5 BapuaHT
rogmHa m . . .
yield compared to variant 1 compared to variant 5
year | Ne OTlH(.)C' ) o [oKazaHoCT +Y o JoKa3aHoCT
relative (kg/da) =Y (kg/da)| % warranted | (kg/da) % warranted
1 0% 153 st| 100 st. -86 64 C
2 25% 199 46/ 130 B -40 83 B
2014 3 50% 212 59| 139 C -27 89 n.s.
4 75% 232 79| 152 C -7 97 n.s.
5 100% 239 86| 156 C st| 100 st.
6 50% 222 69 145 C -17 93 n.s.
GD: P5% = 28 kg/da P1% = 37 kg/da P0.1% = 51 kg/da
1 0% 147 st| 100 St. -105 58 C
2 25% 193 46/ 131 C -59 77 C
2015 3 50% 231 84| 157 C -21) 92 n.s
4 75% 241 94| 164 C -11) 96 n.s
5 100% 252 105 171 C st| 100 st.
6 50% 229 82| 156 C -23 91 n.s.
GD: P5% = 24 kg/da P1% = 32 kg/da P0.1% = 43 kg/da
1 0% 126 st| 100 St. -141 47 C
2 25% 173 47 137 C -94 65 C
2016 3 50% 228 1020 181 C -39 85 B
4 75%| 255 129 202 C -12 95 n.s.
5 100% 267 141 212 C st| 100 st
6 50% 201 75 159 C -66 75 C
GD: P5% = 23 kg/da P1% = 31kg/da P0.1% = 42 kg/da
1 0% 142 st| 100 st. -111 56 C
o9 2 25% 188 46/ 132 C -65 74 C
= 8 3 50% 223 81 157 C -30 88 C
<t e 4 75%| 242 100, 170 C -11) 96 n.s.
©Cw 5 100% 253 111 178 C st| 100 st
6 50% 218 76| 153 C -35 86 C
GD: P5% =14 kg/da P1% = 19 kg/da P0.1% = 26 kg/da
m* - nonmMBHa HopMa (irrigation rate)
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MpoayKkTMBHOCT Ha chacyna npu
HEMONMBHWN YCNOBUSA U MPU ONTUMATHO
HanosiBaHe

3a ycroBusTa Ha EKCMepUMEHTA,
NMPUIOXKEHNAT MNOJIMBEH PEXMM OKa3Ba
CbLLECTBEHO BNUSHME BbPXY pa3mepa Ha
pobrBa OT 3bpHO, KaTto TOoBa Bb3gel-
CTBME € Hanuue W npes TpuTe OMUTHU
roguHn. Ha Tabnvmua 3 ca npeactaBeHn
JaHHUTE No BapuaHTu 1 TOANHN 1 CPeSHO
3a eKCneprvMeHTasIHMA NepPUoS.

BnarogapeHne Ha TOBa, 4Ye goacy-
TbT € CyX0YyCTONYMB, 3HAUUTE/THA YacT OT
naowuTe, KOUTO TON 3aemMa ca HenoJsimB-
HW. TUNMYeH npumap 3a ToBa e [obpy-
[DKaHCKUAT paiioH, KbAeTo 3aefHO CbC
C/TbHYOrNeAa v LuapeBnyHnTe xmbpuaun c
KbC BereTauuoHeH nepuog, Toin e Tpagu-
LUMOHEH y4aCTHUK B CEUTH6000pbLUEHUS-
Ta. Bbnpeku ye npu HENoOABHY yCN0OBUSA
ce nosyyasaT [06MBU, TAXHOTO KOMYec-
TBO M Ka4yecTBO Bapupar M ca B TACHa
3aBMCMMOCT OT XapakTepa Ha roguHara u
OCHOBHO OT KO/JIMYECTBOTO W pasnpeje-
JIEHNETO Ha BasieXnTe Npes3 BeretaumoH-
HWUs nepuopg,. ToBa CTaHOBMLIE Ce [OKas-
Ba U B pe3y/nTaTUTe OT HaCTOAWMS eKc-
NepuMEHT, KbAEeTO Npe3 cpeaHOo-BaXHa-
Ta no o6esnedveHocT 2014 n BnaxHaTa
2015 po6bmBbT € okono u Hag 150 kg/da,
JokaTto npe3 cpegHata 2016, Toin e nopg,
130 kg/da. KakTo ce Bmxaa OT AaHHuUTe,
pasfMknTe He ca rosiemu, Ho 1 No OTHO-
LUIEHNE HA Ba/IeXUTE TPUTE ONWUTHU FOANHM
Ha MpakTuKa He ce pas/MyasaT CbluecTBe-
Ho. CpefiHo 3a nepuoga, OT HeHanosiBaHUs
thacyn ca nosyyeHn 142 kg/da 3bpHo.

C ontuMmusmpaHe Ha MOSIMBHUA
pexuM, 4pe3 nogabpXaHe Ha npegno-
NuBHa BiaxHocTt Hag 80% ot IMNB B
cnoa 0-60 cm npe3 uanata Beretauus
(BapuaHT 5), 1O6MBBT HapacTBa YyBCTBU-
TenHo. Npes mbpeata oNuTHa roguHa Tomn
poctura 239 kg/da, kato Haggulasa
nosly4eHns npyv HEeMnosIMBHW YCNOBUSA C
56% wnnn cbe 86 kg/da. OceeH ye Boau
[0 yBenuuaBaHe Ha [06uBa, npuiaraHe-
TO Ha ONTUMAJIEH NOJIMBEH PEXUM CTabu-
nM3npa CToHOCTUTE MY, Kato npes no-
cyxaTa 2015 roguHa Toi e 252 kg/da, a

Productivity of beans in non-
irrigation and optimum irrigation
conditions

For the conditions of the

experiment, the applied irrigation regime
has a significant impact on grain yield,
and this effect is present over the three
experimental years (Table 3).

Due to the fact that the common
bean is drought resistant, a significant
part of the fields it occupies are without
irrigation. A typical example of this is the
Dobrudja region, where, together with
sunflower and corn hybrids with a short
vegetation period, it is a traditional part in
crop rotation. The common bean gives
some yield under non-irrigation but its
quantity and quality are very variable and
closely related to the meteorological
characteristic of the year and mainly to
the quantity and distribution of rainfall
during the growing season.

This view is also demonstrated in the
results of the present experiment, where
the middle wet 2014 and the wet 2015
years the yield is around 150 kg/da, while
in the middle 2016 it is below 130 kg/da.
As can be seen from the data, the
differences are not large, but with respect
to rainfall these three years do not differ
significantly. On average, 142kg/da
seeds were obtained from non-irrigated
experimental plots.

By optimizing of the irrigation
regime through maintaining pre-irrigation
soil moisture over 80% of FC in the 0-60
cm layer for all vegetation period (variant
5), the yield is considerably increased. In
the first experimental year, it reached 239
kg/da, exceeding the vyields in non-
irrigating conditions by 56% (86 kg/da). In
addition to increasing yield, the use of an
optimal irrigation regime stabilizes its
values, with 252 kg/da in the dry year
2015, and the difference with no irrigated
bean is 71% (105 kg/da). Against the
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pasnvkarta cnpssmMo HeHanosiBaHns goacyn
e 71% wnmn 105 kg/da. Ha choHa Ha
HebnaronpuATHUTE YCNOBUA Npe3 penpo-
OYKTUBHUSA Nepuoj, Ha TpeTara onuTHa
rogvHa A0o6MBBLT NpY ONTUMANIHO Hanos-
BaHe HapacTBa Haj, ABa MbTW CNPsSMO
HeHanosiBaHMs BapuaHT, Kato AgocTura
267 kg/da. Bcuuku nocoyveHn pasnviku ca
CTATUCTMYECKMN [OKa3aHW C Hali-BUCOK
paHr. CpefHO 3a TpuUTe eKCnepUMEHTasTHM
roAvHY JO6MBBLT OT 3BPHO MNPV ONTUMATHO
HanosBaHe e 253 kg/da 1 HagBuwaBa TO3u
Npu HEMNOJIMBHN YCNOBUSA CbC 78%.

BnvaHve Ha perynupaHus BOAeH
fedyumT BBbPXY NPOAYKTMBHOCTTA Ha
thacyna

PegyuvpaHeTo Ha MNOMUBHUTE,
pecnekTMBHO HanouTenHarta Hopma C
25% BOAM [0 Noslyd4aBaHETO Ha BUCOKMU U
cTabunHn gobusun, 6An3KM No pasmep Ao
noslyyeHnTe nNpuv ONTUMASIHO HanosiBaHe
(95-97%) n He ce pgokasBaT CTaTUCTU-
YeckM Mpe3 HUTO efHa OT OnUTHUTE
roavHun. OT efHa cTpaHa Te3n pe3yntartu
MOXe fAa Ce Ab/mKaT Ha CpaBHUTESHO
6n1aronpuSATHNTE B METEOPOSIOTMYHO OT-
HOLLEHME YC/IOBUSA W Mpe3 TpuTe BereTa-
UUM, HO B CbLIOTO BPEME NOTBbPXAaBaT
CTAHOBULLETO Ha HSAKOW HaluW aBTopu
(uMTHpaHu B NUTepaTypHUA nparneq), ve
dhacynbT MOXe fJa ce oTrnexga ycrnewHo
npv noggbpxaHe Ha nNpeanosMBHa BRax-
HOCT B pamkute Ha 70-75% ot INMB. To-
Ba CpaBHEHWE e NPOAUKTYBAHO OT (hakTa,
ye Npu TO3U NOJIBEH PEXUM, NOpagun no-
MasIkKiTe NOJIMBHN HOPMM CEe HaBNaXHsBa
no-nANTbK MoyBeH cnoii (0-40 cm), B
pes3ynTaT Ha KOeTo no4yBeHaTa BakKHOCT
npeau nonuekara cpegHo 3a crnod 0-60
cm crnaga A0 NoCoYeHUTE NO-HUCKK CTOM-
HoCcTW. CpefHO 3a ekcnepvMeHTasHuA
nepvopg, HanosiBaHeTo CcbC 75% OT MakK-
CMMasiHaTa Hopma ocurypsisa fobus ot
242 kgl/da, kolito e ¢ 4% nO-HUCBHK OT
nosly4yeHns Npu ONTUMasIHO HarnosiBaHe U
He ce [JokasBa CTaTUCTMYecku. AKO ce
CpaBHAT f[06uBUTE MNpU TO3M BapuaHT
CMPSAMO  NOJSIyYEHUTE MNPU  HEMOJIUBHU
YCMOBMS, Pas/IMKUTE Ca CbLIECTBEHUN —
mMexay 80 u 130 kg/da (HapacTBaHe Mex-

backdrop of unfavorable meteorological
conditions during the reproduction period
of the third experimental year, the yield of
optimum irrigation increased more than
twice compared to the no irrigated
variant, reaching 267 kg/da. All these
differences are statistically warranted. On
average, for the three experimental
years, grain vyield wunder optimum
irrigation amounts to 253 kg/da and
exceeds that of non-irrigating conditions
by 78%.

Influence of regulated water deficit
on bean’s productivity

The reducing of the irrigation rate
by 25% produces high and stable yields
close to the optimum irrigation (95-97%)
and unwarranted statistically during each
of the years.

On the one hand, these results can be
attributed to the meteorological conditions
that are comparatively favorable during
the three vegetations, but at the same
time they confirm the opinion of some of
our authors (cited in the literature) that
beans can be grown successfully,
maintaining 70-75% of FC pre-irrigation
soil moisture.

This comparison is dictated by the fact
that in this irrigation regime, because of
the lower irrigation rates, a more
shallower soil layer (0-40 cm) is
moistened, as a result of which the soil
moisture before irrigation for the layer
0-60 cm falls to lower values.

On average for the all experimental
period, irrigation with 75% of the
maximum rate provides a yield of 242
kg/da, which is 4% lower than that
obtained with optimum irrigation and is
not statistically warranted. Comparing the
yields in this variant to those obtained
under non-irrigating conditions, the
differences are significant — between 80
and 130 kg/da (increase between 50 in
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oy 50% npe3 BnaxHata 2014 n 100%
npes Han-cyxata 2016 roguHa) u ce
[Joka3BaT CTaTUCTUYECKU MpPU Hail-BUCOK
paHr 1 npes TpuTe roguHu Ha onuta. Cpeg-
HO 3a eKcnepyMeHTauIHUS Nepuog HapacT-
BaHeTO Ha Aob6vBa Npy BapuaHT 4 cnpsmo
TO3un npu BapuaHT 1 e 100 kg/da nnun 70%.
[Mo-cbLecTBEHOTO peayunpaHe Ha
MofIBHUTE HOPMM YyBesMyasa pucka oT
MocTaBAHETO Ha pacTeHusATa B YCNOBUSA-
Ta Ha BOJeH cTpec, ocobeHo npes roau-
HW C MPOLB/IXUTENHN 3acyllaBaHns npes
nepvoga ot 6y TOHM3aUWA [0 NPUKIOY-
BaHeTO Ha (pasa Ha/IMBaHe Ha 3BbPHOTO.
Kakto Beuye 6e cnomeHarto, roguHuTe
BK/lOYBaLLM HacToswa paboTa He ca
eKCTPeMHU [0pu npe3 penpoayKTUBHUSA
nepuvog. B pesyntar Ha ToBa [06MBUTE,
nosiydeHu npu HanossaHe ¢ 50% Hama-
JIeHMe Ha NOMMBHUTE HOPMU Ca CpaBHU-
TenHo Bucokn 210-230 kg/da, kato pas-
JIKUTE CMpSAMO ONMTUMANIHUA BapuaHT ce
JoKassaT camo npe3 TpeTata oOnuTHa
rogvHa. CpefiHO 3a TpuTe roAvHW Mpu
TO3W BapuaHT ca nonydyeHu 223 kg/da
3bPHO WK 88% OT MakCcUMasHUA 0O6UB.
AHanu3unpanku pesyntatuTte no OTHoLle-
HMe Ha [OoNb/HUTENHUA p[o6MB CcTasa
ACHO, Ye W TyK pasivkara Ccrnpamo
HeHanosiBaHus pacy/s € MHOro rosiama u
CTaTUCTUYECKM fj0Ka3aHa BbB BCEKN eanH
oT cnyyaute. Ceobliarta ce wuspasssa B
yBenunyeHne c¢ 60-100 kg/da wm ¢
40-80%, B 3aBMCUMOCT OT YC/IOBUATa Ha
rogvHata. Bb3mMOXHO e npes roauHu c
EeKCTPEMHU 1 NPOAL/DKUTESHM 3acyLlaBa-
HMs abCoNOTHUTE CTOMHOCTM Ha obLwwmA
W [OMBAHUTENHWA O06MB Mpu  TO3M
MoJIMBEH PeXuM fa ca 3HauyuTenHo no-
MasikM, HO TYK MO-CblLUECTBEHO e fa ce
noTbPCU asiTepHaTMBa 3a MNo-edIEKTUB-
HOTO MYy peasiM3upaHe B YC/loBUSATa Ha
HeJoCTUI Ha nosvBHa Bofa. B To3n cmu-
CbJ1, aKO Ce CpaBHAT fob6uBUTE, Nonyye-
HW NpW BapuaHT 3 U Npu BapuaHT 6 ce
BUKJA ACHO, Ye pas/iMKUTe ca HecbLecT-
BEHW, KaTO CpeHOo 3a nepuoga Ao6UBLT
npu HanosiBaHe BbLB BCsKa 6pasga e 223
kg/da, a npu HanosiBaHe npe3 6pasfa —
218 kg/da. Oopw npu nonyyvyeHute gocrta

wet 2014 and 100% in the driest 2016)
and are statistically warranted during the
three years of the experiment. On
average, for the experimental period, the
yield increase in variant 4 compared to
variant 1 is 100 kg/da (70%).

More substantial reduction of
irrigation rates increases the risk of
placing plants in water stress conditions,
especially through years of prolonged
droughts during the period from bud
formation to the end of grain filling.

As has already been mentioned, the
years involving current work are not
extreme even during the reproduction
period. As a result, the yields obtained by
irrigation with a 50% reduction of the
irrigation rate are relatively high 210-230
kg/da, while the differences compared to
the optimal variant are warranted only in
the third experimental year. On average,
for the three years of this variant, 223
kg/da of grain or 88% of the maximum
yield was obtained. Analyzing the results
in terms of additional yield, it is clear that
here the difference to non-irrigation
variant is very large and statistically
proven in each case.

This is an increase of 60-100 kg/da or
40-80%, depending on the conditions of
the year. It is possible that in years of
extreme and prolonged droughts the
absolute values of the total and additional
yield of this irrigation regime are
considerably smaller, but here it is more
important to find an alternative for its
more efficient implementation in the
conditions of irrigation water shortage.

In this respect, if the yields obtained
under variant 3 and variant 6 are
compared, it is clear that the differences
are insignificant, with an average for the
irrigation yield in each furrow being 223
kg/da, and for irrigation through the
furrow — 218 kg/da. Even with the rather
low GD values obtained, the vyield
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HUCKM CTOMHOCTM Ha GD, pasnukaTta B
[o6usa Mexay Te3un [Ba BapuaHTa He ce
[JoKassa CTaTUCTUYECKUN, KOETO MOTBBLPX-
JaBa W3ka3aHOTO MNO-Tope TBbLPAEHUE,
OTHOCHO MPWIOKMMOCTTa Ha HanosisaHe-
TO npe3 6pasga, C Uuen — UKOHOMUS Ha
nonveHa Boga. [pu HanosiBaHe npe3
6pasfa cpefHUAT AOMb/HUTENeH [06UB
3a ycnosusTa Ha onuta e 76 kg/da nnu
HapacTBa CrpsAMO TO3U Mpu HeHanossa-
Hus chacyn ¢ 53%.

He3aBucumo oT TOBa, Ye eKkcnepu-
MEHTa/THUTe TOAMHU Ca CPaBHUTESIHO
61aronpuATHM NO OTHOLLEHWE HA MeTeo-
ponornyHmTe hakTopu, a 3acyllaBaHus-
Ta He ca eKCTPEMHU 1 C rosiama npoabL/i-
XWUTEMHOCT, HamnosiBaHeTo C  MaJiku
noanBHM Hopmu (12-15 mm) BoAAT A0
3HauuTesHM 3arybu Ha fobus. opu npes
Hali-BnaxHata OT Tpute roguHn (2014)
TO3W NOMIMBEH pexum BoaM 0 3arybu Ha
[obuB o1 17%, a npe3 Haii-Hebnaro-
npuatHata 2016 te ca 35%. CpegHo 3a
TpUTE OMWUTHWU TOAMHWU NPU peannsuniaHe
Ha BCWUYKM MNOJSIMBKKW, HO CbC 75%
HamasieHme Ha  MNOJSIMBHUTE  HOJMIMU,
[obnebT e 188 kg/da nnn 74% ot TO3M,
nosiy4eH npu onTMmasiHo Hanosisaxe. Lo
ce oTHacs [0 MNOMoXuUTeNHUA eddekT oT
peasiM3upaHeTo Ha MaskuTe MOJIMBHU
HOpMK, TO ce u3passBa B HapacTBaHe
Ha fobuBa cpefHo ¢ 32% cnpsiMo To3n —
NPV HenoJsIMBHY YCNOBUSA, KaTo MO roAuHU
Bapupa B TecHu rpaHunumn — ot 30 o 37%.
To3u dhakT noTBbpPXAaBa CXBallaHeTo,
ye pefoBHUTE MOMMBKM C HamasieHu
MOJSIMBHN HOPMW Ce oTpassBar no-6naro-
MPUATHO BBPXY NPOAYKTUBHOCTTA, B
CpaBHEHWE C MOJIBEH PEXWUM, MPU KOWTO
ce fonycka npoagb/kKUTENeH BOAeH
JedmumTt, Kato ce uma npeasug, ue
WKOHOMMATA Ha Bofa e npubnusnTesniHo
efHa 1 cblua.

difference between these two variants is
not statistically proven, which confirms
the above-mentioned assertion on the
feasibility of irrigation through the furrow
in order to save water from irrigation.

For furrow irrigation, the average
additional yield for the conditions of this
experiment is 76 kg/da or increases with
53% for no-irrigated beans.

Although the experimental years
are comparatively favorable with regard
to meteorological factors and droughts
are not extreme and of long duration,
irrigation with small irrigation norms
(12-15 mm) leads to significant yield
losses.

Even in the wettest of the three years
(2014), this irrigation regime produces a
yield loss of 17%, and in the worst 2016 it
is 35%. On average, for the three years
the watering with a 75% reduction of
irrigation rate, the yield is 188 kg/da or
74% of that obtained with optimum
irrigation.

Regarding the positive effect of the
implementation of the small irrigation
norms, it is expressed in an increase of
the yield on average by 32% compared to
no-irrigation  conditions, with varying
narrowly ranging from 30 to 37%.

This fact confirms the notion that regular
irrigation with reduced irrigation rate has
a more favorable effect on productivity
than an irrigation regime that allows for a
sustained water deficit, given that the
water savings are approximately the
same.
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Tabnuua 4. NpoAyKTMBHOCT Ha HanouTesiHaTa Hopma 1 3aryouv Ha 1o6u1B
Table 4. Productivity of irrigation rate and yield losses

3arybu Ha noous MpoAYKTMBHOCT Ha HanouTenHara HopmMma
BapwuaHT Yield losses Annual irrigation rate productivity
Variant % kg.dat.mm™
2014 | 2015 | 2016 | cpegHo | 2014 | 2015 | 2016 | cpepHo/average
1 36 42 53 4| - - -
2 17 23 35 26| 1.840 | 0.847 | 1.253 1.179
3 11 8 15 12| 1.180 | 0.774 | 1.360 1.038
4 3 4 5 4] 1.053 | 0.577 | 1.147 0.855
5 St. St. St. St.| 0.860 | 0.484 | 0.940 0.712
6 7 9 25 14| 1.385 | 0.758 | 1.003 0.969
1.20
1.15 | y, = 0.138x% - 0.792x + 1.367
R® =0.981
1101
‘g 1.05 -
“g_ 1.00 -
20095
2
2 0.90 A
2 0851
g 0.80 A < experimental points
0.75 1
0.70 . . . . . i i Y
02 03 04 05 06 07 08 09 1
relative irrigation rate
dur. 1. 3aBMCMMOCT Mexay OTHOCUTe/IHaTa HarnouTesiHa HopMa U HeliHaTta

NnPoAOyKTUBHOCT

Fig. 1. Relationship between the relative irrigation rate and its productivity

JonbNHUTENHUAT [06KB, NONy4YeH
OT BCekM eanH mm nosvBHa BOja €
M3BECTEH Olle KaTo NPOAYKTMBHOCT Ha
HanoutenHata Hopma. [lonyyaBa ce,
KaTo JOMbHUTENTHUAT A0OUB ce pasfesnm
Ha HanouTenHara Hopma. 3aBucu OT
MOJIMBHUA pPEeXMM W OT Xapakrepa Ha
rogvHarta, obycrnassl, 6poss Ha MosimB-
kuTe. [laHHuTe ca HaHeceHu B Tabnuua
4. Topagn HeNWHenHWs XapakTep Ha
HapacTBaHe Ha [o6uBa CnpsAMO HapacT-
BallunsA pasMep Ha HanoutesiHaTa HopMma,
HeliHaTa NpoAyKTUBHOCT NpW ONTUMAaSIHO
HanosisaHe € Mo-Majika B CpaBHeHue C
HAKOW OT BapuaHTUTe, MpU KOUTO €

The additional yield obtained from
each mm of irrigation water is also known
as productivity of the annual irrigation
rate. It is obtained by dividing the
additional yield of the annual irrigation
rate. It depends on the irrigation regime
and on the year that determines the
number of irrigations. The data are given
in Table 4. Due to the non-linear
character of the increase in yield
compared to the increasing irrigation rate,
its productivity in optimum irrigation is
lower than in some of the variants with
irrigation rate reduction that have been
subjected to an irrigated irrigation regime,
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NPUNIOXEH HapYLLEH NOMIMBEH PEXUM, T.€.
C HamansBaHe pa3mepa Ha HanouTesHa-
Ta HOpMa, HeliHaTa NPOoAYKTMBHOCT pac-
Te. ToBa yc/ioBue e Hanuue 1 npes Tpute
eKcnepuMeHTanHu roguHu. Bbnpeku ue
TeHAeHUMATa B U3MEHEHWeTo Ha CToli-
HOCTUTE NO roAVHU CbBNaja, pasnnkuTe
ce Ab/kaT Ha (pakTa, Ye npu pasnuueH
6poii NO/IMBKM U TONIEMUHA Ha HanouTesn-
Hata Hopma p[o6uBMBUTE 3a [JafjeH
BapvaHT Nno rofvHW He ce pas/jvyasar
cblecTBeHo. lNMocovyeHaTa TaHAeHUMsA e
npeactaBeHa rpaduyeckn Ha durypa 1,
Karo TyK MaremMaTtuyeckoTo Wu3paxeHue
npv MHOTO BUCOK koeuumeHT Ha aeTtep-
MuHaums (R=0.98) nma 3a Lien no-ckopo
Ja oHarnegy M3MEHEeHWEeTo Ha MpOoAykK-
TMBHOCTTa Ha HopMarta no BapuaHTu, 6e3
[Ja ce Tbpcu 3HAYEHUETO My Kato Mogen
UNN NPUNIOXKUMOCT B NpakTukara.

Bpb3ka ,HanonTenHa Hopma -—
[Oo6bus”

M3xogHuTe faHHU 3a onpenensiHe
napameTpute Ha Bpb3kaTta ,06u, A06UB —
HarnouTesiHa HopmMa” ca npefcTaBeHn Ha
Ta6nuuya 5. Cbwute ca ob6paboTeHn no
MeTo4a Ha Hai-masikute  KBagparw,
nocpencTtBoM cTeneHHaTa popmyna Ha
[aBuaoB u crneymanusvpaHara KOMIMIO-
TbpHa nporpama ,,YIELD”

i.e. by reducing the size of the irrigation
rate, its productivity increases. This is
available during the three experimental
years. Although the trend in the change in
values over the years is roughly the
same, the differences are due to the fact
that, for a different number of irrigation
and irrigation rates, the yields for a
determinate experimental variant by year
do not differ significantly.

This trend is represented graphically in
Figure 1, here the mathematical
expression with very high coefficient of
determination (R®> = 0.98) aims to rather
illustrate the change of the productivity of
the annual irrigation rate by variants,
without looking for its meaning as a
model or relevance in practice.

Relationship  "lrrigation rate —
Yield"

The output data to establish the
parameters of the "Yield - irrigation rate"
relationship are presented in Table 5.
These are processed by the smallest
squares method, by means of the
Davidov's power equation through the
specialized computer program "YIELD".

Tabnuua 5. U3xogHM AaHHW 3a yCcTaHOBSABaHe Ha 3aBucuMmocTTa ,,JlobuB-

HanouTtesiHa Hopma”

Table 5. Output data to establish dependence "Irrigation rate — yield"

BapuanT M/My /X Y/Yq (relative yield)

Variant (relative irrigation rate) 2014 2015 2016 CPEAHO
average

100% m 1.00 1.000 1.000 1.000 1.000

75% m 0.75 0.971 0.956 0.955 0.957

50% m 0.50 0.887 0.917 0.854 0.881

25% m 0.25 0.833 0.766 0.648 0.743

0% m 0.00 0.640 0.583 0.472 0.561

Pesyntatute no roguvHn u cpegHo
3a nepuofa Ha onuTa ca npeacraseHu
HarsiegHo Ha durypa 2. ONUTHATE TOYUKU
ca ocpefHeHW OT KpWBW, NpeacTasnssa-
LM u3nbkHanM napabosnun. Ha rpadukara
ce BWXAa B/IMAHMETO Ha xapakrepa Ha
roavHata BbPXY  PasnoioXeHMeTo Ha

The results by year and average
are shown in Figure 2. The experimental
points are approximated by curves
representing convex parabolas. The
graph shows the influence of the
meteorological character of the year on
the location of the empirical points on the
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eMMUPUYHUTE TOYKM B KOOpAMHATHaTa
cuctema, a OT Tam U BBbPXy napamet-
puTe Ha 3aBUCMMOCTTa, KOUTO 3aBUCAT OT
CTOMHOCTUTE Ha MPOMEHNINBUSA CTEMNEHEH
nokasarten n. 3a yc/fioBMATa Ha HacTos-
LN  eKcnepuMeHT CbLWAT Bapupa B
TECHU rpaHuuM, Kakto cregsa: 3a 2014
roanHa e 2.1, 3a 2015 — 2.4, a 3a 2016 —
1.7. CpegHo 3a TpuTe rofuHW, ekcnepu-
MEHTa/IHUTEe TOYKW Cce anpokcumupat
Hali-gobpe npu n=1.9, Kato NpPY BCUYKM
cnomeHatn cnydyam R>0.9 (Ta6nuuya 6).
Mpu anpokcumauunATa egHOBPEMEHHO Ha
BCUYKM OMUTHU TOYKM € cblma (n=1.9)
npM MHOTO BMUCOKA CTOMHOCT Ha
KoedmymeHTa Ha kopenauus (R=0.994).

1.0 7 T T T T T g o A
I I I I Lt i I
B | LI g | - o e
0.8 I I \/‘/\/ I I I I
0.8 ,J,,L,‘L,J g T T N S
Cloame T
0.7 ;{:*\*A*T**F*F*T**F*T**f*
gl I I I I I I I
.20.6 e Bl i i Tl ol Tl el i )
© I I I I I I I I
%05 L oJ o o L -l L J - NI -
.B ’ I I I I I I I I I
@04 _ 1 1 1 1 1 1 1 1 (I
> i ¢ experimental points 2014
03 ,1‘ — — — —calculated 2014 -
I a experimental points 2015
021 - 4‘ ------- calculated 2015 -
) A experimental points 2016
014 - -
' I calculated 2016
0.0 I I I I I I I I I

0.0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
Relative irrigation rate

coordinate system and hence on the
relationship parameters that depend on
the values of the variable degree of n.

For the conditions of the present
experiment it varies narrowly as follows:
for 2014 it is 2.1, for 2015 — 2.4 and for
2016 — 1.7. On average, for three years,
experimental points are best
approximated at n=1.9, with all reported
cases R> 0.9 (Table 6).

The approximation of all experimental
points is the same (n=1.9) at a very high
correlation coefficient (R=0.994).

Yield relative

© experimental points - average - -

I

I

T
I calculated - average
014+ -+ -
I .

O  all experimental points

0.0
00 01 02 03 04 05 06 07 08 09 1.0
Relative irrigation rate

our. 2. Bpb3ka ,,061, 4o6MB-HanouTesiHa Hopma”
Fig. 2. Relationship "Yield-irrigation rate

Crnopef, Taka npejacraseHarta 3a-
BMCUMOCT, Nnpe3 no-61aronpuaTHn B Me-
TEOpPOsIOTUYHO OTHOLUEHME TOAMHW, pea-
nun3npaHeTo Ha 45-50% oT onTumasnHaTa
nosivBHa Hopma rapaHtTupa okosio 90%
OT MakcumasiHua fo6uB, a npes no-cyxu
roAvHuW, Te3n pesyntaTnm ce nocturaTt c
MUHMYM 65% OT onTumasiHaTa Hopma.

According to the presented
dependence, in more meteorologically
favorable year, the realization of 45-50%
of the optimal irrigation rate guarantees
about 90% of the maximum vyield, and in
more dry years these results are attained
with at least 65% of the optimal rate.
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Tabnuua 6. NMapameTpn Ha Bpb3kaTa "O6L, 4,06MB — HanouTeHa HopmMa”
Table 6. “Yield — Irrigation rate” relationship parameters

rogpuHalyear | thopmyna/formula [ Ye | n | R
y=1-(1-Yg)(1-x)"
2014 Y=1-0.36(1-x"" 0.64 2.1 0.990
2015 Y=1-0.42(1-x"" 0.58 2.4 0.997
2016 Y=1-0.531-x"" 0.47 1.7 0.998
cpefHo/average _ 1.9 0.999
obuo/total Y=1-044(1-%) 0.56 1.9 0.994

Tabnuua 7. OTKNOHEHMS Ha W34ucieHMTe no opmynata AoOMBU CNPSMO
OMNTHO YCTaHOBEHNTE

Table 7. Deviations of the calculated yields from the formula compared to the
experimental ones

nob6uelyield 2014 no6uslyield 2015 no6uslyield 2016

onuTeH n3ymcneH onuTeH n3ymncneH onuTeH N34mncneH

M |experimental| (calculated) |experimental| (calculated) |experimental calculated
Y=1-0.36(1—x)"" Y=1-0.42(1—x)"" Y=1-0.53(1-x)"’

kg/da kg/da +% kg/da kg/da +% kg/da kg/da, +%
0.00 153 153 0.0 147 147 0.0 126 126 0.0
0.25 199 192 -3.5 193 199 3.3 173 181 4.8
0.50 212 219 3.3 231 232 0.5 228 224 -1.6
0.75 232 234 1.0 241 248 3.0 255 255 -0.2
1.00 239 239 0.0 252 252 0.0 267 268 0.4

Ha Tabnvua 7 ca HaHeceHu CTol-
HOCTUTE Ha OMUTHO YCTAHOBEHUA U

On the Table 7 are presented the
values of the experimentally established

U34UCNIEHNA MO oopmynata fJo6MB Mo
BapuaHT U roguHn. CToHOCTUTE, NoKas-
BallM OTHOCWUTE/IHUTE OTK/IOHEHUS MO-
TBbpXAaBaT W3M0M3BaeMocTTa Ha crTe-
NneHHaTa 3aBMCMMOCT, KaTO CbLUMTE He

HagsuwasaT 5%. Te3n Manku passinku

and the calculated yields by variants and
years. The values indicating the relative
deviations confirm the usability of the
degree of dependency, the same not
exceeding 5%.
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Ce [Ab/mkaT OCHOBHO Ha oOrpaHuyeHus
o6emM OT ekcnepvMeHTaNHW AaHHWU, HO
BbNpeku ToBa MpejsiokeHaTa CTeneHHa
3aBMCMMOCT MOXe Aa 6bae m3nonssaHa
3a nporHosvpaHe Ha pgobuea npu non-
ckusi pacyn, oTrnefaH B ycroBuaTa Ha
OrPaHMYEHO HanosiBaHe W 3a palioHw,
CXOHM KaTo MnoyBa W KAMmart ¢ paiioHa
Ha NnosayB.

N3BOAN

B 3aBucvmocT OT ycroBuATa Ha
rogvHata, OuonorMyeckn ONTUManHUAT
nosiMBeH pexum npu dacyn — copt
JobpymkaHckn 7 ce ocbliecTBsiBa 4ypes
peann3vpaHeTo Ha 2 [0 4 NOMMBKU C
Hopma 50 mm, BCcsika OT KOUTO TpsibBa Aa
HBa/laxxHaBa nouysatra pgo [MNB Ha
Abnb6ounHa o 60 cm. Mpu TO3M NOANBEH
pexum ce nosiyyaBar BUCOKN U CTabUIHM
[obueun, gocturawm ot 240 go 270 kg/da
1 npesuwasally AobmBa Npu HEMNosIMBHU
ycnosusa ot 50% pgo Hag 2 nbTu, B
3aBMICUMOCT OT CTENeHTa Ha 3acyllaBaHe
npes penpoaykTUBHUA Nepuos.

PenoBHOTO HanosiBaHe npu peay-
LuMpaHe Ha nosimeBHaTa Hopma ¢ 25% ocu-
rypsisa Hag, 95% OT MakcumasniHus 0o6us,
[opyv Npe3 roguHn ¢ NPOAb/HKUTENTHN NeT-
HW 3acywaBaHus. o MKOHOMUYECKU No-
KasaTenu To3u NOSIMBEH PeXuM e 6n3bK
0O OonTUMasTHMA U NpU  HeJoCTUr Ha
nosiMBHa BOJA MOXe fa ce npunara
ycnewHo. Mexay 8 n 15% ca 3aryouTe Ha
[o6uB npu peanusnpaHe Ha 50% oT onTu-
MasiHaTa nosivBHa Hopma. To3n nonmeeH
pexum Ccblo MOoXe Aa 6bae npunaraH
npuv He4OCTUT Ha NOSIMBHA BOAA, KaTo npwu
rpaBuMTayHO HanosiBaHe BojaTa TpsbBa
Ja ce nogasa npe3 6pasga. He ce npe-
nopbyBa HarnosiBAHETO C MasikKy NOJSIMBHU
HopMmu (25%m), Tbil Kato ce nocTura
He3HauMTeNeH MKOHOMUYECKU  edpexT,
0C06€eHO0 Npes Cyxu rogmHu.

MpoAyKTMBHOCTTA Ha HanoutesnHa-
Ta HOopma npu OMTMMasIHO HarnosiBaHe e
cpegHo 0.712 kg.da™t.mm™. MpunaraneTo
Ha HapyLleH MOoJIMBEeH pexuM, He3aBucu-
MO OT cnocoba, Boau A0 HEWHOTO yBesu-
yaBaHe, Kato npu nogasaHe Ha 50% oT

These small differences are mainly due to
the limited amount of experimental data,
but the proposed degree of dependence
can still be used to predict the yield of
field beans harvested under limited
irrigation conditions and areas similar to
soil and climate with the Plovdiv region.

CONCLUSIONS

Depending on the meteorological
conditions of the year, the number of
irrigations for beans (Dobrudzhanski 7
variety) is from 2 to 4 irrigations with
optimum irrigation rate a 50 mm, each of
which should be moisten the soil at a
depth of 60 cm. This irrigation regime
provide high and stable yields ranging
from 240 to 270 kg/da and yields that
exceed the vyield under non-inferior
conditions from 50% to more than 2 times,
depending on the drought during the
reproduction period.

Regular irrigation at 25% reduction
of irrigation rate provides over 95% of the
maximum yield even in years of prolonged
summer droughts. By economic
indicators, this irrigation regime is close to
the optimum and can be successfully
applied when irrigation water is deficient.
Between 8% and 15% are yield losses in
achieving 50% of the optimal irrigation
rate.

This irrigation regime can also be applied
in the absence of irrigation water.
Irrigation with small irrigation regulations
(25% m) is not recommended as there is
little economic effect, especially in dry
years.

The irrigation rate productivity at
optimum irrigation is on average 0.712
kg/lha™.mm™. The applicaton of an
irrigated irrigation regime, irrespective of
the method, leads to its increase, with
50% of the irrigation rate being 0.97-1.04
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HanoutesnHata Hopma CTOMHOCTUTE ca
0,97-1,04 kg.da™.mm™.

Bpb3kata “[obuB—HanontenHa
Hopma” npeAcTassisiBa CTeneHHa 3aBucu-
MOCT, YyCTaHOBeHa no opmynata Ha
JaBugos. pacmyeckn Ta ce um3passiBa
ypes usnbkHana napabosa nNpu cTeneHeH

kg. dat.mm™.

The relationship "Yield-Irrigation
rate" is a degree of dependence,
established according to Davidov's

formula. Graphically it is expressed by a
convex parabola with power value n=1.9

nokasaten n=1.9 un «koedwmumneHT Ha | and a correlation coefficient R = 0.994.

Kopenaunsa R=0.994.

NMTEPATYPA /| REFERENCES
1. Al-Kaisi, M., A. Berrada and M. Stack, 1999. Dry bean yield response to
different irrigation rates in southwestern Colorado. Journal of Production Agriculture,
12(3), 422-427.
2. Atanasov, |., 1972. Practical guide of soil science. Hr. G. Danov, Plovdiv (Bg).
3. Barbieri, G. and D. Pascale, 1992. Effects of regimes and methods of
irrigation on the vyield of three cultivars of kidney bean (Phaseolus vulgaris L.).
Irrigazione e Drenaggio, 39(1), 19-23.
4, Davidov, D., 1994. On the Grounds of the Relationship “Yield—Water". 17"
European Regional Conference on Irrigation and Drainage ICID-CIID, Varna, Bulgaria,
Vol.1, 251-253.
5. El-Noemani, A, H. El-Zeiny, A. EI-Gindy, E. ElI-Sahhar and M. El-Shawadfy,
2010. Performance of some bean (Phaseolus vulgaris L.) varieties under different
irrigation systems and regimes. Australian Journal of Basic and Applied Sciences,
4(12), 6185-6196.
6. Erdem, Y., S. Sehirali, T. Erdem and D. Kenar, 2006. Determination of crop
water stress index for irrigation scheduling of bean (Phaseolus vulgaris L.). Turkish
Journal of Agriculture and Forestry, 30 (3), 195-202.
7. Gencoglan, C., H. Altunbey and S. Gencoglan, 2006. Response of green
bean (P. vulgaris L.) to subsurface drip irrigation and partial rootzone-drying irrigation.
Agricultural Water Management, 84 (3), 274280.
8. Nascimento, J., M. Pedrosa and J. Tavares Sobrinho, 2004. Effect of
different levels of available water in the soil on the growth and production of cowpea
bean pods and green grains. Horticultura Brasileira, 22 (2), 174-177.
9. Penchev, E., 1988. Evaluation of productivity and quality indicators of wheat
with mathematical models. PhD Dissertation (Bg).
10. Radkov, P., 1975. Beans as a second crop. Growing of second crops on
irrigation conditions. Monogaph, pp. 181-190 (Bg).
11. Sehirali, S., T. Erdem, Y. Erdem and D. Kenar, 2005. Water-use
characteristics of bean (Phaseolus vulgaris L.) under drip irrigation. Tarim Bilimleri
Dergisi, 11(2), 212-216.
12. Ucar, Y., H. I. Yilmaz, N. Yardimci, A. Kadayifci and G. |. Tuylu, 2009. The
effect of deficit irrigation on the grain yield of dry bean (Phaseolus vulgaris L.) in
semiarid regions. Spanish Journal of Agricultural Research, 7(2), 474-485.
13. Vitkov, M. and Ts. Gruev, 1973. Experiments on the irrigation regime of
beans. Plant Science, 10(9), 99-104 (Bg).
14. Vitkov, M., 1974. Effect of irrigation and fertilization on the yield of beans
grown on podzolic chernozem soils, in region of the institute of legume crops
“Obrazcov Chiflik” near Russe. Plant Science, 11(10), 101-106 (Bg).

212



15. Vitkov, M., 1975. Irrigation and fertilization of beans — second crop and their
interaction under podzolic chernozem soil in the region of the “Obrazcov Chiflik”
institute of cereal and leguminous crops near Russe. Plant Science, 12(3), 71-78 (Bg).
16. Wakrim, R., S. Wahbi, H. Tahi, B. Aganchich and R. Serraj, 2005.
Comparative effects of partial root drying (PRD) and regulated deficit irrigation (RDI) on
water relations and water use efficiency in common bean (Phaseolus vulgaris L.).
Agriculture, Ecosystems & Environment, 106 (2/3), 275-287.

213



Journal of Mountain Agriculture on the Balkans, 2018, 21 (6), 214-223
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

M3nnTBaHe Ha asiTepHaTUBHU CpeAcTBa 3a KOHTPOJ1 Ha
naroreHHata ro6a Alternaria alternate f.ssp. stevae,
n3onmpaHa ot cteBus — Stevia rebaudiana Bertoni

Kpacumunpa TaHoBa*, Mapua Kacumesa

LlymeHckn YHusepcnTeT Ennckon KoHcTaHTUH MNpecnascku®, ®akynTeT no
npupoaHu Hayku, KaTefpa PacTuTenHa 3awmTa, 60TaHnka 1 30010rus,
yn. ,YansepcuteTcka® 115, 9712, WymeH, Bvnrapus

Testing alternative control means for the pathogenic
fungus Alternaria alternate f.ssp. stevae, isolated from
stevia — Stevia rebaudiana Bertoni

Krasimira Tanova*, Maria Kaschieva

University of Shumen, Faculty of Natural Sciences, Department of Plant Protection,
Phytology and Zoology, 115 "Universitetska" Str., 9712 Shumen, Bulgaria

*E-mail: k_tanova@abv.bg

Received: 18.07.2018 Accepted: 27.11.2018 Published: 27.12.2018

PE3OME

PacTteHuneTto cTeBus (Stevia
rebaudiana Bertoni) e uHTpoayuupaHo y
Hac npeau noseun oT 30 rogvHU u Bce
owle npoAab/kasa Ja Ce KynTtusBupa
ycnewHo, 6narogapeHne Ha Konektus OT
yyeHn OT 3emefesicku WHCTUTYT - [p.
LymeH. EQMH OT BaXHUTEe naToreHu, Kou-
TO aTakyBaT cTeBusiTa € Buga Alternaria
alternata f. ssp. stevae. MatoreHbT npu-
yMHABa NoBpeaun Mo cemMeHaTa, Kb/IHOBe-
Te, KOpeHoBaTa cuctemMa U HaJ3eMHuTe
4yacTu Ha pacTeHMeTo.

ToBa u3cnefBaHe e npeanpueTo B
OTrOBOpP Ha BUWCOKUTE W3UCKBAHWUSA KbM
NpoAayKumnsTa OT Ta3u Kyntypa no OTHO-
LeHe Ha uyucToTa M Kauvectso. V3cnegp-
BAHETO € TnpoBefeHO npe3 nepuoja
2016-2017 r., B ONUTHOTO MoOfe Ha
3emMefenckm MHCTUTYT - rp. LymeH wu
nabopartopuata no uUToNarosiorus, Ha
Katregpa ,PactmtenHa  3awurta®  Ha

SUMMARY

Stevia rebaudiana Bertoni is a plant
introduced in Bulgaria more than 30 years
ago. This plant continues to -cultivate
successfully in our country until now,
thanks to the care of a team of scientists
from the Agricultural Institute in Shumen.
The species Alternaria alternata f. ssp.
stevia is one of the major pathogens that
attack the stevia plants. This pathogen
causes damage to the seeds, sprouts,
root system and all overground parts of
the plant.

This study was undertaken in
response to the high requirements to the
production of this agricultural crop in
terms of its purity and quality. The study
has been conducted during in the period
2016-2017 in the experimental fields of
Agricultural Institute - Shumen and the
Laboratory of Phytopathology,
Department of Plant Protection at
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LLlymeHCkust yHMBEPCUTET C Lien nsonupa-
He Ha Alternaria alternata f. ssp. stevae un
U3NUTBaHe Ha a/iTepHaTMBHU CPe/CcTBa 3a
KOHTPO/1 Ha TO3W natoreH. lMartoreHsbT e
N30MMpaH OT JiMcTa U KopeHu Ha 60/HU
pacTeHuss C SCHO W3paseHW CUMMTOMU
BbpXy cpefia Ha Yanek (CY) n kapTodpeHo
AekctposeH arap (K4A).

Cepusa oT nabopaTopHu TecToBe ca
npoBedeHN 3a onpejefiaHe pacTexa Ha
MULIe1a U Kb/THAEMOCTTa Ha cropute npu
TpeTMpaHe C pas/iM4yHN  pacTUTesHU
ussneun (Mallepka, Tonona, Kucenew, u
CuHan), B onpejesieHa KOHUEeHTpaumus u
CpaBHEHNHN C pedepeHTHUs yHrmumng
WamnuoH (77% meneH xmapokeung - 50%
Cu). YcTaHOBEHO € 4e, pacTUTENHU
u3Bneun ot Tonona (soga/nucta - 1/1 ) n
0obukKHOBeHa Mallepka (Boga/uaT - 1/1),
NPUIOXeHN, CbOTBETHO B Jo3a 1.5 n 2.0
ml/l kKbM XpaHuUTENHa cpefa ca noaxons-
WO W HagexaHo CpeAcTBO 3a KOHTPON
BbpXy MpUUMHWTENS Ha 3abonsBaHeTo
Kag)siBM NIUCTHW MeTHa No cTeBusATa npu-
ynHeHo oT natoreHa (Alternaria alternata
f. ssp. steviae) Ha mMankm naoLWM, KOUTO
He npefcTaBnsaBaT pPUCK 3a OKoJiHaTa
cpefia u 34paBeTo Ha YoBeKa.

Key words: Stevia rebaudiana,
Alternaria alternata, cesckocTonaHcka
KynTypa, nabopaTopHu u3cneaBaHus,
pacTUTesIHN eKCTPaKTh

YBO/,

Mpousxoga Ha ctesuATa e [lapar-
Bali 1 bpasunusa. OTrnexgaHeTo Ha cTe-
BMS € YCMELUHO B CTPaHW C TOMbJ1 KNnmar.
To3u hakT, B KOMMJIEKC C APYrY YCMOBKUS
(coumanHo WKOHOMWYECKO pasBuUTUE W
Hay4YHU n3cnedBaHns) ca OT 3HAYeHue 3a
BbBEXAHETO Ha Ky/nTypara OTHayanlo B
Amepuka n Asus, a cnep tosa 1 B EBpona
(Geuns, 2004). Cnopepn cbwus aBTop,
cTeBuATa ce BbBexaa B EBpona ensa
npes 19-tm Bek (1887) oT AHTOHMO
BepToHuK, KOWTO onucea W MHTpoAyumMpa
pacTeHueTo, 3a KOeTo HayyaBa OT napar-
BaliCKUTE MHAMAHUM 1 My faBa Hay4yHOTO
HauMmeHoBaHMe — Stevia rebaudiana
Bertoni.

Shoumen University for isolation of
Alternaria alternata f. ssp. stevae and
testing alternative means of controlling
this pathogen. The pathogen is isolated
from leaves and rootstocks of plants with
visible signs of disease on Chapek (ChM)
medium and potato dextrose agar (PDA).

A series of laboratory tests were
performed to determine the growth of
mycelium and spore germination when
treated with various plant extracts (thyme,
poplar, sorrel, and mustard) at appropriate
concentrations and compared to the
reference fungicide Champion (77%
copper hydroxide - 50% Cu).

It was found that plant extracts of poplar
(water/leaves - 1/1) and common thyme
(water/flowers - 1/1) added respectively at
a dose of 1.5 and 2.0 ml/l to the nutrient
media are suitable and reliable means for
control of leaf spot disease (Alternaria
alternata f. ssp. steviae) on small areas
that do not pose a risk to the environment
and human health.

Key words: Stevia rebaudiana,
Alternaria alternata, agricultural crop,
laboratory tests, plant extracts

INTRODUCTION

Stevia originates from Paraguay
and Brazil. Stevia cultivation is successful
in countries with a warm climate. This
fact, in a combination with other
conditions (social economic development
and research), is of importance for the
introduction of the culture, first in America
and Asia, and then in Europe (Geuns,
2004). According to the same author,
stevia is introduced in Europe in the 19th
century (1887) by Antonio Bertoni, who
describes and introduces the plant, based
on his knowledge, gained from the
Paraguayan Indians and he is the person
to give its scientific name - Stevia
rebaudiana Bertoni.
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MbpBUTE  HayyHu um3cnensaHus
OTHOCHO MpegumcTBaTa Ha Tasn Kyntypa
pgatmpat ot 1931 roguHa (European
Commission, 1999) Y Hac cTeBusiTa 3a-
noysa fa ce KynTusmpa U3KycTBeHo 6/1a-
rofapeHune Ha y4eHu OT GUBLUNSA MHCTUTYT
no 3axapHo uBekno, otnpean 30 roguHu
(Krumov and Slavova, 1984; Nikolova et
al., 1994), kouTo BbBEXAAT KynTypaTta B
CTpaHaTa K 3anodBaT MbPBUTE HAy4HU
n3negsanna Crnen 10 roguweH nepuog,
Ha MpeKkbCBaHe Mopagu CTPYKTYPHU U
WMKOHOMUWYECKM NPUYMHK, HayyHaTa paGoTa
€ Bb3CTaHOBEHa OT y4eHM Ha 3emenesncku
MHCTUTYT - LLymeH (Slavova et al., 2003).

Mpe3 OHTONMOIMYHOTO CU pasBuUTUE,
B CpaBHEHME C Opyrv KyaTypu, OTIIEX-
JaHn B CTpaHaTa, CTeBuATa € 06EeKT Ha
HanageHve Ha no-masiko Ha 6poii BugoBe
natoreHn. Cnopeg pegvua  aBTopM,
oMTONATONIOTUYHUTE MpOLEeCcH Npu Tasu
Kyntypa ca npegvMHO C MUKOOrMyHa
etnonorusa (Maiti et al., 2006).

OCHOBEH naTtoreHeH, cneuuannsn-
paH npu KynTypata cteBus e Alternaria
alternata f. ssp. stevae (Ishiba, 1982). Ts
npuyvHABa NOBpPeaM MO ceMeHaTa KbJHO-
BETE M KOpeHoBaTa cucTema, kato 3apa-
35iBa MOBBLPXHOCTHO CEMEHaTa CbC Cnopu
n muuen. C kopeHuwata 3apasara ce
npeHaca B rpaHvumTe Ha 16.4-40.6%,
KaTo 3arMBaHeTo Ha HacaxgeHusATa
poctura 46.8-86.2 %. To3mn Bug 3apasa
3HAUUTESIHO 3aTpydHsABa KOHTpo/ia Ha
3a60/151BaHETO, 0COBEHO MpY YC/0BMSA Ha
oTrnexaaHe cnef CbxpaHeHue Ha Kope-
HULWLETO, KakbBTO € C/y4asdT 3a Hawarta
cTpaHa (Andreeva and Tanova 2010).

Mpoy4yBaHMATa NOKas3Bar, Ye OCBEH
Mo cemeHata M KOpeHoBaTa CUCTEMA,
naTtoreHbT BPeAW W MO 3e/1eHNTE YacTu Ha
cTeBuATa - INCTA, CTbOMA, KMOHKN U fopn
LUBETOBE, KbAETO naTtoreHa copmupa
TbMHO-KaddsiBU 40 YEPHU S1IE3UN, KOETO Ce
BmWxga Ha durypa 1. Tasm cumnToma-
TU4Ha hopma Ha 6onecTTa € N3BecTHa U
KaTto kadsiBu nimcTtHM neTtHa (Maiti et al.,
2006). Ha durypa 2 e nokazaHa usonart
oT Alternaria steviae, pasBuUT BbpXy
XpaHuTesiHa cpega.

The first scientific research on the
benefits of this culture dates back to year
1931 (European Commission, 1999). In
our country the stevia is cultivated
artificially 30 years ago by scientists of the
former national institute in sugar beet,
(Krumov and Slavova, 1984; Nikolova et
al., 1994), who introduce the culture in the
country and start the first scientific
researches. After 10 years of interruption,
due to structural and economic reasons,
the scientific work is restored by scientists

from the Shumen Agricultural Institute
(Slavova et al., 2003).
Throughout its ontological

development, compared to other crops,
grown in the country, stevia is subject of
attack of a fewer pathogens. According to
a number of authors, the
phytopathological processes in this
culture are predominantly of mycological
etiology (Maiti et al., 2006).

The major pathogen, specialized in
the stevia culture is Alternaria alternata f.
ssp. stevae (Ishiba, 1982). It causes
damage to its seeds, sprouts and root
system by infecting the seeds’ surface
with  spores and mycelium. The
contamination tends to transfer to the root
system within the range of 16.4-40.6%
and 46.8-86.2% of the infected plants are
completely damaged. This type of
infection significantly impedes the control
over the disease, especially when
cultivated after storage of the root system,
as is the case for our country (Andreeva
and Tanova, 2010).

Studies show that apart from the
seeds and the root system, the pathogen
also damages the green parts of the
stevia - leaves, stems, branches and even
the flowers where the pathogen forms
dark brown to black lesions, this is visible
on Figure 1. This symptomatic form of the
disease is also known as brown leaf spots
(Maiti et al., 2006). Figure 2 shows an
Alternaria steviae isolate grown on
nutrient medium.
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®ur. 1. CUMNTOMM Ha 3a60/1siBaHe Mo /icTaTta Ha CTeBUS
Fig. 1. Symptoms of disease in the leaves of stevie

dur. 2. 3onar oT Alternaria steviae
Fig. 2. Isolated from Alternaria steviae

Mopaan cneuymdnkata Ha NpPoOuU3- Due to the specificity of the
BOACTBEHOTO HanpasfiieHne u u3uckea- | production and the requirements for
HUSATa 3a eKosiorMyHa 4mctoTa u BUCOKO | ecological purity and high quality of
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KauecTBO Ha MpoAyKuusiTa, Lenta Ha To-
Ba U3C/feflBaHe e M30/MpaHe Ha nartore-
Ha OT GOJIHM PacTEHWsi CTEBMS 1 TeCTBaHe
Ha HecTaHgapTHU cpeacTBa 3a OrpaHu-
yaBaHe pacTexa v crnopoobpasyBaHeTo My.

MATEPVAJT N METOOU

N3cnepsaHeTo e npoBefeHO npes
nepuvoga 2016-2017r., B naboparopusata
no dwmronaTonorna, Ha karegpa ,Pactu-
TenHa 3awmTa, 60TaHMka M 30010rns”
KbM (pakynteta no ,MpuMpoaHM Hayku“ Ha

LymeHckn yHuBepcuTeT. OO6GeKkTM Ha
uscnegsaHe ca Jw0be3Ho npegocta-
BEHUTE OT HayyHuTe paboTHUUM OT

3emepenckm WHCTUTYT - rp. WymeH —
60/1HN pacTeHns OT CTEBUSA CbC CUMMTO-
MW NO JINCTHUSA anapar W KopeHosarta
cucTema, npu ectectseH HOH Ha passu-
TMe Ha anTepHapuosara.

M3onnpaHeTto e no yTBbpAeHuTe
hmTONAaTONOrMYHN METOAU, BbPXY cpeaa
Ha Yanek (CUY) n kapTtoheHo AeKCTpo3eH
arap (K4A). CbxpaHeHneTo Ha usonatute
e B TepmocTaT, npu Temneparyra 22-24
rpagyca.

B nabopartopuaTta no ¢uronarosno-
s Ha LUlymeHCKn yHVWBepCcUTET e u3nu-
TaHO GMOIOrMYHOTO AelicTBME Ha NpUpoa-
HW BellecTsa OT pacTUTesneH Npomnsxos —
B Pa3/IMuHu [03u, fobaBeHu B XpaHuTen-
Hata cpefa 3a KyntueBupaHe. ToBa ca
eKCTPaKTW, B CbOTHOLLIEHVEe apora/soja —
1/1 oT cnepgHUTe pacTeHus: 06MKHOBEHHA
Mawepka (Thymus vulgaris) — ussaT, B
fo3a 2 ml 3a 1 nMTbLP XpaHuTesnHa cpeja,;
Tonona (Populus ssp.) — nucta, B Ao3a
1.5 ml 3a 1 nuTbp XpaHuTenHa cpepna;
knceney, (Rumex obsitifolius) — nucta, B
fo3a 2 ml 3a 1 nnTbp XpaHuTesHa cpeaa,;
cunHan (Sinapis alba) — nucta 1 cTvbna, B
posa 1.5 ml 3a 1aMTbp XpaHuTenHa
cpefa; etanoH e pyHrMumasT — LWamnuoH
Bl (mepeH xugpooknc) B gosa 0,15 %!l
cpefa M KOHTposia — 4YucTta XpaHutenHa
cpepa (Tabnuua 1).

production, the aim of this study is to
isolate the pathogen from infected stevia
plants and to test non-standard means of
limiting its growth and spore formation.

MATERIAL AND METHODS

The study is conducted in the
Laboratory of Phytopathology of the
Department of Plant Protection, Botany
and Zoology at the Faculty of Natural
Sciences of the University of Shumen in
the period 2016-2017. Research samples
are kindly provided by the scientists of the
Shumen Agricultural Institute — infected
stevia plants, with symptoms manifested
on the foliar apparatus and the root
system, within a natural background of
alternariosis.

Isolation is based on established
phytopathological methods, in Chapek
medium (ChM) and potato dextrose agar
(PDA). The storage of the isolates is in a
thermostat, at a temperature of 22-24
degrees.

In the laboratory of phytopathology
of Shumen University the biological effect
of natural substances of plant origin is
tested — different doses "added to the
nutritional environment for cultivation”.
These are extracts in a drug/water ratio of
1/1 of the following: thyme (Thymus
vulgaris) — flowers, in dose 2 ml for 1 liter
nutritional medium; poplar (Populus ssp.)—
leaves, in dose 1.5 ml for 1 liter nutritional
medium; sorrel (Rumex obsitifolius) —
leaves, in dose 2 ml for 1 liter nutritional
medium and mustard (Sinapis alba) —
leaves and stems, in dose 1.5 ml for 1 liter
nutritional medium; standard — Champion
VP (copper hydroxide) in dose 0,15 %/l
environment; control — pure nutrient
medium (Table 1).
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Tabnuua 1. CpeacTBa 3a KOHTPOs1 Ha Alternaria alternata
Table 1. Means of control for Alternaria alternata

BapnaHTu M3non3BaH ekCcTpakT B XpaHuUTesHa cpega
Variants Used extract in nutrive medium
1 O6ukHoBeHHa matepka (Thymus vulgaris) — uBAaT, B fgo3a - 2ml/l
Thyme (Thymus vulgaris) — flowers, at a dose - 2ml/|
2 Tonona (Populus ssp.) — nucTa, B go3sa -1.5ml/l
Poplar (Populus ssp.) — leaves, at a dose -1.5ml/I
3 Kucenev, (Rumex obsitifolius)- nucta, B go3a - 2ml/l
Sorrel (Rumex obsitifolius) — leaves, at a dose - 2ml/l
4 CuHan (Sinapis alba) -nucta u cTb651a, B fo3a 1.5ml/l
Mustard (Sinapis alba) - leaves and stems, at a dose - 1.5ml/l
5 (EtanoHn) LWamnuoH BM, / Cu(OH),/ B go3a 0,15%/I
Standard — Shampion BP, /Cu(OH),/ at a dose 0,15%/I
6 (KoHTpona) — uncta xpaHuTenHa cpega
Control — pure nutritive medium

NabopaTopHUAT onut ce CcbCToOM OT 2
TecTa (3a YycTaHOBfIBaHe pacTexa Ha
Muuena — npu KynTmBmMpaHe Ha nocsBKU-
Te 3a 7 [OHW, C TPUKpPaATHO OTYMTaHe; 3a
ycTaHoBsiBaHe % MOKb/IH&/IM Cnopu —
npu KynTuBMpaHe Ha nocsiBkute 3a 48
yaca, C TPMKpaTHO OTUYMTaHE), BCEKN TecT
CbAbpXa ropeonucaHuTe UAEHTUYHU Ba-
pvaHTK OT M3NWTaHWTe CpepcTBa, BbBe-
[eHN BbpXy TBbpAa XpaHUTesiHa cpeja —
KapTopeHo-fekcTpo3eH arap (KOA) B
CbOTBETHUTE KOHUEHTpauuM B LWeCT
NnoBTOpPeHNs. TecToBeTe ca W3BbPLUEHM
BbPXY MOCSABKM OT U3onart oT nncTa.

PE3YJITATU N OBCBXXOAHE

Pesyntatute ot Tabnuua 2, nokas-
BaT MPUHAANIEXHOCTTAa Ha MnonyvyeHute
usonatn, CbOTBETHO: wu3onar All(or
KopeHuwe) v nzonat A22 (0T INCTa) KbM
€IMH 1 cbly, naToreH — Alternaria alternate
f.ssp. stevae. Nogo6bHN onucaHus 3a Te3un
nartoreHn ce cbob6uwasat OT Maiti et al.
(20086).

The laboratory test consists of 2 tests (for
detection of mycelial growth - for
cultivation of the 7 days, with three
counts, for the determination of %
sprouted spores — 48 hours for the
cultivation of the seeds with three
counts), each of which contains the
above-described ideal variants of the
tested agents, introduced on a solid
nutritional medium — potato-dextrose agar
(PDA) in the respective concentrations in
six repetitions. Tests were performed on
leaf isolated cultures.

RESULTS AND DISCUSSION

The results of Table 2 show the
affiliation of the resulting isolates,
respectively: isolate A1l (from rhizome)
and isolate A22 (from leaves) to the one
and the same pathogen - Alternaria
alternate f.ssp.stevae. Similar descriptions
of these pathogens are reported by Maiti
et al. (2006).

219




Tabnuua 2. OnucaHne Ha n3onatu ot Alternaria alternate f.ssp.
Table 2. Description of isolates from Alternaria alternate f.ssp.

- Alternaria alternate f.ssp. stevae Alternaria alternate f.ssp. stevae
T (n3onat A1l) (n3onat A22)
33 (isolate A11) (isolate A22)
< £
GE.) e Mwuuen KbnHaemoct Muuen KbnHaemoct
= f_:" Micel Ha cropuTte Micel Ha cropuTte
z3 Germination Germination
>% Crpyktypa [[abTHOCT| LiBAT of spores CrtpykTypa MnbTHOCT LiBaT of spores
Structure | Density [ Color Structure Density Color
KOA BC +++ TC ++ BC +++ TC +
PDA AS DG AS DG
CY B + TC + B + TC ++
ChM A DG A DG
OA BC +++ CcY +++ BC +++ CcY +++
OA AS LB LB
KA C ++ TC ++ C ++ TC +++
PA S DG S DG

Kntou 3a Tabnuua 2.

Key for table 2

CTpykTypa Ha B-Bb3ayLleH BC-Bb3ayLLHO C-cybcTpateH
Muuena cybcTparteH
Micel structure A-aerial AS-air-substrate S-substrate
MnbTHOCT +++ ++ +
BMCOKa cpegHa cnaba
Density high average weak
Lgar TC-TbMHO cuB CU-cBeT/10 yepeH
Color DG-dark gray LB-light black
KbnHaemocT Ha +++ ++ + )
criopute BMCOKa cTeneH cpefiHa cTeneH cnaba cTeneH; He obpasyBa

Spore germination

high degree

average degree

weak degree does not form

XpaHuTenHa cpega

Nutrient media

KOA-KapTodheHo-
eKCTPO3eH arap

PDA-potato
dextrose agar

CU-cpepa Ha Yanek

ChM-Chapek media

KA-kapTodheH
arap

OA-oBeceH arap

OA-oats agar
PA-potato agar

B Tabnuua 3 ca npeacTtaBeHn
pesyntatute OT TECTOBETE 3a BANSHUETO
Ha pacTUTesIHN 0TBapu BbPXY pacTexa u
Kb/IHEHETO Ha  cropute.  Cnopeg
pesynratute, Hain-CUHO BNUSIHUE BbpXY
pacTtexa okassaT oTBapuTe OT mallepka
2 ml/l; Tonona - 1.5 ml/l n cnHan - 2 ml/l.
Hali-cusiHo e noTuckaHeTo nNpu AobaBsiHe

Ha eKcTpakT OoT Torosia - W3MepeH e
OnamMeTbp Ha KonoHudAta - 3.76 cm.
MoTuckaHeTo crnpsmo KOHTPO/THUA

BapuaHT e 21.6%. To3u epekT e cnensaH
OT: 06MKHOBEHa Mallepka (ouameTbp Ha
KonoHnsata - 4.56 cm, n edekrt Ha
noTucKaHe cnpsMo KoHTponarta - 5.21%);
cvHan (anameTbp Ha KonoHusATa - 4.79

Table 3 presents the results of
tests on the influence of plant decoction
on spore growth and sprouting. The
results show that the 2 ml/l thyme, poplar-
1.5 ml/l and mustard - 2 ml/l extract have
the greatest impact on the growth.

The strongest effect of inhibition is when
adding poplar extract - the diameter of
the colony is measured - 3.76 cm. The
inhibition in comparison with the control
sample is 21.6%. This effect is followed
by: thyme (colony diameter - 4.56 cm and
suppression effect with regard to control -
5.21%); mustard (colony diameter - 4.79
cm) and suppression effect with regard to

220



cm,

KOHTponata -
Kucenel, He nokasa, MOTUCKall edqiekT,

1.05%).

NpefcTaBeH C M3MepeHnTe AnameTpu.

based on the measured diameters.

n edekt Ha noTtuckaHe cnpsimo | control - 1.05%). The extract of sorrel
Ekctpakta ot | does not show a suppressive effect,

Tabnuua 3. BvsaHne Ha pas/MyHU pacTUTesTHUW eKCTpakTu Bbpxy Alternaria
alternate f.ssp. Stevae

Table 3. Influence of plant extracts on Alternaria alternate f.ssp. Stevae

Mwen / Micel MokbnBaHe Ha cnopuTe / Spore germination
s
0::Jr " [naveTsbp HapacTtsaHe 24 h 36 h 48 h
@ g Ha Relat. Growth Relat.%
§ £ MuuenHara % cm/24h % Relat. % Relat.% % Relat.%
zo KOMOHUA %
g5 Diameter
=a of the
3 mycelium
o colonies
(cm)
Thymus 4,56%** 94,79 1,06 84,80 38,0 | 98,0 | 54,2 98,6 65,0 92,9
vulgaris-
2mll
Populus 3,76%** 78,40 1,03 82,4 375 | 97,0 | 53,0 96,4 63,5 90,7
ssp.-
1.5 ml/l
Rumex 4,90 102,9 1,28 102,4 39,0 | 101,0 | 55,0 100,0 68,9 98,4
obsitifolius
2 mll
Sinapis 4,79 98,95 0,90 72,0 38,7 | 100,0 | 55,2 101,0 70,1 100,0
alba-2ml/|
KoHTpona 4,80 100,0 1,25 100,0 38,7 | 100,0 | 55,0 100,0 70,0 100,0
Control
ETasnoH 3,70%** 77,08 0,85 68,0 23,1 | 60,0 | 25,5 46,04 26,5 37,8
Standard
GD 1% 0,14 2,6 0,08 4,0 0,14 0,12 0,14
GD 0.1% 0,16 4,8 0,10 5,3 0,19 0,16 0,19
P% 0,67 0,71 0,67

JdaHHute oT Tabnumua 3 ca kate-
ropuMyHu,ue onpegeneHuaTr edekt Ha
noTuckaHe o6LLMA pacTex Ha MULesHUTe
KOMOHWW, npu AobaBsHe Ha pacTUTesHU
oTBapu B cpefaTta 3a KyntuBupaHe,He
MOXxe fa 6bfe KoMMeHcupaH oT edekta
npu nobassHe B cpefarta Ha doyHruymaa
WamnuoH BIM, B koHueHTpauua 0.15%.
V3mepeHunaT guameTbp Ha KOMOHWUATA e
3.70 cm v npeacTasnaga 77.08% crnpsamo
AnameTbpa BbpXY KOHTPOJSIHUA BapuaHT
(uncta cpega).

Mo OTHOLIEHVEe BAUSAHWETO BbPXY
CKOpOCTTa Ha HapacTBaHeTO Ha mMuuena,
C MHOro MaJsikm uskueHus, edekra ce
noeTaps. Hai-cunieH notuckaw, edqekt e

The data in Table 3 show clear that
the determined effect of suppression of
the total growth of mycelial colonies upon
addition of plant effluents to the culture
environment cannot be offset by the
effect of adding fungicide Champion BP
to the media at a concentration of 0.15%.
The measured colony diameter is 3.70
cm and represents 77.08% of the
diameter of the control sample (pure
medium).

In terms of the effect on the speed
of the mycelial growth, with very few
exceptions, the effect is repeated. The

strongest suppressive effect is reported
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oTyeTeH: 3a yHrmumaa LWamnuoH BI -
32% cnpAmMo KoHTponaTa, cnegBaH oOT
cuHan - 18% cnpaAMO KOHTposara,
Tonona - 17.6% cnpsamo koHTponara u
06MKHOBEHa Mallepka - 15.2%.

MokbnBaHeTo Ha cnopute 3a
BCUYKN BapviaHTU € MakCUMasiHO cnep,
36-a yac. lNoTuckaHe Ha MoKb/IBAHETO Ha
crnopuTe e ycTaHOBEHO olle crnef 24-9
yac. Haii-cmnHo TO e 3a (oyHrMymga
WamnuoH BIM - 60 % cnpsaAmo koHTpona-
Ta, cnegsaH o1, Tonona - 97% cnpsaAmo
KOHTponaTta u obrkHOBeHaTa mallepka -
98%. Cnep 36-9 yac edpekta Ha nogTuc-
KaHe /leKko ce 3acunsa no OTHOLLeHne Ha
cbwmte BapumaHTn. Cnep 48-a yac, npu
BCUYKN BapuaHTu ce oTuMTa noaTuckaHe
Ha MNOKb/IBAHETO Ha cnopute. V3BnexksT
OT K/ceney, He B/Msie BbPXY pacTexa Ha
MuLena, HO MOATMCKa MOKb/IBAHETO Ha
crnopuTe, KOeTo ce Habnwoaasa cnep 48-4
yac.

nN3BOAN

PactutenHuTte m3Bneuu ot Tonona
(Populus ssp.) B CbOTHOLLEHWne
(Bopa:nucta — 1:1), U 0OUKHOBEHa

Mawepka (Thymus vulgaris) (Boga:uaT —
1:1), npunoxeHn B posa 1,5 n 2.0 ml/l
nogTuckat pacTexa Ha wMmulena wu
noKb/BaHeTo Ha cnopute Ha Alternaria
alternata f. ssp. Stevae.

PactutenHuaT mn3Bfnek oT kucenew,
(Rumex obsitifolius) B cboTHOWEHME
(Bopa:nmcta — 1:1) B pgosa 2,0 mll,
noATuCKa MOKb/IBAHETO Ha Cnopute, HO
HAMa noaTvckal, eddekT Mo OTHOLIEeHue
pacTexa Ha muuena.

MoatuckawmTe ediekT Ha n3nuTa-
HWTE W3BNeun He KoMMeHcupaT ediekra
oT (pyHrnumaa WamnuoH (77% Cu(OH), —
50% Cu).

BNATrOgAPHOCTHU

ToBa u3cnegsaHe e peanusmpaHo no
npoekT NeP/[-08-120/06.02.2018, chrHaHcupaH
ot WY ,Enuckon KoHcTaHTuH NMpecnascku®.

for fungicide Champion BP - 32% vs. the
control sample, followed by the mustard -
18% vs. the control sample, poplar -
17.6% vs. the control one and thyme -
15.2%.

The spores germination time for all
variants is maximum after 36 hour. The
suppression of the germination of spores
is observed after 24 hours. The most
powerful: for fungus Champion BP-60%
vs. control, followed by poplar - 97% vs.
control and thyme - 98%.

After 36 hours, the suppression effect
slightly increases with respect to the
same samples. After 48 hours, all
variants report suppression of spores
germination. The sorrel extract does not
affect mycelial growth but suppresses
spore germination, which is observed
after 48 hours.

CONCLUSIONS

The use of plant extract from poplar
(Populus ssp.) (water: leaves — 1:1) and
common thyme (Thymus vulgaris)
(water:flowers — 1:1) applied at doses of
1.5 and 2.0 ml/l, suppress the growth of
mycelium and the germination of spores
of Alternaria alternata f. ssp. Stevae.

The extract of sorrel (Rumex
obsitifolius) in a ratio (water: leaves — 1:1)
at a dose of 2.0 ml/l suppresses spore
germination but has no inhibitory effect on
mycelium growth.

The suppressing effects of tested
extracts do not compensate for the effect

of the Champion's fungicide (77%
Cu(OH), — 50% Cu).
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PE3IOME SUMMARY
OcHoBHaTa LEN Ha HacTosaweTo The main purpose of this paper is

uscrsiefiBaHe e fa ce npoyyu aaroueHosa- | to analyze microbiologicaly the waters of
Ta Ha BoguTe Ha p. Mupywa (MCHunsHe, | the river Mirusha (Gjilan, Kosovo) during
KocoBo) npe3 neTHus ce3oH Ha 2013 r. | summer season of 2013 year. The
MpobuTe ca B3eTn OT TpU MecTonosioxeHus. | samples taken at three localities.
MonyyeHuTe pesynrarun ca cpaBHe- The results obtained  were
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HM CbC CcTaHjaptTute Ha CseToBHaTa
3gpaBHa acounauns (WHO) n AreHymsaTa
3a 3awWmTa Ha okosiHaTa cpega (EPA) 3a
BOZa 3a MUTENHW HYXAW U Bb3CTaHOBU-
Te/HW AeliHoCTH.

WN3cnepgBaHnte  (PM3UKO-XUMUYHK
XapakTepucTukn ca: MbTHOCT, pH, UBAT,
COJIEHOCT, 06LL0 KONIMYECTBO Pa3TBOPEHM
TBbpAM BellecTsa (TDS), npoBoAMMOCT 1
Temnepartypa.

MonydyeHuTe pesyntatun (bakTepmo-
NOTNYHN N PUNKOXUMUYHU) HE OTroBapsT
Ha CTaHgapTUTe Ha Boda (3a MUTENHWU ©
Bb3CTaHOBMTENHN HYXAn) Ha WHO n EPA.

OT4YEeTEH € BMCOK OGPOM OT BCUYKM
MUKPOOpPraHM3mMum Ha BCUYKU MECToobuTa-
HuA. Bb3 ocHOBa Ha KonugopmHute bak-
Tepuu, cnopeps cucrtemata Ha TbMIJIUHT,
BoAMUTE Ha p. Mapylwa npuHagiexar KbM
BTOPM [0 TPETU K/ac 3ambpcsiBaHe.

KnwouoBu gymn: MUKpPO6GUOMIOrMyHo,
peka, Mupywa, N unsHe

yBO/[,

BogHuTe pecypcu ca OT TO/isiMO
3HayYeHVe 3a pas/NyHU AEeAHOCTU KaTo
NUTENHN HYXAW, HarnosiBaHe, akBakynTypa
W NPOM3BOACTBO Ha €/IEKTPOEHEpPTIUs.
3Ha4yeHNeTo Ha M3BBbPLUEHUTE XNOPOSIOX-
K/ MpoyuBaHus BbpXy BoauTe B KOcoBoO
cera ce npusHasa B YMpaB/IEHUETO Ha
BOJHUTE pecypcu nopaau ekcnioarauus-
Ta Ha cNajkoBOAHUTE pecypcu.

BakTepmonorMyHoTo Kavyectso Ha
BofgaTa TPaguLMOHHO Ce OLEeHsBa 4pes
HabnwaeHMe Ha HMBata Ha 06w
konudpopmn (TC) u thekasHn konudopmm
(FC).

3avbpcsBaHETO Ha BOAUTE MOXeE
Ja posefe [0 HebnaronpuaTHW nocneau-
UM 3a 34paBeTo Ha ronsiMm 6poi xopa B
npeackasyemu nepuogum OT Bpeme u ce
Ob/MDKN HA HapacTBaHeTO Ha HacesieHue-
TO, UHAYCTPUASTHOTO pasBuTve n ypbaHu-
3auusta (Martinez-Romero et al., 2009).

Mpe3 nocnegHUTe rOAMHN OrPOMHO
BHMMaHME Ce OTAEe /M Ha 3aMbpcsABaHETO
Ha nouysata W BOAHMTE pecypcu W
nocneABasioTo Bb34eCTBME BbPXY XNBO-
Ta Ha MHOTO XMBOTHM K Xopa. B cbLoTo

compared with WHO and EPA standards
for drinking and recreational water.

Physicochemical parameters
analysed are: Turbidity, pH, Colour,
salinity, Total dissolved salts (TDS),
conductivity, and temperature.

The obtained results
(Bacteriological and Physicochemical) did
not comply with standards (for drinking
and recreational water) of WHO and EPA.

Registered the high number of all
microorganism, at all locality. On base of
coliform bacteria according to Tumpling
system the waters of “Mirusha” river
belongs at second to third class of
pollution.

Key words: Microbiological, river,
Mirusha, Gjilan

INTRODUCTION

Water resources are  great
significance for various activities such as
drinking, irrigation, aquaculture and power
generation. The importance of sustained
hydrological studies on Kosovo waters is
now recognized in water resource
management due to exploitation of fresh
water resources.

The bacteriological quality of water
has traditionally been assessed by
monitoring the levels of total coliforms
(TC) and fecal coliforns (FC).

Water pollution can cause adverse
health effects for a representative number
of people over predictable periods of time
and is due to population growth, industrial
development and urbanization (Martinez-
Romero et al., 2009 ).

In recent years, a tremendous
amount of attention has been directed
toward pollution of soil and water supplies
and the subsequent effects on the life of
many animals and human. Meanwhile,
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Bpeme, 3aMbpcABaHETO Ha OKojHaTa
cpefia 03HavaBa, Ye OKOosiHaTa cpeja He e
ynucTa M 34paBOC/IOBHA, KOETO BOAM [0
HexxenaHute nocneguun. Bogara, nosce-
MECTHO XMMMWYECKO BELLEeCTBO, OCHOBHO
CbCTaBEHO OT BOAOPOA4 W KWCOPOL C
MosiekynHata popmyna Ha H20 (Parker et
al., 2001); e Hai-eBTMHaTa W Hali-
yHUBEpCcasHa cybCcTaHUms 3a YOBeKa, Tbil
KaTo TS € MbpPBUAT Cpej, BCUUKN dhakTopu
Ha okonHaTa cpefa, KouMTo BAUAAT BbpXY
ouensBaHeTo Ha OpMUTE HA XMBOT,
BK/IIOUNTENIHO  PACTEHUS, XKMBOTHU U
MuKpoopraHmamu (Prescott et al., 1999;
EPA, 1996).

MATEPWNAN N METO4WA

Mpobute 3a GakTepuosiIoruyHUTE
aHa/M3nm ce cbbupaT B CTepunusMpaHa
o6ytunka (100 ml) Ha gbn6oumHa 10-20
cm noj BogHata NOBBLPXHOCT. [pobute
ca B3eTW OT YeTUpU MECTOMNONOXKEHNS NO
nopeuveTo Ha pekata. Cpepcrsara, W3-
non3BaHn 3a 6aKTepuosIorMyHMsA aHanns
Ha Bogarta, BK/IKYBAT XpaHUTesieH arap
(NA) 3a xeTepoTpodHU BakTepun, BUONe-
TOBO YEPBEH X/TbYEH arap 06L0 3a Koau-
popMHMTE GaKkTepun, ecky/IMHOB arap C
XNnbyka 3a Streptococcus faecalis, SS-
arap 3a Salmonella n Shigella n
KapTOoeHO- AEKCTpo3eH arap (3a robom).
Bcuukn xpaHuTenHn cpegmn ca npeterne-
HW W MOATOTBEHU CbINACHO cneuuduka-
UusATa Ha NPoM3BOAUTENSA MO OTHOLLEHWe
Ha QJafeHata WHCTpykuus. CbbpaHute
npo6u ca nocetTn B XpaHUTeNeH arap 3a
BCEkM Bug Oaktepun. KynTypata ce
WHKY6upa npu 37°C, pokato rbbute ce
WMHKYOMpaT npu cTaiHa Temnepartypa,
20°C, B npoAb/iXeHne Ha 5 aHMW.

PE3YJITATU N OBCBb)XOAHE

Mpu BCcuukM nNpobu ce Habnwaasa
Hanuuve Ha MWUKpPoO6M ¢ obLwwm konudop-
MHUK GakTepun, xeTepoTpothHn BakTepun,
Streptococcus faecalis, Salmonella n
shigella n rL6mukn.

MUWKpPOOMONOrMUHUAT  aHa/M3  Ha
Bogara Ha p. Mupywa e npefcraseH B
Ta6nmya 1.

pollution of the environment simple entails
making the environment unclean and
unhealthy by aiding unwholesome states
or condition. Water, a ubiquitous chemical
substance  basically composed  of
hydrogen and oxygen with the molecular
formula of H20O (Parker et al., 2001); is
the cheapest indispensable and most
universal substance to man as it comes
first among all the environmental factors
that affect the survival of known forms of
life including plants, animals and
microorganisms (Prescott et al., 1999;
EPA, 1996).

MATERIAL AND METHODS

Samples for bacteriological
analyses are collected in sterilized bottle
(100 mL) at the depth of 10 -20 cm under
the water surface. The samples taken at
four localities along the river. The media
used for the bacteriological analysis of
water include nutrient agar (NA) for
heterotrophic bacteria, Violet red bile agar
total for coliform bacteria, Bile aesculin
Agar for Streptococcus faecalis, SS-agar
for Salmonella and Shigella, and potato
dextrose agar (for fungi).

All the media used were weighed out and
prepared according to the manufacture’s
specification, with respect to the given
instruction and direction. The collected
samples seeded to selective nutrient agar
for each species of bacteria. Culture
incubated at 37 °C, while the fungi
incubated at room temperature, 20°C, for
5 days.

RESULTS AND DISCUSSION

At all the samples showed
presence of microbes with a total coliform
bacteria, heterotrophic bacteria,
Streptococcus faecalis, Salmonella and
shigella, and fungi.

The microbiological analysis of the
water of the river Mirusha presents in
Table 1.
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0610 KonnopMHUTE HGakTepumn oT
NMbpBOTO MecTonosoxeHne ca 74 cfu/l0
ml Boga, AOKaTO Ha TPeTO MEeCTOMNOosoXe-
Hue ca 175 cfu/10 ml, koeTo e noseue ot
npenopbyMTEIHaTa CTONHOCT.

Mo-BMCOKMAT 6poit Ha Streptococcus
faecalis e oOTKpUT M Ha TpeToTO
mecTtonosioxeHne (362 cfu/10), pokarto
no-MasibK 6poil 6akTepun e yCTaHOBEH Ha
MbpPBOTO MecTonosioxeHune (63 cfu/10 ml).

Mo-mankusat 6poii  Salmonella n
shigella (11 cfu/10 ml) e ycTaHoBeH B
NMbpBOTO MecToobuTaHue, [okarto no-
rofiiM GpoOW € perucTtpMpaH Ha TPeToTo
MecTtonosnioxeHue (55 cfu/10 ml).

Mo-ronam 6poit Ha r6u e peruc-
TpUpaH Ha TPeToTo MecTononoxeHme (76
cfu/10 ml), pokato no-manbK e peruc-
TpupaH B NbpPBOTO MecTonosioxeHve (12
cfu/10 ml).

Mo-ronsgm 6poit  XxeTepoTpodHU
bakTepuM € perucTpupaH Ha TPeToTo
mecTtonosioxeHue (645 cfu/10 ml), gokato
Ha NMbpPBOTO MECTOMNOJIOXKEHNE € peruc-
TpupaH no-Manbk 6poi (188 cfu/10 ml).

HanunumeTo Ha rpyna konogopmu B
Tesun BOAHU npoéu 06VKHOBEHO
npegnonara, 4ye onpegeneHa npoba Boga
MOXe [fda € 3amMbpceHa C hekanmm ot
YOBELWIKM WU  KMBOTMHCKA MPOU3XOA.
Moxe ga  npucbCTBaT  MO-ONAaCHU
MukpoopraHmamu (Richman, 1997).

Total coliform bacteria at first
locality was 74 cfu/10 ml water, while at
third locality it was 175 cfu/10 ml, which
was higher than the recommended value.

The higher number of
Streptococcus faecalis detected also at
third locality (362 cfu/10), while the lower
number of bacteria detect at first locality
(63 cfu/20 ml) .

The lower number of Salmonella
and shigella (11 cfu/10 ml) is registered in
first locality, while the higher number it is
registered at third locality (55 cfu/10 ml).

The higher number of fungi is
registered, at third locality (76 cfu/10 ml),
while the lower number is registered in
first locality (12 cfu/10 ml).

The higher number of heterotrophic
bacteria is registered at third locality(645
cfu/l0 ml), while at first locality is
registered lower number (188 cfu/10 ml).

The presence of coliforms group in
this water samples generally suggests
that a certain selection of water may have
been contaminated with faeces either of
human or animal origin. Other more
dangerous microorganisms could be
present (Richman, 1997).

Tabnuuya 1. MMKpoO6MOAOrnyeH aHasin3 Ha BoguTe Ha p. Mupywa npes3 neTHusi

Ce30H Ha 2013r.

Table 1. Microbiological analysis of waters of the river Mirusha, during summer

season, 2013 year

Fpynun mykpoopraHusmmn | Konnyectso aHasimsvpaHa [MectonosnoxeHue| MectonosoxeHve [MecTonosoxeHue|
Group of microorganism BOJa Locality 1 Locality 2 Locality 3
Amount of analysed water
XeTepoTpochHy 6akTepun 10ml 188 579 645
Heterotrophic bacteria
O6LLM Konndopmu 10ml 74 129 175
Total coliform
Streptococcus faecalis 10 ml 63 134 362
Salmonella and shigella 10 ml 11 45 55
Me6u/Fungi 10 ml 12 39 76
Bbnpekn TOBa, ronemusat 6poli However, high coliform loads

Konucpopmn, HabnwgasaHu B TOBa
uscnefgaHe, ca uHamkauus 3a dpekanHo
3aMbpcsiBaHe  OT  AOMAallHM  [TULK

observed in this study is an indication of
faecal contamination from the animals in
the poultry that is constructed on the
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(Pelczar, 1993; Odeyemi et al., 2011).

[JaHH1Te nokassaTt BUCOKO HMBO Ha
obWwmTe XM3HECnocobHn 6GakTepun BbHB
Bogara B 3-T0 mecTonosioxeHune (55-645
CFU/10 ml). Te3n pgaHHM nokaseaT
HeedDeKTUBHUN npouesypu 3a nNpevynctea-
He BbB BCWYKM M3CMefBaHU MeCTONoso-
XeHusi. CbLo Taka, CTOMHOCTUTE HaaBW-
Wwaear MexayHapogHute  AOonyCcTMMM
HMBa, OCOGEHO B TPETOTO MECTOMOJO-
XEHue.

O6wuaT 6poit GakTepumn 3a BCUUKU
BOZHMW Mpobu Kato UsA0 e BUCOK, Hafd-
XBBbPAAL, rpaHuuata ot 1.0X10% cfu/ml,
KOeTo e cTaHfapTHa rpaHuiua 3a 6pos
XeTepoTpohHn GakTepunm B nuTenHaTa
Boga (EPA, 2002). Bucokuat obuy 6poli
XeTepoTpohHM GakTepun e nokasartesieH
3a Ha/IMYMETO HA BUCOKM OpraHuyHU U
pasTBOpPEHN CO/M BbB BogaTa.

OCHOBHMTE M3TOYHWLUM Ha Te3u
GaKkTepu BbB BOZaTa Ca XXMBOTWMHCKA W
YyoBeELWKM oTnagbun. W3TouHMUMTE Ha
b6aKkTepvaslHO 3aMbpcsBaHe BKOYBAT
NMOBBPXHOCTHW OTTOLM, Nacuwia u apyru
MOYBEHW 30HW, KbAETO Ce HaTpynsar
XMBOTUHCKM OTNagbLun.

Tes3n 3aMbpcuTeNN BOAAT A0 Haid-
BWCOKMA Opoii GakTepum B HacTOLWETO
nscnegBaHe Ha p. Mupyua.

N3BOAN

YcTaHoBW ce roNsiMo 3ambpcsiBaHe
Ha BogaTa C 6akTepum 1 rbonyKkM crnopep,
npobu B3eTW OT peyHaTa Boga, CbOpaHu
OT pas/IM4yHN MECTOMOOXKEHMS.

Bb3 OocHOBa Ha Mosiy4yeHuTe pesysi-
TaTm Cce HanpasBuxa cnegHuTe 3akiio-
YeHus:

- Bogute Ha p. Mupywa ca no-
CW/IHO 3aMbpPCEHN C GaKTepun Ha BCUYKK
MECTOMOJSIOKEHNS.

- Pernctpupa ce no-ronsm 6poii Ha
BCUYKA  MUKPOOPraHW3MuM Ha  BCUYKK
MecTa, Ocob6eHO Ha TpeTo u BTOPO
MECTOMOJIOXKEHNE.

Bb3 ocHoBa Ha Ko/iudopmHUTE
6akTepumn, cnopes cuctemata Ha TbMIINHT,
BOAMTE Ha p. Mapylwa npuHagiexar KbM
BTOPY A0 TPETU K/1ac 3aMbpcsiBaHe.

pond which supplies poultry waste as
feeds (Pelczar, 1993; Odeyemi et al.,
2011).

The data indicated a high level of
total viable bacterial counts in water at
the 3 locality and were between (55-645
CFU/10 mL). These microbial findings
indicate a non-efficient purification
procedures in all locality studied. Also,
these microbial counts were exceeding
the international allowable levels
especially in the third locality.

The total bacterial counts for all the
water samples were generally high
exceeding the limit of 1.0X10° cfu/ml
which is the standard Ilimit of
heterotrophic count for drinking water
(EPA, 2002). 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.

These contaminants are reflected
in the highest bacterial load obtained in
this study for the river Mirusha.

CONCLUSIONS

Higher contamination of the water
with bacteria and fungi was detected
along the river samples collected from
different localities.

Based on achieving results led us
to conclude:

- The waters of water of river
Mirusha it is higher polluted by bacteria at
all localities.

- Registered the higher number of
all microorganism, at all locality, notably in
third and second locality.

On base of coliform bacteria
according to Tumpling system the waters
of “Mirusha” river belongs at third class of
pollution
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PE3HOME

Moyt BCMYKM pekn Mo cBeTa ca
yp6aHmsMpaHn 1 B TAX C€ WU3XBbPAAT
3ambpcutenn. Llen Ha HacToswata
cTatna e ga uscnegsa aroyeHosaTta BbB
BOAMTE TNO T[OPHOTO TeyeHue Ha p.
Bapaap (MakefoHus) npes neTHUs Ce3oH
Ha 2010 .

Mpe3 nepuofa Ha u3cnegBaHe ca
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SUMMARY

Almost all the rivers, all over the
world, have been transformed into urban
rivers, where the pollutants are discharged.
The main purpose of this paper is to
analyze the algocenosis in waters of
uperstream part of river Vardar (Macedonia)
during summer season of 2010 year.

During the investigation period we
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ycTaHoBeHn 59 Bufa BOAOPAC/N, KOUTO
npuHagnexar KbM 4 paspepa:
Cyanophyta (9 Buga), Bacillariophyta (33
Buga), Euglenophyta (5 Buga) n
Chlorophyta (12 Buga). B anroueHo3zaTa
npeobnagasa Bacillariophyta (33 Buga
unn 55.93%), cneasaHun oT Chlorophyta c
12 suga wnun 20.34%, Cyanophyta c 9
Buga or 15.25 % u Euglenophyta ¢ 8 Buga
wnun 8.47 %.

AHanusunpanu ca
XUMUYECKUTE  XapakKTepUCTUKW,
Temnepartypa, TDS, pH, conu.

KnwouoBn  gymn:  anroueHosa,
peka, Bapaap, nat1o, MakegoHus

dounsunko-
KkaTo

YBO/,

MpoyyBaHeTO e NpUMep 3a u3cnen-
BaHe Ha BOJHW EKOCUCTEMMU, KOUTO ca Nog,
Bb34eliCTBMETO Ha MHOrFOGPONHN aHTpPO-
noreHHn dpakTopu (CesiCKo CTOMaHCTBO,
[OMaKMHCKM 1 OTNaAbYyHN BOAN).

N3cnegBaHeTo Ha KauyecTBOTO Ha
BOogata B npoueca Ha HabnogaBaHe Ha
oKoMHaTa cpefa BK/oUBa M3MoN3BaHe Ha
XUMUYECKM, (OUINYECKN U  BUOMNOrMYHK
XapakTepUCTUKN.

OpraHn4YHOTO 3aMbpcCsiBaHE Bb3-
HMKBa, KOraTo rosiemy Kosindectsa opra-
HUYHW CbeAUHEHUST OT MHOTO M3TOYHULIU
ce OTAenAT B TeyalluMTe BOAM, e3epa U
mMopeTa. OpraHM4yHUTE 3aMbpCUTENN NPO-
n3m3ar oT O6UTOBM OTNagbyHM BOAU
(cypoBu unu TpetupaHn) uam ot rpagckus
OTTOK, NMPOMULLAIEHN OTNaAbYHW BOAM U
BOAM OT cesickoTo ctonaHcTBo (Lobo et
al., 2004).

MATEPVAJT N METOOU

MpobuTte ca cbbpaHuM oT 3 mecTa
no npoTexeHne Ha p. Bappgap npes
NeTHNA ce30H Ha 2013 T.

BogHute npobu ca cbbpaHn B
CTbKAeHn wuweta ot 500 ml, 10 cm nog,
BOAHATa MOBBPXHOCT CbC CTaHAAPTHU
meTtoam (Hindak, 1978). lNposoanmocTTa,
pH, conn, TDS (O6WO KOMYECTBO
pasTBOPEHM CO/IN) Ca M3MEPEHMN Ha MACTO
C npeHocummn MHcTpymeHTn (HACH). O, e
N3MepeH C NPeHOCUMWN UHCTPYMEHTH, Ka-

noticed 59 species of algae, which
belongs 4 division: Cyanophyta (9
species), Bacillariophyta (33 species),
Euglenophyta (5 species) and
Chlorophyta(12 species). The algocenosis
is dominate by Bacillariophyta (33 species
or 55,93 % ), followed by Chlorophyta with
12 species or 20.34 %, Cyanophyta with
9 species or 15.25 % and Euglenophyta
with 8.47 %.

We analysed and physico-
chemical parameters, such as:
temperature, TDS, pH, salts.

Key words: algocenosis, river,

Vardar, summer, Macedonia

INTRODUCTION

This research is an example of the
study of aquatic ecosystems, that are
under the impact of numerous
anthropogenic factors (agriculture,
livestock, domestic and waste water).

Investigation of water quality in the
process of environmental monitoring
involves the use of chemical, physical and
biological parameters.

Organic pollution occurs when large
quantities of organic compounds from
many sources are released into the
receiving running waters, lakes and also
seas. Organic pollutants originate from
domestic sewage (raw or treated), or
urban run off, industrial effluents and farm
water (Lobo et al., 2004).

MATERIAL AND METHODS

The samples were collected from 3
sampling sites, along the river Vardar
during summer season of 2010 year.

Water samples were collected in
500 ml glass bottles, 10 cm beneath the
water surface, using standard methods
(Hindak, 1978). Conductivity, pH, salts,
TDS (Total Dissolved Salts), were
measured on site using portable
instruments (HACH), O, was measured
with portable instruments, such as,
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TO ypep 3a kucnopog (Hanna Instrument),
a xpaHutenHute Beuwectea (N, P, Si) ca
aHanM3mpaHM CbC CTaH4apTHU MeToam
(DEV, 1981).

C uyeTka 3a 3b0M € cBaseH
enuaIUTOH OT KaMbHUTE. FOpHUAT cNol oT
envnenoH e B3eT 4Ype3 BakKyymMHa CucTe-
Ma, C/fief, KOeTo e A03MpaH C Karnkomep
(Sladeckova, 1962). B3e ce npoba
ennduToH OT cybeTpaTta U ce NocTasn B
naacTMacoBu GYTU/IKN.

KpembuHMTE BOgOpacnn ca wus-
cneggaHu ¢ mukpockon Leica. C undposa
kamepa Fujiflm ca 3acHeTn Bogopacnute
HanpaBo OT npobaTa.

MNMounctBaHe Ha KpeMbYHN BOAOpac/in

MounctBaHeTo Ha dpycTyam oT
KpeMbyHU BOAOpacnn, NoarotoBkaTa Ha
NMOCTOSIHHM  MpegMeTHM  CTbkna  3a
MWKPOCKOM U ONpefensHeTo UM  ce
usBbpwBaT no metogute Ha Krammer &
Lange-Bertalot (1986-2001).

NaoeHTndukaumsata Ha Bogopacnu
6e M3BbpLIEHA CbINACHO K/IHYOBU AYMU:
Bacillariophyta: Kramer & Lange-Bertalot
(1986, 1988, 1991a, 1991b).

MecTononoxeHne Ha n3creaBaHeTo:

Pekata wu3Bmpa p[o c. BpyTok,
HSAKO/IKO Ku/loMeTpa Ha ceBep OT Ip.
Foctmeap B Penybnuka MakegoHus.
MwnHasa npe3 Noctusap, Ckonue 1 npu rp.
Benec npecuya rpaHvyata c [bpums
671130 Ao rp. Fesrenu.

leorpadpckn  KoopaMHaTM Ha p.
Bapgap B rpagycu, MUHYTU W CeKyHOW:
lwmpuHa 40°3027"N, gbmkuHa 22°43'3"E.

PE3YJITATU N OBCBXXOAHE

MNpe3 nepvoga Ha u3cnegBaHe ca
ycTaHoBeHn 59 Bufga BOAOPAcC/IN, KOUTO
npuHagnexar KbM 4 paspepa:
Cyanophyta (8 Buga), Bacillariophyta (30
Buga), Euglenophyta (6 Buga) n
Chlorophyta (12 Buga). B anroueHo3saTa
npeobnagasa Bacillariophyta (33 Buga
unn 55.93%), cneasaHun oT Chlorophyta c
21.43%, Cyanophyta ¢ 1525 % wu
Euglenophyta ¢ 8.47 %.

oxygenometer (Hana Instrument) and
nutrients (N, P, Si ) were analyzed by
standard methods (DEV, 1981).

Epilithon was brushed from the
stones using a toothbrush and the upper
layer of epipelon was drawn up via a
vacuum suction system and then pipetted
(Sladeckova, 1962). Epiphyton was
sampled from the substrate and placed in
the plastic bottles.

The diatoms were examined using
a Leica microscope, with a digital camera
Fujifilm, which photographed the algae
directly from the sample.

Diatoms cleaning

Cleaning of diatoms’ frustules and
the preparation of slides and their
determination was done according to
Krammer & Lange-Bertalot (1986-2001).

Diatoms’ identification was done
according to the keys: Bacillariophyta:
Kramer & Lange-Bertalot (1986, 1988,
1991a, 1991b).

Study area

The river rises at Vrutok, a few
kilometers  north  of Gostivarin  the
Republic of Macedonia. It passes through
Gostivar, Skopje and into Veles, crosses
the Greek border near Gevgelija.

Geographical coordinates of river
Vardar, in degrees minutes seconds:
Latitude 40°30'27"N, Longitude 22°43'3"E.

RESULTS AND DISCUSSION

During the investigation period we
determined 59 species of algae, which
belongs 4 division: Cyanophyta (8
species), Bacillariophyta (30 species),
Euglenophyta (6 species) and
Chlorophyta(12 species). The algocenosis
is dominate by Bacillariophyta (33 species
or 55,93 % ), followed by Chlorophyta with
21.43 %, Cyanophyta with 15.25 % and
Euglenophyta with 8.47 %.

232



Paspen Bacillariophyta e
npeactaseH ot 20 popa, cneaBaH oOT
Cyanophyta ¢ 6 poga, Euglenophyta ¢ 2
pogna un Chlorophyta oT 3 poaa.

bpoAaT Ha BuMaoBeTe OT eQHO Mec-
TOMOJIOXKEHNE € pasfINyeH: Ha MbpPBOTO
MECTOMOJIOKEHNE Cca ycTaHOBeHuM 18
Buga, Ha BTOopoTOo 31 BMAa, AOKATO Ha
TPETOTO MECTOMOJIOKEHME Ca onpejene-
HM 29 Buaga. Kakto ce 3abensassa Ha
BTOPOTO M TPETOTO MECTOMO/IOXEHNE Ma
no-roasiM 6poii Bogopacnn, 0TKOSIKOTO Ha
MbPBOTO MECTOMNO/IOKEHME.

Bopgopacnute Chlorophyta B npoyu-
BaHUs nepuop ca B NoAA0MUHAHTHA 0OLL-
HOCT, Te ca PerucTpupaHm BbB BCUYKU
uscnegBaHn 4actm Ha pekata. PasHo-
o6bpasveTo 1 pasnpocTpPaHEeHNeTo Ha
BOZOpac/ute Bapupa crnopeg Buaa Ha
Ckanute B 3aBUCMMOCT OT TEXHUTE
PU3NYHM U XUMUYHU CBOICTBA.

Mpn pa3pes Bacillariopyta, popg
Nitzschia nvma 4 Bupga, cnegBaH OT pop,
Navicula, Diatoma 1 Cymbella ¢ 3 Buga.
[pyrv pogoBse ca npeactaBeHn ¢ 2 uav 1
BUaa.

Paspen Cyanopyta, Oscillatoria,
Phormidium wn spirulina nmat no-BoCK
6poin ¢ 2 Buga, AokaTo Apyr pog e
npeacTtaseH ¢ 1 BuA.

Paspen Euglenopyta, poa euglena
“uma no-BucoK 6poii ¢ 4 Buga.

Paspepn Chloropyta, pog Closterium
uma 8 Bnga, Cladophora ¢ 3 Buga, gokaro
Stigeoclonium nva 1 Bua.

Mpe3 NneTHUss Ce30H, KPeMbyHUTE
Bofopacnu ca npeobnagasawiara rpyna
OT dTONNaHKTOH. Te npeactaBnsasart
55.93% oT obwara uToLEeHO3a
(Hambaryan et al., 2015).

FonemuTe KambHM UMAT CTabUHK
KO/IOHUW, [oKaTo MaslkuTe Morat fJda
6bAaT pas3dBWKEHN MO BPEME Ha CUMHO
TeYyeHue, Taka 4Ye pasHoobpasneTo u
6oratcTBOTO Ha duiopaTta Hamanissa
(Marker and Willoughby, 1988).

Lobo et al. (2004) onuceart N. palea
KaTto 4aCcTU4YHO YCTOWYMB Ha 3aMbpcsBa-
He. B HacTosLweTo npoy4yBaHe ob6adve To3u
BMA WMa BUCOK OTHOCUTENeH Gpoli

The division Bacillariophyta contain
20 genus, followed by Cyanophyta with 6
genus, Euglenophyta with 2 genus and
Chlorophyta with 3 genus.

The number of species per locality
is different:; in first locality determined 18
species, in second determined 31, while
at third locality is determined 29 species.
As seen second and third locality has
more number of algal species than first
locality.

Chlorophyta algae in the studied
period were in subdominant community,
they were registered in all studied parts of
the river. Diversity and productivity of
algae vary from one rock type to another
depending on the nature of the physical
and chemical properties of the rock.

At division Bacillariopyta, the
genera with higher number of species is
Nitzschia with 4 species, followed by
genera Navicula, Diatoma and Cymbella
with 3 species. Other genera are
represented with 2 or 1 species.

At division Cyanopyta, the genera
with  higher number of species is
Oscillatoria, Phormidium and spirulina
with 2 species, while other genus are
presented with 1 species.

At division Euglenopyta, the genera
with higher number of species is euglena,
with 4 species.

At division Chloropyta, the genera
with  higher number of species is
Closterium with 8 species, Cladophora
with 3 species, while Stigeoclonium with 1
species.

In a summer season dominant
group of phytoplankton were diatoms.
They were 55.93 % of the total algal
phytocenosis (Hambaryan et al., 2015).

Large stones are expected to have
stable communities, whilst small ones
may be so moved during periods of high
flow that the flora diversity and richness is
reduced (Marker and Willoughby, 1988).

Lobo et al. (2004) described N.
palea as partially pollution tolerant. In this
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n3obunme B MecTa C eyTpodmkauus.
MHoro uscnepgaHusi onvceat N. palea u
G. parvulum kaTto pasnpocTpaHeHu Mo
Uusn  CBAT, BWUCOKO TOMEPaHTHW KbM
3aMbpcsiBaHe BUA0BE, 0COO6EHO eyTpohu-
Kaums M opraHuM4HO 3ambpcsiBaHe (Hanp.
Lange-Bertalot, 1979; Tapia, 2008).

study, however, this species had high
relative abundance in eutrophic sites
Many studies describe N. palea and G.
parvulum as cosmopolitan, high pollution
tolerant species, especially eutrophication
and organic pollution (e.g. Lange-Bertalot,
1979; Tapia, 2008).

Tabnuua 1. Bogopacsiv BbB Bogarta Ha p. Bapaap npes3 netHusi ce3oH Ha 2010 .
Table 1. Determined algae in waters of river Vardar during summer season of

2010 year
Level of Localities
saprobity 1 2 3

59 Buaa/species

Paspep, / Divison Cyanophyta
1 /Anabaena inequalis (Born. et Fla.) +
2 Chroococcus cochaerens (Naeg.) +
3 Nostoc linckia (Born et Flah.) B +
4 Oscillatoria .formosa (Bory) a + +
5 Oscillatoria mirabilis (Bécher) +
6 Phormidium ambigum (Gom.) + +
7 Ph. molle (Kiitzing) B-a +
(e} Spirulina_platensis (Nordst.)Geitl. B + +
9 Spirulina_sp. +
9 061, 6p. BUAOBe 1 6ronHankaTopu oT Cyanophyta 3a 4 3 5 4

MecToobuTtaHve / Total number of species and

bioindicators species of Cyanophyta per locality
33 Buga/species [Paspeg / Division BACILLARIOPHYTA
1 )Achnantes hungarica(Gunow) o] +
2 /Amphora lybica (Ehrenberg) + +
3 /Amphora normani ( Rabenhorst) 0 +
4 Cocconeis pediculus (Ehrenberg) o-B + +
5 Cocconeis placentula (Ehrenberg) B +
6 Centronella reichelti(Voigt) + +
7 Cyclotella ocellata(Pantoseck) +
(e} Cymatopleura solea (Brebisson)W.Smith B-a + +
9 Cymbella affinis ( Kitzing) o-B +
10 C.helvetica ( Kutzing) +
11 C.naviculiformis(Auerswald)Cleve B + +
12 Diatoma ehrenbergi Kiitzing +
13 D.monoliforme ( Kitzing) + +
14 D.vulgaris (Bory) B +
15 Epithemia adnata ( Kutzing) +
16 Fragilaria ulna(Nitzh.)Lange-Bertalot +
17 Gomphonema parvaulum (Grunow) +
18 Gyrosigma acuminatum( Kitzing) B +
19 Melosira varians (Agardh) B + + +
20 Meridion circulare(Agardh) 0 + +
21 Navicula lanceolata(Agardh)Ehrenberg +
22 Navicula radiosa (Kutzing) o-B + +
23 Navicula tripunctata(O.F.Mduller)Bory +
24 Nitzschia dissipata( Kiitzing)Grunow o-B +
25 N.palea (Kitzing) W.Smith +
26 N. longissima +
27 N. sigmoidea +
28 Pinnularia microstauron(Ehren.)Cleve o] +

234




29

Pinnularia viridis

30

Rhoicosphenia abbreviata( Kitzing)Grun

31

Surirella angusta Kiitzing)

32

Synedra ulna(Nitzsch)Ehrenberg.

R

+

33

S.nana (Meister

33 Buga/species

061, 6p. Bug, Bacillariophyta 1 6uonHgykaTopHm
BMAOBE 3a MecToobuTaHwe / Total number of species
and bioindicators species of Bacillariophyta per
locality

17

11

20

16

5 Buga/species

Pa3spep / Division EUGLENOPHYTA

Euglena viridis (Ehrenbeg)

E.terricola (Dang.)Lemm

+

E.oblonga (Schmitz.)

E. intermedia(Klebs)Schmitz.

[SIE NI

Phacus hispidulus Lemm.

5 Buga/species

06L, 6p. Bug Euglenophyta n 6p. 6ronHaukaTopu 3a
MecToobuTtaHve / Total number of species and
bioindicators species of Euglenophyta per locality

12 Bugal/species

Paspeg, / Division CHLOROPHYTA

Cladophora fracta(Roth) Kitz

C.fracta var. lacustris (Roth) Kiitz

C glomerata (L) (Kiitz)

Closterium archerianum Cleve

C attenuatum Ehreb.

C.gracilis (Breb.)

C. moniliferum  Nitzsch

C.parvulum Naegeli

O[o[N[o[aR[W[N[F

C.praelongum (Breb.)

C.striolatum Ehreb

C. venus Kiitz

Stigeoclonium tenue Kiitzing

Q™

12 Buga/species

061, 6p. Bug Chlorophyta 1 6p. 6uonHavKaTopu 3a
MecToobuTtaHve / Total number of species and
bioindicators species of Chlorophyta per locality

59 Buaa/species

061, 6p. BUAOBE BOAOpaCc/IN U B1OVHA. BUAa 3a NeTeH
ce30H 3a MecToobutaHue / Total number of species of]
algae and bioindicators species during spring season

29

18

33

29

per locality

N3BOAN

3a nepuofga Ha uscnegBaHe (neTeH
ce3oH 2010) ca ycTtaHoBeHu 59 Bupga
BOAOpacs/u.

Mpeo6nagasa Bug Bacillariophyta ¢
33 Buaa, B cpaBHeEHWe C apyru paspeun.

YctaHoBeHn ca 29 O6uonHauka-
TOpHU BMAa, B KOUTO nNpeobnasasar 6eta
mMe3ocanpobHute ¢ 15 Buaa.

CONCLUSIONS

During the study period (summer
season 2010) we identified 59 species of
algae.

Dominated the Bacillariophyta by
33 species, compared with other divisions.

Determined 29 bioindicators
species, dominated beta mesosaprob
bioindicators species with 15 species.
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