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Abstract

In drought-prone regions without irrigation systems, effective agrotechnologies such
assubsoiling are crucial for enhancing soil infiltration and water retention. However, theeffects
of subsoiling can vary depending on crop type and environmental conditions. De-spite previous
research, there is limited understanding of the contrasting responses of C3(sunflower) and C4
(maize) crops to subsoiling under drought stress. This study addressesthis knowledge gap by
assessing the effectiveness of subsoiling as a drought mitigationpractice on Haplic Chernozem
in Northern Bulgaria, integrating ground-based and remotesensing data. Soil physical
parameters, leaf area index (LAI), canopy temperature, cropwater stress index (CWSI), soil
moisture, and yield were evaluated under both conventionaltillage and subsoiling for the two
crops. A variety of optical and radar descriptive remotesensing products derived from Sentinel-
1 and Sentinel-2 satellite data were calculated fordifferent crop types. Consequently, the use of
machine learning, utilizing all the processedremote sensing products, enabled the reasonable
prediction of LAI, achieving a coefficientof determination (R?) after a cross-validation greater
than 0.42 and demonstrating goodagreement with in situ observations. Results revealed
differing responses: subsoilinghad a positive effect on sunflower, improving LAI, water status,
and slightly increasing yield, while it had no positive effect on maize. These findings highlight
the importance ofcrop-specific responses in evaluating subsoiling practices and demonstrate the
added valueof integrating unmanned aerial systems (UAS) and satellite-based remote sensing
data into agricultural drought monitoring.
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Pe3rome

B paiionn, npenpa3noioKeHW KbM Cylla, 0€3 HamOWTEeTHH CUCTeMH, C(QEKTUBHUTE
arpoTeXHOJIOTHH, KaTO HalpUMep MPOIBIOOYaBAHETO, Ca OT peIIaBall0 3HAYCHHE 32
nmonoOpsiBaHe Ha WMHQPWITpaNMATa HAa IMOYBaTa W 3adbpKaHeTo Ha Boaa. Edekrture ot
MPOIBJIOOYABAHETO 00aUe MOTaT J]a BAPUPAT B 3aBUCHUMOCT OT BHJIa HA KYJITypaTa U YCIOBHATA
Ha OKOJHATa cpena. Bbopeku NpenulIHUTE W3CIeABaHMS, Pa30MpaHETO 3a KOHTPACTHUTE
peaknuu Ha Kyarypute C3 (crpHUOrien) u C4 (mapeBuiia) KbM IpOIbJIO0YaBAHETO MPU CTPEC
OT cylia e orpaHnuyeHo. ToBa mpoyyBaHe 3ambiiBa Ta3u Mpa3HUHA B 3HAHUSATA, KATO OLICHSBA
e(eKTUBHOCTTa Ha MPOJBJIOOYABAHETO KAaTO MpPAaKTHKa 3a CMEKYaBaHE Ha cyllaTa BBPXY
XarunueH yepHo3eM B CeBepHa bbirapus, MHTerpupailku Ha3eMHH U IUCTAHIIMOHHU JTaHHHU.
OduznyeckuTe napamMeTpu Ha rnousara, MHACKCHT Ha JucTHaTa ol (LAI), remneparypara Ha
KOpOHAaTa Ha pacTeHHETO, MHJIEKCHT Ha BOJIEH cTpec Ha Kyinryparta (CWSI), BnaxkHocTTa Ha
rouBara 1 TOOUBHT OsXa OLEHEHU KaKTO MPH KOHBEHIIMOHATHA 00paboTKa Ha MOYBaTa, Taka U
MIpH MPOBJIOOUYaBaHe 3a JIBeTe KynTypu. PazHooOpas3ue OT ONTHYHU U paJlapHU OMUCATEITHU
MPOJAYKTH 3a JIMCTAHIIMOHHO HAOIIOJeHHE, TOMYyYeHH OT CIbTHUKOBU NaHHU Sentinel-1 u
Sentinel-2, 6sxa W3YKCICHH 32 pa3IMIHK BUIOBE KynTypu. CIeI0oBaTeIHO, U3IIOI3BAHETO HA
MallMHHO OOyYeHMEe, U3IMOJI3BAI0 BCUYKM OOpabOTEHH TPOIAYKTH OT JUCTAHIIMOHHO
HaOJIt0JIeHUe, TO3BOJU pa3syMHO mnporHosupane Ha LAI, mocturaiiku koeuimeHT Ha
nerepmunanus (R?) cien kpberocana Banuaanus no-roism ot 0,42 u 1eMoHCTpupaiiku 106po
ChOTBETCTBHE C In situ HaOmomeHusTa. Pe3ynratuTe paskpuxa pa3indHd PEaKIUH:
MOJIMIOYBEHOTO 00paboTBaHE UMAIIIC TTOJIOKHUTEIICH e(DEeKT BHPXY CIIBHUOTIIE/IA, TOA00PSIBANKU
LAI, BogHus cTaTyc W JIGKO YBEIMYaBaWKU NOOWBA, JOKATO BBPXY IapeBHIlaTa HE OKa3a
noJiokuTeneH edekrT. Te3nm OTKpPUTHS MMOJYepTaBaT 3HAYCHUETO Ha crenuuuHuTe 3a
KYJITYpUTE PEaKIUH TIPU OIEHKAaTa Ha MPAKTUKUTE 3a TIOJIOYBEHO O00padoOTBaHEe U
JIEMOHCTpHpAT J00aBeHaTa CTOMHOCT OT MHTETPUPAHETO HA OC3MUIIOTHU JICTATSITHU CHUCTEMHU
(UAS) m carenuTHM JaHHW OT JUCTAHIIMOHHO HAOJIOJeHHE B MOHUTOPUMHIra Ha
CEJICKOCTOIaHCKAaTa CyIIa.
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Abstract

Relief, climate and soils in the lands of the villages of Edrevo and Panicherevo, Stara Zagora
region, Bulgaria were examined. A geographic information system (GIS), including the
collected information, and spatial visualization of soil data and main soil characteristics was
carried out in the form of a soil map and thematic maps of soil texture (physical clay content in
%), humus content (%) and soil acidity (pH). A greater part of the agricultural land is occupied
by Cinnamon forest soils, a total of 1720.56 ha, of which 1012.43 ha are strongly leached to
slightly podzolized with varying degrees of erosion and 708.12 ha are undeveloped and shallow
soils. The rest of the agricultural lands are from Alluvial (Deluvial) - meadow soils - 930.29 ha.
The detailed description of the soil-climatic conditions was applied in determining the credit
rating and category of the lands in the investigated lands (part II).
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Pe3rome

Pasrnenanu ca penedbT, KIMMATHT U MOYBUTE B 3eMJIMINaTa Ha cenata Enpeso u [Tanuuepeso,
obmact Crapa 3aropa. Pa3pabotena e reorpadcka mHpopManmoHHa cHCTEMa, BKIIIOYBAINA
cbOpaHara uHopManusi U € HaIpaBeHa MPOCTPAHCTBEHA BHU3yajdu3alus Ha JaHHUTE 3a
MOYBUTE ¥ OCHOBHHTE TIOYBEHU XapaKTEPUCTUKU MOJ popMarTa Ha MOYBEHA KapTa, TEMAaTUIHU
KapTH 32 MEXaHWYEH ChCTaB Ha MOYBUTE (ChabpKaHUe Ha ¢u3nyHa TIuHA B %), ChIbpKaHUE
Ha xymyc (%) u xucenunnocT Ha nouBute (pH). Ilo-ronasiMa yacT oT 3emMeeNICKUTE 3eMHU ca
3aetH oT Kanenenu ropcku nousu — o610 1720,56 ha, ot tax 1012,43 ha ca Cunno U3mykenu
no Cnabo Omnomzonenu Kanenenu ['opcku ¢ pasnuuna crterneH Ha eposus u 708,12 ha ca
HEZOPa3BUTHU U IJIUTKU KaHEJIeHH TOpckH mouBu. OcTaHanaTa 4acT OT 3eMEJICJICKUTE 3eMH ca
or AnysuanHo ([emyBuanno) - muBamuu mouBu — 930,29 ha. HampaBenoro moapoOHO
OMMCAaHHWE Ha I[IOYBEHO-KJIMMATHUYHUTE YCIOBUSA € TMPWIOKEHO INpU OINpeiessHe Ha
OOHHMTETHATa OLIEHKA M KaTeropus Ha 3eMHUTE B u3cienBanuTe 3emiuma (gact II).
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Abstract

The research is based on the processed soil, climatic and agroecological data presented in Part
I, as in the present study (Part II) an evaluation of the agronomic potential of the lands of the
villages of Edrevo and Panicherevo, region Stara Zagora was carried out. The suitability of the
lands for the cultivation of main agricultural crops has been determined. The field ratings by
crops and the average agronomic score were calculated, which also determines the final land
evaluation classification (categorization and grouping) under non-irrigation conditions. The
final land evaluation classification is also harmonized with FAO recommendations. Land
evaluation data is added to the developed geographic information system (part I) and is spatially
visualized in the form of maps showing the suitability of agricultural lands for different crops
growing.
Pesrome

Cnen oOpaboTkara Ha MbPBUYHUTE NMOYBEHH, KIMMAaTHUYHU M arpOeKOJIOTHYHU AaHHU (Yact I)
€ U3BBPIICHA OLCHKA Ha arpOHOMUYECKHs MOTEHIHMAN Ha 3€MHUTE OT 3€MIIMINATa Ha cenara
EnpeBo u IlanuuepeBo, o6n. Crapa 3aropa. OnpezneneHa € MPUTrOJHOCTTa Ha 3€MUTE 3a
OTIVIEK/IaHE HA OCHOBHU 3€MENIEJICKH KyITypH. M3uncienu ca nojackuTe OOHUTETHU YUCIIA IO
KyJITypd W CpPEAHHUAT arpoHOMHMYECKH Oan, KOHTO ompeaens M KpaiHaTa OOHHUTETHA
kiacudukanus (KaTeropusalys U rpynupase) npu HernoyiruBHU ycnoBus. Kpaiinata OoHereTHa
KJacudukanus e xapMoHu3upaHa u ¢ npenopbkure Ha FAO. JlanHuTe OT G0HUTETHATA OIL[CHKA
ca no0aBeHH KbM pa3paboreHata reorpadcka uHpopManmonHa cuctema (dact I) m ca
MPOCTPAHCTBEHO BU3yaJM3UpaHU o] (opMaTa Ha KapTu, MOKa3Ballld MPHUTOJHOCTTa Ha
3eMEZIETICKUTE 3EMHU.
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Abstract

The purpose of this study is to evaluate the impact of climate uncertainties on maize irrigation
requirements, grown on a Vertisolsoil, Sofia’s field, Bulgaria. Through the validated Winlsareg
model, four irrigation scheduling alternatives are simulated for theyears of “very high®, “high*
and “average® irrigation demands of past (1952-1984) and present (1970-2004) climate.
Adaptationof irrigation scheduling to the present climate conditions during the “very dry* years
(PI <12%) consists of an extension of theirrigation season by 15-20 days and a need of
additional irrigation relative to alternative 1 and two irrigation events at alternatives 2 and 3.
During the past climate alternatives 2 and 3 led to savings of 30 mm of water, while up to the
current climate conditionsthe three irrigations alternatives should provide 360 mm of irrigation
water. To obtain maximum yields in “dry* (PI = 12-30%) years,irrigation season should end
by 05/09, as in the present climate, irrigation season has shifted about a week earlier for the
threealternatives. In the “average® (PI = 30-60%) years the adaptation consist in accurately
determination of the last allowed date forirrigation.

Pe3rome

Ilenra Ha TOBa MpOydYBaHE € Jla C€ OLCHH BIMSHHETO HAa KIMMATHYHUTE IPOMEHHU BBHPXY
M3MCKBAHUSTA 32 HAMOSIBAaHE HA IIAPEBHIIA, OTTIIeKAaHa BbpXy CmonHuna B Copuiickoro nosie,
Bbenrapus. Upes Banmmaupanust mozen Winlsareg ca cuMynupaHu YeTHPH alTepHATHBHU
MOJIMBHU PEKHUMa 3a TOJIUHUTE C ,,MHOTO BUCOKH ", ,,BUCOKHU " U ,,CPEIHU"* HY>K/IM OT HAIlOSBaHE
npe3 muHanus (1952—-1984) u nacroswms (1970-2004) knuMat. ArantupaHeTo Ha TOTUBHUS
PEXUM KbM HACTOSLIMTE KIMMATHUYHH yCIOBHUS Tmpe3 ,,MHoro cyxute* rogunu (P 1 <12%) ce
CbCTOM B yABJDKAaBaHE Ha CE30Ha UM Ha HamosBaHe ¢ 15-20 nHM M HE0OXOAMMOCT OT
JOIIBITHUTEITHO HAIOSBAaHE CIIPSIMO aJITEPHATHBA | U ABE MOJMBKY NIpH antepHatusy 2 u 3. [Ipu
YCIIOBUSITA HA MUHAJINS KJIUMAaT alTepHAaTUBU 2 U 3 noBenoxa A0 ukoHoMus Ha 30 MM BOJa,
JIOKaTO MPH HACTOSAIIMTE KIMMATHUYHU YCJIOBUS M TPUTE MOJUBHH pexuMa Ou TpsOBaiio Ja
ocurypart 360 MM BoJia 3a HamosiBaHe. 3a Ja ce MojyyaT MaKCUMalHU T0OuBH B ,.cyxu‘ (Pl =
12-30%) roauHM, HATOUTEIIHUAT CE30H TPsAOBa Aa npuKiIoun 10 05/09, Thit KaTO B HACTOSALIMSA
KJINMAT HAITOUTEIHUAT CE30H CE € U3MECTHII C OKOJIO CEAMUIIA IT0-PAaHO 3a TPUTE AIITEPHATHUBH.
B ,cpennute (PI = 30-60%) roguHu aganTanusTa c€ ChCTOM B TOYHO ONpEJENSHE Ha
MocJieJHaTa pa3pelleHa J1aTa 3a HarosBaHe.
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Abstract

The objectives of the study are to discuss and provide appropriate climatic and soil
characteristics and crop parameters for decision making on maize irrigation relative to five
agro-climatic regions in the form of: a) quantiles of inter-annual and interregional variability of
precipitation and ET? ; b). Bulgarian maps with average precipitation and average reference
evapotranspiration ET? ; ¢) Bulgarian soil classes in terms of texture, field capacity, wilting
point and total available soil water (mm m™); d) validated crop ET modelling parameters, as
limiting dates of local maize development stages, appropriate crop coefficients Kc¢ and soil
water depletion fractions for no stress p. Finally, the conventional maize irrigation depths are
compared with that simulated through the validated soil water balance (SWB) WinISAREG
model application to identified agro-climatic regions. Considered ET? and precipitation are the
main climate variables that influence crop water requirements for irrigation. However,
irrigation requirements are also influenced by soil characteristics, mainly FC, WP and TAW,
and crop parameters, as rooting zone depth, validated Kc - coefficients and p — fractions relative
to the crop development stages and respective limiting dates. All these parameters are also
required input for SWB and irrigation scheduling WinISAREG, PILOTE and others model
application. Map of Bulgarian soils and results of previous studies support identification of soil
classes of small, average and large water holding capacity for each agro-climatic regions.

Pe3rome

Ienta Ha U3cneABaHETO ca Aa ce 00CHIAT U MPEAOCTABAT MOAXO AN KIMMAaTHYHU U IOYBEHU
XapaKTePUCTUKHU U MapaMeTpU Ha KyJITYPHUTE 32 B3€MaHE Ha PELICHHs] OTHOCHO HAIOSIBAHETO
Ha IlapeBUIlaTa COPSMO IMET arpoKJIMMaTUYHM pEeruoHa moj (opmara Ha: a) KBAaHTUIM Ha
MEsKIyroJUIIHATA U MEXIyperuoHansara Bapuabminoct Ha panexute u ETY; 6). Brirapcku
KapTH ChC CPEHM BaleXHM M CpeJHa eTajoHHa epanoTpaHcrnupanus ET’ B) Bwarapcku
KJIACOBE TMOYBH IO OTHOIIICHME HA MEXaHWYEeH ChCTaB, IpenaenHa noiicka BiaaroemMHocT (FC),
BIAXHOCT Ha 3aBsixBane (WP) u 0611 n3nonsaem BozeH 3anac (TAW mm m™); r) Banuaupanu
napaMmeTpu 3a Mojaenupane Ha ET Ha KynTypute, KaTo rpaHUYHH J1aTH 3a MECTHUTE (a3u Ha
pa3BUTHE Ha IapeBUIlaTa, MOAXOAAMM KoehHUIMEeHTH Ha Kyinrtypute Kc u ¢dpaknum Ha
n3ueprBaHe Ha JOCTBIIHUS BOJEH 3amac 6e3 crpec p. Hakpas, TpaiulinoHHUTE NOJIMBHU HOPMU
Ha [1apeBULaTa ca CPABHEHHU C T€3H, CUMYJIMPAHU Upe3 NPUIIOKEHUETO Ha BAIUIUPAHUS MOJIET
WinISAREG 3a 6ananc Ha Bojara B mousara (SWB) kbM uaeHTHuGUIMPaHN arpOKJIMMaTHYHU
peruonu. Pasrnenanure ET® u Banexurte ca OCHOBHHTE KIMMATHYHM MPOMEHIUBH, KOMTO
BIIUSIAT BHPXY HYXKIUTE OT BOJAA Ha KYJATYpHUTE 3a HamosBaHe. V3MCKBaHUATA 3a HANOsIBaHE
obaue ce BAMSAT U OT XapaKTepUCTUKUTE Ha nouBara, rnmaBHo FC, WP u TAW, u napamerpu
Ha KyJITypuTe, KaTo AbJI004YMHA HA 30HAaTa Ha BKOpEHsBaHe, Bauaupanu Kc - koepuuenT u
p - (pakmuu copsMo eTanuTe Ha pa3BUTHE HAa KyJITypUTe U ChOTBETHUTE IPAHUYHHU JIATH.
Bceuuku Te3u nmapameTpu ca HE0OX0IMMHU BXOJIHU JJaHHM 32 CUMYJIMpaHe Ha OajaHC Ha BojaTta
B nnoyBata SWB 1 nonuBHHUTE prkuMu ¢ ipuiiokeHue Ha Mmojenu kato WinISAREG, PILOTE
u npyru. Kaprata Ha ObJarapckute ouBH U pe3yaTaTUTe OT IPEIUIIHH IPOYUBAHUS MOIKPEIISAT
UACHTU(DUIMPAHETO HA IIOYBEHUTE KIACOBE C MAIIBK, CPEACH U FOJISIM KalaluTeT 3a 3a/IbpKaHe
Ha BOJIa 32 BCEKU arpOKJIMMaTHYeH PErHOH.

B6. Popova, Z., Varlev, 1., Ivanova, M., Dimitrov, E. 2018. Optimum regional irrigation
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Abstract

Net irrigation requirements (NIR, mm) that fully satisfy crop development and yield formation
are basic in irrigation systems’design and management. Bulgarian practice usually adopts the
irrigation scheduling developed by Zahariev et al. (1986) that provide information on 31 crops
and 97 irrigation regions (IR). Years, having probability of occurrence of an irrigation depth
PI=10, PI=25 and PI=50%, were considered. To cope with climate uncertainties and drought
aggravation, simulations were performed for past (1950-1980) and present (1951-2004)
weather conditions of unified Agro-Climatic AC regions. In former studies the irrigation
scheduling simulation WinI[SAREG model was calibrated for maize using data from long-term
experiments carried out in fields of diverse soil, climate and management conditions. Optimal
AC regions were defined on the grounds of average reference evapotranspiration totals for July-
August relative to the period 1951-2004 EToJul-Aug. Thus, EToJul-Aug served as an indicator
of regional NIR and IR unification into AC regions. The impacts of soil properties were
characterised by total available soil water TAW, being “small” if TAW=116, “average” if
136<TAW<157 and “large” when 173<TAW<180 mm m™. NIR were computed by model
application to soils of small and large TAW in each AC region and 1951-2004 period. Results
indicate that when EToJul-Aug increases from 260 to 330 mm, NIR in “average” demand year
(PI=50%) increase from 160 to 310 mm for soils of “small” TAW. Relative to 1951-1980,
unified conventional irrigation demands were compared to those simulated. Results showed
that the former were mostly in the range of those derived by model simulations. It was
concluded that the model took better into account the impact of climate change and different
TAW. Maps illustrate findings of the study over country territory in “an average”, “a
moderately dry” and “a very dry” season.

Pe3rome

Hernute namoutennu Hopmu (NIR, mm), kouTO 3a70BOJSBAT HANBIHO HYXIUTE Ha
CEJICKOCTOIIAHCKUTE KYJITYpU U (POPMUPAHETO HA JOOMBUTE, CA OCHOBHU MPH POEKTUPAHETO
U YIpPaBJICHUETO HA HAMOUTEIIHUTE CHUCTEeMHU. TpaJulMOHHO, B ObJrapckara NpakTHKa ce
W3MOI3BaT MOJMBHUTE PEKUMHU U HANOMTEITHUTE HOPMH, pa3padOTEeHH OT 3axapueB U [p.
(1986), xouro npenoctassat uHdopmarms 3a 31 kynrypu u 97 Hanourenuu paitona (IR). B
cllydas ca B3eTH MPEeIBUJ TOJAUHUTE C 00e3MeueHoCT Ha HanouTenHata Hopma PI=10, PI=25 u
PI=50%. YcraHoBeHUTE KIIMMAaTUYHH IPOMEHHU U TEHIECHLMU KbM 3aCyllIaBaHE IPEIU3BUKBAT
HECUTYPHOCT B YIPaBJICHHUETO Ha HAIOSIBAHETO. 3a CIpaBsHE ¢ MpobiemMa ca OChIECTBEHU
cuMyJsauu ¢ mozena Ha nonuBHUS pexuM WiIinISAREG 3a ycnoBusita Ha munamus (1950-
1980) u Hactosmmsa (1951-2004) xinmat 3a obequHenn arpokiaumatuyan AC paitonu. Ilpu
npeauiHu u3cnensanus moaenbT WinlSAREG Oemre kanubpupan 3a napeBHiia Ha OCHOBaTa
Ha JIaHHU OT JBJITOCPOYHM EKCIEPUMEHTH, IIPOBEIEHU B IIOJIETAa MPEACTABISABALIN
pa3HOOOpa3HH TOYBEHH, KIMMATHUYHM U YNpPaBIEHUYECKH YCJIOBUS NpPU HAMOSBAHETO.
OntumanHuTe arpokiaumatuyau pailonn AC ca neduHHpaHH Ha OCHOBATa Ha OCpeHEHaTa
CyMapHa eTaJIOHHa eBaroTpaHcnupanus 3a 1oiu u aryct ET Jul-Aug 3a neproga 1951-2004.
[To To3u HauuH, EToJul-Aug e npunoxxeHa kaTo MHIUKATOP 32 pErHOHATHOTO O0EMHIBAHE Ha
NIR u IR B AC pernonn. BnusiHueTo Ha CBOMCTBaTa Ha MOYBATa BbPXY HYKJIWUTE OT HAMOSIBAHE
ca XapaKTepu3MpaHH 4pe3 u3moa3BaeMus BojeH 3amac TAW, mm m™!, koiito e “HuCHK” aKo
TAW=116 mm m‘l, “cpenen” ako 136<TAW<I157 u “Bucok”, korato 173<TAW<180 mm m"
! CrorBetnute NIR, mm, 3a nepuoza 1951-2004 ca u34ncieHy upes NpUIOKEHHE HA MOJIENa



WinISAREG 3a rpynurte nousu ¢ HuUChK U BUcCOK TAW BBB Bceku AC paitoH. Pesynrarure
MoKa3BaT, 4e koraro cpennara cymapua ET°Jul-Aug napacta ot 260 1o 330 mm, HeTHaTa
HaroutenHa Hopma Ha napeunia NIR 3a nousute ¢ “aucsk” TAW ce yBenuuasa ot 160 Ha
310 mm mnpe3 “cpennara” roauna (PI=50%). 3a nepuoga 1951-1980 r., TpaaunmroHHUTE
HaIlOUTEJTHU HOPMU Ca CPAaBHEHU CbC CUMYyJIMpaHUTE. Pe3ynrtaTuTe noka3par, 4e HYKIUTE OT
HamosiBaHe 1o “3axapueB ca B auanazoHa Ha u3MmeHenue Ha WNIR, ycranoBenu upes
MPUJIOKEHUETO HA MOJENA, B IMOBEYETO ciydyaute. B 3axmouenue, cumynupanure NIR
MOKPUBAT MO-IIUPOK JMAMa30H Ha KOJIeOaH!Us OTKOJIKOTO ChOTBETHUTE HOPMH Ha “3axapHueB’,
T.€. MOJCI'BT OTUUTA MO-T00pE BIMSHUETO HA KIMMATHYHHUTE IPOMEHU M Ha PAa3UKUTE BHB
BOoAO3aIbpKamMs KarmauuteT Ha 1nouBata TAW. CpcTaBeHUTE KapTH WIIOCTpUpPAT
HACTBIIUIIUTE MPOMEHHU B OUEPTAHUATA HA “BIAXKHUTE U “‘CyXH‘‘ 30HH, XapaKTEPU3UPAHU YPE3
ChOTBETHATa HEeTHa HeoOxomaumocT ot HamosiBaHe NIR Ha TepuTopusita Ha cTpaHara Ipe3
»CpeaHa®, ,, yMepeHo-cyxa“ u ,,MHOro cyxa‘‘ rojuHa.

B7.Popova, Z., Ivanova, M., Dimitrov, E., Varlev, 1. 2018. Climatic characteristics of optimum
Agro-Climatic regions for maize irrigation in Bulgaria. Bulgarian Journal of Soil Science
Agrochemisty and Ecology, 52, 3/2018: 3-16; ISSN 0861-9425 (Print), ISSN 2534-9864
(Online)
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Abstract

Precipitation and reference evapotranspiration calculated by the Penman-Monteith equation PM
-ET" are indispensable in crop irrigation requirements and irrigation scheduling studies. In our
former research optimum Agro-Climatic (AC) regions have been identified by unification of
the traditional 97 irrigation regions (Zahariev et al., 1986) on the basis of average reference
evapotranspiration for July and August PM — ET July-Aug relative to the period 1951-2004.
The aim of present study is to provide climatic characteristics of these unified AC regions in
the form of: a) maps with average precipitation and average reference evapotranspiration ET?
for the territory of the country and b) some quantitative analyzes of inter-seasonal and inter-
regional variability of precipitation and ET®. It has been found that ET July-Aug totals in a
normal year (having 50% probability of exceedance) range from 270 to 340 mm over Bulgarian
plains (fig. 4b) while precipitation normality relative to the same months varies from 60 to 110
mm (fig. 3b). Moreover, precipitation totals for July and August in the dry years (having
probability of exceedance P > 90%, same fig. 3b) are less than 10-20 mm.The study also shows
that monthly precipitation has a large “inter-annual” and also “inter-seasonal” variability with
smaller precipitation in July, August and September when “flowering” and “yield formation”
maize development stages occur (figs. 2a, 2c, 2e and 2g). Precipitation relative to “May-
September” and peak demand “July-August” period are the lowest in AC region V (Sandanski,
figs. 3a and 3b), followed by AC region IV (Plovdiv) and AC region III (Varna and Lom) and
AC regions I (Sofia) and IV (Pleven) where seasonal precipitation are the highest ranging from
120 to 550-700 mm (figs. 3a and 3b). Compared with precipitation, the variability of PM—
ET’May-Sept relative to “May-September” is significantly lower. It is the highest in the
extremely dry AC region V (Sandanski), varying from 740 to 840 mm over the studied 54-year
period (fig. 4a). PM—ET°May-Sept is about 30-110 mm less in AC region IV (Stara Zagora,
Plovdiv and Pleven), decreases by 70-90 mm more in the AC regions III and II (Lom, Varna
and Silistra) and is the lowest in AC region I (Sofia). During the months of peak irrigation
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demands July and August the difference between locations in terms of PM—ET July-Aug is
about half than that relative to PM-ET’May-Sept (fig. 4b).Spatial distribution of seasonal
rainfall “April-September” is characterized by considerable non uniformity (fig. 5a). Most of
Eastern regions (Silistra and Dobrich, AC region II) and those from the Black Sea coastal zone
(Varna and Burgas, AC regions III and IV) are highly vulnerable to drought (Alexandrov (Ed.),
2011). In summer the extreme South-West part of the country (Sandanski and Petrich), as well
as Haskovo and Svilengrad (AC region V), Plovdiv, and Burgas (AC region IV) and Sofia (AC
region I), South Bulgaria, and a part of North Bulgaria (Silistra, Kavarna and Shabla — AC
regions II and I) are the most vulnerable to drought due to the scarce precipitation (fig. 5b)
combined with a high evapotranspira-tion demand ETJuly-Aug (figs. 6b, 6¢).Statistical and
graphical analyzes of ET? in the unified AC regions show that the highest maximum ETJuly-
Aug values and the lowest summer precipitation totals are inherent to the Transition
Mediterranean climate of AC region V (Sandanski, figs. 2i 2j, 3b and 4b). In summer the lowest
minimum, maximum and average values of ET? are inherent to the conditions of the Moderate
continental/Black sea climate in the I (Sofia, fig. 2b), II (Silistra, fig. 2d,) and III (Varna and
Lom, fig. 2f) AC regions. The highest ET? values are found for the Transitional continental
(Pleven and Plovdiv, AC region IV, fig. 2h) and Mediterranean climates (Sandanski, AC region
V, fig. 2j). Reliable 1:1 relationships (R? >0.80, RMSE< 5.8 mm/month and a slope coefficient
b >0.90, fig. 7), derived from monthly ET? normalities relative to two periods (1951-2004 and
1981-2010), show that both data series could provide trusty characteristics of present climate
conditions in June, July and August.

Pe3rome

Banexwure 1 eTanoHHara esanorpancnupanus PM-ET?, usuucnena no ypasaenuero Penman-
Monteith, ca ocHOBHM mapameTpu Ha KJIMMara IpU ONpeNeIsiHe Ha HAOMTEIHUTE HOPMU U
MIOJINBHUTE PEXUMH Ha KyJaTypuTe. B Hamie npeaumiHo usciensane 97 XxuapoMeanopaTUBHU
paiiona (Zahariev et al., 1986) 6sxa o0eanHeHH B 5 onTUMHU3UpaHu arpo-kKiaumatudHu (AK)
paifoHa Ha OCHOBA Ha OCPEJHEHATa eTalOHHA eBaoTpaHCcIupanus 3a oiu u asryct ET IOmu-
ABr 3a nepuoza 1951-2004r. LlenTa Ha HACTOALIOTO U3CIEABAHE € 1a TPEIOCTABU KIIMMAaTUYHU
XapaKTepUCTHKU Ha Taka uaeHtuuuupanute AK paiionn moxa ¢opmara Ha: a) KapTH CbC
CpeHUTE CTOMHOCTH Ha BAlle)XUTE U Ha eTajloHHa eBanoTpancrupanus ETC 3a teputopusita Ha
cTpaHata U 0) KOJMYECTBEHH aHAJM3M Ha ‘“‘MEXIy-Ce30HHATa” M ‘‘MeXIy-peruoHaiHaTa’
BapuabwiHocT Ha Banexute u ETC 3a uscnensanure AK paifonn.YcTaHoBeHO €, ue cymMapHaTa
cpeaHo MHororoaumHa croiinoct Ha ETJuly-Aug 3a unentuduimpanure AK paitonn Bapupa
ot 270 no 340 mm (c¢ur. 4b), AOKaTO CHOTBETHUTE CTOMHOCTH BaJIC)KUTE CE MU3MEHAT B
muanaszoH 60 - 110 mm (¢ur. 3b). IIpe3 cyxute rogunu (¢ obesneueHoct P> 90%, dwur. 3b)
KOJIMYECTBOTO Ha BAJEXKWUTE 3a I0JM M aBrycT He Hajgsumasa 10-20 mm. M3cnensanero
MOKa3Ba, Y€ CE30HHUTE BAJEKU BapupaT 3HAUUTEIHO, KAaKTO Npe3 TOAMHMUTE Taka U Ipe3
CE30HUTE, KaTo MPEe3 MECEIUTE I0JIH, aBT'YCT U CENTEMBPHU, KOIaTo HaCTHIBAT (hazute “Ibdrex’
u “dopmupane Ha 10o0MBa* MpH apeBULIaTa, BAJIEKHUTE CyMH ca C MO-HUCKU (¢wur. 2a, 2c, 2e
u 2g). Banexute npe3 BereTallMoOHHUS “‘Mali-CENTEMBPU’ U MOJIMBHUS NEPUOJ “‘FOIM-aBrycT”
ca Hail-Hucku B AK pernon V (Canpancku, ¢ur. 3a u 3b), cnegsanu or AK perunon IV
(ITnoBauB) ) u AK peruon Il (Bapna u Jlom) u ca naii-sucoku B AK paitonu [ (Codus) u IV
(IlneBen), kbeTO ce30HHUTE Basiexxu Bapupar ot 120 1o 550-700 mm (¢wur. 3a).B cpaBHeHue
¢ BanexuTe, BapuaduiHoctta Ha PM-ET’May-Sept e 3HaunTe1HO MO-HMCKA Mpe3 FOJAMHHUTE.
ET°May-Sept e Haii-Bucoka 3a mskmounTento cyxus AK V paiton (CanmaHcku), KaTo Tpes
pasriexanus nepuos ce usMens ot 740 1o 840 mm. PM-ETMay-Sept e ¢ okono 30-110 mm
no-aucka B AK paiton IV (Crapa 3aropa, [1nosaus u Ilnesen), Hamanssa ¢ omre 70-90 mm B



AK paiionu III u II (Jlom, Bapaa u Cunuctpa) u e nait-aucka B AK paiton 1 (Codus). IIpe3
NeproJia ¢ Haii-BUCOKA M3MApHUTENIHA CIIOCOOHOCT Ha atMocdepara “royu-aBryct’ paziUKUTeE
MEXK]y JIOKalMUTE 10 OTHOILIeHHE HAa PM- ETOJuly-Aug ca HafoJIOBMHA OT TE€3H, OTHACSIIM CE
3a PM- ETMay-Sept (dur. 4b). IIpocTpaHCTBEHOTO pasnpesieieHHe Ha CE30HHHUTE BaTEKH
“ampuiI-cenTeMBpH’’ CE XapaKTepU3Hpa ChC 3HAUUTETHA HepaBHOMEpHOCT (¢ur. 5a). [ToBeueTo
ot m3tounute obomumuu (Cunmuctpa u Joopud, AK II) u Te3u ot UepHOMOPCKOTO KpailOpexue
(Bapna u byprac, AK paiionu III u IV) ca cunno ys3sumu kbM cymia (Aleksandrov ed. 2011).
[Ipe3 naroto Haii-foro3amnagHara yact Ha crpanara (Cangancku u [lerpuya, AK V), Copus (AK
I) u [TnoBaus, AAM60a 1 byprac (AK 1V), IOxxna bearapus, kakto u yact ot CeBepHa bearapus
(Cunuctpa, KaBapna u [llabna — AK paiionu II u I) ca Haii-ys13BUMU KBM CyIIIa IOPaJIH JIATICATA
Ha Banexu (¢pur. 5b) u BucOkaTa m3mapuTenHa crocob6HOCT Ha armocdepata ETJuly-Aug
(¢pur. 6b, 6¢).Cratuctuueckure n rpadpuynn anammsu Ha ETC 3a mpentndumupannre AK
paifoHM TOKa3BaT, ye Half-BHCOKHMTE MaKcHMaiHu cToitHoctH 3a ETJuly-Aug u Haii-HuCKHUTE
CYMH Ha BAJISKUTE IPE3 JIATOTO Ca MPUCHILHU 32 MPEXOIHO-CpeIn3eMHOMOpCKUs kiuMat B AK
parion V (Canpmancku, ¢wur. 2i, 2j, 3b u 4b). IIpe3 n9T0TO HAN-HUCKUTE MHHHMAIHH,
MakCUMalHH M cpeaHu croiiHoctn Ha ET® ca mpuchi Ha yclIoBUATa HA yMEPEHO-
koHTuHeHTanHus / YUepnomopcekus knuMmat 3a AK paiionu: I (Codus, gur. 2b), Il (Cunuctpa,
¢ur. 2d) u 1II (Bapna u Jlom, ¢ur. 2e¢). Haii-Bucoku croitnoctu 3a ETY ca ycranosenu 3a
npexonHo-koHTuHeHTanHua knumar (Ilnesen wu IlmoBmuB, AK IV, ¢ur. 2h) wu
CpenuzemHomopckusi  knumar (Canmancku, AK V, ¢ur.2j).M3Benennure HagexIHA
3aBucumoctu 1:1 (R? >0,80, RMSE< 5,80 mm/month; srioB koedurment b >0,90, ¢ur. 7)
MEXKy PEOULHUTE OT CPEIHO-MHOTOIOJMIIHUTE MECEYHH CTOMHOCTH HA ET’ 3a MIEPUOAUTE
1951-2004r. u 1981-2010r. moka3Bar, 4e T€31 peaulld MOraT Jia XapaKTEpU3UpaT ¢ 10CTaTbuHA
TOYHOCT HACTOSIIUTE KIMMATHYHU YCIOBUS TIPE3 IOHU, FOJIM U aBTYCT B HICHTU(UITUPAHUTE
AK paiionu.

B8. Popova, Z., Ivanova, M., Pereira , L.S. Alexandrov, V., Doneva, K., Martins, D. 2015.
Droughts and climate change in Bulgaria: Assessing maize crop risk and irrigation requirements
in relation to soil and climate region. Bulgarian Journal of Agricultural Science, 21 (No 1), 35-
53. ISSN:1934-8932 quartile Q3, (SJR=0.25)
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Abstract

This study aims at assessing maize cropping risk due to observed trends for drought aggravation
for the maize crop season which is associated with possible climate change trends relative to
precipitation, temperature and reference evapotranspiration (ETo) at selected weather stations
in Bulgaria. Water balance and relative yield computations were performed with the model
WinISAREG after its calibration and validation for maize at various locations of Bulgaria and
using long-term experimental data. Rainfed maize is associated with a great yield variability
(29 < Cv < 72%) due to inter-annual and spatial climatic variability during the maize season.
The largest yields variability were found for Sandanski and Plovdiv when a soil with low total
available water (TAW = 116 mm m") is considered. The least variable yields are those for Sofia
when TAW = 180 mm m™'. Basing upon economic considerations, relative yield decreases
(RYD) were computed with the threshold of 60 and 48% of the potential maize productivity in
Plovdiv and Sofia. Maize production is risky in 32% of years in Plovdiv when TAW is large,
which is the double of risk in Sofia. If TAW is medium the risky years double and reach 50%
of years in Varna. A relationship between the SPI-2 index computed for “July-Aug” with the
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simulated RYD of rainfed maize was found. It is quite significant in Plovdiv where R > 91%
was found. Results are less good for Sandanski and Sofia (73 < R? < 83%). Results indicate that
when rainfed maize is grown on soils of large TAW, maize development is less affected by the
water stress. Economical losses are produced when high peak season (July-Aug) SPI-2 is less
than +0.2 in Sandanski, -0.50 in Plovdiv and -0.90 in Sofia. In North Bulgaria the respective
SPI threshold ranges between -0.75 at Lom and -1.5 at Pleven. When irrigation is considered,
a relationship was also found relating the net irrigation requirements (NIRs) with SPI-2 “July-
Aug”. Consequently, the corresponding economic thresholds relative to the yield losses were
computed for all locations this allowed to estimate the NIR thresholds that may lead to
favourable cropping returns. The derived reliable relationships and related SPI-2 thresholds
relative to “July-Aug”, under which soil moisture deficits lead to severe impact of drought on
rainfed maize yield for the studied climate regions and soil groups were used for mapping the
risk of rainfed maize yield decreases as a function of drought intensity, which combined with
maps relative to NIR to overcome drought effects on maize production.

Pe3rome

ToBa nmpoyuBaHe MMa 3a II€J1 J1a OLEHU PUCKa OT OTIJIEKJAHE Ha LlapeBULA MOpaau
HaOll0/laBaHUTE TEHJCHIIMKM 3a BIIOIIABAHE Ha CyIllaTa Ipe3 CEe30Ha Ha OTIVIeKIaHEe Ha
LapeBHIla, KOETO € CBBP3aHO C BB3MOXKHHM TEHACHLMHW B HM3MEHEHHETO Ha KJIMMara I10
OTHOIIICHUE Ha BAJIKUTE, TeMIIepaTypara 1 etTaionHaTa eBanorpancnupanus (ETo) B usbpanu
METEOpOJIOTUYHH CTaHUMU B bbarapus. M3uucnenusara Ha BoJHUS OalaHC U OTHOCUTEITHHS
no6uB ca u3BbpiieHu ¢ moaena WinISAREG crnen HeroBoto kanubpupaHe U BaTuAUpaHE 3a
LapeBHlla Ha pa3jIM4yHU MecTa B bbiirapus U ¢ NoMoIITa Ha JBJITOCPOYHU €KCIIEPUMEHTAIHU
nanau. llapeBunata, oTIViekJaHa TpU HEMOJMBHU YCJIOBHUS, € CBbpP3aHa C ToJiAMa
MpOMEHJIMBOCT Ha n0o0uBa (29 < Cv < 72%) nopaau MeXAyroJluilHaTa U MPOCTPAHCTBEHA
KJIMMaTU4YHA IPOMEHJIMBOCT Ipe3 BereranusaTa u. Hail-roasmara npoMeHIMBOCT Ha TOOUBUTE
e ycraHoBeHa 3a Cannancku u [lmoBauB, KoraTo ce pasrijiexaa 1mo4yBa ¢ HUCHK H3IMOJI3BAEM
BozeH 3anac (TAW = 116 mm m™"). Haii-manko npomensiusu ca go6usute B Codusi, KOrato
TAW =180 mm m™'. Bb3 0cHOBa HAa UKOHOMUYECKHU CHOOPaYKEHNUs, OTHOCHTETHOTO HAMAalIeHHE
Ha go6uBa (RYD) e uzuncneno ¢ mpar ot 60 u 48% OT moTeHIMaNHaTa TPOAYKTUBHOCT Ha
napesunara B [lnoBnus u Codwus. IIponsBoacTBoTO Ha 1apeBuila € puckoBaHo B 32% ot
roaunuTte B [1noBauB, korato TAW e rossiM, KoeTo € IBOIHO 0-BUCOK pUCK OT To3u B Codusl.
Axo TAW e cpeneH, pucKoBUTE FOJUHU ce yaABoABaT U gocturat 50% ot roquHuTe BbB BapHa.
VYcraHoBeHa € Bpb3ka Mex1y nHAaekca SPI-2, n3uucneH 3a ,,J0nM-aBrycr®, cbC CUMYJIMPaHUs
RYD na nenonsHa napesuna. Bpb3kara € Haill-cuiHa 3a [1m0BauB, KbAETO € YCTAHOBEH R? >
91%. Kopenauuure 3a Canancku 1 Codus ca B nuanason 73 < R? < 83%.

PesynTarure moka3par, ue KOraTo HEMOJIMBHATA [[apEBUIIA CE€ OTIJIEXK/1a BbPXY ITOYBH C
rongiMm TAW, pa3BuTHeTO Ha LaApeBHIlaTa € I0-MaJKO 3acerHaTo OT BOJHHUS CTpecC.
HNkonomuuecku 3aryou ce reHepupar, Koraro mpe3 NUKoBUsl ce30H (rosn-aBryct) SPI-2 e no-
Manbk ot +0,2 B Canmancku, -0,50 B [lmoBauB u -0,90 B Codus. B Ceepna bovarapus
cboTBeTHUAT Ipar Ha SPI Bapupa mexny -0,75 B JIom u -1,5 B ITneBen. Korato ce pasriexna
HaIOSIBAHETO, € YCTAHOBEHA U KOpeNalus MeXAy HETHUTE Hykau oT HanosiaHe (NIR) u SPI-
2 ,tonu-aBryct™. CiemoBaTenHO, ChOTBETHUTE HKOHOMUYECKH MPAroBe CIpSIMO 3aryouTe Ha
N100MB OsXxa M3YMCIIEHH 32 BCHUYKH MECTOIOJI0KEHHUSI, KOETO ITO3BOJIM JIa C€ OLEHST IparoBeTe
Ha NIR, koutro morar ga nmoBemaT A0 OnarompusiTHa BB3BPBIIAEMOCT Ha PEKOJTaTa.
[TonydyeHnTe HaneX X AHU BPB3KU U CBBP3aHUTE C TAX



SPI-2 nparose cripsiMo ,,FOJTH-aBTyCT, TT0] KOUTO ASPHUIIUTHT Ha IIOYBEHA BJIara BOJIU JI0 CUITHO
BB3/ICICTBHME Ha CyllaTa BbPXY J00MBa Ha IapeBHUIA, 3axXpaHBaHa C JbXKJIOBHA BOJA, 3a
M3CJIeBAaHUTE KJIMMATUYHU PETHOHH U TIOYBEHHU TpYIH, OsXa W3IMOJI3BAHU 32 KapTorpadupane
Ha pI/ICKa OT HAMAJIIBAHC HaA z[061/113a Ha HCIIOJIMBHA uapeBHua, KaTto (bYHKI_[I/ISI Ha UHTCH3UTECTA
Ha CyIaTa, KOeTo ce kKoMOuHupa ¢ kaptu, cBbp3anu ¢ NIR, 3a mpeononsBane Ha eheKTHTE OT
cyliara BbpXY IMPOU3BOJCTBOTO Ha I[apEBUIIA.
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Kercheva, M. 2014. Vulnerability of Bulgarian agriculture to drought and climate variability
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10.1007/s11069-014-1215-3, ISSN 15730840, quartile Q1, IF ( 1.96)

https://www.webofscience.com/wos/woscc/full-record/ WOS:00034291040003 1

Abstract

Bulgarian agriculture is affected by droughts and, likely, by climate change. Thus, aiming at
assessing its vulnerability, this study includes a general characterization of climate variability
in eight selected locations, both in northern and southern Bulgaria. Trend tests were applied to
monthly precipitation, maximum and minimum temperature and to the Standardized
Precipitation Index with two-month time step (SPI-2) relative to the period of 1951-2004.
Negative trends were identified for precipitation and SPI-2 at various locations, mainly in the
Thrace Plain, indicating that dryness is likely to be increasing in Bulgaria. The vulnerability of
rainfed maize systems to drought was studied using the previously calibrated WinISAREG
model and the Stewart’s yield model to compute both the relative yield decrease (RYD) due to
water stress and the corresponding net irrigation required to overcome those losses. Results
identified a strong relation between SPI-2 for July—August (SPI-2July—Aug) and RYD. Results
also show that yield losses are higher when the soils have a smaller soil water holding capacity.
For the various regions under study, thresholds for RYD were defined considering the related
economic impacts and the influence of soil characteristics on the vulnerability of the rainfed
maize systems. Finally, to support drought risk management, SPI-2July—Aug thresholds were
developed to be used as indicators of the economic risk of rainfed maize for various climate
regions and soil groups in Bulgaria.

Pe3rome

beirapckoTo 3eMezenye € 3acerHaro oT CyIIUuTe U OT M3MEHEeHneTo Ha kiauMara. C neln ja ce
OLICHM HEroBara YsI3BHUMOCT, TOBa IIpOyYBaHE BKJIIOYBA 0OIAa XapaKTepUCTHKAa Ha
KJIMMaTUYHUTE IPOMEHHU B 0ceM M30paHu paiioHa, kakTo B CeBepHa, Taka U B FOxHa bbarapusi.
TpennoBu TecToBe Osixa MPUIIOKEHH KbM MECEUHHUTE BaJe€K1, MaKCUMaIHATa 1 MUHUMAaJIHATa
TeMreparypa 1 kbM CTaHIapTU3MpaHUs UHIEKC Ha BaJISKUTE C JIByMECEUHa BpeMeBa CThIIKa
(SPI-2) crpsimo mepuona 1951-2004 r. Unentudunupanu 6sxa oTpuLaTeHU TEHICHIIUHU 32
Basiexute U SPI-2 Ha pasnuuHM MecTta, r1aBHO B TpakuiickaTa paBHUHA, KOETO MOKa3Ba, 4e
3aCylUIMBUTE TEPUOJIM BEPOSTHO e ce yBenuuaBar B bearapus. VYsa3BumocTra Ha
HEMNoJMBHATA LApPEeBHLAa KbM Cylla Oelle H3cieJBaHa C IOMOLITa HAa IPEABAPUTEITHO
kanuopupanus moaen WinISAREG u mozena Ha nobusa Ha CTroapTt, 3a 1a ce U3UMCIU KaKTO
OTHOCHTEJIHOTO HamasieHue Ha foouBa (RYD) nopaau BojieH cTpec, Taka U CbOTBETHUTE HETHH
HAarlOMTENIHM HOpPMH, HEOOXOIUMH 3a TpeojojiiBaHe Ha Te3u 3aryou. Pesynrature
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uneHTudunmpaxa cuiHa Bpb3ka Mexay SPI-2 3a ronmu-aBrycrt (SPI-2 romum-aBrycr) m RYD.
Pesynrature mokasBar chllo, ye 3aryouTe Ha JOOUB ca MMO-BHCOKHU, KOTATO OYBUTE UMAT I10-
MaTbK KalaluTeT 32 3aIbpKaHe Ha BOJIA B TIOYBATA. 3a Pa3IMYHUTE U3CIIEIBAHU PETHOHU OsXa
onpeneneHu nparose 3a RYD, karo ce B3emar npenBUJ CBbP3aHUTE HMKOHOMUYECKH
BB3JICHCTBUS M BIMSHUETO HAa IIOYBEHUTE XapaKTEPUCTHKU BBPXY YSA3BUMOCTTa Ha
HEernoJMBHATa IapeBuiia. Hakpas, B mojakpena Ha ympaBIEHHETO HAa pUCKA OT Cylna, Osxa
paspaborenu mparoBe SPI-2 (onu—aBrycT, KOWTO Ja C€ H3IMOJ3BAT KAaTo HMHIUKATOPH 3a
MKOHOMMUECKHS PUCK Ha HEIIOJIMBHA [JapEBULIA, 3@ PA3JIMYHU KIIMMAaTUYHU PETMOHU U TIOYBEHU
rpynu B beirapus.

B10. Ilomosa 3., HBanoBa, M., [lepeiipa, JI. C., Honesa, K., Anekcanmpos, B.,
Anexcannposa, I1., KepueBa M. 2011. OueHka Ha ysI3BUMOCTTa Ha 3€MEAEIUETO KbM Cylla
ype3 cumysiaiinoHHu Mozenu. CesickocTonancka Hayka, 44 (Ne6), 3-21, ISSN 1311-3534

Abstract

This study assesses the vulnerability of agriculture to drought in Bulgaria, which is to same
extent representative for South East Europe (SEE ), using the WINISAREG model and seasonal
standard precipitation index SPI2 for the period 1951-2004. This model was previously
validated for maize on soils of small, medium and large water holding capacity (TAW) in
various locations. Simulations are performed for Plovdiv, Stara Zagora, Sandanski and Sofia.
Results relative to Plovdiv show that in soils of large TAW (180 mm m') net irrigation
requirements (NV/Rs) range 0-40 mm in wet years and 350-380 mm in dry years. In soils of small
TAW (116 mm m"), NIRs reach 440 mm in the very dry year. NIRs in Sofia are about 100 mm
smaller than in Plovdiv while in Sandanski they are 30-110 mm larger. Considering an
economical relative yield decrease (RYD) threshold of 60 and 48% of the potential maize
productivity in Plovdiv and Sofia, 32% of years are risky when TAW=180 mm m™ in Plovdiv,
that 1s double than in Sofia and half than in Sandanski. In Plovdiv region reliable soil specific
relationships (R? >91%) were found for seasonal agricultural drought relating the SPI2 for
“July-Aug” with the simulated RYD of rainfed maize while in Stara Zagora and Sandanski and
Sofia the relationships were less accurate (73<R?*<83%). When rainfed maize is grown on soils
of large TAW in South Bulgaria economical losses are produced when high peak season SPI12 <
+0.2 in Sandanski, SPI2 < -0.50 in Plovdiv and Stara Zagora and SPI2 < -0.90 in Sofia. The
corresponding NIR thresholds were identified. The derived reliable specific relationships and
economical thresholds of high peak season SPI2 “July-Aug”, under which soil moisture deficit
in the studied regions and soil groups leads to severe drought impact on rainfed agriculture are
to some extend representative of a wider area of South East Europe.

Pe3rome

N3cneaBanero mo3Bomu fa ce AepuHupat criennuyHu MparoBu CTOMHOCTH Ha ce30HHUS SP12
,,JOJTU—aBTYyCT” 3a Pa3MICKIAHUTE TPYIH MOYBU U KIMMATHYHHA PailOHU, TTOJT KOUTO nedummra
Ha BOJIa B TIOYBAaTa BOJM J0 TEKKH MKOHOMUYECKU BB3JICUCTBUS HA CyIlaTa BPXY JOOUBUTE
OT HETOJIMBHA MapeBuIia. Ha mouBm ¢ BUCOK M3mos3BaeM BojieH crtocoOHOCT (173-180 mm m™
1) MKOHOMHMYECKUTE 3aryOu ca Hanwie, ako ce3oHHusAT SPI2 | romm—aBrycr”’< +0.2 3a
Canpnancku, SPI2, tonu—asryct”’< -0.5 3a [lnoBaus u Crapa 3aropa, SPI12, tonu—asrycr”< -0.9
3a Coduiicko mose. YCTaHOBEHUTE MPAroBH CTOWHOCTH HAa HATIOUTEIIHA HOPMa IPEe3 PUCKOBUTE
roauHu ca cboTBeTHO 240, 230 u 190 mm. M3Beaenure 3aBucumMoctu Mex 1y ce3oHHus SPI (2)
U pe3yNTaTUTE 3a BB3ACHCTBHE HA BOJHUS CTPEC BHPXY JOOMBUTE OT HEMOJMBHA IapEeBUIIA U



HamouTeIHaTa HOpMa Morar Ja ObAaT W3MOJI3BaHu 3a U3pa0d0TBaHE HA KapTH 3a YSA3BUMOCT Ha
3eMEICTMETO KbM CyIla MPe3 ECKTPEMHO CYXH, CYXH M CPEIHH TOJUHM U 33 UACHTH(QHULIUPaHEe
Ha 3aCTpalleHH OT Cyllla pailoHH Ha TepuTopusaTa Ha FOxua bearapus u FOrousrouna Esporna.
[Ipennaranata MeTONOJIOTMsSI HE W3MCKBA JETAlIHM BXOJHM JaHHM, KAKTO I10-CIIO)KHUTE
MOJIETIM Ha cHUcTeMaTa ,,I0YBa-pacTeHue-arMocdepa”, M MpEeACTaBisgBa €IHA IpPaKTHYHA
BB3MOKHOCT 32 pa3paboTBaHe Ha CHCTEMa 3a PAHHO MPEAYIPEKICHHE.

I'pyna I' (mokazaren 7). Cratum W J0KJIAAU, NYyOJUKYBAHM B HAYYHM W3JAaHUS,
pedeprpaHu U MHAEKCHPAHU B CBETOBHOM3BECTHHU 0a3U JaHHU ¢ HAYyYHAa HHoOpManus.

I'7-1. Gerasimova, 1., Nenov, M., Petkova, Z., Nazarkov, M., & Ivanova, M. 2024. Effect of
mineral fertilization and tillage system on the yield of wheat grown in four-field crop rotation.
Bulgarian Journal of Crop Science, 61(6) 21-30 (Bg).
https://www.webofscience.com/wos/alldb/full-record/CABI:20240563407

Abstract

During the period 2020-2023 field experiments have been carried out -of soil type Leached
Smolnitsa (Haplic Vertisol) in the experimental station of ISSAP “N. Poushkarov”, the town of
Bozhurishte, Sofia region. The aim of this study is to identify the impact of two rates of
nitrogen-phosphorus mineral fertilization, non-fertilizer variant and two soil tillage systems
(plowing and discing) on the yield of wheat grown in a four-field crop rotation. The wheat was
included in the structure of a four-field crop rotation: 1) maize, 2) wheat, 3) maize, wheat. It
was established that the studied fertilizer rates, regardless of the soil tillage system, are essential
for increasing yields of wheat, determining more than 78.73% of the data variation. Increasing
the nitrogen and phosphorus fertilizer rate by about 20% at T2 norm compared to T1 (from 120
to 140 kg/ha for nitrogen and from 80 to 100 kg/ha for phosphorus) does not lead to significantly
higher wheat yields. It was established that, on average over the study period, the applied lower
rate of nitrogen and phosphorus fertilization T1 (N120P80) in wheat cultivation was more
effective. The use of nitrogen-phosphorus mineral fertilization for both the soil tillage systems,
contributes to more than twice the yields compared to those obtained from the non-fertilizer
variants with a very well-proven statistical difference. Irrespective of the fertilization rate, no
significant influence of the applied soil tillage systems (disking or plowing) on wheat yield was
observed. The influence of the soil-climate conditions (rainfall and temperature conditions)
during this period was also analyzed. It was established that they are a significant factor, which
has a strong influence on the obtained high (good) yields of wheat cultivated in the field of
Bozhurishte.Keywords: wheat; yield; crop rotation; mineral fertilization; soil tillage

Pe3rome

[Ipe3 nepuoga 2020-2023r. e u3BeAeH MOJCKH OMUT HA MOYBEH TUl W3iyxkeHa cMOJIHUIIA B
onutHa 6a3a Ha UITA3P , H. Ilymkapos”, rp. boxypuiie, Coduiicko. LlenTta Ha u3cienBanero
€ Ja ce MpocyeIu BIUSHUETO Ha IB€ HOPMH Ha a30THO-(OC(HOPHO MUHEPATHO TOPEHE, BAPUAHT
0e3 TopeHe, U JIBe CUCTEMH Ha 00paboTKa Ha rmouBara (OpaH M AUCKYBaHE) BbPXY J00HBa OT
NIICHUIa, OTIVIekJaHAa B UYETHUPUIIONHO ceuTOooOpamenue. IlimeHunara e BKIIIOYEHA B
CTPYKTypaTa Ha YeTUPHUIIOIHO centOooOparieHue: 1) mapesuna, 2) niieHuna, 3) napesuna, 4)
NIICHUIa. YCTAaHOBEHO €, Y€ M3CIICBAHUTE TOPOBH HOPMHU HE3aBUCHMO OT CHUCTeMara 3a
00paboTKa Ha 1MoyYBaTa, UMaT OCHOBHO 3HAYCHHE 3a yBEJHUYEHHE Ha JOOWBUTE OT TIICHHIIA,


https://www.webofscience.com/wos/alldb/full-record/CABI:20240563407

karo onpenensat 78,73% ot BapupaHeTo Ha jaaHHMTE. [loBMIIaBaHeTO Ha a3o0THarTa |
dbocdopHaTa TopoBa HOpMa ¢ okoiio 20% mpu Hopma T2 copsimo T1 (ot 120 Ha 140 kg/ha 3a
azota 1 ot 80 Ha 100 kg/ha 3a dochopa) HE Boau 10 CHIIECTBEHO MO-BUCOKH JOOWBH IIPH
MIIeHUIaTa. Y CTAHOBEHO €, Y€ CPEIHO 3a MepHoja Ha M3CJIEABaHEe, NPUIIOKEHATa IMO-HUCKa
HOpMa Ha TopeHe c¢ a30T u ¢ochop TI(N120P80) mpu oTriexgaHe Ha MIICHHWIA € I10-
edexTuBHa. M3mom3BaHeTo Ha a30THO-()OCHOPHO MUHEPATHO TOPEHE 3a JIBETEe CHCTEMHU Ha
00paboTKa, JONMpHUHACS 3a IOJlydyaBaHe Ha HaJ JBa IBTU IO-BHCOKU JOOHMBH CIIPSIMO
MOJyYEHHUTE OT HETOPEHUTE BAPHAHTH C MHOTO JOOpE JA0Ka3aHa cTaTUCTUYecKa pa3iuka. [Ipu
JIBETC H3MOJ3BAaHM HOPMHU Ha TOPEHE HE CE OTYMTA CHIIECTBEHO BIWSHUEC HAa BUJAA Ha
npujoxkeHarta o0paboTKa, KOSTO € HM3BBbpIUICHA 3a MIICHWIATa — JHCKYBaHE WJIM OpaH.
AHaIM3HUPaHO € ¥ BIMSHUETO HA TOYBEHO-KJIMMATUYHUTE YCIOBUS (BAJICKH M TEMIIEPATYPHH
YCJIOBHSA) MIPe3 TO3U MEPHUO/I. Y CTAHOBEHO €, Ue TE€ ca ChIIECTBEH (PaKkTop, OKa3Bal] HECbMHEHO
[IEHHO BIIMSTHHE 32 MOJTyYaBaHe Ha BUCOKH (J100pH) JOOMBH OT IMIICHUIIA B ortuTa B boxkypwuiie.

I'7-2. Petrova-Branicheva, V., Pankov, V., Ivanova, M., Rachova A. 2023. Effect of Irrigation
Management at Pepper in Rhodic-Chromic Cambisols in Bulgaria. Journal of Balkan Ecology,
26(2), pp. 125-133. ISSN: 1311-0527 (print)
https://www.webofscience.com/wos/alldb/full-record/ CABI:20240329785

Abstract

Experimental studies were conducted 2020-2021 with Kurtovska Kapia pepper grown on
Rhodic-Chromic Cambisoils of experimental field Chelopechene to the Institute, Sofia. The
experiment was based on the block method in four replications, and the irrigation was
performed by a drip irrigation installation. Peppers were grown at 100% (mulch and without
mulch) and 50% irrigation rate using drip irrigation technology. A 60-years series of data on
outdoor air temperature and precipitation for the period 1958-2021 were considered and
availability is determined. In terms of air temperature, both the years 2020 and 2021 are
characterized as very warm with probability of exceedance of 7.78 and 9.13 %. Regarding the
precipitation, both years are very dry with probability of exceedance 95.67 (2020) and 94.07%
(2021). In order to create optimal conditions for field pepper production, it is necessary to
submit 19 pcs for 2020 and 14 pcs for 2021 irrigations with irrigation rates of 12 and 15 mm,
respectively, in the optimal variant, and when using mulch 12 and 10 pieces with irrigation rate
9 and 9 mm.

Pe3rome

ExcniepumenTannu uscnensanus ca nposeneHu npe3 2020-2021 r. ¢ uymku, copt Kyproscka
Kanusi, oTriieXkaaHu BepXy KaneneHo ropcka mousa Ha eKcriepuMeEHTaIHo noje YenoneueHe
kbM UITA3P, Codus. ExcriepuMeHTHT € 0azupaH Ha OJOKOB METOJ B YETUPU IMOBTOPEHHUS, A
HaIoSIBAHETO € U3BBPILBAHO YpEe3 KAlKOBO HAITOUTENHA HHCTaNalus. UymKuTe ca OTTIeK1aHu
npu 100% (c myma u 6e3 mynu) 1 50% noauBHA HOpMa, U3MON3BANKH TEXHOIOTHS 332 KalTKOBO
HanosiBane. Pasrnenanu ca 60-roguinHy JaHHM 3a TEMIIEpaTypaTa Ha Bb3AyX U BAJICKHUTE 3a
nepuoga 1958-2021 r. 3a xapakTepusupaHe Ha eKCIIEpUMEHTaIHUTE ToauHu. [lo oTHOmEHNE
Ha TeMIlepaTypara Ha Bb3ayxa, kakto 2020, taka m 2021 r. ce xapakTepusupaTr KaTo MHOTO
TOILTH ¢ obe3meueHocT oT 7,78% u 9,13%. I1o orHoIIeHHEe HaA BalIe)KUTE, U ABETE TOAMHU ca
MHOTO Ccyxu ¢ obOe3nedeHocT 95,67% (2020 r.) u 94,07% (2021 r.). 3a ga ce cw3mamgar
OINITUMAJTHH YCJIOBUS 32 TPOU3BO/ICTBO HA MOJICKU MTUIIEP, € HE00X0AMMO Jia ce moaaat 19 6pos


https://www.webofscience.com/wos/alldb/full-record/CABI:20240329785

3a 2020 1. u 14 6pos 3a 2021 T. MOJUBKU C TOJMBHU HOPMH CHOTBETHO 12 m 15 mm npu
ONITUMAJTHUS BapHAHT, a MIpH KU3noy3Bane Ha Mynd 12 u 10 6post ¢ moauBHA HOpMa 9 1 9 mm.

I'7-3. Gerasimova, I., Ivanova, M., Nenov, M., Petkova, Z., & Nazarkov, M. 2022. Changes
in some physical parameters of Haplic Vertisoil in two-years crop rotation, under the influence

of agrotechnical factors. Bulgarian Journal of Soil Science Agrochemisty and Ecology, 56(3),
40-50.

https://www.webofscience.com/wos/alldb/full-record/CABI1:20220456668

Abstract

Physical parameters of the soil is essential for the development of the reproductive potential
of agricultural crops.

The aim of presented experiments was to monitor the changes in some main physical soil
parameters of Haplic Vertisoil from the Sofia region as a result of factors from the crops
agrotechnical complex (soil tillage and mineral fertilization) during the two-field crop rotation
(maize-triticale/wheat) under non-irrigation conditions. The influence of two factors from the
general agrotechnical complex - variants of soil tillage with different intensity and norms of
mineral fertilization with three levels were studied. Their influence on the dynamics of soil
moisture and soil bulk density during the vegetation of the crops was investigated.

From the field experiments for the period 2020-2021, it was establish, that the agrotechnical
measures, that are the subject of the study, have a positive impact on the physical parameters.
More significant is the dependence on the type of soil tillage systems. The soil moisture values
for the 10-20 cm layer, where the main treatment for maize is loosening at 40-45 cm, are higher
than those reported in the variants with plowing at 22-25 cm. After harvesting the maize, the
lowest soil bulk density values were found in the surface horizons (from 0.91 g/cm?’ to 0.99
g/cm?). With a decrease in soil moisture in the depth of the soil layer, an increase to 1.32 g/cm3
is reported. After harvesting the cereal crops, the reported values in the investigated variants
are in the range from 1.46 g/cm? to 1.67 g/cm?’, without being influenced by soil tillage and
other agrotechnical measures.

Pe3rome

@u3nyHUTE CBOWCTBA HAa IIOYBAaTa HMAaT CBIIECTBEHO 3HAUYEHUE 3a PA3BUTUETO Ha
pPENpPOIYKTUBHUS IOTEHIMAJI Ha 3€MENENICKUTe Kyinrypu. M3cnensanero mma 3a nen jaa
IpoclieiM TPOMEHUTE B HAKOM OCHOBHM (PM3MYHU TOYBEHM MapaMeTpu Ha M3zmyxeHa
cmonHuna oT CoQuilckusi peroH B pe3yiaTaT Ha (aKkTOpu OT arpOTEXHUYECKUsI KOMILIEKC
(oO6paboTka Ha MoYBaTa ¥ MUHEPAIHO TOPEHE) B JBYIMOJIHO ceuTOOOOpalieHue (IapeBuia-
TPUTHKAJE/TIILIEHUIIa) IPU HEMOJMBHU ycnoBus. [IpoydyeHo e BiusHUETO Ha JaBa (akTopa OT
o0IIKsl arpoTeXHUYECKH KOMIUIEKC - BapHaHTH Ha oOpa0oTka Ha IoyBaTa C pas3IUyHa
MHTEH3WBHOCT ¥ HOPMHU Ha MUHEPAJIHO TOPEHE ¢ TpH HUBA. M3cneaBaHo € BIUSIHUETO UM BbPXY
JMHAMUKaTa Ha Biarata 1 00eMHaTa IUTbTHOCT Mpe3 BereTanusaTa Ha Kyatypure. OT HOJICKUTe
n3ciensanus 3a nepuoga 2020-2021 r ce ycTaHOBH, Y€ arpOTEXHUYECKUTE MEPONPHUATHSA,
KOUTO ca OOEKT Ha MpOy4YBaHE OKa3BaT IOJIOKUTEIHO BB3JEHCTBUE BBPXY (PHU3HUHHUTE
cBolicTBa. Ilo-chlecTBeHa € 3aBUCUMOCTTA OT BUJA HAa CHUCTEMara 3a 00paboTKa Ha IOYBAaTa.
CroiiHocTuTe Ha Biarata 3a ciost 10-20 cm, npu KoiTo ocHOBHaTa 00paboTKa 3a IapeBuLaTa
€ paspoxkBaHe Ha 40-45 cm, ca TO-BUCOKHU B CPAaBHEHHE C OTYETCHHUTE BbB BAPHAHTUTE C OpaH
Ha 22-25 cm. Cnen npulupaHe Ha lapeBULlaTa Hali-HUCKU CTOMHOCTH HAa 00eMHAaTa MIBTHOCT
ca yCTaHOBEHU B MOBBbXHOCTHUTE XOpU30HTH (0T 0,91 g/cm3 10 0,99 g/cm3). C HamansBaHe Ha


https://www.webofscience.com/wos/alldb/full-record/CABI:20220456668

BJIaraTa 1o JbJI0OYMHA Ha TOYBEHUS CJIOW ce oTumTa yBenuuenwe a0 1,32 g/cm3. Crep
npuOupaHe Ha >KUTHUTE KYJITYPH OTYETCHHTE CTOMHOCTH B WM3CJICIBAHUTE BapHAHTH Ca B
nuanazona ot 1,46 g/cm3 mo 1,67 g/cm3 6e3 ma ce BaMsAAT oT oOpaboTKaTa W JIPYTUTE
arpoTeXHUYECKH MEPOIIPUSITHSL.

I'7-4. Petrova-Branicheva, V., Ivanova, M. 2022. BausiHue Ha pa3iuyHHUTE TOJIUBHUA PEKUMH
U MUHEpPAJIHO TOpPEHE BBHPXY J100MBa Ha JETEPMHHAHTEH cOpT aomMaTH ,,Hukonmna” F1 B
Penry6nuka bwarapus. Journal of Mountain Agriculture on the Balkans. Tom 5, ctp. 506-511.
ISSN 1311-0489

https://www.webofscience.com/wos/alldb/full-record/CABI1:20230040452

Abstract

Field experiments were conducted in 2020-2021 with a medium-early sort of tomato
Nikolina F1 grown on Cinnamon Forest soils (Chromic Luvisols, FAO) in the Sofia
experimental field of the Institute of Soil Science, Agrotechnologies and Plant Protection
“Nikola Poushkarov”. Different irrigation and fertilization regimes were applied to the
determinant tomato Nikolina F1, grown in an open field. In the experiment, two levels of
irrigation scheduling and three fertilization regimes were performed with four replications. The
vegetable crops were irrigated using drip irrigation 507 technology, and fertilizers were applied
using an injector with the drip irrigation system. The factors were evaluated in the study were
100% and 50% irrigation rate and increasing mineral fertilization rates: NI15SP8KI15;
N20P12K20 and N25P16K25. In the control treatments, 100% irrigation rate and 50% irrigation
without fertilization were applied. The total yield at 100% irrigation rate was 17% higher than
the yield of plants subjected to reduced irrigation. The results show that the yield in the
treatments with the application of the highest fertilizer rate N25P16K25 is the highest in both
full and deficit irrigation (66.01 and 54.77 t. ha™).

Pe3rome

[Ipe3 2020-2021r. ca mpoBeAEHU MOJCKU OMNUTU ChC CPEIHO PAHEH COPT JIOMaTH
Huxonuua F1, orrnexxnanm Ha kaHeneHo ropcka mouBa (Chromic Luvisols, FAO) B
CodouiickoTo onutHO mnosie Ha MHCTUTYyTa MO MOYBO3HAHME, arpOTEXHOJIOTMM U 3allUTa Ha
pacrenusra ,,Huxoina [Tymkapos®. [IpuioxkeHu ca pa3iMuHy peXKMMU Ha HAIlOSIBAHE U TOPEHE
C KOHBEHIIMOHAJIHU TOpOBE. B ekcriepuMeHTa ca IpUII0KEHU JIBE HOPMHU Ha HAIOsIBaHE U TPU
peXUMa Ha TOpPEHE C YEeTHpPU IOBTOPEHUsS. 3eNEeHYYKOBUTE KYJITYpPH Ca HaMoOsIBaHU C
TEXHOJIOTHUS 32 KallKOBO HAIOSIBaHE, a TOPOBETE Ca BHACSAHU C MOMOUITA HA MHXKEKTOP ChC
cUCTeMaTra 3a KankoBo HamosiBaHe. daktopute, oueHeHn B mnpoyuBaHeTo, ca 100% u 50%
HOpPMa Ha HalosIBaHE U YBEJINYaBallly c€ HUBAa Ha MuHepanHo TopeHe: N15P8K15; N20P12K20
n N25P16K25. IIpu xoHTponHuTE TpeTupanus ca npuioxenu 100% nosmeHa HopMma u 50%
HanosiBaHe 0e3 Topene. O6musaT 106uB npu 100% HanmouTenHa HOpMa € MO-BUCOK cbC 17% ot
7100MBa Ha pacTeHMs, MOIJOXKEHM Ha peAylLHpaHOo HamosiBaHe. Pesynraturte mokasBar, ue
JIOOMBHTE NIPU BapHaHTHUTE ¢ TOpoBa HopMa N25P16K25 e Haif-BUCOK KaKTO NMPH ITBIHO, TaKa
¥ nipu AepuuuTHO HanosBane (66.01 u 54.77 t. ha™).


https://www.webofscience.com/wos/alldb/full-record/CABI:20230040452

I'7-5. Sadovski, A., & Ivanova, M. 2021. Method of estimation of pre-sowing soil moisture of
winter wheat and suitable planting dates. Bulgarian Journal of Soil Science, Agrochemistry and
Ecology, 55(2),49-57
https://www.webofscience.com/wos/alldb/full-record/CABI:20210351985

Abstract

The pre-sowing soil moisture is a determining factor at the beginning of the growing season for
winter wheat. The publication describes a method for its estimation based on meteorological
and soil-physical information. The application of the method is illustrated with data from
different locations and soils in the country. Also are investigated planting dates of winter wheat
grown on the territory of selected USA states, which have similar homoclimates with Bulgaria.
A simple solution approach was applied for the determination of suitable planting dates by
solving a general fuzzy system of linear equations with mixed fuzzy crisp explanatory variables
and fuzzy unknown variable vectors.

Pe3rome

[Ipencentbenara BIaXKHOCT Ha MOYBaTa € onpeesil (akTop B HAYAIOTO Ha BEreTallHOHHUS

nepuos 3a 3uMHara nieHuna. [lybnukanusara onrucBa METO/ 3a HeiiHaTa OLleHKa, Oa3upaH Ha
METEOpOJIOTUYHA W MOoYBeHO-(pu3muHa wuHpopmanusa. [IpuiokeHuero Ha Meroaa e
WIIOCTPUPAHO C JIaHHU OT pa3jIMuYHU MECTa U MOYBM B cTpaHarta. M3ciieBaHu ca U 1aTUTE Ha
3acakJaHe Ha 3MMHa IIICHULA, OTIVIeXK/laHa Ha TepuTopusaTa Ha u3bpanu maru Ha CAILL,
KOUTO UMAT cXoJieH XoMokinumar ¢ bearapus. [IpunokeH e onpocTeH Moaxo/ 3a onpeaessHe
Ha MOJXOJSIIM JaTH Ha 3acakJlaHe Ype3 pellaBaHe Ha o0Ila pasMuTa cucTeMa OT JMHEHHU
YPaBHEHUSI CbC CMECEHU Pa3MUTH, SCHU OOSICHUTEIHH IPOMEHJIMBU M Pa3MHUTHU BEKTOPU Ha
HEU3BECTHU TPOMEHJIUBH.

I'7-6. Sadovski, A., Ivanova, M. 2020. Regionalization of climate and crop yields on the
example of Bulgaria. International Journal of BioSciences, Agriculture and Technology
(IJBSAT), 11(3):19-30; ISSN: 0975 — 4539
https://www.webofscience.com/wos/alldb/full-record/ CABI:20210022332

Abstract

The objectives of the present article are to use the last developments in climate classification to
make regionalization of climate in Bulgaria and to contribute to the agricultural economics of
the country by linking the yields of basic agricultural crops with the climate classification. The
geographical area covers between 22 and 29 degrees East longitude and 41 and 44.5 degrees
North latitude. Materials are monthly climatic data -mean temperature and precipitation for
selected Bulgarian locations and survey yields of four crops -winter wheat, barley, maize, and
sunflower. The study is based on the extraction of the new and improved Koppen-Geiger
climate classification map for the present . Extensive use of Geographic Information Systems
(GIS) and advanced statistical methods and software allows obtaining reliable results and their
appropriate interpretation. Regression equations present the dependent variable yield of crops
as a function of Kdppen classes. The study provides guidance on the ecological zoning of
agricultural crops. The tables and figures included illustrating the findings of the study. Results
are related to the territory of Bulgaria, but the approach is applicable everywhere in the world.
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Pe3rome

IlenuTe Ha HacTOsAIIATA CTATUA Ca Jla C€ M3IOJ3BAT MOCIEIHUTE PA3BUTUSA B KIMMaTH4YHATa
KJacudukanus, 3a 1a ce HalpaBM perMoHajlIn3alys Ha kiumara B beirapus u i1a ce nonputnece
3a arpapHaTa HIKOHOMHKA Ha CTpaHaTa 4pe3 CBbp3BaHE HA JOOMBUTE OT OCHOBHH 3eMEJCIICKU
KyJITypu C KIMMaTW4Hata kiacudukanus. ['eorpadcekuar pailon oOxBama mexay 22 u 29
rpajyca u3TouHa n1bkuHa u 41 u 44,5 rpagyca ceBepHa mupuHa. MaTtepuanure ca MECEUHHU
KIMMAaTUYHU JJAHHU - CpPeJHA TeMIIepaTypa 1 BaJieXkH 3a n30paHu mecta B beirapus u nanau
OT MPOY4YBAaHUS HA JOOMBUTE OT YETHPU KYIATYpH - 3UMHA MIICHUIIA, €UYEMHK, LIapeBUIA U
cirpHUOrIE. M3cnenBaneTo ce OCHOBaBa Ha M3BJIMYAHETO HA HOBaTa W MOJ00peHa Kapra 3a
knmuMmatnyHa kinacudukanus Ha Keonen-I'aiirep 3a nacrosimero (1980-2016 r.). IIupokoro
m3nom3Bane Ha reorpadcku uHpopmammonnu cucremu (I'MC) um  ychBBpIICHCTBAHU
CTaTUCTHYECKH METOAM W coTyep MO3BOJSABA IMOJyYaBAHETO HA HAJCKIHH DPE3YNTaTH U
TAXHOTO TOAXOIAIIO TBHJIKYBaHE. PerpecHOHHUTE ypaBHEHHs TMPEICTaBIAT 3aBUCHUMATa
IIpOMEHJIMBa J0OMB Ha KyIATypuTe Kato (yHKuIMs Ha kiacoBere Ha Kpomnen. M3crneasanero
IIPEJOCTaBsl HAaCOKU 3a E€KOJOIMYHOTO 30HHMpaHE Ha 3eMEENICKUTE KyIaTypu. Bxmouenure
TAaOIUIM U UIYypH WIIOCTPUpAT pe3yTaTUTe OT U3CieqBaHeTo. Pe3ynraTure ca CBbp3aHu ¢
TepUTOpUATAa HA bbarapus, HO NOAXOABT € NPUI0KHUM HABCIKB/IE IO CBETA.

I'7-7. Popova, Z., Ivanova M. 2017. Drought Intensity-Crop Evapotranspiration” relationships
under maize relative to climate regions and soil groups in North BulgariaJournal of Mountain
Agriculture on the Balkans, 20 (4),361-376 ISSN 1311-0489 (Print) ISSN 2367-8364 (Online)

https://www.webofscience.com/wos/alldb/full-record/CABI:20183016991

Abstract

Drought is a natural disaster that results in significant hazards for agriculture and
environment. Rainfed maize development, water requirements for evapotranspiration ET-dry
and water balance in “soil-crop-atmosphere” system depends mainly upon the amount and
distribution of precipitation during the periods of intensive maize development “July-Aug” and
”June-Aug”. The objective of present study was to search for reliable relationships between the
Standardized Precipitation Index of seasonal dryness SPI2, on one hand, and Rainfed Maize
Evapotranspiration totals ET-dry during ,,July-Aug”, ,,June-Aug” and ,,May-Sept” periods, on
the other, under Moderately Continental (Pleven) and North-Black Sea (Varna) climate. Soil
groups of large (180 mm m™), average (157 mm m™) and small (116 mm m™') total available
soil water were considered. Daily (mm day-1) and Seasonal ETa-dry (mm) were computed by
applying previously validated water balance and irrigation scheduling simulation WINISAREG
model. When drought intensity was characterized by the index SPI2”June-Aug”, the linear
relationships relating it to ETa-dry were highly reliable having coefficients of determination
within the range 0.86<R%<0.96. If SPI2 “July-Aug” was averaged for July and August, the
coefficients were still generally high (0.78<R2<0.89). Results indicate that a large fraction of
the ETa-dry interseasonal variation was explained by the SPI2 July-Aug” and SPI2”June-
Aug” or by the dryness conditions during the maize peak demand periods. Thus, it was
concluded that both SPI2 “July-Aug” and SPI2”June-Aug” indexes could be used as an
indicator of drought intensity impact on rainfed maize water demands for evapotranspiration.


https://www.webofscience.com/wos/alldb/full-record/CABI:20183016991

Pe3rome

3acymaBaHeTo € MPUPOJHO OECTBHE, KOSTO MPUUYMHSIBA 3HAYUTEIHU [IETH HA 3eME/ICTTHETO U
OKOJTHATa cpenma. Y Hac pa3Butuero u eBanoTpaHcnupauuara ETa-dry nma nenonuBHaTa
LapeBUIla 3aBUCAT OCHOBHO OT KOJIMYECTBOTO M pAa3lpEEICHUETO Ha BAJICKUTE IIPe3
nepuoaute “tOmm-Asryctr”/“FOnu-Apryct”. llenta Ha wu3cnenBaHETO € Ja yCTaHOBH
JOCTaTbUYHO TOYHU 3aBUCUMOCTH MEXIYy CTaHAApTU3UpaHMs BaJEKEH HHJEKC 32 CE30HHO
3acymaBane SPI2 u cymapnara eBanotpancnupanus ETa-dry 3a nepuoaure ,,}JOmmu-Apryct”,
,fOHH-ABrycr” u ,,Maii-CentemBpu” npu ycioBusita Ha Y MepeHo-Kontunenranen (Ilinesen)
u CesepHo-UepHomopcku (Bapna) knmumar. Pasrinenanu ca rpynu mouBu ¢ BUcok (180 mm m”
1, cpenen (157 mm m™') u mucek (116 mm m™') u3nomssaem BoseH 3anac. 3a M3YNCIABAHE HA
cpenHonHeBHata (mm day') u cymapHaTa ce3onna (mm) eamortpaHcrnuparms ETa-dry e
MPUIIOKEH BaJHIUPAHUS CUMYJIAIIMOHEH MOJEN 3a OaJlaHC Ha BOJATa M IMOJMBHUS PEXUM
WinISAREG . YcTanoBeHo €, 4e KOraTo HHTEH3MBHOCTTA Ha 3acylllaBaHe € XapaKTepu3npaHa
uype3 unaekca SPI2 ocpennen 3a Meceuute FOHU - ABryct, Bpb3KUTE ,,AHTEH3UBHOCT Ha
3acymaBane SPI2July-Aug — eBanmorpancnupauus ETa-dry ca ¢ Haii-BUCOKa cTemeH Ha
JIOCTOBEPHOCT HpH KOe(UIMEHT Ha JAeTepMuHarus B rpanuiu 0.86<R?<0.96. KoedunueHTst
R? e HesHauuTeNqHO MO-HUCHK, Korato SPI2 e ocpenmen 3a Meceuure HOmu-
Asryct (0.78<R*<0.89). Bucokusar R? Ha ycTaHOBeHHTE IMHEHHH 3aBUCUMOCTH Mexay SPI2 u
eBanotpancnupanusata ETa-dry noka3a, ue ocHoBHaTa 4yact ot kosiebanusta Ha ETa-dry mpe3
TOJIMHUTE CE€ XapaKTepu3upa 4Ype3 MHJEKca Ha Ce30HHO 3acymaBaHe SPI2 mpe3 nHaii-
YYBCTBUTEITHUTE KbM BOJEH CTpeC MEPUOAM OT Pa3BUTHETO Ha mapeBunata. CiemnoBaTeHO
unaekcure SPI2July-Aug u SPI2June-Aug morar ga ObIaT M3MON3BAaHM KaTO MHIUKATOP 3a
CTENEeHTa Ha BH3/ICHCTBUE Ha 3aCyIIaBaHETO BbPXY HYKIUTE Ha HEMOJMBHATA IapeBUIA OT
BOJa 3a eBanoTpancnupanus B CeBepHa bearapus.

I'7-8. UBanoBa M., [lonosa, 3. 2014. BiusHue Ha KiauMMarTa U IoyBaTa BbpXy JOOUBUTE OT
HEroJMBHA LJapeBulla U HarouteaHute Hopmu B Coduiicko nose. cn.Boano [leno, Codus,
KH.5/6, cTp.25-33; ISSN 0861-3036 (print), 2603-4786 (online)

Abstract

This study assesses the impact of climate uncertainties and soil characteris-tics on rainfed maize
yield and net irrigation requirements (NIRs) in one of the coolestand wettest agricultural regions
in this country, Sofia field, using validated WINISAREGmodel and standardised precipitation
index SPI for the period 1952-2004.Considering an economical relative yield decrease RYD
threshold of 48% of thepotential maize productivity in Sofia field, it is found that 21 % of the
years are riskywhen soil TAW is large (180 mm m™!). When TAW is medium (136-157 mm m’
1) the riskyyears are double while if it is small (116 mm m™) they reach 50 %.Specific
relationships between the simulation results of water stress impact on rainfedmaize RYD and
the standardised precipitation SPI2 July-Aug index shows that rainfedmaize is less affected by
drought when it is grown on soils of large water holding capacity. In that case, Sofia field,
economical losses are produced in “mild drought” high peakseasons, when SP12July-Aug is
less than -0.90. On soils of medium and small TAW economical risk happens if SPI12July-Aug
is less than -0.25 and 0.00 respectively, i.e. in “normal” high peak seasons. Corresponding NIRs
thresholds to cope with drought consequences,namely 192 and 174 mm for soils of small and
large TAW, are identified.



Pe3rome

ToBa mpoyuBaHe OIEHsIBA BIUSHUETO HA KJIMMATUYHUTE MPOMEHH U XapaKTEPUCTHKUTE Ha
royYBaTa BbpXY J100MBa Ha HEMOJIMBHA 1IapeBHIla, U HeTHUTE HanouTesHu HopMH (NIR) B enqun
OT HaW-XJIaJHUTE U BIAXKHU 3eMEENICKU paiionu B cTpaHara, Coduiicko moie, U3Mmoa3Baiku
Bamuaupad WINISAREG moznen u cranpaprusupan uHzaekc Ha Banexute SPI 3a nepuona
1952-2004 r. Kato ce uma npeaBu/l MparbT HAa UKOHOMUYECKO OTHOCUTEJIHO HamaJleHHuE Ha
nobuBa RYD ot 48% oT noTeHumanHara npoayKTUBHOCT Ha LapeBuiiara B Coduiicko noie, ce
ycTaHOBsIBa, Y€ 21% OT roguHUTE ca PUCKOBHU, KOTAaTO BOJO03aJbPKAIUs KalaluTeT Ha
noysata TAW e romsm (180 mm m™'). Korato TAW e cpenen (136-157 mm m!), puckoure
TOJIMHU ca JIBOMHO ToBede, qokato ako TAW e manbk (116 mm m'l), Te pgocturar 50%.
CreunduyHuTe BPBH3KH MEXKIY pe3yJTaTUTE OT CUMYJAIUsATa Ha Bb3JAEUCTBUETO HA BOJHUS
ctpec BbpXy RYD oT HenosiuBHA 1JapeBUIla U CTAHAAPTU3UPAHUS UHACKC Ha Basieskute SPI2 3a
I0JIM-aBTYCT MOKa3BaT, 4e HEeMmoJMBHATA LAPEeBUIIA, € [T0-MaJIKO 3acerHara OT cyllara, KoraTo
ce OTriexJa BbPXY MOYBH C TOJSM KamaluTeT 3a 3aJbpikaHe Ha Bojaa. B To3um cmyuail, B
CoduiickoTo moJie, IKOHOMHUYECKUTE 3aryOu ce TeHepHpaT BbB BUCOKH MUKOBU CE30HH HA ,,
yMepeHa cyma“, korato SPI2FOnu-Asryct e no-mansk ot -0,90. [Ipu mouBu cbe cpeneH u
Manbk TAW HKOHOMHYECKUST pUCK Bb3HUKBA, ako SPI2FOnu-Asrycr e no-mansk ot -0,25 u
0,00 crOTBETHO, T.€. B ,,HOPMATHO " CyXU ce30HU. M neHTndunmpanu ca ChOTBETHUTE MTParoBe
Ha NIR 3a cipaBsiHe ¢ nocieIuIuTe OT cyliara, a MMeHHO 192 u 174 mm 3a OYBH C MAJIbK U
rosisim TAW.

I'pyna I' (moka3ares 8). CtaTuu u 0K, Ny0JTUKYBAaHU B HepedepMPaHU CIIMCAHUA C
HAYYHO pelleH3upaHe WIH NYOJMKYBAHU B PeIaKIIHOHHU KOJIEeKTUBHH TOMOBe.

I'8-9. Popova, Z., Kogan, F., Young, W., Singh, R., Ivanova M. 2022. Validation of soil water
content and evapotranspiration under maize in Sofia field using lysimeter data, CERES model
and vegetation indices. COOpHUK ¢ AOKJIaAM OT HaydeH (OpyM C MEXAYHApPOJHO ydacThe
“EKOJIOTUA 14 AT'POTEXHOJIOTUN-OYHAAMEHTAJIHA HAVYKA n
[MPAKTUYECKA PEAJIM3ALIUA”, Tom 3, 193-204; ISSN 2683-0663 (on-line)

https://www.issapp-
pushkarov.org/sites/default/files/pictures/ecology_and agrotechnologies _vol 3.pdf

Abstract

In the context of climate change and increasing pressure on required water in agriculture, a
detailed analysis has been carried out using ground and satellite data and ,,a three year” model
results to forecast soil water content and crop water requirements for evapotranspiration (ET)
and irrigation (IR) relative to maize crops. Using satellite data, based Vegetation health indices
(VHI) have been computed. The following tasks have been considered:

a) Finding whether experimentally retrieved Soil Water in the root zone PESW (mm/1.30m)
and Soil Water SW content of genetic layers (% v.) produce a good correlation with the
VHIs during the critical periods of maize development;

b) Investigating whether on such basis the VH indices, in addition to the simulation results
of the validated CERES-NC-maize model application, could be used as indicators of
actual crop water requirements for evapotranspiration ETcrop on a daily and cumulative
basis;


https://www.issapp-pushkarov.org/sites/default/files/pictures/ecology_and_agrotechnologies_vol_3.pdf
https://www.issapp-pushkarov.org/sites/default/files/pictures/ecology_and_agrotechnologies_vol_3.pdf

¢) Building statistical models, where VH indices could serve as independent reliable
variables (predictors) of PESW (mm/1.30m) and SW (% v.), as well as also exploring their
performance as predictors of crop water requirements for ETcrop and IR irrigation.

Pe3rome

B xoHTeKkcTa Ha MPOMEHUTE Ha KJIMMaTa U YCUJIBAILIMS C€ HATUCK BbPXY HEOOXOJUMOCTTA OT
BOJIa B 3€MEJICJIUETO € MPOBEACH JIeTalJIeH aHaJIu3 NP U3I0JI3BaHe Ha HA3€MHU U CaTeIMTHU
JTAHHU ¥ PE3yiTaTd OT MPUIOKEHUETO Ha Banuaupanus cumyiannoned mojaesn CERES-NC-
maize npe3 nepuoga 1997-1999r (B npoabikenue Ha 3-4 TOAWMHU) C 117 IPOTHO3UPAHE Ha
MOTEHIIMATHOTO ChabpkaHue Ha Boaa B mouBata (PESW, mm) m HeoOxommmocTTa Ha
napesuiiara ot Boja 3a epanorpancnupanus (ET, mm) u nanosisane (IR, mm). Ha ocnoBara
Ha CaTeJIMTHUTE JaHHU, 05Xa U3UYHMCICHN OCHOBHUTE MHJICKCH Ha BereTarmonHo 3apase (VCI,
TCI u VHI). ®opmynupanu ca cieIHUTE 3aa4u:

a) YCTaHOBSIBaHE /A €KCIEPUMEHTAIHO MOJyYeHUTE CTOMHOCTH Ha MOTEHIMajla Ha
n3yepnBaHe Ha Boja B KopeHooOurtaemara 3oHa PESW (mm/1.30m) um mo reHeTmyHUTE
xopu30oHTH Ha noyBata SW (% v.) moka3BaT BUCOKa CTENEH Ha KOpeJalus ¢ UHACKCUTE 3a
BeretanoHHo 31paBe VCI, TCI u VHIs no Bpeme Ha KpUTHUHUTE NEPUOJIU OT pa3BUTHE Ha
LapeBULIATA.

b) U3cnenBane nanu Ha Ta3u OCHOBA MHAEKCUTE 3a BeretannonHo 3apase (VCI, TCI u
VHI), B nonbJiHEHHE KBM PE3YATATUTE OT CUMYJIALIMUTE YPe3 MPUIIOKCHUE HA BaTUAUPAHUS
cumynanoner mojen CERES-NC-maize (Gabriel et al., 1995; 1996; Popova, Kercheva 2004;
2005a; 2005b; ITomoma, 2008.....), Ouxa MOTJIM Ja c€ M3MOJ3BAT KaTO HHIAMKATOp 3a
NeficTBUTEIHUTE HYKM Ha [JapeBHIIaTa OT BOJa 3a eBanoTpanciupanus ETcrop, mm day™! Ha
OCHOBATa Ha €XEJHEBHU U KyMyJaTUBHU 0a3u OT JaHHHU.

c¢) [Ipunoxenne Ha CTATUCTHUECKU MOJEITH, MPU KOUTO MHACKCUTE 32 BEreTallMOHHO
3npase VCI, TCI u VHI morar ga mociy»at 3a HE3aBUCUMU MPOMEHJIMBH (IPEAUKTOPH) Ha
[ToTenuunanHo u3MoN3BaecMara BoAa B KopeHooOutaemata 3oHa PESW (mm/1.30m) u mo
TeHeTUYHUTE XOpH30HTH Ha TouBata SW (% Vv.), a ChII0 Taka U 3a U3clieiBaHEe HA ChOTBETHUTE
MOKa3aTesy, KakTo Ha eBaroTpaHcnupanus Ha pacteHueto ETcrop, Taka u Ha He0OX0IUMOCTTa
ot HanosiBaHe IR.

I'8-10. Sadovski, A., Ivanova, M. 2021. Homoclimate of Iceland's meteorological stations
and homoclime of some northern countries. Arctic Environmental Research 21(1):8 — 17,
DOI: 10.37482/2541-8416.2021.21.1.8; ISSN 2658-7173 (online), ISSN 2541-8416 (print)

(PDF) Homoclimate of Iceland's meteorological stations and homoclime of some northern
countries

Abstract

In many felds including agroclimatology, pedology, plant introduction, environmental health
and agricultural transfer, detection of areas of similar climate is of signifcant interest.
Numerical methods including cluster analysis, similarity measures, and other techniques were
used to compare climatic data from Islandian meteorological stations to classify them
according to similar homoclimate. Using Euclidean distance and City-block (Manhattan)
distance, data from Iceland, Finland, Sweden, Norway, and Alaska state of the USA were
analyzed to reveal homoclime. One of the conclusions from the study is that Iceland has a


https://www.academia.edu/47444365/Homoclimate_of_Icelands_meteorological_stations_and_homoclime_of_some_northern_countries
https://www.academia.edu/47444365/Homoclimate_of_Icelands_meteorological_stations_and_homoclime_of_some_northern_countries

similar climate to Alaska and Norway. Climate change is already affecting agriculture, with
effects unevenly distributed across the world. These changes will undoubtedly lead to a
reconsideration of the question of allocation of appropriate agricultural crops to given areas
and evaluation of bioclimatic resources in territories with similar climate. Results from this
study are related to the territory of Iceland, but the approach to classify meteorological
stations according to similar homoclimate and reveal homoclime in selected territories is
applicable everywhere in the world.

Pe3rome

B MHOro o0jactd, BKIIOYUTEIIHO arpOKIMMATOJIOTHATA, TEIOJIOTHSTA, MPEICTABIHETO Ha
pacTeHHsITa, EeKOJOTUYHOTA 3/IpaBe U TpaHC(epa Ha CEIICKOCTOMAHCKH TPOIYKTH, OTKPUBAHETO
Ha paiioHU ¢ TOJ00CH KIUMAaT € OT 3HAYUTENIEH UHTEepec. 3a CpaBHSABAHE HA KIIMMATUYHHUTE
JaHHYU OT MCIAHJACKUTE METCOPOJIOTHYHU CTAHIIUHU U 32 KIaCH(PUIIMPAHETO UM BH3 OCHOBA HA
CXOJICH XOMOKJIHMMAT Osixa MPHJIOKCHW YUCICHH METOM, BKIIOUYBAIIM KIBCTEPEH aHAIM3,
MEpPKH 3a CXOJACTBO M Apyrd TeXxHUKH. C Iiel yCTAaHOBSIBAHE HA KIMMATUYHU aHAJIO3HU
(xomokIMMaTH) Osixa aHanu3upanu Aanau 3a Vcmanmus, @uanannus, [1Isenus, Hopeerus u
aMEpUKaHCKUsl IaT AJsicka 4pe3 npujaraHe Ha EBKIHMIOBO paszcTtosiHue W MaHXaThbHCKO
pascrosiaue (City-block). Eqro oT 3akirodeHusTa oT m3ciieqBaHeTo €, 4e Mcmanaus nma
nonobeH knumar Ha Ansicka 1 Hopserus. M3MeHeHunero Ha Kiaumara Bede 3acsira CeICKOTO
CTOIIAHCTBO, KaTO €(peKTUTE ca HEPAaBHOMEPHO pasIpeesieHH o Ieus CBAT. Te3u mpomMeHn
HECBhMHEHO WIE AOBEAAT JI0 Ipepa3riekaaHe Ha BhIIPOca 3a Pa3NpeeIeHUEeTO Ha MOAX0IA 1IN
3eMeJIeJICKM KYJITYpH B 1aJIeHH pallOHU U OlLIEHKA Ha OMOKIMMATHYHUTE PECYpCU B TEPUTOPUU
c momobeH kinuMar. Pesynrtature OoT TOBa M3CJelBaHE ca CBBP3aHU C TEPUTOpUATA Ha
Wcnannus, HO HOIXOOBT 3a KiIacuUIIUPaHe HA METEOPOJIOTMYHUTE CTAHIIUU CIIOPE]] o 100eH
XOMOKJIMMAT U pa3KpHBaHe Ha XOMOKJIMMAT B U30paHu TEPUTOPUU € IPUIIOKUM HABCSAKBE 110
CBETa.

I'8-11. UBanoBa, M., CanoBcku, A. 2020. Onut 3a oreHka Ha J00MBa OT LapeBUIIA C
TEMIICPATYPH U BAJICKU MMPE3 BEICTAIUOHHUA IICPUOI. Exomoruuno HWHXKXCHCPCTBO U OITa3BaHC
Ha oKoyHaTa cpena, No 3, 2020, c. 54-62; ISSN 1311-8668; eISSN 2367-8429

ExonornyHo MHXEHEPCTBO M OlMa3BaHE Ha OKOJIHATA cpejaa

https://ecoleng.org/Sadarjanie3.2020.html#8

Abstract

The estimation of yields today is possible through many methods and models. In our study, we
experimented on whether yields could only be assessed by the climatic characteristics of
average monthly temperature and precipitations during the growing season. Many scientific
papers look at changes in average yields, while there is a growing interest in yield variability
due to extreme conditions. Using the fully fuzzy linear regression (FFLR) method, significant
correlations were found in temperatures between April - August (T4 - T8) and June - July (T6
- T7), while no significant correlations were found in precipitation between April - September.
The selected temperature and precipitation indicators can be considered almost independent in
the regression analysis of maize yield. As a result of the application of the method for self-
organization of models, two empirical regression equations with coefficients and statistical
characteristics are obtained. Comparing the two models for estimating maize yield, it was found
that Model 1 of the first empirical regression equations better described the actual yields. The
two models are compared using the Akaike Information Criterion (AIC). A t-test was used to


https://ecoleng.org/Sadarjanie3.2020.html#8
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compare the mean maize yields and the results obtained from the center of the fuzzy regression
solution. The results confirm the possibilities for using the method of completely fuzzy linear
regression in the estimates of the yields response depending on the temperatures and
precipitations during the vegetation period.

Pe3rome

OneHkara Ha J0OMBHUTE JHEC € BB3MOXKHA 4Upe3 peiula MeToau M Mojaenu. B Hamero
IIPOyYBaHE €KCIIEPUMEHTHpaxMe JAajau JoOMBUTE MOraT nAa ObJaT OLEHEHHW camMo IIo
KIMMAaTUYHUTE XapaKTEPUCTUKU Ha CPEHOMECEYHUTE CTOHHOCTH Ha TeMmiepaTypara u
BaJIKUTE IIPE3 BEreTALlMOHHUSA Ce30H. MHOro HaydHU TpyIOBE pasriexJaT NIPOMEHHUTE B
CpeAHuTe JOOMBH, IOKaTO MMa HapacTBAall] MHTEPEC KbM BapuaOMIHOCTTA Ha JoOMBa Mopaan
€KCTPEMHHU YCIIOBHUsA. M31mon3Baiiku MeTo1a Ha HambJIHO pa3muTa JuHeliHa perpecus (FFLR),
0s1Xa OTKPUTH 3HAUUTEIIHU KOPEIALUU [IPU TEMIEPATYpPUTE MEXKITY MECELIUTEe alpui - aBrycT
(T4 - T8) u ronu - ronu (T6 - T7), nokaTo MpH BaJeKUTE 3a MIEPUOJA AlIPUII - CENTEMBPU HE
Osixa OTKpUTH TakuBa. 30paHuTe mokasarein 3a TeMIepaTypa U BaJe)Kd MOTaT Jla Ce CYUTAT
3a IOYTH HE3aBHCHMM IPU PErPECMOHHMS aHAIM3 Ha J10O0MBa Ha LapeBula. B pesynrar Ha
[pUJIaraHeTo Ha METOJla 3a CaMOOpPraHu3alys Ha MOJEJIM Ca IOJYyYEHHU JBE E€MIIUPUYHU
YpaBHEHHUsI 3a perpecusi ¢ KOCPUIUMEHTH U CTATUCTUYECKU XapaKTepUCTUKU. CpaBHSIBalKu
JIBaTa MOJIeJIa 3a OLIEHKa Ha J0OMBa Ha [apeBuIla, Oelle yCTaHOBEHO, ue Mojen | Ha mbpBUTE
EeMIIMPUYHU YPaBHEHHUS 32 pErpecrs ONKCBa 1Mo-100pe AeicTBUTEIHUTE 100NBH. [|BaTa Moena
ce CpaBHABAT C momolnra Ha nHpopmannonaus kpurepuid Ha Akaike (AIC). M3non3sa ce t-
TECT 3a CPAaBHSBAHE HA CPEIHUTE JOOMBH OT LIAPEBULA U PE3YJITATUTE, MOJIYYEHU OT LIEHThpa
Ha pa3MmuTaTta perpecusi. Pesynratute moTBBp:KIaBaT BB3MOXKHOCTUTE 3a H3MOJI3BaHE Ha
METO/ia Ha HaII'bJIHO Pa3MMTA JIMHEHHA perpecust B OLIEHKUTE Ha BIMSHUETO BbPXY JOOUBUTE B
3aBUCUMOCT OT TEMIIEPATYPHUTE U BAJICKUTE MPE3 BETCTALMOHHUS TIEPUO/L.

I'8-12. Ilanos, E., UBanoBa, M., ®unkos, I1. 2020. M3mon3Bane Ha IBKIOBHH BOIU 3a
HarosiBaHE Ha JBOpHM Mecra Ha Teputopusita Ha rpax Codus. ANNUAL OF THE
UNIVERSITY OF ARCHITECTURE, CIVIL ENGINEERING AND GEODESY SOFIA, Tom
53p, 6p. 1, ctp. 173-184; ISSN 1310-814X — print; ISSN 2534-9759 — online
https://annual.uacg.bg/article/2020_53 1 16

Abstract

The collection and accumulation of rainwater for landscape irrigation of courtyards is feasible
alternative to drinking water use from urban distribution network. A balance of necessary and
available water during the irrigation season (April — September) is done for the region of Sofia
City at various shares of the density of construction. The saved annual expenses for landscape
irrigation are estimated on the basis of the usable rainwater amounts at different water price
rates and area of the property.

Pe3rome

VY1aBsSHETO M aKyMyJIMPAHETO Ha JABKIOBHU BOJM 3a HAIMOSBAHE HA 3€JICHU IUIONIM B YaCTHU
MMOTH € aJITepHATHBA Ha M3IMOJI3BAHETO HA MUTEWHHM BOAM OT CEIUIIHATA BOJOMPOBOIHA
cuctema. 3a paiiona Ha rp. Codus e u3BbpIIeH O6aJaHC HA HEOOXOJAUMHUTE M HATMYHU BOJTHU


https://annual.uacg.bg/article/2020_53_1_16

o0eMH B paMKUTE Ha TIOJWUBHHS CE30H (ampuiI-CENTEMBpPH) MPH pasziiiyHa IUIBTHOCT Ha
3acTpOsIBAaHE Ha UMOTA. B3 OCHOBA Ha MOTYYCHHUTE M3IMOJI3BACMH 00EMU JIHKIOBHU BOIH Ca
OTIpEJICIICHU CIIECTEHUTE PAa3X0/U 3a HAIOsSBAHE 3a €/JHA TO/IMHA IIPH Pa3JINYHa IIeHA Ha BOJaTa
U IJ1011 HA UMOTHUTE.

I'8-13. Ilonosa 3., UBanosa, M. 2017. [lonuBHM peXxUMHU TP MUHAIIUS U HACTOSI KJIMMAT B
paiiona Ha [lneBeH. bwiarapckoro cnucanue 1mo mereoposiorus W xuaposorus (Bulgarian
Journal of Meteorology and Hydrology (BJMH)), 22 (5),90-111; ISSN 0861-0762 (print) ISSN
2535-0595 (online )

http://global-change.meteo.bg/files/2017/BJMH_2017_vol 22 5/Final 05_2017.pdf

Abstract

Pleven agricultural region, the Danube plain, is affected by climate variability and increasing
dryness. Detected climate change in May-September season creates uncertainties for maize
irrigation scheduling and harvested yield. To cope with them, simulations have been performed
for past (1951-1984) and present (1951-2004) weather conditions using the validated irrigation
scheduling simulation WinI[SAREG model for two maize hybrids, the semi-early Pioneer P37-
37 and the late H708, both grown on a Degraded chernozem soil of large Total Available Water
(TAW=168 mm m') at Gorni Dabnik experimental field. The study compares several irrigation
scheduling alternatives: (1) consists of refilling the soil reservoir by adopting a management-
allowed depletion fraction (MAD) 0.47 TAW and 90 mm application depth both tuned to results
of measurements under continuous furrow irrigation; (2) consists of refilling the soil reservoir
by adopting MAD =0.31 and 60 mm application depth relative to surge furrow irrigation of
improved distribution uniformity and reduced application depth or sprinkler irrigation;
alternative (3) aims at better storage of seasonal precipitation by partially refilling soil reservoir
adopting MAD =0.47 with 60 mm application depth; alternative (4) refers to the option of crop
without irrigation. These alternatives are built in agreement with past studies to develop
environmentally sound irrigation practices that avoid soil cracking, high non-uniformity of
water distribution, water and yield losses. According to the regional irrigation practice and
previous studies (Zahariev et al, 1986), the last allowed irrigation date is 31/07 for high and
moderate demand years while it is 10/08 for the dry year having probability of exceedance P;=
10%. These conditions are considered for all irrigation scheduling studies in addition to a free
definition of irrigation timing aiming at water saving while avoiding yield losses. Simulations
relative to past weather conditions show that when aiming at maximum yield in the dry years
(1965, P1=8%) irrigation scheduling alternatives 1, 2 and 3 lead to different irrigation demands
(ID) of 270, 300 and 240 mm. The results over a whole period using full required daily climate
dataset show that the respective irrigation thresholds and application depths produce demands
that are also different among them (Fig.8a). The ID relative to Alternative 2 is the highest
among the three alternatives and is often larger than net irrigation requirements (NIR).
Alternatives 1 and 3 allowing a larger depletion lead to water saving of about 60 to 90 mm
when compared with alternative 2. These results are compared to irrigation scheduling presently
advised in the region and show that it covers crop requirements and irrigation timing computed
with alternative 2. Adaptation to drought in the dry year (P1 = 8%) representing the present
weather consists only of precise irrigation timing due to the fact that Available Soil Water
(ASW) and precipitation are very efficiently used. In the average demand year of the past
weather (1972, P1 = 50%) all three studied irrigation scheduling alternatives produce equal ID
of 180mm while in the average year of present weather (1982, PI =48%) an additional irrigation
event could be required with alternative 2. Contrarily to the average 1972, in 1982 available
soil water at the end of the season is depleted to the optimum yield threshold (OYT).
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Pe3rome

PaiionsT Ha IleBen B /lyHaBckaTa paBHMHA € 3acerHaT OT HapacTBalllaTa MHTEH3UBHOCT Ha
Kosie0aHUs U 3acCyllIaBaHe [IPY HACTOSILIMS KJIMMAT. Y CTAHOBEHUTE KIIMMATUYHU IPOMEHH TIpe3
nepuoja “Maii-CenteMBpH “Ch3aBaT HECUTYPHOCT IO OTHOIIECHHE HA MOJIUBHUTE PEKUMU U
N0OMBHUTE OT LapeBHLAa. 3a CIpaBsHE ¢ IpobiieMa ca OCBLIECTBEHUW CUMYJALMU dYpe3
IIPUIIOKEHNE HAa BAJIMIUPAHUS MOJEI Ha TIOJIMBHUS PEXHUM U Bb3ACHCTBUETO HAa BOJIHUS CTPEC
BbpXy noousute WinISAREG 3a aBa xubpuna napesuna, cpenno-pas [Tuonep P37-37 u kbcen
H708, orrnexxnanu Ha M3nyxen YepHo3eMm ¢ BHCOK M3IIOJI3Ba€M BOJICH 3alac Ha MoYBaTa
(TAW=168 mm m™") B Onurtno nose l'opuu 601Uk npu ycnosusTa Ha MuHanus (1951-1984r)
n Hacrosw (1951-2004r) xiumar. M3cineaBaHeTo cpaBHsIBAa HSKOJIKO BapHaHTa HA IOJUBEH
pexum: (1) ce cbecTOM OT OMBJIBAaHE HA TIOYBEHHS pPe3epBOap upe3 MpUeMaHe Ha CTENEH Ha
n3uepnBaHe Ha usnonsBaemus BojeH 3anac (MAD) 0.47 TAW u Ha nonuBHa HopMa 90 mm,
M3MEpPEHU IPU ONTHUMAJIHO HAlOsBAaHE C HENPEKbCHATU CTPYHU IO Opasnu; (2) ce ChbCTOU OT
JIOITbJIBAaHE Ha NOYBEHUs pe3epBoap upe3 npuemane Ha MAD = 0.31 u nonuBHa HopMa oT 60
mm, aJanTHUPaHd KbM TEXHOJOTMUTE ABXKIYBAHE M HMMIIYJICHO HallosiBaHe o Opa3au ¢
ojioOpeHa paBHOMEPHOCT Ha pa3npeleleHHe&peayllMpaHe Ha [OJMBHATa HOpMa;
antepHatuBa (3) uenu Mo-7OOPOTO M3MOJI3BAHE HA CE30HHUTE BAJIEKU UYPEe3 YACTUYHO
JIONTbJIBAHE HA MOYBEHHUs pe3epBoap, npuemailku MAD = 0.47 u 60 mm noJiuBHa HOpPMa;
antepHaThBa (4) ce OTHacsA /10 BB3MOXKHOCTTA 3a OTIVICKJAaHE HA HEMOJIMBHA LAPEBHIIA.
W3cnenBanure anTepHaTHBM ca IIOCTPOGHM HAa OCHOBAaTa HA W3CJIEIBaHUS, LesAIn
pa3pabOTBAaHETO Ha EKOJIOrochOoOpa3sHU IMPaKTUKM Ha HalosiBaHe, IPU KOUTO ce H30sArBa
HaIlyKBaHEe Ha [I0YBaTa, HEPAaBHOMEPHO pasIpe/iesIeHUe Ha I0JIMBHATA BOJa U 3aryOu Ha BOJa,
Top ¥ J00MB. ChIVIACHO MECTHHUTE TPAAMLUU M NPEIUIIHHU H3cienBaHus (3axapueB U Ap.,
1986), mocnennata noauBka ce mianupa 1o 31/07 npe3 cpeiHUTe U CPeIHO CYXUTE TOAUHH U
1o 10/08 3a cyxure ¢ obe3neyeHoCT Ha HamouTtenHata HopMma Pr = 10%. [Ipu Hacrosmoro
u3cieBaHe Te3W YCJIOBUSA ca IMPHUETH B JIOMBIHEHHE Ha BB3MOXKHOCTTa 3a CBOOOJIHO
OIpeJiesIsIHE Ha JIaTUTE 3a M0/aBaHe Ha IMOJIMBKHUTE C IIeJl eCTeHEe Ha BoJia M M30srBaHe Ha
3aryou Ha 100uB. CUMyJalMuTe 3a yCIOBHMATAa HA MUHAIUS KIMMAT IOKa3BaT, ye KOratro ce
LIeJIM TTOJTy4aBaHETO Ha MakCUMaJleH JoOuB npe3 cyxute rogunu (1965, P1 = 8%) Bapuantute
Ha TOJIMBEH pexkuM 1, 2 u 3 BoasT 10 paznuyHu HanouteaHu Hopmu (ID) ot 270, 300 u 240
mm. Pe3ynraTture, nony4enu 3a u3cie1BaHus MEPUOJT TPH U3I0JI3BAaHE HA BCUUKU HEOOXOIUMU
©KEIHEBHU JlaHHU 3a KJIMMaTa IOKa3BaT, Y€ IMpUIaraHeTo Ha CHOTBETHUTE IparoBe 3a
IUTaHUpPAHE Ha TOJMBKUTE U TOJUBHUTE HOPMU BOJAT JIO HAIIOUTEIHU HOPMH, KOUTO Ca ChIIO
paznuunu (Fig.8a). [Ipu Bapuant 2 Hopmute 1D ca Hail-BUCOKM M YeCTO HAJBUIIABAT HETHATA
HanoutenHa Hopma (NIR). Bapuantutre 1 m 3, KOMTO NO3BOJISIBAT MO-BHCOKA CTENEH Ha
M34epriBaHe Ha MouBeHus pezepBoap MAD, BoasT 10 nkoHoMuu Ha Boja oT 60 1o 90 mm B
cpaBHeHUE ¢ BapuaHT 2. [lomyueHnuTe pe3yaTaT ca CpaBHEHU U C TPAJUIMOHHUTE 3a pailoHa
MOJINBHU PEXHMM, U TMOKa3BaT ue€ MOCIEAHHUTE IOKPUBAT H3YHCIEHATa MOTPEeOHOCT 3a
HarnosiBaHe, oTropapsiia Ha BapuaHT 2. [lopanu ¢axra, ye npe3 cyxute roguau (Pr= 8%) nHa
HACTOALMSA KIMMAT U3I0J3BaEMHUAT BOJIEH 3anac Ha nousata (TAW) n Basiexxute ca U3M0a3Bar
no-e(eKTUBHO, a1aNTAllUATa KbM 3aCylIaBaHe C€ ChbCTOM CaMO OT TOYHO OTIpeJIeIIHE Ha IaTUTE
3a nonuBaHe. [Ipe3 roquHuTe ChC cpeHa HeOOXOAMMOCT OT HarosiBaHe 32 MUHAIMS KIMMaT
(1972r, P1 = 50%) tpuTe wu3cieqBaHU BapuaHTa HAa IIOJMBEH PEXUM BOJAT 10 pPaBHU
HanoutenHu HopMHu ID =180mm, nokaro npe3 cpeanara ot Hactosamus (1982r, Pr = 48%) e
Heo0X0/1MMa JOBJIHUTEHA MTOJIMBKA pH BapuaHT 2. O6paTHO Ha cpeanara 1972r, npe3 1982r



M3IIOJI3BAEMUST BOJICH 3alac Ha IOo4YBaTa B Kpas Ha CE30HAa € W3YepnaH J0 Ipara Ha
orntumanaus noous (OYT).
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climate. Int. Sci. J. “Mechanization in agriculture & Conserving of the resources”, Year LXII
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Abstract

The region of Varna proved to be a driest in terms of precipitation in this country. Trend test
applied to climate datasets reviled a significant increase for seasonal reference
evapotranspiration ETo during 1970-2004. Detected climate variability&droughts create
uncertainties for maize irrigation scheduling and harvested yield. To cope with them,
simulations have been performed for past (1951- 1984) and present (1951-2004) weather
conditions using the validated water balance WinI[SAREG simulation model for two maize
hybrids of different sensitivity to water stress grown on a Haplic Chernozem soil of medium
water holding capacity. The study compares three irrigation scheduling alternatives built in
agreement with past studies to develop environmentally sound/water saving irrigation
technologies that consist of refilling the soil reservoir by adopting a management-allowed
depletion fraction (MAD): (1) MAD=0.50; (2) MAD=0.33; (3) MAD=0.50 but partially
refilling the soil reservoir. Simulations relative to the very high irrigation demand year of the
current weather show that when aiming at maximum yield all three scheduling alternatives
require the same irrigation depths ID=360mm that is 60 mm higher than conventional advised
in the region. In the average demand years of past and current weather, Alternative 1 requires
the same ID=270mm while a smaller ID=240mm is simulated with both alternatives 2 and 3
due to the fact that available soil water ASW is presently depleted to the optimum yield
threshold OYT at harvest.

Pe3rome

BapHeHckH perroH ce oka3Ba Hail-CyXUsT 110 OTHOLICHHE Ha BaJeKUTE B CTpaHaTa. TecThT 3a
TEH/ICHINS, TPHWIOXKEH KbM KIMMAaTUYHU JaHHHW, Pa3KpH 3HAYMTEIHO YBEJIWYCHHE Ha
ce30HHaTa erajoHHa eBanorpaHcnupauus ETo mpes nepuoma 1970-2004 r. YcranoseHara
KIIMMaTU9YHA TIPOMEHJIMBOCT M 3aCylIaBaHE Ch3AaBaT HECHUTYPHOCTH 3a MOJIMBHUS PEXHUM Ha
LapeBuIaTa u 1o0uBa. 3a Ja ce CIpaBAT C TAX, OsXa MPOBEACHN CUMYJIaliuy 3a MuHaimu (1951-
1984 r.) n Hactosimu (1951-2004 r.) KIMMaTUYHU YCJIOBHUSA, W3MOI3BAlKM BaJIUJUPAHUS
CHUMYyJIallMOHEH Mojen 3a BojJieH O6ananc WinISAREG 3a nBa xubpua napeBuua ¢ pa3indHa
YYBCTBUTEIHOCT KbM BOJICH CTpeEC, OTTekaanu BbpXy nouBa Haplic Chernozem cwe cpeneH
KalamuTeT 3a 3aJbpkKaHe Ha Boja. V3cieaBaHeTO CpaBHsABAa TpU alTepHATHBM 3a MOJIMBEH
PEXUM, U3TPAZCHN B CHOTBETCTBHE C MUHAJIH MPOYYBAHHS, 32 pa3padOTBaHE HA €KOJIOTUIHO
YHCTH/BOJIOCTIECTSIBAILIM TEXHOJIOTUU 3a HANosBaHE, KOUTO CE ChCTOAT B 3apekIaHe Ha
MTOYBEHHSI pe3epBoap Ype3 MpreMaHe Ha JIOIMyCTHMa CTETIeH Ha M3UepIIBaHe Ha M3TIOI3BACMHUS
BozeH 3amac (MAD): (1) MAD=0,50; (2) MAD=0,33; (3) MAD=0,50, ¢ vacTuuHO 3apexaaHe
Ha TIOYBeHHs pesepBoap. CHMynanmuuTe, OTHACSAIIM C€ 1O TOJWHATa C MHOTO ToJisMa
HE00XOIMMOCT OT HarosBaHe IPU HACTOSALIMTE METEOPOJIOIMYHH YCIOBUS, TOKAa3BaT, ue MpH
IeNITa 32 MaKCHMaJeH JOOWB, M TPUTE aITEPHATUBU 32 HAIOSBAHE M3HMCKBAT €HA W CHIIA
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nojauBHa HopMa [D=360 MM, k0sATO € ¢ 60 MM MMO-BUCOKA OT KOHBEHIIMOHAIIHO TPENOpbUBaHaTa
B peruoHa. B roJMHUTE CHC CPETHO HEOOXOAMMOCT OT HAIOSBAaHE MPE3 MUHAIIMS U HACTOSIII
KJIMMaT, AjrepHatuBa | M3UCKBA €1HA U ChIlla MojJuBHA HOpMa ID=270 MM, T0KaTO MO-MaJyKa
ID=240 MM e cumymnmpaHa U C JBETE aJITEpHATHBH 2 ¥ 3, mopaau (akra, 4ye HaATMYHUS BOJICH
3amac B mouBatra ASW B MOMEHTA € u3uepnaH /10 onTuMaaHus npar Ha 100uB OY T mipu xbTBa.

I'8-15. UBanoBa M., Ilonosa 3., Ilapenec, I1., Poca, P., Ilepeiipa, JI. 2015. [Ipunoxenue Ha
mozaena SIMdualkc 3a mapeBuma npu ycimoBuara Ha Cwmonnuna B Coduiicko moje —
kanuOpoBka u Banuaauus. En.coopuuk "[IOUBATA u arpoTeXHOJIOTMUTE B IPOMEHSLIUS CEe
cat", 378-389; ISBN: 978-619-90560-0-4
https://www.issapp-pushkarov.org/sites/default/files/pictures/confrence 2015.pdf

Abstract

The SimDualKc model that defines separately the evaporation from soil and the transpiration
from plant (Kc= Ke+Kcb) is calibrated and validated using three-year (2003-2005) field data
on available soil water content observed by tensiometers in irrigated and rainfed plots on a clay
soil vertisol (TAW=173mm m') in Sofia field. The use of dual crop coefficient method is
recommended as more appropriate as it takes into account the periods of vegetation when the
evaporation has larger effect on Kc, i. ¢ when the ground is not fully covered by the plants,
giving a daily report on soil wetting events. The calibration of the model consists of minimizing
the difference between observed and simulated soil water content and produces basal crop
coefficients Kcb 0.15, 0.95, 0.10 and depletion fractions for no stress p 0.55, 0.50, 0.55
respectively for the initial, mid and end seasons development stage, adapted to the maize variety
Kneja 509 and the moderate continental climate conditions. The results of the model calibration
have shown a good fit between simulated and observed available soil water content with
statistical parameters of root mean square errors (RMSE) about 0.010 cm® cm™ for the year of
calibration and smaller than 0.016 cm® cm™ for years of validation. The efficiency of modeling
EF 1s 0.90 for the calibration and larger than 0.86 for the validation. The index of agreement
dIA are larger than 0.96. The statistical indicators shows that the validated SimDualKc model
could be applied as a tool for simulating soil water balance and developing precise irrigation
schedules in Sofia field.
Pe3rome

Monenst SimDualKc, koliTo omnpenenst OTAeNHO U3MapeHUeTo OT oYBaTa U TPaHCIUpALUATa
ot pacrenusra (Kc = Ke + Kcb), e kanuOpupan u BanuaupaH ¢ MOMOIITa Ha TPUTOAUIIHU
(2003-2005) moneBu TaHHU 32 HAJTUYHOTO ChABPKAHUE HA BOJA B IMOYBATa, HAOIIOJaBaHU OT
TEH3MOMETPU B MOJMBHM U HEMOJMBHHU Haplesu BbpXy IIMHecTa nousa CmonHuna/Vertisol
(TAW =173 mm m™") B Codmiicko nose. [Ipenopbusa ce H3MON3BAHETO HA METO/1A HA JBOMHMUS
KOC(PUIMEHT Ha KYJATYPUTE KaTO MO-TOAXOAIN, Thid KATO TOI OTYMTA IEPUOIUTE HA BEreTaIus,
KOTaTo M3IMAPEHUETO MMa Mo-ToiisiM ehekT Brpxy Kc, T.e. koraro 3emMsTa He € HaITbJTHO TOKPUTA
OT pacTeHHsTa, JaBallKW €XKETHEBEH OTUeT 3a ChOMTHATA Ha OBJAXKHSIBAaHE Ha IOYBATA.
KamnbGpupanero Ha MoJienia ce ChCTOM B MUHHUMHU3HPAHE Ha pas3IMKaTa MEKIy HaOIIt0JaBAaHOTO
U CUMYJIUPAHOTO BOJHO ChIbpKAHWE HA IOYBAaTa W BOJM JO YCTaHOBSIBAaHE Ha OCHOBHH
koepuuuentn Ha kKyntypute Keb 0.15, 0.95, 0.10 u ctenen Ha n3uepnBaHe Ha OOLIUs BOJEH
3amac 6e3 crpec p 0.55, 0.50, 0.55 chOTBETHO 3a HAayalHUs, CPEJHHS U KpalHUS eTan Ha
pa3BUTME Ha CE30HA, aJanTUpaHd KbM copra mapesuna Knuexa 509 wn
YMEPEHOKOHTUHEHTAJIHUTE KIMMaTUYHH yclIoBUs. PesynTatute oT kanuOprupaHeTo Ha Mojiena
MOKa3BaT JOOpPO CHOTBETCTBHE MEXIY CHMYJIUPAHOTO ¥ HAONIOJABAaHOTO HAIHMYHO
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ChIbpXKAaHUE HAa BOJA B IMOYBATa ChC CTATUCTUYECKH IMapaMETPH HA CPEAHOKBAIPATHYHHUTE
rpemkn (RMSE) okono 0.010 cm® cm™ 3a rogunaTa Ha kanubpupane 1 mo-manku ot 0.016 cm?
cm™ 3a rogMHUTE Ha Bamuaupane. EdextuBHocTTa Ha Momenupanero EF e 0.90 3a
KanmuOpupanero u no-royisiMa ot 0.86 3a Bamuaupaneto. MaaekcsT Ha choTBeTcTBHE dIA € To-
roJjisiM oT 0.96. CTaTUCTUYECKUTE TTOKA3aTeNId MM0Ka3BarT, 4e BaMaupanuat mozaen SimDualKc
MOXKE J]a Ce mpuiara Karo MHCTPYMEHT 3a CHMYJIMpaHe Ha BOJHHUS OajllaHC HA ToYBaTa U
pa3paboTBaHe Ha MPEHU3HU MOJMBHU pekuMH B CopUICKO ToIe.

I'8-16. ITonosa 3., UBanoBa, M. 2015. Bb3aelicTBue Ha KJIUMaTa U XapaKTepPUCTUKUTE Ha
Mo4YBara BBPXYy NOOWMBHUTE W HAMOWUTEIHHTE HOPMH Ha IlapeBUIla B paiioHa Ha [lnoBouB.
En.coopauk "TIOYBATA u arpoTeXHOJOTUUTE B MpOMeHsIIHs ce cBatT", 502-511;

ISBN: 978-619-90560-0-4
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Abstract

Increasing air temperature, drought intensity and frequency is a real fact in Plovdiv region. The
objective of this study is to assess the impacts of climate uncertainties there on the maize
cropping system when late and semi-early hybrids are grown on Fluvisol and Vertisol soils of
small (116 mm m! ) and large (173 mm m ) total available water TAW. The previously
validated WinISAREG model was used to simulate water balance and water stress impacts on
yield. The probability of exceedence curves of relative yield decrease RYD,%, for maize
without irrigation and net irrigation requirements NIR,mm, to avoid such losses, were built for
past (1951-1984) and present (1970-2004) weather conditions considering four combinations
of the calibrated crop and soil modelling parameters. The RYD/NIR probability of exceedence
curves are above all others. When late maize hybrids are grown on soils of small TAW under
the present weather conditions RYD reaches 100% and NIR are between 390 and 440 mm in
the dry years having probability P<10%. The lowest RYD losses under the present weather
(30<RYD<40% in the average years and RYD<70% in the very dry year) are simulated for the
combination “semi-early hybrids-vertisol soil”.

Pe3rome

[ToBumaBaneTo Ha TemIepaTypaTa Ha Bb3/lyXa, MHTEH3UTETa U YeCTOTaTa Ha CylllaTa € peajieH
¢akt B obmact IlmoBaus. Llenta Ha TOBa MpoyuyBaHe € Jla CE€ OLIEHU BB3JAEHCTBHETO Ha
KJIMMaTUYHUTE MPOMEHU BBPXY CHUCTEMaTa 3a OTIVIEKIAaHE Ha LapeBUIA, KOraTo KbCHU U
TIOJTypaHHU XMOPHIM ce OTIIekaaT BhpXy nousu Fluvisol u Vertisol ¢ Masika (116 mm m™) u
rossma (173 mm m™!) Bonozaaspixania cioco6socT (TAW). 3a cuMynupaHe Ha BOJHMS OanaHc
U BB3/IECTBHETO HA BOJAHUS CTPEC BHPXY A0OMBA € U3MOJI3BAH NPEABAPUTETHO BAIUIUPAHUST
Mozen WinISAREG. Kpusute Ha 00€31e4eHOCT Ha OTHOCHTEITHOTO HaMajJeHHe Ha JoOuBa
RYD,% 3a HenonuBHa napeBuila 1 HeTHUTE HamoutenHu HopMu NIR, mm, 3a na ce uzbernar
TakuBa 3aryou, ca mnoctpoeHu 3a MuHaiu (1951-1984) u wmacrosmm (1970-2004)
METEOPOJIOTUYHU YCIOBHS, KaTO CE€ B3eMaT MPEABU YeTUPH KOMOMHAIIMU OT KaJTUOpHUpaHUTE
rapamMeTpH 3a MoJieTTupaHe Ha Kyntypute u nousute. Kpusute Ha ode3nedernoct RYD/NIR ca
M0-BUCOKH OT BCHUKH OcTaHaiu. Koraro KkbCHU XMOpHIU ITapeBUIla CE OTIIICKAAT BbPXY MOUYBH
¢ mamka TAW (Bomo3amabpikaiiia CriocOOHOCT) MPU HACTOSIIIIMUTE METEOPOJIOTUYHU YCIIOBHS,
RYD noctura 100%, a NIR e mexay 390 u 440 mm B cyxute roguHu ¢ BeposatHocT P<10%.
Haii-nuckute 3aryou Ha RYD npu Hacrosmure mereoponoruunu ycinosus (30<RYD<40% B
cpeanute ronuHu 1 RYD<70% B MHOro cyxara roauHa) ca CUMYJIMpaHHM 3a KOMOMHAIUATA
,,TIOJTlypaHHU Xubpuu - Vertisol mousa‘.
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Abstract

Bulgarian agriculture is affected by climate variability and change that result in high
uncertainty regarding the expected crop water requirements and yields. This study defines
impact of climate and soil characteristics on crop evapotranspiration ETa by applying
previously validated water balance WinISAREG model to rainfed and fully irrigated maize.
Simulations are performed for each year of the period 1951 to 2004 using calibrated parameters
and data relative to four agro climate regions, namely lom, Pleven, Silistra and Varna. Soil
groups of large, average and small total available water TAW (mm m™') are considered. inter-
seasonal variability and trends for maize evapotranspiration are estimated for each “climate
region-soil group-irrigation option” combination. Three probability curves of occurrence of a
seasonal evapotranspiration of crop without ir rigation ETa-dry , mm, one for each soil TAW,
are built for each studied region and then compared to respective potential evapotranspiration
ETa-max , mm. it is found that the ETa-dry probability curve relative to Varna and soils of
small TAW is situ ated below all others ranging 200 to 490 mm and having a coefficient of
variation Cv =18%. When maize is grown on chernozem soils of large TAW in the same region,
ETa-dry increases to 280 mm in high demand years having probability of exceedance PETa-
dry > 95% while Cv decreases to 13%. contrarily to Varna, ETa-dry probability of exceedance
curve for Pleven and soils of large TAW is above all others not depending on irrigation in low
demand seasons of PETa-dry < 25%. The largest ETa-dry variability is found for Lom (Cv =
20%) if soils of small TAW are considered. Potential crop evapotranspiration ETa-max does
not depend on the soil characteristics, being stable over the years with a coefficient of variation
ranging 4.4<Cv<5.9%. The mean ETa-max value relative to the whole analysed period is lower
in Varna (490 mm) and higher (550 mm) in Pleven.

Relative to present climate (1970-2004), significant trend of decrease for seasonal crop
evapotranspiration ETa-dry is identified for Pleven (-1.6 mm yr™"), Silistra (-1.3 mm yr'') and
Lom (-0.7 mm yr!), which combines with a considerable positive trend of increase for potential
evapo transpiration ETa-max by 2.0 mm yr'! in Pleven, Lom and Varna that is double than in
Silistra.

Pe3rome

KonebGanusita u nmpoMeHUTe Ha KIMMaTa BOAST /A0 3HAYUTENIHA HECTaOWIHOCT Ha
eBaloTpaHCIMpalMiTa U JOOMBHUTE OT CEJICKOCTONAHCKUTE KYJITypH Ipe3 rogunure. Llen Ha
HACTOAIIOTO M3CJIE/BaHE € Ja ONpEeNeNH Bb3JEHCTBUETO HA KOJIEOAHUSATA U MPOMEHHUTE Ha
KJIMMaTa, Ha [IOYBEHUTE XapaKTEPUCTUKU U HA HAIIOSIBAHETO BbPXY €BallOTPAHCIMPALIUATA HA
LapeBHIlaTa, OCHOBHA MPOJIETHA KYJITypa 3a ceBepHa bbirapusd. 3a uenra, BAIUIUPAHUAIT IPU
Haiy npeauniHu u3cneasanus Mmoaen WinlSAREG 3a cumynupane Ha GanaHca Ha BojaTa B
MOYBaTa € MPUWJIOKEH MPU HEMOJMBHA U ONTUMAJIHO HAMOsSIBaHA LlapeBula 3a nepuoaa 1951-
2004 r. O0xBanatu ca paiionure Ha Jlom, IlneBen, Cunmctpa u BapHa, kato mouBuTe ca
IpyIApaHu IO OTHOUIEHUE Ha W3IO0JI3BAEMMAT UM BojeH 3amac TAW. B pesynrar, 3a BcsAka
KOMOMHAIMs ,,KITUMAaTH4eH palloH - Tpyna IOYBM — IIOJIMBEH/HENONMBEH pexuM’ ca
ne(pUHUPAHU CE30HHUS X0 Ha U3MEHEHHNE Ha eBarloTpaHCIUpalusaTa U cyMapHaTa U CTOMHOCT
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,Mai-cenTeMBpr”. 3a BCEKH paliOH ca TMOJy4YeHH MO TPpHU KPHBU Ha 00€3MEYCHOCT Ha
eBanoTpaHCIHpaIys Ipu HenoJuBHU ycnosus ETa-dry , mm, chOTBETHO 32 MMOYBUTE C HUCHK,
cpeneH u Bucok TAW, 1 moTeHLMaNHaTa €BallOTPAHCIUPALIUS [IPHU ITBIHO 33J0BOJISIBAaHE Ha
HYKJWTE Ha KyJarypara oT Boga ETa-max , mm.

YcraHoBeHo €, 4e eBamoTpaHcrupaiusara 0e3 HamosBaHe ETa-dry e Hail-Hucka B
pailoHa Ha BapHa, KkpJeTO npe3 u3ciaeaBaHus IEPUOJ] U Ha MMOYBUTE C HUCHK BOJI03abpKalll
kanaruteT TAW 14 ce u3mens ot 200 1o 490 mm npu xkoedunuent Ha Bapuanus Cv =18%.
Ha yepHo3eMuTe ¢ Bucok TAW B chius paiioH, eBanotpancnupanusara ETa-dry HapacTsa mpe3
cyxure ce3oHu oT 200 Ha 280 mm, B pe3ynraT Ha koeto Cv HamaisaBa Ha 13%.

Pesynrature mokassat, ue eBamoTpaHcnupanusaTta 6e3 Hanosisane ETa-dry moctura
Hall-BUCOKUTE CH CTOMHOCTHU B pailoHa Ha IlieBeH, kbaeTo npu noyBute ¢ BUCOK TAW ce
u3Mens B rpanutiy ot 330 1o 540 mm. Cnezia 1a ce 0TOENEKH, 4e KOS(DUIIUSHTHT Ha BapHALIHS
Ha eBaroTpaHCIUpaIHaTa [IPU HEMOJIMBHU YCIIOBUS € Hall-BUCOK 3a paiioHa Ha Jlom, kbaeTo
Cv noctura 20% 3a rpynara nouBu ¢ HUCbk TAW.

[Torenuuannara eBanorpancnupanusi ETa-max e 3HAYMTENHO MO-yCTOWYMBA Ipe3
TOJMHUTE, HE 3aBHCH OT IIOYBCHOTO PA3JIMYUE U CE XapaKTEepHU3Upa C KOSHUITUEHT Ha BapHaIUsI
B rpanuiu 4.4<Cv<5.9%. Cpeagno-muororoaumiHata croiHoct Ha ETa-max e mo-Hucka B
paiiona Ha Bapna (490 mm) u HapacTBa Ha 550 mm 3a paifoHa Ha [IneBeH.

AHanu3uTe 3a TeHACHIUS Ha HEOOXOJMMOCTTa Ha KYJITYypUTE OT BOJAA MPU YCIOBUATA
Ha Hacrosums kiauMar 1970-2004 moka3BaT 3HAUUTENTHHM MPOMEHH KbM HaMajeHUE Ha
eBanoTpaHcnupanusrta 6e3 Hanosisane ETa-dry , cboTBeTHO 3a paitonute Ha [IneBen (-1.6 mm
yr'"), Cumuctpa (-1.3 mm yr') u Jlom (-0.7 mm yr'!'). O6paTHo, HacTOAIMTE KIUMATHYHH
MIPOMEHU BOJIAT JI0 3HAYUTEIHO HapacTBaHE Ha MOTEeHIIMaIHaTa eBanoTpancnupanus ETa-max
pecnektuBHO ¢ 2.0 mm yr'!' B paifonute Ha Ilnesen, Jlom u Bapna u ¢ 1.0 mm yr'! 3a paiiona
Ha Cunncrpa.

I'8-18. Ilonosa 3., M. UBanoBa, B. Anekcanapos, 2014. Eranonna eBanorpancnupauus ETo-
PM wu 3acymaBane B paBHuHUTE Ha bbarapus — (1) cesonen xon u obesnedenoct. COOpHUK
JoKJaau oT Bropa HayuHa KOH(pEpeHIHs ¢ MeXAyHapOIHO y4yacTue ,,Teopuss U NpakTHKa B
3emenenuero”, FOumona, ctp. 201-209; ISBN: 978-954-332-114-8
https://Itu.bg/images/files/Fakulteti/A/Programma.pdf
https://www.researchgate.net/publication/268982745 Etalonna_evapotranspiracia_ETo-

PM i zasusavane v_ravninite_na_Blgaria -
_2_analiz_na_tendenciite_Drought_and Reference_ Evapotranspiration_ETo-

PM in_Bulgarian _plains_- 2 trend analyses

Abstract

Drought and Reference Evapotranspiration ETo-PM in Bulgarian plains - seasonal
evolution and probability: The reference evapotranspiration was computed with the Penman-
Monteith equation (ETo-PM) applying the methodology of Allen et al. (1998) to climate data
relative to eight representative climate regions and the period 1951-2004. The ETo follows a
regular seasonal trend with maxima in July and August, when precipitation is quite variable and
often scarce. The High Peak Season ETo is the largest for Sandanski, averaging 5.6 and 5.2 mm
day’!. It is also very high for Plovdiv, Stara Zagora and Pleven, namely between 5.3 and 4.9
mm day!, and drops to 4.9 - 4.3 mm day™! for Lom, Silistra and Varna. High Peak Season ETo
reaches the minima of 4.4 and 4.0 mm day"' in Sofia field. In contrast to rainfall, ETo
interannual variability is relatively smaller but becomes important under the conditions of
climate change and droughts. The study compares probability curves of seasonal reference
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evapotranspiration ETo and precipitation relative to the whole country territory when the
cropping “May-Sept” and irrigation “July-Aug” seasons were taken into account.

Pe3rome

Cyma u eranonHa epanorpancnupaunusi ETo-PM B Obiarapckure paBHMHHU -
ce30HHA X0/ 1 o0e3nevyeHocT: ETanonHara eBanoTpaHCIUpaLUs € U3YUCIIEHA C YPaBHEHHETO
Ha [leaman-Momnteiit (ETo-PM), kaTo e npuiioskena merononorusita Ha Allen et al. (1998) kbpm
KJIIMMaTHYHU JaHHU, OTHACALIM CE IO OCEM MPEACTABUTEITHU KIMMATUYHU PErMOHa U Ieproia
1951-2004 r. ETo cneaBa obuuaiiHa CE30HEH XOJ ¢ MAaKCUMYMH IIPE3 I0JIM U aBTyCT, KOraTto
BaJIC)KUTE Cca JI0CTa MPOMEHIIMBU U 4ecTo OcKbIHHU. ET0 npe3 nukoBus ce30H € Hali-BUCOKaA 3a
CaHaHCKH, ChC cpeHo 5.6 1 5.2 mm nen”!. Ts e MHoro BHcOKa u 3a ITnoaus, Crapa 3aropa
u IlneBen, a umenno mexay 5.3 u 4.9 mm nen’!, u cmama o 4.9 — 4.3 mm nmen’' 3a Jlom,
Cunuctpa u Bapna. ETo npe3 NMKOBHS CE30H JOCTHra MUHMMyMUTE OT 4.4 u 4.0 mm nen’! B
CodwuiickoTo mone. 3a pa3auka OT BaJIeKHUTE, MEXKIyroauniHata nmpoMmenauBoct Ha ETo e
OTHOCHUTEJIHO II0-MaJiKa, HO CTaBa Ba)KHA B YCJOBMSTA Ha M3MEHEHHE Ha KJIMMAaTa U CyLIH.
N3cneaBaneTo cpaBHABa BEPOSITHOCTHUTE KPUBU Ha CE30HHATA €TaJIOHHA €BANOTPAHCIIUPALIUs
ETo u Banexute oOXBalllallyd TEPUTOPUATA Ha LisylaTa CTpaHaTa, KaTo ca B3E€TU IPEABH]
BEreTallMOHHUS CE30H ,,Mali-CEeNTEeMBPHU“ ¥ MOJIUBHUS CE30H ,,}0JTU-aBTYCT .

I'8-19. Ilomoma, 3., WBanoBa, M., AunekcannpoB, B., oneBa, K. 2014. Ertamonna
eBanorpancnupanus ETo-PM u 3acymaBane B paBHMHMTE Ha bbarapus — (2) ananu3 Ha
tenaeHnuure. COOpHUK NoKiIanau oT Bropa nayunakoHdepenmus ,,Teopus u mnpakTuka
B3emenenueTo’ FOnmona: 210-218. ISBN: 978-954-332-114-8
https://Itu.bg/images/files/Fakulteti/A/Programma.pdf

Abstract

Drought and Reference Evapotranspiration ETo-PM in Bulgarian plains — (2) trend
analyses: This study aims at assessing drought and related climate change trends in Bulgaria.
Trend tests were applied to climate data, mainly reference evapotranspiration (ETo) and
precipitation, relative to selected weather stations. Results of the tests show that, relative to ETo
for maize crop season (V-IX), a significant trend was observed for the period 1970-2004. The
detected increase of seasonal ETo is 1.0 mm yr™!' at Sofia and Silistra, up to 2.0-2.3 mm yr! at
Stara Zagora, Pleven, Lom and Sandanski and reaching a maximum of 2.6 mm yr! at Plovdiv
and Varna. In all stations the months of July and August contribute most for seasonal ETo
increase.If one considers the whole period (1951-2004), the magnitude of the trend is about half
at Lom, Varna and Sandanski and only " at Pleven and Plovdiv thus indicating that the
aggravation of climate conditions is higher in recent times.

Results relative to seasonal precipitation (V-IX) show that, contrarily to ETo, a
significant variability combined with a negative trend were observed for the recent 35 years.
The magnitude of the trend ranges from -2.8 mm yr'! at Stara Zagora and Sofia to -2.3 mm yr’
! (Silistra) and -1.8 mm yr'! (Pleven, Plovdiv) and reaching a minimum of -1.0 mm yr! at Lom.
The detected trends in Peak season (VI-VIII) are responsible for the seasonal precipitation
decrease (V-IX). When the whole period (1951-2004) is considered, the magnitude of the trend
for Peak season precipitation, comparing with 1970-2004, is much smaller at Sofia, Stara
Zagora, Pleven and Silistra.

Globally the regions of Stara Zagora, Plovdiv, Sofia, Silistra and Pleven, with an increase
in evapotranspiration demands and a decrease in peak season precipitation (VI-VIII), could
have consequences in the occurrence of drought for summer crops in recent times (1970-2004).
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Pe3rome

Cyma u erajonHa esanorpancnupanusi ETo-PM B 0barapckure paBHuHu — (2)
aHAJIN3M Ha TeHJAeHIUuUTe: ToBa MpoyyBaHe MMa 3a L€ Ja OLICHU CylIaTa U CBbP3aHUTE C Hesl
TEHJIEHIIMM B HW3MEHEHHETO Ha KiuMmara B bbwiarapus. TecroBere 3a TeHaeHIMHU Osxa
MIPUJIOKEHU KbM KJIMMATUYHU JIaHHU, TJ1aBHO eTajloHHa eBanoTpancnupanus (ETo) u Banexwu,
CIpSIMO M30paHU METEOPOJIOTHYHU CTaHIIMU. Pe3ynTarure ot TectoBeTe mokassar, ue npu ETo
3a BereTanuoHHUs ce30H Ha napesunata (V-1X) e nabmionaBaHa 3HaYUTENIHA TEHICHIIMS 3a
nepuoaa 1970-2004 r. YcranoBeHoto yBennueHue Ha ce3onHara ETo e 1.0 mm roaumzo B
Codus u Cumuctpa, 1o 2.0-2.3 mm rogumso B Ctapa 3aropa, [lnesen, Jlom u Cangancku u
J0CTUra MaKCUMyM OT 2.6 mm roauuHo B I1noBaus u BapHa. BbB BCHUKHU CTaHIIMU MECELIUTE
I0JM U aBTYCT JIOMPUHACAT Hal-MHOTO 3a CE30HHOTO YBEJIMYEHHE Ha eTallOHHATa
epanorpancnupanuss (ETo). Axko ce B3eme mnpeaBun uenust nepuona (1951-2004r.),
BeJIMYMHATA HAa TEH/ICHLIMATA HamalsiBa HanojoBuHa B Jlom, Bapua u Cannancku u e camo % B
[Inesen u [110BIMB, KOETO MOKA3Ba, Y€ BJIOIIABAHETO HA KIIMMAaTUUHUTE YCJIOBHUS € IO-TOJISIMO
pe3 MOCIeIHUTE TOAUHU.

Pesynrarure, otHacsum ce 10 ce3onHUTe Basiexku (V-1X), mokas3sar, 4ye 3a pa3jinka OT
ETo, npe3 nocnenguute 35 roauHu ce HaOJI0/aBa 3HAYUTEIHA MPOMEHIMBOCT, ChYETaHA C
OTpULIATEIHA TeHIeHIIUs. BemunnaTa Ha TeHIeHIuATa Bapupa oT -2.8 mm yr'! B Crapa 3aropa
u Codus 10 -2.3 mm yr! (Cunuctpa) u -1.8 mm yr! (Ilnesen, [110B11B) U JOCTUTA MUHUMYM
or -1.0 mm yr'! B Jlom. OTkpuTuTe TenaeHuuu B nukoBus ce3oH (VI-VIII) ca oTroBopHu 3a
ce30HHOTO HaMasenue Ha Banexute (V-IX). Koraro ce B3eme mpenBun nenusar nepuon (1951-
2004 r.), BenmuuuHaTa Ha TCHJICHLIMSTA 32 BAJIEKUTE MPE3 MUKOBUS CE30H, B cpaBHeHUE ¢ 1970-
2004 r., e maoro no-manka B Codus, Crapa 3aropa, [Inesen u Cunuctpa.

B 0600menue permonute Crapa 3aropa, [Tnonus, Codus, Cwmctpa u [lnesen, ¢
yBEJIIMYEHUE HA HYXJAUTE OT €BallOTPAHCIHMPAIUS U HAaMaJISIBaHEe HA BAJICKUTE MPE3 MUKOBUS
ce30H (VI-VIII), buxa Morau fa uMar NocjaeICTBUS 3a JIETHUTE KYJITYpH IIPH 110s1BaTa Ha Cylla
npe3 nocneanute roguau (1970-2004 r.).

I'8-20. [Tonoga, 3., UBanoBa, M., Ilepeiipa, JI. C., bouesa, K., Jlonea, K., Anekcannpos,
B., KepueBa, M. 2014. Knumatuunu npomenu B CeBepHa bbirapust u Bb3JeilCTBHE BbpPXY
HapeBuIiara. cn.3eMeaenue Iuioc, k1.5, crp. 37-45; ISSN : 2738-7992. Linking ISSN (ISSN-
L): 1310-7992.
[IpunT

Abstract

A study was conducted to determine the impact of climate change on yields of rainfed
and irrigated maize in Northern Bulgaria for four climatic regions, three soil groups and the
periods 1951-2004 and 1970-2004. No significant trends in precipitation were identified for the
entire studied period (1951-2004). However, the maximum temperature shows a positive trend
0f 0.02 °Cl/year in Lom, Silistra and Varna.

During the period 1970-2004, a significant trend was observed in the seasonal reference
evapotranspiration ETo “May-September”. The identified increase was 1.0 mm/year in Silistra,
up to 2.3 mm/year in Pleven and Lom and reached a maximum of 2.6 mm/year in Varna. The
magnitude of this trend is half if the entire study period 1951-2004 is considered instead of the
period 1970-2004. The trend towards increasing ETo is combined with significant fluctuations
and a decrease in vegetation precipitation, respectively by -2.3, -2.1 and -1.0 mm/year in
Silistra, Pleven and Lom, which indicates that in Northern Bulgaria there has been a
deterioration of climatic conditions over the past 35 years.



The variability of grain yields from rainfed maize in the Danubian Plain
(33%<Cv<54%) is significantly lower than that in the Upper Thracian Lowland
(40%<Cv<70%). Despite the fact that the impacts of drought are mitigated in Northern
Bulgaria, it is a key factor in some areas (Lom and Varna).

Probability of exceedance curves for RYD of rainfed maize and for net irrigation
requirements NIR rates necessary to prevent this deficit have been established. Based on
economic indicators, threshold values have been established to determine the risk caused by
water deficit.

Pe3rome

IIpoBeneHo € m3ciieBaHe 3a yCTAHOBSABAHE HA BB3/ICHCTBUETO HA IIPOMEHUTE Ha KJIMMaTa
BBPXY JOOMBHUTE MPH HEMOJIMBHA U HAIOUTEITHUTE HOPMH IIpH MoJuBHA Lapesuila B CeBepHa
bparapus 3a uetupu KIMMaTU4YHU pailoHa, Tpu Ipynu nousu u nepuogure 1951-2004 u 1970-
2004r. Ilo orHomenwe Ha uenus wu3ciaeaBaH nepuon (1951-2004) He ca ycTaHOBEHU
CBIIECTBEHU TEHICHIIMMA IPH BaJleXWTe. MaKcHManHaTa TeMIleparypa IIOKa3Ba obaue
nonoxutenHa TeaaeHnus ¢ 0,02 °C/roa. B Jlom, Cunuctpa u Bapha.

[Ipe3 mepuonma 1970-2004r. mpu ce3oHHata etasoHHa eBanorpancrupanus ETo “maii-
cenTeMBpU™ ce HaOII0aBa 3HaYUTeNIHA TEHACHIINA. Y CTAHOBEHOTO HapacTBaHe e ¢ 1,0mMm/ro.
B Cunmmctpa, 10 2,3mm/ron. B [lnesen u Jlom u goctura makcumym ot 2,6MM/ToA. BB BapHa.
Benuunnara Ha Ta3u TEHJIEHIMs HaMajsBa HAIMOJIOBUHA, aKO CE Pa3rJiexk/a IeNus U3ClIeBaH
nepuog 1951-2004r. Bmecto nepuona 1970-2004r. Tenaenuusita kbM HapacTBane Ha ETo ce
ChueTaBa ChC 3HAUMTEIHU KOJIEOAHUS U HAMAJICHHE HA BEreTallMOHHHUTE BaJIeKU, ChOTBETHO C
-2,3,-2,1 u -1,0 mm/roa. B Cuuctpa, [lneBen u Jlom, koeto noka3sa, ue B CeBepHa brirapust
MMa BJIOIIaBaHe Ha KIIMMATHYHUTE YCIOBHS MPe3 MOCIeAHUTE 35 TOIMHH.

Bapuabunnocrra Ha 100MBUTE Ha 3bPHO OT HEMOJMBHA LapeBuua B /lyHaBckaTa paBHUHA
(33%<Cv<54%) e 3HaYUTEeNTHO TO-HUCKa OT Ta3u B [ OpHOTpakuiickata HHU3UHA
(40%<Cv<70%). He3aBucumo ot (pakTa, ue Bp3IeCTBUATA Ha cylIaTa ca cMekueHu B CeBepHa
Bbwarapus, 14 e kimouoB (akrop B Hiakoi paiionn (Jlom u Bapha).

VYcraHoBeHU ca KpUBU Ha 00E€3MEUEeHOCT Ha OTHOCUTEIHOTO HamayieHne Ha goouBa RYD ot
HEMOJIMBHA IapeBHIla U Ha nonuBHUTE HOpMU NIR HeoOxonuMu 3a MpeoTBpaTSIBaHe HA TO3U
nepuut. Bp3 ocHOBa Ha MKOHOMHYECKH IOKA3aTelIM ca YCTAHOBEHHU IPAroBU CTOHHOCT,
OTIpEACTISIIN PUCKA TPETU3BUKAH C BOAHHUS 1e(DUITUT.

I'8-21. [lonoga, 3., UBanoBa, M., Jlonesa, K. 2014. M3cnensanus BbpXy MOJIUBHUTE PEKUMU
IIpyu npomeHsmus ce kaumar B paiiona Ha Ilnosaus, CEJICKOCTOIIAHCKA HAVKA, 47
(No 1) 2014, 3-17; ISSN 1311-3534
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Abstract

Plovdiv agricultural region, Thracian Lowland, proved to be a most vulnerable to drought in
this country. Detected climate change there creates uncertainties for irrigation scheduling. To
cope with them simulations were performed for past (1952-1984) and present (1970-2004)
weather conditions using the calibrated irrigation scheduling simulation Win[SAREG model
for two maize varieties, the semi-early hybrid Pioneer P37-37 and the late hybrid H708, grown
on alluvial soil (Total Available Water=116 mm m™"). All are subjects of this study, which
compares four irrigation scheduling alternatives: (1) refilling the soil reservoir and adopting a
management-allowed depletion fraction (MAD) of 0.60; (2) refilling the soil reservoir and


https://eclipse.agriacad.bg/catalog/view/Q4AK5HMKDZ

adopting MAD=0.45; (3) partially refilling the soil reservoir and adopting MAD=0.60, and (4)
crop without irrigation. Analyses using simulations relative to every year during 1952-1984
show that alternative (2) leads to less impact on yields but irrigation demands are larger when
compared to alternatives (1) and (3), allowing a larger water depletion with MAD=0.60.
Alternative (3) that partially refills the soil reservoir leads to best storage of precipitation and
requires up to 50 mm less irrigation water than alternative (2) over the whole range of seasons.
It is found that for the average irrigation demand year of present climate (1974) adaptation to
drought consists only of irrigation timing adjustment that leads to last irrigation date after 15/08.
For the very dry year (2000) of the same period all alternative irrigation schedules behave
similarly requiring additional irrigation/s compared to the very dry year of the past weather
conditions (1970).

Pe3rome

[110BIMBCKUAT 3eMeieNicku paiioH B TpakuiickaTa HU3MHA, Ce OKa3Ba Hail-ys3BUM KbM CyIlia B
CTpaHaTa. ¥ CTaHOBEHUTE KJIMMAaTUYHU IPOMEHHU TaM Ch3aBaT HECUTYPHOCTH 32 IJIAHUPAHETO
Ha HAIMOsBaHETO. 3a CIpaBiHE C TAX, 0sXa MPOBEJCHU cuMyNanuu 3a MuHanu (1952-1984) u
Hacrosimu  (1970-2004) kiIUMaTUYHU YCIIOBUA, M3MOJIBBAWKU KaIMOpUpaHUS MOJIEN 3a
cumynupane Ha nonuBHus pexxuM WinISAREG 3a nBa coprta napeBuiia, noxypaHHusi XuOpug
Pioneer P37-37 u xbcHms xuOpun H708, orrimexmanu BBpXy amyBuamHa mousa (OOmI
M3M0/13BaeM BojieH 3amac = 116 mm m™'). Beuuku Te ca 06eKT Ha TOBA M3CIEIBaHE, KOETO
CpaBHSIBa YETHUPHU AITEPHATHUBH 32 IJIAaHUpaHE Ha HamosiBaHeTo: (1) MOBTOPHO 3amrbjiBaHE Ha
MOYBEHUS PE3EpBOAp M MpUEMaHEe HA Mpar Ha U3YepIIBaHE Ha M3I0JI3BAEMHs BOJEH 3arac
(MAD) or 0,60; (2) moBTOpHO 3ambJIBaHE HA OYBEHUS pe3epBoap U npuemane Ha MAD=0,45;
(3) yacTHYHO MOBTOPHO 3aIThJIBAHE Ha MOYBEHUS pe3epBoap u nmpuemane Ha MAD=0,60 u (4)
KynTypa 0e3 HamosiBaHe. AHaJIM3H, W3MON3BAlllM CHUMYJALUU CIPSIMO BCSKAa TOAMHA TIpe3
nepuoga 1952-1984 r., mokasBat, 4e anTepHaTuBa (2) BOIU 10 MO-MaJIKO Bb3JACHCTBHE BHPXY
NoOUBHTE, HO HYXJIUTE OT HAIOSIBAHE ca MO-TOJIEMU B cpaBHeHue ¢ anrepHatusu (1) u (3),
KOETO T03BOJIsSIBA MO-TOJsIMO M34eprnBaHe Ha Bojga ¢ MAD=0,60. AntepHaruBa (3), KOsATO
YaCTUYHO 3albjiBa MOYBEHUS PE3epBOap, BOJAM /10 Hail-1oOpO ChXpaHEHHE Ha BaJICKHUTE U
n3KCcKBa 710 50 MM [MO-MaJIKo BOJIa 3a HAMoOsBaHe OT ajdTepHaTuBa (2) rpe3 1eaus Auana3oH oT
CE30HH. YCTAaHOBEHO €, Yé 3a TOoJAMHAaTa ChC CpelHa HEOOXOAMMOCT OT HAalosSBaHE INpPHU
HacTtosamus knmuMmat (1974 r.) aganranusta KbM CyIllaTa ceé CbCTOM CaMO OT KOpUTHpaHe Ha
BpEMETO 3a HaIosBaHe, KOETO BOJMU JI0 MOCJEHA JaTa Ha HamosiBane cien 15.08. 3a mHOTO
cyxata roausa (2000 r.) oT chIIUsS IEPUO BCUUKHU ANTEPHATUBHY MOJUBHU PEKUMHU CE TBPKAT
1o 1oJ1I00eH HayMH, U3UCKBAWKK JOI'BJIIHUTEIHO HANOsIBaHE/si B CPaBHEHUE C MHOTO cyxaTa
rOAIMHA IIPY MUHAJIM KIUMAaTU4YHU ycaosus (1970 r.).

I'8-22. [Tonoga, 3., UBanoBa, M., Maprunc, /1., [lepetipa, JI. C., KepueBa, M., AnekcaHipos,
B., Honena, K. 2013. KnumaTuuau npoMeHH, CEJICKOCTOITAHCKO 3acyIlaBaHe U HEOOXOIUMOCT
oT HanosiBaHe B bweirapus. cn.Boano [leno, ku.1/2:14-22; ISSN 0861-3036 (print)
2603-4786 (online)
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Abstract

This study assesses physical and economical aspects of climate change and agricultural
drought in Bulgaria using trend analysis of climate data, simulation results of validated
WINISAREG model and their relationship with the high peak seasonal SPI-index, all relative
to the period 1951-2004. The analysis of data on precipitation and maximum and minimum
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temperature was performed by the modified Mann-Kendall trend test for eight climate stations
in Bulgaria. Globally, the regions of Plovdiv and Stara Zagora with a decrease in precipitation
and an increase in the temperature range may have consequences in the occurrence of drought
in this country. As a result the trend of simulated net irrigation requirements (NIRs) over the
studied period shows an increase by 80 and 27mm respectively for Plovdiv and Stara Zagora.
Contrarily to NIRs, rainfed maize yield has decreased by 19% on the average in Plovdiv and
8% in Stara Zagora for the whole studied period. The results of the study are used for drought
vulnerability mapping and identification of drought prone territories in Bulgaria and South East
Europe.
Pesome

ToBa mpoyuBaHe oleHsIBa (U3NIECKUTE U NKOHOMUYECKUTE aCIEKTH Ha M3MEHEHUETO
Ha KJIMMaTa M CEJICKOCTONAHCKaTa cyma B beiarapus, u3nosisBailku aHanu3 Ha TpeHJa Ha
KJIIMMaTUYHUTE JIaHHU, pe3ysTaTd OT cuMmynauuu ¢ Banuaupanus monen WINISAREG u
TAXHATa BPb3Ka CbC CE30HEHUs CTaHIApTH3UpaH BaiexxeH uHaekc SPI 3a mepuopa c Haii-
rojsiMa HeoOX0JIMMOCT OT BoJa “‘toJM-aBrycr’, cupsmo nepuoga 1951-2004 r. Ananu3sT Ha
JAHHUTE 3a BaJeKUTE, MaKCUMajlHaTa M MUHUMajHaTa TeMIepaTypa € W3BBbpILEH 4Ype3
Mo uUIMpaH aHaIK3 Ha TpeHaa Ha MaH-KeHab1 32 oceM KIIMMaTHYHU CTaHIK B brirapust.
B cBeroBen mamad, pernonute Ha Ilnoaus u Crapa 3aropa ¢ HamalsiBaHE HA BaJEKUTE U
yBeJIMUYaBaHE Ha TEMIEPAaTypHHUs AUANa30H MOraT Jja UMarT MOCJIeICTBUSA 3a II0sIBaTa Ha Cyllia B
cTpaHara. B pe3yirar Ha TOBa TEHACHLUATA HA CUMYJIUPAHUTE HETHU HAMOUTEIHU HOPMHU
(NIRs) mipe3 u3cienBanus Nepuo/ okasBa ypeanueHue choTBeTHO ¢ 80 u 27 mm 3a [1noBaus
u Crapa 3aropa. O6patHo Ha NIRs, 100MBBT OT HENOJMBHA LIAPEBHILIA, € HAMAJISUI CPEIHO C
19% B IlnoBauB u ¢ 8% B Crapa 3aropa 3a menusi u3cienBaH nepuojn. Pesynrarure ot
IIPOYYBAHETO CE U3IOJI3BAT 3a KapTorpadupane Ha ysI3BUMOCTTA KbM CyIlIa U UAECHTU(PHULIUPaHe
Ha TEPUTOPUH, NPEAPA3NON0KEHU KbM cyia, B benrapus u FOrousrouna Eppona.

I'8-23. Ilonoga, 3., UBanoBa, M., Maprunc, /l., KepueBa, M., Anekcanapos, B., /lonesa, K.
2013. 3a HeobxoaumocTTa OT HanosiBane B buarapus cm.3emenenue I1toc, KH.2, cTp. 38-42;
ISSN : 2738-7992. Linking ISSN (ISSN-L): 1310-7992.

Abstract

Climate change and related adverse weather events, such as drought, are damaging
agriculture, its irrigation water supply and the economy of Bulgaria. The need to develop new
methods and tools for better analysis, forecasting and management of drought risk is evident
after the extremely dry years of 2007, 2012 and 2013, when the average maize yield in the
country reached record lows of 180-146 kg/ha. For this purpose, physical and economic aspects
of agricultural drought were analyzed for eight representative climatic regions in the country.

The extent of the impact of droughts on agriculture in different climatic years was
determined for the entire country through maps linking meteorological conditions with
agronomic indicators, such as the yield without irrigation and the irrigation rate. Such maps
were created to assess the vulnerability to drought in maize for the extremely dry (2000),
average (1970) and extremely dry (1981) years. The relative reduction in yields of non-irrigated
maize (RYD, %) and net irrigation norm of maize (NIR, mm) were mapped for soils with
average usable water reserves (135-157mm /m). For this purpose, maps of the seasonal
standardized index SPI, characterizing drought during the most sensitive period for the crop -
the months of July and August, the map of agro-ecological regions and the dependencies



established for each region between the seasonal index SPI2 "July-August" and the results of
the impact of water stress on yields without irrigation and the irrigation norm of maize were
used.

The results obtained from the analysis of the scope and intensity of agricultural drought
in Bulgaria can be used to identify threatened territories and assess the economic risk of
growing a certain crop without irrigation. Conducted research also provides the necessary basis
for the development of a system for monitoring and managing agricultural drought risk through
precision irrigation.

Pe3rome

Kiumatuunute mpoMEeHH U CBBP3aHHUTE C TSAX HEOJIAronpusiTHU METEOPOJIOTUYHH SIBICHHUS,
Harp. 3acyIiaBaHETO, HaHACAT INETH BBPXY 3E€MEIEIHETO, 00e3ledyaBaHeTO My C Boja 3a
HamosiBaHE W WKOHOMHKaTa Ha beiarapus.Hyxknara ot paspaboTBaHe Ha HOBU METOIU U
CpelcTBa 3a Mo-100bp aHaIN3, IPOTHO3UPAHE M YIIPABIEHHWE Ba pUCKa OT 3acylllaBaHe, € sIBHA
cien u3kmountenHo cyxure 200, 2007 u 2012r., korato cpeaHOCTaTUCTUYECKUS TOOUB OT
[IapeBHUIIa 3a CTpaHaTa JocThra pekopaHo Huckute 180-146 kr/mka. 3a nenTa ca aHIM3UpaHe
(¢u3MYeCKn W WKOHOMHYECKH aCleKTH Ha CEeJICKOCTOMAHCKOTO 3acylllaBaHe 3a OCeM
MPEACTABUTETHU KJIMMAaTHYHU PaliOHU B CTpaHaTa.

OOxBaThT Ha BB3JACHCTBHE Ha 3acCyllaBaHUATA BBPXY 3E€MEICIIMETO Tpel pPa3IUuyHU
KJIMMAaTHYHU TOAWHH € OTPEJICTICH 3a TEPUTOPHSTA Ha LsJIaTa CTpaHa Ype3 KapTH, CBbpP3BaIA
METEOPOJIIOTUYHHUTE YCIOBUSI C arPOHOMHYECKU MOKAa3aTeNH, KaTo T0OUBBT O€3 HamosiBaHe U
HarouTeaHaTa HopMa. TakuBa KapTH ca u3pabOTEHH 3a OICHKAa Ha YA3BUMOCTTAa KbM
3acylIaBaHe Mpu LapeBulia 3a ekctpeMuo cyxara (2000), cpeanara (1970) u ymepeHno cyxara
(1981) rogmna. KapTupanu ca OTHOCHTEIHOTO HaMaJCHHE Ha JOOWBHTE OT HEIOJHMBHA
uapesuia (RYD, %) u HerHuTe HanouTeaHu HOpMH HaA napeBuna (NIR, mm) npu mouBu cbe
cpeneH u3noisBaeM BojaeH 3amac (135-157mm /m). 3a menra ca W3MON3BaHW KapTH Ha
CE30HHHUs cTaHaapTu3upaH wuHAekc SPI, Xapakrepusupail 3acymiaBaHeTo mIpe3 Hai-
YEBCTBUTEIIHUS 32 KYJITypaTa MepUoj] —MECEIIUTE FOJIM M aBT'yCT, KapTaTa Ha arpOeKOJOTUYHUTE
paliOHU U YCTAaHOBEHMTE 33 BCEKH PailOH 3aBUCUMOCTH MEXIy ce30HHUs uHaekc SPI2 “ronu-
aBryCT" W pPe3yJITaTUTE HA BH3JICUCTBUE HA BOJHUS CTPEC BbPXY N0OMBHUTE O€3 HAMOsSBaHE U
HaIrouTeIHaTa HOpMa Ha [JapeBULIATA.

[TonydyenuTte pe3yaTatu OT aHaiM3a 3a 00XBaTa U MHTEH3UBHOCTTA Ha CEJICKOCTOMAHCKOTO
3acymiaBane B bbarapus morar ga ce W3MOd3BaT 3a WACHTU(UIMpaHE Ha 3acTpallieHu
TEPUTOPUM U OLIEHKA Ha MKOHOMHYECKHSI PUCK OT OTIVICKJIaHE Ha OIpesesieHa KylnTypa 0e3
HanosiBaHe. [IpoBemeHW wuW3cnenBaHMsI TPEJOCTaBIT W HeoOXoauMaTa OCHOBa 3a
pa3paboTBaHETO Ha CHUCTEMa 3a MOHMTOPHUHI U YIIpaBJIEHHE Ha PUCKA OT CEJICKOCTOMAaHCKa
Cyllla Yype3 IMpelr3Ha HallosIBaHe.

I'8-24. Ilonoga, 3., M. UBanoBa, /I. Maptusuc, JI. C. Ilepeiipa, M. Kepuesa, B. Anexcannpos,
K. JloneBa. 2013. 3acymiaBane M KIMMAaTHYHU IIPOMEHW B bbarapus: TEHACHIUH U
BB3/ICHCTBUS BbPXY arpocucTeMara Ha napeBunata. Celckoctonancka Hayka, 46 (Nel), 19-30;
ISSN 1311-3535

Abstract

This study assesses droughts and related climate change trends as well as their impacts on maize
cropping system using the validated WINISARE G simulation model for representative climate
regions in Bulgaria over the period 1951-2004. The analysis of climate data, mainly



precipitation and temperature, and standard precipitation indexes for 3 and 12 months time step,
SPI-3 and SPI-12, was performed by the modified Mann-Kendall trend test.

Globally, it is found that the regions of Plovdiv and Stara Zagora with a decrease in annual
precipitation of -3.52 and -3.30 mm yr!' and an increase in the mean annual maximum
temperature of 0.02 and 0.04°C have consequences in the occurrence of drought in this country.
When applying the same trend test to the SPI-3 results evidence a trend for drought aggravation,
particularly for the months of May, June and July, the main period for maize development, so
indicating the SPI3 as a possible indicator of agricultural drought. The trends for the SPI-12
relative to Stara Zagora, Plovdiv and Sandanski also show to be negative, with a magnitude
0.01 higher than with SPI-3.

The application of the WinISARE G model to compute the net irrigation requirements (NIRs,
mm) followed by an application of the trend test to N/Rs for the studied period show an increase
of 80 and 27mm for Plovdiv and Stara Zagora respectively. Contrarily to NIRs, because of
increased water stress rainfed maize yield has decreased by 19% on the average in Plovdiv and
8% in Stara Zagora. The results of the study are used for drought vulnerability mapping and
identification of drought prone territories in Bulgaria and South East Europe.

Pe3rome

ToBa nmpoyuBaHe OIEHSIBA CYIIUTE U CBbP3aHUTE C TSIX TECHACHIIMU B U3MEHEHUETO Ha
KJIMMaTa, KaKTO W TSIXHOTO BB3JCHCTBHE BBPXY OTIVICKAAHETO HA IAPEBHIIA, U3IOI3BANKU
Bamuaupanus cumynanrones mojen WINISAREG 3a npeacraBuTenHy KIMMaTUYHU PETHOHU
B bbarapus 3a nepuona 1951-2004r. AHanIU3bT HA KIMMATAYHUTE JTAHHU, TJIABHO BaJICKU U
TeMIlepaTypa, U CTaHJAApTU3UPAHUH UHICKCH Ha Banexute 3a 3 u 12 mecena, SPI-3 u SPI-12,
€ U3BBPILEH upe3 Moauduuupanus TpeHa Tect Ha Man-Kenab.

VYcraHoBeHo, ye B paiionute Ha [Inosaus u Crapa 3aropa, c HaMajeHUE Ha TOIUILITHUTE
BaJiexku OT -3,52 u -3,30 MM TOAUIIHO M yBEJIMYEHHE HA CpPeJHATa rOJMIIHA MaKCUMalHa
temneparypa ot 0,02 u 0,04°C, ce oTunuTaT nociaeCcTBUA OT NosIBaTa Ha cylia B cTpaHaTa. [Ipu
Mpujiaraie Ha cbllidsg TpeHa TecT KbM SPI-3, pesynaTaTuTe moka3Bar TEHACHIUS OTEKHIBAHE
Ha cymiaTa, 0COOEHO 3a MeCEeIUTe Mail, IOHM W I0JI, OCHOBHHUAT TEPHUOJ] 3a Pa3BUTHE Ha
LlapeBUlIaTa, KOeTo Moka3Ba, 4ye SPI3 e Bb3MOKEH MHAMKATOpP 32 CEJICKOCTOMAaHCKa cylla.
Tengenmuute 3a SPI-12 cnpsimo Crapa 3aropa, IlnoBauB u CaHIaHCKM ChHINO TTOKa3BaT
oTpuuaTenHa BenuuuHa, ¢ Marauty s 0.01 nmo-Bucok, otkonkoro npu SPI-3.

[Tpunaranero Ha Mozena WinISAREG 3a n3uncisiBaHe Ha HETHUTE HAITIOUTEITHU HOPMU
(NIRs, mm), mocienBaHo OT MpujaraHe Ha TecTa 3a TeHAeHuus kbM NIRs 3a uscnenBanus
NepuoJ, MmokasBa yBeiauueHue cboTBeTHO ¢ 80 u 27 mm 3a [lnoBnuB m Crapa 3aropa. 3a
paznuka ot NIRs, mopaau yBenwueHusi BOACH CTpEC, HOOMBBT OT HEMOJIMBHA I[ApPEBHIIA €
Hamassin cpeao ¢ 19% B [MnoBauB u ¢ 8% B Crapa 3aropa. Pesynrarute oT mpoydBaHeTo ce
M3MO3BaT 3a KapTrorpadupaHe Ha yS3BUMOCTTA OT CyIlla M WACHTH(PHUIMPAHE HA TEPUTOPUH,
MpeApa3noyioKeHu KbM cymia, B bearapus u FOrousrouna EBpona.

I'8-25. Ilomnoga, 3., UBanosa M. 2012. BausHue Ha KI1MMaTa ¥ IOYBaTa BbPXY HANIOUTEITHUTE
HopMmH B bbirapus. cn. 3emenenue mioc, Ne 4, ctp. 36-37; ISSN : 2738-7992. Linking ISSN
(ISSN-L): 1310-7992.

Abstract
Over the past 3000-4000 years, irrigation has been the most powerful tool for combating

drought damage in agriculture. Contemporary mathematical models are widely used in the
world to assess the effect of fluctuations and changes in climate, soil conditions and agricultural



practice on the crop water requirements in agriculture. Based on the results of simulations of
the soil water balance with the validated WINISAREG model, the net irrigation requirements
for maize have been calculated for soils with different water holding capacities in the regions
of Sofia, Plovdiv, Stara Zagora, Sandanski, Pleven, Lom and Silistra. The results obtained are
based on meteorological data with a duration of 54 years, which are sufficiently representative
of the present climate.

The presented results prove that under the conditions of a changing climate, global
warming and frequent intense droughts, irrigation needs in our country are very variable over
the years and show a tendency to increase, especially in the Upper Thracian Lowland. Not only
the production of grain maize, but also other spring crops, will increasingly depend on irrigation
capabilities and will require substantial investments in Bulgaria's hydro-meliorative system.
Therefore, the development and implementation of cost-effective water-saving technologies,
irrigation techniques and irrigation shedules is a major goal for Bulgarian agricultural science
in the coming years.

Pe3rome

[Tpe3 mocneqaute 3000-4000 r. HaNOSIBAHETO € HAKW-MOIIHOTO CPEICTBO 3a Oopbda Che
HIETUTE OT cyma B 3emeaenuero. ChbBpeMEHHUTE MaTE€MaTUYeCKH MOJENIU Ca IIHPOKO
W3MOJI3BaHN B CBETa 3a OleHKAa Ha edekTa OT KonebaHUsATa W MPOMEHUTE Ha KIMMATa,
[IOYBEHUTE YCIOBUSA U 3E€MENENICKATa IMPAKTHUKAa BbPXY HYXKIUTE€ Ha CEJICKOCTOIIAHCKUTE
KYJITYpH OT IOJIMBHA Bojia. Ha ocHOBaTa Ha pe3ysiTaTH OT CUMYJIAIlMK Ha OajaHca Ha BOjaTa B
noysara ¢ Banuaupanus mojen WINISAREG ca u3uuciaeHu HETHUTE HAIOMTEIIHU HOPMHU Ha
[apeBUIIA IIPH TTOYBH C PA3IMYCH BOI03aIbpKaIll KaranuTeT B paiionute Ha Codust, [TnoBnus,
Crapa 3aropa, Canpancku, [lnesen, Jlom u Cunncrtpa. [lonyuenure pe3yataTtu ce OCHOBaBaT
Ha METCOPOJIOTUYHU JIaHHU C TPOABIDKUTEIHOCT 54 TOAWHU, KOUTO Ca JIOCTAaTHYHO
MPEICTaBUTEIIHU 32 ChbBPEMEHHUS KJIUMAT.

W3noxenute pe3ynTaTd JI0Ka3BaT, 4€ NPH YCIOBUITA Ha MPOMEHSIl CE€ KJIMMAT,
r7100aTHO 3aTOIUISIHE M YeCTH WHTEH3MBHM 3aCyIllIaBaHUs HYKIUTE OT HAlosBaHE y HAc ca
TBBpJIE NMPOMEHJIMBU TMpe3 TOJWHUTE M TIOKAa3BaT TEHJACHIMS KbM HapacTBaHE, OCOOCHO B
I'opno-Tpakuiickara HuzuHa. [I[poM3BOACTBOTO HE CaMO Ha LIAPEBHIIA 3@ 3bPHO, HO U HA APYTH
MPOJIETHU KYJTYPH, III€ 3aBUCU BCE MOBEYE OT BH3MOKHOCTHUTE 3a HAIOSIBAaHE M 1€ M3MCKBA
CBIIIECTBEHU BJIOKEHUSI B XHJpOMEIHOpaTHBHATa cucteMa Ha bearapus. CrnenoBarenHo
pa3paboTBaHETO ¥ BHEAPSIBAHETO HAa WKOHOMHUYECKH €(PEKTUBHH BOJOCIECTSBAIIN
TEXHOJIOTHH, TEXHUKH Ha HAIOSBAHE W TMOJHBHU PEKUMHU € OCHOBHA IIeN 3a ObIrapckara
CEJICKOCTOITAHCKA HayKa Mpe3 CJIeABALIUTE TOJIUHMU.

I'8-26. Popova, Z., M. Ivanova, L. S. Pereira, V. Alexandrov, K. Doneva, P. Alexandrova, M.
Kercheva. 2012. Assessing Drought Vulnerability of Bulgarian Agriculture through

Model Simulations. Journal of Environmental Science and Engineering B 1 (2012) 1017-1036.
ISSN 21625263, (SJR 0.116)

Abstract

This study assesses vulnerability of agriculture to drought, using WINISAREG model and
seasonal SPI12-index for eight climate regions (1951-2004). Results relative to Plovdiv show
that in soils of large TAW (total available water) net irrigation requirements NIRs range from
0 to 380 mm. In soils of small TAW, NIRs reach 440 mm in the very dry year. NIRs in
Sofia/Silistra are about 100 mm smaller than in Plovdiv while in Sandanski they are 30-110



mm larger. Rainfed maize is associated with great yield variability (29% < Cv < 72%).
Considering an economical RYD (relative yield decrease) threshold, 32% of years are risky
when TAW is large in Plovdiv that is double than in Sofia and half than in Sandanski. In North
Bulgaria the risky years are 10% in Pleven/Silistra that is half than in Lom. In Plovdiv region
reliable relationships (R > 91%) were found relating the SPI2 “July-Aug.” with simulated RYD
of rainfed maize while remaining relationships were less accurate (73% < R? < 86%).
Economical losses are produced when High Peak Season SPI2 <+ 0.20 in Sandanski, SPI2 < -
0.50 in Plovdiv and SPI2 < - 0.90 in Sofia. In North Bulgaria the SPI2 threshold ranges from -
0.75 to - 1.50. Derived reliable relationships and SPI-thresholds are used for drought
vulnerability mapping.

Pe3rome

ToBa mpoyuBaHe OLIEHSIBA YSI3BUMOCTTA Ha CEJICKOTO CTOMAHCTBO KbM CYIIa, W3MOJ3BalKU
mozeina WINISAREG u cezonnus SPI2-unaekc 3a ocem kimMmaruanu peruona (1951-2004 r.).
Pesynrarure, otHacsmu ce g0 [lnoBnuB, mokas3sar, ye Ha mouBH ¢ royisim TAW (u3non3Baem
BOJICH 3ariac), HeTHUTE HYkau oT HanosiBaHe NIR Bapupar ot 0 10 380 mm. Ha mouBu ¢ manbk
TAW, NIR mocturat 440 mm B mHOrO cyxara roguHa. NIR B Co¢us/Cuinctpa ca ¢ 0KoJIo
100 mm 1mo-manku, oTkoikoTo B IlmoBaus, nokaro B Canggancku ca ¢ 30-110 mm mo-rojemu.
HenonuBHaTa mapeBuIia € CBbp3aHa ¢ rojsiMa BapuaOmiIHOCT Ha nobuBa (29% < Cv < 72%).
Karo ce uma npeasua ukonomudeckusT npar Ha RYD (oTHocuTenHo HaMaseHue Ha 100uBa),
32% ot roguHUTE ca puckoBu, korato TAW e ronsm B [lnoBnuB, KOETO € ABOMHO IMOBEYE,
otkonkoto B Codus, u HamonoBuHa, oTkoinkoTo B Canmancku. B Cesepna bwarapus
puckoBute roguau ca 10% B IlneBen/Cuinctpa, KOETO € HAIMOJIOBUHA, OTKOJKOTO B JIom. 3a
paiioHa Ha [InOBIMB ca OTKPUTH HAAEKIHU 3aBUCHUMOCTHU (R2 > 91%) mexnay SPI2 ,romu-
aBryct u cuMmynupanoro RYD Ha HenmonuBHa napeBuLa, J0KaTo OCTAHAIMTE 3aBUCHUMOCTH Ca
¢ koe(uuueHT Ha aeTepmuHamus 73% < R? < 86%. MkoHOMMUecKU 3ary0u ce IeHepupar,
koraro SPI2 <+ 0,20 B Cannmancku, SPI2 < - 0,50 B IlmoBauB u SPI2 < - 0,90 B Codus mpe3
nukoBus ce3oH. B Cesepna bwnrapus nparst Ha SPI2 Bapupa ot -0,75 no -1,50. [Tony4yenure
HaJeXIHU 3aBUcUMOCTU U SPI-miparoBe ca m3non3BaHu 3a Kaprorpadupane Ha ysI3BUMOCTTa
KbM CylIa.

I'8-27. [lonomra, 3., UBanoBa M. 2012. CymaTta u 10OMBBHT OT HEMOJMBHA I[apPEBHUIIA. CII.
3emenenue mwitoc, Ne 1, ctp. 39-40; ISSN : 2738-7992. Linking ISSN (ISSN-L): 1310-7992.

Abstract

A number of our studies have proven that drought is a common occurrence in the
lowlands of Bulgaria. The climate in most of the country is moderately continental with a
tendency towards drought. The regions around Plovdiv and Stara Zagora in the Upper Thracian
Lowland and Sandanski have an extremely warm and dry climate, while the Danube Plain and
Sofia Plain are the cooler and wetter agricultural regions of the country.

The production of rainfed maize in Bulgaria is associated with high variability in maize
yield. The coefficient of variation of yields in Sofia Plain varies within the range of 29 to 43%
for medium-early maize hybrids. When late maize hybrids are grown without irrigation on soils
with small water holding capacity (116 mm m™), yields with the most significant fluctuations
over the years are obtained in Southern Bulgaria. In the region of Sandanski and Plovdiv the
coefficient of variation is maximum, 73 and 69%, respectively.



For the Plovdiv region, trends of decreasing yields of rainfed maize have been
established during the period 1951-2004. The production of grain from late hybrid maize
decreased on average by 0.35% per year or by 19% for the studied period. This indicates that
in the future the production of rainfed grain maize, and probably also of other spring crops, will
suffer increasing damage from drought under the conditions of global climate change.

Pe3rome

Penuia namm u3cnenBaHus ca JoKa3zaliu, 4ye CylllaTa € YeCTOo SBJIICHUE B HU3UHUTE Ha
bearapus. KnumareT B mo-rojsiMaTa 4acT Ha CTpaHaTa € YMEPEHO KOHTHUHEHTAJleH C
TEHJICHIIMU KbM 3acyiiaBane. Paitonute okono [1nosaus u Crapa 3aropa B 'opHOoTpakuiickara
Hu3uHa U CaH/IaHCKU UMAT U3KIIFOYUTEITHO TOITBJI U CyX KIIMMaT, TokaTo JlyHaBckara paBHHUHA
u Coduiicko mose ca 1mo- XJaJHUTE U BJIXKHU 3eMEJICIICKH PAalOHH Ha CTpaHaTa.

[Ipou3BOACTBOTO Ha HEMOJMBHA IApeBHIla B bbirapus € CBbpP3aHO C BHUCOKA
BapuaOMITHOCT Ha J00uBa Ha 3bpHO. KoedummeHThT Ha Bapuanus Ha qoouBute B Coduiicko
rmoJsie ce u3MeHs B rpaHunu ot 29 no 43% npu cpenqHopaHHM XuOupuau napesuna. Koraro
KbCHHM XHOPHIM LIapEBUIIA C€ OTTIISKAAT O€3 HAMosBaHe Ha MOYBU C HUCHK M3IT10JI3BAEM BOJICH
samac TAW (116 mm m™), B IOxna Beirapus ce monydaa H00OUB C Haif-3HaYUTENEHM
Kosiebanus npe3 roguaute. B paiiona na Cannancku u [TnoBauB koeduirenTa Ha Bapuamus e
MaKCHUMalIeH, CbOTBETHO 73 1 69%.

3a paiiona Ha [lnoBIMB ca ycTaHOBEHW TEHACHIIMM HAa HaMaJCHHE HA JOOMBUTE OT
HenoJiuBHA 1apeBuna mpe3 nepuoaa 1951-2004r. [Ipon3BOACTBOTO Ha 3bPHO OT lLIApEBUIIA
KbceH xubpua Hamanssa cpenHo ¢ 0.35% 3a roguna umm ¢ 19% 3a uzcnenanus nepuoa. Tosa
MOKa3Ba, ue 3a B ObJelle Npou3BOACTBOTO Ha LIapeBuIla 3a 3bpHO 0e3 HamosiBaHe, a BEPOATHO
Y Ha JIPYTU MPOJIETHU KYJITYPH, 1€ ThPIIHU BCE MO-TOJIEMH IIETHU OT CyIlla MPU yCIOBUATA HA
rJ100aTHU KJIMMATUYHU IPOMEHH.

I'8-28. Popova, Z., Ivanova, M., P. Alexandrova, P., Doneva, K., Alexandrov, V., Pereira,
L. S.2011. Impact of drought on maize irrigation and productivity in Plovdiv region. CoopaHK
Hay4YHU JOKJIAJN OT MEeXIyHapoHa KoHpepeHuus “100 ronnuu nouBeHa Hayka B bwirapus”,
WuctutyT no nousosnanue “H. [lymxkapos”, 16-20 Maii, Tom 1, ctp. 394-399. ISBN 978-954-
749-089-5

Abstract

The objective of this study is to assess the vulnerability of rainfed/irrigated maize to drought at
Tsalapitsa field, Plovdiv, using the validated WINISAREG model and seasonal standard
precipitation index SPI(3) for the period 1951-2004. In previous studies WINISAREG model,
an irrigation scheduling simulation tool for simulating the soil water balance and evaluating the
respective impacts on crop yields, was validated using independent data sets relative to long
term experiment with late maize hybrid. Results show that net irrigation requirements NIRs
range from 50-120 mm in wet seasons (P1>95 %) to 370-480 mm in very dry years (P1<5 %);
A trend of NIRs increase by 70 mm and relative yield decrease of rainfed maize by YD =16 %
has been found for the same period. Considering a critical yield threshold of 4500 kg ha™! under
which maize cultivation is not profitable, 2/3 of the years refer to economical losses for rainfed
maize. Reliable relationships (R>>65 %) between seasonal agricultural drought expressed by
SPI(3) “July-Aug” and simulated yield decrease of rainfed maize (YD) are derived. The study



also defines a soil specific threshold for seasonal SPI(3) “July-Aug” under which soil moisture
deficit leads to severe impacts on maize yield. The corresponding threshold of NIRs is
identified.

Pe3rome

Ilenra Ha TOBa MpoyyBaHE € Ja c€ OIEHH YA3BUMOCTTA Ha I[apeBHIIaTa, OTIJIEKIaHa MpU
IIOJINBHU U HETIOJIMBHU YCIIOBUS, KbM cylia B ojero Lananuua, rpax [1nosaus, nsnonssaiiku
Banmuaupanuss moaen WINISAREG u unaekca Ha ce3oHHUTE ctaHaaptHu Banexu SPI(3) 3a
nepuoga 1951-2004 r. B npeauminu npoyusanust moaensT WINISAREG, uncTpymeHT 3a
cuMyJalus Ha rpaduka 3a HamosiBaHe, M3I0JI3BAIll CE 32 CUMYJUpPAaHE Ha BOJHUS OallaHC Ha
MoyBaTa M OILIEHKAa Ha CHOTBETHOTO BB3JCHCTBHE BBPXY HOOMBHTE Ha KyJITypute, Oeie
BaJIMIUpaH C TOMOINTAa HAa HE3aBUCMMU HAOOpW OT J[aHHU, CBBP3aHU C JIBJITOCPOUYEH
eKCIEpUMEHT C KbCEH XHOpHI IapeBHIa. Pe3ynratute moka3BaT, dYe HETHHUTE HAIOHTEIHU
nopmu (NIR) Bapupar ot 50-120 mm nipe3 Biaxkuu cezonu (Pr>95%) no 370-480 MM B MHOTO
cyxu roaunu (P <5%). 3a cbuus nepuoa € yCTaHOBEHA TEeHIEHIUs Ha yBenndeHue Ha NIR
cbc 70 MM U OTHOCHUTETHO HaMaJieHHe Ha JOOMBa MPH HEMOJIMBHA 1apeBunata, ¢ YD = 16%.
Kato ce uMa npeiB1 KpUTHUEH ITpar Ha 106uBa oT 4500 Kr XekTap !, 101 KOHTO OTIJIeK1aHeTo
Ha [IapeBUIla HE € PeHTAOWIHO, 2/3 OT TOAMHHUTE C€ OTHACAT A0 MKOHOMHYECKH 3aryou 3a
HEMONMBHATA L[apeBHIa. V3BeaeHu ca Haaexauu 3aBucumoctd (R?>65%) MexIy ce3oHHaTa
CEJICKOCTOIIaHCKa cyia, u3pasena upe3 SPI(3) ,,;onu-aBryct®, 1 CMuMylIMpaHOTO HaMaJeHUe Ha
nobuBa ot HenonmBHA apeBuna (YD). M3cnenBaneTo chIio Taka onpeaess crenuduyueH 3a
nouBara mpar 3a cezonnara SPI(3) ,fonu-aBryct®, moja Kouto AepUIUTHT HA MMOYBEHA Bara
BOJIM JI0 CEPUO3HHM MOCIIEININ 32 100MBa Ha mapeBuna. MneHTuduuupan € CbOTBETHUSAT Ipar
3a HeTHUTE HarouTeaHu Hopmu (NIR).

I'10-29. ITonona 3., M. UBanoga, JI. C. [lepeiipa, K.bonena, K. Jlonesa, B. Anekcannpos, II.
Anexcanaposa. 2015. Ouenka Ha pucka OT IPOMEHM Ha KJIMMaTa M ysA3BHMMOCT KbM Cylla B
30HaTa Ha yepHo3emute, CeBepHa bwarapus. B Hayunu tpynose or HayuHompaktuuecka
KoHpepeHMs: ,,UepHozemute B bbarapus-npobiemu, OleHKa, W3MOJI3BaHE U Ola3BaHe”,
NIIA3P H. [Tymkapos”, 145-174,-3. ISBN 978-619-90414-1
https://www.bsss.bg/Archive/Chernozemite.pdf

Abstract

This study aims at assessing drought and related climate change trends as well as their impacts
on agriculture in North Bulgaria. Trend tests were applied to climate data, mainly precipitation,
temperature and reference evapotranspiration (ETo) relative to selected weather stations.
Results of the Mann-Kendall trend test show significant positive trends for maximum
temperature in May, June, July and particularly an increase trend in annual Tmax by 0.02 mm
yr'! at Varna, Lom and Silistra. Relative to ETo for the maize crop season ,May-Sept”, a
significant trend was observed for the period 1970-2004. The detected increase of seasonal ETo
is 1.0 mm yr! at Silistra, up to 2.3 mm yr’! at Pleven and Lom, reaching a maximum of 2.6 mm
yr-1 at Varna. The magnitude of this trend is about half if one considers the whole 1951-2004
period instead of 1970-2004, which indicates that the aggravation of climate conditions is
higher in recent times.

The WINISAREG simulation model was previously calibrated and validated using
independent field data from long-term irrigation experiments with late and semi-early maize
hybrids for various locations and soils with small, medium and large total available water
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(TAW). Thus the model could be applied with appropriate accuracy to compute yield impacts
of water stress and irrigation requirements for the 1951-2004 period. Rainfed maize in the
Danube Plain is associated with some yield variability (33%<Cv<54%) that is in fact smaller
than in the Thracian Lowland (40%<Cv<70%). Nevertheless that drought impact is mitigated
in North Bulgaria it is a key factor in some regions (Lom and Varna). Basing upon economic
considerations, relative yield decreases (RYD) were computed with the threshold of 67, 55 and
60% of the potential maize productivity in Pleven, Lom and Silistra. Maize production is risky
in 22% of years in Lom when TAW is large, which is the double of risk in Pleven and Silistra.
If TAW is medium the risky years double and reach 50% of years in Varna.

The application of the trend analyses to net irrigation requirements NIR over the 1970—
2004 period shows a significant increase of NIR by 120 (Pleven), 90—80 mm (Lom, Silistra)
that is half than in Varna. Contrarily, water stress increase related to the raifed maize led to
yield decrease on drylands by 32% of potential yield on the average in Pleven, by 20% in Lom
and Silistra and by 10% in Varna thus indicating that innovative risk approaches are required.

Pe3rome

Cymara € MeTeOpOJOrMYHO SIBJICHHE, 3acArallo BCE I0-YECTO CEJICKOTO CTOMAaHCTBO U
MKOHOMHKaTa Ha crpaHaTa (CnaBoB u xoi., 2003; Koleva and Alexandrov, 2008; Popova and
Kercheva, 2002; 2005; Popova and Pereira, 2008). YcraHoBeHO e, 4e opaju HaMaJCHHUE Ha
BaJIeKUTE M HApacTBaHE HA JMana3oHa Ha TeMIepaTypara Ha Bb3/lyXa, B Hall-rojisiMa cTeneH
OT CE30HHO 3acyllaBaHe B CTpaHaTa ca 3acTpaileHu pailonute Ha [lmoBaus u Crapa 3aropa
(IToroma, 2012; ITonoBa u xonektus, 2013b). JIstoTo B /lyHaBckaTa paBHHHA € MO-BJIaYKHO B
cpaBHeHue ¢ l'opHoTpakmiickara Hu3uHa. [loBeueTro 3emenencku pailoHH o00aue, CHIIO0
MOKa3BaT TEHJEHIMS KbM HapacTBaHE HAa MAaKCHMaJHaTa TeMIepaTypa CbC CPEAHO TOJUIIHO
yBenmuenue ot 0.024°C/yr (ITonoBa u xonextus, 2013a, 2013b). O6nacture oxono [1nesen (La
43°25°, Lg24°36°, Alt 134 m), Cunuctpa (La 44°07°, Lg 27°16°, Alt 16 m), Jlom (La 43°49°,
Lg 23°13°, Alt 36 m) u Bapna (La 43°12°, Lg 27°55°, Alt 39 m) ce onpenensT Karo 3acyIUINBH
[0 OTHOIIEHHE Ha TOJMIIHHUTE BaJeXHU cyMu (AnekcanapoB (pen.), 2011). TpagunuoHHH
nousu B CesepHa Briarapus ca YepHosemute che cpened (TAW=157 mm m') mo Bucok
usnonspaeM BojeH 3anac (TAW=180 mm m™") npu pas3iuyHUTE UM Pa3HOBUIHOCTH, & CHIIO U
cvonuuuTe (TAW>180 mm m™) or Ceseposananna buirapus (bonesa, 2012). Llapesunara
e wu30paHa, KaTo THUIMYHA TOJMBHA TOJCKAa KyATypa. XOIBT Ha Ppa3BUTHETO,
€BaloTpaHCIHUpALUATa, YyBCTBUTEIHOCTTa M KbM BOJIEH CTpec Ipe3 OTAenHuTe (a3u Ha
pa3BUTHE, KAKTO U HYKIUTE OT HANIOSIBAHE Ca aHAJIOTMYHU HA TE3U 32 OCTAHAJIUTE MPOJIETHU
kyarypu (Bwpaes, 2011). He3aBucumo 4e mpoabIKUTENHOCTTa Ha MEpUOJA ¢ MaKCHUMallHa
eBanoTpancnupanus (ETmax) e pasznuuna, croifHocTTa Ha ETmax mpu BCHYKM NPOJIETHU
KyJATypH € MHOro Onu3ka. [lopaau ToBa pesynrarure, MOJIydYeHH OT LIapeBUIIaTa MOrar Ja ce
pasmiIexaar, KaTo NpeACTaBUTEIHY 3a Ta3u rpyna KyaTtypu. Llenra Ha HacToAOTO M3caenBaHe
€ J1a ce aHaM3MupaT KojeOaHusATa U IPOMEHUTE Ha KJIIMMaTa, BKJI. TEH/IEHIIMUTE KbM 3acylllaBa-
HE, KaKTO M TAXHOTO BB3JEHCTBUE IO OTHOIIEHHWE HAa arpoCHMCTEMara Ha LapeBHIaTa 3a
MIPEICTaBUTENIHU TPYNH MOYBU U KIUMaTUuHU paiionn Ha CeBepHa bbarapusa. OOxBaHaTH ca
nepuogute 1951-2004 r. u 1970-2004 r., kKaTo BTOPUAT € NPEACTABUTEIEH 3a yCIOBUATA HA
ChbBPEMEHHUS KIIUMaT.

I'11-30. M. UBanoBa, 2024. IloyBa, Boja W KIMMaT 3a ycToW4duBO 3emenenue. COOpHUK
boearapcko mouBoBencko apyxectBo, Codus, 2024 , ctp. 21-47. Ilox obmara penakius Ha
notl. a-p bucep Xpuctos. ISSN 2683-0310. [1nenapen noknaza no ciayyaii CBeTOBHHUS J€H Ha



moyBata S5 nekemMBpu W Harmonamnara koHdepeHmus ,,EKONIOrHsS W arpoTEXHOJOTUU —
¢dbyHIaMeHTanHa HayKa v pakTudecka peanusanus’ 2023 r.
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Abstract

Effective soil moisture management practices are the basis of effective agriculture and
the challenge of preventing hunger in a changing climate. Irrigation increases yields of maize,
tobacco and others by more than 2 times, and for other crops - by more than 1.7-1.8 times.
Growing vegetables, rice and others without irrigation is impossible. With irrigation, yields are
3-4 times more stable in different climatic years. The coefficient of variation with irrigation is
10-17%, and without irrigation - 25-60%. Higher yield stability has an impact on the country's
imports and exports, the volume of storage facilities and others, including the stability of food
prices. The economic effect of irrigation during dry years increases by more than 50%.

As aresult of the review, the following measures are proposed to increase the adaptation
of irrigation and irrigated agriculture in the country to droughts: * improving the management,
use and conservation of water resources in irrigated agriculture * improving the efficiency of
the management and use of the constructed irrigation systems and improving the technological
and technical means for irrigation ¢ using rational and economically justified irrigation
schedules for irrigated crops and improving the technologies for growing crops in conditions
of drought and water deficit.

Pe3rome

EdexTuBHATE MpaKkTUKW 3a YyNpaBJICHWE Ha Bllarara B I0YBaTa ca B OCHOBaTa Ha
e(DeKTUBHOTO 3eMEJCINe M MPEIU3BUKATEICTBOTO 3a IPEJOTBpaTsABaHE Ha Tjaja TpH
MpOMEHsIINs ce KiuMar. HamosiBaHeTo yBennuyaBa OOMBUTE INMPHU LApEBUIIATa, TIOTIOHA U
JIpyrd Haja 2 MbTU, a NPU OCTaHanuTe Kyatypu - Haa 1.7-1.8 mbptu. OTriexnaHeTro Ha
3€JICHUYIH, OpU3 U JApyru Oe3 HamosiBaHE € HEBB3MOXKHO. [Ipu HamosiBaHe Tpe3 OTIETHUTE
KIIMMaTHYHU TOAUHU oOuBHTE ca 3-4 mbTu 1o ctabunuu. KoeduumeHTsT Ha Bapuanus npu
HanosBaHe € 10-17%, a 6e3 HanosBane - 25-60%. Ilo-Brcokara cTaOMIIHOCT Ha JOOMBHTE NMa
3HaueHHE 3a BHOCA M M3HOCA HA CTpaHaTa, o0eMa Ha CKlafoBara 0a3a u APYTH, BKIIOUUTEITHO
BBPXY CTaOWMJIHOCTTa Ha IICHUTE HA XPAHUTEIHUTE CTOKH. MKoHOMHYECKHAT edeKkT OoT
HaIOsIBAHETO IMPE3 CyXHUTE FOJAMHU HapacTBa ¢ moBeye ot 50%.

B pesynrar Ha HampaBeHHsI 0030p ce Mpeasarar ClIeIHUTE MEPKH 3a MOBUIIIaBaHEe Ha
aJlanTalusaTa Ha HAMOSBAHETO W TOJMBHOTO 3€MENENe Ha CTpaHaTa KbM 3acylllaBaHUATA:
nonoOpsiBaHe Ha YMNpPaBIECHUETO, M3MOJI3BAHETO W OIMAa3BAaHETO Ha BOJHHUTE pECypcH B
MOJIMBHOTO 3€MeJIeNiue * T01I00psBaHe Ha €PEKTUBHOCTTA B YIPABJICHUETO U U3IMOI3BAHETO HA
M3TPAZICHUTE HAMTOUTEIHU CUCTEMU U YCHBBPIICHCTBAHE HA TEXHOJOTMYHUTE M TEXHUYECKHU
CpeJICTBa 3a HANOsIBAHE * U3MOJI3BaHE HA PAIMOHATHN M HKOHOMHYECKH 000CHOBAHU TTOJIMBHU
pPEXKUMHU Ha HAMOSABAHUTE KYJITYPH U YCHhBBPIICHCTBAHE HA TEXHOJIOTUUTE 32 OTIJIEXK/IaHE Ha
KYJTYpUTE B YCIIOBHS Ha 3aCyIlIaBaHUs U BOJACH IePUITHT.

I'11-31. Ilonoga, 3., M. UBanosa, JI.C.Ilepeiipa, B. Anexcanapos, M. Kepuesa, K. Jlonesa,
II. AnexcangpoBa. OneHka Ha YySA3BUMOCTTa Ha 3€MEAEIUETO KbM Cyllla 3a OCHOBHHU
KJIMMaTU4HU paiioHu U rpynu nousu B bearapus. B: [lonosa 3. (Pexa.) Ouenka Ha pucka oT
3acyllaBaHE B 3€MENEINETO U YNPABISIBAHE HA HAMOSBAHETO YPE3 CHUMYJIALIMOHHHHU MOJIEIH.
Wznaren UTTA3P H.Ilymkapos, Codus. ctp. 166-207; ISBN 978-954-394-080-6.
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Abstract

There are a lot of facts proving that Global Climate Change affects the frequency and
severity of extreme events as meteorological and consequent agricultural drought. The necessity
to develop methodologies and simulation tools for better understanding, forecasting and
managing the risk of such events is evident for the society. This study assesses the vulnerability
of agriculture to drought in Bulgaria, which to same extent is representative for South East
Europe (SEE), using the WINISAREG model and seasonal standard precipitation index SPI12
for the period 1951-2004. The model was previously validated for maize on soils of small,
medium and large total available water (74 W) in various locations of Bulgaria. Simulations are
performed for the regions of Plovdiv, Stara Zagora, Sandanski and Sofia (South Bulgaria) and
Pleven, Lom, Silistra and Varna (North Bulgaria). Results relative to Plovdiv show that in soils
of large TAW (180 mm m!) net irrigation requirements (N/Rs) range 0-40 mm in wet years and
350-380 mm in dry years. In soils of small TAW (116 mm m™"), NIRs reach 440 mm in the very
dry year. NIRs in Sofia and Silistra are about 100 mm smaller than in Plovdiv while in
Sandanski they are 30-110 mm larger. Rainfed maize is associated with great yield variability
in Bulgaria (29%<Cv<72%). Considering an economical relative yield decrease (RYD)
threshold of 60 and 48% of the potential maize productivity in Plovdiv and Sofia, 32 % of years
are risky when TAW=180 mm m™ in Plovdiv, that is double than in Sofia and half than in
Sandanski. In North Bulgaria the economical RYD threshold is 67, 55 and 60% for Pleven,
Lom and Silistra. When TAW=180 mm m™! only about 10% of the years are risky in Pleven
and Silistra that is half than in Lom. When TAW is medium (157 mm m-1) the risky years rise
to 19, 35 and 45 % in the three sites respectively and reach 50% in Varna. In Plovdiv region
reliable relationships (R? >91%) were found for seasonal agricultural drought relating the SP12
for “July-Aug” with the simulated RYD of rainfed maize while in Stara Zagora, Sandanski and
Sofia the relationships were less accurate (73<R?<83%). The study found statistically
significant correlations between SPI2 “July-Aug” and simulated RYD of rainfed maize for
North Bulgaria as well (R>>80%). Results indicate that when rainfed maize is grown on soils
of large TAW maize development is less affected by the water stress. Thus in such soils South
Bulgaria economical losses are produced when high peak season SP12 <+0.2 in Sandanski, SP12
<-0.50 in Plovdiv and Stara Zagora and SPI2 < -0.90 in Sofia. In North Bulgaria the respective
threshold ranges between SPI2 “July-Aug” < -0.75 (Lom) and SPI2 < -1.5 (Pleven). The
corresponding NIR thresholds were identified. The derived reliable relationships and specific
thresholds of seasonal SPI2 “July-Aug”, under which soil moisture deficit leads to severe
impact of drought on rainfed maize yield in the studied climate regions and soils, are to some
extent representative of a wider area of South East Europe. They are used for elaboration of
drought vulnerability maps and identification of drought prone territories at regional and
national level.

Pe3rome

CrpliecTByBaT MHOTO (JaKTH, JOKA3BaIIH, Y€ TTI00ATHOTO U3MEHEHHUE Ha KIIMMaTa BIIUse
BBPXY UECTOTaTa M TEXKECTTa HA EKCTPEMHHUTE CHOUTHS KAaTO METEOPOJIOTHYHA M TIOCIIEBaIIa
CEJICKOCTOMaHCcKa cyma. HeobxoaumocTra oOT pa3paboTBaHe Ha METOAOJOTHU U
CUMYJIAIIMOHHU MHCTPYMEHTH 3a M0-100po pa3OupaHe, NpOTHO3HUpaHe U YIIpaBJIeHHE Ha PUCKa
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OT TaKhBa ChbOUTHUS € OueBHIHA 3a 001IecTBOTO. ToBa MpoyuBaHe OlEHSBA YS3BHUMOCTTa Ha
CEJICKOTO CTONAHCTBO KbM Cylla B bbirapus, KO€To B ChlllaTa CTENEH € MPEJCTABUTEIHO 3a
IOroustrouna EBpoma (FOUE), wusnonsBaitku wmoxena WINISAREG wu  ce3onHus
CTaHzapTU3upaH BajexkeH wuHaekc SPI2 3a mepuona 1951-2004 r. MogensT € BanuaupaH
IIpe/id TOBA 3a [IapeBHIla BbPXY IOYBH C MaJIKa, CpeHa U rojisiMa BO103aAbprKalla CiIoCOOHOCT
(TAW) B paznuunu paiionun Ha bwarapus. Cumynanuu ca M3BBPIIEHU 3a pallOHUTE Ha
[TnoBaus, Crapa 3aropa, Canmgancku u Codus (lOxna bearapus) u [Tnesen, Jlom, Cunuctpa
u Bapna (Cesepna bovarapus). Pesynratute 3a [1noBnuB, noka3par, ye Ipu MOYBU C rojiiMa
TAW (180 mm m™') neraure Hanourenuu Hopmu (NIR) Bapupat ot 0-40 mm npe3 BIaKHHUTE
roguau 10 350-380 mm npe3 cyxute roaunu. Ilpu nousu ¢ Manka TAW (116 mm m™), NIR
nocturat 440 mm npe3 mHoro cyxara roguHa. NIR B Codus u Cumuctpa ca ¢ okono 100 mm
IO-Majku, OTKOJKOTO B IlnoBmuB, mokaro B Cammancku ca ¢ 30-110 mm mno-roiemu.
HenonuBHara napeBuiia € cBbp3aHa C TrojsMa BapuabuiHocT Ha nobuBa B bwarapus
(29%<Cv<72%). Kato ce uma npeBua NparbT HAa HKOHOMHUYECKO OTHOCUTEITHO HaMaJIeHUE Ha
nob6uBa (RYD) ot 60 u 48% ot moTreHnmagHaTa MpoayKTUBHOCT Ha IjapeBuiiata B [ImoBauB u
Codus, 32% ot rogunuTe ca puckosu, korato TAW=180 mm m' B [110B11B, KOETO € JBOIHO
noBede oTKoJIKOTO B Codus u HanonoBuHa oTKoikoTo B Canmancku. B Ceepna bovarapus
nkoHomuueckuar mnpar Ha RYD e 67, 55 u 60% 3a Ilnesen, Jlom u Cunuctpa. Korato
TAW=180 mm m™!, camo okos0 10% oT rogunuTe ca puckosu B I1nesen u Cummcrpa, KOeTo e
HarojI0BMHA 0TK0IKOTO B Jlom. Koratro TAW e cpezen (157 mm m™!), puckoBure roaunu ce
yBeJIUYaBaT ChOTBETHO 110 19, 35 1 45% B TpuTe paiiona u gocturar 50% bB Bapna. B o6mact
I110BAUB ca YCTAHOBEHH HajexkaHH 3aBUcHUMOCTH (R? >91%) 3a ce30HHA CENCKOCTONAHCKA
cyma, cebp3Baiiu SPI2 3a ,tonu-aBryct® cbe cumynupanure RYD nipu HenosvBHa napeBuua,
nokato B Crapa 3aropa, Canmancku u Codus 3aBUCUMOCTUTE Ca IO-MIKO TOYHU
(73<R?<83%). [Ipoy4BaHETO OTKPHBA CTATUCTUYECKH 3HAUMMH KOpeIauu Mesxay SPI2 | romu-
aBrycT® u cumyaupanute RYD Ha HemomuBHa napesuua, u 3a CesepHa buirapus (R*>80%).
PesynTarure nmokassar, ye KOraro HEMOJUBHA LIAPEBHIIA, CE OTTIIEK A BHPXY MOYBHU C rojisiMa
TAW, pa3BuTHeTo Ha LapeBHIlaTa € I0-MajlKo 3acerHaTo oT BoAHMs crpec. Ilo To3u HauuH,
npu TakuBa nouyBH B KOxHa bbirapus ce reHepupat MKOHOMUYECKH 3aTyOH, KOTaTO B TUKOBUS
cezon SPI2 <+0,2 B Cangancku, SPI2 < -0,50 B IlnoBnuB u Crapa 3aropa u SPI2 < -0,90 B
Codus. B Cesepna bwarapus cboTBeTHUAT mpar Bapupa mexay SPI2 | ronu-aBrycr® < -0,75
(JIom) u SP12 < -1,5 (Ilnesen). Unentudunupanu ca cborBeTHuTe NIR nparose. [lomydennrte
HAJEKTHU 3aBUCUMOCTH U crielin(UYHY MparoBe Ha ce30HHUS SPI2 , fonu-aBryct®, mpu KOUTO
NeUIUTHT Ha MOYBEHA Bjara BOAM JI0 CUJIHO BB3/CHCTBHE Ha CylllaTa BbpXYy J100MBa Ha
HETOJIMBHA LIAPEBUIIA, B U3CIEABAHNTE KIMMAaTUYHH PaliOHU U MOYBH, €A O U3BECTHA CTENIEH
MpPEICTaBUTENIHU 3a MNO-IIMpoK pailoH Ha IOromsrouna EBpona. Te ce u3monsBar 3a
pazpaboTBaHE HAa KapTH Ha YSA3BHUMOCTTa OT Cylla U HUACHTH(QHUIMpPAHE HAa TEPUTOPUH,
MIpeipa3oyIoKeHN KbM CYIlIa, HA PETHOHAIHO U HAllMOHAIIHO HUBO.

I'11-32. [TonoBa 3., UBanoBa M. 2012. CpaBHsiBaHe Ha 3aryOuTe Ha JOOMB OT HENOJIMBHA
1apeBuila U HarouTeaHu Hopmu B bearapus. B: Ilomosa 3. (Pen.) Onenka Ha pucka OT
3acyllaBaHe B 3eMEEIHETO U YIpaBisiBaHEe HAa HAMOSIBAHETO Ype3 CHUMYJAIIMOHHHHU MOJEIH.
Wznaren UTTA3P H.Ilymkapos, Codus, ctp. 208-218. ISBN 978-954-394-080-6.
https://www.researchgate.net/publication/268817706_RISK_ASSESSMENT OF DROUGH
T _IN_AGRICULTURE _AND_IRRIGATION MANAGEMENT THROUGH_ SIMULATI
ON_MODELS
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Abstract

This study compares relative yield decrease RYD of rainfed maize and net irrigation
requirements NIRs for representative climate regions and soil groups in Bulgaria using the
WINISAREG model for the period 1951-2004. The model was previously validated for maize
hybrids of different sensitivity to water stress on soils of small, medium and large total available
water TAW. Simulations are performed for Plovdiv, Stara Zagora, Sofia, Sandanski, Pleven,
Lom, Silistra and Varna. RYDs are the largest in Sandanski. If TAW is medium (136-157mm
m!) there, RYD ranges from 65 to 85 % over the average years heaving probability
40<Pryp<75%. Yield losses are also high in Plovdiv ranging from 60 to 70% respectively.
Results indicate that RYDs are the lowest in Sofia and Pleven (30<RYD<50%). RYD increase
to over 80 % in Plovdiv and surpass 60% in Sofia in dry years (Pryp<25%). During the wet
years (Pryp>85%) RYD is less than 20% for the main agricultural regions in this country,
except for the Black Sea (Varna) and the Transitional Mediterranean (Sandanski) climate zones.
If TAW=136 mm m-1 maize irrigation requirements NIRs range from 270 and 300 mm in
Sandanski for the average demand years (40<Pnxir<75%). NIRs range between 200 and 270mm
in the region of Plovdiv respectively. They are the lowest in Silistra and Sofia field (120-
180mm). NIRs reach 480 mm in Sandanski, 430 mm in Plovdiv and 350 mm in Silistra, Pleven
and Varna in the very dry years (Pnirs<5%). NIRs are below 100mm practically for all
agricultural regions in wet years (Pryp>85%), except for Varna and Sandanski.

Pe3rome

ToBa mpoy4BaHe cpaBHABAa OTHOCUTEIHOTO HamMalleHne Ha 100uBa Ha 3bpHO (RYD) ot
HENoJMBHA LlapeBULla U HeTHUTE HanouTesHu HopMmu (NIR) 3a mpeacTaBUTeNHN KIMMaTUYHU
pEeruoHu U nouBeHu rpynu B buarapus, uznonssaiiku mogena WINISAREG 3a nepuoga 1951-
2004r. MopnensT € BamuAMpaH Mpead ToBa 3a XMOpPHIM Ha LApEeBULA C pas3In4Ha
YYBCTBUTEIHOCT KbM BOJIEH CTPEC BBPXY MOUBM C MajKa, CPEHA U rojisiMa BOJ03abpiKallia
cnocobHocT (TAW). Cumynaumu ca uspbpumieHn 3a IlmoBaus, Crapa 3aropa, Codus,
Canpnancku, [lnesen, Jlom, Cunuctpa u Bapua. RYD e nait-ucoko B Canmancku. Ha nmousu
cbe cpenna TAW (136-157 mm m™') Tam, RYD Bapupa ot 65 10 85% npe3 cpeiHUTE FOAMHHU
¢ 00€3MeYeHOCT Ha OTHOCUTEITHOTO HamasneHue Ha 100uBa 40<Pryp<75%. 3aryourte Ha 100UB
ChIIO ca BUcoku B [lmoBauB, Bapupamu cboTBETHO OT 60 10 70%. Pe3ynrarure nmokassar, ue
RYD ca naii-uucku B Codust u [1nesen (30<RYD<50%). RYD ce yBenuyaBa no nan 80% B
[TnoBauB u Haaxbpas 60% B Codust npe3 cyxure roaunu (Pryp<25%). Ilpe3 BnaxxHute
ronunan (Pryp>85%) RYD e mo-manko ot 20% 3a OCHOBHUTE 3€ME/ICIICKH PailOHH B CTpaHaTa,
¢ n3kimoueHne Ha YepHomopckara (Bapna) u IIpexogHo-cpeausemaomopckara (CaHIaHCKH)
kmuMatHuHd 30HH. Ako TAW=136 mm m™' Hyxmure oT HamossaHe Ha uapesunara, NIR
Bapupar oT 270 mo 300 mm B CaHJIAaHCKM 3a TOJMHUTE CbC CpeAHa O0E3MEeYEHOCT
(40<Pnir<75%). NIR Bapupart mexay 200 u 270 mm choTBeTHO B paiioHa Ha rpan Codus. Te
ca Hail-Hucku B Cwiuctpa u Coduiicko nozne (120-180 mm). NIR gocturatr 480 mm B
Canpnancku, 430 mm B rpax Codus u 350 mm B Cunuctpa, [1nesen u Bapua B MHOTO cyxuTte
roguHu (Pnirs<5%). NIR ca mox 100 mm mpakTH4ecku 3a BCUYKH 3eMEENICKU PailOHU BB
Biaxuu roguuu (Pryp>85%), ¢ uskmouenue Ha Bapna u Cannancku.






