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BUODPUIUYHU KOEDPULIMEHTU HA EBANOTPAHCMUPALIMATA NPU FrPAOUHCKN
®ACYN 3A PAUOHA HA NNoBauB
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Pe3iome

LlenTa Ha pa3paboTkaTa € fa ce yCTaHOBST CTOMHOCTUTE Ha BrodvanyHuTe koeuLimeHT Ha ET npu rpaguHcki
¢acyn (nponetHa cent6a) 3a paitoHa Ha Mnoeave. C peluasaHeTo Ha Tasv 3a4a4a Ce 4ABa Bb3MOXHOCT 3a n3bop Ha
rnoaxoasila opMyna 3a VHAMPEKTHO W3YMCIIABaHE Ha €BaNOTPaHCNUPaLMS Ha KynTypaTa W ynpaBneHue Ha NofvBHUS
pexunm. ExcnepumenTantaTa paboTa e npoeeaeHa npea nepuoaa 2010 — 2015 roguHa B onmtHaTa Gaaa Ha AY — Nnosave
BbPXY anyBuanHo-nMBaaHa rouea. MsnonssaH e HuckocTbENeHnsT copT CTPAWK. CToitHocTUTe Ha BUOUINYHUTE Koe-
PULMEHTU Ca M3YMCNEHV NO JECETAHEBKU U MO heHoasm, KaTo ca U3MON3BaHU AaHHK 3a peanHarta ET, otyeTeHa npu
ONTMMAsHO HafnosiBaHe (MoAAbPXaHe Ha NoYBEHaTa BNaXHOCT B crios 0-40cm npes usnarta seretauws Hag 80% ot fnB)
U CbOTBETHUTE METEOPONOrMYHM NOKA3aTENW. YCTaHOBEHN Ca CTOMHOCTUTE HA CnefHUTe KoeduUMeHTY: 1) Ke=ET/ETo
(Ha Gasa eTanonHata ET), 2) Z=ET/ZT° (Ha 6a3a TeMnepaTtypHata cyma), 3) R=ET/ZD (Ha 6a3a AedurunTa Ha BNaxHocTTa
Ha Bb3ayxa), 4) Ku=ET/Eo (Ha 6asa usnapeHuneTo oT cBOGOAHA BOHA NOBLPXHOCT). YCTAHOBEHU Ca KOPEMALMOHHUTE
3aBMCUMOCTU MexXAy AeceTAHeBHUTE CTOMHOCTU Ha ET v GnodusnyHnTe koeduumeHty. Cropes nonyyenuTe pesyntarti
HEeTMpUTE KoedULMEHTa MoraT Aa ObAaT N3NoMN3BaHN YCNELLHO 33 MHAMPEKTHO M3YMCTIsIBaHe Ha ET npu rpaguHckns da-
Cyn, HO METOABT Ha TeMnepaTypHaTa cyma (koeduumeHTa Z) e 3a NpegnounTaHe, rnopaan BUCoKaTa TOUHOCT Y NECHOTO
HabupaHe Ha HYXHWTE M3XoaHU AaHHW. HagexaHu ca v naHHuTe oT manapuTen ,knac A'. MHOro ToueH e u meToda ¢
eTtanoHHaTa ET (dopmyna 1), HO 3a W3MON3BAHETO MY Ca HYXHM ronsaM 6poil METEOPONOMMUYHN NOKA3aTeny, KOUTO ce
obpafoTeat upes cneunanmanpaHa KOMMIOTbPHa Nporpama.

Knto4oBM gymu: rpagnHCcku hacyn, eBanoTpaHCnvpaLms, HanossaHe, BUodnanyHN KoedLMeHTU.
Key words: french beans, evapotranspiration, irrigation, biophysical coefficients.
JEL: Z19.

6pon nokasatenwu, a HabaBAHETO MM OT ohuLManHK
Yeop M3TOYHVUM € CKBNO OT (bMHAHCOBA rneaHa TouKa.
WacnepBaHus, NnpoBegeHu y Hac ¢ PasnuyHu cenc-
KOCTOMaHCKK KyNnTypu A0OKa3saT, Ye U34ncnsaBaHeTo
Ha ET camo 4pes eavH knuMmaTnueH hakrop AeMOH-
CTpUpa TOYHOCT, HE NO-Marka QT Tasu, KOATO npea-
nara metoga Ha ®AO. Taka Hanpumep, MeToda Ha
TemnepartypHaTa cyma, npeanoXeH npegn nopeye
oT net gecetunetus ot U. Jenuwbantos u ap. (1 959)
ce npenopbyBa KaTo Haw noaxoAsLy Npy yapesuua
[13. 17,18, 20, 21], cos [5], TpeBHM cmecku [16], pa-
nuua [4], npon3BoOACTBO Ha NO30B NOcagbYEH MaTe-
puan [23], manuan [14, 15], uenwHa [22], opak-
xepueH nunep [3], npackoea [10, 11}, s6wbnka [11.
12], 3axapHo usekno [19] n ap. u ce nokassa mare-
matudecku ot 1. lasugos u gp. (1983).

Llenta Ha paspaboTtkaTta e ga ce yCTaHOBAT
CTOMHOCTMTE Ha BuodmanyruTe Koeduumnerntn Ke, Z,
R, Ki, Ha ET Ha rpaguHcku dhacyn (paHHO noncko
Npovn3BoACTBO) 3a pantoHa Ha [1noBavB v aa ce Han-
paBAT CLOTBETHWTE MPENOPbLKN 3a nNpakTukaTa Ha
6a3a 4OCTBNHOCT ¥ TOMHOCT.

BtnpochT 33 eheKTUBHOTO M3NOM3BaHe Ha BO-
AaTa 3a HanosieaHe cTasa BCce no-akTyaneH. 3a pa-
OHNTE C HEYCTOMMUBO €CTECTBEHO OBMaMHSBAaHE,
KbM KOWTO cnaja v HaiwaTa CTpaHa, BanexuTte ca
HEeAoCTaTbyYHU KaTO KONUYECTBO U MHOTO 4ecTo ¢a
HEPaABHOMEPHO pasnpefeneHn npes BereTayuoH-
HUA nepuop, nopagn KOeTo NOBEYeTO CenckocTo-
NaHCKu KyNTypu ce oTrnexaat edbekTMBHO camo npu
nonueHu ycnosus. BaxHo ycnoBue 3a nocturade Ha
MakcumarneH edeKT oT HanosBaHETO e TOUHATO of-
pedensHe Ha BPEMETO 3a U3BbpLUBaHe Ha NOoNvB-
kure. ChlyecTByBaT peavua MeToan (AMpeKTHWU K
WHONPEKTHW) 33 HEroBOTO NPOrHO3MpaHe, KaTo oT
AeceTUneTns Hacam WHTepec 3a HaykaTta U npaxkTu-
KaTa npefcTaBnsBa MeToaa Ha eMNUPUMHUTE 3aBu-
cumocTi. Ton Aasa Bb3MOXHOCT 3@ UHAWPEKTHO yC-
TaHOBABaHe Ha eBanoTpaHcnmpauusTa (3a onpege-
nex nepuop oT Bpeme) u peusaBaHe Ha BogoSana-
CCBOTO ypaBHeHue. Haii-uecTo Teau 3aBUCMMOCTU
obebp3saT ET Ha kynTypaTa ¢ gafeH KnuMaTuyeH
dakTop (P) U CLOTBETCTBALUA MY BUODUINYEH KO-

edunuymnent (K). OBwmAT BuA HA ypaBHEHWETO e: Marepuan u meToau

ET=K.® [6, 15]. KaTo 6e3 anTepHaTvBeH 1 TO B CBe- EkcnepumeHtanHata pabota e nposegeHa
ToBeH Mawab ce naHcupa metoga Ha PAQ [25], npes nepnoga 2010-2015 roguHa B onuTHaTa 6asa
koiTO 06Bbp3sa PeanHata ET Ha kynTtypaTa ¢ eTa- Ha AY - TinoBguB Bbpxy anysuanHo-nvsagHa
NOHHaTa eBanoTpaHcnupauunsi. OT BCUYKK ChbilecT- nousa. ManonseaH e copt CTPAWK, koiiTo e BUCOKO
BYBaLLM METOAM TO3MN € Hal-CNOoXeH, Thi kaTo 3a yc- AobuBeH, ¢ HUCBK XxabuTyc 1 e NogxoAsll 3a mexa-
TaHoBABaHe Ha eTancHHaTta ET ce uanonsear ronsm Hu3uparo npubupare. HanosBaHeTo e U3BLPLLBAHO
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npuv cnagaHe Ha nodyseHata BnaxHoct Ao 80% ot
MMNB B cnos 0—40 cm. HanosBaHeTo € N3BbPLUBAHO
rpaeBuTaqHo No kbcu 3aTeopermn Gpasau. Nonnsxara
HOpMa € M3YNCIISIBaHa 3a HaBflaXHsIBaHEe Ha nou-
Bata Ao MMNB (npegenHa noncka BNaro€MHOCT) B
crnoa 0—-60 cm. EBanoTpaHcnupauumaTa e n34yucns-
gaHa no geceTaHeBku U no ¢asu, Ypea nocneposa-
TeneH HanaHc Ha BOAHWUSA 3anac B NOYBaTa, KaTo 3a
tlenta Ha paspaboTkaTa ca u3non3saHn AaHHuTeE 3a
crnos 0-60 cm.

Onpeaenenn cnegHute 6uodnanyHn koedn-
UMEeHTH:

Kc — koedUUMEHT Ha KynTypaTa, KOWTo npeac-
TaBNABa OTHOLLIEHWE MEXAY peanHara esanoTpaxc-
nupauws Ha kyntypata (ET) u eTtanoHHaTa esanoT-
paHcnupauus (ETa):

Ke = ET/ETq

NaxogHata chopmyna, OT KOATO € u3paseH Koe-
dununenTsT Ke e ETc=Kc.ETo 11 € n3BecTHa owle kato
meToabT "Kc ETo" [25]. ETanoH+aTta esanoTpaHcnu-
pauust (ETo) e us4ucneHa ¢ nomoLta Ha cneuunanu-
aupanara komniTbpHa nporpamata CROPWAT 8.0
(FAOQ, 1992), no cbopmynaTa Ha Penman-Monteith
IOAQ, Ne56/ [24], koaTo UMa cneaHna Bua;

00
0.408A(R, —G)+y - ——u,le, —e,
(R,-G) y”:mu.(a e,)

A+ y(1+0.34u,)

ET, =

kbaeTo: ETo e eTanoHHaTa eBanoTpaHcnupa-
uma (mm.day?'); R — HeTHaTa papuauuna BbPXY
TpesHaTa nosbpxHocT (MJ.m2.day'); G — TonnuH-
HWAT NOTOK OT noysata (MJ.m2.day'); T — cpeaHon-
HeBHaTa TeMnepaTtypa Ha Bb3AayXa Ha 2 m BUCOUMHA
(°C); uz — CKOpOCT Ha BSTbpa Ha 2 m BUCOHYMHA
(m.s"); es — HAnAraHe Ha HacMTeHUTE BOAHW napu
(KPa); ea — AEACTBUTENHO HansraHe Ha BOAHMTE
napu (KPa); (es - ea) — AeUUNT Ha HanAraHeTo Ha
HacuTeHnTe BogHu napu (KPa); A - HaknoH Ha Kpu-
BaTa Ha HansaraHeTo Ha soghuTte napu (KPa.°C-*); un
¥ — NCMXpOMETpUYHa KoHCTaHTa (KPa.”C).

Z — xoedUUMEHTHT NPEACTaBNABa OTHOLIEHNE
mexpgy peannata ET 3a onpepeneH nepuog oT
BpEMe 1 CymaTa 0T CpeaAHOAEeHOHOoUHaTa TeMmnepa-
Typa Ha Bb34yXa 3a cblyus TO3M nepuod. Wsuuc-
nsiBa ce no cnegrHara dopmyna:

Z=ET/2T°

axopgHaTta dopmyna, 3a u3pasaBaHe Ha Koe-
duumnenta Z e: ET=2.2T7° [7, 8, 9].

R — koedbuUneHTLT NPeACTaBNABA OTHOLLEHNEe
mexgy peandata ET wu cymara oT geduuuta Ha

BNa)XHoCTTa Ha Bb3gyxa /HPa/. Usuncnaea ce no
cnepHata dopmyna:

R = ET/iD
M3xopaHaTa popmyna, OT KOSTO € u3paseH Koe-
duumenTwvT R €: ET=R.ZD [1, 2].

Kn — koednumeHTsT npepcrasnasa oTHOWE-
Hne mexgy peanHaTta ET u nanapeHneto oT cBO-
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HonHa BogHa nosbpxHocT (Eo), oTHETEHO OT M3na-
puten .knac A". Msuucnasa ce no cnegxarta cop-
Myna:

Ki = ET/Eo

MaxopHaTta cdopmyna, 3a uspasasaHe Ha Koe-
dunumnerTa Kun e: ET=Ku.Eo (Allen, R.G. et. al, 1998).

CToHOCTUTE Ha BModn3nyHUTE KOEDULIMEHTH
ca ycTaHOBEHW NO AECETAHEBKW, KaKTo 1 3a crneg-
HWTe LWwecT nepuoaa 1) MacoBo NOHMKBaHE, 2)
NBbPBK ChLUHCKMU nucT, 3) ByToHnsaumn, 4) macos
ubdTex, 5) nnogoobpasyeaHe, 6) GeputbeH ne-
pvoa.

Pesynrtatu

3a ycTaHoBsiBaHe cToWHOCTUTE Ha Kc npeasa-
PUTESTHO CE U3YNCNABa €TaNOHHaTa eBanoTpaHCnu-
paumsa ETo, k0siTO He 3aBUCK OT BUAA Ha KynTypara,
a OT NpoAbIMKUTENHOCTTA HA HENHNS BETETaLMOHEH
nepuog. Onpeaens ce 3a KynTypa-eTanoH ,xunome-
muyHa Kynmypa“ ¢ BucounHa 0,12 m, kosTo ce oTr-
nexaa B yCNOBUATa Ha onTumanda sofoobesneve-
HocT. KoedhunumeHTsT Ke npeacTasnsisBa 4acTHOTO
mexay ET v ETo. Ha dour. 1 e nsobpaseH Herosuss
XOA, No AECETQHEBKM, CPEAHO 3a TPUTE roAnHu, KaTo
ca OTYeTeHM CTOWHOCTUTE Ha CPEeAHOTO KBaapa-
TUYHO OTKMNOHEHWE 33 BCSIKA OT AECETAHEBKUTE W
Te3n Ha Cv. KoedbmuneHTsT Ke 3anousa ga Hapac-
TBa MHTEH3WBHO Npes TpeTaTa geceTAHeBKa Ha Mai
W JOCTUra MakcUManHu ctoiHoctu npes Geputbe-
HUA nepwop (MbpBaTa W BTOpATa AECETAHEBKU Ha
fonu), KaTo B KPas Ha 10Ny U Ha4anoTo Ha aBrycT 3a-
no4ysa NOCTENEHHO Aa HamansBa. Xo4bT Ha CTOW-
HOCTUTE MY CNiefBaT TO3W Ha CPEdHO-AEHOHOLHaTa
ET. Ha rpacdwmkaTta ce Bmwkaa ACHO BapupaHeTo no
JeceTtaHeBkn, a cpedHo 3a BeretauusaTa Cv=0,448.
CTONHOCTUTE MYy Ca Hal-rofemn B Ha4anoTo Ha Be-
retayunoxHusa nepuog (Cv>0,6), kaTo B nocneacTene
nocTeneHHoO HamassiBaT nNpes nocnegHuTe ase ae-
kagn Cv<0,2 (dwr. 9).

OceeH no gekagu, Kc e npeactaseH U no ¢asu,
KaTo OCpeAHeHUTE 3a LeCTTe ONUTHU FOANHNA AaHHK
ca npefcraseHu Ha ¢wr. 2. BapnpaHeTto e no-Chb-
yjecteeHo go 6yToHusaumta (Tabnuua 1), korato 3a
YCNOB¥ATA Ha CTpaHaTta dacynbT pAAKO ce Hano-
sea. MNpea penpoaykTUBHATA 4acT OT BeretaumsaTa
(ubthrex, nnogoobGpasysaHe u 6eputbn) Cv<0,3.
Mopagw ToBa, CTOWHOCTM Ha koedUUMeHTa No nepu-
0OV [aBaT Bb3MOXHOCT 3@ NO-TOMHO WU3YMCNABaHe
Ha peanHusi BOACPAa3xoh Ha KynTypata, 8 CpaBHe-
HYEe C feceTaAHEBHMUTE.
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®ur. 2. CroiinocTh Ha Ke no nepuoam cpeano
33 WeCT roguHm

Bbnpexu Ye ce nanonssa camo e4uH KNMMaTy-
4eH cbakTop (B cnyyas XT°), XapakTepsbT Ha TpeHaa,
onucealy CTOWHOCTUTE Ha koedmumeHTa Z no ge-
CeTAHeBKN e CXOfeH C To3u Ha koeduumeHta Kc
(¢pur. 3). OceeH TOBa, Npu cpaBHerue mexay dwur. 1
W Gur. 3 ce BMXKAA ACHO, Y€ OTKNOHEHWSTa npwv eg-
HOaKTOPHOTO ypaBHEHME ca NO-Manku, KOeTo ce
NOTBbPXAABa W OT No-HUCKaTa cpeHa CTOMHOCT Ha
Cv. CtoHocTuTe Ha Cv KaTo USNO Ca NO-HUCKN U No
AeceTAHeBkn U C HanpeaBaHeTO Ha BereTauwsTa
nocTeneHHo Hamanaeart (cur. 9).
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nepuoau {periods)

®ur. 4. CToitHOCTH Ha Z nNo nepuoau cpeaHo
3a WecT roauHn

Ha dur. 4 e nsobpasen Z no nepwoan. U Ty
MakcuMarHu CTOMHOCTW Ce OTYNTaT Npes penpoayk-
TuBHMA nepuod (ubdtex, 6oboobpasysane u Ge-
pUTOM), KOraToO HaNOSIBAHETO € MHTEH3UBHO, a Npa-
BUNHOTO onpefensHe Ha ET » HacpoysaHeTo Ha no-
NuBeknTe € OT peliaBallo 3HavYeHne 3a aobuea. Mpea
Tasuy YacT o7 BeretauuaTa, kakro Ge cromeHaTto no-
rope, BapupaHeTo Ha Z He npesuwasa Tosa npu Kc.
Tesn pesyntatv noTBbpXAasaT NPeaUMCTBOTO Ha
MeToda Ha TemnepaTtypHarta cyma npef MeTtoda Ha
®AO OTHOCHO TOYHOCT, MPUIOXUMOCT U LOCTBN-
HOCT.
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®ur. 6. CronnocTn Ha R no nepuogun cpeaHo
3a WecT roanHn

MHTeH3uBHocTTa Ha Ha ET 3asuck B ronsama
cTeneH oT AeduunTa Ha BNaxHOCTTa Ha Bb3AyXa,
HO 3a pasnuka OT TemnepaTypHaTa Cyma, TO3u no-
Ka3aTen € MHOIo No-HEeyCTOW4MB Npes BereTaumnoH-
Hust nepnoa. Bwnpekn ToBa, koeduunenTsvT R ce
npeanara oT MHOFO aBTOPW KaTo NOAXOAAL 3a WH-
AvpekTHo onpegensHe Ha ET. CtoinocTute Ha R no
Jekagw cpefHOo 3a eKCnepuMeHTanHwa nepuopn ca
npeacTasenn Ha ¢ur.5. B cpasHeHne ¢ npeaxon-
HUTE OBa KoeduuueHTa, xoabT Ha R e HepaBHOMe-
peH, Ho Cv npes tonu 1 aBrycr € ¢ no-HUCKU CTOW-
HocTW. MakcumymbT € npes ubdrexa (dur. 6) u
KakTo ce Buxaa Ha Tabnuua 1, 3a BCUYKK haam ot
ByToHmn3aums Ao kpas Ha Beputbenus nepnog Cv e
3HAYMTENHO NO-HUCHK OT To3u npn Ke n Z.
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®ur. 8. CronHocTu Ha Ki no nepnoaun cpeaHo
3a WeCT roAuHU

Mpes nocnegHnTe HAKONKO AeceTuneTus, ma-
COBO B CBeTOBeH Malyal, 3a UHAWPEKTHO onpeae-
naHe ET Ha 3emeaenckute Kyntypu u iporHo3npaHe
NONVBKWTE Ce M3NOoN3Ba M3napeHueTo ot ceobopHa
BOHA NOBBLPXHOCT, OTYETEHO HAW-4ECTO Ypes usna-
puTen knac A. B HAKOu cnyyau nonuekuTe ce Hac-
pouBaT gupekTHo Ha 6a3a onpeneneHo nsnapexue,
HO MO-KOPEKTHO e Aa ce uauucnssa ET nocpepnct-
BOM W3napeHneTo oT csobogHa BOoAHA NOBBLPXHOCT
¥ ONUTHO MayncneH koeduuneHT Ki. B HacToswaTa
paspaboTka CTOAHOCTWUTE Ha TO3M KoedMUWEHT ca
onpefenexy KakTo no Aekaaw, Taka u no nepuoam,
a pesynTaTuTe ca npeAcTaBeHn HarneaHo Ha gury-
puTe 7 1 8. [leceTaHeBHUAT x04 Hanogobssa MHOro
Y031 Ha Z BapupaHeTo e no-ronsmo (Cv=0,465).
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Tabnuua 1. CronHocTu Ha Cv no nepuoau

Cv
Kc z R Ki
0.533 | 0.673 | 0.621 | 0.791
0.683 | 0.525 | 0.622 | 0.734
0.417 | 0.350 | 0.282 | 0.559
0.297 ] 0.291 | 0.263 | 0.267
0.247 | 0.254 { 0.132 { 0.178
0.225 | 0.238 | 0.207 | 0.281

nepvog

MaCcOBO NOHUKBaHe
NbPBU CHLUMHCKM NUCT
6yTOHM3aUMA

Macos ubdrem
nnopoobpasyeare
6epurber nepuopg,

N3soau u npenoptkn

YcTaHoBEHNUTE CTOMHOCTU Ha BnocbusuyHuTe
koeduumnenTn Ke, Z, R n Ki ca npunoxumu 3a nHaW-
PEKTHOTO u3dUCnsBaHe eBanoTpaHcnupauwsTa Ha
rpaguHckua acyn v NporHosupaxe Ha NoMBKUTe.
BapupaneTo n npu wetupute KoeduumenTa e cnabo
W NOYTU €AHaKBO npe3 penpoaykTWBHUS nepuoa,
KOMTO Ha NpakTuka e onpeaensiy 3a NONMBHUS pe-
KUM 1 MONOXWUTENHUA €PEKT OT HanosBaHeTO.

MpenopbuBa ce W3NON3BAHETO HA CTOMHOC-
TUTE, YCTaHOBEHM No hasu, Tbi KaTo Te ca no-Ha-
AEXOHW OT Te3n NO aeceTaHEeBKY.

Mo oTHOWeHWe Ha TOYHOCT U JOCTBNHOCT, Koe-
PULUNEHTBLT Z, KOUTO € 06BBP3aH ¢ TemneparypHaTa
Cyma e Haii-noaxogsiy, koeto 6u cneagano ga ce
B3eMe npeasua npv nsGop Ha MeToA 3a MHONPEKTHO
yctaHossBsaHe Ha ET npu rpaguHckus hacyn.
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Abstract

The aim of this work is to determine values of evapotranspiration’s biophysical coefficients for French beans. With
this task is given a choice of a suitable formula to calculate indirectly evapotranspiration and management of irrigation
scheduling. The experiment was conducted during the period 2010 - 2015 year on the experimental field of AU - Plovdiv
on alluvial soil with variety STRIKE. The values of biophysical coefficients are calculated for ten-day periods and by phe-
nophases, using data on actual ET established at optimum irrigated treatment (maintaining soil moisture in the layer O-
40cm throughout the growing season over 80% of FC) and the appropriate meteorological factors. The values of the
following coefficients are established: 1) Ke=ET</ETo (on the basis of the reference ET), 2) Z=ET/ZT° (on the basis of the
temperature sum) 3) R=ET/ZD (base of vapour pressure deficit /VPD/), 4) Ku=ET/Eo (based on evaporation from a free
water surface). The correlations between ten-day values of ET and biophysical coefficients are established. According to
the obtained results, all type of coefficients may be used successfully, but the method of the temperature sum (2) is pref-
erable due to its high accuracy and easily dial the required output data. The data from evaporator "Class A" are reliable
too. Very accurate method is the reference ET, but its use is needed large number of meteorological factors /data/ that is
processed through a specialized computer program.
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