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Evapotranspiration of green beans depending
on way of irrigation

Alexander Matev*, Radost Petrova, Bilyana Harizanova-Petrova
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PE3IOME

Llenta Ha HacToswaTa pa3paboTka e
Ja ce yCTaHOBAT CyMapHUTe U CpefHo-
[EHOHOLHN CTOMHOCTU Ha eBanoTpaHcnu-
pauusTa Ha rpaguHcu dacyn, B 3aBUCUMOCT
OT Ha4ynHa Ha HanossaHe. [oICKNAT ekcne-
puMeHT e nposefeH npe3 nepuoga 2013-
2015 r. B YOI Ha kaTegpa “Menuvopauum u
3emMeycTpoiicTBo” npu AY-Inosame. M3non-
3BaH e copT “CTpaiiK’, KaTo ca M3nuMTaHu
cnegHuTe BapuaHTh: 1) 6e3 HanosiBaHe; 2)
rpaBMTavyHo HarnosiBaHe; 3) KankoBO Hamnos-
BaHe; M 4) HanosiBaHe 4pe3 AbXAyBaHe.
MonuekMTE ca peanusnpaHn npu gocturaHe
Ha npegnonueHa BnaxHoct 80 % ot MNMNB
npv BCUYKN NMOJSIMBHU BapuaHTK, a nosiMBHa-
Ta HOpMa e U34ncrsBaHa 3a HaB/axHABaHe
Ha nouyseH cnoii 0-60 cm. HanosBaHeTo Ha
ONUTHUTE Napuenn e OCbLLECTBABAHO upe3
pasnnyHn TEXHWKM 3a pasnpefensHe Ha
nosvBHaTa BOAa, CbLOTBETHO MO 6pasnu,
ypes Karkosa CUCTEMa N 4Ype3 MUKPOLbXK-
pyBaHe. CymapHata ET Ha rpaguHcku
dhacyn otrnexaaH npy HenosIMBHW YC/10BUS,
3a yC/i0BMSITA Ha eKcrnepyvMeHTa, Bapupa ot
222 mm pgo 236 mm. HanosiBaHeTo yBe-
NnyaBa  CbLECTBEHO Bogopasxofa oOT
30-35% po Hag gBa nbTu. Pasnukara B
CTOMHOCTUTE NpU OTAENHUTE TEeXHWUKM 3a
HanossaHe e nog 10 %. CpegHaTa cymapHa
ET e 351 mm npu abxayBaHe, Npu Kankoso

SUMMARY

The aim of this study was to be
established the total and the daily average
evapotranspiration (ET) of green bean
depending on different irrigation method.
The experiment was conducted in the
2013-2015 period in the experimental field
of the Department of “Melioration and
geodesy” at AU-Plovdiv. Used a variety
“Strike” in the following variants: 1)
without irrigation; 2) gravity irrigation; 3)
drip irrigation and 4) sprinkler irrigation.
The irrigation rates are realised when soll
moisture before irrigation up to 80% of
field capacity in all irrigation variants and
irrigation rates has calculated to moisture

the soil layer 0-0,40m. The irrigation
experimental plot realised through a
different  technique for  distributing

irrigation water respectively furrows, drip
irrigation system, and micro spray system.
The total ET of garden bean cultivation
under irrigated conditions varies from 222
mm to 236 mm. The irrigated significantly
increased water consumption from 30 -
35% to over twice.

The difference in values in various
irrigation techniques is below 10%. The
average sum ET 351 mm for sprinkler
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HanossaHe e 357 mm, a npu HanosiBaHe no
6pasan 352 mm. Mpy HENONBHU YCI0BUS
MakCUMasiHUTe CPefHOLEHOHOLHN CTOM-
HocTu Ha ET, 3a cnosa 0 — 60 cm, HacTbNBaT
no Bpeme Ha (pasa "macoB UbPTEX’ 1
Bapupart no roguHu ot 3,7 go 3,9 mm. Ha-
nosisaHeTo M3MecTBa MakcuMmyma C fse [0
Tpu cegmuumM, BbB (pasa "606006pasyBa-
He", KaTo pa3fnuka Mexay oTAeNHUTe TeXHU-
K1 Hanpaktuka Hama. CpegHaTta mMakcuman-
Ha cpefHogeHoHowHa ET npu HanosBaHe
no 6pasgu e 5,5 mm, Npn KankoBo Hanos-
BaHe e 5,4 mm, a npu MUKpPOAbXAyBaHe —
5,3 mm.

KntoyoBn  gymu: rpaguHCKu
dhacyn, KankoBo HarosiBaHe, rpaBUTAYHO
HarosiBaHe, 6pasau, ObXIyBaHe,
eBanoTpaHcnmpauus

YBO/,

EsanotpaHcnvpauusata (ET) Ha Bcs-
Ka cenickocTonaHcka KynTypa (BKNHUUTESTHO
M Tasu npu dpacyna) e OCHOBEH pa3xofeH
efleMeHT BbB BOAHUSA 6aslaHC Ha aKTUBHUSA
MOYBEH C/OW N € eAuH OT OCHOBHWTE chak-
TOpW, onpeaensin napameTpuTe Ha NnosavB-
HUS pexxuM. Tbil kaTo TA e AVHaMUYeH BbB
BpeMeTO nokasartesl, HeiHOTO NpoyyBaHe U
nosHasaHe 61 CNoOMOrHano 3a npeuusnpaHe
Ha HanosiBaHeTO M MoBMLLABaHe Ha Herosa-
Ta epeKTUBHOCT.

3a ycnosusATa Ha Hawara cTpaHa, ET
Ha dhacyna e npoyyeHa 3a paioHuTe Ha
Pyce n Masappxkuk. Mo gaHHM Ha Vitkov
(1972), ET Ha dhacyna, oTrnegaH kaTo npo-
NIeTHa KynTypa BbpXy ONoA30/1eHNTE YEPHO-
3eMy Ha PyceHckata HamnouTesniHa cuctema
npu onTUManHO HanosiBaHe e 263-346 mm
3a cnoa 0-60 cm. MakcumymbT e rnpes
nepuoga ,byToHM3auns - mMacoB UbgTex",
Korato goctura 4,6-5,9 mm 3a AeHoHoLve.
Cnopeps Delibaltov wn Sarkizov (1974)
CymMapHuTe CTOMHOCTM Ha eBanoTpaHcnmpa-
unsiTa Ha pacyna 3a paioHa Ha OCM3 -
Masapfpkuk Npu  HEnosIMBHWM  YCNOBUSA
Bapupar B rpaHuumte 236,3-354,1 mm
(cpegHo 279,3 mm).

Mo paHHM Ha Matzenauer et al.
(2002), BB3 oOCHOBa Ha 8 roguwHK
pesynrtati, nNpyY ONTUM&/IHO HanosiBaHWUTe
CymapHus Bogopasxof Bapupa oT 337 o
384 mm, He3aBMCUMO OT CpoKa Ha ceutba.

irrigation, drip irrigation was 357 mm, and
furrows 352 mm. The daily average
evapotranspiration for the layer 0-0,60m
without irrigation occur during phase “full
blossoming” and range in 3,7 to 3,9
depending on the year. Irrigation shifted
maximum two to three weeks in phase
“formation of bean” as the difference
between techniques practically gone. The
average maximum daily average ET in
irrigation furrows is 5,5 mm, with drip
irrigation is 5,4 mm, and for sprinkler
systems — 5,3 mm.

Key words: green been, drip
irrigation,  sprinkler irrigation,  gravity
irrigation, furrows, evapotranspiration

INTRODUCTION

The evapotranspiration (ET) of
each culture (including bean) is a basic
costly element in water balance equation
for active soil layer and is one of the main
determinants of irrigation parameters.

Since it is a time-consuming indicator, its
study and knowledge would help to refine
irrigation and increase its efficiency.

For the conditions of our country,
ET of beans was studied for the regions of
Rousse and Pazardzhik. According to
Vitkov (1972), the beetle cultivated as a
spring crop on the degraded chernozems
of the Ruse irrigation system under
optimal irrigation is 263-346 mm for the
layer 0-60 cm. The maximum is during the
"buttoning - mass flowering" period when
it reaches 4.6-5.9 mm per day. According
to Delibaltov and Sarkizov (1974), the
cumulative  values of the bean
evapotranspiration in the Pazardzhik
region in the non-irrigation conditions
ranged between 236.3 and 354.1 mm
(279.3 mm on average).

According to Matzenauer et al.
(2002), based on 8 annual results, the
optimum irrigation waterfall ranges from
337 to 384 mm, regardless of the sowing
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MogobHM ca W [aHHUMTE W3HEeceHu oT
Mufioz-Perea et al. (2007), cnopeg KouTo
cymapHata ET npu ontumanHo HanosisaHe
Ha pacyna Bapupa oT 384 go 432 mm, a
npu HemnonusHwW ycnosusa — ot 268 go 309
mm.

Sezen et al. (2005; 2008) nposexaat
MalLabHo npoy4ysaHe BbpXy ET 1 NoavMBHUSA
pexvuMm, nNpuM KankoBO HanosiBaHe Ha
rpaguHckmsa cpacyn. Cnopep asTopuTe, 3a
cpegMseMHomopckara 4acT Ha  Typuwms,
cymapHara ET Bapupa oT 276-365 mm,
Korato nonuekute ca ¢ Hopma 30 mm u ca
HacpouBaHu npu wmsnapeHne 60 mm (no
nsnaputen ,knac A”), go 400-472 mm, npu
HanosiBaHe Ha 6as3a m3napeHwe 15 mm u
nbNHa nonveHa Hopma oT 15 mm. Bb3
OCHOBa Ha npoBeAeHU Wu3cneBaHUs B
nonynycTUHeEH paiioH Ha Typums, Koksal et
al. (2008) cbobuwaBar 3a M3KIOUMTENHO
BMCOKM CTOMHOCTM Ha ET npu rpagmHckms
(hacyn, HanosiBaH kankoBo — 580 mm.
MHOro BUCOKM CyMapHU CTOMHOCTM Ha ET ca
YCTaHOBEHW 1 3a palioHa Ha KoHsa (Typuwms)
npu noadbpXxaHe Ha BUCOKA MNOYBEHA
B/I&XXHOCT M [Ba HauMHa 3a HanosiBaHe —
AbxayBaHe 1 kankoso (Topak et al., 2009).
Mpun AavxaysaHeto ET e B AuanasoHa
412-623 mm, a npu KankoBOTO HanosiBaHe —
oT 420 go 627 mm.

MATEPVAJT U METOOU

EkcnepMMeHTbT e npoBefdeH npes
nepuoga 2013-2015 r. B y4yebHO-ONUTHa
6a3a Ha AY - noBavB BLPXY asyBMasiHO-
nuBagHa 6uslua 3abnateHa no4yea. ManutaH
e rpaguHcku dpacyn, copt “Ctpaiik”. OnuTbT
€ 3a/10KeH No MeToja Ha AbAruTe napuesnm
B 4eTupu noBTOpeHus. [onemuHara Ha
omUTHUTe napuenn e 20 m? a Ha
pekonTHUTe — 10 m® npu cxemata Ha
3acaBaHe — 50 x 5 cm (20 pacTteHus Ha 1
JIVHeeH MeTbp). 3a ycTaHOBsABaHe B/IMsAHMe-
TO Ha pasNMyHM HauMHW Ha HanosiBaHe
Bbpxy ET Ha mnscnenBaHua copTt rpaguHCKu
chacyn ca n3nuTaHu cnegHuTe BapuaHTu: 1)
6e3 HarnosiBaHe; 2) rpaBuTayHo HarnosiBaHe;
3) kKankoBO HanosiBaHe; u 4) HanosiBaHe
ype3 abxaysaHe. [MonmBkuTEe ca peanunsu-
paHu npu JocTuraHe Ha npeanonnBHa
BnaxHocTt 80 % ot MMNB npu BCUYKN NONNB-
HAW BapuaHTh, a nofMBHaTa Hopma e

time. Similar are data from Mufioz-Perea
et al. (2007), according to which the total
ET for optimum irrigation of beans varies
from 384 to 432 mm and in non-irrigating
conditions from 268 to 309 mm.

Sezen et al. (2005; 2008)
conducted a large-scale study on ET and
irrigation regime in drip irrigation of
garden beans. According to the authors,
for the Mediterranean part of Turkey, the
cumulative ET varies from 276 to 365 mm
when the irrigation is 30 mm in size and is
set at 60 mm evaporation (vaporizer "A"
class) to 400-472 mm for irrigation based
on 15 mm evaporation and full irrigation of
15 mm. Based on research conducted in
the semi-desert area of Turkey, Kbksa et
al. (2008) reported extremely high ET
values for garden beans, drip irrigated —
580 mm. Very high cumulative values of
ET are found in the Konya region (Turkey)
in maintaining high soil moisture and two
ways of irrigation — sprinkling and dripping
(Topak et al., 2009). During spraying, ET
is in the range 412-623 mm, and in drip
irrigation — from 420 to 627 mm.

MATERIAL AND METHODS

The experiment was carried out
during the period 2013-2015 in the
educational-experimental base of the
Agricultural University of Plovdiv on the
alluvial-meadow former muddy soil.
Garden beans, Strike variety, have been
tested. The experience is based on the
long plots method in four iterations. The
size of the experimental plots is 20 m2,
and the harvest - 10 m2 in the sowing
scheme - 50 x 5 cm (20 plants per 1
meter). To determine the impact of
different ways of irrigation on the ET of
the test beet variety, the following options
were tested: 1) without irrigation; 2)
gravitational irrigation; 3) drip irrigation;
And (4) irrigation. The floodplains were
built at a pre-humidity level of 80% of field
capacity in all irrigation variants and the
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n3yncnsiBaHa 3a HaB/l@XHsiIBaHe Ha Mo4YBEH
cnoii 0-60 cm. HanosiBaHETO Ha ONUTHUTE
napuenv npu noavBHUTE BapuaHT € OChb-
LLLeCTBABAHO YpEe3 M3M0M3BaHE Ha pas/imyHu
TEXHVKN 3a pasnpejesieHve Ha noavBHata
BOAA, CbOTBETHO MO 6pa3an, ypes Kankosa
cuctemMa M yYpes MUKPOLbXAyBaHe, KaTo
noAaBaHOTO BOAHO KOSIMYECTBO MPU BCEKU
BapuaHT e n3MepBaHo ¢ Bogomep.
OnHamykaTa Ha (pakTmyeckaTa nou-
BeHa BMIAXHOCT e ycTaHoBsiBaHa npe3 5-7
OHV NO TersioBHMA mMeTod. 3a Tasu uen ca
B3eMaHu nouyseHn npobu npe3 10 cm Ha
AbnbounHa go 1 m. EBanotpaHcnvpaumsita
€ M34ncrieHa Moc/0NHO MO BapuaHTK, ypes
nocnegoBartesieH 6anaHc Ha BOAHMS 3anac
B noysara, npe3 20 cm Ha Absb6ounHa o 1
m. 3a Ta3u uen e nsnosseaHa popmynaTta:
ET = Wyay — Wy + Mg + M, (Mm), KbeTo
ET — eBanoTpaHcnvpaums 3a OTYETHUSA
nepuvoa, mm;
Wia; Wy — CbOTBETHO BOJEH 3anac B
Hayasl0To 1 B Kpas Ha nepuoga, mm;
M, — cymara OT 13non3saemMuTe Basiexu,
mm;
M, — n3nosi3Baema nosiMBHa Hopma, mm.

PE3YJITATN N OBCbXAAHE

EBanotpaHcnupaumsata Ha BcCska
CefickocTonaHcka Kyntypa ce B/vsie oOT
abuoTuyHuTe (pakTopm Ha cpeparta, arpo-
TexXHuKaTa u u3nos3saHaTta noavBHa Tex-
HUKa Mpu HanosiBaHUTe KynTypu. 3a Tasu
uesn e HanpaBeHa METEeOopOosIorMyHa Xapak-
TepucTMKa Ha ONWTHWUTE TOAWHW MO OTHO-
LEeHNe Ha CyMapHWTE Ba/ieXu U CpeaHo-
[JEHOHoLLIHaTa TeMnepaTypa Ha Bb3fyxa 3a
neppoga V - VIII. B Tabnumua 1 ca
npeacTaBeHy CTOMHOCTUTE Ha CbOTBETHUTE
rnokasaTenu u TaxHata o6e3neyeHocT.

irrigation rate was calculated to wet the
soil layer 0 - 60 cm. The irrigation of the
experimental parcels in the irrigation
variants is carried out by using different
techniques for irrigation water distribution,
respectively by furrows, by a dripping
system and by micro projection, the water
quantity delivered in each variant being
measured by a water meter.

The dynamics of actual soil moisture
is established in 5-7 days by the weighting
method. For this purpose soil samples were
taken over 10 cm at a depth of up to 1 m.
Evapotranspiration is calculated layer by
layer by variants, through a consistent
balance of the water supply in the soil,
through 20 cm to a depth of up to 1 m. For
this purpose, the formula is used:

ET =W pasic - W eng + My + My, (mm), where
ET - Evapotranspiration for the reporting
period, mm;

W pasic; W eng - Water stock at beginning
and end of period, mm,;

My - total of usable precipitation, mm;

My - usable irrigation rate, mm.

RESULTS AND DISCUSSION

Evapotranspiration of each
agricultural crop is influenced by abiotic
factors of the environment, agro-
technology and irrigation techniques used
in irrigated crops. For this purpose, a
meteorological characteristic of the
experimental years has been made with
regard to the total rainfall and the average
daily air temperature for the period V -
VIIl. Table 1 presents the values of the
relevant indicators and their provision.

Tabnuua 1. KnumatnyHa xapaktepuctuka 3a nepmoga V-VIl (2013-2015)
Table 1. Climate characteristics for periods V-VII (2013 to 2015)

Magnitude N T
Years (mm) P (%) °Cc P (%)
2013 176,2 31,8 1996,1 21,9
2014 235,5 20,0 1892,1 55,4
2015 151,1 55,2 2018,1 14,3

N - rainfall in mm; T - sum of the average daily air temperature in C'; P - provision in%
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MbpBata onutHa (2013) rogunHa ce
Xapaktepusupa KkaTo cpefHO BfaxHa U
CpefHO ToMMa, Karto npe3 Mai Banexwu
npakTuyeckn nunceaT. B To3u nepuog no-
pagu MaskMte cu pasmepu U CpaBHUTENHO
HUCKMUTE CpefHOAEHOHOLHMN TemnepaTtypu
Ha Bb3fyxa, pacTeHuATa uUMaT Masko
BoZoNoTpebrieHne, KOeTo ce 3aJ0BONsBa
OT Ha/MyHMA BoAeH 3anac. [pe3 Ta3n
onnWTHa roAuHa BasiexuTe ca CbCpenoTo-
YeHW B Mepuoga OT NbpBaTa Aekaga Ha
IOHM [0 NbpBaTa Ha oK, nopagun KoeTo ca
peanm3vpaHy 2 MOMMBKUM NO Bpeme Ha
nepuoga Ha nnofgoobpasyBaHe (B Kpas Ha
ronu).

Mpe3 BnaxHata 2014r. Banexure
(235,5 mm) ca cpaBHWUTE/IHO PaBHOMEPHO
pasnpefeneHu, KOUTO ca 3Ha4uTesIHO no-
BMCOKN OT CpefHWUTe CTOHOCTM 3a MHOro-
rogveH nepuog, Kato Hai-CbLiecTBEHO e
OTK/IOHEHMETO Npe3 BTopara feceTAHeBka
Ha oHW — Hag 3 nbTu. BbB hasa nbpsu
3aBpa3 e peasiM3npaHa efuHCTBeHara Mo-
/IMBKa 3a Cce30Ha, ype3 KOATO Ce KOMMEeH-
cvpa 3acylaBaHeTo, 3anoyHasio npes
TpeTaTa AeKkaja Ha loHW, a Basiexute npes
BTOparta [eceTAHeBKa Ha 01 1 crej, ToBa
npoAb/XaBaT Aa OCUrypsiBaT [OCTaTbyHO
NleCHOAOCTbINHA BOJAa 3a pacTeHuaTa [0
Kpasi Ha 6epuTouTe.

Mpe3 nocnegHata onutHa (2015)
rofvHa cymaTa Ha nagHasmTe Basiexu e Ha
npakTuka ngeHTnyHa ¢ Tasm npes 2013r. Mo
OTHOLLEHNE Ha BasieXuTe TA Ce Xapakre-
pu3mpa Kato cpefHa, a no OTHOLIEeHWe Ha
cpefHoeHOoHOLWHaTa Temneparypa Ha Bb3-
dyxa e Tonna. Npes Tasu rogmHa Banexure
ca CbCpPefoTOYEHW [NaBHO Npe3 MbpBuTe
[Be Jekaan Ha Mai, KoraTo HyxauTe Ha
pacTteHusTa ce 3a40BOSABAT NPEeAUMHO OT
Ha/IM4YHMA BOAEH 3anac, 1 npes Broparta u
TpeTaTa AeKkafa Ha HoHW.

Pa3snpegeneHveTto Ha BasiexuTe Mo
Jekaay npes nbpsarta W nocsegHara onuT-
Ha roauHa, obycnassi peanusvMpaHeTo Ha
KOPEHHO pa3fnuyeH 6poii NonuBKM, KaTo
npe3 2015 r. NOAVMBHMAT CE30H 3ano4sa
eavH Mecel, no-paHo. MNogageHn ca Hai-
ronsam 6poi nonveku — 5, kKATO NbpBaTta e
peanm3vpaHa Mo Bpeme Ha BeretatuBHUSA
nepuos OT pasBUTUETO Ha TPaSUHCKUSA
thacyn. Bropara nosnveka e peasiuanpaHa B
Kpas Ha ubdTexa, a cnepsawmte Tpu no

The first experimental (2013) year
is characterised as average wet and
moderate, with May rainfall practically
missing. In this period due to their small
size and relatively low average daily air
temperatures, the plants have little water
consumption, which is satisfied with the
available water supply. During this
experimental year, the precipitations were
concentrated in the period from the first
decade of June to the first of July, due to
which two floodplains were carried out
during the fructose period (end of July).

In the wet 2014 Precipitation
(235.5 mm) is relatively evenly
distributed, which is significantly higher
than the average for a multiannual period,
with the most significant being the
deviation in the second ten days of June -
more than 3 times. In the first phase, the
only watering season for the season was
made to compensate for the drought that
started in the third decade of June and
rainfall in the second ten days of July and
then continue to provide enough water for
the plants to the end of the harvest.

In the last experiment (2015), the
sum of the precipitated rainfall is identical
to the one in 2013. In terms of
precipitation, it is characterised as
average, and in terms of average daily air
temperature is warm. This year the
rainfall is mainly concentrated in the first
two decades of May, when the needs of
the plants are mainly satisfied by the
available water supply, and in the second
and third decades of June.

The distribution of precipitations in
decades during the first and last
experimental year determines the
realisation of a radically different number
of irrigation, and in 2015 the irrigation
season starts one month earlier. The
largest number of irrigations - 5, the first
being realised during the vegetative
period of the development of the bean.
The second irrigation is realised at the
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BpemMe Ha nepuoga Ha nnofoobpasysBaHe,
Kato nocnegHata e nogageHa npes
6eputbeHna nepunog,

B HacTosAWwMsA  ekcnepuMeHT  ce
npoyysa B/IMSAHMETO Ha BMAA Ha NosiMBHaATa
TexHuka Bbpxy ET Ha rpaguHckusa doacyn.
[aHHnTe 3a cymapHute U CTOMHOCTM 3a
cnos 0-60 cm npu HENosIMBHU YC/OBUA ”
npv pasnnyHWTe HaynMHW 3a HanosiBaHe ca
npeactaseHy B Tabnuua 2 no rognHu v B
Tabnuua 3 cpefHO 3a ONMUTHUA Nepuoa.
[aHute nokassar, 4e MNpuU HEMNOJIMBHU
ycnosuss Bogopasxofa He ce Buse
CbLLECTBEHO MNpe3 ONUTHUTE TOAMHWU OT
221,6 pgo 2355 mm. ToBa ce Ab/KU Ha
CpaBHUTE/IHO A06pPOTO pasnpefernieHve Ha
BaUIEXUTE MNpe3 TpUTe ONMUTHU TOL4MHW,
KOWTO ce XxapakTepu3upaT Kato cpefHu Ao
CpefHOBNaXHN,

Bbnpekn uve npe3 nbpBaTa rogmHa
ca peanuauvpaHu no-ronsm 6poi NonuBKW,
HO B MO KbCHa (pa3a B cpaBHeHWEe C BTO-
pata rofguHa, CTOWHOCTMTE Ha CymapHaTa
eBanoTpaHcnupauusa npes aBeTe OMNUTHU
roAVHU ca NoyTu NaeHTUYHW. MNpes TpeTtara
ekcnepuMeHTaslHa roguHa e  Haaumue
eeKTbT OT MO-BUCOKOTO HarpexeHue Ha
MEeTeopOsIOTNYHNTE (PakToOpy — MHOFO SICHO
n3paseH npu HanosiBaHUTe BapuaHTu.

CymapHute cToiHocTM Ha ET ce
onpefensaT OCHOBHO OT XapakTepa Ha roau-
Hara, NPOABL/HKUTENHOCTTa Ha BereTaunoH-
HUS nepuog M OCUTypsiBAHETO Ha pacTe-
HMATa npe3 usanara seretauma c focta-
TbYHO KOSIMYECTBO SIECHO AOCTbMHA Boja B
aKTUBHMWSA NOYBEH C/0W Ype3 NpoBexgaHeTo
Ha onTUMasieH NOIMBEH pexum. Taka, npes
nbpBaTa ONWTHa rodvHa AafeHute npes
nepuoja Ha HapacTBaHe Ha 606oBeTe ABe
NMosIMBKN BOAAT [0 YyBesuyasBaHe BOAOpas-
xofda Ha pacyna ¢ 30-32%.

Mpe3 2014r. ca HanMue Masko no-
CbLLECTBEHN pa3/nNyng, KaTto peanunsunpa-
HEeTO Ha efiHa eAVHCTBEHa Mo/smBKa, noja-
JeHa BbLB (hasza ,nbpBu 3aBpas”, BOAU [0
yBE/IMYEHNE HA CyMapHWTE CTOWHOCTM Ha
ET c 32 % npu AgbxayBaHe M Mpu KankoBo
HanosisaHe [0 41 % npw HanosiBaHe Mo
6pa3gu. MNpes TpeTaTa onNuWTHa roguHa Ha-
nosiBsaHeTo yBennyasa ET ¢ okosio 2 nbTw.

end of flowering and the next three during
the fruiting period, the latter being fed
during the harvest period.

This experiment explores the
influence of the type of irrigation
technique on the garden bean ET. The
data for its 0-60 cm layer values under
non-irrigating conditions and the different
irrigation methods are presented in Table
2 by years and in Table 3 on average
over the trial period. Danes show that
under non-irrigation conditions the water
flow is not significantly affected during the
trial years of 221.6 to 235.5 mm. This is
due to the relatively good distribution of
rainfall during the three experimental
years, which are characterised as a
medium to medium-low.

Although in the first year a higher
number of irrigation was achieved, in a
later phase compared to the second year,
the values of the aggregate
evapotranspiration  during the two
experimental years were almost identical.
In the third experimental year, there is the
effect of the higher tension of the
meteorological factors - very pronounced
in the irrigated variants.

The sum of ETs is determined
mainly by the nature of the year, the
length of the vegetation period and the
provision of the plants throughout the
growing season with sufficient quantity of
readily available water in the active soil
layer by conducting an optimal irrigation
regime. Thus, in the first experimental
year, two waterings during the bean
growing period lead to an increase in the
water run of the beans by 30-32%.

In 2014, There are somewhat more
significant differences, with the realisation
of a single polish given in the first-stage
phase, resulting in an increase of the
aggregate values of ET with 32% for
sprinkling and for drip irrigation to 41% for
furrow irrigation. In the third experimental
year, irrigation increases the ET by about
2 times.
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Ta6nvua 2. CymapHa eBanoTpaHCnupaums Ha rpaguHCKy hacyn B 3aBMCUMOCT

OT Ha4MHa Ha HarnosBaHe

Table 2. Total evapotranspiration of garden beans depending on the way of

irrigation by variants and years

ET (evapotranspiration)
Variants compared | compared | compared | compared
(mm) | toVar. 1 to Var. 2 toVar. 3 | toVar. 4
%
2013
1 [Notirmated 2355 |  100,0 75,9 76,9 77,1
bes HanosiBaHe
o O furrows 310,2 | 131,7 100,0 101,3 101,6
HanosiBaHe no 6pa3an
Drip irrigation 306,1 | 130,0 98,7 100,0 100,3
KankoBo HanosiBaHe
4 |Spring / ObXxayBaHe 305,3 129,6 98,4 99,7 100,0
2014
1 Notirriated 221,6 | 100,0 71,1 75,9 75,9
bes HanosiBaHe
o O furrows 311,6 | 140,6 100,0 106,7 106,7
HanosiBaHe no 6pa3an
Drip irigation 201,9 | 131,7 93,7 100,0 99,9
KarnkoBo HanosiBaHe
4 |Spring / AbxayBaHe 292,1 131,8 93,7 100,1 100,0
2015
1 [Notirmated 226,0 | 100,0 52,1 47,7 49,6
bes HanosiBaHe
o (On furrows 4338 | 1919 100,0 91,6 95,3
HanosiBaHe no 6pasan
3 [Prip imigation 473,7 | 2096 109,2 100,0 104,1
KankoBo HanosiBaHe
4 |Spring / AbxayBaHe 455,2 201,4 104,9 96,1 100,0
HaunHbT 3a HanosiBaHe He Busie The method of irrigation does not
CbLUECTBEHO BbPXY CyMapHuTe cToii- | have a significant impact on the

HocTM Ha ET, kato npe3 2013 .
pasnukiTe Mexay OTAesIHUTE TEXHUKU e
nog 2%. MNpes BTopara n TpetaTta onuTHN
rOOVHW pasfivkata Mexay OoTAesiHuUTe
TexHnkn e nog 10% wm  navncea
€/1HONMOCOYHOCT.

OcpegHeHUTe daHHW ca npepcra-
BeHn B Tabnuua 3. Cnopeg TAX npu
HEeMnosIMBHM YC/OBUA Bogopasxoa e 228
mm, Koeto e c Hag 55% no-masiko ot
TO3W Npy NoNuBHUTE BapuaHTu. Kato ua-
N0 pasnvkuTe Mexay nosMBHUTE BapuaH-
TV He ca CbLeCTBEeHW, Kato 3a Luenus
onuteH nepuog ca nog 2 %, T.e. HAYUHDBT

aggregate values of ET, and in 2013 the
differences  between the  different
techniques are below 2%. In the second
and third experimental vyears, the
difference between techniques is below
10% and is not one-sided.

Average data are presented in
Table 3. According to them, in non-
irrigation conditions, the water flow is 228
mm, which is by over 55% less than that
of the irrigation variants. Generally, the
differences between the irrigation variants
are not significant, and are below 2% for
the whole of the experimental period. The
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Ha HanosiBaHe He Oka3Ba CblLECTBEHO
B/IMSIHWE BbPXY CTOMHOCTUTE Ha CyMmap-
HOTO BOAONOTPEGIEHNE.

irrigation method does not have a
significant impact on the total water
consumption values.

Tabnuua 3. CymapHa eBanoTpaHcnnpaums Ha rpaguHckM gpacyn B 3aBUCUMOCT
OT HauMHa Ha HanosiBaHe MO BapuaHTU cpegHo 3a nepuoaa

Table 3. Total evapotranspiration of garden beans depending on the way of
irrigation by variants on average over the period

ET (evapotranspiration)
Variants compared | compared | compared | compared
(mm) toVar.1 | toVar.2 | toVar. 3 | toVar. 4
%
1 [Notirriated 227,7 | 100,0 64,7 63,7 64,9
Be3 HanosiBaHe
o (On furrows 351,9 | 1545 100,0 98,5 100,3
HanosiBaHe no 6pasau
3 Prip irrigation 357,2 | 156,9 101,5 100,0 101,8
KankoBo HamnosiBaHe
4 3Pring 350,9 | 154,1 99,7 98,2 100,0
bXayBaHe

3a uenute Ha HanosiBaHeTo e oT
ocobeHa BaxHOCT da 6bae npocrefeH BO-
JopasxoabT npe3 oTAesHMTe nepuogn OT
pasBuTne Ha KynTypaTa, nopagu KoeTo ce
onpeaensit cpeAHoAEeHOHOWHNTE My CTOW-
HocTu. Ha ®dyrypute 1, 2 n 3 e npeacraBeH
no roguHn cpegHoAeHOHOWHNS xog Ha ET
npy HENOMIMBHU YCNOBUA U NPU HanosiBaHe
no 6pasgu, KankoBo U AbXAyBaHe.

EC 4,82
45 [ Lo
4,62
40 f BN
35
=30
=
£ 28
L zo
E!: 1.6 4 HenonweeH fwithout!
210 — — —no Gpasgu /gravity,
0 PO OO i i kankoso /drip/
5 — .« — gwikayBanHe /sprinklar/
oo
L 1 1 B O ¥ )
15
v Vi Wil Wil

dur. 1. CpegHoAeHOHOWEH xo4 Ha ET
no BapuaHTu 3a 2013 .

dur. 1. Average diurnal course of by
variants for 2013

For irrigation purposes, it is of
particular importance to trace water
scarcity during the different periods of
culture development, therefore setting its
daily average values. Figures 1, 2 and 3
represent the yearly ET daily rotation in
non-irrigating conditions and in irrigation,
drip and sprinkling.

55 —_——
-
5,0 - e ,.._5:15 R
45 - A8
4.0 -
35
’E 3,0
E 25 -
'_
Li 20
& 1,5 HencnueeH fwithout/
& 10 4 — — —no Bpasau Igravity/
Y20 I — kankoeo /drip/
0.0 T pwkayeaHe /sminkler/
|1 pmyl m|mil | g
12
v VI Vil pulll

dur. 2. CpegHogeHoOHoOLWEH xo4 Ha ET
no BapuaHTu 3a 2014 .

dur. 2. Average diurnal course of by
variants for 2014
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dur. 3. CpegHogeHoHoLeH xo4 Ha ET no BapuaHTu 3a 2015 T.
Fig. 3. Average diurnal course of by variants for 2015

3a ycnosusATa Ha onuTa MakCUMaJslHU
CTOMHOCTM Ha cpeaHoaeHoHowWwHaTa ET, npu
HEMoNMBHW YyCNOBUA, ce pJocturar npes
nbpBaTa fekaga Ha v npes nbLpsute Ase
OMUTHU roamMHK, KaTo npes 2013 r. NUKbT e
BbB (hasza "nbpBuM 3aBpas3”’, a npes 2014 r.
BbB (pasa "mMacoB UbTEX”. 3a cnos 0-60
cm MakcumasiHTa cpegHofeHoHowHa ET e
3,7 mm npe3 2013r. n 3,9 mm npe3 2014 r.
MMpe3 TpeTaTa onuMTHa rognHa MakCUMyMbT €
u3TerneH C efHa fekaga no-paHo (npes
nepvoga Ha ubttexa) m e 3,5 mm 3a
JEeHoHoLue, HO nopaan 3acyllasaHeTo npes
BTOpaTa MnoJsioBMHa Ha BereTtauusTta, CTOW-
HoCTUTe 3anoysart 6bP30 Ja Hamansasear.

Mpe3 nbpBUTE [BE TOAMHW  MpU
MOSIMBHU YCOBKS, MAKCUMa/THUTE CTOMHOCTU
Ha cpegHofeHHowHata ET ce pgocturaTt B
nepuoga Ha HapacTBaHe Ha 6060BeTe npes3
Tpetata fekafja Ha tonn. Mpu rpaBuTavyHo
HanosBaHe MakcuMymMbT 3a cnos 0-60 cm
npe3 2013 n 2014r. e cbOTBETHO 4,8 mMm 1
55 mm. [lopagn cneyMdmnyHocTTa Mo
OTHOLLEHWE Ha MeTeopOosIorMyHMTE thaktopwu,
MakcuMymbT (6,2 mm) Ha ET npes Tpetarta
roovHa e wusTersieH no-paHo, Ho 3arnassa
BUCOKNTE cK cTolHOoCTK (5,5-6,0 mm) noutwn
[0 Kpas Ha 6epuUTHOEeHUs Nepuo.

Mpu KankoBO HamnosBaHe Ce HaB/ax-
HfABa MNO-MaUsika 4acT OT MOBBPXHOCTTA Ha
rnoysaTta v B CpaBHEHWE C rPaBUTaYHOTO Ha-

304

For experimental conditions, the
maximum values of day-to-day ET in
non-irrigating conditions are reached
during the first decade of July during
the first two experimental years, with
the peak in 2013 being in the first-
stage phase and in 2014 in phase
"Mass flowering”. For the layer 0 - 60 cm
the maximum average daily temperature
is 3.7 mm in 2013. And 3.9 mm in 2014.
In the third experimental year, the
maximum is pulled one decade earlier
(during the flowering period) and is 3.5
mm per day, but due to drought in the
second half of the vegetation, the values
begin to decrease rapidly.

During the first two years under
irrigation  conditions, the maximum
values of the mid-day ET are reached in
the period of beans growth in the third
decade of July. For gravity irrigation the
maximum for the layer 0-60 cm in 2013
and 2014. Is respectively 4.8 mm and
55 mm. Due to the specificity of
meteorological factors, the peak (6,2
mm) of the ET in the third year was
withdrawn earlier but kept its high values
(5,5-6,0mm) almost until the end of the
harvest period.

With drip irrigation, a smaller
part of the surface of the soil is
moistened, and there is no surface



nosiBaHe fiMncea NOBbPXHOCTEH OTTOK. Hesa-
BMCUMO OT TOBa CTOMHOCTUTE (BK/THOUUTENTHO
MakCcMMaslHUTEe) Ha cpegHoAeHoHoWwHaTa ET
ca CbU3MEPUMWU C Te3n Mpu rpaBUTAYHOTO
HanosiBaHe. EAHONOCOYHM B TO3M CMUCH/ ca
KOeTo oue
BEHDBX NOTBbPXAaBa 13Ka3aHOTO B HACTOS-
warta pabota CTaHOBULLE, Y€ HAYUHBLT Ha
HanosiBaHe He OKa3Ba CblLUECTBEHO BNAUSHME
Bbpxy ET Ha rpaguHckus dacyn v HeilHata
WHTEH3MBHOCT. OCBEH TOBA HSIMa CblUECTBe-
HA pasnnuust Mexagy WusnuTaHuTe MOMUBHU
TEXHUKN MpX  CPeAHOAEHOHOWHMA Xo4 B

W [aHHWTE 3a AbXAyBaHeTo,

pamkuTe Ha fafeHa Beretayms.

N3BOAM

CymapHata ET Ha rpaguHckn dpacyn
oTrnexpaH npu HenosIBHWU YC/0BUA, B
palioHa Ha [lnoBauB, 3a YcCnoBusiTa Ha
eKcrnepumMeHTa, Bapupa ot 222 mm go 236
mm. HanosiBaHeTo yBennyaBa CbLLECTBEHO
Bogopasxoaa ot 30-35% [0 Haj ABa MbTu.
Pasnukata B CTOMHOCTUTE MpU OTAENHUTE
TEXHUKN 3a HanosiBaHe e nog 10 %.
CpepHata cymapHa ET e 351 mm npwu
ObXaysaHe, Npu KankoBo HanosisaHe e 357
mm, a Npy HanosieaHe no 6pasan 352 mm.

Mpn HENnoNuBHW yCNoBUSA Makcumas-
HUTe CpefHOAEHOHOLWHN CTOMHOCTU Ha ET,
3a cnos 0-60 cm, HacTbMNBaT No BPeMe Ha
(hasa "mMacoB Ub(TEX" 1 BapupaT no roam-
HU ot 3,7 go 3,9 mm. HanosiBaHeTO u3-
MecTBa Makcumyma C ABe [0 Tpu fAecert-
[OHEBKM, BbB (hasa "606006pasyBaHe”, kaTo
pasnuka Mexay OTAENHUTE TEeXHUKN Ha
npaktmka HaAma. CpepgHarta MakcumasiHa
cpenHoaeHoHowHa ET npu HanossaHe no
6pa3gn e 5,5 mm, npu KankoBo HanosiBaHe
e 54 mm, a npu MuKpoabxaysaHe — 5,3
mm.

runoff in comparison with gravity
irrigation. Nevertheless, the values
(including the maximum) of day-to-day
ET are commensurate with gravity
irrigation. One way in this sense is the
sprinkling data, which once again
confirms the view expressed in the
present work that the irrigation method
has no significant impact on the
garden bean ET and its intensity.
Furthermore, there are no significant
differences between the tested
irrigation techniques at the midnight
cycle within a given vegetation.

CONCLUSIONS

The cumulative SP of non-irrigated
garden beans in the Plovdiv region for
experimental conditions ranges from 222
mm to 236 mm. lIrrigation significantly
increases the water flow from 30-35% to
more than twice. The difference in values
for individual irrigation techniques is below
10%. The average aggregate ET is 351
mm for sprinkling, 357 mm for drip
irrigation, and 352 mm for irrigation.

Under non-irrigating conditions, the
maximum daily average values of ET for
the 0-60 cm layer occur during the "mass
flowering" phase and vary by year from
3.7 to 3.9 mm. Irrigation shifts the
maximum by two to three decades in the
"bean" phase, as there is no difference
between the different techniques. The
average maximum daily average EW for
furrow irrigation is 5.5 mm, with drip
irrigation 5.4 mm and 5.3 mm with
microdilution.

NWMTEPATYPA | REFERENCES
1. Delibaltov, Y. and M. Sarkizov, 1974. Influence of disturbed irrigation regime on
bean yield. Plant Science, Ne3, 123-132 (Bg).
2. Koksal, E., T. Kara, M. Apan, H. Ustiin and A. ilbeyi, 2008. Estimation of green
bean yield, water deficiency and productivity using spectral indexes during the growing
season. Irrigation & Drainage Systems, 22(3-4), 209-223.
3. Matzenauer, R., J. Maluf, M. Sampaio and C. Anjos, 2002. Agroclimatic analysis
of water availability for common bean in Planalto Medio of Rio Grande do Sul State,
Brazil. Pesquisa Agropecuaria Gaucha, 8(1-2), 39-51.

305



4. Mufioz-Perea, C., R. Allen, D. Westermann, J. Wright and S. Singh, 2007. Water
use efficiency among dry bean landraces and cultivars in drought-stressed and non-
stressed environments. Euphytica, 155(3), 393-402.

5. Sezen, S., A. Yazar, M. Canbolat, S. Eker and G. Celikel, 2005. Effect of drip
irrigation management on yield and quality of field grown green beans. Agricultural
Water Management, February 15, 71(3), 243-255.

6. Sezen, S., A. Yazar, A. Akyildiz, H. Dasgan and B. Gencel, 2008. Yield and
quality response of drip irrigated green beans under full and deficit irrigation. Scientia
Horticulturae, 117(2), 95-102.

7. Topak, R., B. Acar and S. Suheri, 2009. Drip and sprinkler irrigation of dry bean
(Phaseolus vulgaris L.) in the Konya basin, Turkey. Philippine Agricultural Scientist,
92(2), 186-192.

8. Vitkov, M and M. Petkova, 1972. Ways of irrigation and water consumption of
beans. Plant Science, Ne3, 73-79 (BQ).

306


https://www.researchgate.net/publication/322129008

