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PE3OME

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

The aim of this work is to study the
influence of the regulated water deficit on
the productivity of common bean and to
establish the parameters of "Yield-
Irrigation rate" relationship. The field
experiment was conducted during the
period 2014-2016 in the experimental field
of Agricultural University - Plovdiv. The
variety "Dobrudzhanski-7" is  used.
Experimental variants are: 1) without
irrigation, 2) irrigation with 25% of
optimum irrigation rate (25%m), 3)
irrigation with 50% of optimum irrigation
rate (50%m), irrigation with 75% of the
irrigation rate, 5) optimum irrigation (100%
irrigation rate) by 80% of field capacity for
the 0-40cm soil layer. The results show
that reducing of the irrigation rate by 25%
provides over 95% of the maximum yield
even in years with long summer droughts.
By economic point of view, this irrigation
regime is close to the optimum and can
be successfully applied by shortage of
irrigation water. The yield losses in realize
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npunara ycnewHo. Mexgy 8 n 15% ca
3arybuTte Ha A0o6MB Mpu peanm3mpaHe Ha
50% oT onTMmaniHaTa nosiMBHa HOpMa,
KaTo TO3U MOJIMBEH PEXNM CbLLO MOXeE fa
6bAe NPUIoXKEH NPU HeOCTUI Ha MNONMB-
Ha Boga. He ce npenopbyBa HanosBaHe-
TO C MaJiKv NOAMBHM HOpMK (25%m), Tbit
KaTo ce nocTura HesHauyuTeneH MKOHOMMU-
yeckn edpekt, 0cobeHo npes Cyxu roguHu.
MpoayKTMBHOCTTA Ha HanouTtesiHata Hop-
Ma npv ONTUMasIHO HanosiBaHe e cpeiHo
0.712 kg.da’l.mm'l. MpunaraHeTo Ha Ha-
pyLLEH NOJIMBEH PEXWM, BOAN [0 HEMHOTO
yBenuyaBaHe. Bpb3kaTta “[Jo6MB-HanouTenHa
Hopma" ce nspasssa Haii-fobpe upes cTe-
neHHata 3aBUCUMOCT Y:1-(1-Yc)(1-x)1'7,
Kato X" e OTHOcuTesiHaTta HarouTesnHa
Hopma, a Y. € OTHOoCUTeNnHus fobus 6e3
HanosiBaHe. [pachmyeckn 3aBuUCUMOCTTa
ce u3passBa 4pe3 usnbkHana napabona
npu koedUMEHT Ha Kopenauns R=0.994.

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

yBO/[,

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

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

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

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

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

INTRODUCTION

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MATEPVAT N METOON

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

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

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

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

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

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

MATERIAL AND METHODS

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

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

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

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

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

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

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

For the calculation of the relationship

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

MeTeoponornyHa xapakTepucTu-
Ka Ha ONUTHWTE roAnHN

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

RESULTS AND DISCUSSION

Meteorological characteristics of
the experimental years

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

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

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

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

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

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

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

EnemMeHTU Ha NONNBHUS PEXUM

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

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

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

Irrigation regime components

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

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

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

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

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

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

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

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

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

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

Productivity of beans in non-
irrigation and optimum irrigation
conditions

For the conditions of the

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

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

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

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

BnvaHve Ha perynupaHus BOAeH
fedyumT BBbPXY NPOAYKTMBHOCTTA Ha
thacyna

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

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

Influence of regulated water deficit
on bean’s productivity

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

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

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

On average for the all experimental
period, irrigation with 75% of the
maximum rate provides a yield of 242
kg/da, which is 4% lower than that
obtained with optimum irrigation and is
not statistically warranted. Comparing the
yields in this variant to those obtained
under non-irrigating conditions, the
differences are significant — between 80
and 130 kg/da (increase between 50 in

204



oy 50% npe3 BnaxHata 2014 n 100%
npes Han-cyxata 2016 roguHa) u ce
[Joka3BaT CTaTUCTUYECKU MpPU Hail-BUCOK
paHr 1 npes TpuTe roguHu Ha onuta. Cpeg-
HO 3a eKcnepyMeHTauIHUS Nepuog HapacT-
BaHeTO Ha Aob6vBa Npy BapuaHT 4 cnpsmo
TO3un npu BapuaHT 1 e 100 kg/da nnun 70%.
[Mo-cbLecTBEHOTO peayunpaHe Ha
MofIBHUTE HOPMM YyBesMyasa pucka oT
MocTaBAHETO Ha pacTeHusATa B YCNOBUSA-
Ta Ha BOJeH cTpec, ocobeHo npes roau-
HW C MPOLB/IXUTENHN 3acyllaBaHns npes
nepvoga ot 6y TOHM3aUWA [0 NPUKIOY-
BaHeTO Ha (pasa Ha/IMBaHe Ha 3BbPHOTO.
Kakto Beuye 6e cnomeHarto, roguHuTe
BK/lOYBaLLM HacToswa paboTa He ca
eKCTPeMHU [0pu npe3 penpoayKTUBHUSA
nepuvog. B pesyntar Ha ToBa [06MBUTE,
nosiydeHu npu HanossaHe ¢ 50% Hama-
JIeHMe Ha NOMMBHUTE HOPMU Ca CpaBHU-
TenHo Bucokn 210-230 kg/da, kato pas-
JIKUTE CMpSAMO ONMTUMANIHUA BapuaHT ce
JoKassaT camo npe3 TpeTata oOnuTHa
rogvHa. CpefiHO 3a TpuTe roAvHW Mpu
TO3W BapuaHT ca nonydyeHu 223 kg/da
3bPHO WK 88% OT MakCcUMasHUA 0O6UB.
AHanu3unpanku pesyntatuTte no OTHoLle-
HMe Ha [OoNb/HUTENHUA p[o6MB CcTasa
ACHO, Ye W TyK pasivkara Ccrnpamo
HeHanosiBaHus pacy/s € MHOro rosiama u
CTaTUCTUYECKM fj0Ka3aHa BbB BCEKN eanH
oT cnyyaute. Ceobliarta ce wuspasssa B
yBenunyeHne c¢ 60-100 kg/da wm ¢
40-80%, B 3aBMCUMOCT OT YC/IOBUATa Ha
rogvHata. Bb3mMOXHO e npes roauHu c
EeKCTPEMHU 1 NPOAL/DKUTESHM 3acyLlaBa-
HMs abCoNOTHUTE CTOMHOCTM Ha obLwwmA
W [OMBAHUTENHWA O06MB Mpu  TO3M
MoJIMBEH PeXuM fa ca 3HauyuTenHo no-
MasikM, HO TYK MO-CblLUECTBEHO e fa ce
noTbPCU asiTepHaTMBa 3a MNo-edIEKTUB-
HOTO MYy peasiM3upaHe B YC/loBUSATa Ha
HeJoCTUI Ha nosvBHa Bofa. B To3n cmu-
CbJ1, aKO Ce CpaBHAT fob6uBUTE, Nonyye-
HW NpW BapuaHT 3 U Npu BapuaHT 6 ce
BUKJA ACHO, Ye pas/iMKUTe ca HecbLecT-
BEHW, KaTO CpeHOo 3a nepuoga Ao6UBLT
npu HanosiBaHe BbLB BCsKa 6pasga e 223
kg/da, a npu HanosiBaHe npe3 6pasfa —
218 kg/da. Oopw npu nonyyvyeHute gocrta

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

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

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

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

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

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

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

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

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

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

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

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

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

NnPoAOyKTUBHOCT

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

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

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

Bpb3ka ,HanonTenHa Hopma -—
[Oo6bus”

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

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

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

Relationship  "lrrigation rate —
Yield"

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

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

HanouTtesiHa Hopma”

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

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

Variant (relative irrigation rate) 2014 2015 2016 CPEAHO
average

100% m 1.00 1.000 1.000 1.000 1.000

75% m 0.75 0.971 0.956 0.955 0.957

50% m 0.50 0.887 0.917 0.854 0.881

25% m 0.25 0.833 0.766 0.648 0.743

0% m 0.00 0.640 0.583 0.472 0.561

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

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

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

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

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

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

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

Yield relative

© experimental points - average - -

I

I

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

O  all experimental points

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

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

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

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

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

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

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

nob6uelyield 2014 no6uslyield 2015 no6uslyield 2016

onuTeH n3ymcneH onuTeH n3ymncneH onuTeH N34mncneH

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

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

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

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

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

HagsuwasaT 5%. Te3n Manku passinku

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

N3BOAN

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

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

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

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

CONCLUSIONS

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

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

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

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

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

kg. dat.mm™.

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

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

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

Kopenaunsa R=0.994.
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