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PE3OME

Llenta Ha paspaboTkata e fga ce
YCTaHOBAT napameTpute Ha 3aBU3NMOCT-
Ta Mexay gobusa M cymapHaTta esano-
TpaHcnupauus npu C/abHYOrNena,KosaTo
Ja ce wusnonsysa 3a YrpasfieHWe Ha
JobuBa OH cC/bHYOrefa B peasHo
Bpeme. V3non3saHn ca JaHHW OT MOJICKU
eKCMepuMeHT, npoBefeH npe3 nepuoga
2004-2010 roguHa B OMUTHOTO MoJle Ha
AY-TnosavB. BapunaHtute Ha onuta ca:
ONTMM&/THO HanosBaH, 6e3 HarosiBaHe,
HanosisaHe c 50% HamasieHa Mo/svBHa
HopMa WM HanosBaHe Cc 50% 3aBulleHa
nosvBHa Hopma. TbpceHWUTe napameTpu
ca MNoJly4eHu, KaTto ca N3Non3BaHn AaHHW
€ 3a OTHOCUTEsSIHNA [06MB U OTHOCUTEN-
Hata esanoTpaHcnuMpauns 3a BCUYKM Ba-
pvaHTn Ha onuta. CbluTe ca obpaboTe-
HW CbC crneuuanusMpaHara KOMNITbpHa
nporpama YIELD. MonyyeHnte mogenu
npeacTasnsaBar CblUecTByBaly opmynu
(nMHeliHa ” epHOCTENeHHa), KoMTOo ca
KannbpupaHn 1 ca Ba/IMAHWN 38 C/TbHYO-
rnega, otrnexaaH B palioHa Ha lMnosavs.
N3HeceHaTa wHdOpMauMa Baxu Npu
ONTMMMU3NPaHe Ha noyseHaTa BAAXHOCT B

SUMMARY

The aim of the study is to establish
the parameters in the dependence
between yield and total evapotranspiration
of sunflower that is used to control the
yield of sunflower in real time.

The field experiment was conducted
during the period 2004-2010 in the
experimental  field of  Agricultural
University-Plovdiv. The variants of the

experience were: optimum irrigation,
without irrigation, irrigation by 50%
reduced irrigation rate and irrigation

increased by 50% irrigation rate. The
demanded parameters were obtained
using data from relative yield and relative
evapotranspiration for all variants of
experience. They were treated by a
specialized computer programme YIELD.
The resulting models are existing
formulas (linear and one-tier) that are
calibrated and valid for sunflower, grown
in the region of Plovdiv. Published
information is valid when optimizing soil
moisture in the layer is 0-80 cm, and in
the layer 0-100 cm, the thickness of the
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cnos 0-80 cm m B cnos 0-100 cm, kaTo C
ToBa Ce KOHkpeTusmpa pgebenvHara Ha
NMOYBEHUA NAcT, B KOMTO eBanoTpaHcnu-
pauuaTa e onpegensuwa 3a goéusa. U
ABeTe u3nonssaHu opMynn npeacTaBaT
Bpb3Kara C JocTtarbyHa MaremMaruyecka
TOYHOCT, HO B CbOTBETCTBME C OMO/IOrNY-
HUTE W3UCKBaAHWSA Ha CHbHYornega e
Bpb3Karta, yCTaHOBeHa u4pe3 CTeneHHaTa
3aBucumocT Ha Jassugos npu R = 0.851,

KoedmumeHT Ha pgobumBa A = 1.38 nu
CcTeneHeH nokasaten n = 1.3.
KnouoBn  aymn:  cibHYOre[,

HanosiBaHe, A06UB, eBanoTpaHcnupauws,
NOMMBEH PEXUM

yBO/.

CteneHTa Ha BogoobGesneye-
HOCT Ha CeJICKOCTOMAaHCKNUTE Ky/Ty-
py oKasBa B/INSIHWE KaKTO BbPXY
[obvBa, Taka U BbpXy eBarnoTpaH-
cnupauunata (ET), T.e. upes3 pery-
nvpaHe WHTeH3MBHoCcTTa Ha ET
npunaravkv pageH rMosiMBeH pe-
XNM, MOXe fa ocurypu nosy4yaBsa-
HeTO Ha pobvB B Bapupaw, B
AafeHN KOHKPeTHM rpaHuum. 3a ga
6bae YCTaHOBEHO B/IMAHWETO Ha
ET Bbpxy gobmsa e HeobxoamMmo
[a ce HanpaBsu npoyyBaHe OTHOC-
HO Bpb3kata Mexay Te3n [ABa
napameTtbpa. OT HAKOMIKO feceTtu-
NeTnsa cbliarta e 06ekT Ha nscnes-
BaHe Npu ronsma 4vact OT CeJsICKO-
CTONaHCKUTe KynTypu, Karto 3a
uenta ®AO npegnara maremartu-
4yeckn Mofesn, KOMTo npepcTasis-
Ba NunHeliHa chopmyna (Doorenbos.
& Kassam, 1979). Tbii kaTo Ao6U-
BbT He Ce MpoMeHs nponopumo-
HaJIHO Ha M3MEHEHMETO Ha pa3me-
pa Ha HanouTesniHata HopMa M Ha
ET, [JaBugoB npepgnara pAsycre-
NMeHHa 3aBUCUMOCT, KOATO rpadm-

soil layer is specified, which is
determinative of evapotranspiration yield.

The used formulas provide sufficient
connection with mathematical precision,
but in accordance with the biological
requirements of the sunflower, a
relationship is established by the speed
depending on Dayavidov at R = 0.851,
coefficient of extraction A = 1.38 and
exponent n = 1.3.

Key words: sunflower, irrigation,
yield, evapotranspiration, irrigation regime

INTRODUCTION

The degree of water
availability to the crop influences
the yield, and the

evapotranspiration (ET) as well,
l.e. by adjusting the ET intensity
and applying a given irrigation
system, it can lead to a yield that
varies within specific limits.

In order to establish the impact of
ET on the yield, it is necessary to
undertake a study for the
relationship between these two
parameters. For several decades,
this relationship is the subject of
research in many agricultural
crops.

For this purpose FAO proposes a

mathematical model that
represents the linear formula
(Doorenbos & Kassam, 1979).

Since the yield does not change in
proportion to the change of the
size of the irrigation rate and ET,
Davidov proposes a two-stage
connection, which is graphically
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yeckn ce mspassiBa ypes S-o6pas-
Ha KpuBa 1 MHTepnpeTupa niaBHO
N NO-TOYHO M3MEHEHNETO Ha A006U-
Ba, B 3aBucumocT oT ET (Davidov,
1994). T10-KbCHO CbLIUAT aBTOP
YCbBbPLUEHCTBA NnpeaioxeHara oT
®AO numHelriHa doopmyna, KaTo
fobaBsa  MPOMEHNNMB  CTeneHeH
nokasaten (Kanamkuesa, 2014).
Taka chopmynata Ha ®AO craBa
yacTeH c/ay4dail Ha CcTeneHHarta
dopmyna Ha [asugos. Mo OTHO-
LeHNe Ha c/bHYoreia, B cneuu-
asiM3ypaHarta Hay4yHa nutepartypa
cbllecTByBaT  W3BECTEH  6Gpoi
ny6sivkauuun, CBbp3aHu C nNpoyysa-
He Ha Bpb3kata mMexagy Aobuea u
ET. B ocHoBHaTa 4acT OT TAX ce
npegnarar napameTpu, MoayyYeHu
ype3 JMHeilHata copmyia Ha
®AO (Demir et al., 2006; GoOksoy,
et.al.,, 2004; Erdem et al., 2002 ),
KakTo npeau ToBa 3aBUCMMOCTTA €
onpegeneHa nocpeacTBoM Yypas-
HeHune oT Buga y = bx + ¢ (Browne,
1977).

Llenta Ha pa3paboTkarta e ga
ce YyCTaHOBM noaxofsdwa emnu-
puyHa hopmyna 3a Bpb3kaTa Mex-
oy pobuea n cymapHata ET, koaTo
[Aa ce 13non3ysa 3a nporHosnpaHe
Ha Jobusa npu cnbHYornesa.

MATEPWNAN N METO4WA

3a YycTaHOBsABaHe nNapame-
TpuTe Ha 3aBucumocTTa ,Jobus—
ET” ca n3anonssaHu AaHHM 3a OT-
HOCUTENHUA A06MB U OTHOCUTES-
Hata ET npwn cnbHYornen, oTrnex-
JaH npu onTUMasieH U HapyLlleH
NosIMBEH pexum. VI3xoaHuTe aaH-
HM ca MoJlydeHU OT MNOJICKN eKcC-

expressed by S-shaped curve and
interprets smoothly and more
accurately the change of yield,
depending on the address
(Davidov, 1994). Later, the same
author refines the linear formula,
proposed by FAO, by adding
variable exponent (Kalaydzhieva,
2014). So the formula of FAO
becomes a special case of the
speed formula of David.

With regard to sunflower, in
specialized scientific literature
there are several publications

aimed to study the relationship
between yield and ET. In most of
them parameters are offered,
obtained by the linear formula of
FAO (Demir et al., 2006; Goksoy
et al., 2004; Erdem et al., 2002) as
previously, the dependence is
determined by an equation of the
following type: y = bx + ¢ (Browne,
1977) .

The aim of the study is to
establish an appropriate empirical
formula for the relationship
between the vyield and the
accumulated ET, which can be
used to predict the yield of
sunflower.

MATERIAL AND METHODS

To establish the parameters
of dependence "Yield—ET", it was
used data of the relative yield and
relative ET for sunflower, grown in
optimum and broken irrigation
regime. The output data was
obtained from a field experiment,
conducted during the period 2004 -
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NepuMeHT, nposefeH npes
nepnopa 2004-2010 roguHa B AY-
Mnosavs BbpXy  ajlyBUasiHO-

nmeagHa noysa. OnNuTbLT e u3Be-
AeH ¢ xunbpug PR-64-E-83, npwu
rbcToTa Ha nocesa 5500 pacTteHus
Ha 1 gekap U Mexaypenoso pas-
ctoaHne 70 cm. BapuaHTuTe,
Kacaelln HacTosiwara paborta ca:
1) 6e3 HanosiBaHe; 2) HarnosiBaHe C
50% oOT nosiMuBHaTa Hopma, U3ymc-
JIeHa npv ONTUMasIHUA BapuaHT; 3)
ONTMMa/IHO HanosABaHe Mnpu npea-
nosiBHa BiaXkHOCT 75% ot [1NB
3a cnosa 0-80 cm; 4) HanosiBaHe
cbCc 150% o1 HopmaTa npu onTu-
MaslHUA BapuaHT (HaBnaxHsBaHe
NoL akTMBHUSA TMOYBEH  C/OWA).
BpoAT Ha nonMBKNTE N BpeMeTo 3a
TAXHOTO peann3vpaHe npu BCUYKK
BapuaHTM Ha onuTta cbBNaga
Hanb/IHO N € CboOpPa3HO U3NCKBA-
HUATA NPU ONTUMa/IHUA BapuaHT,
Karto e HanpaBeHa CbOTBeTHaTa
KOopekuMa Ha pasmepa Ha nonavBs-
HUTEe HopMKW. HanosBaHeTo e
N3BBPLLUBAHO rPaBUTA4YHO MO KbCU
3aTBopeHun 6pasgu. OnuTbT e
3as1araH no 6/10koBUS MeTof B
yeTMpU MNOBTOPEHUSA C TrO/IEMUHA
Ha onuUTHUTe napuenu 30 m? a Ha
pekonTHUTE — 10 m?.
MapameTpute Ha 3aBuUCKU-
moctTta ,[o6uB—ET” ca ycTaHo-
BEHW  NOCPeAcTBOM  cnejHuTe
dhopmynu:
* ®opmyna Ha PAO — fMHeNHa:
Y=1-Kc(1-x) (2)
KbAeTo: Y e OTHOCUTeNHUS [o6uB,
Kc — koechmumeHT Ha p[obusa,
X — OTHOcuTenHa ET.
» CteneHHa ¢hopmyna Ha [laBuios:

2010 year in AU-Plovdiv on alluvial
soil.

Experience was set up with a
hybrid PR-64-E-83, with crop
density of 5500 plants in 1 da and
space between rows — 70 cm. The
variants, related to this work were:
1) without irrigation; 2) irrigation
with  50% of irrigation rate,
calculated for the optimum variant;
3) optimum irrigation in pre-
irrigation soil moisture 75% of field
capacity (FC) for the layer of 0-80
cm; 4) irrigation with 150% of rate
for the optimum variant (moisture
under the active soil layer). The
number of irrigations and time to
implement them at all variants of
experience coincided fully. It was

in accordance with the
requirements for the optimum
variant. There was a

corresponding adjustment to the
amount of the irrigated norms.
Irrigation was carried out by gravity
with short closed furrows. The
experiment was made by the block
method in four repetitions, with
experimental plot size of 30 m?
and the crop plots — 10 m?.

The parameters of
dependence  "Yield-ET" were
established by the following
formulas:

* FAO’s formula — linear:

Y = 1-Kc (1-x) (1)
where: Y is the relative vyield,
Kc — coefficient of extraction,

x —relative ET.
* power formula of Davidov:
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Y=1-a(1-x)n (2)
KbAeTo: Y e OTHOCUTENHUS [06uB,
a — Koe(uuymeHT Ha pobwusa,
X — OoTHocuTesniHa ET, n — cTteneHeH
nokasaren.

NapameTpute Ha 3aBUCUMOCT-
Ta MO mnocoyeHuTe dopmynu ce
nosy4yasat, KaTo W3XOAHUTE AaHHU
3a pgobmBa n ET no BapuaHTu ce
06paboTAT No MeTofga Ha Hal-
MasIKuTe KBagpatu ypes cneunanu-
3upaHata KOMMTbpPHa nporpama
(OaBnpos n lMaigaposa, 1994).

PE3YJITATU N OBCBbXXOAHE

B meTeoponornyHo oTHoLUe-
HWe ToANHUTE Ha onuTa ca pasHo-
0o6pasHun, KOeTO B N3BECTHA CTEMNEH
€ 0Kasasio BNUSHME BbPXY CTOM-
HOCTUTE Ha Ao6mBa N eBanoTpaHC-
nupauusata npu oThesiHuTe Bapu-
aHTW Ha onuTa.

Y=1-a(1-x)" (2)
where: Y is the relative vyield,
a — coefficient of yield, x — relative
ET, n — exponent.

The parameters of
dependency on the above formulas
were obtained when the initial data
for the yield and ET in variants were
processed by the method of least
squares through a specialized
computer programme (Davidov and
Gaydarova, 1994).

RESULTS AND DISCUSSION
In terms of meteorology, the
years of experience are various.
To a certain degree, it influenced
the values of vyield and
evapotranspiration at different
options of experience.

Tabnumuya 1. O6e3nevyeHOCT Ha METEOPO/IOTMYHUTE (PakTopu 3a nepuoga V - IX
Table 1. Probability of meteorological factors for the period V - X

dakTop Bcuukun onutHu rogunun / All experimental years
Factor [-PEAHO 33 MHOTOTOMMWIEH NEPUOA | 5404 | 2006 | 2007 | 2008 | 2009 | 2010
IAverage for multi year period
.| °C o 3135 3239 3367 3243 3326 3331
27 P % 3181°C 60.6 36.2 9.6 35.1 13.8 12.8
HPa 1675 1590 1794 1587 1629 1441
2D "5 g, 1430 HPa 133 | 213 | 67 | 227 | 187 | 507
N mm 541.9 mm 234 228 463 231 190 234
P % ' 44.9 50.0 2.0 45.9 69.4 43.9
>T° — TemnepaTypHa cyma (temperature); N — Banexwu (precipitations); P% — emnupuyHa
o6e3neyeHocT (empirical probability)
OTHOCHO Banexute, 2004, In respect of the

2006, 2008 n 2010 ca cpepgHu
roguHn. Kato MHOro B/iaXHa ce
xapakTtepusumpa 2007 rogmnHa, HO B
CbLLOTO Bpeme T4 € WU3KI4n-
TE/IHO Cyxa KpUTUYHUTE nepuoau
OT Beretayusata Ha CnbHYornesa.

precipitation, 2004, 2006, 2008
and 2010 are average years. The
2007 year was characterized as
very wet, but, at the same time, it
was extremely dry in the critical
periods of sunflower vegetation.
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C ob6esneyeHocT oT 69.4%, 2009
rognHa moxe fga 6vae onpegene-
Ha Kato cpefHo cyxa. 1o OTHO-
LeHVe Ha TemMneparypHaTta cyma,
nbpBarta ekcrnepvMeHTasiHa roau-
Ha (2004) e cpepgHa, OO cpegHo
xnagHa, a 2007, 2009 un 2010 ca
MHOro ToriM. MHoro 6513kn B
METeOpPOJ/IOTMYHO OTHOLUEHWEe ca
2006 n 2008 rogmHKn, KaTo No TO3N
rnokasarten Te ce Xapakrepusupart

2009 can be defined as average
dry, with provision of 69.4%. In
terms of the temperature sum, the
first experimental year (2004) was
medium to medium cool, and
2007, 2009 and 2010 were very
warm. 2006 and 2008 were very
close in meteorological terms, as

for this indicator they were
characterized as medium hot
(Table 1).

Kato cpegHo Tonam (Tabnuuya 1).

Tabnuua 2. M3XxoAHW AaHHW 3a orpejensiHe napamMeTpuTe Ha 3aBMCUMMOCTTA
Mexay AobuBa 1 cymapHaTa eBanoTpaHCcnmpaumnsa npu crabHYoriega
Table 2. Output data for establishment of sunflower’s “Yield-ET” relationship

parameters
FoguHa BapuaTH ET (evapotranspiration) Jo6us (Yield)
Year Variants (mm) OTHOCUTENHA kg/da OTHOCWTENIEH
relative Relative

no irrigated 330.8 0.662 117.6 0.552
25% m 385.4 0.771 134.1 0.629
2004 50% m 417.2 0.835 183.3 0.860
75% m 431.5 0.863 207.7 0.974
100% m 499.9 1.000 213.2 1.000
no irrigated 302.4 0.607 157.6 0.684
2006 50% m 394.6 0.792 198.5 0.862
100% m 498.0 1.000 230.3 1.000
no irrigated 341.7 0.685 122.9 0.540
2007 50% m 437.5 0.878 187.3 0.824
100% m 498,5 1.000 227.4 1.000
no irrigated 313.4 0.572 205.7 0.681
2008 50% m 430.5 0.786 268.0 0.888
100% m 547.6 1.000 301.9 1.000
no irrigated 274.4 0.578 169.8 0.509
2009 50% m 374.5 0.789 291.1 0.873
100% m 474.7 1.000 333.4 1.000
no irrigated 311.0 0.557 207.1 0.508
2010 50% m 416.4 0.745 359.7 0.883
100% m 558.6 1.000 407.4 1.000
no irrigated 308.6 0.599 163.5 0.572
average 50% m 410.7 0.797 248.0 0.868
100% m 515.5 1.000 285.6 1.000

m — HanouTenHa Hopma (irrigation depth)
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Tabnuua 3. Job6usu npu ontumasiHa Hopma (100%) n yBenmndeHa Hopma (150%)
Table 3. Yield by optimum irrigation depth (100%) and raised one (150%)

Cogunalyear 2004 | 2006 | 2007 | 2008 | 2009 | 2010
Jlo6ve/Yield (100%m) | 213.2 | 230.3 | 227.4 | 301.9 | 333.4 | 407.4
Jlo6ve/Yield (150%m) | 215.1 | 223.4 | 231.6 | 294.4 | 314.9 | 407.2

KakTto ce Bmxpga ot Tabnuua
3, fobuBa npu yBesiMyeHa Hopma
e noytm eavH M cblw,. TosBa ce
Ab/DKM Ha (pakta, ye noysara Ha
ONWTHOTO MOJSlIe € €eCTeCcTBEHO
ApeHupaHa, T.e nNpu yBennyasaHe
Ha Hopmarta aKTMBHUAT MOYBeEH
C/NIO He ce MNpeoBNaXHsIBa, Tbi
Karo YyBe/INYeHOTO KO/IMYECTBO
nogageHa Boja B no4ysata Haj
MrB ce oTuexga noa akTUBHUA
nouseH cnoin (0-80 cm). 3artoBa
Bpb3kaTa ,400MB-ET” ce pasrnex-
Aa B 6e3pasmepeH Bug (B nHTEp-
Bana oTr 0 o 1) UMEHHO 3a To3u
MOYBEH CJ/IO, KaTo WU3XOAHUTE
AaHHW N0 roAnHN ca npefcTaBeHu
B Tabnvua 2.

Ha &wur. 1 e npeacrtaBeHa
3aBMcCMMOCTTa Mexay pobéusa u
ET, no nuHeliHata popmyna Ha
®AO, kato ca anpokcumupaHu
AAHHUTE OT BCUYKN ONMUTHU TOANHN
npu Kc = 0.99 n R = 0.846.
Bbnpekn Bucokata OT mMarematu-
yecka rnegHa Toyka ToO4HOCT (Pur.
2), Taka npeacraBeHara Ha rpa-
domkata 3aBMCUMMOCT He yAOoBJieT-
BOpsiBa GWoONOrM4yHMTE 0COBEHOC-
TM Ha chabHYyornepa. JnHuATa,
nogyMHeHa Ha Taka W3BEeAEeHOTO
ypaBHeHMe npecuya opauHartara,
a He abcuucara. ToBa O3HavaBa,
ye npu ET = 0 MmoXe ga ce nonyyu
[o6MB, KOEeTO npakTU4yeckm e
HEBBb3MOXHO.

The yield in the increased

rate is almost the same, as it can
be seen in Table 3. This is due to
the fact that the soil of the
experimental field is naturally
drained, i.e. in the rate increase,
the active soil layer is not over-
moisted since the increased
amount of water in the soil brought
over FC drains under the active
soil layer (0-80 cm).
Therefore, the relationship "yield-
ET" is seen in non-dimensional
form (in the range of O to 1) for
that particular soil layer, as the
output data in years are presented
in Table 2.

The relationship between
yield and ET were presented in
Figure 1, by the linear formula of
FAO, as data from all experimental
years is approximated at Kc = 0.99
and R = 0.846. Despite the high
accuracy from a mathematical
point of view, (Figure 2 ), the
presented in dependence in the
graph does not satisfy the
biological characteristics of the
sunflower. The line, subordinated
to this particular equation, crosses
the ordinate, not the x-axis. It
means that when ET = 0, a yield
can be obtained, which s
practically impossible.

908



1.0 1
n3uncnenn (calculated)
509 B 2004
© A 2006
;0'8 X 2007
207 © 2008
B o6 2009 -]
=" © 2010 B
0.5
g
=204
i
503
§ 0.2
E 0.1 ¥ =1-+-0.99(% - x)
0.0 1 1 1 1 1 1 T T T
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0

oTHocuTenHa ET ( relative ET)

@ur. 1. Bpb3ka ,,[JobuB-ET” — nuHeliHa
Fig. 1. Linear relationship ,,Yield-ET”

1.0 -
nsuncnexn (calculated)
50971 = 2004
Los) a 2006 X
o X 2007
2071 o 2008 oA
® 06 1 2009 ]
= ¢ 2010 B
S 0.5 1
%
2 0.4 A
[)
G 0.3 1
S
8 0.2 1
Eo1d - 1.3
501 Yr=1 = 1:38(1-—x)
0.0 ——t

0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
oTHocuTenHa ET ( relative ET)

®ur. 3. Bpb3ka ,,JJo6uB-ET” — cTeneHHa
Fig. 3. Power relationship ,,Yield-ET”

Ha ®ur. 3 e npeacraseHa
cTeneHHara Bpb3ka mexay noou-
Ba n ET, no dpopmynata Ha [aBu-
[OB, OAHHUTE OT BCUYKM OMUTHU
roguHu, ca ocpefHeHn OT eQUHCT-
BEHa KpuBa, npeacras/isBalla ns-
MbkHana napabosa npu R=0.851 ¢
Koe(pnuneHTbT Ha gobuea A=1.38
N CTENEHHUAT nokasarten n = 1.3.

1.0 >
097" 'R=0.846 o o
0.8 1 ’

0.7 1 %

0.6 A 8 &

61B n3uncneH (yield calculated)

[n06m
© o o o o
[ I RN

0.0 — — T — —
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0
[o6vs onuTeH (yield experimental)

dur. 2. Kopenaymsa mexagy OMUTHU U
n3uncneHn goomsn no copmyna (1)
Fig. 2. Correlation between experimental
and calculated yield by formula (1)

1.0
= 0.9 1

J>
R ='0.851 QO
0.8 1 o

<
Y
0.7 1 ¢
®

0.6 1

<
0.5 1 <
0.4 1
0.3 1

B 13umcneH (yield calculate

[o6un
© ©
=N

0.0

0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1.0
nobus onuteH (yield experimental)

dur. 4. Kopenauysa mexay OMUTHU U
usuucneHn gobusu no popmyna (2)
Fig. 4. Correlation between experimental
and calculated yield by formula (2)

Figure 3 presents the degree
link between yield and ET by the
formula of Davidov, the data from
all  experimental years were
averaged from a single curve,
representing a convex parabola at
R = 0.851 with yield coefficient
A=1.38 and an exponentn = 1.3.
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OcBeH MO-BUCOK Koeduum-
€HT TOYHOCT Ha Kopenauus, Kpu-
Bara npecuya abcuucata npu
23% ot ET, 1.e npu ET no-manka
oT 23% pfo6uBa OT cnbHYorNe[a e
Hy/a., KOeTo e peasiHo, 3a pasnu-
Ka OT /fMHelHata dopMmyna Ha
®AO pu KOATO Npu Hynesa CTOW-
HOCT Ha ET, pgobuBa e nonoxuTte-
neH. Ha our. 2 n dur. 4 e
rnokasaHa HarnefHo cTeneHTta Ha
Kopenaums Mexany OnuTHUTE U
n3uncneHnte gsete  dpopmynu
[obusn, a Ha Tabnvua 4 ca HaHe-
CeHn napameTpuTe Ha 3aBUCU-
MOCTTa MO TOAUHW, NO [ABeTe

dhopmynu.

Except a higher coefficient of
correlation accuracy, the curve
intersects the x-axis at 23% of ET
ET,.i.e at less than 23% vyield of
sunflower is zero. It is real, as
opposed to the linear formula of
FAO at which for zero ET the yield
is positive.

On Figure 2 and Figure 4 it were
showed graphically the degree of
correlation between the
experimental and calculated yields
for the two formulas, and in Table
4 it were plotted the parameters of
dependence by years, for the both
formulas.

Tabnuua 4. NMapameTpn Ha Bpb3karta ,,JJoons-ET” no roanHu
Table 4. Parameters of “Yield-ET” relationship by years

MapameTsbp FogunHn / Years
Parameter | 2004 | 2006 | 2007 | 2008 | 2009 | 2010 | CpegHo/Average
JInHeiHa 3aBucuMocT / Linear relationship
Kc | 1.23 | 077 | 146 | 069 | 1.05 | 0.94 | 0.98
CrteneHHa 3asucumocT / Degree relationship
a 2.44 0.98 1.70 1.31 3.28 3.53 2.09
n 1.50 1.22 1.12 1.65 2.19 2.43 1.74

Ha 6a3a gaHHuTe 3a gobusa
N HarnouTesiHaTa HopmMa OT CbLUUSA
TO3M eKCNEepPUMEHT € yCTaHOBEHO,
ye HaB/IKHABAHETO Ha noysara
Ha Abnb6ouynHa no-ronsama ot 0.8
m npu HanosiBaHe, He BOAM [0
[OMb/IHATESIHO HapacTBaHe Ha
poobusa (Mates, 2012; MateB WU
ap., 2013; Matev & Petrova,
2014), kaTo B CbLWOTO Bpeme
CTOMHOCTMTE Ha ET HapacTtBaT C
yBenMyaBaHe [AbnbouyvHata Ha
HaBNaxHsiBaHe Ha noysarta (Matev
et al., 2012). ToBa o3HayaBa, 4e
ET, peanusnpaHa nog akTUBHUSA

On the base of the yield data
and the irrigation norm of that
experiment, it is established that
moistening the soil to a depth
greater than 0.8 m in irrigation
does not lead to a further increase
in yield (Matev, 2012; Matev et al.,
2013; Matev & Petrova, 2014). In
the same time, ET values go up
with the increasing the depth of
soil moistening (Matev et al.,
2012).

This means that ET, realized in the
active soil layer of sunflower (0-80

910




NoYBEH C/I0OM Ha CNbHYOrNeaa
(0-80 cm) e HeecpekTMBHA O
OTHOLWIEHME Ha AobuBa, KOeTo ce
MbTBbPXLAaBa M OT rpadukata Ha
dur. 5, KbaeTo e npeacraseHa
3aBucumoctta L JoomB-ET”, HO
BasimgHa 3a cnoa 0-100 cm. Ako
Ce HanpasBu CpaBHeHVe Ha
rpadpukmnte ot dur. 3 n dur. 5 ce
BMXAa, Ye ABeTe KpuBM npecuyar
abcuucara nNpPUGAN3UTENHO Ha
e0HO M CblO MACTO. Bbnpeku
TOBa CbleCcTByBa TeHAEHUMs, 3a
HamasiiBaHe  4YyBCTBMTE/IHOCTTA
kbM ET ¢ yBenuyaBaHe Ha
AbnboymHaTa Ha HaBNaXHsABaHe.

cm), is inefficient in terms of the
yield, which is also confirmed by
the graph of Figure 5.

It presents the dependence "Yield-
ET", but valid for the layer 0-100
cm. Comparison between Fig. 3
and Fig. 5 shows that the two
curves cross the abscissa at
approximately the same location.
However, there is a trend to
reduce the sensitivity to ET by
increasing the depth to which the
soil is wetted.

1.0

[o6ue oTHocuTeneH (yield relative)

R=0.836

0.0 T f T T

Y=1-1.58(1-x)"1.89
— — — = Y=1-0.68(1-x)

00 01 02 03 04 05 06 07 08 09 1.0

ET oTHocuTenHa (ET relative)

dur. 5. Bpb3ka ,,[Jo06uB-ET” 3a cnos 0-100cm
Fig. 5. “Yield-ET” relation for the 0-100cm soil layer

Mpn NUHenHaTa 3aBUCMMOCT,
BasingHa 3a csiod 0-100 cm Hecnb-
OTBETCTBMETO C OMOMOrMYHUTE
M3NCKBaHUA Ha C/AbHYorega e
CbLLECTBEHO, KaTo crnopes rpadm-
Kata, Npn CTOMHOCT Ha ET = 0, 6u

In linear relationship, valid for
the layer from 0 to 100 cm, the
discrepancy with the biological
requirements of the sunflower is
significant. According to the graph
, when the value of ET = 0, a yield
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TpsibBano ga ce nonyydn aAobwus,
npepctasnasaly Hag 30% oOT To3u,
npyv oNTUMasIHO HanosBaHe.

n3BOAN
3a Bpb3kara ,JJoous-ET” npwu
CnbHYOrnega ce  npenopbysa

cTeneHHara dpopmyna Ha [Jasunaos
(2), kosiTO 3a paioHa Ha lMnosame
e: Y=1-1.38(1-x)* npu koedmuy-
eHT Ha Kopenauua R=0.85.

Mpn ApeHvpaHu noysu npu
nogasaHe Ha MnosiMBHa Hopma no
ronsma oT Ta3n KOATO HaB/aXKHABA
aKTMBHUA nouBeH cnon go MNB,
fobvBa npu cnbHYOrieda He ce
NPOMEHS.

Tas3n yact oT eBanoTpaHcnu-
pauusaTa Ha cibHYornega, hopmm-
paHa B NoYBEHMWSA €10l ¢ AbN60UN-
Ha nog 80 cm e HeedpekTMBHA MO
OTHOLWIEeHMe Ha pfobusa, nopaau
KOETO aKTUBHUAT MOYBEH C/OiN 3a
cnbHYornepa Tpsiébea aa 6bae ot 0
0o 80 cm.

should be obtained , representing
over 30% of that at optimum
irrigation.

CONCLUSIONS

For the relationship "Yield-
ET" at sunflower it is
recommended the degree formula
of Davidov (2), which for the region
of Plovdiv is: Y=1-1.38(1-x)** with
a correlation coefficient R = 0.85.

The vyield of sunflower is not
changed in drained soils at
handing of irrigation rate greater
than the one that moistens the
active soil layer to FC.

This part of
evapotranspiration of the
sunflower, formed in the soil to a
depth of less than 80 cm, is
inefficient in terms of yield. That is
why, the active soil layer of
sunflower should be from 0 to 80
cm.
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PE3HOME

Llenta Ha paspaboTkata e pga ce
YCTaHOBM  B/IMSIHUETO HA  MOJIMBHMUA
pexvMm Mpu rpagvHCKusa acyn BbpXy
CTOMHOCTUTE Ha  (POTOCUMHTETUYHUS
noteHunan. WM3non3eaHuW ca [AaHHW OT
MO/ICKN  EKCMEepPUMEHT, MNpoBefeH B
paiioHa Ha AY-lNnosaus npe3 nepuoga
2010-2012 rogmHa. TpoyyBaHETO BBbPXY
(POTOCMHTETMYHMSA NOTEHLMAN € Hanpase-
HO NpY ONTMMasIHO HanosiBaHe u npu
HanosiBaHe C HamasieHV MOSIMBHU HOPMW,
KaktTo ¥ Mpu  HEMOMIMBHM  YC/IOBUSI.
YcTaHOBEHM ca CTOMHOCTUTE B AUHAMKKA,
CymMapHoO W MO nognepuogu, kKarto e
usBegeHa JIMHeWHa  3aBMCMMOCT MO
OTHOWeEHMEe Ha gobuBa. Upes Hesa Moxe
Ja ce nporHosupa HerosuAaT pasmep
npeamn ga e npuklyuia seretaumaTa.

KntouoBu AyMu: rpaguHcKu
hacyn, NOAMBEH pexum, HOTOCUHTETU-
yeH noTeHuman, 4oomus

SUMMARY

The aim of the study is to determine
the influence of irrigation regime on the
values of photosynthetic potential in
garden bean. Data from field experiments
conducted in the experimental station of
Agricultural University-Plovdiv during the
period 2010-2012 year were used. The
study on photosynthetic potential is done
in optimal irrigation and irrigation with
reduced watering rates, as well as non-
irrigated conditions. Values for
photosynthetic potential are established in
dynamics, in aggregate and sub-periods,
as it is derived linear dependence on
yield. Through this dependence the
photosynthetic potential can be predicted
before the end of the vegetation.

Key words: garden beans,
irrigation regime, photosynthetic potential,
yield

Abbreviation:
photosynthetic potential;
capacity; LA — leaf area

CPP -
FC -

crop
field
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YBO/,

Ponata Ha nucrtata KkaTto acu-
MUMpawmn opraHn e OT U3KHYU-
TesIHO 3HayeHune, Tbil Kato 90-95%
OT  6uosormyHns  pobmB  Ha
pacTeHusTa ce cb3jasa B npoue-
ca Ha dpotocuHTesarta (Hukonos,
1973). Pa3mepbT Ha J/MCTHaTa
nnow, Obp3vHata Ha HENHOTO
dopmupaHe u NPoOLBLHKUTENHOCT
Ha paboTa, oKa3BaT CbLLEeCTBEHO
B/INSSHME  BbPXYy pasmepa Ha
GUOOTNYHNSA U CTOMAHCKUS J06vB
(YepseHkoBa n ap., 2007; Neopru-
eB 1998). lNbnHa npeacrtaBa 3a
Be/InuMHaTa Ha (POTOCUHTE3npa-
LWMS NIMCTEH anapart U Npoab/IKN-
Te/IHOCTTa Ha acumuavpawiata My
AeHOCT paBa (POTOCUHTETUYHUSA
noteHynwan Ha nocesa (®CII).
Huumnoposmy (1961 u 1982)
npegnara ToM pga ce otynta B
Xxmnagn KBaZpaTHu mMeTpa
NNCTOAHMN Ha XekTap (aekap), Kkato
Cyma OT [AEHOHOLWHUTE CTONHOCTU
Ha NIcTHaTa NoLy, 3a eiMH XeKTap
(oekap). 3a ycnosBuATa  Ha
Bbarapys npoyyBaHMs OTHOCHO
B/IMSSHUETO Ha MOJINBHUA PEXNM
BbpXy CTOMHOCTMTE Ha TO3U
nokasatesi ca npasBeHn  OT
Hukonos (1973 wn 1974) 3a
uapesuyata 1 3a namyka n MateB
n ap. (2007) 3a 3axapHOTO LBEKNO.

Llenta Ha pa3paboTkaTa e ga
ce npoyy”n BJIMAHMETO Ha ONTu-
MaJ/THOTO HarnosiBaHe W npunaraHe-
TO Ha peryvpaH BogeH pedunuunt
(upe3 HanosiBaHe C HamasieHu
MOJIMBHU HOPMM) BBPXY CTONHO-
CTUTE Ha (POTOCUHTETMYHUSA NoTe-
HUMan npu rpaguHckns dpacyn.

INTRODUCTION

The role of leaves as
assimilating organs is crucial, since
90-95% of the biological production
of plants is created in the process
of photosynthesis (Nikolov, 1973).

The amount of leaf area, the speed
of its formation and duration of
work has a significant impact on
the quantity of biological and
economic yield (Chervenkova et
al., 2007; Georgiev, 1998).

Complete picture of the magnitude
of the leaf  photosynthetic
apparatus and duration of it
assimilation activity gives so called
crop  photosynthetic  potential
(CPP). Nichiporovich (1961, 1982)
proposes that it be taken into
account in leaf-days thousand
square meters per hectare (ha), as
the sum of the daily values of leaf
area per hectare (acre).

For the conditions of Bulgaria,
studies on the impact of irrigation
regime on the values of this
indicator are made by Nikolov
(1973, 1974) for maize and cotton,
and for sugar beet by Matev et al.
(2007).

The aim of this study was to
investigate the influence of optimal
irrigation  and  application  of
regulated water deficiency (by
irrigation with reduced watering
rates) on the values of crop
photosynthetic potential (CPP) in
garden bean.
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MATEPVAT N METOON

OnnTbT e nposefeH npes
nepunopa 2010-2012 roguHa B AY-
Mnosavs BbpXy  ajlyBuasiHO-
numBagHa noysa. BapwaHTuTe Ha
onuTta ca cnegHute: 1) ontumasiHo
HanosBaHe no cxema 80-80-80 %
ot MMNB, 2) HanosBaHe c 30%
HamMasieHne Ha MNoJINBHUTE HOpPMU
(70%m), 3) HanosBaHe cbC 70%
HamMasieHne Ha MNoJINBHUTE HOPMMU
(30%m), 4) 6e3 HanosiBaHe.

MonuekuTe Npun BapuaHtute 1, 2 un
3 ca nogaBaHW eOHOBPEMEHHO,
KaTo € cnasBaHa CbOTBeTHaTa
KOopeKLuMa Ha NOIMBHUTE HOPMU.

HanoasaHeTo e W3BbLPLUBAHO
rpaBuTa4yHoO No 6pasgu, Kato nosme-
HUTE HOPMW Ca HaB/l@XHABaHe Ha
noyesaTa Ha Abs6oumHa Ao 60 cm.
POTOCUHTETUYHUAT MOTeHuMan e
M34ncC/ieH Kato cymMa Ha JiMcTHata
MOBBLPXHOCT Ha MNOCeBa 3a BCEKU
OEeH OT BeretaunmoHHUA nepuo
(Hwunnoposuy 1961, 1963, 1982).
OTueTeH e B m? NINCTOAHUN Ha [eKap.
M3non3BaHa e hopmynara:

Fep= AT

cpp = FATLA \

kbaeto: FSP e doTocuMHTETUY-
HUAT noTeHuuan, LA; n LA, e
NUCTHaTa noWw, CbLOTBETHO B
Ha4yanoTo M B Kpasd Ha nepuoja Ha

MATERIAL AND METHODS

The experiments were
performed in the period of
2010-2012 year in the

experimental field of AU-Plovdiv on
alluvial soil. The variants of the
experiment were as follows: 1) the
optimum irrigation scheme 80-80-
80% of the Field Water Capacity
(FWC); 2) irrigation with 30%
reduction of irrigation rates (70%
m); 3) irrigation with 70% reduction
of irrigation rates (30% m); 4)
without irrigation. Irrigations in
variants 1, 2 and 3 were submitted
simultaneously, as it is observed
corresponding adjustment of the
irrigation norms.

Irrigation is carried out by
gravity along furrows, and irrigation
norms were done to wetting the
soil to a depth of 60 cm. Crop
photosynthetic potential (CPP) was
calculated as the sum of the leaf
area of crop for each day of the
growing season (Nichiporovich
1961, 1963, 1982). Following
formula was used:

[m? leaf-days™ ha™]

1)

[m? leaf-days™ ha™]

where: CPP is crop photosynthetic
potential; LA; and LA, is the leaf
area at the beginning and at the
end of the reporting period;
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oTuntaHe; N — 6poAT Ha AHUTE, 3a
KOUTO ce wu3yucnasa. JinctHarta
nnoLw, e yctaHoBABaHa 4pe3 cka-
HUpaHe nuctata Ha 10 pacTeHus
OT BapuaHT 1 onpeaensiHe M/oLL-
Ta MM MocpeacTBOM creunanu-
3MpaHa KoMNITbLPHa nporpama.

PE3Y/ITATN N OBCbXAAHE
EKCnepMMeHTHT BKNOUBA TpU
KOPEHHO pas/IMyHN B METeoposIo-
TMYHO OTHOLLEHWE TOAWHKW, B pe-
3y/iTaT Ha KOeTo CTOMHOCTUTE Ha
®CIl1 no BapuvaHTU U TOAWHU ca
NMOB/IUAHN B 3HAUYUTENIHa CTEneH.
BbB Bpb3ka C TOBa € HanpaBeHa
cTaTucTUyecka OLleHKa Ha ekcne-
PUMEHTaIHUTE TOANHN NO OTHOLLIE-
H/Ye Ha BasiexuTe 1 TemneparypHa-
Ta cymMa 3a nepvoga mMai-nu, Kato
ca M3non3BaHW [aHHW 3a MHOroro-
AvweH nepuog (Tabnuua 1).

N — duration of time period in
days.

Leaf area is detected by scanning
the 10 plants using specialized
computer program.

RESULTS AND DISCUSSION
The experiment includes
three disparate in meteorological
terms of years. This resulted in

significantly affected CPP in
variants and years.

In this connection it is made
statistical evaluation of

experimental years in terms of
rainfall and temperature sum for
May-July period, using data for
multiple years (Table 1).

Ta6nuua 1. MeTeoponornynm haktopm 3a nepuoga V-VIl 3a paiioHa Ha MnoBane
Table 1. Meteorological factors for V-VII period for region of Plovdiv

cpakTop/factor cpeAro 3a 101 ropurn 2010 2011 2012
average for 101 years
mm 197.8 96.9 205.6
2N po, | L/0-2mm 24.8 89.2 235
\ °C \ 1960 1993 2089
2T poy | 1910°C 30.4 21.6 4.9

*>N — Banexw/precipitations; ZT° — Temneparypa/temperature; P% — o6e3neveHocT/probability

MbpBata onutHa roguvHa e
CpefHO BNaxHa C 06esnevyeHoCT
24.8% n cyma Ha Banexute 197.8
mm. [lpe3 Ta3u roguHa cbLUuTe
obesnevyaBaT pacTeHuATa A0
dhaza “byToHuzaumsa’. lNpes3 nepu-
ofa Ha Ub(TEeX M HavyasIHO Ha
dopmmnpaHe Ha 6060BeTe, Basne-
XUTe ca He3HauuTesiHu, a nagHa-
nnte Hag 100 mm B Kpasa Ha

The first experimental year
was average wet with security of
24.8% and rainfall of 197.8 mm,
and this provide the plant growth
to phase "budding."

During flowering and initial
formation of pods, rainfall is slight,
but fallen more than 100 mm
rainfall at harvest period are
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6eputbeHna nepuog ca 6es
arpoHOMMnYecko 3HayeHue. Nofob-
HO e pa3npejesieHneTo Ha BereTa-
UMOHHUTE Banexm un npes 2011
roguHa, korato Hapg 50% oT T4X
nagaTt A0 HayasioTo Ha penpoayk-
TMBHMA nepuopg. [lo Bpeme Ha
UbpTexa e Ha/mue 3acyllaBaHe,
a nagHannTe B Kpasa Ha Beretauu-
ATa okosio 40 mm ca CbLlO Taka
HeedpekTMBHW. logMHaTa ce Xa-
pakTepusunpa KaTo cyxa, ¢ obesne-
yeHocT 89.2%. Tpetata onuTHa
rognHa (2012) e cpefHO BnaxHa c
o6e3neveHocT 23.5%, HO 98% oT
Ba/1IeXWTe Nagat B HavyaIHUA etan
OT pas3BUTMETO Ha Kyntyparta u
nogAabpxar rnoyseHata BJIaXHOCT
B ONTMMas/IHKU rpaHuuM Ao dasa
“ByTOHM3aUMA”.

Cymarta Ha cpeHO4EeHOHOLL-
HaTa Temneparypa Ha Bb3ayxa 3a
nepuoga Man-0nv npes nbpeBarta
onuTtHa roguHa e 1960°C, npes
BTOpaTta — 1993°C, a npe3 Tperta-
Ta e B pa3mep Ha 2089°C. Ob6es-
neyeHoctTa e cboTBeTHO 30.4 %,
21.6% n 4.9 %, T1.e. NbpBUTE ABE
roofMHn ca cpefgHo TonauM, a
TpeTtara e Tonna.

OnHamvka Ha dQopmupaHe Ha
oCrl

MONNBHUAT  pexum  Brivsie
CbLECTBEHO BbPXY pa3mepa Ha
nucTHaTa nsow, npu dpacyna, Kkaro
TOBa B/IMSAAHME € Hanuue u npes
TpUTE ONUTHU TOAMHU — TBbPAE
pas/IMYHN B METEOpPOsIOrMYHO OT-
HoweHne. Tbil KaTo (POTOCUHTE-
TUYHNAT NOTEeHUnan ce onpenens
Ha 6a3a CTOMHOCTUTE Ha IMCTHaTa

without agronomic importance.
Similar is the distribution of
vegetation rainfall in 2011, when
over 50% of it falls to the
beginning of the reproductive
period. During flowering there is
drought, and rain fallen at the end
of vegetation of about 40 mm are
also ineffective.

This year was characterized as
dry, with 89.2 % certainty. The
third experimental year (2012) is a
medium wet with 23.5% certainty,
but 98% of the precipitation are
falling in the initial stage of
development of culture and it

maintain soil moisture at an
optimum stage to phase
"budding".

The sum of daily average air
temperature for the period May-
July in the first experimental year
is 1960 °C, in the second -
1993°C, and the third
experimental year it is 2089 °C.
Probability is 30.4%, 21.6% and
4.9%, respectively, i.e. the first two
years are on average warm, and
the third one is hot.

Dynamics of formation of CPP
Irrigation regime substantially
affect the amount of leaf area in
bean, and this effect is presented
during the three experimental
years — quite different in
meteorological terms. Since
photosynthetic potential is
determined based on the values of
leaf area and it should also be
influenced by the degree of water
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nnow, 6u cnegsano u TOW pa
6bOe CbWO Taka MNOBMUAH OT
cTeneHTa Ha BOAOOOe3nevYeHoCT
Ha pacTteHuaTa. Herosoto thopmu-
paHe B 3aBMCUMOCT OT MpPUIOXe-
HUS MONMMBEH pexum, e npeacra-
BEHO HarnegHo (No roAvHW) Ha
durypute 1, 2 n 3. PegyuupaHeto
Ha MNOSIMBHUTE HOPMWU CrpPSMO
ONTUMasIHUA BapuaHT (BapmaHTt 1)
okasBa oOTpuLaTeNIHO Bb34ENCT-
BMEe BbPXYy pPasBUTMETO Ha JIACT-
Hua anapart. OcBeH pa3mMepa Ha
NOSIMBHUTE HOPMU, Ha rpadukniTe
MHOro pobpe ce o4eptaBa U
B/IMSAHMETO Ha Xapakrepa Ha
rogMHata. HaBpemeHHOTO noja-
BaHe Ha MOo/MBKUTE, [OpU U C
HamMasnieHn HopmMu, Cce OkasBa
MHOI0 BaXKHO YC/N10BME 3a HOpMaUl-
HMA TemMn Ha HapacTBaHe Ha
NINCTHAaTa M/IOLL.

70000

availability of plants.

Its formation depending on the
applied irrigation regime s
presented visually (in years) in
Figures 1, 2 and 3. The reduction
of irrigation norms compared to
optimal variant (variant 1) has a
negative impact on the
development of the leaf apparatus.

Besides the amount of irrigated
norms, influence of the character
of the year is very well shown.

Timely submission of irrigations,
even at reduced rates, is
extremely important condition for
the normal growth rate of leaf
area.

65000 A
60000 A
55000 A
50000 A
45000 A
40000 A
35000 A
30000 A
25000 A
20000 A
15000 A
10000 -

5000 A

®CM /CPP (n?/da)

—<O——cyx/w ithout irrigation
—-¢-—100%m

— ~— — 70%m %
== -0 30%m 1y

e

30V-15VI

15-25vI

25VI-55VII 5-15Vvil 15VII-5VIIl

®dur. 1. bopmmpaHe Ha ®CIM npe3 2010 rognHa
Fig. 1. CPP formation during 2010
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Fig. 3. CPP formation during 2012

N npe3 Tpute roavHn Ha onuTa,
pefoBHOTO HarnosiBaHe, Aopwn C
Hai-mankata Hopma (30%m), ocu-
rypsBa 3HauMTeNHO NO-BMCOKMU
CTOMHOCTM Ha ®CI1, B cpaBHeHME
C TO3U NpW HeHanosiBaHus hacyn.
Pasnimkute Mexay oTAesiHUTe Mo-
NMBHM BapuvaHTM ca nNpOAMKTY-

During the three experimental
years regular irrigation even with
the smallest norm (30% m),
provide significantly higher values
of CPP, compared to that in non-
irrigated bean. Differences
between irrigated variants are
dictated by the different water
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BaHW OT pas3/in4yHUA BOAEH Aedu-
UWUT, HaTpynaH B aKTUBHUA MNOYBEH
C/I01, CnefcTBMEe HanosiBaHeTo C
HamMasieHn HopMU, a pasmMepbT UM
OCHOBHO € pe3ynrtat OT NpoAb/-
XWUTENTHOCTTa Ha 3acyllaBaHe.

CymapeH ®CI1

B Tabnuua 2 ca HaHeceHu
CTOMHOCTMTE Ha cymapHusa OCrIl
no BapuaHTu, No roguHn N cpegHo
3a ekcnepumMeHTanHua nepuog. U
npe3 TpUTe OMUTHW TFOAMHU Haii-
BMCOKM CyMapHW CTOMHOCTM Ha
®CI1 ca ycTaHOBEHU NpU BapuaHT
1, koeTo no 6e3cnopeH HauuH
nokassa, 4Ye 3a HOpPMasIHOTO
pa3BuUTME Ha IMCTHUA anapart npuv
rpaguHcknsa  doacyn, mnoyseHara
BNaXHOCT He TpsibBa ga cnaja
nog 80% ot TMNB npe3 uyanata
Beretauna. CnpaAMo oOT4eTeHusa
npyu HeHanosiBaHus dhacyn, cpea-
HO 3a Tpute roguHu ®CI1 npu 103U
BapuaHT € CbOTBETHO 2 MNO-TONSAM.
[Mpn BapmaHTUTE, HanosdABaHu C
HamasieHn MNOJIBHNU HOPMMW CTOWA-
HoCcTUTe Ha cymapHua ®CI1 ca
Hanb/IHO B CUHXPOH C Xapakrepa
Ha rofuHaTa, KaTto npu peanusu-
paHe Ha 70% m, CcbWUTe BbL3NIU-
3aT Ha 81-82% oT nonyyeHute
npu ONTUMasIHO HanosiBaHe npe3
no-cyxute 2011 n 2012 roanHn w
95% npe3 6naronpuaTHaTta 2010.
Mpn no-masikata Hopma (30%m)
®CIl1 e cblWO Taka cpaBHUTESTHO
Bucok (71-90% oT TO3n npu onTu-
MasTHO HarnosBaHe). Te3n pesy/-
TatTm ce Ab/pKaT Ha pefoBHOTO
nogaBaHe Ha NoJIMBKUTE, BbMPEKU
Nno-mMasikute nosIMBHMU HOPMW.

deficit accumulated in the active
soil layer, due to reduced irrigation
norms and their amount is mainly
the result of the length of the
drought.

Cumulative CPP

In Table 2 cumulative values
of CPP in variants, in years, and
average of experimental period
are shown. In three experimental
years the highest aggregated
values of CPP are established
Variant 1, which conclusively show
that for the normal development of
leaves of Green Beans, soil
moisture should not fall below 80%
of FC throughout the growing
season.

Compared  with  non-irrigated
beans, average CPP of this variant
for the three years is twice larger.

In variants irrigated with reduced
rates, aggregate values CPP are
fully in line with the climate
conditions of the year. When
realizing 70% m, the same values
are to 81-82% of that obtained in
optimum irrigation in the drier 2011
and 2012 years, and these values
reached 95% during favorable
2010.

In the smaller rate (30% m) CPP is
also relatively high (71-90% of that
for optimal irrigation). These
results are due to the regular
submission of irrigations, although
smaller irrigation norms.
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Tabnuua 2. CymapeH (POTOCUHTETMYEH MNOTeHUMas Ha rpagvHckmsa dhacyn no
BapwaHTW, roOAUHW 1 CpeaHO 3a ONUTHUSA Nepuog,
Table 2. Total CPP of French bean by variants, years and average for all
vegetation period

®CI1  |kbM BapuaHT 4| kbM BapuaHT 1| ®CI1 | KbMm BapuaHT 4 | KbM BapuaHT 1
BapuaHT| CPP to variant 4 to variant 1 CPP to variant 4 to variant 1
variant | mda | + [ % + | % | m’/da + % + | %
2010 (57 gHw/days) 2011 (61 gHw/days)
1 129051 40482 145.7 St 100.0] 163419 104475 277.2 St 100.0
2 122905/ 34336/ 138.8| - 6146| 95.2) 134365 75420 228.0] -29055 82.2
3 116062 27493 131.0| -12989] 89.9 115759 56815 196.4 -47660 70.8
4 88570 St| 100.0 -40482| 68.6] 58944 St| 100.0| -104475 36.1
2012 (61 gHw/days) cpefHo/average 2010-2012 (60 gHw/days)
1 129611 64944 200.4 St| 100.0] 140694 69967 198.9 St| 100.0
2 105365/ 40698 162.9| -24246| 81.3 120878 50151 170.9] -19816 85.9
3 91805 27138 142.0 -37806| 70.8 107875 37149 152.5 -32818 76.7
4 64667 St| 100.0 -64944| 49.9 70727 St| 100.0f -69967| 50.3
dopmupaHe Ha ®CI1 no nepnoaun Formation of CPP in periods
POTOCUHTETUYHUAT NOTEHLUN- Photosynthetic potential of

an Ha dpacyna e ycTaHOBEH Cy-
MapHO 1 No Nepuoau, Kakto cnea-
Ba: | nepuog — fo 6ytoHmsauus; i
nepuos — OT OyTOHM3auusa Ao
nbpeu 3asBpb3; |l nepuog — ot
MbpB/M 3@aBPb3 [0 Kpasd Ha
6epuTbeHna Nepuoa.

Ha Ta6bnuua 3 ca npepacrta-
BEHW MO BapuwaHTM fAaHHUTe 3a
cymapHua @®CI1 no nepuoan 3a
TPUTE ONUTHU TOAWHW U CpefHo.
Mpe3 BeretatMBHUA Nepuop, KOW-
TO MMa Hai-ronama npoab/IKU-
Te/IHOCT, abCoIOTHUTE CTOMHOCTK
Ha nokasatensa npu OoTAeNnHuTe
BapuaHTU ca B 3aBUCMMOCT TOBa,
Jann ca peanusvpaHu MOJINBKN,
TbA KaTo npe3 TO3M uYacT oOT
BeretauuaTa BogopasxoabT e Bce
Ole HUCBK U Ha/IMyHarta novsaHe
BNaXHOCT B ronama CTeneH
o6esnevyaBa pacTeHusiTa. B 1031
CMUCBN nNoKasaTenHa e 2012
roguHa, npes MbpBuUS Nepuos He
ca nopgasaHu nonveku. [lpes

beans is established aggregate
and in periods as follows: | period -
to budding; Il period - from
budding to the first fruit set; Il
period - from first fruit set until the
end of the harvesting period.

In Table 3 data in variants for
total CPP by periods of three
years and average CPP are
presents. During the vegetative
growth, which has the longest
duration, the absolute value of the
CPP at the different variants
depend on whether there are
realized irrigations because in this
part of vegetation water
consumption is still low and the
available soil moisture largely
secured plants.

An indication of this situation was
2012, when during the first
vegetative period no irrigations
have been made. During the first
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MbpBUTE ABE OMUTHU TOAWHWU, [0
OyTOHM3auuATa € peannsnpaHa
nosvBka, nopaguM KoeTo, B
3aBUCMMOCT OT CTeneHTa Ha
BO000E3MEYEHOCT Ca OTYETEHU
pasnnyHmM cTtoHocTn Ha OCI.
BTopuaT nepuog e MHoro kbc (10-
12 pgHKW), HO BBMPEKM ToBa ce
Hanara M3BbPLUBAHETO Ha MUWHU-
MyM efHa nosiveka. lNpe3 Tpetus
nepuopj, Korato nucTHaTa nnoLy
[OCTUra MakCMMaJsiHM CTOMHOCTU B
YCNOBUATA Ha BUMCOKO Harnpexe-
HMe Ha MeTeopOosIOrMYHN pakTopu,
NOJIMBHUAT PEXMM € Hal-UHTEeH3N-
BeH. o OTHOWeHMe Ha abcontoT-
HATE CTOWHOCTW, TeHAeHuuuTe
ycTaHOBeHU npu cymapHusa OCIl
ce 3anassaT W npe3 oTAenHuTe
nognepuoan, Kato c HanpegsaHe-
TO Ha Beretauudata, pas/nMknuTe
Mexay OTAe/iHUTe BapuaHTn ce
yBe/siMyaBar.

Mpe3 no-6naronpuaTHata B
MeTeopOo/1I0rMYHO OTHOLLEHNe
2010 rogviHa, npu BCUYKM BapuaH-
TV Ha onuTa, OTHOCUTESTHUAT AAn
Ha ®CI1 dopmmpaH npe3 NbpBUS
nepuop e Hail-manbk No OTHoLe-
HMEe Ha CcymapHua 3a udanara
Beretauusa (12-18% wn cpegHa JIl
3a 1 AeHoHowwme 340-360m?/da).
[Npe3 BTOpaTta onuTHa roguHa npu
BapvaHT 4 ce Habnwpasa Mno-
NHTEH3UBHO nnctoobpasyBaHe
npes3 NbPBUA Nepnos B CpaBHEHUE
C BTOpUA, B pe3yntar Ha KOeTo
®CIln e no-ronam  (24.0%).
OcHoBHaTta npuyMHa 3a TOBa ca
NMo-HUCKNUTE NpU TO3W BapuaHT
CymMapHu abCo/IoTHU CTOWHOCTU
Ha ®CI1, cnepcTene HapyLeHOoTOo

two experimental years one
watering is realized up to budding
period and depending on water
availability different values of CPP
are established.

The second period is very short
(10-12 days), but it requires the
implementation minimum of a
watering. In the third period, when
leaf area reached maximum
values in extreme meteorological
factors irrigation regime is most
intense.

In terms of absolute CPP, the
trends identified in the cumulative
CPP were retained in the
individual sub-periods, and with
vegetation progress the
differences between the variants
are increase.

During the more favorable
2010, in all variants relative CPP
formed in the first period is the
smallest (12-18% and average LA
for 1 day of 340-360 m?/da).

During the second
experimental year in variant 4
more intensive formation of LA in
the first period compared to the
second is observed, which results
in greater CPP (24.0%). The main
reason for this is lower cumulative
values of CPP for this variant,
resulting in impaired formation of
LA during reproductive period.
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nMcToobpasyBaHe npes3 penpoayk-
TUBHUA nepuoA. JlucTHaTta nnoLy,
cpefHo 3a efHO [AeHoHouwme
HapacTBa OT 283 npu BapuaHT 4
no 469 m?da 3a BapmanT 1. C
peayumpaHeTo  Ha  NOJSIMBHUTE
HOPMW, CTOMHOCTUTE MOCTENEHHO
HamasnsaBar.

Average LA per day increased
from 283 m?/da in variant 4 to 469
m?/da in variant 1. With reduction
of irrigation norms, values of LA
gradually decreased.

Tabnuuya 3. dopmupaHe Ha PCI no nepnogmn
Table 3 Formation of CPP in the different periods

| nepuo Il nepuo Il nepwo 060
roAnHa Bapl."aHtT I pepriodA Il pepriodA Il pepriodA totugll

year | varmant moZida [ % | m%da | % | mYda | % | m¥da | %
1 171020 13.3] 25500 19.8 86449 67.0 129051] 100.0
2010 2 16952 13.8 23858 19.4 82095 66.8 122905 100.0
3 16677| 14.4 21765 18.8 77620 66.9 116062 100.0
4 16308 18.4f 18137 20.5 54125 61.1 88570 100.0
1 23469 14.4 33470 20.5 106480 65.2 163419 100.0
2011 2 21544 16.0 30846, 23.0 81974 61.0 134365 100.0
3 19369 16.7] 29820, 25.8 66570 57.5 115759 100.0
4 14128 24.0 11076/ 18.8 33740 57.2 58944, 100.0
1 23367 18.00 23158 17.9 83086 64.1 129611 100.0
2012 2 23367 22.20 17432 16.5 64566 61.3 105365 100.0
3 23367 25.5 15104 16.5 53334 58.1 91805/ 100.0
4 23367 36.1 14067 21.8 27233 42.1 64667 100.0
1 21313 15.1 27376 19.5 92005 65.4 140694 100.0
cpegHo 2 20621 17.1 24046/ 19.9 76212 63.0 120878 100.0
average 3 19804 18.4) 22230 20.6 65841 61.0 107875 100.0
4 17934 25.4 14427 20.4 38366 54.2 70727, 100.0
Mpe3 ekctpemHata 2012 During the extreme 2012 first

roguHa NbPBUAT nepuog npemu-
HaBa B yc/ioBuATa Ha Gnaronpu-
ATHO eCcTeCTBEHO Bnaroobesneuva-
BaHe Ha pacTeHuATa, nopaau
koeto ®CI1 no BapnaHTU He ce
pasnMyaBa CbLLECTBEHO, KaTo
cpepHogeHoHowHaTta JIM e 630-
720m?/da (Tabnuua 4). OTHocu-
TesHuTe cToHocTM Ha PCI 3a
TO3M nepuopg obaye ce pasnunya-
BaT CbLLECTBEHO, Nopaan psaskarta
npoMAHa Ha  Yycnosusata Ha

period passes in a favorable
natural soil water conditions, that
is why CPP in variants do not
differ significantly. Daily average
LA is 630-720 m?/da (Table 4).

The relative values of CPP for this
period differ significantly due to the
abrupt change of environmental
conditions over the next two
periods and applied irrigation
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cpeparta npes cnefsawurte aga
nepuoga n NPUIOXKeHUs NOSIMBEH
pexum. C nogobpsisaHe Ha BOO-

regime.

By improving water availability to

obesneyeHocTTa Ha pacteHudata | the plants these differences
CbliNTe Hamanasar, nopagu 3Ha- | decreased due to significant
4YMTENIHOTO MNOBULLIEHWE Ha abco- | increase in the absolute
NIOTHUTE CyMapHu CTOMHOCTH. cumulative values.
Ta6bnuua 4. CpegHn fEHOHOWHM cToHOCTU Ha ©CIM no nepuogm
Table 4. Daily values of CPP in the different periods
MNepuogmn cpefiHo 3a MNepuogu cpefiHo 3a
BapuaHT Periods BeretauusaTa Periods BeretaymsaTa
variant | Il 1 average | 1] 11 average
m°/da | m*/da | m°da| m°/da m°/da | m*/da | m°/da m°/da
2010 2011

1 356 | 2125 | 3325 1501 469 | 2789 | 5324 1993

2 353 | 1988 | 3158 1429 431 | 2571 | 4099 1639

3 347 | 1814 | 2985 1350 387 | 2485 | 3329 1412

4 340 | 1511 | 2082 1030 283 923 | 1687 719

2012 cpepHo/average 2010-2012

1 632 | 2316 | 4887 2025 474 | 2489 | 4381 1827

2 632 | 1743 | 3798 1646 458 | 2186 | 3629 1570

3 632 1510 | 3137 1434 440 2021 | 3135 1401

4 632 | 1407 | 1602 1010 399 | 1312 | 1827 919

[Mpe3 BTOpMSA Nepmnos OTHOBO
ce chopmumpa 3HaUnTEesNIEH NPOLEHT
ot ®CI1 npn BapuaHT 4, KaTo TOBa
ctaBa 3a cmeTka Ha ®CI1 npes
TpeTtus nepuog. Karo uano, pas-
NNKNTE Mexay OTAeNHUTe Bapu-
aHTV npes Tasm YyacT OT Beretauu-
ATa He ca MHOro rosiemu, Hau-
Beye nopagu masikara My npogb/i-
XUTENHOCT. OTHOCUTEsTHUTE CTOW-
HocTM Ha ®CI1 npe3 To3n KpaTbk
nepuos ca rnokasartesiHu1 3a VHTEH-
3MBHOCTTa Ha doopMupaHe Ha
NUCTHUA anapart npu duacyna, a
abCconTHUTE Cca OTpaxeHue Ha

NPUNOXEHNA  MNOJSIMBEH  PEXUM
(o6wo npe3 nbpBUA W BTOPUSA
nepuvog) W  METEOpPOsIOTMYHUTE

ycnoBus. CpefiHo 3a TpUTe OnuT-

A significant percentage of
CPP is formed during the second
period for variant 4 as this is at the
expense of CPP during the third
period. Generally the differences
between the variants in this part of
the vegetation are not very big,
mainly because of its low duration.

The relative values of CPP during
this short period are indicative for
the intensity of the formation of
leaf apparatus in beans and
absolute values reflect the effects
of applied irrigation regime (total
for the first and the second period)
and weather conditions.

Average for the three experimental
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HA roAvHM Npe3 BTOPUSA Mepuop,
(byTOHM3aUMA — MbPBM 3aBPbH3) Ce
dopmupa okono 1/5 ot cymapHus
®CI1 Ha rpaguHckms dhacyn. Mpes
TasM 4acTt OT Beretaumsita Ha
dhacyna cpegHarta /11 3a AeHOHO-
LMe Bapvpa B LUMPOKN rpaHuumn —
oT 1000 go 3000 m%/da 1 KakTo ce
BXAa OT Tabnuuara, Bb3AENCT-
BMETO Ha MOJINBHUSA PEXVM € MHO-
ro CUJIHO M3pa3eHo, KaTo B CbLLO-
TO BpeMe ce 3anasBa 1 B/sHue-
TO Ha yc/noBusTa Ha oTrnexpaHe
npes npeaxoaHns nNepuoa.
NHTEeH3nBHOCTTA Ha HaTpyn-
BaHe Ha NMCTHa Maca W noLy,
npes TpeTusa nognepuos npoabi-
XaBa [a HapacTBa W Mpu BCUYKK
BapuvaHTM U rOAUHU 3aema Hai-
ronssM OTHOCUTESIeH OAN B CyMap-
Hua ®CI1. NoaabpXaHeTo Ha onT-
MMasiIeH BOAHO-Bb3AYLUEH PEeXuM
B aKTMBHWA TMOYBEH C/IOM Ha
dhacyna npes Ta3un yacT ot BereTa-
UnATa uspaBHsiBa OTHOCUTESTHUTE
CTOMHOCTM Ha nokasartesns, Hesa-
BMCUMO OT XapakTepa Ha rogunHa-
Ta. CbwnTte ca B rpaHvyute 64-
67% npu onTMMas/IHO HanosiBaHe,
T.e. okosio 2/3 ot ®CI1 Ha onTu-
Ma/THO HanosiBaHUA  rPafMHCKM
dhacyn ce popmupa npes nepuoga
Ha obpasyBaHe M HapacTBaHe Ha
6o6oBeTe. 3HA4YNTENHO € npeanm-
CTBOTO Ha TO3M BapuaHT ” Mo
OTHOLLEHME Ha CcpefHuTe [AeHo-
HOLLHM CTOIHOCTM — 4381 m?/da
(oT 3325 go 5324 m?%da). Mpu
BapuvaHTMTe C HaMaJleHNn HOopMU
OTHOBO WM3MbKBa MOJIOKUTENHOTO
B/INSIHME Ha pefoBHUTE MOJIUBKM.
Mpe3 TpeTusa nepuog oT Beretauu-

years during the second period
(budding — the first fruit set) about
1/5 of the cumulative CPP of
Green Bean is formed. In this part
of the vegetation of bean mean LA
per day varies widely — from 1000
to 3000 m*/da and as can be seen
from the table, the impact of the
irrigation system is very strong,
while the influence of the growing
conditions during the previous
period is maintaining.

The intensity of accumulation
of leaf area and leaf mass during
the third sub period continued to
grow in all variants and years, and
held the largest relative ratio in the
cumulative  CPP.  Maintaining
optimal water-air regime in the
active soil layer of bean crop in
this part of the vegetation
equalizes the relative values of
this paramter, regardless of the
nature of the year.

These are in the range from 64%
to 67% at optimum irrigation, i.e.
about 2/3 of the CPP is formed
during the formation and growth of
the pods for optimal irrigated
garden bean. The advantage of
this variant is significant with
regard to the average daily values
of LA — 4381 m?%da (from 3325 to
5324 m?%/da).

In the variants with reduced
irrigated rates the positive impact
of regular waterings again stands
out. In the third period of
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ATa Ha no-snaxHara 2010 roguHa,
®CI1 e egHakbB Npu Hopma 30 n
70%m, a npe3 cyxute 2011 wu
2012, OTHOCUTE/IHUTE CTOMHOCTU
npu egHoOMMEeHHUTe BapuaHTu ca
CblL0 Taka efHakBM (CbOTBETHO
58 1 61%).

vegetation, in the wetland 2010
year, CPP is the same at the rates
of 30 to 70% m, and during the dry
2011 and 2012 years, the relative
values of the corresponding
variants are also similar (58 and
61% respectively).
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dur. 4. 3aBUCMMOCT Mexay gobmsa n ®CI no nepuoam n cymapHo 3a usnata
BereTaumsa npu rpaguHckna gpacyn
Fig. 4. Relationship “Yield-CPP” for different periods and total for all vegetation

period

CobllecTtByBa TACHa 3aBUCU-
MOCT Mexay fgobvea U (POTOCUH-
TETUYHUA NOTeHuuas, OoT4veTeH
CymMapHoO Mo nepuvogu u 3a uanata
Beretauusa. ColaTa e npegcrase-
Ha HarnegHo Ha dwr. 4, a napa-
MeTpuTe Ha 3aBMCUMOCTTa ca OT-
paseHu B Tabnvua 5. M3nonseaHu
ca JaHHUTe 3a abconTHUA [06MB
n cboTBeTHUA ®CI1 npu yeTnpute
BapuaHTu Ha onuta. Ha rpadmka-
Ta nuncea MHpopmauns 0THOCHO
NbpBMA nepuod, Tbil Kato B

There is a close correlation
between vyield and crop photo-
synthetic potential established for
different periods and for the entire
growing season. The same is
presented graphically in Figure 4
and the parameters of the
relationship are reflected in Table
5. The data for absolute yield and
the corresponding CPP for the four
variants are used. The information
on the first period is missing, as
there is no correlation between
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cnyyaa HAMa 3aBUCMMOCT MexXxnay
®CTI1, otyeTeH Ao pasa ,6yTOHU-
3aymaTa” u KpanHua gobus. Tosa
e Taka, MoHexe npes Tasn yacT oT
Beretaumata Ha dhacyna MHOro
PAOKO Ce Haara HanosiBaHe Wau
aKko ce Hanoxu, TO nosvBKaTta
0OGVKHOBEHO Ce peasim3upa B Kpas
Ha nepuoga. B pe3yntart Ha TOBa,
®CIl1 He ce npomeHAa win ce
NMPOMEHs HeCbLeCcTBEeHO, 3a pas-
nvMKa oT fobusa, KOMTO e cneact-
BME OT TMPWIOXEHUA NOJIMBEH
pexum npes3 crejsawute [Aga

nepuvoga. 3a BTOpUA nNepuos
Bpb3kaTa €  JIMHeliHa  npu
R?=0.779. Cnopes, Hes, 3a
noslyyaBaHeTO Ha  MUHUMaJIEH

[obwus, 1o 6yToHM3aumnsATa Tpsabea
pa ce Hatpyna ®CI1 Hag 6573
m?/da, a 3a nosyyaBaHeTo Hanpu-
Mep Ha 1000 kg/da — 21725 m?/da.
Mo-MasikMAT Hak/IOH Ha JIMHUATA,
Ba/IMAHa 3a TO3W nepuog e cnepg-
CTBME Ha MasikaTa My NpOAb/DKU-
TeJ/IHOCT M HefocTUra Ha BpemMe 3a
CbLUECTBEHO YyBe/iMyaBaHe CTOM-
HocTuTe Ha PCI1, KakTO N 3a pea-
nsnpaHeTo Ha noeeye OT 2
NnoAvBKW. Bbnpekn TOBa hopmu-
paHUAT npes3 Tasn 4yacT Ha Bere-
TauuaTa POTOCUHTETUYEH MOTEH-
unan e onpegensiw, 3a KpainHus
[06MB, KOETO ce MNOoTBbpXAasa U
OT cToiiHocTuTe Ha R? 3asucu-
MOCTTa, Ba/iMHa 3a nepuvoja Ha
obpasyBaHe W HapacTBaHe Ha
6060BeTE € CblO Taka JIMHEHa
npu  R?*=0.899. Mo-ronsamata
NPOABL/MKUTENHOCT M peanusvpa-
HUAT NO-rofiiM  G6PO  NOSIUBKMU
npe3 Tasu 4yacT Ha BeretauuaTa,

CPP reported to phase "budding"
and the final yield. This is because
in this part of the vegetation of
bean needing of watering are rear
or, if necessary, the irrigations
typically implemented at the end of
the period.

As a result, CPP does not change
or changes a negligible, in contrast
to the vyield, which is a
consequence of applications of
irrigation regime during the next
two periods. For the second period
the relationship is linear at
R?=0.779. According to it, for the
preparation of the minimum yield
CPP above 6573 m?/da to budding
period should accumulate, and for
example for the preparation of
1000 kg/da — 21725 m?/da.

The smaller slope of the line for
this period is due to its small
duration and lack of time to
substantially increase of CPP and
the realization of more than 2
irrigations.

However formed in this part of
vegetation CPP is determinative
for the final yield, which was
confirmed by the values of R?.

Dependence valid for the period of
formation and growth of the pods
is also linear at R* = 0.899.

The longer duration and realized
large number of irrigations in this
part of the vegetation give a
significant impact on the values of
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AaBar Nno-CbLEeCTBEHO OTpaXeHue
BbpXy cTouHocTUTEe Ha ®CI npu
OTAEeNHUTe BapuaHTM Ha onuTa,
nopaau KoeTto BapupaHeTo Nno oT-
HOLLleHNe Ha abcuucaTa o6xBaula
no-ronam pguanasoH. Cnepacrsuve
Ha TOBa, HAKNOHBbT Ha /INHUATA Ha
3aBucMMocTTa € no-ronsam, B

CpaBHEHMe C noJlyyeHaTa 3a
npeaxoaHnss nepvod. Cnopef
cblllaTa, 3a MNoJjlyyaBaHeTO Ha

MUHUMasieH po6us, ®CI1 npe3s
Tpetua nepuopg Tpsbea ga 6bae
Hag 21532 m“/da, a 3a 4O06VB OT
1000 kg/da — 66990 m*/da. 3asu-
cMMmocTTa Mexay nobmea n dpoTo-
CYHTETUYHUSA MOTeHuunasl, OTYeTeH
CyMapHO 3a usanara Beretauus, e
CblO /fuHeliHa npu  R?=0.860.
Cnopep, HanpaseHuTe wu3uuUcrie-
HWS, HE MOXe fa ce nosiyun obvs
npy cToiHOCTM A0 47698 m?/da.
[Jo6ue o1 1000 kg/da moraT pa
6bAaT NosyvyeHn nNpu HatpynsaHe
Ha cToiiHocTu oT 108305 m?/da,
KaTo MeXyBpeMEHHO ce OCuryps-
BaT MOCOYeHUTe npe3 BTOpPUS U
TpeTns nepuoau.

the CPP in different variants of the
experiment, so that the variation
with respect to the x-axis covers a
wider range.

As a consequence, the slope of
the line dependency is larger in
comparison with that obtained for
the previous period.

According to the same, to obtain a
minimum vyield, CPP in the third
period should be over 21532
m?/da, and for yield of 1000

kg/da— 66990 m?%da. The
relationship between vyield and
photosynthetic potential,

established total for the entire
growing season, is also linear at
R®> = 0.860. According to the
calculations it is not possible to
obtain any yield at values up to
47698 m?da. A yield of 1000
kg/da can be obtained by
accumulating values of 108305
m?/da, and in the meantime it
should provide CPP for the second
and third periods.

Tabnuua 5. MapameTpn Ha 3aBUcMmocTTa ,,[Jo6ms-PCl” no nepuoamn n cymapHo
Table 5. Parameters of the relationship “Yield-CPP” for different periods and

total

nepvoawn / periods ypaBHeHue / equation R’

I Y = 0.066x — 433.938 0.779

I Y = 0.022x — 473.695 0.899

=1l Y =0.017x — 787.022 0.860

N3BO4AN CONCLUSIONS

3a hopmupaHeTo Ha Makcu- For the formation of a
mManeH ®CrI1 npu dpacyna nouseHa- | maximum CPP of bean soll
Ta BNaxHoCT B cnosa 0-60cm | moisture in the layer 0-60cm
TpsbBa pga 6bvae Hag 80% ot MMB | should be over 80% of FC

npe3 Luenus BereTauyoHeH nepu-

throughout the growing period.
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oa. Mpn pepyunpaHe Ha MONBHU-
Te HopMu ¢ 30%, cymapHnAT ®CrI1
npeacrtasnasa 80-95% o1 makcu-
MasIHUA, a nNpu AonyckaHe Ha mno-
cbllecTBeH BoAeH aeduumnt (70%
HamaneHne Ha Hopmarta) ®CIl e
70 — 90% oT MakcumanHusa. Tesn
BMCOKM CTOMHOCTM Ce Ob/hkaT B
ronama CTeneH Ha pefoBHOTO
nogaBaHe Ha NOJVBKUTE, BLIPEKU
peayunpaHuTe nosMBHN HOPMMU.
[o 6yToHu3auuaTa, B YC/O-
BUATA Ha ONTMMa/IHO HarnosiBaHe
ce chopmupat mexay 13 n 18% ot
cymapHusa ®Crl1, kaTo ¢ Hamansaga-
HEe Ha MNONUBHUTE HOPMU Te3u
OTHOCWUTESIHM CTOIMHOCTU HapacT-
BaT A0 18-36% npu HenosMBHU
ycnoBus. Mo OTHoOLIEeHNe Ha abco-
NOTHUTE CTOWHOCTM ce Habnwga-
Ba obOpaTHaTa TeHAeHuus. [lpe3
nepuoga Ha 6yToHM3auMs U Lbo-
Tex 3a 10-12 gHu ce dhopmupar
okosio 20% ot cymapHua ®CI1 Ha
dhacyna, karto pasmka mexany
OTAENHUTE BapuaHTU MPakTUYecku
HAMa, HO C yBeNnyaBaHe pa3mepa
Ha NOJIMBHUTE HOPMW, aBCOMOTHU-
Te CTOMHOCTM HapacTeaT. Hali-
CcblUecTBeH adan ot cymapHua oCrIl
ce doopmupa npes nepuoja Ha
obpa3yBaHe U1 HapacTBaHe Ha
6060BeTe, Kato npuv  MNOJINBHM
ycnosuss Toi e Hag 60% a npwu
HenonmeHu — mexay 40 n 60%. C
yBenuyasaHe pasmepa Ha nosivs-
HaTa HOpMa, MOCTEeNeHHO HapacT-
BaT KakTo OTHOCUTENIHUTE, Taka U
abconTHUTe cTonHOCTK Ha ®CIT,
Ba/IMAHW 3@ TO3U NEPUOA.
CobuecTByBa TACHa JSiMHelHa
3aBMCUMMOCT Mexay gobusa U

Reducing of irrigation norms by
30% cumulative CPP represents
80-95% of the maximum, and
assuming a significant water deficit
(70% reduction of normal) CPP is
70-90% of maximum CPP. These
high values are due to the regular
submission of irrigations, although
reduced irrigation rates.

To budding period, in terms
of optimal irrigation, between 13
and 18% of the cumulative CPP is
formed, thereby reducing irrigation
norms these relative values
increased, reaching to 18-36% for
non-irrigated variants. In terms of
the absolute values opposite
tendency was observed. During
the period of budding and flowering
for 10-12 days it is formed about
20% of the aggregate CPP of
bean, as practically there is no
difference between the variants,
but with increase of the amount of
irrigated norms absolute values for
CPP increase. The most significant
part of cumulative CPP is formed
during the formation and growing
of the pods, while in irrigated
conditions it is over 60% and in
non- irrigated - between 40 and
60%.

By increasing the irrigation rates
the relative and absolute values of

CPP, wvald for this period,
increased gradually.
There is a close linear

relationship between vyield and
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CyMapHUs (POTOCUMHTETUYEH MO-
TeHUMan Ha rpaguHckms dacyn,
KOWTO OTroBapsl Ha ypaBHEHWETO:
Y = 0.017x - 787.022 npwu
R?=0.86. TakbB TWM Bpb3Ka
CbLUECTBYBa W MO OTHOLLEHME Ha
®CI1 3a BTOPUA N TpPEeTUa nepuos
OT BereTauusTa npu cTOMHOCTM Ha
R? cboTBeTHO 0.779 1 0.899. Upes
HESs MOXe Ja ce nporHosvpa
pasmepa Ha Aobusa npean pa e
NPUKIIOYMNA BEreTaumaTa.

cumulative photosynthetic potential
of garden bean, which meets the
equation: Y = 0.017x — 787.022 at
R® = 0.86. This type of relationship
exists with respect to CPP for the
second and third period of the
vegetation at values of R* = 0.779
and 0.899, respectively. Through
this relationship the yield can be
predicted before the end of the
vegetation.
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