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PE3OME

EkcnepuMeHTasTHMAT MOJICKA OnuT
e nssBefeH npes nepuoga 2016-2017 r. B
HeoTon/iseMa nosIMeTUNEHOBA OpaHXe-
pus. O6eKT Ha n3cnefBaHeTo ca gomartu,
copt ,Butenno”. 3a onpegensHe Ha napa-
MeTpuTe Ha 3asBucumocTtta Jobums -
HanoutenHa Hopma”, ca w3No/s3BaHu
cnepgHute BapmaHTu: 1. HanossaHe ¢ 50%
OT onTMMasiHaTa nosiMBHa Hopma, 2. Ha-
nosasaHe ¢ 75% OT onTMMasiHaTa nosimeBHa
Hopma, 3. HanosiBaHe ¢ 100% ot onTu-
MasiHaTa NnosiMBHa Hopma (onTumasieH Ba-
puaHT). Bpb3kata ,Jobus — HanoutenHa
Hopma“ Mpu AomaTtu, opaHXepuiiHoO npo-
M3BOACTBO, MOXe fa 6bae n3paseHa upes
KBagpaTHO ypaBHeHue (Y = ax’+bx) kaTo
CpefHO 3a EeKCrnepuMMeHTa/THUA nepuog
nMa Buga: Y = 2,786x -1,780x°. OT 6uo-
nornyecka rnegHa Toyka, CTeneHHaTa
hopmyna oTpassiBa No-KOPEKTHO U3MeHe-
HYeTo Ha pfobuwsa npu npunaraHe Ha
pas/fiMyeH nosmBeH pexum (npu R? = 0,995).
CpegHo 3a pasrnexpaHus  nepuoj
3aBMCUMOCTTa Ce npeacTaBs C ypasHe-
Hue ot Buga: Y =1 — (1 — x) 2,9. OTkno-
HEHMETO Ha OMUTHO YCTAHOBEHWTE CNpsIMO
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SUMMARY

The experimental field experience
was brought out during the period
2016-2017 in an unheated polyethylene
greenhouse. The subject of the study is
tomato, variety "Vitelio". To determine the
parameters of the "Yield — Irrigation
depth" dependence, were used the
following options: 1. Irrigation with 50% of
the optimal irrigation rate, 2. Irrigation with
75% of the optimal irrigation rate, 3.
Irrigation  with 100% of the optimal
irrigation rate (optimal option). The relation
"Yield — Irrigation depth" in tomatoes,
greenhouse production can be expressed by
square equation (Y = ax’ + bx) as the
average for the experimental period is the
following: Y = 2,786x -1,780x°. From a
biological point of view, the step formula
reflects more accurately the change in
yield when applying a different irrigation

regime (R® = 0.995). Average for the
period under consideration, the
dependence is represented by the

equation of the type: Y =1 - (1 - x) 2,9.
The deviation of the experimentally
determined from the calculated vyields is
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n3umcnexHmTe gobusn e ot -3,4% [o +2,1%,

T.e. B AnanasoHa -2453 go+ kg/da.
Knrouosu ayMn: oomatu,

HanouTesiHa Hopma, A06MB, Bpb3ka

yBO/[,

3e/1eHuYyKonpon3BoOACTBOTO € efuH
OT HaW-UHTEH3UBHUTE CEKTOpU Ha pa3Bu-
TVe Ha pacTeHUeBbACTBOTO. VIHTeH3nduka-
uMsaTa Ha OpaHXepuinHOTO NPOU3BOACTBO
Hasara n3non3BaHeTo Ha 3HaYUTEsTHU KOJN-
yecTBa MWHEpasIHW TOPOBE C Orfef yse-
NinyaBaHe Ha [J0O6GUBMTE, HO MHOrO YecTo
HenpasunHata MM ynotpeba HaHacs ce-
PVYO3HM LLETN KaKTO Ha oTriexpaHara Ky/-
Typa, Taka 1 Ha okonHata cpefa. KankoBoTo
HanosisaHe e BOAOCMNeTABala M BUCOKO-
eeKTMBHa TEXHOMOIUSA, KOSITO OTroBaps Ha
CbBpPEMEHHUTE U3NCKBAHWNSA 3a pa3BuTMe Ha
€eKo/10rocbobpasHo 3emegenve. Mpu kanko-
BOTO HarnosiBaHe MOJIMBHUTE HOPMW Morat
Ja ObjaT perynupaHu, orpaHuyaBa ce
HaBnaxHaBaHara /oW, W Hamansasa Ha
n3napeHneTo OT NoyBeHaTa NoBbpPXHOCT.

Bb3voxHOCTTa 3a nojasaHe Ha TOpPO-
BETe eHOBPEMEHHO C MO/MBHATa BOAA MO3BO-
NfBa fa ce OCUrypu MOOXOAALL, XpaHWTeseH
peXxuM Ha pacTeHusiTa npes pasnMyHuTe dasu
OT pasBUTUETO UM U NO-A00pPO0 pasnpeaesieHve
Ha XpaHWTeNHUTE efleMeHTH, HaMasisiBaHe Ha
pasxogute Ha Tpy4 1 HaMasisiBaHe Ha Ko/imyec-
TBOTO Ha ToposeTe (Petkov et al, 2013). Wscnen-
BaHe B/MSHMETO Ha NoAXpaHBaHeTO C a30TeH
TOp, BHECEH C Mno/svBHaTa BOAa, YCTaHOBSA-
Ba, Ye HamasnsaBaHe Ha HopmuTe ¢ 18,75%
He Hama/ifiBa KO/IMYeCTBOTO U KavyecTBOTO
Ha [06MBUTE 1 NoBULIaBa edEKTUBHOCTTA Ha
13Mon3BaemMoCcT Ha nogajeHaTa Bofa 3a Ha-
nosisaHe (Zugui et al., 2003; Zhanguo, 2008).

Mpu cb3ganata ce KOHIHKTypa Ha
nasapa 3a Npou3BOACTBO Ha EKO0rMYecku
yncTa NPOAyKUMS C Bb3MOXHO Hai-HUCKa
cebecToiHOCT, Cce Hanara TbpCEHETO Ha
B3aMmoBpb3kaTa BOAA-A06MB-TOpeHe Ha
WKOHOMMYECKN W3roAHOTO HMBO, & He Ha
6uonornyeckn ontumasiHoTo et al. (Varlev et
al., 1994). NMy6nnkyBaHn ca MHOXECTBO pe-
3ynTaTy 3a B3aMMogencTBune Ha chaktopute
BOJA W TOpPEHe WU KOMMAEKCHOTO UM BWA-
HMe BbpXY KayecTBeHWTe rokasaTesiv Ha
pomatu (Favati et al., 2009; Ozbahce et al.,
2010; Kusgu et al.,, 2014; Zhang et al.,

from -3.4% to + 2.1%, i.e. in the range

-2453 to + 212 kg/da.
Key words:

depth, yield, relation

tomatoes, irrigation

INTRODUCTION

Vegetable production is one of the
most intense sectors of plant growing.
Increasing greenhouse production
requires the use of significant quantities of
mineral fertilizers to increase yields, but
often their misuse causes serious damage
to both culture and the environment.

Drip irrigation is a water-saving and highly
efficient technology that meets today's
requirements for the development of
environmentally-friendly farming. In drip
irrigation the irrigation regulations can be
adjusted, the wetted area is limited and
the evaporation decreases from the soil
surface.

The ability to feed fertilizers at the
same time as irrigation water allows for
proper nutrition of plants during the
different phases of their development and
better distribution of nutrients, reduction of
labour costs and reduction of the amount
of fertilizers (Petkov et al., 2013).
Investigation of the influence of nitrogen
fertilizer feed with irrigated water found
that a 18.75% reduction in yields did not
reduce the quantity and quality of the
yields and increased the efficiency of
water use for irrigation (Zugui et al., 2003;
Zhanguo, 2008).

In the current situation in the
market for production of ecologically clean
products with the lowest possible cost, it
is necessary to seek the interconnection
of water-extraction-fertilization at the
economically advantageous level rather
than the biologically optimal one (Varlev
et al., 1994). Multiple results have been
published on the interaction of water and
fertilization factors and their complex
influence on the quality of tomato
indicators (Favati et al., 2009; Ozbahce et
al., 2010; Kuscu et al., 2014; Zhang et al.,
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2017). EKONOrMYHAT pPUCK npu  dhaktopa
TOpeHe 1 posiATa Ha NosMBHaTa BOAa, KaTto
ekonormueH daktop ca B OCHOoBaTa Ha
HaCTOALLOTO EKO/IOTMYHO MPOYyYBaHE.

C HacToALLeTO m3cneagaHe ce Lenu
yCTaHOBsIBAHE MNapaMeTpute Ha Bpb3kaTa
~LOMb/IHUTENEH [06UB-HaNouUTesiHa Hopma”
npu AoMatu, OpaHXepuiHO NPOU3BOACTBO.
MpoyyBaHeTo Ha Te3u 3aBUCMMOCTW AaBar
BBb3MOXHOCTM 3a HaMasisiBaHE KO/IMYECTBO-
TO Ha npunaraHuTe TOpoBe Ype3 ONTUMU3N-
paHe Ha MOMMBHUS PEXUM C Orfes nosy-
yaBaHe Ha eKOJIOTMYHO YncTa NPOAYKUMS.

MATEPVAT N METOOU

EKCnepMMeHTa/IHUAT MOJICKM OnuT €
n3seneH npes nepuoga 2016-2017 1. B
HeoTonIAemMa nosIMeTusIeHoBa opaHXepus.
O6eKT Ha u3cnefBaHeTo ca JomaTu, COpT
Butenno”. OnuTbT e 3anaraH no metoga
Ha ObArMTE napueny, Ha paBHa NoBbPXHOCT
no cxema 110+50+35, c ronemmuHara Ha
pekonTHaTa napuenka 10 m’.

3a onpepensaHe Ha napaMmeTpute Ha
3aBucumocTTa ,406MB — HanouTesnHa Hop-
Ma”, ca U3NosiI3BaHun creHuTe BapnaHTu:

1. HanosisaHe c 50% oT
onTumasiHarta nosimsHa Hopma

2. HanosieaHe c 75% oT ontumasl-
HaTa nonnBHa Hopma

3. HanossaHe ¢ 100% oT ontumasl-
Harta nosmBHa Hopma (ONTUMasIEH BapuaHT)

HanosiBaHeTO e N3BbLPLUBAHO nocpesa-
CTBOM u3rpageHa 3a Uenta Kankosa WH-
ctanaums. MNonneBHUTE Kpw/a ca ¢ BrpageHu
npe3 0,2 m kankonyckatenun ¢ geéut 2 I/h.
MopoabpxaHa e npeanonveHa BraxHoCT 90
% [MNB, kaTo nosMBHaTa HopMa e usyucre-
Ha 3a aKTVBEH NoYBeH cnoii 0-30 cm.

MapameTpuTe Ha Bpb3kaTa ,JobmB —
HanoutenHa Hopma“ ca YyCTaHOBEHW MO
MeTo[a Ha Hali-masikuTe kBagpaTu kaTo ca
npunoXxeHn cneguute dopmynu: 1) perpe-
CMOHHO ypaBHeHMe: Y = ax’ + bx, KbAeTo
Y — OTHOCUTENHWAT [OMbJIHUTENEeH [061B
npy peasMsvpaHe Ha CbOTBETHaTa OTHOCU-
TeslHa HanoutesiHa HopMma (X); 2) cTeneHHa
chopmyna Ha Davidov (1994): Y =1 — (1 - x)",
Kb[ETO: X — CbOTHOLLEHWE MexX[y peasm3npa-
HaTa HamasleHa 1 MakcumasiHaTa HanoutesiHa
Hopma (M/Mo); n — cTeneHeH nokasartern.

YcTaHOBABAHETO Ha Bpb3karta Mexay
HanouTenHa HopmMa 1 fo6vBa ce u3BbpLUBa

2017). The environmental risk of the
fertilizing factor and the role of irrigation
water as an environmental factor are at
the base of this environmental study.

This study aims to establish the
parameters of the relation "extra yield-
irrigation norm" in tomatoes, greenhouse
production. The study of these
dependencies gives opportunities to
reduce the amount of fertilizer applied by
optimizing the irrigation regime in order to
obtain ecologically clean products.

MATERIAL AND METHODS

The experimental field trial was
brought out during the period 2016-2017
in an unheated polyethylene greenhouse.
The subject of the study is tomato, variety
"Vitelio". The experiment is based on the
long plot method, on a flat surface
110 + 50 + 35 with the size of the plot of
10 m?.

To determine the parameters of the
"yield — irrigation rate" dependence, were
used the following options:

1. Irrigation with 50% of the optimal
irrigation rate

2. Irrigation with 75% of the optimal
irrigation rate

3. lrrigation with 100% of the
optimal irrigation rate (optimal option)

Irrigation was carried out using a
built-in drip plant. The floating wings have
built-in 0,2 m drippers with a flow rate of 2
I/h. Prepared humidity is maintained at
90% PC, with the irrigation rate calculated
for an active soil layer of 0-30 cm.

The parameters of the relation "Yield —
Irrigation rate" have been identified by the
method of least squares by applying the
following formulas: 1) regression equation:
Y = ax® + bx, where Y — relative additional
yield in the realization of the relative
irrigation rate (x ); 2) Grades formula of
Davidov (1994): Y =1 - (1 - x)", where: x —
ratio between the reduced and the
maximum irrigation rate (M / Mo); n - step
indicator.

Establishing the connection between

the irrigation depth and the vyield is
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nocpesCcTBOM KOMMHOTbPHM Nporpamu, CboT-
BETHO Mpu ypaBHeHne 1 — Microsoft Excel —
2003, a npu hopmyna 2 — cneunanunsupa-
HaTa nporpama YIELD (Davidov, 1992).

PE3YJITATN N OBCBXAJAHE

Bnvanve npu hopmmnpaHe Ha Hanow-
Te/lHaTa HOpMa oOkKas3BaT noggbpxaHaTa
npeanosiMBHa BM&XHOCT, AbNb6oyvHaTa Ha
aKTUBHMSA NOYBEH CMOW, MUKpOKIUMaTa B
HeoTon/isemara nNoOMMETU/IEHOBA OpaHXe-
pus 1 nepuoja Ha oTrnexaaHe Ha KynTypara.

MonueHa HopmMa npu BapuaHT 3 e 15
mm, m3yncsieHa 3a HasnaxHssaHe Ha 30
cm nouyseH cnoi. Mpe3 2016 roguHa ca
nogazeHu 33 MonuBKW, C pasmep Ha OnTu-
MasiHata HanoutenHata Hopma 495 mm
(Bap. 3). Mpe3 BTOpata roguHa cbliata e
405 mm, peanusnpaHa ypes 27 nosnBKU.

JaHHuTe OTHOCHO rosiemMuHaTa Ha
HanouTenHWTe Hopma W nosilydyeHuss 0o6uB
no BapuaHTW, rofuHN N CpeaHo 3a nepuoaa
ca npeactaBeHn B Tabnuua 1. Bb3 ocHoBa
Ha CbOTBETHUTE WM OTHOCWUTESIHW CTOM-
HOCTM ca uW34YUCNeHn napameTpuTe Ha
TbpceHarta 3aBUCMOCT.

performed by means of computer programs,
respectively in equation 1 — Microsoft Excel —
2003, and in the case of the formula 2 — the
specialized program YIELD (Davidov, 1992).

RESULTS AND DISCUSSION

Influence in the formation of the
irrigation norm is provided by the
preserved humidity, the depth of the
active soil layer, the microclimate in the
unheated polythene greenhouse and the
growing period of the crop.

The irrigation depth for Variant 3 is 15
mm, calculated for wetting a 30 cm soil
layer. In 2003, 33 irrigations were
dispatched, with an optimum Irrigation depth
of 495 mm (var. 3). In the second year the
same was 405 mm, realized through 27
watering.

The data on the size of the irrigation
depth and the yield obtained by variants,
years and averages for the period are
presented in Table 1. Based on their
respective relative values, the parameters of
the dependency sought are calculated.

Tabnuua 1. Mi3xogHM OaHHM 3a ycTaHOBSIBaHe Ha 3aBucumocTTa ,,JobuB—HanouTtenHa

Hopma*

Table 1. Source data for calculating of “Yield —

Irrigation depth” relationship

roguHal BapuaHt

M [o6us /Yield

Year Variant (mm) MiMo kg/da AYIAYo
1 50% oT MakcMMasiHaTa Hopma (m) 2475 050 7848 0.955
irrigation with 50% of m ' ' '
2016 | 2 | 5% OT MaKcumanHata HopMa (m) | 559 ¢ | (75 10504 1,278
irrigation with 75% of m ' ' '
100% oT makcumanHarta Hopma (m)
3 irrigation with 100% of m 4950 1,00 8220 1,000
1 50% oT MakcMMasiHaTa Hopma (m) 2024 050 9540 0.920
irrigation with 50% of m ' ' '
2017 > 75% OT MakcMMasiHaTa Hopma (m) 302.4 0.75 10030 0.968
irrigation with 75% of m ' ' '
100% oT makcumanHarta Hopma (m)
3 irrigation with 100% of m 4050 1,00 10365 1,000
1 50% oT MakcMMasiHaTa Hopma (m) 295 0 050 8694 0.936
o9 irrigation with 50% of m ' ' '
q%); © 3 75% OT MakcMMasiHaTa Hopma (m) 336.0 0.75 10267 1105
o % irrigation with 75% of m ' ' '
100% oT MakcumanHarta Hopma (m)
4 irrigation with 100% of m 450,0 1,00 9293 1,000

M — HanovTenHa Hopma/ irrigation depth; Mi/M, — oTHocuTenHa HanouTenHa Hopma/ relative irrigation depth;
AY/AY, — oTHOCUTeNeH fonbnHUTENeH fobus/ additional relative yield
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Bpb3ka ,,[Jo6uB — HanonTenHa
HopMa“ 4ypes3 KBagpaTHO YypaBHeHue
oT Buaa:

Relation "Yield - Irrigation depth"
through a square equation of the type:

Y = ax’+bx

Ha dwurypa 1 ca npencraBeHu
HarnegHo nonydyeHute pesyntatu 4ypes
perpecnuoHeH aHasiM3 Ha ekcnepuMeHTa-
HUTe aaHHu (oT Tabnuua 1), a B Tabnuua
2 napameTpuTe Ha pasrnexjaHara 3aBu-
cumocT. MNpe3 ABeTe ONWUTHW FOAUHW, KBaj-
paTHOTO ypaBHeHue OT Buga Y=ax’ + bx
npefcTaBs pasrnexjaHara Bpb3ka Kato
n3nbkHana napadona.

HesaBsucumo, ye  un3BepeHUTe
perpecuoHHn ypaBHEHUS WMaT BUCOKU
CTOMHOCTM Ha koedhmLmeHTa Ha AeTepmu-
Hauma R? (cvotBeTHO 0,978 un 0,992),
U34ncneHnTe Ao6MBU ce OTKNOHSABAT OT
ONUTHO ycTaHoBeHuTe (Tabnuua 2). Cno-
pen kpvBata, BaimgHa 3a 2016 r., makcu-
MasieH oTHocuTeneH goobus (1,0) ce oT-
ynTa nNpu Hopma 47% m, KOETO He Kopec-
noHampa c buonornsaTa Ha Kyntypara.

OnuTHUTE [aHHW npe3  BTOparta
rofvHa ce ocpegHsiBat npu R® = 0,992.
Cnopepf, kpuBata oTHocuteneH fobus 1,0
ce pgoctura npm 68%m, kato B Anana3oHa
70-90% m, cbwmAat e ¢ okono 3% no-
BMCOK OT TO3M NpW peasm3upaHe Ha
100% m.

KpuBute anpokcumupawiy o6Lo
BCUYKN  EKCMEePUMEHTas/IHN  TOYKM U
ocpefHeHMTe 3a LUenus nepuog, ca
OTHOBO Mapab6onu. [BeTte ca 6/M3kM No
X0, HO C pasnuyeH KoeduUMEHT Ha
jetepmMmuHauns (R2 e cboTrBeTHO 0,969 un
0,999).

OT aHa/nIn3a Ha ekcnepuMeHTaIHu-
Te [aHHU MOXe fAa ce Hanpasu M3BOAa,
ye Npu ycnoBua Ha HepocTurallyM BOAHU
pecypcu, ycnewHo MOXe fa ce Npuioxu
pegyuvMpaHe Ha MOMMBHUTE HOPMU C
25%. TMpunaraHeTo Ha BapwaHT 75% m
cTabnnmsmpa gobusa, kato npu no-éorat
MOJSINBEH PEXMM He ce rapaHTupa LoMnb-
HUTENHOTO MY YBENNYEHMe.

Figure 1 shows the results
obtained by regression analysis of the
experimental data (Table 1) and in Table
2 parameters of the considered
dependence. In the two experimental
years, the square equation of the type
Y = ax’ + bx represents the considered
connection as a convex parabola.

Although the deduced regression
equations have high values of the
determination coefficient R* (0,978 and
0.992, respectively), the calculated yields
deviate  from the experimentally
determined (Table 2). According to the
curve valid for 2016, the maximum yield
(1,0) is reported at a rate of 47% m,
which does not correspond to the biology
of the culture.

Experimental data in the second
year is averaged at R* = 0.992. According
to the curve, the relative yield 1,0 is
reached at 68% m, in the range of
70-90% m, it is about 3% higher than at
100% m.

The curves approximating the total
data points and averaged for the entire
period are parabolas again. Both are
similar in turn but with a different
determination coefficient (R? is 0,969 and
0,999, respectively).

From the analysis of the
experimental data it can be concluded
that under conditions of insufficient water
resources, a reduction of the irrigation
norms can be successfully implemented
by 25%. The application of a 75% m
option stabilizes the yield, and in the case
of a richer irrigation regime it is not
guaranteed to increase it further.

300



M L OAMHE odmo

1,3

OTHOCK 8Nnex AO&ME

1 z by years L 4 12 4 tatal <
11 A /_ "\\ yal
2 1.0 /// —r _ E'J: 1 * 3
£07 520

0,6 4 g . U5

0.5 1 Z 04 4

A

2; i //:/ ®  onurhu (experimental) 2016 gj | # onkeThr-0bWwo [experimental-tocal)

0.2 , 4 ommm (cxpenmental) 2017 U:l ] calouiaed  ota

o014 . wiuncnenn (calculated)}-2016 0n i i | | | i |

0.0 —{—wiamcnem (calclatod) 9017 00 01 D2 03 04 0L DE D7 UE U8 10

00 01 02 03 04 05 06 O7 08 09 10

OTHOCHUTEMNHA HanoWTenHa HopMa
(relative irmigation depth)

UITHULHI2IHE HEOK 2] 1HE HUDRME
(relabve rnigelion deplh)

dur. 1. Bpb3ka ,,Jlobus—HanouteniHa HopmMa“*“ no roguMHun v obLo, no ypasHeHue Y=ax*+bx
Fig. 1. “Yield — Irrigation depth” relation by years and total, using equation Y=ax’ + bx

Tabnuvua 2. NapameTpn Ha 3aBUCUMOCTTa ,,[lo06mB — HanontenHa Hopma““
Table 2. Parameters of relation “ Yield — Irrigation depth”

FoanHa $opmyna / Equation
Year Eguation (1) , Equation (2)
Y = ax” +bx R Y=1-(1-x" n R
2016 Y =-2,066x° +3,107x | 0,978 |Y=1-(1—-x)* 2,8 0,975
2017 Y =-1553x° +2,531x | 0,992 |Y=1-(1-x)°* 3,2 0,999
CpepHo / Average| Y =-1,780x° +2,786x | 0,999 |Y=1-(1-x)"° 2,9 0,995
O6uwo / Total Y =-1,809%° + 2,819x 0,969

B npasobrb/iHa kBagpaTHa cucTe-
Ma ca CbMNoCTaBeHW OMUTHUTE U U3YuC-
NeHnTe fOo6MBKM MPU U3NUTaHUTE BapuaH-
TV no roguHu (Purypa 2), a Ha Purypa 3
oHarsnefeHa Bpb3kaTa Mexay Tax. Bb-
npekn Bucokara kopenauusa (R = 0,992)
Mexzy OMnWTHO YCTaHOBEHWA [06MB K
CbOTBETHUTE UM W3YUC/NIEHN CTOWHOCTW,
OTHOCUTE/NIHUTE OTK/IOHEHUSA MeXay TaX
Bapupar B rpaHuumte oT -8,6% Ao
+8,6%. B abCco0THA CTOMHOCT Ce paBHsABa
Ha Jonb/HuUTeNneH fobus B AnanasoHa —
902 kg/da po + 676 kg/da (Tabnumua 3).

In a rectangular square system, the
experimental and calculated yields of the
tested variants are compared in years
(Figure 2), and Figure 3 illustrates the
relation between them. Despite the high
correlation (R 0,992) between the
experimentally determined yield and their
respective calculated values, the relative
deviations between them ranged from
-8,6% to +8,6%. In absolute terms, it is
equivalent to an extra yield in the range
of 902 kg/da to + 676 kg/da (Table 3).
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Fig. 2. Additional yield — exgerimental and
calculated by equation: Y = ax” +bx

dur. 3. Bpb3ka Mexay OnnuTHU N N3YNCTIEHN
L06VBM NO ypaBHeHUETO: Y = ax® +bx

Fig. 3. Relationship between experimental
and calculated yield by formula Y = ax? +bx

Tabnuua 3. BapmpaHe Ha n3duncneHnTe obmBm CNpsiMo ONUTHO YCTaHOBEHUTE
Table 3. Variation of the calculated yield compared with experimentally established

£ = - $opmyna / Equation - $opmyna / Equation
g.g s Y = ax’ +bx Y=1-(1-x" |8 Y=ax’+bx | Y=1-(1-x)"
S g > tkg/da | +% | tkg/da | +% |> |#kg/da | +% | tkg/da | *%
50% m | o 676 8,6 -808 -10,3~ -447 -4,7 -303 -3,2
75% m |3 - 902 -8,6 2453 -23,43 591 5,9 212 2,1
100% m|™ 337 4,1 0 0,0% [ 228 | -2,2 0 0,0

R 0,992 0,977 0,992 0,977

Bpb3ka ,,JJo6uB — HanonTesnHa Relation "Yield - Irrigation
HopMa“ no chopmynaTa: depth" by the formula:

Y=1-(1-x)"
Bpb3kata ,[o6us — HanouTtenHa The relationship "Yield — Irrigation

Hopma“ e onpejesnieHa no opmynaTa Ha
[aBnaoB., Kato 3a Lenta onuTHUTE faHHU
oT Tabnuua 1 ca o6paboTeHn CbC cre-
LmanumaupaHa KoMnNiTbpHa nporpama.
Pesyntatute  OT  HanpaBeHus
aHanu3, npeacraBeHn rpaguyueckn Ha
durypa 4 no KaTeropMyeH HayuH nokas-
BaT NpeAMMCTBOTO Ha MPOMEHALNSA ce
cTeneHeH nokasatesi. 10 TO3X HauWH ce
yBefnyasa TOYHOCTTA Ha anpokcumauus
N U3MEHEHMETO Ha [OMbJ/IHUTESTHUA [0-
6uB e B rpaHuuute ot 0 o 1. M3passea-
HEeTO Ha 3aBMCUMOCTTa No hopmynaTa Ha

JaBnaoB yAoBMeTBOPsiBA M3MCKBaHUATA

depth" is determined by the formula of
Davidov, for which purpose the experimental
data from Table 1 are processed with a
specialized computer program.

The results of the analysis
presented graphically in Figure 4 clearly
show the advantage of the variable step
indicator.

This increases the accuracy of
approximation and the change of the
extra yield is in the range from 0 to 1. The
expression of the dependence on the
Davidov‘s formula satisfies the
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3a TOYHOCT OT Maremaruuyecka riegHa
TOuKa W OTroBaps Ha O6MONOrMYHNUTE
0CO06EHOCTM Ha AoMaTuTe MO OTHOLIEHUE
Ha dakTop BOJa W peakyMsita Ha
KynTypata npu npuiaraHe Ha HapylleH
MOJSIMBEH PEXMM.

mathematical accuracy requirements and
meets the biological characteristics of the
tomatoes in relation to the water factor
and the reaction of the culture when
applying an irrigated irrigation regime.

oTHOCKTENeH nobve
(relative yield)
=}
[=:]

T 1

00 01

+ onuTHu (experimental) 2016
wasncnesw (calculated) 2016
A& onuTHK - {experimental) 2017
wasucnen (calculated) 2017
uzsncnequ-06wo (calculated-total data)

1 T T T T

02 03 04 05 06 07 08 O 1.0

OTHOCWTEMHE HaNoWTeNHa HopMa
(relatve irmgation depth)

our. 4. "Jobus-HanonTesiHa Hopma'" (N0 rognHN)
Fig. 4. "Yield-irrigation depth" (by years)

MMpes3 gBeTe ONUTHU rOAVHWU, EeKcre-
PUMEHTa/IHUTE TOYKM Ca OCpPedHEeHu OT
u3NbkHaNM napabonn npu  CTENeHeH
nokasaTten cbOoTBETHO N = 2,8 n n = 3,2.
CToliHOCTTa Ha koedMuMeHTa Ha anpok-
cMmMaums R npes ageTe rofuHU € BUCOKa —
0,975 n 0,999. Kpusute, xapakrepusmpa-
WM ONUTHUTE TOAMHW, Ce NPUNOKpUBaT B
pguanasoHa 0,7-1,0, kaTto MakcumaneH
OTHOCUTENEH [JONb/HUTENIeH [06uB ce
nosyyasa npu peanusvpaHe Ha 80% ot
nonveHaTa Hopma. Cnopepf Taka npejcra-
BeHarta Bpb3ka, pefyuvpaHe Ha Hopmarta C
25%, 61 O0BEes0 A0 He3HauyuTeNHo Hama-
nsiBaHe Ha pgobusa oT 0Kos10 2%.

OcpegHeHNTe OMUTHM TOYKU Cce
anpokcumupart oT efHa o6Luia kpusa npu
n = 2,9 N MHOTO BMCOK KOE(UUMEHT Ha
kopenaums (R = 0,995). Mpun Ta3un Kpuea
MakcumaneH pobws ce pgoctura B
AnanasoHa 80-100% m, a npu Hopma
65% m, gobuea e 95% OT MakCUMaNHUS.

MapameTpuTte Ha Bpb3kaTta ,Jobus —
HanoutenHa Hopma“, onpegeneHn no
cTeneHHara opmyna Ha /[asugos ca

During the two experimental years,
the experimental points were averaged
by convex parabols with a score of
n =28 and n = 3,2 respectively. The
value of the approximation coefficient R
over the two years is high — 0,975 and
0,999. The curves characterizing the
experimental years overlap in the range
of 0,7-1,0, as with maximum relative extra
yield being obtained when 80% of the
irrigation rate is realized. According to the
link presented, a 25% reduction in the
norm would lead to a marginal reduction
in yield of about 2%.

The averaged test points are
approximated by a common curve at
n = 29 and a very high correlation
coefficient (R = 0,995). At this curve,
maximum vyield is reached in the 80-
100% range, and at 65% m, yields 95%
of the maximum.

The parameters of the relation
"Yield — Irrigation depth”, determined by
Davidov's formula, are presented in Table
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npeacTtaBeHn B Tabnuua 2, a Ha durypm 5
ca HaHeceHW CbOTBETHO OMUTHUTE 1
n3uncneHmTe fo6rBKM NO rOAMHN U cpefHo
3a nepuoga. Ha durypa 6 e npeacraseHa
Bpb3Kata Mexay OMNUTHO onpefesieHnTe n
n3uncneHn Jo6uBM MpU KOedUUMEHT Ha
Kopenauua R = 0,977.

2, and Figures 5 are respectively the
experimental and calculated yields by
year and average over the period. Figure
6 shows the relation between the
experimentally determined and calculated
yields at a correlation coefficient R = 0,977.

13 - . . 10
12 4 R=0.977 09
4 &
11 5 os
1.0 1 g
5 iw
09 I®07
e \ £3
3 .- 08 L, m 06
83 %
® 07 A \ 2 05
& _ 06 &
e =04
g® 09 1 32
o @ o
% = 04 4 ! §§ 0:3
& 03 - = £ 02
—p— JODUB-ONUTEH o
02 0,1
01 —l— noSuB-N3sIUCned J
00 - 0,0 T T T T T T t
3 1 2 3 4 00 0102 03 04 05 06 07 08 09 10
BCH4 KW BABPUEHTH W NMOWHA OTHOCHUTaneH ﬂDﬁHE - OnATeH
(all variants and years) relative yield - experimeantal
dur. 5. ONUTHU U N3YUCEHUN OTHOCUTENHU  Dur. 6. Bpb3ka Mexay ONMUTHU U U3UNCTIEHN

fo6usu no roguHmn (Y =1 - (1 -x)"

Fig. 5. Experimental and calculated additional

yield for all years (by equation: Y =1 - (1-x)"

TouHOCTTa Ha anpokcuMauus npu
dopmynata Ha [aBnaoB e Mo-HUCKa B
CpaBHEHWe C Ta3u Mpu PerpecroHHUs aHa-
nn3. Kakto 6e orbenasaHo no-rope, TA OT-
passiBa No-go6pe peakuusita Ha KynTypaTa
OT 6ronoruyHa rnejHa Toyka npu npunara-
HETO Ha pas/iMyeH MOMMBEH pexuMm. Koe-
duumneHTbT Ha Kopenauusa e R = 0,977, a
ONMUTHO  YCTAHOBEHUTE  AOMb/IHUTESHU
[O6VBY ce OTK/IOHSABAT OT U3UMCMeHuTe B
AmanasoHa -2453 po +212 kg/da. B
OTHOCUTESTHN CTOWHOCTN OTK/TIOHEHWETO € B
rpaHuum ot -23,4% pao +2,1% (Tabnmua3l).

n3BOAMN

Bpb3kata ,Jo6bus — HanowuTtesnHa
HOpMa“ Mpu AOMatu, OpaHXepuinHo npo-
N3BOACTBO, MOXe Aa 6be n3paseHa upes
KBaZpaTHO ypaBHeHue (Y = ax® + bx) kato
CpefHoO 3a eKCnepuMeHTaUTHUA Mepuos
uma Buga: Y = 2,786x -1,780%°.

lpaduueckn e npepcraBeHa OT

no6usn no copmyna Y =1 - (1 - x)" npu
R=0.977

Fig. 6. Relation between experimental and
calculated yield by formulaY =1- (1 - x)"

The accuracy of approximation in
the Davidov's formula is lower than in the
regression analysis. As noted above, it
better reflects the culture’s response from
a biological point of view when applying a
different irrigation regime. The correlation
coefficient is R 0,977, and the
experimentally determined extra yields
deviate from the range -2453 to +212
kg/da. In relative values, the deviation
ranges from -23,4% to + 2,1% (Table 3).

CONCLUSIONS

The relation "Yield Irrigation
depth" in tomatoes, greenhouse product-
ion can be expressed by square equation
(Y = ax® + bx) as the average for the
experimental period is the following:
Y =2,786x -1,780x".

Graphically, it is represented by
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n3nbkHana napaéona npu R® = 0,999.
OTK/IOHEHNETO Ha OMWUTHO YCTaHOBEHUTE
CMPSAMO  U3YUCMEHUTE  OOMbAHUTESTHN
pobuen e ot -8,6% Ao +8,6%. B abco-
NI0THa CTOMHOCT ce paBHsiBa Ha A06vB B
AmnanasoHa — 902 kg/da go + 676 kg/da.

OT 6uonorMyecka rnegHa ToOuKa,
cTeneHHata (popmyna oOTpassiBa Mo-
KOPEKTHO M3MEHeHMeTo Ha gobusa npu
npuiaraHe Ha pas/iMdeH NOSIMBEH PEXUM
(npwm R’= 0,995). CpegHo 3a pasrnexna-
HWUS Nepuog, 3aBUcuUMocTTa ce npeacTaBs
C ypaBHeHue oT Buga: Y = 1 — (1 — x)*°.
OTK/IOHEHNETO Ha OMUTHO YyCTaHOBEHUTE
CnpAMO n3uncneHuTe aobusn e ot -3,4%
no +2,1%, T1.e. B AvanasoHa -2453 po
+212 kg/da.

convex parabola at R® = 0,999. The
deviation of the experimentally
determined from the calculated extra
yields is from -8,6% to +8,6%. In absolute
terms, it is equivalent to yield ranging from
902 kg/da to + 676 kg/da.

From a biological point of view, the
step formula reflects more accurately the
change in yield when applying a different
irrigation regime (R2 = 0,995). Average for
the period under consideration, the
dependence is represented by the
equation of the type: Y =1 - (1 - x)*°. The
deviation of the experimentally
determined from the calculated vyields is
from -3,4% to +2,1%, i.e. in the range
-2453 to +212 kg/da.
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PE3IOME

Llenta Ha ToBa u3cnegsaHe e fa ce
npoyyn B/IMSIHMETO Ha npuiaraHe Ha Kar-
KOBO HanosiBaHe C pas/IM4yHWN MOJSIMBHN HOP-
MU BBbPXY A06MBA OT OpaHXepuinHu gomatu
N ehekTMBHOCTTa Ha M3Mon3BaHe Ha Boja-
Ta. MNpe3 2017 r e NnpoBefeH eKCnepuMeHT
no metofa C AbArUTE napuenku ¢ gomatu
copt Solanum lycopersicum 'Big Beef’,
OTrNeXAaHW nNpuY KankoBO HarnosiBaHe U
My/nlYMpaHe B HeoToNsseMa nosmeTuieHoBa
opaHXepus Ha KaHesneHa ropcka noysa Ha
OonuTHO none YenoneyeHe Ha MHcTutyTa no
NnoyBO3HAa-HMe, arpoTexHoNnormM u 3awmTa
Ha pacTte-HuATa ,Hukona [llywkapos® - rp.
Codwmsa. M3nuTaHu ca crnegHuTe 4veTupu
BapuaHta: Tl — onTUMasiHO HanosiBaHe C
100% nonueBHa Hopma 3a noggbpXaHe Ha

90% T[MNB, T2 — HanosBaHe c 60% oOT
onTMasiHata noamB-Ha Hopma, T3 —
HanossBaHe ¢ 80% oOT onTu-masiHaTta

nosivBHa Hopma, T4 — HanosiBaHe ¢ 100%
nosiMBHa HopMa, onpejeneHa no unaputen
kKnac A. Bpemeto Ha nonuMekute e
onpegensHo  ypes  HabnwgaBaHe — Ha

Accepted: 03.05.2018

Published: 20.08.2018

SUMMARY

This study aims at investigating the
effect of application of drip irrigation at
different irrigation rates on the yield of
greenhouse tomatoes and the water use
efficiency. In 2017 an experiment is
conducted by the method with long plots
on drip irrigated tomato (Solanum
lycopersicum 'Big Beef) grown in
unheated plastic greenhouse under mulch
in Haplic chromic luvi soil in the
Chelopechene experimental field of the
Institute of soil science, agrotechnologies
and plant protection in town of Sofia. Four
different rates of drip irrigation have been
served as treatment: T1 - optimal
irrigation in pre-irrigation soil moisture
85-90% of the field capacity, T2 -
irrigation with 60% of optimal irrigation
rate, T3 — irrigation with 80% of optimal
irrigation rate, T4 — irrigation with 100%
pan evaporation-based irrigation rate.
Irrigation time is determined by soil
moisture monitoring taking soil samples in
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rnoyBeHaTa BJ/IKHOCT 4pe3 B3eMaHe Ha
noyseHy Npo6u B 3 NOBTOPeHUs. 3a nepuo-
Ja Ha Beretauugara e onpegeneHa 10-aHes-
HaTa cymMapHa M ce3oHHaTa eBanoTpaHcnu-
pauus. OnpegeneH e 4O6MBBLT N ePEKTUB-
HOCTTa Ha M3Mon3BaHe Ha BojaTa 3a Hanos-
BaHe Mo BapwaHTW. Haii-Bucok pnobus e
noslyyeH npu BapuaHT T1 — 79.59 t/ha. bnu-
3bK [0 Hero Ao6uBbT Npu BapwaHt T4 —
71.05 t/ha. PesyntatuTe CbLLO NoKasgaT, ye
edeKTMBHOCTTa Ha M3MNoJsi3BaHe Ha Bojara
npy KankoBO HanosiBaHe Ha Aomartu ce
B/IMSIe OT HamMa/iABaHeTO Ha nosvBHaTa
HopMa. Hai-Bucoka e Ta npu BapuaHTa T2 ¢
Hali-HucKkaTa nonmeHa Hopma — 25 kg/mP.
Bb3 ocHOBa Ha ekcnepvMeHTaslHuTe pesyn-
TaTu e onpegeneHa ontTumasiHa HanouTen-
Ha Hopma 488 mm Ku eqEeKTMBHOCT Ha
M3Nnon3BaHeTo Ha Bogarta Mnpu ONTUMasTHO
HanosiBaHe — 24.5 kg/m°.

KntouoBu aymn: aomatn,
opaHxepusi, Kankoso HanosiBaHe,
eBanoTpaHcnupaums, Aobus, edeKTUBHOCT
Ha 1M3nos3BaHe Ha Bogarta

YBO/,

B nocnegHvTe rogmHn ce Habnogasa
TeHAEHUMA 3a yBenunyasaHe Ha nsjowure ¢
OpaHXepuiiHO OTrNeXaaHn 3e/eHYyLUN Kak-
To B cBeToBeH Mawab (O'Connor and
Mehta, 2016), Taka n B Bbarapusa (MAFF,
2017). bnarofapeHne Ha BucOKaTa WUHTEH-
3MBHOCT Ha NMPON3BOACTBO, OpPaHXepuiHOTO
npou3BoACTBO ocurypsisa 15-17% oT o6Lo
npoussefeHnTe 3efleHdyuy B CcTpaHarta,
KaTo OenbT Ha opaHXepuiiHo oTrnefaHvTe
fomaTn e noyutn 50% OT 06LO0TO NPOU3BOsA-
CTBO Ha 3efieHuyykoBaTa kyntypa. OTrnex-
[JaHe Ha JoMaTy B HEOTOMNIAEMU OpaHxe-
puvn, NOKPUTU C MONNETUNEHOBO (DOINO Ce
npwnara Bce noseye BMECTO PaHHOTO Mos-
CKO MpOn3BOACTBO.

Jomatnte ca Bnarono6ueu pacTte-
HUS W HanosiBaHeTO e (hakTop, KOWTO mno-
B/IMAIBA CbLLeCTBeHO Ao6uBa. Mpu opaHxe-
pUAHOTO OTrNexjaHe 3a [OCTaBAHETO Ha
Heobxogumara Boa 3a HarosisaHe ce pas-
ynTa eQMHCTBEHO Ha HamouTesiHaTa cucte-
Ma, nopajn KoeTo BbMNPOCUTE, CBbP3aHn C
e()eKTMBHOTO i 13Mosi3BaHe ca OT 0COBGEHO
3HayeHne. To MOXe [fa Ce MOCTUrHe C
npunaraHe Ha BogocnecTsABaliy MeToaun 3a

3 replicates. For the vegetation period,
10-day summary and seasonal
evapotranspiration are determined. The
yield and water use efficiency are
determined per treatments. The highest
yield is obtained in treatment T1 — 79.59
t/ha. The yield in treatment T4 is close —
71.05 t/ha.

The results also show that the water use
efficiency of drip-irrigated tomato is
influenced by reducing the amount of
water applied. It is highest in T2 treatment
with the lowest irrigation rate — 25 kg/ms.
Based on the experimental results an
optimal irrigation rate of 488 mm and a
water productivity of optimal irri%ation of
tomato is determined — 24.5 kg/m”.

Key words: tomato, greenhouse,
drip irrigation, evapotranspiration, vyield,
water use efficiency

INTRODUCTION

In recent years there has been a
tendency to increase the area of
greenhouse-grown vegetables both
globally (O’Connor and Mehta, 2016) and
in Bulgaria (MAFF, 2017). As a result of
the high intensity, greenhouse production
provides 15-17% of the total vegetable
production in the country, with the
proportion  of  greenhouse tomato
accounting for almost 50% of the total
vegetable crop production. Cultivation of
tomato in unheated plastic greenhouses is
increasingly being applied instead of early
field production.

Tomato is a high water demanding
crop and irrigation is a factor significantly
influenced the vyield. In greenhouse
cultivation only the irrigation system is
relied on to supply the needed water for
irrigation, so the issues related to effective
water use are of particular importance.

It can be achieved by applying water-
saving irrigation methods and irrigation

307



HanosiBaHe ¥ MNJaHVpaHe Ha HanosiBaHeTo.
MpeanounTaH MeToA, € KarnkoBoTO HanosiBa-
He, KOETO NO3BOMsABA BOAATa [a ce nojasa
[OVPEKTHO A0 KopeHoBaTa cucTema U ga ce
nonvea npu No-HUCKN NOAMBHU HOpMW. Opyr
HauWH, KOMTO MOXe Ja JonpuHece 3a nec-
TEHeTO Ha Bofja, € AedMUUTHOTO HanosiBa-
He (Kirda et al., 2004). MNMpunaraHeTo Ha
cTpaterun 3a AedUUMTHO HanosiBaHe Ha
[oMaTn MOXe 3HauMTesHO fa AonpuHece 3a
crnecTaBaHe Ha Boja 3a HarnosiBaHe (Zegbe-
Dominguez et al., 2003).

Llenta Ha ToBa mM3cneaBaHe e Aa ce
npoyyn B/IMSIHUETO Ha MpwuiaraHe Ha Kan-
KOBO HanosiBaHe C pasnNyHu NOMNBHU HOP-
MU BbPXy A06MBa OT OpaHXepuiiHu gomatu
1 ed)eKTMBHOCTTa Ha U3MNon3BaHe Ha Boja-
Ta 3a HarnosiBaHe.

MATEPVAT I METOOU

Mpe3 2017 r. Ha TepuTopuATa Ha
onutHoTto none ,YenoneuveHe" Ha UMA3P
»H.[ylwKkapos* e npoBegeH onut ¢ goma-
TW, OTrNexaaHn B opaHxepus. ONUTHOTO
none e yvact ot CodumiickoTto none,
pasnosioxkeHo Ha 550 m Hagmopcka
BUCOYMHA. KnvMarbT e KOHTUHEeHTaneH
CbC CTygeHa 3uMma. [oyBarta Ha ONUTHUA
Yy4aCTbK € KaHesieHa ropcka, usnyxeHa u
MoXe fa 6bAe onpejesieHa Kato cpefHo
[0 CW/THO BOAOMPONYyCKNMBA CbC cpefHa
ounTpaunoHHa cnocobHocT. OpaHxepusi-
Ta e HeoTonasemMa nosaveTueHoBa c pas-
Mepmn 7.9 x 53 m n obwa nsowy, 420 m*.

Temnepatypata W OTHOCUTESNHA
B/I2XKHOCT B OpaHXepuaTa ce n3mepsar C
TepmomMeTbp-xurpometbp TFA 45.2000
exegHesHo B 8, 13 n 16 vaca. Msnape-
HMETO ce M3mMepBa CblLLO exeHEBHO B 8
CYTPUHTA CbC CTaHgapTeH wusnapuren
Knac A, noctaseH B cpefaTa Ha opaHxe-
puaTa.

O6eKT Ha n3cnegBaHeTo ca goMatu
(Solanum lycopersicum “Big Beef”). To3u
COPT € BWCOKOMNPOAYKTUBEH W YCTOWYMB
Ha 6onectu.

MpoBefeH e egHOMAKTOPEH eKcre-
PUMEHT C (pakTop Ha onuTa — HanosiBaHe.
WN3nuTBar ce criegHUTE BapuaHTu:

T1 — HanoasaHe c 100% nonusHa
HOpMa C nogAbpXaHe Ha MpeanosiMBHa

planning. Drip irrigation is a preferred
method, which allows the water to be
applied directly to the root system and to
be irrigated at lower irrigation rates.
Another way to save water is so-called
deficit irrigation (Kirda et al., 2004). The
application of deficit irrigation strategies to
tomato may greatly contribute to save
irrigation water (Zegbe-Dominguez et al.,
2003).

This study aims at investigating the
effect of application of drip irrigation at
different irrigation rates on the yield of
greenhouse tomatoes and the irrigation
water use efficiency.

MATERIAL AND METHODS

In 2017 an experiment is conducted
on greenhouse  tomato in  the
Chelopechene experimental field of the
Institute of soil science, Agrotechnologies
and Plant protection in town of Sofia.
Experimental field is a part of the Sofia
Field, located at 550 m above sea level.
The climate is continental characterized
by cold winter. The type of the soil of the
experimental site is Chromic Luvisol and
can be defined as moderate to strong
water-permeable with an average filtration
capacity. The greenhouse is unheated
plastic with dimensions of 7.9 x 53 m and
a total area of 420 m?.

The temperature and relative
humidity in the greenhouse are measured
with a thermometer-hygrometer TFA
45.2000 daily at 8, 13 and 16 hours.
Evaporation is also measured daily at 8
am using standard pan class A placed in
the middle of the greenhouse.

The subject of the study is tomato
(Solanum lycopersicum “Big Beef”). This
variety is highly productive and resistant
to diseases.

An one-factor experiment is conduct-
ed with an experimental factor — irrigation.
The following treatments are tested:

T1 — Optimal irrigation in pre-
irrigation soil moisture 85-90% of the field
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BnaxHoct 90% TIMNB -
(onTumanHo) HanosiBaHe;

T2 — HanossaHe c 60%oT onTtu-
MasiHaTa nosiMBHa Hopma,;

T3 — HanossaHe ¢ 80% ot onTu-
MasiHaTa nosiMBHa Hopma,;

T4 — HanoasaHe ¢ 100% nonusHa
Hopma, onpegeneHa no nsnaputen knac A.

Cxemara Ha onuTta e no metoga c
ObArV napuenkm B 4 nostopeHus. onemm-
HaTa Ha onuTHaTa napuenka e 18 m? u ce
CbCTOM OT ABa peja gomaru.

BpemeTo Ha nonvBkuTe e onpege-
NSHO upe3 HabnwjaBaHe Ha Mo4yBeHaTa
BNaXXHOCT 3a aKTUBHMA NO4YBEH cnoii Ao 40
cm pabnbounHa 3a BapuaHTu T1 un T4,
MouBeHUTe Npobu ca B3emaHu npe3 10 cm
[0 Abn6oynHa 40 cm B TpM NOBTOPEHUS U
ce obpaboTBaHM NO TerfI0BHO-TEPMOCTaTEH
MeTog4,. MNMoNMBKM ca NpoBeXAaHn Nnpu rnoHu-
XasaHe Ha no4yseHarta B/IXKHOCT MoJ, onTu-
MasiHaTa, KOATO 3a KOHKPETHUSA eKcrnepwu-
MeHT e npueta 90% I1r1B.

Onpep,enﬂHe Ha nosimBHata HopmMa ce
n3BbpLBa no popmynata (Dzhuninski, 1980):

MaKCMMaJTHO

capacity (FC) — maximum (optimal) irrigation;

T2 — lrrigation with 60% of optimal
irrigation rate;

T3 — lrrigation with 80% of optimal
irrigation rate;

T4 -  lrrigation  with  100%
evapotranspiration-based irrigation rate.

Experimental treatments are
arranged according to the method with long
plots in 4 replications. Each plot has a
surface of 18 m” and consisted of twin rows.

The irrigation time is determined by
monitoring the soil moisture dynamics for
the active soil layer to the depth 40 cm for
treatment T1. The soil samples are taken
in triplicates at 10 cm increments and are
processed by a weight-thermostatic
method. Water applications are performed
in case of lowering the soil moisture below
the optimum, which for the present
experiment is accepted 90% FC.

The irrigation application rate is
calculated using the formula (Dzhuninski,
1980):

m= lOHa(BnnB' B,qros)k

KbETO: m e nonveHata Hopma (mm), H e
ObnbounHaTa Ha akTVBHWA MOYBEH C/IOM
(m), o e obemHaTa NABLTHOCT Ha noysaTa
(g/cm®), Bans € NpeAenHaTa noscka Bnaro-
€MHOCT Ha nousara (TerioBHN %), Buos €
[JOnHaTta rpaHuua Ha ontuMasniHarta Braro-
ob6e3neyeHocT (TernioBHU %) 1 k e koedn-
LUMEHT, oTpasssall, CbOTHOLLIEHVNETO MexXAay
HamMoKpeHaTta Mol OT cucTemarta 3a kan-
KOBO HanosieaHe M 3acafeHara Mn/ol, Ha
opaHxepusita B cnyvyas 1ol e npuet, paBeH
Ha 0.67.

KonnyecTtBoTO BOAAa 3a HanosiBaHe,
onpefenieHo Bb3 OCHOBA Ha W3MEPEHOTO
usnapeHne oOT u3naputen knac A, ce
n3umcnsasa no ypasHeHweto (Doorenbos
and Pruitt, 1977):

where: m is irrigation rate (mm), H is the
root zone depth (m), a is bulk density of
the soll (g/cms); Brc is the gravimetric
field capacity (%), Bc is the current
gravimetric soil moisture (%) and k is a
factor, representing the ratio between the
area wetted from the drip irrigation
system and the planted area of the
greenhouse. In this case it is assumed
equal to 0.67.

Irrigation  water amount to be
applied based on the evaporation data of
a pan class A is calculated using the
equation (Doorenbos and Pruitt, 1977):

I=Ke kpan Epan

KbAeTo: Ir e KoNMYecTBoTO BoJa 3a Hanos-
BaHe (mm), E,,, € usnapeHmneto (mm), Kopan
e kKoeduumeHT Ha wu3naputena mn k. e
6uomanyeH KoemuMeHT Ha KynTypaTa.

KoehumeHTbT Ha msnaputensa ce
usuucnsasa no dopmynara (Allen et al.,
1998):

where: |, is irrigation water amount (mm),
Epan is evaporation (mm), ks is pan
coefficient and k. is crop coefficient.

Pan coefficient is calculated using
the formula (Allen et al., 1998):
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Kpan=0.61 + 0.00341RH - 0.000162u,RH - 0.00000959u,F + 0.00327u, In(F) —
- 0.00289u, In(86.4uy) - 0.0106 In(86.4u,) In(F) + 0.00063 In(86.4u%) (In(F))*

KbaeTo: RH e oTHocuTesiHa BNaXHOCT Ha
Bb3ayxa (%), F e gbmkuHa Ha 6ydepHa-
Ta 30Ha (m), U, € CKOPOCT Ha BATbpa Ha 2
m BMCOYMHA, M/S.

CrtoliHocTMTe Ha 6rmodmn3anyHmus
KoedhmumMeHT 3a pasnnyHutTe deHodasun
Ha passBuTMe Ha fgomaruTe ca ornpe-
[JeNleHn No nuTepaTypHU JaHHW.

lMonuBkuTE Ce OCbLLUECTBABAT CbC
cucTeMa 3a KarkoBo HanosisaHe, CbCTOA-
la ce OT KOMaHAeH Bb3en u ase baTe-
pyuv ¢ No ABe MOJMBHU Kpuna Ha nexa,
pasnonoxeHn [o ABaTa pefa Aomatw.
MonueHUTE Kpua ca c BrpageHu npes 60
cm kankoob6pasysatenun ¢ geéut 1.5 I/h.
O6emMbT Ha nogasaHarta nosvBHa BoAa
KbM 6atepumute ce KOHTpo/avpa C BOAO-
Mepu, MOHTUPaHW Ha rfaBHUTEe TPBOO-
npoBoau. 3a JOMb/HWTENIHO HamasisiBaHe
Ha 3arybute Ha Bofa ce npunara Mya4u-
paHe. M3non3BaHO e YepHO nonveTusne-
HOBO Mynuupatyo oo +UV 15 mic/1.20 m.

EBanoTtpaHcnvpauusata Ha goma-
TMTE 3a BCEKW [AeH OT BeretalyoHHMuA
nepuog, ce onpegens no gopmynara:

ET=k

KbaeTto: ET e eBanoTpaHcnvpaums (mm/day),
ETopan € €TasIoHHaTa eBanoTpaHcnupa-
u1sa, onpegensa no metoga c manapuren
(mm/day).

ExxegHeBHUTE CTOHOCTM Ha eTa-
JIOHHaTaTa eBanoTpaHcnupauua ce Wus-
yncnsaBaT vype3 YMHOXaBaHe Ha n3mepe-
HOTO u3nNapeHWe ¢ koeduuUUeHTa Ha
nsnaputens (Allen et al., 1998):

ETOpan:

OTHOCUTENTHUAT
u3suncnsaea no opmynaTta:

[obue ce

where: RH is relative humidity (%), F is
the buffer zone (m), u, is wind speed at 2
m height, m/s.

The values of the crop coefficient
for the various phenoses of the tomato
development are selected according to
literary data.

Irrigation is performed with a drip
irrigation system, comprising a command
unit and two batteries with two watering
wings of next to the two rows of tomato.

The watering wings are simple 1.5 I/h
dripper lines with a 60 cm emitters
spacing. The volume of water supplied to
the batteries is controlled by water meters
mounted on the main pipelines.

To further reducing water losses,
mulching is applied. Black polyethylene
mulch (+ UV 15 mic/1.20 m) is used.

Evapotranspiration of tomato for
each day of the vegetation period is
determined by the formula:

C EOpan,

where: ET is evapotranspiration (mm/day);
ETopan is the reference evapotranspiration,
which is determined by the pan
evaporation method (mm/day).

Daily reference evapotranspiration
ETopan is calculated by multiplying the
measured evaporation by the pan
coefficient (Allen et al., 1998):

kpan Epan

The relative yield is calculated by
the formula:

y = Y*100/Y max

KbJleTO: y € OTHOocuTesneH aobus (%); Y e
pobmB  (kg/ha), Ymax €© MakcumasiHus
[06MB NPU ONTUMAa/THO HaB/IaXHABAHE Ha
noysara.

3

where: y is a relative yield (%), Y is yield
(kg/ha), Ymax is the maximum yield at
optimal wetting of the soil.
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EdekTBHOCTTA Ha M3M0N3BaHe Ha
BOAaTa 3a HamnosiBaHe ce onpefens kato
(Sinclair et al., 1984):

The irrigation water use efficiency
is defined as (Sinclair et al., 1984):

IWUE=Y/W

kbaeto: IWUE e edektuBHOCT Ha
msnonssaHe Ha BOofaTa 3a HanosiBaHe
(kg/m W e KOHcyMI/IpaH o6bem Boga 3a
HanosiBaHe (m>/ha).

PE3YJITATU N OBCBXAAHE
Ha 6a3aTa Ha cbbpaHuTe exenHeBs-
H/ OaHHU 32 MUKPOK/IMMaTa B OpaHxe-
pysTa 1 3a u3napeHneTo B nepuoja Ha
Beretauua e onpejesieHa eTasloHHaTa
eBanoTpaHcnupaums n exegHeBHaTa esa-
noTpaHcnvpaums Ha pgomatute (Purypa
1). OT Tasn dwmrypa ce BMXAa, Ye exe-
OHEBHUTE CTOMHOCTM Ha ET dhnykTympar
ot 0.67 mm go 10 mm Ao HayasioToO Ha
nnogootaasaHeTo (17.07.2017 r.). lMpes
nepuoja Ha nogooTAaBaHe eBanoTpaHc-
nupauusita Ha gomartuTe HapacTBa, kaTo
cnep Geputba T cnaga. Haii-Bucoku
CTOMHOCTM Ha eBanoTpaHcnupauusata ce
HabnwgaBaT B HA4asl0TO Ha aBrycT, cnep
KOeTo TA HamansiBa [0 Kpas Ha Bereta-
UMOHHUA nepuop,. CpegHata CTOMHOCT Ha
eBanoTpaHcnupaumsaTa Ha gomature e 3.7
mm/day. Ha ®urypa 2 e nokasaHa pgecert-
[HEBHaTa CcymapHa eBanoTpaHcnupaums.
Ce30HHarta eBanoTpaHcnupauusa e 437 mm.

where: IWUE e irrigation water use
efficiency (kg/m w |s consumed water
volume for irrigation (m*/ha).

RESULTS AND DISCUSSION

Based on collected daily data on
the  greenhouse  microclimate and
evaporation over the vegetation period the
reference pan evapotranspiration and
daily evapotranspiration of tomato are
determined (Figure 1). From this figure it
can be seen that the daily values of ET
fluctuate from 0.67 mm to 10 mm to the
beginning of the fruit stage (17.07.2017).
During the fruit stage, the
evapotranspiration of tomato is increasing
and after harvesting, it decreases.

The highest rates of evapotranspiration
occur in early August, after which it
decreased until the end of the growing
season. The mean value of tomato
evapotranspiration is 3.7 mm/day. Figure
2 shows the ten-day summary
evapotranspiration. The seasonal
evapotranspiration is 437 mm.
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3an0keHuTe 4yeTupM BapuaHTta ca
HanosBaHW C pasfvyeH MNPOLEHT OT ONTu-
MasiHaTa nosimBHa Hopma. llpoBegeHn ca
[BafeceT N LWecCT MnosimeBku ¢ 4yectota 3-7
JeHa, B 3aBWCMMOCT OT cCcTagus Ha
passuTne Ha gomarturte. EKkcnepuMeHTanHmn
pesynTtatu 3a fobuBa 1 epekTMBHOCTTa Ha
n3nosnssaHe Ha Bojara 3a HanosBaHe OT
Jomaru, rnokassaliy BIUAHWETO Ha Harnos-
BaHETO C pas/In4yHN MOMIMBHN HOPMHK, ca
pageHn B Tabnuua 1. OTHOocuTenHaTa
HanouTenHa HopMa W OTHOCUTENHUAT
[o6uB No BapmaHTM ca MnokasaHu Ha
durypa 3 n durypa 4. HapactBaHeTo Ha
BOAHUTE 0bemu, nojaBaHW 3a HanosiBaHe
Karo uaso pes3yntupa B MNojiyyaBaHETO Ha
no-BncokK Aobus OT gomartu. Hai-Bucok e
TOi nNpy onTumasHuA BapuaHt T1 u
BapuaHTa T4, Npu KOWTO NoMBHaTa HopmMa
ce onpegensa no esanoTpaHcnvpauusTa.
[o6vBbT, nosyyeH npy BapuaHt T1 e 79.59
t/ha, a npu BapuaHTt T4 — 71.05 t/ha, koiTo
e C 11 % no-HMUCBK OT onTumasHuA. Mpuna-
raHeTo Ha nosMBHaTa HOpMa, HamasieHa C
20% u 40 % cnpamo onTumMasiHara, Boau
[0 HamansBaHeTo Ha aobusa. MonyyeHute
pobveu 3a BapuaHTUte T3 u T2 ca no-
HUCKN OT ONTUMaSTHUA CbHOTBETHO C 15 % un
18%. Te3n pes3ynrtatu nokassar, ye Aoma-
TUTe 13NoN3Bart No-Ao6pe no-mMmankute Boa-
HW KO/IMYeCTBa, NnojasaHn 3a HarnosiBaHe.

The four treatments were irrigated
with different percentages of optimal
irrigation rate. Twenty-six irrigations were
carrying out at a frequency of 3-7
depending on the stage of tomato
development. Experimental results for the
yield and irrigation water use efficiency of
tomatoes showing the influence of
irrigation with different irrigation rates are
given in Table 1. Relative irrigation rate
and the relative yield per treatment are
graphically represented in Figure 3 and
Figure 4. The increase of the water
volume for irrigation generally results in
obtaining a higher yield of tomatoes. It is
the highest in the optimal treatment T1
and treatment T4, in which the irrigation
rate is determined by evapotranspiration.
The yield obtained in variant T1 is 79.59
t/ha and in variant T4 — 71.05 t/ha, which
is 11% lower than the optimum. The
application of the irrigation rate, reduced
by 20% and 40% compared to the
optimal, leads to a reduction in yield. The
yields obtained in the treatments T3 and
T2 are lower than the optimal by 15% and
18%, respectively. The results show that
tomatoes use better the smaller water
quantities supplied for irrigation.
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Tabnuua 1. JobmB n eekTMBHOCT Ha BOJaTa 3a HarnosiBaHe Ha gomaTtu B
3aBMCMMOCT OT HUBOTO Ha HanosiBaHe

Table 1. Total yield and irrigation water use efficiency (IWUE) of tomato as
affected by irrigation level

Edexktusroct Ha
KoHcymupako Boaxo S aie e
Biiasics [obue KONHUSECTED BOnals 34
. p:;nﬂ : Yield Consumed water e e
reatmen
volume
IWUE
tha' m°® ha' kg m*
T1 79.58 3252 40 24 47
T2 57.38 2287.12 2509
T3 58,43 278990 2148
T4 7105 3106.586 22.87
g
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dur. 3. OTHOCUTETHA HanouTeIHa HopMa No BapuaHTH
Fig. 3. Relative irrigation rate per treatment
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dur. 4. OTHOCUTENEH AO6GMB MO BapuaHTu
Fig. 4. Relative yield per treatment
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Ha 6asata Ha nonydyeHuTte pesyn-
TaTy 3a pobuBa U KOHCYMUpaHus ob6em
BOla 3a HanosiseaHe € onpegesneHa W
e)eKTMBHOCTTa Ha M3non3BaHe Ha Bojara
3a HanosBaHe no BapuaHTh (Purypa 5).
Haii-Bucoka e T8 npu BapuaHtT T2, npwu
KOWTO ce nojaBa Hali-HWCKa noaMBHa
HopMa — 25 kg/m®. Tosu pesyntaT ce
nojsyyaea B CneacTsse Ha TOBa, Ye
HamMasleHNeTo Ha JobuBa Ha gomatu e B
Mno-HMUCKa CTeneH OT HaMa/leHMeTo Ha
KOMIMYecTBOTO Ha BOAa, nNojaBaHa 3a
HanosBaHe MM. B cnyyaa npu HamasieHne
Ha nonvBHata Hopma c 40 %, Ao6uBLT
HamansBa ¢ 18 % cnpsamo onTUMasHuA.

Based on the results obtained for
the yield and the consumed water volume
for irrigation, the irrigation water use
efficiency per treatment was determined
(Figure 5). It is the highest in treatment
T2, where the lowest irrigation rate is
applied — 25 kg/m3. This result is obtained
due to the fact that the decrease in the
yield of tomatoes is in a lower degree of
reduction of the amount of water supplied
for irrigation. In this case, with a reduction
of the irrigation rate by 40%, the yield
was decreased by 18% compared to the
optimal.

kg/m?®
26
o1
25 ——
24 A
23 A
22
21
20 A
OO e
19 & ’ ~
T1 T2

T3 T4

dur. 5. EQeKTMBHOCT Ha U3non3BaHe Ha BogaTa 3a HanosiBaHe No BapuaHTu
Fig. 5. Irrigation water use efficiency per treatment

N3BOAN

Pesyntatute OoT npoBefeHUs ekcre-
pUMEHT rnokas3BaT, 4Ye KO/IMYEeCTBOTO Ha
Bojara, nojajeHa 3a HarnosiBaHe Buse
3Haun-TeNlHO Ha fgobuBa OT  Jomartw,
oTrnexaaHu B opaHxepus. Hali-nogxopgsiy,
3a [06poTO pa3BuTMe Ha pacTeHusaTa 1 3a
nosyyaBaHe Ha BWCOK p[o06MB e ONTu-
MasTHUAT NosMBHUA pexxum ¢100% nosimeHa
Hopma (BapuaHT T1), npuM KOWTO ce
noAgbpXXa BUCOKA MOYBEHA B/IXKHOCT Haf,
85% ot INMNMB. BAn3bK 40 HEro no pesysratu
€ TO3W, OCbLUECTBEH Mpu BapuaHT T4, npu
KOWTO nonvBHaTa Hopma ce onpegens no
JaHHM 3a eBanoTpaHcnupauusaTa, onpege-
NleHa ypes usnapuTen.

CONCLUSIONS

The experimental results have
shown that the amount of water supplied
for irrigation significantly influence the
yield of tomato cultivated in a greenhouse.

The optimal irrigation with a 100%
irrigation rate (treatment T1) is best for
good plant development and obtaining
high yield.

Close to it in performance is the treatment
T4, in which the irrigation rate is
determined according to the pan
evapotranspiration.
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EkcnepuMeHTanHnTe pesynrtatu
nokassat Cblo, 4Ye edqeKTMBHOCTTa Ha
u3non3saHe Ha Bojata TMpu  KarnkoBo
HanosiBaHe Ha OpaHXepuuiHW gomMatu ce
B/IMSIe OT pa3mepa Ha nosmBHATa Hopma.
MonyyeHata Hail-BUCOKa eEKTUBHOCT Ha
n3non3saHe Ha Bogara npu sapuaHta T2 c
Hali-HucKata nofvMBHa HopMa Mnokassa, 4e
AedMuMTHOTO HanosiBaHe Moxe fa 6bae
npunaraHo 3a necTteHe Ha Boga. To3u
pesyntar noTBbpXAaBa  WM3BECTHUA  OT
npegulLHN nu3cneaBaHus Ha Apyru aBTopu
nofioxutesnieH egekt Ha AedUuUUTHOTO
HanosiBaHe BbpPXy egeKTUBHOCTTa Ha
n3non3sBaHe Ha BOJAa 3a HanosiBaHe Ha
pomatute (Chen et al., 2013).

Bb3 ocHOBa Ha eKkcnepumeHTaslHuTe
pesynTtaty 3a OTrexjaHeTo Ha AomaTtu B
nosiveTU/IeHoBa OpaHXepusa Mpu Karkoso
HanosieaHe € onpegeneHa onNTUMasHa
HanouTenHa Hopma 488 mm npu edekTms-
HOCT Ha Wu3nNof3BaHeTO Ha BojaTa 3a
HanosiBaHe — 24.5 kg/m?®.

BNATrOgAPHOCTHU

HacTtoswara pa3paboTka ce oCcHOBa-
Ba Ha wuscnepsaHus, (puHaHcuMpaHu OT
®oHa "HayyHn wuscnegBaHug" Ha MuHuc-
TepCTBOTO Ha 06pa3oBaHNETO 1 HaykaTa no
[BYCTpaHHO CbTPYAHUYECTBO Mexay
Bbarapus u Kntaii, Ha Tema: ,HanosiBaHe,
6asvpaHo Ha eBanoTpaHcnMpauusaTa, 3a
ycTonumBo 3emegenue: OueHka Ha noTpeob-
HOCTWTE OT BOAA 3a HanosiBaHe Ha opaHxe-
PUAHO OTrNexXaaHyn 3eMeaesiCKn KynTypmu®.

Experimental results have also
shown that the water use efficiency in drip
irrigation of greenhouse tomato was
influenced by the size of the irrigation
rate. The highest water use efficiency
obtained in the treatment T2 with the
lowest irrigation rate shows that deficit
irrigation is applicable for water saving.

The result is in agreement with previous
studies of other researchers claimed
positive effect of deficit irrigation on
irrigation water use efficiency (Chen et al.,
2013).

Based on the experimental results
for drip irrigated tomato cultivated in the
plastic greenhouse, an optimum irrigation
rate of 488 mm is determined with a water
use efficiency of 24.5 kg/ms.
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PE3IOME

EfHa OT cblecTBeHUTE NPUUMHK 3a
HaMasisiBaHe Ha e(heKkTMBHOTO naogopoaune
Ha HAKOM ob6paboTBaemMu MMOWM y Hac e
BKUCNAABAHETO MM [0 CTeneH, BpefHa 3a
pacteHusita. [MbpBOCTENEHHA NpUYMHA, C
Hall-3HauMMO B/MSIHUE, 3a BKUC/ISIBAHE Ha
obpaboTBaemMuTe MOYBM € cUCTeMHaTa yno-
Tpeba Ha MuHepasiHu TopoBe. lMpu 3eneH-
YyKOBWUTE KYNTypW, HAMOsIBAHETO U BUCOKM-
Te [06UBU M3NCKBAT rONEMU KOMMYecTBa
TOpOBeE, KOETO BOAU [10 BKAC/ABAHE.

N3cnepBaHnaTa ca npoBefeHU Ha
AnyBuanHa nouysa CbC CpefeH MexaHWyeH
CbCTaB CbC 3e/1e U TUKBUYKU. TopoBeTe ca
BHECEHWM C KankoBOTO HanosiBaHe Ha Tpu
ooHa: KoHTpon, O6opckn Top u Komnocr.
OpraHn4yHUTE TOpPOBE Ca BHECEHW efHOo-
KpaTHO cboTBeTHO: O6opckn Top 4.4 t/da n
Komnoct 2.1 t/da. Te3n Konuyectsa ca
M3paBHEHV MO a3oTa M CbOTBETCTBAT Ha 34
kg asor Ha pekap. [Mo HuTpaTHaTa

Accepted: 25.04.2018

Published: 20.08.2018

SUMMARY

One of the major reasons for
reducing the effective fertility of some
arable land in Bulgaria is soil acidification
to a level harmful to plants. A primary
cause, with the most significant
involvement in the acidification of arable
soils, is the systemic use of fertilizers. For
vegetable crops growing, irrigation and
high vyields require large amounts of
fertilizers, which provokes acidification.

Studies were carried out on
medium textured Alluvial soil with
cabbage and zucchini. The fertilizers were
applied with the drip irrigation of the
following backgrounds: Control, Manure
and Compost. Organic fertilizers were
applied once: Manure 44 t ha and
Compost 21 t/ha. These quantities are
leveled on nitrogen and correspond to 340
kg of nitrogen per hectare. Under the EU
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avpektmBa Ha EC, ToBa e paspelLeHoTo
KONM4YecTBO 3a ABe roguHu. Mo Bpeme Ha
Beretauusita Ha 3eneTo0 M TUKBUYKWTE ca
BHeceHn no 20 kg asoT nog dopmarta Ha
amoHueBa cenuTpa.

M3meHeHneTo Ha NouBeHaTa peakuus
npu TOPEHETO C OpraHWyHU TOpoBe W Mpw
hepTurauusi nokasea, 4e epTurayusita
npeav3BukBa cnabo BkucnssaHe. ToBa ce
Ob/HKN Ha MpeHoca Ha fIeCHO pasTBOpUMMU
HWTpaTV No No4YBeHWs npodmn. BapnaHTbT
Cc obopcku TOp MpuaaBa Ha noyearta Mno-
ronsgma 6ydepHoOCT U Npu Hero BKUC/sABa-
HETO He e TOJIKOBa 3a6eN1eXnMo, KakTo npu
KOHTPO/HUS BapuaHT u komnocta. [pu
HaluMTe n3cnefBaHns He ce NosyyYn CUIHO
U3MEeHeHVe Ha noyseHaTa peakuus. Bbnpe-
K/ TOBa Ha MecTa TS MpeMuHa rpaHuLaTa ot
pH=5.5. Tpwn no-neka noysa WM npu Mo-
WHTEH3VIBHO TOPEHE NMOYBEHaTa peakuus Lie
cnese noj Tasu rpaHuua, a ToBa O3HayaBa
HamansBaHe NoABWKHOCTTa Ha dpocdopa.

Uen: Oa ce npocnegn nsMeHeHue-
TO Ha nouyBeHaTa peakuumsa npu gepTura-
umMs Ha OOH OpraHMyYHO TOpeHe

KniouoBn agymu:  depTturaums,
060pcKkU TOpP, KOMNOCT, TUKBWUYKW, 3ene,
BKMCNsiBaHe Ha rnoysara

YBO/,

EfHa OT CbLECTBEHUTE NPUYMHK 3@
HamansBaHe Ha ehekTMBHOTO nnogopoaue
Ha Hsikom obpaboTBaemMy NOWM Yy Hac e
BKUCNABAHETO MM [0 CTeneH, BpefjHa 3a
pacTeHusita. [MbpBOCTEMNEHHA MpPUYMHA, 3a
BKMC/siIBaHe Ha 06paboTBaemMuTe MOYBM €
cucTeMHata ynoTpeba Ha  BKuC/ABaLM
noysara MWHepasH1 ToposBe. MHOro6poiHu
uscneABaHusi, NpoBefeHN B cTpaHarta Mo-
Ka3Bar, Ye Hali-CWHO ce BKMCNSABAT MNoYBK-
Te cnep ynotpebarta Ha BUCOKM [03M a30T-
H/ MUHepasHM TopoBe cbabpxawy N B
amoHueBa hopma (Gorbanov, 2005). Heba-
NaHcUpaHoTO TOPeHe C TakuBa TOpOBE OCU-
rypsisa ycroBusi 3a MNPOAB/DKUTENIEH KOH-
TakT C TBbpfaTa (pasa Ha noysara Ha
CU/IHW MUHEpPasTHN KucenuHu. ToBa BOAU A0
OVPEKTHO OTpULATENHO BAWAHWE BbBPXY
pacTeHusiTa U MpoTMYaHe Ha Aerpajauuo-
HV NpoLecn B KNCENUHHWA Kommnekc. Mpu
3€/1IeHUYYKOBUTE KYNTYpUW, HanosiBaHETO WU
BMCOKUTE A06MBM W3UCKBAT TOMIEMU KO-

nitrate directive, this is the authorized
quantity for two years. During the vegetation
of cabbage and courgettes 200 kg of
nitrogen per hectare in the form of
ammonium nitrate was applied.

The change in soil response in
fertilization with  organic fertilizers at
fertigation indicates that fertigation causes
poor acidification. Which is due to the
transfer of easily soluble nitrates to the soil
profile. The manure treatment makes soil
more buffering, and acidification is not as
noticeable as the control treatment and
the compost which is imported at a double
lower dose as organic. In our studies there
was no strong change in the soil reaction.
However, in some places it passed the limit
of pH=5.5. With lighter soil and more intense
fertilization, the soil reaction will go below
this limit, and this means reducing the
mobility of the phosphorus.

Aim: To study the change of soll
response in the fertilization of organic
fertilizer background

Key words: fertigation, manure,
compost, courgettes, cabbage, soil
acidification

INTRODUCTION

One of the major reasons for
reducing the effective fertility of some
arable land in Bulgaria is acidification to
an extent harmful to plants. A primary
cause, with the most significant
involvement in the acidification of arable
soils, is the systemic use of soil-acidifying
fertilizers. Numerous studies carried out in
the country show that soils get most acidic
after the application of high doses of

nitrogen fertilizers containing N in
ammonia form  (Gorbanov, 2005).
Unbalanced fertilization  with  such
fertilizers provides  conditions  for

prolonged contact with the solid phase of
the soil with strong mineral acids. This
leads to a direct negative influence on the
plants and the degradation processes in
the acid complex. During vegetable crops
growing with irrigation and obtained high
yields require large amounts of fertilizers
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yecTBa TopoBe (Shaban et al., 2014).

O6e3nokonTeneH e hakTbT, Ye npo-
Lecn Ha BpefHO BKUC/sBaHe ce pas3BuBart
He camMo B cnabobydepHn, TFEHETUYHO
KMCenu noysu, HO M B MOYBU CbC CNabo
Kicena u HeyTpasHa peakuus (Borisov,
Markov, 2006). NMo3HaBaHeTO Ha hopmuTe U
npupogara Ha Mo4YBeHaTa KUCESIMHHOCT HU
JaBa Bb3MOXHOCT Aa W3Non3Bame Haii-
paLyoHa/THO MUHepasiHUTe TOpPOoBe, B T. Y. U
Kanuvesute, 6e3 ga ce BnowasaT CBOi-
cTBaTa Ha noysara (Gorbanov et al., 2005).

M3meHeHneTo Ha nouseHaTa peakums
B/IMSIe BbPXYy YCBOMMOCTTA Ha XpaHuTes-
HWTE efneMeHTV OT pacTeHusTa. HTeH3uB-
HOTO BHacsiHe Ha eAuH XpaHWTeNeH efe-
MEHT M3MEHS MOYBEHaTa peakuus 1 Moxe
Ja 6nokMpa yCBOSIBAHETO Ha Apyr wnn da
nofobpu XxpaHeHeTO Ha pacTeHusTa.

Feigin et al. (1982) nokaseaT B cBOU
nscnepfBaHus, ve hbepturaumsaTta (CbBMeCT-
HOTO MOJIMBaHe M BHACSHE Ha Pa3TBOPEHU B
nosvBHaTa Boga TOpPOBE) € Haii-edhek-
TUBHMA METOJ, Ha BHacsHe Ha TOpOBe B
noysara. KamkoBoTO HamnosiBaHe neyenu
BCEKM [EeH HOBW MPUBBLPXEHULM, KaTo
edpeKTMBEH MeTOo/ Ha uepTuraums, 3aoTo
MOXe [a ce KOHTpo/sMpa BpPeMeTO U KOonu-
4ecTBOTO Ha Wu3non3saHuTe Topose. [lo
TO3M HauMH Aa ce MOCTUTHE Hal-MbAHOTO
3a/10BOMISIBAHE Ha 3eMefesiCKUTe KynTypu ¢
BOAA W XpaHWUTESHW €eNleMeHTU Ha BCEKU
etan oT TAXHOTO pa3BuTue (Bar-Yosef,
Sheikhoslami, 1976; Bar-Yosef, 1977,
Papadopoulos, 1985; 1988; Mmolawa and
Or, 2000).

VIHTEH3MBHOTO  M3M0M3BaHe  Ha
TOpoBe Npu dpepTuraumnsaTa Ha 3e/eHYyLm
obaye, MOXe fda foBefle [a BKUCNsIBaHe
Ha nousuTe.

Llen: Oa ce npocnegn nameHeHwue-
TO Ha noyseHaTa peakuus npu epTu-
raums Ha )oH OpraHVyHO TOpeHe

MATEPVAT N METOON

WN3cnepBaHuATa ca nposefeHn Ha
anysnasniHa nousa (MoyBeH apxvB Ha
MNA3P ,H.Mywkapos®). Mo mexaHU4eH
CbCTaB noysata € JIeKO MNecby/IMBO-
rnnuHecta, npeobnajasawa pakuma e
ApebHnaT nsacbk — 23.3%. 3HauuMTesHO
yyacTve nMa pakumsaTa Ha egpust Yakbi —

(Shaban et al., 2014).

Disturbing is the fact that processes
of harmful acidification are developing not
only in low buffer, genetically acidic soils
but also in soils with a weak acidic and
neutral reaction (Borisov, Markov, 2006).
Knowledge of the forms and the nature of
soil acidity allows us to use the most
rational mineral fertilizers, including
calcium, without worsening soil properties
(Gorbanov et al., 2005).

The change in the soil reaction
affects the availability of the nutrients for
the plants. The intense application of a
nutrient modifies the soil response and
can block the absorption of another or
improve the nutrition of the plants.

Feigin et al. (1982) have shown in
their research that fertigation (co-irrigation
and use of fertilizer dissolved in irrigation
water) is the most effective method of
applying fertilizers into the soil. Drip
irrigation benefits new enthusiasts every
day as an effective fertilization method
because it can control the time and
amount of fertilizer used. In this way to
achieve the fullest satisfaction of
agricultural crops with water and nutrients
at each stage of their development (Bar-
Yosef, Sheikhoslami, 1976; Bar-Yosef,
1977; Papadopoulos, 1985; 1988;
Mmolawa and Or, 2000).

However, the intensive use of
fertilizers in fertigation of vegetables can
lead to acidification of soils.

Aim: To track the change of sail
reaction in the fertilization of organic
fertilizer background

MATERIAL AND METHODS

Investigations were carried out on
Alluvial soil (Soil Record Archives of
ISSAPP N. Poushkarov). The texture of
the soil is slightly sandy-clayey, the
predominant fraction is the small sand —
23.3%. Significant participation is the
fraction of the gravel — 37.2%. It contains

319



37.2%. Cbabpxa ronsam npoueHT egpo-
YyacTMyHn Matepuasn. o CbabpXaHue
Ha Xymyc nousarta e cniaboxymycHa. 1o
OTHOLLEHME Ha 3anaceHocT ¢ 06Ly a3oT e
MHoOro cnabo 3anaceHa. MNoysarta e cnabo
Kncena n cnabo 3anaceHa c ¢hoccop un
Kaumi.

N3BeneH e nosckM TOPOB ONUT C
ONWTHa Ky/NTypa 3e/ie 3a nbpsBarta rogmHa
Ha wu3cnegBaHvATa W TUKBUYKM nNpes3
BToparta. OCHOBHUTE napuesikm ca no 60
m? 1 ca cbC cneaHuTe (POHOBM BapUaHTL:
KoHTpon, O6opckn Top 1 KomnocT

Bcska oT napueskute e ¢ Kankoso
HanosiBaHe. Bbpxy 30 m® oT Bcska e
BHacsHa amMoHueBa cesimTpa C nomMoLira
Ha KankoBOTO HanosisaHe — hepTurayms.

OpraHnyHuTe TOpOBE Ca BHECEHMU
e/lHOKpaTHO cboTBETHO: O6opcku Top 4.4
tda™ un 265 kg 3a 60 m? 1 KowmmocT 2.1
t.da™n 123 kg 3a 60 m?. Tesu konnyecTBa
ca u3paBHeHM Mo a3oTa M CbOoTBeTCTBaT
Ha 34 kg a3oT Ha gekap. No HutpaTHata
avpektmBa Ha EC, ToBa e paspelueHoTo
KoNn4yecTBo 3a gge roguHu (Tabnuua 1).
Mo BpemMe Ha BeretauusaTa Ha 3ee€T0 U
TUKBUYKNTE ca BHeceHn no 20 kg asor
nog dopmara Ha amoHuWeBa cenuTpa.
lMouBeHaTa peakuua e onpegenieHa B
W3BJleun Ha BoJa 1 Kasimes XJ10pua,.

a large percentage of large particles. Soil
humus content is poor. In terms of total
nitrogen supply, it is very poorly present.
The soil is slightly acidic and with poor
phosphorus and potassium reserves.

Field fertilizer experiments with
cabbage were carried out for the first year
of research and courgettes in the second.
The main parcels are 60 m? and have the
following background options: Control,
Manure and Compost.

Each of the parcels is irrigated with
drip irrigation. On 30 m® of each
ammonium nitrate is applied by means of
drip irrigation — fertigation.

Organic fertilizers were applied
once, respectively: Manure 44 tha® and
265 kg for 60 m2 and Compost 21 tha™
and 123 kg for 60 m® These quantities
are equalized to nitrogen and correspond
to 340 kg of nitrogen per hectare. Under
the EU Nitrate Directive, this is the
authorized quantity for two years (Table
1). During the vegetation of cabbage and
courgettes, 200 kg.ha™ of nitrogen were
applied in the form of ammonium nitrate.
The soil reaction is determined in the
extracts of water and potassium chloride.

Tabnuua 1. CbabpxaHue Ha obuw, N, P n K B opraHM4HuUTe TOpoBe 6€e3 cylueHe
Table 1. Content of total N, P, K in organic fertilisers (not dried)

BapwuaHT / Treatment N, % P, % K, %
O6opcku Top / Manure 0,77 0,29 0,85
KomnocTt / Compost 1,65 0,14 2,88

MeTog 3a onpegensHe Ha pH Ha
NMoyBu BbB BOJEH U3BJIEK U U3BEK Ha 1M
KCI - NF ISO 10390 (1994)

PE3YJITATU N OBCBXXOJAHE

OnnUTBT CbC 3e/le e 3a/I0KEH ChbO-
6pa3Ho nosiyyeHun pesyntatu y Hac (Dinev
and Mitova, 2012, Mitova and Dinev, 2012)
M3meHeHneTo Ha nouBeHaTa peakuus npu
TOPEHETO C OpraHuyHK TopoBe U npu cep-
Turaums nokasea, 4ye dpepturaumaTa npe-
On3BUKBa cnabo BkucnsiBaHe. ToBa ce
Ob/DKM Ha MpeHoca Ha fIeCHO pasTBOPMMU

Method for determination of pH of
soils in water extraction and extraction of
1M KCI - NF I1SO 10390 (1994)

RESULTS AND DISCUSSION

The trial with cabbage is carried out
on results obtained in our country (Dinev
and Mitova, 2012, Mitova and Dinev,
2012). The change in the soil reaction in
organic fertilizers fertilization and in
fertigation shows that fertigation produces
poor acidification. This is due to the
transfer of easily soluble nitrates down
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HUTpaTM no nouyseHus npochun (Koutev et
al.,, 2017). BapvaHTbT ¢ 060pCKM TOp Mpu-
[JaBa Ha nousarta no-ronsama 6ydepHocT K
npw Hero BKUCNSIBAHETO He e TOosKoBa 3abe-
NeXVMO, KaKTo Mpu KOHTPONHWSA BapuaHT U
KomnocTa. KOMnocTbT € BHECEH B [ABOIHO
no-HUCKa [j03a KaTo opraHuka u bycdepHaTa
My CNOCOBHOCT He ce NposiBsBa.

HabniogaBa ce BKUCNsBaHe B MeX-
AypeauneTto, B CTpaHW OT OCHOBHWS BOAEH
NnoTOK nof kankosarta cucTema (Koutev et
al., 2017). Tam e MACTOTO, KbAETO Ce aKy-
Mynupa noseveTo Top. lMouBeHaTa peakums
HamasisaBa Nno No4YBeHus Npodoua ¢ HaTpyn-
BaHETO Ha W3MUTW HUTpPATU B [ONHUTE
cnoese (Purypa 1 un 2).

0-30 cm

30-60 cm

60-90 cin

soil profile (Koutev et al., 2017). The
manure treatment get soil more buffering,
and acidification is not as noticeable as in
control and compost. The compost is
applied into a double lower dose as an
organic and its buffering capacity is not
manifested.

Acidification is observed in the
furrows, in the sides of the main water
stream and under the drip system (Koutev
et al.,, 2017). There is the place where
most of the fertilizer is stored. The soil
reaction decreases on the soil profile with
the accumulation of leached nitrates in the
lower layers (Figures 1 and 2).

Compost - furrow

Compost - row
FYM - furrow

FYM - row

Control - fiurow

Control - row

our. 1. pH Ha nouBaTta (B H20) cnep 3ene — 6€3 MUHEpPasIHO TOPeHe
Fig. 1. Soil pH (in H20) after cabbage — no mineral fertilization
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pH

0.6

30-60 cm

(-30 cm

60-90 cm

Compost - furrow

Compost - row
FYM - furrow

FYM - row

Control - furrow

Control - row

dur. 2. pH Ha nouyBaTta (B H20) cnep 3ene ¢ MMHeEpasTHO TOpeHe
Fig. 2. pH of soil (in H20) after cabbage with mineral fertilization

MopgrotoBkaTa 3a onuTa C TMKBUYKU
€ V3BbplUeHa No napameTpute Ha OT-
rnexgaHe c onutu npaeeHu y Hac (Dinev
et al., 2016a; Dinev et al., 2016b)

3a oueHka Ha napameTpute nsme-
HAWM ce npu doepTuraumss B MNOJICKU
ycnosus TpsbBa fa ce Hanpasu Bpb3ka
MeXAay BJIaXHOCTTa Ha nouysata, pH Ha
noysata (durypa 3), enexkrponpoBoau-
MOCTTa Ha noysaTa (CbAbpXaHWETO Ha
CO/MM B noysarta). Kakto u npu onuta cbe
3ene, NpuM onuta C TUKBUYKA CbLLO ce
Habnogasa 6ydepHaTta CnocobHOCT Ha
obopckusa Top (Purypa 4). MNpes sBTopata
roovHa Ha wu3cnefBaHuATa KOMMOCTBT
CbLLIO € ycran Aa ce pas/ioxu B noysara
n 6ydpepHaTa 1 cnocobHOCT e HapacHana.

The preparation for the courgettes
trial was carried out according to the
parameters of cultivation with
experiments made in our country (Dinev
et al., 2016a, Dinev et al., 2016b).

In order to evaluate the parameters
changing in fertigation in the field, the soil
humidity, the soil pH, the electroconducti-
vity of the soil (the salt content in the soil)
must be established. As with the cabbage
experiment, the courgettes trial also
shows the buffer capacity of manure
(Figure 4). In the second vyear of
research, compost was also able to
decompose into the soil, and it buffer
capacity increased.
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Fig. 4. Soil
background

pH

PHEKC! =pHHIO

Treatments

dwur. 3. pH Ha nouBara cneg oepTUraymsa Ha TUKBUYKMN
Fig. 3. Soil pH (after fertigation of courgettes

pH

«pH KCl = pH H20

of
Treatments

dur. 4. pH Ha nousaTa crnieq depTurauma Ha TUKBUYKM Ha (DOH OpraHM4Ho

pH after fertigatation of courgettes on organic fertilization
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Mpu nscnegBaHuaTa ¢ TUKBUYKK, B
rOpHWA C/O Ha noysata € ocTaHana
rNaBHO aMoHveBaTa pakuus Ha amo-
HYeBaTa CenmTpa, KOATO € MHOro cnabo
NnoJBWXHa 1 Ha ToBa Ce A b/KW MbpPBOHA-
YaUTHOTO asikasim3npaHe Ha no4ysara npu
TOPEHUTE BapuaHTn.

Mpu HawwuTe wuscnegBaHWs He ce
Mosly4n CU/IHO M3MEHEHWe Ha MnoyBeHarta
peakumns. Bbnpeksn TOBa Ha MecTa TA
npemMmvHa rpaHuyata ot pH=5.5. NMpwn no-
leKa noysa 1 npu No-MHTEH3UBHO TOPEHE
rnoyseHarta peakuus Le cnese nog tasu
rpaHuua, a ToBa O3HayaBa HamasisiBaHe
noABMXHOCTTa Ha dpocdhopa.

VHgopmayusita 3a M3MEHEHMETO
Ha noyseHaTa peakuuMa Mo Bpeme Ha
BeretauyuaTa nomara 3a Yynpas/iEHNETO
XPaHeHeTo C efIeMEeHTU, YMATO NOABUX-
HOCT 3aBUCY OT NnoYBeHarta peakuus.

n3BOAM

1. lMpn wun3scneppaHata noysa ce
Habnogasalle cnabo BKUCAsBaHe, cnep
npuwiaraHe Ha amoHueBa cenutpa. lMou-
BEHaTa peakuus ce Jobnmku A0 rpaHu-
uarta pH.5.5

2. Tpabea pa ce BHUMaBa npu
N3MOM3BAHETO Ha BMCOKN TOPOBW HOPMU U
Ja He ce goctura [0 HexenaHu CToW-
HOCTM Ha noyBeHaTa peakuusi, 0Co6eHo
Npwv NIEKN 1 KACENN NOYBMU.

3. M3nonsesaHeTo Ha oOpraHnyHu
TopoBe nosuwasa b6ydepHOCTTa Ha nou-
BaTa M HamansBa onacHocTTa OT BKMC/A-
BaHe.

In the case of courgettes studies,
the ammonium fraction of the ammonium
nitrate, which is very poorly mobile
provokes the initial alkalinisation of the
soil in fertilized treatments and remained
mainly in the upper layer of the soil.

In our studies there was no strong
change in the soil reaction. However, in
some places it passed the Ilimit of
pH = 5.5. With lighter soil and more
intense fertilization, the soil reaction will
go below this limit, and this will reduce
the mobility of the phosphorus.

Information on the change of soil
reaction during vegetation helps the
management of nutrition with elements
whose mobility depends on the soil
reaction.

CONCLUSIONS

1. Low acidification of the soil
reaction was observed in the studied soil
due to ammonium nitrate application. It
approaches the limit of pH 5.5.

2. Care should be taken when
using high fertilizer rates to avoid
unwanted soil reaction levels, especially
in light and acidic soils.

3. Organic fertilizers application
increases soil buffering and reduces the
risk of acidification.
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