PabotHa 3agaua 2.1.1. W3cnepBaHe Ha
Bb3MOXXHOCTUTE Ha KOMMIOTbPHOTO 3peHue u
CMEKTPaiHM  OUCTAHUMOHHM  MeTogM  3a
nosyyaBaHe Ha WHbOpPMaLUA  OTHOCHO
CbCTOAHMETO Ha pacTeHuaTa (dasm  Ha
pa3sutue, nnesenu, 6onectn, xepbuumaHa
TOKCMYHOCT M BMoTMYeH cTpec) upes
aBaHrapgHUTE TEXHONOTMWU 33 MOHUTOPUHT U
OTr/IeXAaHe Ha KynTypuTe.

M3B'prLIeHVI ca Haﬁﬂ}O,D,EHMFI Ha:
-OcHoBHUTE METEOPOJZIOTNMYHN eNemMeHTn — Temnepatypa Ha

Bb34ayXa, OTHOCUTE/NIHA BJ/1Ia*XHOCT, CKOPOCT Ha BATbpa,
nPpoAb/IXKUTENHOCT HA C/ABbHYEBOTO TrpeeHe U CymMma Ha
BanexuTe,;

-CneundmryYHN arpoMeTeopONIOTMYHN ABNEHMA M Npouecn —
B/IA*KHOCT Ha Nno4ysaTa W YC/I0BUA 3a CyLa;

- ®a3n Ha ¢GEeHoNOrMYHO pasBUTME Ha OCHOBHUTE BUAOBE
CEJICKOCTOMAaHCKM PAaCTEHUA — 3UMHU XKUTHU KYATYPU — MEKa U
TBbpAa MWEHMLA W eYyeMUK, NPOSETHM — LapeBuLa W
CNbHYOrNen, TPalHM HacaXKAeHUA — YepeLla, AbbAKA U 103a;

- CbbpaHu ca npobu ot Ancta n NaoJoBe oT 2 copTa Aroau,
M3MEPEHO CbAbPKAHNETO HA XN0PODUA B NIUCTHUTE Npobu oT
ArogoBUTE KYATYpU NO pedepeHTeH MeTohd, M 3axapHo
CbAbPrKaHWE N Ka4YeCTBEHW NapamMeTpu.

- M3BbpLUEHU ca cneunanmsmpaHm GUOMeTpUYHN U3MepPBaHMS
B 8 /IOKaLMW BbPXY 3UMHU KUTHU KYATYpPU - MEKa U TBbpAa
NWeHMLa M evyeMMrK, NPONETHM KyATypu — LapeBuLa WU
CNbHYOrNen, OBOLLHWM KyATypu —4epeLua n A6baKa 1 a103a.

- M3BbplieHM ca  AUCTAHUMOHHWM  HabawogeHua ¢
MYTUCMNEKTPA/IHA KaMepa B NMOCEBU Ha MLIEHWLA C Pa3/IUYHK
naeBsesnu.

-MpoBeaeHm ca TepEHHN NPOYYBAHMNA Ha ATOA0BU HaCaXKAEHUA
OT AiBa CopTa Aroau.

-N3BbpLUEHN HEAECTPYKTUBHU CMEKTPa/IHW U3MepBaHUA Ha
ncTa oT Arogm B ananasoHa 450-1100 nm mn ca HanpaBeHMU
umMdpoBm un30bpaxkeHmna. Ha cbwuTte AUCTHM npobu ca
namepeHu NDVI nHaekc.

- Ypes KOMBUHMPAHETO Ha
pesynTatute oT Te3n M3MepPBaHUA U
Hab/loaeHWA ¢ pesynaTTuTe ot
ANCTaHUMOHHM U3MEPBAHMA Ce
Cb3ZaBaT MOZENN 3a onpeaensiHe Ha
CbCTOAHMETO Ha pacTeHunTa.

- Pa3nosHaBaHe Ha CopToBe Arogu
ypes BereTaLMoHHN MHAEKCH.

- M3nonsBaHe Ha pasnnyHu
BEreTaTUBHU UHAEKCU, NOSTyYEHU Ypes
HeZEeCTPYKTUBHU METOaM 3a
ANCTaHUMOHHO HabntoaeHune, 3a Aa ce
OLEHM CbAbPYKAHMETO Ha x10podun B
JIUCTaTa Ha Arogara.

- Cb3gageHunTe KaMbpoBbYHM
MOZENN MEXKAOY U3MepeHUTe
CNEKTPAIHN JaHHW U aHan3MpaHuTe,
KaKTO C/efiBa: 3aXapHO CbAbpiKaHue,
ackopbuHoBa KucenuHa, (mg %), cuna
Ha pa3KkbcBaHe Ha naogoseTe (N),
AMHaMWYHa cuia Ha noaaasaHe, (N);
Cuna Ha paskbceBaHe (N); Moayn Ha
nedpopmaumata (N.mm-1); Pabora 3a
nedpopmauma, (N.mm) nossonssaTt Aa
ce onpefensaT KayecTBeHuTe
rnokasaTesin Ypes CNeKTPaIHU MeToaMm.
- OugeHKa Ha TOYHOCTTA Ha YMUCNEeHUTE
METEOPNOrMYHN MPOTHO3MU.

- MynTUCNEeKTPanHUTe n306paxkeHus B
MOCEBW HA MWEHULA C Pa3INYHK



-Ha nnoposete oT ArogM ca uM3MepeHu CneKkTpasHuTe
XapakTepuctukn B anmanasoHa 900-1700 nm m ca HanpaBeHwU
CbLLO UNPPOBM N300OPAXKEHUSA HA CbLUUTE NPOOU.

-HanpaseHa e oueHKa Ha nporHo3aTta Ha cpegHuTe
OEHOHOLWHW TemnepaTtypu W OTHOCUTENIHA BJIAXKHOCT Ha
Bb34yXa Ha 2 m (Ha 6a3a Ha No4YacoBuTe NPOrHO3M 3a BTOpUA
[AEH OT BCAKA MPOrHo3a) M 24 4yacoBuA BaJieX Bb3 OCHOBA Ha
N3MEpPEHMUTE CTOMHOCTU 3a Nepmoga anpua- asryct 2021 r.
-Mony4yeHn ca cnekTpM Ha AMCTa U NNOLOBE Ha ArogM B
AgmanasoHa 900 u 1700 nm. W3unmcneHnm ca pasivyHK
BEreTaTMBHU UHAEKCH.

- WpeHTdUUMpaHn ca BereTauMOHHU WMHAEKCU, 3@ KOWUTO
CbLUECTBYBAT CTAaTUCTMYECKM 3HAYMMM Pa3IMKU MeXKAy ABaTa
copTa Arogn. YCTaHOBEHO e, Yye BeretatuBHute nHaekeu CLSI,
SBRI, PMI, REI 2, REI 3 u TVI morat ga ce m3nonssart 3a
pa3rpaHn4yaBaHe Ha ArogOBUTE /IMCTA Bb3 OCHOBA Ha TeXHMUA
COpT.

-N3uncneHn ca AMHENHW, KBAAPATUYHW, NIOFAPUTMUYHKU U
CbCTAaBHW NPEAUKTUBHU PErPeCUOHHU MOAENN, onpeaenam
Bpb3kuTe mexay CCl n nschegsaHute sereTauMOHHU UHAEKCH
M 33 pBata copTta saroan. CnoxKHuAT mogen, 6asvpaH Ha
N3YMC/IEHN BEreTaTUBHU MHAEKCKM 3a copTa Anba, Mma Hau-
[06p0 CbOTBETCTBME 3@ BCUYKM TECTBAHU UHAEKCH.
-CbCTaBEHM Ca Ka/NIMBPOBBYHU MOLENN MEXKAY U3MEpPeHUTe
CNEeKTPaNHM AaHHU U aHaNU3MPAHUTE, KAaKTO CeaBa: 3aXxapHo
CbAbpKaHWe, ackopbuHoBa KucenuHa, (mg %), cuna Ha
paskbcBaHe Ha nnogosete (N), AMHaMMYHA cuna  Ha
nogaasaHe, (N); Cuna Ha paskbcBaHe (N); Moayn Ha
nedopmaumata (N.mm-1); Pabota 3a gedpopmaums, (N.mm).

- CbCTaBeHM ca yCMelwHM KaiMbpoBbYHN Mogenm 3a bbaely,
nocneaBal, aHa/M3 Ha BCEKU eAWH OT Wu3caedBaHuTe
KOMMOHEHTH.

naesenu e 6baaT M3non3BaHu 3a
Cb3ZaBaHe Ha MOAEN 3a pa3no3HaBaHe
Ha XapaKTepHW 3a paioH MNnosavs
naesenu.



PabotHa 3agava 2.1.2. laHHW 1 anropuTmm 3a
pa3no3HaBaHe Ha o6pasn (6asvpaHu Ha
HEBPOHHWU MPEXN) U B3EMAHE Ha peLleHune 3a

HaAnume Ha nnesenu, Bug U ¢asa Ha
3abonABaHe Ha pacTeHWeTo, CTeneH Ha
pasBUTHE U Ap.

PaboTtHa 3agaua 2.1.3. M3cnepBaHe
Bb3MOXXHOCTUTE Ha M3KYCTBEHWUA WUHTENEKT 3a
Ob/ITOCPOYHO NPOrHo3npaHe Ha

3a60/1€BaeMOCTTa HA PacTeEHMATA M B3eMaHe
Ha peweHna  3a pPacTUTENHO3ALWNTHU
MEPOMNPUATUA B 3aBUCMMOCT OT KOHKPETHUTE
KNMMATUYHK ycnoBumA, dasaTa Ha pasBUTUE HA
KYATypaTa, MMUKPOKAMMATAa M JaHHUTEe OT
caTeInTHUTE M306pakeHnsa N KoopAMHALMA C
ArcGIS OT U3KYCTBEHUAT NHTENEKT.

- Cb3gapeHa e 6asa AaHHM € UMPPOBU U XMMEPCNEKTPaIHU
N306parkeHna Ha pacTeHMAa nuweHuua (3gpasu u 60NHKM); Ha
NMoCeBM MWEHULA HATOPEHW C Pas3NMYHa KOHLEHTpauua Ha
MUHEPAJTHN CbCTAaBKM; KAaKTO U C N306paXKeHNs Ha XapaKTepHU
nnesenu 3a noneto B I. Toweso 1 O6pasuoB Yndnuk.

- MNonyyeHn ca JAMHENHW, KBAAPATUYHM, JIOFAPUTMMUYHMU
pPerpecMoHHN mogenu, onpegenswm Bpb3kuTe mexay CCl
WMHAEKC U n3cneaBaHUTe BereTauMoHHU MHAOEKCU U 3a ABaTa
copta Aaroau. KeagpaTHMAT mMogen Hai-gobpe onucea
Bpb3KaTa mexay CCl n nscnegBaHuTe BEreTauMOHHU UHOEKCU
33 a3MaTCKMUA COPT ArogMm.

Ha 6a3a Ha nosyyeHata wn ob6paboTteHa chneKkTpasHa
nHoopmauma B AguanasoHa 900-1700 nm npu Arogn ca
NOSIyYEHW W  BAAUOMPAHW  KanubpoBbYHM Mogenn 3a
onpegensaHe CbAbPMKAHMETO Ha 3axap W KUCENMHHOCT B
naofoBeTe Ha AroguTe.

Pa3paboTteHu ca npoueaypu U KnacupuKkaTtopm 3a oLEHKa Ha
CbCTOSIHMETO Ha MOCEBU OT NiLeHULa (pa3no3HaBaHe Hanune
Ha naesenun).

3a TOYKWTE OT OMopHaTa MpeXKa Ha NPOeKTa ce NPeaoCTaBAT
[AaHHM 32 YaCOBWU CTOMHOCTU OT CTaHAAPTHM METEOPOIOTUYHU
M3MepPBaHWA B TOYKMTE OT ONOPHATa MpeXKa 3a:

CpegHa  [OEHOHOWHA, MMHMMAAHA U MaKCMMasHa
TemnepaTtypa Ha Bb3ayxa —°C; Cyma Ha Ba/sieXka 3a AeHOoHowme
— mm; CKopocCT Ha BATbpa — M/s; MbpraBMHa Ha BogHaTa napa
B 7 Yyaca cyTpuHTa — (hPa); OTHOCMTEHA BNAXKHOCT Ha Bb34yXa
(%); NpopbnKMUTENHOCT HA CbHYEBOTO rpeeHe — (h); CymapHa
cnbHYeBa paguauma (MJ/m2-day).

MpenocTaBeHa e YMC/ieHa NPOrHoO3a 3a CbLUUTE TOUKM.

- basute oT paHHM c uudposu U
XMMNEepCrneKkTpanHu M306parkeHna Ha
34,0aBU U BOMIHM pacTeHMA OT NweHuua
ce u13non3BaT 3a pa3paboTBaHe Ha
npoueaypu u  knacudukatopm  3a
OUEHKa Ha CbCTOAHMETO Ha MocesBu OT
nweHuua (pasnosHaBaHe HaauuMe Ha
nnesesnu).

- OueHKa Ha CbabpKaHMETO Ha
xnopodun B Nuctata Ha Arogata 4vpes
N3Non3BaHeTo Ha pasiMyHn
BereTaTMBHU WMHAEKCU, NOAYYEHU 4ypes
HeAeCTPYKTUBHMU meToam 3a
AVCTAHUMOHHO HabntoaeHue.

- Te3an mogenu morat ga 6baar
NPUJIOXKEHN NPU ANPEKTHO U3MEpPBaAHe
Ha MapameTpu, onpesAwn KayecTBoTo
Ha Aro40BW NIOAOBE,KAKTO M Aa 6bvaaT
BK/IIOYEHM B CUCTEMA OT MpUaexaLlm
CEH30pM Ha MOTOYHA /MHMA  3a
cenekuma Ha Aroam € No-BUCOKa M No-
HUCKa 3axap U KNCENMHHOCT B Ar040BMU
nnoaose.

- MNpepocTaBeHaTa AMArHOCTUYHA U
NPOrHOCTUYHA MHPOPMALMA C JOCTBMNHA
3a BCMYKM ydacTHMUmM B HHI u cnyxu 3a
N3roTBAHE Ha CNPaBKMN N OLEHKU Ha
arpomMeTeopoIOrMYHUTE YCNOBUA.

- OUEeHKUTE Ha arpOKNMMATUYHNUTE
pecypcu Ha uscnenBaHUTE PANOHU e
NPUIOXKMMA 33 BCUYKM YYACTHULN B
HHI 1 BCMYKM TOYKM OT OnopHaTa
Mpexa.



B nokauuute Ha M3cnepBaHETO ca NPECMETHaTW CymuTe Ha
AKTUBHU U eDEKTUBHM TEMMNEPATYPU U CYMUTE Ha BaneKuTe 3a
mexaydasHuTe nepnoam npu nuweHuua (e4emumk), Lapesunua
W ChbHYOrnes 3a tpugecetroguiieHd nepmog 1986-2015r.
-OnpegeneHn ca M3MCBaHMATA KbM Temnepatypyu Mo
6uonornyHua mmHumym (CR) npes nepuoga Ha MOKoOM npwu
yepella, MPACKOBa U Kaicua ¢ nomouuta Ha KOTa moaena.
-MpecmeTHato e akymyaupaHeTto Ha CU 3a meproga cymTaHO
ot 1 Hoemepu go 31 Mapt 3a 20 noKaunm, rpynmpanm cnopea,
CXOACTBOTO CU KbM arpoOMeTeoposorMyHUTE yCcaoBuA 3a 9
nocnegosatenHu rognHn 2002-2010 r.

3a oLeHKa Ha ycnoBuATa npe3 nepuoga Ha npuHyguTeneH
MOKOM Ca XapaKTepusmpaHU M3UCKBAHUATA KbM TOMAWMHA -
Heat requirements (HR) npe3 nepuoaa oT Kpas Ha AbA6OKMA
MOKOM 40 HayanHaTa AaTa Ha UbhTex.

- XapaKTepucTMKaTa Ha nepuoaa Ha
MOKOM NpW OBOLLHMTE Ypes
CbBPEMEHHW arpoOKANMATUYHM
NoKasaTenn e NPUAOKMUMO Npu
onpegensHeTo Ha deHonormyHuTe dasm
M pPUCKa OT NOBPEeaU OT NPO/IETHU
Mpasose.
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The relationships between different vegetation indices and chlorophyll
content index values (CCI) in strawberry leaves

Petya Veleva, Stefka Atanassova, Tsvetelina Georgieva, Dimitar Yorgov,
Stanislava Atanasova and Mima Todorova

Department of Agricultural Engineering
Faculty of Agriculture, Trakia University, Stara Zagora, Bulgaria

GOAL OF THE STUDY

The aim of the present study was to investigate the relationships between different
vegetation indices and chlorophyll content index values (CCI) in strawberry leaves from
two strawberries varieties — Alba and Asia.

METHODOLOGY OF THE INVESTIGATION

A total of 100 strawberry leaves were taken, 50 leaves from each variety. The collected leaves
were measurement via a portable chlorophyll content meter CCM 200 plus (Opti-Sciences,
Tyngsboro, MA) for chlorophyll content index (CCI). Spectral measurements of the all same
leaves were also performed using a USB4000 spectrometer (OceanOptics, Inc. Dunedin, FL.,
USA) in the wavelengths region 450-1100 nm. On the base of obtained spectral information
were calculated 24 different vegetation indices, presented in Table 1. Four different types of
predictive regression models defining the relations between the CCI and the investigated
vegetation indices for both types of strawberries were compiled.

CONCLUSIONS

It was found that CARI, MCARI, mNDVI, Clred edge, Clgreen, REII, REI2, and REI3
indices are more sensitive to chlorophyll concentration than the other tested indices. The
Compound model based on calculated vegetative indices for the Alba variety has the best fit
for all tested indices. The highest coefficient of determination was found for CARI index - R?
= 0.743. Quadratic model best describes the relationship between CCI and the investigated
vegetation indices for the Asia strawberry variety. The best fit was found for REI2 index —
the obtained coefficient of determination was 0.842.
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National Research Programme «Smart crop production™ approved by Decision of the
Ministry Council Ne866/26.11.2020T.

30" June - 2" July 2022, Ruse, Bulgaria IEEE

MAIN RESULTS FROM THE STUDY

Table 1. Predictive regression models defining the relations between the CCI
and the investigated vegetation indices.

Model e
R Equations R Equations

mNDVI
Linear 0598 ¥ = —39.963 + 114.213x 0783 = —29.399 + 103.924x
Logarithmic 0,592 = 58.837 + 60.062 log(x) 0.758 ¥ = 54.279 + 45.892 log(x)
Quadratic 0,503 ¥ = 2036 — 113.75x +214.45x% 0811 ¥ = 33.97 — 178.01x + 310,097
Compound 0,630 ¥ =110 + 279.034° 0.796 ¥ = 1167 + 360.901%

CARI
Linear 0712 ¥ = 44.883 — 2.605¢ 0730 ¥ = 41,517 — 3.060x

Logarithmic 0,716 ¥ = 72793 - 23.552log(x)  0.767 ¥ = 65.220 — 23.406 log(x)
Quadratic 0718 ¥ = 53902 — 4.598x — 0.107x? 0773 ¥ = 64471 — 0.189% — 0.392x7

Compound  0.743 ¥ = 65876 + 0.88% 0.740 ¥ = 64.839 « 0.841*
MCARI
Linear 0,652 ¥ = 34.789 - 0.602x 0.727 ¥ = 31141 - 0.530x

Logarithmic 0,667
Quadratic 0,673
Compound  0.715

63.981 — 13924 loglx) 0798 ¥ = 60531 — 13.530 log(x)

0.65— 1.103x +0.01x? 0788 ¥ = 41.02 — 1.342x + 0.015¢7

¥ =40.789 » 0.97% 0.795 ¥ =37.101 + 0.969*
Clrsiaige

= —9.147 + 26.28%9x 0.826 ¥ — 8078 + 34.160x

17.152 1 30.045 log(x) 0795 ¥ = 25316 + 25.284 log(x)

19.956 + 45,1355 —B.07x° 0832 ¥ = 0.156 + 12.443x + 13.772x7

Linear 0617
Logarithmic 0617
Quadratic 0619 ¥ =

Compound  0.640 ¥ = 4.659 + 3.622% 0.815 ¥ =3.993 « 6.733%
Clyrean
Linear 0.520 V= -7.788 + 7.415x 0.774 ¥ = -8611 + 8.800x

Logarithmic 0501
Quadratic 0531
Compound 0532

6306 +27.68log(x) 0744 ¥ = —10.664 + 26313 log(x)
16979 — 5546 — L668x% 0781 ¥ = 1420 + 2.250x + 1.032x?
¥ =5.043 « 1.433% 0.729 ¥ =4.009 + 1.616*
REIL
—77.425 + 64.507x 0832 = —87.634 + 76.899x
—20.641 + 98749 log(x) 0826 ¥ = —15417 + 105652 log(x)
182.31 + 201.65x — 44.75x? 0,840 ¥ = 75983 — 160.34x + 85.786x7
¥ =0.162 + 23.758% 0825 ¥ = 0.046 + 74.038°
RE2
Linear 0528 = 35075 + 47.078x 0835 27.401 + 58.940x
Logarithmic 0,534 10137 + 57554 log(x) 0822 ¥ = 30.028 + 45.178 log(x)
Quadratic 0,540 ¥ = —120.73 + 186.23x — 56.88x7 0,842 ¥ = 0.373 — 13.08x +45.993x7
Compound  0.564 ¥ = 1204+ 10.356% 0832 ¥ = 1336 + 27.260*
REI3
Linear 0,506, 47.817 + 122.101x 0826 34611 +130.511x
Logarithmic 0,509 Y =60804 + 69253 loglx}) 0815 ¥ = 69.208 + 52.255 log(x)
Quadratic 51y ¥ = —136.5+ 435.44x - 275.96x7 gg35 ¥ = 8.696 — 90.055x +301.303x7
Compound 0,541 ¥ = 0.667 + 431.679% 0828 ¥ = 0.888 + 2555.745%
* Level of significance p < 0.05

Linear 0.624
Logarithmic 0,625
Quadratic 0,626 ¥ =
Compound 0,651
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INTRODUCTION

There Is a growing interest In using rapid and non-destructive methods for estimation of plant physiological and
biophysical parameters, plant health and food quality. Normalized Difference Vegetation Index (NDVI) is one of the
‘most widely and frequently used index in the remote sensing research, recently. The plant spectral characteristics
in the visible and near infrared regions are determined malnly by the composition of photosynthetic pigments and
their stress-induced changes and provide valuable information about the physiological state of plants. The
Vegetation indices derived from reflectance data could be related to canopy variables such as ground biomass,
teaf area index (LAI) and yield.

The aim of our investigation was to find the possibility of 24 calculated vegetation indices to separate
strawberry leaves on the base of their variety.

MATERIALS AND
oo ., 308 METHODS
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LT, Crnmcnnn e WL 31 L. P
Gitetson ot al., 2001 The study included two varieties of strawberries - Asia and Alba, grown in greenhouse,
e, Ot . 303 under irrigated conditions with drip irrigation. A total of 100 strawberry leaves were taken,
RCGmman, 5% 50 leaves from each variety. The collected leaves were measured via US84000
AL St &t 8., B0 spectrometer (Ocean Optics, Inc. Dunedin, FL., USA) in the wavelengths region 450-1100
GETOMNYO . On the base of obtained spectral information were calculated 24 different vegetation
T indices, presented in Table. One-way ANOVA analysis was done to investigate significant
b €1, 0t s, 10T differences between both types of strawberry leaves based on the vegetation indices.
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RESULTS AND DISCUSSIONS
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] R CONCLUSIONS

It was found that CLSI, BRI, PN, REIZ, REI 3 and TVI vegetative indices could be
used for differentiate strawberry leaves on the base of their variety. The highest
coefficient of determination R2 = 0.949 was calculated for TVI index. The resuits
obtained show that future non-destructive remote sensing studies are important for
the discovery of additional benefits of using vegetative indices in agricultural field,

ACKNOWLEDGEMENTS as varieties recognition, particularly during the early vegetation phases.
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CALIBRATION AND PAR AMETERISATION
OF THE AQUACROP MODEL
FOR GROWING WINTER WHEATIN BULGARIA
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