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NMPUNOXEHUE HA
CNEKTPAJIHA XAPAKTEPUCTUKA
3A AHAJIU3 HA BOOEH CTPEC
NPU KPACTABULIN

Mupocnae Bacunee, CueesiuHa
Henyeesa, 'eHoseea Murnyweea

Pe3rome: pn HacTbnBaHe Ha BOAEH CTpec
npyv KpacTaBuuuTe ce Cb3gaBaT YCroBus 3a
N3MeHeHus, CBbp3aHu c uBeToBaTa
MOBbPXHOCTHA TeKCTypa MO fuctata WM.
TbpceHeTO Ha BPb3KM MEXAY AaHHW, NONyyYeHu
OT CMNEeKTpanHU XapakTepUCTUKM U TakmBa OT
onpegensHe Ha (OM3MONOrMYHM MNokasaTenn Ha
KpacTaBuMUM € UuUen Ha Hactosiwata paborta.
YcTtaHOBEHO e, 4Ye pasgenumocTTa  Ha
oTAenHuTe etanu OT pasBUMTMETO Ha BOAEH
CTpec Npu KpacTBMUM He 3aBucucu oT nsbopa
Ha MeTod 3a pepyuvpaHe Ha obema OT AaHHU
Ha  CNeKTpanHW  XapakTepucTukM, a  oT
n3nons3eaHnTe  pasgenswm  yHKuMM  Ha
ANCKPpUMUHATHUA aHanus. Mpu nsnonssaHe Ha
NHENHN pasgensawm yHkuum, obuiaTa rpeuka
Ha knacudmkauusa goctura ctonHocTn Hag 10%,
KOETO MpaBu M3NON3BAHETO Ha Te3n YHKUUK
HeuenecbobpasHo. OueHeHa € Bb3MOXHOCTTa
3a NporHo3supaHe Ha U3NONOrMYHN NokasaTenu
Ha  KpacTaBuMUM  Ype3  U3Nof3BaHe  Ha
peayumpaHm OaHHU oT cnekTpanHu
xapaktepuctuku. lMonyyeHuTe pesyntaTn Kato
usno ocraeaT HesagoBonuTenHu. Heobxoanmm
ca [JOMbNHUTENHM W3CNeaBaHus, KouTo Aa
HanpaBAT NpeanoXeHnTe B HacTosilwara paboTa
METOAM W WHCTPYMEHTapMyM noaxoasim 3a
N3non3BaHe B NpakTukara.

Knroyoeu dymu: KpacTaBuum, BOoOEH CTpeC,
CMEKTPanHu XapaKTEPUCTUKK, OUCKPUMMUHAHTEH
aHanus, nporHosmpaHe

1. YBog
BooHuaT cTpec npeacTtaBnsiBa  BaXHO
orpaHun4yeHune Ha ycrioBudaTa 3a oTrnexagaHe
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Abstract. When water stress occurs
in cucumbers, it creates conditions for
changes related to the color surface
texture of their leaves. The purpose of
this work is to search for relationships
between data obtained from spectral
characteristics  and those  from
determining physiological indices of
cucumbers. It is established that the
separation of the different stages of the
development of water stress in
cucumbers does not depend on the
choice of a method for reducing the
amount of data of  spectral
characteristics, but on the used
separation functions of discriminant
analysis. When using linear separator
functions, the total classification error
reaches values above 10%, which
makes the use of these functions
inappropriate. The ability to predict
physiological parameters of cucumbers
by using reduced spectral data was
evaluated. The results obtained are
generally unsatisfactory. Further
research is needed to make the
methods and tools proposed in this
paper suitable for use in practice.

Keywords: Cucumbers, water stress,

spectral characteristics, discriminant
analysis, prediction

1. Introduction

Water stress is an important
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Ha kpactasuun [11]. PasnuyHute coptoBse
KpactaBuuM ce apgantupat KbM TOBa
HebNaronpuaTHO CbCTOSIHME NO  PasfnNYHU
HauuMHW. HAkou pacTeHna moraT fda
3aBbplUaT  JKMU3HEHUA CU  UMKBN  Npu
onTumanHu ycnoeus. Opyrm ga Hamanart
3arybata Ha Boga u4pe3 HamansBaHe Ha
pa3mMepa Ha nucrata unu nopurte um [7].

MopagnM NOBBLPXHOCTHO pasnonoxeHaTa
CW  KopeHOBa cuctema UM ronama
n3napsigalia MNOBBLPXHOCT Ha nucTaTa,
KpactaBuuuMte ce sBABaT €4HU OT Hau-
4YeCTO 3acerHaTuTe OT BOAEH Aeduunt.
PasnuyHnte coptoBe ce apgantupaT KbM
ToBa HebnaronpuATHO  CbCTOSIHME MO
pasnU4HM HavvHWU. Hakou pacTeHusa morat
Ja 3aBbpluaT KU3HEHUS CU LUUKBIT Npu
onTumarnuu ycnosus [1,2].

lMpn HacTbnBaHe Ha BOAEH CTpec npu
KpacTaBMuuMTe Cce Ccb3gasBaT YCnoBus 3a
M3MEeHeHnsd, CBbp3aHM C  LBeTOBaTa
NMOBBPXHOCTHA TEeKCTypa No nucrata WM.

ETo 3aLlo npu HacaxgeHuaTa c
KpacTtaBuum, KaTo anTepHaTmBa Ha
nocovyeHuTe no-rope MeToan 3a

curHanuampaHe Ha gedmumnTta Ha Boga Mo
BPEME Ha UENuUAT Nepuoa Ha Berutauums,
mMorat ga 6baaT M3non3BaHW CbBPEMEHHU
onTuyHn TexHukn [3,14,17]. TakuBa ca
aHanuM3bT Ha BM3yanHuM UM300paxeHus wu
cnekTpanHuTe XapaKTepUCTMKK BbB
BuaMmara n bnmuska mHppadepseHa obnact
[6,9,10,20].

3a peanuaupaHe Ha 3afjayaTa 3a aHanu3
Ha BOOHMSA CTpPec npu KpacTaBuum ca
HeobGxoauMn npeaBapuTENHN U3CneaBaHus,
CBbp3aHN C Bb3MOXXHOCTTA 3a 6HE3KOHTaKTHO
onpenensiHe cTteneHTa Ha BoAeH CTpec no
CrneKkTpanHu XapakTepucTukn. Tean [aHHu
ca nogxoaswy 3a  M3non3eaHe npwu
pa3paboTBaHe Ha MaTteMaTU4eckn MoLEenw,
OonucBaLLUM pas3BUTUETO Ha BOAHUA CTpec.
Upes TAx MOXe Aa ce TbpCcu Bpb3Ka 1 a ce
NpaBAT CbLMNOCTAaBKM C MNPOLLECH, KOUTO
BNUSAST BbPXY Pa3BUTUETO Ha BOOHUSA CTpec

limitation of cucumber growing
conditions [11]. Different varieties of
cucumbers adapt to this
disadvantage in different ways.

Some plants can complete their life
cycle wunder optimal conditions.
Others reduce water loss by
reducing leaf size or pores [7].

Due to its superficial root system
and large evaporating surface of the
leaves, cucumbers are among the
most commonly affected by water
deficiency. Different varieties adapt
to this disadvantage in different
ways. Some plants can complete

their life cycle under optimal
conditions [1,2].
When water stress occurs,

cucumbers create conditions for
changes related to the color surface
texture of their leaves. Therefore,
modern optical techniques can be
used in cucumber plantations as an
alternative to the above methods for
signaling water shortages throughout
the growing season [3,14,17]. Such
are the analysis of visual images and
spectral characteristics in the visible
and near infrared region [6,9,10,20].
To perform the task of analyzing

water  stress in cucumbers,
preliminary studies are needed
related to the possibility of

contactless determination of the
degree of water stress by spectral
characteristics. These data are
suitable for use in the development
of mathematical models describing
the development of water stress.
Through them, relationships can be

sought and compared with
processes that influence the
development of water stress in
cucumbers. The search for

relationships between data obtained
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npu KpacTaBuuM. TbPCEHETO Ha BPbL3KK
MEXAy [OaHHW, MONYYEeHU OT CneKTpanHu
XapakTePUCTUKN N TakmBa OT onpeaensiHe
Ha U3MOMNOrMYHN nokasaTenu e Luen Ha
HacTosiwaTta pabora.

2. MaTepuan u meToam

KaTo n3xogHun gaHHu 3a NU3MEHEHNETO Ha
BbHLUHM XapaKTEPUCTUKM U (PU3NONOrNYHM
rnokasaTenu Ha NMcTa Ha KpacTaBuuu npu

from spectral characteristics and
those from the determination of
physiological parameters is the
purpose of this work.

2. Material and methods

As input data for changes in
external characteristics and
physiological parameters of

cucumber leaves under water stress,

BOOEH CTpec, ca wu3nonssaHuM Te3u, those presented by Sun et al. [15]
npegcraseHn ot Sun un konektus [15] ' and Barickman et al. [5] were used.
Barickman wn konektuB [5]. W3nonssaHute The data used for physiological
OaHHM 3a U3MONOrMYHM nokasatenu Ha parameters of cucumbers are
KpacTtaBuum, ca npeacraseHu B Tabnuua 1. presented in Table 1.
Ta6bnuua 1. Table 1.
NMokasaTenu Ha NUcTa Ha KpacTaBMLU Water stress cucumber leaf
npv BoAeH cTpec parameters
Mepuog, h
Period, h 0 24 48 79
Mokasaten MepHa HULUa
Parameter Measurement
Hetha doTOCUHTE3E | A\ moim?s | 19,5+1,20|  16,5+1,29| 12,7581.26|  10+1,41
Net photosyntesis
Coavpxanie va CO; | o\ \molm?s |363,541,29 |351,25+2,75 |354,25¢1,71 | 360,5+2,65
CO, content
Tparcnupauvs E,mmol | 754006 6,5¢0,58| 6,5:0,58| 7,5:0,58
Transpiration H,O/m*s
OT ropHaTa cTpaHa OT nucTHaTta neTtypa Spectral characteristics are

Ha BCSIKO NIMCTO ca onpefeneHu crnekTpasHu
XapaKTEPUCTMKK, KaKTO € nMoKasaHO Ha
durypa 1. WswmepBaHusiTa  obxsawiar
yactuTte 6nm3o oo pvba Ha nucTHaTa neTtypa
N B HEMHAaTa cpefHa 4acrT.

®dur.1. Cxema 3a nony4yaBaHe Ha CneKTpanHu
AaHHUM OT JINCTa Ha KpacTtaBULMU

defined on the upper side of the leaf
blade on each leaf, as shown in
Figure 1. The measurements cover
the parts near the edge of the leaf
blade and in its middle part.

Fig. 1. Scheme for obtaining spectral
data from cucumber leaves
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MpeobpasyBaHeTO Ha CTOMHOCTUTE OT
XYZ mogen B CrekTpu Ha OTpaxXeHwe BbB
VIS obnactra, B obxeata 390-730nm e
HanpaBeHo no MaTeMaTU4eckn
3aBUCMMOCTU KaTo npeobpasyBaHETO e
Bb3MOXHO W B [OBeTe [OCOKM Ha
paBeHCTBOTO [8].

MaTtemaTtuyeckute  3aBMCMMOCTM  3a
npeobpasyBaHe oT RGB kbm cnekTpu BbB
BManMMara crnekrpanHa obnacrt ca:

XYZ = RGB. Myy,
0,5767 0,2974
0,1855 0,6273 0,0707
0,1882 0,0753 0,9911

Myy; =

780 _ 780
x=f AQMQMMYzf
380 3

80

AQWQMMZzJ

The transformation of the values
from the XYZ model into reflection
spectra in the VIS region, in the range
390-730nm, is made by mathematical
dependencies, and conversion is
possible in both directions of equality
[8].

The mathematical dependencies for
the conversion from RGB to spectra
in the visible spectral region are:

(1)

0,027
] (2)

780

A)Z(A)da (3)

380

AEy;s = \JAX? + AY? + AZ2

KbOEeTo M e mMaTpuua 3a
npeobpasyBaHe Npu NOCOYEHUTE YCIOBUS
3a Habnopgaten u ocseTeHocT. A(A) e
mMaTpuua 3a npeobpasyBaHe Ha UBAT KbM
CNekTpu Ha oTpaxeHne BbB VIS
obnactur, cnopeq n3nonssaHuTe
Habnopgaten U OCBETEHOCT. Te3mn
MaTtpuum ca Hanmyam B [12] 3a VIS
obnactta. WsnonseaHa e pasnukaTta
Mexay oTAesiHMTe KOMNoHeHTn AE.

Ha durypa 2 ca nokasaHu cnektpanHu
XapaKTEPUCTMKN Ha KpacTaBuuu B nepuos
oT 72h, npn Bb3HUKBAHE Ha BOAEH CTpecC.
HeduvHnpann ca 4 knaca, B 3aBUCUMOCT
OT eTana Ha pa3BuUTUE Ha BOOHUS CTPEC.

(4)

where M is the transformation matrix
under the specified observer and
ilumination conditions. A(A) is a matrix
for converting color to reflection spectra
in the VIS region, according to the
observer and illumination used. These
matrices are available in [12] for the
VIS area. The difference between the
individual components AE was used.

Figure 2 shows the spectral
characteristics of cucumbers over a
period of 72h in the event of water
stress. There are 4 classes defined,
depending on the stage of water stress
development.

Knac 1/ Class 1 Knac 2/ Class 2
Oh 24h

Knac 3/ Class 3 Knac 4/ Class 4
48h 72h

®dur.2. CnekTpanHu xapakTepUCTUKMU Ha
nucTa oT KpacTaBuum

FIG.2. Spectral characteristics of
cucumber leaves
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OueHkaTa Ha Bb3MOXXHOCTTA 3a
onpeaensiHe Ha CTeneHTa Ha BOO4HUS CTPeC
npu KpacTaBMUM € HanpaBeHa 4pes
OVCKPMMUHaHTEH aHanui. /3nonsBaHun ca
peoyuupaHM  daHHW  OT  CheKTpanHute
XapakTepUCTUKN.

3a pegyuupaHe obema OT AaHHW Ha
cnekTpanHute XapakTepUCTUKM ca
N3NON3BaHN rMaBHN KOMMOHEHTWN, NOYyYEHN
no metog AHanu3 Ha rmaBHUTE KOMMOHEHTHN
W NaTeHTHU NPOMEHNMBKU, MOMAYy4YEHU MO
MeTon YacTuyHa perpecust Ha Hanu-MarnkmTe
kBagpatu [6,16].

3a knacudukauua e msnons3eaH MeToq
OVNCKPUMWHAHTEH aHanus [4,14,18].
OVCKPUMUHAHTHUAT aHanmM3 € MHOroMepeH
aHanuM3 Ha [aHHW, KOWTO Cce W3Mnon3ea,
Korato uMma Hyxga OT ,[porHosupaHe”
CTOMHOCTUTE Ha rpynupaiia npoMeHNMBa.
Llenta e pa ce nonyyn npaBuno 3a
npuyncnsiBaHe Ha egHoO HOBO HabnkogeHue
KbM pgageH knac. [lNpuuncnsisaHeto wunu
~pasnpenensHeTo” KbM onpegeneH knac
XapakTepuUCTUKN € HeobXxoaMMo U OTHOCHO
HacTosiwaTta paspaboTka.

Mpy OMCKPUMUHAHTHUAT aHanuM3 ca
N3non3BaHu cnegHute pasgensawm
dyHKUMN:

v’ Linear — nuHelnHa pasgenswa dyHKUms,
pasnpegens OaHHM C MHOroBapuaHTHa
HOpManHa MAbTHOCT 4Ype3 U34YNCNEeHne
Ha KoBapuauusaTa u rm cebupa B rpyna;

v’ DiaglLinear — nopobeH e Ha linejnata
pasgensiwa QyHKUusa, HO M3nonsea
n3vncnsiBaHe Ha anaroHan Ha
KOBapuauMoHHa MaTtpuua (auvaroHanHa
NHenHa pasgensawa yHKUMS);

v’ Quadratic — kBagpaTuyHa pasgensua
dYyHKUMSA (ot BTOpa CTeneH),
pasnpegens OaHHM C MHOroBapuaHTHa
HOpManHa MAbTHOCT 4Ype3 U34YNCNEeHne
Ha KoBapuauuaTa un rm cebupa B rpyna;

v' Diagquadratic - nopobeH e Ha
KBagpaTuyHaTta pasgensiia oyHKums, HO
N3MNon3Ba N3YNCIsiBAaHE Ha AnaroHan Ha

The assessment of the possibility of
determining the degree of water
stress in cucumbers was made by
discriminant analysis. Reduced
spectral data are used.

To reduce the amount of data of the
spectral  characteristics, principal
components obtained by the principal
component analysis and latent
variables obtained by the method of
partial least squares regression were
used [6,16].

The discriminant analysis method
was used for classification [4,14,18].
Discriminant analysis is a
multidimensional data analysis that is
used when it is necessary to "predict"
the values of a grouping variable. The
goal is to get a rule for assigning a
new observation to a class. The
assignment or "allocation" to a
particular class of characteristics is
also necessary in relation to the
present development.

The discriminant analysis uses the
following separating functions:

v’ Linear - linear separation function,
distributes data with multivariate

normal density by calculating
covariance and collecting them in a
group;

v’ DiagLinear - is similar to a linear
dividing function, but uses the
calculation of the diagonal of a
covariance matrix (diagonal linear
separating function);

v Quadratic - a quadratic separating
function (second degree),
distributes data with multivariate
normal density by calculating the
covariance and grouping them;

v Diagquadratic - similar to the
quadratic separating function but
using the calculation of the
diagonal of a covariance matrix
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KOoBapuauuoHHa wmaTpuvua (guaroHanHa
HenuHerHa pasgenswa OyHKUns);

v' Mahalanobis — pa3gensi gaHHUTe B rpynu
ype3 pascTosiHMe Ha MaxanoHobuc kaTo
onpegens KoBapvauusita B JaHHuUTe.

OueHkaTa Ha paboTaTa Ha
N3non3BaHuTe knacudukaTtopu e
HanpaBeHa e 4pe3 obwa rpewka Ha

knacudpukaumna [20], koaTo ce onucBa C
dopmynara:

(diagonal nonlinear separating
function);
v’ Mahalanobis - splits data into

groups by Mahalonobis distance by
determining the covariance in the

data.
The performance of the classifiers
used is estimated by a common

classification error [20], which is

described by the formula:

i21(Xk=1Yik — Yii)

n n
i=1 2]{:1 ylk

KbaeTo Yk € Opon npobwm oT knac i,
KrnacuuumpaHu oT KnacudukaTopa B Knac
K; yi — 6pon npaBunNHO pasno3HaTu npoowu;
k=1..n — 6pon HenpaBWUIHO OTHECEHW B
AafeH Knac i cnpssiMo oowmaTt 6pon npobu;
n — 6pown knacose.

lMporHo3npaHeTo  Ha  (PU3NOMOTMNYHU
nokasaTenu Ha nucTta OT KpacTtaBuuu Mo
cneKTpanHu XapaKkTepUCTUKM e
peanusaMpaHo C MeToguTe perpecus Ha
rnaBHuTe komnoHeHTn (PCR) u 4vacTtuyHa
perpecnsa  Ha  HauW-mankute  KBagpaTu
(PLSR) [13]. N3non3BaHu ca kpuTepun 3a
oueHka KoeduumeHT Ha onpegeneHocT
(RZ), cyMa OT KBagparta Ha rpewwkute (SSE)
M KOpEeH OT cpefHoOKBagpaTU4yHa rpeLuka

(RMSE).
Bcuuykn  aHanuanm  ca  HanpaBeHu C
nporpamHa cpega Matlab 2013 (The

MathWorks Inc.).

3. PesyntaTtun n gauckycus

PeoyuupaHeTto Ha AaHHuTe oT
crnekTpanHuTe XapaKTepUCTUKK e
HanpaBeHO 4pe3 npeacTaBsAHETO WM C
naTeHTHK NPOMEHNNBK n rnaBHU
KOMMOHEHTN. YCTaAaHOBEHO €, 4e 3a
onucaHue Ha crnekTpanHuTe
XapakTepucTukn ca Heobxogumun  aOBe
NaTeHTHW TMPOMEHNMBM W [OBE [NaBHU
KOMMOHEHTW. M3nons3BaHeTo Ha no-ronsam

.100, % (5)
where yik is the number of samples
in class i classified by the classifier in
class k; yi number of correctly
identified samples; k=1...n - number
incorrectly assigned to a class i
relative to the total number of
samples; n - number of classes.

The prediction of physiological
indices of cucumber leaves by
spectral characteristics has been
realized using principal component
regression (PCR) and partial least
squares regression (PLSR) methods
[13]. The criteria used were the
coefficient of determination (R?), sum
of squared errors (SSE) and root
mean squared error (RMSE).

All analyzes were performed with
the Matlab 2013 program
environment (The MathWorks Inc.).

3. Results and discussion

The reduction of spectral
characteristics data is done by
presenting them with latent variables
and principal components. It has
been found that two latent variables
and two principal components are
required to describe the spectral
characteristics. The use of a larger
number of these coefficients does not
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Opo Ha Te3n KoedpUUMEHTM HE NPOMEHS
nonyvexHute pesyntatu. [Npu nanonasaHe Ha
rMaBHU KOMMOHEHTM ce Habniogasa BMANMO
aobnmkaBaHe Ha ONUTHUTE AaHHW, OOKaTO
Npy M3nona3BaHe Ha NaTeHTHU NPOMEHINBM,
AaHHUTE OT MbPBOTO U3MEpPBaHE SICHO ce
OTNnMyaBaT OT OCTaHanuMTe MW3MepBaHus,
KaKTO e nokasaHo Ha curypa 3.

change the results obtained. With the
use of principal components, a visible
overlap of the experimental data is
observed, while when using latent

variables,

the data from the first

measurement are clearly different
from the other measurements, as
shown in Figure 3.

w3

04

pc2 0og

omed z

goos.

oh |
24h
43|
72h

a) rNaBHU KOMMOHEHTU
a) principal components

0) NaTeHTHU NPOMEHIINBHU
b) latent variables

®dur.3. PegyunpaHe Ha o6ema OT AaHHMU Ha
cneKTpanHu xapakTepucTuku

B Tabnuua 2 ca HaHeceHu pesyntaTtu oT
Knacudgumkauus C OVUCKPUMUWHAHTEH
knacudukatop. Msnon3saHn ca pegyumpaHmu
OaHHN OT CheKTpanHUTe XapaKTepUCTUKN
ypes naTeHTHU NPOMEHMBU U  [NABHU
KOMMNOHEHTWN. Han-BUCOKM CTOMHOCTM Ha
obwara rpewwka Ha knacudpumkauma (10-16%)
ce nonyyasa Npuv M3MNON3BaHe Ha NUHEWHU

pasgensawmn  yHKUMM 1M PYHKUMA  Ha
MaxanaHobuc. Mpn  wmn3nonseBaHe  Ha
HENMUHENHN pasgenswm dyHKUMN,

He3aBMCUMO OT W3MON3BaHUA MeToa 3a
pegyuMpaHe Ha ofbema OT [faHHM Ha
CreKkTpanHu XapakTepucTuku ce nonyvasat
NO-HUCKM CTOMHOCTM Ha obLiaTta rpeLuka Ha
Knacudukaumsi.

Fig.3. Reducing the amount of data
of spectral characteristics

Table 2 shows the results of the
classification with the discriminant
classifier. Reduced spectral
characteristics data using latent
variables and principal components
were used. The highest values of
the total classification error (10-
16%) are obtained using linear
separation functions and
Mahalanobis function. When using
nonlinear separation functions,
regardless of the method used to
reduce the amount of data of
spectral  characteristics, lower
values of the total classification
error are obtained.
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Tabnwuua 2.

Pe3ynTtaTtu ot knacudukauus c
ANCKPUMUHAHTEH aHanus3

Table 2.
Results of classification by
discriminant analysis

MPO
DRM PC LV
P®
PFl | oL |la|pa| m | L |bL| a |bal|m
Knac
Class
1-2 10%| 10%| 0%| 0%| 16%| 0%| 0%| 0%| 0%| 0%
1-3 12%| 13%| 0%| 0%| 14%| 0%| 0%| 0%| 0%| 0%
1-4 15%| 15%| 0%| 0%| 16%| 0%| 0%| 0%| 0%| 0%
2-3 12%| 13%| 0%| 0%| 13%| 0%| 0%| 0%| 0%| 0%
2-4 15%| 15%| 0%| 0%| 14%| 0%| 0%| 0%| 0%| 0%
3-4 15%| 15%| 0%| 0%| 13%| 0%| 0%| 0%| 0%| 0%

MP[-meTopg 3a pegyumpaHe obema OT AaHHW;
PC-rnaBHM KOMNOHEHTK; LV-naTeHTHn
npomeHnmeu; PO-pasgensawm pyHKLnn:
L-nuHenHa; DL- gnaroHanHo-nnmHenHa,;
Q-kBagpaTuyHa; DQ-gnaroHanHo-kBagpaTUdHa;
M-MaxanaHobuc

Ha cpurypa 4 e nokasaH npumep 3a YacTudHa
perpecMs Ha Hanl-mankuTe KBagpatu npwu
NPOrHO3npaHe Ha TpaHcnMpaums.

DRM-data reduction method;
PC-principal components; LV-latent
variables; DF discriminant functions:

L-linear; DL-diagonal-linear;
Q-quadratic; DQ-diagonal-quadratic;

M-Mahalanobis

Figure 4 shows an example of
partial least squares regression in
predicting transpiration.
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Bwxoa ce, 4e npu u3nonsBaHe Ha [fBe
NaTeHTHU NPOMEHSIMBUN NPOrHO3NPAHETO € C
R?=0,82, rpewkute SSE u RMSE ca cc
ctonHoctn 0,5. ToBa nokassa, 4Ye 82% ot
N3MEHEeHNeTO B TpaHCNMpaunaTa Ha nucrara
Ha KpacTtaBuuuM Moxe na Obae onucaHo C
N3MEHEeHNETO Ha NnaTeHTHUTE MNPOMEHIIMBY,

nony4yeHun oT cnekTpanHute nm
XapaKTepPUCTUKMN.

B Tabmmua 3 ca  npeacTtaBeHu
pesyntatute OT  MPOrHO3MpPaHeTo  Ha
dn3nonornyHmn nokasarenu Ha

n3cnegBaHUTe nNucTa OT KpacTaBuuW, 4Ypes
M3MNon3BaHe Ha pegyumpaHn gaHHuM  OT
cnekTpanHu xapakrepuctmkn. OT gaHHuTe e
BWAOHO, Ye C To4yHocT oT 61-81% moraT aa
6boat  nporHosvpaHm  PU3NONOrMYHUTE
nokasartenu Ha nuctata no metog PCR. NMpwu
M3non3BaHe Ha pegyumpaHun [JaHHUM  OT
CNeKTpanHu XxapakTepPUCTUKN, Ype3 NTaTEHTHU
npomeHnuen, no metog PLSR, ¢ To4yHOCT OT
66-84% wmoraTt Aga ©ObaaTr NpPOrHo3npaHu
dOUN3NONOrNYHNTE nokasaTenu. Bucokn
CTOMHOCTM 3a KoeuumneHTa Ha perpecusi R?
npu nporHo3MpaHe Ha U3MONOrNYHUTE
nokasaTtenu No CneKkTpanHn XxapakTepuUCTUKu,
ca nony4yeHu npu NporHo3npaHe Ha HeTHaTa
doTOCHHTESA. B TO3U cny4vau
NPOrHO3npaHeTo € C To4yHoCcT Hag 80%,
He3aBMCUMO OT W3Non3BaHua meton. Haw-
HUCKN CTOMHOCTM Ha rpewknte SSE nu
RMSE, ce nony4aBaTt npu nporHo3vpaHe Ha
TpaHcnupaums.

It can be seen that when using
two latent variables, the prediction
is R’=0,82, the SSE and RMSE
errors are 0,5. This indicates that
82% of the change in transpiration
of cucumber leaves can be
described by the change in the
latent variables obtained from their
spectral characteristics.

Table 3 presents the results of
the prediction of physiological
indices of the cucumber leaves
examined using reduced spectral
data. It is evident from the data that
the physiological parameters of the
leaves by the PCR method can be
predicted with an accuracy of 61-
81%. When using reduced spectral
characteristics data, latent variables
using the PLSR method,
physiological parameters can be
predicted to an accuracy of 66-
84%. High values for the regression
coefficient R? for the prediction of
physiological parameters by
spectral characteristics were
obtained for the prediction of net
photosynthesis. In this case, the
prediction is more than 80%
accurate, regardless of the method
used. The lowest SSE and RMSE
error values are obtained when
predicting transpiration.

Ta6bnuua 3. Table 3.
Pesyntatn ot PCR n PLSR PCR and PLSR results
MeTog
Method PCR PLSR
Kpurtepumn
Criterion | gog | R | RMSE | SSE | R? | RMSE
MporHosupaH nokasar
Predicted parameter
HeTHa dboToCHMHTES],
Net photosyntesis A 8,08| 0,81 2,01 7,18| 0,84 1,89
CbabpxaHue Ha CO»,
CO, content C 22,71| 0,61 3,37| 21,31| 0,66 3,26
TpaHcnupauns 058 078| 054| 052|081 0,51
Transpiration E
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OueHkaTa Ha Bb3MOXHOCTTA 3a
Knacudgumkaums n nporHo3npaHe Ha
oM3NONOMMYHN  NoKa3aTenu Ha KpacTaBuum
ype3 M3nonsBaHe Ha pegyumpaHu gaHHu oT
CNEeKTpanHMU XapakTepUCTUKM He nokassa
nobpu pesyntaTu. M3non3saHeTo Ha
CNEeKTpanHU XapakTepucTukm emeKkTMBHO €
M3NON3BaHO npu aHanu3 Ha 6onectn no
KpactaBuumte [4]. Kakto 6Gonectute no
pacTeHMeTO, Taka M BOAHUS CTpPeC ca BaXKHu
nokasatenu npu €eKoriorMyHOTO OTrNexgaHe
Ha KpacTtasuum [19].

MonyyeHnte B  HacToswarta pabota
pesyntatu KaTo usano octasar
He3a40BONUTESTHMW. Heobxoanmm ca
OONBIIHUTENHN  MU3CneaBaHud, KouTo  Aa
HanpaBAaT nNpeanoXeHnTe B HacToswarta
paboTa MeToaun n MHCTPYMEHTapunym
NnoaxXoAsLLN 3a N3Non3BaHe B NpakTukara.

4. 3akn4yeHue

HanpaBeHO e cpaBHMUTENHO n3cneaBaHe Ha
OVUCKPUMUWHAHTEH Kknacudukatop, ©0asupanu
Ha JIMHENHM U  HENMHEWHW pasfenswm
dyHKUMKN, 3a pasno3HaBaHe Ha eTann Ha
pa3BuUTME Ha BOAEH CTPeC npu Kpactasuuun. B
pes3yntaTr Ha aHanu3 Ha eMNUPUYHU JaHHU e
yCTaHOBEHO, ye crioMmeHaTuTe
KnacudukaumoHHu npoueaypu, B KoMbrnHaums
C MeToau 3a peayuupaHe obema OT AaHHU Ha
CNeKkTpanHu XapakTepucTuku, Un3BbpLUBAT
pa3no3HaBaHe C HaW-roniiMa TOYHOCT npu
M3NOM3BaHe Ha HEeNWHEeWHW pasgenswm
YHKUMN.

YCTaHOBEHO €, 4Ye pasgenumocTTa  Ha
OTAENHUTEe eTanu OT pPasBUTUETO Ha BOAEH
CTPEC Npu KpacTBMUM HE 3aBMCUCK OT m3bopa
Ha MeToA 3a peayuupaHe Ha obema OT AaHHM
Ha CnekTpanHuM XapakTepucTuku, a oT
n3nonseaHuTe pasgenawm  yHkumn.  Tlpu
M3Non3BaHe Ha  JNWHEeWHW  pasgenswm
dyHKUMK, obiaTta rpewka Ha kKnacudukauus
poctura crtomHoctn Hag 10%, koeTo npasu
M3NON3BaHETO Ha TEe3n dyHKLMM
HeuenecbobpasHo.

The evaluation of the ability to
classify and predict physiological
parameters of cucumbers using
reduced spectral data does not
show good results. The use of
spectral characteristics has been
effectively used in the analysis of
cucumber diseases [4]. Both plant
diseases and water stress are
important  indicators in  the
ecological cultivation of cucumbers
[19].

The results obtained in this paper

are generally unsatisfactory.
Further research is needed to
make the methods and tools

proposed in this paper suitable for
use in practice.

4. Conclusion

A comparative study of a
discriminant classifier based on
linear and nonlinear separating
functions was performed to identify
stages of water stress development
in cucumbers. As a result of the
analysis of empirical data, it has
been found that the mentioned
classification procedures, in
combination with methods for
reducing the amount of data of
spectral characteristics, make the
most accurate recognition using
non-linear separation functions.

It is established that the
separation of the different stages of
the development of water stress in
cucumbers does not depend on the
choice of a method for reducing the
amount of data of spectral
characteristics, but on the used
separation functions. When using
linear separator functions, the total
classification error reaches values
above 10%, which makes the use
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OueHeHa e Bb3MOXXHOCTTA 3a
NporHo3mpaHe Ha PU3NONOTMYHM MoKasaTenu
Ha KpacTaBuMuu 4pe3  M3Mons3BaHe Ha
peayuupanm AaHHU oT CreKkTpanHu
XapakTepucTtukn. Tasun oueHka He nokasBa
nobpu pesyntatm nNpu  NpPOrHo3upaHe Ha
cbabpkaHme Ha CO,. KoeduuneHTbT R?
pgoctura makcumarnHa crtomHoct 0,66. [lpu
NPOrHo3npaHe Ha HeTHa oToCMHTE3a W
TpaHcnupaums, KoeduUMEHTBbT Ha perpecus
poctura cromHoctTm Hag 0,8, HO oT Aapyra
CTpaHa CTOMHOCTUTE Ha rpewkute SSE n
RMSE ca 0,5-8. lNony4yeHuTte pesynTtaTu KaTo

Lo ocTasar He3a[0BONUTESTHMN.
Heobxoanmm ca AOMbITHUTENHN
nscnenBaHus, KOUTO aa HanpaBaAT

npennoXxeHnte B HactodllaTta pa60Ta mMeToaun
" MHCTPYMEHTapnym noaxoaALlimn 3a
M3Mon3BaHe B NpaKkTukKaTta.

5. Jlutepartypa

of these functions inappropriate.
The ability to predict
physiological indices of cucumbers
by using reduced spectral data was
evaluated. This estimate does not
show good results in predicting
CO; content. The coefficient R?
reaches a maximum value of 0,66.
When predicting net
photosynthesis and transpiration,
the regression coefficient reaches
values above 0,8, but on the other
hand, the SSE and RMSE error
values are 0,5-8. The overall

results remain  unsatisfactory.
Further research is needed to
make the methods and tools

proposed in this paper suitable for
use in practice.
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