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M3KmiounTenHo Cepuo3HuTe eKONMOrMYHM NpoBremMm, CBbP3aHN C aHTPOMOreHHUTE Bb3AENCTBUS BbPXY OKOMHaTa cpefa, Hanarat paspaboTBaHeTo Ha MeToaM 3a
OLIEHKa Ha BMMSIHMETO UM BbPXY B1octhepaTa v no-creLmanHo BbpXy NOYBEHO-PACTUTENHUTE CUCTEMM. B CENCKOTO CTOMAHCTBO 0COBEHO BaXHa € Bb3MOXHOCTTA 38
HaBpeMeHHa WAEHTU(MKALMS Ha aHOManHU CbCTOSHUS Ha noceBuTe. B paboTata ce pasrnexaa M3non3BaHeTo Ha CreKTpanHuTe OTpaxaTernHu XapakTepucTUk
KaTo MH(PMALIMOHEH MPU3HAK 3a CbCTOSIHMETO HA PacTUTENHOCTTA M 33 KOMMYECTBEHA OLIEHKA Ha BMMSIHMETO Ha aHTponoreHHn ¢aktopu. MpeAcTaBeHm ca Hsikom
pe3ynTaTi OT HA3eMHW CMIEKTPOMETPUYHM M3CTIE[BaHUsS HA CENCKOCTNIAHCKA PaCTUTENHOCT, OTIMEXAaHa B YCMOBUSITA HA PA3NUYHM AHTPOMOrEHHU Bb3LeHCTBUS

(XpaHVITel'IeH PeXuM, 3aMbpcsABaHe Ha noysata C TEXKU MeTaﬂVI).

CneumanHoTO BHUMaHWe, KOETO Ce OTAENS Ha eKOMNOTNYHUTE
npobremn, CBbP3aHM C AHTPOMOrEHHOTO BMWSHWE BbPXY
OKOMHaTa cpega M Mpeau BCUMYKO BBPXY pacTUTENHUTE
cuctemn, oBycnass BaxHOCTTA Ha M3cnedBaHus, HacoyeHu
KbM HaMMpaHeTo Ha edqeKTMBHM HauMHW 3a paHHa U
HaBpeMeHHa duToanarHocTka. [lokasaH Bb3MOXHOCTM B
TOBa OTHOLIEHWE WMaT [AUCTAHLMOHHUTE METOAW, HMETO
NpUroxeHne € OT 0CODEH MpakTMYecKM WHTEpec 3a
NOEeHTU(MKALMS HA aHOManHW cbeTosHue (Kancheva, ef al.,
1992; Shibayama et al, 1993 KbHueBa u dp., 1996) Ha
pacTUTENHOCTTa, MNPEAU3BUKaHM OT  PasfUyHW  CTPECOBY
bakTopu, KaTto HampuMep 3aMbpCsiBaHe Ha Moysata C
TOKCUYHW ENTEMEHTH.

Hactosiwata pabota uma 3a Uen fa wWicTpupa
MPUIOXEHUETO Ha CMIEKTPOMETPUYHM JaHHW 338 MOHUTOPUHT Ha
CEJICKOCTOMaHCKN KyNnTypy MpW HanuYMeTo Ha aHTPOMOTEHHM
Bb3eaNCTBIA, KOUTO B CNyYas Ca NPEACTABEHN C Pa3nu4HO Mo
BMO M KOMMYECTBO a30THO HATOPsBAHE W MPUCHLCTBME Ha
TEXK/ MeTanu B noysata.

®akTbT, Ye npupoaHuTe 06pasyBaHWs 0TpassaBart, NormbLaT
W M3NbYBaT MafHanaTta BbPXY TAX CIbHYEBa paguauus no
pasfnuyeH, XapakTepeH 3a TAX HauuMH, NMEXU B OCHOBaTa Ha
LUCTAHLMOHHWTE M3CredBaHns. 3a MOYBM WM PacTUTENHOCT
UAPOKO MPWUIIOXEHWE € Hamepun BUOUMMAT W OnuUsKusT
WHpayepBeH cnekTpaneH avanasoH (0.4-1.3 pm), nopagu
peguua CBOWM MPEeAMMCTBA, MEXOy KOWTO: LUMPOK CMEKTHP,
CbCpedoTOYaBaHeE Ha Mo-rofiiMata 4acT OT  ClTbHYeBaTa
eHeprusi, Guonornyecks akTMBHa obnMacT Ha CrekTbpa,
CpaBHWTEMHA MPOCTOTA HA TEXHWYECKATE W3MEpPBATEmNHM
CpeAcTBa, 3HauMTENHa YYBCTBUTEMHOCT KbM BapuauuuTe Ha
pasnuyHK NapameTpu Ha cucTemaTa "nouBa-pacTUTenHoCT",

C'bLLlHOCTTa Ha n3cnegBaHnATa ce CbCTon B U3MEPBAHE Ha
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oTpaseHata OT ofekta paguauus, KOSTO  CbObpxa
WHGOPMALMA OTHOCHO BMAA W (PU3NKO-DNOXUMUYHUTE MY
CcBOWCTBA. VHopmauwms 3a pasnnyHuTe knacoee 0beKTH HocK
EHEepreTUYHOTO M CMEKTParHo pa3npeaeneHue Ha oTpaseHata
paguauus, T.e. W3MepBaHWUTEe KOe(UUMEHTU Ha OTpaxeHue

r(A), KouTo  chopmupaT  CnekTpanHata OTpaxaTtenHa
xapaktepuctuka R{r(A))} n, nopagn cBosTa cneumdmyHoCT, ca
CNeKTpanHM  MHGOPMALMOHHM  Mpu3Hauu  Ha  obekTa.

PactutenHata nokpuska ce xapakTepusupa ¢ KOMNosuumus ot
MopdonornyHo-6uoxummdHK napametpn Ok, KouTo ca HelHu
“BELLECTBEHM MPU3HALM", @ MHOrOKaHanHUTe uamepBaHms r(A;)
33 PasnMYHM OBIDKMHM Ha BbAHWTE A; [JaBaT HelHus
paswumpeH "cnektpaneH obpas” R{r(A)}.

Pewasa ce Taka HapeyeHaTa obpaTHa 3agaya, CbCTosLLa Ce
B onpegensiHe Ha napametpute Ok Ha nscnensaHus 0bekT no
n3mepeHuTe cnektpanHu xapaktepuctukm R{r(A)}. Tosa e
Bb3MOXHO MOPagM 3aBMCMMOCTTAa Ha  OTpaxartenHara
CnocoBHOCT OT BMAA, CBOWCTBATA M MOMEHTHOTO CbCTOSHUE
Ha obekta, koeto M obycnaBa MHAOOPMALMOHHOTO
CbAbpkKaHWe Ha ChnekTpanHuTe — XapakTepucTuku. Taka
HanpuMep OTpaxaTerHWTe CBOWCTBA Ha pacTuTenHata
MOKpWBKa ca (PYHKUWS Ha peanua HelHn BuonapameTpum kaTo
MCTOTa, BMCOYMHA, NMCTOB MHAEKC, Buomaca, XrnopodumnHo
CbabpxaHue W np. ToBa 03HayaBa, Y& M3MEHEHUs Ha Tea
napameTpu BOAAT [0 M3MEHEHWe Ha ChnekTpanHus U
EHepreTUYeH CbCTaB Ha OTpaseHaTa paguauus, T.e. Mexay
Brou3nIHITe N PagMaLMOHHU XapaKTepUCTUKA CbLLeCTByBa
agekBaTHa Bpb3ka R{r(A)}=f(®k). Tasn Bpb3ka He camo
onpegens WHPMaLUMOHHATA CHLHOCT Ha [AaHHMTE  OT
CMEKTPOMETPUYHN W3MEpBaHUA, @ W NPWAaBa KONMWYECTBEH
u3pas.

Ha ®ur.1 ca nokasaHu CnekTpanHuTe XapakTepucTuki Ha
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MponeTeH eyemuk BbB (pasa BpeTEHeHe NpW  pasnuyHO
MPOEKTUBHO MOKPUTUE (OTHOCUTENHMA SN HA PaCTUTENHOCTTa
CMpsIMO MoYBaTa B paMKUTE Ha M3MepBaHaTa MioLL).
QOueBMaHN Ca pasnuumMsTa B OTpaxaTenHata CnocobHOCT B
3aBUCMMOCT OT NMOCOYEHIs! MapaMeTbp.
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Ouzypa 1. CnekmpanHu ompaxamesiHu XapakmepucmuKu Ha
eUEMUK NPU Paanu4YHO NPOEKMUBHO NOKPUMUE Ha
pacmumenHocmma.
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OutonapameTpuTe, KaTo W3pa3 Ha MOpEONOrUYHO-
CTPYKTYPHUTE W3MEHEHUS Ha pacTUTenHaTa MOKpWBKa, ca
nokasaTeny 3a CbCTOSHMETO Ha pacTeHUsATa KakTo B pesynrart
Ha TAXHOTO pasBMTME, Taka W BCMEACTBME BIUSHUETO Ha
pasnuyHn  (pakTopy, B TOBA UMCNIO HA aHTPOMOTEHHM
Bb3geicTBus Fr. Hapen ¢ ectecTBeHUTE  (hU3MONOrNYHM
npoLecu no BpeMe Ha BEreTauuMoOHHOTO pa3BWUTWE, KOUTO
BNUSAST BbpXy CMEKTPanHWTE XapaKTepucTWKW, CTPECoBUTE
(haKTopu NMpeam3BUKBAT CTATUCTUYECKW 3HAYMMM NPOMEHU B
oTpaxaTtenHata cnocobHOCT Ha pacTutenHocTTa (Bammel and
Birnie, 1994; Kancheva, et al., 1992; McMurtey, et al., 1994;
KbHuesa, 1995). Toea gobpe ce untoctpupa ot dur.2, KbaeTo
€ TNpefcTaBeHO CMEKTPanHOTO OTPaXeHWe Ha nponeTeH
€ueMuK Npe3 Lenus BereTaLMOHEH CEe30H B Cnyyail Ha yucTa
noyBa (a) 1 Npu 3aMbPCABaHETO i C HUKen (O).

Queypa 2. CnekmparnHu ompaxamenHu XxapakmepucmuKku Ha edeMuK npe3 seeemayuoHHUS nepuod npu yucma novsa (a) u
3ambpcsasaHe ¢ Hukes 8 KoHueHmpayus 400 mg/kg (6).

Mo TO3K HaYMH 0COBEHOCTUTE HA M3MEPBAHUTE CIEKTPAITHN
OTpaxaTenHu XapaKTepuCTUKA ca (BYHKUMS OT CbCTOSIHWETO
Ha pacTUTENHOCTTA, KOETO Ha CBO ped 3aBuCK OT YCroBUSTA
Ha oTrnexpaHe. BpbskaTa “ycnoBMst Ha OTIMEXaaHe -
CbCTOSHWE Ha PaCTUTENHOCTTa » OTPaXaTeNHa crnocobHocT

obycnass NH(hOPMALIMOHHNS! noTeHuman Ha
CMEKTPOMETPUYHUTE  [JaHHM UM € NpedrnocTaBka  3a
WOEHTUMKALMATE HA aHOMaNHU CbCTOSHUS B pesynTaT Ha
cTpecoBu  caktopu. Llenta e u3BMuaHe  Ha
NH(OPMALMOHHOTO CbAbpKaHWe, KOeTO O3HayaBa fAa Ce
ONpefensT — pasnuyHM  OMOCTPYKTYPHW  MapameTpn Ha

pacTutenHata nokpueka ®K 1 OLEHAT aHTPOMoreHHUTe
BNMAHMA Fr nocpeactom cnekTpoMeTpudHn aaHiu R{r(A)}.
ToBa e Bb3MOXHO Ha 6a3aTa Ha eMMUPUYHN CHOTHOLLEHWS,
N3BEXOaHW MO eKCNepuMEHTarnHW [aHHW, KaTo 3ajavara ce

CBEX[a [0 YCTAaHOBsIBaHe Ha Bia Ha B3aMMOBPB3KUTE MEXy
CMEKTParHUTE XapakTepuUCTUkN, BUOMETPUYHUTE NapaMeTpy 1
BENnMUMHaTa Ha aHTponorenHus aktop:  R{r(A)}=f(Pk),
dk=f(Fr), R{r(A)}=f(Fr).

3a obpaboTka Ha AaHHMTE ce npunaraT CTaTUCTUYECKM
MeToaM, BKMKOYBAWM NpeaM BCUYKO  KOPenauuoHeH W
perpecoHeH aHanus. MonyyeHnte Mogenu ce usnonssar 3a
BrodmanyHa MHTEpPNpeTaLms Ha CNEKTPOMETPUYHUTE AAHHM.
Mpu wn3cnegBaHe Ha cuctemata  "moyBa-pacTUTENHOCT"
XapaktepHa OCODEHOCT W pasnpocTpaHeHa npakTika e
W3NON3BaHETO Ha CrekTpanHu npeobpasyBaHus, HapuyaHu
BereTaunoHHmn uHgeken (VI), kouto npeactaBnssaT pasnuyHu
KOMBMHALWMN OT M3MepeHnTe KoeduLMEHTN Ha OTpaxeHue r(A)
3a [iBe Mnn noBeye AbMKWHM Ha BbrHUTE A; nod chopmara
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OTHOLLEHMS], TEFMOBHI CyMW, HOPMUPAHW Pasnuki u ap. Hskou 10k
OT cbobpaxeHusiTa 3a TOBa Ca: OCbLleCTBABA Ce - ;
CbkpalljaBaHe Ha ronemusi obem OT [aHHM; mogobpsiBa ce I
OTHOLLEHWETO CUrHAN/LLYM Ype3 MUHUMU3UPAHE Ha BITUSHUETO 0.8'_
Ha BbBHIWHM "cMywasalmn" akTopy KaTo pasnuuus B -
Tonorpacusita Ha OOekTa, M3MEHEHWs B YCroBMSTAa Ha
OCBETEHOCT M [p.; YCWNBAHE Ha CMEKTpanHuTE pasnnyus u
YYBCTBUTENHOCTTA KbM OLEHSIBAHUTE BEMMYNHI; CbOTBETHO CE
nogobpsiBa TOYHOCTTa M HAAEKOHOCTTA Ha pesynTaTuTe;
nocTura ce CbNoCTaBUMOCT OT PasnnyHM U3MepBaHns. Beniko
TOBa LENM MoBMWABaHE Ha MHKOPMATUBHOCTTA Ha
MHOrOCMeKTpanHuTe AaHHM.

canopy coverage

BereTauuoHHMTE MHOEKCU Ce M3MOM3BaT KaTto BXOAHM
napameTpy B EMNUPUYHATE MOZENK, pa3paboTBaHm 3a OLeHka
Ha CbCTOSHWETO Ha MOCEBa W BIUSHWETO HA aHTPOMOrEHHM I
Bb3[ENCTBIS BbPXY HErOBOTO pa3sBuTue. Hali-yecTo ToBa ca o
uHOekcn, opmupaHu B CreuuguyHu 3a pacTUTENHOCTTa 0 100 200 300 400
CrieKTpanHu 30HM (BX. Our.1) Ha CAMHO OTpaxeHue M Niin soil, mgkg
normbllaHe Ha CribHYeBaTa pagvauus: 3eneHarta (G — 550 (6)
nm), yepseHata (R — 670 nm), bnnskata uHdpayepeera (NIR [
— 800 nm), a Taka cbLo B 06nacTTa Ha ps3KOTO yBENUYEHUE
Ha oTpaxarenHara cnocobHoct mexay R u NIR (700-780 nm).

0.24 .

Mo mony ca npuBeLeH HSKOMKO MpUMepa, MIoCTpupaLuy
nomnyYeHuTe CrekTpanHo-ouodmamyim mogerm. Ha our.3 3a
€YeMWK BbB (ha3a BPETEHEHE Ca MOKa3aHU 3aBUCUMOCTUTE
Mexgy cnektpanHus uHgekc R/(G+R+NIR), npoektmBHOTO
MOKPUTME M KOHLeHTpaumsTa Ha Ni B nouBarta (a, 6, B), KakTo u
CbBMECTHOTO W3MEHEHWE Ha OMOMETPUYHMS U CrieKTpaneH
MpW3HaK OT CTeneHTa Ha 3ambpcsiBaHe (r).

0.201

0.161-

R/(G+R+NIR)

0.12f

10F o

0.081-

OF- 6.0 o o

" 1 " " " " 1 " " " " 1 " " " " 1 )
100 200 300 400
Ni in soil, mg/kg
(8)

0.6

canopy coverage

04F

0.2

Coverage

1 " " " 1 " " " 1 " " " 1 " " " 1 )
0.08 0.12 0.16 0.20 0.24
RI(G+R+NIR)
(@)

Queypa 3. 3asucumocmu mexdy cnekmpasnHusi uHoexc R/
(G+R+NIR), npoekmusHOmMOo nokpumue Ha e4eMuK U
KoHueHmpauusima Ha Ni e noysama.
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MogoBHM perpecuorH Mogeny No3BonsABaT onpeaensHe Ha
CbOTBETHUS PacTUTEneH napameTbp MO CrEKTPOMETPUYHM
[aHHM W KOMMYeCTBEHa OLEHKa Ha Bb3AENCTBMETO Ha
CTPecoBus hakTop.

TpsbBa pga cnomeHeM, Ye ocobeHO BHUMaHWE ce npuaasa
Ha BpeMeBWs acnekT Ha aaHHuTe (Samson, 1993; Shibayama
and Akiyama, 1989; KvHueBa u [leoprues, 2000).
VacrenBaHeTo Ha U3MEHEHUsTa Ha CNeKTpanHuTe npusHaum B
pasnuyH1 NepuoaM Ha BereTauus e ycrioBue 3a M3BbLPLUBAHE
Ha NepuodMyHa OLEeHKa Ha CbCTOSHWETO Ha pacTeHWsTa W
CBOEBPEMEHHA WOEHTU(MKALMS HA Bb3HWUKHANM CTPECOBM
cutyaumm. 3asucumoctta VIj=f(t), HapwuyaHa cnekTpanHo-
BpeMeBu npodun, ce dopmupa 4Ype3 CbBMECTSBAHE Ha
MOMy4YeHNTE B PA3NMYHO BPEME OT BEreTauyOHHWS LWKBI
CMEKTPOMETPUYHW AaHHW. TA HOCM WMHCOpMaLmMs KakTo 3a
MOMEHTHOTO CbCTOSIHWE Ha pacTeHMsTa, Taka M 3a xoda Ha
TAXHOTO passutue. CnekTpanHo-BpemeBuTe npodunu ca
WHAMKATOP CBLLO 3a Pasnuunsg B CbCTOSHUETO Ha PaCTEHUATa,
NpeausBuKaH OT aHTPOMOTeHHW Bb3gencTsns. [pumep 3a
ToBa € dur.4, KbOeto ca nokasaHw BpeMeBuTe Npodunu Ha
cnekTpantms uHgekc r(A = 670 nm)/r(A = 700 nm) 3a nocesu
nporeTeH eyeMuk BbpXY CUBa ropcka noysa Mpu pasnuyHo
3ambpcaBaHe ¢ Ni.

094r Ni=0 mg/kg ;
r Ni=200 mg/kg
0.84r Ni=400 mglkg
o
E L
0 0.74f
5 I
S [
[{e) L
i L
S 064
3 I
k=]
0541
0441
1 1 1 1 PR 1 1
1 3 5 7 9 11 13
time, weeks

Queypa 4. Bpemesu npoghunu Ha cnekmpanHusi uHAekc
r(A=670 nm)/r(A=700 nm) Ha e4eMuK npu Pa3uUYHO NOY8EHO
3ambpcsisaHe ¢ Ni.

CTpecoB (hakTop Mpu OTIMEXAaHe Ha CErckOCTOMAHCKM
KynTypn moxe ga Obae xpanutenust gedwumt. Owe B
nepuoga OpaTeHe-BpETEHEHE 3bpHEHUTE  KYMTYpU  SCHO
nposiBsBaT HEEJHOPOAHOTO ChAbPXaHWe Ha a3oT. A30THOTO
HaTOpsiBaHE Ce OTpa3sBa BbPXY BWCOUMHATA, MPOEKTUBHOTO
nokputue, Guomacata v LBeTa Ha pacTeHusiTa (CbabpxaHue
Ha Xxnopocun M KapoTUHOMAM), KOETO BOAM A0 MPOMsHa Ha
crekTpanHuTe xapaktepuctuku. Kato npumep Ha dur.5a ca
NpeacTaBeHn BpeMEBUTE NPOPUNN HA BEreTaLMOHHUS UHAEKC
NIR/R 3a cuctemata nporneTeH €YeMUK-U3MyXeH YepHO3eM
NPy pasnuyHO CbabpkaHue Ha asoT B moysata (NH;NO,).
Vi3paseHnTe pasnuuus B OTpaxaTtenHata CrocobHOCT npasu
CNEKTpaNHWUTE XapakTEpUCTWKM MPUrOAHM 3a OUEeHKka Ha
MWHepanHaTa 06e3neyeHocT Ha pacTeHusTa. MiHTepecHo e ga
ce otbenexu, Ye pasnuuns B OTpaxeHUETO ce HabnogasaTt u

B 3aBMCMMOCT OT Bia Ha a3THO-TOPOBOTO CheanHeHe. ToBa
ce Bwkga oT Our.50, KbAeTO NpU eaHaKBO a30THOTO
cbabpkaHne (800 mg/kg) CTOMHOCTMTE Ha pasrnexgaHus
CNEeKTpaneH MHOEKC CbLIECTBEHO Ce pasnuyaBar, 0cobeHo B
aKTUBHUTE eTann Ha BereTauuA.

N=800 mglkg
N=200 mglkg

NIR/R
(9]

1 3 5 7 9 11 13
time, weeks

(a)

NIR/R
=

time. weeks

(6)

Quaypa 5. BecemauyuoHeH x00 Ha cnekmparnHusi UHOeKc
NIR/R Ha eyeMuk @ 3a8UcCuMOCMm OM KOfIuYecmeomo (a) u
guda (6) Ha azomHus mop.

O6o6LwiaBalikn  MHOrOOpOMHUTE pesynTat OT  eKc-
MepuUMeHTanH1Te M3cneaBaHus, CaMo 4acT OT KOWTO ca
MpWUBEAEeHM TyK, MpaBUM M3BOM, Y€ PErpecvoHHUTE MOMEmnu,
CBbp3BaLlM OTpaXaTerHUTe XapaKTepUCTUKK C YCTOBUATA Ha
OTIMexJaHe W arporapamMeTpuTe Ha  CENCKOCTOMaHCKM
KYyNTYpu, KakTO M BPEeMeBUTE MPOMUNM Ha CreKTpanHuTe
rpusHaLm, MoraT a ce M3NoN3BaT 3a KONMYEeCTBeHa OLEHKa
Mo CNEKTPOMETPUYHU AaHHU Ha CbCTOSAHNETO Ha pacTeHusTa U
BMMSHMETO Ha CTPECOBM (PaKTOPU BbPXY TAXHOTO pasBuTHe.
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The serious ecological problems relevant to the anthropogenic impact on the environment, and first of all on the biosphere, impose the necessity of methods for
assessing these effects especially on vegetation land covers. In agriculture the possibility for timely identification of abnormal crop state is of particular importance.
This paper is devoted to the implementation of reflectance spectra as informational featute about plant status as well as for the assessment of anthropogenic factors
impact on plant development. Some results from ground-based reflectance measurements of plants grown up under different conditions (nutrient regime, heavy metal
pollution) are presented.

The special attention paid to ecological problems
associated with the anthropogenic impact on the
environment, and first of all on vegetation,
determines the importance of studies directed
towards the development of efficient means for early
phytodiagnostics. The identification of abnormal
plant state (Kancheva, et al., 1992; Shibayama et
al., 1993 KvHueBa u dp., 1996) caused by various
stress factors such as soil toxic contamination is of
particular interest. Remote sensing has proved
abilities in this respect.

The goal of the this paper is to illustrate the use of
spectral reflectance data for crop monitoring when
anthropogenic factors are applied, represented here
by nitrogen fertilization and soil heavy metal
pollution.

The specific reflectance, absorption and emission
of solar radiation by land covers is the basis of
multispectral remote sensing. Widely used in soil
and vegetation monitoring is the visible and near
infrared (0.4-1.3 um) spectral range due to some its
advantages, such as: concentrates the largest
portion of solar energy, covers the biologically active
spectra, requires relatively simple technical devices,
shows significant sensitivity to plant parameters
variations.

At the root of spectrometric studies lies the fact
that the reflected by the object radiation contains
information about its biophysical properties. This
information is carried by the specific spectral and

energy distribution of the reflected solar radiation,
i.e. by the reflectance coefficients r(A;) which form
the spectral reflectance characteristic R{r(A)} and
are spectral informational features of the studied
object, its ‘spectral image’. Vegetation covers are
characterized by a composition of biomorphological
parameters ®k which are their ‘substantial features’.

The so called ‘inverse task’ is to be solved that
means to estimate the parameters ®k using
measured spectral reflectance R{r(A)}. A basis for
the purpose provides the dependence of the
reflectance features on the kind, properties and
current state of the object. This dependence actually
determines the informational content of spectral
features. Vegetation reflectance for instance is a
function of a number of bioparameters such as
density, height, biomass, leaf area, chlorophyll, etc.
This means that plant parameters variation cause
reflectance spectra changes, i.e. between the
radiometric and biophysical properties there exist
adequate relationships R{r(A:)}=f(®k) which not only
determine the informational content of spectral data
but attaches to it quantitative expression.
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Figure 1. Spectral reflectance of spring barley plots
with different plant canopy coverage.

Fig.1 shows the obvious difference of spring
barley reflectance ability due to canopy coverage
variance (the proportion of vegetation within the
pixel area).

Crop bioparameters being an expression of
morphological changes are indicators of plant state
as a result of the growth process and of the impact
of various factors including anthropogenic influences
Fr. Along with the natural physiological development
stress factors cause statistically significant variations
of plant reflectance (Bammel and Birnie, 1994;
Kancheva, et al., 1992; McMurtey, et al., 1994;
KbHueBa, 1995) because of their affect on
chlorophyll content, biomass amount, etc. This is
illustrated very well by Fig.2 where the spectral
characteristics R{r(A)} of spring barley during the
whole vegetation period are presented for the case
of unpolluted (a) and 400 mg/kg Ni-polluted soil (b).
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Figure 2. Barley spectral reflectance throughout the
growing season for unpolluted (a) and Ni-polluted
plots (b).

Thus spectral reflectance variations are a function
of plant state which in return depends on growth
conditions. The relation ‘growth conditions - plant
state - reflectance  ability’  determines  the
informational potential of vegetation spectral data
and provides ground for vegetation abnormal status
identification caused by stress factors. The aim is to
extract the informational content which means plant
bioparameters ®k to be estimated and
anthropogenic influences Fr to be assessed using
crop multispectral data R{r(A)}. This is possible on
the basis of empirical relationships derived from
experimental data. The task is to establish
quantitative dependences between reflectance
features, bioparameters and anthropogenic factors:
R{r(A\i)}=f(®k), Ok=f(Fr), R{r(A)}=f(Fr).

Statistical methods are used for data processing,
including preliminarily correlation and regression
analyses, the models being later applied for
biophysical interpretation of spectrometric data. A
peculiarity and wide spread practice in vegetation
studies is the use of spectral transformations called
vegetation indices (VI). They are various
combinations of the measured reflectance
coefficients r(Ai) at two or more wavelengths A; and
have the form of ratios, weighted sums, normalized
differences, etc. Some of the considerations for
doing so are: the large data amounts are being
reduced, the signal to noise ratio is being improved
by minimizing the effects of ‘noise’ factors (such as
varying illumination conditions, topography, etc.),
spectral differences become more pronounced and
the sensitivity to estimated variables is being



increased, thus achieving better accuracy and
reliability of the results. All this is aimed at improving
the spectral data informativity.

Vegetation indices are used as input variables in
regression models for crop state and anthropogenic
impact evaluation. More often these are indices
formed in specific for vegetation spectral bands (see
also Fig.1) of intensive reflectance and absorption of
the incident light: green (G- 550 nm), red (R - 670

10F o

0.8

0.6

canopy coverage

04

02

0.0F

0.16 0.20
RI(G+R+NIR)
(@)

0.08 0.12

0.8

0.6

canopy coverage

04r

021

0.0

n n n n 1 n n n n 1 n n n n 1 n n n n 1 5
0 100 200 300 400
Ni in soil, mg/kg

(b)

nm), near infrared (NIR — 800 nm) and the R-NIR
region (700-780 nm) of sharp reflectance increase.

Examples are presented below illustrating some
spectral-biophysical  models. In  Fig.3 the
relationships between spring barley vegetation index
R/(G+R+NIR), plant canopy coverage and Ni
concentration in soil are shown (a, b, c) as well as
the simultaneous change of the spectral and
biometrical variables as functions of the pollution (d).
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Figure 3. Relationships between barley vegetation
index R/(G+R+NIR), plant canopy coverage and
Ni concentration in soil.

Such empirical models when high correlations are
observed allow plant parameters to be estimated



using multispectral data as well as the impact of
stress factors on crop development to be evaluated.

Should be mentioned also that special attention is
being paid to data temporal aspect (Samson, 1993;
Shibayama and Akiyama, 1989; KbHyeBa u
Feoprues, 2000). The study of spectral features
temporal behaviour during plant development is a
condition for crop state periodical assessment,
growth process forecasting and early identification of
stress situations. The dependence VIj=f(t) called
spectral-temporal profile carries information about
the current and previous plant status and shows
development trends. Temporal spectral data is
indicative as well of plant state differences caused
by anthropogenic factors. An example is Fig.4 where
the temporal behaviour of r(A=670nm)/r(A=700nm)
vegetation indices for Ni-polluted spring barley plots
are shown.
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Figure 4. Temporal behaviour of
r(A=670 nm)/r(A=700 nm) vegetation indices for
spring barley plots with different Ni pollution.

It should be pointed out that the dependence of
plant spectral reflectance on the heavy metal
concentration in soil is observed almost throughout
the whole vegetation period. This fact permits crop
early diagnostics.

A stress factor can be also the nutrient deficit.
Already at layering and tube-forming stages cereals
manifest the insufficient nitrogen supply. Nitrogen
fertilization effects plant growth bioparameters
(height, biomass amount, canopy coverage,
chlorophyll content) that leads to pronounced

differences of reflectance features comparing to
nutrient suffering vegetation. Fig.5a is an example of
NIR/R index for spring barley plots with different
nitrogen concentration in soil (the fertilizer is
NH,NOs). It is interesting to point out that spectral
differences are observed also in relation to fertilizer
compound. This is seen in Fig.5b where the nitrogen
content in soil is equal for all treatments (800 mg/kg)
but the spectral-temporal profiles differ due to the
fertilizer compound.
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Figure 5. Temporal behaviour of
barley NIR/R vegetation index depending on
nitrogen amount (a) and fertilizer compound (b).

Summarizing the results of experimental studies,
part of which are presented here, we draw the
conclusion that reflectance spectra temporal



behaviour and regression models relating plant
reflectance features to bioparameters and growth
conditions can be used for quantitative assessment
of plant state and stress factors impact.
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