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EVALUATION OF GRAIN YIELD IN WINTER WHEAT ACCESSIONS USING NDVI AND
DIGITAL PHOTO PARAMETERS

Wheat continues to be an important food grain
source for humans and is a close third to rice
and corn in total world production. Drought is a
polygenic stress and is considered one of the most
important factors limiting crop yields around the
world. Plant phenotyping has become a major field
of research in plant breeding. Plant phenotyping
is intended to measure complex traits related to
growth, yield, and adaptation to stress with cer-
tain accuracy and precision at different scales of
organization, from organs to canopies. The nor-
malized difference vegetation index (NDVI) is
widely used at ground level and from low, high,
and satellite altitudes to measure vegetative
greenness and canopy photosynthetic size. NDVI
can possibly provide more reliable estimates of
green areas. Early ground cover is also a valuable
stress adaptive trait where, for example, it can
reduce evaporative loss of soil moisture. This can
be measured using digital images captured by a
camera, allowing rapid and low-cost screening of
large populations for this trait. The experimen-
tal materials consisted of 48 varieties of winter
wheat, which originated from different countries
and regions (Central Asia, Turkey, USA and etc.).
This experiment was performed under an alpha-
lattice design with at least 2 replications and a
plot size of 7-8 m2. The genotypes were grown
under two treatments: (1) irrigated plots, which
received three drip irrigations (30 mm each) dur-
ing the flowering, heading, and grain filling pe-
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riod; and (2) rain-fed plots, which did not receive
any irrigation during the experiment, except for
natural rainfall. 10 NDVI and digital photos meas-
urements were taken every 7—10 days, from stem
elongation until wax maturity. SPSS statistical
software was used for statistical analysis. The
correlation analysis was performed based on the
digital photo parameters (photo-a, u, b), NDVI
measurements, and grain yield. We observed sig-
nificant and relatively high correlations of yield
with photo-a, photo-u, and NDVI at early stages
prior to flowering. The correlation between NDVI
and yield was positive until after anthesis, and
then it changed to negative as the crop matured.
This means that later and greener genotypes had
higher NDVI but suffered from terminal mois-
ture stress and high temperatures. According to
our results, NDVI significantly correlated with
grain yield as well as photo-a, and photo-u param-
eters. As a vegetation index photo-b is not suit-
able for identifying green genotypes. Our results
suggest the importance of early measurements of
spectral indices from stem elongation to anthesis
since substantial differences were observed for
NDVI and photo parameters between high and
low-yielding genotypes. Thereby, the development
of such tools is of paramount importance to con-
tinue progress through plant breeding, especially
in drought-prone and heat-stressed environments
where climate change is expected to increase yield
uncertainty.
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YXMTO 03UME - TAPAHT NPOJ0BOJIbYOI BE3MEKU YKPATHU

3epHO € TapaHTOM IPOMOBOJLUOI O0e3MeKUN OYIhb-
AKO1 gep:kaBu. AJjie, He 3Ba)Kalouyud Ha 3HAUYEHHSA
XJIi0a B KyJIbTYpi 1 Tpaauilii #ioro coo:XKnuBaHHs, BCe
°K TaKH IIOCiBHI ILTOIIl Hif »KMTOM 3a OCTaHHE Je-
CATUJIITTA CYTTEBO CKopoTumaucsa. JKuto € BayKIu-
BUM XJIIOHUM 3JIaKOM, ajie He Ma€ TOT'0 BU3HAHHS B
JKUTTI yKpaiHIiB, Ha AKe 3aciayroBye. lle miskom
3aJIe’KUTh BiJl 3MiHM TpagUIifHOTO XapuyyBaHHA i
cMakiB i, Ha KaJib, He HA KOPUCTb KUTHHBOMY XJIi-
0y. Mu Bigifiiim Bim BiKOBUX Tpamuiliii xapuyBaH-

HA i, AK pes3yJbTaT, 3 KOXKHUM POKOM IIOTipIITyETh-
cs CTaH 3[0POB’A HAaceJeHHs KpaiHu.

JKuro osumme € ogHi€I0 3 OCHOBHHUX XJiOHMX
KyJbTYyp y KpaiHax €Bponu, B TOMY UYMCJIi B B
VYkpaini, Mmae BHCOKY 3MMOCTiHiKicTh i mocyxoc-
TifikicTh, Big3HauyaeThCsd HeBUOATJIMBICTIO [0
IDYHTIB i momepegHUKiB, MeHIle, Hi iHIIi 3ep-
HOBi KyJBTYpPH, YPasKyeTbcA XBopobamu, mobpe
pearye Ha ymoOpeHHS Ta iHIII arpoTexHiuHi mpu-
omu.

43



Cesekyis, 2eHeMUKa Ma MexHo/1021T BUPOULYBAHHS CilbCbKO20CN0OAPCLKUX Kybmyp

s 3abesmeueHHsa MOTPed JTIOAUHN B dKUTHHOMY
XJIibi HayKOBO OOI'pyHTOBaHA HEOOXimHICTH CKJa-
nae 50 Kz 3epHa wuma Ha pik 364. PospaxyHkoBa
KiJIbKiCTh IIPOIOBOJIBUOTO 3€pHA KUTaA OJA YKpai-
HU Mae ckJyaxatu 2,3 man. m Ha pik. CepenHsa ypo-
JKallHiCTh 'KMTa 3a OCTAaHHI POKU cKJajae 2,1 T/ra.
Insa 3abesneueHHA OTPed HacesJieHHA YKpaiHU He-
00XiTHO MaTH TMOCIBHY MJIOIITY O3WMOTO JKUTa 0ijls
1 man za.

Hus iHTeHcudikamii BuUpPOOHUIITBA TIPOJLO-
BOJBYOTO B3€pHa KUTA HEOOXiZHO BIPOBAIKY-
BaTH y BUPOOHUIITBO HPUHIIMIOBO HOBi, cydac-
Hi, iHHOBaIi#iHi pPO3pOOKU Ta copTU, AKi MaIOTH
0ifBIIT BMCOKY BpOMKAWHICTh, B3UMOCTiHKicTh,
HOCYXOCTiHKicTh, CTiliKicTh HpPOTHM BUJIATAHHSI,
TOJIEPAaHTHiI M0 XBOPOO i YHIKOAKEeHHS IIKigHU!-
KaMU, 3 BUCOKOIO AKiCTIO 3epHa i1 mpuAaTHiCTIO
I0 MexaHi3oBaHOTO BupoIlNyBaHHA. IIpemcras-
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HUKaMHU TAaKOTO TUIY PO3POOOK € ribpumau Kuta
03UMOTO0.

BupoinyBauusa ribpugis Kuta 03MMOro 3abdesie-
YUTH 34 PAXYHOK e(peKTy rereposucy, Ta 6e3 30ib-
IIeHHs IOCiBHOI MJIOINII IIif KMTOM 3MOXKe 3abe3Ie-
YUTU BUPOOHUIITBO HEOOXiZHOI KiJIBKOCTiI BaJIOBUX
360piB 3epHa, AKUH MimiMmym Ha 15% € BUIIUM,
Hi}K y COpTiB.

HocaimkeHHsT cesieKIlii 3 BUKOPUCTAHHA
edpekTy rereposucy B IHCTHUTYTI POCIHMHHUIITBA
im. B. dA. Op’ea HAAH mnouanuca O6JuU3bKO
30 pokiB TomMy micaA BiAKPUTTA yCIagKyBaHHS ITU-
TOILJIa3MAaTUYHOIL YOJIOBiUOl CTepPUJIBHOCTL B pi3HOMA-
HiTHOMY BuUXimHOMY MaTepiani )kurta. B ganuit yac y
6araThboXx CeJIeKI[iiHMX ycTaHoBax €Bpomu Ta Kpain
OJIMBBKOTO 3apyOisKiKsa IPOBOAATH MOCTIIKEHHS 3a
mapaJieJIbHUMU IIporpamMaMu, AKi BimoOpakaioThb BU-
KOPHUCTAaHHSA IeTEePO3UCY B CEJEKINil 1iei KyabTypu.
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TPUTUKANE LIHHWIA KOPM 11 TBAPUHHULITBA

ITorpeba IpPomOBOJILYOro PUHKY B OpradiuHii Ta
eKOJIOTiuHO 6Ge3IeuHiii mpoaykIlii BuMarae samicTb
Iy:Ke IOOPOBApPTiCHMX KOPMOBHMX 3aco0iB TBapuH-
HOT'0 TOXOIKEHHS IMUPOKO BUKOPUCTOBYBATU POC-
JMHHI KOMIIOHEHTH IJisI KOMOiKOpMiB, HacamMmepes,
3ePHOBi KOPMH MicIIeBOro BUPOOHUIITBA.

CyuacHU# eranl PO3BUTKY TAPUHHUIITBA BUMaA-
ra€ He JWIIe BAOCKOHAJIEHHS TEeXHOJIOTil yTpuMaH-
HS TBApWH, BCTAHOBJIEHHS PE3WCTEHTHOCTI y paiio-
HOBaHMX Ta 3aBe3€HUX MOPiJ, a TaKOK opraHisamii
TOBHOITIHHOTO 30aJIaHCOBAHOTO TOAYBaHHAI.

3MiHa cIiBBigHOIIIEHHSA Pi3HUX 3€PHOBUX KOM-
HOHEHTIB Ta OiJKOBUX M00aBOK MHPM CKJAJAaHHI
palioHiB He M03BOJAE 3HU3UTH YaCTKy HeIepe-
TPpaBHUX MOKUBHUX peuoBuH. PisHi cmpobu 31e-
IIEBUTHU PAaIlioOH 3a JOMOMOTOI0 3aMiHM YacCTWUHU
3epHa Ta AOPOTHUX BHCOKOOIIKOBHUX M00aBOK Ha
no0iUYHI TPOAYKTH XapuyoBUX BUPOOHUIITB 00ep-
TAOThCA 3POCTAHHAM KOHIeHTpaIlii HemepeTpas-
HOI YaCTUHU IOKUBHUX PEUOBHH. ¥ pPe3yJbTaTi
3JIeIIeBJIeHHs KOMOiKOPMiB cHpuse 3HUKEHHIO
e(pexkTuBHOCTI 1OTO BUKODUCTAHHA Ta 3POCTAaH-
HA BUTPAT KOPMiB Ha OJUHWUILIO IIPUPOCTY KUBOIL
Macu.

YuciaeHHUMH  JOCJHIMKEHHAMN  BCTAHOBJIEHO
HeOoOXiMHiCTh BUKOPUCTAHHSA 3€pHa TPUTUKAJTIE B
pamioHax cimbcbKOTOCIOmapchbKkux TBapuH. HOBI
Ta IMEPCHEeKTUBHI 3€PHOKOPMOBiI COPTHU TPUTHUKAJE
MalOTh BUCOKWU piBeHb BposKaiiHOCTi 3epHa. Kpim
TOTO, OJHHIi€I0 3 IepeBar TPUTUKAJIE € BUCOKA MO-
POBOCTifiKicTh, yCIIaAKOBAHA BiJ JKUTA.
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Barato copriB TpuTuKajie He BUMaraioTh (QyHTI-
IMUIHOI 00POOK, IO CIPUSIE BUPOIITYBAHHIO €K0JIO-
TiYHO YMCTOI TPOAYKIILii.

T'enodona TpuTuKajse TakoX MOCTIHHO PO3IIU-
PIOETHCA, CeJIEKI[IHI COPTU CTAIOTh BCe OLJIBII IIPO-
OYKTUBHUMMU, CTIHKMMU JO CTPECiB Ta KpaluMu 3a
AKicTiO 3epHa.

3epHO TpuUTHKAaJe Mae CHPUATJIUBUN aMiHO-
KUCJOTHUM CKJAaJk, B NOPIiBHAHHI 3 IIIEHUIIEIO,
MicTuThcA OinbIlle BiTLHUX He3aMiHHUX aMiHO-
KHUCJIOT, TAKUX AK JII3WH, BaJiH, JeHIIUH Ta iHIII,
OoT:Ke, OioJioriuHAa IiHHICTh TPUTHUKAJE BUIIA, Hi¥K
y IIIeHUI.

BaxnauBe 3HaueHHsA MalOTh MiHepaJIbLHUHA Ta Bi-
TaMiHHUH CKJIaj 3epHa TpuTukKajie. JocirigKeHHA-
MU 3a3HaueHO, 10 BMiCT MiHepaJIbHUX PEYOBUH Y
TPUTUKAJL BUINMUMN, HiK y nmeHuli. BigsaaueHo
3Ha4YHO OiJbIIy KimbKicTh Kajito, docdopy Ta mar-
Hil0 MOPiBHAHHO 3 *KHTOM.

BakIuBUM ITOKa3HUKOM TPUTHKAJE € BUCOKUIHA
BMicT mpoTeiny (mo 25%). ¥ mopiBHAHHI 3 AYMEeHEM
a00 JKUTOM MiCTUTHL 3HAUHO MEHIIIe aHTUIOKUBHUX
daxKTopiB, TOMYy PEeKOMEHIOBAHO AJA 3aCTOCYBAHHA
AK KopMm 0e3 obmexkeHb. Ille omHieio ocobimBicTiO
TPUTHKAJE € BiIHOCHO BHCOKA eHepreTWdyHa I[iH-
HiCTb, 3a MOKA3HHUKOM SKOI IIOCTYIIA€ThCA JIMIIIE
KYKypyAsi.

Om:xe, 3epHO TPUTUKAJE € ITIHHOIO CHUPOBUHOIO
IJIs BUPOOHUIITBA KOPMIB IJs CiLIBCHOTOCIOAAP-
CBLKUX TBAapUH Ta NTUIll, OCKiJIbKKM Ma€ BUCOKI Tex-
HOJIOTiUHi Ta arpoHOMiYHi BJIACTHUBOTI.



