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Pedepar: BukopuctanHs aemnoHoBaHuUX y cTeOni Bomopo3umHHHX ByrieBoaiB (BPB) Bimirpae
BaXIIMBY POl y (pOpMyBaHHI 3€pHOBOT MPOAYKTHBHOCTI 0O3UMOI MIIEHUII, OCOOIMBO 32 YMOB Je(iIUTy
3BOJIOKCHHS B PEMPOAYKTHUBHMI mepiod. MeToro nmaHoi poOoTm Oysio JOCTIIWTH HAKOMMYCHHS 1
pemoOinizanito 3amaciux BPB y okpemux cermeHTax ctebna Ta iX 3B'A30K 3 MOKAa3HUKAMU 3€pHOBOT
MPOMYKTHBHOCTI y TCHOTHUIIIB 03UMOI MIICHUIII 3a Jii 8-1000BOT MOCYXH Ha paHHIX eTanax (opMyBaHHS
3epHiBKH. JOCTIDKEHHS NPOBOAMJIM B yMOBaX BEreTallifHOTO JOCHIAY Ha POCIMHAX O3UMOI M'SKOT
nmennni  (Triticum aestivum L.) coprie IlomossiHka (MOCYXOCTiiKHi, €KOJOrIYHO IUIACTUYHHUIA),
IMominbchka HHBA (BHCOKOBPOXKAHHWMN, MEHII CTiiikuii), Haranka (MeHII CTiHKWH, BHCOKOOIIKOBHIA) Ta
cenekuidHoi minii YK 065 (4ymmBa 1o mocyxu, BUcOKonpoaykTuBHa). [Intommii BmicT BPB y cyxiii
PEUOBHHI Ta BaJOBY KUIBKICTh (ZOOYTOK MUTOMOTO BMIiCTy Ta MacH) BH3Hauajid B 4YacTHHaX cTeOna
TOJIOBHOTO TAarOHa (paxyrouu 3BEPXY): BEPXHE MIXKBY3IIS, APyTe, TPETE, 00'€THAH] YeTBepTeE 1 I'siTe (HUXKHI)
MDKBY3JISL Ta 00'€IHAHI JIMCTKOBI MIXBH.

BceranoBneno, mo mocyxa Jemo 3MEHIIyBaJla MaKCUMajbHY BaJIOBYy KUIBKICTh ACMOHOBAaHUX Y
crebni BPB Ta icroTHO mpumBmmanryBana ix pemooOimizamito. JlocmimkeHi TeHOTHITA O3MMOI MIIEHUII
ICTOTHO BiJJpi3HsUIMCS 3a piBHeM HakormueHHs BPB y cte6ni — B 1,3 pa3a 3a ontumanbHUX yMOB Ta B 1,5
pasa 3a mii mocyxu, npore epeKTHBHICTh IX peMoOiTi3allii y BCiX 'eHOTUIIIB Oyja BUCOKOKO 1 JOCTAaTHBO
ommsbpkoto (84-96 %) HesanexxHo Big ymoB BupornyBaHHS. Copt IlomonsiHka mposBUB HaWBUILY
JIENIOHYBaJIbHY 3[aTHICTh cTeOna sSIK 32 ONTHMAJbHUX YMOB IIOJNIMBY, TaKk 1 3a nii mocyxu. BHecok
nenoHoBanux BPB y 3epHOBY NpOIyKTHBHICTH 3a ONTHMAJIBHOTO 3BOJIOMKEHHS 1 JIii IMOCYXH CTaHOBHUB y
copriB [lononsuka 32 1 28,3 %, Iloninbcbka HuBa — 21,3 1 24,6 %, Haranka — 27,4 1 24,3 %, ninii YK065 —
18,21 22,4 %, BiAIOBIIHO.

Haii6inpmuit muToMuii BMICT 1 BasioBa KijbKicTh BPB BHSBICHI B IpyroMy i TPETbOMY MiXKBY3JISIX.
YacTka 1MX MDKBY3IIB y 3arajbHill KiJIBKOCTI JlemoHoBaHMX y cteOni BPB Oyna Haiibinbmioro y Bcix
JOCIIPKEHUX TCHOTUIIB. BMIicT Ta BalioBa KIUIBKICTh PE3CPBHUX BYIIEBOMIB Yy APYTOMy 1 TpETbOMY
MDKBY3JISIX HAUWTICHIIIE TO3WTUBHO KOPENIOBAIM 3 TIOKA3HWUKAMU 3€PHOBOI TPOIYKTHBHOCTI, MO JA€
MiJICTAaBU BBAaXKaTH X HAHOLIBII PENpEe3eHTATUBHUMHM JUIsl OI[IHKH JITIOHYBallbHOI €MHOCTI cTeOnma Ta
PEKOMEHyBaTH SIK (pi3ionoriyHuid MapKep MPOLyKTUBHOCTI T€HOTHITIB O3UMO] MIIICHHIII.

Kurouosi caoBa: Triticum aestivum L., nenonyBasibHa 3[4aTHICTH CTeONa, MiXBY3JIsl, BOAOPO3YHHHI
BYTJIEBOJI, ITOCYXa, (POTOCHHTE3, 36pPHOBA MPOIYKTHBHICTb.
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Abstract: Remobilization of the water-soluble carbohydrates (WSC) deposited in the stem is
important for winter wheat grain productivity, especially under water deficit during the reproductive period.
Our aim was to study the accumulation and remobilization of reserve WSC in different segments of the
stem and their relationship with grain yield parameters in winter wheat genotypes exposed to 8-day
drought at the early stages of grain formation. The experiments were carried out on winter bread wheat
(Triticum aestivum L.) plants grown in pots. Cultivars ‘Podolianka’ (drought-tolerant), ‘Podilska Nyva’
(high-yielding, less tolerant), ‘Natalka’ (less tolerant, high protein content in grain), and breeding line ‘UK
065’ (high-yielding, drought-sensitive) were studied. The specific content of WSC in dry matter and the
total amount (product of specific content and dry weight) were determined in stem parts of the main shoot
(counted from the top): peduncle, second, third, combined fourth and fifth (lower) internodes and
combined leaf sheaths.

It was found that drought slightly reduced the maximum total amount of WSC deposited in the stem
and significantly accelerated their remobilization. The studied genotypes of winter wheat differed
significantly in the WSC accumulation in the stem: by 1.3 times under optimal conditions and by 1.5 times
under drought, but the efficiency of WSC remobilization was similar and high (84-96%) in all of them,
regardless of growing conditions. Cv. ‘Podolianka’ showed the highest storage capacity of the stem both
under optimal watering and under drought. The contribution of deposited WSC to grain weight was 32 and
28.3% in cv. ‘Podolianka’, 21.3 and 24.6% in cv. ‘Podilska Niva’, 27.4 and 24.3% in cv. ‘Natalka’, and
18.2 and 22.4% in line 'UKO065' under optimal and drought conditions, respectively.

The highest specific content and total amount of WSC were recorded in the second and third
internodes. The portions of these internodes in the total amount of stem-deposited WSC were the largest in
all studied genotypes. The content and total amount of reserve carbohydrates in the second and third
internodes were correlated most closely with grain productivity, which gives reason to consider them the
most representative parameters for assessing the storage capacity of the whole stem and to recommend
them as a physiological marker of winter wheat genotypes’ performance.

Key words: Triticum aestivum L., stem storage capacity, internodes, water-soluble carbohydrates,
drought, photosynthesis, grain productivity.

Osuma mmenun (Triticum aestivum L) —
OfHA 3 HAMBAXIMBIIIMX 3EPHOBUX  KYJIBTYD
IpoTsIroM Bciei icTopii moncTBa. Y mioOajgbHOMY
MacmTabi B OCTaHHI pPOKM TIICHHI TOCimae
mepire Micie 3a IUIOIIECI0 BHPOLIYBaHHS (TIOHA
220 MiH Tra) 1 JApyre michs KyKypyma3d 3a
BEJIMYMHOIO BajioBOi mpoxykuii (6mu3eko 800 miH
T) [1]. ¥ Gararhox perioHax cBiTy, Ji¢ KyJIbTUBYIOTh
03UMy TIIIEHHIIO, HA MPOAYKTUBHICTH ii TMOCIBIB
HETaTUBHO BIUIMBAE DS aOiOTUYHHX CTPECOBUX
YUHHUKIB, CepeJl SKUX TI0CyXa € OCHOBHUM
CTPECOpOM, IO 3aBJIA€ 3HAYHOI IIKOAY TociBam [2].

dopMyBaHHS BpOXKAIO IIICHHII 0a3yeThCs
Ha  TIpolecax  CHUHTE3y, HAKONMYECHHS  Ta
pemoOimizanii ¢oroacuminaTiB. HanueauHs 3epHa
MIICHUI  3a0e3medyeTrbcss 13 JABOX  JDKepen
acUMINATIB: 1) MPOAYKTH MOTOYHOTO (POTOCHHTE3Y
B 3€JIEHMX TKAaHWHAX, TOJOBHHUM YHHOM Yy
IparopLeBOMy JIMCTKY, SIKIi TPaHCTIIOPTYIOTHCS
Oe3nocepeqHbO 10 3epHA, 1 2) BOJOPO3YMHHI
BYIJICBOIHM, SIKI PEMOOUTI3YIOTBCS 3 PEe3ePBHUX
MYJTiB, HAKOMUYEHUX Y Tepiof Bif (a3u BUXOIY B
TpyOKy 110 paHHIX eTamiB HaJWMBaHHS 3€pHA.
OCHOBHY 4YacTHHY 3aIllaCHUX BYTJICBOAIB Y POCIIMH
NIICHUI, SKi JCTIOHYIOThCS TOJOBHHM YHHOM Y
creOm Ta B JIMCTKOBUX IIiXBaX, CTaHOBIATh
(GpyKTaHH, a TaKOXX HEBEJHKa KUJIbKICTh Caxapo3u
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Winter wheat (Triticum aestivum L.) is one
of the most important cereals throughout human
history. On a global scale, in recent years, wheat
ranks first by acreage (over 220 million hectares)
and second after corn by gross production (about
800 million tons) [1]. In many winter-growing
regions of the world, the crop performance is
negatively affected by abiotic stressors, including
drought, which is thought to be the main stressor
that causes significant damage to crops [2].

Wheat yield depends on the synthesis,
accumulation, and remobilization of
photoassimilates. Wheat grain is filled from two
sources of assimilates: 1) products of current
photosynthesis in green tissues, mainly in the
flag leaf, which are transported directly to grain,
and 2) water-soluble carbohydrates, which are
remobilized from reserve pools accumulated
during the “stem elongation — early grain filling”
period. Fructans deposited mainly in the stem
and leaf sheaths are major reserve carbohydrates
in wheat plants; small amounts of sucrose and
hexoses are also detected [3, 4].

Unfavorable factors, particularly drought
during reproductive development, significantly
reduce the grain supply with assimilates of
current  photosynthesis due to inhibited



Ta rexcos [3, 4].

HecnpuatiiBi YMHHHUKH, 30KpeMa ITOCyXa, B
nepiof  penpoOAYKTHBHOTO  PO3BHUTKY  ICTOTHO
3MEHIIYIOTh ~ 3a0e3Me4YeHHs  HaluBy  3epHa
aCUMUIATAMU TOTOYHOIO (POTOCHHTE3Y BHACIIJIOK
iHriOyBaHHS  (OTOCUHTETHYHOT aKTHUBHOCTI 1
MOIIKODKEHHST (POTOCHHTETHYHOIO amapary [5, 6].
VY TakoMy pasi poJib BAKOPHCTAHHS HAKOITMYCHHUX Y
cTeON BYIVIEBOJIB Yy HAMBAaHHI  3POCTAIOMUX
3€pHUH ICTOTHO MiJBHIY€THCS, AOMOBHIOIOYU UM
3aMIIIyIOYd OCHOBHE JDKEpEeNl0 AaCHMUIATIB —
MOTOYHWM  ¢oTocwHTE3. BHECOK HAKOMMYEHHX
BYIVIEBO/IIB Y Macy 3epHa B yMOBaX HEIOCTaTHHOTO
3BOJIOKCHHS, SIK MPaBWIIO, 30UIBLIYETBCS 1 Yy
BUMNAJKY TPHUBAJIOI TEPMIHAJBHOI MOCYXH MOXKE
cra"oBuTH rmoHaz 60 1 HaBiTE 10 90%, 3aIeKHO Bif
TEeHOTHUITy Ta YMOB BUpOIIyBaHHA [7, 8].

BomHowac nani  mitepaTypu IIOAO BIUIMBY
MOCYXH Ha HAKOIIMYEHHS 3allaCHUX BYIJICBOMIB Y
cTeOal  MIIEHMII € HEOOHO3HAYHMMH, Xoda
30UIBLICHHS BMICTY IIYKpiB Ha paHHIX eTamnax
NOCYXH € THUIIOBOIO AJANTHBHOIO PEAKIEI Y
Oaratbox pocnuH [9, 10]. TIpogeMoHCTpOBaHO SK
3MCHILICHHS KOHIIGHTpAIlil Ta 3arajbHOI KUIBKOCTI
BOJOPO3YMHHUX BYITIEBOAIB y cCTeOIl pPOCIUH
MIICHUIl TIPH HEJOCTATHHOMY 3BOJIOKeHHI [11],
Tak 1 ix 30inbimieHHS [12], a TakoX BHSBICHO
pi3HOCIIPSIMOBaHI 3MiHM B PI3HMX CErMEHTax
crebma [13].

B ekcmepumeHTax, MpOBElCHMX 3a PI3HUX
YMOB  BUPOLIYBaHHS,  BHSBJICHO  IO3UTHUBHY
3aJIe)KHICTh MK 3JaTHICTIO cTeOna HAaKONMYYyBaTH 1
peMoOiTi3yBaTh  BOJOPO3YHMHHI ~ BYIJIEBOAM  Ta
BpoXKailHicTIo copriB mmenuni [14, 15, 16], a
TAKO)K  BUCOKHH  CTYIIHb  yCIaJKOBYBaHOCTI
TEHOTHITHUX  BIMIHHOCTEH 32  IOKa3HUKOM
JIeTIOHyBaIbHOT eMHOcTi cTeOma [17]. IlokazaHo,
IO CeNIeKIisl MUIEHWIi Ha TPOAYKTHBHICTh
CYTIPOBOJDKYBAIacsi 3pPOCTAHHSIM JICTIOHYBaJIbHOI
3maTHOCTI cteOnma [15, 18], Bmaxaroth, 1110
MOJIMIIEHHST JIETOHYBAIBHOI 37aTHOCTI cTedna €
NEPCIEKTUBHUM  CEJICKLIMHUM  KpHUTEpieM Ha
BUCOKY HPOIYKTHUBHICTB, 0co0nmBo 3a
nocyuumBux ymoB [8, 19]. HemonmaBho, 3a
JTIOTIOMOTOF) TIOBHOT€HOMHOT'O aHaJi3y acoOIiamii
(GWAS) imentudikoBaHi TeHM 1 HYyKJICOTHIHI
MO CITIIOBHOCTI, SIK1 MOXYTb CIIyTyBaTH
CeNICKIIMHUMU ~ MapKepaMH  BHCOKOTO  BMICTY
pe3epBHUX ByIIIeBOIB y cTeOmi mmenwti [20, 21].

Bonnowac, Hapasi 3aJIMIIA€ThCA aKTyaJIbHOIO
npoOyieMa po3poOKH €(PEKTUBHOTO METOIY OI[IHKU
JIeNIOHYBajJbHOI €MHOCTI crebna. Iloka3nuky, ski
3a3BUYall BUKOPUCTOBYIOTBCS, — BMICT 1 3arajbHa
kiekicte BPB y ctebni omHoro marona abo B
po3paxyHky Ha M2 mociy [14, 20, 22] e mosoi

photosynthesis and damage to the photosynthetic
apparatus [5, 6]. In this case, the role of stem-
accumulated carbohydrates in grain filling rises
significantly, supplementing or replacing the
main  source of assimilates — current
photosynthesis. The contribution of accumulated
carbohydrates to grain weight under insufficient
water supply generally increases and, in the case
of a long terminal drought, amounts to over 60
and even 90%, depending on genotypes and
growing conditions [7, 8].

At the same time, published data on
drought effects on the accumulation of reserve
carbohydrates in wheat stems are ambiguous,
although increased levels of sugars at the early
stages of drought are considered as a typical
adaptive response in many plants [9, 10]. Both a
decrease in the concentration and total amount of
water-soluble carbohydrates (WSC) in stems of
insufficiently watered wheat plants [11] and an
increase in these parameters [12] were reported,;
multidirectional changes in different segments of
the stem were also noted [13].

Experiments conducted under different
growing conditions revealed a positive
correlation between the stem's ability to
accumulate and remobilize WSC and the yield of
wheat cultivars [14, 15, 16] and a high degree of
heritability of genotypic differences in the
storage capacity of the stem [17]. It was shown
that wheat breeding for high yield was associated
with enhanced storage capacity of the stem [15,
18]. It is believed that the improved storage
capacity of the stem is a promising breeding
criterion for high productivity, especially under
arid conditions [8, 19]. Recently, genes and
nucleotide sequences, which can be breeding
markers of high contents of reserve
carbohydrates in the wheat stem, were identified
by genome-wide association analysis (GWAS)
[20, 21].

At the same time, the problem of
developing an effective method of estimating the
stem's storage capacity remains relevant. The
commonly used parameters, WSC content and
total amount in the stem per shoot or per m? [14,
20, 22], are rather time-consuming and
inconvenient because of large volumes of plant
material in samples. In this regard, studies of the
roles of stem segments in the deposition of
reserve carbohydrates to identify a trait that
would reliably represent the storage capacity of
the entire stem under different conditions of plant
growth are of scientific and practical interest.

It was found that internodes differed in the
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TPYIOMICTKMMH 1 HE3PYYHHMH 4Yepe3 BEIIMKUIA
00cCsT POCIMHHOIO Matepialy B 3pa3zkax. Y 3B'SI3KY
3 IIMM HAyKOBHH 1 MPaKTUYHUI IHTEPEC CTAHOBIISATH
JOCII/PKEHHST POJIi OKPEeMUX CETMEHTIB cTeOna B
JICNIOHYBAaHHI PE3epBHUX BYIJIEBOAIB 3 METOIO
BUSIBIICHHS  IIOKa3HMKa, SKHH OM  HamiiHO
pEIpEe3eHTYBaB JICTIOHYBaJIbHY €MHICTh BCHOTO
cTebna 3a pi3HUX YMOB BUPOILYBAaHHS POCJIIMH.

Busineno, 1o OKpeMi MIDKBY3IIST
BIJIPI3HAIOTHCS 32 BMicTOM HakomuueHux BPB Tta
edexkTUBHICTIO iX peMmoOimizamii, a TakoX 3a
BIITUBOM TIOCYXM Ha IIi TIOKa3HWKH, TMPOTE JaHi
JmiTeparypu IIOAO BHECKY PI3HUX YacTHH B
JIETIOHYBaJbHy €MHICTh CTeOna cymepewinBi. Y
psAdl  MOCHIDKEHb BUSBICHO BHINUKA BMICT 1
OlmpIIMA ~ BHECOK Yy  CyMapHy  KUIBKIiCTh
pemoOinmizoBanux i3 crebma BPB 'y mpyroro
(paxyroun 3Bepxy) Ta HIDKHIX MiKBY3miB [13, 23,
24, 25]. Tlpore B poboti Jliy Ta cmiBar [12]
MOBIJIOMJISIETBCST TIPO OUTBIINI BHECOK B 3arajibHe
HakomWUeHHS 1 peMoOinizariito BPB mns Bepxaboro
(miaxonocoBoro) MixkBy3ns. Cxoxi pesynbTatd —
HaNOIIbIIe HAKOMTMYEHHS Ta pemoOimizaitis BPB y
BEPXHROMY Ta JPyIOMy 3BEpXy MDKBY3JISX 32
PI3HHX EKCHEPHMEHTAIBHUX YMOB BHSBUIIM TaKOX
y Oumplr paHHil poboti [26]. Jlume BepxHe
MIDKBY3JIS1 JIJI OI[IHKK JICTIOHYBQJIBHOI 3JIaTHOCTI
crebna pi3HUX TCHOTUIIIB TIIICHHMIT
BUKOPUCTOBYBaJK B poboTax [11, 21].

Tomy MeToro Harioi poboTu Oyno J0CTiTUTH
HaKOMMYCHHS 1 peMoOimi3alil0  3armacHUX
BOJIOPO3YMHHHX BYIJICBOIIB B OKPEMHX CErMEHTaX
crebna Ta iX 3B'SI30K 3 TIOKA3HUKAMH 3¢pHOBOI
MPOMYKTUBHOCTI y PIi3HUX TEHOTHIIB O3MMOI
NIICHAII 3a JAii [OCYyXM Ha paHHIX eTamnax
(hopMyBaHHS 1 HAIIMBY 3¢PHIBKH.

MeTomnka

HocmimkeHHs  MpOBOOWIM B yMOBax
BEreTaliifHOTO0 JOCIHiy Ha pPOCIMHAaX pIi3HHX 3a
YYTIUBICTIO /0 TOCYXH COpPTIB O3UMOI M’SKOI
mmenniii  (Triticum  aestivum  L.):  copTiB
[Tomonsiuka (mOCyXOCTIHKHIA, €KOJIOT'1YHO
iactiuHuii), Haranka (BHCOKOOLIKOBHH MEHII
crivikmii), [Toginschka HEBA (BUCOKOIIPOMYKTUBHUH
MEHII CTifikui) Ta cenekmiinol JiHii YK 065
(dymimBa 10 TOCYXH, BHCOKONPOAYKTHBHA) [27].
PocnuHu BHpoIIyBaiM y BEreTaliiHUX MOCYINHAX
Ha 10 xr 1pyHTY, yaoopeHoro 10 r Hitpoamodockw,
3a MpUPOIHOro ocBimieHHs. KinmbkicTe pocnuH y
nocyauHi ctanosuia 15 mr JloOpuBa BHOCWIN B
OIHAKOBUX KIUIBKOCTSIX MPU HAIIOBHEHHI HMOCYIUH
IPyHTOM 1 B cepeauHi (a3u BHXOAY POCIHH Yy
Tpyoky (BBCH 34). lo mo4aTky eKCIepUMEHTY 3
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contents of accumulated WSC and the efficiency
of their remobilization. Drought also differently
affected these parameters in different internodes;
however, published data on the contributions of
different parts of the stem to the storage capacity
of the entire stem are contradictory. In several
studies, the contents of WSC remobilized from
the second (counted from the top) and lower
internodes were higher and their contributions to
the total amount of WSC remobilized from the
stem were greater [13, 23, 24, 25]. However, Liu
et al. [12] reported a greater contribution of the
uppermost internode (peduncle) to the total
accumulation and remobilization of WSC.
Similar findings, i.e. the greatest accumulation
and remobilization of WSC in the peduncle and
penultimate internodes  under  different
experimental conditions, were also obtained in an
earlier study [26]. Only the peduncle was used in
some studies [11, 21] to assess the storage
capacity of stems of different wheat genotypes.

Therefore, our aim was to investigate the
accumulation and remobilization of reserve
water-soluble carbohydrates in separate segments
of the stem and their relationship with grain
productivity in different drought-stressed winter
wheat genotypes at the early stages of grain
setting and filling.

Methods

The experiments were carried out on
winter bread wheat (Triticum aestivum L.)
cultivars varying in drought susceptibility: cv.
'Podolianka’ (drought-tolerant, environmentally
plastic), cv. 'Natalka' (high-protein, less tolerant),
cv. 'Podilska Nyva' (high-yielding, less tolerant),
and breeding line 'UK 065' (drought- susceptible,
high-yielding) [27]. Plants were grown in pots
with 10 kg of soil, fertilized with 10 g of
nitroammophoska, and naturally illuminated.
There were 15 plants per pot. Fertilizers were
applied in equal amounts when the pots were
filled with soil and in the middle of the stem
elongation stage (BBCH 34). Before the start of
the drought treatment, and in the control
throughout the growing period, the soil moisture
in the pots was maintained at 60-70% FC. At the
grain watery ripe stage (BBCH 71), the watering
of plants in the treatment pots was stopped,
reducing the soil moisture to 30% FC for 3 days
and this level was maintained for the subsequent
8 days. Afterward, the watering of plants in the
susceptible pots was restored to the control level
(60-70% FC) until the end of the growing



MOCYX010, @ B KOHTPOJIILHOMY BapiaHTi BIPOJOBXK
yciel Bereramii, BOJIOTiCTb IPYHTY B MOCYIMHAX
miaTpuMyBanu Ha piBHi 60-70 % IIB. Y da3i
¢dopmyBanns 3epHiBku (BBCH 71) mpunumzsau
MOJIUB POCIIMH JOCHIHOTO BapiaHTa, 3HUXKYIOUH
npotsroM 3 i BOJOTICTH IPYHTY 10 piBHA 30%
[IB, skuii miATpUMYBalM MPOTITOM HACTYMHUX 8
ni6. Ilicns 1mpOro TOJMMB  POCITHH  JIOCIHIIHOTO
BapiaHTa BiJHOBJIIOBANI JIO PiBHA KOHTpOO (60—
70% TIB) nmo kinns Beretattii. [lepion oOMexeHOTO
BOJIOT03a0€3MeUeHHS OXOTIJIFOBAB ¢azy
¢opmysanus 3epHiBku (BBCH 71) i cepeauny
¢a3u mostounoi cturiocti (BBCH 75).

3pa3ku Ui BU3HAYEHHS BMICTY BYIJICBOIIB
BiIOMpany OpPOTATOM MEpioAy pPEHpOLYKTUBHOIO
PO3BUTKY Ta y (ha3y MOBHOI CTHIJIOCTI 3epHA IIPH
00Ky 3€pHOBOI TMPOAYKTHUBHOCTI. s aHamiziB
BUKODHCTOBYBaJlM TOJIOBHUW TAariH POCIHHHU.
Crebmo  po3mimsii  Ha  YacTHHHU:  BEpPXHE
(TaKoMOCOBE) MIKBY3JIS, Jpyre, Tpete (paxyrodu
3Bepxy) 1 oO'emHani uerBepre 1 m'ate (mami
MO3HAYEHI SIK «HIKHI») MDKBY3/Is, a TaKOX
o0'eqHaHI JIMCTKOBI TIXBM BCIX 3a3HAUYCHHX
MDKBY3NiB.  Bimpazy micas  BimOopy  3pasku
¢ikcyBaqn B Tepmoctari 3a Temmeparypu 120°C
npotsiroM 30 xB. Ilicns  dikcamii  Matepian
nocytryBanu 3a 65°C 1o cTanoi Macu, peecTpyBaiu
Macy CyXOi pEYOBHMHH 3pa3Ka i PO3MENIOBAIH IO
MOPOIIKOTIOAIOHOTO CTaHy. BMicT BOIOpO3YMHHUX
BYIJICBONIIB BU3HA4YamM 3a MetozioMm [28]. Basoy
kinbkicth BPB y wactunax crebna po3paxoByBayiv
aKk no0ytok ix Mmacu i BMmicty BPB B cyxii
peuoBuHi.  Kinbkicte  pemoOinmizoBannx BPB
OIIHIOBAJIM 3a PI3HUICI0 iXHHOI MaKCHMaJbHOT
BaJOBOI KIJIbKOCTI 1 3aiMIIKOBOi y (a3l MOBHOI
crumocti 3epHa. Bmict BPB BusHauanu y Tphox
AHATITHYHUX MOBTOPEHHSAX 00’€HAHOTO 3pa3Ka
neBHoro cermentra 3 10-12 pocauH KOXHOTO
BapiaHTa.

Bonunit nedinuT BH3HAYAJIH 3a
CTaHJApTHOI METONMKOIO [29] i po3paxoByBain 3a

¢bopmyioro:
Bn = (A-B):(A-B)-100,

ne: Bn — Bomamit medimmr (%); A — Maca
JIUCTKIB IIiCJIA HACHM4YeHHs ix Bomoio (r); b — maca
CBDXO3pi3aHuX JHCTKIB (T); B — Maca abcomoTHO
CYXHX JIUCTKIB (T).

[HTEHCUBHICTE (OTOCHHTE3Y MPANOPIEBOTO
JHMCTKA BHUMIPIOBAIM B TeEpIly 00y JOCSTHECHHS
Bosiorocti 1pyHTy 30 % [IB 1 HanpukiHoi nepiony
MOCYXH 3a KOHTPOJIBOBAaHMX YMOB HAa YCTAHOBIII,
3MOHTOBaHI’ Ha 0asi iH(PaYePBOHOTO
razoananizatopa EGM 5 (PP Systems, CIIA).

period. The restricted watering covered the
period from grain watery ripe stage (BBCH 71)
up to the medium milk ripeness stage (BBCH
75).

Samples for determination of carbohydrate
content were taken during the reproductive
development and complete grain ripeness when
the grain productivity was determined. The main
shoot of the plant was used for the analyses. The
stem was divided into parts: the uppermost
(peduncle), second (penultimate), third (counted
from the top), combined fourth and fifth
(hereinafter referred to as "lower") internodes,
and combined leaf sheaths of all the specified
internodes. Immediately after cutting, the
samples were fixed in a thermostat at 120°C for
30 minutes. After fixation, the material was dried
at 65°C to constant weight; the dry matter
content in the sample was recorded and the
sample was ground to powder. The content of
WSC was determined as described in [28]. The
total amount of WSC in the stem parts was
calculated as the product of their weight and
WSC content in dry matter. The amount of
remobilized WSC was evaluated by difference
between the maximum total amount and the
residual amount in the complete grain ripeness
stage. The WSC content was determined in three
analytical replicates from a combined sample of
given segments from 10-12 plants in each
variant.

The water deficit was determined
according to the standard method [29] and
calculated by the following formula:

Wd = (A-B):(A—C)- 100,

where: Wd — water deficit (%); A — leaf
weight after their saturation with water (g); B —
weight of freshly cut leaves (g); C — weight
completely dry leaves (g).

The photosynthesis intensity in the flag
leaf was measured on the first day of soil
moisture reaching 30% FC and at the end of the
drought period under controlled conditions using
an infrared gas analyzer EGM 5 (PP Systems,
USA). An attached flag leaves of two individual
plants were placed in a thermostatic chamber
with a window of 3 x 7 cm and illuminated by
TA-11 50W LED lamps with a color temperature
of 5,200 K. The photon flux density at the leaf
level was 1,800 umol(m? - s) of
photosynthetically active radiation (PAR); the
temperature was 25°C. Atmospheric air was
blown through the chamber at a rate of 1 L/min.
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Hesinokpemeni

Bil POCIMH JHUCTKH (0 2
napajiesibHO) PpO3MILLYBaIM Y TEPMOCTaTOBaHIN
KaMepi 3 po3MipoM BikHa 3 X 7 cM Ta OCBITIIIOBAIU
CBiTIOmIONHUMHU TpokekTopamu TA-11 50W 3
komipHoto Ttemneparyporo 5200 K. IlinbHicTh
MPOMEHEBOTO TIOTOKY Ha PiBHI JIMCTKIB CTAHOBHJIA

1800 mMxmomnb/(M2 - ¢) (DOTOCHHTETUYHO aKTHBHOI

pamiamii (DAP), temmeparypa +25 °C. Uepes
KaMepy TpOoayBal
mBHIKICTIO 1 J1/xB. [HTEeHCHBHICTH (POTOCHHTERY
peectpyBaim uepe3 40-50 XB miC)IS PO3MIMICHHS
JUCTKIB y Kamepi, KONMM IOKa3HUKH Ta3000MiHY
BUXOIWJIM Ha CTalliOHAPHHH piBeHb. Po3paxyHKH
MMOKa3HUKIB Ta3000MiHY TPOBOAMIN 3riHO 31
crangapTHuMH MeTomukamu  [30].

BHU3HAYCHb 4-KpaTHa.

dazun PO3BHUTKY POCJIHMH BH3HAYAJIN

arMocdepre

MOBITPST 31

[ToBrOpHiCTH

3a

30BHIIIHIMA MOP(QOJIOTIYHUMH 3MiHAMU OpraHiB

TOJIOBHOIO

JCCATKOBOIO IIKaJIOIO

IMOKA3HHUKIB

IaroHa 3a  3arajlbHOIPUUHSITOIO
[31]. s Bu3HAYCHHS
3€pHOBOL NPOAYKTHBHOCTI

peHmoMizoBaHo BimOupanmu mo 20 pociuH i3
KOXXHOTO BapiaHTa y (asi MOBHOT CTHINIOCTI 3epHa.
[ToBTOPHICTH AOCIIAY — 5 TOCYIWH Ha BapiaHT.

The net photosynthetic rate was recorded 40-50
min after placing the leaves in the chamber when
the gas exchange rates reached a plateau. Gas
exchange parameters were calculated by standard
methods [30]. There were four repetitions of
measurements.
The stages of plant development were
determined by external morphological changes in
the organs of the main shoot using the
conventional decimal scale [31]. To determine
the grain productivity parameters, 20 plants from
each treatment were randomly sampled at the
complete grain ripeness stage. There were 5 pots
per treatment.

Taomunsa 1. B 8-mobosoi mocyxu mpu 30 % IIB B mepiox ¢opMyBaHHS—IOYAaTOK HAJMBY
3epHiBKU (BBCH 71-75) Ha 3epHOBY IPOAYKTHUBHICTH POCJIMH O3UMO] IILCHULI
Table 1. The effect of an 8-day drought at 30% FC during the "grain watery ripe — medium milk"
period (BBCH 71-75) on the grain productivity of winter wheat plants

TonoBHuit marin/ Main shoot Pocnuna/ Plant
Bapiant/Treatment | Grain weight, g | Grain number 1,000 grains | Grain weight, g | Grain number 1,000 grains
weight, g weight, g
Iomonsuka/Podolianka
Kourpoins/Control 1.70+0.06 39.6+1.1 43.0+0.9 4.34+0.24 105.9+5.4 40.9+0.6
Jocning/Treatment 1.62+0.05 39.7#1.1 41.0+0.9 3.96+0.13 105.1+4.4 38.1+0.8
% 110 KoHTpOJTIO - %
related to the control 95.1 100.3 95.2 91.1 99.2 93.1
Moninbceka Hua/Podilska Nyva
Konrpons/Control 2.39+0.10 57.6+1.3 41.3+0.9 6.39+0.47 164.5+9.9 38.6+0.7
Hocmin/Treatment 1.84+0.10* 53.8+1.9 34.3+1.5* 4.17+0.31* 125.8+7.8* 33.5+1.2*
% 10 KOHTpOIIIO - %
related to the control 77.1 934 83.1 65.3 76.5 86.7
Haranka/Natalka
Kourpons/Control 1.71+0.06 40.7+1.2 42.0+0.6 4.31+0.25 109.2+6.6 39.6+0.6
JHocain/Treatment 1.47+0.08* 415+1.7 35.3+0.6* 3.24+0.28* 93.2+7.1 34.4+1.1*
% mo xoHTpOIIIO - %
related to the control 85.7 1019 83.9 75.1 85.3 86.9
YK 065/UK 065
Kourpons/Control 2.17+0.05 475+1.3 46.0+1.0 5.97+0.38 143.849.0 41.7+0.7
Jocnin/Treatment 1.32+0.06* 41.6+1.3* 32.0£1.2* 2.76+0.18* 91.945.6* 30.3+1.0*
% 10 koHTpOJTIO - %
related to the control 61.0 87.6 69.5 46.2 63.9 72.7

* — pI3HULIS MK KOHTPOJIEM 1 AOCIiAOM JocToBipHa 3a p < 0,05
* — the difference between the control and the treatment is significant at p < 0.05

JlaHi 00po0NeHo CTAaTUCTUYHO 32 JOMOMOTOI0

MporpaMu

Microsoft
3arajIbHONPUINHATUMU

Excel
METONAMU

3r1IHO

Bapiariiaot
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methods.

The data were statistically processed in
i3 Microsoft Excel by traditional variation statistics

The

significance

of differences
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CTaTUCTHKM 3 OL[IHIOBAHHSAM ICTOTHOCTI Pi3HHL
BubOipkoBux  cepeanix 3a  ANOVA-tectom,
ICTOTHICTh KOpEISIii OIiHIOBAIM 32 KpUTEpieM
®imepa. Ha pucyHkax i B TaOmuisix HaBeJeHO
3HAYEHHS CEePEeIHbOAPU(PMETHYHUX 1 CTAaHIAPTHUX
NMoXHOOK cepenHboro. [ToXuOKkM cepeHiX 3HAYCHb
JUTSL PO3PaxXyHKOBUX ITOKa3HUKIB (BaJOBUH BMICT
BPB, KUTBKICTB pemMo0iTizoBaHIX BPB)
00OUYMCITIOBAIH 32 CTaHIapTHUMHU (opmyiamu [32].

Pe3yabTarn Ta 00roBOpeHHsA

JlocImipKeHI COPTH ICTOTHO BiJIPI3HSUTMCS 3a
MOCYXOCTIHKICTIO. 3a ONTHMAIBHOTO PEXKUMY
3BoJIOKEHHs copT llomimschka HUBA 1 cenmekmiiiHa
miHist YK 065 BupI3HSINCS BHIIOK 3¢pHOBOIO
MPONYKTUBHICTIO TOJIOBHOTO TMaroHa 1 BCi€l
pOCIMHHM TIOpIBHSAHO 3 copramu Haranka i
[Momonsiaka (tabm. 1). Copt Ilominbchka HMBa MaB
HANOIIBITY O3EpHEHICTh KONoca, i 3a KIIBKICTIO
3€pEeH B KOJIOCI TOJIOBHOTO TaroHa Ha 45, 41121 %
nepeBaxas coptu [logonsuka, Haranka 1 niniro YK
065, BIITIOBITHO. Jlinis VK 065
XapakTepusyBaslacsi JIello OuUTbIIO TOPIBHSHO 3
copTamMHM BHIIOBHEHICTIO 3epHa (Mmacoro 1000
3epeH).

IpynroBa nocyxa nipu 30 % I1B Brpomosxk 8
JIi0 Ha TMOYATKY HAJTUBY 3€PHA 3HIIKYBajia 3¢pPHOBY
NPONYKTUBHICTh Li0i pociuHM Ha 53,8 % y
cenekuiiinoi ninii YKO065, ma 34,7 % y copry
[Tominbchka HUBa Ta Ha 24,9 % y copty Haranka. Y
copry [lomonsHka BIUIMB TOCYXH IPOSIBIISBCS
3Ha4HO ciabire 1 OyB CTATUCTUYHO HEBIPOT1THHM.
3HIKEHHSI 3E€PHOBOI MPOMYKTUBHOCTI TOJIOBHOTO
naroHa 3a Jii mocyxu Oy/l0 3HAYHO MEHIINM, HiK
ninoi pocimaM, i craHoBmwio 39,0 % y minii YK
065, 22,9 % y copty lloninsceka Husa Ta 14,3% y
copty Haranka. Taka >x TeHJICHIIiS cTIoOCTepiranxacs
i B copty Ilononsinka. Bapro Bce x 3a3HaunTH, 1110
3€pHOBA MPOAYKTUBHICTH IMiJJIAHUX TOCYC1 POCIUH
y copry Ilominbceka HUBa Oyna Ha 28,7 % BuUIIIOFO,
HIK y copty Haranka.

3menmenHss mMacu 1000 3epeH Oyno 3HaYHO
BaroMimMM (akTopoM BTpaT MPOLYKTHBHOCTI
KOJIOCAa TOJIOBHOTO IIArOHa 3a Jii TMOCYXH, HIK
3MEHIIEHHsT KibKocTi 3epeH. Maca 1000 3epen
3HIKYBaJIaCh IIOPIBHAHO 3 KOHTpoJieM Ha 16,9,
16,1 130,5 % y coptis Iloginscrka HuBa, Haranmka i
minii YK 065, BignosigHo. Y copry Ilomonsuka
3MEHIIIEHHS [BOr0 IMOKa3HUKa CcTaHOBHIO 4,8 % 1
Oyna0 cTatucTUYHO HeBiporigHuMm. O3epHEeHIicTh
KOJIOCa TOJIOBHOTO IIarOHa JOCTITHHUX POCIHH
3HAUYMMO 3HM)KYBAJIACs MMOPIBHIHO 3 KOHTPOJIEM (Ha
12,4 %) mame y minii YK 065. Y copty Iloainbcbka
HUBAa BiJ3HAUCHa HEBENMKA TCHJCHIS IO

between the mean values was assessed by
ANOVA; the significance of correlations was
assessed using Fisher's test. In the figures and
tables, the arithmetic mean and standard error
are presented. The standard error for calculated
parameters (the total content of WSC and the
amount of remobilized WSC) were figured out
by the standard formula [32].

Results and Discussion

The studied cultivars differed significantly
in drought tolerance. Under optimal watering,
cv. 'Podilska Nyva' and breeding line 'UK 065'
showed higher grain productivity of the main
shoot and the whole plant than cvs. 'Natalka' and
'Podolianka’ (Table 1). Cv. 'Podilska Nyva' had
the greatest number of grains per spike of main
shoot, exceeding cvs. 'Podolianka’ and 'Natalka'
and line 'UK 065 by 45 41, and 21%,
respectively. Line 'UK 065" was noticeable by
slightly better grain fulfillment (thousand kernel
weight) compared to the cultivars.

The soil drought at 30% FC for 8 days at
the beginning of grain filling reduced the grain
productivity of the entire plant by 53.8% in
breeding line 'UKO065', by 34.7% in cv. 'Podilska
Nyva, and by 24.9% in cv. 'Natalka'. In cv.
'Podolianka’, the drought effect was much
weaker and was statistically insignificant. The
drought-induced decline in the grain productivity
of the main shoot was significantly smaller than
that of the whole plant: 39.0% in line 'UK 065,
22.9% in cv. 'Podilska Nyva', and 14.3% in cv.
'Natalka'. A similar trend was observed in cv.
'Podolianka. It is worth noting that the grain
productivity of drought-treated cv. 'Podilska
Nyva' plants was 28.7% higher than that in cv.
'Natalka'.

Under drought, the decline in the thousand
grain weight was a significantly more important
factor in the loss of productivity of the spike of
the main shoot than the decrease in the grain
number. The thousand grain weight was
decreased by 16.9, 16.1 and 30.5% in cvs.
'Podilska Nyva' and 'Natalka' and line 'UK 065’
respectively compared to the control. In cv.
'Podolianka’, this parameter was only decreased
by 4.8% and this decrease was statistically
insignificant. The grain number in the spike of
the primary shoot was significantly smaller
compared to the control (by 12.4%) only in line
'UK 065'. In cv. 'Podilska Nyva', there was a
downward trend in the grain number per spike
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3HIDKEHHS KUTBKOCTI 3epeH B komoci (6,6 %), a B
coprtiB [lomonsHka Ta Haranka maHuii moKa3HUK y
KOHTPOJILHUX 1 JOCIITHUX POCIIMH HE BiIPi3HSBCS.

Bonnouac 3MEHIICHHS 3epHOBOL
MPOXYKTUBHOCTI LIJIOI POCIMHHU 33 Aii MOCYXH Y
OULTBIIOCTI  TCHOTHITIB 32  BHHATKOM  COPTY
[logonsiHka 3HAYHOIO MIpPOIO  3aJIeXKallo  BiA
3HWKEHHS o3epHeHOcTi. Y coptiB lloapinbcbka
HuBa, Haranka i ninii YK 065 y gocnigHuX pociuH
KUIBKICTh 3€pEH 3MEHIIyBalacs IOPIBHAHO 3
koHTponeM Ha 23,5, 14,7 i 36,1 %, BiAmoBigHO.
[Tpu oMy CTIpHYHHEHE TOCYXO0 3HIKEHHS Macu
1000 3epen Oyno NpuOIM3HO TAKMM CAMHM y COPTY
Haranka i gemo MmeHmuM y copry Ilominbcbka
Husa i miHii YK 065.

XapakTep 3MiH €IEMEHTIB  CTPYKTypHu
3epHOBOI  TPOAYKTUBHOCTI  POCIMH  O3UMOiL
MIICHHUII] 3a Jii KOPOTKOTPHUBAJIOl IOCYXH CBITYUTD,
II0 OCHOBHMM YMHHHUKOM BTpaT  3€pHOBOI
MPONYKTHBHOCTI ~ pOCIMHM  Oyla  HecTaya
aCUMIIATIB [Isl HauuBy 3epHa 1 (OpMyBaHHS
3epHIBOK OIYHMX MaroHiB, sfka Oyna crpUYMHEHA
CTpec-1HIyKOBaHUM MOIIKO/DKCHHAM
(hOTOCHHTETUYHOTO arapary.

60

m[logonsiHKa KOHTPOSb
M [loginbcbka HnBa KOHTpOnb
50 [ aHaranka KOHTpOnb

mYK065 koHTpOnb

Boaxun gediumt, %

(6.6%), while in cvs. 'Podolianka’ and 'Natalka’,
this parameter did not differ from the
corresponding control.

At the same time, the decline in the grain
productivity of the whole plant caused by
drought in most genotypes, except for cv.
'Podolianka’, largely depended on the decrease in
the grain number per spike. In cvs. 'Podilska
Niva', 'Natalka', and line 'UK 065, the grain
number was decreased by 23.5, 14.7, and 36.1%,
respectively, compared to the control. The
drought-induced decrease in the thousand grain
weight was very similar in cv. 'Natalka' and
somewhat smaller in cv. 'Podilska Niva' and line
'UK 065'.

The changes in the structure of grain
productivity of winter wheat plants exposed to a
short-term drought indicate that the lack of
assimilates for grain setting and filling in lateral
shoots, caused by stress-induced damage to the
photosynthetic apparatus, was the main factor in
the loss of the grain productivity.

OTlNopgonsiHka gocnig,

OlMoainbcbka HuBa gocnia
B HaTtanka gocnig d_
OYk065 gocnig, )

8 [oba

Puc. 1. Brmus nocyxwu 3a 30 % I1B B mepion ¢popmyBaHHA—TI09aToK HanuBy 3epHiBku (BBCH 71-75) Ha
BOJIHU# TeDIIMUT Y MparmopreBoMy JUCTKY POCIHH 03UMOT MIICHHMIII PI3HUX TEHOTHUIIIB.

Fig. 1. Effect of drought at 30% FC during the "grain watery ripe — medium milk" period (BBCH 71-75)
on the water deficit in the flag leaves of winter wheat plants of different genotypes. X axis — Day; Y axis —

Water deficit, %.

Note. TTomonsinka koutposs — Podolianka control, TToxineceka Husa xoutpons — Podilska Nyva control,
Haranka xoutpons — Natalka control, YK 065 xoutpons — UK 065 control, [Tomonsuka mocyxa — Podolianka
drought, TToxineceka HuBa mocyxa — Podilska Nyva drought, Haranka nocyxa — Natalka drought, YK 065

nocyxa — UK 065 drought.

ITocyxa BuKIMKana 3HA4YHI TOPYIIEHHS
BOJHOTO peXHMy 1 (YHKIIOHAILHOTO CTaHy
(hOTOCHHTETUYHOTO anapary mpanopLeBOro JUCTKA
POCIIMH  yCiX  JOCHIJDKEHHUX COpPTIB  O3MMOI

ISSN 1026-9959. Cenekis 1 Hacimaunrso. 2024, 125

Drought caused considerable disorders of
the water balance and function of the
photosynthetic apparatus of the flag leaves in all
studied winter wheat cultivars. On first day of
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mmennni. Ha meprry 100y 3HKEHHS BOJIOTOCTI
rpyHTy 10 30 % IIB BogHuii nediuuT B JTUCTKOBUX
TUTACTHHKAX TPAIOPIIEBOTO JIMCTKA 3pic B 1,7 pasa
B copty llononsuka, 2,7 paza B copty Haranka i
ninii YK 065 ta B 4,3 paza B copty Ilominscbka
HuBa (puc. 1). Ha BocbMy 100y mocyxu BOJHHI
JNedIlUT y mparopreBoMy JIMCTKY 3pic 111e OuIbIIe,
nocsratoun 3Hauenb 18,8, 35,7, 39,4 ta 50,9% y
Iononsuxn, Haranku, ITominbscekol HuBH Ta YK
065, BianmoBimHO. 3TiHO 3 IIUPOKO IPHHAHSATOIO
kiacudikamiero [33], Taki 3HaYEHHS BKa3ylOTh HA
PO3BUTOK TOMIPHOTO BOXHOTO CTPECy B COPTY
[TomosnsiHka 1 JKOPCTKOTO B IHIIMX JOCHIHKEHUX
TCHOTHIIIB.

OCKUTEKH JOCTIAHI POCIMHU BCiX TEHOTHITIB
POCIIH 32 OJJHAKOBOTO PEKUMY TIOJIHBY, OTPUMAaHI
pe3yNbTaTH CBig4aTh MpO 3HAYHO Kpally 3/AaTHICTbH
pocima  copry llomonsiHka TmoOmIMHATH  Ta
YTPUMYBATH BOJAY 3a HEJOCTATHHOTO 3BOJIGKCHHS
IPYHTY TIOPIBHSHO 3 IHIIMMH JIOCHIPKEHUMH
TeHOTHUIIAMU, o 3abe3meuye BHCOKY
MOCYXOCTIUKICTh JTAHOTO COpTY. Kpamie
MiATPUMAHHS BOJHOTO PEXHMY POCIHH 32 YMOB
MOCYXH 3yMOBIIOETBCS JJOCKOHATIIIOK CUCTEMOIO
OCMOTHUYHOI Ta MIPOAUXOBOI peryJsuii,
TiIPaBIIYHOIO MPOBITHICTIO KCHIIEMH, PO3BHTKOM
KopeHeBoi cuctemu [34, 35].

H [MogonsiHKa KOHTPOMb

decreased soil moisture (30% FC), the water
deficit in the flag leaves increased by 1.7 times
in cv. 'Podolianka’, 2.7 times in cv. 'Natalka' and
line 'UK 065, and 4.3 times in cv. 'Podilska
Nyva' (Fig. 1). On day 8 of the drought, the
water deficit in the flag leaves was even more
pronounced, amounting to 18.8, 35.7, 39.4, and
50.9% in cvs. 'Podolianka’, ‘Natalka’, and
'Podilska Nyva' and line 'UK 065", respectively.
According to the traditional classification [33],
such values indicate moderate water stress in cv.
'Podolianka’ and severe water stress in the other
investigated genotypes.

Since the treated plants of all genotypes
grew under the same watering conditions, the
obtained results indicate that cv. 'Podolianka’
plants are much better able to absorb and retain
water under insufficient moisture of the soil than
the other tested genotypes, which ensures high
drought tolerance of this cultivar. Improved
maintenance of the water balance by plants
under arid conditions is attributed to more
perfect osmotic and stomatal regulation, better
hydraulic conductivity of the xylem, and a more
developed root system [34, 35].

OMoponsHka gocnia

R [Moginbcbka HMBa KoHTponb OlNodinbcbka HUBa gocnig
B HaTanka gocnig
BYk 065 gocnia

B HaTtanka KOHTpOnb
20 r 8 Yk 065 KOHTpOnb

1P, mkmonb CO,/(M2c)

Puc. 2. Briu nocyxu 3a 30 % IIB B nepion gpopmyBanHs—noyarok Hanusy 3epHiBku (BBCH 71-75) Ha
IHTEHCUBHICTh ()OTOCHHTE3Y MPANIOPIIEBOTO JINCTKA POCINH 03UMOI MIIIEHNIII Pi3HUX TeHOTHIIIB.

Fig. 2. Impact of drought at 30% WFC during the "grain watery ripe — medium milk" period (BBCH 71-75)
on the photosynthesis intensity in the flag leaves of winter wheat plants of different genotypes. X axis — Day; Y

axis — Photosynthetic rate, pmol CO2/(m? - s)

Note. ITomonsika koHTposs — Podolianka control, ITomineceka HuBa xomtposs — Podilska Nyva control,
Haranka xoutpois — Natalka control, YK 065 koutposs — UK 065 control, ITogonsiaka nocyxa — Podolianka drought,
IMoninscbka Husa nmocyxa — Podilska Nyva drought, Haranka mocyxa — Natalka drought, VK 065 mocyxa — UK 065

drought.

JocmimkeHi TEHOTHNHM 32  JOCTAaTHHOTO

The investigated well-watered genotypes
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MOJIUBY iICTOTHO HE BiAPI3HSUIUCA 32 IHTCHCUBHICTIO
acumiysiii CO2 3 HE3HAYHOIO TEHIACHLIEO 10 IO
HIDKYUX 3HAYCHb TIOKa3HHUKa B
BucokonpoaykTuBHux [loginbepkoi HUBM Ta YK
065 (puc. 2). YponoBx €KCIEPUMEHTY 3 IOCYXOI0
inreHcuBHicTh acuMinsmii CO2 B KOHTPOJBHUX
pocima  [lominmbcbkoi HuBM T2 YK 065
3MiHIOBaNacs He3HayHO, a B copTiB IlomonsHka i
Haranka — wa 15 1 45 %, BiamosigHo,
BiIoOpa)karouM TEHACHIII0 JO OUIBII PaHHBOIO
MOYaTKy CTApiHHS B OCTAHHBOTO.

OOMexxeHHsT BOJIOro3a0e3NeueHHs Pi3HOI0
Miporo mpurHiuyBajgo acumimsiro  COz vy
JIOCITIDKEHUX TeHoTuTiB. [likaBo BiA3HAUWTH, 1O Y
JaHOMY JOCIHiZl XapakTep 3MiH I1HTEHCHBHOCTI
doToCHHTE3y  BOPOJNOBXK  MEPiofy  MOCYXHU
3aCBiTYMB 3JaTHICTh (POTOCHHTETUYHOTO amapary
OKpEeMHX T'€HOTHUIIIB aJanTyBaTHCS J0 YMOB
nedinuTy  IpyHTOBOI  BONOTH.  30KpeMa, y
BUCOKOCTIliKOTO copty [lomonsHka iHriOyBaHHS
acuminsii CO2 Ha mepiny 100y MOCYXU CTAHOBHIIO
27,6 %, a Ha BocbMy — 18,6% mopiBHAHO 3
BIZIMOBITHUM KoHTponeMm. Y copty [lominabcbka
HUBa akTHBHICTH acuMimnii CO2 B mepmry o0y
nocyxu najana Ha 59 % nopiBHIHO 3 KOHTPOJIEM, a
Ha BOCBMY 100y Pi3HHIIS 3 KOHTPOJIEM CTaHOBHIIA
mume 18,8 %. Ilpm upomy QoTocuHTETHYHA
AKTUBHICTh MpANOpLEBOTO JIUCTKA y POCIHH
JIOCJTIIHOTO BapiaHTa 1 B aOCOMIOTHUX OJMHHUILIAX
3poctasa B aBa pasu, 3 6,4 mo 12,4 MKMOJIb
CO2/(M? - ¢). ¥V copry Haranka Ha mo4aTKy IOCyXu
3HmkeHHs1 acumisinii CO2 Oyiao HaWCWIBHIIIUM
(66,7 %), a HampUKIHII CTPECOBOIO MEpiomy
noka3Huk OyB Ha 43,7 % MEHIIMM BiJi KOHTPOJIIO.
Bapro Bce X 3a3HaUMTH, IO y JAHOTO COPTY
3MEHIIICHHS BiJIMIHHOCTEH MIDK KOHTPOJBHUMH 1
JNOCIITHAIMH POCIIMHAMH BijiOyBaniocss Ha (oHi
PI3KOr0 OHTOI€HETMYHO 3YMOBJICHOTO MaJiHHS
aktuBHOCTI acuMminsanii COz B KOHTPOIBHOMY
BapianTi. Y minii YK 065 crymine iHriOyBaHHs
acuminsmiii  CO2  BiIHOCHO  KOHTpoJdO  OyB
NPaKTHYHO OJHAKOBHM SIK HAa TII0YaTKy, TaK I
HanpuKidii nepioxy nocyxu (51,8-50,8%).

XapakTepHo, 10 MOCJA0ICHHS IHTiOyBaHHS
¢doTocuHTE3y Ha BOCBMY 400y OCYXH BinOyBajocs
Ha (QoHI 3pocTaHHA BOAHOTO JedinuUTy B
JUCTKOBHX IJIacTUHKaX (puc. 1). Cxoxi pe3ynbTaTi
Oynmu OTpHMaHi i IHIIMX NOCHiMaX 3 PI3HUMH 3a
MOCYXOCTIHKICTIO TeHOTHIIAMU TineHutti [36, 37].

Bimomo, mo apanTaiis (HOTOCHHTETHYHOIO
arapary J0 MOCYXH BKJItO4a€ 3Ha4yHi (izionorivni i
MeTa0OdiYHI  3MiHH, 30KpeMa, HaKOIHMYEHHS
OCMOTHYHO aKTUBHUX CIOJIYK, 30UIbIIEHHS YaCTKU
HEHACHMYCHUX XUPHUX KHUCJIOT B CKJIaJi MeMOpaH,
aKTHUBI3allil0 CHUHTE3y OLUIKiB-IIATIEPOHIB Ta 1HIINX
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did not differ significantly in the intensity of
CO: assimilation with slight downward trends
observed in the high-yielding cv. 'Podilska Nyva'
and line 'UK 065' (Fig. 2). During the drought,
the intensity of CO; assimilation in the control
cv. 'Podilska Nyva' and line 'UK 065' plants
changed slightly; in cvs. 'Podolianka’ and
‘Natalka', it changed by 15 and 45%,
respectively, reflecting a tendency towards an
earlier onset of senescence in the latter one.

Limited watering inhibited the CO;
assimilation in the studied genotypes to varying
degrees. It is noteworthy that in this experiment,
the changes in the photosynthesis intensity
during the drought exposure proved the ability of
the photosynthetic apparatus of some genotypes
to adapt to soil moisture deficit. In particular, in
the highly tolerant cultivar, 'Podolianka’, the CO.
assimilation inhibition on days 1 and 8 of the
drought was 27.6% and 18.6%, respectively,
related to the corresponding control. In cv.
'Podilska Nyva', the CO, assimilation activity on
day 1 of the drought was decreased by 59%
compared to the control, while on day 8 the
difference from the control was only 18.8%. At
the same time, the absolute photosynthetic
activity in the flag leaves of treated plants was
also increased twofold, from 6.4 to 12.4 pmol
CO/(m? - s). In cv. 'Natalka', at the drought
onset, there was the greatest (66.7%) decrease in
CO: assimilation, while at the end of the stress
period, this parameter was 43.7% lower than the
control value. It should be noted that the
difference between the control and treated plants
of this cultivar became smaller on a sharp,
ontogenetically determined drop in CO;
assimilation in the control. In line 'UK 065', the
CO; assimilation inhibition related to the control
was almost the same at both the beginning and
the end of the drought exposure (51.8-50.8%).

Characteristically, the photosynthesis
inhibition became less pronounced on day 8 of
drought when the water deficit in leaves
increased (Fig. 1). Similar findings were
obtained in other experiments on wheat
genotypes with various drought tolerance [36,
37].

It is known that the adaptation of the
photosynthetic apparatus to drought includes
considerable  physiological and metabolic
alterations, in particular, the accumulation of
osmotically active compounds, an increase in
percentages of unsaturated fatty acids in
membranes, activation of the synthesis of
chaperones and other protective proteins, ROS
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NPOTEKTOPHHUX OUIKIB, CHCTEM KOHTPOJIO DiBHS control systems [10, 38], and rearrangement of

A®K [10, 38] Ta mepeOymnoBH CHCTEMH pPeryJIsLii the energy balance-regulating system in
eHepreTHYHOro Oamancy B xmoporriactax [39]. ITi chloroplasts [39]. These alterations were likely
3MiHH, OYEBHMIHO, 3yMOBIIOBAIM ITiJBHIICHHS to lead to an increase (maintenance) of the
(30epekeHHsI)  aKTUBHOCTI  (DOTOCHHTETHYHOTO photosynthetic activity at the cellular level in
amapary Ha KIITHHHOMY PiBHI B JIOCTIIHHX POCIHH treated plants on day 8 of drought compared to
Ha BOCBMHH JIEHb MOCYXH TOPIBHSHO 13 IEPIINM. day 1.
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Puc. 3. Jflunamika muromoro BMicTy BPB (% cyxoi pedoBuHHN) B MiXBY3/IsX cTebaa 1 TUCTKOBUX IMiXBax Y
POCIIHH Pi3HHX T€HOTHITIB 03MMOI NIISHHIN 3a onTUMaiasHOTO 3BosokeHHA (K) 1 mii kopoTkowacHOI mocyxu B
niepion GopMyBaHHI—TIo4arok HanuBy 3epHiBku (BBCH 71-75) (). Tyt i Ha puc. 4 CTpiIkaMu MO3HAYEHO
M0YaTOK NPUIIMHEHHS 1 BITHOBIICHHS IIOJIMBY POCJIMH JO0CIIHOTO BapiaHTa.

Fig. 3. Specific content of WSC (% in dry matter) over time in the stem internodes and leaf sheaths in winter
wheat plants of different genotypes under optimal wetting (C) and short-term drought (D) during the "grain
watery ripe — medium milk" period (BBCH 71-75). X axis — Day after the anthesis onset, Ontogenic stage; Y
axis — WSC content, %.

Note. Mixsy3mst — Internode, mixBu — Leaf sheaths. Note. [Toronsnaka K — Podolianka control, IToxinsceka
Husa K — Podilska Nyva control, Haranka K — Natalka control, YK 065 K — UK 065 control, ITomonsiaka [ —
Podolianka drought, IToxinsceka Husa J| — Podilska Nyva drought, Haranka JI — Natalka drought, YK 065 I —
UK 065 drought. The arrows here and in Fig. 4 indicate the cessation and resumption of watering plants in the
experiment.
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Hunamika mnuromoro Bmicty BPB vy
PO3paxyHKy Ha OJIMHUIII0O MacH CyXOi PEHOBHHH B
CerMeHTax crebia MpOTITOM PEeNpOAYKTUBHOTO
PO3BUTKY POCIMH Yy JAOCHIDKEHUX TE€HOTHUIIIB
nIIeHUIi Oyaa CXOKOI0 B 3araJlbHUX pUCax, MPOTe
BMicT BPB i #ioro oHTOreHeTH4H1 3MiHH B OKPEMHUX
YacTHMHaX CTeOna ICTOTHO pisHuBCA (puc. 3).
KopoTkocTpokoBa mocyxa iCTOTHO BIUIMBaja Ha
3MiHM HIOKa3HHKA.

HaiiBumii 3HavenHs nutomoro Bmicty BPB B
ycix cermeHTax cteOna ¢ikcyBamics Ha 14-Ty o0y
BiJl mouarky mBiTIHHA y a3y ¢dopMyBaHHS
sepHiBkn (BBCH 71), micns d4oro piBeHb
MOCTYIIOBO  3MEHIIyBaBcs 110 (a3d  IOBHOI
CTUIJIOCTI ~ 3€pHA  BHACHIJOK  peMoOimizarlii
ACUMIIATIB A PO3BUTKY 3CpHIBKH. Y Tmepion
MaKCHMAJbHOTO  HAKOMWYEHHS  HAHOUIBIIUMH
3HaYeHHSIME TTUTOMOro BMicTy BPB Bim3Hawammcs
TpeTe 1 Apyre MiXBY3Is cTeOna (paxyrodn 3BEpXy)
3a 000X PEXUMIB MOJMBY B YCIX HOCIHiHKEHUX
TEHOTHUTIB. Y IJIMCTKOBUX TIXBaX CIIOCTEPIiraBcs
Halimentmii BMicT BPB, skuit y cepemabomy OyB
NpUOIM3HO B JiBa pa3ud MCHIIUM 3a BiAMOBIIHI
3HaYEHHS y TPeTbOMY MDKBY3Ml  SIK 7S
KOHTPOJILHUX, TaK 1 JOCHIIHUX pOCIHUH. PiBeHb
HakonmueHHs BPB y  werBepTOoMy—I1’siTomMy
MDKBY3IISIX OyB B CEpeHBOMY JIOBOJIi BHCOKHM 1
mume Ha 10,6 1 13,3% HIWKYMM BiJ ITOKAa3HUKIB
TPETHOTO MIDKBY3JII Y POCJIUH KOHTPOJILHOTO i
JIOCJTIIHOTO  BapiaHTiB, BignoBimHO. BepxHe
MDKBY3JII ~ XapaKTepH3yBaloCsS  MPOMDKHUMHU
3Ha4YeHHsIMH TTOMOTO BMicty BPB, sixi Oymu B
CepeTHbOMY MEHIIIMMH, HIXK B TPETHOMY MIXBY3Ii,
Ha 34,5% B KOHTpOJBHUX pociuH i Ha 27,8% B
POCIIMH JOCIITHOTO BapiaHTy

3a  JaHUMH  JMCIEPCIMHOTO  aHaJi3y
JIOCJIDKEH] T€HOTUIIU 3arajioM 1ICTOTHO
BIIIPI3HSUIMCS 332 MAaKCUMAaJIbHUM PIBHEM BMICTY
BPB B okpemux cermeHtax cteOna. 3HaueHHS P
JUTSL BITMIHHOCTEH MiXK COpTaMH B IIIJIOMY 3a BCiMa
yacTuHamMu cteOna  popiBHioBain  0,0449  3a
ontumaineHoro nonuBy i 0,00001 3a xii mocyxw.
Copr Ilomonsnka map Haiipuii, a JiHia YK 065
HalHMX4l piBHI nmToMoro Bmicty BPB sax B
YMOBaxX ONTHMAJIBHOTO, TaK i 0OMEKEHOTO TIOJIUBY.
Bomnouac, y copry Ilomineceka HuBa Oynu
BUSBIICHI ICTOTHO BHWII[I TOPIBHSHO 3 IHIIUMHU
TEeHOTUIIAMH 3Ha4eHHs nuTtoMoro Bmicty BPB B
OKpeMHUX 4acTHHaX cTeOna y ¢asi nBiTiHHSL

OOMeXeHHS TONHMBY Ha II0YAaTKy HaJHBY
3epHIBOK  3MIHIOBAJIO  piBEHb 1  JMHAMIKY
HakonuueHHs BPB y cTe0mi, 0coOnuBo icTOTHO B
copry Haramka i mimii YK 065. IlpunuHeHHs
MOJIUBY JOCTIAHUX POCIHH BIPOIOBXK TPHOX [0
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The time profiles of the specific content of
WSC per unit of dry matter weight in the stem
segments during the reproductive development
of plants of the studied wheat genotypes were
generally similar; however, the WSC content and
its ontogenetic changes in separate parts of the
stem differed significantly (Fig. 3). Short-term
drought had a considerable effect on the profile
of this parameter.

The highest specific content of WSC in all
segments of the stem was recorded on day 14
after the anthesis onset, at the grain watery ripe
stage (BBCH 71), then the WSC level gradually
decreased to the complete grain ripeness stage
due to the remobilization of assimilates for the
grain  development. During maximum
accumulation, the third and second internodes of
the stem (counted from the top) showed the
highest specific content of WSC under both
watering modes in all studied genotypes. Leaf
sheaths had the lowest content of WSC, which
on average was about two-fold lower than the
corresponding values in the third internode in
both control and treated plants. The fourth—fifth
internodes accumulated WSC quite intensively:
the mean WSC content in these internodes was
only 10.6 and 13.3% lower than that in the third
internode in control and treated plants,
respectively. The uppermost internode was
characterized by intermediate specific content of
WSC, which was lower on average by 34.5%
and 27.8% than that in the third internode of
control and treated plants, respectively.

ANOVA showed that the studied
genotypes differed significantly in the maximum
levels of WSC in the stem segments. P-values
for the inter-cultivar differences were 0.0449 for
all stem parts under optimal watering and
0.00001 under drought. Cv. 'Podolianka’ had the
highest specific content of WSC and line 'UK
065' had the lowest specific content of WSC
both under optimal and limited watering. At the
same time, the specific content of WSC in some
stem parts during anthesis was found to be
significantly higher in cv. 'Podilska Nyva' than in
the other genotypes.

Limited watering at the beginning of grain
filling changed the level and time profile of
WSC accumulation in the stem; these changes
were especially conspicuous in cv. ‘Natalka' and
line 'UK 065'. The 3-day cessation of watering to
reduce soil moisture to 30% FC decreased the
WSC content in stem parts on average by 10.8,
7.9, 20.5, and 23.8% related to the control in cvs.
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JUI 3HWKEHHS BOJIOTOCTI IpyHTY 1o piBHS 30 %
[1B npuzBoauno no 3menuieHHs: BMicty BPB B
yacTHHax ctelna B cepeaubomy Ha 10,8, 7,9, 20,5 i
23,8 % BIIHOCHO KOHTpOIO y copTiB [TomomnsiHka,
IMominechka ©HuBa, Haramka 1 mail YK 065,
BIIIOBIAHO.

YpomoBxk Tmepiogy OOMEKEHOTO IOJUBY
nociaigaux pociud (3 11-1 mo 22-ry noly micis
MOYaTKy MBITIHHSA) muTomMuid BMmicT BPB y
CerMeHTax cTeOlia 3HMKYBaBCA SK Y IOCIIIHMX,
TaKk 1 y KOHTPOJBHHUX POCIWH, OJHAK Pi3HOIO
Miporo. 3a ONTUMAJILHOTO TOJIUBY MaAiHHS PiBHSA
BPB B cepemHboMy ISl JIOCIHiDKEHUX YacCTHH
ctebnma craHoBwio y copriB  [logonsHka,
IMominechka ©HuBa, Haramka 1 mail YK 065,
Bigmosiguo, 25,7, 40,3, 44,4 i 33,2%, a 3a mii
MOCYXH 3HWKCHHS ICTOTHO TMOCHIIIOBAJIOCS 1
cranosuiio 56,3, 71,8, 71,7 i 65,0%, BiAMOBIiAHO.
ToOTO, 32 HEZOCTATHHOTO 3BOJIOYKEHHS HIBHIKICTDH
3HWKEHHSI BMICTY JICIOHOBaHUX Yy  creOmi
BYIJICBOZIB HAa paHHIX eTamax HaJlWBy 3€pHa
3pOCTaJo MaifKe BIBIYI.

VY nopanbioMy B XOJi J03piBaHHS 3€PHIBKU
nuTomuid BMicT BPB 3HmKyBaBcs 10 MiHIManbHUX
3HAUCHb, MMPAKTHYHO OJHAKOBUX JUIS PI3HUX YaCTHH
credna, y PpOCIMH OUIBIIOCTI  JIOCIHIiHKEHUX
reHoTuniB. HexapakTepHO BHINNI 3HAYCHHS I[HOTO
MOKa3HUKa 3a(iKCOBaHI B HI)KHIX MDKBY3JSX 1
JUCTKOBUX TIXBaX KOHTPOJBHOTO BapiaHTa IiHIi
YK 065.

ITocyxa He 3MiHIOBaJAa  3aJMIIKOBUI
nutomuid Bmict BPB y ¢a3y nosHoi cturnocti B
yacTuHax ctebna pocnuH copty [lomonsmHka (B
cepenaboMy 4,38% y KOHTPOJBHHMX POCIHH 1
4,50% y nmocHimHUX), MPOTE 3arajioM 3HIDKYBalla B
copriB Iominbchka HUBa Ta Haranka (4,50 i 2,30%
ta 5,43 1 3,87%, BiANOBIIHO), a2 TAKOX y HIKHIX
MDKBY3JISIX 1 IMCTKOBUX TixBax JiiHiT YK 065.

OTtpumaHi HAMH pe3yNbTaTH MO0 AWHAMIKH
Bmicty BPB B cermeHrax crteOma miieHuIl 3a
ONTHMAJIGHOTO 3BOJIOXKEHHS 1 [l TOCYXH Ha
no4aTKy (OpMyBaHHS 3€pHIBOK B OCHOBHHUX prcax
30iraroThCsl 3 JAHUMH IHIMUX aBropiB [12, 25] i
HAIUX JIOCII/DKCHb, B SIKMX POCIUHH ITiJIaBaJIHCs
nii mocyxw B niepiox 1BitiHHSA [40]. ITocyxa icToTHO
3MEHIIyBaJla. MAKCUMAJIbHUI PiBEHb HAKOMYEHHS
PE3EpBHUX BYIJIEBOIB y cTeOlli 1 MPUIIBHUITYBajIa
OHTOTCHETUYHE 3HW)KCHHS iX BMICTy BHACIIIOK
pemoOinmizauii. Ilpore y maHomy mocnmimi, Ha
BiJIMiHY BiJl 3a3HAUCHHX Mpallb, BMICT BYIJICBOJIB
HE MIJBUIIYBABCS HA TOYATKY MEPIOAY MOCYXH, IO
BiZI3HAYA€THCSl AK TUIOBA AJalTHBHA pPEaKLis
pociuH [9, 10]. lle MO)XHA TIOSICHUTH THM, IO B
JAHOMY JTOCIii Mepiof MOCYXH PO3MOYMHABCS Ha
Olmpmr  mi3Hi  ¢a3i  po3BuTKy (hopMmyBaHHS

'Podolianka’, 'Podilska Nyva', and 'Natalka' and
line 'UK 065, respectively.

During the limited watering period (from
day 11 to day 22 after the anthesis onset), the
specific content of WSC in stem segments
decreased in both treated and control plants, but
to a different extent. Under optimal watering, the
mean decline in the WSC levels in the studied
parts of the stem was 25.7, 40.3, 44.4, and
33.2% in cvs. 'Podolianka’, 'Podilska Nyva', and
'‘Natalka' and line 'UK 065', respectively; the
decline was significantly greater under drought,
amounting to 56.3, 71.8, 71.7 and 65.0%,
respectively. Hence, the rate of decline in the
stem-deposited carbohydrate content at the early
stages of grain filling increased almost twice
under insufficient watering.

Later, during the grain ripening, the
specific content of WSC decreased to minimum
values, which were very similar in different parts
of the stem in plants of most of the studied
genotypes. Unusually higher values of this
parameter were recorded in the lower internodes
and leaf sheaths in line 'UK 065" in the control.

Drought did not change the residual
specific content of WSC at the complete ripeness
stage in stem parts of cv. 'Podolianka’ plants (on
average 4.38% in the control plants and 4.50%
in the treated ones), but reduced it in cvs.
'Podilska Nyva' and 'Natalka' (4.50 vs. 2.30%
and 5.43 vs. 3.87%, respectively); the same
pattern was observed for the lower internodes
and leaf sheaths in line 'UK 065'".

Our results on the WSC content over time
in wheat stem segments under optimal watering
and drought at the beginning of the grain
formation mainly agree with other authors' data
[12, 25] and our findings, where plants were
exposed to drought during anthesis [40].
Drought significantly reduced the maximum
accumulation of reserve carbohydrates in the
stem and accelerated the remobilization-caused
ontogenetic decline in their content. However, in
this experiment, unlike the above-mentioned
studies, the carbohydrate content did not
increase at the beginning of the drought period,
which is considered as a typical adaptive
response of plants [9, 10]. This can be explained
by the fact that in this experiment drought was
initiated at a later stage of development (grain
watery ripe) when the WSC content in stem
segments was already  high  enough
(approximately two-fold higher than in the
experiment described in [40]) .

The time profile of the total amount of
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3epHiBKH), konu BMicT BPB B cermenTax crebma
OyB YK€ OCTaTHbO BHUCOKHMM (IIpUONM3HO B JBa
pasu BUILUM, HIX B JOCIifl, OMMCAHOMY B POOOTI
[40]).

Junamika BanoBoi kinekocTi BPB y ctebmi 1
fioro OKPEeMHX YacTUHAX BIIPOZIOBXK
JIOCHTIKYBAaHOTO TICPiONy BHU3HA4YaJlacs 3MiHAMHU
nutomoro Bmicty BPB i macu cyxoi pedoBuHH

(puc. 4).

600

WSC in the stem and its parts during the studied
period was determined by changes in the specific
content of WSC and dry matter weight (Fig. 4).
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Puc. 4. Tunamika kinpkocTi BPB y MixkBYy3151X cTe61a 1 TUCTKOBUX MiXBaX POCIHH Pi3HUX TCHOTHITIB 03UMOT
MIIeHHI 3a onTUMaIbHoTO 3BostoxkeHH: (K) 1 mif kopoTkowacHOT mocyxu B mepion (hopMyBaHHSA—TIOYaTOK HAIUBY
sepuiBku (BBCH 71-75) ().

Fig. 4. Time profiles of the WSC amount in the stem internodes and leaf sheaths of winter wheat plants of
different genotypes under optimal moisture (K) and short-term drought () during the “grain watery ripe —
medium milk" period (BBCH 71-75). X axis — Day after the anthesis onset, Ontogenic stage; Y axis — WSC
amount, mg. Other designations are as in Fig. 3.

Y Bcix reHotumiB 3a 000X PEXHUMIB IOJIHBY
KiTbKicTh BPB nocsrana mMakcumaibHOTO piBHS Ha
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In all genotypes, the WSC amount reached its
maximum on day 14 after the anthesis onset and
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14 noOy micns mo4yaTKy LBITIHHS, @ MICJsA LBOTO
pi3k0 3HMXKyBajlacs, BiIOOpaXaro4M AaKTHBHICTb
pemoOinizaiii BPB mis HanuBy 3epHIBOK.

Brpomopx 14 mi0 Bix movarky IBITIHHS 3a
ONTUMAJIFHOTO IIOJNMBY BajnoBa KuibKicTh BPB B
creOm 3aranmoMm 3pociia B coptiB [lomonsHka i
Haranka mnpubnuzHo B 3 pa3u, a y CcOpTy
[Tominechka HuBa 1 JiHii YK 065 — B 2,6 paza.
HaiiOumpmi  MakcMManbHI  3HAYEHHS  BaJIOBOTO
BMmicTy BPB B cTe0ui B 11inomy Oynu 3adikcoBani y
coptiB Ilomonsuka i Ilominbchbka HUBA, y COpPTY
Haranka 3HaueHHS TIOKa3HWKAa Oylio MEHIIHM
npubnuzHo Ha 10%, a y ninii YK 065 —Ha 20%.

3a Bkazanmid mepion y copty llomonsHka
kinpkicte BPB Haiibinbe 3pocrana B Apyromy i
TpethoMy MiKBY3IsIX (y 4,5 1 3,9 pasa,
BIJIMOBIIHO), TPUPICT B IHIIMX YacTUHAX cTeOna
OyB meHmmM (mpubnusHo B 2,5 paza). Y copry
[Mominbchka HwuBa pmemo  Oinmbre  3pocTaHHS
kimekocti  BPB  (mpubnusno B 3,3 paza)
BiZI3HAYaJI0Cs y TPEThOro i 4-5-T0 MIXKBY3MiB, TOII
SK Y TEpIIOro i Ipyroro BOHO CTAHOBUJIO ONM3BKO
2,8 paza. Y copry Haranka kinmbkicte BPB Tex
Jietno Oinblie 3pocTana B HIDKHIX MDKBY3IIsIX (B 3,7
pasa) i HaliMeHIIle — B IiKOJIOCOBOMY MiXKBY3i (B
3,1 paza). Jus nminii YK 065 3HauHo OLibImid
npupict kiiekocti BPB BigszHaueno y npyromy
MDKBY3I (B 4,4 pa3a), MOPiBHSIHO 3 IPHOIU3HO 2,6
pasza B IHmMMX MDKBY3JsX. HaiimeHre 3pocTaHHS
kimekocTi BPB y Bcix copTiB Oynmo XapakTepHUM
JUTSI JINCTKOBUX MixB — Bix 1,5 mo 2,3 pa3a.

3a ONTHMaNBbHOIO TIOJIUBY B  IEpiof
MaKCUMaJbHUX 3HaueHb HAHOUIbIIA YacTHHA
3aranbHOi KibkocTi BPB cTeOna HakonmuyBasacs
B CepelHIX MIXBY3/X. YacTka APyroro MixBy3Js
31e0ibioro Oyna HANBUINO 1 BapitoBaia Bij
30,2 % y ainii YK 065 no 24,9% y copty Haranxka,
YacTKa TPEThOro Oyna Jemo Hk4or — Bix 28,5%
y lloninecekoi HuBM mo 21,1 y copry Haranxa.
Haiimenmni  3HayeHHss Oynu  3adikcoBaHi  JIs
BEPXHBOTO MiXKBY3Js1 — Bif 12,1% y [lomonsuku, 1o
18,2% y Haranku, a Takox JNHCTKOBUX ITiXB — BiJl
13,3% y Haranku mo 16,1% y [Homonstaku. st 4—
5 MiKBY37iB OynM XapakTepHUMH HPOMiDKHI
3HaueHHs B Mexax 15,6 % y ninii YK 065 122,5%

y copty Haranka.
Chin BiI3HAYUTH, IO B IPYTOMY i TPETHOMY
MDKBY3JISIX ~ CyMapHO  JIENOHYBajocs  Oiniblue

MOJIOBUHM 3arajibHoi KiumbkocTi BPB crtebnma y
POCIIMH yCiX T€HOTUHIB, KpiM copTy Haramka, y
SIKOTO IIeH TOKa3HUK cTaHOBUB 46%. Jlms mporo
COpTY, Ha BiIMIHY BiA IHIIMX, YacTKU BCIX
MDKBY3IIIB y 3arajibHii Kinbkocti BPB cTetna Oymu
JOCHUTH OIIN3bKUMM.

[locyxa BmnmBajma Ha 3arajbHy KUIBKICTh

then sharply decreased, reflecting intensive
remobilization of WSC for grain filling under
both watering modes.

Within 14 days from the anthesis onset,
under optimal watering, the total amount of
WSC in the stem increased by approximately 3
times in cvs. 'Podolianka’ and 'Natalka' and by
2.6 times in cv. 'Podilska Nyva' and line 'UK
065'. The highest values of the total content of
WSC in the stem were recorded for cvs.
'Podolianka’ and 'Podilska Nyva'; this parameter
was approximately 10% lower in cv. 'Natalka'
and 20% lower in line 'UK 065'.

During the specified period, the WSC
amount increased the most in the second and
third internodes (4.5- and 3.9-fold, respectively)
in cv. 'Podolianka’; the increase in other parts of
the stem was smaller (approximately 2.5-fold).
In cv. 'Podilska Nyva', a slightly greater increase
in the WSC amount (approximately 3.3-fold)
was noted in the third and fourth—fifth
internodes, while it was about 2.8-fold in the
first and second ones. In cv. 'Natalka', the WSC
amount also increased slightly greater in the
lower internodes (3.7-fold) and the least in the
peduncle (3.1-fold). As to line 'UK 065, there
was a significantly greater increase in the WSC
content in the second internode (4.4-fold)
compared to an approximately 2.6-fold increase
in the other internodes. The smallest increase in
the WSC amount (1.5- to 2.3-fold) was noted in
leaf sheaths of all cultivars.

Under optimal watering during the period
of maximum values, the largest portion of the
total amount of WSC in the stem was
accumulated in the middle internodes. The share
of the second internode was mostly the highest,
varying from 30.2% in line 'UK 065' to 24.9% in
cv. 'Natalka'; the share of the third internode was
somewhat lower, varying from 28.5% in cv.
'Podilska Nyva' to 21.1% in cv. 'Natalka'. The
lowest values were recorded for the uppermost
internode (from 12.1% in cv. 'Podolianka’ to
18.2% in cv. 'Natalka') and for leaf sheaths (from
13.3% in cv. 'Natalka’ to 16.1% in cv.
'Podolianka’. Intermediate values of 15.6% in
line 'UK 065' and 22.5% in cv. 'Natalka' were
characteristic for 4-5 internodes.

It should be noted that the second and
third internodes deposited more than half of the
total amount of stem WSC in all genotypes,
except for cv. 'Natalka', in which this parameter
was 46%. In this cultivar, unlike the others, the
shares of all internodes in the total amount of
stem WSC were quite similar.
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mermoHoBaHux B crebni BPB. MakcuManbHui
piBens HakonuueHHs BPB y crteOni B minomy y
copriB [Tomonsuka i Iloginschka HuBa 3HM3MBCS Ha
15 %, B copty Haranka — Ha 24%, a y copty YK
065 — ma 25%. XapaktepHo, IO B YCiX
JOCJTI/PKEHUX TEHOTHITIB HAKOIMMYEHHS PE3ePBHUX
BPB 3a nii mocyxu HalicuJbHiIIE 3MEHIITYBAJIOCS B

HWKHIX ~ 4-5  wmbkBy3msax.  Hazaran s
JIOCITITPKEHUX TeHOTHITIB PO CTEKYBAIACS
TEHJICHIII 3MEHIUCHHS HEraTMBHOTO  BIUJIMBY

BOAHOrO Jedinuty Ha KinbkicTe BPB y MixkBy3ms1X
13 MmigBHILEHHAM sipycy. [is mocyxu Ha KinbKiCTh
BPB y nucTkoBUX mixBax Oysia MEHIII BUPAXKEHOIO 1
HEoAHO3HaYHOI0, y copTiB [lomonsuka 1 Haramka
Bi/I3HAUCHO HEBCIIMKE 3HWKCHHSI, a B COPTY
IMominbcbka HuBa 1 minil YK 065 mnigBuiieHHs
JIAHOTO MTOKa3HUKa.

3HaYHO MOMITHIIIMM OyB BIUTUB MOCYXH Ha
mBUAKICTE pemoOimizamii BPB i3 crebma. Tak,
SKIIO 3a ONTUMAQJBHOTO TIOJMBY 3MEHIIEHHS
BaJioBoi KinbkocTi BPB y cTebni 3a nepion Big 14-1
no6u micas nmouyarky usitinas (BBCH 71) no 22-1
(BBCH 75) y coprie Ilomonsuka, Ilominbceka
HuBa, Haranka i minii YK 065 cTaHOBHIO OIHU3BKO
48, 63, 53 1 49 %, To 3a mii mocyxu — 80, 82, 78 i
75%, BigmosigmHo. To0To, 3a HEZOCTATHHOIO
3BOJIOYKEHHS [IBUIKICTB pemoobiizarii
JETIOHOBAHUX y CTeOm BYIVIEBOAIB Ha paHHIX
eTanax HaJMBY 3¢pHA y POCIMH IIIEHHUIIl 3pocTala
npubnu3Ho B 1,5 pasa, i mpu 1pOMY 3a KOPOTKHI
nepiol BHKOPUCTOBYBajiacs MEpEBakHa YaCTHUHA
JIETIOHOBAHOTO pe3epBy BymieBoAiB. Lle cBimunTh
OpOo  3pOCTaHHA  BAKJIMBOCTI  BHUKOPHCTaHHS
JIETIOHOBAHKX BYTJICBOJIB JJIsl PO3BUTKY 3€PHIBOK i
(hopMyBaHHS BpOXKAIO 32 CTPECOBUX YMOB Ha (hOHI
3HIDKCHHS MPOIYKTHBHOCTI MOTOYHOTO
(dhoTOCHHTE3Y.

3anumkoBa Kinekicte BPB  manpukinmi
BererTauii B OKpPEMUX CErMEHTax Iarosa i creOii B
uinomy y coptiB Ilomonsaka i Ilominbcbka HUBa
Oyna meHmIoro, HiX y copty Haranka i minii YK
065. Oco6mnuBo HU3bKHMH 3HAYEHHSIMHU
BUPI3HSUTUCST POCTMHHU JIOCJITHOTO BapiaHTa COPTY
[Tominbchka HuBa. Kinbkicts BPB B misomy cre6mi
y JAOCHIJHMX POCIMH IIbOTO COPTYy  MICHA
3aBepIeHHs] BereTamii ctaHoBwia 21 mr i Oyna
MPUONU3HO BIBiYI MEHIIOK, HDK Y BiAMOBITHOMY
BapianTi coptiB [logomnsaka, Haranka ta minii YK
065.

KpiMm Toro, okpemi uactuHm cTeOna
BIZIPI3HSUIMCST 332 CTYNEHEM 3HMKEHHS KiJIbKOCTi
BPB. Bignocuno MaKCHMaJbHUX  3HAYCHb
3ajgumkoBa  Kinbkicte  BPB  ctanoBmma B
CEepeIHBOMY Il KOHTPOJBHHX 1 JOCHIIHUX
pociuH, BiAmoBigHO, 9,5 1 8,9% Mg BepxXHBOTO
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Drought affected the total amount of WSC
deposited in the stem. The maximum WSC
accumulation in the entire stem decreased by
15% in cvs. 'Podolianka’ and 'Podilska Nyva', by
24% in cv. 'Natalka', and by 25% in line 'UK
065'. Characteristically, in all studied genotypes,
the drought-affected accumulation of reserve
WSC decreased the most in the lower (fourth-
fifth) internodes. In general, there was a
downward trend in the negative impact of water
deficit on the WSC amount in upper internodes
in the studied genotypes. The effect of drought
on the WSC amount in leaf sheaths was less
pronounced and ambiguous: there was a slight
decrease in cvs. 'Podolyanka’ and 'Natalka' and
an increase in cv. 'Podilska Nyva' and line 'UK
065'.

The effect of drought on the WSC
remobilization rate from the stem was much
more noticeable. Under optimal watering, the
reduction of the total amount of WSC in the
stem over the period from day 14 after the
anthesis onset (BBCH 71) to day 22 (BBCH 75)
was about 48, 63, 53, and 49% in cvs.
'Podolianka, 'Podilska Nyva', and 'Natalka' and
line 'UK 065, respectively, while under drought,
it was 80, 82, 78 and 75%, respectively. That is,
under insufficient watering, the remobilization
rate of stem-deposited carbohydrates at the early
stages of grain filling in wheat plants increased
by approximately 1.5 times and the bulk of the
deposited reserve carbohydrates was used within
a short period. This indicates the growing
importance of using deposited carbohydrates for
grain development and yield formation on
decreased productivity of current photosynthesis
under stressful conditions.

At the end of the growing period, the
residual amount of WSC in some segments of
the shoot and in the entire stem of cvs.
'Podolianka’ and 'Podilska Niva' was lower than
that in cv. 'Natalka' and line 'UK 065'. The
treated cv. 'Podilska Nyva' plants were
distinguished by particularly low values. The
WSC amount in the entire stem in treated plants
of this cultivar at the end of the growing period
was 21 mg or approximately half as much as in
cvs. 'Podolyanka’ and 'Natalka’ and line 'UK
065'.

In addition, stem parts differed in the
degree of reduction in the WSC amount. Related
to the peak values, the mean residual amount of
WSC was 9.5 and 8.9% in the uppermost
internode of control and treated plants,
respectively; 6.1 and 5.3% in the second
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MixkBYy37s, 6,1 1 5,3% mns npyroro MixBy3is, 6,2 i
5,4% nna tpetporo MikBy3ma, 9,3 1 10,2% mus
HWKHIX MIDKBY3JIB, MPOTE iCTOTHO BHIIi 3HAYECHHS
— 31,41 19,7% — cnoctepiraiucs s JUCTKOBUX
mxB. buipln BIZHOCHI 3HAYEHHS 3aJIMIIKOBOL
kipkocTi BPB cBiquats mpo ripiry edekTuBHICTh
pemMoOimi3anii acUMiNATIB 13 IUX 4YacTWH cTeOna
MOPIBHSHO 3 APYTUM 1 TPETIM MiXKBY3IISMHU.

3a pi3HHICI0 MK MAaKCUMallbHUMHU PiBHSIMH
BajoBoi  Kimbkocti BPB 1 3anummkoBumn
3HaueHHsMH B (a3l TOBHOI CTUIIIOCTI 3epHa
OLIIHIOBAJIM KUMBbKiCTh pemobinizoBanux BPB 3
OKpEeMHUX CErMEHTIB cTeOna IiJi 4ac HaJMBY 3epHa
(puc. 5). 3a onTUManbHOTrO MOJIMBY HaWOiNbINa
KUIBKICTh pemoOinizoBannx BPB i3 crebma B
oMy BusiBlieHa y copty [lononsaka. [Toka3nuk
OyB Oinbmmm Ha 10,6%, HiX y copTy Ilominabcbka
HuUBa, Ha 20,5% — Hix y copty Hatanka i Ha 42,6%
— mibk y maii YK 065, xoua BimMiHHOCTI Oynn
CTaTUCTHYHO BiporimHumu jwmmie mono JiHii YK
065. ITocyxa 3MEHIIyBaja KUTBKICTB
pemoOinizoBarnx BPB na 18,6, 11,0, 23,9 1 24,9%
y copriB [Tomonsmka, [Tominscbka HUBa, Haranka i
ninii YKO065, BignoBigHo. Y IOCHIIHOMY BapiaHTi
3arajibHa KUIbKiCTh pemoOimizoBanux BPB i3
crebna B 11ioMy y copriB [lomonsaka i [Tominabcbka
HuBa Oyra MaiiKe OJIHAKOBOIO 1 TepeBHIIyBaia
MOKa3HUK y copTy Hatanka na 22,5 %, a y ninii YK
065 —na 35,3%.

600
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internode; 6.2 and 5.4% in the third internode;
9.3 and 10.2% in the lower internodes, but
significantly higher, 31.4 and 19.7%, in leaf
sheaths. Larger relative values of the residual
amount of WSC indicate a worse efficiency of
remobilization of assimilates from these parts of
the stem compared to the second and third
internodes.

Based on the difference between the
maximum levels of the total amount of WSC and
the residual amount at the full grain ripeness
stage, the amount of WSC remobilized from
different segments of the stem during grain
filling was estimated (Fig. 5). Under optimal
watering, the largest amount of WSC
remobilized from the entire stem was recorded
for cv. 'Podolianka’. It was higher by 10.6% than
in cv. 'Podilska Nyva', by 20.5% than in cv.
'Natalka', and by 42.6% than in line 'UK 065,
although the differences were statistically
significant only for line 'UK 065. Drought
reduced the remobilized WSC amount by 18.6,
11.0, 23.9, and 24.9% in cvs. 'Podolianka’,
'Podilska Nyva', and 'Natalka' and line 'UK 065’
respectively. In the treated plants, the total
amounts of WSC remobilized from the entire
stem in cvs. 'Podolianka’ and 'Podilska Niva'
were very similar, exceeding the corresponding
values by 22.5% and 35.3% in cv. 'Natalka' and
line 'UK 065'".

OMoponsHka [
BTloginbcbka HMBa [

OHaTanka [
ayKoes [

HWwKHi MixBn 3aranom

Puc. 5. Kinbkicts pemo06inizoBanux BPB (Mr) 3 okpemux cermMeHTiB i cTebiia B [IUJIOMY Y COPTIB 03UMOT
MIIeHHN] 3a onTuMaiabHoTo 3BostokeHH: (K) 1 xif kopoTkogacHOT mocyxu B mepion (hopMyBaHHSA—TIOYaTOK HATUBY
sepuiBku (BBCH 71-75) (1).

Fig. 5. The amount (mg) of WSC remobilized from individual segments and the entire stem in winter wheat
under optimal moisture (K) and short-term drought ([) during the "grain watery ripe — medium milk" period
(BBCH 71-75). X axis: Bepxue mixBy3inst — Uppermost internode (peduncle), Mixxsy3nst — Internode, ITixBu —
Leaf sheaths, 3aramom — Total. Y axis: mr — mg. Other designations are as in Fig. 3.
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Haiibinpma KUTBKICTB BPB Oymna
pemMoOiTizoBaHa 3 JPyroro Mi>KBY3JIs 1 CTAHOBUJIA B
cepeHbOMY Onm3bko 28 % Bl 3araibHOi y
KOHTpOJBHUX pocyuH 1 30% y mocnigaux (puc. 6).
[ns coptiB Bin3HayeHa TEHIACHLIS 30UIbIICHHS
YaCTKH I[LOTO MIXKBY3JIA 32 Jii mocyx, a y niHii YK
065 — 3meHmeHHs. YacTka TPETHOTO MiKBY3JIA
CTaHOBWJIA B cepeaHboMy 24% 3a 000X peKUMiB
MONIUBY, clHab0 pi3HWIACS MDK BapiaHTaMu JUIs
OULTBIIOCTI JIOCHIDKEHUX TEHOTHIIIB, KPIM COpTY
[Moxminbcpka HUBA, y SKOTO Y JOCHITHUX POCIHH
Oysa MEHIIIOIO TOPIBHSAHO 3 KOHTposieM. KiinbKicTh
pemoo6inizoanux BPB cymapHo 3 4-to i 5-ro
MDKBY3JiB OyJla MEHIIOIO TOPIBHSHO 3 OKPEMO
B3ATUMH JIPYT'MM Yd TPETIM Ta y BCIX I€HOTHIIIB
ICTOTHO 3MEHIIyBanacsi 3a Jii mocyxu. Brumms
nocyxu OyB 3yMOBJICHHI B MIEPIIy Yepry 3rajaHuM
BUILIC 3MCHIICHHSIM HakonuyeHHs BPB, xouda
3anumKoBa Kutbkicte BPB  mposBisiza  meBHy
TEHJICHITIIO JIO MiJBUINEHHS. Y CepeIHhOMY YacTKa
HIDKHIX MDKBY31TiB cTaHoBHia Onmuspko 20 % 3a
ONTUMAJIHOTO MONUBY 1 Tpoxu MeHie 14% 3a nii
MOCYXH. Haiimenma KUIbKICTB BPB
peMoOiTi3yBajacs 3 IiJKOJIOCOBOIO MIXKBY3JIS Ta
JUCTKOBUX MiXB — B cepenHboMy mpubmuzHo 11 i
14 Ta 11 i 16% B KOHTPOJNBHUX 1 MJOCITITHHX
POCIIMH, BiAMOBIIHO.

The largest amount of WSC was
remobilized from the second internode,
averaging about 28% of the total in control
plants and 30% in treated ones (Fig. 6). There
was an upward trend in the share of this
internode in the cultivars and a downward trend
in line 'UK 065" under drought. The share of the
third internode averaged 24% under both
watering modes; it differed slightly between the
variants in most of the studied genotypes, except
for cv. 'Podilska Nyva', in which it was smaller
in the treated plants compared to the control
ones. The total amount of WSC remobilized
from the fourth and fifth internodes was smaller
compared to that from the second or third
internode taken separately and significantly
decreased under drought in all genotypes. The
drought impact was manifested primarily as the
above-described decrease in the WSC
accumulation, although a certain upward trend in
the residual amount of WSC was observed. On
average, the share of the lower internodes was
about 20% under optimal watering and slightly
less than 14% under drought. The smallest
amount of WSC was remobilized from the
peduncle and leaf sheaths: on average,
approximately 11 and 14 vs. 11 and 16% in
control and treated plants, respectively.
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Puc. 6. Yactka okpemux gactut (%) y 3aranbHii KitbkocTi pemoOutizoBanux BPB i3 cre6na B pocnun
03UMOI MIICHHUII PI3HUX TSHOTHUIIIB 32 ONTHUMAIBHOTO 3BoNoXkeHHs (K) 1 1ii KOpOTKOUACHOT TOCYXH B MEPio]
(opmyBaHHI—TI09aTOK HanuBy 3epHiBkH (BBCH 71-75) (/). BigmiaHOCTI MiXk OKpeMHUMH YacTHHAMH cTebIa

Biporiani 3a p < 0,05.

Fig. 6. Shares of separate stem parts (%) in the total amount of WSC remobilized from the stem in winter
wheat plants of different genotypes under optimal watering (C) and short-term drought (D) during the "grain
watery ripe — medium milk" period (BBCH 71-75). Y axis: % 3aransHoi kizbkocti BPB — % of the total amount
of WSC. Differences between separate parts of the stem are significant at p < 0.05. Other designations are as in

EdextuBnicts pemobinizanii BPB i3 crebna,
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Fig. 5.

The efficiency of WSC remobilization
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AK 1 B Jocmiai 3 mocyxoro B ¢a3zi 1BiTiHHS, Oyna
BHCOKOIO 1 ONM3BKOIO B YCiX cCOpTiB 3a 000X
pexxuMiB monuBy (puc. 7). Bona mpaktudHO He
BIIpI3HSIACH Y  POCIMH  KOHTPOJIBHOTO  Ta
JOCJIIHOTO BapiaHTiB. B KOHTpoibHOMY BapiaHTi
Jienmo Bua e(eKTHUBHICTH peMobimizamii Oyna
BigzHauyeHa y coptiB [lomonsnka i Iloainbcbka HUBa
- 9233 i 90,1 %, simnoBimHo. Tpoxu HIDKYI
3HAQUeHHs TIOKa3HWKa Oymu copry Haramka i
cenekuiaol minii YK 065 — maibke 87,2 1 80,4 %,
BignmoBimHO. 3a mil  mocyxu  e(eKTUBHICTh
pemoO6inizanii BPB mnposBisima TeHaeHuioo Ao
nigBuiieHHs y copty [loginberka HuBa (95,1 %) Ta
ninii YK 065 (87,8 %), HE3HAYHOTO 3HMKCHHS Y
copty llogonsaka (90,1 %) 1 He 3MiHIOBamacs y
copry Haranka (87,4 %). Lli He3nauHi 3MiHH,
3arajioM, Y3TO/KYBaJWCSl i3 3a3HaYCHUMH BHIIE
BIAMIHHOCTSAMH B 3aJHIIKOBiii Kinbkocti BPB B
crebmnax (puc. 4).
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from the stem, like in the drought experiment
during anthesis, was high and similar in all
cultivars under both watering modes (Fig. 7). It
almost did not differ between control and treated
plants. In the control, a slightly higher
remobilization efficiency was noted in cvs.
'Podolianka’ and 'Podilska Nyva': 92.33 and
90.1%, respectively. Cv. 'Natalka' and line 'UK
065' had slightly lower values of the parameter:
87.2 and 80.4%, respectively. Under drought,
there was an upward trend in the efficiency of
WSC remobilization in cv. 'Podilska Nyva'
(95.1%) and line 'UK 065 (87.8%), a slight
decrease in this parameter in cv. 'Podolianka’
(90.1%), and no change in cv. 'Natalka’
(87.4 %). These minor changes, in general, were
consistent with the above-mentioned differences
in the residual amount of WSC in the stem (Fig.
4).

O focnia

Moponanka lMopinbcbkaHmBa Hatanka

YK 065

Puc. 7. EpexruBnicts pemoOiunizanii qenoHoBanux y credni BPB y pocnun 03umoi nieHuti pisHux
TCHOTHIIIB 32 ONTHMAIBHOTO 3BOJIOKEHHS (KOHTPOJIHB) 1 Aii KOPOTKOYACHOT MOCYXH B mepiox GpopMyBaHHI—
noyarok HaymBy 3epHiBkH (BBCH 71-75) (mocmin). [Ipencrarieni ycepenHeHi sl BCiX YacTHH cTeOra

3HAUYCHHA.

Fig. 7. Stem-deposited WSC remobilization efficiency in winter wheat plants of different genotypes under
optimal moisture (control) and short-term drought during the "grain watery ripe — medium milk™ period (BBCH
71-75). Mean values for all parts of the stem are presented. X axis: E¢exrusnicts pemo6inizanii , % —
Remobilization efficiency, %. Koutpons — Control, Jociig — Drought.

PemoOinizoBani i3 crebnma BPB Oy
ICTOTHUM JDKEPEJIOM aCUMUIATIB TSl HAIUBY 3€pHA
(puc. 8). BHecox [enOHOBaHMX AaCUMIIATIB Yy
3epHOBY TMPONYKTUBHICTH 32 000X PEKHUMIB
3BOJIOKCHHS OYB HAWOUIBIIMM B  E€KOJIOT'IYHO
mnactuyHoro copry llomomsituka — 32 % B
KOHTpPOJNBHOMY BapiaTi Ta 28,3 % B mociimHOMY
BapianTi. HaliMeHIIa yacTka pe3epBHUX BYIJICBOJIIB
B 3CPHOBIi  TPOAYKTUBHOCTI  BUSBICHA Y
BUCOKOIPOAYKTUBHUX TeHOTHITIB! copty

WSC remobilized from the stem were a
significant source of assimilates for grain filling
(Fig. 8). The contribution of deposited
assimilates to grain productivity under both
watering modes was the largest in the
environmentally plastic cultivar, 'Podolianka’:
32% in the control and 28.3% under drought.
The smallest share of reserve carbohydrates in
grain productivity was detected in high-yielding:
cv. 'Podilska Nyva' (21.3% and 24.6%,
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Ioninscerka HuBa (21,3 % 1a 24,6 %) i ninii YK065
(18,2 % Ta 224 %). Y copry Haraika nei
MOKa3HUK cTaHoBuB 27,4 % 3a HOPMaJILHOTO
pexxuMy 3BoniokeHHs Ta 24,3 % 3a 1ii mocyxu.
IixaBo BiJ[3HAYHTH, o y
BUCOKOTIPOJYKTHBHUX T'CHOTHITIB, $IKi CHJIBHIIIE
3HWDKYBAJIU 3€pPHOBY TPOIYKTUBHICTB 3a JIiT IIOCYXH
— TIlominecekoi mHuBu 1 mHIT YKO065, yactka
nenonoBannx BPB B maci 3epHa kosoca 3a fii
CTpecopa Jelo 3pocTasia HOPIBHAHO 3 KOHTPOJIEM,
1 HaBMmakW, Yy MEHII MPOAYKTHBHUX COpPTIB 3
MEHIIMMH BTPAaTaMH 3E€PHOBOI MPOIYKTUBHOCTI —
IMomonssuku 1 Haranku BHecok pesepBHux BPB
TPOXU 3HWXKyBaBcs. OYEBHIHO, pi3HA TEHACHIIIS
3MiH 4acTKu paenoHoBanux BPB y wmaci 3epna
KOJIOCa  3yMOBJICHA  KpaldM  BiJHOBJICHHIM
AKTUBHOCTI (POTOCHHTETHYHOTO amapary Micis il
ctpecy y copty llomonsiHka Ta OinbIl iCTOTHUM
BIUIMBOM TIOCYXH HAa KUIBKICTh HAKOMMYCHHX 1
pemo6inizoBanux BPB y copry Haranka.

respectively) and line 'UKO065 (18.2% and
22.4%). In cv. 'Natalka', this parameter was
27.4% under optimal watering and 24.3% under
drought.

It is interesting to note that in the high-
yielding genotypes, which stronglier reduced
grain productivity under drought, cv. 'Podilska
Nyva' and line 'UK 065", the share of deposited
WSC in the grain weight per spike was slightly
increased under the drought compared to the
control, and vice versa, in the less productive
cultivars  with  smaller losses of grain
productivity, cvs. 'Podolianka’ and 'Natalka', the
contribution of the reserve WSC decreased
slightly. It is obvious that the different trends of
changes in the share of deposited WSC in the
grain weight per spike can be attributed to better
restoration of the photosynthetic activity after
stress in cv. 'Podolianka’ and a more pronounced
impact of drought on the amount of accumulated
and remobilized WSC in cv. 'Natalka'.
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Puc. 8. Yactka (%) nenonoBanux y creoni BPB y maci 3epHa koJ10ca roJJOBHOTO TTaroHa POCIUH 03UMO]

TMIICHHIT] PI3HUX TCHOTHUIIIB 332 ONTHMAITHHOTO 3BOJIOKEHHS (KOHTPOJIb) 1 JiT KOPOTKOYACHOT ITOCYXH B MEPioT

¢dopmyBaHHs—TI049aToK HanuBy 3epHiBkH (BBCH 71-75) (nocxuin). BigMiHHOCTI MK cOpTaM¥ CTarHCTUYHO
Biporiani 3a p = 0,045, BB mocyxu — 3a p = 0,095.

Fig. 8. Shares (%) of the stem-deposited WSC in the grain weight in the spike of the main shoot of winter
wheat plants of different genotypes under optimal watering (control) and short-term drought during the "grain
watery ripe — medium milk" period (BBCH 71-75). The inter-cultivar differences are statistically significant at p
= 0.045; the "drought-control" difference is significant at p = 0.095. Other designations are as in Fig. 7.

Hdna 3'scyBaHHS 3B’A3Ky JETOHYBaJbHOI
3aTHOCTI cTebla 3 MPOMYKTUBHICTIO, a TaKOX
IMUTaHHA, Y1 MOXYTb ITOKa3HUKHU ,Z[eHOHyBa.HBHO'I.
€MHOCTI OKPEMHUX MDKBY3JIB pENpe3eHTyBaTH
JIETIOHYBaJIbHy €MHICTh BCHOTO CTeOla 1 CIIyTyBaTH
MapKepoM 3€pHOBOi MPOAYKTHBHOCTI TEHOTHITY,
OyB IIPOBEICHUH aHATi3 KOPEIAIHHUX 3B'SI3KIB [TUX
xapaktepuctuk (tabnm.  2). TicHa mMO3UTHBHA
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To clarify the relationship between the
storage capacity of the stem and productivity
and answer the question of whether the storage
capacity parameters of individual internodes can
represent the storage capacity of the entire stem
and serve as a marker of the grain productivity
of a genotype, we analyzed the correlations
between these characteristics (Table 2). There
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KOpeJsLis 3 ACTIOHYBaJIbHOIO EMHICTIO (3arajibHOIO
KimpKicTIO pemoOimizoBannx BPB) crtebma Oyma
BiZ;3HaueHa sl BMicTy i kimekocTi BPB y Bcix
MDKBY3JIB 1 JMCTKOBHUX IiXOB, KpPIM BEPXHHOTO
MiKOIOCOBOTO MikBy3ms. [likaBo, mo 3HaueHHS
KoeiIieHTIB KOpelsIii yis mutoMoro Bmicty BPB
B MIKBY3ISIX Oylnd TpPOXWM BUIIMMH, HDK JUIs
kimekocti BPB B MDKBY3msIX, 1 NIpakTHYHO
CHIBMIpHUMH 13 3HaYeHHsAM Koe(illieHTa JyIs
3aranpHOI KijibkocTi BPB B 11inomy cte6mi.

BonmHouac, i3 3epHOBOIO MPOAYKTHBHICTIO
JUTsI OITBIIIOCT] YaCTHH CcTeONa TICHIIIE KOpeTroBaa
KIIBKICTE AenoHoBanux BPB, HiX 1X nuToMuid
BMicT. [Ipu npoMy HaiiBUIII 3HaYeHHS Koe(illieHTa
KopeJsiLii Oyny Bif3HAYeHi W1t APYTOro i TpeTbOro
MDKBY3JIIB, & KOPEJISIlsl 3araJibHOTO  BMICTY
nenoHoBanux y ctedm BPB 3 macoro 3epHa Oyna
nemo Huwx4oro. CepenHiil cTyniHb KOpenmsimii mux
MOKA3HWKIB BHSBICHUI I HIDKHIX MIXBY3MIB i
JUCTKOBHUX TIXOB, 1 BIJICYTHICTh KOPENSIl — JIst
MiIKOJIOCOBOTO  MDKBY3JIA.  3B'SI30K  IUTOMOTO
Bmicry BPB 3 wmacoro 3epHa 3 pociauHH OyB
CepelHIM Uil JPYyroro, TPeThOTO 1 HWKHIX
MIXKBY3JIIB 1 CJTAOKHMM JUTSI ITiJIKOJI0COBOTO MIKBY3JIs
1 TUCTKOBUX ITiXOB.

was a close positive correlation between the
storage capacity (the total amount of
remobilized WSC) of the stem and the WSC
content and amount in all internodes and leaf
sheaths, except for the peduncle. It is interesting
that the correlation coefficient for the specific
content of WSC in the internodes was slightly
higher than that for the WSC amount in the
internodes and commensurate  with  the
correlation coefficient for the total amount of
WSC in the entire stem.

At the same time, for most parts of the
stem, the grain productivity was more closely
correlated with the amount of deposited WSC
than with the specific content. The highest
correlations were obtained for the second and
third internodes, while the correlation between
the total content of stem-deposited WSC and the
grain weight was somewhat weaker. There was a
moderate correlation between these parameters
for the lower internodes and leaf sheaths and no
correlation for the peduncle. The correlations
between the specific content of WSC and the
grain weight per plant were found to be
moderate for the second, third, and lower
internodes and weak for the peduncle and leaf
sheaths.

Ta6auusa 2. KoedinieHTn niniifHOT Kopensuii TOKa3HUKIB JETOHYBAIBHOI 37JaTHOCTI OKPEMHUX CETMEHTIB cTebna
3 JIETIOHYBAIBHOIO €MHICTIO CTeONla B HIUIOMY Ta IOKa3HWKAaMH 3EPHOBOi TNPOAYKTHBHOCTI POCIWH O3MMOI

HH.ICHI/ILIi 3a pi3HI/IX YMOB 3BOJIOKCHHS.

Table 2. Coefficients of linear correlation between the storage capacity of individual stem segments and the
entire stem and grain productivity in winter wheat plants under various watering conditions.

26

soluble carbohydrate
content

IMokazauk/Parameter CermenT naroHa / JlenoHyBajIbHA €MHICTD Maca/Weight
Segment crebna/ S_ttorage 3epua / grain | 1000 3epen/
capacity per spike 1,000 grain
Bwmict Bogopo3unHHEX | 1-m1e MikBY37Is/
ByriieBoniB / Water- Internode 1 (peduncle) D2 2 02

2-re MiKBY37Is /
Internode 2

3-Te MikBY31s /
Internode 3

4-5 mixBy31sa /
Internodes 4 and 5

ITixBu / Leaf sheaths

Kinpkicth
BOZIOPO3YMHHHX
ByrieBonis / Water-

1-1e mMixBy 3151 /
Internode 1 (peduncle)

2-re MiKBY3JIs /

soluble carbohydrate Internode 2
amount 3-Te MixBy31 /
Internode 3

4-5 mixBy3ns /
Internodes 4 and 5

ITixu / Leaf sheaths

Crebno / Stem

* — xopensuis Biporiana 3a p < 0,05; * — correlation is significant at p < 0.05
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[Toka3HHKM HAKOMHMYEHHS BOIOPO3YMHHUX
BYIJICBOLIB Yy  dYacTMHax cTeOnma  TicHimie
kopemoBanu 3 Macoro 1000 3epeH, HiX 3 Macorw
3epHa 3 KOjlOca, IO  MiJKPECIIoe  poiib
nenoHoBannx BPB y HanuBaHHI  3epHIBOK.
CraTUCTHYHO  BIpOTiJIHA  TiCHA  KOPEJSIIis
BiJ[3HAYCHA JUII TUTOMOTO BMicTy 1 KilbkocTi BPB
y Ipyromy, TpeTbOMY, HIDKHIX MDKBY3JISIX 1 BaJOBOI
kimekocTi BPB y minomy cre6mi. Kopensifiamii
3B'30K I[MX MOKa3HWKIB [UIS  ITIJKOJIOCOBOTO
MDKBY3/IL 1 JIMCTKOBHX IIiXOB OyB iCTOTHO
cialmum. BapTo Takox BiI3HAYMTH, 110 KOPEISLIs
MOKA3HUKIB JICTIOHYBaJbHOI 3JaTHOCTI OKPEMHUX
JacTUH cTebna i KUTBKOCTI 3epeH 3 pociuHH (Y
TabNMLI He MpeACTaBlIeHa) TaKoK Oylia c1abKolo 13
3HAYCHHSAMH KOe(II[ieHTa KOpeIsIiii B Mexkax BijJ —
0,091 (mns nmuctkoBux mixoB) mo +0,474 (ms
JPYTOTO MIXBY3JIs1).

OtpumaHi HaMH pe3yabTaTH CBIMYATh, IO Y
pOCIIMH  MINeHWIli 3HauHa  vactTuHa  BPB
JETIOHY€EThCS B CTEOMi MiCJ MOYaTKy IBITiHHS.
3pocTaHHSl PiBHS PE3EPBHUX BYIVIEBOJIB IICIIA
[BITIHHS 10 TOYaTKy aKTMBHOTO HaJMBaHHS
3CpHIBKM BIJI3HAYEHO B HM3I[ JOCIIKCHb 3
pi3HUMHM CcOpTaMHM MIICHUIl, NPOBEAECHUX Yy
monboBux ymoBax [12, 25, 41]. Tomy mocyxa y
¢a3i hopMyBaHHS 3CPHIBKM NIEBHOIO MipOI0O, X0Ua i
ciabmre, HiX y ¢a3i usitinag [40], 3MeHITYBaNa
MaKCHMaJIbHy BaJIOBY KUTBKICTH JETIOHOBAaHHX B
creomi BPB Ta ictotHO mnpumBmantyBana ix
pemoObiizariio. BpaxoBytoun BILIMB
HECHPUSTIMBUX YUHHUKIB Ha JUHAMIKY BMICTY
BPB B crebm, o4YeBHAHO, IO OCOOIHMBOCTI
nuHaMiku HakonuueHHs BPB, a Takoxk mepion mii
CTPECOBUX YMHHHKIB € BAXKJIMBUMH TIPH BiIOOpi
3paskiB Ui OIHKU JICTIOHYBallbHOT 3/IaTHOCTI
cTeOna MIIeHHUIi B TOJIbOBUX YMOBAX.

Haii6inpmry penoHyBajbHY €MHICTH Malld
MDKBY3JISL CEpelHbOi YacTMHM cTebna — apyre i
TpeTE 3BEpXy. 3HAUYCHHS KOS(DIIIEHTIB KOpeJsIii
MDK BpOXKaeM 1 KilbKicTio pesepBHux BPB y
JpyroMy 4Yd TPEeTbOMY MIKBY3JISIX 32 TICHOTOIO 1
CTaOUIBHICTIO OyJIM MPAaKTUYHO TAKUMH K SIK 1 JUIs
1ijoro credma. Cxoxi pesynbraT OyJivd OTpUMaHi B
MTOJIbOBUX JOCTIIKEHHSIX pi3HMX  COpTIB
YKpalHChKOi CeJeKIlii 32 YMOB HEJIOCTATHHOTO
npupoaHoro 3BosiokeHHs [41]. Lle mae mincTaBu
PEKOMEHIyBaTH MOKa3HUK KinbkocTi BPB B mmx
MDKBY3JIAX SIK XapaKTEPUCTHKY JIETIOHYBAIbHOI
3MaTHOCTI cTeOlia B IUJIOMY 1 MapkKep BHCOKOI
MPONYKTUBHOCTI TeHOTHIy. JlaHa ocoOmmBicTh €
Iy’Xe IIKaBOIO 1 BaKJIMBOIO, OCKUIBKH [O3BOJISIE
po3poOuTH  HaOararo  MmPOCTImy 1  MEHII
YaCOBUTPATHY METOAMKY OI[IHKH JETIOHYBATbHOL
€MHOCTI cTeOma 71 CeNIEKUIMHNUX 10 CITIMKEHD.
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The indices of water-soluble carbohydrate
accumulation in the stem parts were correlated
with thousand grain weight more closely than
with grain weight per spike, emphasizing the
role of deposited WSC in grain filling. There
were statistically significant strong correlations
between the specific content and amount of
WSC in the second, third, and lower internodes
and the total amount of WSC in the entire stem.
The correlations between the specific content
and amount of WSC in the peduncle and leaf
sheaths and the total amount of WSC in the
entire stem were much weaker. It is also worth
noting that the correlations between the storage
capacity of individual parts of the stem and the
number of grains per plant (not presented in the
table) were also weak, with correlation
coefficients ranging from -0.091 (for leaf
sheaths) to +0.474 (for the second internode).

Our results showed that, in wheat, a
significant proportion of WSC was deposited in
the stem after the anthesis onset. An increase in
levels of reserve carbohydrates between anthesis
and intensive grain filling onset was noted in
several field studies on different wheat cultivars
[12, 25, 41]. Hence, drought during grain
formation reduced, although to a smaller extent
than during anthesis [40], the maximum total
amount of WSC deposited in the stem and
significantly accelerated their remobilization.
Taking into account the impact of adverse
factors on the time profile of the WSC content
in the stem, it is obvious that peculiarities of the
WSC accumulation over time as well as stages
of exposure to stressors are important when
sampling to assess the storage capacity of wheat
stems in the field.

The middle internodes, the second and
third from the top, were noticeable for the
greatest storage capacity. The correlations
between the yield and the amount of reserve
WSC in the second or third internodes were as
almost strong and stable as those between the
yield and the amount of reserve WSC in the
entire stem. Similar findings were obtained in
field studies of different Ukrainian cultivars
grown under insufficient natural moisture [41].
This gives reason to recommend the amount of
WSC in these internodes as a characteristic of
the storage capacity of the entire stem and a
marker of high performance of a genotype. This
feature is very interesting and important, as it
allows one to develop a much simpler and less
time-consuming method of estimating the
storage capacity of stems for breeding studies.
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IlikaBo  Bif3HAYUTH, IO B  HAIKX
JOCJIDKEHHSIX T€HOTHUIIM O3UMO] IIIEHHUIl 1ICTOTHO
BZIpi3HSUIMCS 32  pIBHEM  MaKCHMalbHOTO
HakonuueHHs BPB y crebmi — B 1,3 pasa 3a
onTuMalbHUX YMOB 1 B 1,5 pasa 3a aii mocyxu,
npoTe ePEeKTUBHICTL peMoOiTizalii JeOHOBAHHX Y
ctebni BPB Oyna Bucokoto i Onusbkoro (84-96%) y
POCIMH BCiX JOCHiPKCHUX HAMH TCHOTHIIIB
HE3aJIe)KHO BiJI YMOB  BOJIOT03a0€3MEUeHOCTI.
3BificM  BHIIIMBA€, IO  BIAMIHHOCTI  MDK
TEHOTUIAMH O3MMOI TIICHUII 32 JICTIOHYBATBHOO
€MHICTIO BU3HAYAIOTECS, TOJIOBHUM YHHOM, piBHEM
makonuuyendss BPB, 1 T HeMOXIMBO ICTOTHO
MOJIIMIIIUTH MIABUILEHHIM e(heKTUBHOCTI
pemoObiizanii.

KpiMm Toro BaxxiIMBO BIJ3HAYWTH, IO
MOCYXOCTIHKHMI  EKOJIOTIYHO IUIACTHYHUI COpPT
[lononsinka, sxuii ¢opmye cTaOlIbHI Bpoxai 3a
PI3HUX yMOB BHPOIIyBaHHS B PI3HUX E€KOJOTIYHHX
30Hax [27], pOsIBUB y JIAaHOMY JIOCITiJ, & TAaKOX B
MOTIEPE/IHIX HAMMX JOCHipkeHHsX [40], Buiry
MOPIBHSHO 3 IHIIMMH TEHOTHUIAMH 3JaTHICTb
3armacati BPB i pemoOinizyBatu iX s HaiuBy
3epHa SK 32 ONTHMAJbHUX YMOB TOJIUBY, TaK 1 3a
nii mocyxu. JIOriyHO mNPHUIYCTUTH, IO BHCOKA
JIeTIOHyBaJbHA 3JIaTHICTh CTeONa € OJHUM 13
(akTOpiB  3a0€3MEUCHHS BUCOKOI  EKOJIOTTYHOI
TUIACTUYHOCTI IBOTO COPTY. 3a HECHPUSITINBUX
YMOB y Tepiofg HalWBy, $Ki MPUTHIIYIOTh
(OTOCHHTETHYHY aKTHBHICTb, JISTIOHOBAaHI B CTEOMI
BPB BucTynarmoTh y poiii JOJATKOBOIO JDKEpena
ACUMIIIATIB Ui (dopmyBaHHs BpOXKaro,
KOMITCHCYIOUH ~ JIeillUT TPOAYKTIB MOTOYHOTO
¢dotocunTedy. Kpim  Toro, BusBIEGHO, IO
HakornmueHHs BPB y creOmi mmenwmi mominiurye
TiIpaBIIiYHI XapaKTEPUCTUKY KCHIIEMHU 1 TPAHCIIOPT
BOAM 3a yMOB mocyxu [42]. HenaBHimu
JNOCTIDKEHHSIMH ~ TIOKa3aHO, 110 HAKOIMYEHHS
3HaYHUX NymiB pe3epBHuX BPB y crebm €
OCHOBHHM YMHHHMKOM, III0 BU3HAYAE€ BiAMIHHOCTI 3a
CTaOUTBHICTIO BpOXaiB y CKOPOCTHINIUX COPTIB
pucy [43].

OTxe BCTAaHOBICHO, IO KOPOTKOTpHBAJIA
nocyxa y a3l QopmyBaHHS 3€pHIBKH JeII0
3MCHINYBaJla BMICT Ta MAaKCUMaJIbHY BaJlOBY
KUTBKICTh JieToHOBaHuX y cteOm BPB Ta ictoTHO
NPUINBHIIYBaNA ixX  pemoOumi3aiir. 3HauyHa
YaCTUHA PE3ePBHHUX BYIJICBOIIB HAKOMUYYyBaiacs B
cTebnax ITicisl MBITIHHSA, MAKCHMYM HaKOTIMYEHHS
BiJ[3HAYC€HO Ha 14-i JIeHb IMiCJIs MOYaTKy LBITIHHS.
Haii6inpmmii muToMuii BMICT 1 BaJlOBY KilBbKIiCTh
BOJJOPO3YMHHUX BYIJICBOZIB BUSIBICHO y APYIOMY i
TPETHOMY MDKBY3JISIX. Y POCIIHMH BCIX JIOCIIPKEHUX
TCHOTHIIIB y IHUX MDKBY3JISIX HAKOIUYyBaIacs
HaWOIpIIa YacTKa JernmoHoBaHuMX y crebmi BPB.

It is noteworthy that in our study the
winter wheat genotypes differed significantly in
the maximum accumulation of WSC in the
stem: a 1.3-fold difference under optimal
conditions and a 1.5-fold difference under
drought, but the efficiency of remobilization of
WSC deposited in the stem was high and similar
(84-96%) in all studied genotypes, regardless of
watering mode. Therefore, the differences in the
storage capacity between the winter wheat
genotypes are mainly determined by WSC
accumulation and the storage capacity cannot be
considerably improved by increasing
remobilization efficiency.

In addition, it is important to note that the
drought-tolerant, environmentally plastic
cultivar, 'Podolianka’, which yields are stable
under various growing conditions in different
environments [27], showed a higher ability to
store WSC and remobilize them for grain filling
under both optimal watering and drought
compared to the other genotypes in this
experiment, like in our previous studies [40]. It
is logical to assume that the high storage
capacity of the stem is one of the factors
ensuring the high environmental plasticity of
this cultivar. Under unfavorable conditions
during grain filling, which suppress the
photosynthetic activity, the stem-deposited WSC
act as an additional source of assimilates for
yield formation, compensating for the deficit of
current photosynthesis products. In addition, it
was found that the accumulation of WSC in the
wheat stem  improved the  hydraulic
characteristics of the xylem and water transport
under arid conditions [42]. Recent studies
showed that the accumulation of big pools of
reserve WSC in the stem was the predominant
factor determining the differences in vyield
stability in early-ripening rice cultivars [43].

Thus, it was revealed that a short-term
drought during grain formation slightly reduced
the content and maximum total amount of stem-
deposited WSC and significantly accelerated
their remobilization. A significant proportion of
reserve carbohydrates was accumulated in the
stem after anthesis; the maximum accumulation
was noted on day 14 after the anthesis onset.
The highest specific contents and total amounts
of water-soluble carbohydrates were detected in
the second and third internodes. In all studied
genotypes, these internodes accumulated the
largest shares of WSC deposited in the stem.
Drought did not significantly affect the share of
a separate segment in the total storage capacity
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ITocyxa icTOTHO He BIUIMBAjIa Ha YacTKy OKPEMOTO
CEerMEHTy Y 3arajbHid JCNOHYBaJlbHIM €MHOCTI
ctebna.

BMmicT Ta BamoBa KiNBKICTh pE3epBHHUX
BYIJICBOLIB Yy JAPYIOMY 1 TPETbOMY MIDKBY3JISAX

HaHTICHIIIE MTO3UTHBHO KOPEITIOBAIN 3
MOKAa3HUKAMH  3€PHOBOI  MPOAYKTHBHOCTI, IO
JIO3BOJISIE BBa)KaTU ix HaOUIBII

pETPe3eHTaTUBHUMHU [UISl OIIHKH JIeTIOHYBAJIbHOI
30aTHOCTI cTeOla Ta  BHKOPHCTOBYBaTH  SIK
¢izionoriyHuii MapKep NPOAYKTHBHOCTI T€HOTHIIIB

of the stem.

The contents and total amounts of reserve
carbohydrates in the second and third internodes
were most closely positively correlated with
grain  productivity indices, which allows
considering them as the most representative
parameters for assessing the storage capacity of
stems and using them as physiological markers
of the performance of winter wheat genotypes.
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