IRSTI 34.35; 34.31.37

Tazhibayeva T.L.!, Abugalieva A.lL.*

'"Faculty of Geography and Environmental Sciences, Al-Farabi Kazakh National University,
Kazakhstan, Almaty, e-mail: tazhiba@list.ru
Laboratory of Grain Quality, Kazakh Scientific Research Institute Agriculture and Plant Growing,
Kazakhstan, Almaty Region, Almalybak, e-mail: kiz_abugalieva@mail.ru

DROUGHT TOLERANCE OF WHEAT INTROGRESSIVE FORMS

In Kazakhstan the main limited factor for the wheat, growing up in arid lands is survival in the
summer, which make the studies on wheat drought resistance are very importance. It is interesting for
adaptation to environmental drought to be combined physiological and biochemical indicators with
total grain yield and productivity of wheat. The objects of the study were 12 introgressive forms of win-
ter wheat, obtained from the crossbreeding of the varieties of winter wheat (Triticum aestivum L.) with
wild relatives — Triticum timopheevii, Triticum militinae, Triticum kiharae, Aegilops cylindrical, Aegilops
triaristata, in the yield of 2015-2017.The drought tolerance of wheat genotypes in field experiments was
judged by the absolute value of yield and the signs of productivity, as well as by the degree of decline
in productivity under conditions of drought. Determination of drought tolerance in the laboratory was
conducted by the detection of free proline. Phenotyping, determine biomass accumulation and photo-
synthesis was carried out on NDVI-technology. The experimental data were processed statistically and
by cluster analysis.

Screening of the results allowed to: reveal wide variability of the studied indicators; detect a change
in the standardized index of vegetation differences, determined by the accumulation of vegetative bio-
mass and phenological development phases of the studied wheat forms as well as obtained the best
genotypes with the maximum of the NDVI indexes. The genotypes promising in breeding for drought
resistance that persistently retain a high level of free proline content have been identified. There were
comparative analysis of the introgressive forms and varieties by total yield, identification of promising
simples by individual indicators and overall productivity. The results contribute to deciphering physi-
ological mechanisms of growth and resistance of grain crops, intensification of wheat breeding for adapt-
ability to environmental stresses, and enrichment of the genetic resources of Kazakh wheat with a variety
of prospective forms obtained from crossbreeding with wild relatives.

Key words: drought, wheat introgressive forms and wild relatives, NDVI-technology, free proline,
productivity.
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buAaiAbIH, UHTPY3UBTI HbICAHAAPDIH KYPFaKLUbIAbIKKA TO3IMAAIK

KasakcraHaa apuATi skepaepae O61aai ecipyAi wwekTey (hakTopbl Xasfbl KYpPFak, >karaarnAapAa
emip cypy 6oAbIn Tabbiraabl, OYA BUMAANABIH KYPFaKLLbIAbIKKA TO3IMAIAIMIH 3epTTeyre epekile MoH
Gepeai. braan >keHe acTbiK GHIMAIAITT TypaAbl AepekTepMeH BeNiMAEAYAIH (PM3MOAOTMSIABIK, XKoHe
OMOXMMMSIABIK, KOPCETKILLTEPIH CaAbICTBIPATbIH KYPFAKLbIABIK 3KOAOIMACbl OOMbIHIIA >KYMbICTAp
KbI3bIFYLLbIAbIKKA AAMbIK. 3epTTey HbicaHAapbl peTiHae 2015-2016 oK. eriareH eHimaep 6apbiCbiHAQ
KbICKbl O6uaariabiH (Triticum aestivum L.) copTTapbiH >kabanbl TybicTapbiMeH — Triticum timopheevii,
Triticum militinae, Triticum kiharae, Aegilops cylindrical, Aegilops triaristata GyaaHAQCTbIpFaH Kesae
namaa 60AFaH KbICKbl 6MAAMABIH 12 MHTOrPECCUBTI HbICAaHAAPbI aAbIHABI. AaAa SKCNEPUMEHTTEPIHAETI
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MAQM FeHOTUNTEPIHIH KYPFaKLWIbIAbIKKA TO3IMAIAITT XKAAMbl OHIMAIAIK >KoHE OHIMAIAIKTIH GeAriaepi,
COHAQM-aK KYPFaKLLbIAbIK, XKafAaMbIHAQ AAKbIAAAPAbIH OHIMAIAINIH TOMEHAETY Adpexkeci 6ownblHLLA
GararaHAbl. 3epTxaHasa KyprakLIbIAbIKKA TO3IMAIAIKTI aHbIKTay 60C MPOAMHAI aHbIKTAy apKbiAbl
y3ere acbipbiaabl. DeHoTuNTEy, GroMacca >KMHay >kaHe (hoToCcuHTE3A aHblkTay NDVI TexHoAOrmsiChl
6OoVbIHLLIA XYPri3iAAi. DKCMEPUMEHTTIK AEPEKTep CTaTMCTMKAABIK TYPAE OHAEAAI >KHE KAACTEpAiK
TAAAQY XXYPri3iAAi.

HeTuxeAepAai CKpUHMHITEY 6OMbIHLIQ, 3€PTTEAreH WHAMKATOPAAPAbIH, KEH ayKbIMAbIAbIFbIH
aHbIKTay, OCIMAIKTEPAIH OGMOMACCACbIHbIH, >KUHAKTAAYbl >KOHE 3epTTeAreH Ouaan hopmarapbiHbIH
heHOAOTMSIABIK, ha3arapbl apKbIAbl aHbIKTAAFAH ©CIMAIAIK aliblPMALLbIABIKTApPbIHbIH CTAaHAQPTTaAFaH
MHAEKCIHIH e3repyiH aHbIkTay >keHe Makcumaaabl NDVI kepceTkilwiTepiMeH nepcnekTUBTI YATIAepA|
aAyFa 60AaAbl. BOC NMPOAMHHIH, KOFapbl AEHIeniH CakTanTbIH, KypFakLibiAbIkKa HeriMaeAy 6apbiCbiHAQ
CEAEKLMSABIK, KYHADBIABIK, OOAbIM TabbIAQTbIH FEHOTUNTEP aHbIKTaAAbl. MHTPOrpeccuBTi HblCaHAAP
MEH COPTTapAblH ©HIMAIAITIHE CAAbICTBIPMaAbl TaAAQy >KYPri3iAiM, >aAMbl 6HIMAIAIK MeH >Xeke
KOepCeTKILITEPAIH NEPCNeKTUBAABIK, YATIAEPi aHbIKTaAAbl. AAbIHFAH HOTMXKEAEP aCTbIK, AAKbIAAAPBIHbBIH,
©CYyi MEH TYPaKTbIAbIFbIHbIH (DM3MOAOTUSIAbIK, TETIKTEPIH, OMAQMABIH IPIKTEYiH SKOAOTMSIABIK, CTPECCTIKKE
GerniMaeAyre bIHTaAQHAbIPYFa, COHAAM-aK, Ka3aKCTaHAbIK, OMAaMAbIH FTEHETUKAAbIK, pecypcTap >kabarbi
TYbICTapbl APKbIAbl 6TETIH 8P TYPAI MEPCNEKTHBAAbI HbICAHAAPMEH 0alibITyFa bIKMAA ETEA.

TyHiH ce3aep: KypraklubIAbIK, OUAAMABIH MHTPOrPECCUBTI HbiCAHAAPbI X8He abarbl TyblCTapbl,
NDVI texHoAormscbl, 60C MPOAMH, OHIMAIAIK.
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ToAepaHTHOCTb K 3aCyXe MHTPOrPeCCUBHbIX (hOPM MLLEHULLbI

B KasaxcraHe AvMUTHMpPYIOWMM (DAaKTOPOM AAS  BblpalUmMBaHus MIUEHWMLbI HAa  apUAHbBIX
3EMASIX SIBASIETCS BbIKMBaHME B YCAOBMSIX 3aCyLIAMBOrO A€Ta, YTO TPUAAET UCCAEAOBaAHMSIM
3aCYyX0YCTOMYMBOCTU MLLIEHULIbI 0COOYIO0 aKTYaAbHOCTb. 3aCAY>XKMBAIOT MHTEPEC paboTbl MO 3KOAOTMM
3aCyXM, KOTOpble COMOCTABASIOT (PU3MOAOTMYECKME U OUMOXUMUYECKME MHAMKATOPbI aAanTauum C
AQHHbBIMM 10 YPO>KaMHOCTM 3epHa M NMPOAYKTUBHOCTbIO MieHMLbl O6beKkTamMmn UCCAEAOBAHMS CAYXKMAM
12 MHTPOrpeccMBHbIX (POPM O3MMOW MLLEHMLbI, MOAYUYEHHbIX MPU CKPELLMBaHWM COPTOB O3MMOW
nwexunypl (Triticum aestivum L.) ¢ Aukumm copoamydamm — Triticum timopheevii, Triticum militinae, Triti-
cum kiharae, Aegilops cylindrical, Aegilops triaristata, B ypoxxae 2015-2017 rr. TOA€paHTHOCTb K 3acyxe
FeHOTUMOB MLIEHULIbI B MOAEBbIX SKCMEPUMEHTAX OLEHMBAAACH MO BEAMUMHE OOLei YPOoXKamHOCTU U
npu3HaKam NMpPOAYKTUBHOCTM, @ TakXKe Mo CTeMNeHU CHUXKEHUSI MPOAYKTUBHOCTM MOCEBOB B YCAOBMSIX
3acyxu. OnpeAeAeHue TOAEPAHTHOCTU K 3acyXe B AabopaTopum MPOBOAMAOCH MyTemM OOHapy>KeHus
cBOOGOAHOrO MnpoAnHa. (PeHOTUNMPOBaHUE, OMpeAEAeHMEe HaKOMAeHUsi GuomMaccbl M (POTOCMHTE3A
OCYLLECTBASIAOCH M0 TexHoAorum NDVI. DkcneprmeHTaAbHble AaHHble 06pabaTbiIBaAMCh CTATUCTUYECKM
M KAQCTEPHbIM aHAAM3OM.

CKPWHUHI PE3yAbTAaTOB MO3BOAMA: BbISIBUTH LUIMPOKYIO BaprabeAbHOCTb M3yUaeMblX MOKasaTeAen,
06HAPY>KMTb M3MEHEHME CTAHAAPTMU3NPOBAHHOIO MHAEKCA PA3AMUMIA PACTUTEABHOCTHM, ONPEAEASIEMOTO
MO HAKOMAEHMIO BEreTaTMBHOM GMOMACChl M (PeHOAOTMYECKUM (ha3aM PasBUTHS M3ydaeMbiX (DOpPM
MNweHMLbl, @ TaKXKe MOAYYUTb NEPCNEKTUBHbIE 0OpasLibl C MAKCMMaAbHbIMM 3HaueHusIM1 NDVI MHAEKCOB.
BbIAM MAEHTU(UUMPOBAHbI TEHOTUMbI, MPEACTABASIOLIME LIEHHOCTb B CEAEKLUMM Ha aAantaumio K
3acyxe, KOTopble YCTOMUYMBO COXPAHSIOT BbICOKMIA YPOBEHb COAEP>KaHMs CBOOOAHOIO MPOAMHA. BbiA
NPOBEAEH CPABHUTEAbHbIM aHAAM3 MHTPOrPECCUBHBIX (DOPM M COPTOB MO YPOXKANHOCTU, BbISBAEHWIO
NepCcrekTUBHbIX 06Pa3LOB MO OTAEAbHbIM MOKA3aTeASM M OOLWEeRn MPOAYKTMBHOCTU. [loAyueHHble
pe3yAbTaThl COCOGCTBYIOT paclimdpoBke (HU3MOAOTMUECKMX MEXaHM3MOB POCTa M YCTOMYMBOCTM
3€PHOBbIX KYABTYP, MHTEHCU(MKALLMM CEAEKLMM MILEHMLIbI HA AAMTUBHOCTb K 3KOAOTMUYECKMM CTPECCaM,
o6oralleH1Io reHeTUYeCKUX PECYPCOB Ka3axCTaHCKMX MileHML, pa3HoOOpasmemM NepcrneKkTUBHbIX hopM,
MOAYYEHHbIX OT CKpeLMBaHMs C AMKMMK COPOAMYAMM.

KAloueBble cAoBa: 3acyxa, MHTPOrpeccrBHble (hOPMbl MUIEHWUbl U AMKMe copoamun, NDVI-
TEXHOAOIMSl, CBOOOAHDIN MPOAMH, MPOAYKTUBHOCTb.
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Introduction

In Kazakhstan, the main limited factor for the
wheat growth in arid lands is survival in the sum-
mer, which make the studies on wheat drought resis-
tance are very importance. It is important for grow-
ing wheat, that adaptation to environmental stresses
be combined with grain yield and the productivity
of crops.

The arid climate is a dry climate with high air
temperatures, experiencing large daily fluctuations,
and a small amount of precipitation, about 100-150
mm / year or their complete absence. Arid and semi-
arid lands occupy more than half of the republic
territory, where grain crops often suffer drought.

The strategy of biological adaptation to drought
was considered through genetic, physiological,
biochemical and morphoanatomical mechanisms
(Fischer, 2011:96) .The idea of nonspecific and
specific factors of plant resistance was advanced
in the works of G.V. Udovenko, R.M. Hove, M.
Bhave, P.A. Henkel (Udovenko, 1979; Hove, Bhave,
2011; Henkel, 1982: 162). The teachings of D.M.
Grodzinsky on the functioning of plants’ “reliability”
systems revealed mechanisms of adaptive stability
in an original way (Grodzinsky, 1983:29). The
ability of plants in the process of growth and
development to withstand changing environmental
conditions and form a full-fledged off spring
depends on their adaptive potential, which is an
interconnecting function of programs of ontogenetic
and phylogenetic adaptation (Zhuchenko, 2008:66).
There are many contradictory data on the connection
between physiological and biochemical indicators of
plant metabolism and resistance to abiotic stresses.
The most important resistance mediators are the
intensity of growth processes in stressful conditions,
the accumulation of green biomass and the content
of chlorophyll providing photosynthetic activity, the
level of free proline and others (Trethowan et al.,
2002; Ivanov et al., 2013; Kuznetsov et al., 1999).
The main economic-useful attribute of agricultural
crops, in particular wheat, is yield. At the same
time, the realization of high potential productivity of
many varieties in production conditions often occurs
only by 20-30%. R.A. Urazaliyev conceptually
considers the same problem within the ecological
adaptability of wheat, barley and other crops
in creating varieties of specific agro-ecotypes
(Urazaliyev et al., 2007:29). Papers works on the
construction of models for deciphering the nature
of the interaction effect “genotype-environment”
in the study of the ecological and genetic
organization of polygenic plant characteristics

generated interest in the scientific community
(Dragavtsev, 2005).

However, the narrow specificity of breeding, the
tendency to a partial loss of fitness genes, induces wild
species and varieties — donors of resistance to certain
unfavorable factors of the environment — to be involved
in the breeding of crops. Great perspectives are opening
by using of wild species as an introgressive genetic
material (Nevo, 2006; Ogbonnaya F.C. etal.,2013). Itis
known that introgression (introgression, latin intro —in,
inside and gressus — approaching, crossing, attacking)
means the inclusion of individual genes of one kind of
organism in the gene pool of another species. This has
been achieved by one of the traditional methods, such
as trans-species hybridization, which makes it possible
to obtain a highly plastic new genetically original
source material for wheat breeding. Wild relatives of
wheat are, as arule, “records” of sustainability, because
they were selected by nature. The series of trans-
species crossings with wild types of wheat T.kiharae,
T.timophevii, T.militinae and others, as sources of an
immunity, stability and high content of protein in grain,
were carried out in the Kazakh Scientific Research
Institute Agriculture and Plant Growing within 20 last
years (Kozhahmetov, Abugalieva, 2014).

The purpose of this work is study the
physiological growth indicators and productivity
of wheat with introgressive forms in arid climate
conditions obtained from trans-species crossing of
wheat varieties with wild species.

The tasks of our research are the search for
informative physiological and biochemical criteria
for drought tolerance; the intensification of wheat
breeding for adaptability in arid lands; the enrichment
of the gene pool of Kazakh wheat with a variety of
prospective forms obtained from crossbreeding with
wild relatives.

Materials and Methods

The objects of the study were 12 introgressive
forms of winter wheat, formed from the crossbreeding
of the cultivars of winter wheat (Triticum
aestivum L.) of Kazakhstan breeding — Karlygash,
Erythrospermum 350, Zhetysu, Steklovidnaya 24,
Komsomolskaya 1 and widely zoned Bezostaya 1
with wild wheat — Triticum timopheevii, Triticum
militinae, Triticum kiharae, Aegilops cylindrical,
Aegilops triaristata. Breeder — Dr. K. Kozhahmetov.
Experimental results were compared with wheat
varieties and wild relatives by studied indicators.

Field and laboratory tests were used. Wheat
genotypes were grown up in the experimental
fields of the Kazakh Scientific Research Institute

72 Xabapuibl. Teorpadus cepusicer. Ne3 (50) 2018



Tazhibayeva T.L., Abugalieva A.IL.

Agriculture and Plant Growing in 2015-2017.
The drought tolerance of wheat genotypes in field
experiments was evaluated by total yield and the
signs of productivity, as well as by the degree of
decline in productivity under conditions of drought.
Drought tolerance in the laboratory was onducted by
the determination of free proline in the leaves of the
seedlings according the method of L.S. Bates et al.
(Bates et all, 1973).

Phenotyping, determine biomass accumulation
and photosynthesis was carried out on NDVI-
technology. NDVI-technology for measuring retro-

Wild relatives

v

reflectance in the red and near infrared spectrum to
determine biomass accumulation on the Greenseeker
instrument; N. TechInductries, USA (Verhulst N. et
all, 2010); photosynthesis in the field was measured
on a portable instrument FP 100 (PSI, Czech
Republic).The experimental data were processed
statistically and by cluster analysis.

The general scheme of experiments on screening
the resource material of winter wheat for drought
tolerance on the basis of morpho-physiological,
physiological-biochemical and breeding-genetic
indicators was shown in Figure 1.

Cultivars

v

Introgressive forms

¥

Indicators of drought-tolerance (vegetation phases)

v

v v

Morpho-physiclogical

Physiological-biochemical

Selection-genetic
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v ¥ v
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| Root system

Chlorophyll

Free proline Productivity

r

The best wheat genotypes

Figure 1 — Scheme of experiments on screening
of winter wheat resource material for drought tolerance

Results and Discussion

Determination of biomass accumulation and
detection of drought tolerance by the NDVI method

In our experiments, the NDVI technology was
used to measure the accumulation of biomass during
the growing season by the phenological phases of
development in the field conditions. The data of
indices of vegetative development on the best
genotypes among introgressive forms of wheat were
presented in Table 1.

It should be noted that in the phase of tillering
and tubing, NDVI indexes of the introgressive forms
were in the range of 0.28-0.77, with the subsequent
increase in phases of earing-flowering to 0,86 —
0,88, followed by a decrease due to degradation of
the chlorophyll complex and grain ripening. Geno-
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types with Ae. cylindrica, T.militinae and Erythro-
spermum 350, Bezostaya 1, as relative forms, were
distinguished. The introgressive forms of winter
wheat had a more powerful vegetative mass that
corresponded to a high NDVI index, exceeding Al-
maly grade — standard.

In general, the data of three years of cultivation
identified the variability of wild, cultural and intro-
gressive forms according to the indicator of green
development and higher indices of NDVI among in-
trogressive genetic materials in comparison with wild
relatives. The results consistently identified the best
genotypes with the maximum value of NDVI indi-
ces: Erythrospermum 350 x T. militinae, Bezostaya
1 x T.militinae) x T. militinae-9, (Bezostaya 1 x
T.militinae) x T. militinae-6. Maximum of NDVTI in-
dexes was determined during phase’s earing — flow-
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ering. These genotypes have a high potential for pro-

ductive development and are a valuable material for
the breeding process, which is confirmed by works of

other scientists on influence of a germplasm of wild
relatives on improvements of qualities of agricultural
plants (Davayan P.O.et al., 2003).

Table 1 — Genotypes of introgressive forms of winter wheat with a maximum index of NDVI in 2015-2017

NDVI index value

Development phase -
min max ave

Max NDVI indexed genotypes

the beginning of 0,28 0,45 0,37

Erythrospermum 350 x T. militinae
Zhetysu x T. militinae

tillering Steklovidnaya 24 x Ae. cylindrica
Erythrospermum 350 x T. militinae
full tillering 0,32 0,54 0,43 | Zhetysu x T. militinae

Bezostaya 1 x Ae. cylindrical

the beginig of tubing 0,40 0,62 0,54

Zhetysu xT.timopheevii
Bezostaya 1 x Ae. cylindrical Erythrospermum 350 x T. militinae

Bezostaya 1 x Ae. cylindrical Erythrospermum 350 x T. militinae

tubing — earing 0,54 0,77 0,65 | Erythrospermum 350 x T.kiharae
(Bezostaya 1x T.militinae) x T. militinae 9 (4)
Erythrospermum 350 x T. militinae
caring 0,59 0.86 0.72 Bezostaya 1 x Ae. cylindrical

(Bezostaya 1x T.militinae) x T. militinae 4
Erythrospermum 350 x T.kiharae

caring-flowering 0,66 0,88 0,77

Erythrospermum 350 x T.kiharae
Bezostaya 1 x Ae. cylindrical
Steklovidnaya 24 x Ae. cylindrica

Steklovidnaya 24 x Ae. cylindrica Erythrospermum 350 x T.kiharae

flowering 0,64 0,78 0,71 Bezostaya 1 x Ae. cylindrical
Zhetysu x T. militinae
grain filling 0,58 0,70 0,64 |Erythrospermum 350 x T.kiharae Steklovidnaya 24 x Ae. cylindrica
(Bezostaya 1 x T.militinae) x T. militinae-9
Erythrospermum 350 x T. militinae
milky ripeness 0,28 0,45 0,37 | Zhetysu x T. militinae

Steklovidnaya 24 x Ae.cylindrica

2. The chlorophyll content in plant leaves in
field conditions

The study of the relationship between the indexes
ofthe photosynthetic apparatus of crops and the yield
is of great importance both for understanding the
patterns of the production process, for developing
breeding criteria for high productivity and for
forecasting yields in agrocenoses (Pryadkina G.A.
etal., 2014).

The chlorophyll content in 2015-2017 was
estimated in the field during the growing season
by several measurements. During the tillering
phase, the chlorophyll content was noted to be the
maximum in vegetation and varied from 0.63 to
0.71. The tubing phase mostly proceeded under
conditions of temperature stress (37-39 °© C) and

the chlorophyll content decreased to the level
of 0.34-0.62. The chlorophyll content stabilized
at the level of 0.59-0.68 by the earing phase
(Table 2). Wild relatives were characterized by
a narrower interval of variability at the level of
0.53-0.59 in comparison with varieties 0.60-0.68
(grade-standard Almaly). Data on genotypes of
winter wheat in comparison with the sort-standard
Almaly, the chlorophyll content in leaves of which
is accepted as 100%. The chlorophyll content in
wild rrelatives and introgressive forms exceeded
the Almaly standard by 1.1-1.3 times, Ae.cylindrica
and Steklovidnaya 24 x Ae.cylindrica were on the
leading positions.

In laboratory experiments on seedlings, the
chlorophyll content was subject to a certain range of
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variability and exceeded the Almaly grade-standard
for wild forms in the range of 1.3-1.5 times. Among
the varieties and the introgressive forms there were

samples that showed an almost 2-fold increase in the
chlorophyll content, for example, Erythrospermum 350
x T. kiharae, Erythrospermum 350 and Bezostaya 1.

Table 2 — The chlorophyll content of wheat introgressive forms in FP 100 units

Chlorophyll content
Development phase - Genotypes
min max ave
Erythrospermum 350 x T. militinae
Bezostaya 1 x Ae. cylindrical
the beginning of tubing 0,63 0,71 0,68 (Bezostaya 1x T.militinae) x T. militinae-4

Zhetysu xT.timopheevii
Steklovidnaya 24 x Ae. cylindrica

Erythrospermum 350 x T.kihara

tubing — earing 0.54 0,62 0.47 Zhetysu x T. militinae
. . Steklovidnaya 24 xAe. cylindrica
caring-flowering 0,59 0,68 0,64 Erythrospermum 350 x T.kihara
grain filling 0.53 0,68 0,61 Bezostaya 1 x Ae. cylindrical

Zhetysu x T. militinae

Variability in the accumulation of chlorophyll,
intrinsic to introgressive forms, was revealed through
the study. However, the trend of exceeding its content
compared with cultivars was quite clearly seen,
which indicated an increased productive potential
of introgressive genetic material of photosynthetic
(Krupnov, 2011; Pryadkina et al., 2014).

3. Free proline of wheat introgressive form,
wheat varieties and wild relatives

It was found that the content of proline during
the flowering phase of cultivars varied from 29 to 38
mg %, with the highest amount of proline recorded
in varieties Steklovidnaya 24 and Zhetysu, which
are parental forms for the studied introgressive
forms. The content of free proline in wild relatives
significantly exceeded the cultivars by 1.8-2.0 times
and was in the range of 43-58 mg %. Among the
wild forms, genotypes T. kiharae and T. militinae
can be distinguished by the level of free proline.

The introgressive forms showed variability by
the content of free proline, the amount of amino acid
in the leaves was 35-55 mg%, the largest number
was observed in the forms: Steklovidnaya 24 x T.
timopheevii (50 mg%), Erythrospermum 350 x T.
kharae (52 mg% ) and Zhetysu x T. militinae (55
mg%). With the increase of temperature occurring
at the initial stages of the grain-filling phase, a
distinct tendency of free proline amount increasing
was observed in the leaves of the studied wheat
plants. The proline content increased by an average
of 33% for all forms of wheat. In 2017, wild
relatives met the established range of variability
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of this indicator 54-66 mg% (51-68 mg% in 2015,
55-64 mg% in 2016), introgressive forms showed
some decrease in proline content in leaves 66-80
mg%, but varied over a wide range (70 — 81 mg% in
2015, 76-85 mg% in 2016), and the proline content
of the varieties was at the level of the previous
years. The previously observed tendency for a
proactive increase in the proline content of cultivars
compared to wild and introgressive forms remained
stable with drought continuous. It turned out that
the mechanisms of adaptation of cultured wheat
were more developed associated with the water-
retaining capacity of proline. The introgressive
forms showed the maximum level of accumulation
of free proline in the range of 70-81%, which is
lower compared to the data of 2016, 76-85 mg %.
Genotype Erythrospermum 350 x T. kharae leaded
by the accumulation of proline (81%), Table 3.

Considering that proline is a potential reserve
metabolite that performs a protective, anti-stress
role in plant metabolism, the level and variability
in its accumulation can be sufficiently informative
criteria for the adaptability of agricultural plants in
arid lands. In this regard, a comparative analysis of
free proline content in cultivars and wild relatives of
wheat and their intragressive forms under drought
conditions is very promising for assessing the level
of manifestation of plant adaptation potentials
in the development of hybrid combinations and
in the breeding of valuable genotypes by a set of
utility characteristics and properties (Fischer, 2011;
Tazhibayeva, 2010).
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Table 3 — Variability in the accumulation of free proline in leaves of wild, cultural and the introgressive forms in various phenological

phases of wheat development, 2015-2017

Wheat genotypes ;?jlglaer?cbciggurlirtliii?;:;e The sample with the best result
Flowering phase
Wild relatives 43-58 T.kiharae, T.militinae
T
Varieties 29-38 Steklovidnaya 24, Zhetysu
Grain filling phase
Wild relatives 51-68 Ae.cylindrica, T.kiharae
Introgressive forms 76-85 Erythrospermum 350 XI"}flrl::lrlileI; éfezostayalx T.militinae)
Varieties 46-60 Erythrospermum 350, Steklovidnaya 24

4. Productivity of wild, wheat varieties and the
introgressive forms

The total productivity of all studied wheat forms
by the results of the harvest of 2016 was slightly
lower than in 2015, in 2017 — it was at the level of
2016. In terms of the specification “mass of 1000
grains”, most closely associated with drought
tolerance (Dragavtsev, 2005), the largest value
was recorded in the form of Steklovidnaya 24 x
Ae.cylindrica (60.7 g in 2015 and 54.5 g in 2016),
Erythrospermum 350 x T. kiharae (55.4 g in 2016
and 56.2 g in 2017), the smallest — (Bezostaya 1 x
Ae.triaristata) x Karlygash (42.5 — 45.5 g in 2015-
2017).

It should be noted that according to the
main indicator for the characteristic of drought
resistance, all tested genotypes with introgression
of germplasm of wild relatives showed good
results. According to the specification “mass of
1000 grains”, six introgressive forms exceeded the
Almaly sort-standard (47.8 g), four introgressive
forms out of which were higher than Karakhan sort-
standard (50.7): Steklovidnaya 24 x Ae. cylindrica
and Zhetysu x T. militinae, Erythrospermum 350
x T. kiharae. This indicator of crop productivity
is, as a rule, accompanied by another — “the mass
of grain in the main ear” that finds confirmation in
our experiments. It turned out that these genotypes
were characterized by maximum values in the
accumulation of green mass and chlorophyll among
the forms exhibiting higher plastic indices during
vegetation. According to another characteristic of

the crop structure “plant height,” introgressive forms
varied in the range (106.9-131.3 cm).The genotype
(Bezostaya 1 x T.militinae) x T. militinae-4 was
distinguished in 2016, productive “bushiness” was
at the level of 2015 and varied within the range of
3.6-5.1 pcs.

Studies by various authors with the participation
of Professor Hisashi Tsujimoto have experimentally
proved that the Chinese Spring wheat lines with
the addition of chromosomes of alien genetic
material possessed rich genetic resources to increase
resistance to high temperatures and improve
productivity (Caiyun Liu, 2015; Sohail Q., 2011).

Data on productivity of introgressive forms of
winter wheat in reproductions of years 2015-2017
were presented in Table 4.

The studied forms exceeded the average yield
of Almaly sort-standard by an average of 10 -15
cwt/ha, which indicated the genetic diversity of
the introgressive material, its high yield potential.
Steklovidnaya 24 x Ae.cylindrica, Zhetysu x T.
militinae u Erythrospermum 350 x T .kiharae (62, 2
— 66, 6 cwt/ha respectively) were characterized by
the highest amount. The obtained results were con-
firmed through the studies of other authors, who
proved experimentally the expediency of transffer-
ing foreign genetic material for increasing the pro-
ductivity and overall yield of cereals in conditions
of drought and other stresses, as well as improv-
ing the economically valuable qualities of wheat
(Davayan P.O., 2003; Sohail Q., 2011; Francis C.,
2013).
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Table 4 — Yield of wheat introgressive forms, 2015-2017

Wheat introgressive forms Yield, cwt/ha
Almaly (standart) 41,3 +0,9
(Bezostayal x Ae.triaristata) x Karlygash 53,3+ 0,8
Erythrospermum 350 x T. militinae 57,5+0,9
Bezostayal x Ae. cylindrica 59,5+0,9
(Bezostayal x T.militinae) x T. militinae-6 51,1+£0,5
(Bezostayal x T.militinae) x T. militinae-9 53,3+0,4
(Bezostayal x T.militinae) x T. militinae-4 51,1+0,7
Steklovidnaya 24 x T.timopheevii 57,740,8
Zhetysu x T.timopheevii 51,140,7
Steklovidnaya 24 x Ae. cylindrica 65,2+0,8
Erythrospermum350 x T.kihara 66,6+0,9
Zhetysu x T. militinae 64,6+0,9

5. Final clusterization of wheat genotypes

Clustering based on similarity-differences
in wild, cultural and wheat introgressive forms
for drought tolerance in field and laboratory tests
combination with productivity and yield indicators

revealed two clusters with uneven distribution of
genotypes (Figure 2). There is a clear tendency to
unite into the larger cluster the introgressive and
wild, and the second cluster mainly represented by
varietal diversity. The dendrogram confirms the
results obtained by us that the introgressive forms
gravitate according to their adaptive properties to
wild relatives, and outweigh the parental varieties
and the standard variety by economic-valuable
traits.

Conclusion

The wuse of the following indicators for
increasing wheat adaptation in arid conditions was
theoretically substantiated and practically proved:
the accumulation of biomass, the change in the
chlorophyll content and the accumulation of free
proline in seedlings, the analysis of the structure of
the yield and productivity. Expansion of the norm
of the reaction of genotypes during adaptation
to drought was achieved by the involvement of
germplasm of wild relatives in breeding process, the
creation and testing of wheat introgressive forms.

20 10 1

0

112 60 50 40 30
T T T T T T T

Erythrosperm 350 x Tr.militinae
PEGxTr.militinae (4)

Zhetysu x Tr.Kiharae

PEG x Tr.militinae (9)
Erythrospermum 350 x Tr.kiharae
PEGxTr.militinae (6)
Steklovidnaya 24 x Ae.cylindrica
Zhetysu x Tr.militinae
Komsomolskaya 1

Steklovidnaya 24 x Tr.militinae
Zhetysu x Trtimopheevii
PEGxTrkiharae

PEGx (Whitest 1 x Ae.cylindrica)

Trtimopheewii
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Tr.militinae
PEGxKarlygash

PEGx Komsomolskaya 1
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Steklovidnaya 24
Zhetysu

Bezostaya 1
Erythrospermum 350

Figure 2 — Dendrogram of similarity-differences of wild, cultural and wheat introgressive forms
on the complex of adaptive properties, productivity and total yield
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Screening of the results obtained by the NDVI
method on the accumulation of biomass, the
chlorophyll and free proline content and productivity
of wild, cultural and introgressive forms of wheat in
the yield of 2015-2017 allowed to:

— reveal wide wvariability of the
indicators;

— detect a change in the standardized index
of vegetation differences, determined by the
accumulation of biomass and phenological
development phases of the studied wheat forms;

— differentiate wild, cultivars and wheat
introgressive forms by accumulation of vegetative
biomass as well as the chlorophyll and free proline
content, identify promising samples;

— compare the introgressive forms and wheat
varieties by total yield and productivity, identify
promising patterns by individual indicators and
overall productivity;

— characterize the drought tolerance of
the introgressive forms and wheat varieties
using productivity indicators such as “1000
grains” (main), “grain mass in the main ear”
and others;

— identify promising genotypes combining
drought tolerance, determined by the accumulation
of vegetative biomass, the chlorophyll and free

studied

proline content, with indicators of productivity and
yield;

— consider an integrated approach to determine
the drought tolerance of wheat introgressive forms,
using indicators such as accumulation of vegetative
biomass using NDVI technology, chlorophyll
content, “1000 grains mass” and other components
of productivity.

It was established that resistance to drought
declines in the series:

Wild relatives > Wheat introgressive forms >
Cultivars.

Outstanding genotypes within each of the groups
were distinguished, which are higher in resistance to
a certain or group of abiotic factors, mean values.
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