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Abstract

There were studiethe anatomiparameters ofeavesof 10-day-old seedlingsof 7 different species ofheatafter 72
hoursof droughtor saltstressandidentified key areaef adaptationjuvenileleaftissueto adversenvironmental factorslo
detect differencebetween species atbtween groups cfpeciediffering in ploidy levelthere werddentified anatomeal
features othe structuref each of thdeavesof the studied speciegrownunder normatonditions andunder the action of
osmoticand saltstress. There were studied anatompzlameters of inner and extersakface of the leaf. It was revealed
thatosmotic streskas an impact othe studiecharametersf leavesof all the studiedspecies. Analyzing the datae can
speak ofa highadaptive capacity ofetraploidwheat specied. dicoccumShuebl.,T. polonicumL. and T. aethiopicum
Jakubzuvirtually all consideredhe anatomicaparametersf the leaves. The results of thitudy show thaindicators such
as the increasim stressdimensionsof protectiveand mechanicalissueandthe mesophylappear tdbe goodcriteria for
selection oftress reistantforms of wheat
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Introduction Science to study thecollecion of wheat congeners,
including various physiologicaaspects of theiresistance
to abiotic stressefor effective involvement inbreeding
and genetic programsas the starting material for

The question of theeffect on the plantabiotic
stressorssuch as drought andalinity, not only did not
lose itsimportance,but is also becomingnore urgent o
The constant growtlof the human populatiomnd the —Nt€rspecific crosses. _ ,
deterioration othe ecologicabalance of the planés the The_ main objective othe studyis to quantn_‘y the
need to intensifyresearchin the field of vulnerability ~ @natomicparameters ofeavesof 10-day-old seedlingsof
adaptive capacityf plantsunder adverse conditiorts  different wheat species after 72 howfssalt or drought
improve productionefficiency of the most important stressandto identify key areasf adaptatiorjuvenile leaf
crops andabove all- of wheat Gupta, 2009; EBhafeyet  tissueto adverseenvironmental factors.
al., 2009; Mafakheret al, 2010).

However with all the richnessand diversityof the  Materials and Methods
literatureon wheatthere is little information othe structure
of the phaosynthetictissueand quantitativeanatomyof the Sevan winter wheatspeciesadapted to the conditiorns
tribe Triticeae Studies devoted to the identification of Kazakhstanwere usedn the studyT. monococcurfAUAY),
resource potential and the laws of inheritance of wheat. dicoccunSchueblvar. atratum(Host) Koern A"A'BB),
resistance to osmotic and salt stress fragmentiatyl. now,  T. polonicumL. varvillosum (A"A'BB), T. aethiopicum
there was little explored abait structural features of Jakubz.(T. abyssinicumvav.). (A"A'BB), T. compactum
phototrophicleaf tissuesin speciesfrom different origins  Host. (AA"BBDD), T. machassp densiusculunbekapr. et.
wheatgenome Kramtsova, 2004)Literature data indicate Menabde. (AA'BBDD), Triticum aestivuni.. (A"A"BBDD)
that the tetraploid species in this respect are the least studiedyariety Saratovskay&9. The choice of theskcilities for
although the diversity and distribution areee awidely researcldue to theidifferences irthe genomicomposition,
presentedhikhmuradoy2014). as well as differenceim terms ofdrought andsalt tolerance

It is well knownthat theeconomicloss of the cropis  we have identifiedheseforms previously Terletskayaet al,
greatestf the plantwas subjected to stress the juvenile ~ 2011;Terletskaya & Khailenka2015).
stage Rakhmankulova, 2012). But as far as we kniware Seeds of plants of different wheat species were
are fewreports about the effects offfdrent level water germinated in a growing chamber at 25°C.eAfé8 h,
stress on photosynthetic and metabolites of wheat seedlingglantlets were transferred to 0.5L pots and were grown for

Efficient diagnosis of wild wheat species and specie$ days in water culture. Then, for 72 hours, they were
with a limited economic value, including in the juvenile exposed to drought stress (17.6% sucrose solution) or salt
stage of development, makes it possible to define a moriress (1.68% NaCl solution). Control plantlets were
compldge picture of their possible use in breeding andgrown in water.
genetic programs and ways to preserve biodiversity. In this
regard, anatomical and morphological studies remai\natomical analysis: Conservation of plants was carried
relevant to assess the degree of adaptation of the plant asét by the method of Strasburgélemming (Prozina,
whole, and its individual orgarie changing environmental 1960). Fixation was performed in 70% ethyl alcohol.
conditions Mokronosov, 1978; Burunduko al, 2008) Preservative fluid is a mixture of alcohglycerolwater

This work is part of the comprehensive studies in a ratio of 1:1:1. Anatomical specimengre prepared
conducted by the Institute of Plant Biology and with a microtome having a freezing unit TEXC Sections
Biotechnology SC of the Ministry of Education and were placed in glycerine and balsam in accordance with
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conventional techniques of Prozina (1960), Permyakovintercellular spaceln the mesophylicells at some distance
(1988) and Barykina (2004). The thickness of thefrom each other arébrovascular bundledn wheata lot
anatomical sections was 1®15 microns. Micrographs of aboutdifferent sizeveinsrun along thesheetparallel to each
anatomic sections were made on a microscope with ather OnT. monococcurh. midrib vascular bundiés large

camera MC 300 CAM V400/1.3M.

closedcollateral, xylem is directedto the upperepidermis
andphloemto the bottomVascular bundidas diner, barely

Statistical analysis: Samples for anatomical analysis were containing chlorophyll Above vascular bundleunder the
means of three samples for each treatment. The data of thpper epidermis there are cells of mechanical tissye

experiment were analyzed asistically using tweway

analysis of variance (ANOVA), with varieties and

sclerenchyma
Figure 2 showghat theleavesof wheat seedlings of

treatments as main effects of anatomical parameters. In thépeciesT. dicoccumShuebl.adaxial epidermalcells differ
paper tableshe characters * and ** show the accuracy atfrom the cells ofthe abaxialepidermiswith more uniform

0.05 and 0.01 levels of significance, respectively.
Results and Discussion

A cross section dthe leaf bladesf wheat seedlings.
monococcunt. (Fig. 1) shows, thafrom the outsidehe leaf
is covered withepidermis Among cells inthe epidermis
there can be distinguishethrger cells calledmotor cells.
Trichomres are seen dhe epidermisBetween the uppend
lower epidermisthere is atissue thatconsists of cells
containingchlorophyll. This isassimilationparenchymeor
mesophyll Mesophyll is the main leaf tissue which
concentrates all thechloroplasts ard photosynthesis
Mesophyllof this wheats isospongythe entiremesophyliof
leaf consistsof spongy cells. Mesophyll cells werefairly
uniform in shape andtructure roundedslightly elongated
with spikes ratherlooselycoupled between them theisthe

a

Fig. 1. Anatomicakectionf the first leafof T. monococcur.

shape and roundedstructure. Ashe axialand in theaxial
epidermismarkedtrichomes Mesophyll lea consists ofa
thin-walled assimilatingiissue whicrcomprisechloroplasts.
The cellslining the vascular bundleare identicalin form,
large and fully isolate vascular bundle€ollateral vascular
bundlesclosed centrahidribsxylem consists of 23 vessels.
Above and below thdeamsthereis a mechanicatissue
consisting of sclerenchymacells. It is known thatwell
developed sclerenchymaof leaves helps to reducethe
harmful effects ofirought (lonova & Alabushev 2009).
During thestudy of of leaf blade of T. polonicumL.
(Fig. 3) there was revealdtie good development dhe
motor cellsof the lowerepidermis. Theyare located mainly
between the vein®©n both sides ofhe leaf bladehere are
clearly visibletrichomesIn the centralein-a majorvascular
bundlewith a facingaroundthe vascular bundlethere is
mechanicatloth consisting ofibersof sclerenchyma

1. abaxialepidermis 2. adaxialepidermis 3. mesogyll, 4. centralvascular bundle5. central vein

a. the controlvariant, b droughtstressg .salt stressincreased 100

a

Fig. 2. Anatomicalsectionsof the first sheedf T. dicoccumShuebl.

1. abaxialepidermis 2. adaxialepidermis 3. mesophyll 4. centralvascular bundle5. central vein

a.the controlvariant, b. droughstressc. salt stressincreased 100
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Fig. 3. Anatomicakectionf the first leaf ofT. polonicurrL.
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1. abaxialepidermis 2. adaxialepidermis 3. mesophyl) 4. centralvascular bundle5. central vein

a. the controlvariant, b droughtstressg. salt stressincreased 100

b

Fig. 4. Anatomicakectionsof the first sheeof T. aethiopicundakubz.
1. abaxialepidermis 2. adaxialepidermis 3. mesophyl| 4. centralvascular bundle5. central vein

a the controlvariant, b droughtstressc salt stressincreased 100

a

Fig. 5. Anatomicalsectionsof the first leaf ofT. compactunhost.

1. abaxialepidermis 2. adacial epidermis 3. mesophyll 4. centralvascular bundleb. central vein
a. the controlvariant, b droughtstressg. salt stressincreased 200

From the data presentéd Fig. 4 it can be seethat
in the speciedl. aethiopicumJakubz.the leaf blade on
both sidesis covered withwell-defined trichomes cell
size of the upper andower epidermisis clearly visible,
largecells Between the veinsn the uppeand lowerside
of the leaf bladethere can be detectemhotor cells
Conductiveplateswith beams large,the centralein, they
consist of3 xylemvessels.

In accordance with Figd, in the controlvariant ofT.
aethiopicumJakubz.mesophyll cellsand thelining did
not have the strict order in positionirlg the centralein
of parenchymakells lining is bright andlocated in2-3
rows unlike the other optionswhich lining the beams
consisted o# single row oparenchymal cells

Fig. 5 shows th@natomicalsectionsof leavesof T.
compactunhostseedlings.

It is seenthat in the speciesl. conpactum Host.
trichomesprevailin the adaxiaepidermis|t was revealed
that drought stresssignificantly affects thesize of
mesophylicell speciesl. compactuntiost.

During the study ofhe anatomislicesof leaf blades
of seedlingspeciesT. machaDeket.Men. (Fig. 6), we
havealsoindicateda significant effecbf droughtand salt
stresson the developmertf leaf bladesin particular the
thickness of mesophyll anddiameter of the central
conductivebeam.

The anatomical structure othe first leaf of T.
aestivurrL. seedlingds shown in Fig7.
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a b

Fig. 6. Anatomicakectionf the first leafof T. machaDek.et.Men.

1. abaxialepidermis 2. adaxialepidermis 3. mesophyll 4. centralvascular bundlg5. central vein

a. the controlvariant, b droughtstressg. salt stressincreased 100

Fig. 7. Anatomicalsectionsof the first leafof T. aestivuni.

1. abaxialepidermis 2. adaxialepidermis 3. mesophyll 4. centralvascular bundle5. central vein

a. the controlvariant, h droughtstressg. salt stressincreased 100

There were noted expressddchomes on both
adaxial and abaxial leaf epidermis On top of thelarge
vascular bundlén the centralveinthere is well developed
mechanicaltissue consisting ofsclaenchymacells The
vascular bundlesan be seewglearly, thexylem consists
of threexylem vesselsandin the twovesselgherecan be
seenprotoxylem lacunae Unlike other kinds of wheat
from T. aestivum L. there can be seerclearly
distinguishablenotor cellsof the uppeepidermis.

To detect differencebetween species arfaetween
groups of speciesdiffering in ploidy level there were
identified anatomicafeatures okach leaf structuref the
studied speciegrownunder normatonditions andinder
the action ofosmoticand saltstress.

Anatomical parameters of inner leaf surface:

Morphometric measurements gbarameters of the inner

surface of the leabf wheatseedlingsof different species
under normal andtress conditionare presenteith Table 1.
It was revealed thaismotic streskias an impact on
the studiecparametersf leavesof all the studiedspecies.
Usually the increaser decrease itvalue of a trait
depends on the susceptibility stresses
The effect of tested abiotic stresses om ghowth of

stoma (Carcameet al, 2012; Atabayeveet al, 2013;
Shireeret al, 2015).

From the works of AT Molsnosov (1981) it is
known that adaptation of photosynthesis to the action of
environmental factors is carried out through the system of
structural and functional rearrangements at different
levels of the organization of the photosynthetic apparatus.
Thick epidermis is known to be useful in checking water
loss under limited moisture conditions along with the
thickness of cuticle layers (Parveenal, 2001; Bahajet
al., 2002). Thicker epidermis is expected to be adapted to
harsh water limited environmentfike drought and
salinity. Larger cortical cell area seems to be related to
better storage of moisture that is essential for survival
under harsh climates.

From the data presentéd the Table Ifollows that
the greatesthickeningboth abaxialandadaxia epidermis
under stress conditiordharacterizedpeciesT. dicoccum
Shueb], T. polonicumL., T. aethiopicundakubz.

A similar arrangementf mesophyll cellsllows us to
characterizethe type of structureleaf mesophyllall
studiedcerealsas aloosecdlular-isolateralpalisade.This
structure combinesfeatures ofmesophyll resistanceto
adverse environmental conditioaad the possibilitypf a

leaves of wheat seedlings of different species as a whokaturatedmetabolism(Dashtoyan, 2009)Mesophyll of

is similar to that presented in the literature, its influencevheat has heterogeneouscomposition of the cell

for soft wheat, barley and cofihis is a significant population. Form, cell sizechange depending axternal
change (in the direction of increasing and decreasing) afonditions which implies the existencef an appropriate
the thicknes of the abaxial and adaxial epidermalmechanism adaptation directed at optimizing the
diameter vascular bundles of leaves as well as a decreaseuctural and functional organizatiaf the assimilation
in stress conditions and the size of the diameter of thepparatusf leaves.The specificity of tke structural and
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functional changes of mesophyll depending on theeduces the ability of phts to take up water and this
lighting, temperature, humidity and other growth causes reduction in growth rate. If excessive amounts of
conditions Mokronosoy 1978;Goryshina, 1989)Bastias  salt enter the plant, they will eventually rise to toxic
et al (2005),0bserving thedecrease iithe thickness o&  levels, transpiring leaves and reducing the photosynthetic
leaf of maize under saltstress,there wasnoted the capacity of the plant.
decrease in the numbef cells andhe size oimesophyll, It is foundthat thedroughttolerantvarieties of wheat
indicating a limitation of cell growth Therefore  leaf anatomicallyadaptednot to reducethe outflow of
increasing the thickness dfe mesophylunder stressful nutrientsfrom the leaves tthe generative organandto
conditionscan serve aan indicator obtressThe cellsare  jncrease the intensityof the outflow and increase
relatively large they are lesdightly packed thereby,a  transpiration process in comparison with drought
larger volume of internal assimilation leaf surface gsengitivevarieties. Droughttolerant varietiesform more
perS|§ts. Wha; is characterisiit our experlmenfor the powerful leaf conduction system undemonditions of
speciesT. aethiopicundakubz. and. aestivuni. water stressand temperaturdlonova & Gaza, 2014)
Veins or nervesact aswater cor_wdctors andassimilate Greater vascular bundle size has been reported by Awasthi
valves moreoverthey are mechanicallstrengtherthe leaf & Pathak (1999) and Iftikhaet al (2009) in salie

(Shelepovet al, 2004) In literature described thathe o :
thickness of midrib, interveinal distance and number OFoIergnt genotypes pf _Z|2|_phus species and Eucalyptus
vascular bundles all progressively decreased witr PECIES, what perhapaicatingthe better adaptation to a

increasingsalinity levels (Azmi & Alam, 1990). variety of environment types, and hence, the wider

In this experimentroughtstress causebickening of distributional range as compared to otht_er species. _
the central veins ofalmost all studiedspecies except for As follows from the data presenteid Table 1, in
wheat T. aestivumL. under saltstressa significant MOSt of thespecies excepfor T. monococcunt. T.
thickening ofthe central veirf the leaf was obseed only ~ aestivumL. andsize of the centrabeam as @onductive
in the specie3. polonicurrL. andT. aethiopicundakubz. during droughtstressand under saltstressincreases,

The water supplyis the main functionof major  Which is indicative ofits high adaptation abilityto the
vascular bundlesvith well-developedxylem. Reducing testedabiotic stresse
the vascular bundles diameter is directly related to The literature sources notethat in the processf
decreasing the area xylem vessebjch as conductive selectionof the genusTriticum with increasingploidy
elements are clearly responsible for holding varioudevel of the nucleusincreased productivityas achieved
elements by changing their diamet@riggaet al, 2006). by acceleratingcell division and expansionn which the

Munns (2002) indicated that the reduction ofsize ofthe leaveswere growim, and the totalinternal
thickness and stem area might be because salt stregssimilation areavas reduceZvereva 2010).

Table 1. Morphometric parameters of the first leaves of different wheat species in control and abiotic stress conditions.
The thickness The thickness

The thickness of The thickness of Size of the central

Species

of the adaxial

of the abaxial

the mesophyll

the central vein

vascular bundle

epidermis epidermis
Control
T. monococcunfAUAY) 3825+ 250 3150+1.98 11748+ 1780 49057+ 0.90* 3940814*
T. dicoccumA"AYBB) 3725+ 202 3880+201 158.22+2.30*  480.61+ 1.80* 3261423*
T. polonicum(AY“A'BB) 3277+ 0.65 2657+ 3.31 14689+ 0.98* 47062+ 3.40* 2323522*
T. aethiopicun{A"A"BB) 39.07+1.70 3697+2.10 11734+ 0.90* 49057 + 2.30* 3940814*
T. compactuntA"A"BBDD) 32.60 £ 3.04 34.82+ 2,60 105.73+4.60 377.47+7.80 11309.73
T. machaA"A"BBDD) 36.86 + 2.20 3119+2.70 87.37 +5.10 385.54+ 4.40 13684.78
T. aestivun{AYA'BBDD) 36.65 +1.42 27.94+1.40 106.18 +3.80 411.71+2.30 33979.468
Drought stress (17.6% sucrose solution, 72h)
T. monococcurfAYAY) 3725+ 1.70 3275+ 0.50 14429+ 0.60 48136+ 0.70 2895292
T. dicoccumA"AYBB) 42.25+1.70* 40.05 £+ 0.80* 145.25+ 0.80 529.91+1.90* 3357591*
T. polonicum(A"AYBB) 43.80 + 0.80* 39.37+0.70* 14523+ 0.50 55359+ 6.20* 5473911*
T. aethiopicun{A"AYBB) 41.80 + 0.80* 3937+ 0.70* 13523+ 0.50 55359+ 6.20* 3473922*
T. compactuntA"A"BBDD) 38.98+0.20 35.47+0.50 138.03+2.90 488.26+ 4.50 2216712
T. machaAYA'BBDD) 33.05+1.30 35.86+1.10 89.31+ 3.80 421.54+ 3.60 18145.84
T. aestivun{AYA'"BBDD) 31.67+2.80 2894+ 1.60 12467+ 0.70 37499+ 3.50 1636122
Salt stress (1.68% NaCl solution, 72h)
T. monococcurfAUAY) 40.20 + 0.42* 30.86+2.70 11272+ 3.30 44693+ 0.80 2226891
T. dicoccun(A"AYBB) 3969+ 0.21* 38.60 + 0.60* 129.71+2.90*  489.57+ 2.20* 3148973
T. polonicum(A"A"BB) 4144+ 1.01* 48.24 + 1.80* 12589+ 3.30*  55635% 2.40* 42273.27
T. aethiopicun{A"A"BB) 4214+ 1.01* 4557 +1.80* 12641+2.70*  608.12+ 0.90* 4227327*
T. compactunA"A"BBDD) 3253+2.20 22.69+ 3.60 103.60+ 1.80 347.91+ 2.80 16228.02
T. machaA"A'"BBDD) 32.32+1.10 29.93+£1.40 88.07+0.90 372.72+ 4.60 14933.72
T. aestivun{A“A"BBDD) 29.53+2.20 22.69+ 3.60 103.60+ 1.80 356.91+ 2.83 1422889

Note: The characters * indicate the accuracy of #iesttat 0.05 levels of significance
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A few recent dateon the relationshibetween the
intensityof photosynthesjghe parameters dhfe structure
of the photosynthetic appeus the characteristicof
growthandassimilation surfacploidy wheatsaythat
1. Modern species ofvheatwith different numbersf

chromosomes and genomic origin set are

significantly different from theancestraforms of the
growth parametersjuanitative characteristics ahe
structureandleaf mesophylphotosynthetic activity
2. The observed differencdsave ariseras a result of
changes inploidy and genomic structure of the
nucleusin the process okvolution of the genus

Triticum L. They ae associatedith the restructuring

of the internal structure ophototrophicleaf tissue

and changes irthe functional activity ofa single
chloroplast

3. Changes irthe number and sizef cells optimize the
structure ofphototrophicleaf tissuefrom tetra and
hexaploidwheat specied his leaddo an increase ithe
inner surface ofthe assimilatiorand thereforeto the
conductivityof the leaf tareduce the intensitgndCO2
photosynthesis imodern typesf wheatcompared to

the ancestral form@rantsovaet al, 2003).

In accordancewith Table 1, it showed thatunder
control conditionghe mesophylthickness the thickness
of the central veinleavesand the Size of the central
vascular bundleat the di- and tetraploid specieswere
higherthanhexapbid.

Analyzing the datawe can speak od highadaptive
capacity oftetraploidwheat specie$. dicoccumShuebl.,
T. polonicumL. andT. aethiopicumlakubzvirtually with
all considerednatomicaparametersf the leaves.

NINA TERLETSKAYA & MERUERT KURMANBAYEVA

The anatomical parameters of external surface of
leaves: A big rolein the maintenance dfie water balance
andthe regulation ofhe sleaf temperatupgay trichomes
which also playa protective rolewith respect to the
pathogen promotepollination at the flowering stagand
impact on photosynthesis Farquhar et al, 2002;
Gudkova, 2013)

There was studied the distributiontdthomesin the
adaxial and abaxial epidermis of leaf blade and the
influence ofthe osmoticsalt stressand changeof the
length of thetrichomesof leaf blads of different types of
wheatseedlings
There were revealespecies differencda the distribution
of trichomeson the leaf surfac€lable 2)

The largest number dfichomesper 1 mn? as the
adaxialandabaxialepidermiswith an averageariationof
characteristic valuefn the absence dftressobservedin
the specie§. monococcunh. (44.9 + 5.7and81.8 + 3.7
respectively),T. dicoccumShuebl.(53.0 + 5.5and67.6 +
4.8)andT aestivunL. (42.0 + 3.5and61.5 £ 4.0) At the
samein all species, excegor T. aethiopicumlakubz.and
T. compactunHost., in which thehairinessof the upper
and lower surfaces of the leaf did not diffanad greater
hairinesf abaxialepidermis.

There are shown species differengesrichomedine
of adaxial and abaxial epidermis. There is notedan
increase inthe length of thetrichomeswith increasing
ploidy wheat - the mostlong trichomes characterized
hexaploidform of T aestivum L. Jowest- diploid type of
T. monococcurh. (Fig. 8).

There is marked achange in leaf pubescence
seedlingof all species under stress conditidiiable 3)

Table 2. The number of trichomes on the of leaf blade 1 mm? in 10-day-old seedlings of different wheat species.

The number of trichomes per 1 mm? of leaf blade

Species adaxial epidermis abaxial epidermis
M+m | Cv M+m | Cv

T. monolcocfmum 44,9+ 5,7 17,3 81,8+ 6,7 13,1
T. dicoccuntschuebl. 53,0+ 5,5 13,6 67,6+ 5,8 11,9
T. polonicunti. 10,5+ 2,6 15,5 19,5+ 3,6 26,0
T. aethiopicundakubz 34,5+5,2 18,8 39,9+ 4,2 15,9
T. compactunidost 21,2+ 3,8 16,3 16,7+ 3,2%* 14,7
T. aestivuml_. 42,0+ 4,5 11,5 61,5+ 5,7 12,6

Note: The characters * and ** indicate the accuracy of-tiesttat 0.05 and 0.01 levels of significance, respectively

Fig. 8. The differencesn trichomes lengtliepending on thploidy of wheat speciesncreasex 10.
a.T. monococurh. (A"AY), b. T. aethiopicundakubz. (AAUBB), c. T. GestivumL. (AYA'BBDD)
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Table 3. Change the size of trichomes of leaf blades of 10-day-old seedlings of different species of wheat depending on the influence of stress factors.

The length of the trichomes, pm

Adaxial epidermis

Abaxial epidermis

Species Control Drought stre.ss Salt stress Control Drought stre_ss Salt stress
(17.6% sucrose solution, 72 h)|(NaCl, 1,68%, 72h) (17.6% sucrose solution, 72 h) | (NaCl, 1,68%, 72h)
T. monolcoc 29.3+x1.6 23.3+1.2* 259+10 30117 30815 27.8+1.2
T. dicoccunSchuebl. 85.9+3.1 791+29 758+ 26* 799+29 786+28 69.8+ 26*
T. polonicumL. 349+25 36.0+2.7 315+24 413+19 50.6 + 1.7* 450+1.6
T.aethiopicumlakubz 949+ 3.4 986+ 2.6 908+3.1 836+25 866+28 926+ 25*
T. compactuntiost 58.9+27 T73+24* 578+24 653+24 694+2.1 653+2.2
T. aestivuni_. 1320+ 36 1489 + 3.8* 1939+ 44 1639+ 4.2 1223 + 3.6** 1868+ 4.2*

Note: The characters * and ** indicate the accuracy of-tiesttat 0.05 and 0.01 levels of significance, respectively

Table 4. The number of stomata per 1 mm? of leaf blade in 10-day-old sprouts of different wheat species.

The number of stomata per 1 mm? of leaf blade

Species Adaxial epidermis Abaxial epidermis
M+m | Cv M+m | Cv

T. mo n olc (B u m 90.9 £ 50** 6.9 62.7 £ 4.3** 7.1

T. dicoccunchueh (A"AYBB) 430 = 25* 34 40.0 + 35* 74

T. polonicunL. (A"A"BB) 415 + 32* 5.9 30.2 £ 29* 6.7

T. aethiopicundakubz (AYA"BB) 505 = 35* 7.2 311 = 24* 4.5

T. compactuniiost (AYA'BBDD) 40.6 + 29* 49 255 + 1.9** 34

T. aestivuni. (AYA"BBDD) 589 + 38* 5.9 323+ 28* 5.8

Note: The characters * and ** indicate the accuracy of-tiesttat 0.05 and 0.01 levels of significance, respectively

Table 5. Change of the size of the stomatal apparatus of the adaxial epidermis of leaf blades of 10-day-old seedlings of
different species of wheat depending on the influence of stress factors.
Length of the stomata, pm Width of the stomata, pm
Species Control Drought stress Salt stress Control Drought stress Salt stress
(17.6% sucrose solution, 72 h)|(NaCl, 1,68%, 72h) (17.6% sucraose solution, 72 h) | (NaCl, 1,68%, 72h)

T. monolcoc 39.0+26 39.0+2.6 36.8+14 19.5+19 18.4+15 18.4 +1.3
T. dicoccunchuebl. 52.9 +1.8 51.4+£19 49.9+10 19.4 +0.9 20.3+0.8 19.1 +0.6
T. poloniaimL. 52917 51.8+1.9 50.1 £1.6 23.6 £1.7 22.1+13 22114
T.aethiopicumlakubz 53.3 £2.9 518+ 16 521+24 203+0.7 206+0.8 210+15
T. compactuntost 56.6 + 3.2 570+24 555+ 13 221+x1.4 20.6x£ 0.7 195+0.6
T. aestvumL. 724+29 67.1+27 63.8 + 2.8* 27.8+x1.7 23.3+x1.2* 225+ 1.2*

Note: the characters * indicate the accuracy of tiesttat 0.05 levels of significance

Under condition®f droughtstress irspecies such as
aethiopicumJakubz.,T. compatum Host. and T aestivum
L. there was noted tendency to increfse length of the
adaxialtrichomes (and,in the specie3. compactuntost,
and T aestivumL. difference was statistically significgnt
and the speciesT. aethiopicumJakubz., T. compactum
Host.- alsoof the abaxialeaf surface.

In speciesT. monococcurh. there was a statistically
significant reduction inthe length of thetrichomes of
adaxial epidermisunderinduceddrought conditionsand
in the specied. dicoccuntShuebl.there wassignificantly
reducedthe growth oftrichomesof abaxialand adaxial
epidermisundersalt stress

Undersalt stresgonditions, thdength of thetrichomes
of the adaxial epidermiacreasednly in speciesl” aestivum
L. Trichomes of such species ag. poloncum L, T.
aethiopicumJakubz.,T. compactuntdost.and T aestivuni_.
(abaxialepidermis)vere nooweredor vice versaincreased
growth.In specied. compactuniost.andT aestivuni. the
difference was statistically significant.

An important rolein the control ofleaf gas exchange
between the atmosphere play stomata - the main
"gateway"for the passage afater vaporcarbon dioxide
and oxygen (Rebeille, 1988).There was discovered
interconnectiorievel of gas exchangeith varyingsizeof

stomataand their numberper unit area ofeaf cultivars
(Pinheiroet al, 2008) as well asa significantinfluence
on the genetic component ofariation inthe density of
stomateof wheat

Experimentallywe identified specific differencesn
the sizeand the numbeof stomataper unit of of leaf
blade area Table 4 presentglata on the numbeof
stomata pefl mn? of leaf bladein 10-day-old sproutsof
differentwheat species

It is shown thatthe number ofstomata ped mn?
axial leaf epidermisof all the speciesis higger than
abaxialsurface(from 40.6 + 3.9to 90.9 + 7.0and from
30.2 + 29to 62. 7 + 4.3 respectively). Variation
characteristic valuesvere low. There was adownward
trend inthe number otomata pefl. mn? of leaf surface
with increasingploidy wheat An exception is th&ind of
hexaploidT. aestivumL., in the numberof stomataper
unit aresadaxialsurface exceeds thetraploidspecies.

The totalareaof stomataadaxial epidermalranged
from 5 to 12%, abaxialepidermis- 3 to 5% of leaf area
(1 mm?) and T. aestivumL. specieswas alsomaximal.
The dependence dhe size of thestomataon ploidy
wheat specieandon the influence ofhe actionof stress
factors(Tablesb, 6).
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Table 6. Change of the size of the stomatal apparatus of the abaxial epidermis of leaf blades of 10-day-old seedlings of
various types of wheat depending on the influence of stress factors.
Length of the stomata, pm Width of the stomata, pm

Species Control Drought stress Salt stress Control Drought stress Salt stress

(17.6% sucrose solution, 72 h) [(NaCl, 1,68%, 72h) (17.6% sucrose solution, 72 h) | (NaCl, 1,68%, 72h)
T. monolcoc 398+£23 401+19 375+18 176+11 184+15 176+12
T. dicoccunSchuebl. 523+1.2 514+23 488+2.1 199+12 199+17 203+16
T. polonicurL. 525+ 17 521+39 524+22 233+15 229+14 224+18
T.aethiopicumlakubz 551+2.2 525+2.6 525+24 199+0.7 206+14 210£13
T. compactuntiost 540+ 13 555+35 559+21 206+0.7 199+ 0.6 195+05
T. aestivuni. 67.9+24 671+3.0 671+3.1 251+29 244+27 233+10

Fig. 9.Change of the lengthf stomataadaxialleaf surfacedepending on theloidy andthe effects of stress
a.T. aestivuni. (control), b.T.monococcurh. (control),c T.monococcurh. (NaCl, 168%, 72h)

It is notedthat an increase iploidy increaseshe
length of thestomataby 39.0p mvat T .
72.4 py mat T. aestivumL. Especiallythere is a clear
dependencen the lengthof stomataon theploidy species
under studyexpressedin the control variant of the
experimenbn theadaxialleaf surfac€Fig. 9a b, c).

It was revealedhat the effect ofhe stressorsot only
leads to the closuif stomatabut also to theidefornation-
compressionbending, reducintinearvalueof the widthand
length or, alternatively,swelling "mucilaginized" fromless
stable formswhich causea slight increasthe linearvalues
of the width. In stressful conditions was a significant
decreas in the parameters déngth and widthof stomata
adaxialepidermisspecied.aestivuni..

Conclusion

Anatomical and morphologicalchanges thagllow
plants towithstand thestress effectare mainlyfocused
on maintaining the effectiveness tfe use bwater and
carbonbalancegainin resistance of plant® drought and
salt. Therefore, changing thenatomical characteristics
leaves under stresscan be regarded aa significant
manifestation ofthe regulationof photosynthesisat the
morphological leve ensuring the optimization and
adaptation ofhe photosynthetic apparatus

The results of thistudy show thaindicators suclas
the increasein stress dimensions of protective and
mechanicaltissueand the mesophylappears tde good
criteria for seletion of stress resistaribrms of wheat

The gudy of anatomical parameters ofleaves
seedlingsof different species oivheathelps to identify
adaptivefeaturesthat canguide the choicef plantsfor
expansionwork on theintroduction andhybridization
in arid climates.

As a result of the studies, a higher adaptive ability of

mo n olc to ¢ fMmetraploid wheat speci&s dicoccuntShuebl, T. polonicum

L. andT. aethiopicumlakubz.as found in comparison with
hexaploid ones in practically all considered anatomical
parametes of the leafAttentionfor future researcteserve
the data obtainedon the basis of morphometric
measurementsf anatomicalparameters ofeavesunder
normaland stressonditions tetraploidwheat speciesuch
asT. dicoccuntShuebl.,T. polonicurL. and T. aethiopicum
Jakubz.Thus, the data obtained from these species deserve
much attention for future research.
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