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OF ANNUAL SHOOTS OF SIEVERS APPLE (MALUS SIEVERSII)
AND APORT DOMESTIC APPLE (MALUS DOMESTICA) CULTIVARS

Abstract. Formation of Zhongar-Alatau State National Natural Park has a universal value in conservation of
biodiversity and renewal of natural mountain landscapes with special genetic, ecological, aesthetic and historical
significance. It also provides the possibility to conduct research and various types of recreational work as well as
implementation of educational work. The main purpose of the park is to preserve the gene pool of wild fruit forests
of global importance.

There are currently urgent issues in the field of conservation and development of genetic resources in Zhongar-
Alatau SNNP in the Republic of Kazakhstan. Threat of plant diversity extinction in forests has dramatically in-
creased because of rapid development of scientific and technological progress. In this regard, we sought new
opportunities for improving the productivity of genetic reserves and preserving the biological diversity of Sievers
apple wild fruit plantations.

The goal of the study was to examine and compare anatomical structure of Sievers apple and Aport domestic
apple annual shoots, grown in the conditions of Zhongar Alatau highland. When conducting research, we used the
following methods for microscopic studies of botanical objects: making micro-specimens, staining, defining the
biometric parameters of cells, statistical data processing, anatomical description, comparison and analysis of
obtained results.
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Introduction. Many scientists argue that the main geographical centre of origin for cultivated apple
tree is extensive arcas of the largest mountain systems in Asia-Kopetdag, Alai range, Zailiysky and
Dzhungarian Alatau, Ferghana and Zeravshan ranges, Talas Alatau, Tien Shan. This geographic region
concentrates the main species diversity of wild apple trees of more ancient origin than other types of apple
trees known to science (Malus genus). The Russian botanist Johann Sievers first described wild apple
trees of Kazakhstan. Sievers apple (latin Malus Sieversii) is widespread in the foothills of Central Asia
and Kazakhstan. According to DNA research, it is a true ancestor of many modern varieties of cultivated
apple trees. On the territory of Kazakhstan, about 75% of Sievers apple groves are concentrated mainly in
Zailiysky and Dzhungarian Alatau [1].

Domestic apple (Malus domestica) does not grow in the wild form, it is an artificially created species.
In 2010, a group of scientists from different countries deciphered the complete genome of domestic apple
(Golden Delicious variety). It contains about 57 thousands of genes [2-6]. According to DNA analysis, we
also defined that known 2500 varieties of domestic apple are derived from Sievers apple tree [7-15]. One
of the famous varicties of domestic apple is Aport (first mention in 1175 monastic records). It was
brought to Kazakhstan (to the city of Verny, now Almaty) by the migrant Yegor Redko in 1865. He in-
culcated a few cuttings of Aport on the Sievers apple tree and grew large, tasty, beautiful fruits weighing
up to 250 grams [16-19]. Many clones were derived from Aport apple in various zones of the country,
some of which received varietal and other local names as a result of selection within centuries.
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Considering the fact that Sievers Apple played a large role as rootstock in formation and origin for
Aport variety, it is possible that anatomical characteristics of annual shoot structure of these plants have
the same structural characteristics acquired as a result of selection process. If study of anatomical structure
peculiarities of Sievers apple and Aport domestic apple annual shoots allows us to find identity in stem
anatomy, knowing the ray parenchyma structure will provide practical application of vegetative repro-
duction for these species. Besides, this will serve as the basis for creating technology of softwood cutting
and confirm the origin of Sievers Apple.

The goal of this study is to study and compare anatomical structure of Sievers apple and Aport
domestic apple annual shoots, grown in the conditions of Dzhungarian Alatau highland.

Methods: to conduct research we used methods of microscopic studies of botanical objects: pre-
paration of micro-specimens, staining, determination of cell biometric parameters, statistical data
processing, anatomical description, comparison and analysis of obtained results.

Results and discussion. An apple tree shoot formed from buds in the process of spring growth is
covered with epidermis. On the cross-section we can see the pith with adjoining primary xylem and early-
emerging continuous layers of secondary xylem, cambium, phloem and primary cortex. However, cork
cambium - phellogen - is laid under epidermis in summer, and periderm is formed. Lenticels form under
certain stomata. Epidermis cells die after periderm formation at the end of autumn.

When examining the apple stem, we can clearly distinguish between the pith and sapwood with the
naked eye on the cross-section (figure 1).

Figure 1 — Cross-section: A — Sievers apple stem, B — Aport domestic apple stem (x40)

In the pith, there is a xylem, consisting of vessels of different sizes. Meanwhile, vessel composition
in the xylem has unsystematic character. Transition from early wood of annual layer to late wood happens
gradually. Apple annual layer is winding slightly and uneven by width. Annual layer either narrows or
widens, forming a ring of wrong form.

We prepared objects for research at the time of intensive stem growth in thickness due to lateral
meristem. Therefore, cambial zone with young undifferentiated cells occupies 9.4-13.0% on the cross-
section of apples (table 1).

Table 1 — Measurements of plant tissues and complexes and their correlation on the cross-section (x40)

Type Pith Xylem Cambium Bark Cork Total length
. 217 141.5 83 144.5 43.5 629.5
Sievers Apple
34.5% 22.5% 13.0% 23.0% 7.0% 100.0%
204 322 73 141 34 774
Aport Apple
26.4% 41.6% 9.4% 18.2% 4.4% 100.0%
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For study, we selected stems of annual shoots of nearly same diameter. Comparison of absolute and
relative indicators of plant tissues and complexes contributed to identification of similarities and diffe-
rences in the anatomical stem structure of studied apple tree species. In general, it has been established
that indicators of relative values of main tissue complexes are slightly different in both types of apple.
There is a small difference in the pith diameter and conductive components. Domestic apple of Aport
variety forms a thicker layer of xylem (41.6%) than phloem layer (20.3%), while Sievers apple - pith
(34.5%) and equally xylem (22.5%) and phloem (23.0%) in the result of cambium activity.

Sievers apple is characterized by more marked anatomical unevenness of perimedullary zone,
associated with founding and formation of annual cambium ring. This unevenness varies in Sievers apple
in the range of 30-100 microns, Aport apple variety is less marked and amounts to 20-40 microns.

The studied species of apple trees have very narrow medullary rays, which are almost invisible to the
naked eye. Ray parenchyma of annual shoot consists of primary medullary rays. Primary medullary rays,
composed of cells of procambium and cambium origin, connect the pith of stem with its bark (figure 2).

A B

Figure 2 — Structure of annual shoot on the cross-section:
A — Sievers apple (x400), B — domestic apple of Aport variety on the cross-section (x400)

Anatomical specimens show that while a primary medullary ray develops, its histological structure
changes in composition of ray cells. In the field of procambium formation, medullary rays are composed
of square ray cells mainly. Then shape of cells often changes on the ray axis, becoming elongated along
the ray axis (lying cells).

Single-row rays predominate in the structure of ray parenchyma both in Sievers apple and Aport
domestic apple. The number of double-row rays is much less (8-12.9% on the cross-section, 21.1-23.8%
on the tangential section).

By histological structure, there are homocellular palisade medullary rays, composed of standing cells,
and heterocellular medullary rays, composed of both standing and square cells in the tangential section.
On the cross-section, these square cells can be lying, especially near the cambial zone. In the case of
Aport variety, heterocellular double-row rays have lying cells in the middle part of rays.

Table 2 — The number of medullary rays in the wood of the stem of the Apple Sivers on the anatomical cross-section (x40)

. ) Sievers apple Aport variety
Indicators of the radial parenchyma
PCs. % PCs. %
Total number of medullary rays on the cut 116.6£3.5 100.0 150.0£2.4 100.0
Number of primary rays including: 116.6£3.5 100.0 150.0+£2.4 100.0
single-row 101.24£2.1 87.1 138.1£1.9 92.0
double-row 13.6£1.4 12.9 11.9+1.3 8.0

Single- and double-row rays on the longitudinal tangential sections of Sievers apple stem wood also
represent ray parenchyma. Single-row medullary rays, layer of which is equal to 5-25 ray cells or 120-
420 microns, dominate the composition of ray parenchyma by rows. Single-row rays are composed of
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cells of two morphological types: square (isodiametric) and standing, i.e. elongated along the axis of stem.
Standing cells are located in single-row rays as single boundary or form the ending of 2-5 ray cells.
Square cells also take place the middle part of single-row rays. Thus, single-row medullary rays according
to the type of cell composition are heterocellular.

Double-row rays on the tangential sections are 21.1% of the total number of rays visible in the
microscope (table 3). Average layer of double-row rays is 10-20 ray cells or 150-200 microns. According
to histological structure, double-row rays are composed of only square ray cells (homocellular ray type) or
square and standing, where square cells are dominant, i.¢. ray type - heterocellular.

Table 3 — Number of medullary rays in the tangential section of Sievers Apple stem wood (in the of view of microscope x100)

. Sievers Apple Aport Apple
Indicators - -
piece % piece %
Total medullary rays 19.6+2.05 100.0 21.1£2.0 100.0
Including single-row 15.3¢1.2 78.9 16.1+1.3 762
double-row 4.3+0.8 21.1 5.0+0.9 23.8

Standing cells with height 1.5 times greater than width are mostly located in single boundary rays,
which can be characterized as heterocellular rays with regular type of ray cell composition (figure 3).

Figure 3 — Longitudinal tangential section: A — Sievers apple stem (x100), B — Aport domestic apple stem (x100)

Single- and double-row rays on the longitudinal tangential sections of Aport apple stem wood also
represent ray parenchyma. Single-row medullary rays, layer of which is equal to 15-30 ray cells or 420-
61 Imicrons, dominate the composition of ray parenchyma by rows. Single-row rays are composed of cells
of two morphological types: square (isodiametric) and standing, i.c. elongated along the axis of stem.
Single-row rays are of two types. The predominant first type of rays consists of standing cells only. The
second type has standing cells. Standing cells are located in single-row rays as single boundary or form
the ending of 2-5 ray cells. Square cells also take place the middle part of single-row rays. Thus, single-
row medullary rays according to the type of cell composition are homocellular and heterocellular.

Double-row rays on the tangential sections are 23.8% of the total number of rays visible in the
microscope (table 3). Average layer of double-row rays is 18-26 ray cells or 190-260 microns. According
to histological structure, double-row rays are composed of only square ray cells (homocellular ray type) or
square and standing, which are dominated by square cells, i.e. ray type - heterocellular.

The study of structure of medullary rays in the longitudinal radial sections allows us to determine
morphological type of ray cells accurately. There are two main types of ray parenchyma cells: cells, the
long axis of which is oriented radially (lying ray cells), and cells, in which this axis is oriented vertically
(standing ray cells). Cells, which look isodiametric on the radial sections of wood, are called square ray
cells and represent modification of standing type cells. Main defining parameters of ray parenchyma in
the radial section are layer (height) and length of medullary rays and, respectively, height and length of

— 9 ——
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ray cells. We can see characteristic changes in their histological structure in the process of ray growth of
wood on radial sections of rays.

Areas of primary medullary rays, located near perimedullar zone, are composed of square and
standing cells of procambial origin on the longitudinal radial section of Sievers apple stem wood. As
cambium grows, wood structure of ray parenchyma changes, and lying ray cells appear in its structure.

These areas along the ray length form in the period of harvesting and planting to root softwood
cuttings, so when we characterize ray parenchyma, first of all, we pay attention to this part of medullary
rays (figure 4). Standing cells, whose height is only 1.5 times greater than their width, are located in such
rays mostly as single boundary, which allows us to characterize these rays as heterocellular (figure 4).

A b

Figure 4 — Longitudinal radial section of Sievers apple stem wood (x200) and Aport domestic apple stem wood (x200)

Areas of primary medullary rays, located near the perimedullar zone, are composed of square and
standing cells of procambial origin on the longitudinal radial section of Aport apple stem wood. As
cambium grows, wood structure of ray parenchyma changes, and lying ray cells appear in its structure.
Lying ray cells are located in even and parallel rows.

In order to determine ratios of ray cell values (width, height, length), we took width as 1, and length
and height are calculated in proportion to its value.

Thus, value ratio of medium ray cell in Sievers apple medullary rays was 1:1.3:1.1 and in Aport
apple - 1:1.4:1.2. This ratio allows us to make a conclusion about predominance of square cells in the
structure of medullary rays for both types of apple trees.

Parameters of width, length and height of "mid" cell of Sievers Apple ray parenchyma have the ratio
equal to 1:1.3:1.2, which indicates that medullary rays are mostly composed of square ray cells (table 5).

Table 5 — Dimensions of apple ray cells (meas. 400)

. Longitudinal section
Cross-section - -
Type Tangential Radial
length width height width length height
Sievers apple 58.1 471 56.1 55.8 75.8 542
Aport apple 77.3 53.6 70 49.1 64.7 53.1

The established connection between peculiarities of composition of stem medullary rays and
formation of adventitious roots opens real possibilitics to forecast rooting ability of plants when selecting
them for softwood cutting [20]. Therefore, study of anatomical features of structure of stem annual shoot
and ray parenchyma of Sievers apple and Aport domestic apple allows us to compare and determine the
level of similarities and differences, and to determine potential of plant propagation by softwood cutting.

Based on the results obtained in number of double-row medullary rays on the cross-section and
tangential sections, we can assume that the potential rooting ability of Sievers Apple softwood cuttings
will not be more than 17% on average, for Aport domestic apple - not more than 16%. Considering that
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composition of double-row rays include lying cells found in the middle part only of certain rays, and
rooting ability of softwood cuttings will be significantly lower than their number. The results obtained are
confirmed by literary data, according to which the rooting of Sievers apple softwood cuttings was 12%
[21-22].

Conclusions. On the basis of obtained data on anatomy of annual shoots and literature data analysis
of studied apple varieties, we can make the following conclusions:

1. The share of pith (34.5%) is dominant in the anatomical structure of Sievers Apple annual shoot
stem, xylem and phloem are in equal proportions (22.5% and 23.0% respectively). Medullary rays are
very narrow and divided into single- and double-row primary rays. Single-row rays dominate in the ray
parenchyma of Sievers Apple wood (87.1%), whereas double-row rays make up only 12.9% on the cross
anatomical section.

Single- and double-row rays on longitudinal tangential sections of Sievers apple stem wood also
represent ray parenchyma. Single-row medullary rays dominate (78.9%), double-row rays are up to
21.1%. Square ray cells dominate on the radial section of medullary rays.

2. The share of xylem (41.6%) is dominant in Aport domestic apple while the share of pith (26.4%)
and phloem (18.2%) is significantly less. Medullary rays are also very narrow and divided into single- and
double-row primary rays. Single-row rays dominate in the ray parenchyma of Aport Apple wood (92.0%),
whereas double-row rays make up only 8.0% on the cross anatomical section.

Single- and double-row rays on the longitudinal tangential sections of Sievers apple stem wood also
represent ray parenchyma. Single-row medullary rays dominate (76.2%), double-row rays are up to
23.8%. Square ray cells dominate on the radial section of medullary rays, but there are areas of lying cells,
arranged in parallel rows.

3. Comparative analysis of anatomical structure of stem in Sievers apple and Aport domestic apple
established that studied plants differ in intensity of forming secondary cambium tissue. Conductive
complexes (phloem and xylem) develop evenly in Sievers apple, while Aport apple variety is dominated
by development of xylem. Single-row rays mainly represent ray parenchyma of both apple types.

Based on the statement on existing dependence of rooting abilities of softwood cuttings from the
structure of stem ray parenchyma, we can assume that investigated species belong to the group of hard-
rooted plants by softwood cuttings. Thus, main diagnostic parameters, indicating hard rooting of Sievers
apple and Aport domestic apple, are a small number of double-row rays and composition of medullary
rays of square cells mostly. However, presence of heterocellular medullary rays with lying cells in the
middle part in the wood of annual shoots during procurement of softwood cuttings may increase rooting
abiltity up to 20%.

Knowledge of anatomical structure of medullary rays in the studied plants may be used as the
theoretical basis for Sievers apple and Aport domestic apple vegetative reproduction by softwood cuttings
and further improvement of technological process of softwood cutting by using different terms of cutting
harvesting and growth regulators.
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'T. JKancyripoB aTsmaars: XKeTicy MEMIEKETTiK YHHBEPCHTETI,
*Ou3uKa-MaTeMATHKATIBIK OarbiTTarsl HazapOaes susaTkeprik Mekte6i, Tanasikopran, KasakcTan

CHUBEPC (MALUS SIEVERSII) ATMACBIHBIH, JKOHE AIIOPT COPTHI MOJIEH! AJIMACBHIHBIH,
(MALUS DOMESTICA) KBLJIABIK OPKEHAEPIHIH AHATOMMAJIBIK KYPBLIBICBHIH 3EPTTEY

Annoramms. JKorrap-Anmatay MCMIICKETTIK YITTHIK TAOWFH MAPKIH Kypy oMOcOam MAHBI3FA UC — CPCKIIC TC-
HETHKAJBIK, 3KOJIOTHIBIK 3CTCTUKAIBIK >KOHE TAPMXM KYHIBUIBIKKA WE TAaOWFW Tay JaHIIA(TApHIHBIH OHOAIYaH-
TYPIUTITIH CaKTay JKOHC JKAHAPTY, COHBIMCH KATap FBUIBIMH 3CPTTCYIICP KOHC TYPIl PEKPCALMSIBIK KYMBICTAP
JKYPri3y, COHBIMEH KaTap OLmM apTTBIPYBI XKY3ETe achpyFa MYMKIHAIK Oepemi. TTapkTiH Herisri MakcaThl €3¢KTi
MAaHpI3Fa e ;ka0akbl KEMICTI OpMaH TeHO(OHIBIH CaKTay OOJIBINT TAOBLITAMIEL.

Kazipri yaxsrrta Kazakcran Pecmybmukacsiana XKorrap-Anaray MY¥TII reHeTHKANBIK PECypPCTapbIH CaKTay
JKOHE JAMBITY CaJacBIHAAFHI 63¢KTI Maceieiep Oaikanaasl. FhUIbIMI-TEXHUKANBIK IIPOTPECTIH KAPKBIHIBI JaMYy bIHA
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OaMTAHBICTEI OPMAH OCIMAIKTCPIHIH Ay aHTYPILUIITIHIH MKOUBLTY Kayimi KCHET ocTi. OChFaH OAMIAHBICTHI, TCHOCTH-
KaJbIK Pe3epBTEPIiH OHIMALIITIH apTTHIpY skoHe CHBEPC aIMACHIHBIH, >Ka0aiibl JKEMICT] aFaIITaPbIHBIH OHOJIOTHSLIBIK
ATy aHTYPIILIITIH CAKTAYAbIH OapIIbIK KAHA MYMKIHIIKTEP i3AeCTimy Ie.

3eprrey Makcatel: JKoHrap-Amaray OWik Tayibl KarmadaapeiHAa oCeTiH CHBEPC aIMACHIHBIH JKOHE amopT
COPTHI MOJICHH AIMACBHIHBIH KbUIIBIK OPKEHICPIHIH AHATOMISUIBIK KYPBUIBICHIH 3EPTTEY SKOHE CAIBICTHIPY .

3eprrey Kyprizy OapbIChIHIA OOTAHWKANBIK HBICAHIAPABI MUKPOCKOIMSUIBIK 3CPTTCY SIiCTEpl, MHKPOIpEIa-
partap JadeiHmAy, OO0y, KICTKATAPIBIH OHOMCTPHSAIBIK KOPCCTKIIITCPIH AHBIKTAY, MOHACPAlI CTATHCTHKAJIBIK
OHZICY, AHATOMILSIIBIK CHIIATTAY, AJBIHFAH HOTIHKEIIEP/I CANBICTBIPY YKIHE CapanTay dJICTepl KOITAHBLIIBL.

Tyiiina ce3aep: CHBEPC aMMACHI, aNOPT, KBUTABIK 6PKCHIACD, KATCMIICTICP.

A. C. Baxraysioa', M. ®@. Kakymkanosa', b. K. Oxcuk6aen’, A, KonacGaena®

"Kersicyckuit rocyapcTeenHbIH yEHBEpcHTET MM. M. KancyTyposa,
*Hazap6acB UHTEIICKTY alTbHAS TKOMA (PU3MKO-MATEMATHUECKOTO HanpasicHus, Taxmsikopran, Kazaxcran

M3YUEHUE OCOBEHHOCTEM AHATOMMYECKOI'O CTPOEHUA
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Annoramusa. Gopmuposarne XKoHrap-AnarayCkoro roCyJAPCTBCHHOTO HAIMOHATIBHOTO MPHPOJHOTO MApKa
0071a1aCT YHHUBCPCANBHBIM 3HAUCHHCM — 3TO COXPAHCHHSA OMOPA3HOOOpasHsi W BO30OHOBJICHHC CCTCCTBCHHBIX
TOPHBIX JAHAMA(TOB, 00IANAIOIMNX OCOOCHHOW T€HETHUYECKOM, IKOJIOTHUCCKOH, ICTCTHUESCKOM W HCTOPHUCCKOH
LCHHOCTBHO; KPOMEC TOTO, o0ecreynuBacT BO3MOIKHOCTD NPOBCACHUA HAYTHBIX I/ICCJ'IGI[OBaHI/II\/II U Pa3JAvIHBIX BHOOB
PEKPCALIMOHHBIX PA0O0T, a TAKKS PEANH3AIMI0 MPOCBETHTCIBLCKOH padoThl. OCHOBHOM K& LEIBIO MAPKA CUHTACTCA
COXPAaHCHHE TCHO(OHAA THKOILTIOJOBBIX JIECOB UMCIOIIUX TTI00ATbHOC 3HAUCHHE.

B nacrosmiee Bpems B PecnyOmmke KazaxcTan HaOMFOTAIOTCA OCTPBIC MPOOJICMBI B OOTACTH COXPAHCHUS H
pa3BUTHS TeHETHYCCKHX pecypcos B XKonrap-Amarayckom I'HIIIT. HM3-3a 6ypHOTO pa3BUTHS HAYYHO-TEXHHYECKOTO
MPOTPEcca Pe3K0 BO3POCIA yTP03a MUCUCIHOBEHHS PACTHUTEIBHOTO PA3HOOOPA3HsA 1eCOB. B CBA3M C 3THM H3BICKH-
BAKOTCA BCC HOBBIC BO3MOKHOCTH I IMOBBIICHHUA NMPOAYKTUBHOCTH T'CHCTHUCCKHUX PE3CPBATOB H COXPAHCHUA
OHOJIOTHICCKOTO Pa3HOOOPA3Hs TUKOTLIOAOBBIX HACAKICHUH 10m0Hn CHBEepCa.

Lensro mccmenoBaHus OBLIO H3YYHTh H CPABHHTh AHATOMHYCCKOS CTPOCHHE TOAMYHBIX MOOCTOB AOJIOHH
CuBepca U 4070HH JOMAIIHCH cOpTa AMOpT, MPOHU3PACTAKOIIMX B YCIOBHAX BBICOKOTOPBA [HKyHrapckoro Amaray.
HpI/I IPOBCACHUA I/ICCJ'IGI[OBaHI/II\/II HUCTIOJIB30BAHBI METOABI MPOBCACHMA MHUKPOCKOMUICCKOTO HU3YUCHUA OoTaHu4ec-
KAX OOBEKTOB. H3TOTOBJICHHE MHKPOIPEHAPATOB, OKPAIIMBAHHE, OMPEICICHHC OHOMETPHUYCSCKHX MOKA3aTCICH
KJICTOK, CTATHCTHYECKAd 00paldOTKA JAHHBIX, AHATOMHUYCCKOE OMHCAHWC, CPABHCHHEC W AHAIM3 TMOJYUYCHHBIX pe-
3yIITATOB.

Kmouennie ciioBa; s010H:1 CuBepca, anopr, TOAWYHBIC TOOCTH, YCPCHKH.
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