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Background. The adaptive changes during the distribution of Prunus armeniaca L. in Dagestan are important for understand-
ing microevolution, structural and functional differentiation processes of populations along environmental gradients based on
the organism’s reaction norm. They can be examined by studying leaf anatomical features, having ecologically differentiating
significance in natural populations with contrasting growth conditions.

Materials and methods. The material for the study of leaf anatomical features was taken from 7 apricot trees in 3 growing
areas of Mountainous Dagestan. Comparative analysis was carried out for 42 morphological, anatomical and index parameters
of the lamina and petiole.

Results. The anocytic structure type of the stomatal apparatus was found in all apricot samples. The differences were deter-
mined by the degree of stomata submergence depending on the cuticle’s development. Trees from greater heights had more
trichomes on the leaf’s upper side than on its underside. Significant differences between the extreme height reference points
were recorded for the number of stomata, cells of the lower epidermis, layers of the sclerenchyma, and xylem thickness. Most
of the traits of the lamina decreased, and those of the petiole increased with the altitude.

Conclusion. The traits corresponding to the lower and upper altitude limits of P armeniaca were identified on the basis of the
lamina and petiole anatomical features. More xerophytic leaf traits were recorded for the altitudes of 550 m and 1900 m, and
mesophytic ones for 1700 m and 1800 m. Endoderm thickness, number of endosperm layers, petiole index, and stomatal index
were identified as stable indicators according to the reaction norm within the scope of altitudes: The differences were proved
for more plastic traits (number of cells of the upper and lower epidermis, number of stomata, thickness of the lamina and cu-
ticle, and the petiole’s long axis diameter).
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AKTya/IbHOCTb. MI3y4eHre aHaTOMHUYeCKUX IPU3HAKOB JIMCTA, UMEIOLIUX 3KoJI0ro-AuddepeHupyolee 3HaYeHUEe B IPUPO/-
HBIX NONyAAnUAX abpukoca (Prunus armeniaca L.) ¢ KOHTPACTHBIMH YCJOBUAMH NPOU3PACTAHUS, I03BOJIUT BbIABUTD ajall-
TUBHbIe U3MEeHEHUs, IPOUCXOAMBIIME PU PACIPOCTPAHEHUH 3TOTO BU/A BJI0JIb BBICOTHBIX YCJI0BUH JlarectaHa, 4To BaXKHO
TaKXe JJs NOHMMAaHHs HPOLLECCOB MHKPO3BOJIIOLUH, CTPYKTYPHOH M QYHKLHMOHAIbHOW AuddepeHIManuy nomyasanui
BJ0JIb CPE/IOBBIX I'PA/IHEHTOB Ha OCHOBE HOPMBI PeaKIMi OpraHM3MOB.

MaTepuaJi, MeToAbI U ycA0BUA. MaTepraioM [ U3y4eHUs aHATOMHUYECKUX 0CO6eHHOCTEN NMOC/IYyKUJIU JIMCThS CEMU Jlepe-
BbeB abpUKOca U3 Tpex MecT npouspacraHuu ['opHoro Jlarectana. CpaBHUTEJIbHBIN aHAIM3 IPOBeJeH 1o 42 mopdosioruyec-
KHMM, M1 aHATOMUYECKHM [T0Ka3aTe/IsIM JIMCTOBOH IJIACTUHKH U YepelIKa.

Pe3sysibTaThbl. Y Bcex 06pa310B abprKoca BbIIBJIE€H aHOMOLMTHBIM THII CTPOEHUS yCTBUYHOTO anmnapara. Pasinuuns onpees-
JIUCh 110 CTEIIeHH NOTPYKEHHOCTH YCThUIL B 3aBUCUMOCTH OT Pa3BUTOCTH KYTHUKYJIbL. JlepeBbs ¢ 60JIBLINX BbICOT IPOU3pACTa-
HUS UMEIOT 3Ha4YUTeJIbHO 60JIblile TPUXOM Ha BepXHEH CTOPOHE JINCTA, YeM ero HHXKHel CTOpoHe. YCTaHOBJIEHBI JOCTOBEpPHbBIe
pas/inyusa MeXJy KpalHUMH I10 BbICOTE PelepHbIMU TOYKAMH 110 KOJHUYECTBY YCTBHUL, KJETOK HMKHEH 3NUJIepMBbl, CJI0EB
CKJIEPEHXUMBI U TOJIL[MHE KCHyeMbl. C BBICOTOW HaJ, ypOBHEM MOPS GOJIbIIMHCTBO NOKa3aTes el NPU3HAKOB JIMCTOBOH IJia-
CTUHKHU yMEHbIIAIOTCH, @ YepeLIKa yBeJTUYNBAOTCH.

3akso4eHHe. [1o pesysibTaTaM CpaBHEHUS aHATOMUYECKUX TPU3HAKOB JINCTA U Yepellka P, armeniaca BblieIeHbl IPU3HAKH,
COOTBETCTBYIOIIME HIPKHEMY U BEpXHEMY peJiesty nporuspacTtanus. [0 COBOKYNHOCTH NPU3HAKOB 6oJiee KcepopUTHBIE Yep-
ThI JINCTbeB 06HApYKeHbI Ha BbicoTax 550 M 1 1900 M, Me3oduTHbIe — 1700 M 1 1800 M. BrisiB/ieHBI cTabUIbHBIE 10 HOpPMe
peaKkLUH B NpeJie/iaX BbICOTHBIX YCJIOBUH NPU3HAKU: «TOJILIMHA 3H0E€PMbI», KIUCJIO CI0€B IHAOAEPMBbI», K MH/EKC Yepell-
Ka» U «yCTbUYHBIM HHJEKC». Y 6oJlee MIAaCTUYHBIX IPU3HAKOB (YMC/I0 KJIETOK BepXHEH U HUXKHEN 3MH/IepMbl, YUCJIO0 YCTHHUL,
TOJILMHA JIMCTOBOH IJIACTUHKH U KYTHUKYJIbI, JHAMETP JJIMHHOW OCH YepellKa) BbIiBJI€HHbIE PAa3/IMYHs J0Ka3aHbL.

Kniouessie cnosa: Prunus armeniaca L., TpUpo/Hble LleHONONYIALUH, aHATOMMUS, JINCTOBAs IJIACTHHKA, YepelloK, BbICOTA
Ha/Jl ypOBHEM MOPs
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Introduction

Prunus armeniaca L. (= Armeniaca vulgaris Lam.) is the
most important cultivated fruit plant. The primary wild apri-
cot has been found in the arid mountainous environments of
Central Asia and Northeast China (Kostina, 1936; Vavilov,
1960; Zhukovsky, 1964; Vekhov etal, 1978; Avdeev, 2012;
Asadulaev et al., 2020). However, apricot cultivars can suffer
from a moisture deficiency stress (Genkel, 1982; Skvortsov,
Kramarenko, 2007; Asadulaev etal.,, 2008; Starodubtseva,
Dzhuraeva, 2016; Anatov et al,, 2019), while under unfavor-
able conditions leaves lose turgor and later dry up (Gorina,
2014; Gorina et al,, 2017).

In the Caucasus, the main natural apricot populations are
concentrated along the river valleys of the Inner Mountainous
Dagestan, at altitudes from 350 to 1500 m above mean sea
level, sometimes (sporadically) along the southern slopes up
to 1900 m (Asadulaev etal., 2014; Anatov, 2019). Having
a significant variation in altitudinal distribution and, accord-
ingly, significant differences in growing conditions, apricot
trees should have certain structural and functional mecha-
nisms for their leveling. Changes that provide resistance to
critical environmental conditions are especially visible in the
anatomical structure of vegetative organs.

Therefore, a comparative anatomical study of leaves,
while making ecological characterization of woody plants, is
of great importance. It is also important for the correct as-
sessment of the adaptive potential of apricot plants growing
at different altitude levels in Mountainous Dagestan, and for
understanding microevolutional processes as the basis of
their ecological differentiation.

For apricots of different ecogeographic groups, anatomi-
cal features of the leaf are well studied (Sokolova, 1986; Ros-
tova, Sokolova, 1992; Sokolova, 2000). However, we are not
aware of the specific features in the leaf anatomical structure
of apricot trees in natural populations at different altitudes of
their occurrence.

The purpose of this work was to identify anatomical fea-
tures of the leaf that have an ecologically differentiating

value along the altitude gradients in the Dagestani natural
populations of apricot in order to understand microevolu-
tional changes during the movement of this species to new
territories or the selection of adapted cultivars for garden-
ing.

Material and methods

Three model populations differing in contrasting growth
conditions along the altitudinal gradient and geographic iso-
lation were selected in the Inner Mountainous Dagestan for
the study of P armeniaca anatomical features under the con-
ditions of Mountainous Dagestan: three trees from Maydan
Village, Untsukulsky District (550 m.a.s.L.); three trees from
Charodinsky District between the villages of Gunukh and
Murukh (1700-1800 m.a.s.l.); one tree from Gunib Village;
Gunibsky District (1900 m.a.s.l.).

Live material for anatomical studies was fixed in 70%
ethyl alcohol with the addition of glycerin. Temporary leaf
preparations for a light microscope were made according to
generally accepted techniques (Pausheva, 1974; Borisovska-
ya, Sokolova, 1978; Zhestyanikova, Moskaleva, 1981; Prozina,
1960; Barykina, 2004). Cross sections were made in the mid-
dle part of the blade and leaf petiole in triplicate - one middle
leaf from three one-year vegetative shoots. Five leaves were
separately selected from one-year shoots of medium length
(25-30 cm) from each of the seven trees, starting from the
first leaves at the base of the shoot, for measuring morpho-
logical parameters.

Structural elements of leaf tissues were described in ac-
cordance with the procedures developed by N.A. Aneli
(1975), and Al A. Fedorova et al. (1956).

Methods of descriptive statistics, variance, regression,
discriminant and correlation analyses were used for mathe-
matical data processing. Statistical data processing was car-
ried out using Statistica v. 13.3.

A comparative analysis was carried out on 42 morpho-
logical and anatomical indicators and indices of the lamina
and petiole (Table 1).

Table 1. Anatomical characters of the apricot leaf and petiole used in the work

Ta61mua 1. AHaTOMUYeCKHue NPU3HAKHU JIUCTA U YepeliKa a6pm<oca, HUCIO0JIb30BaHHbIEC B pa60Te

Characters and units / [IpysHaky, e AUHULBI U3MeEPEHUSs Note / [IpumeyaHue
General / O6mue
Length of the lamina, cm / /l/iiHa IMCTOBOU MJIACTUHKHU, CM L
Width of the lamina, cm / llluprHa 1UCTOBOM NJIACTUHKH, CM W
Length of the petiole, cm / [lsinna yepeika, cMm P
Leaf area, cm? / [lnomazab Jivcra, cm? S
Lamina / JIucTroBas mjiacTMHKa

Number of the upper epidermis cells per 1 mm? / Yucsio k/1eTOK BepxXHeii anuzepMbl Ha 1 Mm? Scl
Number of the lower epidermis cells per 1 mm? / Yucsio keTOK HIXKHel anuepMel Ha 1 MM? Sc2
Number of the lower epidermis stomata per 1 mm? / Yucsio ycThull HUXKHEN anujepMbl Ha 1 MM? SN
Length of the lower epidermis stomata, pm / [lyinHa yCThHUL, HIXKHEH 3MUePMbI, MKM SL
Width of the lower epidermis stomata, pm / llupuHa ycTbUL HUXKHEH 3MUAePMBbI, MKM SwW
Thickness of the lamina, um / TosnyHa 1UCTOBON NJIACTUHKH, MKM LT
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Table 1. The end
Ta6smna 1. OKoHYaHue

Characters and units / [Ipu3HaKku, e JUHULBI U3MEPEHUS

Note / [Ipumeyanue

Lamina / J/IucTroBas njiacTuHKa

Height of the upper epidermis cells, um / BbicoTa K/1eTOK BepXHel anuiepMbl, MKM EH1
Height of the lower epidermis cells, pm / BbicoTa K/1eTOK HIPKHEH S1UZePMBbI, MKM EH2
Thickness of the upper cuticle, pm / TosnmuHa BepxHel KYTHKYJIbI, MKM CT1
Thickness of the lower cuticle, pm / TosMHa HIKHEN Ky TUKYJIbl, MKM CT2
Thickness of the palisade tissue, pm / TosuyHa nanucaHOH TKAaHH, MKM MP
Thickness of the spongy tissue, pm / TosyHa ry64aTod TKaHU, MKM MS
Thickness of the leaf mesophyll (MP + MS), pm / Tonmuza Me3oduiia sructa (MP + MS), Mkm M
Number of the palisade tissue layers / Yucsio cioeB najucagHoi TKaHU MPn
Number of the spongy tissue layers / Yucsio ciioeB ry6yaToil TKaHU MSn
Total number of the mesophyll layers (MPn + MSn) / O6uiee yucso cioeB Me3odpua (MPn + MSn) MN
Petiole (abaxial side) / Yepemok (a6akcuajbHasi CTOPOHA)
Thickness of the cuticle, um / TosmuHa KyTUKYJIBI, MKM PC
Height of the epidermis, um / BbicoTa anuiepMbl, MKM PE
Thickness of the collenchyma, um / TosrHa KoJIJIeHXUMBI, MKM TC
Number of the collenchyma layers / Yncsio ciioeB KosieHXUMBbI NC
Thickness of the crustal parenchyma, pm / TosimuHa KOpOBOW MapEHXUMbI, MKM KT
Number of the parenchyma layers / Uucsio ciioeB napeHXUMBbI KN
Thickness of the endodermoid tissue, pum / TosuHa 3H40/JePMOUAHON TKAHU, MKM EnT
Number of the endodermoid tissue layers / Yucsio cioeB aHA04epPMOU/IHON TKAaHU EnN
Thickness of the sclerenchyma, pm / TosmuHa ckiepeHXUMBI, MKM BT
Number of the sclerenchyma layers / Uucsio cioeB ckJiepeHXUMBbI BN
Thickness of the phloem, pm / Tosuuza ¢y103MbI, MKM FT
Thickness of the xylem, pm / TosuHa KCUIeMbI, MKM XT
Number of vessels in a modular xylem row / Yucsio cocy/10B B MOAY/IbHOM KCUJIEMHOM PSIY XN
Radial vessel diameter, pm / PajuanbHblil JuaMeTp cocyaa, MKM XRd
Tangential vessel diameter, um / TaHreHTa/IbHBIN AUAMETpP cOCyAa, MKM XTd
Perimedullary zone thickness, pm / TosnuHa nepuMeayIsPHON 30HbI, MKM PZt
Number of the perimedullary zone layers / Uucsio cioeB nepuMe y/isipHON 30HBI PZn
Cross-sectional tangential diameter, pum / TaHreHTa/IbHBIN AAMETP MONEPEYHOI0 CEYEHUS, MKM OL
Cross-sectional radial diameter, pm / PagnanbHbIi fHaMeTp MONEePeYyHOro cedeHusl, MKM 0S
Indices / UHAEKCBI
Petiole index (OL/0S) / Unzekc yepewka (OL/0OS) InP
Palisade index (MP/MS) / Unzpekc nanucagHoctu (MP/MS) InM
Stomatal index (SL/SW) / Ycrbuunbiit unzaekc (SL/SW) InS
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Results

Apricot trees from all growth levels (550, 1700, 1800, and
1900 m) had typical dorsoventral leaves with various combi-
nations of xeromorphic features. The outlines of the surface
projection of the cell walls of the upper epidermis were recti-
linear, those of the lower epidermis were curved. The cells of
the upper epidermis were larger than those of the lower epi-
dermis.

The thickness of the cuticle of the upper and lower epider-
mis increased with altitudes above sea level. We attribute this
feature to an increase in solar insolation and evaporation
with rising altitudes. It is believed that when the stomata are
open, the loss of water through the cuticle is insignificant, but
when the stomata are closed, cuticular transpiration becomes
important in the water regime of the plant (Kosulina, 1993).

Apricot leaves are hypostomatic, with anomocytic stoma-
ta, and scaphoid guard cells. The size of the stomata on the
abaxial epidermis of the lamina varied slightly in different
trees, but their number per 1 mm? increased with higher alti-
tudes from 373.4 in the Maydan sample to 708.7 in the Gunib
sample. In addition to an increase in solar radiation, this may
also be due to a decrease in air density at high altitudes and
the need to ensure the process of optimal respiration by in-
creasing the number of stomata.

The structure of the stomatal apparatus, indicators of the
number and size of stomata are considered ecological charac-
ters and one of the mechanisms of plant adaptation to water
deficit (Sorokopudov et al., 2014). At the same time, accord-
ing to some opinions, xeromorphic leaves are characterized
by smaller, numerous stomata; according to others, on the
contrary, the low frequency of stomata in combination with
their large sizes contributes to more effective control of water
loss (Sokolova, 2000).

The degree of immersion of stomata into the epidermis
varied in different trees, depending on the cuticle’s degree of
development. Predominating in the sample from the Gunukh
locality were stomata located on the same level with the epi-
dermal cells. We can assume that the location of the stomata
relative to the surface of the epidermis is associated with the
intensity of transpiration; the deeper the stomata are im-
mersed, the less is water evaporation. It follows from this as-
sumption that the evaporation rate is probably higher in the
leaves of the Gunukh sample than in the other two samples.
The reasons may be a higher moisture supply in Charodinsky
District, compared to the Gunib Plateau and the conditions of
Untsukulsky District, as well as the possible cultigenic origin
of this sample. The issue deserves a more detailed further
study.

The presence of numerous (708.7 pcs. per 1 mm?) and
relatively small (27.7 um long) submerged stomata on the
lamina of the Gunib sample suggests the dependence of this
character’s parameters on the ecological conditions in its
growth sites (the southern microslope, and the highest alti-
tude above sea level - 1900 m - cause high evaporation, inso-
lation, and temperature drops). This sample of all studied can
be recognized as the most xeromorphic.

Another equally important trait is the presence of tri-
chomes. Most researchers consider trichomes a xeromorphic
trait. It is believed that trichomes are able to protect the me-
sophyll from overheating when the stomata are closed
(Maksimov, 1931). However, in the works dedicated to the
study of the role of trichomes in the regulation processes of
the plant water regime, unambiguous results have not been
obtained; in the period of leaf growth, on the contrary, tri-
chomes can expand the evaporating surface (Esau, 1980; So-
kolova, 2000).

In apricot trees from medium-altitude heights (Gunukh,
Murukh, and Gunib), unicellular trichomes have a conical
shape and are present on the upper side of the leaf (Figure 1).
But the Gunib sample (1900 m) has them on the lower sides
of the leaf and petiole as well. Trichomes are short on the ad-
axial side of the petiole, and long on the abaxial side. The
presence of pubescence on the leaves of the Gunib sample
confirms the opinion that this feature is related to the inten-
sity of solar insolation. In trees from a lower growth altitude
(550 m), trichomes are found only on the petiole, both on the
abaxial and adaxial sides.

The characteristics of the average values for leaves from
different growing areas are presented below (Table 2). Larger
leaves were taken from the altitudes of 1700 and 1800 m
(with the highest moisture supply), and smaller ones from the
altitude of 1900 m (the southern microslope, and the highest
evaporation rate).

E. A. Sokolova (2000) believes that apricot cultivars
with a dense mesophyll structure exhibit the greatest
drought resistance; the lamina is thicker than 230 pm, the
number of mesophyll layers is more than 6, and the palisade
coefficient is above the average. In our study, the first and
third samples from Maydan had the highest leaf thickness,
while the thinnest were observed at Gunib. The number of
mesophyll layers in all samples was more than 6; the highest
values were recorded for the first sample from Murukh and
Gunib. The second and third samples from Maydan, and the
sample from Gunib had high values of the palisade index
(InM).

The resulting data attest to the existence of differences in
values for the same characters under similar growing condi-
tions. Based on this, the values of each character cannot be
interpreted from the point of view of their informativeness
for assessing the stability and adaptability of a sample. In ad-
dition, such xeromorphic traits as small cells and a high num-
ber of stomata may indicate the insufficiency of nutrients,
exposure to low or high temperatures, etc. (Vasilevskaya,
1954). However, according to the sum of traits, it can be as-
sumed that the trees from Maydan and Gunib are more
drought-resistant than the trees from Charodinsky District.
We associate this with the difference in climatic conditions of
the two districts. Charodinsky District belongs to the High
Mountainous Dagestan with higher moisture content; accord-
ingly, there will be more mesomorphic traits than under the
conditions of a moisture deficit in the Inner Mountainous
Dagestan (especially the samples from Maydan).

One-way analysis of variance - the factor “interindividual
differences” (df = 6) was used - helped to assess the differ-
ences among all the registered trees. The analysis of the data
showed that the studied trees significantly differed among
themselves in most of the leaf characteristics (Table 3). The
greatest differences were found for the following characters:
the number of the upper epidermis cells, number of stomata,
tangential diameter of the petiole’s cross section, radial diam-
eter of the petiole’s cross section, thickness of the cuticle, and
number of the palisade tissue layers. Insignificant differences
were observed for the characters: thickness of the lower cu-
ticle”, thickness of the crustal parenchyma (in the leaf), and
the number of parenchyma layers (in the petiole).

An analysis of variance, taking into account the places of
growth (Untsukulsky, Charodinsky, and Gunibsky Districts),
was carried out to determine the effect size of environmental
factors. The results showed a decrease in significance of the
values of some features and identified ecologically dependent
traits. A number of characters (the number of stomata, “thick-
ness of the cuticle, tangential diameter of the petiole’s cross
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7 Maydan 1 / MaitgaHckoe 1

Cross section in the middle / [lonepe4HbIil cpe3 B cpefHelN YacTH
Petiole (middle) / Yepemok (cepenrna) Lamina / JluctoBasi njaacTUHKa

Fig. 1. Cross sections of apricot petioles and laminae from natural populations of Dagestan (resolution 10 x 10)
Note: T - trichomes; C - cuticle; E - epidermis; P - palisade tissue; S - spongy tissue; V - vascular fibrous bundle;
X - xylem; F - phloem; B - sclerenchyma; N - collenchyma; K - crustal parenchyma; Z - perimedular zone; A - abaxial side;
D - adaxial side

Puc. 1. [lonepeyHble cpe3bl YePEIIKOB U JIMCTOBOM IJIACTUHKYU aGpHKoOca
M3 NPUPOJHBIX nonyaanui /larecrana (paspemenue 10 x 10)
[Ipumeyanue: T - Tpuxomsbl; C - KyTuKy/Ia; E - asnuaepma; P - manucaHas TKaHkp; S - ry6yaTas TKaHb;
V - cocyaucTo-BOJIOKHUCTBIN Ny40K; X — KcueMa; F - ¢poama; B - ckiepenxuma; N - kostenxuma; K - kopoBasi mapeHXHUMa;
Z - nepuMenynsapHas 30Ha; A - abakcuaabHas CTOpoHa; D - afakcuaabHas CTOpOHA
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Table 3. Results of the one-way ANOVA and regression analyses, and of Tukey’s test for apricot leaf characters
in natural populations of Mountainous Dagestan

Ta6smmua 3. Pe3y/bTaThl 04HO(PAKTOPHOIO JUCIEPCHOHHOIO, PErPECCHOHHOr0 aHAIU30B U Kputepust ThIOKU
o NpU3HaKaM JINCTa aGPUKOca B IPUPOJHBIX mony/sauuax FopHoro JarecraHa

e Interindividual differences / Differences in the place of growth / Tukey’s test /
“pﬂSHaKﬂ Meﬂ(HHAHBHAﬁ?J:b:bIe pa3inuusa Pazimnuyusa no MZ;T;y;pOH3paCTaHPIH KpﬂTepﬂﬁ ThIOKH
h.? % r? % - h.?, % r,?% % - U/CH | U/G | G/CH
Scl 71.4%%* 22.9%** -0.48*** 22.6%** 20.6%** -0.45%** ok - -
Sc2 44, 7%** 40.8%** 0.64*** 42.0%+* 41.9%+* 0.65%** ok ok -
SN 63.8%%* 48,5+ 0.70%** 61.6%** 5(.2%%* 0.71%%* ok ok —
SL 27.8%** - - 11.9%* 4.3* -0.21* - * *
Sw 26.8%** 11.7%** —0.34%** 18.1%** 12.5%%* -0.35%** - ok *
LT 52.4%%* 23.0%** -0.48*** 39.8%** 25.0%** -0.50%** ok ok ok
EH1 32.6%** - - 8.9%* 4.6* -0.21* - * -
EH2 40.2%** 32.4%%* —0.57*** 34.0%** 33.2%** -0.58%** ok oK -
CT1 11,8* 6.2* 0.25* 7,4% 6.8* 0.26* - * -
CT2 - - - - - - - - -
MP 35.0%** 24.6%*%* -0.50%** 27.6%** 25.3%** -0.50%** ok ok -
MS 50.0%** 9.2%* -0.30** 31.5%** 10.4%** —0.32%** - ok ok
M 51.0%** 19.3%** —0.44*** 35.6%** 20.7%** -0.46%** * ok ok
MPn 55.8%** 6.1* 0.25* 22.5%** 6.0* 0.24* - oK ok
MSn 33.9%%* 3.9* 0.20* 8.6 - - * - -
MN 49.3%** 7.9%* 0.28** 6.8* 6.7* 0,26* - * -
PC 56.3*** 9.8** 0.31** 56.3*** 11.6%** 0.34%** - ok ok
PE 30.8%** 7.6%* 0.28** 6.9* 6.5% 0.26* * - -
TC 33.9%** - - 5.9% - - * - -
NC 39.7%** - - 9.1%* - - - - *
KT - - - - - - - - -
KN - - - - - - - - -
EnT 44 2%x* - - - - - - - -
EnN 26.8%** - - - - - - - -
BT 22.1%% 11.6%** 0.34%** 13.1%** 10.3%** 0.32%** ok - -
BN 36.7%** 27.1%k* 0.52%** 25.8%** 25.8%#* 0.51%** kX Hok -
FT 33.0%** 21.9%** 0.47%** 28.9%** 21.2%H* 0.46%** okx - -
XT 34.8%** 26.7%F* 0.527%** 28.5%F* 25,3%** 0.50%** ok * -
XN 23.2%% 8.6** 0.29** 8.6%* 8.1** 0.28** ok - -
XRd 31.8%** 3.7% 0.19* 25.2%** - - ok - ok
XTd 20.9%** 15.0%** 0.39%** 14.9%** 14.8%** 0.39%** ok * -
PZt 24.1%%* 13.2%%* 0.36™** 12.9%** 12.8%* 0.36%** ok - -
PZn 40.2%** 19.2%%** 0.44%** 36.0%** 17.6%** 0.42%+* okx - otk
184 TPY/IbI 110 TPUKJIAJIHOY BOTAHUKE, TEHETUKE U CEJIEKLIUU /
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Table 3. The end
Ta6sinna 3. OKoHYaHHe

Interindividual differences / Differences in the place of growth / s
Characters / Tukey'’s test /
MeXXUHAUBUAYaabHbIE Pa3/INYus Pa3inuyus no Mecty npou3pactaHus .
IIpusHaku KpuTtepuii Teioku
df=6 df=2

h.? % r? % Ty h,?, % r,?% % L U/CH | U/G | G/CH
OL 627*** — — 495*** _ _ kkk kskok kskok
OS 60'3*** — _ 35.1*** _ _ kokk kk kskok
InP 41.5%+* - - - - - - - -
InM 24.6%** - - 14.1%** - - ok - ok
InS 17.5%* - - - - - - - -

Note: CH - Charodinsky District; U - Untsukulsky District; G - Gunibsky District; h,? - components of variance according to the factor
“interindividual differences”; h,> - components of dispersion according to the factor “place of growth”; r,?> and r,”- coefficients
of determination of the corresponding factors; L and r, - correlation coefficients between the altitude and the studied character; * -

P<0.05**-P<0.01,**-P<0.001 - confidence levels; a dash means no significant difference

Mpumeyanue: CH - yapopunckue; U - yanyky/abckue; G - ryau6ckue; h,? - KOMIOHEHTBI AMCIepPCHH 110 GaKTOpy «MeXKHHAMBHYya/IbHbIe
pasauuusa»; h,?- KOMIOHEeHTHl JAucnepcuu 1o (GaKTOpy «MeCcTO NpOM3pacTaHHsA»; I,” UT,”- KO3QQUIHEHTHbl JeTepMUHAaLUH

COOTBETCTBYIOIMX aKTOPOB; Iy M T, — KO3IQQUIUEHTBI KOPPE/ISALNU MeX/Y BbICOTOM HaZl yPOBHEM MOPSI U U3Y4aeMbIM IPU3HAKOM;

*-P<0,05*-P<0,01,**-P<0,001 - ypoBHH JOCTOBEPHOCTH; IPOYEPK 03HAYAET OTCYTCTBUE JOCTOBEPHBIX PA3IUIHI

section, and number of the upper epidermis cells) showed the
greatest dependence on growing conditions. The thickness of
the endoderm, number of the endoderm layers, index of the
petiole axis, and stomatal index depended somewhat less on
the growing conditions.

A post-hoc analysis based on the analysis of variance
(df = 2) revealed that the studied populations differed well in
most of the average values (Table 3). When the growth sites
were compared in pairs according to Tukey’s criterion, higher
isolation of the Maydan samples from the rest was noticeable,
and the differences from the Gunib ones were greater in the
lamina indicators, and from those from Charodinsky District
in the petiole. For five characters (the number of stomata of
the lower epidermis, thickness of the lamina, thickness of the
mesophyll, and tangential and radial diameters of the peti-
ole’s cross section), the differences were significant between
all compared pairs, most of which were associated with the
morphological dimensions of the leaf, while the rest were un-
reliable.

The data of the regression analysis for interindividual dif-
ferences and for the difference in conditions of the growth
sites showed approximately the same results. At the same
time, the linear effect of the altitude above sea level on inter-
population differentiation was statistically significant in
many ways. Insignificant differences between the compo-
nents of dispersion and determination (h? u r?) were found
for the indicators associated with the lamina, and less often
with the petiole. For example, for the character “number of
the lower epidermis cells”, the effect of factor h,? % (42.0%)
was due to interindividual differentiation, i.e.,, ecological
growth conditions, while its linear impact (r,% %) was equal
to 41.9%. Based on this dependence, the effect size of the in-
fluence of the factor “altitude of the growth site” (Ar) in the
total variability can be expressed by the formula:

Ar=}r1—; 100%

Accordingly, Ar for this indicator will be 0,419*100% /
0,420 = 99,8%, i.e., only 0.2% of the total variability of this
character is caused by non-linear effects.

Correlation coefficient ry displayed noticeable positive
correlations of the altitude above sea level with the following
characters: the number of stomata, number of the lower epi-
dermis cells, number of the sclerenchyma layers, and thick-
ness of the xylem, and negative correlations with the charac-
ters: the number of the upper epidermis cells, thickness of the
lamina, height of the lower epidermis cells, and thickness of
the palisade tissue. The indices of most lamina characteristics
decreased with the altitude above sea level, and those of the
petiole increased.

It can be concluded that the traits of xerophilicity gradu-
ally increased in natural apricot populations with the altitude
above sea level.

Such a manifestation of the aggregate of indicators can be
associated both with changes in the genotype and with purely
functional changes within the normal range. In addition, the
reason for arid conditions may be an increase in the evapora-
tion of moisture on the southern slopes with the same amount
of precipitation.

The discriminant analysis conducted with step-by-step
inclusion at F>5.00 identified 11 most differentiating fea-
tures (Table 4). The rest of the characters turned out to be of
little information. The most discriminating function was ob-
served in the following characters: the number of the upper
epidermis cells, number of the lower epidermis stomata,
thickness of the cuticle, number of the palisade tissue layers,
and thickness of the endoderm.

Figure 2 shows the location of objects in the space of two
canonical roots based on the results of the discriminant anal-
ysis. The first discriminant function (cor.1) accounts for
54.4% of the explained variance, the second (cor. 2) for 19.6%.

The location pattern of the objects suggests that along the
first axis they are located according to the change in the num-
bers of the upper epidermis cells and the lower epidermis
stomata, and the thickness of the cuticle of the petiole and
lamina. The scatter of indicators and the location of samples
along the second axis reflect the diversity in the endoderm
thickness and petiole index. The genotype from Gunib is sepa-
rated according to the first function and Maydan 1 according
to the second. Maydan 3 is also highly different, but with an
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Table 4. Results of the step-by-step analysis with inclusion by the grouping variable - trees (7 gr.)

Ta6suna 4. UToru nomaroBoro aHa/in3a ¢ BKJII0UeHUeM 0 rpynnupymoiieil nepeMeHHoH - AepeBbs (7 rp.)

Step / Characters / il e p-level / Lambda / F-values 4 p-level /
Ilar IIpu3Haku YpoBeHb JIam6pa Kputepui YpoBeHb
1 Scl 40.782 0.000000 0.285970 40.782 0.000000
2 SN 26.378 0.000000 0.108666 32.876 0.000000
3 PC 16.402 0.000000 0.053660 27.395 0.000000
4 MPn 13.075 0.000000 0.029390 24.233 0.000000
5 EnT 11.009 0.000000 0.017260 22.162 0.000000
6 LT 9.696 0.000000 0.010618 20.731 0.000000
7 FT 8.840 0.000000 0.006735 19.719 0.000000
8 NC 8.348 0.000000 0.004344 19.017 0.000000
9 InP 7.939 0.000001 0.002841 18.524 0.000000
10 PZn 6.977 0.000004 0.001932 18.038 0.000000
11 PE 5.877 0.000034 0.001379 17.496 0.000000

Note: there are 11 variables in the model; and 23 not in the model; n = 105

[IprMeyaHue: nepeMeHHbIX B MoJesu — 11; He B Moziesin — 23; n = 105
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Fig. 2. Scattering graph of objects in the space of two canonical roots
according to the leaf anatomical characters
Puc. 2. T'pa¢uk pacceMuBaHUs 06beKTOB B IPOCTPAHCTBE JBYX KAHOHUYECKUX KOPHeH
110 aHATOMUY€eCKUM NPU3HaKaM JIMCTa
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Conclusion

Within the general range of P armeniaca in Dagestan, the
selected reference points correspond to the lower and upper
limits of distribution (with more critical growth conditions)
and the central part of the range (with optimal conditions). In
this case, the anatomical characters selected for the assess-
ment of adaptive characteristics are grouped according to the
parameters of the morphogenetic response to complex grow-
ing conditions.

The determinants of the studied genotypes turned out to
be as follows: the thickness of the lower cuticle, thickness of
the crustal parenchyma, and number of the parenchyma lay-
ers. The following characters appeared less informative with-
in the studied altitude conditions: the “thickness of the endo-
derm”, “number of the endoderm layers”, “petiole index”, and
“stomatal index”. Their values did not show significant differ-
ences in the reaction rate. Other features (“number of cells of

» o«

the upper epidermis”, “number of cells of the lower epider-

PR » o«

mis”, “number of stomata”, “thickness of the lamina”, “thick-
ness of the cuticle”, “tangential diameter of the petiole’s cross
section”) showed significant differences, which could be due
to two reasons: a narrow limit of their reaction rate, or a wide
range of exposure to one of the abiotic factors (light, tempera-
ture, humidity, etc.), or their combined action that goes be-
yond their ecological optimum.

The altitude as a complex factor in Mountainous Dagestan
can exert the greatest effect on the variability of parameters
of such apricot leaf features as the area and thickness of the
lamina. We associate a decrease in the parameters of these
characters with the accelerated implementation of the stages
of morphogenesis of vegetative organs in connection with
areduction in the total growing season with the altitudes of
growth sites, and, therefore, they are highly adaptive.

The leaves of the Gunib sample (1900 m) were character-
ized by the greatest xeromorphism. They have a multi-layered
dense small-celled mesophyll, with a relatively thin lamina.
The small-celled lower epidermis, a large number of stomata,
and the total set of traits indicates an earlier stoppage of the
leaf in growth.
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