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Abstract. The paper presents the results of assessing the dynamics of 
growth processes 364 seedlings of 16 apricot samples under conditions of a 
critical altitude level for them in Dagestan (1900 m). A comparative study 
of apricot samples showed that during the growing season, annual 
seedlings form a small height of the main shoot (18.7–28.7 cm), subramose 
(0.4–2.7) and leafiness (14.7–23.6). Analysis of the relative dynamics of 
shoot growth showed that the maximum growth was observed in May-June 
(62.8–95.7%) and low in July-September (1.0–24.5%). A reliable 
correlation was established between the relative growth of the studied 
samples and their winter hardiness, namely, the higher the relative increase 
in July-September, the lower the winter hardiness. The correlation in May-
June was -0.77**, and in July and September 0.62* and 0.64 **, 
respectively. The experiment showed the information content of studying 
the growth of shoot length as a diagnostic feature in assessing the winter 
hardiness of apricot seedlings in the mountainous conditions of Dagestan. 

Introduction 
The study of plant growth processes has led to the development of new approaches in 
adaptive gardening. At the same time, special attention is focused on the growth and 
development of morphological characters of a certain species, intraspecific variability, 
associated in the future with applied aspects [1]. 

One of the known methods for studying the variability and growth processes of plants is 
the cultivation of plants (samples) of the same species in the same agro-climatic zone, 
which is the basis for interpreting the data obtained for certain conditional factors. 
However, experiments of this kind do not take into account the complex of adaptive 
features that can exist in natural conditions [2, 3]. 

The basis for adaptive success in the study of plant species is not only the initial growth 
activity, but also the growth dynamics of seasonal changes [4–6]. Moreover, young plants 
must go through early stages of life before they mature and begin to reproduce, which 
allows them to expand their range [7, 8]. 

It follows from all this that adaptive mechanisms to local climatic conditions are one of 
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the important factors in the domestication of wild-growing useful plants. And on the basis 
of the ecological and genetic differentiation of individual species within their ranges, 
supplemented by experimental methods to study the growth of the shoot system, it is 
possible to extract some hidden resources of intraspecific variability, breeding 
transformations that entail dramatic changes in the productivity and resistance of many 
cultivated plants, including genetic resources of wild-growing apricot [9–11]. 

Apricot (Prunus armeniaca L.) of Dagestan is a member of the Iranian-Caucasian eco-
geographical group (Dagestan subgroup) [12]. The long history of apricot cultivation and 
its importance for the population led to the creation of a large assortment (Shindakhlan, 
Hekobarsh, Honobakh, Tamasha, Uzden, etc.) [13]. Wild apricot is distributed in the 
valleys of the rivers Avarian Kojsu, Andijsky Kojsu, Kazikumuhsky Kojsu and Kara-
Kojsu, at altitudes of 350–1500 m above sea level, occasionally (singularly) along the 
southern slopes up to 1900 m, preferring limestone slopes of various exposures [14]. At the 
same time, local varieties, including the discovered valuable natural forms, are of 
significant scientific interest, both in the analytical and in the purposeful breeding process. 

The purpose of this work is a comparative study of the dynamics of growth processes of 
apricot seedlings of Dagestan origin in the conditions of Inner Mountain Dagestan. 

Material and methods 
An experiment to assess the growth processes of apricot seedlings was carried out in the 
conditions of the Gunib experimental base at an altitude of 1900 m above sea level in 2013. 
The objects of research were apricot seedlings of Dagestan origin. Natural samples were 
obtained from the following altitude levels (m): 700 – ancient (Dagestan) varieties 
Shindakhlan and Kakh; 750 – Kurmi 2, 3, 4, 7 and 8; 950 – Tashkapur; 1000 – Khindakh 1, 
4, Wild X1 and Wild X2; 1100 – Goor 1, 2 and 3; 1100 – sample from the Tsudakhar 
Experimental Base (CEB).  

All counts were carried out in accordance with the generally accepted methods of 
studying fruit crops [16, 17, 18]. Shoot length (cm), number of leaves, and number of side 
shoots were measured for each seedling. Winter hardiness was assessed by the ratio of the 
frozen part of the shoot to its total length in 2014–2017. 

Statistical processing of experimental data (correlation, variance and cluster analyzes) 
was carried out using the Statistica v.13 software package. 

Results and discussion 
In general, the assessment of the initial growth activity of apricot seedlings showed a good 
germination rate of apricot seedlings under the conditions of the Gunib experimental base – 
68.6%, but if we compare the germination capacity of cultivated samples and wild ones, 
then the germination capacity of the latter is higher (73.0%) with a range of 23.8 up to 
96.0%. This is probably due to the high adaptive potential of wild apricot forms in terms of 
germination energy. 

In a comparative analysis of the morphological characteristics of apricot seedlings 
(Table 1), the highest average values at the end of the growing season along the length of 
the shoot (cm) were four samples: Goor 1 (28.3), Khindakh 1 (28.7), Kurmi 2 (27.7) and 
Wild X1 (27.4). In terms of the number of leaves, the maximum values are observed in the 
aforementioned accessions, as well as in Goor 3 and Wild X2, while the minimum values 
were observed in the seedlings of the Kurmi 8, Tashkapur, and Khindakh 4.  According to 
the number of side shoots, the maximum values of the samples Tashkapur (2.8), Goor 3 
(2.7) and Shindakhlan (2.6), and the minimum – Kurmi 3 (0.3), Kurmi 8 (0.6) and Wild X2 
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(0.4). 

Table 1. Comparative assessment of morphometric characteristics of apricot of Dagestan origin in the 
conditions of the Gunib experimental base at the end of the growing season 

Name 
samples 

n Shoot length, cm Number of leaves Number of side shoots 
X±Sx CV, % X±Sx CV, % X±Sx CV, % 

Shindakhlan 15 24.7±2.04 32.0 20.2±1.72 28.0 2.6±0.59 86.0 
Goor 1 30 28.3±0.95 18.3 23.6±0.96 22.3 1.1±0.20 100.1 
Goor 2 20 25.5±1.48 26.0 17.5±1.34 34.1 1.0±0.27 117.5 
Goor 3 15 25.1±1.78 27.0 22.8±1.87 31.8 2.7±0.40 57.7 
Wild X1 30 27.4±0.88 17.6 18.4±0.84 25.0 1.4±0.27 103.9 
Wild X2 30 22.1±0.92 22.8 19.2±1.08 30.8 0.4±0.13 180.9 
Kakh 20 24.7±1.38 25.0 17.3±1.37 35.4 1.4±0.36 116.7 
Kurmi 2 20 27.7±1.44 23.0 23.6±1.87 23.5 1.5±0.51 148.7 
Kurmi 3 30 20.8±0.82 21.6 19.2±1.08 31.0 0.3±0.09 178.3 
Kurmi 4 16 27.3±2.49 36.5 20.7±2.23 43.1 1.1±0.38 137.2 
Kurmi 7 18 18.7±1.17 27.7 15.8±1.28 34.5 0.6±0.18 157.1 
Kurmi 8 20 19.2±0.63 14.6 13.0±0.88 30.2 1.1±0.21 87.9 
Tashkapur 30 21.9±0.65 16.2 14.7±0.64 23.8 2.8±0.41 79.7 
Khindakh 1 20 28.7±1.85 28.8 18.7±1.42 34.1 2.0±0.50 112.3 
Khindakh 4 30 25.6±0.53 11.4 15.1±0.78 28.5 1.5±0.30 108.2 
TsEB 20 18.7±1.46 34.8 16.4±1.32 35.9 0.9±0.29 148.1 
∑ 364 24.1±0.34 27.2 18.4±0.33 34.3 1.3±0.08 124.5 

 
The coefficients of variation (CV) of the considered traits: “shoot length” and “number 

of leaves” have a wide range of values of the relative variability of seedlings (11.4–36.5% 
for the length of the shoots and 22.3–43.1 for the number of leaves). With regard to the 
number of side shoots, the variation is very high; the variability of this trait is significantly 
influenced by the micro conditions on the Gunib plateau and a large number of zero values. 

Based on the results on the relative dynamics of the shoot length for three months (Fig. 
1), it can be argued that apricot seedlings are characterized by the maximum growth of 
shoots in May-June (62.8–95.7%). On the contrary, in July-September the growth of shoots 
is much lower (1.0–24.5%). Thus, the maximum growth of the one-year apricot shoot in the 
mountainous conditions of Dagestan (above 1800 m) is formed in May-June. 

If we compare the findings on the relative increase in shoot length by months with their 
winter hardiness, which were considered in our previously published article [18], then there 
is a tendency to decrease the relative freezing of shoots in the samples with the smallest 
increase in July-September (<10%). So, in the samples of Khindakh 4 Kurmi 8, frost 
pockets of shoots was 1.0 and 9.4%, respectively, and the relative increase in July-
September was 3.9 and 7.3%, respectively. 

In non-frost-resistant samples Kurmi 2 and Kurmi 4, the growth in July September was 
36.8–41.0%, with freezing 27.4–32.6%. Correlation analysis for the averaged values of the 
samples and the exponential population confirmed the relationship between the relative 
growth and frost pockets.  

For the averaged values, the reliable correlations between them in June were r = -
0.77**, and the positive reliable correlations with July and September (0.62 * and 0.64 **, 
respectively). For the exponential population (364 seedlings), these values are respectively 
(-0.34***; 0.28*** and 0.30***, respectively, for June, July and September). 
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Fig. 1. The dynamics of the growth of the shoot length over three months (in percent) 

One-way ANOVA test of variance showed (Table 2) that the strength of the factor (h²) 
was from 20.2% for the number of lateral shoots to 53.5% for the length of the shoot. The 
largest differences in the comparative three months of the relative components of the 
variance were revealed in June and decrease by September.  

Table 2. Analysis of variance (ANOVA) based on the characteristics of apricot seedlings 

Months Traits SS 
Effect 

SS 
Error 

MS 
Effect 

MS 
Error 

F-  
criterion 

h2 

June Shoot length 2829,27 2459,82 188,618 7,07 26,68 53,5*** 
Number of leaves 1331,22 2652,06 88,748 7,62 11,65 33,4*** 
Number of side shoots 229,38 759,16 15,292 2,18 7,00 23,2*** 

July Shoot length 3368,70 5671,151 224,58 16,30 13,78 37,2*** 
Number of leaves 1361,21 4882,782 90,74733 14,03 6,47 21,8*** 
Number of side shoots 223,30 851,815 14,88667 2,45 6,08 20,7*** 

September Shoot length 4188,78 11529,79 279,252 33,13 8,43 26,6*** 
Number of leaves 3358,48 11168,05 223,8987 32,09 6,98 23,1*** 
Number of side shoots 214,15 844,78 14,27667 2,43 5,88 20,2*** 

   Note: df=15; n=364; h2 – force of influence of factor “samples”; *** – P < 0,001 (grade 
significance) 

Based on the results of cluster analysis of samples at the end of the growing season, it 
was found that the main feature by which apricot samples are grouped is “number of side 
shoots” (Fig. 2). 
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Fig. 2. Cluster analysis diagram for morphological characteristics 

The conducted cluster analysis revealed groups according to the studied characteristics. 
The first cluster included samples with high rates in the number of side shoots. In the 
second cluster, this in turn differentiated into three sub clusters according to shoot length 
and partly according to the number of leaves. The third cluster included samples with the 
lowest values for the number of side shoots and the length of the main shoot. The 
differentiation of the samples was based largely on the number of lateral shoots; the other 
two characters were of secondary importance. 

Conclusions 
A comparative study of annual apricot plants based on quantitative traits and growth 
processes under conditions of a critical altitude level for them (1900 m) showed that during 
the growing season seedlings form a small height of the main shoot (18.7–28.7 cm), 
subramose (0.4–2.7) and leafiness (14.7–23.6). 

Variations in the length of shoots and the number of leaves of seedlings by the 
coefficient of variation (CV) have a wide range of values from low to high (11.4–36.5% for 
the length of the shoots and 22.3–43.1 for the number of leaves), and very high variability 
the number of side shoots, the variability of which is significantly influenced by the micro 
conditions of cultivation and the presence of a large number of zero values. 

Analysis of the relative dynamics of shoot growth showed that the maximum growth of 
a one-year apricot shoot in the mountainous conditions of Dagestan (above 1800 m) is 
formed in May-June (62.8–95.7%) and low in July-September (1.0–24.5%). 

When comparing the data on the relative increase in the studied samples with the 
subsequent assessment of winter hardiness, a reliable relationship was established, namely, 
the greater the increase in percentage in July-September, the lower the winter hardiness. 
Correlation analysis revealed significant links between frost pockets and the growth of all 
months, negative with June (r = -0.77**), and positive with July and September (0.62* and 
0.64**, respectively) for averaged values and -0.34***; 0.28*** and 0.30*** for the 
exponential population (364 seedlings). The findings of great interest for establishing 
patterns and developing a technology for isolating donors of winter hardiness when 
promoting apricot culture to high-altitude or northern regions and represent a platform for 
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further research. 
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