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Abstract. The dependence of the growth intensity of Juniperus excelsa 

M. Bieb on some environmental factors in the greenhouse conditions of the 

Southern Coast of the Crimea was studied. Vegetation and trunk diameter 

growth (d,%) started after March 15. There are two growth peaks: the first 

growth peak (15.03.–27.07.) led to an increase in d,% by 7.12% (0.053% 

per day) – with a slowdown in growth (28.04 –27.05) and (13.07 – 25.07) 

associated with a decrease in air temperature. The second – (12.09 – 18.11) 

led to an increase in d,% by 5.06% (0.075% per day), while also slowing 

growth at this time (05.11.–14.11.) was observed. After the second phase 

of active growth (14.11), there is an access to the growth plateau with the 

resumption of the growing season only in March next year. During the 

studied vegetation period (2019), the increase in trunk diameter d,% was 

12.18% or 1.89 mm. Optimal conditions of maxima and boundaries of 

optimal regions for the first growth peak: d%=f(I,Ta) – Ta=22–28°C, 

I=500–800 mkmol/m2s, for d,%=f(I,Da) – Da=1.8–2.3 kPa, I=500–800 

mkmol/m2s. For the second growth peak: d%=f(I,Ta) – Ta=22–26°C, 

I=400–750 mkmol/m2s, for d,%=f(I, Da) – Da =0.3–1.2 kPa, I=400–750 

mkmol/m2s. 

1 Introduction 

In the conditions of increasing aridization of the territory of the Southern Сoast of the 

Crimea (SCC) and in connection with global climate change [1, 2] the study of ecological 

and physiological features of rare and protected species is a necessary basis for their 

preservation, development of an environmentally valid system of protection and 

maintenance of bioecological potential. One of these species is the high juniper (Juniperus 

excelsa M. Bieb.). There are known works on the conditions of growth of this species in the 

conditions of the SCC in which the structure of phytocenoses of the Junipereta excelsae 

formation in the Mountainous Crimea is shown [3]. 

In the Mediterranean, where this species grows, studies have been conducted to 

determine environmental characteristics and their seasonal variability [4], as well as to 

model the dynamics of forests of the Taurus – Turkey mountains [5]. Studies were 
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conducted to determine the habitat of Juniperus excelsa in southwestern Anatolia (Turkey) 

along the gradient between the Mediterranean and continental climate [6-8]. 

Features of the water regime in introduced species allow us to determine the degree of 

adaptation of plants to environmental conditions [9]. 

The objective of the work was to study the dependencies of the growth intensity of 

Juniperus excelsa M. Bieb. on the main environmental factors during the plant vegetation, 

which allows us to determine the optimal and limiting conditions for the growth of this 

species in the greenhouse conditions of the SCC. 

2 Materials and methods 

High juniper - Juniperus excelsa M. Bieb. - in the Crimea grows from Cape Aya to 

Karadag, as well as in the Baydar valley. J. excelsa is an evergreen coniferous tree or shrub 

10-15 m high and it grows in the lower mountain belts to a height of 400 m above sea level 

on sunny dry slopes, especially on calcite soils. The reproductive cycle (from the laying of 

cones to the maturation of seeds) in the Crimea is 27 months. Dusting occurs from mid-

January to April [3]. 

The research was conducted in greenhouses on the territory of the Central Department 

of the Nikitsky Botanical Gardens. Plants-seedlings 3-4 years old were grown from 

cuttings. The time of the experiments is 2017-2019. In the course of research to find the 

relationships between the main weather factors and the growth of the trunk, plants were 

irrigated to the soil humidity of 80-90% of minimum moisture-holding capacity. 

To measure the characteristics of the environment, a wireless phytomonitoring system 

was used, which includes PM-11z phytomonitor of “Bioinstruments S.R.L.”, a USB adapter 

and a set of wireless sensors: DWS-11z weather station – a measuring complex that 

combines a pyranometer (Apogee Instruments, USA), a temperature and humidity sensor, a 

rain gauge (Decagon Devices, USA) and an anemometer (Davis Instruments (USA). 

Changes in the diameter of the trunk (shoot) were carried out by dendrometers [10] - FI-Sz, 

SD-10z sensors, connected to the wireless system of the PM-11z Phytomonitor. [11] 

Statistical data processing was performed using the application computer programs 

Statistica 10 ("Statsoft Inc.", USA) and Microsoft Excel 2010. Least squares and robust 

locally weighted regression (Statistica 10) methods are used for modeling and smoothing 

two-dimensional data. All calculations were performed at a given significance level P≤0.05. 

3 Results 

Study of dependencies of growth intensity of Juniperus excelsa M. Bieb. depending on the 

main environmental factors in the vegetation process, can determine the optimal and 

limiting conditions for the growth of this species in the greenhouse conditions of the SCC. 

The growth of a trunk is an integral indicator that characterizes the physiological state 

of the plant and the relationship of its life processes with the main environmental factors 

[12-15]. Changes in the trunk diameter were measured relative to its value at the beginning 

of the experiment (basic value) in relative (%) or absolute (mm) units. The diameter of the 

trunk of Juniperus excelsa M. Bieb. at the beginning of the experiment, it was 13.38 mm. 

(basic value). To determine the growth of trunk diameter in different vegetation periods of 

the species – before the growing season, growth phase and the end of the growing season, a 

series of studies under greenhouse conditions was conducted. The research results for 2019 

are shown below. These periods are characterized by different intensity of weather factors – 

air temperature, solar radiation, and lack of air humidity [16, 9]. 
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Figure 1 shows the dynamics of growth intensity of the trunk of Juniperus excelsa M. 

Bieb. (d,%) and the trend line for 2019. 
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Fig. 1. Dynamics of trunk growth rate (d,%)  Juniperus excelsa M. Bieb – 2019. 

Throughout the year there are several phases of vegetation of the species – before the 

growing season (31.01 - 15.03), the first phase of active growth (15.03 - 27.07), access to 

the plateau growth (27.07 - 12.09), the second phase of active growth (12.09 – 18.11) with 

access to the plateau of cessation of growth. 

The first phase of active growth (15.03 - 27.07) of Juniperus excelsa M. Bieb. lasted for 

135 days, the increase in the trunk diameter (d,%) during this time was 7.12% of the base 

value – 0.053% per day. There is a slowdown in the intensity of growth from 28.04. - 

27.05. and from 13.07. - 25.07., associated with a decrease in air temperature. After the first 

phase of active growth (27.07.), there is an access to the plateau – till 12.09., which is 

associated with an increase in air temperature to 28-32°C. 

The second peak of active growth lasted 67 days from 12.09. to 18.11. During this 

period, the increase in the trunk diameter (d,%) was 5.06% of the base value. The average 

daily increase was 0.075% per day. The diagram (Fig. 1) shows a slowdown in the growth 

rate from 05.11. to 14.11., which is associated with a decrease in air temperature. After the 

second phase of active growth (14.11.) - the reaching the plateau and the vegetation period 

is resumed only in March next year.  

The average daily air temperature throughout the year (Fig.2) also has several peaks: 

June – July and July – August.  
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Fig. 2. Dynamics daily temperature air (°С) and trend line – 2019. 

The intensity of growth is a function of the response to the impact of the studied 

environmental factors. This “optimum zone” includes points with a growth intensity value 

of more than 90% of d max, which allowed us to determine the optimal and limiting 

conditions for maxima and the boundaries of the growth optima regions and the numerical 

coefficients of nonlinear regression equations of these dependencies [16-17]. 

Fig. 3 shows the relationship between the intensity of growth of stem of the species 

under study and the external environment parameters – air temperature and the air humidity 

deficit in the first phase of active growth – 15.03. - 27.07. 

The dependence of the growth rate of total solar radiation and air temperature d%=f(I, 

Ta) and the linear regression equation of these dependencies. Optimal conditions of 

maxima and boundaries of the optimum regions-Ta=22-28°C, I=500-800 µmol/m
2
s (Fig. 

3A). 

The dependence of the growth intensity on the total solar radiation and air humidity 

deficit – d,%=f(I, Da) is determined and the equation of nonlinear regression of these 

dependencies is given (Fig. 3B). Optimal and limiting conditions for maxima and 

boundaries of the growth optima regions are found, as well as numerical coefficients of 

nonlinear regression equations of these dependencies-Da=1.8–2.3 kPa, I=500-800 

µmol/m
2
s.  
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Fig. 3. The dynamics of the intensity of the growth of trunk of Juniperus excelsa M. Bieb. and the 

relationship of this process with environmental factors in the first phase of active growth – (15.03 – 

27.07) – А – is the surface of a quadratic function d,%=f(I,Ta); B – d,%=f (I, Da); the numerical 

coefficients of nonlinear regression equations of these dependencies are shown at the top of the graph. 

Fig. 4 shows the relationship between the growth rate of the trunk of the studied species 

and environmental parameters – air temperature and humidity deficit during the second 

period of active growth (12.09 - 18.11) of Juniperus excelsa. 

The dependence of the growth intensity on the total solar radiation and air temperature 

is determined-d,%=f(I, Ta) and the equation of nonlinear regression of these dependencies 

is given (Fig. 4.A). This allowed us to determine the optimal and limiting conditions of 

maxima and the boundaries of the optimal growth areas - Ta=22-26°C, I=400-750 

µmol/m
2
s. 

The dependence of growth intensity on total solar radiation and air humidity deficit – 

d,%=f(I, Da) is studied and the equation of nonlinear regression of these dependencies is 

given (Fig. 4B). This allowed us to determine the optimal and limiting conditions of 

maxima: Da=0.3-1.2 kPa, I=400-750 µmol/m
2
s. 
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Fig. 4. The dynamics of the intensity of the growth of trunk of Juniperus excelsa M. Bieb. and the 

relationship of this process with environmental factors in the first phase of active growth – (12.09 – 

18.11). A – is the surface of a quadratic function d,%=f(I, Ta)); B – d,%=f (I, Da); the numerical 

coefficients of nonlinear regression equations of these dependencies are shown at the top of the graph. 

The table 1 shows the dynamics of changes in trunk diameter optima and environmental 

factors during the growing season of Juniperus excelsa M. Bieb.  

Table 1. The dynamics of the optimum diameter of the trunk temperature and environmental 

factors during vegetation 

 

Parameter, unit 
Month of measurement 

March–July September–November 

Тa,°С 22–28 22–26 

 Da, кPа 1.8–2.3 0.8–1.2 

I, µmol/m2s 500–800 400–750 

d, % 7.12 5.06 

4 Discussion of the results  
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The research allowed us to determine the growth characteristics of the trunk diameter of 

Juniperus excelsa M. Bieb. in the greenhouse environment of the Southern Coast of the 

Crimea.  

From 31.01. until 15.03.2019. the growth of the trunk diameter of the studied species 

d,% did not occur – the beginning of vegetation was after March 15. 

Two growth peaks of the trunk diameter of the studied species were observed: the first 

growth peak (15.03 - 27.07) led to an increase in d,% by 7.12% (0.053% per day) – at the 

same time, there was a slowdown in growth (28.04 - 27.05) and (13.07–25.07), associated 

with a decrease in air temperature. The second growth peak (12.09 - 18.11) led to an 

increase in d,% by 5.06% (0.075% per day) and then to a slowdown in growth (05.11 – 

14.11). 

After the second phase of active growth (14.11), there is an access to the plateau with 

the resumption of the growing season only in March next year.  

During the studied vegetation period (2019), the increase in trunk diameter d,% was 

12.18% or 

1.899 mm. 

Optimal conditions of maxima and boundaries of optimal regions for the first growth 

peak – d%=f (I, TV) - Ta=22-28°C, I=500-800 µmol/m
2
s, – d,%=f(I, Da) – Da=1.8–2.3 

kPa, I=500-800 µmol/m
2
s. 

For the second peak of the growth d%=f (I, Ta) - Ta=22-26°C, I=400-750 µmol/m
2
s, – 

d,%=f(I, DV) Da=0.3-1.2 kPa, I=400-750 µmol/m
2
s. 

The obtained research results allowed us to determine the optimal and limiting 

conditions for the growth of this species in the greenhouse conditions of the SCC and the 

possibility of its introduction to other regions. 
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