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Abstract: Environmental factors, including temperature and air humidity, undoubtedly affect the life processes of plants, but in the black 

alder an additional factor responsible for the tree activity is the seasonal variability of soil moisture. In the conducted research, the activity 

of the tree, expressed as the conductivity measured in Hz, was seven times lower, in the period when the water level in 2018 was high, than 

in the analogous period in 2019, when the level of groundwater was low. In the period from January 1 to May 31, 2018, the maximum value 

of conductivity reached 601 Hz, while in the analogous period of 2019, 4229 Hz. Differences in the soil moisture also affected the length of 

the dormancy period of the tree, which in the first observation season lasted from November 2017 to April 2018, while at the turn of 2018 

and 2019, the tree activity stopped for just a few days when air temperature dropped on January 23, 2019 to -9.8 oC. 
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1. Introduction 

Alnus glutinosa (L.) Gaertn., known as common or black alder, 

is a broadleaved tree native to most of Europe. It is adapted to a 

wide range of temperatures and is relatively frost-tolerant. It can 

grow well in continental climates but requires a high availability of 

water to thrive. It can be found on a wide range of soil types 

including poor soils and even coarse sands and gravels if the 

moisture is adequate, although it does not grow very well on 

calcareous soils. Atmospheric humidity must remain high during all 

phases of its reproductive cycle and the roots are well-adapted to 

growing on very wet soils: it can survive flooding better than most 

other forest tree species [1]. 

Black alder is a typical water-demanding species because its 

leaves have no mechanism for controlling transpiration [2]. In 

Germany, Herbst et al. [3] demonstrated that evapotranspiration in a 

black alder stand is equal to total annual rainfall. This means that 

the tree can suffer from water deficits during dry and warm periods 

in summer. In consequence if growth is to be satisfactory, and 

access to groundwater is not possible, annual precipitation must be 

high. Based on their local observations, Fremstad [4] for Norway, 

Lhote [5] for the Atlantic Pyrénées in France and Mac Vean [6] for 

Wales have fixed this minimum at 1500 mm. 

The described ecological requirements of the black alder cause 

that this species may have a different life cycle than most deciduous 

temperate species whose activity is dictated by the changing 

seasons. In the black alder, the seasonality of hydrological 

conditions may be an additional factor. Therefore, the research 

hypothesis in this paper assumes that the activity of the black alder 

in the temperate zone depends not only on factors related to the 

temperature or humidity proper to the changing seasons, but also to 

the changes of ground water table during the seasons and in the 

course of years. Verification of this hypothesis became the goal of 

the research. 

Although black alder is not particularly common (less than 1% 

of forest cover in most countries), it is an important component in 

open landscapes, especially along river banks and in marshy areas 

[1]. The share of stands from Alnus glutinosa in the area of Polish 

forests is estimated at approx. 5% [7] They occur mainly in lowland 

areas (up to 300 m above sea level), in three forest habitat types: 

bog mixed broadleaved forest (LMb in Polish forest site type 

classification), alder forest (Ol) and ash-alder forest (OlJ) [8], 

occupying respectively: 0.7, 2.4 and 0.8% of the area of lowland 

forests [7]. The following plant communities correspond in Poland 

respectively to the listed forest habitat types: Sphagno squarrosi-

Alnetum, Ribeso nigri-Alnetum and Fraxino-Alnetum [9] Soils of 

bog mixed broadleaved forests are mainly mesotrophic peats 

composed of plants like sedges, associated with sphagnum mosses, 

accompanied by aquatic and amphibious communities. The surface 

layer of the soil is often desiccated, forming muck-peat soils. Soils 

of alder and ash-alder forests present a large and diverse range of 

eutrophic organic and organic-mineral soil types. 

Soil humidity of bog mixed broadleaved forests depends mainly 

of amount of rainfalls. Soils of alder and ash-alder forests, except of 

amount of rainfalls, are influenced of ground water table, which 

ranges, in natural conditions, from water above soil surface to the 

depth of 0.5 m below the surface of the ground. The lower level of 

groundwater testifies to the drainage of the habitat [10]. 

The studies conducted in US by DeWald and Steiner [11] on 48 

populations of Alnus glutinosa coming from over most the 

European range of black alder showed that in the same 

Pennsylvania site conditions the means for almost all populations 

varied by no more than 4 days in budburst timing. In this, black 

alder resembles Scots pine (Pinus sylvestris), which is also 

relatively uniform in budburst timing over the central European 

portion of its range. The other notable result is that most 

populations outside this region were later to burst bud, so that trees 

from such climatically diverse locations as Italy, Scotland, Norway, 

and the southern Russia burst bud at almost the same time. On the 

other hand Pliüra nad Kundrotas [12] observed earlier and later bud 

flushing of different tested populations and that these populations 

keep the same phenology behavior over different test plantations. 

Turchina [13] in long-term studies revealed dependence of the 

phenological phase duration under the combined influence of the 

heat and moisture conditions. Finally, different results of different 

researchers may by the effect not only the temperature and humidity 

interactions, but different ground water level during years too. 

Revealing these wider interactions is the aim of this study. 

2. Objects and methods 

The research area is situated in lowland part of Poland in 

Zielonka Experimental Forest (Poznań University of Life Sciences, 

Faculty of Forestry) (Fig. 1). The forest address is: 01-01-1-01-73-

d. Total area of research field is 1.13 ha (11300 m2). The co-

ordinates of the middle of the plot are: 17°03'07.0"E and 

52°31'32.2"N. The stand is composed of Alnus glutinosa, 55 years 

old [14], data modified to 2019-01-01). Studied alder forest is 

situated in the middle of bigger forest complex and is surrounded by 

oak, hornbeam and pine forests. 

 

Fig. 1. Map of Poland with marked research area (black dot) 
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Wielkopolska, where the research area is situated, as a one of 

Polish geographical and historical regions, is considered to be the 

one of the driest parts of Poland. This is mainly the result of low 

annual precipitation amounts, although human activity played a 

significant role in the unfavorable water balance. The average 

annual rainfall for Zielonka's meteorological station (5 km NE of 

research area), for the years 1986-2008 was 525 mm. Although the 

trend line for precipitation is relatively constant, the annual sum of 

rainfalls differs significantly in individual years (Fig. 2). The 

average annual air temperature is 8.3 Co. 

 

 

Fig. 2. Annual sum of rainfalls for the years 1986-2008 from 

Zielonka meteorological station (data of Faculty of Forestry). The 

trend line is marked with a dashed line 

According to the classification of Polish forest habitat types the 

research area represents the type of alder forest. The soil is 

composed of shallow organic layer (25-38 cm), underlain by a layer 

of sand. The ground water table is variable. After snowy winters or 

years with plenty rainfalls research area forms a shallow water 

reservoir. After dry period the water disappeared several dozen 

centimetres below the surface of the ground (Figs. 4a and 4b). 

Table 1. Soil parameters 

Soil horizon AOM D1gg D2gg 

Depth [cm] 0-25(38) 48 80 

pH 
H2O 5.58 9.2 8.65 

KCl 4.8 8.18 8.11 

C [%] 2.51 
  

SOM [%] 4.33 
  

N total [%] 1.52 
  

NH4 [%] 0.06 
  

C:N 1.65 

  
Hygroscopic water 

[%] 
18.66 

   

For the purpose of the long-term observation of the activity of 

individual trees depending on changes in temperature and humidity 

of the air, as well as changes the level of groundwater, Department 

of Forest Sites and Ecology (Poznań University of Life Sciences, 

Faculty of Forestry) has constructed a set of sensors (ConTeH) 

which automatically register the tree conductivity (Con), 

temperature (Te) and humidity (H) at an assumed time interval and 

has placed - after long tests - the sensors in alder trees in natural 

conditions. First set of sensors was placed on November 2017, next 

ten on January 2019. This paper presents the results of 

measurements for the first set of sensors. All sensors are placed at 

the height of 2.0 m above ground, on the northern site of tree trunks 

to avoid the direct solar radiation. The method of embedding 

sensors on the tree is shown in Fig.3. 

 

 

Fig. 3. The method of embedding device on the tree. The height 

of tree is 21.4 m, the perimeter 98 cm at the height of 1.3 m above 

ground (on April 2018) 

 

 

 

Fig. 4a (left) and Fig. 4b (right). Tested alder forest (4a - phot. 

W. Krzyżańska; April, 2018; 4b – phot. M. Konatowska; July 2019) 

 

The ground water table was measured in piezometer every 3 

weeks, since November 2017 to present 

3. Results and discussion 

The Fig. 5 shows the correlation between changes of ground 

water table and tree conductivity in choosing period, for Alnus 

glutinosa, growing in Zielonka Experimental Forest (Poznan 

University of Life Sciences, Poland) on mineral-muck soil. 
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Fig. 5. Changes in conductivity in an alder tree and the 

groundwater table measured at the edge of an alder forest between 

November 11, 2017 to July 15, 2019 

 

 

Fig. 6. Changes in the air temperature for the period shown in Fig. 

5 

The results obtained, shown graphically in Fig. 5 indicate the 

following: 

1. There is a significant difference in the soil moisture 

condition of the tested alder in 2018 and 2019. In 2018, 

the maximum occurrence of groundwater in the 

piezometer was -16 cm, in 2019 -92 cm. In 2018, the 

maximum state of waterlogging was recorded on May 2, 

in 2019 on March 16. On May 2, 2019, the water was 

already at a depth of 102 cm, so 86 cm lower than in 

2018. According to the Polish classification of forest 

habitats, the water maintained at a depth of 90 cm 

indicates a swampy habitat. If the water level drops below 

the depth of 90 cm, the habitat should be classified as wet, 

and this should entail a change in the species composition 

of the stand. The conducted research shows that natural 

changes in the alder forest moisture content exceed the 

range of 90 cm. 

2. There was also a significant difference in the activity of 

the tree, expressed in its conductivity. In the winter of 

2017/2018, the tested alder showed a long-lasting 

dormancy, from which the tree began to wake up at the 

turn of March and April. In the winter of 2018/2019, there 

were almost no resting periods. Short moment of 

dormancy was recorded on 20-25 January only, when the 

air temperature dropped below -6 oC, reaching the lowest 

values recorded in winter 2018/2019 on January 23 (-9.8 
oC). From the turn of January and February 2019, the 

activity of the alder has already increased markedly (and 

2 months earlier than 2018). The fact that in the winter of 

2017/2018 the air temperatures were significantly lower 

(at least -17.4 oC on February 27) and the duration of low 

temperatures was longer and took place later (period with 

temperatures falling in the range from -6 to -17.4 oC 

lasted from February 22 to March 5). It should be noted, 

however, that the long period of dormancy of the alder in 

2018 could also has been affected by the long-term 

persistence of high water level, inhibiting the 

development of trees. Although in the winter of 

2017/2018 the air temperatures were lower and the 

temperature period below -6 oC occurred later, but in 

2019 the frosts ended later. Despite the frost, the activity 

of the alder in 2019 was, however, high, which may 

indicate that the long state of dormancy of the alder in 

2018 could also be affected by the high water level. 

 

Perennial plants, such as trees, distinguish themselves from 

other plants in their ability to suspend and resume growth 

recurrently in response to environmental, and often seasonal, 

conditions [15]. Temperate climates are defined by distinct 

temperature seasonality with large and often unpredictable weather 

during any of the four seasons. To thrive in such climates, trees 

have to withstand a cold winter and the stochastic occurrence of 

freeze events during any time of the year [16]. This is well 

illustrated by the results of the conducted research, for which the 

data on air temperature measured in the shadow, 2.0 m above the 

ground, are presented in Tab. 2. 

Table 2. Comparison of selected parameters in 2018 and 2019 

Data for the period 

between 2018-01-01-

00:25 a.m. and 2019-

07-14-11:25 p.m. 

2018 
2019 

(01-01 to 07-14) 

Value (oC)/ 

Month-Day/Hour:Minutes 

Maximum temperature 
+30.8/ 

07-5/2:25 p.m. 

+37.5/ 

06-26/2:25 p.m. 

Minimum temperature 
-17.4/ 

02-27/6:25 a.m. 

-9.8/ 

01/24/5:25 a.m. 

Average temperature 8.2 9.2 

Last spring frost 
-0.2/ 

04-7/ 3:25 a.m. 

-0.3/ 

05-14/ 4:25 a.m. 

 

In phenological studies, the most difficult to assess the 

condition of a tree may be "dormancy period during winter". 

Vitasse et al. [16] provide a clear definition of this period, 

describing it as "leafless in deciduous trees", but in tree research 

dormancy is most frequently referred to as absence of visible 

growth in any plant structure containing a meristem [15]. Lang [17] 

distinguished three types of dormancy: ecodormancy, provoked by 

limitations in environmental factors; paradormancy, where the 

growth inhibition arises from another part of the plant; and 

endodormancy, where the inhibition resides in the dormant structure 

itself. In the research presented in this work, the measurement of 

conductivity in the tested alder in the leafless period can be related 

to the ecodormancy, which was influenced by the air temperature, 

but it cannot be excluded that in 2018 it could also has been 

affected by the state of long-term flooding which inhibited the 

development trees. Undoubtedly, the periods considered as 

dormancy period, in 2018 and 2019 in the activity of the tested 

alder were definitely different but it does not seem that the air 

temperature factor is the only one that plays role here. 

As the results of pilot studies are presented in the paper, the 

authors are cautious in drawing unambiguous conclusions in this 

respect. Especially that the results presented concern only one tree. 

The authors are also aware that there are differences in the timing of 

phenology even between trees growing in close proximity to each 

other, depending on both individual and biosocial factors. 

Therefore, in 2019, the research was extended to another 10 trees, 

on the same research area, the conclusions of which can be drawn in 

the future. Then, taking into account the hydrological changes in the 

long-term cycle, taking into account the differences between trees in 

their features and phenology, it will be possible to more clearly 

determine both the impact of individual environmental factors and 

the consequences of the impact of these factors on individual trees. 

The mechanism of dependence between tree's conductivity and its 

condition, which can be affected by significant alder forest moisture 

changes in the short-term cycle as well as the long-term cycle, is not 

known.  

4. Conclusions 

Environmental factors, including temperature and air humidity, 

undoubtedly affect the life processes of plants, but in the black alder 

an additional factor responsible for the tree activity is the seasonal 

variability of soil moisture. In the conducted research, the activity 

of the tree, expressed as the conductivity measured in Hz, was 

seven times lower, in the period when the water level in 2018 was 
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high, than in the analogous period in 2019, when the level of 

groundwater was low. In the period from January 1 to May 31, 

2018, the maximum value of conductivity reached 601 Hz, while in 

the analogous period of 2019, 4229 Hz. 

Differences in the soil moisture also affected the length of the 

dormancy period of the tree, which in the first observation season 

lasted from November 2017 to April 2018, while at the turn of 2018 

and 2019, the tree activity stopped for just a few days when air 

temperature dropped on January 23, 2019 to -9.8 oC. 
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