

  forests-12-00029




forests-12-00029







Forests 2021, 12(1), 29; doi:10.3390/f12010029




Article



Tree-Ring Analysis of Intermediate Hawthorn (Crataegus media Bechst.) in NW Poland



Anna Cedro * and Bernard Cedro





Institute of Marine & Environmental Sciences, University of Szczecin, Adama Mickiewicza 16, 70-383 Szczecin, Poland









*



Correspondence: anna.cedro@usz.edu.pl







Received: 17 November 2020 / Accepted: 23 December 2020 / Published: 28 December 2020



Abstract

:

Intermediate hawthorn (Crataegus × media Bechst.) is broadly distributed in Europe but very rarely examined by dendrochronologists. In NW Poland, it is one of three naturally occurring hawthorn species, growing mainly at forest margins, along roads, in mid-field woodlots, and on uncultivated land. Biocenotically, it is a very valuable species. This study aimed to determine the age of trees, tree-ring dynamics, and growth–climate relationship for intermediate hawthorn. Signature years were also determined. Samples for analysis were collected from 22 trees growing in a typical agricultural landscape in a monospecific mid-field woodlot comprised of several hundred specimens of various ages and forms (shrubs and trees). Using classic methods of dendrochronological dating, a 40-year long chronology spanning 1981–2020 was constructed. The radial growth rate of intermediate hawthorn is comparable to other tree species forming stands in NW Poland and equals 2.41 mm/year. Considerable intersubject variability is noted, from 1.48 to 4.44 mm/year. The chronology was also used for dendroclimatological analyses, including correlation and response function and signature years. Of the meteorological parameters analyzed, annual incremental growth in hawthorn is the most strongly shaped by precipitation totals from May to August of the current vegetation year: high rainfall favors the formation of wide tree-rings. Statistically significant growth–climate relationships were also obtained for winter months (December of the preceding vegetation year, January and February), for which period negative correlation and regression values are noted for air temperature and insolation. Furthermore, high precipitation, low-temperature and low insolation late in the preceding vegetation year (especially in August) make a positive influence on the condition of trees in the upcoming growing season. Signature year analysis clearly pointed to precipitation as the dominant factor in shaping tree-rings in the studied hawthorn population. As there are no dendrochronological papers concerning indigenous hawthorn species, future studies should be expanded to include diverse geographic locations and habitat conditions and should include all three species of hawthorn occurring in Poland.
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1. Introduction


Intermediate hawthorn (Crataegus × media Bechst.) is a hybrid of two hawthorn species occurring naturally in Poland: one-seeded hawthorn (C. monogyna) and midland hawthorn (C. laevigata). In Poland, intermediate hawthorn occurs mainly in the west, whereas in Europe, it ranges from France and England in the west to Lithuania and Finland in the east, and from Italy and Spain in the south to southern Sweden, Norway and Finland in the north [1,2,3,4]. It is abundant in central Europe, including Denmark, Germany, Czech Republic and Poland [4,5,6]. Some hawthorn species (especially one-seeded hawthorn) are considered invasive in New Zealand, Australia and North America [7,8,9,10]. There, they hybridize with naturally occurring hawthorn species, intensely spread and threaten indigenous plant species.



Hawthorn species indigenous to Poland (C. monogyna, C. laevigata and C. × media) have small habitat requirements, prefer sun-lit sites (scarps, forest margins, roadsides, mid-field woodlots, or clearings), are resistant to drought and frost [2,11]. They are noted for their high biocenotic significance, as hawthorn gatherings are a source of nutrition for numerous animal taxa, provide shelter, and protect water and soils [12,13]. On the other hand, however, they are also the habitat of numerous pests that infest both hawthorns and orchard-grown trees (especially apple and pear trees). Hawthorns (both inflorescences and fruits) are also used in folk medicine and herbalism as a remedy to diarrhea, insomnia and for the treatment of cardiovascular diseases and digestive tract conditions. They are the source of numerous highly biologically active chemical compounds that display, for instance, anti-inflammatory, antibacterial and antioxidative effects [14,15,16,17].



A survey of publications included in Ref … [6] indicates there are few papers on intermediate hawthorn. Most studies focus on C. monogyna and C. laevigata. The prevailing study topics include pests and diseases, seed dispersal by birds and other animals, seed and fruit morphology, and seedling browsing by sheep and rabbits. In several papers, hawthorns are presented as invasive taxa, and numerous papers concern chemical eradication of hawthorn. Unfortunately, dendrochronological papers are lacking (this refers to all hawthorn species), although, in two papers, there are remarks on tree age, tree-rings and growth rate [7,18]. Out of approximately 50 hawthorn species occurring in Europe and Asia and 100 species occurring in North America, the study by Grissino-Mayer [19] concerning the potential of shrubs and trees for dendrochronology includes only C. azorolus L. (code-named CRAZ), which is given a cross-dating index (CDI) of 0, which means “species does not crossdate, or no information on crossdating for this species has been published. NO OR LITTLE IMPORTANCE IN DENDROCHRONOLOGY”. C. × media is also absent from Microscopic Wood Anatomy [20], which states only that subgenus Crataegus has no heatwood, and the anatomical structure of wood cannot serve as a basis for species identification. Hawthorn wood is diffuse-porous, and thus correct identification of ring boundaries is often problematic. The wood is very hard, with a yellow-light brown color.



The scarcity of publications on Crataegus × media Bechst. ecology and lack of dendrochronological data prompted the authors to determine the radial growth dynamics and growth–climate relationship for intermediate hawthorn. The present study aimed to (1) determine tree age and analyze radial growth dynamics; (2) examine the relationship between tree-ring width and meteorological conditions; and (3) determine signature years—especially favorable or unfavorable for tree development. The observations performed in this study will expand our understanding of the ecology of both C. × media and the parent taxa, both in areas of their natural occurrences and in areas where they are considered invasive plants.




2. Material and Methods


2.1. Study Area


The study area (N: 53°25′04.59′′ E: 14°24′17.12′′, 45 m a.s.l.) is located in NW Poland (about 2.2 km east from the Polish-German border, and about 5 km to the west of Szczecin city limits), on a morainic plateau composed of last glacial period sediments [21], in a typical agricultural landscape. On German topographic maps (including one from 1921, Figure 1A), the study area is traversed by a dirt road. Following World War II, the study area and the surrounding was plowed, and today it is sown on an annual basis. Only the study area was excluded from farming. The intermediate hawthorn gathering is derived probably from one or several individuals sown by birds next to the dirt road. At present, it is a monospecific mid-field woodlot, formed by trees and shrubs of intermediate hawthorn (Crataegus media Bechst.), composed of several hundred individuals of this species, of varying age. The woodlot is about 75 m long and 20–25 m wide, located on a SE-facing scarp rising up to 4 m above the surrounding. The substratum is composed of boulder clay, on which a cover of brown soils has developed. From all sides, the woodlot is surrounded by farmland (Figure 1B). During the 2020 vegetation season, the hawthorn trees were found to be infested by numerous individuals of orchard ermine (Yponomeuta padella), causing partial damage to the assimilation apparatus [22,23].



Based on the following features: monospecific stand, no interspecific competition, no shade, likely little genetic diversity, mid-field location on a SE-facing slope, the study area was considered a typical intermediate hawthorn habitat for western Poland, and a prime example of climate-growth relationship examination.




2.2. Tree-Ring Data


Samples were taken using Pressler drills at a level of 1.3 m above ground. A total of 22 trees were sampled, including 30 trunks (numerous hawthorns had 2–3 trunks), yielding 52 wood cores. In the laboratory, samples were glued onto specially prepared mounting boards. Once dried, wood cores were cut using a sharp knife until ring boundaries could be clearly distinguished. Sample surfaces were smeared with chalk in order to enhance the ring boundaries. Tree-ring width was measured down to 0.01 mm under a stereomicroscope, using the Dendrometer software [24]. A total of 1990 tree-rings were measured. All abnormalities in the anatomical structure of tree-rings were noted during measurements, i.e., false rings (2–4 rows of cells) immediately adjacent to the tree-ring boundary and often pinching out were commonly observed. Tree-rings were assigned to calendar years using classic dating methods (cross-dating method). The tree-ring chronology verification, false ring identification was performed using Cofecha software [25,26]. Residual chronology (RES) was assembled using the Arstan program [27,28], emphasizing short-term variability and eliminating long-term trends and autocorrelation by applying a two-phase detrending technique, by fitting either a modified negative exponential curve or a regression line with a negative or zero slope [29,30]. Expressed population signal (EPS) index was also calculated in order to determine the chronology quality [31]. Dendroclimatic analyses were performed, including correlation and response function analysis, as well as signature year analysis. These analyses utilized air temperature (T), atmospheric precipitation (P) and insolation (IN) data from the period 1981–2020 (40 years). Correlation and response function analysis, performed using the Respo program [28], utilized residual chronology (RES) and meteorological data spanning 16 months, from June (pVI) of the year preceding the growth to September of the current vegetation year (IX). The analysis was performed separately for each meteorological parameter (T, P, IN), estimating a multiple regression determination coefficient (r2) for each parameter. Signature year analysis was carried out using TCS software [32] by calculating positive years (+) characterized by an increase in tree-ring width relative to the preceding year, and negative years (−), with a reduction in tree-ring width relative to the preceding year [33,34,35,36]. Signature years were calculated based on a minimum of 10 trees, assuming 90% as the minimum incremental trend consistency threshold. Student’s t-test value (computed using Prot, part of the Tree Rings software package) [37], and coherence coefficient Gleichläufigkeitswert (Gl, computed using the TCS program) [32] were calculated in order to determine the similarity of shared periods between ST chronology and local chronologies obtained for other tree taxa. Local chronologies for 11 tree species occurring in NW Poland in similar climatic conditions were selected for these comparisons.




2.3. Climate


The research area is characterized by cold climate—Dfb (without a dry season and warm summer) sensu Peel et al. [38], with a mean annual temperature of 7.1–10.9 °C (average 8.8 °C), annual precipitation sum of 347–796 mm (average 545 mm) and insolation of 1212–2186 h (average 1610 h). The warmest month is July with a mean temperature of 15.2–22.7 °C (average 18.1 °C), the coldest month is January with a mean temperature of −8.8–5.1 °C (average −0.3 °C). The most humid month is July, with an average precipitation sum of 71 mm, ranging from 5 to 193 mm. Precipitation is the lowest in February and March (31–33 mm). The highest insolation is noted in May (on average 234 h), but insolation is >200 h also from July to August. Insolation is the lowest in December, with an average of only 29 h per month, due to short day duration and high cloud cover. Due to the frequent advection of polar marine air masses, snow cover in winter is not permanent and is highly variable temporally.



Meteorological data (monthly mean temperatures, precipitation sums and insolation sums) come from the weather station Szczecin-Dąbie (12205), located 13 km to the east of the study area.





3. Results


3.1. Ring-Width Chronology


The highest number of measured tree-rings (60 and 58 tree-rings) were obtained for one of the trunks of a parent tree (ST22C). The curves obtained from this tree, however, were not included in the chronology due to the low similarity of the growth pattern to other samples. The chronology, code-named ST, was compiled based on dendrochronological curves derived from 20 trees, including 24 trunks. The ST chronology spans 56 years from 1965 to 2020 (Figure 2). It was, however, composed of 10 or more samples (EPS = 0.95) only for the period 1981–2020 (40 years), and therefore the data and analysed below concern this period only. The mean tree-ring width in the hawthorn population examined here was 2.41 mm, with a range of variation: from 1.48 mm for trees ST15 and ST6 to 4.44 mm for ST22. In recent years (since 2012), the mean tree-ring width displayed a decreasing trend (Figure 2). Standard deviation (STW) for the measured and indexed chronology (RES) equals 1.51 and 0.39, respectively, first-order autocorrelation (A1)—0.385 and 0.188, and mean sensitivity (MS)—0.558 and 0.455. At the boundary between late wood from 2003 and from 2004, discontinuous tree-rings (scars), or callus tissue and dark-colored wood tissue were observed in 27% of the studied trees (6 trees, 9 wood cores).



In order to estimate the radial growth rate for the studied hawthorn population, a comparison to 56-year long cambial age cumulative radial growth profiles of the main tree species in stands of NW Poland was made, including: Pinus sylvestris, Quercus spp., Picea abies, Fagus sylvatica and several admixture species (Taxus baccata, Sorbus torminalis, Aesculus hippocastanum) (Figure 3). Horse-chestnut at the avenue location had the highest rate of the radial growth, followed by very similar rated in beech, pine and oak—forest populations. Surprisingly, the hawthorn radial growth rate was comparable to the oak growth rate. Spruce, checker tree and yew had lower growth dynamics [39,40,41]. Among the 11 studied taxa occurring in NW Poland, the highest similarity to ST chronology was observed for a composite chronology based on indigenous oak species (Quercus robus L. and Q. petrea (Matt.) Liebl.): both t (3.63) and Gl (68%) attained the highest values for this chronology (Table 1). Student’s t-test values exceeded 3.0 for three other chronology pairs: ST/Quercus rubra, ST/Pinus sylvestris and ST/Aesculus hippocastanum. The Gl coefficient was ≥65% for two additional chronology pairs: ST/Quercus rubra and ST/Aesculus hippocastanum.




3.2. Correlation and Response Function


Correlation and response function analysis indicated three periods of growth–climate relationship. Hawthorn growth dynamics were influenced by the end of the preceding vegetation year, the winter period, and the summer months of the current vegetation year (Figure 4). High precipitation, low-temperature and low insolation late in the preceding vegetation year (especially in August) had a positive influence on the tree condition in the upcoming growing season. For winter months (December, January and February), negative correlation and regression values were noted for air temperature and insolation. A period of positive growth-precipitation correlation was initiated in May of the current vegetation year (and lasts until August). Additionally, low temperatures and low insolation in July and August had a positive influence on tree-ring width. Of the three meteorological parameters analyzed, precipitation sum had the highest significance for shaping tree-ring growth in hawthorn, with the highest multiple regression coefficient (r2 = 49%). Insolation yielded r2 = 38%, and temperature yielded r2 = 34% (Figure 4).




3.3. Signature Years


Nineteen signature years were calculated for the studied hawthorn population, including 8 positive years (+): 1984, 1987, 1990, 1993, 2002, 2009, 2011 and 2016, and 11 negative years (−): 1983, 1986, 1989, 1992, 1994, 1998, 2001, 2003, 2010, 2012 and 2015. An analysis of meteorological conditions in these years indicated that positive pointer years were characterized by higher than average precipitation in summer (June–August), lack of very high air temperatures in summer in conjunction with insufficient rainfall, and lower than usual insolation (Figure 5). In positive years, winter thermal conditions had no significant influence on tree-ring width, high precipitation in spring months favored the formation of broad tree-rings, and annual insolation, especially during summer months, was lower. Negative pointer years were often preceded by very dry years (e.g., for the year 1983—dry year 1982, for year 1986—dry year 1985, for year 1989—dry year 1988), or the given vegetation year was very dry (e.g., 1992, or the year 2003 which was the driest in a multiannual perspective, with a precipitation sum of 392 mm compared to multiannual norm equal to 545 mm, and year 2015). For all negative pointer years, insufficient precipitation occurred in summer months (1 to 3 months with low precipitation sums, Figure 5), often in conjunction with high air temperatures and high insolation. As in the case of positive pointer years, the weather conditions of the winter season preceding the pointer year were very varied. For 2003, a negative pointer year, scars, callus tissue, and discontinuous tree-rings were observed at the boundary between late wood from 2003 and early wood from 2004 in 27% of the examined trees. In these spots, the wood frequently had a dark color. This was most likely the effect of a fire late in the 2003 vegetation season. The summer of that year was unusually dry, warm and sunny (especially August, with a mean temperature of 19.1 °C, compared to a multiannual average of 17.5 °C, rainfall: 23 mm vs. 59 mm and insolation: 255 h vs. 219 h). Furthermore, September 2003 was warm and sunny. In such conditions, a fire started during farming or self-ignition of litter could had set the studied assemblage on fire, leading to the development of wounds on the trunks of the hawthorns examined here.





4. Discussion


The studied population of intermediate hawthorn is very young. The oldest tree, which is probably the parent specimen for the entire population, is about 65 years old (60 measured tree-rings). The age of the trees is corroborated by an analysis of topographic maps (both prewar German maps and postwar Polish maps) and the available aerial photographs. The hawthorn gathering arose along a dirt road that ceased to be used following the war. It was subsequently plowed and today is part of a field. The steepest section (currently a SE-facing scarp of 4 m relative elevation) became uncultivated land that, over the years, turned into a mid-field woodlot. Most of the studied trees are 40–45 years old. The tree-ring width in the studied population of Crataegus × media is high, equal to 2.41 mm. It is, however, subject to very high intersubject variability (from 1.48 to 4.44 mm). Due to their rather young age, the radial growth rate of the hawthorns was compared to growth profiles of other species based on cumulative radial growth. The results of this comparison confirm the high radial growth rate of the hawthorns, comparable to the growth rate of oaks, and slightly lower than the growth rate of pine or beech (i.e., the main forest-forming species in NW Poland). Notably, however, these are the first life decades of trees that are characterized by a high growth rate. Furthermore, the research by Good et al. [18] indicates different radial growth rates in hawthorns growing in northern Wales (Great Britain). Good et al. found these differences to arise from habitat fertility and intersubject differences between trees and shrubs growing in the same habitat that preclude an estimate of tree age based on trunk diameter. Radial growth rate decreases with tree age, and mortality significantly increases after an individual reaches the age of 80 years (although in that particular population, the oldest trees and shrubs were up to 120 years old) [18]. A variable growth rate was also noted in New Zealand (South Island), where the hawthorn is an invasive plant [7]. Depending on the habitat, hawthorn populations displayed tree-rings from 1.4 to 4.8 mm-wide. Such large differences were explained by sheep and cattle grazing. The maximum age of hawthorns was determined as 60 years [7].



A comparison of hawthorn chronology (ST) to other local chronologies for tree species occurring in NW Poland indicated that ST showed the highest similarity to a composite chronology for indigenous oak species (Quercus spp.), with t = 3.63 and Gl = 68%. These values are not high, and the chronology similarity may be too low to enable dendrochronological sample dating, and especially problematic for samples including fewer than 100 tree-rings. For this reason, further study is required to determine the potential of Crataegus media for paleoclimatic analyses and paleoenvironmental condition reconstructions.



The strongest growth–climate relationship is observed for summer months: June, July and August, when high precipitation, low air temperatures and low insolation favor the formation of wide tree-rings in intermediate hawthorn. Similar relationships also exist for other species, e.g., oaks, beeches, spruces or pines [42,43,44,45,46,47,48]. Shortage of water in the soil and high air temperatures through these months are a growth-limiting factor and may even cause the trees to wither [49]. Phenological studies on hawthorns indicate the end of the vegetation season as the period of seed and fruit ripening [1,50]. This process involves substantial metabolic resources of a plant, which is why unfavorable meteorological conditions in these months have such high significance and are reflected, for instance, in cambial activity and tree-ring width. Additional periods of growth–climate relationship appear in the winter season (December of the preceding growth season through February–March) when negative correlation and regression values are noted for temperature and insolation, and late in the preceding growth season (August–September), when high precipitation sums, low temperatures and low insolation make a positive influence on tree-ring width in hawthorns. The end of the preceding growth season is a period when trees prepare for winter dormancy. For trees that shed their assimilation apparatus for winter and regenerate it the next spring from stored metabolites, it is an unusually important period—determining the condition of trees in the upcoming growth season [41]. Furthermore, the analysis of meteorological conditions in the determined pointer years identified precipitation, especially in summer months, and water availability in habitat (also in the preceding vegetation year) as the factors contributing to the formation of wide or narrow tree-rings.



Although hawthorns are described as tolerant of drought and shortage of precipitation [2,11,13,51], the growth–climate relationship results obtained here point to water availability in habitat (especially in summer months) as the main factor determining radial growth in intermediate hawthorn.



The results presented in this study concern a single, small and young population of Crataegus × media, and the total lack of published dendrochronological studies points to an urgent need for future work to focus on other hawthorn species and for future analyses to include populations of varying ages, and diverse with respect to geographic location and habitat. Despite minor economic importance, intermediate hawthorn (and other hawthorn species) is very valuable biocenotically, as it increases habitat biodiversity and provides shelter and nutrition to insects, birds and mammals.




5. Conclusions


The radial growth rate of intermediate hawthorn described as a shrub or low tree is comparable to other species of trees forming stands in NW Poland and equals 2.41 mm/year. It displays a considerable intersubject variability, from 1.48 to 4.44 mm/year.



Three-ring width depends mostly on precipitation and temperature, and insolation in the summer months (June–August). The analyses, however, point also to the end of the preceding year’s vegetation season and winter months as periods of strong growth–climate relationship.



Negative pointer years occur most frequently in a year following a very dry period or in a very dry year (in particular, with insufficient precipitation in the summer period). Positive pointer years occur in years with humid summer months and lower than average mean summer temperature.



No dendrochronological studies were available for this species, and the resulted of the analysis based on a single assemblage of intermediate hawthorn indicate that future studies should be expanded to include other hawthorn species, different types of habitats, and occurrences in other regions.
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Figure 1. Location of the study area: (A,C)—source of the photo: https://en.mapy.cz, (B)—Meßtischblatt 2552, Kreckow, 1921, scale 1:25,000. 
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Figure 2. Individual sequences of tree-ring width (thin black lines), making up the local hawthorn chronology (ST; green line), and number of samples included in the chronology (red line). 
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Figure 3. Cumulative radial growth of Crataegus media and Pinus sylvestris, Quercus spp., Picea abies, Fagus sylvatica, Taxus baccata, Sorbus torminalis, Aesculus hippocastanum expressed in mm. Growth profiles for all species represent the mean values of the species population from the northwestern part of Poland. 
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Figure 4. Response function analysis for air temperature—T, precipitation—P and insolation—IN. Bars depict correlation coefficients, lines show regression coefficients, significant values (p ≤ 0.05) are indicated by gray bars and solid black dots, p—previous year, r2—multiple regression determination coefficients. 
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Figure 5. Precipitation in June, July and August (blue bars) in positive and negative signature years in comparison to the average precipitation in June, July and August of the years 1948–2020 (blue lines). Temperature in June, July and August (orange bars) in positive and negative signature years in comparison to the average temperature in June, July and August of the years 1948–2020 (orange lines). 
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Table 1. Similarity between intermediate hawthorn (Crataegus media, ST) chronology and local chronologies for other tree species growing in NW Poland, expressed as Student’s t-test and Gl (Gleichläufigkeitswert) values.
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	Pinus sylvestris L.
	Pinus nigra J.F. Arnold
	Picea abies (L.)H.Karst
	Taxus baccata L.
	Pseudotsuga menziesii Franco
	Quercus spp.
	Quercus rubra L.
	Fagus sylvatica L.
	Aesculus hippocastanum L.
	Sorbus torminalis L.
	Platanus × hispanica





	t
	3.21
	2.77
	2.99
	2.79
	2.32
	3.63
	3.49
	2.92
	3.08
	2.34
	2.78



	Gl
	60%
	59%
	58%
	62%
	53%
	68%
	66%
	60%
	65%
	50%
	58%
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