www.czasopisma.pan.pl

A P N www journals.pan.pl
I
ACTA BIOLOGICA CRACOVIENSIA Series Botanica 54/1: 121-128,

DOI: 10.2478/v10182-012-0013-z

PHENOMENA, BIOMETRICS AND CANOPY BEHAVIOR OF

PRICKLY COMFREY (SYMPHYTUM ASPERUM LEP., BORAGINACEAE)

IN A LONG-TERM EXPERIMENT

TADEUSZ ANISZEWSKI*

Research and Teaching Laboratory of Applied Botany, Biological Interactions and
Ecological Engineering, Department of Biology, University of Eastern Finland,
Joensuu Campus, P.O.Box 111, 80101 Joensuu, Finland

Received September 7, 2011; revision accepted May 22, 2012

Annual and interannual phenomena and canopy behavior of prickly comfrey (Symphytum asperum Lep.) were
studied in a 10-year experiment with 25 measurement sessions during the growing season. The results confirm
the importance of long-term experiments in studying plant phenomena, biometrics and behavior. Prickly com-
frey produced a green canopy each year and growth started very early in spring. Maximum plant height was less
than 160 cm. Annual phenomena (growth initiation, seedling phase, flower phase, seed phase, senescent phase),
interannual phenomena (initiation and youth, reproduction, new generation formation, plant death) and two
population cycles (colonization and expansion) were measured. The duration of annual development up to
canopy death can be expressed as x+2x+3x+2x, where x is initial growth. The genetic structure and activity of
prickly comfrey promotes generative development of the species. Its age can be measured over a single and sev-
eral vegetation generations. The ability to change the angle of vertical stem growth after 9 weeks can be consid-
ered a functional behavior of prickly comfrey and part of its life strategy. The differences between the organs in
the upper and lower parts are very considerable and should be taken into account in morphological descriptions
of this species. The upper and lower stems and leaves showed differential growth. Both stem and leaves were
densely setose. Old leaves were 3.8 times longer, 4 times broader and 2.4 times thicker than young leaves. Hairs
were on average 3 times longer on old than on young leaves. Flowers had contact with pollinators making rela-
tively long visits to them.

Key words: Biometrics, development, growth, long-term experiments, phenomenology, plant age,

plant behavior, Symphytum asperum.

INTRODUCTION

Long-term experiments yield data crucial to under-
standing the life course of species in evolutionary
biology, botany and ecology (Aniszewski, 2000,
2010; Rozen and Lenski, 2000; Dudley, 2007;
Phillippe et al., 2007). The life behavior and genetic
expression of perennial plant species cannot be
explained well without such data. Long-term results
are also needed in current scientific debate on basic
questions concerning plant life (Garzon and Keijzer,
2011; He et al., 2011). Although plant behavior
plays a vital role in processes of natural and man-
aged habitats, plant functional dynamics are not
understood well enough to predict plant perform-
ance in future climatic scenarios (Osmond et al.,
2004). Crop resources cannot be exploited efficient-
ly without a good understanding of the dynamics of
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plant functioning (Schurr et al., 2006). The behav-
ior, biometrics and the phenomenal dynamics of
perennial plants continue to be challenging research
topics. At the Finnish Agricultural Research Center,
in the 1980s we began long-term observations and
measurements of some potentially useful plants and
their populations (Aniszewski and Simojoki, 1984;
Aniszewski, 1988) and have continued this line of
research in our laboratory (Aniszewski, 2000, 2004,
2010; AniszewskKi et al., 1996, 2001). Prickly comfrey
(Symphytum asperum Lep. Boraginaceae) was
included in our long-term laboratory studies in 1991,
as no long-term data on its behavior and phenomenal
dynamics were available. Prickly comfrey is well-
known in Finland, mainly as a decorative plant in gar-
dens and parks or as an escapee in semi-natural
ditches and other damp places (Mossberg and
Stenberg, 2005). It is one of the four Symphytum
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species currently found in Finland. It differs morpho-
logically, genetically and chemotaxonomically from
the widely distributed common comfrey (Symphytum
officinale L.), less widely distributed Russian comfrey
(Symphytum X uplandicum Nym.), and tuber com-
frey (Symphytum tuberosum L.), a rare newcomer in
southern Finland. Prickly comfrey (Symphytum
asperum Lep.) differs from the other comfrey
species in flower color and the sizes of organs, more
vigorous growth (Mossberg and Stenberg, 2005),
DNA, ploidy level and chemotaxonomic markers
(Gadella and Kliphuis, 1975, 1978; Gadella et al.,
1983; Jaarsma et al., 1989, 1990; Ozcan, 2010;
Barbakadze et al., 2011). Among the comfreys men-
tioned, prickly comfrey has the smallest chromo-
some number (2n = 32) and contains echimidine
alkaloid but not isobauerenol, which is typically
found in common comfrey. Russian comfrey con-
tains both of these alkaloids and is a cross hybrid
between prickly and common comfrey (Jaarsma et
al., 1989). Prickly comfrey (Symphytum asperum
Lep.) is native to the Caucasus and Iran (Mossberg
and Stenberg, 2005) but has been naturalized in
many parts of Asia, Europe, America, Africa and
Australia, especially in former British colonies
(Tutin, 1956; Wade, 1958). The global distribution
of this plant was driven by its economic potential in
agriculture, horticulture and the pharmaceutical
industry. In its native range of distribution, prickly
comfrey has been used in folk medicine since
ancient times. In the 18th century this plant was
used as an ornamental in the gardens of Russian
aristocrats, from where it spread to gardens in
Europe. From the 19th century onward, prickly
comfirey was known as a field plant cultivated most-
ly for animal fodder and as a promising silage plant,
especially in England but also elsewhere in Europe.
It is still cultivated for green manure and compost-
ing purposes in organic cultivation. Since 2003 the
use of prickly comfrey in livestock feeding has been
outlawed in the U.S.A. and many other countries.
The strong bioactivity of its secondary compounds
(pyrrolizidine alkaloids, allantoin and rosmarinic
acid) have restricted prickly comfrey to medicinal
uses and as fertilizer. Prickly comfrey is used in the
Caucasus in folk medicine to treat wounds, ulcers
and rheumatoid arthritis (Barbakadze et al., 2011).
Prickly comfrey is now part of the global flora,
occurring in natural and semi-natural areas on all
continents. Research on the behavior of this plant
should prove useful in predicting how climate
change may affect biodiversity. As the published
long-term data on this species are sparse, we chose
to research the biometrics, behavior, and both annu-
al and interannual phenomena of this plant in a
series of long-term experiments, assessing the vigor
of growth, typical canopy development and morpho-
logical traits of this plant in a boreal zone. The study

addressed one basic question: What are the annual
and interannual phenomena in the growth dynamics
and canopy behavior of prickly comfrey?

MATERIAL AND METHODS

PLANT MATERIAL
AND EXPERIMENTALLY CONSTRUCTED HABITAT

The ecotype and population history of the seeds of
prickly comfrey (Symphytum asperum Lep.) har-
vested in 1990 and used in these long-term experi-
ments were not known. The experiment was begun
in 1991 in Botania, the botanical garden of the
University of Joensuu, Finland (62°36'00"N,
29°45'50"E), employing standard procedures for
plant acclimation and measurement, with some
modifications. The experimental site was in the cen-
ter of the botanical garden, in the research zone
between a path and a wild area of trees and bushes.
The plots were laid out and well demarcated on the
soil surface in an east-west direction, with buffer
plots on the easternmost and westernmost ends.
The prickly comfrey seeds were sown over a 1 m?
plot in 4 replicates and 2 buffer plots. The soil was
tilled manually down to a depth of 30 cm. In each
plot, 100 seeds were sown at 3 cm depth on May 15,
1991. The resulting vegetation was measured and
observed over 10 years starting from 1992. Each
year, after the final measurements, the plants were
cut to 10 cm height from the soil surface. Sample
and data analyses were done during 2002-2010.
The experimental habitat (Botania) is located in the
Finnish boreal zone, strongly influenced by the Gulf
Stream from the Atlantic and by gentle southwestern
winds, producing a climate 3-4°C warmer than
other areas at the same northern latitude. The cli-
mate is continental with hot summers and cold win-
ters. The soil in each plot was natural and typical
garden soil with fine sand, sand, silt, clay and organ-
ic matter fractions (for details see Aniszewski,
2010). Soil pH in the plots was measured at the
beginning of the experiment at three depth levels
using pH indicators and a Batex IM 555 pH & mV
meter. The characteristics of the experimentally con-
structed habitat for prickly comfrey are presented in
Table 1.

MEASUREMENTS AND OBSERVATIONS

The plants were measured and observed 25 times
per year for ten years on the same dates at weekly
intervals. The observation period started on 15 April
and ended 15 October of each year. The first meas-
urement date was extremely early (weather change-
able from frost and snow to spring warmth and
humidity) and the last measurement day was
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TABLE 1. Climate and trial characteristics

Parameter Value/date
GP 160 d

ETS 1100°C
AAT 2°C

PSF 5 months
PSTGP 400 mm
ADFS November 1
ADPS November 15
LTASD 60-70 cm
PN 4

TNA 106 mm?2
DSGL 3x 102 m
SipH 5.74+0.25
S2pH 5.71+0.3
SspH 5.7010.4

Abbreviations: GP - growing period; d — days; ETS - effective tem-
perature sum on average; ATT — annual average temperature; PSF
— period of soil frost; PSTGP — precipitation sum during thermal
growing period; ADFS — average day of first snow; ADPS — average
day of permanent snow; LTASD - long-term average snow depth
on March 15; PN = plot number; TNA - total net area of each plot;
DSGL - depth of soil growing layer; S, — soil depth level 0-10 cm;
S, — soil depth level 11-20 cm; S5 — soil depth level 21-30 cm

extremely late (weather changeable from autumn
warmth to frost and snow). The type of growth
exhibited by prickly comfrey was noted, and all
cases of deviations in growth were recorded and
measured. Qualitative observations were made with
magnifying glasses (diameter 5 cm at 5X and 10 cm
at 10x), and an ocular (20X) and a Zeiss Stemi DV4
stereomicroscope. Plant density, stem length, and
diameter of lower stem (1 cm from soil surface) and
upper stem (1 cm from flower at top) were also
measured. Measurements were made with standard
instruments to 1 mm accuracy, and with an elec-
tronic micrometer with an automatic reader
(Digimatic) to within 1 um. The experimental plant
cover on each plot was measured.

PHENOMENA

Both annual and interannual phenomena in the
development of prickly comfrey were observed and
measured. The annual phenomena concern organ
development during the experimental period each
year, and the interannual phenomena concern
interannual development. The annual phenomena
were fixed and measured 25 times each year. More
than 50% of the individuals in the trial population
were needed to show the phenomena. The interan-
nual phenomena relating to the age of individuals
and the cyclic development of prickly comfrey were
also checked by statistical analysis of the data col-
lected.

CANOPY CONTACT WITH POLLINATORS

Canopy contact in the experimentally constructed
habitat was studied by observations of plot popula-
tions. During four sunny days between the 9® and
12" measurements, contact with pollinators was
measured at 11:00 a.m. for one hour by counting
the pollinators visiting 4 individual plants selected
at random for observations. All the insects visiting
the plants and their duration of visits to single flow-
ers were measured.

FUNCTIONAL GROWTH AND DATA ANALYSIS

The botanical data collected during the 10-year
experimental period reflect the dynamic nature of
the development of the prickly comfrey plot popula-
tions in the habitat constructed for this purpose,
and were analyzed with a combination of methods
aimed at quantifying the potential functionality of
plant growth dynamics. The results of the statistical
analyses were then considered in the light of rele-
vant theoretical possibilities and explanations. The
growth dynamics and forms of growth were linked
and their functionality and the recorded phenome-
na. The collected data were analyzed and presented
in graphs using SigmaPlot 11.0 for Windows.
ANOVA and normality tests were applied as previ-
ously (Aniszewski et al., 2001).

RESULTS

GROWTH PARAMETERS

The following annual phenomena were observed
each year (Fig. 1a): phase of initiation growth (1-3
weeks), seedling phase (1-8 weeks), flower phase
(6-15 weeks), seed phase (13-21 weeks) and senes-
cent phase (from week 19). During the experiment
the flowering cycles of the whole population of prick-
ly comfrey varied between measurement days 4 and
14, and the seed reproduction cycles between
14 and 21 weeks. Canopy death in the plant popu-
lation started during the senescent phase from the
215" measurement onwards (Fig. la). Interannual
phenomena were determined as the population initi-
ation and youth phase (1-9 weeks), reproduction
phase (9-14 weeks), formation of plant new genera-
tion (14-20 weeks), and death of individuals (from
week 20). The development of the prickly comfrey
population over the 10 years showed the following
population phases (Fig. 1b): plant initiation and
youth (from 1 to 7 weeks, with individual variation
up to 9 weeks), plant reproduction phase (from 9 to
14 weeks, with individual variation of 7 to 14
weeks), formation of plant new generation (from 14
to 20 weeks), and finally the plant death phase start-
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Fig. 1. Annual and interannual phenomena of prickly com-
frey. (a) Annual phenomena and whole-population cycles. I
— initial growth phase; SP — seedling phase; FP — flower
phase; SEP — seed phase; SNP — senescent phase; FPP —
flowering population phase; SR - seed reproduction; CD —
canopy death in plant population, (b) Interannual phenom-
ena and whole-population phases. PIY — plant initiation and
youth phase; PRP - plant reproduction phase; PNG - for-
mation of plant new generation; PD — plant death, (c)
Interannual developmental cycles of prickly comfrey popu-
lation. CO - colonization of plot space and area; EX — expan-
sion in space and area.

ing from week 20 (Fig. 1b). The prickly comfrey pop-
ulation also had two clear interannual developmen-
tal cycles: colonization of plot space and area, and
expansion in space and area. Each cycle lasted 5
years (Fig. 1c).

Plant density in the experimental plots was sim-
ilar at all measurement times (Fig. 2a). Average den-
sity was less than 50 individuals per square meter
and increased slowly from the beginning to the end
of the annual growing periods, peaking at the 21%
measurement. Standard deviations from the means
were relatively large. The largest deviations were at
the beginning of the annual growing period (Fig. 2a).

Plant growth started early, observed at the first
measurement date (Fig. 2b). Vegetation height
peaked at the 11" measurement and remained close
to the peak values for 4 weeks (weeks 9-13). Plant
height did not exceed 160 cm. The stems were no
longer able to grow vertically and consequently plant
height fell to less than 60 cm at the last measure-
ment date (Fig. 2b). All the data were highly signifi-
cant and the reduction in plant height was not influ-
enced by any factor external to the experiment.

CANOPY COVER AND EXPANSION

The plant population established green vegetation
each year. Mean canopy cover was 20% of total plot
area and increased rapidly during the vegetation
period (Fig. 2c). At the 9" measurement mean plot
cover was more than 1 m? (100%), and close to 1.4 m?
at the 25" measurement. Canopy extended over the
plot borders as the angle of the main stem changed.
In the first few measurements it was exactly 90°,
with all plants showing vertical growth. At the 9"
measurement, further growth of leaves and expan-
sion of cover outside the plot borders was
observed. The angle of the main stems ranged from
75° to 85°. At the 25" measurement the stem angle
ranged from 45° to 70° in all directions across the
plot. The standard deviations were highest during
the beginning of the growing period (statistically
significant relations between data) and lowest in
the later stage of vegetation (data relations close to
significance) (Fig. 2c).

STEM DATA

Stem diameter during the growth of prickly comfrey
was observed (Figs. 2d,e). In both upper and lower
parts of the stem, rapid mean growth in diameter
was measured at the 9" measurement date. Lower
stem diameter was 1.22+0.333 mm on average on
the first measurement day, rising to 8.07+0.512
mm during the next 7 weeks (8" measurement).
During the next week the lower stems grew rapidly
to 15.47+1.827 mm. The lower stems were thickest,
18.48+0.471 mm, at the 16" measurement. Lower
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Fig. 2. Biometrics and canopy behavior of prickly comfrey. (a) Plant density, (b) Height of plants, (c) Plot cover, (d)

Diameter of lower stem, (€) Diameter of upper stem, (f) Number of bees visiting flower, (g) Visiting time in flower.
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TABLE 2. Morphological parameters of prickly comfrey
during the experiment

Plant parameter Mean (mm +SD)

138.23+14.51

Length of 1st lower leaf

Width of 1st lower leaf 62.52+10.35
Thickness of 1st lower leaf 2.36% 0.74
Length of petiole of 1stlower leaf 53.21+9.90
Diameter of petiole of 1stlower leaf 7.07£1.0
Length of hairs on lower leaf 1.5+£0.5
Length of 1st upper leaf 35.77+5.0
Width of 1st upper leaf 15.40+6.0
Thickness of 1st upper leaf 1.0+0.16
Length of petiole of 1st upper leaf 11.18%£5.1
Diameter of petiole of 1st upper leaf 1.24+0.6
Length of hairs on upper leaf 0.5+0.2
Length of hairs on lower stem 3.0£1.5
Length of hairs on upper stem 0.9£1.0
Length of fully developed flower 16.79%+2.0
Length of calyx 4.2+1.3
Length of corolla 13.3+1.4

stem diameter was 16.40+1.765 at the last meas-
urement (Fig. 2d).

Mean upper stem diameter was 0.319+0.679
mm at the first measurement and 3.4+0.309 mm at
the 8% measurement. The value was highest
(4.47+0.538 mm) at the 9" measurement, decreas-
ing thereafter to 3.04+0.303 mm at the last meas-
urement (Fig. 2Ze).

MORPHOLOGICAL PARAMETERS

The leaves of prickly comfrey are ovate to oblong,
with 138.2+14.51 mm average length, 62.52+10.35
mm width and 2.36=0.74 mm thickness in lower
leaves. The corresponding measurements of top
leaves were 35.77+5.0 mm, 15.40+6.0 mm and
1.0+£0.16 mm (Tab. 2). The leaves are petiolate. The
petiole of lower leaves was on average 53.21+9.90
mm long and 7.07+1.0 mm in diameter; the petiole
of upper leaves was 11.8+5.1 mm long and
1.24+0.6 mm in diameter. The leaves are densely
setose. The length of hairs was 1.5+0.5 mm on the
lower leaf and 0.5+0.2 mm on the upper leaves.
Aculeate hairs were also present on the stem. The
hairs were 3.0+1.5 mm on the lower and 0.9+1.0
mm on the upper stems (Tab. 2). When fully devel-
oped, the flower was 16.79+2.0 mm long. Corolla
length was 13.3%+1.4 mm and calyx length 4.2+1.3
mm (Tab. 2).

Old leaves were on average 3.8 times longer, 4
times broader and 2.4 times thicker than young
leaves (Tab. 2). Mean petiole length of old leaves was
4.7 times and mean diameter 5.7 times that of
young leaves. Hairs grow on both sides of the leaves
and on stems. Hairs on old leaves were on average 3

times longer than on young leaves. The length ratio
of lower and upper stem hairs was 3.3. The corolla
of the fully developed flower was 3.2 times longer
than the calyx (Tab. 2).

ATTRACTION OF BEES TO FLOWERING CANOPY

Bees visited flowering plants on average 3 times per
individual plant. The median during each year was
from O to 5, with a maximum of 6 visits (Fig. 2f). The
highest median was in the 7" and 10" years. Cases
of no visits were observed only in the 15 and 9™
years.

The median duration of a visit by a bee to one
flower during the 10-year experiment was 2-4 min-
utes, with a minimum of 0.5 minutes and maximum
of 6 minutes (Fig. 2g). The duration of visits was
clearly higher in the 1%, 6®"-8" and 10" experimen-
tal years. The medians and ranges for experimental
years 2-5 and 9 were similar (Fig. 21i).

DISCUSSION

These results confirm the value of long-term experi-
ments in the study of plant biometrics, behavior and
botanical phenomenology. Prickly comfrey grew suc-
cessfully in an experimentally constructed habitat
for 10 years. The plant's canopy phenomena and
behavior (individual, population, contact with polli-
nators) were observed and measured intra- and
interannually. Prickly comfrey is a well-acclimatized
species, as it was able to grow in an experimentally
constructed habitat under natural growth condi-
tions. Growth started very early in spring and full
vegetation and organ development occurred during
the short vegetation period with no signs of canopy
damage, indicating that the plants had no difficulty
in thriving under boreal zone climate. Climate is
considered to be highly important in plant growth
dynamics (Adler and Hillerislambers, 2008). The
height of the population did not exceed 160 cm,
which is less than the maximum length given for this
species by Mossberg and Stenberg (2005) in their
description of the flora of Scandinavia and by Tutin
et al. (1972) in Flora Europaea, and the heights
measured in this study are within the 50-200 cm
range given by those same authors. The plant's den-
sity dynamics and canopy plot cover of over 100% by
the population testify to its vigor and ability to com-
pete for space in the habitat. Its tendency to cover
and extend outside a plot is known and has also
been reported for other species (Aniszewski, 2010).
The deviation from vertical growth of the plants (i.e.,
from negative geotropism) in the second half of the
vegetation period is a part of the behavioral strategy
of the species. Individual plants take up more space
outside the plot boundary, which reduces the dis-
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tance between ripening seeds and the soil surface,
assisting future seeding and guaranteeing local
expansion of the population. The competitive out-
comes of individual plants are ultimately deter-
mined by their behavior (Finnof and Tschirhart,
2009).

The behavior of the individual plant can be
observed in the annual growth dynamics and inter-
annual cyclicity of a plant population. Based on our
results, variation in the duration of annual develop-
ment up to the period of canopy death can be
expressed mathematically as x+2x+3x+2x, where x
is initial growth. This means that initial growth is of
special importance for all canopy development and
for the behavior and development of populations.
The flowering phase lasts longer than any other
phases. This suggests that prickly comfrey favors
generative development.

Prickly comfrey shows generational develop-
ment stages: initiation, youth and sexual (flower)
stage, reproduction, and death. It also shows cross-
generational development cycles at population level,
such as colonization and expansion. However, the
mechanism of annual (seasonal) cyclic and cross-
generational ageing is not known. It may be that this
mechanism is dependent not only on plant metabo-
lism but also on structural and activity genes.

The plant's ability to change the angle of growth
of the vertical stem after 9 weeks can be considered
a functional behavior and part of the life strategy of
prickly comirey. The change in the growth angle of
the canopy occurred at the same time as doubling of
the diameter of the lower stem and a small increase
in the diameter of the upper stem. These changes in
the architecture of the plant ensured its stability
during expansion. In accordance with the life strate-
gy of the species, plants demonstrate adaptive
behavior (Garzon and Keijzer, 2011): to maximize
the amount of net energy that can be channeled to
reproduction (Finnoff and Tschirhart, 2009), plants
are able to make behavioral and morphological
changes (Buswell et al., 2011).

The leaves of prickly comfrey are ovate to
oblong, petiolate and densely setose (Tutin et al.,
1972). The differences between the organs in the
upper and lower parts are very considerable and
should be taken into account in morphological
descriptions of this species. The relations between
the growth of organs in the upper and lower parts
seem to remain constant.

According to our observations, prickly comfrey
invites pollinators (bees), especially active during
full flowering. Prickly comfrey has active contact
with its surrounding habitat solely through its
canopy behavior and pollinator activity. Bees fre-
quently visited the flowers, and their visits were rel-
atively long. Prickly comfrey is a very attractive plant
for bees, as evidenced by observations of bees

spending up to 6 minutes working on a single
flower. During this time bees were in direct internal
contact with the flower and with the pollen.
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