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Abstract

The purpose of the study was to test a simple light meter (luxe meter) as a tool for determining light conditions in the
fertile beach forest understory, as well as, evaluating its usefulness in understanding the determinants of changes in the
phenology of fertile beach forest undergrowth species. Field research was conducted during the period from 10 March to 10
November 2014. A permanent plot (100 m?) was located in the fertile beech forest Dentario glandulosae-Fagetum, the
Swigtokrzyskie Mountains (southern Poland). Phytosociological relevés were done (for seven months of the growing
season; every four weeks on average) on the permanent plot using the Braun-Blanquet method. In addition, phenological
phases of herbaceous species of undergrowth which occurred in every relevé were noted.

In the centre of the permanent plot and in the nearby glade measurements of illuminance, E, were performed once a
week, using a hand-held light meter. The measured illuminance (in lux) values were converted into photosynthetic photon
flux density PPFD (in mmol'm?2-s') and irradiance I (in W-m?2). The changes of the absolute values of the indices of light
conditions and the overstory light transmission (in %) were analyzed. The illuminance values measured using a simple light
meter accurately reflected changes in fertile beech forest understory light conditions depending on vegetation variability,
cloudiness and wind speed. A significant negative correlation was found: » = -0.93 at p = 0.003 (¢ = -5.51) between the
percentage coverage of tree layer (based on the Braun-Blanquet scale) and the overstory light transmission (obtained from
the illuminance measurements). Statistically significant relations between the percentage coverage of tree layer and the
number and percentage coverage of geophytes and hemicryptophytes in a particular phenophase were also found.

Keywords: fertile beech forest, luxe meter, permanent plot, percentage coverage, Poland.

Introduction

Light is a factor limiting the presence of plants, where
its intensity is so low that it reduces the intensity of pho-
tosynthesis, i.e. below the light saturation point. Accord-
ing to Daniels (1956) this refers to the energy of light of
less than 50 000 erg-cm?s, i.e. approx. 50 W-m-.

Particular attention is paid to the intensity of pho-
tosynthetic active radiation (PAR), in the range of 400-
700 nm, whose measure is the photosynthetic photon
flux density (PPFD), expressed in mmol-m-2s-'. Quantum
sensors are used in direct PPFD measurements (e.g.
Comeau 2000, Lieffers et al. 1999).

The intensity of light is strongly limited in the for-
est understory. As a rule, the relative values of PPFD,
i.e. the transmittance of PAR by the stand canopy

(% PPFD), are determined in the forest understory. In
the evaluation of the PAR transmittance by the stand
canopy, indirect methods are also often used such as:
hemispherical photography or evaluation of the Diffuse-
Non-Interceptance (DIFN), a measure of canopy open-
ness, using the LAI-2000 analyzer (e.g. Engelbrecht and
Herz 2001, Machado and Reich 1999).

In the past, simple light meters measuring the illumi-
nance (E) in lux (Ix) were also used in geobotanical re-
search (e.g. Klein 1977; Roussel 1953). Some authors,
however, did not recommend using them in such studies
(e.g. Anderson 1964a, Jennings et al. 1999). They em-
phasize that the illuminance, which is measured by sim-
ple light meters, is a photometric quantity defined with
respect to the human eye sensitivity to electromagnetic
radiation. Therefore it is not the most appropriate de-
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vice for geobotanical studies, although its usage was
evaluated as acceptable (Anderson 1964a). In fact, spec-
tral ranges of the illuminance and the PAR are nearly
identical. Moreover, a few authors (e.g. Jennings et al.
1999) claim there is no method to convert illuminance
measures into measures relevant to plant physiological
processes without detailed knowledge of the spectral
composition of the light. It is not entirely true, as a sim-
plified method to calculate PPFD from illuminance using
conversion factors was developed by Thimijan and Heins
(1983) for various light sources. Regardless of the criti-
cism mentioned above simple light meters were used oc-
casionally in geobotanical studies (e.g. Zang et al. 2005;
Zielinska et al. 2016). In fact, they are readily available,
inexpensive and easy-to-use instruments, which is an
advantage in the field research. Thus, it seems that it is
worth using simple light meters as an alternative to more
advanced measurement systems.

The main purposes of this study are to answer two
questions: whether a simple light meter allows for quick
and reliable identification of light conditions in the fertile
beech forest understory and can help interpret seasonal
changes in the percentage coverage of tree layer and the
phenology of fertile beech forests undergrowth species?

Materials and Methods

Study area

The study area is located on the Swiety Krzyz (‘Holy
Cross’) hill in Lysogéry Range in the Swigtokrzyskie
Mountains (SE Poland). The Swigty Krzyz hill reaches
594ma.s.l.

The annual average air temperature on the Swigty
Krzyz hill is 5.7°C. The length of the thermal growing
season, calculated according to Guminski method (as
cited in Kepinska-Kasprzak and Mager 2015) is 185 days.
The annual precipitation total is 807 mm. The total an-
nual sunshine duration in the Swiety Krzyz hill is 1580
hours. In the summer months, the sunshine duration (225
hours in July) and the relative sunshine duration (63%
in August) are the greatest (Olszewski et al. 2000).

The study area is located within the Swigtokrzyski
National Park.

Data set

Our research was conducted in 2014 from 10 March
to 10 November using the permanent plot method
(Falinski 2001). The permanent plot was located in a
beech forest on the northern slope of the Swiety Krzyz
hill at 505 m a.s.l. (geographical coordinates: 50°51°
43.32”N, 21°03°22.84”E). The size of the permanent plot
was 100 m? (it was a square 10 m x 10 m).

Systematic phytosociological relevés were done on
the permanent plot from March to September (every four

weeks on average) using the Braun-Blanquet method
(Braun-Blanquet 1964, Dzwonko 2007). All phytosocio-
logical relevés were done within the borders of perma-
nent plot. Moreover, the size of permanent plot is ad-
equate to the size of every relevé (100 m?) which was
done in a given part of a growing season. In total seven
relevés were done in the permanent plot. In addition,
phenological phases of herbaceous forest undergrowth
species which occurred in every relevé were noted.

[lluminance (E in SI system) measurements were con-
ducted from March to November 2014. The illuminance
in the forest was measured once a week, 1-2 hours be-
fore noon, in the center of the permanent plot (approx.
1.8 m AGL), using hand-held light meter (L-50, SONOPAN
Sp. z 0.0., Biatystok, Poland). During the measurement,
the light meter sensor was aligned directly upwards,
detecting the amount of light reaching the sensor from
the entire sky hemisphere.

A similar methodology of measurements was used
in the adjacent Bielnik glade which represents the con-
ditions of open field light conditions. Both locations (for-
est-glade) are within a distance of 50 m, so the time be-
tween light measurements did not exceed 5 minutes,
which is in line with Comeau (2000) recommendations.
The measurements were conducted both in overcast
days and in less cloudy days. The amount of cloud cover
by the low-level and mid-level clouds — N (in oktas) was
estimated by visual observations on the Bielnik glade.

We used wide-angle digital photographs of tree
canopies for the additional testing the usefulness of the
simple light meter in the estimation of understory light
conditions. Wide-angle photographs has already been
used in such studies (e.g. Engelbrecht and Herz 2001,
Korhonen et al. 2006). Photographs were taken with a
digital camera Olympus C-720 Ultra Zoom (Olympus
Optical CO., Ltd., Tokyo, Japan) in the center of the stud-
ied permanent plot. The camera settings were the same
for all pictures with maximal wide angle (f= 6.4 mm, which
is an equivalent to f=40 mm on a regular 35-mm camera).
In total, 4 photographs were taken. The first one was
taken on 10 March, before the foliage of tree canopies
started to develop, the last one on 22 August when the
tree foliage was fully developed. Other two photographs
were taken on 22 April and 12 May and they recorded
subsequent stages of the foliage of tree canopies devel-
opment.

Data analysis

The measured illuminance values, E (in lux), were
converted into PPFD (in mmol-m'>s') and irradiance, |
(in W-m2), using conversion factors. In order to calcu-
late PPFD, the illuminance values were divided by the
computational factor which, for the sunlight, is 54
(Thimijan and Heins 1983). Then to calculate the irradi-
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ance (in W-m?), the PPFD value (in umol-m2-s') was mul-
tiplied by the conversion factor which for the solar ra-
diation amounted to 0.51 (Runkle 2006).

Both the absolute values of E, PPFD and I as well as
the canopy light transmission, i.e. the ratio (in %) of
PPFD (as well as E and I) under tree crowns to open field
values, were taken into account in the analysis of
understory light conditions. By analyzing the changes
in the canopy light transmission and the absolute val-
ues of PPFD (and E and I), their arithmetic means were
compared between periods with developed foliage and
those without leaves (or with small foliage). In the pe-
riod with developed foliage, also the light condition dif-
ferences between cloudy days (N = 6 in oktas) and days
with less cloudiness were studied. The statistical sig-
nificance of the differences in the calculated means was
assessed using the non-parametric Mann-Whitney
U-test.

Wide-angle photographs were analyzed with the use
of the Forest Crowns Assessment Software (Winn et al.
2016). It allowed estimating a percentage of skylight vis-
ible through the 2-dimensional forest canopy from a point
on the ground, which is called the transparency of for-
est canopy. Correlation was calculated between the
transparency of forest canopy estimated from wide-an-
gle photographs and the canopy light transmission esti-
mated with the use of the simple light meter.

The obtained phytosociological relevés were used
to compile the phytosociological table according to gen-
erally accepted methods (Dzwonko 2007), which allowed
determining type of the community. The floristic compo-
sition of the relevés and degrees of abundance-cover-
age determined in relevés according to the Braun-
Blanquet scale have been the basis for the subsequent
analyses. The percentage cover classes assigned to the
Braun-Blanquet scale are as follows: + < 5%, 1 =5%, 2=
5-25%,3 =25-50%, 4 =50-75%, 5 = 75-100% (Braun-
Blanquet 1964). Correlations were made to illustrate the
relationship between the percentage coverage of trees
layer changing during the growing season and the se-
lected variables: 1) the number of species from certain
ecological groups of herbaceous undergrowth
(Raunkiaer’s life forms: chamaephyte, hemicryptophyte,
geophyte, therophyte, according to Zarzycki et al. 2002),
2) their phenological phases: vegetative, flower buds,
flowering, immature fruits, mature fruits and seeds
spreading, dormancy (Szafer 1922, Baddour and Kon-
tongomde 2009) and 3) the level of illuminance measured
using a simple light meter.

The adopted measure of correlation was Spearman’s
rank correlation coefficient (r), because the data did not
met an assumption of normality.

All results of the conducted analyses were consider-
ed as statistically significant at p < 0.05. The analyses

were performed using the Statistica 6.1 software pack-
age (StatSoft 2003).

Nomenclature of the species was adopted accord-
ing to the Plant List (www.theplantlist.org), syntaxo-
nomical nomenclature according to Matuszkiewicz (2014).

Results

Structure of the community and phenological
Dphases of species in a relationship with the seasonal
variability of the percentage coverage in the tree layer

The community, where the permanent plot is located,
represents the fertile Carpathian beech forest Dentario
glandulosae-Fagetum according to an analysis of
phytosociological relevés (Table 1). This community is
multilayered and characterized by a large floristic rich-
ness (as opposed to acid beech forest Luzulo-Fagetum,
a community which is species-poor; Matuszkiewicz 2014).
In total, 37 species of vascular plants were found in the
relevés in the studied community, including 29 herba-
ceous species and 8 trees and bushes. The basis for this
association is the species characteristic of the Querco-
Fagetea class individual syntaxones (Table 1).

The tree layer (al and a2) is dominated by Fagus
sylvatica, which reached the 5th degree of cover in the
high tree (al) layer in July and have sustained it until
September (Table 1). It is accompanied by Carpinus
betulus, Acer pseudoplatanus and Abies alba, which are
the regular component of most forest phytocoenoses in
the Lysa Gora hill region. The most common in the upper
bush layer (bl) is C. betulus, while in the lower bush layer
(b2) are A. pseudoplatanus and Sambucus nigra.

The floristic richness of the studied community is
influenced mainly by herbaceous species which account
for almost 80% of all species found on the permanent
plot throughout the growing season. The following was
stated taking into account the life forms of those spe-
cies: 18 hemicryptophytes, 8 geophytes, 2 chamaephytes
and 1 therophyte (Table 1). Thus, the presence of
geophytes and hemicryptophytes is a major factor in
the structure of this community. Owing to those two
groups of plants in Dentario glandulosae-Fagetum, a
distinct early spring aspect, in which the qualitative and
quantitative dominance of geophytes in the undergrowth
was found, and the summer aspect dominated by hemi-
cryptophytes (Table 1, Figure 1) can be observed. Those
changes are affected inter alia by the access of light
into the undergrowth, whose intensity changed during
the growing season, depending on the leaves develop-
ment. The level of cover of the tree layer
(al + a2) on the permanent plot was within wide limits:
from 30% (early spring) to 110% (summer).

Analyzing the dependence of the number of spe-
cies representing the individual life forms on the per-
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Table 1. Floristic composition of the Den-
tario glandulosae-Fagetum, a community
found within the boundaries of the perma-
nent plot; to show the percentage cover of
the species the Braun-Blanquet scale is
used (+ < 5%, 1 = 5%, 2 = 5%-25%, 3 =
25%-50%, 4 = 50%-75%, 5 = 75%—
100%); Ch stands for species characteris-
tic for respective syntaxons: All. stands for
alliance, Ass. stands for association, CI.
stands for class, O. stands for order (Braun-
Blanquet 1964); the following additional
data were added for herbaceous plants: Lf
denotes life forms (C stands for chamae-
phyte, H stands for hemicryptophyte, G
stands for geophyte, T stands for thero-
phyte, according to Zarzycki et al. 2002)
and development phases observed in the
permanent plot: V stands for vegetative, B
stands for flower buds, E stands for flow-
ering, F stands for of immature fruits, S
stands for mature fruits and seeds spread-
ing, and D stands for dormancy (Szafer
1922, Baddour and Kontongomde 2009)

Table 1. (continued).

centage coverage of tree layer, it was found that the
following two groups of plants reacted to the changes
of foliage: geophytes and hemicryptophytes (Figure 1).
For geophytes, a very high negative correlation was
found: r =-0.84 at probability level p=0.018 (¢ =-3.48).

No. of relevé 1 2 3 4 5 6 7
Date (d/mly) 10.3. 224. 125. 096. 11.7. 18.8. 259.
2014 2014 2014 2014 2014 2014 2014
Area of relevé [m?] 100 100 100 100 100 100 100
Exposure N N N N N N N
Slope [°1 5 5 5 5 5 5 5
Coverage of tree layer a1 [%] 25 35 55 75 90 90 90
Coverage of tree layer a2 [%] 5 7 10 15 20 20 20
Coverage of shrub layer b1 [%] 5 5 10 10 10 10 10
Coverage of shrub layer b2 [%] 10 15 25 30 30 30 25
Coverage of herb layer ¢ [%] 20 75 90 70 60 50 35
No. of species in relevé 16 33 37 34 33 31 28
layer
Trees and shrubs:
ChAIl. Fagion
Fagus sylvatica al 2 3 3 4 5 5 5
Fagus sylvatica a2 + + 2 2 2 2 2
Fagus sylvatica b2 + + 1 1 1 1 1
Fagus sylvatica c 1 1 + + + +
ChAll. Carpinion
Carpinus betulus a2 + + 1 2 2 2 2
Carpinus betulus b1 + 1 2 2 2 2 2
Carpinus betulus b2 + + + + + + +
Tilia cordata c + + + + + +
ChAIl. Tilio platyphylli-Acerion
pseudoplatani
Acer pseudoplatanus al + + + 2 2 2 2
Acer pseudoplatanus b2 + 1 2 2 2 2 2
Acer pseudoplatanus c 1 1 1 + + +
ChCl.Querco-Fagetea
Acer platanoides b2 + + + 1 + + +
Accompanying species:
Abies alba al + + + + + + +
Abies alba b2 1 1 1 1 1 1 1
Abies alba c + + + + + + +
Sambucus nigra b2 1 1 2 2 2 2 2
Sorbus aucuparia c + + + + + +
No. of relevé 1 2 3 4 5 6 7
layer = Lf
Herbs:
ChAss. Dentario glandulosae-Fagetum
Cardamine glandulifera c G 18 28F 48 1P +D +D
ChAss. Ficario-Ulmetum
Ficaria verna c G 1V 3E 28 1P
ChAll. Alno-Ulmion
Stellaria nemorum c H +V +V 1E 1F 18 1v +V
Gagea lutea c G +VB  4E +FIS
ChO. Fagetalia
Lamium galeobdolon c (¢} +V +B 18 1F 18 2v 1V
Milium effusum c H +V +V +E +F +S v +V
Impatiens noli-tangere c T 1v 2v 3ve  3EF 280 4D
Stachys sylvatica c H 1V 2V 2B 28 28 2v
Veronica montana c © +VB - qEF 4P 1V 1V .
Dryopteris filix-mas c H +V +V +V +V +V +V
Galium odoratum c H +ViB  4EF 48 +V +V +V
Pulmonaria obscura c H +8 +EF +S +V +Vv +V/ID
Ranunculus lanuginosus c H +VB  +E +FiS +V +V +V
Viola reichenbachiana c H . +V +V +V +V +V +V
Corydalis solida c G +V +EF +SD
ChCl. Querco-Fagetea
Aegopodium podagraria c H . +V +V 1V +V 2v 2v
Anemone nemorosa c G +V 2BE  4BF  4VD  4VD
Accompanying species:
Galanthus nivalis c G 2BE  pBF 48D . . .
Urtica dioica c H +V +V +VB 4 EF +S +V +V
Athyrium filix-femina c H +V +V +V +V +V +V
Chaerophyllum aromaticum c H +V +V +V +V +Vv +V/D
Hieracium murorum c H +V +V +V +V +Vv +V
Lamium maculatum c H +V +E +FS 4V +v +V
Oxalis acetosella c G +B +EBF 48 +V +V +VID
Maianthemum bifolium c G +V +V +V +V . .
Dryopteris dilatata c H +V +V +V +V +V
Mycelis muralis c H +VB  4E +F +S +V
Senecio nemorensis c H +V +B +E +EF +S
Moebhringia trinervia c H +VB  +E +F +S +D

Thus, the greater the leaf shade induced by leaf devel-

opment the smaller the number of geophytes were found
in the phytosociological relevés which were done on
the permanent plot. On the other hand, the number of
hemicryptophytes increased with increasing area shad-
ing: positive correlationr = 0.83 at p=10.02 (¢=3.35).
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Figure 1. Relationships between tree foliage development
and a number of fertile beech forests undergrowth species
representing a given life form in consecutive phytosociological
relevés

For geophytes, the existence of particular pheno-
phases is also dependent on the degree of the tree cover
(Figure 2). For the generative phase (flower buds, flow-
ering, fruiting, seed spreading), a high negative correla-
tion was found: , =-0.87 at p=0.01 (= —4.04) with the
degree of coverage of tree layer — the higher the per-
centage coverage the less geophytes in the generative
phase were found in the permanent plot (Figure 2). The
beginning of the generative phase (presence of flower
buds) begins at about 30% of the area coverage by the
tree layer (al + a2). All species finish blooming before
the trees cover 40% of the relevé area, and most of them
fruit at approx. 60% coverage. Geophytes finish the gen-
erative phase before the trees reach the maximum degree
% of coverage (Table 1).

9 120

81 [ ] 1100 E
8 7f g
= >
é 6 180 =
[0
2] 5 + [}
G 160 =
= 4 r [S)
2 (0]
€ 3r 140 o
=} —
2 F [}
“ ] I 120 3
- o

0 | B |

10 22 12 9 1" 18 25
March  April  May June July  August September

dates of relevés

I vegetative generative dormancy

—e— coverage of tree layer (%)

Figure 2. Relationships between tree foliage development
and a number of geophytes representing a different devel-
opment phase in consecutive phytosociological relevés
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Conversely it is presented the revealed correlation
for the dormancy phase: a positive correlation was found,
r,=0.89 at p=0.007 (1= 4.44). The higher the percentage
coverage of tree layer the more geophytes went into the
dormancy phase (Figure 2). For the vegetative phase,
the correlation is not statistically significant.

Light estimates made with the use of a simple light
meter and tree canopy photographs

The illuminance (E) in the fertile beech forest
understory varied over a wide range from 0.6 to 59.4 klx
during the period from 10 March to 10 November 2014
when photometric measurements were conducted. This
period generally fits in with the thermal growing season
in 2014 which was very long and lasted 235 days. Those
values correspond to the PPFD in the range from 11.1 to
1100.0 pumol-m>s'!' and the irradiance (I) in the range
from 5.7t0 561.0 W-m™2.

The light transmittance of crowns varied from 1.4%
to 65.3% over the research period (Figure 3B). It was
characterized by a clear seasonal variability (Figure 4A)
which was associated with the development and falling
of leaves of deciduous trees and bushes in the Dentario
glandulosae-Fagetum (Table 1). The highest values of
illuminance in the understory occurred in the period be-
fore the trees leaves development (in the year of 2014
until the last decade of April) and after their fall (since
the last decade of October). During this period, the
canopy light transmission was 28-65% (Figure 4A). The
canopy light transmission was being reduced gradually
in May during the leaf development (Table 1; Figure 4A).
The canopy light transmission was lower than 10% in
the period since mid-May till early October and lower
than 5% in July and August (Figure 4A). In general, the
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Figure 3. Variability of light conditions in the understory
of the studied Dentario glandulosae-Fagetum community de-
pending on the tree foliage development: A. PPFD, E and I
values; B. light transmittance
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Figure 4. Light conditions variability in the understory of
the studied Dentario glandulosae-Fagetum community dur-
ing a period between 10 March - 10 November 2014; A. light
transmittance; B. PPFD, E and I values

light transmission of the canopy of the Dentario
glandulosae-Fagetum was more than 7 times lower in
the period with developed foliage than when the trees
were deprived of leaves (Figure 3B). This difference is
statistically significant in the light of the Mann-Whitney
U-test value, (U=0.0; p<0.001).

Similar variability is seen with respect to absolute
values of the light intensity (E), photosynthetic photon
undergrowth density (PPFD), and solar radiation inten-
sity (I). During the measurements performed at the time,
when the trees were deprived of leaves, E on the floor of
the forest amounted to an average of 27.0 klx, PPFD =
499.7 pmol-m=-s!, and [ =254.8 W-m2. In the period when
the trees were leafy E in the forest floor amounted to an
average of 3.6 klx, PPFD = 66.5 pmol'm*s-!, and [ =33.9
W-m-2 (Figure 3A). Those differences are also statisti-
cally significant (U= 10.0 at p <0.001).

Against the background of the generally low E val-
ues in the period from mid-May to the end of September,
its values stand out on May 19 and June 23, 2014 (Figure
4B). On June 23, winds of force of up to 6° on the Beau-
fort scale blew, and on May 19, winds of force of 4° on
the Beaufort scale blew. This facilitated the penetration
of the sunlight into the understory. As a result, on June
23, E in the fertile beech forest understory amounted to
13.3 klx (PPDF =246.3 pmol'm?2s,1=125.6, W-m?). On
May 19, in the forest understory it amounted to 16.9 klx
(PPDF =313.9 pmol'm*s,I1=160.1 W-m?).

In addition to the coverage in the layer of trees and
bushes, the amount of light under the trees crowns is

also affected by the cloudiness, however it is less af-
fected (Figure 4B). PPFD (as well as E and I) values un-
der tree crowns were 2.7 times lower on cloudy days
than on less cloudy days (Table 2). This difference is
statistically significant (U= 11.0 at p = 0.007). The oppo-
site regularity was evident in the case of the canopy
light transmission. The canopy light transmission dur-
ing the period with developed foliage increased in cloudy
days (on average by 1.5 times) compared with less cloudy
days (Table 2). However, this difference is not statisti-
cally significant.

Forest crowns transparency estimated with the use
of canopy photographs varied from 19.1 to 75.4%. It de-
creased following the foliage development in a similar
manner as the light transmittance of crowns estimated
with use of the simple light meter. The correlation (r, =
0.80) between these two sets of measures of light condi-
tions in the fertile beech forest understory is not statis-
tically significant yet.

Table 2. Light condi-

cloud cover by low-
level and mid-level

tions depending on -

loud in the f light indices clouds
cloud cover 1n the ter- <6/8 >6/8
tile beech forest under-

t duri th . PPFD (molsm2s") 56.6 20.9
story during the peri- | (Wem?) 28.9 106
od with developed tree E (ki) 3.1 1.1
foliage light transmittance (%) 3.9 7.2

Light intensity and seasonal changes in the com-
munity

In the Dentario glandulosae-Fagetum community
both absolute values of PPFD and E and I as well as
canopy light transmission (in %) were dependent on the
development of foliage. The canopy light transmission
decreased in the growing season in 2014 from 30-65% in
March and April, when the trees were not yet leafy to
<5% in August, with developed foliage.

By analyzing the calculated values of the solar irradi-
ance (I) in the fertile beech forest understory, it can be
stated that in the center of the fixed permanent plot I < 50
W-m? values occurred in 75% of observations. Moreo-
ver, during the period when the foliage of tree canopies
was already developed (Table 1; Figure 4B), only 2 times
the illuminance (E) was recorded, which corresponded to
a irradiance of more than 50 W-m2. Thus, the changes in
the light conditions also affected the changes in the phe-
nological phases of the forest undergrowth species as
well as their degrees of coverage.

On March 10 (Table 1) the high tree layer (al) cov-
ered 25% of the permanent plot area (2" degree of Braun-
Blanquet scale). On that day PPFD amounted to 593.6
pmol'm?s! (E =32.2 klx, [ =302.7 W-m2), which ac-
counted for 47.0% of PPFD, E and I in the glade. The
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transparency of forest canopy estimated on a photo-
graph was 75.4% then. At that time 6 geophytes were
present in the undergrowth (Figure 1). Only two of them
— Galanthus nivalis and Cardamine glandulifera — were
in the generative phase. The fully flowering G. nivalis
had the highest degree of coverage (approx. 25%).

On April 22 (Table 1), when the tree layer coverage
reached the 3 degree of Braun-Blanquet scale, PPDF
under tree crowns amounted to 798.1 umol-m?s', E
amounted to 43.1 klx and I amounted to 407.0 W-m?2,
which accounted for 52.5% of the light intensity in the
glade. The transparency of forest canopy estimated on
a photograph was 39.1% then. At that time, the flower-
ing Ficaria verna herb dominated the herbaceous un-
dergrowth, which occupied approx. 40% of the area, and
G. nivalis was passing through the immature fruit phase.
Geophytes reached a maximum of 8 species (Figure 1).

On May 12, the tree layer reached the 4" degree of
the Braun-Blanquet scale (Table 1). The measured illu-
minance under trees crowns was reduced to 3.1 klx, which
corresponds to PPFD = 57.4. pmol'm?s' and [ = 29.3
W-m2 The canopy light transmission was 8.4%. The
transparency of forest canopy estimated on a photo-
graph was 24.2% then. Then, in the herbaceous under-
growth, it was observed that quantitative participation
of geophytes began to diminish considerably in favour
of hemicryptophytes: both life forms of plants coexisted
to achieve similar levels of coverage (Figure 1). How-
ever, the hemicryptophytes were at the beginning of their
vegetative phases (e.g. Stachys sylvatica), whereas the
photophilous geophytes reached their full development
(flowering, fruiting and seed spreading).

On June 9, 2014 (Table 1) the coverage at tree layer
(al +a2) was 90% (5" of Braun-Blanquet scale). Under
the tree crowns PPFD amounted to 92.8 pmol'm2s,
E =5.0 klx and I =47.3 W-m™. Those values accounted
for 4.4% of PPFD, E, and I on the glade. At that time,
geophytes significantly reduced their degrees of abun-
dance-coverage, and most of them went into the dor-
mancy phase. Impatiens noli-tangere (a therophyte)
dominated the phytosociological relevé, covering
approx. 40% of the permanent plot.

In July, trees on the permanent plot reached the maxi-
mum percentage of coverage, which also persisted in
August and September (Table 1). At that time the struc-
ture of the community and its floristic composition fully
corresponded to the summer aspect of Dentario
glandulosae-Fagetum.

On August 18, with 90% coverage of the high tree
layer (al), PPFD only amounted to 28.0 mol-pm2s,
E =1.5 klIx, and I = 14.3 W-m2. This represents 3.4% of
the value of the light conditions indicators analyzed in
the glade. The transparency of forest canopy estimated
on a photograph was 19.1% then. In the community un-

dergrowth the highest degrees of abundance-coverage
were achieved by Aegopodium podagraria, Lamium
galeobdolon, Impatiens noli-tangere, Stachys sylvatica.
At this time, the first two species were in the vegetative
phase, two subsequent ones were at the final stage of
the seed spreading (Table 1).

In September, the community started its passage into
the dormancy phase (Table 1).

The calculated values of the canopy light transmis-
sion were strongly correlated with the visually assessed
percentage coverage of tree layer (based on Braun-
Blanquet scale) in the taken phytosociological relevés.
The correlation is negative r = —0.93 at probability level
of p=0.003 (=-5.51). So the greater was the percent-
age coverage of tree layer the less light came into the
fertile beech forest understory.

Discussion and Conclusions

The values of illuminance measurements made with
a simple light meter appear to accurately reflect changes
in the forest understory light conditions, taking into ac-
count both the seasonal variability of vegetation and
the aperiodic variation of cloud cover. The question re-
mains as to how much of the measured values of the
canopy light transmission (in %) are comparable to the
values obtained with the help of more advanced light
meters directly measuring the PPFD.

In the Tilio-Carpinetum community located in the
Niepotomice Forest in southern Poland, the intensity of
PAR under tree crowns accounted for 10% of the measured
values in the open field and only 3% in the forest under-
growth layer (Klein 1977). In the Karkonosze Mountains
(SW Poland), at the floor of the beech stand forest, where
the coverage of trees layer was 90%, the relative amount of
PPFD was 10% (Robakowski et al. 2000). Even lower values
of PAR transmittance through the crowns of trees are given
by van Eimern (1987) for beech forests growing on Géttinger
Wald (Lower Saxony, Germany). In the months of July-Sep-
tember 1984 only 1.5-2.0% of the PAR recorded in the open
field reached the forest floor. Canham and Burbank (1994)
investigating the light conditions in the New England for-
ests understories found that in the tree stand dominated by
Fagus grandifolia, on average only 2% of the PAR ob-
served in the open field was reaching the forest floor. In our
study, in permanent plot with 95% tree coverage, the light
penetration through the canopy to the forest floor was 3-
5%. Thus, the assessment of the canopy light transmission
obtained through the measurement with a simple light me-
ter and quantum/PAR sensors allow obtaining similar re-
sults.

Moreover, a strong positive correlation (v, = 0.80)
was obtained between estimates of understory light con-
ditions made with use of the simple light meter and wide-
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angle photographs. The correlation was not statistically
significant yet, probably due to limited number of avail-
able photographs.

Some researchers report (e.g. Miller 1959, Stomka
and Dunikowski 1959, Urban et al. 2007) that on cloudy
days the light transmittance of the canopy (%) is greater
than on the sunny days. This is in line with the illumi-
nance assessment in the fertile beech forest undergrowth
within our permanent plot. However, not all studies con-
firm the above-described pattern (Comeau et al. 1998).
This relationship was, in the permanent plot, related only
to the canopy light transmission, i.e. the relative meas-
ure of light conditions. The absolute values of PPFD, I,
and E under tree crowns were more than 2 times greater
on sunny days than on cloudy days (Figure 3).

This is a proof that, in assessing the light condi-
tions in the forest understory, one cannot stop merely
on defining the canopy light transmission. The absolute
values of PPFD (as well as [ and E) should also be deter-
mined. Those are the absolute values that determine
whether a species of forest undergrowth may develop
under given conditions. In addition, as described by
Anderson (1964b), analysis of only relative light inten-
sity values may result in underestimation of the light
reaching the forest floor at the initial stage of a tree foli-
age development. The canopy light transmission starts
to decrease then. However the increase in the angular
height of the Sun at noon causes an increase in the in-
tensity of solar radiation at the same time, for some time
visible also in the forest floor.

The low values of solar irradiance (I) calculated from
the measurement with luxe meter suggest that in the un-
dergrowth of the Dentario glandulosae-Fagetum the
light factor should influence the forest undergrowth
species phenology. This fact is confirmed by phyto-
sociological relevés, which were done during the grow-
ing season. Changes in the light intensity are correlated
both with the changes of percentage coverage of tree
layer in the Braun-Blanquet scale and phenological
changes of geophytes and hemicryptophytes dominat-
ing the undergrowth herbaceous species (Table 1; Fig-
ures 1 and 2). Similar temporal coincidence of flowering
of forest undergrowth vegetation and changes of avail-
able light is described, among others, in the forest areas
of Illinois (USA), in the tree stand dominated by Acer
saccharum and Quercus rubra (Schemske et al. 1978).
There, the flowering time of early spring herbaceous
plants was from mid-March to early May. During this
period the canopy light transmission was initially high
(> 45%), and then gradually decreased to approx. 10%.
In our permanent plot, in May, when the light transmis-
sion of the tree canopy began to decline, most geophytes
were already undergoing fruiting (Table 1). Also, in other
communities of mesophile deciduous forests, e.g in the

Niepotomice Forest in southern Poland, the geophytes
finished their flowering periods with the full develop-
ment of the foliage (Klein 1977).

It should be noted that in the studied permanent
plot there were several microhabitats where despite the
maximum coverage already recorded in the tree layer, the
geophytes were still present (Table 1). This fact may be
influenced by the presence of sunflecks. At the floor of
deciduous forests, with developed foliage, the sunflecks,
although rare, provide up to 55% of the PPFD (Chazdon
1988). The amount of the sunflecks results from the crown
geometry on the one hand, but on the other hand it can
also change dynamically, e.g. under the influence of wind.
It was twice noticed within the permanent plot (Figure
4B). It can be assumed that the importance of wind as a
factor facilitating the penetration of light into the forest
floor increases in the upper parts of the mountain ridges,
along with the observed increase in wind speed. In the
summit of the Lysogory Range, the average annual wind
speed is by approx. 1.5 m's’' greater than in the sur-
rounding valley (Olszewski et al. 1994).

The obtained results confirm the adopted hypothesis.
A simple light meter can be a valuable source of information
on light conditions in the fertile beech forest understory
and can be used in environmental research. With this we
are able to interpret seasonal changes in the floristic com-
position and phenophases of species in the forest under-
growth, which are related to the percentage coverage of a
tree layer and — consequently — to the amount of light reach-
ing the forest floor. High ease and speed of the results
acquisition make the simple portable light meter particu-
larly useful in reconnaissance research and as a tool for
fast and cheap supplementation of more sophisticated moni-
toring programmes.
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