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Parthenocissus quinquefolia L.'nin Fenolojik Sonbahar Renklenmesinin Gorsel
ve Brix Ol¢iimii Kullanilarak Degerlendirmesi

Candan KUS SAHIN?,

Biisra ONAY?

Abstract

Direct ground-based visual assessment, those that use
repeating photography by a camera, has been
conducted. We have found that the changes in
phenology are easily visualized using repeat
photographs, which were visually examined, and key
phenology events, including autumn coloration, were
recorded for Parthenocissus quinquefolia L. The
sugar content of P. quinquefolia’s parts were found to
be in range of 18.95 °Bx to 9.72 °Bx for leaves, in
range of 10.99 °Bx to 16.78 °Bx for berries and 5.74
°Bx to 11.70°Bx for stems. However, leaf Brix values
showed a correlation with visual color ratings, with
higher Brix values corresponding to green colors and
lower values corresponding to strong reddish colors.
It is clear that autumn phenology has an impact on the
sugar content of P. quinquefolia's parts to some
extent. It is important to note that the 0Bx properties
of leaves and berries were found to be sensitive to
sampling parts of P. quinquefolia. It was suggested
that the autumn coloration of P. quinquefolia could be
effectively monitored through five distinct color
stages. Different parts of P. quinquefolia showed
various levels of coloration from mid-May to mid-
December. However, green and red hues are visible
on P. quinquefolia’s leaves in all directions until mid-
November, while only leaves in the north-cast
direction (V) at the end of November show rather
early, intense red coloration and maturation compared
to others. The light level (lux) also appears to be an
important factor in the autumn coloration of P.
quinquefolia.

Keywords: P. quinquefolia L. Autumn colorations,
Landscape, Phenological observation

Ozet

Bu c¢aligmada bir kamera tarafindan tekrarlanan
fotograflarin kullanildigi dogrudan zemin tabanli
gorsel degerlendirme yapilmistir.  Fenolojideki
degisikliklerin, tekrarlanan fotograflar kullanilarak
kolayca gorsellestirilebildigini ve Parthenocissus
quinquefolia L. i¢in sonbahar renklenmesi de dahil
olmak iizere 6nemli fenoloji olaylarinin kaydedildigi
goriillmistiir. P. quinquefolia’nin pargalarinin seker
igerigi yapraklar i¢in 18.95 °Bx ila 9.72 °Bx
araliginda, meyveler i¢in 10.99 °Bx ila 16.78 °Bx
araliginda ve govdeler icin 5.74 °Bx ila 11.70 °Bx
araliginda  bulunmustur.  Bununla  birlikte,
yapraklarin ~ Brix  degerleri  gorsel  renk
derecelendirmeleriyle bir miktar iliski gosterirken,
izlenen Orneklerde koyu yesil renklerden giicli
kirmizims1  renklere kadar degisen renkler
mevcuttur. Sonbahar fenolojisinin P.
quinquefoliamn pargalarinin seker igerigi lizerinde
belli bir diizeyde etkisi oldugu agiktir. Sonbahar
renklenmesinin izlenmesi sirasinda P. quinquefolia
'‘nin bes renklenme dénemi boyunca izlenebilecegi
onerilmistir. P. quinquefolia’nin farkli kisimlar
Mayis ortasindan Aralik ortasina kadar g¢esitli
seviyelerde renklenme gdstermistir. Bununla
birlikte, Kasim ortasina kadar P. quinquefolia'nin
tiim yonlerdeki yapraklarinda yesil ve kirmizi tonlar
goriilebilirken, Kasim sonunda sadece kuzeydogu
yoniindeki (V) yapraklar digerlerine kiyasla oldukca
erken, yogun kirmizi renklenme ve olgunlasma
gostermektedir. Isik  seviyesi (lux) de P.
quinquefolia’nin sonbahar renklenmesinde 6nemli
bir faktor olarak goriilmektedir.

Anahtar Kelimeler: P. quinquefolia L. Sonbahar
renklenmesi, Peyzaj, Fenolojik gozlem
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1. Introduction

Phenology is the study of periodically recurring patterns of plant growth during the
year, typically deals with recurring life-cycle events (Morisette et al., 2009; Walton et al.,
2016; Mu et al., 2022). One example for phenological studies is the autumn coloration of
plants (Field et al., 2001). In this regard, phenological evaluation of certain plants has been
of great interest, which is considered to be one of the most important values for plant-based
design practices (Archetti et al., 2009; Morisette et al., 2009; Walton et al., 2009; Field et
al., 2001; Bozdogan, 2016; Tarakci Eren and Duzenli, 2017). Environmental factors such as
temperature, light intensity and geographical locations have been reported to be complex
mechanisms and are often characterized by a high degree of temporal and spatial variability
(Kami et al., 2010; Piao et al., 2019). However, forecasting or characterization of the
seasonal vegetation periods (i.e., autumn colorations) has wide social, cultural, and
economic significance which may offer insights into plant physiological activities.
Moreover, these may also be important parameters for landscape design approaches that
reflect interactions between plant phenology and people (Zhang et al., 2012). Therefore,
autumn coloration might be particularly important not only for landscapers to predict the
optimum aesthetic timing, but also for tourists to see fall foliage colors.

The vegetation habits and phenological properties of plants have been widely
investigated throughout the centuries, and considerable effort has also been devoted to real-
time monitoring (Sahin et al., 2023; Sahin and Onay, 2023). However, the complexity of
natural ecosystems presents inherent challenges to plant science (Sahin and Onay, 2023;
Sahin et al., 2024). Over the past decades, various methods have been developed to detect
the timing of phenological events of vegetation (Crimmins and Crimmins, 2008; Zhang et
al., 2012; Peltoniemi et al., 2018; Mu et al., 2022). These efforts mainly focused on the
satellite imaginary assessments, while the phenology captured by those methods often
represents the mixture of wide-area coverage (e.g., forests, waters, structures and elements),
especially in heterogeneous landscapes. Therefore, uncertainties in satellite data make the
monitoring of vegetation phenology in real time extremely challenging (Walton et al., 2016).
It has been well predicted by number a of researchers that ground-based observations may
provide direct evidence of spatial variations in plant phenology while being valuable for
climate change studies (Piao et al., 2019).

Many plants, which have climbing properties, are utilized in urban areas for color-

effect purposes. However, Parthenocissus quinquefolia L. is intensely used for its climbing
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characteristics in urban open spaces, which is particularly preferred for its leaf color in the
fall. Various studies have been conducted to determine the phenological properties of P.
quinquefolia (Bozdogan, 2016; Mahr, 2024). Bozdogan (2016), evaluated effective use of
color principle in planting design that to determine the autumn colors formed by Ampelopsis
quinquefolia L. She concluded that the color change of A. quinquefolia’ leaves were related
to directions of plant and had very intensive in the period of September through November
(Bozdogan, 2016). More recent studies were also used similar color evaluation techniques
for other landscape plant such as; Torminalis glaberrima Gand. (Sahin et al., 2023),
Viburnum opulus L. (Sahin et al., 2024).

In this study, we used a ground-based approach for the real-time monitoring of the
foliage status of P. quinquefolia using digital repeat photography. We assume that the
autumn coloration of the selected plant can be assessed with the time series of the selected
methodology through monitoring temporal variation over the course of the predetermined
time. These experimental approaches may provide unique opportunities to monitor the leaf
senescence process without expensive satellite imagery and offer insights into estimating the
characteristic phenology. We limit our study to the start (green foliage) and end (leaf

coloring), which are sensitive to change of season.

2. Material and Method

In the study, Parthenocissus quinquefolia, which is a member of the Vitaceae family,
was selected as plant material for evaluating autumn leaf colorations, represents ornamental
value in landscaping areas. We found a mature P. quinquefolia plant, on the maincampus of
Suleyman Demirel University which is located in Isparta. Figure 1 shows the locational map

of the study area and general appearance of P. quinquefolia in natural growing conditions.

(3749'45.4°N 30°31°3L.17E)

Figure 1. General map of study area and appearance of P. quinquefolia L. at spring.
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We assumed that Mid-May 2022 through late-December 2022 would be an appropriate
observation period for our study. The selected plant was carefully monitored at different
stages, which included the visual evaluation of discolorations via repeat photographing. Due
to the oversize and growing properties at different locations, the monitoring and
measurements were made at five different points on the same plant. The leaves of P.
quinquefolia were found to be initially dark green at spring, then senescence to orange-red
in color in fall. Thus, we need to adequately track the color change process over time to
ensure a relatively consistent record. We used a combination of methods, including on-site
visual monitoring in situ, and took photos and samples to measure the sugar content of leaves
(Brix level) ex-situ. The ground-based monitoring (repeat photography) was conducted in
the afternoon (5.0 pm) at least once every 15 days. Approximately 10 representative samples
(leaves, stems of leaves and berries) were collected from five selected points. The collected
samples were placed in bags, and collection data (collection time and point) were marked on
the label.

We used the same digital camera (Nikon Corp., Tokyo, Japan) with identical settings,
consistently repeating the same position, direction, angle, distance, and shooting mode. Due
to weather conditions (e.g., rainy, cloudy, dusty, etc.) during digital repeat photography, only
well-visible digital images were used to represent coloration occurrences at different points
of the same plant. The following procedures were applied during photography:

* The photographed points must have good viewing conditions to ensure the

photographs of the overall plant.

* The distance between the photograph-taken point and the plant was not too far or too

close. In our study, 2 to 5 meters was found to be an ideal distance.

* We used approximately 1.0-meter distance for laboratory photographing of collected
leaves. The collected leaf samples were carefully monitored at different stages of
discoloration by photographing to conduct a visual evaluation for the aesthetic quality of the
colorations. The study obtained numerous photos that effectively reflect the leaf coloration

of the P. quinquefolia species, some of which are presented in Figure 2.

The light intensity (as reported Lux level) was measured by an Environment Meter

(CEM DT8820- Taiwan).

In the Brix (°Bx) measurement procedure, approximately 10 samples (leaves, berries

and stems) were put in a container and crushed until juice was present.
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Then one drop of juice is put in a digital refractometer (Palm Abbe-PA2021, Solon,
OH), while the device supports automatic temperature compensation and then brix value

automatically.

3. Results and Discussion

The plant phenology is one of the important elements for landscapers which these
seasonal changes may impact on plant design practices and their functions. The P.
quinquefolia’s leaves are a five-fingered, green through the summer, and in the autumn turn
green to orange-red or red in the fall before falling. We were visually rated P. quinquefolia’s
leaves (foliage) during ground-based observations, numerous photos were obtained,
effectively reflected the discoloration which some of those are presented in Figure 2. In this

regard, we were assigned a color rating, ranged from 1 to 5;

1. = entirely green (Fig. 2A),

2. = some light red color present (Fig. 2B-D),

3. = about equal green and red color (Fig. 2E-F),
4. = almost all red color (Fig. 2G),

5. = entirely dark red color (Fig. 2 H-I)

When Figure 2 is carefully evaluated, it could be seen wide range of colors on same
plant which provide visual interest particularly during autumn, may serve very aesthetic
appearance to people. With having those autumn coloration properties, P. quinquefolia have
been widely utilized to attached to vertical or horizontal surfaces, may provide visual interest

while may be affect very aesthetic appearance at cost effective way.

Figure 2. Visual appearance of P. quinquefolia’ leaves during phenological observation (A:
entirely green foliage from May to July, B-D: partial leaf senescence from August
to September, E-G: Full-leaf senescence from late September to Middle of
November, H-I: late leaf senescence from End of November to December).
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Brix is a scale measuring the sugar content of plants. It is commonly used in plant
science studies, especially to rate plant or fruit maturity (Kaytanlioglu et al., 2023). In this
regard, there have been many valuable results reported regarding the Brix value and sugar
content of foods (Kappes et al., 2007; Bolade et al., 2009; Chauhan et al., 2014). We assumed
the Brix (°Bx) value may be used to evaluate P. quinquefolia’s parts (leaf, stems, and berries)
for assessment of autumn coloration. Table 1 shows the Brix values of leaves, berries and
stems presented in Figure 2, comparatively. It was observed that leaves show Brix value in
range of 18.95 °Bx (sample A) to 9.72 °Bx (sample I). The berries show Brix value in range
0f 10.99 °Bx (sample A) to 16.78 °Bx (sample H) and stems in range of 5.74 °Bx (sample I)
to 11.70°Bx (sample B). The leaves’ Brix values appear to reveal some relationship with
visual colour ratings (Fig.2) while dark green colors existed in Sample A, but strong reddish
colors existed in Samples H and 1. It is also revealed that the autumn phenology impact on
sugar content of P. quinquefolia’s parts some level. It has been presented that environmental
factors could contribute to the regulation of plant phenological processes including autumn
phenology (Piao et al., 2019). A number of researchers have already reported that high Brix
levels are an indicator for plants growing in high stress periods, such as cold or drought
conditions, and vice versa. Typically, sucrose, which is a sugar, is formed in the leaves and
fruits during the growing period. The results found for P. quinquefolia’s leaves and Brix
values in this study partially consisted of literature information. One may conclude that the

sugar content of leaves and berries is sensitive to sampling parts of P. quinquefolia.

Samples Leaf Berry Stem
A 18.95 (1.65) 10.99 (1.58) 7.52(0.13)
B 18.05 (1.87) 14.99 (1.09) 11.70 (2.18)
C 16.68 (1.14) 15.12 (1.37) 8.98 (0.23)
D 16.33 (0.12) 15.88 (0.63) 7.38(0.37)
E 15.73 (1.10) 16.09 (0.39) 8.18 (0.62)
F 14.2 (1.73) 16.10 (0.41) 9.24 (0.30)
G 13.77 (1.36) 16.32 (0.18) 8.98 (0.26)
H 11.26 (2.20) 16.78 (0.16) 8.02 (1.10)
I 9.72 (0.49) 16.43 (0.23) 5.74 (1.0)
*The number in parenthesis are standard deviations of five measurements of the same sample.
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In order to find inter correlations among P. quinquefolia’s parts (leaves, berries and stems),
in terms of sugar contents, the obtained Brix values were plotted against, shown in Figure 3.
It is apparent that the Brix levels were inversely correlated with leaves and fruits. It is high
at initially and continuously lowered for leaves but vice versa for berries. The less similar
trend was also visible for stems. The plot shape in Figure 3 and data presented in Table 1.
clearly suggest that autumn coloration bring an effect of change the sugar content. This
could be expected considering vast literature information have been reported, which various
type of conditions including weather impact on senescence of leaves and plants (Gatti et al.,

2016; Téth, 2025; Bouillon et al., 2025; Mafrica et al., 2025).

T
BB W W
s w
e

Figure 3. The Brix relationship of P. quinquefolia’s parts.

A primary focus of this study is the autumn coloration of P. quinquefolia. However, a
distinct seasonal response in vegetation phenology is noted during the study, which is a dark
green color from May to beginning of September and intensive senescence in the late
September through November, fall in December (Figure 4). When Figure 4 is carefully
evaluated, to assess autumn coloration of P. quinquefolia, the five-discoloration period could
be suggested.

* Entirely green period (from May to early September)

* Early period (mid-September),

* Middle period (late September to mid-November),

* Late period (late November to early December),

* End period (mid-December).

The leaves of the whole plant (all directions and sides) stay green until September. In

September, only the leaves in the South-direction (I) are in light reddish hues. The red color
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of the leaves in plants on all sides has increased; green-red colors maintained their
dominance until early October. In mid-October, it appears to turn from a greenish to a light
reddish hue together for South- (I), South east- (II) and North-direction (III), while the dark
reddish hue is dominant in the east (IV) and North-east (V) at the same time. In November,
dark reddish hues are intensive in South- (I) and South east-direction (II), light reddish
greenish hues to the north-east direction (III), and leaves fall in the north-east direction (V)
at that time period. In mid-December, almost all leaves fall throughout the plant in all
directions and sides. When the whole P. quinquefolia plant is considered, the earliest red
coloration and leaf senescence were found in East- (IV) and North-east directions (V). In
this respect, the differences in autumn colorations or leaf senescense, which observed the
existence of reddish colorations, in terms of directional measurements were found to be
important. It is important to note that green and red hues are visible on P. quinquefolia’s
leaves in all directions until mid-November. Only leaves in the north-east direction (V) at
the end of November show rather early, intense red coloration and maturation compared to

others.

Directions:

= June

September

November

December

Figure 4. Visual appearance of P. quinquefolia from different directions (I: South, II: South-
east, I1I: North, IV East V: North cast).
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The measured light levels of the selected points are; I: 609.8 lux, II: 1517.3 lux, III:
1232.3 lux, IV: 210 lux, V: 29291.7 lux. Although the evaluation of differences in signaling
of the phytochromes is a phenomenon, the locational variations, and light level appear to be
more important factors for autumn coloration rather than temperature at the same time period
for P. quinquefolia.

Aesthetic appearance of plants is a very important issue for landscape design practices.
However, it is very important to predict both seasonal and inter-annual color variation in
ecosystems, which has important management for intended design purposes. In this regard,
phenological changes of plants could be carefully considered by plant experts (Sahin and
Onay 2023). Understanding the properties of plant foliage with ornamental appeal may
allow plant designers to develop aesthetic design practices using easily planted species
like P.quinquefolia. This is also a cost-effective way to accomplish aesthetic plant design

for successful landscape work.

4. Conclusion

Although landscape-scale phenology estimates are based on instrument-based
approaches for field measurements, ground-based observation is a traditional, but still highly
useful method in phenology studies and provides first-hand direct evidence of phenological
changes. Thanks to those, the timing of phenological events for specific sites and species has
improved.

In general, people identify and associate certain landscapes with colors. The choice of
colors to design a landscape works in exactly the same way that it decorates a house, seeking
to generate a certain effect and atmosphere and giving it its own identity. In plant design
practices, creating a focal point could serve to draw attention to a certain place with a plant
with an unusual color. While traditional plant phonologic observations have involved
recording the date of occurrence for key events (i.e., first leaf opening, first flowering, full
bloom, and end of bloom), we have a simple and cost-effective way to monitor the leaf
senescence of P. quinquefolia plant by repeated visual observations, which is important for
landscape discipline. The P. quinquefolia selected in this study, which has excellent
climbing and surface covering properties, could be an important element for design where
surface covering with seasonal color changes is important. Therefore, the autumn coloration
of P. quinquefolia may be an object that creates focal points and may attract the attention of

human beings, which affects them physiologically and sociologically.
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Further research is necessary to investigate to better understand the variation in the
influence of plant color on visual aesthetic perception. However, the experimental approach
and selected methods in this study could be useful to other plant materials that have aesthetic

phenological properties throughout the year all around.
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