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ABSTRACT 
 
Plants have both functional and aesthetic roles in landscape design. The aesthetic properties of plants include color. Color has visual and 
psychological effects on human beings. The effect of color varies depending on different growth periods of foliation, florescence, fruit bearing, 
and falling times. Color changes of deciduous plants in autumn, have a significant place in planting design. In the study, the autumn color change 
of Platanus orientalis L. (oriental plane) and Acer negundo L. (ashleaf maple) was monitored under different climatic conditions in the province 
of Hatay, located in the Mediterranean Region and in the province of Kastamonu, located in the Black Sea Region. It was suggested in the results 
of the examination performed that for both plant types, yellow-green and red-brown, color tones, and brightness values were different from each 
other. Color change in leaves may vary for reasons including the position of plants, their habitats, and climatic properties. 
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INTRODUCTION 
 
Color takes important part at human life in architecture 
(Ferring, 2013; Serra et al., 2015), textile industry (Hsu et al., 
2015), education (Al-Ayash, 2015) and landscaping 
(Stoecklein, 2009). Color has meaningful function in all of 
these parts. For instance, a different colored-building may be 
used as a determinative in large areas (Ferring, 2013). 
Landscape architecture is the art of planning, designing, 
protecting, and repairing natural and human made 
environments (Karaca and Kuşvuran, 2012). Therefore, it 
usually uses nature and/or products of nature as a material. 
The most important element in the art of landscape 
architecture in urban and rural areas is plant material (trees, 
shrubs, lawn, etc.) (Laurie, 1986; Özer et al., 2009; 
Stoecklein, 2009; Silva et al., 2012). The opinion that a plant 
material has a positive effect on the psychology of human 
beings who are externalized in urban places, and live under 
stress, has been widely accepted (Kaufman and Lohr, 2004; 
Özer, 2005; Erduran and Kabaş; 2010). It is known that 
human beings benefit from nature and its elements by 
connecting with them actively or passively by watching 
flowers in the park area or looking at the trees through a 
window. Even knowing that these areas exist around us 
provides psychological benefits (Kelkit, 2002; Özgüner, 2004; 
Ulrich and Parson; 1992).  
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In landscape architecture, plants are used for functional and 
aesthetic purposes (Aslanboğa, 1997, Yılmaz and Irmak, 
2004). Properties of plants such as shading, biological repair, 
erosion control, and creating windscreen and noise screen are 
taken into consideration in functional uses of plants, as well as 
for aesthetic purposes, such as size, color, texture, form, light, 
blossom, and seasonal color changes (Aslanboğa, 1997; 
Stoecklein, 2009). The color property of a plant is effective in 
taking interest to the desired point or area (Hansen, 2010; 
Elliot and Maier, 2012). The color effect may provide, through 
various organs of plants (bark color, shoot tip, leaf, flower, 
fruit), including combined usage with other colors may 
increase the effectiveness of the color. Leaf color contributes 
to the effectiveness of plant color for an entire year or during a 
certain season (Hansen 2010). Color may be defined as the 
feeling evoked by light through eyesight, depending on 
wavelength (Uzun 1999). When light, which is an 
electromagnetic wave, encounters a substance, the reflected 
part is perceived as color. The human eye perceives 
wavelengths of approximately 400-500 nm as blue, 
wavelengths of approximately 500-600 nm as green, and 
wavelengths of approximately 600- 700 nm as red. All colors 
in nature are obtained through the use of these three 
wavelengths in different intensities (Selçuk, 2008). Pigments 
of objects we see around us cause different color tones by 
absorbing rays at certain wavelengths, and reflecting some of 
them (Robinson, 2004; Karakurt and Aslantaş, 2008).  
Photosynthetic pigments which play a basic role in the 
photosynthesis mechanism in plants, including chlorophyll a, 

 



chlorophyll b, and carotenoids and pigments of the 
anthocyanin group with the antioxidant character play a role in 
plant coloration due to the rays they reflect (Karakurt and 
Aslantaş, 2008). The purpose of this study is to reveal the 
autumn color change of leaves in the species of Platanus 
orientalis L. (oriental plane) and Acer negundo L. (ashleaf 
maple) growing in two different geographical regions of 
Turkey (the Mediterranean Region and the Black Sea Region). 
It is supposed that the study shall be a model for landscape 
design studies for both the provinces of Hatay and Kastamonu 
due to similar climatic conditions and shall guide future 
studies. 
 

MATERIALS AND METHODS 
 

Material 
 

The research was performed in 2013 in September, October, 
and November in the provinces of Hatay and Kastamonu (Fig 
1). Hatay, in the southernmost part of Turkey, is on 36° 15´ 
North Latitude and 36° 08´ East Longitude and has an altitude 
of 100 m. A typical Mediterranean climate prevails, in the city 
(Governor’s Office of Hatay, 2014).  Kastamonu, located to 
the north of Turkey in the West Black Sea Region, has an 
altitude of 791 m along the Karaçomak Stream, tributary of 
Gökırmak (Öztürk and Özdemir, 2003). The city, which is 
located in the Europe-Siberia (Auxin) zone with respect to 
plant geography, is in a position that transits from a maritime 
climate to a terrestrial climate, whereas, the city center is 
under the influence of a terrestrial climate (Akman, 1990). The 
city is located on 330 47´ East Longitude and 410 22´ North 
Latitude. Monthly climatic data for 2013 of the cities of Hatay 
and Kastamonu, located in different regions and climatic 
zones (average temperature, moisture, wind speed and total 
precipitation), are given in Fig 2. Two species (Platanus 
orientalis L. and Acer negundo L.) were selected as plant 
materials used intensively in open green areas of both cities to 
determine the effectiveness of autumn leaf color. 
 

 
 

Fig. 1. Location of research area 
 
 
 
 
 
 
 

 

Method 
 

A CR-300 (Minolta) color measurement device was used for 
determining leaf color values of plants according to C.I.E 
(Commission Internationale de l'Eclairage) standards. 
Accordingly, L* indicates brightness (0= black, 100= white) 
value, a* indicates color change from green to red (+ a red, - a 
green), and b* indicates color change from yellow to blue (+ b 
yellow, - b blue). Furthermore, color intensity (chroma) was 
revealed with C* value (gets lighter and brighter while it gets 
higher); color tone was revealed with h0 (hue) value (00-3600: 
red, 900: yellow; 1800: green, 2700: blue).  
 
Measurements were performed in weekly periods during 
September, October, and November. Three plants with similar 
ages were selected from the same area. Each had twenty-four 
measurement values taken from two different points of twelve 
leaves provided from all four sides of the plants, representing 
one week. Assessments were performed on the basis of 
weekly data obtained and suggestions related to the issue were 
made. 
 

 
 
 

Fig. 2. The average monthly temperature, moisture, wind speed 
and total precipitation data of the provinces of Hatay and 
Kastamonu for 2013 (Kastamonu and Hatay Provincial 

Directorate of Meteorology 2013) 
 

RESULTS 
 
The leaf color change data of P. orientalis L. in autumn under 
conditions of Hatay and Kastamonu are given in Table 1; 
positions of a* and b* values obtained in the color space are 
given in Fig 3. The leaf color brightness value of the species, 
according to the data obtained, reached up to the highest value 
in November (Hatay: 53.85; Kastamonu: 46.41) under 
conditions of both cities. In Hatay, the leaves color were 
intensely green in September and October, yellow and brown 
in November. Under Kastamonu conditions, leaves were 
yellow-green color in September and October and dominance 
of a reddish brown color started in November. The decrease of 
chroma results increasing leaf darkness. Accordingly, under 
the conditions of both cities, the darkest leaf color was 
determined in September. 
 
 
 
 
 
 

Table 1. Autumn color change of P. orientalis L. in autumn, under the conditions of Hatay and Kastamonu 
 

Period Hatay  Kastamonu 

L* a* b* C* h0 L* a* b* C* h0 
September 43.55 -13.00 23.69 27.12 119.03 40.96 -6.85 17.88 18.66 111.65 
October 45.12 -13.73 29.29 32.86 116.32 42.07 -5.63 20.15 21.08 112.39 
November 53.85 -11.34 35.39 38.29 126.11 46.41 2.5 25.59 26.57 183.96 
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Hatay 

 
 

Kastamonu 
 

Fig. 3. Positions of autumn a* and b* values of P. orientalis L. in 
color space 

 

The leaf color change data of the A. negundo L. in autumn 
under the conditions of Hatay and Kastamonu are given in 
Table 2; positions of a* and b* values obtained in the color 
space are given in Fig 4. The leaf color brightness value of the 
species, according to the data obtained, reached up to the 
highest value in November (Hatay: 55.14; Kastamonu: 60.35). 
A. negundo L. leaves have the darkest color tone in September 
under the conditions of Hatay and were green in September, 
yellow-green in October, and a yellow-brown color in 
November. Under the conditions of Kastamonu, leaves have 
the darkest color tone in November; and the leaves color were 
yellow-green in September and October and a reddish brown 
in November. 
 

DISCUSSION AND CONCLUSION 
 
Plant material, a significant design element within the 
occupational discipline of landscape architecture is used in 
areas from building scale to city scale. Plants are preferred due 
to their functional properties, including improvement of 
environment quality, shading, and determining direction in 

addition to aesthetical properties including form, color (leaf, 
flower, fruit, and bark), size, texture, form and other. 
 

 
Hatay 

 
Kastamonu 

 
Fig. 4. Positions of autumn a* and b* values of A. negundo L. in 

color space 
 
However, color is the most significant element of plant design 
(Yıldızcı, 1998). The autumn color change has always been an 
element that attracts the attention of human beings in 
deciduous plants (Archetti, 2000). For this reason, they were 
used in landscape design in order to provide emphasis and 
create focus point (Seçkin et al., 2011). In the study, leaf color 
change in autumn in different climatic zones performed in 
Hatay and Kastamonu of Platanus orientalis L. and Acer 
negundo L. species were determined. Accordingly, the 
following detections were made as a consequence of the study. 

 
* Leaf color of P. orientalis L. is intensely green in September 

and October, and is yellow and brown in November under 
the conditions of Hatay. Prevalence of yellow-green in 
September and October and a reddish brown in November 
was detected under the conditions of Kastamonu.  

* It was determined that the leaf color had a darker tone for 
the P. orientalis L. during autumn under the conditions of 
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Kastamonu compared to Hatay and the brightness value 
was higher in the Hatay conditions than the conditions of 
Kastamonu. 

* The leaf color of the A. negundo L. was detected as being 
green in September, yellow-green in October, and yellow-
brown in November under the conditions of Hatay. Under 
the conditions of Kastamonu, the leaf color turned to 
yellow-brown in September and October and reddish 
brown in November.  

* The darkest leaf color tone of A. negundo L. was determined 
in September and November in Kastamonu, and under the 
conditions of Hatay in October. The brightness value was 
detected to be higher under the conditions of the city of 
Kastamonu in October and November. 

 
Differences in colors tones emerging in both regions suggest 
regional differences as well. Colors change evidently when the 
region or the position changes. And the differences in starting 
and ending time of vegetation periods affect this as well. This 
is due to the vegetation period being shorter, particularly in the 
Black Sea Region compared to the Mediterranean Region 
when leaves begin to change color and become falling earlier. 
When climatic values of both cities are examined, it is 
observed that they have different properties with respect to 
rain, temperature, and wind; also similar properties with 
respect to humidity. This suggests that temperature and rain 
values may have higher effect on leaf color differences. 
Altitude difference may be the other indicator. Ecologic 
properties including soil properties were not examined within 
the scope of the study.  
 
Kuş (2013) carried out in his study that color effectiveness of 
A. negundo was higher between September and December, 
that color effectiveness of P. orientalis was higher in 
November and December. So that these results should be 
considered in the designs to be made. The fact that similar 
results were obtained for the province of Hatay, located again 
in the Mediterranean Region, increases the correctness of the 
study. However, there is no study for Kastamonu and its 
vicinity and for this reason it is a model only for the region.  
A. negundo L. and P. orientalis L. species have properties 
which include creating emphasis and focus points in open 
green areas through autumn color being used continuously in 
certain intervals, and contributing to revealing design 
principles including repetition and similarity (Kuş, 2013). 
These species create a relaxing effect with their green leaf 
color after foliation in spring, whereas they create positive, 
active effects in autumn creating liveliness and attractiveness 
with the leaf colors they show before leaf fall. Color changes 
have a positive psychological effect on human beings by 
reminding natural areas. 
 
Both species, which are the subject matter of the study, are 
large sized trees and they are species which prefer using at 
open green areas and road afforestation in Mediterranean and 
Black Sea Regions with their aesthetic and functional 
properties. They are accepted to be among plant materials that 
could be included in landscape design in many different 
regions due to their general appearance in autumn, leaf colors, 
and making to be feel seasonal changes, as well as having a 
suitable growth environment in both northern and southern 
regions. Data on plant design obtained through the study 
reveals color differences under the conditions of the 

Mediterranean and Black Sea Regions on the basis of two 
species. The study shall be a model for other decorative plants 
used in landscape design. 
 

REFERENCES 

 
Akman, Y. 1990. Climate and bioclimate (Bioclimate methods 

and climate of Turkey). Palme Press, Ankara-Türkiye. (In 
Turkish). 

Al-Ayash, A. 2015. The Influence of color on student 
emotion, heart rate, and performance in learning 
environments. Color Research and Application, article in 
press. 

Archetti, M. 2000. The origin of autumn colors by 
coevolution. J. Theor. Biololgy, 205: 625-630. 

Aslanboğa, G. 1997. Function of vegetation to determine the 
physical environment. Symposium on City and Ecology 
for Protection Nature, pp: 166-170, Istanbul. 

Elliot, A.J. and M.A. Maier 2012. Chapter two- color-in-
context theory. Advances in Experimental Social 
Psychology, 45: 61-125. 

Erduran, F. and Kabaş, S. 2010. Investigation of balanced, 
functional and esthetic plantation principles in the 
ecological conditions of parks: Exemplary case of 
Çanakkale Halk Bahçesi. Ekoloji, 19 (74): 190- 199. 

Ferring, M. 2013. Color and architecture in 1970s Sweden. 
Color Research and Application, 39 (5): 492-498. 

Governor’s Office of Hatay, 2014. General information. 
www.hatay.gov.tr. 

Hansen, G. 2010. Basic principles of landscape design. 
University of Florida, IFAS Extension, CIR 536, 
http://edis.ifas.ufl.edu. 12 p. 

Hatay Provincial Meteorological Office, 2013. Monthly 
temperature, humidity, wind and precipitation data.  Hatay. 

Hsu, M., L. Ou, and Guan, S. 2015. Colour preference for 
Taiwanese  floral pattern fabrics. Color Research and 
Application, article in press.  

Karaca, E. and Kuşvuran, A. 2012. Assesing some plants used 
in Çankırı city landscaping in terms of xeriscape 
landscapes. Turkish Journal of Scientific Reviews, 5 (2): 
19-24. 

Karakurt, H. and Aslantaş, H.R. 2008. Formation and 
changing physiology of plant color pigments. Alatarım, 7 
(2): 34-41. 

Kastamonu Provincial Meteorological Office, 2013. Monthly 
temperature, humidity, wind and precipitation data.  
Kastamonu. 

Kaufman, A.J. and Lohr, V.I. 2004. Does plant color affect 
emotional and physiological responses to landscapes?. 
Acta Hort., 639: 229 - 233. 

Kelkit, A. 2002. A research on the plant material used in open-
green areas of Çanakkale Province.  Ekoloji 10(43): 17-21. 

Kuş, H. 2013. Capturing accuracy of color efficiency of plant 
species at Cukurova University. Cukurova Univ., Inst.of 
Natural and Applied Sciences, Dept. of Landscape 
Architecture, Master Thesis, 245 p., Adana. (In Turkish). 

Laurie, M. 1986. Introduction to landscape architecture. 
Appleton and Lange, 248 P.  

Ozer, B. 2005. Human psychology and landscape design. 
Ankara Univ., Grad. School of Applied Sci., Dept. of 
Landscape Architecture, Master Thesis, Ankara. (In 
Turkish). 

   462                                                                      International Journal of Current Research in Life Sciences   Vol. 4, No. 11, pp. 459-463, November, 2015 
 



Ozer, S., Atabeyoğlu, O. and Zengin, M. 2009. Use potentials 
of blackthorn Prunus spinosa L. in the work field of 
landscape architecture. J. of Agricultural Faculty of 
Gaziosmanpaşa University, 26(2): 1-7. 

Ozguner, H. 2004. Psychlogical well beinh and health benefits 
derived from contact with nature. Süleyman Demirel 
University, J. of  Forestry Faculty, Serial: A, 22: 97-107. 

Ozturk, S. and Ozdemir, Z. 2013. The effects of urban open 
and green spaces on life quality: A case study of 
Kastamonu. Kastamonu Univ., J. of  Forestry Faculty, 13 
(1): 109-116. 

Robinson, N. 2004. The planting design handbook (Second 
Edition), ISBN 074630358, England. 

Seckin, N.P., Seçkin, Y.Ç. and Seçkin, O.B. 2011. Sustainable 
landscape planning and application principles. Literatür 
Publishing, 621 P., Istanbul (In Turkish). 

Selcuk, M.F. 2008. Color Research at Traditional 
Architecture: Tokat Niksar. Trakya University, Institute of 
Natural and Applied Sciences, Programme of Architecture, 
MSc Thesis, Edirne. 

Serra, J., Llopis, J., Torres, A. and Gimenes, M. 2015. Color 
combination criteria in Le Corbusier’s purist arctitecture 
based on Salubra claviers from 1931. Color Research and 
Application, article in press. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Silva, D.A.M., Yakandawala, K., Jayathilaka, H.A.C.K.  and 
Perera, K.D.K.A. 2012. Plant selection database for 
landscape designers. SAITM-Research Symposium on 
Engineering Advancements. pp: 93-96. 

Stoecklein, M.C. 2009. The complete plant selection guide for 
landscape design. Purdue Univ. Press, 2nd Edition, 
Westlafayette, Indiana, USA. 

Ulrich, R.S. and Parsons, R. 1992. Influences of passive 
experiences with plants on individual well-being and 
health. In: D. Relf (Ed), The Role of Horticulture in 
Human Well-Being and Social Development, Timber 
Press, Oregon, pp. 93-105. 

Uzun, G. 1999. The basic design. Cukurova University 
Faculty of Agriculture, Publication Number: 196, 
Textbook Publication Number: A-62, Adana. (In Turkish).  

Yıldızcı, A.C. 1998. Planting design. Atlas Ofset, Istanbul. (In 
Turkish). 

Yılmaz, H. and Irmak, M.A. 2004. Evaluating plant materials 
used in open-green areas in Erzurum. Ekoloji, 13(52): 9-
12. 

******* 

   463                                                                      International Journal of Current Research in Life Sciences   Vol. 4, No. 11, pp. 459-463, November, 2015 
 


