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Abstract—Young plants of Ceratonia siliqua L., Myrtus 

communis L., Nerium oleander L., Rosmarinus officinalis L., 

Ligustrum japonicum Thunb. and Pittosporum tobira (Thunb.) 

Aiton were grown in long tubes as well in rhizotrons. After a 

period of acclimation to the conditions of the experimental 

construction under normal watering conditions, some plants 

were watered whereas other plants remained unwatered for a 

period of one month. During the studying period the plants have 

been observed and regular measurements of roots and above 

ground parts development were taken. The results show the 

resistance of the Mediterranean plants (C. siliqua, M. 

communis, N. oleander) to water deficit in comparison to plants 

that are often used in parks and urban horticulture (L. 

japonicum, P. tobira), whereas R. officinalis shows an 

intermediate stage of endurance to drought. 

 
Index Terms—landscaping, plants, roots, water status.  

 

I. INTRODUCTION 

There is a growing need for green spots in Mediterranean 

cities. The Mediterranean urban environment consists of 

elevated temperatures and low precipitation in addition to the 

lack of natural and/or planted places that could anticipate 

these conditions during summer. Citizens need green urban 

landscapes that improve their quality of life [1]. The native 

evergreen sclerophyll vegetation, which is subjected to 

prolonged periods of soil drying, maintains its capacity to 

reproduce, grow and survive [2], [3] under abiotic stress. 

Plants that develop long, tap root systems are able for water 

uptake from lower ground levels and therefore irrigation can 

be avoided. It has been argued that roots grow as shallow as 

possible and as deep as necessary, in response to the required 

water supply [4], [5]. An increasing number of studies clearly 

indicate that “looking deeper” is essential in order to increase 
our understanding about plant water status at various scales, 

from the rhizosphere to the above-ground tissue level. 

The evergreen plant habit is achieved through an extended 

leaf life span, which allows the tissues to be 

photosynthetically active for a prolonged period. An 

extended leaf lifespan ensures photosynthetic carbon gain for 

the amount of nutrients invested in construction and adaptive 

shift in biomass allocation. Ceratonia siliqua (carob tree) is a 

slowly growing, woody evergreen sclerophyll species, 

 
Chrysanthi Chimona, Department of Botany, Faculty of Biology 

National and Kapodistrian University of Athens, Athens, Greece 

Sophia Rhizopoulou, Department of Botany, Faculty of Biology 

National and Kapodistrian University of Athens, Athens, Greece 

The study is funded by IKY FELLOWSHIPS OF EXCELLENCE FOR 

POSTGRADUATE STUDIES IN GREECE – SIEMENS PROGRAM. 

widespread as a native plant in the Mediterranean Basin; it is 

also distributed in Arabia and Oman, and has been introduced 

in California, Mexico and Southern Australia [6]. C. siliqua 

is considered a phylogenetically primitive species of tropical 

origin that has been cultivated in the Mediterranean area since 

historic times; it is an important economic plant [7], which 

has been used for afforestation in semi-arid regions [8]. It 

appears that the slowly growing Mediterranean evergreen C. 

siliqua possess features that confer a substantially efficient 

development in drier sites, in comparison to the widespread 

Rosmarinus officinalis (rosemary) [9] and Myrtus communis 

(myrtle) with aromatic leaves, and Nerium oleander 

(oleander) that withstand abiotic stresses, such as drought, 

heat, wind and salt spraying, but the foliage is severely 

injured by freezing temperatures [10], [11]. The relatively 

more rapidly growing Ligustrum japonicum (Japanese privet) 

and Pittosporum tobira (Japanese Pittosporum) are native to 

the Far East and introduced as ornamental evergreens in the 

Mediterranean region [12], [13]. 

 

II. MATERIALS AND METHODS 

A. Tubes 

Plastic tubes 1 m long were cut in two pieces along the 

main axis and their initial cylindrical shape was 

(re)maintained with insulating tape. The tubes were filled 

with common, non-enriched soil and a young plant of each 

species was potted in each tube [14]. Then, we transferred the 

tubes into a growth chamber, at 25±1 °C, 50% relative 

humidity and 16 h photoperiod (500 μmol m-2 s-1 PAR). In the 

beginning, all the considered plants were well watered in 

order to be acclimated to the tubes. Then, five randomly 

selected plants from each of the studied species were 

subjected to controlled watering (watered tubes), whereas 

five other plants from each species received no water 

(unwatered tubes). At intervals of 5 days during the 

experimental treatment, the tubes were carefully opened and 

the root length was measured, as well as the shoot length; also 

soil was sampled for determination of soil water content. This 

experimental process allows the realization of 

non-destructive sampling and measurements. 

 

B. Rhizotrons 

The rhizotron, which can be a modified form of an 

underground unit that facilitates root growth studies and/or a 

constructed root observation chamber designed to allow 

repeated observation and sampling of roots and soil [15], 

[16], remind us that “art imitates nature”; this is a well known 

Water Economy Through Matching Plant Root 

Elongation to Mediterranean Landscapes 

Chysanthi Chimona, Sophia Rhizopoulou 



Water Economy Through Matching Plant Root Elongation to Mediterranean Landscapes 

 

                                                                                23                                                                 www.wjrr.org 

 

Aristotelian catchphrase. According to Aristotle, nature is 

considered as the primary material out of which any natural 

object is made and contrasts the processes of art with those of 

nature by calling them “makings”. Therefore, rhizotrons are 

promising for laboratory studies involving relatively small 

soil volumes and in situ observations of deep roots [17], [18]. 

Furthermore, sampling depths are often decided arbitrarily 

and set to values that are too shallow to allow reliable 

estimates of rooting depth, under field conditions. Despite 

technological advances and introduced innovations [19], 

[20], the study of deep roots and their rhizospheres remains 

inherently time-consuming, technically demanding and 

costly. Knowledge of adaptations improving the acquisition 

of water resources in natural ecosystems may be useful for 

sustainable agriculture in the future [21], [22]. Therefore, the 

root elongation of plants could be continuously observed 

under different watering conditions, without destroying the 

specimens throughout the study period. 

III. RESULTS AND DISCUSSION 

In Fig. 1 normalized values of root elongation of the 

studied plants under watering and unwatering conditions can 

be seen, during the study. The results show continued 

elongation of roots, preceding the Mediterranean plants 

(carob, oleander, and myrtle) followed by rosemary and last, 

by Japanese privet and Japanese pittosporum. 

In Fig. 2 normalized values of the above ground parts 

development can be seen, during the study. Most unwatered 

plants cease the development of the above ground parts in 

comparison to the development of their root. Carob tree and 

oleander showed a small elongation of their shoot at the last 

10 days of the studying period. 

The results of the study show rapid acclimation of the 

Mediterranean plants to drought conditions. The response of 

carob, oleander and myrtle to water deficit is indicated by 

their root elongation 15 days after the beginning of the 

drought simulation experiment. In the case of rosemary 

shrubs, with aromatic leaves, more time than 15 days is 

required in order to compensate water shortage; its roots 

developed towards more watered soil horizons, but in a 

slower rate in comparison to carob tree. The considered plant 

species responded to the dry soil by postponing the above 

ground parts development and contributing energy to the 

elongation of the below ground system that absorbs water. 

 

 
Fig. 1. The histogram shows normalized values of root elongation; 

mean values (N: 5) and S.E. (p≤0.05). 

 

 
Fig. 2. The histogram shows normalized values of the length of 

above ground parts; mean values (N: 5) and S.E.  (p≤0.05). 

IV. CONCLUSIONS 

Plants, through photosynthesis and gas exchange 

contribute to alterations of concentrations of air pollutants, 

and provide water vapor to the atmosphere through 

transpiration. The greening of urban landscapes, parks and 

domestic gardens can be enhanced with the appropriate plant 

distribution and management, via seasonal planting patterns 

of drought resistant shrubs [23]. Urban landscapes in 

Mediterranean environments may be reconsidered and 

designed using plant species typical of the Mediterranean 

ecosystems; such species can be either native or endemic and 

usually consist of tap root systems capable for water uptake 

from deep soil horizons. 
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