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Abstract

Nowadays the impacts of climate change are more abrupt. Semi arid Mediterranean ecosystems like Greece are characterized by
frequent and intense drought events that, in conjunction with reduced water availability particularly during summer, pose obstacles to
restoration efforts. The aim of this study was to investigate the growth of Myrtus communis L. seedlings under three irrigation frequencies:
watering once every two weeks, once every week and three times every week for the experimental period of two months. A number of
morphological variables were evaluated in addition to root growth potential and the seedlings’ dry weights for the first and the second
month of the experiment. According to the results, the species was able to maintain its normal growth condition for a period of one
month, even under the least irrigation frequency of one watering every two weeks. However, by the end of the second month of growth
the negative impact of reduced irrigation was evident with three times watering every week having better seedling responses. Specifically,
those seedlings had greater root growth potential; a characteristic that relates with increased transplanting success. Therefore, based on
the results of the study, the species of Myrtus Communis can cope with adverse drought growth conditions as reflected by low irrigation
frequency (one watering every two weeks) for a period of one month. Nonetheless, by the end the second experimental month, watering
three times every week resulted in better growth responses while the species indicated avoidance mechanisms (e.g. leaf abscission) that

enabled the species to cope with drought conditions.
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1. Introduction

Nowadays the impacts of climate change are more abrupt.
Some areas experience intense rain fall events while others
droughts. Semi arid Mediterranean ecosystems like Greece
are characterized by frequent and intense drought events
that according to the predicted climatic alterations their
severity and duration will increase (Xoplaki et al., 2005;
Lionello et al., 2006; IPCC, 2013). Researchers worry that
climate change will not only pose obstacles to the growth of
the species (Olivar et al., 2015), but will also test their ability
to cope with those abrupt climatic alterations and eventually
threat their existence (Gritti et al., 2006).

Mediterranean areas retain highly valuable ecosystems of
particular ecological significance since they are characterized
by high biodiversity levels. However, the prevailing semi-arid
climate that nowadays has been associated with intense
drought events due to climatic change, induce restoration
problems (Mitrakos 1980, Villar-Salvador et al., 1999,
Scarascia-Mugnozza et al 2000, Rudel 2007). Consequently,
the most important factor that affects negatively the survival
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and growth of plants is drought, particularly during the
summer (Salvador et al., 1999). The response of each plant
species to water availability is associated with avoidance
and tolerance mechanisms that are related to morphological
and physiological characteristics. Of particular interest is the
ability of a species to grow well-developed root systems with
increased potential of newly developed roots (Carlson and
Miller, 1990; Villar-Salvador et al., 2008). These characteristics
could be very good indicators of the species ability to avoid or
tolerate water deficit conditions that is also associated with
the ability of the species to withstand transplanting stress
and survive (Keeley 1998, Sircelj et al., 2007; Ackerly, 2004,
Lambers et al., 2006).

One of the highly valuable Mediterranean species is Myrtus
communis L. (common myrtle) due to its aromatic and
therapeutic abilities from extracts derived from the leaves,
stem and seeds of the plant. It is a perennial evergreen
shrub and belongs to the Myrtaceae family (Athanasiadis
1986, Sumbul et al., 2011, Rahimmaleka et al., 2013). It is
considered native in the Southern European Mediterranean
climates like Greece (Touaibia, 2015), while it grows in
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Northern Africa and Western Asia (Zilkah and Goldschdmidt
2014, Athanasiadis, 1986). The main objective of this study
was to investigate the effect of irrigation frequencies on the
growth of Myrtus communis. It was hypothesized that as
water frequency decreased the ability of the plant to grow
and develop new root systems would also decrease indicating
a tolerance mechanism of the species to withstand water
deficit conditions. The results of this study will help address
the ability of the species to maintain growth under reduced
irrigation frequencies. Eventually, the best growth response
could be achieved under an irrigation frequency that will also
same water, something that is of vital importance due to lack
of water availability particularly during summer months.

2. Materials and Methods

2.1. Experiment conditions

The experiment was carried out in Amisiana area of Kavala
during autumn of 2013. In order to fully control the irrigation
frequency of the seedlings from unexpected rainfall events,
the experiment took place under outdoor shed conditions.
Prior to the experiment, the seedlings were grown for three
years under greenhouse conditions of daily irrigation and
weekly fertilization in 55x60x160 cm? containers (soil mixture
of 1-to-3 perlite and peat, respectively).

In order to assess the root growth potential (RGP) of the
three year old Myrtus communis seedlings, the seedlings
were transplanted into larger containers of 110x120x320
with similar 1-to-3 perlite and peat mixture. Three were the
studied irrigation frequencies: watering once every two weeks,
watering once every week and watering three times every
week for the total experimental period of two months. Each
month, six randomly picked seedlings were harvested and
evaluated for each irrigation treatment.

2.2. Studied variables

Each experimental month, the seedlings were extracted from
the containers and were carefully washed to remove the
excess soil from the roots. The studied variables were the
Height, the Root Collar (RC), the Maximum Root Length (MRL),
the Number of Leaves (NL) and the Number of Lateral Roots
(NLR). The dry weights of the seedlings were also evaluated
through the help of an electronic scale (four digits accuracy)
after placing them in a conventional oven for 24 hours at 80 °
C (Wilson et al., 1999). The above ground estimated seedling
dry weight variables were the Leaf Dry Weight (LDW), the
Stem Dry Weight (SDW) and the Upper seeding Dry Weight
(UPDW). The bellow ground estimated variables of the dry
weight of the seedlings were the Tap Root Dry Weight (TRDW),
the Lateral Root Dry Weight (LRDW) and the Down Part Dry
Weight (DNDW). In addition, the Total Seedling Dry Weight
(TSDW), the Root/Shoot Ratio (RATIO) and the dry weight of
the Root Growth Potential (RGP) were also estimated.

The statistical analysis of the data was conducted by using
the ANOVA analysis with the SPSS® statistical software v.
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15.0 [SPSS. 2006] with the data been tested for normality
and homogeneity. The mean differences were tested with the
Duncan’s multiple range tests at significance levels of p<0.01.

3. Results and Discussion

According to the experimental results there was a substantial
effect of the irrigation treatments on the characteristics of the
Myrtus cummunis seedlings, with the second experimental
month having a more profound effect (Figure 1 and Figure
2). Specifically for the first month, from the seedling
characteristics of height, NL, RC, NLR, MRL and RATIO (Figure
1), only the variable of the NL differed among irrigation
treatments, with the three watering per week having a greater
mean. This indicates that for the species of Myrtus cummunis,
the number of leaves is an easily measurable variable that
indicates alterations in the response of the species when
experiencing water deficit conditions such as watering once
every week.

Based on these results it is evident that the effect of
treatments was more profound during the second month
of the experiment (Figure 1). Specifically for the second
experimental month, the height, the NL, the NLR and the MRL
were greater for seedlings when watered three times or once a
week compared to the most conservative irrigation treatment
of once every two weeks. This shows that for the period of
one month, the species of Myrtus communis, was able to cope
and maintain its growth under reduced water supplies even for
an irrigation frequency of one watering every two weeks and
maintain its physiological condition. However, after the period
of one month the results indicated that the plants were facing
difficulties in coping the adverse watering growth conditions,
particularly when watering once every two weeks. Therefore,
the two-month interval was necessary to detect the effect of
irrigation frequency on the studied variables. Only the RATIO
had the highest mean value for the treatment of one watering
every two weeks. Consequently, by reducing the frequency of
water supply there has been a shift in the carbon allocation
towards the root biomass of the plants, which is consistent
with the cited literature (lakovoglou and Halivoloulos, 2016).

It worth’s mentioning that seedlings showed an increased
ability to produce longer new root system (MRL) under the
irrigation frequency of three watering per week (Figure 1).
The same growth pattern was observed for the biomass
accumulation based on the dry weights of the RGP (Figure 2).
Based on other studies it has been indicated for the species
of Pinus halepensis that for the experimental duration of one
month, watering once every two weeks resulted in better root
growth potential (Syropli et al., 2015). The results might differ
from this study due to alterations based on species responses
(Myrtus communis vs Pinus halepensis). Consequently, the
species-effect should never be neglected, since it highly affects
the experimental results.

Based on the results of the mean dry weights of the seedlings
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Figure 1: Differences among irrigation treatments (significance at p<0.01) of Myrtus communis for the first (1) and second
(2) experimental month for the studied variables of: Height (HGT); Root collar (RC), the Maximum root length (MRL); No. of
leaves (NL); No. of lateral roots (NLR) and root/shoot ratio (RATIO).

for the second experimental month, the mean dry weights
of the seedlings reduced when compared to the first month
of growth (Figure 2). This might indicate an avoidance
mechanism of the species to withstand the drought conditions
that were associated with abscission of leaf and root biomass.
Consequently, the seedlings lost part of their leaves in order to

alleviate stress related to the increased transpiration demand
under conditions of reduced water availability. Further, based
on the results, significant differences were noted for the TRDW
and DNDW with greater mean values for the seedlings that
were watered three times and once every week, while the
RGP was greater for seedlings that were watered three times
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Figure 2: Differences among irrigation treatments (significance at p<0.01) of Myrtus communis for the first (1) and second (2)
experimental month for the above ground seedling dry weight variables of: Leaf dry weight (LDW); Stem dry weight (SDW);
Upper seeding dry weight (UPDW); Total seedling dry weight (TSDW) and the bellow ground seedling dry weight variables
of: Tap Root Dry Weight (TRDW); Lateral Root dry weight (LRDW); Down part dry weight (DNDW) and the dry weight of the
root growth potential (RGP)
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a week. In contrast, the LRDW was greater for the seedlings
that were watered once every week and every two weeks.
This indicates that although the species of Myrtus communis
is considered drought tolerant, it can withstand water stress
for at least one month without a noticeable negative effect
on its physiological status. However, after that timeframe,
the seedlings in order to maintain their normal growth they
needed at least one watering per week. Further, for this
species, the three watering per week were ideal for the
normal growth of plants for the duration of two months, with
increased ability to grow new roots; a characteristic that will
allow the species to further explore nutrients and water to
maintain its physiological status.

5. Conclusion

Myrtuscommunis wasabletowithstand unfavorableirrigation
frequency of one watering every two weeks for the period of
one month. However, by the second month, watering once
every week and every two weeks led to negative growth
effects. Therefore, three watering every week for the period
of two months were adequate to maintain the growth and
the ability of the seedlings to develop new root systems; an
important characteristic for their survival.
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