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Abstract: The aim of this research was to evaluate the effect of some abiotic stresses commonly present in the
Mediterranean environment (drought, salinity and negative physical soil properties) on a native Australian
species (Callistemon citrinus (Curtis) Stapf), as the introduction of species in a new environment is successful,
whenever they are able to overcome peculiar stress conditions. Plants were subjected to salimty stress
using tap water added with 200 mM NaCl (23.1 mS cm™"), water stress induced by a reduced irrigation of
430 mL/pot/day and root restriction (1.5 1. of pot volume instead of 3 1.). Results showed that plant growth and
total water potential were significantly reduced with all the stress treatments. Net photosynthesis and the other
leaf gas exchange parameters were also reduced by stress conditions. Chlorophyll a fluorescence parameters
were lower n salt and root-restricted stress conditions, compared to controls. Results suggest that C. cifrinus
can be used as an omamental plant in a Mediterranean area, as this species appeared to be particularly resistant
to both water stress and root restriction conditions. For this reason, C. eitrints could be chosen in compact

so1l and limited water availability such as urban environments and gardens with low maintenance.
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INTRODUCTION

Over the past two centuries many woody plants
species started to be spread from their native regions as
a source of a wide array of basic materials and food but an
ever-increasing proportion of them changed their role
becoming merely ornamentals (Binggeli, 2001). The
transport of a species from a biogeographical region to
another has been almost always performed without a
prelimmary analysis on the impact of the new environment
(basically climate and soil characteristics) on the growth
and the physiology of the imported species. In fact, they
may not perform well in a new location in terms of both
growth and production, due to the onset of different
environmental stresses compared to those occurring in
their native regions. For this reason, their introduction
should always be carefully evaluated because of strong
morphological, physiological and ecological implications.
A good example 13 Australian woody plants, which
adapted and are utilized in Mediterranean regions due to

their tolerance to typical stresses such as drought
{(especially, during summer), water salinity and mechanical
impedance of the soil. Among Australian ornamental
plants, one of the most important genus 15 Callistemon,
which includes several species showing interesting
omamental features (Mitchem, 1993). In Europe, the most
widely used Callistemon sp. are C. citrinus Skeels and
C. laevis Anon, the latter characterized by a good
tolerance to environmental stresses, such as drought and
salimity (Vernieri et al., 2006, Lipp1 ef al., 2003). As the
adaptation of Callistemon species to a different
environment is of importance for their cultivation and use,
their physiological responses to stresses, which can
normally oceur in Mediterranean climates, such as salinity
and drought, need to be analyzed in order to predict their
responsiveness in terms of product quality and
landscape use. Many studies confirm the ability of the
Mediterranean woody plants to adjust their physiology
to stressful environmental conditions (Mugnai ef af.,
2005; Bombelli and Gratini, 2003; Gulias er af., 2002;
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Larcher, 2000; Filella et al., 1998), but no studies have
been previously conducted on Callistemon species to
mvestigate the adjustment of thewr physiology as a
response to stress.

For this reason, the present research aims to
investigate the effects of the most important abiotic
stresses, which may easily occur during nursery and
landscape growth management of Callistemon species in
the Mediterranean environment (root restriction, salinity
and drought) on gas exchange parameters and chlorophyll
a fluorescence. In particular, a new procedure for the
quantification of the fluorescence transient rise, called
JIP-test, was applied (van Heerden er al, 2003). In
principle, the polyphasic chlorophyll a fluorescence rise
(OJIP) describes photosynthetic rates and therefore,
productivity and permits a simultaneous examination of
several parameters of photosystem II. Therefore, the
JTP-test is being used extensively in stress physiology in
a range of plant species (van Heerden et al., 2003).

MATERIALS AND METHODS

Plant material and growing conditions: Experiments were
carried out from March to October 2007 at the Department
of Crop Biology of the University of Pisa, Pisa, Ttaly.
Rooted cuttings of Callistemon citrinus (Curtis) Stapf,
grown mn 7x7x7 cm pots by a specialized nursery, were
transplanted into 3 L polyethylene pots (with a diameter
of 18 cm, except for root restriction treatment -1.5 I. pots
with a diameter of 15 cm), filled with a peat-pumice-sand
(60:30:10, v:v:v) substrate and fertilized with3 kg m— of a
slow release fertilizer (18N-12P-30K; 8 months). Plants
were placed inside a glass greenhouse equipped with a
separate drip irrigation system to allow different water
salinity and regimes. Treatments were chosen on the
basis of preliminary results obtained on this species
(Lippi et al., 2003). Plants were stressed during the entire
experimental period by using the same treatments used by
Vernieri et al. (2006):

Control (C): About 3 L pots (18 cm of diameter), the
substrate moisture was maintained close to container
water capacity by daily irrigation (900 mL pot™'; 6 mM
NaCl; 1.7 mS em ™).

Salt Stress (SS): About 3 L. pots (18 cm of diameter)
using tap water added with 200 mM NaCl (23.1 mS cm ™)
at the same quantity as control treatment (900 mL pot™).

Water Stress (WS): About 3 L pots (18 cm of diameter)
wrigated daily with half of the amount of water (450 mL
pot ", 6mM NaCl; 1.7 mS ¢cm ™) compared to control.
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Root Restriction (RR): About 1.5 T pots (15 ¢cm of
diameter) by supplying raw water (6 mM NaCl;
1.7 mS cm ') at the same quantity as control treatment
{900 mL pot™).

Measurements: Plant height, canopy diameter and
number of lateral shoots on five plants were measured at
the end of the experiment. Five plants in each treatment
were collected at the beginning and at the end of the
experiment to perform a destructive growth analysis. Data
recorded at each harvest included leaf and stem dry
weight and leaf area. Dry weight was obtained after drying
the samples in an oven at 70°C for 48 h. Leaf area was
measured by a leaf area meter (AT Area Meter MK 2, Delta
T-Devices, UK). Growth analysis indices (mean Relative
Growth Rate (RGR), Net Assimilation Rate (NAR), Leaf
Area Ratio (LAR), Leaf Weight Ratio (LWR) and Specific
Leaf Area (SLA)) were calculated according to Hunt
(1990). Specifically, mean RGR (g/g/day) was calculated as
the rate of mcrease of total dry weight per umt of plant
dry weight, NAR (g/m’/day) as the rate of increase of total
dry weight per unit of total leaf area, LAR (m*g™") as the
ratio between the total leaf area and the total plant dry
weight, LWR (g g™ the ratio between the total leaf dry
weight and the total plant dry weight and SLA (m®g™") as
the mean area of leaf displayed per unit of leaf weight.

Chlorophyll a fluorescence was determined
around noon after illummation with a light mntensity
of 3000 umol/m*s (Ferrante and Maggiore, 2007} on
randomly selected dark-adapted leaves in mid-Tune and
early September using leafclips and a portable Handy
Plant Efficiency Analyzer (PEA, Hamsatech, UK).
Fluorescence parameters were automatically calculated:
Fv/Fm or (Fm-Fo)¥Fm. The JIP-test was performed for the
determination of the following indexes (Force et al., 2003)
Performance Index (P1), Dissipation of energy/CS (DIo/CS)
and density of reaction Centers at P stage (RC/CSm).
Net CO, Assimilation (A), transpiration (E) and stomatal
conductance (g) were determined by a CIRAS-1 portable
system (differential CO,/H,O infrared gas analyzer; PP
systems, UUSA) around noon at ambient temperature and
illumination on at least five apical and fully-expanded
healthy young leaves for each plant during a clear surmy
day in mud-June and early September. Measurements were
replicated on five plants for each treatment. Leaf water
potential (Ww, MPa) was measured at noon by a pressure
chamber, according to Pardossi et al. (1991).

Statistical analysis: The experiment consisted in a
randomized block design, a single block referred to a
single treatment. Growth data were subjected to one-way
ANOVA, whereas leaf water potential, leaf gas exchange
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and chlorophyll a fluorescence data were subjected to
two-ways ANOVA. Means were separated by Tukey’s
test (one-way ANOVA, p<0.05) or Bonferroni’s test
(two-ways ANOVA, p<0.05). Each treatment was
composed at least by 5 replicate samples (n>5). All
statistical analysis was carried out using GraphPad® 4.0
software.

RESULTS

Leaf water potential: Stressed plents showed sigmficantly
lower values of Yw compared to control after three
months, except for plants subjected to a reduced pot
volume (Table 1). At the end of the experiment (early
September), all stressed plants showed a marked decrease
in Pw values compared to the initial measurements (June)
with control plants maintaimng comparable lgher ¥w
values during all the experimental period.

Growth analysis: Abiotic stresses greatly affected size
and growth of C. citrinus plants, with a significant
decrease in stem height (Fig. 1a), total dry weight (Fig. 1b)
and leaf area (Fig. 1c) at the end of the experiment 1n all
the three treatments, but canopy diameter was comparable
(Fig. 1d) to control. 35, followed by RR, reduced plant size
the most m terms of both height and biomass production
(total diy weight and leaf area). No differences among the

stress treatments were found in RGR (Table 2); however
W3, SS and RR sigmficantly decreased NAR and
increased LAR, LWR and SLA (Table 2).

Table 1: TLeaf water potential (MPa) measured on Cellisternon plants
subjected to abiotic stresses in two different moments of the
experimental season

Total water potential

Treatments June September
Control -0.77Ab -0.88Ab
Water stress -1.68Aa -1.98Ba
Salt stress -1.34Aa -1.67Ba
Root restriction -1.03Aab -1.24Bb

Data are reported as mean values (n = 5) and were subjected to a two-way
ANOVA, with means separated by Bonferroni’s test. Different capital letters
represent a statistical difference among different months for the same
treatments (p<0.05). Lower case letters represent a statistical difference
among treatments within the same month (p<0.03)

Table 2: Growth indices (Relative Growth Rate (RGR, g/gid), Net
Assimilation Rate (NAR, g/m%d), Leaf Area Ratio (LAR, m?
g 1), Leaf Weight Ratio (LWR, g g™"), specific leaf area (g m™%))
measured at the end of the experiment on Callistemon plants
subjected to abiotic stresses

RGR NAR LAR LWR SLA
Treatments (gfg/d)  (gmP/d)  (mPg™) (geg™ (m*g)
Control 0.012a 0.046a 258.92b 0.38b 607.32b
Water stress 0.011a 0.032b 352.51a 0.47a 635.68a
Ralt stress 0.011a 0.034b 317.63a 0.51a 663.46a
Root restriction  0.010a 0.029 336.43a 0.47a 639.33a

Values are reported as means (n = 5). Data were subjected to one-way
ANOVA. Different letters represent statistical difference for p<.0.05, when
means were separated by Tukey’s test
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Fig. 1. Growth parameters, a): Height; b): Total dry weight; ¢): Leaf area; d): Canopy diameter, measured at the end of
the experiment on Callistemon plants subjected to abiotic stresses. Values are reported as means with bars
mdicating standard errors (n = 5). Data were subjected to one-way ANOVA. Different letters represent statistical
difference for p<0.05 when means were separated by Tukey’s test
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Table 3: Chlorophyll a fluorescence parameters measured in Cadfistemnon subjected to abiotic stresses

Fv/Fm Fm Fo Dio/CS RC/CSm PI
Parameters June Sept. June Sept. June Sept. June Sept. June Sept. June Sept.
Control 0.80ns 0.78a 2928ns 2479a 584ns 629ns 117ns 120b 1327ns 965a 3.47a 1.85a
Water stress 0.81ns 0.74ab 2726ns 2514a 568ns 641ns 102ns 166ab 1243ns 933a 3.32a 1.45a
Salt stress 0.79ns 0.71b 2721ns 2252b 583ns 543ns 120ns 183a 1147ns 786b 2.21b 0.90b
Root restriction  0.78ns 0.71b 2644ns 2223b 523ns 644ns 130ns 182a 1193ns 758b 3.06a 1.00b

Values are reported as means (n = 5). Data were subjected to two-ways ANOVA. Different letters represent statistical difference inside the seasonal period for
each parameter, when means were separated by Tukey’s test (p<<0.05). Dio/C8 = Dissipation of energy per cross section, RC/CSm = Density of active reaction

centers at P stage, PT = Performance Tndex

Table4: Gas exchange parameters (net assimilation rate, A; stomatal conductance, g; transpiration, E) measured on Callistemon plants subjected to abiotic

stresses in two different periods of the experimental season

A (umol/m?/s)

g (mmol/m?/s)

E (mmol/m?/s)

Parameters June Sept. June Sept. June Sept.
Control 8.79% 8.99a 221.00a 148.78a** 4.45a 2. 71ak#*
Water stress 5.30b 6.70b 96.69b 109.14b 2.73b 2.14b
Salt stress 5.35b 5.71be 85.62b 69.43¢ 2.52b 1.85b*
Root restriction 4.30b 5.23¢ 88.77b 79.86¢ 2.28b 2.02b

Values are reported as means (n = 3). Data were subjected to two-way ANOVA. Different letters represent statistical difference among treatments inside a month
for p<i0.05 when means were separated by Tukey’s test. Asterisks represent statistical difference between months for the same treatments for p<0.05 (*), p<0.01

(**) and p<0.001 (***) when means were separated by Bonferroni’s test

Chlorophyll a fluorescence: Chlorophyll a fluorescence
parameters such as Fo, Fm and Fv/Fm were not affected
by treatments in June. On the contrary, late summer
(early September) measurements showed a significant
decrease in Fm and Fv/Fm values in RR and SS plants
compared to control (Table 3). In details, Fv/Fm ranged
from 0.80-0.78 in control plants, while RR and 53 plants
showed the lowest value (0.71) (Table 3). Fm showed the
same trend of Fv/Fm: also in this case, the lower values
were found in RR and S8 plants. On the contrary, Fo did
not significantly change among treatments in both the
months. Chlorophyll a fluorescence data were then
subjected to the JIP-test. Among the derived indices, the
most interesting results were shown by RC/CSm, DIo/CS
and P1. RC/CSm showed the same trend of Fm and Fv/Fm
ratio. In fact, leaves of RR and 5SS plants showed lower
numbers of active reaction centers (21 and 19%,
respectively) than control leaves (Table 3). The
Dissipation energy (DIo/CS ) maintained the same values
i control plants m both the measurements, while the
values reported by all treatments increased over the
summmer. Contrary to all the other indices, PI was able to
show up stress conditions also in both months. In June,
PI mdicated significant differences in salt stressed plants,
but progressively decreased by increasing environmental
temperature (Table 3).

Gas exchange parameters: Abiotic stress treatments
affected stomatal functionality. In fact, a significant
reduction in gas exchange perameters was detected in
both months compared to control (Table 4). Interestingly,
no sigmficant differences were noticed among treatments
in the same month, meaning that abiotic stresses affected

plant photosynthetic physiology with a same order of
magnitude inside the same season. The only exception
was given by stomatal conductance measured in
September, when g values were sigmficant higher in WS
plants than both S8 and RR ones. Stress treatments
already led to a strong decrease n gas exchange values in
Tune compared to the controls: A values showed a 40%
(WS and SS plants) and 52% (RR plants) reductior, g
decreased of 56.3% (WS3), 61.3% (S8) and 59.84% (RR),
while E values decreased of 49.7% (WS), 43.4% (SS) and
49% (RR). Measurements performed in September
reported similar trends with a slight difference. In fact, SS
and RR plants continued to show comparable values,
while a signficant reduction was noticed in the
transpiration values of WS plants despite similar A and g
values.

DISCUSSION

Plant growth 1s plastically influenced by the
surrounding environment. The effects of salinity, drought
and decreased pot volume on plant growth and dry
matter accumulation have been described in other
omamental species (Shao ef al., 2008, Vermeri ef al., 2006,
Mugnai et al., 2005) and are known to affect also woody
plant physiology, especially photosynthetic parameters
(Lawlor and Cornic, 2002). Owur experiment reported that
the application of stresses to plant substrate led to smaller
plants and to a significant constraint in both growth
parameters (lower NAR, 1.e., reduced capability in carbon
assimilation and allocation and higher LAR, ie., a
tendency to maximize leaf surface) and water status. This
situation seems to be due, in order of significance: to a
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significant decrease in plant water potential and stomatal
conductance, affecting net CO, assimilation rate and
leading to a lower plant biomass production and to a
reduction in photochemical efficiency during summer
period. Regarding the behavior of the other Callisternon
species, Aihong et al (2006) reported a bimodal
photosynthetic curve with an obvious midday depression
phenomenon in Callistemon rigidus R. Br. under optimal
conditions. Tn a previous research (Vernieri ef al., 2006),
the researchers performed net CO, assimilation rate and
stomatal conductance measurements under stress on
C. laevis, where different plant responses to stress
compared to control were evident, as root restriction had
no significant effects on net assimilation, whereas salinity
and drought greatly reduced both parameters (net CO,
assimilation rate and stomatal conductance). In the study,
however, only salimty appeared to greatest inpact growth
with drought and root impediment showing similar levels
of effectiveness. In these experiments, 200 mM NaCl
treatment was applied since this concentration represents
the threshold level for distinguishing the two groups of
tolerant plants to salinity (Greenways and Munns, 1980)
plants with rapid growth and which can survive at high
salinity with NaCl concentration ranging between 200-500
mM or plants that reduce growth by increasing salt
concentration up to a maximum of 200 mM NaCl.

Even though, several Callistemon species are
characterized by a high degree of tolerance to salinity,
others are salt-sensitive (Lippt et al., 2003). The severe
reduction of C. citrinus growth in a saline environment
suggests that this species can be classified as tolerant
with a reduction of growth. Moreover, this species also
showed a significantly altered water status, stomatal
behavior and photosynthetic efficiency. Growth inhibition
is one of the most common effects of salinity (White and
Broadley, 2001), with Na" being the primary cause of
ion-specific damage (such as a reduction in K" channel
activity). In cells, the accumulation of Na® in the
cytoplasm inhibits the enzyme activities with dramatic
effect on the whole plant metabolism. Halophyte plants
are able to limit Na® concentration and regulate the
substrate and enzymes concentration in cells for allowing
the normal physiclogical processes (Flowers et al., 1977).

The mpact of salinity on photosynthetic parameters
in woody plants has been already reported (Tattini and
Traversi, 2008; Tabatabaei, 2006). Reduced net CO,
assumilation rate with increasing salinity has been
attributed: to a stomatal closure, which leads to a
reduction in intracellular CO, partial pressure, to
concurrent non-stomatal factors (i.e., the reduction in
protein concentration), to a decline in photosynthetic
pigments and to changes in ion concentrations
(Demetriou ef al., 2007). Photosynthetic efficiency in
Mediterranean plants progressively decreases also during
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water shortage (Mugnai et al., 2005, Flexas et al., 2001,
Abril and Hanano, 1998) and 1t 1s strongly influenced by
atmospheric conditions and daytime (Martinez-Ferri et al.,
2000; Beyschlag et al, 1992, Tenhunen et al., 1990).
During summer, the maximum rate of carbon fixation
occurs  during relatively low light intensity and
temperature, at the beginning and at the end of the day
(Nogues et al., 2001; Beyschlag et al., 1992). In the case,
both salinity and drought treatments led to a lower
capacity in leaf gas exchange in C. citrinus plants
compared to control (a and g concurrently decreased
during stress treatments), with no seasonal effects
regarding photosynthetic behavior, as we detected an
earlier onset in gas exchange constraint than
photochemical efficiency decrease, which happened
only during the summer. Photosystem IT (PSIT) activity
plays a key role m the response of photosynthesis to
environmental perturbations (Martinez-Ferri et al., 2000).
Photochemistry of PSIT has been extensively studied
using chlorophyll a fluorescence, a non-destructive
method for assessing stress conditions in plants grown
in different environmental conditions. Stressed plants
usually show lower efficiency in leaf photosynthetic light
harvesting and energy transfer (Strasser and Srivastava,
1995). Many studies use a sustained decrease in maximum
efficiency of PSII in dark-adapted leaves (Fv/Fm) as
reliable diagnostic indicators of photoinhibition in
response to stresses, as well as Fo and Fm. Tt has been
suggested that Fv/Fm below 0.83 can be usually referred
to stressed plants (Maxwell and JTohnson, 2000). However,
other researchers suggested that evergreen trees are
not stressed until Fv/Fm values decrease below 0.76
(Percival, 2004). Considering this last hypothesis, the
results showed that plants grown under reduced pot
volume and salt treatments became stressed later in the
summer. Chlorophyll a fluorescence has been also used
for studying a wide range of stresses (Force et al., 2003).
The most mteresting studies for understanding the results
were those that utilized temperature, drought and saline
water as treatments or variables. For example, high
temperatures strongly affected chlorophyll a fluorescence
(Petkova et al., 2007). Moreover, salinity decreases the
PSIT activity and efficiency (Lu and Vonshak, 2002) and
wnhubits the quantum yield of PSII electron transport
(Xia et al., 2004). Our results showed a decrease in Fm and
Fv/Fm values under salt stress when environmental
temperature ncreased, while drought slightly reduced
the Fv/Fm wvalues in September, showing a minor
effect on photochemical efficiency. The Fv/Fm ratio was
the best indicator of salt stress m sweet almond
(Ranjbarfordoei et al., 2006). Analogous experiments
carried out in Fraxinus genotypes under drought showed
a reduction of chlorophyll a parameters, with a drastic
reduction in Fv/Fm ratio, Fo and net CO, assimilation rate
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in different genotypes (Percival et al., 2006). The absence
of significant differences in the experiment suggests that
C. citrinus appeared to be a drought-tolerant species. P1
1s an overall index that combines different fluorescence
parameters. Tt was the only parameter that showed the
effect of salinity stress in early summer (June). PT has
been used for monitoring a wide range of stresses
(Ferrante and Maggiore, 2007). For example, P is sensitive
to temperature, so measurements must be carefully taken
under the same environmental conditions. The results
also suggest that C. cifrinus 1s particularly resistant to
water stress. Losch er ol (1981) found that midday
stomatal closure, normally occurring in Mediterranean
woody plants during the dry season, was progressively
reduced during fall and completely disappeared during
winter months. As confirmed in the experiment, the direct
and cumulative effects of both treatments and an
environmental nduced by high
temperatures depressed net CO, assimilation rate and

stress sumimer
transpiration. Generally, optimal water availability permits
a less water conservation due to a higher stomatal
conductance (Castell and Terradas, 1995). Some
researchers (Flexas et al., 2001, Abril and Hanano, 1998,
Penuelas et al., 1998) asserted that an increasing dryness
(i.e., decreased total water potential) causes a reduction in
net CO, assimilation rate and stomatal conductance in
Mediterranean species, as confirmed in the conditions.
There are contradictory reports on how plant water
relations and photosynthetic rate play a significant role in
the response of aboveground organs to the restricted root
growth (Ferree and Schupp, 1992). In the study, the
reduction in plant growth and stomatal opening caused
by root restriction was not related to changes in plant
water status, as observed in plants subjected to drought
and salinity (Table 1). Root zone restriction and water
stress have different mechamsms of action (Ismail and
Noor, 1996) and the impairment of growth might involve
different physiological processes. Tschaplinski and Blake
(1985) reported a reduction in the stomatal opening of
alder (Alnus glutinosa L.) seedlings grown under root
restriction, suggesting a stomatal factor to explain the
reduced photosynthetic rate. In the case, chlorophyll a
fluorescence parameters sigmficantly decreased under
restricion  treatment, suggesting a lower
photochemical efficiency of PSIT and a downward

root

regulation of photosynthesis as a result of root
restriction, leading to the reduced growth. Downward
regulation of A due to root restriction has also been
observed in other woody attributed  to
carbohydrate build up in the leaves as a result of
limiting the strength of root sink (feedback mechamsm)
(Schaffer ef al., 1997).

species,
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CONCLUSION

Results suggest that C. cifrinus can be successfully
used as ormamental plants in Mediterranean environment,
because the species appeared to be particularly resistant
to both water stress and root restriction conditions. In
fact, plants reacted with a physiological adaptation with
a slight reduction in total diy weight and leaf area, though
significant compared to control, due to modification of
leaf gas exchange and chlorophyll fluorescence.

We could conclude that C. citrimus can be chosen
in compact soil and limited water availability such as
urban environments and gardens with low maintenance
cares.

ACKNOWLEDGEMENTS

This research was supported by Italian Mimstry of
University and Research (MIUR-PRIN-2003 Physiology of
crop timing and scheduling technologies for ornamental
crops).

REFERENCES

Abril, M. and R. Hanano, 1998. Ecophysiological
responses of three evergreen woody Mediterranean
species to water stress. Acta Oecol, 19: 377-387.
DOL 10.1016/81146-609X(98)80042-8. hitp://www.
scliencedirect.com/science? ob=ArticleURL& udi=
B6VR3-3W292N8-1G& user—=606226& rdoc=1&
fmt=& orig=search& sort=d& docanchor=&view—=
c& searchStTd=970056897& rerunCrigin=scholar.
google& acct=C000031418& version=1& urlVersi
on=0& userid=606226&md5=180e5cf726eff5ac2f40
62c528b44fac.

Aihong, ¥X., X. Baofu and L. Tianfu, 2006. A study on
photosynthetic  characteristics of  Callistemon
rigidus R. Br. Southwest Hort., 3: 10-15.

Beyschlag, W., H. Pfanz and R.J. Ryel, 1992. Stomatal
patchiness in Mediterranean evergreen sclerophylls:
Phenomenology and  consequences the
mterpretation of the midday depression in photo-
synthesis and transpiration. Planta, 187. 546-553.
DOL: 10.1007/BF0O01 9997 6. http:/fwww.springerlink.
com/content/m4750v4264144641.

Binggeli, P., 2001. The Human Dimensions of Invasive
Woody Plants. Tn: McNeely, J.A. (Ed.). The great
Reshuffling: Human Dimensions of Invasive Alien
Species. TUCN, Cambridge, UK., pp: 146-159.
ISBN: 978-2831706023. www.iucnorg/dbtw-wpd/
edocs/2001-002.pdf.

for



Res. J. Biol. Sci., 4 (8): 913-921, 2009

Bombelli, A. and I.. Gratini, 2003. Interspecific differences
of leaf gas exchange and water relations of three
evergreen Mediterranean shrub species.
Photosynthetica, 41: 619-625. DOL: 10.1023/B:PHOT.
0000027529.82395.86. http: //www.springerlink.com/
content/mplw6047m2xwq7p6.

Castell, C. and I. Terradas, 1995. Water relations,
gas exchange and growth of dominant and
suppressed shoots of Arbutus wunedo 1. Tree
Physiol,,15: 405-409. DOIL: 10.1093/reephys/15.6.405.
PMID: 14965950, hitp://treephys.oxfordjournals.org/
cgl/content/abstract/1 5/6/405.

Demetrion, G., C. Neonaki, E. Navakoudis and
K. Kotzabasis, 2007. Salt stress impact on the
molecular structure of the photosynthetic
apparatus- the protective role of polyammes.
Biochem. Biophys. Acta, 1767: 272-280. DOI:
10.1016/.bbabio.2007.02. 020. PMID: 17408588,
http: /fwww sciencedirect.com/ science? ob=Article
URL& udi=B6T1S5-4ANSTNB9-2& user=606226&
rdoc=1& fmt=& orig=search& sort=d&
docanchor=&view=c& searchStrId=970075976& r
erunOrigin=scholar.google& acct=C000031418&
version=1& urlVersion=0& userid=606226&md5=
0a430b9bc24739bd2bBe7heBad6ad308.

Ferrante, A. and T. Maggiore, 2007. Chlorophyll a
fluorescence measurements to evaluate storage time
and temperature of Valeriana leafy vegetables.
Postharv. Biol. Technol., 45: 73-80. DOT: 10.1016/].
postharvbio.2007.02.003. http://www sciencedirect.
com/science? ob=ArticleURL& udi=B6TBI-
ANB38C3-2& user=606226& coverDate=07%2131 %
2F2007& alid=970076429& rdoc=1& fmmt=high&
orig=search& cdi=5144& docanchor=&view=c&
ct=4& acct=C000031418& version=1& urlVemsion=
0& usend=606226&md5=26100201 b94bb2565eb360
boteg7 {611

Ferree, D.C. and J.R. Schupp, 1992. Root pruning and root
restriction of fruit trees-current review. Acta Hort.,
322: 153-166. http://www.actahort.org/books/322/
322 17 htm.

Filella, I, J. Llusia, J. Pifiol and I. Pefiuelas, 1998. Leaf gas
exchange and fluorescence of Phillyrea latifolia,
Pistacia lentiscus and Quercus ilex saplings in
severe drought and high temperature conditions.
Environ Exp. Bot., 39: 213-220. DOL: 10.101 6/50098-
8472(97)00045-2.  http://www . sciencedirect.com/
science? ob=ArticleURL& udi=B6T66-3XD40CY -
5& wser=606226& rdoc=1& fmt=& orig=search&
sort=d& docanchor=&view=c& searchStrId=9700
80377& rerunOrigin=scholar.google& acct=C0000
31418& version=1& urlVersion=0& userid=60622
6&md5=af20a0e0e52b001 5cbebf] bl 4a23104.

919

Flexas, J., . Gulias, S. Jonasson, H. Medrano and M. Mus,
2001. Seasonal patterns and control of gas exchange
mn local populations of the Mediterranean evergreen
shrub Pistacia lentiscus L. Acta Oecol., 22: 33-43.
DOL 10.1016/81146-609X(00)01099-7 . hitp: //www.
sciencedirect.com/science? ob=ArticleURL& udi=
B6VR3-42IRDW6-4& user-606226& rdoc=1& fint=
& orig=search& sort=d& docanchor=&view=c&
searchStrTd=970081685& rerunOrigin=scholar.goo
gle& acct=C000031418& version=1& urlVersion=0
& userid=606226&md5=bd7a792d5e70bfbdbe847¢7
62d42d6b8.

Flowers, T.J., PF. Troke and AR. Yeo, 1977. The
mechanism of salt tolerance in halophytes. Ann. Rev.
Plant Physiol., 28: 89-121. DOL 10.1146/amurev.
Pp-28.060177.00051 3. http: Yarjournals .ammualreviews.
org/doi/abs/10.1146%2Fannurev. pp.28.060177.0005
13.

Force, L., C. Critchley and J.J.S. van Rensen, 2003. New
fluorescence parameters for moenitoring
photosynthesis in plants. 1. The effect of illumination
on the fluorescence parameters of the ITP-test.
Photosynt. Res., 78: 17-33. DOL: 10.1023/A:102601
2116709, PMID: 16245061 . http://www.springerlink.
com/content/x57425g073315360.

Greenway, H. and R. Munns, 1980. Mechanisms of salt
tolerance m non-halophytes. Ann  Rev. Plant
Physiol,, 31: 149-190. DOL 10.1146/anmurev.pp.31.
060180.001053. http://arjournals. annualreviews. org/
doi/abs/10.1146/annurev.pp.31.060180.001053.

Gulias, T, I. Flexas, A. Abadia, and H. Medrano, 2002.
Photosynthetic responses to water deficit m six
Mediterranean sclerophyll species: Possible factors
explaining the declining distribution of Rhamnus
ludovici-salvatorss, an endemic Balearic species.
Tree Physiol, 22: 687-697. DOL 101093/
treephys/22.10.687. PMID: 12091150 hitp://treephys.
oxfordjournals.org/cgi/content/abstract/22/1 (V687.

Hunt, R., 1990. Basic growth analysis: Plant Growth
Analysis for Beginners. 1st Edn. Unwin Hyman,
London, pp: 21-32.

Ismail, MR. and K.M. Noor, 1996. Growth, water
relations and physiological processes of starfruit
(Averrhoa carambola L.) plants under root growth
restriction. Scientia Hort., 66: 51-58. DOIL 10.1016/
0304-4238(96)00906-5. http: //www.sciencedirect. cord
science? ob=ArticleURL& udi=B6TC3-3W255HF-
6& user=606226& rdoc=1& fmt=& orig=search&
sort=d& docanchor=&view=c& searchStrId=9700
93648& rerunOrigin=scholar.google& acct=C0000
31418& version=1& wrlVersion=0& userid=60622
6&md5=f31fd531d7abbe94dd024303a89a5al.



Res. J. Biol. Sci., 4 (8): 913-921, 2009

Larcher, W., 2000. Temperature stress and survival ability
of Mediterranean sclerophyllous plants. Plant
Biosyst., 134: 279-295. DOL 10.1080/11263500012331
350455 http://www.informaworld. com/smpp/content--
db=all-content=a71 4032312,

Lawlor, D.W. and G. Comic, 2002. Photosynthetic carbon
assimilation and associated metabolism in relation to
water deficits m higher plants. Plant Cell Environ.,
25:275-294. DOL 10.1046/.0016-8025.2001.0081 4.x.
PMID: 11841670 http:/Awww3. interscience. wiley. com/
Journal/1 18948781 /abstract.

Lippi, G., G. Serra, P. Vermeri and F. Tognomi, 2003.
Response of potted Callisternon species to high
salinity. Acta Hort., 609: 247-250. http://www.acta-
hort.org/books/609/609 36.htm.

Losch, R., I. Tenhunen, I. Pereira, and O.L. Lange, 1981.
Diurnal courses of stomatal resistance and
transpiration of wild and cultivated Mediterranean
perenmials at the end of the summer dry season mn
Portugal. Flora, 172: 138-160.

Lu C. and A. Vonshalk, 2002. Effects of salinity stress on
photosystem 1T function in cyanobacterial Spirulina
platensis cells. Physiol. Plant., 114: 405-413. DOL: 10.
1034/1.1399-3054.2002.1140310.x. PMID: 12060263,
http://www3.interscience wiley.com/cgi-bin/fulltext/
120770330/ HTMLSTART.

Martinez-Ferri, E., L. Balaguer, F. Valladares, J. M. Chico
and E. Mannque, 2000. Energy dissipation in
drought-avoiding and drought-tolerant tree species
at midday during the Mediterranean summer. Tree
Physiol,,20:131-138 DOIL: 10.1093/reephys/20.2.131.
PMID: 12651481 . hitp://treephys.oxfordjournals. org/
cgi/content/abstract/20/2/131.

Meaxwell, K. and G.N. Johnson, 2000. Chlorophyll
fluorescence: A practical guide. I. Exp. Bot.,
51: 659-668. PMID: 10938857 . http://jxb.oxford-journ-
als.org/cgi/content/full/51/345/659.

Mitchem, CM., 1993, Callistemon the
bottlebrushes. Plantsman, 15: 29-41.

Mugnai, S., P. Vernieri, F. Malorgio and G. Serra, 2005.
Response of some ornamental shrubs to different soil
water conditions. Adv. Hort. Sci., 19: 94-100. DOI: 10.
1400/14367. http://digital. casalini.it/editori/default.
asp?codice_opera=1133&numero=45&articolo=6&t
ipologia=R.

Nogueés, S., S. Munné-Bosch, J. Casadests, M. Lopez-
Carbonell and L. Alegre, 2001. Daily time course of
whole-shoot gas exchange rates in two drought-
exposed Mediterranean shrubs. Tree Physiol.,
21:51-58. DOL: 10.1093/treephys/21.1.51. PMID: 1126
0824. http://treephys.oxfordjournals.org/cgi/content/
abstract/21/1/51.

beautiful

920

Pardossi, A., P. Vernieri and F. Tognoni, 1991.
Evaluation of the pressure chamber method for
the assessment of leaf water potential in
chilled plants. Plant Cell Environ., 14: 675-682.
DOT: 10.1111/5.1365-3040.1991.tb01540.x.
http://www3.1nterscience. wiley.com/journal/119351
668/ abstract.

Penuelas, J., I. Filella, I. Llusia, D. Siscart and J. Pinol,
1998. Comparative field study of spring and summer
leaf gas exchange and photobiclogy of the
Mediterranean trees Quercus ilex and Phillyrea
latifolia. ]. Exp. Bot., 49: 226-238. DOT: 10.1093/jexbot/
49.319.229. http://jxb.oxfordjournals. org/cgi/content/
abstract/49/319/229.

Percival, G.C., 2004. Evaluation of physiological tests
as predictors of young tree establishment and
growth. J. Arbor., 30: 80-92. http://joa.isa-arbor.
com/request.asp?JournallD=1& ArticleID=129&
Type=1.

Percival, G.C., I.P. Kearyb and S. Al-Habsib, 2006. An
assessment of the drought tolerance of Fraxinus
genotypes for urban landscape plantings. Urban For.
Urban Green, 5: 17-27. DOL 10.1016/.ufug.2006.03.
002.  http/www.sciencedirect.com/science? ob=
ArticleURL& udi=B7GID-4JTRTIS-1& user=
606226& rdoc=1& fmt=& orig=search& sort=d&
docanchor=&view=c& searchStrTd=971358417& r
erunOrigin=google& acct=C000031418& version=1
& urlVersion=0& userid=606226&md5=fd74d83b2
83ba35ccd06680bcYefe33.

Petkova, V., ID. Denev, D. Cholakov and I. Porjazov,
2007. Field screening for heat tolerant common

(Phaseolus L) by
measuring of chlorophyll fluorescence induction
parameters. Scientia Hort., 111: 101-106. DOL: 10.1016/
j-scienta. 2006.10.005. http:/fwww .sciencedirect.com/
science? ob=ArticleURL& udi=B6TC3-AMDO59T-
1& user=606226& rdoc=1& fmt=& orig=search
& sort=d& docanchor=&view=c& search
Strld=971363389& rerunOrigin=scholar.google& a
cct=C000031418& version=1& wlVersion=0& us
er1d=606226&md5=81b2032ad72b628d7e8[64c095a2
6801,

Ranjbarfordeei, A., R. Samson, R. and P. van Damme,

bean cultivars vulgaris

2006. Chlorophyll fluorescence performance of sweet
almond (Prunus dulcis (Miller) D. Webb) in response
to salmity stress induced by NaCl Photosynth.,
44: 513-522. DOL  10.1007/811099-006-0064-z.
http:/iwww . springerlink.com/content/btl 92438x322
h4g3.



Res. J. Biol. Sci., 4 (8): 913-921, 2009

Schafter, B., AW, Whiley, C. Searle and R.T. Nissen, 1997.
Leaf gas exchange, dry matter partitioning and
mineral element concentrations in mango as
wnfluenced by elevated atmospheric carbon
dioxide and root restriction. J. Am. Soc. Hort. Sci.,
122: 849-855. http://journal .ashspublications. org/cgi/
content/abstract/1 22/6/849maxtoshow=& HITS=10&
hits=10&RESULTFORMAT=&author] =schaffer&f
ulltext=mango&andorexactfulltext=and&searchid=1
&FIRSTINDEX=0&sortspec=relevance&resourcet
ype=HWCIT.

Shao, HB., LY. Chu, C.A. Jaleel and C.X. Zhao, 2008.
Water-deficit stress-induced anatomical changes in
higher plants. Compt. Rend. Biol., 331: 215-225.
DO 10.10164.crvi.2008.01.002. PMID: 18280987,
http:/www sciencedirect. com/science? ob=Article
URL& udi=B6X1F-4RR213V-1& user=606226&
rdoc=1& fmt=& orig=search& sort=d& docanch
or=&view=c& searchStrTd=971371032& rerunOrig
in=scholar.google& acct=C000031418& version=1
& wlVersion=0& userid=606226&md5=6c84b32¢7
30f757762c6e1963202116d.

Strasser, R.J. and A. Srivastava, 1995 Polyphasic
chlorophyll a fluorescence transient in plants and
cyanobacteria. Photochem. Photobiol,, €1: 32-42.
DOL10.11114.1751-1097.1995.1h09240.x. hitp: //www3
interscience. wiley.com/journal/1 19960069/ abstract.

Tabatabaei, 3.1., 2006. Effects of salimty and N on the
growth, photosynthesis and N status of olive
(Olea europaea L) trees. Scientia Hort., 108: 432-438.
DOT: 10.1016/.scienta.2006.02.016.  http:/Awww.
sciencedirect.com/science? ob=ArticleURL& udi=
BoTC3-4IIGC6Y-1& user=606226& rdoc=1& fimt=
& orig=search& sort=d& docanchor=&view=c&
searchStrId=971376081& rerunOrigin=scholar.goo
gle& acct=C000031418& version=1& urlVersion=0
& userid=606226&md5=eel c9492958b53t02aeadc49
4ef3abde.

Tattini, M. and M.L. Traversi, 2008. On the mechanism of
salt tolerance mn olive (Olea europaea L.) under
low-or high Ca™ supply. Environ. Exp. Bot., 65: 72-81.
DOI: 10.1016/.envexpbot.2008.01.005. http:/fwww.
sciencedirect.com/science? ob=ArticleURL& udi=
B6T66-4RRNXRC-2& user=606226& rdoc=1& fmt=
& orig=search& sort=d& docanchor=&view=c&
searchStrld=971377807& rerunOrigin=google& ac
ct=CO000031418& version=1& urlVersion=0& user
1d=606226&md5=2508080aa3027c0f438cc951 bb8defBf.

921

Tenhunen, I.D., A. Sala Serra, P.C. Harley, R I.. Dougherty
and IF. Reynolds, 1990. Factors
carbon fixation and water use by mediterranean
sclerophyll shrubs during summer drought
Oecologia, 82: 381-393. DOT: 10.1007/BF00317487.
http: /Awww.springerlink.com/content/q891167731u7
6250,

Tschaplinski, T.J. and T.J. Blake, 1985. Effects of root
restriction on growth correlations, water relations and
senescence of alder. Physiol. Plant, 64: 167-174.
DOL10.1111/.1399-3054.1985.tb02330.x. http: /Awww3
mnterscience. wiley.com/journal/1 1950958(0/abstract.

van Heerden, P.D.R., M. Tsimilli-Michael, G.H.J. Kriiger
and R.J. Strasser, 2003. Dark chilling effects on
soybean genotypes during vegetative development:

influencing

Parallel studies of CO, assimilation, chlorophyll a
fluorescence kinetics O-J-I-P and nitrogen fixation.
Physiol. Plant., 117: 476-491.DOT:10.1034/.1399-3054.
2003.00056.x. PMID: 12675738, hitp://www3.mnter-
sclence. wiley.com/journal/l 1883452 7/abstract.

Vernieri, P., S. Mugnai, E. Borghesi, L. Petrognani and
G. Serra, 2006. Non-chemical growth control of
potted Callistemon laevis. Agric. Med., 160: 85-90.
http:/fwww.agr.umpiit/labrural/collaboratori/selene-
bugneli/non-chemical-growth-control-of-potted-
callistemon-laevis-anon-p-vernieri-s-mugnai-e-
borghesi-1-petrognani-s-serra. pdf.

Whte, P.I. and M.R. Broadley, 2001. Chloride in soils and
its uptake and movement within the plant: A review.
Ann. Bot., 88: 967-988. DOI: 10.1006/anbo.2001.1540.
http://aob.oxfordjournals. org/cgi/content/abstract/
8R/6/967.

Xia, 1., Y. Liand D. Zou, 2004. Effects of salimity stress on
PSI in Ulva lactuca as probed by chlorophyll
fluorescence measurements. Aquat. Bot., 80: 129-137.
DOIL  10.1016/).aquabot.2004.07.006.  http://www.
sciencedirect.com/science? ob=ArticleURL& udi=
B6T4F-4DPSBWW-3& user=606226& rdoc=1&
fmt=& orig=search& sort=d& docanchor=&view—=
c& searchStrld=971392015& rerunCrigin=scholar.
google& acct=C000031418& version=1& urlVersi
on=0& userid=606226&md5=687c46b7928ba%d1b6
df6f555d1dstda.



