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Photosynthetic activity and water use efficiency of dune species:
the influence of air temperature on functioning
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Abstract

Differences in leaf traits among the dune species developing along the Latium coast were analysed. Cakile maritima
Scop. subsp. maritima, Elymus farctus (Viv.) Runemark ex Melderis subsp. farctus, Ammophila arenaria (L.) Link
subsp. australis (Mabille) Lainz, Ononis variegata L., Pancratium maritimum L., Eryngium maritimum L., and
Anthemis maritima L. were considered. The considered species showed a similar net photosynthetic rate (Py) and
chlorophyll content (Chl) during the year, with a peak from the end of April to the middle of May [13.04+3.6 pmol (CO,)
m? s and 0.63+0.21 mg g ', respectively, mean values of the considered species], favoured by air temperature in the
range 13.3-17.5°C, and 6% of soil water availability. In June—July, the increase of air temperature (T . = 28.4°C),
associated with a lower water availability (42 mm, total rainfall of the period) and a 1% of soil water availability
determined a significant decrease of Py (59%, mean of the considered species) and Chl (38%), and an increase of the
carotenoid (Car)/Chl ratio (59%). The significant correlation between Py and stomatal conductance (g;) (p<0.05)
explained 67% of Py variations. Moreover, the correlation between Py and leaf temperature (77) underlined that the
favourable 7} enabling 90-100% of the highest Py for the considered species was within the range 23.4 to 26.6°C. Py
decreased below half of its maximum value when 7} was over 35.8 and 37.4°C for E. farctus subsp. farctus and
A. arenaria subsp. australis, respectively and over 32.2°C for the other considered species (mean value). Leaf mass area
(LMA) varied from 6.8 + 0.7 mg cm > (O. variegata) to 30.6 + 1.6 mg cm > (4. arenaria). PCA (principal component
analysis) carried out using the considered morphological and physiological leaf traits underlined that the co-occurring
species were characterised by different adaptive strategies: E. farctus and A. arenaria photosynthesized for a long period
also when air temperature was over 35.8 and 37.4°C, respectively, because of their lower transpiration rates
[E, 1.4 £0.1 mmol (H,0) m*s '], which seemed to be controlled by the highest LMA. On the contrary, A. maritima and
C. maritima subsp. maritima had a higher Py (on an average 52% higher than the others) in the favourable period,
allowed by the highest succulence index (SI, 85.7 = 9 mg cm?) and the lower LMA. The results allowed us to
hypothesize that 4. arenaria and E. farctus might be at a competitive advantage relative to the other considered species
with respect to the increase of air temperature, by their ability to photosynthesize at sufficient rates also during summer.

Additional key words: air temperature; carotenoid content; chlorophyll content; coastal dune plant species; gas exchange; leaf
mass area.

Introduction

It is important for plant species growing in an environ-
ment where water is available for limited periods of the
year to be able to make full use of favourable conditions
for growth and reproduction (Gratani and Crescente
1997, Gratani et al. 2003, Niu et al. 2006, Perumal and
Maun 2006). Coastal dune species suffer many environ-
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mental stresses caused by a low capillarity and water-
holding capacity of the sandy soil (Ishikawa et al. 1990,
Gratani et al. 2007, da Silva et al. 2008), associated with
a low boundary layer resistance, a high substrate salinity
(Donnelly and Pammenter 1983), and a low nitrogen
availability (Kachi and Hirose 1983, Shumway 2000,

+Author for correspondence; fax: +39 06 49912358, e-mail: loretta.gratani@uniromal..it

Abbreviations: Car — carotenoid content; Cg — relative carboxylation efficiency; Chl — chlorophyll content; C; — substomatal CO,
concentration; DM — dry mass; E — transpiration rate; FM — fresh mass; g; — stomatal conductance; LA — leaf area; LMA — leaf mass
per unit leaf area; PAR — photosynthetically active radiation; Py — net photosynthetic rate; SI — succulence index; 7, — air temperature
into the leaf chamber; 7| — leaf temperature; T;gg, — leaf temperature enabling 100% of the highest photosynthetic rates, Tjgo_g9, —
leaf temperature enabling 100 to 90% of the highest photosynthetic rates; Toy sq0, — leaf temperature enabling 90 to 50% of the highest
photosynthetic rates; WUE — instantaneous water use efficiency.
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Gilbert ef al. 2008). Nevertheless, nutrient supply may be
augmented after burial through the deposition of sand,
providing a new source of nutrients (Willis 1965).
Moreover, the sand raised by wind, associated with high
irradiance and air temperatures (Perumal and Maun 2006,
da Silva et al. 2008) causes erosion of the below-ground
plant portion (Maun 1994, Yura and Ogura 2006). Only
few species are capable of withstanding the stress im-
posed by the limited environmental resources and a recur-
rent disturbance in coastal dunes; these species have some
individual traits that allow them to survive (Yura and
Ogura 2006). Annual species form a significant element
of the flora of sand dunes (Watkinson and Davy 1985).

The physiological ecology of coastal dune species,
however, has not been studied extensively. Previous
studies have suggested that adaptive features of coastal
dune species include the tolerance of high air tempera-
tures (Barbour et al. 1985, Perumal and Maun 2006),
alterations of photosynthetic rates (Kent et al. 2005),
adjustments of chlorophyll content (Disraeli 1984),
specific leaf area (Martinez and Moreno-Casasola 1996),
and leaf thickness (Kent et al. 2005). Data on transpi-
ration rates are rarely reported (Gilbert and Ripley 2008).
Coastal dune species have a high instantaneous water use
efficiency (WUE, amount of CO, fixed per unit of water
lost) as a result of high assimilation rates rather than low
transpiration rates (Ripley and Pammenter 2004).

The ecological conditions of coasts are often stressful
or even critical and their flora grows under environmental
unfavourable conditions, due to both natural instability
and anthropogenic load (Voronkova et al. 2008). As
coastal dunes are found at almost all latitudes, the climate
and vegetation developing on them are very diverse,
covering ecological habitats which range from polar to
tropical latitudes and from deserts to tropical rain forests.
Thus, one of the most outstanding features in these
ecosystems is their broad distribution and ecological
diversity, in terms of geomorphology, environmental
heterogeneity, and species variability (Martinez et al.

Materials and methods

Study site and plants: The dune area along the Latium
coast is characterised by mobile dunes spreading from the
shore to the inland for ca 150 m. The dune vegetation is
described in Gratani et al. (1983). Cakile maritima Scop.
subsp. maritima, Elymus farctus (Viv.) Runemark ex
Melderis subsp. farctus, Ammophila arenaria (L.) Link
subsp. australis (Mabille) Lainz, Ononis variegata L.,
Pancratium maritimum L., Eryngium maritimum L., and
Anthemis maritima L. were considered. The nomen-
clature was in accordance to Conti ef al. (2005).

Field measurements were carried on twelve plants per
species. For repeated non-destructive measurements the
selected individuals were labelled with nylon tape and
monitored in the period January—August 2007.
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2004). Coastal dunes are widespread along the European
coastline, though their distribution is uneven (Heslenfeld
et al. 2004).

The Mediterranean region has a complex and
heterogeneous coastline; the larger dune fields occur in
deltas and coastal plains, like in parts of Italy (Heslenfeld
et al. 2004). Yet, despite their seeming abundance on the
global scale, many coastal dune ecosystems have been
severely degraded as a result of an excessive exploitation
of natural resources, chaotic demographic expansion, and
industrial growth (Martinez et al. 2004). Sand dune
ecosystems protect many coastlines from erosion by
mitigating the action of sea from daily wave action and
storm events (Liu ef al. 2005).

The forecasted increase of air temperature might
determine changes of the length and intensity of drought
periods. Drought periods may facilitate the accumulation
of salt from sea water spray within the soil, which would
otherwise be leached out by rainfall (Greaver and
Sternberg 2007). When prolonged or more severe drought
periods occur, the capacity of different species to avoid
damaging effects determines their survival (Pefiuelas and
Filella 2001, Pesoli et al. 2003, Gratani et al. 2003,
Greaver and Sternberg 2007). Thus, it is important to
study the adaptive capacity of sand dune species and their
tolerance threshold with respect to increasing stress
factors.

The main objective of this study was to analyse
differences in leaf traits among the species co-occurring
in the dunes developing along the Latium coast (S—SW of
Rome, Italy). Besides, we analysed the optimal
temperature range for the photosynthetic activity. The
intrinsic link between net photosynthesis and biomass
production suggests that photosynthesis and its response
to drought is likely to play a major role in determining
the ability of these species to persist in the distribution
area, despite increasing air temperature (Larcher 1994,
Pereira 1994, Crescente et al. 2002, Gulias et al. 2002,
Gratani et al. 2008).

Climate and soil humidity: The climate of the area was
of Mediterranean type; total annual rainfall was 707 mm,
the mean minimum air temperature of the coldest months
(January and February) was 3.9°C and the mean
maximum air temperature of the warmest months (July
and August) was 30.4°C (data of the Meteorological
Station of Castelporziano, for the years 1985-2006).

Soil moisture content had the highest values (80%) in
autumn—winter, and the lowest one (1%) in summer
(Gratani and Crescente 1997). The soil was characterised
by 99% of sand and a low percentage of slime and clay;
pH ranged from 7.0 to 7.5 (Gratani and Capannesi 1984).

Leaf morphology: Leaf morphological analysis was
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carried out monthly during the leaf expansion process
(20 leaves per species on each sampling occasion).

Measurements of leaf morphology included projected
leaf area (LA), obtained by the Image Analysis System
(Delta-T Devices, UK), fresh mass (FM) and dry mass
(DM) of leaves oven-dried at 80°C to constant mass.

Leaf mass per unit leaf area (LMA) was calculated
from leaf dry mass and one-sided leaf area (Wright et al.
2004).

Succulence index (SI) was calculated as the ratio of
the difference between DM and FM to the leaf surface
area (Read et al. 2005, Omae et al. 2007).

Leaf gas exchange: Field measurements were carried out
in situ on the external exposed leaves of the selected
plants under natural conditions, on cloud-free days to en-
sure that near-maximum daily photosynthetic rates were
measured (Reich et al. 1995). During the measurements
leaves were retained in their natural inclination.

Photosynthetically active radiation (PAR), net photo-
synthesis (Py), stomatal conductance (g;), transpiration
rate (E), air temperature into the leaf chamber (7), leaf
temperature (77) and substomatal CO, concentration (C;)
were monitored during the study period with an infrared
gas analyser ADC-LCA4 system (ADC BioScientific Ltd.,
Hoddesdon, UK), equipped with a leaf chamber (type
PLC).

The instantaneous water use efficiency (WUE) was
calculated by the ratio between net photosynthetic rates
and transpiration rates (Niu ef al. 2006).

Relative carboxylation efficiency (Cg, mol CO, fixed
mol' CO, present in the substomatal spaces) was
calculated by the ratio between the net photosynthesis
and substomatal CO, concentration (Flexas et al. 2001).

The measurements were carried out in the morning
(9.30-12.30 h), on 5 leaves from the uppermost plant
portion per species on each sampling occasion (22" to
24™ each month). During measurements of CO,
concentration, the air humidity and flow rate inside the

Results

Leaf morphology: The considered species reached the
maximum LA and DM between April and May (Fig. 1).
E. maritimum had the highest LA and DM (67.1£1.8 cm?,
981+1.1 mg, respectively), and O. variegata the lowest
ones (0.40+0.03 cm?, 2.7+0.3 mg, respectively).

LMA varied from 6.8+0.7 mg cm > (O. variegata) to
30.6+1.6 mg cm  (A. arenaria) (Table 1).

C. maritima had the highest SI (96.4+0.9 mg cm?)
and E. farctus the lowest one (28.3+0.4 mg cm?)
(Table 1).

Gas exchange: During the study period PAR and
temperature in the leaf chamber varied from 1328+28
pmol(photon) m~ s and 18+1°C, respectively (Febru-
ary) to 1793£60 pmol(photon) m? s and 32+2°C,

respectively (July) (Fig. 2).

leaf chamber were set at 370 ppm, 65% and 400 pmol s ',
respectively. The means of the measured maximum
values during the three sampling days are shown.

Leaf pigments content was measured monthly (22" to
24™ each month). Immediately after collection, fully
expanded leaves from the selected plants were kept cool
in the dark for 3 h.

Chl and Car contents were determined in leaf samples
(5 samples per species), after grinding the leaves in
acetone. The homogenates were centrifuged in a 4237R
Refrigerated Centrifuge (4.L.C., Italy). Absorbance of the
supernatants was measured with a Jasco model 7800LCD
(Japan) spectrophotometer at the wavelengths of 645, 663
and 440 nm for Chl a, Chl b and Car, respectively. Chl
and Car contents per unit FM were calculated according
to MacLachlan and Zalik (1963) and Holm (1954),
respectively.

Statistical analysis: Differences in physiological and
morphological leaf traits were determined by the analysis
of variance (ANOVA) and Tukey test for multiple
comparisons.

The regression analysis was carried out to evaluate
the correlation among the physiological traits. The rela-
tionship between net photosynthesis and leaf temperature
(photosynthetic thermal window sensu Larcher 1994) was
tested by the regression between these variables. Leaf
temperatures enabling 100%, 100 to 90%, and 90 to 50%
of the highest photosynthetic rates (Tiop%, Ti00-900 and
Too s0%, respectively) were calculated according to
Larcher (1994).

The principal component analysis (PCA) was carried
out in order to evaluate the colinearity among the
considered leaf traits in the species considered. The
analysis was performed on the basis of a matrix of the
normalised data.

All statistical tests were performed using a statistical
software package (Statistica, Statsoft, USA).

Table 1. Leaf mass area (LMA) and succulence index (SI) at the
maximum leaf expansion of the considered species. Mean
values (£SD) are shown. Mean values with the same letters are
not significantly different (ANOVA, n =20, p>0.05).

Species LMA [mg cm?] SI [mg cm ]
Ononis variegata 6.8+£0.7 a 33.740.4 a
Anthemis maritima 8.2+0.5b 49.9+0.6 b
Cakile maritima 8.4+0.4 b 96.4+0.9 c
Pancratium maritimum 11912 ¢ 79.2+0.2 d
Eryngium maritimum 14.6£0.4 d 81.5£0.3 ¢
Elymus farctus 21.9+1.2¢ 28.3£0.4 f
Ammophila arenaria 30.6+1.6 f 446105 g
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Fig. 1. Leaf area (LA) and leaf dry mass (DM) of the
considered species during the study period. Mean values
(#SD, n = 20) are shown. The shown values are the
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The considered species showed a similar Py trend
during the year, with a peak from the end of April to the
middle of May, when air temperature and soil water
availability were favourable. C. maritima and A. maritima
had the highest Py [18.9£0.1 pmol(CO,) m* s and 15.6
+ 0.3 umol(CO,) m > s ', respectively], and 4. arenaria
and O. variegata the lowest ones [9.8 £ 1.1 umol(CO,)
m? s’ and 8.4 + 0.8 pumol(CO,) m? s, respectively]
(Fig. 3). Px decreased by 48% (mean of the considered
species) in summer (drought period); E. maritimum
showed the lowest decrease (28%) and P. maritimum the
highest one (60%).

gs had the same Py trend (Fig. 3) with the highest
values [0.73 + 0.40 mol(H,0) m > s, mean of the spe-

cies considered] in April-May and a significant decrease
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natural logarithm of the measured values.

35
30
25

20

Te[*C]

15

10

5 Fig. 2. Photosynthetically active radiation (PAR)
and air temperature in the leaf chamber (7}), during

0 the study period. Mean values (£SD, n = 15) are
shown.

(58%, mean of the considered species) in June—July.

Cg had the same Py trend, with a significant (p<0.05)
decrease (46%, mean of the considered species) in
summer (Fig. 4). C. maritima had the highest Cg
(0.0430.024 mol mol ', mean of the study period) and
O. variegata the lowest one (0.022+0.008 mol mol,
mean of the study period).

The highest £ was recorded in April-May [3.1+
1.2 mmol(H,0) m™? s, mean of the study period for all
the considered species], decreasing 45% in summer
(Fig. 5). A. arenaria had the significantly (p<0.05) lowest
E [1.4 + 0.3 mmol(H,0) m *s', mean annual value], and
A. maritima the highest one [2.9 + 0.6 mmol(H,0) m s,
mean of the study period].
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Fig. 4. Relative carboxylation efficiency
(Cg) of the considered species during the
study period. Mean values (+SD, n = 15) are
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During the study period, WUE was the highest [5.9 + in June-July (Fig. 5). E. farctus had the significantly
1.2 umol(CO,) mmol '(H,0)], (mean of the considered (»p<0.05) highest WUE [52 + 1.3 pmol(CO,)
species) in April-May, decreasing 39% (mean value) mmol '(H,0), mean of the study period], followed by
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A. arenaria [48 + 1.6 pmol(CO,) mmol '(H,0)],
C. maritima and E. maritimum [4.3 £ 0.2 pmol(CO,)
mmol '(H,0), mean of the study period for the two
species|, and by O. variegata, P. maritimum and
A. maritima [3.6 = 0.2 pmol(CO,) mmol ' (H,0), mean of
the study period for the three species].

Pigment contents: The considered species had a similar
total Chl trend during the year, with a peak in April-May
(0.63 £ 0.16 mg g is related to fresh mass, mean of the
considered species) and a significant (p<0.05) decrease
(38%, mean value) in summer (Fig. 6). E. farctus had the
highest Chl (0.61 + 0.15 mg g ', mean of the study
period).

The considered species had the lowest Car/Chl
contents ratio in April-May (0.22 + 0.04, mean of the
considered species) showing a significant (p<0.05)
increase (59%, mean of the considered species) in June—
July (Fig. 6).
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Fig. 5. Water use efficiency (WUE) and transpira-
tion rate (E) of the considered species during the
study period. Mean values (+SD, n = 15) are shown.

Statistical analysis: There was a significant correlation
between Py and g (p<0.01), explaining 67% of Py
variations in the considered species (Fig. 7).

E was significantly (p<0.01) correlated with g
(r=0.48) (Fig. 7).

The polynomial correlation between Py and T;
indicated that Py dropped below half of its maximum
value when T} was 37.4°C and 35.8°C for A. arenaria and
E. farctus, respectively, and 32.2°C (mean value) for the
other species (Table 2).

PCA extracted two factors explaining 91% of the total
variance (63% factor 1 and 28% factor 2) (Fig. 8).
Factor 1 was positively correlated with Py, g; and Cg, and
negatively with LMA and Tsg,. Factor 2 was positively
correlated with WUE.

Along the factor 1, A. arenaria and E. farcus were
characterised by the highest LMA and Tsg, and by the
lowest Py, g and Cg. E. maritimum, C. maritima and
A. maritima had an opposite trend, while O. variegata
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and P. maritimum were in the middle.
Along the factor 2, A. arenaria, E. farctus and

Discussion

The results on the whole underline that the considered
species developing on the sand dunes along the Latium
coast are characterised by adaptive strategies resulting
from a combination of morphological and physiological
leaf traits.

The species considered show a similar Py and Chl
trend during the year, with a peak from the end of April
to the middle of May, favoured by air temperatures with-
in the range 13.3 to 17.5°C and a soil water availability of
6%. C. maritima, E. maritimum, and A. maritima, have
the highest Py and Cg, and A. arenaria, E. farctus,
O. variegata, and P. maritimum the lowest ones.

In the period of June—July, the increase of air
temperature (T = 28.4°C), associated with a low water
availability (42 mm, total rainfall of the period) and a
decreased soil moisture content (80% of the winter value)
determines a significant decrease of Py (48%, mean of
the considered species) and Chl (38%), and an increase of
the Car/Chl ratio (59%). The increased Car/Chl ratio
during drought reduces the risk of overexcitation and
photooxidative damage, according to Kyparissis ef al.

C. maritima had a higher WUE than the other species.

(2000) and Balaguer et al. (2002). In summer, as stomatal
conductance decreased, a decline of Cg (46%) also takes
place, according to the results of Flexas et al. (2001), and
confirmed by the significant correlation between Py and
gs explaining 67% of Py variations. The considered
species have a WUE [4.2 = 0.6 pmol(CO,) mmol '(H,0),
mean value] which is within the range for temperate and
subtropical dune species (De Jong 1978, Pammenter
1985, Ripley and Pammenter 2004).

E is significantly correlated with g;, confirming a
higher adaptability of stomata to changes in water
availability, according to Gratani and Ghia (2002a) and
Niu et al. (2006). The efficient use of water by stomatal
regulation is an important feature for plant species
survival in coastal dunes.

The polynomial relationship between Py and T;
represents the influence of temperature on these processes
(Larcher 1994, Gratani et al. 2000). The correlation
between the two variables underlines that the favourable
Ti enabling 90-100% of the highest Py in the considered
species is within the range of 23.4 to 26.6°C. Py drops

@ Ononis variegata
0.8 I O Pancratium maritimum
B Ammophila arenaria

B Anthemis maritima

06 |

04

Chl[mg g'(FM)]

02

0.40

030

0.20

Car/Chl

0.10

B Eryngium maritimum
W Cakile maritima
W Elymus farctus

Fig. 6. Chlorophyll (Chl) content and caro-
tenoid to chlorophyll ratio (Car/Chl) of the
considered species during the study period.
Mean values (£SD, n = 15) are shown.
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Fig. 7. Regression analysis between net photosyn-
thetic rate (Py) and stomatal conductance (g;), and

0 05 1.0
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between transpiration rate (£) and g; of the conside-
red species. Equation of regression, determination’s
coefficient () and p-level are shown.

1.5

Table 2. Regression analysis between net photosynthetic rate (Py) and leaf temperature (77) of the considered species, during the study
period. Tygg= leaf temperature enabling 100% of the highest photosynthetic rates; Tjgo_go0,= leaf temperature enabling 100-90% of
the highest photosynthetic rates; Toy_so0,= leaf temperature enabling 90-50% of the highest photosynthetic rates. (z = 90).

Species Relationship

TIOO% [OC]

T100—90% [OC]

Too-s0% [°C]

Py =-0.0542 T2+2.6684 T, -25.966
Py =-0.1405 T+7.0784 T, -74.662
Py =-0.1635 T;*+8.3156 T,-89.063
Py =-0.1432 T2+7.6121 T;-90.561
Py =-0.2897 T2+14.813 T, -173.27
Py =-0.0625 T*+3.2852 T, -31.95

Py =-0.0202 T>+0.9462 T, -3.2114

Ononis variegata
Anthemis maritima
Cakile maritima
Pancratium maritimum
Eryngium maritimum
Elymus farctus
Ammophila arenaria

24.6 21.0-28.2 16.7-32.6
25.2 21.9-28.4 18.0-32.4
25.4 22.2-28.6 18.3-32.6
26.6 23.9-29.3 20.5-32.7
25.6 23.2-27.9 20.3-30.8
26.3 22.0-30.5 16.8-35.8
234 17.2-29.7 9.5-37.4

below half of its maximum when 7] is over 35.8 and
37.4°C in E. farctus and A. arenaria, respectively, and
32.2°C in the other species considered (mean value).

At morphological level, LMA varies from 6.8 = 0.7
mg cm 2 (O. variegata) to 30.6 + 1.6 mg cm > (4. arena-
ria), and it is within the range of the Mediterrancan
evergreen species (Gratani and Bombelli 2001, Gratani
and Varone 2000).

PCA carried out using all the considered traits
underlines that the co-occurring species are characterised
by different adaptive strategies: A. arenaria, and E. farc-
tus can photosynthesize for a long period also when air
temperature reaches higher values because of their lowest
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transpiration rates by the highest LMA. The high LMA is
a recurrent plant trait in the Mediterranean climate region
having a protective function for plants facing drought
stress (Salleo and Nardini 2000). It can be used as
a measure of investment per unit leaf area (Wright et al.
2004). Nevertheless, protective structures reduce photo-
synthetic rates as a result of diluting photosynthetic
tissues with non-photosynthetic ones (Wright et al
2004), and justifying the lower Py in A. arenaria, and
E. farctus. A higher internal competition for photons and
CO,; (Poorter et al. 1990), a higher internal resistance to
CO, transfer (Lloyd et al. 1992), a low proportion of leaf
nitrogen in the photosynthetic enzymes (Evans 1989,
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efficiency (Cg,) and negatively to leaf mass area
(LMA) and leaf temperature enabling 50% of the
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positively correlated to water use efficiency (WUE).

Niinemets 1999), and an unequal distribution of nitrogen
in the different enzymes involved in the CO, assimilation
(Poorter and Evans 1998) have been proposed as key
factors responsible for the low photosynthetic rates in
high LMA leaves.

On the contrary, A. maritima, C.maritima, and
P. maritimum have higher Py in the favourable period,
allowed by their highest SI and the lower LMA. Species
with low LMA (i.e. high specific leaf area, SLA) tend to
have a higher photosynthetic capacity per unit leaf mass,
resulting from a larger light-capture area per leaf mass
(Wright et al. 2004, Gratani and Ghia 2002b), and a
shorter diffusion path from stomata to chloroplasts
(Parkhurst 1994).

Not all species are able to withstand the same types or
the same intensities of an environmental stress. Conse-
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