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ABSTRACT                        Growth, photosynthetic characteristics and antioxidant defense system were in-
vestigated under salinity stress and UV radiation in Phlomis tuberosa (Lamiaceae) grown under 
environmentally controlled conditions for two weeks.  Salinity at 40 mM results in significant 
reduction of shoot growth up to 20%, while UV radiation at 10 kJ m-2 d-1 did not affect plants dry 
matter production. Salinity did not influnce PSII photochemistry, while UVA+B radiation caused 
a significant reduction of maximum quantum yield of PSII. The net photosynthesis rate was 
inhibited by both salinity and UV stress following reduced stomatal conductance. Leaf osmotic 
and water potential were decreased by salinity but not UV radiation. Activity of antioxidant 
enzymes increased under both salinity and UV radiation stress, however, membrane damage was 
occurred only under UV stress. Our data implied that, high salinity sensitivity in this species was 
mainly attributable to the salt-induced disturbance in water relations and reduced assimilation 
rate rather than to other factors such as damage to PSII, oxidative stress or membrane damage. 
However, PSII photoinhibition, membrane damage and significant reduction of net assimilation 
rate were not able to affect negatively plants performance under UV stress implying involve-
ment of other factors in high UV stress tolerance in Phlomis tuberosa.
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Figure 1. Shoot dry weight (mg plant-1) of Phlomis tuberosa grown 
for two weeks in nutrient solution with 40 mM NaCl salinity or under 
UV radiation at 10 kJ m-2 d-1. Values are the mean ± SD (n=4). Bars 
indicated by the same letters are not signifi cantly different (P<0.05).

Table 1. Leaf photochemical parameters including photochemi-
cal effi ciency of PSII (Fv/Fm), ratio of variable to initial fl uores-
cence (Fv/F0), photochemical quenching (qP), non-photochemical 
quenching (qN) and quantum yield of PSII ( PSII) and gas ex-
change parameters including net photosynthetic rate (A, µmol 
m-2 s-1), transpiration rate (E, mmol m-2 s-1), stomatal conduc-
tance to water vapor (gs, mol m-2 s-1) and water use effi ciency 
(WUE, µmol mmol-1) in Phlomis tuberosa grown for two weeks 
in nutrient solution with 0, 20 and 40 mM NaCl salinity. Values 
are the mean ± SD (n=4). Data of each row indicated by the 
same letters are not signifi cantly different (P<0.05).

Treatment
Photochemistry Control 20 mM NaCl 40 mM NaCl

Fv/Fm 0.84 ± 0.01a 0.82 ± 0.02 a 0.80 ± 0.04 a

Fv/F0 5.17 ± 0.07 a 4.61 ± 0.67 a 4.17 ± 1.00 a

qP 0.898 ± 0.004 a 0.936 ± 0.027 a 0.962 ± 0.057 a

qN 0.080 ± 0.019 a 0.146 ± 0.077 a 0.160 ± 0.087 a

PSII
0.746 ± 0.004 a 0.748 ± 0.010 a 0.748 ± 0.015 a

Gas exchange
A 4.74 ± 0.72 a 4.60 ± 0.26 a 2.97 ± 0.51b

E 0.90 ± 0.44 a 0.73 ± 0.20 a 0.54 ± 0.03 a

gs 1.33 ± 0.898 a 0.293 ± 0.126 b 0.160 ± 0.010 b

WUE 6.16 ± 2.81a 6.67 ± 2.26a 5.48 ± 0.76 a
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Table 2. Leaf photochemical parameters including photochemi-
cal efficiency of PSII (Fv/Fm), ratio of variable to initial fluores-
cence (Fv/F0), photochemical quenching (qP), non-photochemical 
quenching (qN) and quantum yield of PSII ( PSII) and gas ex-
change parameters including net photosynthetic rate (A, µmol 
m-2 s-1), transpiration rate (E, mmol m-2 s-1), stomatal conduc-
tance to water vapor (gs, mol m-2 s-1) and water use efficiency 
(WUE, µmol mmol-1) in Phlomis tuberosa grown for two weeks 
under UV radiation at 10 kJ m-2 d-1. Values are the mean ± SD 
(n=4). Data of each row indicated by the same letters are not 
significantly different (P<0.05).

Treatment
Photochemistry Control UVA UVA+B

Fv/Fm 0.84 ± 0.01a 0.81 ± 0.04 a 0.75 ± 0.06 b

Fv/F0 4.82 ± 0.66 a 4.55 ± 1.04 a 3.27 ± 0.59 a

qP 0.968 ± 0.011a 0.950 ± 0.071a 0.994 ± 0.023 a

qN 0.073 ± 0.070 a 0.097 ± 0.059 a 0.201 ± 0.112 a

PSII
0.786 ± 0.002 a 0.759 ± 0.025 a 0.766 ± 0.001a

Gas exchange
A 4.84 ± 0.52 a 4.36 ± 0.33 ab 3.65 ± 0.70 b

E 1.21 ± 0.25 a 0.80 ± 0.23 b 0.61 ± 0.11b

gs 1.22 ± 0.742 a 0.327 ± 0.144 b 0.217 ± 0.081b

WUE 4.18 ± 1.42 a 5.76 ± 1.51a 5.97 ± 0.67 a

Table 3. Water potential ( w) and osmotic potential ( s) (MPa) in 
the leaves of Phlomis tuberosa grown for two weeks in nutri-
ent solution with 0, 20 and 40 mM NaCl salinity or under UV 
radiation at 10 kJ m-2 d-1.  Values are the mean ± SD (n=4). Data 
of each column within each treatment indicated by the same 
letters are not significantly different (P<0.05).

Treatment  s w 

Control –0.640 ± 0.086 a  –0.737 ± 0.097 a

20 mM n.d. n.d.
40 mM –0.933 ± 0.043 b –1.34 ± 0.108 b

Control –0.711 ± 0.054 a –0.777 ± 0.205a

UVA –0.668 ± 0.052 a –0.812 ± 0.185 a

UVA+B –0.708 ± 0.031 a –0.837 ± 0.254 a

Table 4. Leaf content of MDA (nmol g-1 FW) and H2O2 (nmol g-1 
FW) in Phlomis tuberosa grown for two weeks in nutrient solu-
tion with 0, 20 and 40 mM NaCl salinity or under UV radiation 
at 10 kJ m-2 d-1.  Values are the mean ± SD (n=4). Data of each 
column within each treatment indicated by the same letters are 
not significantly different (P<0.05).

Treatment MDA H2O2

Control 12.67 ± 1.37 a 494 ± 49 b

20 mM 16.37 ± 1.48 a 501 ± 39 b

40 mM 14.20 ± 3.73 a 680 ± 66 a

Control 12.84 ± 0.51b 467 ± 16 a

UVA 12.98 ± 1.42 b 545 ± 27 a

UVA+B 17.91 ± 3.39 a 507 ± 94 a
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Figure 2. Specifi c activity of superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) and peroxidase (POD) in the leaves of 
Phlomis tuberosa grown for two weeks in nutrient solution with 0, 20 and 40 mM NaCl salinity or under UV radiation at 10 kJ m-2 d-1.  Values 
are the mean ± SD (n=4). Bars indicated by the same letters are not signifi cantly different (P<0.05).
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