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Abstract. Salinity is one of major stresses which can severely limit plant production,
especially in the arid and semi-arid regions. The present study was carried out to evaluate
the impact of salinity stress on some physio-biochemical parameters in nitre bush plants
(Nitraria schoberi). Thus, an experiment was carried out under natural conditions and
salinity stress was induced by a combination of different salts (NaCl, MgCl, and CaCl,) at
four levels. The salinity treatments were: Control (Ctrl), Low Salinity (LS), Medium
Salinity (MS) and High Salinity (HS) of the combined salts. In this study, photosynthetic
apparatus of N. schoberi was damaged to a certain extent as it has been observed from leaf
chlorophyll fluorescence parameters (Chl. FPs) such as minimal fluorescence (Fo),
maximal fluorescence (Fr) and maximal photochemical efficiency (F,/ Fn). A significant
alteration in chlorophyll content of leaf was not noticed with the increased soil salt content
up MS and thereafter, it significantly declined at HS. The reduced level of total chlorophyll
content under salt stress conditions can be attributed to chloroplastid membrane
deterioration leading to lesser accumulation of chlorophyll. The amount of inorganic ions
in nitre bush plant leaves altered with an increase in salinity stress. The concentration of
Na" and CI steadily increased and on the contrary, the concentrations of K*, Ca?* and Mg"
showed significant decreases only at HS. This phenomenon is explainable by the inhibition
of K" uptake by high Na* levels because these cations are transported by the same proteins.
In our experiments, we did not observe significant differences between control plants and
those grown in presence of 300 mMol salt kg™ dry soil (DS). Thus, nitre bush is considered
to be a salt tolerant species.
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Introduction

The genus Nitraria (Zygophyllaceae)
comprising 15 species is a dominant
vegetation component of sandy and clay
deserts across Central Asia (Zhao et al.,
2002). The genus is very broadly
distributed in Middle Asia, the Middle
East, Iran, North-Western China and
Near East deserts (Vladimir et al., 1999;
Li et al., 2006). Niter bush (N. schobery)
constitutes the strong vegetation of hot
sandy deserts; the species also dominates
in clay and saline arid regions (Netchaeva
et al., 1973). In the past, the actual plains
of central of Iran were big and small
lakes which gradually turned to dessert
and barren salt lands (Mojiri et al., 2011).

In this country, the areas with saline
and alkaline soils are expanding,
especially in the arid and semi-arid
regions. Some authors distinguished that
some tolerant genus such as Nitraria
genus species have been often used as
ruminant feeding systems (Ben-Salem et
al., 2010) or drought reserves to fill the
annual feed shortages within grazing
systems (Osman et al., 2006).

Salinity in soil or water is one of the
major stresses which especially in the
arid and semi-arid regions can severely
limit plant production (Shanon, 1998;
Zhu, 2002). Environmental conditions
that provide the concentration of
intracellular Na* ions, K*, and CI lead to
irreversible inactivation of
photosystem1(PSI) and photosystem?2
(PSII). This inactivation may also occur
in the electron transport respiratory chain
(Allakhverdiev et al., 2000). Abiotic
stresses such as salinity which may affect
plant growth have been investigated
using the measurements of quantum
efficiency of PSII (Baker, 2008).
Chlorophyll, fluorescence Kinetics is an
informative tool for studying the effects
of different environmental stresses on
photosynthesis (Stirbet and Govindjee,
2011).

Chlorophyll is the main color agent
responsible for photosynthesis. In the
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adverse circumstances, the chlorophyll
level is a good indicator of
photosynthesis function. It has been
found that the chlorophyll level decreases
with the aggravated salt stress (Furdi et
al., 2013) due to enzymatic chlorophyll
degradation (Xu et al., 2000; Khan, 2003)
and decreases in the content of
carotenoids that are the integrated
constituents of thylakoid membranes and
act in absorption and light transfer to
chlorophyll;  besides, they protect
chlorophyll from photo oxidation (Thaiz
and Zeiger, 2009). Thus, the degradation
in carotenoid synthesis may imply the
degradation of chlorophylls (Maria et al.,
2011).

There is little information about the
influence  of  salinity  stress  on
photosynthesis in nitere bush, and there is
even less knowledge regarding the effects
of salinity stress on the inhibition of PSII
function. The objectives of this study are:
(@) to evaluate the effects of salinity on
functionality of N. schoberi
photosynthetic apparatus measured by
chlorophyll fluorescence parameters, (b)
changes in the content of pigments
(chlorophylls and carotenoid) and (c)
examine the changes in the ion
accumulation in plant leaves.

Materials and Methods

Plant materials and treatments

Niter bush seeds were collected in
November 2011 from typical habitat of
Maranjab in Kashan County, Isfahan
Province, Iran (34°00 —34°10 N, 51°27-
51°35 E, 800-950 m a.s.l.). Seeds were
sown on wet tissue paper in Petri dishes.
After  germination, seedlings  with
uniform size were planted into 6-L plastic
pots filled with the mixed soil (soil: farm
yard manure, 10:1 [w/w]). After 45 days,
seedlings were thinned and three plants
of uniform vigor were maintained in each
pot. Seedlings were grown under natural
conditions [maximum Photosynthetically
Active Radiation (PAR) 1800-2000 pmol
m? s'on a clear day and daily maximum
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and minimum temperatures of 48 and 25
°C, respectively) for two months.

The mixed salts used to obtain the

required salinity were NaCl, MgCl, and
CaCl, (78, 20 and 2%, respectively), and
they were applied to the plants as mil
moles per kg dry soil (mmol kg™ DS).
The following concentrations of salt were
applied: control (untreated soil, Ctrl), 150
mmol (low salinity, LS), 300 mmol
(medium salinity, MS) and 450 mmol kg
! (high salinity, HS) (Mojiri and Jalalian,
2011). In order to prevent from water
deficiency, soil water content in all the
pots were kept at field capacity using tap
water (EC= 0.3 dS m™). The experiment
was arranged in a Completely
Randomized Design (CRD) with four
replicates in pots.
Analysis of chlorophyll fluorescence
Chlorophyll  fluorescence vyields were
measured using a portable fluorometer
PAM-2500 (H. walz, Effeltrich,
Germany). Before measuring chlorophyll
fluorescence vyields (Chl FYs), leaves
were put in a dark adapted state for 30
min (Genty et al., 1989) using light
exclusion clips. During dark adapted
state, all the reaction centers and electron
carriers of PSIl were re-oxidized; this
situation is  essential  for  rapid
fluorescence induction  kinetics and
recording  chlorophyll  fluorescence
parameters (Chl FPs).

The following Chl FYs were
measured: minimal fluorescence yield of
dark-adapted state  (Fp),  minimal
fluorescence yield of light-adapted state
(F0), maximal fluorescence yield of dark-
adapted state (Fn), maximal fluorescence
yield of light-adapted state (F',), and
steady-state fluorescence vyield (Fs).
Some basic mutually independent Chl
FPs such as maximal photosystem 2
(PSII), photochemical efficiency (Fu/Frm),
effective quantum yield of photochemical
energy conversion in PSII (®PSII),
photochemical dissipation of absorbed
energy (gp) and non-photochemical
dissipation of absorbed energy (NPQ) can
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be calculated with respect to these five
essential Chl FYs that give insight into
the  photosynthetic  processes in
chloroplasts and can be used effectively
in photosynthesis research
(Ranjbarfordoei et al., 2006).
Chlorophyll content

At the end of greenhouse experiment,
fully expanded non-senescent and
undamaged leaves were collected from
each plant. Leaves were immediately
wrapped in aluminum foil to avoid the
degradation of pigments by light. Soon
afterwards, 0.5-g samples were taken
from the collected leaves. These samples
were then pulverized with liquid
nitrogen. Subsequently, 0.25 g of each
sample was extracted by 80 % acetone
and put in the freezer at -5°C for 24 h.
Pigments were determined according to
Lichtenthaler (1987) using a
spectrophotometer  (Hitachi  U-2001,
Hitachi Ltd, Japan). Amounts of
chlorophyll a (Chl. a) and Chl. b [mg g™*
fresh mass (FM)] were calculated
according to Wellburn (1994).
Carotenoid content was estimated using
the formula of Kirk and Allen (1965) and
expressed in ug gt FM.

lon content

Dried ground leaf material (1g) was
digested with sulfuric acid and hydrogen
peroxide according to the method of
Wolf (1982). The digested material was
filtered and used for the determination of
cations. K*, Na" and Ca®* were
determined by a flame photometer
(Jenway, UK) and Mg?* was determined
by a micro flame photometer (Varian,
Austria). Chloride  analysis  was
performed with a titrimetric method using
a flame photometer (Johnson and Ulrich,
1959).

Results

Exposure of niter bush plants to the
selected salinity stress levels induced the
alterations in chlorophyll fluorescence
parameters (Table 1). Fo was not changed
significantly with the increased salinity
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stress levels from Ctrl to MS, but a
further increase in salinity led to a
significant increase in the value of this
parameter at HS. A gradual reduction in
Fmn was observed with increasing salinity
stress and significantly lower Fp, at the
HS. A decreasing trend in F,/F, was
observed with increasing soil salt content,
but a significant difference occurred
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between the plants subjected to Ctrl and
HS treatments. Photochemical dissipation
of absorbed energy (ge) and ®PSII were
the highest at control and lowest at SH. A
steadily ascending trend was observed in
NPQ from control to MS. A drastic
increase in NPQ was emerged at MS and
decreased slightly at HS.

Table 1. Effects of different levels of Soil Salinity (SS) on chlorophyll fluorescence parameters (Chl. FPs) in

N. schoberi (values are mean + S.E., n =4)

Chl. EPs Fo Fr Fu/Fr ®PSII o NPQ
SS

Ctrl 290+28° 1915+47%  0.85° 0.54+0.09% 0.67+0.12% 0.760.11°
LS 317+23° 1890459  0.83° 0.51+0.11° 0.64+0.16° 0.72+0.14°
MS 331+34° 1853+43%  0.82° 0.48+0.07% 0.59+0.10% 1.06+0.09°
HS 464+37° 1586+62" 0.71° 0.38+0.10° 0.43+0.11° 0.98+0.16"

Different letters in each column show significant difference at P <0.01 by Duncan’s Multiple Range Test

The results on the effects of soil salinity
on the pigment parameters in the leaves
of N. schoberi are presented in Table 2. A
significant  alteration in  chlorophyll
content of the leaf was not noticed with
increasing soil salt content up to 300
mmol kg? (MS) and thereafter, it
significantly declined at SH. The Chl. a
was always higher than that of Chl. b at
all the concentrations. A decreasing trend
in Chl. (a + b) content was observed with

increasing soil salt content, but the
significant difference occurred between
the plants subjected to control and HS
treatments. A similar trend was also
observed  with  carotenoid  (Car)
concentration. An increasing trend in Chl.
(a/b) was observed with increasing soil
salt content, but the significant difference
occurred between the plants subjected to
Ctrl and HS treatments.

Table 2. Effects of different levels of Soil Salinity (SS) on Pigment Components (PC) in leaves of N.

schoberi (values are mean + S.E., n =4)

Chl.a Chl.b Car Chl. (a+b)

PC 1 N . . Chl. (a/b)
(mgg™) (mgg™) (Mg g7) (mgg”)

SS

Ctrl 0.58+0.09° 0.33+0.06° 44.52+7.5° 0.91° 1.76%

LS 0.56+0.10° 0.31+0.05% 41.94+8.8% 0.87° 1.80°

MS 0.51+0.07? 0.28+0.08? 39.66+6.3% 0.79% 1.82°

HS 0.41+0.10° 0.20+0.07" 26.54+9.2" 0.61° 2.05

Different letters in each column show significant difference at P <0.01 by Duncan’s Multiple Range Test

The results presented in Table 3 show
that an increase in soil salt content
steadily increased Na* and CI” ions. On
the contrary, continual decreases were
found in the concentrations of K*, Mg*
and Ca” in the leaves of N. schoberi
plants subjected to salinity stress. A
significant decrease in the contents of

mentioned cations was only observed at
HS. As compared with control, K"
content was decreased as 2.9, 6.8 and
35.7% at LS, MS and HS, respectively,
but a significant decrease was observed
between MS and LS. In parallel with the
Na® accumulation and decline in K"
content, the K*/ Na* ratio was decreased
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significantly. As a consequence, the
parameter  (K'/Na") was  sharply
decreased at all the levels of salinity.
Ca’* content was decreased as 1.18, 9.31
and 38.8% at LS, MD and HS,
respectively from control. Maximum
reduction given as 45.94% of control was
observed for Mg?* at HS. Salinity had a
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significant effect on CI" content in N.
schoberi  plants. This anion was
significantly increased with the increase
in salinity level. It was 25.78 mg g™ dry
matter (DM) in plants at control level
while in HS, it rose to 60.51 mg g™ DM
(Table 3).

Table 3. Effects of different levels of Soil Salinity (SS) on Nutrient Elements (NE) in leaves of N. schoberi
(values are mean £ S.E., n =4)

NE Na* K* Ca* Mg** cr K*/Na*
Ss

Ctrl 34.80+6" 12.70+2.0° 17.71+4.5% 24.38+5° 25.78+5.5% 0.36°
LS 51.90+5" 12.33+4.0° 17.50%3.2° 23.33+7° 35.17+3.8" 0.24°
MS 80.91+9° 11.84+0.7° 16.06+4.0° 21.6743.7°  47.80+10.6°  0.15°
HS 9557+11¢  8.17+1.0° 10.84+3.3" 13.18+4.0°  60.51+8.4° 0.09°

Different letters in each column show significant difference at P < 0.05 by Duncan’s Multiple Range Test

Discussion

In this study, photosynthetic apparatus of
N. schobery was damaged to a certain
extent as it was observed from leaf
chlorophyll fluorescence parameters such
as Fo, Fm, FW/Fm, gP and NPQ (Table 1).
The observed significant increase in Fy
with the corresponding decrease in Fp, at
HS level indicates the impairment of light
harvesting complex of PSII (Naumann et
al., 2007). In higher plants in the
unstressed conditions, F./Fn is close to
0.83 (Bjorkman and Demmig, 1987).
Some researchers have found the reduced
Fv/Fm due to salinity and drought stresses
(Hao et al.,, 2011; Zlatev, 2009). The
Fu/Fm value in N. schobery plants grown
at MS was 0.82; this indicates that in the
plants at MS, reaction centers are
photochemically active and electron
transport rate in PSIl has not changed
(Hazem et al., 2011). A significant
increase in NPQ at MS suggests an
enhancement in thermal dissipation in
PSII in such a way to match the decrease
in photosynthesis in order to avoid the
photodamage induced by the mentioned
salinity levels (Li et al., 2010; Qiu et al.,
2003). Our results can be related to some

earlier findings in which it has been
observed that salt stress has significant
effects on PSII photochemical activity,
e.g. in Rumex patientia (Hua-Xin et al.,
2004) and Suaeda salsa (Hao et al.,
2011). Our results showed that there was
a clear effect of soil salinization on the
leaf pigment contents at HS (Table 2).
The reduced chlorophyll contents of
leaves can fulfill a similar protecting
function as photoinhibition at higher
salinities. On one hand, it reduces the
assimilation rate, but on the other hand, it
decreases the light absorption of leaves
(Christian, 2005). Our study also revealed
a decrease in Mg?* at SH which belongs
to the central structure of Chl. a.
molecule. Thus, the decrease in Mg**
content can also be attributed to the
decrease in photosynthetic  pigment
content (Maria et al., 2011).

In addition, the reduced level of total
chlorophyll content under high salinity
conditions can be attributed to
chloroplastid membrane deterioration
leading to lesser accumulation of
chlorophyll (Bo-Guan et al., 2011) and a
decrease in photosynthetic efficiency as
reported earlier by several researchers
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(Singh and Dubey, 1995; Turan et al.,
2009). It was observed that Chl. (a/b) was
affected at high saline conditions (SH) in
the selected species which was increased
along with the increased soil salt content
(Table 1); this is parallel to the results of
Ramani et al. (2006) on Sesuvium
portulacastrum plants and it appears that
the light harvesting complex (LHCs) of
thylakoid membranes may be relatively
altered by salt exposure (Mitra and
Banerjee, 2010). Salt-induced decreases
in photosynthetic pigments have been
reported previously in various species
(e.g. Meloni et al., 2003; Aghaleh et al.,
2009; Rahdary et al., 2012).

Our study clearly demonstrated that
the increase in salinity of soil was
accompanied by a clear decrease in Car
content determined at SH (Table 1).
Sharma and Hall (1991) highlighted that
salinity stress induces the degradation of
[3-carotene which causes a decrease in the
content of carotenoids that are the
integrated  constituents of thylakoid
membranes and act in the absorption and
light transfer to chlorophyll; besides, they
protect chlorophyll from photooxidation
(Thaiz and Zeiger, 2009). Thus, the
degradation in Car synthesis may imply
the  degradation of  chlorophylls
(Maria et al., 2011).

The amount of inorganic ions in niter
bush leaves altered with an increase in
salinity stress. Our study revealed that an
increase in soil salinity steadily increased
Na* and CI' in plant leaves. Higher Na*
and CI' levels in the leaves of control and
treated plants (Table 3) indicate that in N.
schobery, an ion inclusion mechanism
operates. Accumulation of Na* and CI
has been reported to account for salt
tolerance in plants (Boursier and Lauchli,
1990) and this capacity has been
proposed as a trait of salt tolerance
(Naidoo and Raghunathan, 1990). The
concentrations of K*, Ca?* and Mg* were
significantly decreased only at SH. This
phenomenon is explainable by the
inhibition of K* uptake by high Na®
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levels because these cations are
transported by the same proteins
(Hatamnia et al., 2013). Thus,
maintenance of low ratios of K*/Na* will
be suitable for metabolic processes
occurring within the plants and essential
for the plants to survive salt stress
(Turkyilmaz et al., 2011). The decrease
in the K'/Na" ratios with the decreased
K* and Ca?* content under salinity stress
conditions is a common result of many
studies. Our current findings are in
agreement with other reports proposing
that salt stress reduces K*, Ca®* and the
K'/Na" ratio of Atriplex prosterata
(Wang et al., 1997), Salicornia persica
(Aghaleh et al., 2009), Chenopodium
quinoa (Esia et al., 2012) and Atriplex
halimus (Belkheiry and Mulas, 2013).

Conclusion

In our experiments, we did not observe
significant differences (for the measured
parameters) between control plants and
those grown in presence of 300 mmol salt
kg™ dry soil (MS). Thus, an important
conclusion can be drawn from the results
achieved through this study. Niter bush is
considered to be a salt tolerant species.
Our results indicate its ability to maintain
high  physiological activities  when
subjected to relatively high levels of
salinity.

Acknowledgements

The authors would like to acknowledge
University of Kashan for financial
support.

Literature Cited

Aghaleh, M., Niknam, V., Ebrahimzadeh, H. and
Razavi, K., 2009. Salt stress effects on growth,
pigments, proteins and lipid peroxidation in
Salicornia persica and S. europaea. Biologia
Plantarum, 53(2): 243-248. (In Persian).

Allakhverdiev, S. I., Sakamoto, A., Nishiyama,
Y., Inaba, M. and Murata, N., 2000. lonic and
osmotic effects of NaCl-induced inactivation of
Photosystems | and Il in Synechococcus sp.
Jour. Plant Physiol. Rockvillel, 23(3): 1047-
1056.



Journal of Rangeland Science, 2016, Vol. 6, No. 1

Baker, N. R., 2008. Chlorophyll Fluorescence: A
probe of photosynthesis in vivo. Ann. Rev. of
Plant Physiol. Boca Raton, 59: 89-113.

Bjorkman, O. and Demmig, B., 1987. Photon
yield of O, evolution and chlorophyll
fluorescence characteristics at 77 K among
vascular plants of diverse origins. Planta, 170:
489-504.

Belkheiri, O. and Mulas, M., 2013. The Effects of
salt stress on growth, water relations and ion
accumulation in two halophyte Atriplex species.
Environ. Jour. Exp. Bot., 86: 17- 28.

Ben Salem, H., Norman, H. C., Nefzaoui A,
Mayberry, D.E., Pearce K.L. and Revel D.K.,
2010. Potential use of old man salt bush
(Atriplex nummularia Lindle.) in sheep and goat
feeding. Small Ruminant Res., 91:13-28.

Bo Guan, J. Y., Xuehong, W., Xingyan, K. Q. L.,
Yugin, F., Guangxuan, H. and Zhaohua, L.,
2011. Physiological Responses of Halophyte
Suaeda salsa to Water Table and Salt Stresses
in Coastal Wetland of Yellow River Delta,
Clean Soil, Air, Water, 39(12): 1029-1035.

Boursier, P. and Lauchli, A., 1990. Growth
responses and mineral nutrient relations of salt-
stressed sorghum. Crop Sci., 30: 1226-1233.

Christian, R., 2005. Interactive effects of salinity
and irradiance on photoprotection in acclimated
seedlings of two sympatric mangroves. Trees-
Structure Funct., 19: 596-606.

Esia, S., Hussain, S., Geissler, N. and Koyro, H.,
2012. Effect of NaCl salinity on water relations,
photosynthesis and chemical composition of
Quinoa (Chenopodium quinoa Willd.) as a
potential cash crop halophyte. Australian Jour.
Crop Sci., 6(2): 357-368.

Furdi, F., Velicevici, G., Petolescu, C. and
Popescu S., 2013. The effect of salt stress on
chlorophyll content in several Romanian tomato
varieties. Jour. Hort. Forestry and Biotech,
17(1): 363- 367.

Genty, B., Briantais, J. M. and Baker, N. R,
1989. The relationships between the quantum
yield of photosynthetic electron transport and
quenching of  chlorophyll  fluorescence.
Biochim. Biophys. Acta., 990: 87-92.

Hao, Z., Kelin, W., Hao, H., Xiaohin, Z,
Tongging, S. and Fuping, Z., 2011. Detecting
Suaeda salsa chlorophyll fluorescence response
to salinity stress by using hyperspectral
reflectance. Acta Plant Physiol., 34: 581-588.

Hatamnia, R., Abbaspour, A., Darvishzadeh, R.,
Rahmani, F. and Heidari, R., 2013. Effect of salt
stress on growth, ion content and photosynthesis
of two oriental Tobacco cultivars. Int. Jour.

Ranjbar Fordoei and Dehghani Bidgholi /7

Agri. and Crop Sci.,, 6(11): 757-761. (In
Persian).

Hazem, M. Kalaji, Govivndjee, Karolina, B.,
Janusz, K., and Krystyna, Z., 2011. Effects of
salt stress on photosystem 2 efficiency and CO,
assimilation of two Syrian barley landraces.
Environ. Exp. Bot., 73: 6-72.

Hua-Xin, C., Wei-Jun, L., Sha-Zhou, A. and Hui-
Yuan, G., 2004. Characterization of
Photosystem 1 photochemistry and
thermostability in salt treated Rumex leaves.
Jour. Plant Physiol., 161: 257-264.

Johnson, C.M. and Ulrich, A., 1959. Analytical
methods for use in plant tissue analysis. Calif.
Agric. Exp. Sta. Bull., 766: 25-78.

Khan, M.A., 2003. NaCl-inhibited chlorophyll
synthesis and associated changes in ethylene
evolution and antioxidative enzyme activities in
wheat. Biologia Plantarum, 47(3): 437-440.

Kirk, J. T., Allen, R. L., 1965. Dependence of
chloroplast pigment synthesis on protein
synthesis: Effect of actidione. Int. Biochem.
Biophys. Res., 27: 523-530.

Lichtenthaler, H. K., 1987. Chlorophylls and
carotenoids  pigments  of  photosynthetic
Biomembranes, In: Colowick, S.P., Kaplan,
N.O. (ed.): Methods in Enzymology, 148: 350-
382. Academic Press, San Diego — New York —
Berkeley — Boston — London — Sydney — Tokyo
— Toronto.

Li, H., Zhang, Y. and Zhang, P., 2006. The
research overview of plants of the genus
Nitraria. Jour. Agric. Sci., 27: 61-64.

Li, G, Wan, S. W., Zhou, J,, Yang, Z. Y. and
Qin, P., 2010. Leaf chlorophyll fluorescence,
hyperspectral reflectance, pigments content,
malondialdehyde and proline accumulation
responses of castor bean (Ricinus communis L.)
seedlings to salt stress levels. Ind. Crop Prod.,
31:13-19.

Maria, A. C. G., Marina, S. S., Maura, C. and
Cristiane, F.T., 2011. Effect of salt stress on
nutrient concentration, photosynthetic pigments,
proline  and foliar morphology  of
Salvinia auriculata. Acta Limn. Braz., 23(2):
164-176.

Meloni, D. A, Oliva, M. A., Martinez, C. A. and
Cambraia, J., 2003. Photosynthesis and activity
of superoxide dismutase, peroxidase and
gluthatione reductase in cotton under salt stress.
Environ. exp. Bot., 49: 69-76.

Mitra, A. and Banerjee, K., 2010, Pigments of
Heritiera fomes seedlings under different
salinity conditions: perspective sea level rise.
Mesopot. Jour. Mar. Sci. 25(1): 1 - 10.



J. of Range. Sci., 2016, Vol. 6, No. 1

Mojiri, A. and Jalalian, A., 2011. Relationship
between growth of Nitraria schoberi and some
soil properties. Jour. Animal and Plant Sci.,
21(2): 246-250. (In Persian).

Mojiri, A., Jalalian, A. and Honarjoo, N., 2011.
Comparison between Keys to Soil Taxonomy
and WRB to classification of soils in Segzi plain
(Iran). Jour. Appl. Sci., 11(3): 579-593. (In
Persian).

Naidoo, G.R. and Rughunanan, R., 1990. Salt
tolerance in  the succulent halophyte,
Sarcocornia natalensis. Jour. Exp. Bot., 41:
497-502.

Naumann, J. C., Young, D. R. and Anderson, J.
E., 2007. Linking leaf chlorophyll fluorescence
properties to physiological responses for
detection of salt and drought stress in coastal
plant species. Physiol. Plant, 13: 422-433.

Netchaeva, N. T., Vasilevskaya, V. K. and
Antonova, K.G., 1973. Life Forms of Plants of
the Karakum Desert, pp. 243. Nauka, Moscow.

Osman, A. E., Bahhady, F., Hassan, N., Ghassali,
F. and Al-lbrahim, T., 2006. Livestock
production and economic implications from
augmenting degraded rangeland with Atriplex
halimus and Salsola vermiculata in northwest
Syria. Jour. Arid Environ., 65: 474-490.

Qiu, N, L u Q and Lu, C., 2003
Photosynthesis, photosystem II efficiency and
the xanthophylls cycle in the salt adapted
halophyte Atriplex centralasiatica. New Phytol.,
159: 479-486.

Rahdari, P., Tavakoli, S. and Hosseini, S. M.,
2012. Studying of salinity stress effect on
germination, proline, sugar, protein, lipid and
chlorophyll content in Portulaca oleraceae
leaves. Jour. Stress Physiol. Bioch., 8(1): 182-
193. (In Persian).

Ramani, B., Reeck, T., Debez, A., Stelzer, R.,
Huchzermejer, B., Schmidt, A. and Papenbrock,
J., 2006. Aster tripolium and Sesuvium
portulacastrum, two halophytes, two strategies
to survive in saline habitats. Plant Physiol.
Biochem., 44: 395-408.

Ranjbarfordoei, A., Samson, R. and Van Damme,
P., 2006. Chlorophyll fluorescence performance
of sweet almond (Prunus dulcis) in response to
salinity  stress induced by NaCl.
Photosynthetica, 44(4): 513-522.

Shannon, M. C., 1998. Adaptation of plants to
salinity, Adv. Agron., 60: 75-119.

Sharma, P. K., and Hall, D. O., 1991. Interaction
of salt stress and photoinhibition on
photosynthesis in barley and sorghum. Jour.
Plant Physiol. 38(5): 614-619.

Impact of .../8

Singh, A.K. and Dubey, R. S., 1995. Changes in
chlorophyll a and b contents and activities of
photosystems | and 11 in rice seedlings induced
by NaCl. Photosynthetica 31: 489-499.

Stirbet, A. and Govindjee, 2011. On the relation
between the Kautsky effect (chlorophyll a
fluorescence induction) and Photosystem II:
basics and applications. Jour. Photochem.
Photobiol., 104: 236-257.

Thaiz, L. and Zeiger, E., 2009. Fisiologia
Vegetal. 4" ed. Porto Alegre: Editora
ARTMED. 848 pp.

Turan, M.A., Elkarim, A.H.A., Taban, N. and
Taban, S., 2009. Effects of salt stress on growth,
stomatal resistance, proline and chlorophyll
concentrations in maize plant. Afr. Jour. Agric.
Res., 4: 893-897.

Turkyilmaz, B., Aktas, L. Y. and Guven, A,
2011. Salinity induced differences in growth
and nutrient accumulation in five barley
cultivars. Turk Jour. Field Crops, 16(1): 84-92.

Vladimir, 1., Pyankov, Clanton C., Black, J. R,
Elena, G, Artyusheva, Elena V.
Voznesenskaya, Maurice, S.B. and Ku, Gerald,
Edwards, E., 1999. Features of Photosynthesis
in Haloxylon species of that are dominant plants
in Central Asian Deserts. Plant Cell Physiol.,
40(2): 125-134.

Wang, Li-Wen, Showalter, M. and Ungar, A,
1997. Effects of salinity on growth, ion content,
and cell wall chemistry in Atriplex prosterata.
American Jour. Botany., 8(9): 127-1255.

Wellburn, A. R., 1994. The spectral determination
of chlorophylls a and b, as well as total
carotenoids using various solvents with
spectrophotometers of different resolution. Jour.
Plant Physiol., 144: 307-313.

Wolf, B., 1982. A comprehensive system of leaf
analyses and its use for diagnosing crop nutrient
status. Commun, Soil Sci. Plant Analy., 13:
1035-1059.

Xu, X. M., Ye, H. C. and Li, G. F., 2000.
Progress in research of plants tolerance to saline
stress. Chines Jour. Appl. Environ. Biol., 6(4):
379-387.

Zhao, K. F., Fan, H. and Ungar, I. A., 2002.
Survey of halophyte species in China. Plant
Sci., 163: 491-498.

Zhu, J. K., 2002. Salt and drought stress signal
transduction in plants. Annu. Rev. Plant Boil.
53: 247-273.

Zlatev, Z., 2009. Drought-induced changes in
chlorophyll fluorescence of young wheat plants.
Biotechnol. Biotechnol. EQ. 23: 38-441.



Journal of Rangeland Science, 2016, Vol. 6, No. 1 Ranjbar Fordoei and Dehghani Bidgholi /9

ol g Jdg IS (Gg—izmo ¥ piamannigid (o1 laoanliqnd (S 2 (59 (i 5]
(Nitraria sccoberi L.) £1se 8 ols las

o e ey A
B Slims Lo, T Sg9 8 s, Jadls

aranjbar@kashanu.ac.ir :sg xSl Cons «(Jgis 005,555) lpl (oLals ¢, Lals olszils ¢ annbs mulio susizils jLusls™
Sl e lalS (o Lals ol8ails o pabs qilie ouSials JLsbewl ™

VWAE/ Y sl e b
WAF/ A Qs b

Ay dilgioe (St e 5 St (o0 ohg 5 sl Sn la i 5l (S g0 0SS
Ol Hekaies 138 aizguil lgimy (el (Nitraria) gloe,8 i 4 3laie slaaiss .wuiS sguoe |y olS
y Goge s Pl 2bs)l Glp ol asdlas aileas eolaiul slo (gl (sl (o ddgle SgunS
o cialejl copl b .ol el (Nitraria schoberi) §156,8 oL olowdigr 958 slo el )b Sy
5 e i S S) (SUsS SlacSied I (oS 5 L ead sbml (6)98 A5 5 sk Ll
sisle 85,15 i jold slo el )y 5l aSlzres adlllae cpl jo ol 12wl Sz )0 (eelS
odalin FulFm) gopimamwgd 25 jiSlax g o(Fm) aicivn (i yold «(Fo) (aineS) Lose i jold
S Sad g Gl b ags ool (sa> B (N schoberi) §lse 8 oLS 00iS yiwgid olSiws
Sosine ssk iy ol 5l g 0505 az g B Sy Ldg)lS (sime 50 i (MS) Lasgio (5,55 el b
G ol ) @red bl cod IS 8,15 aime ials .l rals HS) YU (5,08 mhaw o
i slassn e sl a5 0 Jud IS S o 4 i o wdlys IS cLid g
gy sk €D LIS 5 NaD o slops 1515 0,5 s 98 (25 SRl L olS bS5
s5kr M) w5t 5 (€a) edS (K liy slagyg o515 8oy 5 28l Gl o tne
by (K) sy (32 iz Cailon b oy cpl il Gials (HS) YU (558 g ,0 jlo cine
Jom OSe o5 n by gl cnl L ol mesgd BB ND o o5 oYL ks
oo Yoo jgax 50 a5 olel g sals jles lalS (oo o gme BN ol Lialejl o g e
Olsis a5 Eloo,8 olS c ol by s 3l ws 5wl (MS jlew) S S 59 £,5 LS 50 Sad Jso

e en BB 6 98 4 polite w5 S



