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Abstract  
 
We investigated the effects of supplementary KNO3 and NaCl on one-year-old, potted Valencia orange (Citrus sinensis) 
scions grafted on Iranian mandarin Bakraii [Citrus reticulata × Citrus limetta] (Valencia/Bakraii) and Carrizo citrange 
[C. sinensis × Poncirus trifoliata] (Valencia/Carrizo) rootstocks. After watering plants for 60 days with 50 mM NaCl, the 
lowest reduction in dry mass, stomatal conductance, and chlorophyll (Chl) content was found in Valencia/Bakraii. Bakraii 
accumulated more Cl– and Na+ in roots and transferred less to Valencia leaves compared with Carrizo rootstock. Moreover, 
higher net photosynthetic rate was found in Valencia/Bakraii than those on Carrizo rootstock. NaCl caused a decrease in 
the maximal efficiency of PSII photochemistry (Fv/Fm) and effective quantum yield (ΦPSII) but elevated coefficient of 
nonphotochemical quenching. Salinity reduced Ca2+, Mg2+, and total N contents, and increased Na+/K+ ratio in leaves and 
roots of both grafting combinations. Salinity increased K+ and proline content in leaves and decreased K+ concentrations 
in roots of both grafting combinations. In salinized plants, nitrate supplementation (10 mM KNO3) reduced leaf abscission, 
Cl–, Na+, Na+/K+, and Ca2+ concentrations in leaves and roots of both combinations. K+ and N concentrations and proline 
increased in leaves of the nitrate-supplemented salinized plants. Supplementary nitrate increased leaf number and area, 
stem elongation, Chl content, Fv/Fm, and ΦPSII and stimulated photosynthetic activity. Thus, nitrate ameliorated the 
deleterious effects of NaCl stress and stimulated the plant metabolism and growth. It can be used as a vital treatment under 
such condition. 
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Introduction  
 
Salinity is amongst the most significant, environmental 
factors responsible for substantial losses in agricultural 
production worldwide. It is also one of the most serious 
problems confronting sustainable agriculture in irrigated 
production systems in arid and semiarid regions 
(Ravindran et al. 2007). Nearly 20% of the world culti-
vated area and about half of the world irrigated lands are 
affected by this stress (Munns and Tester 2008). Salinity 
causes various injuries in plants, such as tissue burning, 

yield reduction, and finally plant death (Romero-Aranda  
et al. 1998), reduces water uptake and tree growth 
(Syvertsen and Yelenosky 1988, Maas 1993), causes leaf 
senescence, reduction of Chl content (Chen et al. 1991) 
and PSII activities (Nishihara et al. 2003), decreasing 
stomatal conductance (gs) and net photosynthetic rate (PN) 
(Garcia-Sanchez et al. 2002), enhancing membrane per-
meability (Dhindsa et al. 1981), nutritional imbalances, 
and toxicity (Grattan and Grieve 1992). 
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Citrus are one of the most globally important horti-
cultural crops considered as salt-sensitive (Al-Yassin 
2005). Salt tolerance in citrus has been linked to the 
exclusion of toxic ions from shoots (Garcia-Sanchez et al. 
2002). Thus, citrus rootstocks have a great influence on the 
amount of Cl– and/or Na+ accumulated in the foliage of 
grafted trees (Gimeno et al. 2009). Adaptation of plants to 
salinity is associated with osmoregulation adjustment and 
proline has been known to serve as a compatible osmolyte, 
protectant of macromolecules, and also as a scavenger of 
reactive oxygen species under stressful conditions (Ashraf 
and Foolad 2007). Chl fluorescence can be used for 

analyzing photosynthetic performance under field or 
laboratory conditions (Maxwell and Johnson 2000). It has 
been reported that nitrogenous compounds enhance sali-
nity tolerance by reducing Cl– uptake (Tyerman and 
Skerrett 1999, Iglesias et al. 2004) and/or maintenance of 
nutrient balance (Hu and Schmidhalter 2005).  

We hypothesized that supplemental KNO3 could 
improve growth and development of Valencia orange 
variety grafted on Bakraii (C. reticulata × C. limetta) 
and/or Carrizo citrange (C. sinensis × P. trifoliata) root-
stocks under salinity stress.  

 
Materials and methods 
 
Plants and growth conditions: One-year old, potted 
plants of Valencia orange scion (C. sinensis) was grafted 
on two rootstocks: Iranian mandarin Bakraii (C. reticulata 
× C. limetta) and/or Carrizo citrange (C. sinensis × P. trifo-
liata). Plants were grown under greenhouse conditions, 
located at Department of Horticultural Science, College of 
Agriculture, Isfahan University of Technology, Iran. 
Similar scions were selected and used for T-budding. Both 
grafting combinations (scion/rootstock) were further 
referred as followed: Valencia/Bakraii and Valencia/ 
Carrizo. They were transplanted into 30 cm wide plastic 
pots containing fine sand, then placed in a greenhouse at 
25–28/18°C (day/night), 900 µmol m–2 s–1 of PAR, 50–60% 

relative humidity, and a 16-h photoperiod. The whole 
experiment lasted for 90 d; first, all plants were irrigated  
three times per week with half-strength Hoagland's 
solution for 30 d (Banuls et al. 1997). Treatments included 
50 mM NaCl (S), 50 mM NaCl + supplementary 10 mM 
KNO3 (SN), and control (C). In order to avoid osmotic 
shock, NaCl was applied in the increasing amount of 
10 mmol per day, to reach the final NaCl concentration of 
50 mmol. Treatments lasted for 60 d.  
 
Growth measurements: Leaf abscission was recorded 
during the experiment. Moreover, the shoot length, 
number of leaves, and total leaf area per plant, fresh (FM) 
and dry mass (DM) of leaves, stems, and roots were 
measured at the end of the experiment. Total leaf area was 
measured with a leaf area meter (Delta T Devices Ltd, 
Cambridge, UK) and data were shown as % compared with 
control. For DM, tissues were separately oven-dried at 
70°C for 3 d and then weighed.  

 
Leaf and root tissue mineral analysis: At the end of 
experiment, leaves and roots of each plant were separated 
and washed with deionized water. Tissues were separately 
oven-dried at 70°C for 3 d and dried parts were milled to a 
powder. Ground samples were ashed in porcelain crucibles 
at 550°C for 6 h. Concentration of Na+ and K+ were 
determined by flame photometry (Model PEP7, Jenway, 
Dunmow, UK). Ca2+ and Mg2+ concentrations were mea-
sured by using an atomic absorption spectrophotometer 

(Analyst Model 200, Perkin Elmer, USA). Total N was 
determined by the method described by Gomez-Cadenas 
et al. (2000) and samples were extracted according to the 
semi-micro Kjeldahl method (Bremner 1965), using 
sulfate-selenium catalysis and steam distillation. Cl– was 
extracted from the dried tissue with 500 mg of DM from 
leaf or root tissue with 0.1 N HNO3 in 10% (v/v) glacial 
acetic acid; samples were incubated overnight at room 
temperature and then filtered. Finally, Cl– concentration 
was determined by silver ion titration (Moya et al. 1999). 
 
Proline: At the end of the experiment, proline content was 
extracted from fresh leaf tissue with sulphosalicylic acid 
(3%) and quantified according to the protocol described by 
Bates et al. (1973). 
 
Leaf Chl content was determined according to Lichten-
thaler (1987). After gas-exchange measurements, Chl was 

extracted from 500 mg of leaf discs which were chosen from 

the same leaf used for PN measurements (avoiding major 

veins) using 80% aqueous acetone. Absorbance of centri-
fuged extracts (10,000 × g, 10 min, 4ºC) was measured at 
645 and 663 nm using the spectrophotometer (U-2000, 
Hitachi Instruments, Tokyo, Japan). 
 
Chl fluorescence: At the end of experiment, measurement 
of fluorescence parameters were performed between  
9:00–11:00 h, using a Plant Efficiency Analyzer (PEA, 
Hansatech Instrument Ltd, King’s Lynn, Norfolk, UK). 
The undamaged, mature leaves were darkened with a 
lightweight plastic leaf clips for 30 min before the mea-
surement. Maximal PSII photochemical efficiency (Fv/Fm) 

was calculated automatically as: [Fv/Fm = (Fm – F0)/Fm]; 

where Fm and F0 are the maximum and basal fluorescence 
yields of dark-adapted leaves, respectively. The effective 
quantum yield (ΦPSII) in the light was calculated as  
ΦPSII = (Fm' – Fs)/Fm' after 45 s of illumination, when steady 
state was achieved. All calculations were performed 
according to Maxwell and Johnson (2000).  
 
Gas-exchange parameters, net photosynthetic rate (PN) 
and stomatal conductance (gs), were measured between 
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9:00–11:00 h at the end of the experiment using a portable 

photosynthetic system (LI-6200, LI-COR Inc., Lincoln, 
NE, USA). Top, fully expanded leaf was clamped to the leaf 

chamber and the observations were recorded when relative 

humidity and atmospheric CO2 concentration (Ca) reached 

a stable value. PAR, air temperature, relative humidity, 
and CO2 concentration inside the sensor head were set  
at 1,300 ± 100 µmol m–2 s–1, 31 ± 2ºC, 60%, and  

335–340 µmol mol–1, respectively, when measuring PN.  
 

Statistics: Treatment effects were evaluated by analyses of 
variance, and comparisons of means were made by the 
Least Significant Differences (LSD) method (P<0.05). 
Statistical analysis was performed using SAS software, 
version 9.1 (SAS Inc., Cary, NC, USA). 

 
Results 
 
Growth: The DM of leaves, stems, and roots, leaf area and 

number, and plant height significantly decreased by the S 

treatment. The highest reduction of growth parameters were 

observed in Valencia/Carrizo compared with Valencia/ 
Bakraii (Tables 1, 2). SN treatment increased DM of leaves 

(29.1 and 14.3% in Valencia/Carrizo and Valencia/Bakraii, 
respectively) and stems (32.1 and 16.7% in Valencia/ 
Carrizo and Valencia/Bakraii, respectively. Although root 
DM was unaffected by SN treatment in Valencia/Bakraii, it 
increased in Valencia/Carrizo (Table 1). In comparison 

with S treatment, SN increased leaf area by 25.9% in 

Valencia/Carrizo and by 15.7% in Valencia/ Bakraii. The 

highest and lowest leaf number and stem elongation were 

observed in control and S plants, respectively, and SN  

 
Table 1. Effect of nitrate supplementation on mean (n = 6) leaf, 
stem, and root dry mass (DM) in Valencia orange seedlings 
grafted on Iranian mandarin Bakraii or Carrizo citrange treated 
for 60 days with 0 mM NaCl (C, control), 50 mM NaCl (S) or  
50 mM NaCl + supplementary 10 mM KNO3 (SN). DM – dry 
mass. For each rootstock, means within each column followed by 
the same letter do not differ significantly at P≤0.05.  
 

Rootstock Treatment Leaf DM 
[g] 

Stem DM
[g] 

Root DM
[g] 

Bakraii C 12.40a 7.40a 6.20a

S 8.30c 5.50c 5.40b

SN 9.70b 6.60b 5.30b

Carrizo C 10.40a 6.80a 5.40a

S 5.46c 3.60c 2.70c

SN 7.70b 5.30b 4.00b

 

treatment reduced leaf abscission by 17% in Valencia/ 
Carrizo and by 11% in Valencia/Bakraii (Table 2). 
 
Mineral nutrients: The leaf and root Cl– and Na+ 
concentrations (Tables 3, 4) in both grafting combinations 
increased under salinity stress. Trees grafted on Bakraii 
rootstock accumulated less Cl– and Na+ in leaves than 
those on Carrizo rootstock (Table 3). By contrast, the 
concentrations of both ions were higher in roots of Bakraii 
compared with Carrizo (Table 4). Salinity increased K+ of 
leaves and Na+/K+ ratio in leaves and roots, but decreased 
Ca2+, Mg2+, total N concentration of both parts, and K+ in 
roots in both grafting combinations. Leaf and root Ca2+, 
Mg2+, and N concentrations were higher in Valencia/ 
Bakraii than in Valencia/Carrizo. Supplementary nitrate 
significantly inhibited Cl– and Na+ accumulation in leaves 
and roots and also the leaf and root Na+/K+ ratios of both 
grafting combinations. SN treatment increased the concen-
tration of leaf and root K+ of both grafting combinations, 
compared with control. Nitrate supplementation stimu-
lated total N accumulation in leaves of Valencia/Bakraii 
and Valencia/Carrizo and in roots of both rootstocks. 
Although a similar pattern was observed in roots of 
Valencia/Bakraii, the differences were not statistically 
significant (Tables 3, 4). 
 

Proline and leaf Chl: Proline content increased by S and 
SN treatments in Valencia/ Bakraii and Valencia/Carrizo 
(Table 5). Both Chl a and Chl b declined significantly by 
S treatment and supplementary nitrate improved their 
contents. Chl a was significantly affected by treatments,  

Table 2. Effect of nitrate supplementation on mean leaf area. Leaf abscission, number of leaves, stem elongation in Valencia orange 
seedlings grafted on Iranian mandarin Bakraii or Carrizo citrange treated for 60 days with 0 mM NaCl (C – control), 50 mM NaCl (S) 
or 50 mM NaCl + supplementary 10 mM KNO3 (SN). For each rootstock, means within each column followed by the same letter do 
not differ significantly at P≤0.05. (n = 6). 
 

Rootstock Treatment Leaf area 
[%] 

Leaf abscission
[%] 

Number of 
leaves [%] 

Stem elongation
[%] 

Bakraii C 100a 0c 100a 100a 
S 75c 24a 76c 67c 
SN 89b 13b 88b 79b 

Carrizo C 100a 0c 100a 100a 
S 57c 46a 45c 37c 
SN 77b 29b 64b 57b 
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Table 3. Effect of nitrate supplementation on mean leaves Cl–, Na+, K+, Na+/K+ ratio, Ca2+, Mg2+ and N in leaves of Valencia orange 
seedlings grafted on Iranian mandarin Bakraii or Carrizo citrange treated for 60 days with 0 mM NaCl (C – control), 50 mM NaCl (S) 
or 50 mM NaCl + supplementary 10 mM KNO3 (SN). For each rootstock, means within each column followed by the same letter do 
not differ significantly at P≤0.05. (n = 6). 
 

Rootstock Treatment Cl– [℅] Na+ [℅] K+ [℅] Na+/K+  ratio Ca2+ [℅] Mg2+ [℅] N [℅] 

Bakraii C 0.30c 0.12c 2.40c 0.05c 2.70a 0.38a 3.20a 
S 2.50a 2.80a 2.58b 1.07a 2.40b 0.32ab 2.70c 
SN 1.40b 2.20b 3.12a 0.70b 2.00c 0.27b 2.94b 

Carrizo C 0.80c 0.59c 2.20b 0.27c 2.90a 0.33a 3.00a 
S 3.80a 3.80a 2.60a 1.46a 2.00b 0.23b 2.42c 
SN 2.20b 2.60b 2.79a 0.95b 1.60c 0.19b 2.73b 

 
Table 4. Effect of nitrate supplementation on mean roots Cl–, Na+, K+, Na+/K+ ratio, Ca2+, Mg2+ and total N in Valencia orange seedlings 
grafted on Iranian mandarin Bakraii or Carrizo citrange treated for 60 days with 0 mM NaCl (C – control), 50 mM NaCl (S) or 50 mM 
NaCl + supplementary 10 mM KNO3 (SN). For each rootstock, means within each column followed by the same letter do not differ 
significantly at P≤0.05. (n = 6). 
 

Rootstock Treatment Cl– [℅] Na+ [℅] K+ [℅] Na+/K+ ratio Ca2+ [℅] Mg2+ [℅] N [℅] 

Bakraii C 0.34c 0.24c 2.20 a 0.11c 1.60a 0.28a 2.84a 
S 3.50a 2.20a 1.60 b 1.37a 1.30b 0.18b 2.22b 
SN 2.80b 1.60b 2.30 a 0.65b 1.20b 0.14b 2.47b 

Carrizo C 0.60c 0.16c 2.00a 0.08c 1.20a 0.30a 2.82a 
S 3.20a 1.80a 1.30c 1.48a 0.80b 0.12b 2.12b 
SN 2.60b 1.40b 1.70b 0.88b 0.60b 0.07b 2.56a 

 
Table 5. Effect of nitrate supplementation on mean proline, chlorophyll (Chl) a, Chl b, Chl (a+b) content, and Chl a/b ratio in Valencia 
orange seedlings grafted on Iranian mandarin Bakraii or Carrizo citrange treated for 60 days with 0 mM NaCl (C – control),  
50 mM NaCl (S) or 50 mM NaCl + supplementary 10 mM KNO3 (SN). Chl – chlorophyll. For each rootstock, means within each 
column followed by the same letter do not differ significantly at P≤0.05. (n = 6). 
 

Rootstock Treatment Proline 
[µmol g–1(FM)] 

Chl a 
[mg g–1(FM)] 

Chl b 
[mg g–1(FM)] 

Chl (a+b) 
[mg g–1(FM)] 

Chl a/b ratio 

Bakraii C 27.40c 0.88a 0.26a 1.14a 3.38a 
S 72.20b 0.58c 0.18b 0.76c 3.22b 
SN 79.30a 0.66b 0.20b 0.86b 3.30ab 

Carrizo C 21.20c 0.86a 0.24a 1.10a 3.58a 
S 50.30b 0.41c 0.12c 0.53c 3.33c 
SN 62.00a 0.59b 0.17b 0.76b 3.47b 

and the lowest Chl a content was observed in Valencia/ 
Carrizo under S treatment. Chl a concentration of leaves 
of salt-treated Valencia/Bakraii and Valencia/Carrizo 
always increased significantly in response to nitrate 
supplementation. Similarly to Chl a and Chl b, S treatment 
significantly reduced total Chl content and Chl a/b ratio; 
however, supplementary nitrate improved it. Moreover, 
similar to Chl a results, the lowest total Chl content was 
observed in Valencia/Carrizo under S treatment (Table 5).  
 
Leaf gas exchange, Fv/Fm, ΦPSII, and NPQ: Leaf gas-
exchange parameters were reduced by S treatment in 
Valencia scions grafted on both rootstocks (Table 6). In 
comparison to control treatment and under NaCl salinity, 

PN was reduced by 62.1% in plants grafted on Carrizo and 
by 41.1% in plants grafted on Bakraii. On the other hand, 
supplementary nitrate increased photosynthetic rates of 
salt-stressed Valencia/Carrizo by 38.5% and by 26.4% in 
Valencia/Bakraii. The Fv/Fm was reduced by salinity in 
Valencia scions grafted on both rootstocks. The S treatment 
showed more negative effect on this variable in Valencia/ 
Carrizo (reduced by 27.2%) compared with this treatment 
in Valencia/Bakraii (reduced by 15%). Supplementary 
nitrate improved Fv/Fm in both grafting combinations, 
compared with S treatment, and Valencia/Bakraii showed 
the better response than another combination. S treatment 
significantly reduced ΦPSII in both grafting combinations, 
however, Valencia/Carrizo showed higher reduction (by  
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Table 6. Effect of nitrate supplementation on mean (n = 6) PN, gs, Fv/Fm, ΦPSII, and NPQ in Valencia orange seedlings grafted on Iranian 
mandarin Bakraii or Carrizo citrange treated for 60 days with 0 mM NaCl (C, control), 50 mM NaCl (S) or 50 mM NaCl + supplementary 
10 mM KNO3 (SN). PN – net photosynthetic rate, gs – stomatal conductance, Fv/Fm – maximum photochemical efficiency of PSII,  
ΦPSII – effective quantum yield, NPQ – nonphotochemical quenching. For each rootstock, means within each column followed by the 
same letter do not differ significantly at P≤0.05. (n = 6). 
 

Rootstock Treatment PN [μmol(CO2) m–2 s–1] gs [mmol(H2O) m–2 s–1] Fv/Fm ΦPSII NPQ 

Bakraii C 9.00a 0.15a 0.80a 0.72a 0.81c 
S 5.30c 0.09c 0.68b 0.62b  1.20a 
SN 7.20b 0.12b 0.77a 0.68a 0.94b 

Carrizo C 9.50a 0.11a 0.81a 0.76a 0.84c 
S 3.60c 0.04c 0.59c 0.53c 1.42a 
SN 5.85b 0.06b 0.68b 0.63b 1.10b 

30.3%) than other one (by 13.9%), compared with control 
treatment. In Valencia scions grafted on both rootstocks, 
NPQ in response to the S treatment increased and SN 
reduced ΦPSII, compared with S treatment. NPQ in stressed 
plants of Valencia/Carrizo was higher (increased by 69% 

compared with control) than in Valencia/Bakraii 
(increased by 48.1% compared with control). SN reduced 

NPQ in Valencia/Carrizo and Valencia/Bakraii by 22.5 and 

21.7%, respectively (Table 6). 

 
Discussion  
 
Salt stress led to growth parameter reduction of Valencia/ 
Carrizo and Valencia/Bakraii combinations. In this experi-
ment, the reduction in leaf, stem, and root DM were lower 
in Valencia/Bakraii than in Valencia/Carrizo. Plant growth 
and development is an important criterion to determine 
salinity tolerance in different citrus rootstocks. The 
reduction in growth parameters is obvious because of 
disturbances in physiological and biochemical activities 
under saline conditions (Craine 2005). It has been reported 
that the reduction in biomass in response to salinity is due 
to the reduction in leaf area and the number of leaves 
(Romero-Aranda et al. 1998). Supplementary nitrate in-
creased leaf production of salt-treated plants. The 
reduction in leaf abscission in response to supplementary 
nitrate was related to leaf Cl– concentration, inhibition of 
ethylene production via high nitrogen availability (Bar et 
al. 1998) and/or high carbohydrate concentrations 
(Gomez-Cadenas et al. 2000), which may result from 
increment of photosynthetic rates of salt-treated plants 
supplemented with KNO3 (Iglesias et al. 2003).  

Our data suggested that growth inhibition of both 
rootstocks under NaCl resulted from accumulation of Na+ 
and Cl– in leaves. Root accumulation and low transport of 
these ions are resistance mechanisms under NaCl salinity. 

Bakraii accumulated more Cl– and Na+ than Carrizo in root 
tissues, thus, lesser amount of these ions could be found in 
Valencia/Bakraii compared with Valencia/Carrizo leaves. 
It showed that Bakraii could partially exclude Cl– and Na+ 

from Valencia leaves by accumulating them in roots. This 
experiment confirmed that Bakraii rootstock is a Cl– and 
Na+ excluder, whereas Carrizo rootstock is a Cl– and Na+ 
accumulator. It was in agreement with Zekri and Parsons 
(1992) concerning Cleopatra mandarin as Na+ accumulator 
in leaves. Supplementary nitrate had beneficial effects in 

the SN treatment which showed lower leaf Cl– and Na+ 

concentrations than those from S treatment. The leaf Cl– 
reduction in the nitrate-supplemented plants was likely due 
to an antagonism between Cl– and NO3

– uptake by roots 
(Tyerman and Skerrett 1999). In addition, a higher K+/Na+ 
ratio in the nutrient solution could have inhibited the Na+ 
uptake by rootstocks due to the antagonism between these 
ions (Gimeno et al. 2009). An imbalance of essential 
nutrients may also be a factor involved in the salt-induced 
decrease in gas-exchange parameters and consequently in 
growth reduction. Leaf K+ concentration increased under 
salinity treatment and it was in agreement with 
Behboudian et al. (1986) and Khayyat et al. (2014). 
However, K+ content in roots decreased. This implies that 
not only K+ accumulation was reduced by competition 
with Na+, but also its redistribution to the aerial tissues was 
affected in response to excess Cl– accumulated in leaves. 
In this experiment, the root K+ decreased with increasing 
salinity that was in agreement with Zekri and Parsons 
(1992) and Garcia-Sanchez et al. (2002). It could be 
attributed to the replacement of Na+ with K+ in the root 
tissue or replacement of Ca2+ with Na+ ions in root cell 
membrane that induces K+ leakage from root (Zekri and 
Parsons 1992). Since K+ reduces osmotic potential 
participation in root tip (Marschner 1995), losses of K+ in 
roots may lead to a reduction of nutrient transfer to the 
shoot. Another beneficial effect of KNO3 was the increase 
in the leaf and root K+ concentration in salinized trees 
during SN treatment. It has been well known that high leaf 
K+ concentration may alleviate salt-stress effects by 
minimizing oxidative stress and/or contributing to osmotic 
adjustment (Cakmak 2005, Grieve and Walker 1983). The 
amount of Ca2+ in roots and leaves of both grafting 
combinations decreased by the S treatment that was in 
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agreement with Zekri and Parsons (1992), Fernandez-
Ballester et al. (2003), and Ruiz et al. (1997). It can be due 
to the competitive effects of other ions with Ca2+, thus, it 
can disrupt the transfer of this element (Botella et al. 
1997). Ca2+ is important in preserving membrance 
integrity (Rengel 1992), signaling in osmoregulation 
(Mansfield et al. 1990), and influencing K+/Na+ selectivity 
(Cramer et al. 1987). In both grafting combinations, leaf 
Ca2+ decreased when treated with SN because of 
antagonistic relationship between K+ and Ca2+ ions 
(Hansen and Munns 1988). In both grafting combinations, 
Mg2+concentration in leaves and roots decreased in 
response to salinity which was in agreement with Ruiz et 
al. (1997) and Garcia-Sanchez (2002), and it might be one 
of the reasons for the chlorosis observed in NaCl-treated 
plants. Mg2+ deficiency might reduce Chl and PN, and 
could contribute to the reduction of DM. In Mg2+-deficient 
leaves, formation of superoxide radicals and hydrogen 
peroxide is enhanced and therefore the leaves become 
highly photosensitive (Tozlu et al. 2000). Leaf and root N 
concentrations were reduced by salinity which might result 
from a competitive inhibition between Cl– and NO3

– 
uptake, proposed by Cerezo et al. (1997).  

Leaf proline concentration increased significantly by S 

and SN treatments and leaves from SN treated plants 

showed the highest contents. In the S and SN treatments, 
trees on Bakraii had significantly higher leaf proline 

concentration than those on Carrizo rootstock. This sug-
gested that the leaf Cl– and Na+ concentration were reduced 

after nitrate treatment; it decreased their contribution to leaf 

osmotic potential, and thus, the osmotic adjustment had to 

be carried out using other ions or by synthesis of organic 

solutes such as proline (Gimeno et al. 2009). In term of 

osmotic adjustment, it is known that accumulation of salts 

in the substrate triggers a transient water deficit that induces 

an increase in ABA accumulation and stomatal closure 

(Gomez-Cadenas et al. 2002). Then, plants accumulate 

more proline and ions in leaves to decrease water potential 
and to maintain a proper water flux and leaf turgor (Arbona 

et al. 2003), and also to affect the solubility of various 

proteins (Abraham et al. 2003) to protect them against 
denaturation under salinity (Tonon et al. 2004).  

Chl, PN, gs, Fv/Fm, and ΦPSII were reduced by salinity in 
both grafting combinations, however, the highest reduc-
tion of Chl was found in Valencia leaves on Carrizo 
rootstock that could be associated with accumulation of 
Na+ and Cl– in the leaves (Anjum 2007, Yang et al. 2008), 
and/or Mg2+ deficiency (Tozlu et al. 2000), and formation 
of proteolytic enzymes, such as chlorophyllase (Sabater 
and Rodriguez 1978). Anjum (2007) found that under salt 
stress, Chl contents decreased in Troyer citrange and 
Cleopatra mandarin and the seedlings of Troyer citrange 

were more affected than those of Cleopatra mandarin. It 
has been proposed that the reduction of leaf gas exchange 
in response to salinity is due to increasing leaf Na+ concen-
tration (Garcia-Legaz et al. 1993, Walker et al. 1993) 
and/or high concentration of Cl– (Banuls et al. 1997). 
These results showed that salt stress exerts its deleterious 
effects, at least in part, through the reduction in Fv/Fm and 
ΦPSII in both grafting combinations, indicating that 
electron transport through photosynthetic electron chain 
was reduced in response to salinity (Lopez-Climent et al. 
2008). The Fv/Fm ratio is correlated with the efficiency of 
leaf photosynthesis and decline of this ratio provides an 
indicator of photoinhibitory damage caused by the incident 
photon flux density to plants under different environ-
mental stresses (Björkman and Demmig 1987). The 
reduction in Fv/Fm and ΦPSII were correlated with an 
increase in NPQ suggesting that salt treatment induced 
higher dissipation of damaging excessive energy. This 
energy could be dissipated at antennae through heat 
emission, although other mechanisms are also involved in 
energy dissipation, e.g. related to a transmembrane H+ 
gradient generated by ATPase activity and uncoupling of 
electron transport, that my lead to oxidative stress 
(Maxwell and Johnson 2000). Under salinity, reduction of 
photosynthetic activity and Chl concentration are a 
consequence of leaf Cl– accumulation (Heuer and Feigin 
1993). In this experiment, potassium nitrate supplemen-
tation reduced leaf Cl– and Na+ concentration and 
increased Chl, gs, Fv/Fm, and ΦPSII that might keep a higher 
photosynthetic activity under this condition.  

In conclusion, the Valencia/Bakraii combination intro-
duced as a good grafting combination for saline conditions. 
The lower Cl– and Na+ concentration in trees on Bakraii 
than those on Carrizo, suggests that the salinity tolerance 
of Bakraii is associated with ion sequestration in roots with 
lesser transport to leaves. The data suggest that, in 
salinized citrus, the Cl– and Na+ overloading, low Mg2+, 
stomatal closure, and Chl loss may contribute to reduction 
of PN. Chl fluorescence parameters indicated severe 
impairments of photosynthetic activity under salinity 
stress. From our data, higher resistance to salinity could be 
associated to the ability to keep higher Chl, PN, and better 
compartmentation of Cl– and Na+ in leaves and better 
maintenance of nutrient uptake even in saline condition. 
Additional potassium nitrate fertilization via the soil had 
beneficial effects on salinized trees since leaf Cl– and Na+ 
concentrations were reduced and leaf K+ and N concen-
trations increased. Moreover, nitrate supplementation 
improved Chl content, ΦPSII, and Fv/Fm, stimulated PN and 
growth and reduced leaf abscission, resulted in Cl– and Na+ 
dilution, and led to a reduction in Cl– and Na+ 
concentration. 
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