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Abstract 
 

Soil salinity is a major abiotic stress in agriculture worldwide which affects plant morpho-physiology and ultimately 
leads to reduction in yield. To assess the effect of salinity on some physio-biochemical parameters in plants of ten different 
citrus rootstocks, an experiment was performed under controlled saline conditions.  Plants were subjected to four salt 
treatments i.e. 0 (control), 30, 60 and 90 mM NaCl for 90 days in sand culture. In response to salt stress, the physiological 
responses were measured. Salinity affected all of the parameters under study. The high salt concentrations caused a great 
reduction in growth parameters such as fresh and dry weights of shoots and roots. These changes were associated with 
decrease in chlorophyll contents in leaves. With the increase in salinity level, the proline and sugar contents were increased, 
and it was concluded that these osmolytes play a key role in generating tolerance against salt stress. 

 
Introduction 
 

Plants bend toward many adaptive strategies in 
response to different abiotic stresses such as salinity, 
water stress, cold, heat etc. which adversely affect the 
plant growth and yield (McCue & Hanson, 1990). Among 
these stresses, salinity is the most detrimental which limits 
the plant growth and productivity (Raveh & Levy, 2005). 
Salinity is the buildup of soluble salts by which saline 
soils are formed (Levy & Syvertsen, 2004). Salinity may 
be due to many reasons but some of the adverse effects of 
salinity have been attributed to increase in chloride and 
sodium ions (Zekri, 2001; 2004) in different plant organs 
especially in citrus (Levitt, 1980) hence these ions create 
the critical conditions for plants survival by intercepting 
different plant mechanisms (Raveh, 2005; Grieve et al., 
2007). Sodium and chloride are the major ions, which 
cause many physiological disorders in citrus and limit 
plant growth and productivity (Kamal et al., 2003; Ashraf 
& Foolad., 2005). Excess of these salts also enhances the 
osmotic potential of soil matrix as a result of which water 
intake by plants is restricted (Garcia-Sanchez et al., 2002) 

Citrus is a leading fruit crop of Pakistan (Ahmed et 
al., 2006). According to Swingle & Reece (1936), the 
genus citrus, member of family Rutaceae in plant 
kingdom, is a rich bounty of edible fruits of different 
species like mandarin (C. reticulata Blanco), oranges (C. 
sinensis L. Osbeck), grapefruit (C. paradisi Macf.), lemon 
(C. limon L. Burmf.) and lime (C. aurantifolia Swingle) 
with minor categories like tangerine, pummelos (C. 
grandis L.) and tangelos (Mandarin × Grapefruit). Citrus 
importance in agriculture and in world economy can be 
estimated by its wide distribution and large-scale 
production.  It is economically very profitable fruit and is 
grown in more than 52 two countries of the world. In 
Pakistan, it is grown on an area of 192.3 thousand 
hectares with annual production of 2458.4 thousand tons 
(Anon., 2006-07). Despite having good climate for citrus 
production, the average yield of citrus in Pakistan is very 
low as compared to other citrus producing countries of the 
world. Excess of salts in our citrus growing areas is the 
major reason for low average yield. On the other hand, we 
are growing salt sensitive citrus rootstocks that lack salt 

tolerance potential (Boman, 2005). Pakistan’s citrus is 
also subjected to decline because of utilization of 
underground brackish water for irrigation. Our canal 
system can not fulfill the farmers’ irrigation requirements. 
So, to meet the irrigation needs, our farmers are pumping 
out the underground brackish water and using it for 
irrigating their fields and orchards (Rashid et al., 2004). 
On the other hand, addition of effluents to canals makes it 
more salty and unfit for irrigation.  Most of horticultural 
crops especially citrus  (Greenway & Munns, 1980) can 
only grow under the conditions of low soil salinity and 
can not face higher concentrations of ions like Na+ and Cl- 
in soil solution that limits the  nutrient availability to plant 
(Munns & James, 2003). Population of Pakistan is 
increasing day by day. So to feed this population, there is 
a dire need to utilize the saline area for the reasonable 
production of agronomic as well as horticultural crops.  

To achieve optimal food production in saline regions, 
the most appropriate and logical choice is growing salt 
tolerant crops/genotypes which are best suited for these 
regions (Ashraf et al., 2006; Khan, 2003). Rootstock in 
citrus play a key role for better growth and production 
(Garcia-Sanchez et al., 2003), and is helpful to stabilize 
the citrus industry and country’s economy. It provides 
good root system to the plant and ultimately good vigor 
and satisfactory yield. It is only the rootstock that fights 
against all the dangerous and unfavorable factors of soil 
that limits the plant growth and development (Levy & 
Syvertsen, 2004). Unfortunately, our citrus grower does 
not know about salt tolerant citrus rootstocks. Most of 
them are growing old salt sensitive rootstocks that 
ultimately result in lesser growth and reduced citrus yield 
of the country. Therefore, to assess the salt tolerance of 
some citrus rootstock genotypes to be used in future, this 
study was conducted in sand culture under controlled 
conditions. 
 
Materials and Methods 
 

Plant material and culture: To study the salt 
tolerance potential in citrus rootstock genotypes, an 
experiment was conducted in pots. Ten citrus rootstock 
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genotypes (Rough lemon, Rubidux, Citrus Obvidea, 
Rangpur Lime, Sanchton Citrumillo, Citrumillo-1452, 
Carrizo Citrange, Yuma Citrange, Gada Dehi and Bitter 
Sweet Orange) were obtained from different research 
institutes i.e. Horticultural Research Station, Sahiwal 
(HRSS); Orange Research Institute Sargodha (ORI) and 
Experimental Fruit Garden, Institute of Horticultural 
Sciences of University of Agriculture, Faisalabad, 
Pakistan. Seeds were sown in nursery beds for getting the 
vigorous rootstock seedlings. Six months old seedlings of 
these citrus rootstocks were uprooted carefully by giving 
minimum damage to roots and transplanted into 30 × 25 
cm black painted plastic pots filled with 6.5 kg (4.5 L 
volume basis) Astatula fine sand (hyperthermic, uncoated 
Typic Quartzipsamments) individually. The fine sand was 
having a pH of 6.0-6.5 with 7.2% and 1.2 % of field 
capacity and wilting percentage (Volume basis), 
respectively (Camara-Zapata et al., 2004). Pots were 
placed in greenhouse with a photoperiod of 16 h at the 
temperature of 26± 2ºC, and 70 % relative humidity was 
maintained. The seedlings were watered with modified 
half strength Hoagland solution for 90 days under 
greenhouse conditions. (Hoagland & Arnon, 1950). After 
90 days of growth in pots, four levels of NaCl salinity (0, 
30, 60 and 90 mM ) were applied to citrus rootstock plants 
along with half strength Hoagland solution for another 90 
days. The plants were irrigated according to their 
requirement by checking the sand moisture in pots. The 
seedlings were adjusted to their final NaCl concentration 
by applying salinity in two-day intervals (30 mM salinity 
increment after two days interval until desired level 
reached) to avoid osmotic shock. The control was 
maintained with half strength Hoagland solution only. A 
completely randomized design was used for the 
experiment with three replicates.  

 
Growth measurement: Fresh biomass of shoots and 
roots of each plant was recorded by weighing on electrical 
balance (Sartorious GC1603S-OCE, Germany). They 

were placed in an oven at 70ºC until constant dry weight 
was recorded. Plant height was measured in centimeters 
from the base of stem to the top most leaf with the help of 
a meter rod. The average value for replicates was 
calculated. 
 
Biochemical Analysis 
 
Chlorophyll: Chlorophyll and carotinoids contents were 
estimated according to the method described by Davis et 
al., (1976). Fresh leaves (1.0 g) were cut into 0.5 cm 
segments and extracted overnight with 80 % acetone at -
40ºC and then incubated for half an hour at room 
temperature. The extract thus obtained was centrifuged at 
14000 × g for 5 minutes and absorbance of the 
supernatant was measured at 645, 663 and 480 nm, using 
double beam Spectrophotometer (Hitachi-120, Japan). 
 
Proline: The proline in citrus rootstocks was estimated 
according to the method used by Bates et al., (1973). A 
homogenized fresh leaf tissue (0.5 g) was added in 10 mL 
of 3% sulfo-salicylic acid. Homogenates of citrus 
rootstock fresh leaf samples were filtered through 
Whatman No. 2 filter paper. Two mL of the filterate was 
taken in a test tube containing 2 mL of acid ninhydrin 
solution (1.25 g ninhydrin in 30 mL glacial acetic acid and 
20 mL of 6 M orthophosphoric acid). Then, 2 mL of 
glacial acetic acid was added in a test tube containing 
filtrate and heated for 1 h at 100ºC. Test tubes were then 
shifted in an ice bath to terminate the reaction. Reaction 
mixture was then extracted with 10 mL toluene and mixed 
vigorously by passing a continuous air stream for 1-2 
minutes. Toluene was aspirated from chromophore. 
Aqueous phase was separated, warmed at room 
temperature and absorbance was noted at 520 nm, while 
toluene was used as a blank. Proline concentration was 
determined from a standard curve and calculated on fresh 
weight basis as follows: 

 
(Mole proline g-1 fresh weight = (g proline mL-1 × mL of toluene/115.5) / (g of sample/5) 

 
Sugar estimation: Total soluble sugars were determined 
according to Riazi et al., (1985). Fresh leaves (1 g) were 
ground in 10 mL of 80% ethanol (v/v). Centrifuged and 
filtered the extract and supernatant was used for the 
estimation of sugars. Plant extract (1mL) was taken in 25 
mL test tubes and 6 mL anthrone reagent was added to 
each tube. The mixture was heated in boiling water bath 
for 10 minutes. The test tubes were ice-cooled for 10 
minutes, and incubated for 20 minutes at room 
temperature (25ºC). Optical density was recorded at 625 
nm on a spectrophotometer. The concentration of soluble 
sugars was calculated from the standard curve developed 
with different concentrations of glucose using the above 
method. 
 
Statistical analysis: All the statistical analyses were 
performed by using the STATISTICA statistical package. 
Completely Randomized Design (CRD) with three factor 
factorial arrangement was applied. Statistically significant 
differences were identified using analysis of variance 
(ANOVA); used Duncan’s Multiple Range Test for 
determining significant mean differences; accepted the 

0.05 probability as significant (Steel et al., 1997). Simple 
correlation coefficients between different variables were 
developed by using the same statistical package. 
 
Results 
 
Effect of NaCl on growth parameters: Sodium 
chloride caused a significant reduction in all the growth 
parameters considered (Fig. 1). The reduction was 
greater at higher NaCl concentrations (60 & 90 mM.) 
The fresh weight (FW) of roots and shoots, plant height, 
number of leaves and leaf area were gradually decreased 
with an increase in NaCl concentration (Fig. 1 & 2). The 
reduction was more pronounced at 90 mM in all the 
citrus rootstocks. The dry weight (DW) was also affected 
by NaCl treatment, with a greater reduction as NaCl 
concentration was increased in all the rootstocks studied. 
Maximum reduction in fresh and dry weights of shoots 
and roots was observed in genotype Carrizo Citrange 
while the genotype Rangpur Lime exhibited the 
minimum reduction in this regard (Fig. 1). 
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Fig. 1. Effect of salt stress on fresh and dry biomass of different citrus rootstocks. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Effect of salt stress on plant height, number of leaves plant-1, leaf area and total chlorophyll contents of different citrus rootstocks. 
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Fig.3. Effect of salt stress on chlorophyll, proline and soluble sugars of different citrus rootstocks. 
 
Effect of NaCl on proline contents: Saline conditions 
caused a significant (p<0.05) increase in proline 
accumulation in all the citrus rootstocks (Fig. 2). 
Maximum proline accumulation was recorded at higher 
salinity level i.e. 90 mM followed by 60 mM and 30 mM 
respectively. On the basis of maximum proline 
accumulation, the highest salt tolerance was recorded in 
citrus rootstocks i.e. Rangpur Lime followed by Rubidux 
and Gada Dehi. Similarly Carrizo Citrange and Bitter 
Sweet Orange showed the minimum salt tolerance by 
accumulating the lowest amounts of proline. The 
rootstock × treatment interaction was significant (p<0.05). 
Rubidux had the highest value for proline contents 
showing its maximum accumulation under controlled 
conditions as compared to others under the same 
conditions. Thus, Rubidux was the best one by the virtue 
of the highest proline accumulation while Sanchton 
Citrumello represented the poorest performance due to the 
lowest proline accumulation under 30 mM salinity level. 
However, citrus rootstock Rough Lemon showed better 
performance by accumulating maximum proline contents 
under 60 mM salt stress but Carrizo Citrange and Citrus 
Obvidea showed the poorest performance by 
accumulating lower amounts of proline as compared to 
the others under the same treatment. Under 90 mM NaCl 
salinity, the rootstocks Rangpur Lime and Gada Dehi 
represented an efficient performance due to the maximum 
proline accumulation while Citrumello-1452 occupied the 
lowest position because of lower proline contents under 
higher salt stress. 
  

Effect of NaCl on total soluble sugars: Salt stress caused 
an increase in total soluble sugars in all the citrus rootstocks 
(Fig. 2). The maximum total soluble sugars concentration 
was recorded under higher salinity treatment (90 mM) as 
compared to control (Fig. 2). The comparison among the 
citrus rootstocks for total soluble sugars indicated that they 
differed significantly. The citrus rootstocks, Rubidux and 
Rangpur Lime, showed the maximum sugar accumulation 
under salt stress. The lowest total soluble sugar contents 
were recorded in Sanchton Citrumelo and Carrizo Citrange 
while moderate amounts of total soluble sugars were 
estimated in Rough Lemon, Gada Dehi and Citrus Obvidea. 
Non-significant differences were found between Rough 
Lemon and Gada Dehi for total soluble sugars. The lowest 
quantities of total soluble sugars were estimated under 
control conditions for Citrus Obvidea while citrus rootstock 
Rough Lemon and Gada Dehi had the maximum quantities 
of this attribute. Under 30 mM salt stress, maximum total 
soluble sugar contents were observed in Gada Dehi while 
Citrumello-1452 gave the lowest values of total soluble 
sugar contents under the same level of salt stress. Similarly 
under 60 mM NaCl level, the best performance was 
observed for Rough Lemon while Citrumelo-1452, Yuma 
Citrange and Gada Dehi behaved in a similar fashion by 
giving the similar values under this treatment. Citrus 
rootstock Bitter Sweet Orange had the lowest value for total 
soluble sugars followed by Sanchton Citrumilo. Under 90 
mM NaCl salinity, the maximum total soluble sugar 
contents were observed in Rangpur Lime while this 
attribute was minimum in Carrizo Citrange.  
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Discussion 
 

Growth like fresh and dry weights of root and leaves 
markedly decreased with salinity (Fig. 1). It is well 
established fact that plants growing under saline condition 
remain stunted due to reduction in cell elongation and cell 
division, which are under the control of different auxins, 
whose synthesis is retarded by the salinity (Loreto et al., 
2003; Ndayiragije & Lutts, 2006). Plant growth is 
important character in determining the salt tolerance 
ability of different citrus rootstocks. The citrus rootstocks, 
Rubidux, Gada Dehi and Rangpur Lime, maintained 
higher root and leaf dry as well as fresh weights under 
saline conditions. Salt stress significantly reduced the 
biomass yield in all the tested rootstocks but rootstocks 
like Rangpur Lime, Rubidux and Gada Dehi were least 
affected at all salinity levels (Fig. 1 & 2). The reduction in 
biomass increased with the increase in salinity which is 
obvious because of disturbances in physiological and 
biochemical activities under saline conditions (Craine, 
2005; Munns et al., 2006) that may be due to the 
reduction in leaf area and number of leaves (Romero-
Aranda et al., 1998; Dong et al., 2007). Decrease in 
growth parameters like plant height and number of leaves 
were also decreased with salinity. Although plant height is 
genetically controlled but environmental factors also have 
strong influence in the expression of genes as it is very 
clear from the present study that different citrus rootstocks 
maintained different plant heights under normal condition 
as well as under saline conditions (Fig. 1). Since the citrus 
rootstocks, Rubidux, Gada Dehi and Rangpur Lime, 
maintained higher plant height and other growth 
parameters under saline conditions, so they can be 
categorized as tolerant one.  

Chlorophyll is membrane bound and depends upon 
the membrane stability thus under saline conditions it 
seldom remains intact (Ashraf et al., 1992; Ashraf & 
Khan, 1993; Shah, 2007). Decrease in chlorophyll 
contents due to salinity has also been reported elsewhere 
(e.g. Gu et al., 2004). However, some studies (Evain et al., 
2004; Paranychianakis & Chartzoulakis, 2005) have also 
reported an increase in chlorophyll contents in some 
cultivars of different plant species. Accordingly, different 
workers from these studies gave different reasons for 
increase or decrease in chlorophyll contents. Salinity may 
also be responsible for lower values of stomatal 
conductance, photosynthesis and relative water content 
(Naumann et al., 2007; 2008). However, researchers 
summarized the results by showing that reduction in 
chlorophyll may be due to variation in its synthesis 
between the plant species due to variation in specific 
enzymes under saline conditions (Kreps et al., 2002; 
Keutgen & Pawelzik, 2007 a). Furthermore, in the present 
study, another interesting feature was the shift in 
chlorophyll a/b ratio which showed that reduction in 
chlorophyll b was more severe than chlorophyll a which 
affected the chlorophyll a/b ratio. The difference between 
salt tolerant and salt sensitive citrus rootstocks can be 
determined based on this criterion.  

Plants have the ability to increase their water suction 
force when they are subjected to various stresses. Since 
salinity creates osmotic stress as well as ion toxicity 
resulting in decrease in soil metric potential, as a result of 
which plants also lower their osmotic potential for 

osmotic adjustment. Lowering of osmotic potential results 
due to an increase in intracellular solutes which is an 
adopted mechanism of plants to external stress (Rahman 
et al., 2002; Meloni et al., 2004). It allows the 
maintenance of turgor under salinity stress, as a result of 
which plant becomes able to maintain the vital processes. 
In plants, accumulation of different solutes due to salt 
stress has been reported by many workers. The commonly 
reported solutes are proline, glycinebetaine, sugar, amino 
acid and polyols etc. So, leaf proline concentrations were 
also increased due to salinity in all the citrus rootstock 
(Table 2). It has been extensively reported that proline 
content increases due to salinity stress in different plants 
(James et al., 2002; Ashraf & Bashir, 2003; Roussos & 
Pontikis, 2007). The rootstock, Rangpur Lime was, 
successful in maintaining the highest proline levels as 
compared to others. Reports indicate that proline content 
provides also rapid mechanism for maintaining the turgor 
and affects the solubility of various proteins (Abraham et 
al., 2003) and protects them against denaturation under 
saline condition (Jantaro et al., 2003; Tonon et al., 2004). 
It is also associated with protein hydrolysis induced by the 
salinity. However, there are some contrasting reports 
available in literature which indicates that proline 
accumulation is not due to protein hydrolysis (Wimmer et 
al., 2003). It is also evidenced that osmotic adjustment 
under saline conditions is due to accumulation of solutes 
and proline has a great role in this process (Ueda et al., 
2004). Inherited difference in the accumulation of proline 
in various genotypes of plant species has also been 
reported and this osmolyte is widely accumulated in 
higher plants, than other amino acids under salt stress 
conditions (Abraham et al., 2003). In contrast, Tal et al., 
(1979) reported more proline accumulation in salt 
sensitive species of tomato than in tolerant wild relatives. 
Reports indicated that accumulation of proline contributes 
towards membrane stability (Hanson & Burnet, 1994; 
Dondini et al., 2001) and mitigates the effect of NaCl on 
cell membrane disruption (Mansour, 1998). The present 
study also confirms that proline accumulation varies in 
different citrus rootstocks. It seems that tolerant citrus 
rootstock like Rangpur Lime maintained higher proline 
accumulation under various levels of salinity. However, 
the present findings did not agree with the inherited 
content of proline. From the present findings, it seems that 
proline along with other osmolytes had a role in osmotic 
adjustment because the citrus rootstock with higher 
proline content showed higher biomass yield. 

Accumulation of total soluble sugars is a common 
phenomenon under stress condition (William et al., 2000; 
Murakeozy et al., 2003). Garg et al., (2002) and Rolland 
et al., (2002) reported an increase in total soluble sugars 
with progressive increase in salinity, which have an 
important role in osmoregulation (Mohanty et al., 2002; 
Martino et al., 2003). Increase in total soluble sugars 
increased the osmotic concentration (solutes concentration) 
under saline conditions in citrus rootstocks which reduced 
the osmotic potential. The salt tolerant citrus rootstocks 
accumulated more sugar which is effective in maintaining 
turgor by decreasing the osmotic potential and shows 
higher osmotic adjustment. In the present study, total 
soluble sugars increased with the increase in salinity 
irrespective of citrus rootstock. However, accumulation of 
total soluble sugar was greater in Rubidux and Rangpur 
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Lime rootstocks than others. The results of this study also 
indicated that amount of total soluble sugars was higher 
than other solutes like proline, glycinebetaine, total free 
amino acids; many reports confirm these findings 
(Fougere et al., 1991; Hsu et al., 2003). Accumulation of 
sugars contributed more towards the osmotic adjustment 
than other solutes under saline conditions (Popp & 
Smirnoff, 1999; Atienza et al., 2004). 
 
Conclusion  
 

The assessment of the effects of salinity on the 
growth and biochemical attributes in citrus rootstock 
genotypes lead us to conclude that all the considered 
parameters were significantly affected by the salt stress. 
The results of this study are in accordance with the earlier 
reports which show that in response to osmotic stress, the 
synthesis of compatible organic solutes occurs and favor 
the hypothesis that proline acts as protective compound 
during salt stress. Thus, these organic solutes could be 
used as a biochemical marker for assessing increased salt 
tolerance in citrus rootstocks.   
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