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ABSTRACT  
 

A pot experiment was conducted during two growing seasons to determine the effect of foliar 
sprayed with abscisic acid (ABA) at 10 μM, gibberellic acid (GA) at 100 ppm, paclobutrazol (PBZ) at 
250 ppm and salicylic acid (SA) at 1000 ppm on growth rate, total chlorophyll content, leaf catalase 
(CAT) activity, proline content and leaf Na and Cl contents of three citrus rootstocks namely sour 
orang, Volkamer lemon and Macrophylla lemon grown under salt stress and greenhouse conditions. 
Salinity treatments were achieved by irrigating each seedling twice a week with saline solution 
contained 0, 2000 and 4000 ppm NaCl. Salinity stress negatively affected rootstocks growth rate, 
chlorophyll content and catalase activity of citrus rootstocks whereas leaf proline content, leaf Na and 
Cl contents increased. Rootstocks treated with each of SA and ABA treatments significantly had 
greater growth rate, chlorophyll content, proline content and catalase activity under salt stress. 
Abscisic acid and salicylic acid treatments tended to decrease the concentrations of leaf Na and Cl. 
These findings suggested that the ABA and SA treatments can enhanced the negative effects of 
salinity stress on the growth of these three citrus rootstock seedlings.                                                                                      

 
Key words: Salinity, Plant growth regulators, Proline, Catalase and Citrus. 

 
Introduction 
 

Citrus is one of the most important world fruit crops grown in many tropical and subtropical 
countries, where rainfall is limited, requiring irrigation for the plant growth. Citrus occupies a 
prominent position in the fruit industry of the world, as well as, in Egypt. It is the first popular fruit in 
Egypt and the most important fruit crops regarding both production and consumption because of the 
high nutritional value. The fruiting acreage of citrus occupies about 439024 fed and produced about 
4098590 tons with average of 9.336 tons/fed (according to the Ministry of Agriculture and Land 
Reclamation, 2013). The great share of citrus plantings was concentrated mainly in the most valuable 
and limited Delta region. Nowadays the horizontal extension of citrus orchards is planning and 
depending on the newly reclaimed soils that require special rootstocks. Citrus plants are classified as a 
salt-sensitive crop because relatively low salinity levels lead to physiological disturbance and a 
reduction in growth and fruit yield (Maas, 1993; Storey and Walker, 1999). The ability of citrus trees 
to tolerate salinity varies among species and depends on the rootstock (Maas, 1993). In citrus, it is 
well established that the rootstock plays a key role in salt stress tolerance (Hepaksoy, 2000). Indeed, 
although citrus may suffer from nutritional imbalances and toxicity problems at low salt 
concentrations (Bernstein, 1965; Maas and Hoffman, 1977), the use of some rootstocks proved to 
reduce considerably the translocation of saline ions, especially Cl- to scion shoots and limit salt 
damages (Storey and Walker, 1999). 

Sour orange (Citrus aurantium L.) seedling is a universal rootstock for citrus and widely used in 
the Mediterranean region. It is fairly drought-resistant due to its deep and highly spreading root 
system. Sour orange has been classified as a salt-sensitive rootstock (Cooper et al. 1951) based on 
visible leaf burn symptoms and leaf Cl content, whereas Zekri (1991) concluded that sour orange was 
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a relatively salt-tolerant rootstock based on its growth and water relations. Volkamer lemon (Citrus 
volkameriana) seedlings is used as rootstock for citrus, due to its salt tolerance (Ibrahim, 2007). Also, 
it has significant effect on growth due to its suitability for the unfavorable environmental (climatic 
and soil) conditions. Macrophylla lemon (Citrus macrophylla) seedlings are the most commonly used 
as rootstocks in lemon orchards, which are often irrigated with saline waters (Gregorio Fernandez-
Ballester et al. 2003). It is considered to be tolerant rootstock (Grieve and Walker 1983; Garcia-
Lindon et al. 1998). Garcia-Legaz et al. (1993) described Macrophylla lemon as a salt-tolerant 
rootstock, based on Na+ accumulation in the leaves. Generally it is used as a rootstock because of its 
resistance to alkalinity tolerant and good salt tolerance. The rootstock Macrophylla lemon (Alemow) 
seems to be able to exclude Na (Conesa et al., 2011). Under saline conditions, growth of citrus species 
may be reduced as a result of the accumulation of Na+ or Cl-, or both. Large differences among citrus 
species in their ability to regulate root uptake and transport of Na+ and Cl- from roots to shoots have 
been reported (Storey and Walker 1999). Behboudian et al. (1986) showed that there is little effect of 
scion on Cl- transport in citrus plants; however, the effect of the rootstock is of major importance 
(Walker and Douglas 1983). 

With increasing saline water using in Agriculture, attempts have been made to overcome the 
adverse effect of salinity; one of them is application of exogenous plant growth regulators as a mean 
of alleviating growth inhibition had received great attention (Abou El-Khashab et al. 1997; Kaur et al. 
1990; Ozmen et al. 2003). The spraying of abscisic acid, salicylic acid, paclobutrazol and gibberellic 
acid on citrus rootstocks was recommended by numerous investigators because of their ability to 
induce tolerance in plants to environmental and chemical stresses to improve the yield, growth 
responses and water economy of many plants (Arbona Mengual et al., 2003; Banon et al., 2005; El- 
Tayeb, 2005 and Joseph et al., 2010). 

Therefore, the objective of this investigation was intended to study the effect of exogenous plant 
growth regulators to ameliorate salinity problems on the growth, mineral and chemical composition of 
three citrus rootstocks seedlings namely; sour orange ( Citrus aurantium L. ) Volkamer lemon (Citrus 
volkameriana Tan. and Pasq) and Macrophylla lemon (Citrus Macrophylla). Moreover, the study 
proceeded to compare the three rootstocks from the standpoint of salt tolerance. 

 
Materials and Methods 
 
Plant materials and growing Conditions 

The present investigation was carried out during the two successive seasons of 2014 and 2015 
in order to study the influence of three citrus rootstock seedlings and four different growth regulators 
amendments on growth and chemical composition of citrus plants grown under salinity conditions. 
One year old Macrophylla lemon (Citrus Macrophylla Wester), Volkamer lemon (Citrus 
volkameriana Tan. and Pasq.) and sour orange (Citrus aurantium L.) seedlings were used. The 
seedlings were held in the greenhouse at the Experimental Station of the Faculty of Agriculture, 
Alexandria University, Egypt. The experimental plants were singly planted in black polyethylene 
bags, 34 cm in height and 29 cm in diameter, filled with about two kilograms of mixed sandy and clay 
loam soil. The chemical composition of experimental soil and irrigation water is shown in Table (1). 
 
Table 1: Chemical analysis of the tap water and seedling soil used at experimental planting 

Characteristics pH E.C 
Soluble ions 

(meq/L) 
Ca+2 Mg+2 Na+ K+ HCO3

-1 Cl- SO4-2 

Tap water 7.50 0.42 Tap water 1.09 1.46 1.46 0.15 2.10 1.50 0.36 
Soil 7.63 1.34 Soil 1.38 5.40 6.20 0.44 2.60 4.93 3.39 

 
Before the commencement of different salinity and plant growth regulators treatments, plants were 
irrigated twice a week by tap water. All plants were fertilized once a week until the end of the 
experimental season with 2 cm3/l (nutrient solution) Agromore fertilizer (20% N, 20% P2O2, 20% 
K2O, 0.03% Fe, 0.05% Zn, 0.03% Mn, 0.02% Mg, 0.01% Cu, 0.001% B and 0.001% Mo). For leaf 
miners protection, the seedlings were sprayed with 0.5 Cm3/l Vertimec, once every two week until 
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the end of the experimental season. During this period of adaptation in either season, all plants 
seemed healthy, vigorous and well established. 

Seventy-five citrus seedlings from each of three experimental seedling species (Two hundred 
and twenty five plants in all), as uniform as possible in size and length, were used. The experimental 
plants were arranged in a split- split-plot Design, with five replicates for each treatment. Thus, 225 
plants (3 rootstocks x 3 salinity levels x 5 plant growth regulators treatments x 5 replicates) were used 
in this investigation. The selected seedlings were divided into three groups; each group of 25 plants 
received one of either salinity treatments: 0 (Tap water; control), 2000 and 4000 ppm NaCl. Salinity 
treatments were achieved by irrigating each seedling twice a week with 500 ml/ seedling from one of 
the three salinity treatments during 6 months start from April to end of September. The application of 
the different saline solutions continued till the termination of each experimental season.  The 
seedlings were leached with tap water once monthly to avoid salt accumulation in the root zone area. 
Treatments with plant growth regulators were initiated ten days before the beginning of salinization 
and maintained during the whole experimental period, sprayed once every month. The 
commencement of the salinity treatments began on the 1st of April 2014 and 2015, respectively, on 
the same experimental plants. The seedlings of each group (25 plants) were again subdivided to 5 sub-
groups; each consisted of 5 plants and received one of the following plant growth regulators as a foliar 
sprays treatments: Tap water (control), 10 μM abscisic acid, 1000 ppm salicylic acid, 100 ppm 
gibberellic acid and 250 ppm paclobutrazol. All the plant growth regulators foliar spray treatments 
were applied to the seedlings once every month till the termination of each experimental season. The 
different plant growth regulators treatments were achieved by applying 50 ml/seedling from any of 
the spray solutions. The experiment was terminated after 180 and 191 days in 2014 and 2015 seasons, 
respectively, when the seedlings irrigated with the high saline concentration; 4000 ppm NaCl, showed 
chlorosis of leaf blades, frequent leaf burns and leaf abscission. After the end of the treatments in the 
first season, plants were irrigated with tap water until the commencement of the salt and plant growth 
regulators treatments in the second one. The following parameters were studied on the experimental 
plants:  
 
Plant growth rate 

The growth rate of the experimental plants was estimated by measuring the length of each plant, 

together with its laterals, at the beginning of treatment and at the termination of each season. The 

growth rate of each plant was calculated using the following equation: 

                                           Growth rate =  Final length – Initial length 
                                                                         Initial length                                                            
Leaf total chlorophyll contents  

Leaf total chlorophyll was determined in the fresh leaf samples according to the method 
described by Yadava (1986), using a Minolta SPAD chlorophyll meter. Five readings were taken for 
each plant at the end of either season. The results were expressed as SPAD units. 

 
Leaf sodium and chloride contents  

At the end of the first and second experimental seasons, fresh leaf samples composed of thirty 
leaves were separated from each experimental plant for the determination. Samples were washed 
several times with tap water, rinsed three times in distilled water and then oven dried at 60ºC to a 
constant weight. The dried leaf samples of each replicate were then ground using a porcelain mortar 
and a pestle. A portion of 0.3 gm of the leaf ground materials of each replicate was digested by 
sulfuric acid and hydrogen peroxide, according to Evenhuis and De-Waard (1980). In this digested 
solution, sodium was determined and measured against a standard using a flame photometer Model 
410 according to Wilde et al. (1985). For chloride determination, 0.1 gm from the ground leaf 
materials of each replicate was wetted with 6 percent calcium acetate solution, ignited to 500ºC for 
four hours and then extracted with hot distilled water. Chloride in the extracts was determined by the 
silver nitrate method according to Chapman and Pratt (1961). 
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Leaf proline content  

            For leaf free proline content determination, 0.1g of dried leaf materials was homogenized in 
10 ml of 3% aqueous sulfo salicylic acid. The homogenate was filtrated through Watman No.2 filter 
paper. Two milliliters of the filtrate stands to react with 2 ml acid-ninhydrine and 2 ml glacial acetic 
acid in a test tube for 1 hour at 100˚ C. The reaction was terminated in an ice bath for 15 min. The 
reaction mixture was extracted with 4 ml toluene and then mixed strongly for 15-20 sec. The 
chromophore containing toluene was aspirated from the aqueous phase, warmed to room temperature. 
The optical density of solution was then measured at 520 nm using toluene as blank. The proline was 
determined from standard curve according to Bates et al. (1973). The data were expressed as mg/g dry 
weight basis. 
 
Leaf catalase (CAT) activity              

         At the end of each experimental season, a fresh leaf sample composed of 5 leaves was taken 
from each experimental plant for the determination of leaf catalase and peroxidase activity. The leaf 
peroxidase activity was assayed as described by Nir et al. (1986) and expressed as changes in the 
optical density (O.D) at 470 nm for 6 -120 seconds after the substrate was added. The leaf catalase 
activity was assayed as described by Kar and Mishra (1976) and analyzed according to KMnO4 
titration method and expressed as μM H2O2 reduced g-1 FW min-1 (μM H2O2 / g FW / min-1). 
 

Statistical analysis  

         The data were statistically analyzed in each season, were according to Gomez and Gomez 
(1984), using the SAS (Statistical Analysis System) software; version: 9.1. Comparison between 
treatments means was carried out using least significant difference at 0.05 probability level 
(L.S.D0.05). 

 
Results 
 
Plant growth rate 
 

 According to the data in Table (2), it was quite clear that the growth rate of sour orange 
rootstock was higher than those Volkamer lemon and Macrophylla lemon rootstocks significantly, in 
both seasons. These results agreed with those reported by Azab and Hegazy (1995); on seven citrus 
rootstocks who found that growth rate was influenced by rootstocks. Data also, indicated that 
increasing salinity significantly decreased growth rate in both seasons. The lowest growth rate was 
noticed for the highest salinity level. The fact that salinity adversely affected the growth rate of fruit 
plants was also reported by other investigators such as El-Dessouki (2001) and Khalil (2011 and 
2013). They attributed the obvious reduction in growth rate of plants under salinity stress conditions 
to the decrease in the water absorbing potential of plants under such circumstances. Besides, Wilcox 
et al. (1951) mentioned that salinity of the soil solution affected growth of plants in two ways; the 
osmotic pressure of the solution was high enough to limit the availability of water to the plant, and/or 
high concentration of salts in the solution may facilitate the uptake of one or more of the present ions 
so that the accumulation results and causes a disorder of the normal metabolism of the plant. In the 
meantime, El-Gabaly (1958) reported that a high salt content around the roots markedly reduced their 
power of absorption water. In addition to the osmotic effects and less water uptake, the excess of 
certain ions seem to have a specific toxic effect on plant growth. Moreover, Hsiao (1973) and 
Andersen and Brodbeck (1988) pointed out that leaf growth exhibited an increased sensitivity to water 
deficit, which prevails under salt stress condition, and the first change brought about by water 
shortage was the slowing down of leaf growth.  Concerning the effect of plant growth regulators 
treatments, there were no significant difference between them in the first seasons. While, in the 
second seasons, an increased with ABA treatment was found, this increase was significant and the 
highest value. The influence of the different growth regulators treatments on either rootstock, quite 
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Table 2: Effect of salinity and plant growth regulator amendments on growth rate of sour orange, Macrophylla and Volkamer rootstocks in 2014 and 2015 seasons 
 

RS* GR* 
Growth rate 

2014 2015 
0 ABA SA PBZ GA Mean 0 ABA SA PBZ GA Mean 

sour orange 

0 0.088 0.100 0.098 0.115 0.115 0.103 0.193 0.156 0.156 0.145 0.192 0.168 
2000 0.124 0.119 0.145 0.122 0.108 0.124 0.139 0.164 0.167 0.155 0.145 0.154 
4000 0.150 0.153 0.152 0.126 0.054  0.127 0.175 0.207 0.202 0.204 0.157 0.189 

Mean 0.120 0.123 0.130 0.121 0.901 0.118A`` 0.169 0.176 0.175 0.168 0.165 0.17A`` 

Macrophylla 

0 0.092 0.099 0.082 0.085 0.080 0.087 0.193 0.153 0.144 0.126 0.186 0.160 
2000 0.084 0.082 0.088 0.090 0.096 0.088 0.122 0.133 0.131 0.132 0.120 0.128 
4000 0.090 0.088 0.092 0.104 0.097 0.094 0.104 0.148 0.141 0.141 0.112 0.129 
Mean 0.089 0.090 0.087 0.093 0.091 0.090B`` 0.139 0.145 0.139 0.133 0.139 0.13B`` 

Volkamer 

0 0.088 0.095 0.092 0.088 0.084 0.089 0.166 0.144 0.130 0.142 0.168 0.150 
2000 0.093 0.089 0.091 0.102 0.082 0.091 0.123 0.146 0.148 0.134 0.117 0.133 
4000 0.090 0.081 0.089 0.091 0.085 0.087 0.126 0.149 0.146 0.139 0.129 0.138 
Mean 0.090 0.088 0.090 0.093 0.084 0.089B`` 0.138 0.146 0.141 0.138 0.138 0.14B`` 

Mean of 
salinity 

0 0.112 0.107 0.110 0.107 0.079 0.103A 0.184 0.151 0.143 0.137 0.182  0.159A 
2000 0.100 0.097 0.080 0.105 0.095 0.101A 0.135 0.168 0.163 0.161 0.133 0.152A 
4000 0.089 0.098 0.091 0.096 0.093 0.093B 0.128 0.148 0.149 0.140 0.127 0.138B 

Mean of hormones 0.1009A` 0.1009A` 0.103A` 0.102A` 0.089A`  0.149B` 0.155A` 0.152AB` 0.146B` 0.147B`  
R x H 0.01477 

0.01477 
0.02559 

 n.s 
   0.01085     
   0.01879 

S x H 
R x S x H                                            

Means within row or column followed by the same letters are not significantly different at 0.05 level of probability, LSD at 5% level. R=rootstock, H=plant growth regulators, S= salinity. 
RS* : Root stock seedling       GR* : Growth regulators   
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aside from salinity condition, on growth rate revealed that the SA treatment significantly caused the 
highest increase in the growth rate of sour orange rootstock in 2014 season. Nevertheless, the lowest 
leaf growth rate value was observed with plants receiving GA in Volkamer lemon rootstock in 2014. 
On the other hand, there were no significant differences in season of 2015. Cornelia et al. (2010) and 
Purcărea and Cachită-Casma (2010 and 2011), reported that the addition of SA under salinity tended 
to minimize the adverse effect of salinity on length of plants and also to enhance their ability to use 
high concentration of saline water. Considering the interaction effect between salinity and each of 
plant growth regulators treatments in Table (2), it was noticed that the growth rate decreased with GA 
treatment, in comparison with the control under lowest salinity level, this decrease was significant in 
leaves in the first season, while in the second season the lowest value was obtained with GA under 
highest salinity level. Adversely, the highest value was obtained with control (0 ppm) and without 
plant growth regulator, in first season. while, in 2015 the highest value was obtained with control and 
without plant growth regulator treatment and 0 ppm NaCl + 100 ppm GA. Concerning the 
interactional effect between salinity, plant growth regulators treatments on the growth rate of three 
different citrus rootstocks, the results cleared that highest growth rate values were obtained with 
adding 4000 ppm NaCl + 1000 ppm SA and 10 μM ABA under sour orange rootstock in the 2014 
season and only with 4000 ppm NaCl + 10 μM ABA in 2015. Meanwhile, the lowest value was 
obtained with adding 4000 ppm NaCl ppm + 100 ppm GA under sour orange in the first season and 
under 4000 ppm NaCl without plant growth regulator under Macrophylla lemon in the second season. 
The remaining values fall among them. 

 
The leaf sodium content 
 

The data presented in Table (3) showed that, there were significant differences between citrus 
rootstocks on leaf sodium content. In other words, leaf sodium of Macrophylla lemon was 
significantly lower than that of Volkamer lemon and sour orange rootstocks, in the both seasons. 
These results were in line with those previously reported by Kaplankiran and Tuzcu (1994), working 
on Volkamer lemon, sour orange, Cleopatra mandarin and Swingle citrumelo, they found that leaf Na 
content was high on sour orange than other rootstocks. Bedsides, El-Sayed (1999), on Volkamer 
lemon and sour orange rootstocks and Dawood (2002), working on Volkameriana rootstock, sour 
orange, Rangpur lime, Macrophylla, Troyer citrange and Cleopatra mandarin, they all agreed that 
Macrophylla and Volkamer rootstocks had lower leaf sodium content than other tested rootstocks. 
Also, revealed that increasing salinity significantly increased leaf Na, in the both season. The highest 
Na content was noticed for the highest salinity level. This result might be supported by those found by 
Ballester et al. (2003), Camara-Zapata et al. (2004) and El-Tanany and El-Sayed (2005); worked on 
citrus rootstocks. They all agreed that raising the sodium level of the substrate caused a corresponding 
increase in the concentration of sodium in the leaf tissues. Concerning the effect of plant growth 
regulators, it was found that Na content decreased with SA treatment, this decrease was significant 
with leaf in the two seasons and the highest value was obtained with GA treatment in the leaves of 
both seasons. Aside from the salinity effects, the influence of the different growth regulators 
treatments on the leaf sodium content showed that the GA treatment significantly caused the highest 
increase in leaf sodium content of sour orange and Volkamer lemon rootstocks in both seasons. On 
the other hand, the lowest leaf sodium content was observed with plants receiving SA on Macrophylla 
rootstock in 2014 and 2015.  

Karlidage et al. (2009) found that SA treatments reduced Na uptake of plants grown under salt 
stress in strawberries. Also, Tohma and Esitkena (2011) reported that SA pre-treatment decreased leaf 
Na as compared with NaCl treated strawberry plants. Regarding the interaction effect between salinity 
and each of plant growth regulators treatments in Table (3), it was noticed that leaf Na contents 
decreased with SA and ABA treatments, in comparison with the control under high salinity levels, this 
decrease was significant in both seasons, the highest value was obtained with adding 4000ppm NaCl 
+ 100 ppm GA and the lowest value was obtained with adding 0 ppm NaCl + 1000 ppm SA. Shaaban 
et al. (2011) attributed the role of SA in activating cell division, biosynthesis of organic food and 
availability and movement of mineral nutrients towards the leaves. Concerning the interactional effect 
between salinity, plant growth regulators treatments on the leaf Na content of the three citrus 
rootstocks, the data indicated that highest leaf Na values were obtained with adding 4000 ppm NaCl + 
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Table 3: Effect of salinity and plant growth regulator amendments on leaf sodium percentage (on dry weight basis) of sour orange, Macrophylla and Volkamer rootstocks in 

2014 and 2015 seasons 

 

RS* GR* 
Leaf sodium 

2014 2015 
0 ABA SA PBZ GA Mean 0 ABA SA PBZ GA Mean 

Sour orange 

0 0.2668 0.2606 0.1910 0.4150 0.3126 0.2892 0.442 0.436 0.367 0.591 0.488 0.4652 
2000 0.7128 0.5090 0.3970 0.6118 0.8538 0.6168 0.888 0.685 0.573 0.787 1.029 0.7928 
4000 1.0974 0.6794 0.7888 0.9586 1.1826 0.9413 1.273 0.855 0.964 1.134 1.358 1.1173 
Mean 0.6923 0.4830 0.4589 0.6618 0.7830 0.616 A`` 0.868 0.659 0.634 0.837 0.959 0.791 A`` 

Macrophylla 

0 0.2374 0.1360 0.1348 0.3010 0.3062 0.2230 0.413 0.312 0.310 0.477 0.482 0.3990 
2000 0.6048 0.4994 0.3914 0.4840 0.6686 0.5296 0.780 0.675 0.567 0.660 0.844 0.7056 
4000 0.9754 0.6494 0.6652 0.8534 1.1380 0.8562 1.151 0.825 0.841 1.029 1.314 1.0322 
Mean 0.6058 0.4282 0.3971 0.5461 0.7042 0.536 C`` 0.781 0.604 0.573 0.722 0.880 0.712 C`` 

Volkamer 

0 0.2316 0.1342 0.1080 0.2376 0.2992 0.2021 0.407 0.310 0.284 0.413 0.475 0.3781 
2000 0.7346 0.5366 0.3568 0.4544 0.8728 0.5910 0.910 0.712 0.532 0.630 1.048 0.7670 
4000 1.0080 0.8494 0.8116 0.7752 1.0342 0.8956 1.184 1.025 0.987 0.951 1.210 1.0716 
Mean 0.6580 0.5067 0.4254 0.4890 0.7354 0.563 B`` 0.834 0.682 0.601 0.665 0.911 0.739 B`` 

Mean of 
salinity 

0 0.2452 0.1769 0.1446 0.3178 0.3060i 0.238 C 0.421 0.352 0.320 0.493 0.482 0.414 C 
2000 0.6840 0.5150 0.3817 0.5167 0.7984d 0.579 B 0.860 0.691 0.557 0.692 0.974 0.755 B 
4000 1.0269 0.7260 0.7552 0.8624 1.1182 0.898 A 1.203 0.902 0.931 1.038 1.294 1.073 A 

Mean of hormones   0.6520B      0.4726D  0.4271E 0.5656C 0.7408A  0.828B 0.648D 0.603E 0.741C  0.916A  
R x H 0.05071 

0.05068 
0.08784 

0.05071 
0.05071 
0.08784 

S x H 
R x S x H 

Means within row or column followed by the same letters are not significantly different at 0.05 level of probability, LSD at 5% level. R= rootstock, H= plant growth regulators, S= 
salinity. 
RS* : Root stock seedling       GR* : Growth regulators   
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100 ppm GA under sour orange rootstock in both seasons. Meanwhile, the lowest value was obtained 
with adding 0 ppm NaCl ppm + 1000 ppm SA under Volkamer lemon in both seasons. The remaining 
values fall among them. 
 
Leaf chloride content 
  

The leaf chloride content in citrus rootstocks is presented in Table (4). The results of present 
investigation showed that in both experimental seasons, Volkamer lemon was significantly higher in 
leaf chloride content and the lower values were in sour orange. Zarad et al. (2002) resulted in 
increasing leaf chloride content, in leaves of the chloride-sensitive Volkamer lemon than in rangpur 
lemon. Besides, Fernandez-Ballester et al. (2003) found that shoot concentrations of Cl increased in 
sour orange but not in C. Macrophylla. Data in Table (4) indicated that increasing salinity 
significantly resulted in increased leaf Cl content in the two seasons. The highest Cl content was 
noticed for the highest salinity level at 4000 ppm. These findings might be supported by those 
obtained by Walker and Douglas (1983), Zarad et al. (2002) and Gobran et al. (2003). They found 
that the leaf chloride content increased as the salt concentration in irrigation water increased. Arbona-
Mengual et al. (2003) treated plants with salinity showed a dramatic a massive leaf chloride 
accumulation in citrus Salustiana cultivar grafted onto Carrizo citrange. Noteworthy, Feigin (1985) 
reported that the concentration of chloride increased as the level of chloride in the salt solution 
increased. He pointed out that the ability of cell membranes to control salt uptake was reduced by the 
presence of high chloride levels in the media. Regarding the effect of plant growth regulator, it was 
found that leaf Cl content decreased with ABA treatment, this decrease was significant in both 
seasons. On other hand, the highest leaf Cl value was obtained with PBZ treatment. The involvement 
of ABA in regulating Cl accumulation had been suggested for the phytohormone in different plant 
species under stress including reduction in membrane damage was studied by Rajasekaran and Blake 
(1999). Also, Aurelio Gomez-Cadenas et al. (2003) tested leaf abscission and chloride accumulation 
in leaves on plants of Salustiana scion grafted onto Carrizo citrange and found that addition of 10 µM 
ABA to the nutrient solution to salt stress condition were due to a decrease in the accumulation of 
toxic Cl ions in leaves and they suggested a protective role for ABA in citrus under salinity. Arbona-
Mengual et al. (2003) studied citrus Salustiana grafted onto Carrizo citrange and they suggested that 
abscisic acid plays a role in modifying citrus physiological behavior in response to salinity and could 
be helpful in their acclimation to saline conditions. Concerning the interaction effect between plant 
growth regulators and different citrus rootstocks, it was found that leaf Cl content significantly 
decreased in Macrophylla with SA treatment in the first season and with ABA in Macrophylla and 
sour orange rootstocks in the second season. Adversely, the highest root chloride content value was 
observed with volkamer and Macrophylla rootstocks with PBZ in both seasons. Sah et al. (2016) 
reported that ABA is an important messenger that acts as the signaling mediator for regulating the 
adaptive response and regulates various physiological processes of plants to different environmental 
stress. In addition, Gunes et al.  (2007) suggested that SA could be used as a potential growth regular 
to improve plant salinity stress resistance. Regarding the interaction between plant growth regulator 
and salinity stress in Table (4), the data indicated that the leaf Cl content influenced by both of them, 
the highest value was obtained with adding 4000 ppm NaCl + 250 ppm PBZ. Meanwhile, the lowest 
value was obtained with adding 0 ppm NaCl + ABA in both seasons. The data concerning 
interactional effect between salinity, foliar plant growth regulator and different citrus rootstocks on 
the leaf Cl content. The results of the present investigation indicated that the highest values were 
obtained with adding 4000 ppm NaCl + 250 ppm PBZ with Volkamer lemon and the lowest was 
obtained with adding 0 ppm NaCl + 10 μM ABA  or 1000 ppm SA under the same rootstock 
Volkamer lemon, in the both seasons. Arbona et al. (2006) reported that ABA application reduced 
leaf chloride concentration in citrus under adverse salinity conditions which agreed with the present 
study. 
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Table 4: Effect of salinity and plant growth regulator amendments on leaf chloride percentage (on dry weight basis) of sour orange, macrophylla and volkamer rootstocks 

in 2014 and 2015 seasons 
 

RS* GR* 
Leaf chloride 

2014 2015 
0 ABA SA PBZ GA Mean 0 ABA SA PBZ GA Mean 

Sour orange 

0 0.720 0.625 0.685 0.768 0.566 0.673 0.642 0.547 0.607 0.690 0.488 0.5951 
2000 0.914 0.663 0.936 1.015 0.776 0.861 0.836 0.585 0.858 0.937 0.698 0.7832 
4000 1.090 0.943 0.936 1.403 0.981 1.070 1.012 0.865 0.858 1.325 0.903 0.9928 

Mean 0.908 0.744 0.852 1.062 0.774 0.868C`` 0.830 0.666 0.774 0.984 0.696 0.7904 C`` 

Macrophylla 

0 0.736 0.570 0.623 0.946 0.570 0.689 0.658 0.492 0.545 0.868 0.492 0.6115 
2000 0.966 0.665 0.831 1.449 0.836 0.949 0.888 0.587 0.753 1.371 0.758 0.8717 
4000 1.170 0.941 0.807 1.506 1.092 1.103 1.092 0.863 0.729 1.428 1.014 1.0254 
Mean 0.957 0.725 0.754 1.301 0.833 0.914B`` 0.879 0.647 0.676 1.222 0.755 0.8362 B`` 

Volkamer 

0 0.576 0.440 0.462 0.748 0.630 0.571 0.498 0.362 0.384 0.670 0.552 0.4937 
2000 1.208 0.848 0.879 1.289 1.424 1.053 1.130 0.770 0.801 1.211 0.964 0.9755 
4000 1.592 1.267 1.298 1.680 1.110 1.389 1.514 1.189 1.220 1.602 1.032 1.3116 
Mean 1.125 0.852 0.880 1.239 0.927 1.005A`` 1.047 0.774 0.802 1.161 0.849 0.9270A`` 

Mean of salinity 
0 0.677 0.545 0.590 0.820 0.589 0.644C 0.599 0.467 0.512 0.742 0.511 0.566C 
2000 1.029 0.725 0.882 1.251 0.885 0.954B 0.951 0.647 0.804 1.173 0.807 0.876B 
4000 1.284 1.050 1.013 1.529 1.061 1.188A 1.206 0.972 0.935 1.451 0.983 1.110A 

Mean of hormones 0.997B` 0.773D` 0.829C` 1.200A` 0.845C`  0.919B` 0.695D` 0.751C` 1.122A` 0.767C`  
R x H                     0.06375 

0.06375 

0.11050 

0.06375 
0.06375 
0.11040 

S x H                                      
R x S x H                    

Means within row or column followed by the same letters are not significantly different at 0.05 level of probability, LSD at 5% level. R=rootstock, H=plant growth regulators, S= salinity. 
RS* : Root stock seedling       GR* : Growth regulators   
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Leaf proline content 
 

Data in Table (5) showed that, there were significant differences between citrus rootstocks on 
leaf proline content. Leaf proline content of Volkamer lemon was significantly higher followed by 
Macrophylla lemon rootstock, but sour orange rootstocks had lower leaf proline than other tested 
rootstocks, in both seasons. These results agreed with Aljuburi (1996) who noticed significant 
differences between citrus rootstocks in their leaf proline content, volkameriana had higher proline 
content than sour orange. Besides, Khoshbakht et al. (2014) showed that the increasing salt levels led 
to increases in proline content of leaves in all rootstocks under their study. In addition, increasing 
salinity significantly increased leaf proline content in the two seasons. The highest proline content 
was noticed with the highest salinity level. The increased concentration of proline observed under the 
prevailing conditions of this study might be due to the osmotic adjustment mechanisms participating 
in improving and activating water uptake by salinized plants in order to maintain sufficient cell turgor 
to carry out photosynthetic activity as well as other necessarily physiological processes, even at low 
rates. Also, on citrus rootstocks and scions, Aljuburi (1996) showed that leaf proline content was 
increased with increasing salt stress. Also, Murkute et al. (2006) showed that leaf proline accumulated 
with increasing of NaCl concentration in irrigation water. Besides, Anjum (2008) found that 
increasing salinity level in irrigation water increased proline content in the leaves of Troyer citrange 
and root tissue of Cleopatra mandarin. These results are in line with those found by, Anjum (2011), 
Shafieizargar et al. (2015) and Tsabarducas et al. (2015). They reported that leaf proline was 
significantly higher in salinized plants compared with non-salinized plants. Concerning the effect of 
plant growth regulators, it was found that leaf proline content decreased with GA treatment, this 
decrease was significant and the highest value was obtained with SA treatment in both seasons. Arfan 
(2009) applied SA to the medium; and found significant increase in leaf proline in salt-sensitive 
cultivar. Cornelia et al. (2010) found that the seedlings were treating plants with SA at 0.1 mM 
increased leaf proline content in comparison with untreated. Apart from the salinity effects, the 
influence of the different growth regulators treatments on the three different rootstocks on leaf proline 
content showed that the SA treatment significantly caused the highest increase in leaf proline content 
of Volkamer lemon rootstocks in both seasons. On the other hand, the lowest leaf proline content was 
observed with plants receiving PBZ on sour orange rootstock in 2014 and 2015. Concerning the 
interaction effect between salinity and each of plant growth regulators treatments, it was noticed that 
leaf proline contents decreased with PBZ and GA treatments significantly in both seasons, in 
comparison with the control under low salinity level, the highest value was obtained with adding 4000 
ppm NaCl + 10 μM ABA and the lowest value was obtained with adding 0 ppm NaCl + 100 ppm GA 
or 250 PBZ. Fahad and Banon (2012) reported that SA treatment under saline condition exhibited 
significant increase in leaf proline content over that of saline field. Besides its role in osmoregulation, 
proline also functions in scavenging and/or reducing the production of hydroxyl radicals in salt-
stressed plants (Alia et al., 1993). Regarding the interactional effect between salinity, plant growth 
regulators treatments on the leaf proline content for the three citrus rootstocks under investigation, the 
data in Table (5) indicated that highest leaf proline values were obtained with adding 4000 ppm NaCl 
+ 10 μM ABA under Volkamer lemon rootstock in both seasons. Meanwhile, the lowest value was 
obtained with adding 0 ppm NaCl ppm + 250 ppm PBZ under sour orange in the both seasons. The 
remaining values were in between them. Gurmani et al. (2007) reported that abscisic acid (ABA) 
treatment showed higher proline accumulation under salinity stress. Khadri et al. (2007) worked on 
common bean responses to saline with exogenous abscisic acid (ABA) concentrations and they 
reported that ABA caused alleviation of salt stress and osmotic adjustment of common bean plants 
respectively.  
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Table 5: Effect of salinity and plant growth regulator amendments on leaf proline content (mg/g on dry weight basis) of sour orange, macrophylla and volkamer rootstocks 

in 2014 and 2015 seasons 
 

RS* GR* 
Leaf proline 

2014 2015 
0 ABA SA PBZ GA Mean 0 ABA SA PBZ GA Mean 

Sour orange 

0 0.334 0.354 0.530 0.192 0.244 0.3308 0.494 0.514 0.690 0.352 0.404 0.490 
2000 1.034 1.130 1.058 0.978 0.972 1.0344 1.194 1.290 1.218 1.138 1.132 1.194 
4000 1.786 1.968 1.960 1.472 1.556 1.7484 1.946 2.128 2.120 1.632 1.716 1.908 

Mean 1.051 1.151 1.182 0.881 0.9240 1.0378C`` 1.211 1.310 1.342 1.040 1.084 1.197C`` 

Macrophylla 

0 0.412 0.384 0.608 0.344 0.330 0.4156 0.572 0.544 0.768 0.504 0.490 0.575 
2000 1.122 1.314 1.196 1.048 1.0120 1.1384 1.282 1.474 1.356 1.208 1.172 1.298 
4000 1.830 2.078 2.004 1.492 1.448 1.7704 1.990 2.238 2.164 1.652 1.608 1.930 
Mean 1.121 1.2586 1.269 0.961 0.9300 1.108B`` 1.281 1.418 1.429 1.121 1.090 1.268B`` 

Volkamer 

0 0.408 0.392 0.882 0.224 0.322 0.4456 0.568 0.552 1.042 0.384 0.482 0.605 
2000 1.118 1.386 1.182 0.982 1.0160 1.1368 1.278 1.546 1.342 1.142 1.176 1.296 
4000 2.000 2.108 2.002 1.506 1.6520 1.8536 2.160 2.268 2.162 1.666 1.812 2.013 
Mean 1.175 1.295 1.355 0.904 0.9966 1.145A`` 1.335 1.455 1.515 1.064 1.156 1.305A`` 

Mean of 
salinity 

0 0.384 0.376 0.6733 0.253 0.2986 0.3973C 0.544 0.536 0.833 0.413 0.458 0.557C 
2000 1.091 1.276 1.1453 1.003 1.0000 1.1032B 1.251 1.436 1.305 1.162 1.160 1.263B 
4000 1.872 2.0513 1.989 1.490 1.5520 1.7908A 2.032 2.211 2.148 1.650 1.712 1.950A 

Mean of hormones 1.1160C` 1.23489B` 1.26911A` 0.91533E` 0.95022D`  1.276C` 1.394B` 1.429A` 1.075E` 1.110D`  
R x H 0.05905 

0.05905 
00.1023  

0.05905 
0.05905 
0.10230 

S x H 
R x S x H 

Means within row or column followed by the same letters are not significantly different at 0.05 level of probability, LSD at 5% level. R=rootstock, H=plant growth regulators, S= salinity. 
RS* : Root stock seedling       GR* : Growth regulators   
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Leaf total chlorophyll content  
 

Leaf chlorophyll content of Macrophylla lemon, Volkamer lemon and sour orange rootstocks is 
presented in Table (6). The results of this study indicated that, during both experimental seasons, the 
leaf chlorophyll content of sour orange and Macrophylla lemon were significantly higher than 
Volkamer lemon rootstocks. Also, the data (8) revealed that increasing salinity decreased leaf 
chlorophyll content, this decrease was significant with increasing salinity level in the both season. The 
highest chlorophyll content was noticed for the lowest salinity level. These results are in harmony 
with those reported by El-Abd (1996); on sour orange, Nieves et al. (1991); on sour orange and 
Macrophylla (Alemow), Zekri (1991); on sour orange and Cleopatra mandarin. They all concluded 
that salinity stress condition reduced the concentration of leaf chlorophyll. Besides, Strogonov (1964) 
pointed out that the adverse effect of the salinity on leaf chlorophyll content may be due to its effects 
on the strength of force holding out the pigment-protein lipid complex in chloroplasts. Yehia (2002) 
noticed that increasing the level of chloride in irrigation water caused a decrease in chlorophyll 
content of persimmon leaves. He attributed this reduction to the effect of salinity in decreasing 
absorption of Fe and Mg by the plants. Concerning the influence of the different plant growth 
regulators, the results showed lower leaf chlorophyll content in zero plant growth regulators 
treatment, in both seasons, and the highest value was obtained with GA, PBZ and ABA in the first 
season. Nevertheless, in the second, season the leaf chlorophyll content showed that the GA treatment 
significantly caused the highest increase in leaf chlorophyll content. Stark and czajkowska (1981) 
reported that the photosynthetic activity was severely retarded by NaCl, whereas gibberellic acid 
improved it. The accumulation of ABA can mitigate the inhibitory effect of salinity on photosynthesis 
reported by Jeschke et al. (1997). Apart from salinity stress condition, the influence of the different 
plant growth regulators treatments on the leaf chlorophyll content under all rootstocks showed that 
PBZ treatment significantly caused the highest increase in leaf chlorophyll content of sour orange 
rootstock in both seasons. On the other hand, the lowest leaf chlorophyll content value was observed 
with plants receiving PBZ on volkamer rootstock in 2014 and 2015. Salama et al. (1992) found that 
spraying paclobutrazol under saline conditions raised the levels of chlorophylls a and b and carotene. 
On the other hand, although salinity reduced the relative chlorophyll content of leaves, PBZ 
maintained it on the same level (Banon et al, 2005). Regarding the interaction effect between salinity 
and each of plant growth regulators treatments in Table (6), it was noticed leaf chlorophyll content 
decreased with zero plant growth treatment under high salinity level, this decrease was significant, in 
other words, the lowest value was obtained with adding 4000 ppm NaCl + 0 plant growth in both 
seasons. But, the highest value was obtained with adding zero ppm NaCl + 100 ppm GA or with 250 
PBZ and/or 2000 ppm NaCl + 10 µM ABA, in both seasons. These results are in line with those 
reported by Stark and czajkowska (1981); on gibberellic acid, Salama et al. (1992); on paclobutrazol. 
They reported that these treatments increased the leaf chlorophyll content of plants grown under stress 
conditions. Concerning the interactional effect between salinity, plant growth regulators treatments on 
leaf chlorophyll content of all citrus rootstocks, the results indicated that highest leaf chlorophyll 
contents were obtained with adding 0 ppm NaCl + 100 ppm GA and 0 ppm NaCl + 250 PBZ under 
sour orange rootstock in the both seasons and 0 ppm NaCl + 250 ppm PBZ with Macrophylla 
rootstock in the second season. Meanwhile, the lowest value was obtained with adding 4000 ppm 
NaCl ppm + 0 ppm plant growth under Macrophylla lemon and Volkamer lemon in the both season. 
Under salt stress paclobutrazol-treated plants had chlorophyll a and b, total chlorophyll increased by 
application of paclobutrazol founded by Dubey et al. (2009) who studied the response of 
paclobutrazol on the growth of salt-sensitive Citrus karna and salt-tolerant Citrus limonia under salt 
stress condition. Also, Stark and Czajkowska (1981) reported that gibberellic acid treatment improved 
the photosynthetic activity. The remaining values fall between them. 
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Table 6: Effect of salinity and plant growth regulator amendments leaf chlorophyll content (SPDA reading)* of sour orange, macrophylla and volkamer rootstocks in 2014 

and 2015 seasons 
 

RS* GR* 
Leaf Chlorophyll 

2014 2015 
0 ABA SA PBZ GA Mean 0 ABA SA PBZ GA Mean 

Sour orange 

0 59.74 55.18 58.31 78.79  78.97  66.20 64.74 60.18 63.31 83.79  83.97  71.20 
2000 51.82 77.54 47.61 72.27 69.12 63.67 56.82 82.54 52.61 77.27 74.12 68.67 
4000 45.06 64.03 42.35 67.53 62.25 56.24 50.06 69.03 47.35 72.53 68.29 61.45 

Mean 52.21 65.58 49.42  72.86 70.11 62.04A`` 57.21 70.58 54.42 77.86 75.46 67.11A`` 

Macrophylla 

0 48.22 66.72 65.50 77.30 68.50 65.25 54.52 73.02 71.80 83.60  74.80 71.55 
2000 39.15 76.30 72.50 70.72 64.50 64.63 45.45 82.60 78.80 77.02 70.80 70.93 
4000 29.94  60.30 64.65 49.10 60.16 52.83 36.24  66.60 70.95 55.40 70.06 59.85 
Mean 39.10 67.77 67.55 65.71 64.38 60.90A`` 45.40 74.07 73.85 72.01 71.88 67.44A`` 

Volkamer 

0 43.88 37.18 52.14 46.44 62.38 48.40 50.72 44.32 59.32 53.62 69.56 55.508 
2000 33.02 49.04 68.38 37.67 41.96 46.01 40.20  56.22 75.56 44.85 49.14 53.197 
4000 29.78  52.30 42.08 38.04 43.44 41.12 36.96  59.36 49.26 45.22 50.62 48.308 
Mean 35.56 46.17 54.20 40.71 49.26 45.18B`` 42.62 53.34 61.38 47.81 56.44 52.33B`` 

Mean of salinity 
0 50.61 53.02 58.65 67.51  69.95  59.95A 56.66 59.18 64.81 73.67  76.11  66.08A 
2000 41.33 67.62  62.83 60.22 58.52 58.10B 47.49 73.78 68.99 66.38 64.68 64.26B 
4000 34.92 58.88 49.69  51.55 55.28 50.06C 41.08  65.04 55.85 57.71 62.99 56.53C 

Mean of hormones 42.29C` 59.84A` 57.05B` 59.76A` 61.25A`  48.41D` 66.00B` 63.21C` 65.92B` 67.93A`  
R x H 3.383 

3.383       
5.860       

3.240 
3.240 
5.613 

S x H 
R x S x H 

Means within row or column followed by the same letters are not significantly different at 0.05 level of probability, LSD at 5% level. R=rootstock, H=plant growth regulators, S= salinity. 
RS* : Root stock seedling       GR* : Growth regulators   
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Leaf catalase activity (CAT) 
  

The data in Table (7), concerning the influence of rootstocks on leaf catalase activity (CAT), 
showed that there were no significant differences between sour orange, Volkamer lemon and 
Macrophylla rootstocks. The effects of salinity stress conditions indicated that the leaf CAT activity 
significantly decreased with the addition of NaCl to the media, in both seasons. The values reached as 
much as, 8.11 and 5.11 µ mole H2O2 / g FW / min-1 in 2014 and 2015 seasons in the leaf tissues of 
seedlings irrigated with 4000 ppm NaCl respectively, as compared with those irrigated only with tap 
water. These results confirm those of Helaly and El-Hosieny (2011); working on sweet orange 
seedlings, that CAT activity decreased with increasing salinity in irrigation water up to the highest 
level (6000 ppm NaCl). Besides, Wu et al. (2010) reported that CAT enzyme is important for plant to 
tolerate the salinity stress, because CAT dissociates H2O2 to oxygen and water. Concerning the effect 
of plant growth regulators, it was found that leaf catalase enzyme content increased with SA and ABA 
treatments, this increase was significant in the two seasons and the lowest value was obtained with 
GA treatment in both seasons. These results are in line with those found by Du et al. (2013). They 
reported that exogenous ABA application reduced reactive oxygen species (ROS) formation and 
increased antioxidant enzyme activity, leading to a reduction in the oxidative damage to lipid 
membranes in two spring wheat cultivars exposed to water stress. The results indicated that ABA 
played an important role in slowing water use and enhancing the antioxidant defense during soil 
drying, but this did not result in increased yields under drought stress. Also, Zhao et al. (2009) found 
that ABA pre-treatment adjusted leaf antioxidative enzyme activities (increased catalase activities 
while decreased superoxide dismutase activity) and so alleviated oxidative stress. Erdal et al. (2011) 
found that foliar spray of SA at 0.5mM increased CAT activity in stressed wheat plants. Besides, El-
Shazly et al. (2015) found that salicylic acid treatments increased catalase activity. Regarding the 
interaction effect between rootstocks and plant growth regulators, the data showed that the application 
of ABA under sour orange and ABA and SA under Macrophylla and volkamer rootstocks had a 
positive effect on leaf CAT activity in both seasons, except volkamer in the second season.  On the 
other hand, the lowest leaf CAT content was observed with plants receiving GA on all rootstocks in 
2014 and 2015. Regarding the interaction effect between salinity and each of plant growth regulators 
treatments in Table (7), it was noticed that leaf CAT content decreased with GA treatments, in 
comparison with the control under high salinity levels, this decrease was significant in both seasons, 
the highest value was obtained with adding 0ppm NaCl + 1000 ppm SA and 0 ppm NaCl + 10 µM 
ABA, the lowest value was obtained with adding 4000 ppm NaCl + 100 ppm GA. These results are in 
line with those of Azooz et al. (2011). They reported that the CAT enzyme activity increased in plants 
grown under salinity stress conditions and sprayed with SA. This could be attribute to the ability of 
SA to improve the anti-oxidative capacity of the plants; thereby increasing the plant tolerance to salt 
stress. Additionally, SA increases the activities of anti-oxidant enzymes which, in turn protect plants 
against the generation of Reactive Oxygen Species (ROS) and membrane injury or may result in the 
synthesis of other substances which have a protective effect on plants growing under stress (Xu et al., 
2008). There was no significant difference between the interaction of salinity, plant growth regulators 
treatments and citrus rootstocks in both experimental seasons. 
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Table 7: Effect of salinity and plant growth regulator amendments on Leaf catalase enzyme (µ mole H2O2 / g FW / min-1) of sour orange, Macrophylla and Volkamer rootstocks 

in 2014 and 2015 seasons 
 

RS* GR* 
Leaf catalase enzyme 

2014 2015 
0 ABA SA PBZ GA Mean 0 ABA SA PBZ GA Mean 

Sour orange 

0 11.52 14.494 13.308 11.502 9.570 12.08 8.526 11.494 10.308 8.502 6.570 9.080 
2000 8.506 10.706 10.806 9.148 7.606 9.354 5.506 7.706 7.806 6.148 4.606 6.354 
4000 6.704 9.322 8.638 6.310 5.736 7.342 3.704 6.322 5.638 3.3100 2.736 4.342 

Mean 8.912 11.506 10.917 8.986 7.637 9.59A`` 5.912 8.507 7.917 5.986 4.637 6.59A`` 

Macrophylla 

0 11.54 14.272 13.208 12.186 9.384 12.11 8.542 11.272 10.208 9.186 6.384 9.118 
2000 7.540 10.992 10.766 8.564 7.316 9.035 4.540 7.992 7.766 5.564 4.316 6.035 
4000 6.812 9.112 9.544 7.738 6.454 7.932 3.812 6.112 6.544 4.738 3.454 4.932 
Mean 8.631 11.458 11.172 9.496 7.718 9.69A`` 5.631 8.458 8.172 6.496 4.718 6.69 A`` 

Volkamer 

0 11.55 13.822 13.654 10.818 9.618 11.89 8.552 10.82 10.654 7.818 6.618 8.892 
2000 8.284 10.346 9.938 8.868 7.888 9.064 5.284 7.364 6.938 5.868 4.888 6.064 
4000 12.81 8.804 9.894 7.398 6.376 9.056 9.812 5.804 6.894 4.398 3.376 6.056 
Mean 10.88 10.99 11.162 9.028 7.960 10.00A`` 7.882 7.990 8.162 6.028 4.960 7.00A`` 

Mean of 
salinity 

0 11.54 14.19 13.390 11.502 9.524 12.03A 8.540 11.19 10.39 8.502 6.524 9.03 A 
2000 8.110 10.68 10.503 8.860 7.603 9.15 B 5.110 7.681 7.503 5.860 4.603 6.15 B 
4000 8.776 9.079 9.358 7.148 6.188 8.11 C 5.776 6.079 6.358 4.148 3.188 5.11 C 

Mean of hormones 9.47B` 11.31A` 11.08A` 9.17B` 7.77C`  6.47B` 8.32A` 8.08A` 6.17B` 4.77C`  
R x H 1.447 

1.447 
n.s 

1.447 
1.447 

n.s 
S x H 
R x S x H 

Means within row or column followed by the same letters are not significantly different at 0.05 level of probability, LSD at 5% level. R=rootstock, H=plant growth regulators, S= salinity. 
RS* : Root stock seedling       GR* : Growth regulators   
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Conclusion 
 

Generally, it could be concluded that treating citrus rootstocks ten days before the beginning of 
salinization and maintained sprayed once every month with abscisic acid at 10 µM and/or salicylic 
acid at 1000 ppm gave the highest values regarding the growth rate, leaf proline, chlorophyll and 
catalase activities and the lowest value of leaf of Na and Cl. 
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