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Abstract. The response of five citrus rootstocks was studied with respect to salt tolerance. The plants were 
grown in nutrient solution salinized with Karoun lake water salt of final concentration of 10000 ppm lake 
salts. The results demonstrated a wide variation in respect to salinity. The relative salt tolerance was in the 
following ascending order: Cleopatra mandarin (c. reshni Hort. ex Tan), sour orange (c. aurantium L.), 
Amblycarpa (c. amblycarpa Ochse), Volkamer lime (c. volkameriana Pasq.) and Rangpur lime (c. 
limonia,Osb.). 

Growth of shoots was less affected by salinity than roots, so that shoot to root ratio increased for all 
five rootstocks, but to different degrees. The more tolerant the rootstock, the lower shoot to root ratio. 
Salt treatment increased Na and decreased K in all plant tissues of all studied rootstocks. 

The five citrus rootstocks were similar in the extent of Cl-Ioading in the roots, but differed in its 
accumulation in the leaves and to a lesser extent in the shoots. This indicated an upper limit to extent of 
Cl-Ioading in roots and rootstock differences in root to shoot transport of chloride. The ability of citrus 
plant to tolerate salinity seems to depend on its ability for chloride exclusion. 

Introduction 

Among the several soil envrionmental conditions which can limit successful produc· 
tion or even survival of fruit bearing species is salinity. Increasing salinity in the 
Egyptian soil and rising level of water table represent a complicated problem which 
could face citrus production. 
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Differences among rootstocks in response to salinity exist with fruit species [1] 
and these differences are important when selecting plants adapted to this condition 
[2]. To increase salt tolerance, sufficient genetic variability must exist within the 
species [3]. 

Salt tolerance may depend on a capacity to maintain relatively low level of Na 
and Cl especially in the stem and the foliage [4]. Although, certain rootstocks of cit
rus have an ability for chloride and sodium exclusion, the restriction or exclusion pro
cess itself has not been defined [5]. 

The objective of this study was to determine whether differences in response to 
salinity could be detected among some citrus rootstocks currently used or newly 
introduced to Egypt. Also, the effect of salinity on shoot and root growth and uptake 
of Cl-, Na+ and K+ were investigated in these citrus rootstock plants. 

Materials and Methods 

The present study was carried out during two successive years (1984 and 1985) 
on five citrus rootstocks namely Rangpur lime, Vokamer lime, Amblycarpa, sour 
orange and Cleopatra mandarin, under greenhouse conditions at the Faculty of 
Agriculture, Fayoum, Egypt. 

Seeds of each rootstock were sterilized with 3% H,O" washed with water sev
eral times, soaked in water for 24 hr. and then germinated in beds filled with washed 
sand. Then 2-weeks old, uniform plants of each rootstock were transferred into 
washed sand in plastic containers which were 30 cm diameter at the base, 50 cm at the 
top and 30 cm deep. Each container contained 20 seedlings. For each year, 2 contain
ers for control and 5 containers for salinity treatment were used for each rootstock. 
Plants were irrigated with dilute nutrient solution [6] until the start of salinity treat
ment. Irrigation was applied by gravity from reservoirs to the base of the containers 
and solution was allowed to rise to 2.5 cm above the sand surface. Delivery tubes 
were then removed and the excess solution allowed to drain away [2]. The basic nut
rient solution was salinized with Karoun lake water salt, which corresponded to 
10000 ppm lake salts [7]. The composition of the saline solution was: Ca: 118 ppm; 
Mg: 264 ppm; Na: 2922 ppm; K: 135 ppm; C03: 12 ppm; HC03: 46 ppm; Cl: 2993 
ppm, and S04: 3505 ppm. Salt treatment was initiated when the plants were 6-
months old. The control received nutrient solution only. The survived plants were 
recorded every five days and the salt-affected plants were removed. Wilting or nec
rosis of all leaves was the index of plant damage. Plants were considered as non-sur
vivors when either of these conditions developed. 
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Samples of plants representing different treatments were collected for growth 
measurements and nutrient determination. Each plant was divided into roots, shoots 
and leaves which were weighed and dried at 6O'C for at least 72 hr. The dried mate
rials were ground. Sodium and potassium were determined flamephotometry after 
dry ashing samples over night at 500'C [8]. Chloride was extracted from the ashed 
samples with hot water and was titrated with standard silver nitrate. [9]. 

Results 

There was a great variability among citrus rootstocks in their response to salinity 
(Fig. 1). In this figure, the rootstocks are arranged from most sensitive to most toler
ant. The relative salt tolerance followed this ascending order: Cleopatra mandarin, 
sour orange, Amblycarpa, Volkamer lime and Rangpur lime. The survival curves of 
the five rootstocks are essentially the same for the two seasons except that, in 1984 
season (Fig. 1A), plants were affected more rapidly than did those in 1985 season 
(Fig. IB). The survival curves declined rapidly with salt sensitive Cleopatra manda
rin. In contrast, survival curves for Rangpur lime plants declined at a slower rate. 
Other rootstocks showed intermediate values. Salt injury symptoms appeared after 
35 days, 40 days, 45 days and 55 days in 1984 season (Fig. 1A) and after 35 days, 40 
days and 60 days in 1985 season (Fig. IB) on Cleopatra mandarin, sour orange, 
Amblycarpa, Volkamer lime and Rangpur lime respectively. The survival curves 
declined rapidly for the sensitive rootstocks of Cleopatra mandarin, sour orange and 
Amblycarpa, where all plants had succumbed after 65 days, 75 days and 85 days 
respectively in 1984 season and after 80 days in 1985 season. Salt injury symptoms 
appeared on citrus Volkamer lime after 50 days and 45 days for 1984 season and 1985 
season respectively and 17% and 13% of its plants survived at the end of the experi
ments. However, none of the tolerant Rangpur lime had shown injury before 60 days 
and about 40% of its plants had survived at the end of the experiment after 100 days 
from salt treatment. 

Salt treatment decreased shoot and root growth for all five rootstocks (Table 1) 
and that reduction was higher in non-survivors than those of survivors. Salt treat
ment influenced roots more than shoots, so that shoot to root ratio of control plants 
was less than that of salt treatment plants. Moreover, in salt treated plants, this ratio 
was lower in survivors than in non-survivors. It is obviously clear from Fig. 1 and 
Table 1 that there was a relation between salt tolerance and shoot to root ratio. The 
lowest ratio was for the most tolerant Rangpur lime and the highest ratio was for the 
least salt tolerant Cleopatra mandarin. 
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Fig. 1. Survival curves for five citrus rootstock plants in two successive years (1984 and 
1985) during salt treatment 

Table 1. Growth of five citrus rootstocks after treatment with nutrient solution salinized with Karoun 
lake water salt. The final concentration was 10000 ppm lake salts. Values represent means of 1 
years (1984 and 1985) 

Control Salt-treated plants 

Rootstock Survivors Non·survivors 

Shoots Shoots Shoots 
Shoots Roots roots Shoots Roots roots Shoots Roots roots 

gdry wt.lplant gdry wt.lpJant gdry wt.fplant 

Rangpur lime 1.14 2.14 0.53 1.05 1.30 0.81 0.70 0.85 0.82 

Volkamer lime 1.34 2.04 0.66 1.18 1.28 0.92 0.82 0.83 0.99 

Amblycarpa 1.25 1.84 0.68 0.83 0.87 0.95 0.68 0.54 1.26 

Sour orange 1.14 1.58 0.72 0.67 0.70 0.96 0.62 0.41 1.51 

Cleopatra m. 0.36 0.50 0.72 0.30 0.29 1.03 0.29 0.18 1.61 

LSDo.05 0.24 0.43 0.19 0.23 0.11 0.12 

Data of Cl-, Na+ and K+ in roots, shoots and leaves for salt treated plants (sur
vivors and non-survivors) as well as for control are shown in Table 2. In comparison 
with the control plants, salt treatment increased Cl- and Na+ and decreased K+ in 
leaves, shoots and roots of all five rootstocks. Leaves and shoots of survived plants 
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contained lower CI- and Na+ and higher K+ than those of non-survivors. However, 
there were no significant differences in root CI- between survivors and non-sur-
vivors. Although salt treatment increased both Na+ and Cl-in leaves and shoots, this 
increase did not exceed 2 times for CI-, in contrast to Na+ accumulation which was 
more than 25 times that of the control. This indicated higher capacity of plant tissue 
to accumulate Na+ than Cl-. 

Table 2. el -. Na + and K + contents in dry tissues of leaves. shoots and roots of five citrus rootstocks 
treated with nutrient solution salinized with Karoun lake water salt. The fiual concentration 
was 10000 ppm lake salts. Values represent means of 2 years (1984 and 1985) 

Leaves Shoots Roots 
Rootstock 

CI Na K CI Na K CI Na K 
(%) (%) (%) (%) (%) (%) (%) (%) (%) 

Control 

Rangpur lime 0.22 0.15 1.27 0.20 0.18 0.65 0.15 0.24 0.41 

Volkamerlime 0.24 0.14 1.59 0.21 0.18 0049 0.16 0.24 0.38 

Amblycarpa 0.22 0.12 1.46 0.26 0.16 0.44 0.19 0.22 0040 

Sour orange 0.23 0.10 1.54 0.23 0.11 0.46 0.17 0.24 0.58 

Cleopatra m. 023 0.10 1.44 0.20 0.04 0.09 NS NS 0.09 

LSDo.05 NS NS NS NS 0.04 0.09 NS NS 0.09 

Salt treated plants (survivors) 

Rangpur lime 0.26 1.50 1.12 0.23 0.63 0047 0.25 0.64 0.34 

Volkamerlime 0.36 1.79 1.45 0.25 0.79 0.45 0.22 0.79 0.38 

Amblycarpa 0.38 2.16 1.41 0.31 LID 0.40 0.24 0.81 0.30 

Sour orange 0041 2.55 1.41 0.34 1.11 0.40 0.24 0.87 0.35 

Cleopatra m. 0.47 2.62 1.66 0.34 1.33 0.37 0.26 0.86 0.34 

LSD;.05 0.03 0.07 0.11 om 0.17 0.12 NS 0.13 0.03 

Salt treated plants (non-survivors) 

Rangpur lime 0.29 1.91 1.03 0.25 1.56 0.42 0.26 0.78 0.40 

Volkamerlime 0041 2.37 1.08 0.31 1.83 0.44 0.23 0.85 0.59 

Amblycarpa 0.43 2.72 0.90 0.38 2.23 0.39 0.26 0.93 0.34 

Sour orange 0.44 3.00 1.01 0.39 2.29 0.38 0.26 0.85 0.69 

Cleopatram. 0.52 3.83 0.87 0.35 2.51 0.33 0.25 0.86 0.43 

LSDo.05 0.04 0.09 0.08 0.08 0.21 0.10 NS NS 0.09 
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Discussion 

The results showed a marked difference in the ability of the five citrus rootstocks 
to deal with salinity environment. Cleopatra mandarin was the least tolerant 
rootstock, while Rangpur lime was the most tolerant one. Differences in salt toler
ance exist not only between species but also between genotypes of a certain species 
[7,10) and screaning for differential salt tolerance is common with herbiceous species 
[11) and woody plants [2). The present results confirmed the others [7,12) that the 
response of certain plants to a saline environment can be profitably evaluated by 
comparing varieties with differences in salt susceptibility. 

Growth of shoots was less affected by salinity than roots, so that shoot to root 
ratio increased in the different treatments depending on the rootstock. That different 
parts of the plant are differently affected with salinity, falls in line with Hassan and 
Catlin [2) and West and Taylor [13). 

The similarity between roots of all five rootstocks in their Cl- content and its 
accumulation in leaves and shoots showed an upper limit of Cl-loading in the roots. 
The differences of rootstocks in their ability to tolerate salinity were due to differ
ences in their abilities to transport sodium and chloride to shoot. 
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