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ABSTRACT

This study was conducted through 1996-1999 years in the Department of
Pomology, Faculty of Agriculture, Alexandria University. The work involved the
evaluation and selection of salt tolerant callus of sour orange under in vitro conditions.
The main results can be summarized in the following points:
1-Concerning the effect of exposure to different concentrations of NaCl salt in culture

medium on callus survival percentage, the results indicated that the 10gl* NaCl
concentration was lethal for most callus with only 20.00% surviving.

2- Regarding the effect of exposure to different concentrations of NaCl salt in culture
medium on ion content percentage (on dry weight basis) of salt-sensitive and salt-
tolerant calluses of sour orange, the results revealed that at 5gl* NaCl
concentration, the NaCl —tolerant callus had higher K* content, as compared with
the NaCl-sensitive callus. On the contrary, the NaCl-tolerant callus had lower CI-,
Ca?" and Mg?* contents, as compared with NaCl-sensitive callus, at the same
external NaCl concentration (5gI** NaCl).

3-The obtained results also revealed that proline content increased in salt-tolerant
callus as compared to salt-sensitive callus (control). Accumulation of proline in the
salt-tolerant callus has been shown to be an adaptive mechanism for resistance to

salt stress.
INTRODUCTION
Citrus occupied the top list of fruit crops in Egypt. The total
Citrus cultivated area in Egypt reached 336822 feddans producing 2150256
tons of fruits according to the statistics of the Ministry of Agriculture, Cairo,
1998.

Salinity is a major problem in irrigated agriculture and its role in
reducing the yield of many crops is well documented (Maas and Hoffman,
1977). Reduction of plant growth under salt stress is usually attributed to
osmotic stress due to a lowering of external water potential (Maas and
Nieman, 1978), or to specific ions effect on metabolic processes in the cell
(Greenway and Munns, 1980). The two effects are not mutually exclusive.
Thus, ion regulation and osmoregulation are subjects of intensive research
into possible mechanisms of salt tolerance (Maas and Nieman, 1978).

Citrus plants are among the most sensitive fruit crops to salinity (Furr
et al., 1963). Therefore, it is of great importance to obtain plants capable to
grow with elevated salt levels in the irrigation water (Ben-Hayyim and
Kochba, 1983). Therefore, Citrus rootstocks adapted to difficult soil situations
such as high salt levels are needed (Soost and Roose, 1996).

Objectives of the present study
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In vitro evaluation and selection of salt-tolerant callus of sour orange
through the characterization of physiological and biochemical effects of salt
stress on callus using tissue culture methodology.

MATERIALS AND METHODS

The present investigation was carried out during four successive years
(1996-1999), in the Department of Pomology, Faculty of Agriculture,
Alexandria University, in order to study the possibility of using tissue culture
technique for in vitro evaluation and selection of salt-tolerant callus of sour
orange (Citrus aurantium L.).

This experiment aimed to evaluate the performance of using sour orange
callus under different concentrations of NaCl salt added to the nutrient
medium. Moreover, the selection of tolerant callus which are capable of
surviving and subsequently, regenerating to salt-tolerant plantlets of sour
orange.

1. Salt Adaptation Technique

Callus obtained from cotyledon tissues of sour orange was exposed
to different concentrations of NaCl salt (1 to 10gl?) which increased gradually
every one month by one gram added, in a complete medium (Murashige and
Tucker, 1969). The callus was transferred to test tubes, each of them filled
with 10ml, MT (1969) medium containing 1 gl NaCl salt. These tubes were
incubated for one month before being subcultured to the next higher salt level
(29I’ NaCl). The surviving callus (according to callus surviving percentage
and index) was transplanted to the next higher salt level up to 10gl-* NacCl.
The experiment was maintained by subculture at one month intervals up to
ten months (ten subcultures). The survived callus was subcultured onto fresh
medium containing 10gl** NaCl at regular intervals of one month, until they
were able to grow on salt medium, as healthy as control on medium NacCl
free and considered as selected for salt tolerance. The callus which showed
tolerante to 10gl* NaCl was named as the NaCl- tolerant callus, whereas
callus unable to grow under this NaCl concentration was referred to as the
NaCl-sensitive (control) callus.

The surviving callus was evaluated after one month from culturing
date by the use of callus survival percentage and index which calculated as
follows:

No. of cultured tubes with callus surviving %100

Callus survival percentage =
Total no. of cultured tubes

Callus surviving index = increasing in the fresh weight of callus: > 2.5%.

Each treatment (NaCl concentration) consisted of five replicates,
three tubes each.
2. Callus lon Analysis
Callus samples (NaCl- sensitive and NaCl- tolerant) were collected after
exposure to different concentrations of NaCl and oven-dried at 85°C for 24
hrs. Dry callus samples of both types, 50mg each, were digested with H2SO4
and H20: for analysis of potassium (K*) and sodium (Na*) and with HNOs and
HCIO4 for calcium (Ca?*) and magnesium (Mg?*). Sodium and Potassium
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were determined with an EEI flame photometer, and Ca?* and Mg?* with a
Perkin Elmer Atomic Absorption Spectrophotometer. Chloride  (CI) was
determined according to Cotlove (1965). lon content percentage (on dry
weight basis) was determined after one month (one subculture) for each NaCl
concentration. Mean values of three replications per treatment (NaCl
concentration) are given for each type of callus.

3. Callus Proline Determination

Proline was extracted from dried callus samples of NaCl-sensitive
and NaCl-tolerant (collected after exposure to different concentrations of Na
Cl) and assayed according to the method of Bates et al. (1973) using pure
proline as standard. Mean values of three replications per treatment (NaCl
concentration) are given for each type of callus.

4. Statistical Analysis

All the data of this experiment were arranged in a completely
randomized design and the statistical procedures were applied according to
Steel and Torrie (1980)

RESULTS AND DISCUSSION

1. Salt Adaptation

Data concerning the effect of exposure to different concentrations of
NaCl salt in culture medium on survival callus percentage of sour orange, are
shown in Table (1) .

In the, 18t subculture (1gl* NacCl), the percentage of survival callus
was significantly decreased from 100.00% at 0.00gl* NaCl concentration to
26.67% at 1gl! NaCl concentration. Under 1glt up to 5gIt NaCl, such
percentage was gradually increased with significant differences from 26.67%
at 1gl* NaCl concentration to 53.33% at 5gl* NaCl concentration. On the
contrary, the percentage of survival callus was gradually decreased from
53.33% at 5gl* NaCl concentration to 20.00% at 10 gl* NaCl concentration
(Table 1). The differences among NacCl levels were significant.

Such results indicated that, 10gl* NaCl concentration was lethal for
most callus with only 20.00% surviving. Subsequently, the surviving callus
was subcultured every 4 weeks onto fresh medium containing 10gl-* NaCl for
18 months, until they grew as well on salt medium as control on medium
without NacCl.

Table (1): Effect of exposure to ten concentrations of NaCl salt in
culture medium on survival percentage of callus induced
from cotyledon tissues of sour orange.

Subculture NaCl concentration (gl) Callus survival * %
0 0 100.00 A*
1st 1 26.67 DE
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2¢ed 2 33.33 CDE
3rd 3 40.00 BCD
4th 4 46.67 BC
5th 5 53.33 B
6th 6 46.67 BC
7th 7 40.00 BCD
gth 8 33.33 CDE
gth 9 26.67 DE
10t 10 20.00 E
L.S.D.o.0s 18.119

?There were 15 calluses (one per culture tube) per treatment (NaCl concentration). The
callus survival percentages were determined after one subculture (4 weeks) for each
NaCl concentration.

*Values followed by the same letters are not significantly different at the 0.05 level of
probability.

2. lons Content of Salt -Sensitive and Salt -Tolerant Calluses
2.1. lons Content of Salt-Sensitive Callus

Data concerning the effect of exposure to different concentrations of
NaCl salt in culture medium on ions content percentage (on dry weight basis)
of salt-sensitive callus of sour orange, are shown in Table (2).

Table (2): Effect of exposure to five concentrations of NaCl salt in
culture medium on ions content percentage (on dry weight
basis) of salt- sensitive callus induced from cotyledon
tissues of sour orange.

NaCl Salt - sensitive callus (control)
concentration lons content® % (on dry weight basis)
(gl Na* K* Cl- Ca?* Mg?*
0 0.12 F* 0.90 A 0.15F 0.90 A 1.20A
1 0.20 E 0.78B 0.26 E 0.86 B 1.12 AB
2 0.28 D 0.62C 0.39D 0.83B 1.08 BC
3 0.37C 0.56 D 0.50C 0.79C 1.00 CD
4 0.41 B 0.53 DE 0.62 B 0.74D 0.98 D
5 0.48 A 051E 0.75A 0.70 E 0.96 D
L.S.D. 0.5 0.018 0.039 0.041 0.035 0.084

“lons content percentage of the NaCl- sensitive callus as a function of NaCl
concentration.

At 5 g1 Na Cl concentration = minimum of callus surviving index.

*Values followed by the same letters are not significantly different at the 0.05 level of
probability (in the same column).

The results represented in Table (2) indicated that, as the NacCl
concentration was increased from 0.0gl* to 5.0gl* (at the minimum of callus
surviving index), the sodium (Na*) content was significantly increased from
0.12% at 0.0gl'* NaCl concentration to 0.48% at 5gl-*NaCl concentration. On
the contrary, potassium (K*) content was significantly decreased from 0.90%
at 0.0gl*NaCl concentration to 0.51% at 5gl"*NaCl concentration.
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As the NaCl concentration was increased from 0.0gl! to 5gl%, the
chloride (CI) content was significantly increased from 0.15% at 0.0gl-* NaCl
concentration to 0.75% at 5gl*NaCl concentration. In contrast, the calcium
(Ca?*) content was significantly decreased from 0.90% at 0.0gl-*NaCl
concentration to 0.70% at 5gl* NaCl concentration.

Similarly, as the NaCl concentration was increased from 0.0gl! to
5.0glt, the magnesium (Mg?*) content was significantly decreased from
1.20% at 0.0gl'* NaCl concentration to 0.96% at 5gl* NaCl concentration.

2.2 lons Content of Salt-Tolerant Callus

Data concerning the effect of exposure to different concentrations of
NaCl salt in culture medium on ions content percentage (on dry weight basis)
of salt-tolerant callus of sour orange, are shown in Table (3).

The results represented in Table (3) indicated that, as the NacCl
concentration was increased from 0.0gl? to 5gl?, the sodium (Na*) content
was significantly increased from 0.17% at 0.0gl-* NaCl concentration to 0.54%
at 5 gl*NaCl concentration. On the contrary, the potassium (K*) content was
significantly decreased from 1.71% at 0.0gl* NaCl concentration to 1.58% at
5gl* NaCl concentration.

As the NaCl concentration was increased from 0.0gl! to 5gl%, the
chloride (CI) content was significantly increased from 0.22% at 0.0 gl-*NacCl
concentration to 0.57% at 5gl'* NaCl concentration. In contrast, the calcium
(Ca?*) content was significantly decreased from 0.87% at 0.0 gl NaCl
concentration to 0.56% at 5 gl* NaCl concentration.

Similarly, as the NaCl concentration was increased from 0.0gl? to 5gl-
1, the magnesium (Mg?*) content was significantly decreased from 0.92% at
0.0gl* NaCl concentration to 0.60% at 5gl-* NaCl concentration.

On the other hand, the results represented in Table (3) indicated that,
as the NaCl concentration was increased from 0.0gl"* to 10gl, the sodium
(Na*) content was significantly increased from 0.17% at 0.0gl-!NaCl
concentration to 0.64% at 10gl!NaCl concentration. On the contrary, the
potassium (K*) content was significantly decreased from 1.71% at 0.0 gl
INaCl concentration to 0.57% at 10gl*NaCl concentration.

As the NaCl concentration was increased from 0.0gl? to 10gl%, the
chloride (CI) content was significantly increased from 0.22% at 0.0gl*NaCl
concentration to 1.04% at 10gl*NaCl concentration. In contrast, the calcium
(Ca?*) content was significantly decreased from 0.87% at 0.0 gl-*NaCl
concentration to 0.30% at 10gl-*NaCl concentration.

Similarly, as the NaCl concentration was increased from 0.0gl! to
10gl%, the magnesium (Mg?*) content was significantly decreased from 0.92%
at 0.0 glI'*NacCl concentration to 0.25% at 10 gl-*NaCl oncentration.

Table (3): Effect of exposure to ten concentrations of NaCl salt in
culture medium on ions content percentage (on dry weight
basis) of salt — tolerant callus induced from cotyledon tissues
of sour orange.

NacCl Salt- tolerant callus
concentration lons content* % (on dry weight basis)
1) Na* | K* | Cl | ca* | Mg#*
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0 0.171* 171 A 0.22K 0.87 A 0.92 A
1 0.23H 1.68 AB 0.26J 0.80B 0.89 A
2 0.32 G 1.65 ABC 0.311 0.71C 0.83B
3 0.39F 1.62 ABC 0.38 H 0.65D 0.79B
4 047 E 1.60 BC 045G 0.60 E 0.72C
5 0.54D 1.58 BC 0.57F 0.56 E 0.60 D
6 0.58C 157C 0.70 E 0.51 F 0.53 E
7 0.60 BC 1.32D 0.75D 0.43G 0.47F
8 0.62 AB 1.00E 0.82C 040G 040G
9 0.63 A 0.60 F 0.90B 0.34H 0.34H
10 0.64 A 0.57F 1.04 A 0.30H 0.251
L.S.D. 0.5 0.026 0.107 0.039 0.048 0.041

“lons content percentage of the NaCl- tolerant callus as a function of NaCl
concentration.

*Values followed by the same letters are not significantly different at the 0.05 level of
probability (in the same column).

2.3 Comparison between Salt -Sensitive and Salt-Tolerant Calluses

concerning lons Content

The comparison of ions content between NaCl- tolerant callus and
NaCl —sensitive callus can be shown in Tables (2 and 3). From these Tables
it was cleared that, at 5glI* NaCl concentration, the NaCl —tolerant callus had
higher K* content, as compared with the NaCl-sensitive one. However, there
was a marked difference between the two callus types in the extent of
reduction of internal K* as a function of increasing external NaCl
concentrations. On the contrary, the NaCl-tolerant callus had lower CI-, Ca?*
and Mg?* contents, as compared with NaCl-sensitive one, at the same
external NaCl concentration (5gl* NaCl). Consequently, in the NaCl — tolerant
callus, the Ca?* and Mg?* contents were lower than in NaCl — sensitive callus.

No considerable difference was found among the NaCl-tolerant and
NaCl- sensitive calluses in Na* uptake.

The above findings agreed with those obtained by Piqueras et al.
(1996) and Ben-Hayyim et al. (1985). The latter investigators found that at the
same external NaCl concentrations, the NaCl- sensitive callus cell line of sour
orange lost much more K* than the NaCl — tolerant callus cell line did. In
other words, they reported that exposure of callus cells of NaCl — sensitive
and NaCl - tolerant lines of sour orange to equal external concentrations of
NacCl, resulted in a greater loss of K* from the NaCl — sensitive callus cell line.
Also, they suggested that, there was an important role for internal K*
concentrations in the mechanism of salt tolerance for sour orange callus
cells. In the meantime, they mentioned that, in some plant systems, such as
sour orange, salt tolerance can be attributed to a reduced loss of internal K*.

Such results agreed with those reported by Ben-Hayyim and Kochba
(1982), who mentioned that the NaCl — selected “Shamouti” orange callus cell
line (R-10) took up considerably less ClI- compared to non- selected callus cell
line. These results suggest that R-10 is a true genetic variant. In addition,
Ben-Hayyim and Kochba (1983) reported that Cl- uptake is considerably
lower in NaCl — tolerant callus cell line of “Shamouti” orange (R-10) than in
salt — sensitive callus cell line (L-5) at a given external NaCl concentration.
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Referring to the obtained results it can be suggested that the toxic
effect in the NaCl- sensitive callus cells is due to the accumulated Cl-, which
was lethal for all cells of NaCl-sensitive callus. This suggestion also agreed
with those reported by Ben-Hayyim and Kochba (1983).

Furthermore, Bouharmont et al. (1993) found that the NaCl-selected
callus cell lines of citrange and Poncirus rootstocks were characterized by
their ability to maintain a normal content of K* and Ca?* in spite of increasing
concentrations of Na* in the medium.

The results concerned with Na* and CI- ions in the present study did
not agree with those reported by Piqueras et al. (1996) with the selected
callus cultures of lemon (Citrus limon cv. Verna) for resistance to salt stress
by exposure to 170 mM NaCl for 6 weeks. They found from inorganic
analysis that selected callus accumulated more Na* and CI- ions than the
non-selected one.

In conclusion, the NaCl-tolerant callus cells selected from cotyledon
callus have a similar degree of salt tolerance as well as very similar behavior
in changing their internal ions content in response to various concentrations
of NaCl salt. All the experiments described in this study were designed to find
whether a correlation between tolerance to NaCl and internal concentration of
major ions exists.

3. Proline Content of Salt-Sensitive and Salt-Tolerant Calluses

Data concerning the effect of exposure to different concentrations of
NaCl salt in culture medium on proline content (ug/g dried callus tissue) of
salt-sensitive and salt-tolerant calluses of sour orange, are shown in Table
(4).

The results represented in Table (4) indicated that in both salt-
tolerant and salt-sensitive calluses proline content was significantly increased
as NaCl externally increased from 0.0 g1 to 10gl-! for the former callus or
from 0.0 g1 to 5.0 g1 for the latter one. The increasing values of salt-
tolerant callus were from 114.69 ug/g at 0.0g1?! to 224.16 pg/g dried callus
tissue at 10g1! NaCl. The corresponding values for salt-sensitive callus were
90.00 ug/g at 0.0 g1 to 101.22 pg/g dried callus tissue at 5.0 g1 NaCl.

The tabulated results for the two tested callus types at the same
external NaCl concentrations (from 0.0gl! to 5.0 g1?) revealed that both
callus types in spite of they showed a similar trend but they differed in the
values of proline content. The proline values in case of salt-tolerant callus
were higher than those of salt-sensitive callus.

These findings greatly confirmed by those reported by Piqueras et al.
(1996), who found that proline concentration increased in salt-tolerant callus
cells of lemon (Citrus limon cv. Verna) as compared to control callus cells.

Accordingly it can be suggested that accumulation of proline in the
salt-tolerant callus cells has been shown to be an adaptive mechanism for
resistance to salt stress.

Table (4): Effect of exposure to ten concentrations of NaCl salt in
culture medium on proline content (ug /g dried callus tissue)
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of salt- sensitive and salt — tolerant calluses induced from
cotyledon tissues of sour orange.

NacCl Proline content? (ug/g dried callus tissue)
concentration (gl™)| Salt- sensitive callus Salt —tolerant callus

0 90.00 E* 114.69 K

1 93.04 D 121.25 J

2 95.60 C 129.72 |

3 96.22 C 140.00 H

4 98.00 B 152.11 G

5 101.22 A 160.32 F

6 | e 173.60 E

I 181.91 D

8 | e 192.00 C

9 | - 210.12 B

O 224.16 A

L.S.D.o.0s 1.721 2.500

“Proline content of the NaCl- sensitive and NacCl- tolerant calluses as a function of NaCl
concentration. Callus proline content (on dry weight basis) was determined after one
month for each NaCl concentration.

*Values followed by the same letters are not significantly different at the 0.05 level of

probability (in the same column).

One of the initial reports dealing with in vitro selection for salt stress
in Citrus trees was by kochba et al. (1982). Several tolerant and sensitive
callus cell lines of “Shamouti” orange (Citrus sinensis L. Osbeck) and one
cell line of sour orange (C. aurantium L.) were subcultured on basal media
containing 0.0 to 10 glI* NaCl. Also, Ben-Hayyim and Kochba (1983) used
tolerant cell line selected from callus of “Shamouti” orange (Citrus sinensis L.
Osbeck) which was routinely kept for over one year on the MT (1969)
medium containing 0.2M NaCl. They appeared that tolerant callus cell line
was stable and tolerated NacCl by its partial avoidance.

Further studies on salt tolerant callus cell line of Citrus species, have
generally used single salt, with the majority employing NaCl as a selective
agent (Ben- Hayyim and Kochba, 1982 and 1983; Ben-Hayyim et al., 1985;
Spiegel-Roy and Saad, 1986; Ben-Hayyim et al., 1987; Piqueras and Hellin,
1992; Bouharmont et al., 1993; Piqueras et al ., 1994 and 1996).
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