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ABSTRACT

The present investigation was carried out during three successive years

(2000- 2002), in order to evaluate three grape cultivars namely, Early Superior, Flame

seedless and Thompson seedless, for salt tolerance under in vitro conditions.

The main results can be summarized in the following points:

A. Effect of Cultivars

1- Early Superior gave significantly the highest shoot multiplication percentage and
average number of new proliferated shoots per original shoot, in the 1%, 2™ and 3°
subcultures, followed by Fiame seedless and Thompson seedless. In the
meantime, Early Superior achieved significantly the highest leaf P, K, Na, Mg, total
chiorophyll contents and peroxidase activity, followed by Flame seedless and
Thompson seedless. Moreover, Early Superior recorded significantly the highest
leaf N and proline contents, as compared with Flame seedless and Thompson
seedless. On the contrary, Thompson seedless exhibited significantly the highest
shoot injury percentage and leaf Ca content, followed by Flame seedless and
Early Superior. Also, Flamie seedless cv. exhibited significantly the highest
average length of new proliferated shoot.

2- Early Superior produced significantly the highest rooting percentage and average
number of roots per shoot, after 4 weeks of shoot culture, followed by Flame
seedless and Thompson seedless. While, Early Superior and Flame seedless at
the same period gave significantly the highest average root length, as compared
with Thompson seedless.

B. Effect of Salinity Treatments

1- In 1* 2™ and 3" subcultures, a high decrease in shoot multiplication percentage,
average number of new proliferated shoots per original shoot anc average length
of new proliferated shoot and a high increase in shoot injury percentage joined the
increase in salinity concentrations from zero to 4000 ppm. Moreover, leaf N, Na, Cl
and proline contents showed a tendency for positive responses to salinity
treatments. On the contrary, leaf P, K, Ca, Mg, total chlorophyil contents and
peroxidase activity showed a tendency for negative responses to salinity
treatments.

2- After 4 weeks of shoot culture, rooting percentage, average number of roots per
shoot and average root length showed a tendency for negative responsesto
salinity treatments, and the differences among salinity treatments were statistically
significant.

It is evident that, Early Superior was the most salt-tolerant cultivar, while
Thompson seedless appeared to be the most salt-sensitive cultivar in this respect.
Finally, 77%, 70% and 55% of the obtained plants of Early Superior, Flame seedless
and Thompson seedless, respectively were successfully transplanted to soil. These
plants were healthy and vigorously growing under the greenhouse conditions.
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INTRODUCTION

The grapes (Vitis vinifera L.) are considered as one of the most

important fruit crop in the world and the second in Egypt. The area devoted
for grape culture in Egypt is about 148406 feddan producing about 1078912
ton of fruits according to the statistics of the Ministry of Agriculture and Land
Reclamation, Cairo, 2001.
New grape cultivars have been introduced to Egypt such as Flame seedless
and Early Superior. It is important to study the possibility of growing them
under the Egyptian conditions, and to evaluate these cultivars under different
stresses. This might help to spread out their cultivation area to include the
new reclaimed lands.

The identification and evaluation of salt tolerant cultivars could help in
solving salinity problems in such new reclaimed areas. Tissue culture
technique is recently used for the evaluation of such new cultivars towards
environmental stresses. This technique offers the control of environmental,
pathogenic and nutritional factors. So, the evaluation for stress tolerance
would be more valuable and reliable.

The objectives of this investigation were to evaluate salt tolerance of
three grape cultivars under in vitro conditions. Factors considered were the
effects of salinity on the physiological and biochemical aspects in the tested
grape cultivars, Early Superior, Flame seedless and Thompson seedless.

MATERIALS AND METHODS

The present investigation was carried out during three successive
years (2000 — 2002), in order to study the responses of Early Superior, Flame
seedless and Thompson seedless grapevines to salt stress under in vitro
conditions. In other words, salt tolerance degree of these grape cultivars
(grown in vitro) was evaluated in this part of the current study.

1. Shoot Muitiplication Under Sait Stress Conditions

Experiments were performed to study the possibility of in vitro shoot
multiplication under salt stress conditions.
1.1. Plant Material
Proliferated shoots of the tested grape cultivars that were produced from the
original shoot cultures were used after having the results of the shoot
multiplication experiments (in the first part of this study). The multiplicated
shoots were considered the explant mother stock for salt tolerance evaluation
in vitro.
1.2. Culture Media

Due to the results of the first part of this study, it was cleared that the
best shoot multiplication medium was the Murashige and Skoog (1962) (MS)
medium at full strength supplemented with sucrose 30g1™", 1.0 mgl' BA + 0.5
mg1" zeatin. Solidification of this medium was achieved by 7g1”' agar. For
salt tolerance evaluation, this medium was supplemented with zero, 1000,
2000 or 4000 ppm of salt mixture of sodium chioride (NaCl), calcium chloride
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(CaCl,) and magnesium chloride (MgCl,) at the ratio of 3 [NaCl]:1 [2 (CaCly)
+ 1 (MgCly)] according to lbrahim and El-Kobbia (1986). The pH of shoot
multiplication media (under sali stress conditions) was adjusted to:5.7 hefore
adding agar. These media were autoclaved at 121°C for 20 min., then left to
cool and harden for 24 hrs., before being used.

1.3. Culture Procedures

The original proliferated shoots (longer than 2 cm) were excised

(individually) under aseptical conditions and cultured vertically on the best
cytokinin combination and concentrations (due to the results appeared in the
first part of this study).
Routine subculture of axillary shoots was carried out every 4 weeks up to
three subcultures. One original shoot was cultured in each glass jar (120 x
70 mm) containing 50 ml of the culture media. At the end of each subculture
(after 4 weeks), the new proliferated shoots were used as a mother cultures
for the subsequent subculture, individually separated and transferred to fresh
multiplication medium. in other words, the resultant proliferated shoots from
each subculture were used as a mother stock explants for the next
subculture.

The shoot multiplication percentage, average number of new
proliferated shoots per original shoot explant and average length of new
proliferated shoot were recorded under salt stress conditions for three
successive subcultures.

The shoot multiplication rate = number of new proliferated shoots per
original shoot in shoot cultures at the end of each subculture. The new
proliferated shoots were used as mother cultures for the subsequent rooting
experiments under salt stress conditions.

1.4. Culture Conditions

The shoot cultures were incubated at 24 + 2°C, under 16 hrs. light
period from fluorescent lamps (2 lamps per shelf), followed by 8 hrs. dark
period, for 4,8 and 12 weeks.

After the first (4 weeks), second (8 weeks) and third (12 weeks)
subculture, the following data were recorded:

1.5. Shoot Injury Percentage

The new proliferated shoots derived from original shoot cultures under salt
stress conditions were considered good multiplicated when the stems were
green in tips and more than 50% of leaves were still completely green and
healthy.

The multiplicated shoots under salt stress conditions also were assessed
according to the shoot injury percentage as in the shoot injury index:

Shoot injury index = 50% of leaves and stems were burned.

1.6. Leaf Mineral Composition

Leaf samples were collected and oven-dried at 85 °C for 24 hrs. The dried
leaf samples (50 mg each) were digested with sulfuric acid and hydrogen
peroxide, as outlined by Evenhuis and DeWaard (1980). Suitable aliquots
were then taken for the determination of mineral elements. Nitrogen (N) and
phosphorus (P) were determined colorimetrically according to Evenhuis
(1976) and, Murphy and Riley (1962), respectively. Potassium (K) and
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sodium (Na) were determined by E El Flame photometer, calcium (Ca) and
magnesium (Mg) by Perkin Eimer Atomic Absorption Spectrophotometer.
Chloride (Cl) was determined zs.described by Cotlove (1965). The data were
expressed as percent on dry weight basis.
1.7. Biochemical Responses
1.7.1. Leaf Proline Content
Free proline was extracted from dried leaf material and determined according
to the method of Bates et al.,(1973) using pure proline as standard. The data
were expressed as percent on dry weight basis.
1.7.2. Leaf Chlorophyll Content
In the fresh leaves of each sample, total chlorophyll was determined
according to the method of Torrecillas et al.,(1984). The value of total
chlorophyll content was expressed as mg per 100 cm? of leaf area.
1.7.3. Leaf Peroxidase Activity
Peroxidase (EC 1.11.1.7) activity was spectrophotometricaily determined in
the fresh leaf samples, according to the method suggested by Chance and
Maehly (1955). The data were expressed as changes in optical density (O.D.)
at 470 nm for 1- 2 minutes.
1.8. Statistical Analysis

The experiments of salt tolerance evaluation during three successive
subcultures of shoot multiplication were comprised of 12 treatments (3 grape
cultivars x 4 salinity concentrations), three replicates each and with 6 original
shoot explants per replicate. All data were statistically analyzed as a factorial
experiment in a completely randomized design, according to Steel and Torrie
(1980).

2. Rhizogenesis Under Salt Stress Conditions
2.1. Plant Material

These experiments were carried out on proliferated shoots of the
three grape cultivars derived from in vitro shoot multiplication under sait
stress conditions. The multiplicated shoots considered the explant mother
stock for in vitro rooting under salt stress conditions.
2.2. Culture Media :

Due to the results of rooting experiments which mentioned previously
(in the first part of this study), it was cleared that the best rooting medium was
the Murashige and Skoog (1962) at half strength (designated 1/2 MS
medium) amended with 2% sucrose + 0.2 mg1"' IBA. Solidification of the
rooting medium was achieved by 0.6% agar. For salt tolerance evaluation,
this medium was supplemented with zero, 1000, 2000 and 4000 ppm of salt
mixture (as previously described).

The pH of rooting media under salt stress conditions was adjusted to
5.7 before adding agar. The rooting media were dispensed in glass culture
tubes (180 x 25 mm) with 15 ml (each), closed with cotton, capped with
aluminum foil. The rooting media were autoclaved at 121°C for 20 min., then
left to cool and harden far 24 hrs., before being used.
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2.3. Culture Procedures

At the end of each subculture, uniformity, vigorously growing and
healthy proliferated shoots (= 2 cm) were excised individually under-aseptical.
conditions and cultured vertically into culture tubes containing rooting media.
One proliferated shoot cultured in each culture tube.
2.4. Culture Conditions

The shoot cultures were maintained on racks in growth culture room
at 24 + 2°C, with 16 hrs photoperiod provided by white fluorescent lamps,
followed by 8 hrs dark period for 4 weeks.
2.5. Statistical Analysis

The experiments of rooting under salt stress conditions were
comprised of 12 treatments (3 grape cultivars x 4 salinity concentrations),
three replicates each and with 6 shoot explants per replicate. All data were
statistically analyzed as a factorial experiment in a completely randomized
design, according to Steel and Torrie (1980).

Rooting percentage, average number of roots per shoot and average
root length per shoot were recorded after 4 weeks of shoot culture.

3. Transplanting of Plants to Soil

The obtained plantlets 7 to 10 cm long (heaithy and vigorously) of the
studied cultivars were potted in a sterilized mixture of vermicuiite and peat
moss mixed with soil (2:1) and kept under high air humidity for 3 weeks.
irrigation was carried out every four days with saline water (3000 ppm of salt
mixture that mentioned above) with the addition of appropriate volume of
nutrient 1/2 MS medium without sucrose and gradually exposed to open air
(lowering the humidity) during 2 to 3 weeks. Then, they were transplanted
and transferred to the greenhouse. Observations on survival and growth were
recorded.
All the experiments were repeated for three years.

RESULTS AND DISCUSSION

1. Shoot Multiplication Under Salt Stress Conditions
1.1.Shoot Multiplication Percentage

Regarding the effect of cuitivars on shoot multiplication percentage,
after the first, second and third subcultures, irrespective the effect of salinity
treatments, the data of Tables (1 to 3) showed that, Early Superior gave
significantly the highest shoot multiplication percentages (70.833%),
(66.668%) and (62.500%), followed by Flame seedless (69.443%), (65.277%)
and (61.110%), and Thompson seedless (48.613%), (44.445%) and
(40.278%), respectively.

As for the effect of salinity treatments on shoot muitiplication
percentage, after the first, second and third subcultures, regardless of the
effect of cuitivars, the data in the same Tables revealed, a high decrease in
shoot muitiplication percentages joined the increase in salinity concentrations
from zero to 4000 ppm. Shoot multiplication percentages were 85.183,
68.520 , 55.557 and 42.590% (in the first subculture), 85.183, 62.963,
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J0.000 and 37 040% (In the SeCong suDCUItUre) &nd 03103, 7 407, 44 46T

and 31.480% (in the third subculture) when salinity concentrations were used
at zero, 1000 , 2000 and 4000 ppm, respectively. The differences among
salinity treatments were statistically significant.

Table (1): Effect of four salinity treatments on shoot multiplication
percentage, average number of new proliferated shoots per
original shoot and average length (cm) of new proliferated
shoot of grape cultivars Early Superior, Flame seedless and
Thompson seedless after the first subculture.

Av. no. of new | Av. length (cm)
Cuitivar Salinity |Shoot multiplication| proliferated of new
in ppm (%) shoots/ original proliferated
shoot shoot
0000 83.33 4.07 2.53
1000 72.22 3.54 2.40
Early Superior 2000 66.67 3.33 2.18
4000 61.11 3.18 1.82
Mean 70.833 A* 3.530A 2.233B
0000 94.44 4.53 2.70
1000 77.78 3.64 2.51
Flame seedless 2000 61.11 3.09 2.22
4000 44.44 2.25 1.65
Mean 69.443 B 3.3788B 2.270A
0000 77.78 3.50 2.38
1000 55.56 2.70 2.08
Thompson seedless 2000 38.89 2.00 1.70
4000 22.22 1.50 1.23
Mean 48.613C 2425C 1.848C
0000 85.183 A 4.033 A 2.537A
1000 68.520 B 3.2938 23308
fllover effect 2000 55.557 C 2.807C 2.033C
4000 42.590 D 2.310D 1.567 D
L.S.D.
Cultivars 0.05 0.013 0.028 0.017
alinity concentrations 0.05 0.015 0.032 0.019
ultivarsx Salinity conc. 0.05 0.025 0.055 ~0.033

*Values followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

1.2.Average Number of New Proliferated Shoots

Concerning the effect of cultivars on average number of new
proliferated shoots per original shoot, after the first, second and third
subcultures, irrespective the effect of salinity treatments, the data in the same
Tables indicated that, Early Superior recorded significantly the highest
averages number of new proliferated shoots per original shoot (3.530),
(3.345) and (3.118), followed by Flame seedless (3.378), (3.150) and (2.960),
and Thompson seedless (2.425), (2.143) and (2.043), respectively.

Regarding the effect of salinity treatments on average number of
new proliferated shoots per original shoot, after the first, second and third
subcultures, regardless of the effect of cultivars, the data in the same Tables
revealed a high decrease in average number of new proliferated shoots per
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original shoot accompanied with the increase in salinity concentrations from
zero to 4000 ppm. Averages number of new proliferated shoots per original
shoot were 4.033, 3.293, 2.807 and 2.310 (in the first subculture), 4.097,
2.963, 2.457 and 2.000 (in the second subculture) and 4.163, 2.707, 2.213
and 1.743 (in the third subculture) when salinity concentrations were used at
zero, 1000 , 2000 and 4000 ppm, respectively. The differences among
salinity treatments were statistically significant.

Table (2): Effect of four salinity treatments on shoot muitiplication
percentage, average number of new proliferated shoots per
original shoot and average length (cm) of new proliferated
shoot of grape cultivars Early Superior, Flame seedless and
Thompson seedless after the second subculture.

Salinit Shoot Av. nlof oftnzw Av. Ie;\gth (cm)
alini . roliferate of new
Cultivar in ppr: multip °l/|cat|on sh%otsl original | proliferated
(%) shoot shoot
0000 83.33 413 2.55
1000 66.67 3.25 2.38
Early Superior 2000 61.11 3.00 2.15
4000 55.56 3.00 1.78
Mean 66.668 A* 3.345A 2.2158B
0000 94.44 4.59 2.73
1000 72.22 3.31 2.47
Flame seedless 2000 55.56 2.70 2.19
4000 38.89 2.00 1.62
Mean 65.277 B 3.150B 2.253 A
0000 77.78 3.57 2.40
1000 50.00 2.33 2.03
ng;’g::" 2000 33.33 167 1.65
4000 16.67 1.00 1.18
Mean 44.445 C 2.143C 1.815C
0000 85.183 A 4.097 A 2.560 A
. 1000 62.963 B 2.963 B 2.293 B
Allover efiect 2000 50.000 C 2.457C 1997 C
4000 37.040D 2.000 D 1.527D
L.S.D.
Cultivars 0.05 0.487 0.078 0.013
Salinity concentrations 0.05 0.562 0.090 0.015
Cuitivarsx Salinity conc. 0.05 0.973 0.156 0.027

* Vaiues followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

1.3.Average Length of New Proliferated Shoot

As for the effect of cultivars on average length of new proliferated
shoot, after the first, second and third subcultures, irrespective the effect of
salinity treatments, the data in the same Tables indicated that, Flame
seedless gave significantly the highest average length of new proliferated
shoot (2.270 cm), (2.253 cm) and (2.253 cm), followed by Early Superior (2.
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233 cm), (2.215 cm) and (2.210 cm), and Thompson seedless (1.848 cm),
(1.815 cm) and (1.803 cm), respectively.

Concerning the effect of salirity treziments ¢cn average length of new
proliferated shoot, after the first, second and third subcultures, irrespective
the effect of cultivars, the data in the same Tables also indicated that a high
decrease in average length of new proliferated shoot joined the increase in
salinity concentrations from zero to 4000 ppm. Averages length of new
proliferated shoot were 2.537, 2.330, 2.033 and 1.567 cm (in the first
subculture), 2.560, 2.293, 1.997 and 1.527 cm (in the second subcuiture) and
2.580, 2.280, 1.983 and 1.510 cm (in the third subculture) when salinity
concentrations were used at zero, 1000, 2000 and 4000 ppm, respectively.
The differences among salinity treatments were statistically significant.

Table (3): Effect of four salinity treatments on shoot multiplication
percentage, average number of new proliferated shoots per
original shoot and average length (cm) of new proliferated
shoot of grape cultivars Early Superior, Flame seedless and
Thompson seedless after the third subculture.

Safinit Shoot Av, n,c>f oftnzw (Av.)Lefngth
. alini . proliferate cm) of new
Cultivar in ppn¥ multlpolllcatlon shoots/ original| proliferated
(%) shoot shoot
0000 83.33 4.20 2.57
1000 61.11 2.91 2.37
Early Superior 2000 55.56 2.80 2.14
4000 50.00 2.56 1.76
Mean 62.500 A* 3.118 A 2.2108
0000 94.44 4.65 2.76
1000 66.67 3.08 2.47
Flame seedless 2000 50.00 2.44 2.18
4000 33.33 1.67 1.60
Mean 61.1108 2.960 B 2.253 A
0000 77.78 3.64 2.41
1000 44 44 2.13 2.00
g;‘::,',‘:::“ 2000 27.78 1.40 1.63
4000 11.11 1.00 1.17
Mean 40.278 C 2.043C 1.803C
0000 85.183 A 4.163 A 2.580 A
1000 57.407 8 2.707 8 2.2808
Allover. effect 2000 44.447 C 2213C 1.983C
4000 314800 1,743 D 1.510D
L.S.D.
Cultivars 0.05 0.544 0.013 0.027
Salinity concentrations 0.05 0.628 0.015 0.031
CultivarsxSalinity conc. 0.05 1.088 0.026 0.054

* Values followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

B Regarding the forecited results, it was cleared that in the 1*, 2™ and
3" subcultures, Early Superior gave significantly the highest shoot
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multiplication percentage and average number of new proliferated shoots per
original shoot, followed by Fiame seedless and Thompson seedless. Such
results were confirmed by Shahin (1997) who regorted that Early Superior
exhibited the highest survival percentage, followed by Flame seedless, while
King Ruby showed the lowest survival percentage, after 4 or 12 weeks from
culturing on saline media.

The same results indicated that, shoot multiplication percentage, average
number and length of new proliferated shoots per original shoot of the studied
cultivars were decreased with increasing salinity concentrations (from zero to
4000 ppm) and salt treatment period (from 1% to 3™ subculture). These
findings also agreed with those reported by Shahin (1997) who found that
shoot survival percentages of the cultivars Flame seedless, King Ruby and
Early Superior were significantly decreased with increasing salt
concentrations in MS medium. In this concept, Sivritepe and Eris (1998)
mentioned that, under in vitro conditions, shoot proliferation and growth of
grapevine rootstocks decreased with increasing NaCl concentration and
treatment period. The same authors (1999) found that shoot proliferation and
growth of explants were decreased due to an increase in NaCl concentration
in the culture medium and length of treatment period.

2. Shoot Injury Under Salt Stress Conditions

Regarding the effect of cultivars on shoot injury percentages, after
the first, second and third subcultures, irrespective the effect of salinity
treatments, the data in Table (4) indicated that, Thompson seedless exhibited
significantly the highest shoot injury percentage (37. 500 %), (42.8€0%) and
(48.215%) followed by Flame seedless (26. 468 %), (30.880%) and
(35.292%), then Early Superior (14.995%), (19.993% ) and (24.995%),
respectively.

Concerning the effect of salinity treatments on shoot injury
percentages, after the first, second and third subcultures, regardiess of the
effect of cultivars, the data in the same Table revealed a high increase in
shoot injury percentage joined the increase in salinity concentrations from
zero to 4000 pprr.. Shoot injury percentages were 00.000, 19.847, 35.093 and
50.343% (in the first subculture), 00.000, 26.413, 41.660 and 56.903% (in the
second subculture), and 00.000, 32.973, 48.220 and 63.477% (in the third
subcuiture) when salinity concentrations were used at zero, 1000, 2000 and
4000 ppm, respectively. The differences among salinity treatments were
statistically significant.

According to Table (4), it was obvious that, Thompson seedless
exhibited significantly the highest shoot injury percentage, followed by Flame
seedless and Early Superior. The results in the same Table also indicated
that shoot injury percentage of the studied cultivars increased with increasing
salinity concentrations (from zero to 4000 ppm) and salt treatment period
(from 1* to 3" subculture). These results were in harmony with those found
by Sivritepe and Eris (1998). They stated that salt treatments caused loss of
viability and injuries at different levels in expiants, depending on NaCl
concentration, treatment period and rootstock.
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3. Leaf Mineral Content Under Salt Stress Conditions
3.1. Nitrogen )

As for the effect of cultivars on leaf nitrogen content, after the first,
second and third subcultures, irrespective the effect of salinity treatments, the
data in Tables (5 to 7) indicated that, Early Superior achieved significantly the
highest leaf nitrogen content (2.238%), (2.210%) and (2.180%), followed by
Flame seedless (2.163%), (2.125%) and (2.080%), then Thompson seedless
(2.145%), (2.078%) and (2.030%), respectively.

Concerning the effect of salinity treatments on leaf nitrogen content,
after the first, second and third subcultures, regardless of the effect of
cultivars, the data in the same Tables revealed that the leaf nitrogen content
showed a tendency for positive responses to salinity treatments. Leaf
nitrogen contents were 2.007, 2.103, 2.260 and 2.357% (in the first
subculture), 1.977, 2.047, 2.210 and 2.317% (in the second subculture) and,
1.830, 2.017, 2.160 and 2.280% (in the third subculture} when salinity
concentrations were used at zero, 1000, 2000 and 4000 ppm, respectively.
The differences among salinity treatments were statistically significant.

Table (4): Effect of four salinity treatments on shoot injury percentage®
in grape cultivars Early Supetior, Flame seedless and
Thompson seedless after the first , second and third
subcultures.

Yy L
Cultivar 'S:I;):l'tny sub:ulture 2" subculture | 3™ subculture
0000 00.00 00.00 00.00
1000 13.33 19.99 26.66
Early Superior 2000 19.99 26.66 33.32
4000 26.66 33.32 40.00
Mean 14.995 C* 19.993 C 24.995 C
0000 00.00 00.00 00.00
1000 17.64 23.53 29.40
Flame seedless 2000 35.29 4117 47.06
4000 52.94 58.82 64.71
Mean 26.468 B 30.880 B 35.292 B
0000 00.00 00.00 0000 |
Thompson 1000 28.57 35.72 42 .86
Eeedless 2000 50.00 57.15 64.28
4000 71.43 78.57 85.72
Mean 37.500 A 42.860 A 48.215 A
0000 00.000 D 00.000 D 00.000 D
1000 19.847 C 26.413C 32973 C
Allover effect 2000 35.003 B 41.660 B 482208
4000 50.343 A 56.903 A 63.477 A
L.S.D.
Cultivars 0.05 0.487 0.018 0. 487
Salinity concentrations 0.05 0.562 0.020 0.562
Cultivarsx Salinity conc. 0.05 0.973 0.035 0.973

? Shoot injury index = 50% of leaves and stems were bured.
* Values followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.
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3.2. Phosphorus

Regarding the effect of cultivars on leaf phosphorus content, after the
first, second and third subcultures, irrespective the efiect of salinity
treatments, the data in Tables (5 to 7) showed that, Early Superior exhibited
significantly the highest leaf phosphorus content (0.398%), (0.393%) and
(0.383%), folliowed by Flame seedless (0.320%), (0.318%) and (0.310%),
then Thompson seedless (0.268%), (0.260%) and (0.268%), respectively.

As for the effect of salinity treatments on leaf phosphorus content,
after the first, second and third subcultures, regardiess of the effect of
cultivars, the data in the same Tables indicated that the leaf phosphorus
content showed a tendency for negative responses to salinity treatments.
Leaf phosphorus contents were 0.410, 0.360, 0.307 and 0.237% (in the first
subculture), 0.410, 0.357, 0.297 and 0.230% (in the second subculture) and,
0.413, 0.350, 0.290 and 0.227% (in the third subculture) when salinity
concentrations were used at zero, 1000, 2000 and 4000 ppm, respectively.
Significant differences were found between the salinity treatments.

3.3. Potassium

Concerning the effect of cuitivars on leaf potassium content, after the
first, second and third subcultures, regardless of the effect of salinity
treatments, the data in Tables (5 to 7) indicated that, Early Superior produced
significantly the highest leaf potassium content (0.965%), (0.975%) and
(0.998%), followed by Flame seedless (0.678%), (0.685%) and (0.695%),
then Thompscn seedless (0.548%), (0.550%) and (0.535%), respectively.

As for the effect of salinity treatments on leaf potassium content, after the
first, second and third subcultures, irrespective the effect of cultivars, the data
in the same Tables revealed that the leaf potassium ccntent showed a
tendency for negative responses to salinity treatments. Leaf potassium
contents were 0.887, 0.783, 0.687 and 0.563% (in the first subculture), 0.907,
0.793, 0.673 and 0.573% (in the second subculture) and, 0.900, 0.810, 0.683
and 0.577% (in the third subculture) when salinity concentrations were used
at zero, 1000, 2000 and 4000 ppm, respectively. The differences among
salinity treatments were statistically significant.

3.4. Caicium

Regarding the effect of cultivars on leaf calcium content, after the first,
second and third subcultures, irrespective the effect of salinity treatments, the
data in Tables (5 to 7) indicated that, Thompson seediess gave significantly
the highest leaf calcium content (1.193%), (1.248%) and (1.285%), followed
by Flame seedless (1.145%), (1.150%) and (1.170%), then Early Superior
(1.105%), (1.080%) and (1.085%), respectively.

As for the effect of salinity treatments on leaf calcium content, after the first,
second and third subcultures, regardiess of the effect of cultivars, the data in
the same Tables revealed that the lezf calcium content showed a tendency
for negative responses to salinity treatments. Leaf calcium contents were
1.240, 1.197, 1.127 and 1.027% (in the first subculture), 1.230, 1.200, 1.143
and 1.063% (in the second subculture) and, 1.253, 1.213, 1.167 and 1.087%
(in the third subculture) when salinity concentrations were used at zero, 1000,
2000 and 4000 ppm, respectively. The differences among salinity treatments
were statistically significant.
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3.5. Sodium _
Concem‘\nﬂ the effect of quitivars onleaf sodium comeml after the

first, second and third subcultures, regardiess of the effect of salinity
treatments, the data in Tables (5 to 7) showed that, Early Superior produced
significantly the highest leaf sodium content (0.628%), (0.658%) and
(0.688%), followed by Fiame seedless (0.553%), (0.565%) and (0.575%),
then Thompson seedless (0.535%), (0.520%) and (0.520%), respectively.

Table (5): Effect of four salinity treatments on leaf mineral content of
grape cultivars Early Superior, Flame seedless and
Thompson seedless after the first subculture.

Salinity in (%) on dry weight basis |
Cultivar _ppm N P K Ca Na Cl Mg
0000 211 0.46 1.06 1.15 0.54 0.58 1.10
1000 2.19 0.42 1.00 1.12 0.60 0.64 1.00
Early Superior 2000 2.27 0.38 0.96 1.10 0.65 0.70 0.93
4000 2.38 0.33 0.84 1.05 0.72 0.75 0.81
Mean | 2.238A" |0.398A| 0.965A | 1.105C | 0.628A | 0.668A | 0.960A |
0000 1.98 0.40 0.86 1.26 0.50 0.62 0.94
1000 2.07 0.36 0.73 1.21 0.54 0.65 0.88
Flame seedless 2000 2.24 0.32 0.60 1.08 0.57 0.68 0.76
4000 2.36 0.20 0.52 1.03 0.60 0.71 0.70
Mean | 2.163B |0.320B| 06788 | 1.145B | 05538 | 0.665A | 0.8208
0000 1.93 0.37 0.74 1.31 0.49 0.65 0.80
1000 2.05 0.30 0.62 1.26 0.52 0.67 0.78
Thompson seedless| 2000 2.27 0.22 0.50 1.20 0.55 0.69 0.66
4000 2.33 0.18 0.33 1.00 0.58 0.70 0.60
Mean | 2.145C |0.268C| 0548C | 1.193A | 0.535C | 0.678A | 0.710C
0000 | 2.007D |0.410A] 0.887A | 1.240A | 0510D | 0.617D | 0947 A
Allover effect 1000 | 2.103C |0.360B| 0.7838 | 1.197B | 0.553C | 0.653C | 0.887 B
2000 | 22608 |0307C| 0687C | 1.127C | 0.5908 | 06908 | 0.783C
4000 | 2.357A |0237D] 0563D | 1.0270 | 0.633A | 0.720A | 0.703D
LSD.
Cultivars 0.05 0.015 | 0017 | 0.051 0.013 0.015 0.014 0.050
Salinity concentrations 0.05 0.018 | 0.019 | 0.059 0.015 0.017 0.016 0.058
Cultivars xSalinity conc.0.05 0.030 | 0.033 | 0.102 0.026 0.029 0.028 0.101

*Values followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

Regarding the effect of salinity treatments on leaf sodium content,
after the first, second and third subcultures, irrespective the effect of cultivars,
the data in the same Tables indicated that the leaf sodium content showed a
tendency for positive responses to salinity treatments. Leaf sodium contents
were 0.510, 0.553, 0.590 and 0.633% (in the first subculture), 0.517, 0.563,
0.603 and 0.640% (in the second subculture) and, 0.510, 0.573, 0.627 and
0.667% (in the third subculture) when salinity concentrations were used at
zero, 1000, 2000 and 4000 ppm, respectively. The differences among salinity
treatments were statistically significant.

3.6. Chloride

Concerning the effect of cultivars on leaf chloride content, after the
first, second and third subcultures, regardless of the effect of salinity
treatments, the data in Tables (5 to 7) indicated that the differences among
the studied cultivars were not significant (in the first subcuiture). In the
second subculture, Thompson seedless gave significantly the highest leaf
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chloride content (0.705%), followed by Early Superior (0.683%) and Flame
seedless (0.660%). While, in the third subculture, Thompson seedless and -
Early Superior achieved significantly the highest leaf chloride contents
(0.700% and 0.698%, respectively), followed by Flame seedless (0.668%).

Table (6): Effect of four salinity treatments on leaf mineral content of
grape cultivars Early Superior, Flame seedless and
Thompson seedless after the second subculture.

Salinity (%) on dry weight basis
Cultivar in ppm N P K Ca Na o] Mg

0000 | 208 | 047 | 108 | 112 | 056 | 056 | 1.08
1000 | 216 | 043 | 103 | 110 | 064 | 065 | 1.02
. 2000 | 224 | 037 | 092 | 107 | 068 | 072 | 0.95
Early Superior | 000 | 236 | 030 | 087 | 103 | 075 | 080 | 0.80
Mean | 2.210 | 0.393 | 0.975 | 1.080 | 0.658 | 0.683 | 0.96

A A A c A B 3A
0000 | 196 | 041 | 087 | 123 | 051 061 | 0.96
1000 | 203 | 034 | 075 | 120 | 055 | 065 | 0.85

Flame 2000 220 0.30 0.62 1.1 0.59 0.67 0.73
seedless 4000 2.31 0.22 0.50 1.06 0.61 0.71 0.68
Mean 2125 | 0.318 | 0.685 | 1.150 0.565 0.660 | 0.80

B B B B B c 5B

0000 1.89 0.35 0.77 1.34 0.48 0.67 0.81
1000 1.95 0.30 0.60 1.30 0.50 0.70 0.76

Thompson 2000 | 219 | 022 | 048 | 125 | 0854 | 072 | 0.69
seedless 4000 | 228 | 017 | 035 | 110 | o056 | 073 | 062
Mean | 2.078 | 0.260 | 0.550 | 1.248 | 0520 | 0.705 | 0.72
C c C A c A | oc
0000 | 1.977 | 0410 | 0.907 | 1.230 | 0.517 | 0613 | 0.95
D A A A D o | oA
1000 | 2.047 | 0.357 | 0793 | 1200 | 0563 | 0667 | 0.87
c B B B c c |78
Allover effect 2000 | 2210 | 0.297 | 0.673 | 1.143 | 0603 | 0703 | 0.79
B c c c ) B | o0C
4000 | 2317 | 0.230 | 0.573 | 1.063 | 0640 | 0747 | 0.70
A D D D A A | oD
LSO
Cultivars 005 | 0.013 | 0.015 | 0015 | 0.015 | 0015 | 0.013 | 0.01
4
Salinity concentrations  0.05 | 0.015 | 0.018 | 0.017 | 0.017 | 0.017 | 0.015 | 0.01
6
Cultivars xSalinity conc. 005 | 0.025 | 0.030 | 0.029 | 0.029 | 0029 | 0.027 | 0.02

L 8
* Values followed by the same letters between cuitivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

As for the effect of salinity treatments on leaf chloride content, after
the first, second and third subcultures, irrespective the effect of cultivars, the
data in the same Tables revealed that the leaf chloride content showed a
tendency for positive responses to salinity treatments. Leaf chloride contents
were 0.617, 0.653, 0.690 and 0.720% (in the first subculture), 0.613, 0.667,
0.703 and 0.747% (in the second subculture) and, 0.600, 0.667, 0.720 and
0.767% (in the third subculture) when salinity concentrations were used at
zero, 1000, 2000 and 4000 ppm, respectively. Significant differences were
found between the salinity treatments.
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31, Magnesium

Regarding the effect of cultivars on leaf magnesium content, after the
fict, secend and third subcultures, irrespective the effect of salinity
treatments, the data in Tables (5 to 7) revealed that, Early Superior achieved
significantly the highest leaf magnesium content (0.960%), (0.963%) and
(0.983%), followed by Flame seedless (0.820%), (0.805%) and (0.828%),
then Thompson seedless (0.710%), (0.720%) and (0.740%), respectively.

Concerning the effect of salinity treatments on leaf magnesium
content, after the first, second and third subcultures, regardless of the effect
of cultivars, the data in the same Tables indicated that the leaf magnesium
content showed a tendency for negative responses to salinity treatments.
Leaf magnesium contents were 0.947, 0.887, 0.783 and 0.703% (in the first
subculture), 0.950, 0.877, 0.780 and 0.700% (in the second subculture) and,
0.967, 0.897, 0.810 and 0.727% (in the third subculture) when salinity
concentrations were used at zero, 1000, 2000 and 4000 ppm, respectively.
The differences among salinity treatments were statistically significant.

Table (7): Effect of four salinity treatments on leaf mineral content of grape
cultivars Early Superior, Flame seedless and Thompson
seedless after the third subculture.

Salini {%) on dry weight basis
Cultivar in ppl:'ly N 3 K e | M Ci M
0000 | 203 | 048 | 110 | 114 | 057 | 054 | 1.09
1000 | 212 | 041 | 106 | 111 | 067 | 067 | 103
. 2000 | 223 | 035 | 095 | 1090 | 072 | 075 | o0.98
Barly Superior | 4000 | 234 | o020 | 088 | 100 | 079 | o83 | o83
Mean | 2.180 | 0383 | 0.998 | 1.085 | 0688 | 0.698 | 0.983
A A A c A A A
0000 | 192 | 040 | 085 | 125 | 050 | 061 | 098
1000 | 200 | 035 | 076 | 1.21 | 056 | 064 | 088
Flame 2000 | 214 | 029 | 064 | 1.13 | 061 | 069 | 0.75
seedless 4000 | 226 | 020 | 053 | 109 | 063 | 073 | a70
Mean | 2.080 | 0310 | 0.685 | 1.170 | 0.575 | 0.668 | 0.828
B B B B B B B -
0000 | 184 | 036 | 075 | 137 | 046 | 065 | 083
1000 | 193 | o2¢ | o061 | 132 | 049 | 069 | 078
Thompson 2000 | 211 | 023 | 046 | 128 | 055 | 072 | 0.70
seedless 4000 | 224 | 019 | 032 | 117 | o058 | 074 | o065
Mean | 2.030 | 0268 | 0535 | 1.285 | 0.520 | 0.700 | 0.740
B8 c c A c | A c
0000 | 1.930 | 0413 | 0900 | 1.253 | 0510 | 0.600 | 0.967
D A A A D D A
1000 | 2.017 | 0350 | 0810 | 1.213 | 0573 | 0667 | 0.897
c 8 B B c c B8
Allover effect 2000 | 2.160 | 0290 | 0683 | 1.167 | 0627 | 0.720 | 0.810
B8 c c c B B8 c
4000 | 2280 | 0227 | 0577 | 1.087 | 0657 | 0767 | 0.727
A D D D A A D
(SO,
Cultivars 0.05 0.050 | 0015 | 0.013 | 0.013 | 0011 | 0.009 | 0.013
Salinity concentrations 005 | 0.058 | 0.017 | 0.015 | 0.015 | 0013 | 0011 | 0015
Cultivars xSalinity conc. 0.05 | 0.101 | 0.029 | 0.025 | 0,025 | 0022 | 0019 | 0025

* Values followed by the same letters between cultivars or betwveen salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

6846




J. Agric. Sci. Mansoura Univ., 28(11), November,' 2003

Referring to the obtained results in Tables (5 to 7), it is evident that,
in the 1%, 2™ and 3" subcultures, Early Superior achieved significantly the
highest leaf P, K, Na and Mg contents, foilowed by Flame seedless and
Thompson seedless. In contrast, Thompson seedless presented significantly
the highest leaf Ca content, followed by Flame seedless and Early Superior.
The results in the same Tables also indicated that leaf N, Na and C! contents
in the studied cuitivars increased with increasing salinity concentrations (from
zero to 4000 ppm). On the contrary, leaf P, K, Ca and Mg contents in the
studied cuitivars decreased with increasing salinity concentrations (from zero
to 4000 ppm). Such findings agreed with those reported by Troncoso et al.,
(1999). They found that increasing salt concentrations significantly reduced
the leaf K content and, to a smaller extent, the leaf P and Ca contents.
Sodium and Ci were accumulated to a greater extent in tolerant plants. The
tolerance to NaCl of in vitro grown grape rootstocks seemed to be due to their
capacity to accumulate salt, to increase K concentration in their tissues and
to maintain a high water content.

Recently, El-Gazzar et al., (2002) found that the NaCl - tolerant
callus of sour orange 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.

4. Biochemical Responses Under Salt Stress Conditions

4.1. Leaf Proline Content

Concerning the effect of cultivars on leaf proline content, after the first,
second and third subcultures, regardless of the effect of salinity treatments,
the data in Tables (8 to 10) indicated that, Early Superior gave significantly
the highest leaf proline content (0.123%), (0.148%) and (0.163%), followed
by Flame seedless (0.090%), (0.103%) and (0.085%), then Thompson
seedless (0.078%), (0.088%) and (0.078%), respectively.

As for the effect of salinity treatments on leaf proline content, after
the first, second and third subcultures, irrespective the effect of cultivars, the
data in the same Tables revealed that the leaf proline content showed a
tendency for positive responses to salinity treatments. Leaf proline contents
were 0.063, 0.083, 0.110 and 0.130% (in the first subcuiture), 0.067, 0.097,
0.130 and 0.157% (in the second subculture) and, 0.057, 0.087, 0.133 and
0.157% (in the third subculture) when salinity concentrations were used at
zero, 1000, 2000 and 4000 ppm, respectively. The differences among salinity
treatments were statistically significant.

4.2, Leaf Chlorophyll Content

Regarding the effect of cultivars on leaf chlorophyll content, after the
first, second and third subcultures, irrespective the effect of salinity
treatments, the data in Tables (8 to 10) indicated that, Early Superior
exhlbnted significantly the hnghest leaf chlorophyll content {1.368 mg/ 100
cm) (1.388 mg/100 cm) and (1.413 mg/100 cm) followed by Flame
seedless (1.220 mg/ 100 cm ) (1.278 mg/100 cm ) and (1.263 mg/100 cm )
then Thompson seedless (1.100 mg/ 100 cm?), (1.148 mg/100 cm?) and
{1.180 mg/100 cm 3, respectively.
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Table (8): Effect of four salinity treatments on leaf proline, total
chlorophyll contents and peroxidase activity of grape
cultivars Early Superior, Flame seedless and Thompson
seedless after the first subculture.

. . Total Peroxidase
Cultivar §ahmty P rohqe (%I),oq chlorophyll activity
In ppm dry weight basis {mg/ 100 cm 5] % of control)
0000 0.08 1.48 100.00
1000 0.10 1.40 92.87
Early Superior 2000 0.14 1.32 83.16
4000 0.17 1.27 70.56
Mean 0.123 A* 1.368 A 86.648 A
0000 0.06 1.37 100.00
1000 0.08 1.30 85.17
Flame seedless 2000 0.10 1.21 76.64
4000 0.12 1.00 65.15
Mean 0.090 B 1.220 B 81.740 B
0000 0.05 1.23 100.00
1000 0.07 1.18 74.22
Thompson seedless 20u0 0.09 1.10 69.18
4000 0.10 0.89 56.10
Mean 0.078 C 1.100C 74.875 C
0000 0.063 D 1.360 A 100.000 A
1000 0.083 C 1.293 B 84.087 B
Allover effect 2000 0.110 B 1210 C 76.327 C
4000 0.130 A 1.053 D 63.937 D
L.S.D.
Cultivars 0.05 0.012 0.015 0.013
Salinity concentrations 0.05 0.014 0.018 0.015
Cultivars x Salinity conc.  0.05 0.024 0.031 0.027

* Values followed by the same letters between cuitivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

As for the effect of salinity treatments on leaf chlorophyll content,
after the first, second and third subcultures, regardiess of the effect of
cultivars, the data in the same Tables revealed that the leaf chlorophyll
content showed a tendency for negative responses to salinity treatments
Leaf chlorophyll contents were 1.360, 1.293, 1.210 and 1.053 (mg/ 100 cm )
in the first subculture, 1.377, 1.317, 1.253 and 1.150 (mg/100 cm?) in the
second subculture, 1.373, 1.333, 1.280 and 1.153 (mg/100 cm?) in the third
subculture when salinity concentrations were used at zero, 1000, 2000 and
4000 ppm, respectively. The differences among salinity treatments were
statistically significant,

4.3. Leaf Peroxidase Activity

Regarding the effect of cultivars on leaf peroxidase activity, after the
first, second and third subcultures, irrespective the effect of salinity
treatments, the data in Tables (8 to 10) reveled that, Early Superior presented
significantly the highest leaf peroxidase activity (86.648% of control),
(88.783% of control) and (89.898% of control), followed by Flame seedless
(81.740% of control), (83.280% of control) and (84.868% of control), then
Thompson seedless (74.875% of control), (76.655% of control) and (78.795%
of control), respectively.
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Concerning the effect of salinity treatments on leaf peroxidase
activity, after the first, second and third subcultures, regardless of the effect
of cultivars, the data in the same Tablés indicated that the leaf peroxidase
activity showed a tendency for negative responses to salinity treatments. Leaf
peroxidase activities were 100.000, 84.087, 76.327 and 63.937 (% of controf)
in the first subculture, 100.000, 85.947, 79.403 and 66.273 (% of control) in
the second subculture and, 100.000, 87.693, 80.823 and 69.563 (% of
control) in the third subculture when salinity concentrations were used at
zero, 1000, 2000 and 4000 ppm, respectively. The differences among salinity
treatments were statistically significant.

Table (9): Effect of four salinity treatments on leaf proline, total
chlorophyll contents and peroxidase activity of grape
cultivars Early Superior, Flame seediess and Thompson
seedless after the second subculture.

Sl Prolin: (%) Total Perotxidtayse
. alinity on dry activi
Cultivar in ppm weight chllo1r(¢;»c;):hy(l2 (% of
basis (mg cm’) control)
0000 0.09 1.50 100.00
1000 0.12 1.43 93.98
Early Superior 2000 v.17 1.36 88.10
4000 0.21 1.30 73.05
Mean 0.148 A* 1.398 A 88.783 A
0000 0.06 1.38 100.00
1000 0.09 1.32 87.30
Flame seedless 2000 0.12 1.26 78.22
4000 0.14 1.15 67.60
Mean 0.103 B 1278 B 83.280 B
0000 0.05 1.25 100.00
Thompson 2000 010 114 7189
seedless 4000 0.12 1.00 58.17
Mean 0.088 C 1.148 C 76.655 C
‘0000 0.067 D 1.377 A 100.000 A
Allover effect 1000 0.097 C 1317 B 85947 B
2000 0.130 B 1253 C 79.403 C
L 4000 0.157 A 1.150 D 66.273 D
L.S.D.
Cultivars 0.05 0.011 0.051 0.012
Salinity concentrations 0.05 0.013 0.059 0.014
| Cultivars x Salinity conc.  0.05 L 0.022 0.102 0.024

* Values followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

From the mentioned results in Tables (8 to 10), it was obvious that, in
the 1¥, 2™ and 3" subcultures, Early Superior achieved significantly the
highest leaf chlorophyll content and peroxidase activity, followed by Flame
seedless and Thompson seedless. Also, in the 1%, 2" and 3™ subcultures,
Early Superior gave significantly the highest leaf proline content, as
compared with Flame seedless and Thompson seedless.
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Table (10): Effect of four salinity treatments on leaf proline, total
chlorophyll contents - and peroxidase activity of grape
cultivars Early Superior, Flame seedless and Thompson
seedless after the third subculture.

Proline (%) Total Pero:_(ic.!ase
Cultivar §al|nlty on-dry chlorophyll at:.,tlwty
in ppm weight (mg/ 100 cm?) (% of
basis control)
0000 0.08 1.49 100.00
1000 0.13 146 94.06
Early Superior 2000 0.20 1.38 89.18
4000 0.24 1.32 76.35
Mean 0.163 A* 1.413 A 89.898 A
0000 0.05 1.36 100.00
1000 0.07 1.31 88.16
Flame seedless 2000 0.10 1.28 80.24
4000 0.12 1.10 71.07
Mean 0.0858 1.263 8B 84.868 B
0000 0.04 1.27 100.00
1000 0.06 1.23 80.86
:2:;’,‘2::" 2000 0.10 1.18 73.05
4000 0.11 1.04 61.27
Mean 0.078 B 1.180C 78.795 C
0000 0.057 D 1.373 A 100.000 A
1000 0.087 C 1.3338B 87693 B
Allover effect 2000 0.133B 1.280 C 80.823 C
4000 0.157 A 1.153 D 69.563 D
L.S.D. -
Cultivars 0.05 0.009 0.012 0.016
Salinity concentrations 0.05 0.011 0.014 0.019
Cultivars x Salinity conc.  0.05 0.018 0.024 0.033

* Values followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.

The results in the same Tables also indicated that, leaf proline
content in the studied cultivars increased with increasing salinity
concentrations (from zero to 4000 ppm) and salt treatment period (from 1™ to
3 subculture). In contrast, leaf chlorophyll content and peroxidase activity in
the studied cultivars were decreased with increasing salinity concentrations
and treatment period. These findings agreed with those reported by Sivritepe
and Eris (1998). They found that leaf chiorophyil content of grape rootstocks
decreased with increasing NaCl concentration and treatment period. In
addition, the same authors (1999) stated that leaf chlorophyll content of
explants decreased due to increases in NaCl concentration and length of
treatment period. They also reported that salt tolerant cultivars were better to
avoid metabolic disorders such as chlorophyll deficiency under sait stress
conditions. In this concept, Shahin (1997) and wafaa et al.,(1999) reported
that increasing the salt concentration led to an increase in leaf proline content
in all studied culitivars.
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Recently, El-Gazzar et al, (2002) found that proline content
increased in salt- tolerant callus as compared to salt- sensitive callus
(control). Accumulation of proline in the salt- tolerant callus of sour orange
has been shown to be an adaptive mechanism for resistance to salt stress.

5. Rhizogenesis Under Salt Stress Conditions

Regarding the effect of cultivars on rooting percentage and average
number of roots per shoot, after 4 weeks of shoot culture, irrespective the
effect of salinity treatments, the data in Table (11) indicated that, Early
Superior exhibited significantly the highest rooting percentage and average
number of roots (63.890% and 5.118, respectively), followed by Flame
seedless (58.333% and 4.623, respectively), then Thompson seediess
(38.887% and 2.643, respectively).

Table (11): Effect of four salinity treatments on rooting percentage of
proliferated shoots, average number of roots per shoot and
average root length of grape cultivars Early Superior, Flame
seedless and Thompson seedless after 4 weeks of shoot

culture.
. . . Av. no. of roots/
Cuitivar §a||n|ty Rooting proliferated Av. root
in ppm (%) shoot length (cm)
0000 77.78 8.21 4.48
1000 66.67 5.50 3.32
Early Superior 2000 61.11 4.09 3.00
4000 50.00 2.67 1.98
Mean 63.890 A* 5118 A 3.195 A
0000 88.89 9.13 5.63
1000 61.11 5.92 3.42
Flame seedless 2000 50.00 2.1 260
4000 33.33 1.33 1.27
Mean 58.333 B 4.623 B 3.230 A
0000 72.22 6.62 297
Thompson 1000 44 44 1.75 1.32
seedless 2000 27.78 1.20 1.00
4000 11.11 1.00 0.51
Mean 38.887 C 2643 C 1.450 B
0000 79.630 A 7.987 A 4.360 A
’ 1000 57.407 B 4.390 B 2.687B
Allover efiect 2000 46.297 C 2.467C 2.200 C
4000 31480 D 1.667 D 1.253 D
L.S.D.
Cultivars 0.05 0.344 0.028 0.056
Salinity concentrations  0.05 0.398 0.032 0.064
Cultivars=Salinity conc. 0.05 0.688 0.055 0.112

* Values followed by the same letters between cultivars or between salinity treatments in
the same column significantly are not differed at the 0.05 level of probability.
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Flame acdesdand Ear Superior cHnoIcd agacanty e ngney

average root length (3.230 and 3. 195 cm, respectively), followed by
Thompson seedless (1.450 cm). ,

As for the effect of salinity treatments on rooting percentage, average
number of roots and average root length, after 4 weeks of shoot culture,
regardless of the effect of cultivars, the data in the same Table revealed that,
the rooting percentage, average number of roots and average root length,
showed a tendency for negative responses to salinity treatments. The rooting
percentages were 79.630, 57.407, 46.297 and 31.480%, averages number of
roots per shoot were 7.987, 4.390, 2.467 and 1.667, and averages root
length were 4.360, 2.687, 2.200 and 1.253 cm when salinity concentrations
were used at zero, 1000, 2000 and 4000 ppm, respectively. The differences
among salinity treatments were statistically significant.

As shown in the previous resuits in Table (11), it was obvious that,
after 4 weeks of shoot culture, Early Superior produced significantly the
highest rooting percentage and average number of roots per shoot, followed
by Flame seedless and Thompson seedless. While, Early Superior and
Flame seedless gave significantly the highest average root length, as
compared with Thompson seedless.

The results in the same Table also indicated that, rooting percentage,
average number of roots per shoot and average root length of the studied
cultivars decreased with increasing salinity concentrations from zero to 4000
ppm. These findings agreed with those reported by Shahin (1997) who found
that rooting percentage and average roots number per shoot of the three
grape cultivars were significantly decreased with increasing salinity levels.

6. Transplanting of Plants to Soil

The obtained plants of the studied cultivars were transferred to
greenhouse conditions (after acclimatization in growth chamber). The plants
of Early Superior cultivar demonstrated morphologically identical to the parent
vines, uniformity, vigorously growing and healthy appearance under the
greenhouse conditions, survived and showed no damage and increased in
growth at 3000 ppm of salt mixture (as previously described), followed by
Flame seedless cultivar compared to Thompson seedless cultivar which
showed sever leaf burn, progressive wilting and decreased growth under sait
stress conditions. These results were in accordance with those obtained by
Mohamed (1996) who evaluated grape cultivars Thompson seedless, Flame
seedless, Early Superior and King Ruby, to salt stress in vivo.
It is worthy to mention that, 77%, 70% and 55% of the obtained piants of
Early Superior, Flame seedless and Thompson seedless, respectively were
successfully transplanted to soil. These findings agreed with those obtained
by Compton and Gray (1995) who reported that approximately 90% of
plantlets of “Southern Home” hybrid grape survived acclimatization to
ambient conditions. In addition, Biasi et al, (1998) reported that for
acclimatization plants of Jales grape rootstock were kept in closed containers
for 3 weeks, then under intermittent mist for 4 more weeks, until being
transferred to the open air.

6852



J. Agric. Sci. Mansoura Univ., 28(11), November, 2003

It is evident that, Early Superior was the most salt-tolerant cultivar,
followed by Flame seediess which considered salt-moderate, while
Thompson seedless cutlivar appeared to be the most salt- sensitive cultivar in
this respect. Thése resiilts agreed with those reported by Shahin (1997) who
found that Early Superior was the most salt- tolerant cultivar, followed by
Flame seedless.

Finally, the present study gives a very detailed protocoi for salt
tolerance evaluation of the three grape cuitivars Early Superior, Flame
seedless and Thompson seedless under in vitro conditions. In other words,
the use of tissue culture technique as a tool for the salt tolerance evaluation
in the three tested grape cultivars achieved in this study.
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