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Abstract: Pomegranate is a major fruit crop recommended for new reclaimed soils in Egypt. Stress
tolerance to salinity and drought predominant in there soils initiated goals of this investigation. Shoots
produced from micropropagation of two main pomegranate cultivars;  Manfalouty and Nab El-Gamal

3on woody plant medium (WPM) supplemented with mg/l 5.0 GA , 0.02 IBA and 0.1 BA at
establishment stage and 1.0 mg/l BA at multiplication stage were cultured on WPM containing 0.0,
4.0, 6.0 and 8.0 g/l NaCl in vitro salt tolerance. For in vitro drought tolerance, WPM medium was
tested at full strength supplemented with polyethylene glycol (PEG) at zero, 5 and 10%. All studied
characteristics of both cultivars negatively responded to the increasing of NaCl concentration. Survival
percentage, plantlet height, average leaves number, average number of nodes, average internode length
and fresh and dry weight significantly decreased using 6.0 and 8.0 g/l NaCl compared to control.
Additionally, the two cultivars treated with 4.0 and 6.0 g/l NaCl had significantly lower contents of
nitrogen, phosphorus, potassium, calcium and magnesium % and higher sodium % compared to
control. The highest value of sodium % and the least values of other elements were obtained by 6.0
g/l NaCl. Moreover, same characteristics also significantly decreased by increasing the concentration
of PEG from zero to 5 and 10%. Manfalouty plantlet had slightly (insignificant) higher values of these
characteristics compared to Nab El-Gamal one. N, Ca and Mg content in Manfalouty and Nab El-
Gamal plantlet significantly decreased by increasing PEG concentration. K content took the contrary
trend and slightly increased (insignificant). The highest contents of P and Na in both cultivars were
recorded using 5% PEG compared to control and 10% PEG.
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INTRODUCTION

Pomegranate (Punica granatum  L.) is generally known in a distinct family (Punicaceae), which comprises
only one genus (Punica) and only two species, P. granatum  and P. proptopunica (Popenoe, 1974).
Pomegranate fruit is high in vitamin C, potassium and antioxidant polyphenols, a good source of fiber and low
in calories (Fuhrman and Avirman, 2007). Pomegranate is propagated vegetatively, by the rooting of hard wood
cuttings, but the establishment of new plants requires one year (Anonymous, 1969).

The identification and evaluation of salt tolerance and drought tolerant pomegranate cultivars could help
in solving salinity and drought problems predominant at new reclaimed areas. Tissue culture techniques are
recently used for the evaluation of such cultivars against environmental stresses.

Naeniei et al. (2006) reported that increasing salinity reduced the length of stem, the length and number
of internodes, and leaf surface of Malas Torsh and Alak Torsh pomegranate cultivars when the rooted cuttings
were planted in pots using four levels of salinity (0, 40, 80 and 120 mM). The growth rate of "Malas Shirin"
cv. increased with increasing salinity level up to 40 mM. Same results recorded by (Shiyab et al., 2003 on
citrus; Charbajy and Ayyoubi, 2004 on grape and Sotiropoulos, 2007) on apple. Fresh and dry weights of
raspberry plant material decreased with NaCl increasing while chloride and sodium absorption increased
(Neocleous and Minas, 2007). According to El-Sabrout (2003) in vitro shoot culture of Early Superior, Flame
Seedless and Thompson Seedless grape cultivars were screened for tolerance to NaCl (0 to 4000 ppm). N, Na,
Cl and proline contents showed a tendency for positive responses to salinity treatment, while P, K, Ca, Mg
and total chlorophyll contents showed negative responses. Same results were found by Al-Darweesh (2006)
on olive
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On Hozain nabk (Zizyphus spira-christi), El-Kassas (2001) reported that drought treatments at 10% and
20% PEG reduced the in vitro number of leaves, proliferation, leaf length, width (only at 20% PEG). But plant
length, number of nodes, internode length, fresh weight, were insignificantly affected. N and P were found to
be higher in the presence of PEG compared to control. El-Agamy et al. (2009a) reported that grapevine
rootstocks showed tolerance to drought expressed as PEG up to 10% exhibited the highest proline content
(more tolerance) in response to drought stress.

This work has been designed to study the effect of salinity and drought stress on the morphological,
physiological and biochemical aspects in Manfalouty and Nab El-Gamal pomegranate cultivars in vitro.

MATERIALS AND METHODS

The study was executed during the period from 2005 to 2007 at Fruit Crops Orchard and Tissue Culture
Laboratory, Faculty of Agriculture, Assiut University to investigate in vitro tolerance to salt and drought
stresses of two main pomegranate cultivars (Manfalouty and Nab El-Gamal) grown in Egypt as a step for
further studies of improvement and breeding.

Shoots about 2-3 cm long of two pomegranate cultivars were cultured on woody plant medium (WPM)
3Lioyed and McCown (1980) supplemented with 5.0 mg/l GA , 0.1 mg/l BA, 0.02 mg/l IBA and activated

charcoal at 3.0 g/l as an establishment medium and proliferated in the same medium containing 1.0 mg/l BA.
For in vitro salt tolerance, Proliferated shoots were then cultured in WPM medium supplemented with 0.0, 4.0,
6.0, and 8.0 g/l NaCl. For in vitro drought tolerance WPM medium was tested at full strength supplemented
with polyethyleneglycol (PEG) at zero, 5 and 10%. Each treatment was consisting of 10 jars (replicates). 

Plant Analysis:

Shoots were washed with distilled water and oven-dried at 70°C for 48 hours. The dried material then was
2 2 2 4grounded using Wiley mill, and acid digested using H O  and H SO  method (Parkinson and Allen, 1975) and

the following minerals were determined:

Nitrogen %: was determined in the digested samples by micro-Kjeldahl method (Black et al., 1965).
Phosphorus %: was measured in the digested samples using the chlorostannous phosphomolybdic acid method
(Jackson, 1967).
Sodium and Potassium %: Flame photometer method was used to determine Sodium (Na) and Potassium (K)
(Jackson, 1967).
Calcium and Magnesium %: Calcium (Ca) and Magnesium (Mg) by Perkin Elmer atomic absorption
spectrophotometer. (Murphy and Riley, 1962).

Measurements:

Survival %.
Average length (in cm) of proliferated shoot and internode.
Average number (per explant) of leaves and nodes.
Average fresh and dry weight (g).
N, P, K, Ca, Na, Mg contents of vegetative growth.

Statistical Analysis:

The experiments were set as a complete Randomized block design and means separation were made
according to the Least Significant Difference (L.S.D.) at 5% level (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

Effect of Salinity on Survival Percentage:

Results in Table (1) revealed high and significant decrease in survival percentage associated with the
increase of NaCl concentrations especially 6.0 and 8.0 g/l NaCl. The resistance of Manfalouty cv. to salinity
was higher than Nab El-Gamal cv., (100 vs 90 %, 80 vs 70% and 20 vs 10%) at 4.0, 6.0 and 8.0 g/l NaCl
treatments, respectively. Overall survival percentage of Manfalouty proliferated shoots under all NaCl
concentrations was slightly (insignificant) higher (66.6) than Nab El-Gamal proliferated shoots (56.6).
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Table 1: Effect of salinity (g/l NaCl) at different concentrations on survival (%) of M anfalouty and Nab E-Gam al pomegranate cultivars.
g/l NaCl (B) Cultivar (A) NaCl M ean

------------------------------------------------------------------
M anfalouty Nab El-Gamal

0.0 100 100 100
4.0 100 90 80
6.0 80 70 70
8.0 20 10 15
Cultivar M ean 66.6 56.6
L.S.D. 5 % (A) = 11.82 (B) = 7.42 (AB) = 10.49

Effect of Salinity on Vegetative Growth Characteristics:

Data in Table (2) showed that increasing NaCl concentration from 0.0 to 4.0, 6.0 and 8.0 g/l decreased
the average of shoot length from 6.66 to 5.42, 3.23 and 2.75 cm (as an average of the two cultivars) compared
with control (zero NaCl) with reduction 22, 52 and 58%, respectively. Untreated Manfalouty proliferated shoots
recorded the highest value of shoot length (7.0 cm), while the shortest proliferated shoots (2.50 cm) were found
by Nab El-Gamal cv. treated with 8.0 g/l NaCl. 

The average numbers of leaves of Manfalouty shoots were 11.4, 9.8 and 5.2 leaf/explant while Nab El-
Gamal cultivar produced 11.2, 9.4 and 4.6 leaf/explant by increasing salinity from 4.0 to 6.0 and 8.0 g/l NaCl,
respectively. Reduction in leaves number as overall average of the two tested cultivars was 12.7 and 55.5%,
respectively. On the other hand, Nab El-Gamal cv. recorded slightly (insignificant) lower tolerance to salinity
(average 8.4 leaf/explant) as compared with Manfalouty cv. (average 8.8 leaf/explant). 

The number of nodes per shoot showed a tendency for negative response to salinity. The average numbers
of nodes/shoot for the two tested cultivars were 10.5, 8.99, 7.33 and 6.33 when the concentrations of NaCl
were tested at 0.0, 4.0, 6.0 and 8.0 g/l, respectively with reduction of 14.4, 30.2 and 39.7%. Moreover,
proliferated shoots of Manfalouty cv. had slightly (insignificant) higher average number of nodes/shoot (8.58)
compared to Nab El-Gamal cv. (7.99). 

NaCl treatment at 4.0 g/l produced slightly (insignificant) higher internode length for Manfalouty (0.82
cm) and Nab El-Gamal (0.76 cm) cvs. comparing with control (zero NaCl) and other NaCl concentrations. On
the other hand, the shortest average of internode length were 0.46 and 0.42 for Manfalouty and Nab El-Gamal
cvs., respectively with 8.0 g/l NaCl. Moreover, Manfalouty cv. produced slightly longer internodes (0.82 and
0.46 cm) than those of Nab El-Gamal (0.76 and 0.42cm) at 4.0 and 8.0 g/l NaCl.

Table 2: Effect of salinity (g/l NaCl) at different concentrations on plant vegetative growth characteristics of M anfalouty and Nab El-
Gamal pomegranate cultivars.

Character g/l NaCl (B) Cultivar (A) L.S.D. 5%
------------------------------------------------------------------------
M anfalouty Nab El-Gamal M ean

Shoot length  (cm) 0.0 7.00 6.33 6.66 (A) = N.S
4.0 4.83 6.00 5.42 (B) = 1.05
6.0 3.63 2.83 3.23 (AB) = N.S
8.0 3.00 2.50 2.75
M ean 4.62 4.41

Leaf/shoot 0.0 11.20 10.80 11.00 (A) = N.S
4.0 11.40 11.20 11.30 (B) = 3.13
6.0 9.80 9.40 9.60 (AB) = 4.43
8.0 5.20 4.60 4.90
M ean 8.80 8.40

Node/shoot 0.0 11.00 10.00 10.50 (A) = N.S
4.0 9.33 8.66 8.99 (B) = 1.69
6.0 7.66 7.00 7.33 (AB) = N.S
8.0 6.33 6.33 6.33
M ean 8.58 7.99

Internode length (cm) 0.0 0.70 0.74 0.72 (A) = N.S
4.0 0.82 0.76 0.79 (B) = 0.22
6.0 0.66 0.70 0.68 (AB) = N.S
8.0 0.46 0.42 0.43
M ean 0.66 0.66

Effect of Salinity on Shoot Fresh and Dry Weight:

NaCl at 4.0, 6.0 and 8.0 g/l significantly decreased shoot fresh weight of both studied cultivars compared
to control. The reduction in fresh weight was more pronounced in Nab El-Gamal compared to Manfalouty. For
instance, such reduction was 40.29, 41.79 and 67.16% in Manfalouty, respectively (average of 50.0%)
compared to 64.29, 64.29 and 67.86% in Nab El-Gamal (average of 65.48%). In Addition, the reduction in
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shoot dry weight was 27.27, 63.64 and 72.73% (average of 54.55%) in Manfalouty cultivar compared to 62.50,
50.0 and 62.5% (average of 58.33%) in Nab El-Gamal cultivar. Therefore, Manfalouty cultivar exhibited high
tolerance to salinity compared to Nab El-Gamal cultivar based on reduction in shoot fresh and dry weight in
response to salinity (Table 3).

Table 3: Effect of salinity (g/l NaCl) at different concentrations on shoot fresh and dry weight (g) of M anfalouty and Nab El-Gamal
pomegranate cultivars.

g/l NaCl (B) shoot fresh weight (g) shoot dry weight (g)
Cult. (A) -------------------------------------------------------------- ------------------------------------------------------------------

M anfalouty Nab El-Gamal M ean M anfalouty Nab El-Gamal M ean
0.0 0.67 0.84 0.75 0.11 0.08 0.10
4.0 0.40 0.30 0.35 0.08 0.03 0.06
6.0 0.39 0.30 0.35 0.04 0.04 0.04
8.0 0.22 0.27 0.25 0.03 0.03 0.03
M ean 0.42 0.43 0.07 0.05
L.S.D. 5% (A) = N.S (B) = 0.21 (AB) = N.S (A) = 0.02 (B) = 0.03 (AB) = N.S

Effect of Salinity on Mineral Constituents:

The obtained results (Table 4) cleared that increasing NaCl concentration from zero to 4.0 and 6.0 g/l
decreased the average shoot content of nitrogen (N) from 6.34 to 5.48 and 4.75% (as an average of two
cultivars) with 13.6 and 25.1% reduction, respectively, phosphorus (P) content from 1.56 to 1.13 and 1.08%
(as an average of two cultivars) with 27.6 and 30.1% reduction, respectively and potassium (K) content from
2.59 to 2.44 and 1.70% compared to control. Calcium (Ca) content significantly decreased from 2.00 to 1.71
and 0.95% (as an average of two cultivars) by increasing NaCl from zero to 4.0 and 6.0 g/l with 14.5 and
52.5% reduction, respectively while microelement magnesium (Mg) content decreased from 1.29 to 0.90 and
0.71% (as an average for two cultivars) with 30.2 and 44.9% reduction, respectively. On the other hand, data
indicated that shoot sodium (Na) content took the contrary trend. Na content significantly increased from 0.88
to 1.82 and 2.94% (as an average of two cultivars) with 1.07 and 234.1% reduction, respectively. Moreover,
Nab El-Gamal shoot contained significantly higher Na (1.97% average) than those of Manfalouty one (1.79%). 
Obtained results are in agreement with those found by Naeniei (2006) who found that increasing salinity (NaCl
at 40, 80 and 120 mM) reduced the length of stem, the length and number of internodes and leaf surface of
Malas Torsh and Alak Torsh pomegranate cvs.  Similar findings were found by several investigators, Shibli
et al. (2003) on almond, Sotiropoulos et al. (2007) on apple and El-Sabrout (2003), Charbajy and Ayyoubi
(2004) and El-Agamy et al. (2009a) on grape.

Table 4: Effect of salinity (g/l NaCl) at different concentrations on m ineral constituents of M anfalouty and Nab El-Gamal pomegranate
cultivars.

Nutrient g/l NaCl (B) Cultivar (A) L.S.D. 5%
---------------------------------------------------------------------------
M anfalouty Nab El-Gamal M ean

Nitrogen (%) 0 6.12 6.57 6.34 (A) = 0.16 
4 5.78 5.19 5.48 (B) = 0.14
6 4.94 4.56 4.75 (AB) = 0.20
M ean 5.61 5.44

Phosphorus (%) 0 1.69 1.42 1.56 (A) = N.S
4 1.12 1.14 1.13 (B) = 1.18
6 1.14 1.02 1.08 (AB) = N.S
M ean 1.31 1.20

Potassium (%) 0 2.73 2.45 2.59 (A) = N.S
4 2.70 2.18 2.44 (B) = 0.17
6 1.57 1.84 1.70 (AB) = 0.24
M ean 2.33 2.15

Sodium (%) 0 0.88 0.88 0.88 (A) = 0.11
4 1.66 1.98 1.82 (B) = 0.11
6 2.82 3.06 2.94 (AB) = 0.15
M ean 1.79 1.97

Calcium (%) 0 2.14 1.85 2.00 (A) = N.S
4 1.71 1.70 1.71 (B) = 0.21
6 0.97 0.93 0.95 (AB) = N.S
M ean 1.61 1.50

M agnesium (%) 0 1.27 1.32 1.29 (A) = N.S
4 0.95 0.86 0.90 (B) = 0.14
6 0.80 0.62 0.71 (AB) = N.S
M ean 1.00 0.93
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Effect of Drought Stress on Survival Percentage:

Data in Table (5) illustrated the increase of PEG concentrations from zero to 5 and 10% significantly
decreased the shoot survival from 100 to 80 and 58% for Manfalouty cv. and from 100 to 58 and 50% for
Nab El-Gamal cv. The average survival for both tested cvs. significantly decreased from 100 to 69 and 54%
with 31 and 46% reduction, respectively. On the other hand, Manfalouty proliferated shoots had significantly
higher survival compared to Nab El-Gamal proliferated shoot by 5 and 10% PEG (80% vs 58%) and (58%
vs 50%), respectively, with average of 79.3% vs 59.3%.

Table 5: Effect of polyethylene glycol (PEG) at different concentrations on survival (%) of M anfalouty and Nab El-Gamal pomegranate
cultivars.

% PEG (B) Cultivar (A) PEG M ean
-------------------------------------------------------------
M anfalouty Nab El-Gamal

0 100 100 100
5 80 58 69
10 58 50 54
Cultivar M ean 79.3 59.3
L.S.D. 5% (AB) = N.S (B) = 12.02 (A) = 7.74 

Effect of Drought Stress on Vegetative Growth Characteristics:

Results in Table (6) indicated that the average of shoot length of two investigated cultivars was reduced
from 4.25 to 2.76 and 2.03 cm for increasing PEG from zero to 5 and 10%, respectively with reduction 35.1
and 52.2%. In addition, the average shoot length of Manfalouty cv. was slightly (insignificant) higher (3.42
cm) than Nab El-Gamal cv. (2.61 cm). 

The obtained results revealed a significantly higher number of leaves was produced when shoots were
grown on Woody medium contained zero % PEG (10.67 leaf/explant) compared to 5% PEG (7.5 leaf/explant)
and 10% PEG treatment (6.17 leaf/explant) for the two tested cultivars. The calculated reduction was 26.2 and
42.1%, respectively. The average of leaves number was higher (not significant) for Manfalouty cv. (8.33
leaf/explant) compared to those of Nab El-Gamal cv. (7.89 leaf/explant). 

The average nodes number per shoot significantly decreased from 6.83 to 5.0 and 4.17 nodes, respectively
with reduction 26.8 and 38.9% (as an average for two cultivars). Moreover, Manfalouty proliferated shoot had
slightly higher average number of nodes than those of Nab El-Gamal (5.89 vs. 4.78). On the other hand,
internode length of the two studied cultivars significantly decreased from 0.75 cm to 0.44 and 0.35 with
reduction 41.3 and 53.3%, respectively. In addition, the average internode length of Manfalouty shoot was
slightly (insignificant) higher (0.58 cm) than those of Nab El-Gamal (0.44 cm).

Table 6: Effect of polyethyleneglycol (PEG) at different concentrations on plant vegetative growth characteristics of M anfalouty and Nab
El-Gamal pomegranate cultivars.

Character % PEG (B) Cultivar (A) L.S.D. 5%
---------------------------------------------------------------------
M anfalouty Nab El-Gamal M ean

Shoot length  (cm) 0 5.00 3.50 4.25 (A) = N.S
5 3.10 2.43 2.76 (B) = 0.99
10 2.16 1.90 2.03 (AB) = N.S
M ean 3.42 2.61

Leaf/shoot 0 11.00 10.33 10.67 (A) = N.S
5 7.67 7.33 7.50 (B) = 2.68
10 6.33 6.00 6.17 (AB) = 4.43
M ean 8.33 7.89

Node/shoot 0 7.33 6.33 6.83 (A) = N.S
5 5.66 4.33 5.00 (B) = 1.17
10 4.66 3.67 4.17 (AB) = N.S
M ean 5.89 4.78

Internode length (cm) 0 0.77 0.73 0.75 (A) = N.S
5 0.50 0.37 0.44 (B) = 0.21
10 0.47 0.23 0.35 (AB) = N.S
M ean 0.58 0.44

Effect of Drought on Shoot Fresh and Dry Weight:

The reduction in shoot fresh weight as a result of drought treatments was more cleared in Nab El-Gamal
cv. compared to Manfalouty cv. (Table 7). As a result of using 5 and 10% PEG the reduction was 78.0 and
83.0%, respectively (average of 79.41%) in Manfalouty cultivar compared to 78.57 and 78.57%, (average of
78.57%) in Nab El-Gamal cultivar. Also, the reduction in shoot dry weight because of drought treatments was
44.44 and 44.44%, respectively (average of 44.44%) in Manfalouty cultivar compared to 50.0 and 50.0%
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(average of 50.0%) in Nab El-Gamal cultivar. This means that Manfalouty cultivar had significantly higher
tolerance to drought compared to Nab El-Gamal cultivar based on reduction in plantlet fresh and dry weight
in response to drought.

Table 7: Effect of polyethyleneglycol (PEG) at different concentrations on shoot fresh and dry weight (g) of M anfalouty and Nab El-
Gamal pomegranate cultivars.

% PEG Shoot fresh weight (g) Shoot dry weight (g)
(B) Cult. (A) ---------------------------------------------------------- ---------------------------------------------------------------------

M anfalouty Nab El-Gamal M ean M anfalouty Nab El-Gamal M ean
0 1 0.84 0.92 0.09 0.08 0.09
5 0.22 0.18 0.2 0.05 0.04 0.05
10 0.17 0.18 0.18 0.05 0.04 0.05
M ean 0.46 0.4 0.06 0.05
L.S.D. 5% (AB) = N.S (B) = 0.11 (A) = 0.02 (AB) = N.S (B) = 0.03 (A) = N.S

Effect of Drought Stress Exposed as PEG Treatments on Mineral Constituents:

Results in Table (8) indicated that N content decreased from 6.34 to 5.52 and 3.37% as an average of two
cultivars, respectively, with 12.9 and 46.8% reduction by increasing PEG concentration from zero to 5 and
10%. The same trend was found by Ca content which decreased from 2.0% (control) to 1.68 and 1.30% with
16 and 35% reduction. The reduction of Mg content was 25.6 and 45.7% by 5 and 10% PEG compared to
control. K content took the contrary trend and slightly increased from 2.42% (control) to 2.74 and 2.79%,
respectively. Moreover, Manfalouty cv. contained unsignificantly higher K (2.72%) than those of Nab El-Gamal
(2.58% K). The highest contents of phosphorus (1.86%) and sodium (1.09%) were recorded in Manfalouty and
Nab El-Gamal cv. grown on 5% PEG compared to control and 10% PEG.  It could be notice that Manfalouty
proliferated shoots had significantly higher content of P (1.88%) than Nab El-Gamal proliferated shoots (1.39%)
as response to PEG treatments.

The use of polyethylene glycol (PEG) as non penetrating osmotic agent inhibiting water uptake in drought
tolerance was reported by many investigators. The results of the present study are in agreement with those
obtained by El-Agamy et al. (2009a) on grape, Mademba et al. (2003) on citrus, El-Agamy (2009b) on Hozain
Nabk, Sane et al. (2005) on date palm and Ebrahim et al. (2006) on banana.

In conclusion, the present study outlined on in vitro salt and drought tolerance of two major pomegranate
cultivars in Egypt. The two studied cultivars can bear salinity up to 4% and bear drought by polyethyleneglycol
up to 5% and the Manfalouty cultivar was slightly more tolerant to salinity and drought than Nab El-Gamal
cultivar.

Table 8: Effect of drought stress treatments (g/l PEG) on m ineral constituents of M anfalouty and Nab El-Gamal pomegranate cultivars.
Nutrient % PEG (B) Cultivar (A) L.S.D. 5%

--------------------------------------------------------------------
M anfalouty Nab El-Gamal M ean

Nitrogen (%) 0 6.12 6.57 6.34 (A) = N.S
5 5.17 5.87 5.52 (B) = 0.42
10 3.37 3.37 3.37 (AB) = N.S
M ean 4.89 5.27

Phosphorus (%) 0 1.69 1.33 1.51 (A) = 0.39
5 2.23 1.49 1.86 (B) = N.S
10 1.71 1.33 1.52 (AB) = N.S
M ean 1.88 1.39

Potassium (%) 0 2.72 2.11 2.42 (A) = N.S
5 2.61 2.88 2.74 (B) = N.S
10 2.83 2.75 2.79 (AB) = N.S
M ean 2.72 2.58

Sodium (%) 0 0.88 0.88 0.88 (A) = N.S
5 1.04 1.13 1.09 (B) = 0.18
10 0.84 0.64 0.74 (AB) = N.S
M ean 0.92 0.88

Calcium (%) 0 2.17 1.85 2.00 (A) = N.S
5 1.78 1.58 1.68 (B) = 0.39
10 1.29 1.30 1.30 (AB) = N.S
M ean 1.74 1.58

M agnesium (%) 0 1.27 1.32 1.29 (A) = N.S
5 1.01 0.92 0.96 (B) = 0.28
10 0.89 0.52 0.70 (AB) = N.S
M ean 1.05 0.92
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