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Growth and Physiological Responses of
Tomato Landrace “Rohaba”(Lycopersicon Esculentum Mill.)
to in Vitro Induced Water Deficit

Mai M. Abu- Shama, Rida A. Shibli, Khalil I. Ereifej and Ibrahim M. Makhadmah
and Naseem M. Abed Alrahman*
ABSTRACT
Influence of in vitro induced water deficit upon vegetative growth and physiology of tomato landrace “Rohaba”
(Lycopersicon esculentum Mill.), was investigated using 0.1, 0.2, 0.3 and 0.4 M sucrose, or 0, 0.1, 0.2 and 0.3 M
sorbitol or mannitol as osmotic agents. Shoot height and shoot fresh weight were significantly reduced as
sucrose was increased to 0.4 M. While a significant increase in shoot dry weight was obtained when sucrose
levels were increased, rooting percentage and root number decreased. Root length was significantly increased at
0.3 M and reduced at 0.4 M sucrose. In the case of sorbitol, shoot height was significantly reduced at 0.3 M,
shoot fresh and dry weight were significantly reduced as sorbitol levels were increased in the media. Rooting
percentage, root number and root length were not affected at all by the sorbitol levels. When using mannitol,
shoot height was significantly increased at 0.1 M and then significantly reduced at 0.2 M and 0.3 M. Shoot dry
weight and fresh weight were reduced as mannitol levels were increased. Rooting percentage and root number
were enhanced at 0.1 M. Root length was increased in response to different mannitol levels. The osmotic
potential of tomato microshoots was significantly reduced (became more negative) as sucrose, sorbitol, or
mannitol levels were increased. Tomato microshoots contents of N, K, Mg, Na and ash percentage were reduced
significantly in response to increased levels of sucrose, sorbitol, or mannitol. Ca and P contents were not affected
by elevated concentrations of osmoticums. Fiber content of tomato microshoots was not significantly affected at
all by the sucrose levels, but a significant reduction in fiber content was obtained as sorbitol and mannitol levels
were increased. Reducing sugar percentage, carbohydrate percentage and proline accumulation were increased
and the protein (crude and soluble) and fat contents were reduced as the levels of sucrose, sorbitol and mannitol
were increased.
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1995) and other physiological and biochemical processes

INTRODUCTION

(Shibli, 1990). In many arid and semi-arid areas, water
Water is responsible for maintaining turgidity of cells

shortage has become a primary limitation of agricultural

(Spomer, 1995; Turner, 1981), nutrients uptake (Spomer,

production (Al-Karaki and Al-Raddad, 1997) indicating
the need for water conservation and utilization. Landraces
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offer a good source for the improvement of the crop for
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and inorganic constituents of the medium.

both biotic and abiotic stress tolerances (Agong et al.,

This study was conducted to study the growth,

1997) including water status.
Plant tissue culture systems are employed to impose

mineral uptake, osmotic adjustment and tissue content of

plant stresses of salinity and drought (Shibli et al., 1992,

carbohydrates, fiber, fat, protein and proline of “Rohaba”

2000).

tomato microshoots under in vitro induced water deficit.

Media-induced water

stress was

used

to

investigate osmostress effects (Shibli et al., 1998; 1992)
and to study plant water relations at the cellular and

Materials and Methods

whole plant level (Bressan et al., 1982; Handa et al.,

Establishment of in Vitro Mother Stock Cultures

1982). Plant response to in vitro induced water deficit

In vitro cultures of tomato landrace “Rohaba” were

mimics those of in vivo conditions (Sawwan et al; 2000).

established from seeds. Seeds which were obtained from

In addition, in vitro culture provides a precise

the National Center for Agricultural Research and

measurement of shoot and root growth under treatment

Technology Transfer (NCARTT) genebank, were surface

effect (Shibli et al., 1992; 2000) and it has the benefit of

sterilized with 70% alcohol for 30 seconds, followed by

microculture

and

3.5% sodium hypochlorite treatment for 15 minutes and

environmental control (Shibli et al., 1992; Shibli and

then rinsed with sterilized distilled water for 3 times.

Smith, 1999).

Sterilized seeds were inoculated to ¼ strength MS

scale

with

rigorous

treatment

medium (Murashige and Skoog, 1962) free of growth
Sorbitol (Sawwan et al., 2000; Shibli et al., 1992),

regulators for germination. Shoot tips were excised

mannitol (Shibli et al., 1992) and sucrose (Shibli, 1990)

aseptically and were inoculated on MS mediums (pH 5.8)

are suitable osmotic agents to impose artificial stress on

containing 30 gL-1 sucrose for 3 weeks to establish

plant specimens in vitro. The physico-chemical nature of

adequate

the compounds used to impose artificial stress determines

experiments.

stocks

of

microshoots

before

initiating

the effects on plant tissue (Gangopadhyay et al., 1997).
Adding an osmotic agent to the medium would cause

Microshoot Growth Responses to Water Deficit

more negative water potential and consequently reduce

Microshoots (3 cm Long) were subcultured to solid

growth (Shibli and Al-Juboory, 2002; Tahtamouni et al.,

MS proliferation medium in 250 ml Erlenmeyer flask.

2001). Leaf loss and discoloration increased with the

Media contained 0.1, 0.2, 0.3, 0.4 M sucrose, or 0, 0.1,

increase of osmoticum concentration (Tahtamouni et al.,

0.2, 0.3 M, sorbitol or mannitol. Media in all sorbitol and

2001). The negative osmotic potential of leaf cell sap and

mannitol treatments contained 30 gL–¹ sucrose. After 6

leaf dehydration, due to continuous accumulation of

weeks, data were collected for shoot height, number of

starch and carbohydrates, raises the osmostress conditions

roots, root length and shoot fresh weight. Shoots were

(Shibli et al., 1992), which account for changes in leaf

oven dried to a constant weight at 70 ºC and the dry

color. The survival percentage of “Nabali” Olive

weight was recorded.

microshoots was reduced by increasing water deficit
(Shibli and Al-Juboory, 2002). Organic and inorganic

Osmotic potential of leaf cell sap samples were

solute accumulation caused cell adjustment of osmotic

measured

potential under stress conditions (Tschaplinski et al.,

Osmometer (Shibli and Al-Juboory, 2002; Shibli and

1995). The osmotic concentration of the medium affects

Smith, 1999). Shoots were dried to a constant weight at

the growth rate and morphogenic structures of cells and

70 ˚C and then grounded using a small mortar to pass 1.0

tissues (Shibli et al., 1992) and also influences all organic

mm sieve size. Then samples of 0.5g of well-mixed, dry
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and ground plant material were weighed and ignited in

media sucrose up to 0.14 M is an optimal level for

Muffle Furnace at 550 ˚C and the ash was dissolved in 5

Ottawa apple shoot length and number and then shoot

ml of 2N HCl for determination of Na, K, P, Ca and Mg.

height was declined with sucrose increase above 0.14 M.

Na and K were analyzed using flame photometer

Similar

(Corning, M410) and Ca and Mg concentrations were

Vreugdenhil (1996), Allen et al. (1987) on young guayale

determined using atomic absorption spectroscopy (Elmer-

(Parthenium argentatum) Gray plants. A significant

Perkin, 2380). P was analyzed using Vanadate-Molybdate

increase in dry shoot weight was obtained when sucrose

Yellow method by Spectrophotometer (Spectronic 20 D)

level was increased (Table 1). Similarly, increasing media

(Chapman and Pratt, 1961). Analysis of total nitrogen

sucrose concentration to 0.26 M yielded a significant

was performed with Micro-Kjeldahl digestion procedure

increase of jojoba zygotic embryo dry weight and wax

(Bulman and Smith, 1993). Crude protein content was

ester production in both liquid and semisolid media

determined by multiplying the total nitrogen by a factor

(Wang and Janick, 1986).

results

were

obtained

by

Lipavska

and

of 6.25 (Bulman and Smith, 1993). Proline concentration
was determined using a standard curve and calculated on

Increased sorbitol concentration from 0 to 0.2 M did

fresh weight basis as described by Bates et al. (1973).

not affect shoot height of tomato, whereas significant

Moisture, ash, crude fat, crude fiber, reducing sugar and

reduction was observed at the 0.3 M sorbitol (Table 1).

total carbohydrate were analyzed according to AOAC

Increasing media incorporated sorbitol decreased shoot

methods (1984).

height of Ottawa apple (Chong and Pua, 1985),
chrysanthemum (Shibli, 1990; Shibli et al; 1992) and
Nabali olive (Shibli and Al-Juboory, 2002).

Statistical Analysis
Treatments in the experiments were arranged in a
Completely Randomized Design (CRD), with three

There was a significant increase in shoot height and

replications. Collected data were subjected to the analysis

fresh weight of tomato at 0.1 M mannitol (Table 1)

of variance (ANOVA) using SAS program (Statistical

indicating that this level of mannitol was inactive

Analysis System, 1998). Means were separated according

osmoticum. Height and fresh and dry weights of tomato

to the Least Significant Difference (LSD) at 0.05 level.

shoots were significantly reduced at 0.2 M or 0.3 M
mannitol (Table 1), which could be explained that plants
their turgidity under water deficit conditions, then the

Results and Discussion

cells become unable to multiply, divide and expand or

Growth and Rooting
Height and fresh weight of tomato shoots were not

absorb essential materials for their normal growth and

affected with the increase of sucrose up to 0.3 M and

development (Hopkins, 1995). Similar results were

then reduced significantly with 0.4 M sucrose. However,

obtained on Chrysanthemum morifolium Ramat (Shibli et

shoot dry weight was increased with the increase in

al., 1992), Marianna 2624 prunus cuttings (Rajashekar et

sucrose concentration up to 0.3 M (Table 1) indicating

al., 1995) and African violet microcultures (Sawwan et

the inability of sucrose at 0.3 M to serve as an

al., 2000).

osmoticum. Sucrose may be metabolized and consumed
as a carbon source by the plant resulting in subsequent

Rooting percentage and root number were not

concentration reduction in the media (Chong and Pua,

affected by different sucrose or sorbitol levels as

1985; Hyndman et al., 1982, Shibli, 1990; Shibli et al.,

compared to control (Table 1). Root length was not

1992). Chong and Pua (1985) found that increasing

affected at 0.2 M sucrose as compared to the control and
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(0.1 M). At 0.3 M sucrose, root length was significantly

increase in mannitol over 0.1 M was associated with a

increased, whereas root length was significantly reduced

significant decrease in root length (Table 1). Similarly, a

at 0.4 M (Table 1). Similarly, Hyndman et al. (1982),

major increase in root length was observed under drought

reported that sucrose concentrations of 0.14 - 0.26 M

stress conditions in a field experiment conducted by

caused longer cultured rose root growth than the lower

Hoogenboom et al. (1987). In contrast, total inhibition of

concentrations of 0-0.08 M. Also, Shibli et al. (1992)

rooting ability of different chrysanthemum cultivars by

found that rooting response of chrysanthemum plants was

mannitol was reported by Shibli et al. (1992). Sawwan et

uniformly enhanced by the presence of sucrose in the

al. (2000) found that an increased mannitol level

medium. The increase in the root length at 0.3 M and the

significantly reduces root number of African violet

decrease at 0.4 M indicated that root growth continues up

plants.

to optimal conditions but decreases gradually under
adverse conditions.

Osmotic Potential
Osmotic potential of tomato microshoots was reduced
(became more negative) as osmoticums concentrations

Rooting percentage root number and root length were
not significantly affected at all sorbitol levels (Table 1).

were

Maintenance of insignificant difference in rooting

concentration from 0.087 M to 0.259 M significantly

percentage root number and root length in response to

reduced the osmotic potential of different tested

increased sorbitol levels would be an excellent strategic

chrysanthemum cultivars (Shibli, 1990; Shibli et al.,

position for maintaining turgor, which contributes to

1992). Sucrose had less influence on osmotic adjustment

drought resistance. In contrast, reduced root number and

than sorbitol or mannitol since sucrose serves as a cell

root length of Nabali olive microshoots at concentrations

metabolite more than being as an osmoticum (Shibli et

more than 0.075 M sorbitol in the medium had been

al., 1992). Shibli and Al-Juboory (2002) reported that

reported (Shibli and Al-Juboory, 2002). Root length and

sorbitol induced osmotic stress significantly reduced cell

root number of African violet microshoots were

sap osmotic potential of Nabali olive (Olea europea).

significantly

sorbitol

Present results (Table 2) are similar to those of Sawwan

concentrations in the medium (Sawwan et al., 2000). Al-

et al. (2000), where sorbitol and mannitol induced water

Karaki et al. (1995) reported that although roots of bean

deficit reduced the osmotic potential of African violet

and sorghum plants were in a direct contact with the

microcultures. Organic and inorganic solute accumulation

water stress inducing agent polyethylene glycol in the

was described as a reason behind the cell adjustment of

nutrient solution, shoots had more decrease in dry matter

osmotic potential under stress conditions (Ben-Hayyim,

than roots. They explained that by differences in

1987; Handa et al., 1983; Sanchez et al., 1998;

repartitioning of assimilates into roots versus shoots

Tschaplinski et al., 1995). Osmotic adjustment has been

during reduced water availability.

described as a mechanism of many plants to tolerate or

reduced

with

increased

increased

(Table

2).

Increasing

sucrose

adapt to stress conditions (Allen et al., 1987; Shibli et al.,
The increase of rooting percentage and root number at

1992; Tschaplinski et al., 1995).

0.1 M mannitol and maintenance of insignificant
differences at 0.2 M and 0.3 M (Table 1) is considered as

Mineral Uptake

a morphological adaptation to evade water deficit. A

In general, there was a significant decrease in N, K,

significant increase in root length was also observed at all

Mg

levels of mannitol compared with the control; but each

concentration of osmoticum was increased in the media
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(Table 2). According to Chipman et al. (2001), leaf

of the three osmoticums were increased (Table 3).

nitrogen concentration of Delta pine soybean plants

Soluble protein content was significantly increased at 0.2

decreased during water stress. The authors attributed this

M sucrose, but was significantly reduced at the two

decline to the remobilization of N in response to drought.

higher levels of this osmoticum. Elevated sorbitol and

Similarly, Tanguilig et al. (1987) reported that under

manitol concentrations also reduced soluble proteins

water stress conditions, the uptake of N decreased in

(Table 3). Lazcano-Ferrat and Lovatt (1999) found that

soybean plants. Present results are consistent with those

reduced vegetative growth of Phaseolus plants under

of Dambrine et al. (1993) where a decrease in K

water deficit stress was accompanied by a significant

concentration occurred in the dry plot of spruce plants as

decrease in leaf protein concentration with unknown

compared with the control. Volaire et al. (1988 a,b) found

metabolic basis for this decrease. Also, mung bean

that Mg and Na concentrations were reduced in response

seedlings showed a decrease in protein level when raised

to prolonged drought in perennial forage grasses.

under increasing water deficits (Kumar and Singh, 1991).

Effects of the different osmoticum concentrations

A similar finding had been reported by Handa et al.

(Table 2) on P and Ca contents of tomato microshoots

(1983), where soluble protein levels in cultured tomato

were insignificant except at 0.3 M sucrose, where a

cells declined in the adapted cell lines in response to

significant reduction in P was observed. Fawcett and

polyethylene

Quirk (1962) concluded that the rate of P absorption by

decreased level of total as well as soluble protein contents

wheat plants was not affected by increasing water stress

in water stressed tissues appeared to be due to more

until the plants were subjected to wilting, absorption then

degradation of proteins as well as overall inhibition of

decreased markedly. The present results (Table 2) are in

protein synthesis under water stress (Kumar and Singh,

harmony with those of Volaire and Thomas (1995) on

1991).

glycol

induced

osmotic

stress.

The

drought tolerant cocksfoot cultivars (Dactylis glomerata
L.). Maintenance of good P level might indicate some

Fat Content
Fat content of tomato microshoots was significantly

drought tolerance of “Rohaba” tomato through enhancing

reduced

or maintaining good root growth under such conditions.

in

response

to

elevated

osmoticums

That Ca was not affected by the different levels of

concentrations (Table 3). This result is in conformity with

osmoticums (Table 2). This is in general agreement with

earlier results wherein drought stress induced a sharp

earlier findings (Schier and Mcquattie, 2000) where water

decrease in lipid content of rape (Dakhma et al., 1995)

stress on pitch pine seedlings grown in a nutrient solution

and safflower plants (Hamrouni et al., 2001).

did not affect foliar Ca concentration. However, Alam
(1994) reported that drought results in low uptake of

Fiber Content

anions and greater uptake of divalent cations (as Ca)

While sucrose had no effect on fiber content of

compared to monovalent cations; the potential of roots to

tomato microshoots, increased levels of both sorbitol and

absorb nutrients in water stressed plants might be reduced

mannitol reduced their fiber content. Peterson et al.

because of decreased mineral demand due to reduced

(1992) reported reduction of fiber content of investigated

growth.

legume plants under drought conditions and therefore,

Chemical Analysis

enhancing quality due to lower fiber concentrations in

Protein Content

leaves and stems without changes in composition of the

Crude and soluble protein contents of tomato

fiber fraction. Reduction in fiber content of Russian

microshoots decreased significantly as the concentration

thistle plants was also reported in response to salinity
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stress (Fowler et al., 1992).

induced by water stress is significantly correlated to

Ash Content

osmotic adjustment and turgor maintenance (Sanchez et

Ash

content

was

significantly

reduced

al., 1998).

as

concentrations of the three osmoticums increased (Table

Kumari and Veeranjaneyulu (1996) reported that

4). These effects are in contrast with the effects of salinity

proline content of mulberry plants leaves and roots

induced water deficit on ash percent of African violet

increased when water stress increased from mild to

(Shibli et al., 2001). Ash content was also increased in

severe. Also Al-Karaki et al., (1996), found that as leaf

saltbush plants grown in nutrient solution in response to

water potential of bean and sorghum plants became more

salinity stress (Welch, 1978).

negative, proline accumulated in the leaves. Under
drought stress compatible solutes such as proline can be
accumulated to contribute both to turgor maintenance and

Reducing Sugar and Proline Percentages

the protection of macromolecular structure against the

Carbohydrate percentage reducing sugar percentage
tomato

destabilizing effects of decreasing water activity (Arndt et

osmoticum

al., 2000). Accumulation of proline under drought stress

concentrations (Table 4). The present result supports that

might be due to reduced rate of catabolism (Rhodes et al.,

of Sanchez et al. (1998) where soluble carbohydrate

1986). It has been demonstrated that drought induces

concentration increased 5 to 7 times in water stressed pea

transcripts encoding ∆- pirroline- 5- carboxylate-

cultivars.

soluble

synthetase (P5CS), which catalyses the first two steps in

carbohydrates play an important role in osmotic

proline biosynthesis from glutamate (Sanchez et al.,

adjustment and turgor maintenance. The increase in

1998; Somal and Yapa, 1998; Yoshiba et al., 1995).

and

prolines

microshoots

significantly
in

response

According

to

increased
to

in

elevated

these

authors,

soluble sugars and carbohydrate content can be attributed

Conclusions

slower

The osmotic stress contributed by sucrose up to 0.3 M

consumption due to reduced growth and other changes

was overshadowed by its metabolism and consumption as

such as starch hydrolysis (Kameli and Losel, 1996).

a carbon source by the plant. Increasing sucrose

Similarly, carbohydrate concentration increased in apple

concentration up to 0.4 M inhibited the growth of

shoots in response to sorbitol induced osmotic stress

“Rohaba” tomato microshoots as indicated by decreased

to

smaller

translocation

from

the

leaf,

height, fresh shoot weight and root length. Microshoot

(Karhu, 1997). Kerepesi and Galiba (2000) reported that

height was decreased only at 0.3 M sorbitol. While fresh

drought tolerant wheat genotypes accumulated more

and dry shoot weights were decreased at all sorbitol

carbohydrates than did sensitive genotypes.

levels, rooting percentage, root length and root number

Glucose and fructose formation rates were clearly

were not affected. Mannitol induced osmotic stress

higher in stressed wheat plants of the tolerant varieties

caused a reduction in “Rohaba” microshoot height and

(Kerepesi et al., 1998). An increase in reducing sugar

fresh and dry shoot weights. Different mannitol levels did

levels in cells of tomato (Handa et al., 1982) and tobacco

not affect root growth parameters. The osmotic potential

plants (Bressan et al., 1982; Iraki et al., 1989) adapted to

of tomato microshoots was significantly reduced (become

polyethylene glycol induced osmotic stress had also been

more negative) as sucrose, sorbitol or mannitol levels

reported. On the other hand, the increase in reducing

were increased. Osmotic adjustment of “Rohaba” tomato

sugar content attributed to fructan hydrolysis in perennial

can be considered as a mechanism of plant tolerance or

rye grass and tall fescue basal tissues grown under

adaptation to the induced water deficit stress conditions.

drought conditions was reported (Karsten and Macadam,

The concentrations of N, K, Na, Mg and ash were

2001; Spollen and Nelson, 1994). The increased sugar

reduced in response to elevated sucrose, sorbitol, or
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mannitol levels. The elevated levels of any osmoticum

deficit by the three osmoticum. This was evident by the

did not affect Ca and P contents. Maintenance of good P

accumulation of reducing sugar, carbohydrate and proline

content in “Rohaba” microshoots might be considered as

and the reduction in crude protein, soluble protein, fiber

a drought tolerance index. Changes in “Rohaba” tomato

(in sorbitol and mannitol supplemented media) and fat

growth in sucrose, sorbitol or mannitol supplemented

contents in response to increased levels of these

media were accompanied by some physiological and

osmoticums. Finally, it can be concluded that in vitro

biochemical

osmotic

culture could be a sufficient alternative for studying

adjustment which might explain some reasons behind

tomato physiological responses and tolerance to water

“Rohaba” tomato tolerance to the in vitro induced water

deficit.

tolerance

mechanisms

and

Table 1. Influence of osmoticums on microshoot height, fresh weight, dry weight, rooting percentage, root number
and root length of in vitro grown “Rohaba” tomato (Lycopersicon esculentum Mill.)
Osmoticum

Concentration

Shoot height (cm)

(M)
Sucrose

Shoot fresh weight

Shoot dry

Rooting

Root

Root

(g)

weight (g)

(%)

number

length (cm)

0.1

7.35 a*

7.05 a

0.43 c

100.00 ab

13.49 ab

6.95 b

0.2

7.44 a

7.78 a

0.63 b

153.07 a

20.65 a

8.21 ab

0.3

6.73 a

6.89 a

0.75 a

126.33 a

17.04 a

8.89 a

0.4

4.68 b

4.66 b

0.63 b

57.67 b

7.78 b

5.23 c

0

7.35 a

7.05 a

0.43 a

100.00 a

13.49 a

6.95 a

0.1

6.88 a

3.94 b

0.44 a

145.98 a

19.69 a

6.53 a

0.2

6.16 a

2.96 bc

0.35 b

121.58 a

16.39 a

5.66 a

0.3

3.92 b

1.78 c

0.28 c

96.91 a

13.07 a

5.26 a

0

7.35 b

7.05 a

0.43 a

100.00 b

13.49 b

6.95 d

0.1

8.26 a

3.66 b

0.45 a

155.02 a

20.91 a

12.38 a

0.2

5.56 c

2.21 c

0.34 b

116.70 b

15.74 b

10.91 b

0.3

4.25 d

1.59 c

0.25 c

100.42 b

13.54 b

8.99 c

Sorbitol

Mannitol

*Means within columns for each osmoticum having different letters are significantly different according to LSD at 0.05 level.
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Table 2. Influence of osmoticums on microshoot osmotic potential
and N, K, Mg, Na, P and Ca contents of in vitro grown“Rohaba” tomato (Lycopersicon esculentum Mill.).
Osmoticum
Sucrose

Conc.

Osmotic Potential

N

K

Mg

Na

P

Ca

(M)

(MPa)

(%)

(%)

(%)

(%)

(%)

(%)

0.1

-0.6 a

9.18 a*

3.68 a

0.32 a

1.14 a

0.40 a

0.14 a

0.2

-0.66 b

8.05 b

3.09 b

0.30 ab

0.86 b

0.40 a

0.28 a

0.3

-0.9 c

6.70 c

2.45 c

0.28 bc

0.72 bc

0.33 b

0.22 a

0.4

-1.068d

6.53 c

2.10 d

0.25 c

0.62 c

0.35 ab

0.18 a

0

-0.59 a

9.18 a

3.68 a

0.32 a

1.14 a

0.40 a

0.14 a

0.1

-0.80 b

7.82 b

3.06 b

0.14 b

0.78 b

0.41 a

0.15 a

0.2

-1.00 c

7.26 bc

2.57 c

0.15 b

0.66 bc

0.40 a

0.14 a

0.3

-1.4 d

6.70 c

1.82 d

0.13 b

0.55 c

0.38 a

0.14 a

0

-0.5 a

9.18 a

3.68 a

0.32 a

1.14 a

0.40 a

0.14 a

0.1

-1.2 b

7.88 b

2.63 b

0.15 b

0.74 b

0.39 a

0.15 a

0.2

-1.3 c

7.43 c

2.02 c

0.13 bc

0.62 b

0.39 a

0.15 a

0.3

-1.5 d

7.38 c

1.85 c

0.12 c

0.61 b

0.40 a

0.14 a

Sorbitol

Mannitol

*Means within columns for each osmoticum having different letters are significantly different according to LSD at 0.05 level.

Table 3. Influence of osmoticums on microshoot contents of crude
and soluble protein, fat and fiber of in vitro grown “Rohaba” tomato (Lycopersicon esculentum Mill.)
Soluble protein
Fat
Concentration
Osmoticum
Crude protein
Fiber
(mg/g)
(M)
(%)
(%)
(%)
Sucrose
0.1
60.08 a*
22.75 a
0.386 a
10.58 a

Sorbitol

Mannitol

0.2

52.97 b

24.76 a

0.256 bc

11.71 a

0.3

43.54 c

21.46 bc

0.270 b

10.98 a

0.4

42.45 c

19.83 c

0.213 c

9.27 a

0

60.08 a*

22.75 a

0.386 a

10.58 a

0.1

50.78 b

21.00 ab

0.230 c

10.17 a

0.2

47.00 bc

18.20 bc

0.280 b

7.27 b

0.3

43.37 c

17.52 c

0.266 bc

6.49 b

0

60.08 a*

22.75 a

0.386 a

10.58 a

0.1

51.20 b

15.89 b

0.140 b

10.15 a

0.2

48.90 c

15.68 b

0.126 b

7.08 b

0.3
48.26 c
14.93 b
0.133 b
5.93 b
*Means within columns for each osmoticum having different letters are significantly different according to LSD at
0.05 level.
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Table (4). Influence of osmoticums on microshoot ash percentage, carbohydrate percentage reducing sugar
and proline of in vitro grown “Rohaba” tomato (Lycopersicon esculentum Mill.)
Reducing sugar
Proline
Osmoticum
Concentration
Ash
Carbohydrate
(%)
(µmole/g)
(M)
(%)
(%)
Sucrose
0.1
12.51 a
12.05 c
9.63 c*
2.12 c
0.2

9.05 b

21.04 b

14.75 b

2.34 c

0.3

7.58 bc

34.94 a

15.56 b

8.16 b

0.4

6.89 c

36.32 a

18.03 a

10.27 a

0

12.51 a

12.05 c

9.63 c

2.12 d

0.1

8.91 b

26.22 b

12.15 b

3.03 c

0.2

6.89 c

35.15 a

20.46 a

7.54 b

0.3

6.18 c

40.37 a

21.54 a

8.95 a

Sorbitol

Mannitol
0

12.51 a

12.05 d

9.63 c

2.12 d

0.1

8.51 b

26.27 c

15.47 b

6.71 c

0.2

8.62 b

32.27 b

21.57 a

9.93 b

0.3
7.10 c
35.39 a
*Means within columns for each osmoticum having different letters
are significantly different at 0.05 level.

20.70 a

16.25 a
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ﺍﻟﻨﻤﻭ ﻭﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﻔﺴﻴﻭﻟﻭﺠﻴﺔ ﻟﻨﺒﺎﺕ ﺍﻟﺒﻨﺩﻭﺭﺓ

)  (Lycopersicon esculentum Mill.ﺇﻟﻰ ﺍﻟﺸﺩ ﺍﻟﻤﺎﺌﻲ ﺩﺍﺨل ﺍﻷﻨﺎﺒﻴﺏ
ﻤﻲ ﺃﺒﻭ ﺸﻤﻌﺔ ,ﺭﻀﺎ ﺸﺒﻠﻲ ,ﺨﻠﻴل ﻋﺭﻴﻔﺞ ,ﺇﺒﺭﺍﻫﻴﻡ ﻤﺨﺎﺩﻤﺔ ،ﻨﺴﻴﻡ ﻋﺒﺩ ﺍﻟﺭﺤﻤﻥ

*

ﻤﻠﺨـﺹ
ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﻟﺸﺩ ﺍﻟﻤﺎﺌﻲ ﻋﻠﻰ ﻨﻤﻭ ﻭﻓﺴﻴﻭﻟﻭﺠﻴﺔ ﻨﺒﺎﺕ ﺍﻟﺒﻨﺩﻭﺭﺓ "ﺍﻟﺼﻨﻑ ﺍﻟﺒﻠﺩﻱ :ﺭﺤﺎﺒﺎ" ﺍﻟﻤﺯﺭﻭﻉ ﺩﺍﺨل ﺍﻻﻨﺎﺒﻴﺏ .ﺘﻡ

ﺘﻌﺭﻴﺽ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺍﻟﻤﺯﺭﻭﻋﺔ ﺒﻭﺍﺴﻁﺔ ﺍﻷﻨﺴﺠﺔ ﺍﻟﻰ ﺍﻟﺸﺩ ﺍﻟﻤﺎﺌﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﺘﺭﺍﻜﻴﺯ  0.4 ,0.3 ,0.2 , 0.1ﻤﻭﻻﺭ ﻤﻥ ﺍﻟﺴﻜﺭﻭﺯ

ﺃﻭ  0.3 ,0.2 ,0.1 ,0.0ﻤﻭﻻﺭ ﻤﻥ ﺍﻟﺴﻭﺭﺒﻴﺘﻭل ﺃﻭ ﺍﻟﻤﺎﻨﻴﺘﻭل.

ﻓﻲ ﺘﺠﺭﺒﺔ ﺍﻟﺴﻜﺭﻭﺯ ﻟﻭﺤﻅ ﺃﻥ ﻁﻭل ﺍﻟﺴﺎﻕ ﻭﻜﺫﻟﻙ ﺍﻟﻭﺯﻥ ﺍﻟﺭﻁﺏ ﻟﻠﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻱ ﻗﺩ ﺘﻨﺎﻗﺼﺎ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﻋﻠﻰ ﺘﺭﻜﻴﺯ

 0.4ﻤﻭﻻﺭ .ﻭﻓﻲ ﺤﻴﻥ ﺯﺍﺩ ﺍﻟﻭﺯﻥ ﺍﻟﺠﺎﻑ ﺒﺩﺭﺠﺔ ﻤﻌﻨﻭﻴﺔ ,ﻨﻘﺼﺕ ﻨﺴﺒﺔ ﺍﻟﺘﺠﺫﻴﺭ ﻭﻋﺩﺩ ﺍﻟﺠﺫﻭﺭ ﺒﺯﻴﺎﺩﺓ ﺘﺭﺍﻜﻴﺯ ﺍﻟﺴﻜﺭﻭﺯ .ﺃﻤﺎ
ﻁﻭل ﺍﻟﺠﺫﻭﺭ ﻓﻘﺩ ﺯﺍﺩ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﻋﻨﺩ ﺘﺭﻜﻴﺯ  0.3ﻤﻭﻻﺭ ﻭﻗل ﻋﻨﺩ ﺍﻟﺘﺭﺍﻜﻴﺯ ﺍﻷﻋﻠﻰ.

ﻭﻓﻲ ﺘﺠﺭﺒﺔ ﺍﻟﺴﻭﺭﺒﻴﺘﻭل ﻨﻘﺹ ﻁﻭل ﺍﻟﺴﺎﻕ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﻋﻨﺩ ﺘﺭﻜﻴﺯ  0.3ﻤﻭﻻﺭ ,ﻭﻨﻘﺹ ﺍﻟﻭﺯﻥ ﺍﻟﺭﻁﺏ ﻭﺍﻟﻭﺯﻥ ﺍﻟﺠﺎﻑ

ﻟﻨﺒﺎﺕ ﺍﻟﺒﻨﺩﻭﺭﺓ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﺒﺎﺯﺩﻴﺎﺩ ﺘﺭﺍﻜﻴﺯ ﺍﻟﺴﻭﺭﺒﻴﺘﻭل .ﻭﻟﻡ ﺘﺘﺄﺜﺭ ﻨﺴﺒﺔ ﺍﻟﺘﺠﺫﻴﺭ ﻭﻋﺩﺩ ﺍﻟﺠﺫﻭﺭ ﺒﺯﻴﺎﺩﺓ ﺘﺭﺍﻜﻴﺯ ﺍﻟﺴﻭﺭﺒﻴﺘﻭل.
ﻭﻓﻲ ﺘﺠﺭﺒﺔ ﺍﻟﻤﺎﻨﻴﺘﻭل ﻓﻘﺩ ﺘﺒﻴﻥ ﺃﻥ ﻁﻭل ﺍﻟﺴﺎﻕ ﺯﺍﺩ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﻋﻨﺩ ﺘﺭﻜﻴﺯ  0.1ﻤﻭﻻﺭ ﻭﻗل ﻋﻨﺩ ﺍﻟﺘﺭﺍﻜﻴﺯ ﺍﻷﻋﻠﻰ .ﻭﻋﻨﺩ

ﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺍﻟﻤﺎﻨﻴﺘﻭل ﻨﻘﺹ ﺍﻟﻭﺯﻥ ﺍﻟﺭﻁﺏ ﻭﺍﻟﻭﺯﻥ ﺍﻟﺠﺎﻑ ﻟﻠﺒﻨﺩﻭﺭﺓ ﺒﺸﻜل ﻤﻌﻨﻭﻱ.ﻭﻓﻲ ﺤﻴﻥ ﺯﺍﺩﺕ ﻨﺴﺒﺔ ﺍﻟﺘﺠﺫﻴﺭ ﻭﻋﺩﺩ

ﺍﻟﺠﺫﻭﺭ ﻋﻨﺩ ﺘﺭﻜﻴﺯ  0.1ﻤﻭﻻﺭ ﻤﺎﻨﻴﺘﻭل ,ﺯﺍﺩ ﻁﻭل ﺍﻟﺠﺫﻭﺭ ﻤﻊ ﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺍﻟﻤﺎﻨﻴﺘﻭل.

ﻭﻨﻘﺹ ﺍﻟﻀﻐﻁ ﺍﻻﺴﻤﻭﺯﻱ ﻟﻨﺒﺎﺕ ﺍﻟﺒﻨﺩﻭﺭﺓ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﺒﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺍﻟﻤﺎﺩﺓ ﺍﻻﺴﻤﻭﺯﻴﺔ ) ﺍﻟﺴﻜﺭﻭﺯ ﺃﻭ ﺍﻟﺴﻭﺭﺒﻴﺘﻭل ﺃﻭ

ﺍﻟﻤﺎﻨﻴﺘﻭل( .ﻭﻨﻘﺼﺕ ﺘﺭﺍﻜﻴﺯ ﺍﻟﻨﻴﺘﺭﻭﺠﻴﻥ ﻭﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﻤﻐﻨﻴﺴﻴﻭﻡ ﻭﻜﺫﻟﻙ ﻨﺴﺒﺔ ﺍﻟﺭﻤﺎﺩ ﻓﻲ ﻨﺒﺎﺕ ﺍﻟﺒﻨﺩﺭﻭﺓ ﻋﻨﺩ
ﺯﻴﺎﺩﺓ ﺘﺭﺍﻜﻴﺯ ﺍﻟﻤﺎﺩﺓ ﺍﻻﺴﻤﻭﺯﻴﺔ .ﻭﻟﻡ ﻴﺘﺄﺜﺭ ﻤﺤﺘﻭﻯ ﺍﻟﻨﺒﺎﺕ ﻤﻥ ﺍﻷﻟﻴﺎﻑ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﻋﻨﺩ ﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺍﻟﺴﻜﺭﻭﺯ ,ﻭﻟﻜﻨﻪ ﻨﻘﺹ

ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﺒﺎﺯﺩﻴﺎﺩ ﺘﺭﺍﻜﻴﺯ ﺍﻟﺴﻭﺭﺒﻴﺘﻭل ﺃﻭ ﺍﻟﻤﺎﻨﻴﺘﻭل .ﺃﻤﺎ ﻨﺴﺒﺔ ﺍﻟﺴﻜﺭﻴﺎﺕ ﺍﻟﻤﺨﺘﺯﻟﺔ ﻭﻨﺴﺒﺔ ﺍﻟﻜﺭﺒﻭﻫﻴﺩﺭﺍﺕ ﻭﻤﺤﺘﻭﻯ

ﺍﻟﺒﺭﻭﻟﻴﻥ ﻓﻘﺩ ﺯﺍﺩﺕ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﺒﺎﺯﺩﻴﺎﺩ ﺘﺭﻜﻴﺯ ﺍﻟﻤﺎﺩﺓ ﺍﻻﺴﻤﻭﺯﻴﺔ ﻓﻲ ﺍﻟﻭﺴﻁ ﺍﻟﻐﺫﺍﺌﻲ ,ﺃﻤﺎ ﻤﺤﺘﻭﻯ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﺨﺎﻡ ﻭﺍﻟﺒﺭﻭﺘﻴﻥ

ﺍﻟﺫﺍﺌﺏ ﻓﻲ ﺍﻟﻤﺎﺀ ﻭﺍﻟﺩﻫﻭﻥ ﻓﻘﺩ ﺘﻨﺎﻗﺼﺕ ﺒﺸﻜل ﻤﻌﻨﻭﻱ ﻤﻊ ﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺃﻱ ﻤﻥ ﺍﻟﻤﻭﺍﺩ ﺍﻻﺴﻤﻭﺯﻴﺔ .ﻭﻫﺫﺍ ﻴﺩل ﻋﻠﻰ ﺃﻥ ﺼﻨﻑ

ﺍﻟﺒﻨﺩﻭﺭﺓ "ﺭﺤﺎﺒﺎ" ﻗﺎﺩﺭ ﻋﻠﻰ ﺘﺤﻤل ﺍﻟﺠﻔﺎﻑ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﺘﻌﺩﻴل ﺍﻻﺴﻤﻭﺯﻱ.

________________________________________________

* ﻗﺴﻡ ﺍﻹﻨﺘﺎﺝ ﺍﻟﻨﺒﺎﺘﻲ ،ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ،ﺠﺎﻤﻌﺔ ﺍﻟﻌﻠﻭﻡ ﻭﺍﻟﺘﻜﻨﻭﻟﻭﺠﻴﺎ ﺍﻷﺭﺩﻨﻴﺔ ،ﺍﺭﺒﺩ ،ﺍﻷﺭﺩﻥ  ،ﺘﺎﺭﻴﺦ ﺍﺴﺘﻼﻡ ﺍﻟﺒﺤﺙ  ،2005/3/14ﻭﺘﺎﺭﻴﺦ
ﻗﺒﻭﻟﻪ .2005/10/18
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