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Abstract: In vitro proliferation and rooting of Pyrus syriaca were tested on Murashige and Skoog (MS) medium
enriched with varying concentrations (0.0, 1.5, 3.0, 4.5, or 6.0%) of sucrose, glucose or fructose as main carbon

sources. The morphological characteristic, content of sucrose, fructose or glucose mn shoot, root and m medium
were studied. Increasing the sucrose concentration did not have any effect on dry weight, while the supplement
of glucose caused a sigmificant mcrease in dry weight. Fructose did not cause any significant differences.
Rooting occurred with the medium supplemented with sucrose at various concentrations and low fructose
concentrations 1.5-3%. No rooting oceurred on medium supplemented with glucose. Examination of the change
mn total carbon source content showed that accumulation of sucrose, fructose and glucose appeared to be
varied. Growth of Pyrus syriaca and accumulation of carbon sources under in vitro conditions are largely
influenced by the composition of the carbon source in the culture medium.
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INTRODUCTION

Pyrus syriaca (wild pear) grows wild in Jordan, it is
considered to be lughly suitable by the growers in the
region. Tt is grown in marginal and dry areas in a wide
range of soil types and considered to be tolerant to many
biotic and abiotic stresses. P. syriaca is becoming an
endangered species due to deforestation and continuous
removal by people. However, micropropagation
techniques have been used for the rapid and large-scale
propagation of P. syriaca [1]. The main characteristic of
this techmque 1s the production of a large number of
uniform mother stock plants. Thus plants produced are
usually of a superior quality and better health compared
with conventional propagation methods [1, 2].

Sucrose has been considered the most common
carbon source used in plant tissue cultures due to its
efficient uptake across the plasma membrane [3-6].
Previous studies have shown that successful in vitro
cultures have an inadequate photosynthetic ability and to
acquire sugar as a carbon source for hetro or mixtrophic
growth [7]. Ebrahim et al. [8] reported the presence of
sucrose i the medium mereases the intracellular sucrose

concentration. Increasing the concentration of sugar
m the medium not only mcreases the availability of
carbon sources but also stimulates growth as a result of
more negative water potential in the medium [9, 10]. On
the other hand a study by Cunha and Fernandes-Ferreira
[11] on Linwm wsitatissimim showed that medium
supplemented with monosaccharides (glucose or
fructose) at concentration of 4% gave consistently
highly  embryogenic with higher somatic
embryo frequencies and higher growth rate compared

cultures

with medium supplemented with either sucrose or
maltose.

Soluble sugars, mainly glucose, fructose and sucrose
are preferred as the substances responsible for osmotic
adjustment n tissue water osmotic stress [12]. In addition,
a study by De Reik ef al. [10] on Rosa muliiflora
indicated that hydrolysis of sucrose in the culture medium
occurred in both multiplication and root induction stage.
Sucrose before being utilized in metabolic activity has to
split up into its constituent monosaccharides by the
enzyme invertase [4]. The disaccharide sucrose is widely
used as energy source and/or osmoticum in plant cell and
tissue cultures, it also mmproves root system quality in
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Carica papaya [13]. However, sucrose is not always the
best carbohydrate to achieve best multiplicaton and
regeneration. Fructose and raffinose increased the number
of embryos produced in Spinacia oleracea as reported
by Komai et al. [14].

Different plant species showed differences in their
preference to the various forms of sugar [9]. Replacing a
sugar with another could initiate embryogenesis [15].
As  little
different components of carbon sources on the in vitro

mformation 1s available on the effect of
micropropagation of Pyrus syriaca, we addressed this
question in the present study. Morphogenic responses
of P. syriaca and quantitative analysis of the
carbohydrate n the media and the cultures were studied

as a function of plant growth i vitro.
MATERIAL AND METHODS

One year buds of mature dormant wood of wild
pear were collected from a single healthy wild pear
(Pyrus syriaca) in Jarash (North Jordan). Wood was cut
into 10-15 cm long, the basal ends were immersed in
tap water and kept at room temperature at 24+°C 2/day,
18 £2°C night for 3 weeks until buds broke and new
growth was initiated [1]. Bud scales were excised and
buds were surface sterilized in 5% chlorox (5.25 sodium
hypochlorite) plus 0.1 Tween-20 (surfactant) for 10 min
and then nnsed three tunes with sterile distilled water
(for 5 min each time) under laminar air flow cabinet.
Shoot tip (5 mm) were excised aseptically and
moculated on ¥ strength MS medium [16] containing 0.1
g L' polyvinylpyrrolidine (PVP). The medium was
supplemented with 0.5 mg L™ benzyl adenine (BA)
and 0.1 mg I.7' napthalenean acetic acid (NAA), 30 g L™
sucrose and 8.0 g L' Difco Bacto agar. Medium pH was
adjusted at 5.8 prior sterilization. Cultures were kept in the
dark for at least 2 d, then moved to the growth chamber
(2442°C), under 16 h light (photosynthetic flux 40-50
umel m™ 87" /& h dark photoperiod. Sheot tips were
transferred to fresh medium every 3 d, for three times to
minimize phenolic exudation and browning. Two weels
later microshoots were transferred to fresh media before
starting experimentation. Subculturing was performed
every four weeks to establish a massive mother stock
culture before mitiating experiments.

Microshoots were subcultured on 50 ml, media (in
250 mL Erlenmeyer flask) supplemented with sucrose,
fructose or glucose at 0.0, 1.5, 3.0, 4.5 or 6.0%) using
shoot proliferation medium containing 1.0 mg L.~" BA and
0.1 mg L™ IBA [1]. As similar experiment was also done
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by subculturing microshoot to rooting medium containing
0.2 mg L™" IBA [1]. Each treatment ccnsisted of 20
replicates arranged in a completely randomized design
and the experiments were repeated five times. Growth
parameters were taleen after eight weeks on shoot number,
shoot length, fresh weight and dry weight. Medium
sample shoots and roots samples were used for analysis
carbohydrate.

Dry Samples of 2.0 g were placed m test tube in 10 mL
of 8% ethanol and vortex for 30 min, then kept on water
bath shaker at 75 rpm at 30°C for 30 min. Samples were
then centrifuged at 3000 rpm for 8 min. The supernatant
was collected and the extraction was repeated twice.
Supernatant was mixed with 2 mL lead acetate and 2 mL of
oxalic acid and vortex to precipitate protein and fat. Then
the whole mixture was centrifuge for 8 min at 3000 rpm.
The supernatant was then talken to a 50 mL flask and the
total volume was made to 50 mL by adding deiomized
distilled water, then 0.1 mL sample was taken and mixed
with 0.2 mL phenol and 5 mI. H,30,. The sample was then
kept for 20 min at 30°C with shaking. Sugar was then
analyzed using spectrophotometer-phenol sulfuric acid
method [17]. Collected data were statistically analyzed
using analysis of variance and means were separated
according to the least significant differences (1.SD) at 0.05
level of probability using MSTATC.

RESULTS AND DISCUSSION

Growth of in vitro culture 1s strongly mfluenced by
the different carbon sources (Table 1). Moreover, fructose
showed no effect on number of shoots of P. Syriaca.
Previous study by Shibli ef @l [1] shows that sucrose
has been used as carbon sources (at low concentration
3%) 1n the nutrient media for both in vitro propagation
and rooting of Pyrus syriaca. Increased
sucrose, or fructose concentrations were inhibitory

in  vitro
to root formation (Table 2). While at higher sucrose
concentration there were decrease in shoots dry matter
(Table 1). Maximum shoot dry weight was recorded at
3% sucrose (Table 2). However, the decrease in
accumulation of dry matter of cultures grown under
higher supply carbon sources might be due to decrease
in water potential of the medium [9, 18]. Moreover,
the hydrolysis of sucrose m the culture medium
associated with sucrose hydrolosing enzymes involved
m a cycle of sucrose adsorption and/or uptake and
subsequent secretion of glucose and fructose to the
cytosol caused a decrease and accumulation of dry
weight at high concentration [10].
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Table 1: Growth responses of in vitre grown wild pear (Pyris syriacd) to
different concentrations of sucrose, fructose or glucose. Medium
supplemented with 1.0 mg L' BA and 0.1 mg L™ IBA

Carbon Shoot Shoat Fresh Dry
source number  length (mm)  weight (g) weight (g)
Sucrose (%)

0.0 0.0d 0.0c 0.0c 0.0c

1.5 6.8a 78.6a 0.703a 0.136a
3.0 4.6ab 67.0a 0.774a 0.13%a
4.5 2.6bc 53.0b 0.39 0.108ab
6.0 1.8cd 394bh 0.294h 0.076b
Fructose (%6)

0.0 1.0a 19.8a 0.154¢ 0.012e
1.5 1.0a 31.2a 0.519a 0.08%
3.0 1.0a 21.6a 0.436ab 0.067b
4.5 1.0a 23.2ab 0.349h 0.064c
6.0 1.0a 19.8a 0.125¢ 0.044d
Glucose (%0

0.0 1.2ab 36.6a 0.245b 0.06a
1.5 1.2ab 32.4ab 0.255h 0.07%
3.0 l.4a 28.0ab 0.355a 0.031a
4.5 1.0b 24.0b 0.205h 0.063a
6.0 1.2ab 23.0b 0.191b 0.016a

Means with columns for each sugar source having different letters are
significantly different according to 1.8 test at p<0.05,
Approximately 20 shoots were tested for each replicate

n=>5,

Root formation requires carbon sources, high
concentration of sucrose decreases the number of roots
significantly (Table 2). No root formations were recorded
with the supplementation of glucose. Lower fructose
concentrations (1.5-3%) were more favourable for root
mutiation than higher concentration (0.45-0.6%) (Table 2).

In this study no root formations were recorded with the
supplemented of glucose in the medium. These results
clearly demonstrate that sucrose 1s a superior carbon
source for in vitre growth than glucose and fructose.
However, to achieve optimal proliferation rate, sucrose
concentration should be added at the optimal level
Sucrose hydrolysis into glucose and fructose has been
reported in a wide variety of plant cells and tissue culture
[1, €]; this may cause sucrose to be optimal for in vitro
rooting of wild pear. Shoot regeneration of Lilim
longiflorum was enhanced when sucrose concentration
was used at 3 or 4% after 60 days of culture. On the other
hand, several coniferous species showed that sucrose
represents the best carbon source which support somatic
embryo maturation [19-21]. The supplements of fructose
i proliferation medium showed that sucrose, glucose and
fructose 1 shoots increased sigmificantly with the
mcreasing of fructose (Table 5). The same patterns were
seen m the medium. While in the rooting medium fructose
showed significant difference at 3% compared with 4.5 or
1.5%. This may be due to adventitious shoot formation;
applied fructose is used as a source of energy, building
and also maybe in accordance with a possible regulatory
role of glucose.

There are great differences in the ability to
accumulate sucrose, glucose or fructose and use 1t as the
source of carbon and energy. Maximum concentrations of
sucrose were reported in both proliferation and rooting in
medium was with the supplement of 6% sucrose (Table 3).

Table 2: Growth responses of in vitro grown wild pear (Pyrus syriaca) to different concentration of sucrose, fructose or glucose. Medium supplemented with

0.2 mg L~! IBA Results

Carbon No. of Shoot No. of Root Shoot fresh Shoot dry Root fresh Root dry
source shoot length (mum) root length (mm) weight (g) weight (g) weight (g) weight (g)
Sucrose (%)

0.0 0.0b 0.0d 0.0b 0.0c 0.0d 0.0e 0.0a 0.0c

1.5 1.2a 52.4a 3.2a 9.4bc 0.443a 0.102a 0.041a 0.008ab
3.0 1.0a 324b 2.2ab 30.2ab 0.271b 0.044c 0.025a 0.009a
4.5 1.0a 38.4b 1.2ab 34.0a 0.313b 0.086b 0.033a 0.006ab
6.0 1.0a 23.2¢c 1.1ab 28.0ab 0.124c¢ 0.03%d 0.02a 0.00dbc
Fructose (%6)

0.0 1.0a 19.0b 0.0b 0.0b 0.204bc 0.01d 0.0c 0.0c

1.5 1.0a 21.2b 0.6ab 3.4ab 0.142¢ 0.026c 0.006b 0.002b
3.0 1.0a 3l.4a 2.0a 8.2a 0.266ab 0.052¢ 0.015a 0.003a
4.5 l.4a 24.4ab 0.0b 0.0b 0.533a 0.067a 0.0c 0.0c
6.0 l4a 19.8b 0.0b 0.0b 0.232bc 0.052b 0.0c 0.0c
Glucose (20)

0.0 1.0 22.0a 0.0 0.0 0.15ab 0.013d 0.0 0.0

1.5 1.0 18.0a 0.0 0.0 0.198ab 0.018¢c 0.0 0.0

3.0 1.0 21.6a 0.0 0.0 0.217a 0.02b 0.0 0.0

4.5 1.0 20.8a 0.0 0.0 0.148ab 0.046a 0.0 0.0

6.0 1.0 15.6a 0.0 0.0 0.133b 0.012e 0.0 0.0

Means with columns for each sugar source having different letters are significantly different according to T.SD test at p=0.05, n= 35

Approximately 20 shoots were tested for each replicate
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Table 3: Sucrose, fructose or ghicose contents (%6) of shoats, roots and medium, 8 weeks after in vitro grow of wild pear on proliferation or rooting medium.

Medium supplemented with sucrose as a carbon sources

Sucrose Sucrose % Glucose % Fructose %  Sucrose % Glucose % Fructose %  Sucrose %o Glucose % Fructose %o
concentration (%) in shoot in shoot in shoot inroot in root in root in medium inmedium  in medium
Proliferation medium

0.0 0.0e 0.0 0.0 - - - 0.0e 0.0d 0.0d

15 11.2d 17.9d 6.8d - - - 5.0d 6.10c 4.0¢
30 17.3b 26.4a 11.7¢ - - - 6.7¢ 7.10b 6.0b
4.5 15.9¢ 24.5b 12.6b - - - 7.4b 7.80a 6.8a
6.0 18.5a 24.0c 16.4a - - - 8.1a 840a 7.3a
Rooting medium

0.0 0.0e 0.0 0.0d 0.0e 0.0e 0.0e 0.0d 0.0d 0.0d
1.5 8.9d 14.44d 4.6¢c 13.2¢ 10.0d 19.6d 6.2¢c 9.9c 5.8¢c
30 9.7c 15.6¢ 5.7b 18.9d 17.4¢ 32.8c 8.6ba 10.3¢c 6.5b
4.5 12.5b 16.7b 12.7a 19.8b 18.3b 35.2b 10.2a 12.4a 3.8a
6.0 26.0a 24.5a 12.2a 21.0a 19.0a 36.1a 10.0a 11.9b 8.7a

Table4: Sucrose, fructose and ghicose content (%6) in shoot, root and medium, 8 weeks after in vitro grow of wild pear on proliferation or rooting medium.

Medium supplemented with fiructose as a carbon source

Fructose Sucrose % Glucose % Fructose %  Sucrose % Glucose % Fructose %  Sucrose % Glucose % Fructose %o
concentration (%) in shoot in shoot in shoot inroot in root in root inmedium  inmedium  in medium
Proliferation medium

0.0 24e 3.1e 4.5e - - - 0.05cd 0.25¢ 01le
1.5 13.0d 18.2d 11.0d - - - 1.2%9¢ 2.50c 1.01c¢
30 14.9¢ 20.8d 12.7¢ - - - 2.34be 4.60b 2.40b
4.5 17.6b 24.5b 14.9h - - - 3.50b 6.88a 3.60a
6.0 23.9a 33.4a 20.7a - - - 9.72a 1.244d 0.65d
Rooting medium

0.0 12.0¢ 16.0¢ 12.6bc 0.0c 0.0c 0.0c 0.04e 0.24e 0.13d
1.5 14.0b 20.0b 13.%9h 20.0b 22.0b 19.0b 1.35d 2.70d 1.41c
30 12.0¢ 17.0c 10.7¢ 23.0a 25.0a 21.0a 2.35¢c 4.98¢ 2.62b
4.5 17.0b 23.0b 14.0b 0.0c 0.0c 0.0c 3.98b 7.75h 4.04a
6.0 20.0a 28.0a 17.0a 0.0c 0.0c 0.0c 4.86a 937a 4.92a

Table 5:  Sucrose, fructose and glucose content (%) in shoot, root and medium, 8 weeks after in vitro grow of wild pear (P. syriace) on proliferation or rooting,
medium supplemented with different concentration of glucose as a carbon sources

Glucose Sucrose % Glucose % Fructose %  Sucrose % Glucose %% Fructose %  Sucrose % Ghicose %o Fructose %
Concentration (%) in shoot in shoot in shoot inroot in root inroot in medium  inmedium  in medium
Proliferation medium

0.0 8.0a 11.8a 24.0a - - - 0.18d 0.38d 09la
1.5 7.1b 9.2b 19.0¢ - - - 1.69¢ 1.98¢ 4.62d
30 6.3c 6.0d 19.0c¢ - - - 2.35h 2.58b 6.98c
4.5 7.0b 2.4b 20.0b - - - 33a 3.47a 9.56a
6.0 5.6d T.0c 16.0d - - - 2.7b 3.17a 857b
Rooting medium

0.0 5.3e 7.0¢ 14.0e - - - 0.34¢ 04c 0.52¢
1.5 7.0b 11.0a 21.0b - - - 0.50¢ 0.91b 2.73d
30 6.0d T.0c 16.0d - - - 1.99b 2.54a 8.38b
4.5 8.0a 9.bd 23.0a - - - 2.69a 2.81a 8.49a
6.0 6.0c 2.0b 20.0c - - - 2.93a 2.7% 8.06¢

Proliferation medium 1.0 mg L™! BA and 0.1 mg L~! IBA. Rooting medium supplemented with 0.2 mg L™ ' IBA. Means with columns for each sugar source
having different letters are significantly different according to L3D test at p = 0.05, n= 5. Approximately 20 shoots were tested for each replicate

-No rooting occurred and no results presented her

When 6% sucrose was supplemented to the proliferation
medium, there were sigmificant differences in the sucrose,
glucose and fructose content of the shoot. The highest
sucrose in shoot was with 6% (Table 3). Reik et al. [10]
indicated that sucrose molecules are hydrolyzed by cell
wall or plasmalemma located invertasese, this may be the
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reason for accumulation of high sucrose. Moreover,
sucrose hydrolyzing enzyme was mvolved in a cycle of
sucrose adsorption and/or uptake and subsequent
secretion of glucose and fructose to cytosol [10]. High
sucrose showed low uptake of sucrose n shoot, which 1s
significant to low concentration (Table 3).
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Uptake of sucrose, glucose and fructose did not seem
to follow the same pattern when the medium was
supplemented with fructose. In both rooting and
proliferation there were sigmficant differences in sucrose
concentration in shoots with the supplemented of 6%
fructose 1.5% (Table 4). Strobel et al. [22] showed that
sucrose concentration had to be raised from the standard
3 to 6% to obtain maximum growth rate of Gallium verum
cell suspension cultures growing m MS medium.
After four weeks of growth, the fiuctose added in the
medium affected the sucrose, fructose and glucose
content in the shoot root or the medium (Table 4).
Increased fructose in the proliferation medium increased
significantly the sucrose, glucose and the fructose in
shoot (Table 5). This is similar to a previous study by
Blanc et al. [12] on somatic embryo of Hevea brasiliensis.
With the supplement of fructose to the rooting medium,
highest sucrose was recorded with 6% fructose, which
was significant to 4.5%. On the other hand when the
medium was supplemented with 4.5-6.0% fiructose no
significant  differences were recorded m the medium
(Table 3). The supplemented of glucose to the medium
caused no root formation in both mediums (rooting
shooting). Moreover, there significant
differences in sucrose, glucose and fiuctose in the

with  different

and were

medium  supplemented glucose
concentration.

In conclusion, these results showed that carbon
source and uptakes by the plant under this investigation
differ. There are great differences in the content of
carbon source m shoots, roots or medium. The medium
supplemented with high sugar source is not necessary
to achieve high number of new shoots. Moreover, there
were fundamental changes in the medium after being
supplemented with sucrose, fructose and glucose after

the incubation periods.
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