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Abstract

The present study evaluated the effect of different sucrose concentrations in culture medium on explant growth, tissue necrosis and total
phenolics content in leaf disc and petiole explants of two sugar beet (Beta vulgaris L.) cultivars (Kassandra and Visa) obtained from Sugar Research
Institute, Etimesgut, Ankara. Leaf disc (1 cm? containing mid vein) and petiole (0.7 cm in length) explants were excised from 8-week-old sterile
seedlings and cultured for 5 weeks on MS medium supplemented with 0%, 1%, 2% and 3% (w/v) sucrose, 0.7% (w/v) agar, 1 mg I BAP and 0.2
mg I NAA. Tissue necrosis on leaf disc and petiole explants was determined as mm? by means of a computer program and a desktop scanner. First,
total surface area of explants in mm? per Petri dish was calculated. Then green parts were removed from the explant with a scalpel and the necrotic
areas were measured by the same method. Finally, percent tissue necrosis was reported as the ratio of necrotic area to total explant area in a Petri
dish. Total phenolics content was expressed as mg/100 g fresh tissue. According to the results, tissue necrosis decreased with decreasing sucrose
concentrations in culture medium. The highest explant growth (total area, mm?) and the lowest tissue blackening was noted on the growth medium

containing 1% sucrose.
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INTRODUCTION

Sugar beet (Beta vulgaris L.), an important sucrose-
producing crop in temperate regions of the world and it
supplies about 21% of the sugar consumption worldwide. It
is a naturally cross-pollinating, heterogeneous, biennial and
varietal improvement by conventional breeding methods is
slow and laborious. Tissue culture methods integrated with
conventional breeding programs are playing an increasingly
significant role in the improvement of sugar beet [5]. However,
sugar beet is recalcitrant with respect to in vitro culture and
genetic transformation [19, 29]. Genotype dependency, low
regeneration and transformation frequencies are serious
problems of sugar beet in vitro culture [9, 19, 29]. Any progress
in increasing adventitious shoot regeneration frequency in sugar
beet in vitro culture is extremely valuable.

The tissue blackening caused by the oxidation of phenolic
compounds which are exuded from cut surfaces of explants of
many crops such as woody plants, fruits, and vegetables has
caused serious problems in establishing in vitro cultures. The
exudates inhibit growth and eventually cause tissue necrosis.
Enzymes such as polyphenoloxidase (PPO) and peroxidase
(POD) participate in blackening in vitro cultures [6, 26, 31]
and catalyze oxidation of phenolic compounds. It has been
suggested that the degree of blackening is related to phenolic
concentration and enzyme activity of the tissue, particularly
PPO [16]. A reduced peroxidase and polyphenoloxidase activity
increases the ability of tissues to initiate growth in vitro [1].
PPO-catalyzed tissue blackening can be prevented by chemical,
enzymatic and physical treatments [22]. However these

treatments often cannot be used in plant tissue culture. It has
been recommended that activated charcoal, ascorbic acid, citric
acid, and sodium chloride be added to culture medium to limit
in vitro tissue blackening [26].

Phenolic compounds have been found in different beet
tissues [2, 10, 30]. Sugar beet was placed in a high phenolic
compounds producing group [17].

Via the protocol described by Yildiz et al. (2007) [33],
tissue necrosis problem in sugar beet in vitro culture was
eliminated and consequently high frequency shoot regeneration
from petiole explants was achieved. In the current study, this
protocol was successfully used to evaluate the effect of sucrose
concentrations in culture medium on explants growth, tissue
necrosis and total phenolics content in leaf disc and petiole
explants of two sugar beet cultivars was discussed. In current
study, validity of the protocol improved by Yildiz et al. (2007)
[33] was verified once more by using different cultivars.

MATERIALS AND METHODS

Plant Material

Two sugar beet (Beta vulgaris L.) cultivars (‘Kassandra’ and
‘Visa’) were used as source of explants. Seeds of cultivars were
obtained from Sugar Research Institute, Etimesgut, Ankara.

Surface sterilization and germination of seeds

Seeds were placed in sterile bottles having 100% commercial
bleach (containing 5% sodium hypochlorite) and shook for
5 h at room temperature, followed by 3-4 washes and a 24 h
rinse in sterile water to increase permeability of seed coat as
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reported by Yildiz et al. (2007) [33]. After sterilization, the seed
coat was removed from the sterile seeds. Removal of the seed
coat enabled the seeds to germinate more rapidly. To obtain
uninfected seedlings, sterilized seeds were germinated in baby
food-jars containing 30 ml of MS medium [23] supplemented
with 3% sucrose (w/v), 0.7% (w/v) agar, 0.5 mg I"' TIBA and
1 mg I'' BAP for promoting organogenic cell lines in cultured
explants [14].

Culture conditions

All cultures were incubated under cool white fluorescent
light (27 umol m?s™) with a 16 h light/8 h dark photoperiod
in a growth chamber at 25+1°C. The pH of the medium was
adjusted to 5.8 with 1 N NaOH and 1 N HCI and autoclaved at
120°C for 20 min. Growth regulators were added to the growth
medium before autoclaving.

Determination of tissue necrosis

Leaf disc (1 cm? containing mid vein) and petiole (0.7 mm in
length) explants were excised from 8-week-old sterile seedlings
and cultured for 5 weeks on MS medium supplemented with
0%, 1%, 2% and 3% (w/v) sucrose, 0.7% (w/v) agar, 1 mg I
BAP and 0.2 mg I'' NAA which was reported as an optimum
combination of growth regulators for shoot regeneration [33].

Tissue necrosis was determined at the end of culture by
means of a computer program and a desktop scanner. First, total
surface area of explants in mm? per Petri dish was calculated.
Then green parts were removed from the explant with a scalpel
and the necrotic areas were measured by the same method.
Finally, percent tissue necrosis was reported as the ratio of
necrotic area to total explant area in a Petri dish.

Determination of total phenolics content of tissues

Phenolics in the extracts were determined according to the
Folin-Ciocalteau procedure [27], with some modifications. Five
weeks after culture initiation, explants from each Petri dish were
homogenized after determining necrotic areas, with a mortar
and pestle, in liquid nitrogen. Three ml of 99% methanol-1%
HCI solution was added to 1 g of ground explants and shook
for 4 h. This homogenate was centrifuged at 6000 g for 15 min
at room temperature and the supernatant was saved. Samples
(10 pl, three replications) were diluted with 765 pul of distilled
water and 75 pl of Folin-Ciocalteau reagent, after 3 min, 750 pl
of sodium carbonate (6%) (w/v) were added and the contents
were mixed thoroughly then allowed to stand for 90 min. At
the end of this period, the color developed and absorbance was
measured at 725 nm on spectrophotometer against an identical
mixture (control) in which there was no sample. The total
phenolics content was expressed as gallic acid equivalents in
mg/100 g of fresh weight material.

Statistical Analysis

Three replicates were used to determine necrotic and total
areas of explants, tissue necrosis and total phenolics content.
Petri dishes containing 10 explants were considered the
experimental units. All experiments were repeated two times.
Data were statistically analyzed by Duncan’s multiple range test
using “SPSS for Windows” computer program. Data presented
in percentages were subjected to arcsine (/X ) transformation
before statistical analysis [28].
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Figure 1. Sterile seedling development from seeds of cv.
‘Kassandra’

RESULTS AND DISCUSSION

Surface sterilization and germination of seeds

The difficulty in establishing aseptic cultures from sugar
beet seeds and seedlings have been reported previously [13].
The sterilization method described by Yildiz et al. (2007) [33]
was used in the study and this gave a high proportion of seeds
free from contamination as well as high germination frequency.
All germinated seeds produced normal seedlings (Figure 1).

Total phenolics content of tissues

All measurements regarding total phenolics content were
performed 5 weeks after culture initiation. Secretion of phenolic
compounds as a wounding response inhibited in vitro explant
growth in sugar beet and garden beet [11]. The highest total
phenolics content was recorded in both leaf disc and petioles
cultured on medium with 3% sucrose while the lowest was
obtained from 0% sucrose (Table 1). The total phenolics content
of tissues decreased significantly (P<0.01) with decreasing
sucrose concentration. For example, the total phenolics content
of leaf disc explants decreased from 284.5 mg/100 g fresh
weight at 3% sucrose concentration to 37.9 mg/100 g fresh
weight at 0% sucrose concentration in cultivar ‘Kassandra’
(Table 1). Kahn (1975) [16] has reported similar effect of
sucrose on phenolic concentration in avocado.

Tissue necrosis

With parallel to increasing sucrose concentration of growth
medium, tissue necrosis increased (Table 1). One week after
culture initiation, tissue blackening began to spread from cut
ends of leaf disc and petiole explants in medium containing
3% sucrose and reached to a maximum level at the end of 5%
week (Figure 2b and d). Similar results were reported for potato
[24]. On the contrary, the lowest tissue necrosis in percentage



M. Yildiz ve ark. / Bibad, 4 (2): 113-117, 2011 115

Table 1. The effect of sucrose in growth medium on explant growth, tissue necrosis and total phenolics content of sugar beet leaf
disc and petiole explants cultured on MS medium containing 1 mg "' BAP and 0.2 mg I'' NAA

Explant growth
Sucrose . . . .
. . Necrotic area Total area Tissue necrosis Total phenolics
0,
Cultivars Explant concentration (%) (mm?) (mm?) %) content (mg/100 g)
(W/v)
0 0.67b 36.25d 1.85d 379d
1 4241 a 21630 a 19.61 ¢ 102.0 ¢
Leaf Disc
2 4476 a 156.36 b 28.61b 21240
3 46.74 a 112.50 ¢ 4153 a 284.5a
Kassandra
0 0.44d 26.33 ¢ 1.67d 12.6d
1 13.73 ¢ 128.59 a 10.64 ¢ 52.6¢
Petiole
2 27.13b 92.66 b 29.26b 1572b
3 36.26 a 86.62 b 4195a 1922 a
0 0.87d 42.48d 2.05d 20.6d
. 1 46.72 ¢ 253.59a 22.19¢ 73.4c¢
Leaf Disc
2 51.67b 172.41b 29.96 b 162.4b
. 3 56.24 a 12243 ¢ 38.16a 2192 a
Visa
0 0.62d 31.37d 1.99d 11.6d
. 1 17.44 ¢ 142.60 a 1222 ¢ 44.6 ¢
Petiole

2 36.41b 11248 b 32.35b 1272 b
3 4134 a 102.56 ¢ 4030 a 166.4 a

Each value is the mean of two experiments (both experiments were 3 replications each with 10 explants)
Values within a column for each cultivar and for each explants followed by different letters are significantly different at the 0.01 level
“ Tissue necrosis (%) = (Necrotic area / Total area) * 100

Figure 2. Tissue necrosis in leaf disc (a, b) and petiole (c, d explants of cultivar ‘Kassandra’ five weeks after culture initiation
on MS medium containing 1 mg I'' BAP + 0.2 mg I'' NAA, 1% (a, ¢) and 3% (b, d) sucrose
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was recorded from the medium containing 0% sucrose in both
explants (Figure 2a and c). When sucrose concentration in
growth medium was decreased to 1% from %3, tissue necrosis
in leaf disc explants decreased to 19.61% from 41.53% in
cultivar ‘Kassandra’ and to 22.19% from 38.16% in cultivar
‘Visa’ (Table 1, Figure 2a and 2b). A similar decrease in necrosis
was observed when petiole explants were cultured on medium
containing 1% sucrose as compared to 3% (Table 1, Figure 2¢
and 2d). Giirel et al. (2001) [8] have reported that most of the
hypocotyl, cotyledon, leaf and petiole explants of line ‘CBM
315’ turned dark in color and showed no further growth on MS
medium containing 3% sucrose, BAP or KIN in combination
with NAA or 2,4-D at 0.0, 0.5 or 1.0 mg I''; they attributed this
phenomenon to high concentrations of phenolics.

Explant growth

Due to high total phenolics content and the subsequent
necrosis at higher sucrose concentrations, tissue growth was
inhibited dramatically (Table 1). Explant expansion and
growth decreased significantly with increasing total phenolics
content which was affected by increasing sucrose concentration
significantly. In leaf discs, total explant area at 1% sucrose
was recorded as 216.30 mm? in ‘Kassandra’ and 253.59 mm?
in ‘Visa’ as compared to 112.50 and 122 mm?, respectively, at
3% sucrose. Similar results were obtained from petiole explants
(Table 1). On the contrary, the highest necrotic area in both
explants of two cultivars was noted on medium containing 3%
sucrose.

Sucrose as a carbon source supports in vitro growth of
plant cells [7]. A sucrose concentration of 1-5% is generally
used for in vitro tissue culture, since it is also synthesized
naturally by the tissue [25]. The amount of carbon in the
growth medium affects the photosynthetic activity of the
plantlets of rose [21], carnation [18] and strawberry [12] grown
in vitro. It was reported that the highest net photosynthetic
rate was obtained when rose plantlets were grown in medium
containing less than 3% sucrose [21]. Bryant et al. (1983)
[3] have reported that the availability of carbohydrates is a
major factor affecting secondary metabolic production. It was
reported that sugar decreased the inhibitory effect of malto-
dextrin and consequently increased blackening in apple [32].
Increasing the growth medium sucrose concentration resulted
in increased phenolics in willow [15]. Curtis and Shetty (1996)
[4] have noted that elevated phenolic levels were associated
with increased sucrose in oregano. These reports supports our
findings that sucrose accelerated the accumulation of phenolics
and consequently caused tissue death. Sucrose is the principal
storage carbohydrate that is produced through photosynthesis
and transported to root cells in sugar beet [20]. As there were
no roots in vitro cultures, it is possible that synthesized sucrose
accumulated in the leaf disc and petiole explants as well as
in the culture medium. Thus increasing the overall sucrose
concentration leads to cell death by causing tissue necrosis.
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