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Abstract

The effect of sugar types, age of culture, and concentrations of 2,4-D and sucrose
on somatic embryogenesis was investigated in Cymbopogon schoenanthus subsp.
proximus. Six different sugar types: sucrose, fructose, maltose, glucose, galactose
and lactose at 3% concentration were used for each of three 2,4-D concentration
treatments (1.0, 2.0, 4.0 mg/l). ANOVA showed a significant difference at the 1%
level for culture age, sugar types and interactions between 2,4-D and sugar types
when mean embryo numbers of individual sugars across the four culture ages
are compared. Maltose gave highest mean value, followed by sucrose and the
lowest mean number was recorded with galactose. Cultures induced by
galactose although low in embryo induction gave the highest mean number of
shoots across the different media and culture age. Effect of different
concentrations of sucrose and BA on production of number of immature somatic
embryos, mature germinating somatic embryos and shoots was examined by
culturing 2.5 month-old seed-derived callus onto MS medium containing 4
different sucrose concentrations (1.0, 2.0, 3.0, 4.0 %) in combination with different
BA concentrations (0.0, 0.025, 0.05, 0.1 mg/l). ANOVA showed significant
differences at 1% level for culture age, and interactions between culture age and
sucrose concentrations. Mean number of shoots on 1% sucrose for 7 months old
culture was 9.4 significantly higher than number produced on all of sucrose
concentrations. The efficient regeneration system will be useful for the future
production of high yielding genotypes and for the conservation of the species
germplasm.
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Introduction

Cymbopogon schoenanthus subsp. proximus, locally known as Halfa-barr, an
aromatic densely-tufted grass, is a monocot plant belongs to Gramineae. The
plant species grows in Upper Egypt, north of Sudan and south of Sahara from
Mauritania to Ethiopia and Kenya (Boulos 1999). The herb is used extensively in
folk medicine for many diseases such as influenza, some neurotic diseases, colic,
fever, H-diabetes, as diuretic, stomachic, hypotensive, carminative, and anti-
rheumatic (Boulos 1983). It is used as renal antispasmodic agent (EL-gamal et al.
1987), for relieving bronchial asthma, anti-hyperglycemic and alleviates liver and
renal damage in rats (Sheweiata et al. 2002). The plant has antimicrobial and
antifungal activities (Selim 2011). It also inhibits kidney stone formation (Ibrahim
et al. 2013). It has shown antihypertensive activity in rats (Nezhawy 2014).

C. schoenanthus subsp. proximus has been shown to contain medicinally
important compounds such as cryptomeridiol (Locksley et al. 1982), proximadiol,
5a- hydroxy-f-eudesmol, 13-hydroxy-p-eudesmol, 1f3- hydroxy-a-eudesmol, 5a-
hydroperoxy-B-eudesmol, 7a,11-dihydroxycadin-10-(14)-ene (EL-Askary et al.
2003). Due to its significant effect on expulsion of renal stones, the drug
PROXIMOL (Halphabarol) has been produced from the wild plant (Ministry of
Health, Egypt, product registration # 24526). The production of the drugs is
totally dependent on material collected from the wild. Overcollection of this
subspecies for both folk uses and drug production, together with, the climate
change make the species threatened and may ultimately lead to its extinction
from the wild.

In authors' previous study (El-Bakry and Abdelsalam 2012), they reported a
protocol for regeneration of this subspecies from callus and suspension cultures,
where sucrose was the only carbon source. As sucrose is the main sugar
translocated in the phloem of many plants, it is often assumed to be the best
choice of carbon source in cell and tissue culture media (Peterson et al. 1999).
However, there are a number of plants that can grow on carbohydrates other
than sucrose, and sucrose may not be the most suitable carbohydrate for plant
regeneration. Media containing glucose, fructose, maltose, mannose or sorbitol
stimulated regeneration via somatic embryogenesis or organogenesis in a
number of plants (Borkowska and Szczerba 1995, Bach and Pawowska 1993,
Fuentes et al. 2000, Tang 2000, Blanc et al. 2002, El-Bakry 2002, Sairam et al. 2003,
Trejgell et al. 2006 and Bahmani et al. 2009).

Gauchan (2012) investigated the effect of various concentrations of different
sugars for induction of root and shoot from maize seeds. The seedling
development was induced by the application of fructose, maltose and sucrose at
seven different concentrations ranging from 0.25 and 10%) of each. Of the three
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sugars tested, low concentrations (0.25 - 2.5%) of maltose and sucrose exhibited
the maximum shoot and root growth and the plantlets were healthy. In all the
concentrations of maltose and sucrose, the growth response of both shoot and
root was good.

As a part of authors continuing studies on C. schoenanthus subsp. proximus,
they have investigated the effect of sugar types and their concentrations on
somatic embryogenesis of this plant species. Application of these research results
may help in both habitat restoration and selection of superior clones that can be
further propagated in the future.

Materials and Methods

Inflorescences of Cymbopogon schoenanthus subsp. proximus were collected from
Aswan University botanic garden, Egypt, and stored in paper bags at 25°C. Seeds
were separated from the inflorescence immediately before surface sterilization.

Healthy seeds were washed for 15 min under tap water and then rinsed with
double distilled water. The seeds were then surface sterilized by dipping in 95%
ethyl alcohol for 1 min followed by immersion in 20% Clorox (5.25% sodium
hypochlorite) for 20 min. Thereafter, the seeds were washed three times with
sterile distilled water under aseptic conditions.

Surface sterilized seeds were cultured on MS supplemented with 3 different
concentrations of 2, 4-D (1.0, 2.0, 4.0 mg/l) and 0.5 mg/l BA (D2B2, D3B2 and
D4B2, respectively). Six different sugars: sucrose, fructose, maltose, glucose,
galactose and lactose at 3% concentration were used for each 2,4-D concentration
treatments. For each treatment, 3 replication plates, 5 seeds/plate were carried
out. First subculture was carried out onto the same media after 1.5 months.
Second subculture was done after 3 months from the date of initial culture on
media containing the same sugar type but with 1/4 concentration of growth
regulators. Third subculture was carried out after 4.5 months onto MS containing
0.01 mg/l BA and 2% sucrose for all media. Six months old cultures were
subcultured onto MS hormone free media with 2% sucrose for all sugar types.
Five ml of MS hormone free liquid medium was added to each culture plate after
7.5 and 9 months.

Four weeks following the addtion of the first liquid media, the regenerated
shoots were separated and transferred to the rooting medium (MS with 0.1 mg/1
NAA and 15 g/l sucrose). Well rooted plants were transferred to plastic pots
containing sand and acclimatized to natural environment.

Sterile seeds were cultured on MS supplemented with 1.0 mg/l 2,4-D, 0.5
mg/l BA and 30 g/l sucrose. The first subculture was made on the same medium
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after one month. The second subculture was made after 2.5 months onto MS
supplemented with 4 different sucrose concentrations (1.0, 2.0, 3.0, 4.0%) in
combination with different BA concentrations (0.0, 0.025, 0.05, 0.1 mg/1). For each
treatment 3 replication plates, 4 explants /plate were made.

The third subculture was made after 4 months onto MS hormone free
medium supplemented with 0.1 g/l glutamine and 3% sucrose. Five ml MS
hormone free liquid medium supplemented with 0.1g/l glutamine and 2%
sucrose were added to each culture plate after 6 and 7 months.

After 7.5 months of initial culture, healthy shoots were transferred to the
rooting medium (MS with 0.01 mg/l NAA and 1.5% sucrose). Acclimation was
carried out after 9.5 months.

All cultures were incubated at 25°C under cool white fluorescent light (3000
lux) for a light/dark photoperiod of 8/16 hrs for the first 2.5 months of culture
followed by 16/ 8 hrs photoperiod till the end of the rooting stage.

From sugar type experiments, data were collected as number of somatic
embryos, number of maturing embryos, and number of shoots from 4.5, 6, 7.5
and 9 months-old cultures.

From sugar concentrations experiments, data were collected as number of
somatic embryos, number of maturing embryos with cotyledon, and number of
shoots from 4, 6, and 7 months-old cultures.

Data were analyzed statistically by analysis of variance (ANOVA) from
completely randomized design according to the procedure described by
Snedecor and Cochran (1981). Duncan’s multiple range test (Duncan 1955) was
used to compare treatment means.

Results and Discussion

To test the effect of different sugar types, age of cultures and 2,4-D
concentrations on production of somatic embryos, germinating embryos and
shoots from cultures were studied. For somatic embryo production, data were
collected from a total of 216 plates (6 sugar types x 4 culture ages x 3
concentrations of 2,4-D x three replications). ANOVA showed significant
differences at 1% level for culture age, sugar types and interactions between 2,4-
D and sugar types (ANOVA table not shown) . Media factors, as well as, other
interactions were non-significant. For germinating embryo and shoot production,
data were collected from a total of 108 plates (6 sugars x 2 culture ages x 3
concentrations of 2,4-D x three replications). For germinating embryo
production, ANOVA showed significant differences at the 5% level for sugar
types and interactions between 2,4-D and sugar types (ANOVA table not
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shown). Media factors, culture age and other interactions were non-significant.
For shoot production, ANOVA showed significant difference at 1% level for
culture age, sugar types and interactions between 2,4-D and sugar types, and
between culture ages and sugar types (ANOVA table not shown). Significant
difference was at 5% level for interactions due to all three sources. Media factors,
as well as, interactions between 2,4-D and culture ages were non-significant.

Mean number of somatic embryos and germinating maturing embryos after
four different age of cultures, three 2,4-D concentrations in combination with
different sugar types are shown in Table 1. Mean number of embryos for all six
sugar types against age of cultures showed that early stages in culture gave a
higher mean embryos number (2, 2.48) after 4.5,6 months, respectively, than 9-
month-old cultures (1.04), with 7.5 month old culture giving highest mean of 4.5.
However, when mean embryo numbers of individual sugars across the four
different ages of culture ages are compared, maltose gave highest mean value
(4.1) followed by sucrose (3.2), and the lower mean number was recorded with
galactose (1.27). The results reported here suggest that the exploration of
different sugar types of media containing different concentration of 2,4-D was a
worthwhile investigation as sucrose, most commonly used as a carbon source for
shoot production through somatic embryogenesis. Similar results of different
somatic embryogenesis response by different carbon sources were reported by
Trarone and Guitinan (2006) on cacao genotypes. Similar results of superiority of
maltose over sucrose on somatic embryo production have been demonstrated in
petunia (Raquin 1983), in alfalfa (Strickland et al. 1987), in pine (Nagmoni et al.
1983), in Coffea canephora (Fuentes et al. 2000) and pea (Loiseaui et al. 1995).

Maturing embryos did not appear until 7.5 months after culture initiation.
Mean numbers of maturing embryos after 7.5 and 9 months were not
significantly different (4.3 and 5.6, respectively). Maltose, glucose, and lactose
gave means of 7.1, 6.1 and 5.3 higher than other sugar types (significantly
different at 5% only). Media by sugar type interaction (significantly different at
5%) was manifested on D2B2 with maltose giving 10.2, D3B2, where glucose
gave 6.5 and D4B2 where lactose gave the 8.3 mean number of maturing
embryos. The results reported here suggest that the exploration of different sugar
types of media containing different concentration of 2,4-D was also a meaningful
investigation for mature somatic embryo production. Similar result of the
effectiveness of maltose over sucrose on mature somatic embryo production has
been confirmed in pine (Li et al. 1998).

Mean number of shoots for all media after 7.5 and 9 months was 4.55 and
0.33, respectively (Table 1). Mean number of shoots were significantly higher in
7.5 month-old culture compared to 9 month-old culture. The culture induced by
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galactose although low in embryo induction gave the highest mean number of
shoots across the different media and culture age (5.03). After 7.5 months in
cultures, shoots produced from galactose induced media on D3B2 (Fig. 1) gave
the highest mean number of 15.2 that was significantly higher than fructose
induced on the same media (9.9 shoots), higher than lactose induced cultures on
D2B2 (Table 2). Similar result of different shoot production response through
somatic embryogenesis due to different types of sugar was reported in peas
(Loiseau et al. 1995), in pine (Nagmani et al. 1993) and in alfalfa (Strickland et al.
1987). 2,4-D concentration in the medium also played important role in the
number of shoot production, lower concentration such as 2 mg/l responded
significantly better than 4 mg/l in both 7.5 and 9 month-old cultures.

Table 1. Mean number of shoots after 7.5 and 9 months on different media D4B2, D3B2
and D2B2 in combination with different sugar types at 3% concentration. Means
with same alphabet are not significantly different.

Culture age (month) 7.5 9.0

Sugar type D2B2 D3B2 D4B2 D2B2 D3B2 D4B2
Sucrose 0.11ef  0.06f 0.00f 5.41bcdef 0.00f 0.00f
Fructose 0.00f 0.00f 0.44ef  3.05def 9.91b 4.22bcdef
Maltose 2.44def 0.00f 0.53ef 7.88bcd 0.99ef 0.33ef
Glucose 0.4lef  0.00f 0.00f 2.85def 6.16bcde  0.00f
Galactose 0.73ef  0.73ef  0.00f 4.71bcdef 15.18a 8.86bc
Lactose 0.44ef  0.00f 0.00f 8.94bc 0.00f 3.55cdef
Mean # of shoots per 0.69¢ 0.13d 0.16d 5.47a 5.36a 2.83b
Medium

Mean # of shoots per 0.33b 4.55a

culture age

The effect of different concentrations of sucrose was studied by transferring
callus onto MS supplemented with 4 different sucrose concentrations (1.0, 2.0,
3.0, 4.0 %) with different BA concentrations (0.0, 0.025, 0.05, 0.1 mg/1) followed by
subculture onto hormone free medium with fixed sucrose concentration.

To test the effect of culture ages and concentrations of sucrose and BA on
production of somatic embryo, germinating embryo and shoots from cultures,
data were collected from a total of 144 plates (3 culture ages x 4 concentrations of
sucrose x 4 concentrations of BA x three replications) for somatic embryo
production. ANOVA showed significant differences at 1% level for culture age,
and interactions between culture age and sucrose concentrations (ANOVA table



Effect of Sugar Types, Culture Age, Concentrations of 2,4-D

57



58 Abdel-Salam et al.

not shown). Differences in concentration of sucrose and BA, and other
interactions were non-significant. For germinating embryo and shoot production
study, data were collected from a total of 96 plates (2 culture ages x 4
concentrations of sucrose x 4 concentrations of BA x three replications). For
germinating embryo production, ANOVA showed a significant difference at 5%

Fig 1. Regeneration of C. schoenanthus subsp. proximus through somatic embryogenesis induced on
MS containing galactose. Embryogenic callus (a), callus with somatic embryos (b), mature
embryos (c), germinating embryos (d), rooted plants (e) and acclimated plants (f).

level for culture ages and interactions between culture age and sucrose
concentrations (ANOVA table not shown). Differences in the concentrations of
sucrose and BA, and other interactions were non-significant. For shoot
production, ANOVA showed significant differences at the 1% level for culture
age, sucrose concentrations and interactions between culture age and sucrose
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concentrations (ANOVA table not shown). All other treatments and interaction
tested were non-significant.

Since different concentrations of BA tested in this investigation did not show
significant differences for the production of embryos, mature embryos or shoots,
pooled data from all four BA concentrations are presented in Table 3. Embryo
induction and growth in early stages (4 months) was best on higher sucrose
concentrations of 3 and 4% giving mean embryo numbers of 3.3, 2.8,
respectively. Six months old culture gave highest mean number across the
culture period of 7.1 that was significantly higher than that of from either four
months or seven months (Table 3). Mature embryos were high (8.2) on 3%
sucrose at 6 months, but higher (11.2) on 1% sucrose at 7 months (Table 3).
Similar results of different induction response due to different sugar
concentrations were reported by Bahmani et al. 2009, Yang et al. (2004) and
Thomas (2006).

Germinating embryos, as measured by the number of healthy green growing
shoots was low (0.07) after 6 months, but significantly higher (4.1) after 7 months.
Mean number of shoots on 1% sucrose for 7 months old culture was 9.4
significantly higher than the germplasm of the number of species produced on
all of sucrose concentrations (Table 3). Similar results of different regeneration
response were reported by Anwar et al. 2005 and Abdullah et al. 2013.

Table 3. Mean comparison for number of embryos, mature embryos and shoot
produced on MS containing different concentrations of sucrose BA concentrations
pooled. Means with same alphabet are not significantly different.

Source Culture age  Sucrose  Sucrose Sucrose Sucrose Mean
(months) (1%) (2%) (3%) (4%)
Embryo 4 0.88d 1.45d 3.33cd 2.88cd 2.1b
6 9.06a 6.86ab 8.00a 4.60bc 7.1a
7 2.81cd 2.95cd 1.85cd 1.00d 2.1b
Mature embryo 6 2.70c 5.09bc 8.25ab 5.15bc 5.3b
7 11.18a 6.59bc 7.43ab 4.39bc 7.4a
Shoots 6 0.10b 0.04b 0.04b 0.08b 0.07b
7 9.43a 3.06b 1.83b 2.1b 4.1a

Regeneration systems will be of high importance in conserving the
germplasm of this species and producing new genotypes of high yields of
bioactive compounds. The use of different types and concentrations of sugars in
culture may also yield novel compounds or higher concentrations of already
known medicinal compounds. Metabolic profiling of tissues and regenerated
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plants will produce valuable information from such systems, in particular when
compared to the wild genotypes.
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