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The objective of this study is to improve total alkaloid contents of Narcissus tazetta var. italicus
tissue cultures by using different types of growth regulators and fungal elicitors. Seven and six
species belong to four genera were isolated from both rhizosphere and bulbs of N. tazetta var.
italicus, respectively. Aspergillus niger, A. ochraceus, A. oryzae, Fusarium oxysporum, F.
sporotrichioides, Penicillium chrysogenum and Trichoderma viride were isolated from the
rhizosphere. On the other hand, A. flavus, A. niger, F. oxysporum, F. semitectum, P.
chrysogenum and T. viride were isolated from the bulbs. Explants derived from bulbs and
leaves of N. tazetta var. italicus were cultured on Murashige and Skoog medium (MS)
supplemented with different combinations and concentrations of plant growth regulators. Calli
derived from both bulb and leaf explants, and bulbs derived from bulb explants, had maximum
growth and highest amount of total intracellular alkaloids, when cultured on MS4, MS6 and
MS2 media, respectively (without the addition of fungal elicitor). MS4 contained benzyl
adenine (BA 1.5 mg/l) and naphthalene acetic acid (NAA 3 mg/l), MS6, contained BA (2 mg/l)
and indole acetic acid (IAA 0.5 mg/l), whereas, MS2 contained BA (2 mg/l) and indole butyric
acid (IBA 1mg/l), in addition to the other constituents of MS medium. The isolated fungi were
screened for their potentiality to elicit alkaloids production. F. sporotrichioides culture filtrate
was the most effective elicitor in enhancing growth and total intracellular alkaloids production
when incubated on MS4 medium for 10 days with 4 week old callus cultures of N. tazetta var.
italicus.
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Introduction

Narcissus tazetta var. italicus (Ker-Gawler) Baker is a perennial
ornamental plant, of the Amaryllidaceae family, that grown in Egypt from a
bulb. Plants belong to family Amaryllidaceae are well known for their
ornamental value, but they are also interesting for their alkaloids. Ghosal et al.
(1985) recorded that the large numbers of structurally diverse Amaryllidaceae
alkaloids are classified mainly into nine skeleton types, for which the
representative alkaloids are: norbelladine, lycorine, homolycorine, crinine,
haemanthamine, narciclasine, tazettine, montanine and Galantamine. The
Amaryllidaceae-type alkaloids possess antiviral and antitumor properties
(Gabrielsen et al., 1992; Weniger et al., 1995), as well as an anticholinesterase
activity. The extraction of chemical plant products from intact plants has
several inherent problems, including seasonal variations, pests, diseases, and
inconsistent product quality and yield (Kargi and Potts, 1991). Several
strategies have been studied to enhance the alkaloid production in cell culture
such as optimization of nutrient media (Van der Heigden et al., 1989), growth
regulators (Ganapthi and Kargi, 1990), chemical treatment (Zhao et al., 2000)
and employment of fungal elicitors (Karthikeyan et al., 2007). Also, metabolic
engineering has focused on increasing production by precursor feeding, and
introduction of genes encoding specific metabolic enzymes into the plant (El-
sayed and Verpoorte, 2007). In vitro shoot and root cultures established in
growth media containing various combinations of growth regulators (auxins
and cytokinins) are able to produce the same secondary metabolites as the intact
plant, and by medium optimization higher levels have been obtained in certain
cases. Jacobs et al. (2005) suggested that plant cell culture systems are viable
alternatives for the production of secondary metabolites that are of commercial
importance in food and pharmaceutical industries. Ingram (1977) recorded that
tissue culture techniques offer many advantages over the in vivo cultivation of
whole plant because of the exclusion of contaminating microorganisms, control
of the environmental parameters (such as temperature, light and nutrients),
ability to inoculate host cells without wounding and ease of application or
removal of materials from cultured cells.

Elicitation induces or enhances biosynthesis of metabolites due to addition
of biotic and/or abiotic elicitors. Singh (1999) defined elicitation as the
induction of secondary metabolites production by biotic or abiotic molecules or
treatments. Many components derived from fungi (cell wall fragments,
polysaccharides, oligosaccharides, glycoproteins, etc.) have been used as
elicitors to enhance secondary metabolites production in plants.
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Lee & West (1981) showed that pectinolytic enzymes released into the

culture filtrates of Rhizopus stolonifer elicited phytoalexin accumulation in
castor bean.
The low vyield of alkaloids in the plant combined with their high market price
made Narcissus tazetta important model systems for plant biotechnology and
secondary metabolism studies. It is well known that plant alkaloids exhibit inter
alia antitumor, antiviral, antimalarial, antibacterial, antifungal and
anticholinergic activities. Some types of alkaloids have been used in the
treatment of myasthenia gravis, myopathy and diseases of the nervous system
(Martin, 1987).

This research was intended to investigate the production of callus cultures
to approach maximum amount of alkaloid production.

Material and methods
Plant materials

Narcissus tazetta var. italicus (Ker-Gawler) Baker bulbs were obtained
from Agriculture Research Center, Giza, Egypt and identified by the Herbarium
of Medicinal and Aromatic Plants Department, The National Research Center,
Giza, Egypt.

Fungal elicitors
Isolation of fungi from the rhizosphere and bulbs of N. tazetta var. italicus

Czapek-Dox Agar medium (CDA) was used to isolate fungi from the
rhizosphere and bulbs of N. tazetta var. italicus. The isolated fungi were used
for the preparation of elicitors.

Rhizospheric soil was added to sterilized distilled water and put in the
shaker for 20 minutes. After making different dilutions, samples of each
dilution (one ml) were transferred to Czapek-Dox agar plates, and incubated at
28-30°C for 5 to 7 days.

Pieces of plant bulbs that showed symptoms of diseases were submerged
for five minutes in 5% sodium hypochlorite for surface sterilization. Bulb
pieces were thoroughly washed with sterile distilled water, blotted between two
folds of sterilized filter paper and putted in Petri dishes containing CDA. The
plates were incubated at 28-30 °C for 5-7 days (Abou-Zeid et al., 2008). Fungi
isolated from the rhizosphere and bulbs were purified, identified and stored on
slants containing potato dextrose agar (PDA) at 4 °C until use.
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CDA medium composed of (g/l): sucrose, 20.0; NaNos, 3.0; KH,POy, 1.0;
MgSO,.7H,0, 0.5; KCI, 0.5; FeS0O,4.7H,0, 0.01; agar, 15 and distilled water,
1000 ml. pH was adjusted at 6.5-7.0. CDA medium was amended with
streptomycin sulphate (30 mg/l) to suppress bacterial growth. PDA composed
of (g/l): potato extract, 250; dextrose, 20.0; agar, 15 and distilled water, 1000
ml. pH was adjusted at 6.5-7.0.

Identification of fungi

The isolated fungi were identified by The National Research Center,
Chemistry of Natural and Microbial Products Department according to their
morphological characters (Booth, 1971; Gilman, 1975; Raper and Fennell,
1973).

Preparation of fungal elicitors

From the margin of seven day old fungal cultures, two discs (each of 1 cm
diameter) were cut and transferred to 250 ml Erlenmeyer flasks each containing
100 ml CD broth. Flasks were incubated in shaking incubator (150 rpm) at
28°C for 7 days. At the end of incubation period, mycelial mats were
homogenized, then autoclaved for 20 minutes at 121 °C and designated as crude
elicitor. Culture filtrates of fungi were also autoclaved and used as elicitors.
Mycelial homogenates and culture filtrates (5ml) were separately added to one
month old calli and bulbs of N. tazetta var. italicus and incubated at 18 + 2 °C
for ten days.

Establishment of calli derived from bulb and leaf explants

To obtain callus cultures and bulb propagation, the bulb explants were
cultured following basically the method of Squires and Langton (1990). After
removing of papery scales and roots, bulbs were washed with soap, rinsed with
tap water and then disinfected according to the following scheme: bulbs were
placed in 80% ethanol for 5 min then immersed in 20% (v/v) household bleach
for 30 min. Bulbs were vertically cut through two-third of their height (leaving
one-third portion of its basal part intact) and placed in 5% bleach containing
0.003% (w/v) of Tween 80 forl5 min, then they were washed several times
with sterilized distilled water. From each bulb, the two-third of the apical
portion, the two external scales of the remaining portion and a thin layer of the
basal plate were discarded. The remaining portion of the bulb was
longitudinally sectioned to obtain explants formed by segments of twin-scales
joined by a thick segment (2-3 mm) of basal plate tissue. Leaves explants were
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cut into small pieces, placed in 80% ethanol for 20 minutes, and then washed
several times with sterilized distilled water.

Primary explants of bulbs and leaves were cultured on a modified
Murashige and Skoog medium (Hussey, 1982) with 3% sucrose and
supplemented with different types of growth regulators at different
concentrations (Table 1). The media were solidified with 0.6% Agar (Sicomol,
Portugal) and autoclaved at 121°C for 20 minutes. Glass growth jars each
containing 20 ml of Murashige and Skoog medium were used for the initial
phases of the cultures at 18 + 2 °C for 16 hrs photoperiod/day (Santos et al.,
1998).

Table 1. Different types of modified Murashige and Skoog medium (Hussey,
1982)

Media Media composition

MS; 4.4 g/I MS basal medium + 30 g/l sucrose + 6.0 g/lagar + 2 mg/IBA + 10 mg/| NAA
MS, 4.4 g/I MS basal medium + 30 g/l sucrose + 6.0 g/lagar + 2 mg/IBA + 1mg/| IBA
MS; 4.4 g/I MS basal medium + 30 g/l sucrose + 6.0 g/l agar + 0.5mg/I BA + 0.5 mg/| NAA
MS, 4.4 g/I MS basal medium + 30 g/l sucrose + 6.0 g/l agar + 1.5 mg/I BA+ 3 mg/l NAA
MSs 4.4 g/I MS basal medium + 30 g/l sucrose + 6.0 g lagar + 5 mg/IBA +1 mg/l 2,4-D
MSg 4.4 g/I MS basal medium + 30 g/l sucrose + 6.0 g/lagar + 2 mg/IBA + 0.5 mg/l IAA

Growth regulators: 2, 4, D, 2, 4- dichlorophenoxy-acetic acetic acid; BA ,
benzyl adenine; NAA , naphthalene acetic acid; IAA , indole acetic acid; IBA ,
indole butyric acid.

Method of subculture

After 2 weeks of culture initiation, the obtained cultures were cut into
pieces (approximately with similar size, 20 - 30 mm) and used as inocula for
subculture (4 pieces / jar). Cultures were incubated at 18 + 2 °C, for 16 hours
photoperiod/day.

Measurement of callus and bulb growth parameters

Induction Frequency (IF), size, color and nature of the calli and bulbs were
recorded 4 weeks after callus initiation.
Callus Induction Frequency (CIF %) was calculated as follow:

No. of induced calli
CIF% = x 100
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Total No. of explants

The regeneration of roots and / or shoots from calli was observed. Calli
and bulbs were harvested and weighed to measure fresh biomass (FB), and
dried in an oven at 50°C for 3 days to obtain dry biomass (DB). Total alkaloids
content was measured also.

Extraction and determination of alkaloids

Known weight of dry biomass (0.2-0.3 g) was extracted three times with 5
ml methanol in an ultrasonic bath for 15 min at 50°C, combined extracts were
concentrated under vacuum and dissolved in 2 ml of 3% sulfuric acid. The
neutral compounds were removed by extraction (three times) with diethyl ether.
After basification of the extract with 1 ml of 25% ammonia, it was extracted
with one ml chloroform for three times. The chloroform extracts were filtered
over anhydrous sodium sulfate and evaporated to dryness and weighed (Sellés
etal., 1999).

Statistical analysis

Analysis of variance (ANOVA) was carried out using SPSS statistical
program version 15. All measurements described in this work were the means
of three replicates + standard error. The obtained results were analysed using
analysis of variance and the significance was determined using LSD at level of
5%.

Results and discussion

Fungi isolated from rhizosphere and bulbs

Table 2 represented the fungal species isolated from both rhizosphere and
bulbs of N. tazetta var. italicus. Seven and six species were isolated from the
rhizosphere and bulbs, respectively. Seven species were isolated from the
rhizosphere Aspergillus niger, A. ochraceus, A. oryzae, Fusarium oxysporum,
F. sporotrichioides, Penicillium chrysogenum and Trichoderma viride were
collected from the rhizosphere. On the other hand, and six species were isolated
from bulbs, respectively. A. flavus, A. niger, F. oxysporum, F. semitectum, P.
chrysogenum and T. viride were isolated from the bulbs. Beaumont and Hudson
(1929) isolated Fusarium moniliforme, Gibberella moniliformis, F. moniliforme
var. maius, F. solani, F. bulbigenum, Cylindrocarpon album, Mamularia
macrospora, and Fusarium spp. from Narcissus bulbs showing rotting of the
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scales from the neck downward, the base remaining healthy. Isolates of
Penicillum simplicissimum, P. verrucosum var. cyclopium, P. brevicompactum,
P. multicolor, P. oxalicum, P. paxilli, Botrytis cinerea, and Gliocladium sp.
were obtained from necrotic virus-tested narcissus twin-scales (Lyon, 1978).

Table 2. Fungi isolated from the rhizosphere and bulbs of Narcissus tazetta var.
italicus

Fungal species Rhizosphere Bulbs
A. flavus (Johann Heinrich Friedrich) - +
A. niger (van Tieghem) + +

A. ochraceus (Wilhelm) +

A. oryzae (Ahlburg) + -

F. oxysporum (Schlecht) + +

F. semitectum (Desm.) Sacc. - +

F. sporotrichioides (Sherb.) + -

P. chrysogenum (Thom) + +

T. viride (Pers.) + +
Total species 7.00 6.00
Total genera 4.00 4.00

+, present ; -, absent

Influence of plant growth regulators on induction and growth of calli and
bulbs

For the successful application of the tissue culture technique in crop
breeding, callus growth and plant regeneration potential of each crop must be
determined. Both callus induction and plant regeneration from explants require
the presence of appropriate concentrations and combinations of plant growth
regulators in the growth media (Kaya and Aki, 2013). The plant growth
regulators used in this work were cytokinin such as benzyl adenine (BA) and
auxins such as naphathalene acetic acid (NAA), indole butyric acid (IBA), 2, 4-
dicholrophenoxy-acetic acid (2, 4-D) and indole acetic acid (IAA). Explants
began to inflate after 7 days incubation and produce a small amount of callus
cells or small bulbs at excised surface after 10-12 days incubation, followed by
rapid growth. Callus and bulb induction frequency, growth, size and nature
were determined 30 days after initiation. The data revealed that high induction
frequencies of calli and bulbs were observed in all media. Induction frequency
and growth of calli ranged between 88-96% and 5.10-6.66 g/jar fresh biomass
and 0.47- 0.63 g/jar dry biomass, when bulb explants were cultured on MS
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medium supplemented with different combinations and concentrations of plant
growth regulators (Table 3).

Table 3. Calli induction, growth and nature after development from bulb
explants of Narcissus tazetta var. italicus on MS medium supplemented with
different concentrations and combinations of plant growth regulators

Media CIF Growth (g/jar) Size Color MAI MAS
(%) fresh wt dry wt
MS1 88+ 1.0 5.10%+0.06 0.47 £0.01 + Y C H
MS2 91+1.4 5.13+0.00 0.48 £0.00 + YB C F
MS3 95+ 0.8 6.23+0.08 0.54 £0.02 ++ YW C S
MS4 96+2.0 6.66+0.11 0.63+£0.02 +++ YW C S
MS5 93+1.1 5.81+0.032 0.53+0.01 ++ YW C S
MS6 93+0.6 5.19+0.00 0.47 £0.00 ++ YG C C

CIF, Callus induction frequency; MAI, Morphology after induction; MAS, Morphology after
subculturing; Y, yellow; B, brown; W, white; G, green; C. compact; H, hairy; F, friable; S,
smooth; G, granular

Data represented as mean + standard error

However, induction frequency and growth of calli recorded 84-96%, and
1.88- 3.62 g/jar fresh biomass and 0.13-0.24 g/jar dry biomass, when leaf
explants were cultured under the previous conditions (Table 4).

Table 4. Calli induction, growth and nature after development from leaf
explants of Narcissus tazetta var. italicus on MS medium supplemented with
different concentrations and combinations of plant growth regulators

Media CIF Growth(g/jar) Size color MAI MAS
(%) fresh wt dry wt
MS1 89+ 1.4 3.20+0.03 0.20 £+ 0.01 ++ Y C S
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MS2 94+1.8 3.31%0.12 0.22 +0.07 ++ YB c C
MS3 89+1.6 2.78+0.18 0.19+0.02 ++ Y c F
MS4 86+1.4 2.26%0.12 0.17+0.01 ++ Y c F
MS5 84+2.3 1.88+0.09 0.13+0.00 + YW c F
MS6 9%6+1.1 3.62+0.14 0.24+0.03 +++ YG c CG

CIF, Callus induction frequency; MAI, Morphology after induction; MAS, Morphologyafter
subculturing; Y, yellow; B, brown; W, white; G, green; C. compact; F, friable; S, smooth; G,
granular

Data represented as mean * standard error

Bulb propagation frequency and growth ranged between 70-97%, and
6.16- 8.30 g/jar fresh biomass and 0.55- 0.91 g/jar dry biomass, under the same
conditions (Table 5).

These results are in agreement with those suggested by Islam et al. (2005)
who concluded that growth regulators have a major effect and a regulatory role
on the growth of callus and root cultures. Wiktorowska et al. (2010) revealed
that auxins have important role in callus induction and their action was
facilitated by lower concentrations of cytokinins. Auxins are involved in cell
division, cell elongation, vascular tissue differentiation, rhizogenesis and root
formation, embryogenesis and inhibition of axillary shoot growth (Chawla,
2002; George et al., 2008; Park et al., 2010). Cytokinins are derivatives of
adenine and seem to be required to regulate the synthesis of proteins.

This study showed that MS4, in which level of cytokinin is lower than
auxin, was the most suitable medium for induction and growth of calli derived
from bulb explants. However, MS6 and MS2, in which level of cytokinin is
higher than auxin, were the most suitable media for induction and growth of
leaf derived calli and bulb propagation, respectively. Formation of maximum
number of calli derived from bulb explants required higher level of auxin than
cytokinin, and vice versa in case of calli and bulb derived from leaf and bulb
explants, respectively. These results are in agreement with those of Verma et al.
(2012) who concluded that low auxin and higher cytokinin concentrations were
found to be better for callus proliferation from leaf explants of Catharanthus
roseus. Janet et al. (2005) concluded that the ovary explants of Narcissus
required high levels of auxin for the induction of callus.

1421



Table 5. Bulbs propagation, growth and nature after development from bulb
explants of Narcissus tazetta var. italicus on MS medium supplemented with
different concentrations and combinations of plant growth regulators

Media BPF Growth(g/jar) Size Color MAI MAS
(%) fresh wt dry wt
MS1 79+19 7.83+0.13 0.88+£0.00 + YB C S
MS2 97+1.1 8.30+0.13 0.91+0.01 +++ YG C C
MS3 78+0.7 7.14+0.15 0.69 +0.01 + Y C C
MS4 76+ 1.7 6.18+0.01 0.63 £0.05 + Y C C
Ms5 70+ 1.2 6.16+0.00 0.55+0.01 + YW C C
MS6 7511 6.36+0.04 0.66 +0.00 + YW C C

BPF, Bulb propagation frequency; MAI, Morphology after induction; MAS, Morphology after
Subculture; Y, yellow; B, brown; W, white; G, green; C. compact; S, smooth
Data represented as mean + standard error

The presence of BA in lower concentration (2mg/l) than NAA (10mg/l) in
MS1inhibited significantly bulbs derived calli induction frequency and growth
when compared with the other types of media and stimulated shoot and root
regeneration. Kaya and AKki, (2013) reported that minimum callus formation
was obtained on MS medium supplemented with 10 and 2 mg/l of NAA and
BAP, respectively, which support our results. On the contrary, the highest
number of somatic embryos of Narcissus L. was noted under the influence of
25 uM 2, 4-D and 5 pM BA in explants cultivated for 8 weeks in liquid
medium and then, for 4 weeks, on solid medium (Malik, 2008).

The level of auxin (10mg/l) is higher than that of cytokinin (2mg/l) in
MS1. Moreover, the ratio between cytokinin and auxin (1:5) in this medium is
higher than that in the other media. The ratio between the concentration of
cytokinin and auxins was either equal (1:1) as in MS3, narrow as in each of
MS4 (1:2) and MS2 (2:1) or wide as in each of MS5 (5:1) and MS6 (4:1). This
may be the reason that induction and growth of calli derived from bulb explants
in MS1 were lower than that in the previous media. Dessouky (2000) found that
one mg/l of each of NAA and BA was more suitable for cell culture induction
of different explants of Atropa belladonna. On the other hand, minimum
number and lowest growth of calli derived from leaf explants were attained in
MS5 which contained higher concentration of cytokinin than auxin (5:1). Janet
et al. (2005) reported that the levels of various growth regulators were found to
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be important in obtaining shoot apices of Narcissus cultivars. They also
concluded that the relative ratio of cytokinin and auxin is critical in tissue
cultures.

In leaf explants, combinations of BA at 2 mg/l with either IAA at 0.5 mg/I
(4:1) in MS6, or IBA at 1mg/l (2:1) in MS2 were associated with best growth
and formation of maximum number of calli. Callus induction frequency
recorded 94 and 96% when leaf explants were cultured on MS2 and MS6,
respectively. In MS2 fresh biomass and dry biomass reached 3.31 and 0.22
g/jar, respectively, whereas, the two growth parameters recorded 3.62 and 0.24
g/jar, respectively in MS6.

In this investigation maximum bulb propagation frequency (97%) and
growth (8.30 g/jar fresh biomass and 0.91 g/jar dry biomass) were detected on
MS2 medium containing BA and IBA at a concentrations of 2 and 1mg/I,
respectively. On the other media, bulb propagation frequency was less than
80%, whereas fresh weight and dry weight ranged between 6.16- 7.83 and 0.55-
0.88 g/jar, respectively.

Data of the current study provide strong evidence that type and
concentration of growth regulator requirements for callus induction and growth
in N. tazetta var. italicus varied depending on the source of explant. Such
response has been established previously in other plants (Nikam and Shitole,
1999; Zouine and EIl hadrami, 2004).

Our results are in agreement with those of Dhar and Joshi (2005) who
concluded that responses to organogenesis in Saussurea obvallata are
influenced by explants type, age and specific hormonal concentrations in the
medium. They concluded that this response possibly resulted from the variation
in morphological and biochemical characters of the different explant types,
which affects cytokinin uptake and competence of cells to initiate callus or
shoots. Explant type, and probably its anatomical structure seem to play a
significant role in callus initiation.

In this investigation the colour of calli and bulbs was mostly yellow
(Tables 3, 4 and 5). The appearance of calli and bulbs were compact after
induction in all types of media. However, after first subculture the appearance
of calli and bulbs remained compact or changed to hairy, friable, smooth or
granular.

Influence of plant growth regulators on total alkaloids biosynthesis

Various strategies have been employed to increase the production of
secondary metabolites in cell cultures for commercial exploitation. These
include manipulation of culture media (hormonal and nutrient stress) and
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environmental conditions (temperature, pH and osmotic stress), precursor
addition, elicitation and combination of these strategies.

Thirty day old calli and bulbs were used for estimation of total
intracellular alkaloid contents after growing on growth media supplemented
with different types and concentration of plant growth hormones (Fig. 1). It was
evident from the data that the highest production of total intracellular alkaloids
(14.2 mg/g dry cell) by bulbs derived calli was obtained on MS4. On the other
hand, culturing leaves derived calli on MS6 resulted in maximum production of
total intracellular alkaloids (9.8 mg/g dry cell) when compared with the other
media. Highest amount of total intracellular alkaloid content of bulbs (12.4mg/g
dry cell) was recorded when bulbs derived bulbs were cultured on MS2
medium. The other types of media were also suitable for enhancement of
alkaloid production.

16
14 -

12 -

10 -
| W bulb derived calli
I M leaf derived calli
| bulb derived bulb

MS2 MS3 MS4  MS5 MS6
Murashlge & Skoog modified media

Total Alkaloids {mg/g dry
cell)

o N B Oy 0

Fig. 1. Alkaloid contents (mg/g dry cell) of Narcissus tazetta var. italicus calli
and bulbs when grown on modified Murashige and Skoog medium
supplemented with different combinations and concentrations of growth
regulators. Data represented as mean * standard error

A few workers have attempted enhancement of alkaloid content in callus
cultures of N. tazetta var. italicus. The induction of adventitious meristems of
leaf base explants is a particularly promising method for the propagation of
virus-free material and for the rapid propagation of valuable horticultural
materials (Janet et al., 2005). In order to produce galanthamine, an alkaloid
currently being tested in Alzheimer's disease therapy, Montserrat et al.(1997)
used in vitro organ cultures of Narcissus confuses. Our results indicate that
alkaloid production is enhanced by interacted or combined application of
cytokinins and auxins, this is in agreement with results of Kadi et al.
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(2013). Types and concentrations of plant growth regulators and nutritional
factors affect the production of secondary metabolites, as well as growth of cell
cultures of higher plants (Vida et al., 2000). MS media supplemented with 1:0.5
and 0.5:1 mg/l of 2,4-D and BA were found to be suitable media to increase
callus biomass and total alkaloid contents (Verma et al., 2012). In our study it
is important to mention that the amount of total intracellular alkaloid produced
in bulbs derived calli was higher than that produced in leaves derived calli and
bulbs derived bulbs. Also the total intracellular alkaloids production increased
by increasing callus induction frequency and growth, the more callus induction
frequency and growth the more total intracellular alkaloids production.

Fungal elicitors and biosynthesis of total intracellular alkaloids in callus
cultures

Many studies have shown that both biotic and abiotic stresses when
become in contact with higher plant cells, enhance secondary metabolite
synthesis in plant cell cultures (Singh, 1999). However, no elicitor has been
found to have a general effect on many culture systems, and no system has been
found to respond to all elicitors. So it is necessary to screen various elicitors for
a particular system to produce a desired compound.

In the present study, the isolated fungi from both rhizosphere and bulbs of
N. tazetta var. italcus were screened for elicitation of intracellular alkaloids
production by callus cultures derived from bulb explants and grown on MS4
medium. Enhancement of secondary metabolites by elicitation is one of the few
strategies recently finding commercial application.

In this work elicitors prepared from A. ochraceus, F. sporotrichioides, P.
chrysogenum and T. viride stimulated the biosynthesis of total intracellular
alkaloids and increased dry biomass of N. tazetta var. italicus calli (Table 6).
On the contrary, elicitors prepared from A. flavus, A. niger, A. oryzae, F.
oxysporum and F. semitectum, inhibited significantly the total intracellular
alkaloids biosynthesis compared to the control, whereas their effect on growth
was variable. Response of calli to elicitors depended upon elicitor type, as
recorded also by (Rijhwani and Shanks, 1998). Our investigation showed that
culture filtrate was more effective than mycelial homogenate in elicitation
alkaloids production. This result indicates that the extracellular fungal
metabolites may be more effective than the intracellular in stimulating the total
intracellular

Table 6. Growth and alkaloids production in Narcissus tazetta var. italicus
callus cultures, after exposure to different types of fungal elicitors for 10 days
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Fungal elicitors Fresh weight Dry weight Intracellular

(g/jar) (g/jar) alkaloids
(mg/g dry cell)

Control 8.047 +0.34 0.80+0.11 25.0+1
A. flavus
mycelial homogenate 6.18+1.04 0.59+£0.09 184+1
culture filtrate 8.32+1.05 0.82+£0.06 20.2+0.71
A. niger
mycelial homogenate 6.29+0.43 0.94 +0.03 14.7+2
culture filtrate 5.22+1.12 0.50+ 0.03 22342
A. ochrceus
mycelial homogenate 6.11+£0.03 1.39+0.05 3051
culture filtrate 5.28£0.44 0.67 £ 0.06 32.2+0.4
A. oryzae
mycelial homogenate 5.77 +1.58 1.37+0.16 13.3+1
culture filtrate 4.42 +£0.70 1.29+0.22 21.8+2
F. oxysporum
mycelial homogenate  7.73 £0.88 0.74 £0.07 21.3+0.9
culture filtrate 7.62+0.64 0.72 £0.06 24.8+0.25
F. semitectum
mycelial homogenate  3.84 £ 0.40 0.83+0.20 18.9+0.72
culture filtrate 5.46 +0.67 0.71+0.24 21.7 £ 0.46
F. sporotrichioides
mycelial homogenate 5.54+£1.04 0.91+0.19 32.1+£0.55
culture filtrate 9.50+0.67 1.08 £0.18 33.4+0.25
P. chrysogenum
mycelial homogenate 6.59 +0.64 0.95+0.12 26.9+£0.57
culture filtrate 4.88+0.11 0.91+0.01 27.6 £ 0.66
T. viride
mycelial homogenate 5.35+0.21 0.91+0.03 25.2£0.56
culture filtrate 5.92 +0.60 0.78 £ 0.02 3051
LSD 5% 1.26 0.21 2

LSD 5%, least significant difference at 5% level; Data represented as mean +
standard error

alkaloids production. In addition, elicitor prepared from culture filtrate of F.
sporotrichioides was the most efficient one in increasing total intracellular
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alkaloid contents after incubation for 10 days with one month old callus
cultures of N. tazetta var. italicus. Total intracellular alkaloid contents, fresh
and dry biomasses of callus culture reached to 33.4 mg/g dry cell, 9.50 and1.08
g/jar respectively, after exposing for 10 days to the culture filtrate of F.
sporotrichioide.

F.sporotrichioides is considered as one of the phytopathogens which have
the ability to produce mycotoxins in host tissues. So, it can be used as a stress
factor to stimulate hosts to produce secondary metabolites. Abu Taleb et al.
(2012) reported that F. sporotrichioides is one of the trichothecenes producers.
Karthikeyan et al. (2007) stated that the biosynthesis of terpenoid alkaloids can
be stimulated by the addition of exogenous elicitors of F. sporotrichioides.
Bobak et al. (1995) concluded that the fungal elicitor prepared from Botrytis
cinerea affected sanguinarine alkaloid formation and accumulation in callus
cells of Papaver somniferum L.

References

Abou-Zeid, A. M.; Mahmoud, Y.A.G. and Talhi A.E., 2008. Effect of guncho insecticide on the
efficacy of fungicides used to control root-rot and damping off diseases in cotton
seedlings. Eygpt. J. of Microbiol., 9:1-10.

Abu-Taleb, A. M.; Al-Julif, M. Z. and Al-Arjani, A. F., 2012. Toxigenic fungi isolated from
some food commodities and their pyhtotoxicity. Egypt. J. Exp. Biol. (Bot.), 8(1): 141 —
149 (2012).

Beaumont, A. and Hudson, W. E. H., 1929. Sixth Annual Report of the Seale-Haynen
Agricultural College, 28-30.

Bobék, M.; Samaj, JI.; Blehova,A.; Kristin,j. and Samajova, O. A., 1995. Developmental SEM
observations on an extracellular matrix in embryogenic calli of Drosera rotundifolia and
Zea mays. Protoplasma,186(1,2): 45-49.

Booth, C., 1971. The Genus Fusarium. Commonwealth Mycol. Inst. Kew. Surrey, UK, pp. 237.

Chawla, H.S., 2002. Introduction to plant biotechnology, 2" Edition, Science Publishers INC,
New Hampshire, United States of America, 528 .

Dessouky, M.M., 2000. Production of tropan alkaloids in Atropa belladonna using cell culture
technique. J. Agric. Sci. Mansoura Univ. 25:6383-6396.

Dhar, U. and Joshi, M., 2005. Efficient plant regeneration protocol through callus for Saussurea
obvallata (DC.) Edgew.(Asteraceae): effect of explant type, age and plant growth
regulators. Plant Cell Rep, 24: 195-200.

El-sayed, M. and Verpoorte, R., 2007. Catharanthathus terpenoid indole alkaloids: biosynthesis
and regulation. Phytochem Rev., 6: 277-305.

Gabrielsen, B.; Monath, T.P.; Huggins, J.W.; Kefauver, D.F.; Pettit, GR; Groszek, G.;
Hollingshead, M.; Kirsi, J.J.; Shannon, W.M.; Schubert, E.M.; Dare, J.; Ugarkar, B.;
Ussery, M.A. and Phelan, M.J.,, 1992. Antiviral (RNA) activity of selected
Amaryllidaceae isoquinoline constituents and synthesis of related substances. J. Natl
Prod., 55:1569-1581.

Ganapthi and Kargi, F., 1990. Recent advances in indole alkaloid production by
Catharanthathus roseus (periwinkle). J. Exp. Bot., 41: 259-267.

1427


http://www.cabdirect.org/search.html?q=au%3A%22BEAUMONT%2C+A.+%22
http://www.cabdirect.org/search.html?q=au%3A%22HUDSON%2C+W.+E.+H.+%22

George, E. F.; Hall, M.A. and De Klerk, G.J., 2008. Plant Propagation by Tissue Culture. 3rd
Edition, Vol. 1. Springer, Dordrecht, The Netherlands, 501.

Ghosal, S.; Ashutosh, Y. K. and Razdan, S., 1985. Alkaloids of Haemanthus kalbreyeri.
Phytochemistry, 24: 635.

Gilman, J. C., 1975. A Manual of Soil Fungi. lowa Stat e Univ. Press, Ames. | owa, USA.

Hussey, G., 1982. In vitro propagation of Narcissus. Ann. Bot., 49:707-719.

Ingram, D. S., 1977. Applications in plant pathology. In: Plant Tissue and Cell Culture (street,
H. E. ed.), Univ. California Press, Berkeley. pp. 463-500.

Islam, M. A.; Zubair, H.; Imtiaz, N. and Chaudhary, M. F., 2005. Effect of Different Plant
Growth Regulators for the Economical Production of in vitro Root Cultures of Cicer
arietinum L. International journal of agriculture & biology, 7(4): 621-626.

Jacobs, D. I.; Gaspari, M.; Van der Greef, J.; Van der Heijden, R. and Verpoorte, R., 2005.
Proteome analysis of the medicinal plant Catharanthathus roseus. Planta, 221(5): 690-
704.

Janet, E. A. S.; Bruce, G. C. and Leo, A. D., 2005. The in vitro induction of adventitious shoot
and root apices on Narcissus (daffodil and narcissus) cultivar tissue. Canadian Journal
of Botany, 54(9): 814-819.

Kadi, K.; Yahia, A.; Hamli, S.; Auidane, L.; Khabthane, H. and Ali, W. K., 2013. In
vitro antibacterial activity and phytochemical analysis of White Henbane treated by
phytohormones. Pakistan Journal of Biological Sciences, 16: 984-990.

Kargi, F.; Potts, P. 1991. Effect of various stress factors on indole alkaloid formation by C.
Roseus (periwinkle) cells. Enzyme and Microbial Technology, 13(9):760-763.

Karthikeyan, B.; Jaleel, C.A.; Lakshmanan, G. M. A. and Deiveekasundaram, M., 2007.
Studies on rhizosphere microbial diversity of some commercially important medicinal
plants. Colliods and Surface B: Biointerfaces, 62:143-145.

Kaya, N. and Aki, C., 2013. Effect of plant growth regulators on in vitro biomass changing in
Catharanthus roseus (L) G Don. Annals of Biological Research, 4 (4):164-168.

Lyon, G. D., 1978. The occurrence of benomyl tolerance in Penicillium spp., Botrytis cinerea
and a Gliocladium sp. on virus-tested narcissus twin-scales. Annals of Applied Biology,
88(1): 45-49.

Malik, M., 2008. Comparison of different liquid/solid culture systems in the production of
somatic embryos from Narcissus L. ovary explants. Plant Cell, Tissue and Organ
Culture, (94)3: 337-345.

Martin, S. F., 1987. The Amaryllidaceae Alkaloids. In.: Arnold Brossi (ed.) The Alkaloids,
Chapter 3. Academic Press.

Montserrat, S.; Bergofién, S.;Viladomat, F.; Bastida, J. and Codina, C., 1997. Effect of sucrose
on growth and galanthamine production in shoot-clump cultures of Narcissus confusus
in liquid-shake medium. Plant Cell, Tissue and Organ Culture, 49(2): 129-136.

Nikam, T.D. and Shitole, M. G., 1999. In vitro culture of Safflower L. cv. Bhima: initiation,
growth optimization and organogenesis. Plant Cell Tissue Organ Cult, 55:15-22.

Park, W.T.; Kim, Y.K.; Udin, M.R.; Park, N.L.I.; Kim S.G.; Young, L. and Park S. U., 2010.
Somatic embryogenesis and plant regeneration of lovage (Levisticum officinale Koch).
Plant Omics, 3:159-161.

Raper, K.B., Fennell, D.1., 1973. The Genus Aspergillus. Robert E. Krieger Publishing Co., H
untington, NY.

Rijhwani, S. K. and Shanks, J. V., 1998. Effect of elicitor dosage and exposure time on
biosynthesis of indole alkaloids by Catharanthus roseus hairy root cultures.
Biotechnology Progress, 14: 442—-449.

1428


http://onlinelibrary.wiley.com/doi/10.1111/aab.1978.88.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/aab.1978.88.issue-1/issuetoc
http://link.springer.com/search?facet-author=%22Ma%C5%82gorzata+Malik%22
http://link.springer.com/journal/11240
http://link.springer.com/journal/11240
http://link.springer.com/search?facet-author=%22Salvador+Bergo%C3%B1%C3%B3n%22
http://link.springer.com/search?facet-author=%22Jaume+Bastida%22
http://link.springer.com/search?facet-author=%22Carles+Codina%22
http://link.springer.com/journal/11240

Journal of Agricultural Technology 2013, Vol. 9(3): 503-514

Santos, J.; Santos, |. and Salema, R, 1998. In vitro production of bulbs of Narcissus
bulbocodium flowering in the first season of growth. Scientia Horticulturae, 76: 205-217.

Sellés, M.; Bergofion, S.;Viladomat, F.; Bastida, J. and Codina, C., 1999. Effect of sucrose on
growth and galanthamine production in shoot-clump cultures of Narcissus confusus in
liquid-shake medium. Plant Cell, Tissue and Organ Culture, 49 (2): 129-136.

Singh, G., 1999. Elicitation-manipulation and enhancing secondary metabolite production. In:
Plant Cell and Tissue Culture for the Production of Food Ingredients, (Fu, T. J.; Singh,
G. and Curtis, W. R. eds.), Kluwer Academic/ Plenum Publishers; New York. 101-128.

Squires, W.M. and Langton, F.A., 1990. Potential and limitations of Narcissus
micropropagation: An experimental evaluation. Acta Hortic., 266: 67-73.

Van der Heijden, R.; Verpoorte, R. and Ten Hoopen, H. J. G., 1989. Cell and tissue cultures of
Catharanthathus roseus (L) G. Don: A literature survey. Plant cell and Tissue organ
cultures., 18: 231-280.

Verma, A.; Singh, R. and Singh, S. 2012. Povecéanje sadrzaja alkaloida u kulturama kalusa
Catharanthus roseus. Botanica Serbica, 36 (2):123-130.

Vida, K., Balvanyos, 1., Széke, E. and Téth, E. 2000. Alkaloid production of Atropa belladonna
L. hairy roots. Plant Physiology and Biochemistry, 38:100.

Weniger, B.; Italiano, L.; Beck, J.P.; Bastida, J.; Bergofion, S.; Codina, C.; Lobstein, A. and
Anton, R., 1995. Cytotoxic activity of Amaryllidaceae alkaloids. Planta Med., 61:77—79.

Wiktorowska, E.; Dlugosz, M. and Janiszowska, W., 2010. Significant enhancement of
oleanolic acid accumulation by biotic elicitors in cell suspension cultures of Calendula
officinalis L. Enzyme Microb. Technol., 46(1):14-20.

Zhao, J.; Zhu, W. H. and He, X. W., 2000. Improved alkaloid produced in production in
Catharanthathus roseus suspension cell cultures by various chemical. Biothecnol. Lett.,
22:1221- 1226.

Zouine, J.; El hadrami, 1., 2004. Somatic embryogenesis in Phoenix dactylifera L. Effect of
exogenous supply of sucrose on proteins, sugar, phenolics and peroxydases activities
during the embryogenic cell suspension culture. Biotechnology, 3:114- 118.

(Received 24 September 2014; accepted 30 October 2014)

1429


http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22
http://link.springer.com/search?facet-author=%22Montserrat+Sell%C3%A9s%22

