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Abstract 

Purslane (Portulaca oleracea L.) is a plant that is distributed widely around the world. It contains many secondary metabolites 

that are used in treatment of many diseases. The present study was conducted to investigate the effect of plant growth regulators 

on calli induction, and the subsequent experiments were conducted to investigate the influence of biotic (Fusarium oxysporum) 

and abiotic elicitation (Mannitol) on active constituents of P. oleracea . The results showed that the best calli induced from the 

stem explant of P. oleracea  on Murashige and Skoog’s medium with benzyl adenine 1 mg / L and 2,4-dichlorophenoxyacetic 

acid 0.25 mg / L. On the other hand, Alkaloids became 280 mg / g in a treated calli with 1 % filtrate of fungal and (100 mil 

Mol) mannitol after being 140 mg / g in dry powder of calli. Flavonoids became 340 mg / g in a treated calli with 1 % filtrate 

of fungal with 150 mM mannitol after being 180 mg / g in dry powder of calli. Tannins became 180 mg / g in a treated calli 

with 1.5% filtrate of fungal only after being 180 mg / g in dry powder of calli. Elicitation studies have a promising effect in 

increasing yields of the secondary metabolites in P. oleracea . 

Keywords: Portulaca oleracea, tissue culture, benzyl adenine (BA), 2,4-dichlorophenoxyacetic acid (2,4-D), 
elicitation, secondary metabolites, medicinal plants 

 

Introduction 

 Purslane (Portulaca oleracea) is a common weed 

that belongs to the Portulacaceae family. It is an 

annual, succulent summer plant that grows in 

cosmopolitan areas [1]. It is distributed around the 

world and is widely used as a medicinal and potherb 

herb in Asia, Europe, and the Mediterranean region 

[2]. 

It is a medicinal plant that includes a variety of 

bioactive chemicals such as cerebrosides, flavonoids, 

and alkaloids, all of which have been shown to have 

cytotoxic properties in the face of cancer cell lines of 

human [3] and are used in folk medicine in several 

countries. As a human diet, it is added to soups and 

salads around the Mediterranean and tropical Asian 

countries [4], flavonoids, alkaloids, polysaccharides, 

fatty acids, terpenoids, sterols, proteins vitamins, and 

minerals were extracted from it [5]. It has high 

nutritional value as it contains an omega-3 fatty acid 

[6]. In addition, P. oleracea  has pharmacological uses 

such as hepato-protective, neuroprotective, anti-

inflammatory, antimicrobial, antidiabetic, antioxidant, 

anticancer, and antihypertensive actions [7], anti-

asthmatic [8], and decreasing renal histological 

damage and enhancing renal function parameters [9]. 

Potassium, magnesium, calcium, phosphorus, iron, 

and other dietary minerals can be found in it [10]. The 

biosynthesized P. oleracea  silver nitrate nanoparticles 

(AgNPs) may be considered a fungicide to protect 

different plants against phytopathogenic fungi [11]. 

Generally, an intermediate ratio of auxin and 

cytokinin helps callus induction, while a high ratio of 

auxin to cytokinin or cytokinin to auxin stimulates root 

and shoot regeneration, respectively [12]. Auxin and 

cytokinin are usually used to induce callus because 

they promote cell growth by stimulating cell division 
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and elongation through synergistic, antagonistic, and 

additive interactions [13]. Auxin (2,4-

dichlorophenoxyacetic acid; 2,4-D) has been widely 

used either alone or combined with cytokinin, 

especially 6-benzylaminopurine (BAP), to stimulate 

callus induction and obtain bioactive compounds in 

vitro. However, the concentration and combination of 

these regulators must be defined for each species [14]. 

The addition of trace amounts of elicitors to plant cell 

culture systems in vitro increases the manufacture of 

defensive secondary metabolites [15]. Elicitors are 

compounds that play a significant role in biosynthetic 

pathways for the enhanced manufacture of 

commercially important compounds and include 

exogenous elicitors substances of pathogen origin and 

endogenous elicitors compounds that are released 

from plants by the action of the pathogen [16]. The 

present study aimed to determine the best treatment 

and the best explant for callus induction and to 

investigate the influence of biotic (Fusarium 

oxysporum) and abiotic elicitation (Mannitol) on 

active constituents of P. oleracea . 

  

Material and methods 

 This study was carried in the Plant Tissue Culture 

Unit in the Botany and Microbiology Department, 

Faculty of Science (Girls), Al-Azhar University, 

Cairo, Egypt from 2020-2021. P. oleracea  seeds were 

collected from Cairo waste land habitat. 

1- Surface sterilization of seeds for studied plant                                                                                     

The seeds of P. oleracea  plant were soaked in 70 

% ethanol for 3 minutes before being rinsed with 

sterile distilled water to eliminate all traces of the 

alcohol. Secondly, seeds were immersed in 10 %, 15 

%, and 20 % sodium hypochlorite solution with 1 drop 

of tween 20 for different periods of time (10, 15, 20, 

and 25 minutes) for each treatment. This was followed 

by five rinses with sterile distilled water to remove all 

traces of disinfected and detergent agents.  

2-Germination and explant preparation                                                                                                    

Sterilized seeds of P. oleracea  were germinated on 

growth regulator free [17] medium, basal salts 

fortified with 30 g/l sucrose (1/2 MS and total MS 

medium). About 5 seeds were put in each jar 

containing 35 ml of culture media. For each duration, 

3 jars were used for each treatment. The cultures were 

kept at room temperature (25 ± 2 oC), illuminated by 

cool fluorescent lambs with a photoperiod of 16 hours. 

The obtained 4-5-week-old seedlings were employed 

as sources of stem segments (1 cm2), leaves, and root 

segments (1 cm2).   

                                                                                                                                               

3- Preparation of growth regulator hormones 

Cytokinin like benzyl adenine (BA) was dissolved 

in HCl and auxins like 2,4 dichlorophenoxy acetic acid 

(2,4D) was dissolved in alcohol. A concentration of 1 

mg/ml stock solutions of each hormone was prepared 

individually by dissolving 100 mg of each hormone in 

2 ml of 1 M HCl, and distilled water at approximately 

45 oC was then added to make a final volume of 100 

ml of stock solution of each hormone. Stock solutions 

were stored at 2- 4ºC.                                      

4-Treatments for calli induction  

For calli induction of P. oleracea , explants were 

separately cultured on MS culture medium 

supplemented with BA (0, 1, 2 and 3 mg / l) in 

combination with 2,4-D (0.0, 0.25, 0.5, and 0.75 mg / 

l) to create 16 different treatments (Table 1). The 

conical containers were incubated at 25 ±2 ºC with a 

photoperiod of 16 h light / 8 h dark every day. The data 

for callus induction from tested explants of P. oleracea  

were recorded after six weeks. 

  

Table 1. Various 2,4-D and BA treatments for 

callus formation from leaf, stem and root segments 

explants seedlings from P. oleracea . 

 

 

BA (mg 

/l) 

2.4D (mg / l) 

0.0 0.25 0.5 0.75 

0.0 1 2 3 4 

1 5 6 7 8 

2 9 10 11 12 

3 13 14 15 16 

 

5- Calli treatment with biotic elicitor and abiotic 

elicitor  

One-month-old calli pieces (approximately 250 

mg) obtained from stem segments and grown on MS 

medium enriched with BA (1 mg / l) and 2,4-D (0.25 

mg / l) for one month. then transferred to jars which 

contain 35 ml of culture media supplemented with 

biotic elicitor (Fusarium oxysporum) and abiotic 

elicitor (mannitol) to construct 15 distinct 

formulations in addition to the control treatment as 

illustrated in Table 2. 
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Table 2. Concentration of fungal filtrate and 

mannitol added to MS culture media as biotic and 

abiotic elicitors 

 

 

 

Biotic elicitation with 

autoclaved Fusarium 

oxysporum filtrate 

0.0% 1.0% 1.5% 2% 

Abiotic 

elicitation 

with 

mannitol 

0.0 

mM 
1 2 3 4 

50 

mM 
5 6 7 8 

100 

mM 
9 10 11 12 

150 

mM 
13 14 15 16 

 

6-Determination of secondary metabolites 

a- Total alkaloids 

[18] method was used to calculate total alkaloids 

five grammes of the (mother plant or callus) were 

weighed into a 250 ml beaker, and 200 ml of 10 % 

acetic acid in ethanol were added, covered, and left to 

stand for four hours. This was filtered, and the extract 

was concentrated to one-quarter of its original volume 

in a water bath. Drop by drop, concentrated 

ammonium hydroxide was added to the extract until it 

precipitated. After allowing the entire solution to 

settle, the precipitate was collected and washed with 

weak ammonium hydroxide before being filtered. The 

alkaloid was dried, weighed, and expressed as mg/g 

dry plant material in the residue. 

b-Total tannins  

According to [19], total tannins were evaluated by 

gravimetry. One gramme of (mother plant or callus) 

was cooked in two batches of 100 ml acetone: water 

for one hour (1:1). Filtration was done, and the 

combined filtrates were diluted to 250 mL with 

distilled water before being heated to boiling again. 

Tannins were then precipitated as copper tannate from 

the extract by adding 30 mL of a 15 % aqueous 

solution of copper acetate. The precipitate was 

collected on ashless filter paper, rinsed with water 

until it was clear of copper acetate, and then fired in a 

porcelain crucible that had been pre-ignited to a fixed 

weight. A few drops of nitric acid were added to the 

residue and the weight was reset to a constant. The 

amount of tannins was calculated as mg/g dry plant 

material using the weight of the resultant copper oxide. 

c- Total flavonoids 

Total flavonoids were calculated using the [20] 

method. At room temperature, two grammes of 

(mother plant or callus) were extracted many times 

with 100 ml of 80 percent aqueous methanol. The 

entire solution was filtered using filter paper number 

42 (125 mm), after which the filtrate was transferred 

to a crucible and evaporated to dryness over a water 

bath until a consistent weight was attained. The 

flavonoids were measured in milligrams per gramme 

of dried plant material. 

7- Statistical Analysis 

The means of three analytical replications are used 

to calculate all analytic values. Analysis of variance 

(ANOVA) was used to determine significance by 

using SPSS software (version 18.0), where P< 0.05 is 

considered significant.  

 

Results and discussion 

 The results showed that a suitable method to 

sterilize seeds achieved the highest percentage for 

survive   (86 %) at10 % of sodium hypochlorite for (25 

minutes) on total MS.  

Callus induction  

In order to induce callus formation from various P. 

oleracea  explants, 2,4-D alone or in combination with 

BA in various concentrations was added to MS culture 

media, and the results were taken after one month of 

growth. Amongst the leaf, stem and root explants 

cultured for callus induction, stem segments explants 

achieved the largest production of calli from each 

treatment, followed by leaf explants, and finally, roots 

segments explants, which achieved the lowest callus 

production.  

  

Several studies aimed to determine the effect of 

different explants on calls induction. Some studies 

have reported that the leaf explant is suitable for callus 

induction [21]. 

On the other hand, several studies reported that a 

balance between auxin and cytokinin hormone in the 

culture medium is an essential for callus induction, 

which act as synergistically to improve cell division as 

acritical process for callus induction [22] and [23].  

With respect to the morphological characteristics of 

calli obtained, the results illustrated in Tables 3,4, 5, 

and 6 show that the percentage of calli induction, the 

vigor of growth ranged from weak to vigorous; the 

color differed from white, green, light green to brown; 

the texture was spongy or compact, and the surfaces of 

calli were smooth or nodular. It seemed that callus 

morphology was tissue and growth regulator treatment 

dependent. The different types of explants produced 

calli with different morphological characteristics in 

many cases. Also, the same growth regulator treatment 
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applied to various explants of P. oleracea  resulted in 

the formation of calli differing in their morphology. 

The results indicated that each callus obtained was a 

direct result of the interaction of both the type of 

explant and the growth regulators applied. Calli from 

the three types of explants used can be seen in Figure 

(1).  

Callus can be divided into two types: compact and 

friable [24]. Compact calli are typically rigid, with 

discrete structures that may be split into individual 

components, whereas friable calli are typically soft. 

The reasons responsible for the observed 

morphological changes in the calli are still unknown 

[25].  

  

Table 3. Some morphological characteristics of 

calli obtained from leaves explants of P. oleracea  in 

vitro 

 

Table 3. Some morphological characteristics of calli obtained from leaves explants of P. oleracea  in vitro 

No callus (-), Doubt (±), Week growth (+), medium growth (++), vigorous growth (+++). 

Table 4. Some morphological characteristics of calli obtained from stem segments explants of P. oleracea  in 

vitro 

Table 5. Some morphological characteristics of calli obtained from root segments of P. oleracea  in vitro 

BA 
2,4-

D Callus induction (%) 

Growth Color Surface texture 

0 0.0 - - - - - 

0.25 - - - - - 

0.5 30 % ± Brown Smooth Compact 

BA 2,4-D Callus induction (%) Growth Color Surface texture 

 

 

 

0 

0.0 - - - - - 

0.25 - - - - - 

0.50 100 % +++ White Nodular Compact 

0.75 50 % ++          White Nodular Compact 

1 0.0 40 % ± White Smooth Compact 

0.25 80 % +++ White Nodular Spongy 

0.50 90 % +++ White Nodular Spongy 

0.75 90 % +++ White Smooth Compact 

2 0.0 - - - - - 

0.25 80 % ++ White Smooth Compact 

0.50 100 % ++ White Smooth Compact 

0.75 100 % +++ White Smooth Compact 

3 0.0 - - - - - 

0.25 80 % ++ White Smooth Compact 

0.50 70 % + White Smooth Compact 

0.75 70 % + White Smooth Compact 

BA 2,4-D Callus induction (%) Growth Color Surface texture 

0 0.0 - - - - - 

0.25 90 % + Brown Nodular Spongy 

0.5 60 % ++ White Nodular Compact 

0.75 40 % + Brown Smooth Spongy 

1 0.0 60 % + Green Nodular Compact 

0.25 100 % +++ light green Nodular Spongy 

0.5 90 % +++ White Smooth Compact 

0.75 70 % +++ White Nodular Spongy 

 

2 

0.0 40 % ++ Green Nodular Compact 

0.25 60 % ++ light green Nodular Spongy 

0.5 70 % +++ light green Nodular Spongy 

0.75 100 % +++ light green Nodular Spongy 

 

3 

0.0 50 % + White Smooth Compact 

0.25 100 % +++ White Nodular Spongy 

0.5 90 % ++ light green Nodular Compact 

0.75 90 % ++ White Smooth Compact 



 CALLUS INDUCTION AND INFLUENCE OF BIOTIC AND ABIOTIC ELICITATION..  .. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 11 (2022) 

 

33 

0.75 - - - - - 

1 0.0 - - - - - 

0.25 80 % + White Smooth Compact 

0.5 - - - - - 

0.75 - - - - - 

2 0.0 - - - - - 

0.25 30 % + White Smooth Spongy 

0.5 60 % +++ Light green Smooth Spongy 

0.75 - - - - - 

3 0.0 - - - - - 

0.25 50 % + White Smooth Compact 

0.5 - - - - - 

0.75 - - - - - 

 

The results illustrated in Table 6 show, in general, that 

the amount of calli produced depended largely on both 

the type of explant and the concentration of the growth 

regulators added to the culture media. It is to be taken 

into consideration that 1 mg / l BA in combination with 

0.25 mg / l 2,4D achieved the best treatment for callus 

production in three different explants. The maximum 

percentage of callus induction, callus fresh weight, and 

callus dry weight of fresh weight were recorded by 

stem segments as (100 %, 1.74 g, and 0.09 g), 

respectively, followed by the leaf (100 %, 0.86 g, and 

0.07 g), respectively, then the root segments (80 %, 

0.55 g and 0.03 g), respectively. The data obtained in 

the present study, showed the effect of growth 

regulators concentration in the production of the 

maximum amount of calli from each type of explant. 

However, this may be explained on the bases of the 

variation on the nature of the cells and tissues used for 

induction of calli and the interaction between the 

exogenous and endogenous concentrations of growth 

substances, which may be characteristic for each type 

of explant.  

The previous studies on P. oleracea  showed the 

best medium and explant for callus induction.[26], 

reported the combination of 10 M Indole 3-butyric 

acid (IBA) and 10 or 5 M BAP was found to be 

effective for callus induction from leaves. The 

medium containing 1 mg / l BAP and 1 mg / l 2, 4-D 

hormones produced more callus from hairy roots.[27] 

illustrated that 3.0 mg / l 2, 4-D combined with 0.5 mg 

/ l kin achieved the highest percentage callus 

induction, callus fresh weight, and callus dry weight 

from leaves explant [28]. The best callus initiation 

achieved by nodal segments on MS medium 

containing 2.0 mg / l BA and 2.0 mg / l NAA [29]. The 

combination of 2 mg / l BAP and 0.5 mg / l 2,4-D gave 

the best result for percentage callus induction, fresh 

weight, and dry weight by using leaves explant. 

However, 1 mg / l BAP and 0.5 mg / l 2,4-D were 

recorded the best by shoot tip explants [30]. Stem 

explants achieved the highest callus percentage, fresh 

and dry weight of calluses on a medium containing 0.5 

mg / l BAP and0.5 mg / l NAA [31].  

Results of the phytochemical analysis of the present 

study have shown that Total alkaloids were found in 

amounts ranging from 10 mg / g and 60 mg / g plant 

dry wt. in general. It seems that calli obtained from 

leaves accumulated the maximum amount of total 

alkaloids (60 mg / g dry wt.), more than stem segments 

(50 mg / g dry wt.) and root segments (30 mg / g dry 

wt.). This study agrees with [32] who showed that leaf 

discs produced more hypericin alkaloid in vitro than 

stem segments. With respect to total flavonoids, it 

ranged between 90 mg / g and 220 mg / g dry weight 

in general. The least amount was recorded in the 

mother plant tissues, in contrast, the amount obtained 

from the three types of calli achieved the highest 

amount of total flavonoids. Root segments and stem 

segments contained nearly double the amount of total 

flavonoids, that were accumulated in the mother plant 

tissues (Figure 3). [33] reported that to enhance the 

production of flavonoids, callus culture is one of the 

possibilities of novel biotechnological technologies 

for ensuring more homogeneous and stable flavonoid 

production year-round under controlled environmental 

conditions. 

¬In the present study, the data recorded show that 

the leaf and root of the mother plant achieved the 

highest amounts of total tannins (90 and 80 mg / g dry 

wt.), respectively. On the other hand, calli obtained 

from stem segments contained nearly threefold the 

amount of total tannin that was accumulated in the 

stem of mother plant tissues (Figure 2). 
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Table 6. Effect of type of explant and various growth regulator treatments on fresh and dry weights of calli 

induced from various explants of P. oleracea after six weeks 

 

Each value is a mean of three determinations. * mean significant value. where P < 0.05 is considered 

significant. 

 

    
A B C D 

Figure 1. Callus formation from stem segments (A), (B) leaves and root segments (C) of P. oleracea (D) 

response leaves by formation roots on MS free. 

Phytochemical analysis of mother plant and calli 

 

In general, that the type of explant has its own 

impact on the biosynthesis or accumulation of various 

classes of secondary metabolites, probably due to the 

biological, anatomical, and biochemical nature of the 

cells from which the culture was initiated.  

The results obtained in this study may partially (at 

least) agree with the earlier results, which indicated the 

enhanced synthesis of different classes of plant 

secondary metabolites via callus [25] and [34].    

 

  

  

 
Figure 2. Amount of some total secondary 

metabolites (mg / g plant dry wt) of mother plant 

and calli obtained from various explants of P. 

oleracea in vitro. L= Leaf, S= stem, L= Leaf, S.S = 

Stem segments, R.S = Root segments. 

  

Treatment 

(mg/l) 
 

 

Origin of callus (Type of explant) 

Leaf  Stem Root  

 

BA 

 

2,4-D 

Fresh weight 

(g) 

Dry weight 

(g) 

Fresh weight 

(g) 

Dry weight 

(g) 

Fresh weight 

(g) 

Dry weight 

(g) 

0 0.0 0000 0000 0000 0000 0 0 

0.25 0000 0000 0000 0001 0 0 

0. 5 0000*  00 7* 1.05* 0.06* 0 0 

0.75 0.32 0.02 1.07* 0.07* 0 0 

 

1 

0.0 0002 0001 0020 0001 0 0 

0.25 0020 0002 1. 74* 0.09* 0000*  0000*  

0. 5 0000*  0000*  0020 0001 0 0 

0.75 0000*  0000*  0022 0000*  0 0 

2 0.0 0000 0000 0000 0001 0 0 

0.25 0000 0001 0002 0000*  0010 0002*  

0. 5 0000 0002* 00.0 0000*  0020 0002*  

0.75 0.130* 0.10* 0.130* 0.010* 0.443* 0.040* 

 

3 

 

0.0 0.00 0.00 0.00 0.00 0.00 0.00 

0.25 0.153* .0117* 0.130* 0.017* 0.333* 0.023* 

0.5 0.320* 0.030* 0.157* 0.017* 0.143* 0.010* 

0.75 0.205* .020* 0.217* 0.020* 0.733 * 0.07* 
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Biotic and abiotic elicitation of calli 

(1) Effect on calli morphology 

Tables 7, 8 and 9 and Figure 3 show the influence 

of biotic elicitation (the addition of autoclaved fungal 

filtrates to the callus inducing culture medium) and 

abiotic elicitation (the addition of mannitol to the 

callus inducing media) on callus morphology (vigour 

of growth, colour, and texture). The results obtained 

showed that fungal filtrate reduced the vigor of growth 

of P. oleracea  callus by 2 % while, mannitol 

treatments of 50 and 100 mM also reduced the callus 

growth. When fungal filtrate and mannitol were 

combined, callus formation was reduced from 

moderate to mild. except for 50 mM and 2 % fungal 

filtrate interaction, which gave the vigor growth as 

compared to all treatments.  

Results, in the current study, revealed that the color 

of the callus and its uniformity varied from uniform to 

patch according to treatment, but it is difficult to 

connect the color of the callus to a particular treatment. 

However, the color varied from green to greenish and 

from yellow to creamy to brownish. 

All the calli obtained had either a smooth or nodular 

surface, and all the calli obtained had a compact 

texture. It was obvious that mannitol produced a 

smooth callus and a compact resembling the control 

one, and fungal filtrate resulted in nodular callus and a 

compact, but Mannitol-fungal filtrate interaction, in 

general, the development of compact and smooth calli. 

The observed alterations in calli development, colour, 

and texture could have been caused by elicitors 

altering the metabolism of the cultured cells. Many 

secondary metabolites are pigmented compounds. 

according to [35]. 

2-Effect on callus growth 

Data in Table 10 showed that the fresh weight of 

the callus increased from 1.14 gram in control to 1.63 

gram in treated calli with 2 % fungal filtrate interaction 

with 50 mM mannitol, but 2 % of fungal filtrate alone 

affected the growth of the callus, where the fresh 

weight of the callus decreased to (1.0 gram, while 150 

mM mannitol with 1 % fungal filtrate showed the 

minimum of fresh weight (0.620 gram). 

Table 11 shows that the calli that revealed the 

highest fresh weight (1.63 g) also revealed the highest 

dry weight (0.15 g). The treatment with 150 mM 

mannitol and 1 % fungal filtrate yielded the lowest dry 

weight (0.05 g). 

This agrees with studies [36] and [35] that proved 

that the stress of osmotic formed by low mannitol 

concentration improved callus growth and the results 

disagree with the results that were recorded by [37] 

found that when compared to control, fungal biotic 

elicitation had a detrimental influence on both callus 

fresh and dry weights. The reported results could be 

due to overexpression of particular genes, which has 

activated the expression of several downstream genes, 

resulting in better stress tolerance in plants [38]. 

   

Table 7. Effect of biotic and abiotic elicitation on vigor of growth of P. oleracea calli 

Mannitol Fungal filtrate  

0.0 % 1 % 1.5 % 2 % 

0.0 mM ++ ++ ++ + 

50 mM + ++ + +++ 

100 mM ++ + ++ + 

150 mM + + + ++ 

+(Mild growth), ++ (Medium growth), +++ (Vigorous growth) 

Table 8. Effect of biotic and abiotic elicitation on color of P. oleracea calli 

 

Mannitol 

Fungal filtrate 

0.0 % 1 % 1.5 % 2 % 

0.0 mM G/U Gsh / P Gsh / P Gsh / P 

50 mM Y/U Cr / U Cr / U Y/U 

100 mM Cr/U Cr / P Cr / U Cr / P 

150 mM Cr/U  Gsh/p Cr/ U Bsh / p 

Colors: G(Green), Gsh(Greenish), Y (Yellow), Bsh(Brownish), Cr(Creamy), U(Uniform), P(Patchy). 

Table 9. Effect of biotic and abiotic elicitation on texture and surface of calli of P. oleracea 

Mannitol 
Fungal filtrate 

0.0 % 1 % 1.5 % 2 % 

0.0 mM C/Sm C/Nr C/Nr C/Nr 

50 mM C/Sm C/ Sm C/ Sm  C/Sm 

100 mM C/Sm C/ Sm C/Sm C/ Sm 

150 Mm C/Sm C/Nr C/Nr C/Nr 
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Texture: C (Compact) and Surface: Nr (Nodular), Sm (Smooth). 

 

                                               Mannitol 

0.0 mM 50 mM 100 mM 150 mM 
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Figure 3. Calli of P. oleracea produced under biotic and abiotic elicitation. 

  

Table 10. Effect of biotic and abiotic elicitation on fresh weight (g) of calli of P. oleracea after 6 weeks of 

cultured 

Mannitol 
Fungal filtrate 

0.0 % 1.0 % 1.5 % 2.0 % 

0.0 mM 1.07 1.225 1.33 1.0 

50 mM .950* 1.44 .87* 1.63* 

100 mM 1.26 .817* 1.12 .882 

150 mM 1.0 .620* .820* 1.11 

Each value is a mean of three determinations. * Mean significant value. where P < 0.05 is considered significant. 

Table 11. Effect of biotic and abiotic elicitation on dry weight (g) of callus of P. oleracea 

Mannitol 
Fungal filtrate 

0.0 % 1.0 % 1.5 % 2.0 % 

0.0 mM .09 .10 .12 .09 

50 mM .08* .13 .07* .15* 

100 mM .10 .07* .09 .07 

150 mM .09 .05* .07* 0.09 

Each value is a mean of three determinations. * Mean significant value. where P < 0.05 is considered 

significant. 
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 Effect of elicitation on some total active 

secondary metabolites. 

  

In terms of alkaloids, the results in Figure 4 reveal 

that the amount of alkaloids in calli ranged from 100 

to 280 mg / g callus dry wt. In response to 1 percent, 

1.5 percent, and 2 percent, respectively, treatment with 

autoclaved fungal filtrate increased alkaloid content 

from 140 mg in control calli to 240, 200, and 180 mg 

/ g callus dry wt. The higher concentrations of fungal 

filtrate suppressed alkaloid biosynthesis or 

accumulation. The amount of alkaloids found in calli 

treated with 100 mM mannitol, which is regarded 

appropriate for alkaloid biosynthesis, was 240 mg / g 

callus dry wt., but higher concentrations hindered 

alkaloid biosynthesis or accumulation. Treatment with 

1 percent autoclaved fungal filtrate with 100 mM 

mannitol resulted in the maximum accumulation of 

alkaloids (280 mg / g callus dry wt.), a value that 

means the treatment increased the amount of alkaloids 

detected in control calli by twofold. It's likely that the 

combination of the two eliciting factors at these 

concentrations was optimal, resulting in some form of 

synergism that activated alkaloids production [35]. 

Treatments with 0.1 percent fungal filtrate combined 

with 150 mM mannitol and 1.5 percent fungal filtrate 

combined with 100 mM mannitol, on the other hand, 

were harsh enough to reduce alkaloids to 100 mg / g 

callus dry wt. In general, determining the optimal mix 

and concentration of elicitors may have a good impact 

on the biosynthesis of alkaloids by P. oleracea  calli in 

vitro. Although the treatments used had good and 

negative impacts on alkaloids in some cases, they had 

no effect in others (Figure 4). The amounts of 

flavonoid were shown in Figure 5 ranged from 160 mg 

/ g to the highest value of 340 mg/g callus dry wt. in a 

treated calli with 150 mM mannitol+1 % fungal 

filtrate. It is mentioned that all the treatments had 

markedly positive effects, i.e., amounts of flavonoid 

higher than the corresponding control, except for 1 % 

fungal filtrate alone and 1.5 % combination with 50 

mM mannitol treatments. In Figure 6, the amount of 

tannins increased from 50 mg / g in control calli to a 

high of 180 mg / g, in calli treated with 1.5 % fungal 

filtrate alone. The results showed that all of the 

treatments produced significantly more tannins than 

the comparable control. Both biotic and abiotic 

therapies, alone or in combination, had a favorable 

effect on secondary metabolism and the buildup of 

alkaloids, flavonoids, and tannins. 

Often, the use of elicitors aids in the release of the 

metabolite into the medium, which serves as an 

additional biotechnological advantage [39]. The 

results of this study suggested that biotic elicitation 

may boost secondary metabolite biosynthesis in callus 

cultures, which may agree with prior observations 

reported in the same plant study and other plant 

investigations by [40],[41], [42], [43], [44], [45], [46] 

and [35].  

 
Figure 4. Effect of biotic and abiotic elicitation on 

callus contents of total alkaloids (mg / g callus dry 

wt.) of P. oleracea. 

 

 

 
Figure 5. Effect of biotic and abiotic elicitation on 

total flavonoid (mg / g callus dry wt.) of 

calli originally from stem segments of 

P. oleracea. 

 
Figure 6. Effect of biotic and abiotic elicitation on 

callus contents of total tannins mg / g callus dry wt.) 

of P. oleracea. 

  

Conclusion  

It is to be taken into consideration that 1 mg / l 

combination with 0.25 mg / l achieved the best 

treatment for callus production in three different 

explants. The maximum % callus induction, callus 
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fresh weight, and callus dry weight of fresh weight 

were recorded by stem segments as (100 %, 1.74 g, 

and.09 g), respectively, followed by the leaf (100 % 

,0.86 g, and 0.07 g), respectively, then the root 

segments (80 %, 0.55 g and 0.03 g), respectively .The 

obtained results showed that the best calli induced 

from the stem explant of P. oleracea  on MS medium 

with Benzyl Adenine (BA) 1 mg / L and 2,4-

dichlorophenoxyacetic acid (2,4- D) 0.25 mg / L. On 

the other hand, the alkaloids in dry calli powder were 

raised from 140 mg/g to 280 mg/g after treatment with 

1 % fungal filtrate and 100 mM mannitol. Flavonoids 

increased from 180 mg / g in dry calli powder to 340 

mg / g in calli treated with 1 % fungal filtrate 

containing 150 mM mannitol. Tannin levels increased 

from 50 mg / g in dry calli powder to 180 mg / g in 

calli treated only with 1.5 percent fungal filtrate. 

Elicitation studies show promise in improving 

secondary metabolite production in P. oleracea . 
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