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This study was conducted with the aim of moringa tree propagation in the 
presence of chitosan and some growth regulators using tissue culture 
technique. The stem nodule explants of moringa tree were cultured on 
Murashige and Skoog medium supplemented with different combinations of 
benzyl adenine (0.5, 1, and 1.5 mgL-1) and chitosan (0, 5, and 10 mgL-1) in 
addition to naphthalene acetic acid at a constant concentration of 0.2 mgL-1 for 
shoot proliferation. Rooting formation on the formed shoots was investigated 
using different concentrations of Naphthalene acetic acid (0.5, 1, and 1.5 mgL-1). 
The results showed that the medium supplemented with 5 mgL-1 chitosan had a 
significant increase in the response of the stem nodule to the shoot 
proliferation (78.22%) and shoot numbers (5.12). On the other hand, 
supplementing the medium with 1 mgL-1 benzyl adenine led to a shoot 
proliferation response of 68.33% and 4.91 shoots per explant. The combination 
of 5 mgL-1 chitosan and 1.5 mgL-1 benzyl adenine resulted in the highest 
response to the proliferation of shoots (91.33%). While the combination of 5 
mgL-1 chitosan and 1 mgL-1 benzyl adenine resulted in an increased shoot 
production with 6.73 shoots per explant. The rooting medium supplemented 
with 1.5 mgL-1 naphthalene acetic acid was significantly superior in terms of 
shoots response to root formation (71.70%), number of roots per explant 
(6.67), and root length (3.50 cm). The current results highlight the advantages 
of including chitosan in the proliferation and rooting medium of moringa. 
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1. Introduction

Moringa (Moringa oleifera L.) tree is one of the plants that humans have been interested in since ancient times. 
Belonging to the family Moringaceae, this plant is cultivated as ornamental trees or windbreaks [1]. Additionally, 
various parts of this plant are nutritionally and medicinally important. Its leaves and seeds have been used as an 
integrated food for generations in many regions in Asia and Africa since these plant parts are proven to contain large 
amounts of antioxidants, vitamins, amino acids, carbohydrates, and important elements such as iron, potassium, 
phosphorous, calcium, zinc, and selenium [2][3]. Furthermore, moringa leaves are rich in many bioactive compounds 
that are of medical importance, such as flavonoids, including quercetin, myricetin, and kaempferol, which reduce the 
risk of cancer and some heart and circulatory diseases [4][5]. It also contains antioxidants and vitality against 
bacteria, fungi, and viruses, as it has been proven that it can have an anti-COVID-19 effect [6]. All these uses resulted in 
moringa becoming an economically important plant, with increased concentration on its cultivation and multiplication 
methods. 

Chitosan is a crude carbohydrate polymer extracted from the acetyl group of chitin by deacetylation, which includes 
N-acetyl-D-glucosamine residues and D-glucosamine that are linked together by a ß-1,4-glycoside linkage [7]. When
applied to a culture medium, chitosan can operate as a bio stimulator, stimulating plant tissue growth and serving as
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an antioxidant and antimicrobial substance. Therefore, positive results were obtained when utilizing chitosan under in 
vitro conditions with the aim of shoot proliferation [8-10]. An experiment of adding different concentrations of 
chitosan to tiger orchid (Grammatophullum speciosum) culture medium showed that a concentration of 5-15 mgL-1 led 
to the highest average number of shoots [11]. Additionally, a combination of 120 mgL-1 chitosan and 0.5 mgL-1 benzyl 
adenine (BA) resulted in the highest mean of M26 apple rootstock proliferation after 12 weeks of culturing. 

Several studies have been conducted on the micropropagation of moringa with the aim of shoot proliferation. These 
researches showed that the addition of benzyl adenine to the nutrient media on which the explants were grown in 
vitro, led to an increased shoot formation [13-16]. Considering the promising results of utilizing chitosan in culture 
media and the economic importance of moringa plant, this study was conducted to evaluate the effectiveness of using 
chitosan as a growth stimulator beside other growth regulators in moringa shoot proliferation and rooting. 

2. Materials and Methods 

2.1. Plant material preparation  

The study was carried out in the plant tissue culture laboratory of Fadak Company, Basrah governorate, Abi Al-Khasib 
district. The explants containing stem nodules were taken from trees aged 1-2 years (Fig.1 A). Then they were placed 
in an antioxidant solution consisting of 100 mgL-1 ascorbic acid, and 150 mgL-1 citric acid for 24 hours. Explants were 
sterilized using Clorox solution at 6% NaOCl and Tween 20 drops for 20 minutes, and then washed with sterile 
distilled water 4 times. 

 

Figure 1. The effect of chitosan and some growth regulators on the shoot proliferation, and 
rooting of moringa (Moringa oleifera L.) tree under in vitro culture. The source of moringa 
cultures (A), The used stem nodules (B and C), Shoot multiplication (D), Rooting shoot (E). 
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2.2. Culture media 

Shoot proliferation medium was prepared using Murashige and Skoog (MS) medium [17] with 4.43 g MS salts 
(HIMEDIA, India) per liter. Plant growth regulators were added with different combinations of cytokinin (benzyl 
adenine) at 0.5, 1, and 1.5 mgL-1 in addition to naphthalene acetic acid at a constant concentration of 0.2 mgL-1. 
Chitosan (Sigma-Aldrich Company, USA) was dissolved by 3-4 drops of diluted acetic acid (1 N) at rates of 0, 5, and 10 
mgL-1.  

The regenerated shoots (10-15 cm) rooting characteristics were tested by culturing on MS medium supplemented 
with 0.5, 1, and 1.5 mgL-1 naphthalene acetic acid and a constant concentration of chitosan (5 mgL-1).  

The pH in both media of was adjusted to 5.8 using 0.1 N of NaOH or 0.1 N of HCl. Then 8 gL-1 of agar was added to the 
MS medium. Then the MS medium was poured into culture jars. Then the culture jars were sterilized with an 
autoclave at a temperature of 121°C and a pressure of 1.04 kg cm-2 for 20 minutes. 

2.3. Measurements 

The data relating to the studied traits in both experiments were recorded after four weeks of cultivation: 

 Response of explant to shoot proliferation (% in each replicate) 

 Shoot numbers per explant 

 Response of shoot for root formation (% in each replicate) 

 Root numbers per shoot 

 Root length (cm) 

2.4. Experimental design and statistical analysis 

A factorial experimental design was used in the shoot proliferation experiment while the simple experiment of rooting 
was carried out in a completely randomized design. Each treatment in both experiments was repeated ten times with 
ten cultures in each replicate. The data were analyzed statistically using analysis of variance. Statistical analysis was 
carried out using the statistical program Genestat version 14. The comparison between the means of the factorial 
treatments was done using the least significant difference test at 1% probability level [18]. 

3. Results 

3.1. Shoot proliferation 

Chitosan had a significant positive effect on the response of the stem nodules to shoot proliferation and shoot 
numbers of moringa after four weeks of culturing (Tables 1 and 2). The MS medium supplemented with 5 mgL-1 
chitosan had a significant increase in the response of the stem nodule to the shoot proliferation and shoot numbers 
scoring 78.22% and 5.12 shoots per explant, respectively. On the other hand, the chitosan-free medium (chitosan 
control) recorded the lowest shoot proliferation response (48.44%), while MS medium supplied with chitosan at 10 
mgL-1 recorded the lowest value in shoot numbers (3.12 shoots per explant).  

As for benzyl adenine (BA) content, it was evident that 1 mgL-1 treatment resulted in a significantly higher shoot 
proliferation response rate in cultures (68.33%) and a higher number of shoots (4.91 shoots per explant). On the 
other hand, the lowest response of the stem nodule to shoot proliferation (48.44%) and the number of shoots (3.60 
shoots per explant) were observed in media containing 0.5 mgL-1 BA. 

The combination effect of chitosan and benzyl adenine significantly affected the response of the stem nodules to the 
proliferation of shoots. The combination of 5 mgL-1 chitosan and 1.5 mgL-1 benzyl adenine was superior in terms of 
shoot proliferation response (91.33%). While chitosan-free MS medium supplemented with 0.5 mg L-1 BA recorded 
the lowest response to the proliferation of shoots at 31.67% (Table 1). On the other hand, the combination of 5 mgL-1 
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chitosan and 1 mgL-1 BA resulted in the formation of the highest number of shoots (6.73 shoots per explant), while the 
lowest number (2.20 shoots per explant)was observed in the cultures of 10 mgL-1 chitosan and 1 mgL-1 BA medium. 

Table 1. The effect of different concentrations of chitosan and benzyl adenine (BA) on 
the response rate of moringa stem nodules (%) to shoot proliferation after four weeks 
of culturing 

Chitosan 
concentration (mg L-1) 

Benzyl adenine concentration (mg L-1) Mean of chitosan 0.5 1 1.5 
0 31.67 51.67 62.00 48.44 
5 62.00 81.33 91.33 78.22 

10 51.62 72.00 40.67 54.44 
Mean of BA 48.44 68.33 64.67 

LSDp≤0.01: Chitosan = 5.36, BA = 5.36, Chitosan×BA = 9.29 

Table 2. The effect of different concentrations of chitosan and benzyl adenine (BA) on 
shoot numbers of moringa after four weeks of culturing 

Chitosan 
concentration (mg L-1) 

Benzyl adenine concentration (mg L-1) Mean of chitosan0.5 1 1.5 
0 2.45 5.78 5.37 4.52 
5 3.37 6.73 4.77 5.12 

10 4.53 2.20 2.63 3.12 
Mean of BA 3.60 4.91 4.26 

LSDp≤0.01: Chitosan = 0.54, BA = 0.54, Chitosan×BA = 1.10 

3.2. Rooting shoots 

 The results showed that naphthalene acetic acid content in culture medium had a significant effect on the rooting of 
moringa shoots after four weeks of culturing (Fig. 1 E) (Table 3). The treatment of 1.5 mgL-1 naphthalene acetic acid 
was significantly superior in terms of shoot response to root formation (71.70%), number of roots (6.67 roots per 
shoot), and root length (3.50 cm). On the other hand, the lowest root initiation rate (6.7%), number of roots (1.33 
roots per shoot), and root length (0.63 cm) were recorded in the rooting medium containing 0.5 mgL-1 of naphthalene 
acetic acid. 

4. Discussion

The current results showed that chitosan might have a positive influence on shoot proliferation response rate and 
shoot numbers of moringa stem nodules cultures. The cause of the shoot number increase can be attributed to 
chitosan's capability of activating and promoting the meristematic tissues toward cell division and growth of lateral 
buds in the cultured explant, resulting in an overall growth improvement and enhancing vegetative traits, including 
the shoot numbers [19]. Furthermore, chitosan might contribute to the biosynthesis pathway of endogenous auxin, 
since it promotes the formation of tryptophan, the precursor product of auxin [9]. However, shoot formation response 
differs based on chitosan concentrations in the culture medium depending on the nature of plant species and explant 
source [10].  

Table 3. The effect of different concentrations of naphthalene acetic acid (NAA) on 
some physical characteristics of moringa roots after four weeks of culturing 

Naphthalene acetic 
acid (mg L-1) 

Physical characteristic of roots 
Root formation 

response rate (%) 
Root numbers 

(Root per explant) 
Root length 

(cm) 
0.5 6.70 1.33 0.63 
1 58.30 2.67 2.16 

1.5 71.70 6.67 3.50 
LSDp≤0.01 12.5 2.5 0.43 
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The cause for the lower rate of response to the shoot formation with increased concentrations of benzyl adenine 
might be attributed to the disturbance in the balance between exogenous and endogenous hormones in these tissues 
under in vitro culture, which led to a reduced shoot formation response [20][21]. On the other hand, BA concentration 
at 1 mgL-1 was optimal for BA function in reducing apical dominance while inducing cell division and differentiation in 
axillary buds [22-24]. Therefore, the balance between the hormonal role of BA and the bio-stimulating influence of 
chitosan resulted in an enhanced shoot formation response rate. On the other hand, the increase in rooting response 
rate in the medium with high NAA content is attributed to the key role played by auxins in cell division, growth, and 
development [25-27]. Including chitosan as a bio-stimulant in rooting media might have enhanced the overall NAA 
effect over rooting response rates in addition to root length and number, since chitosan is known to assist the increase 
of biomass and root length in multiple plant species. However, since only one chitosan concentration was used in the 
current study (5 mg.L-1), more experiments are needed to confirm this positive effect and optimize chitosan content in 
moringa rooting media. 

5. Conclusion

The current study shows the advantages of including chitosan in the stem nodules propagation medium of Moringa 
oleifera. An optimal concentration of chitosan (5 mgL-1) and benzyl adenine (1 mgL-1). Were found to induce the 
highest proliferation response rate and highest number of shoots after four weeks of culturing. Additionally, MS 
medium supplied with 1.5 mgL-1 of naphthalene acetic acid and 5 mgL-1 of chitosan led to the highest rooting 
response. 
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