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Abstract 

Moringa (Moringa stenopetala) is widely cultivated in southern Ethiopia for its nutrition and medicinal 

value. Micro propagation to preserve the plant becomes costly due to the tissue culture media cost. The aim of 

the study was to evaluate low cost alternative media components for micro propagation of Moringa (Moringa 

stenopetala). Enset starch as gelling agent and table sugar as a carbon source were used as a low cost 

alternative media components for moringa culture initiation and multiplication using shoot tip. The highest 

mean numbers of shoots per explants (6.94±0.26), shoot length (4.88±0.16cm) and leaf number (17.07±0.86) 

were obtained in media containing 80g/l enset starch as an alternative gelling agent. The response of the 

explant for 30g/l sucrose and table sugar were not significantly different. Utilization of enset starch as gelling 

agent reduced the gelling agent cost by 70% while table sugar reduced sucrose cost by 95%. The micro 

propagation rates under the experimental conditions using the low cost media alternative were equal to or 

higher than the conventional media components. Therefore, the obtained result can be used in commercial 

micropropagation of moringa. However, studies on transparency of enset starch gel at higher concentration 

could be explored for wider application in tissue culture laboratories. 

* Corresponding Author: Gizachew Haile  gizachew.haile@aastu.edu.et 
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Introduction 

Moringa is a softwood perennial tree that belongs to 

the monogenetic family Moringaceae which is native to 

Asia and Africa. Moringa stenopetala is commonly 

cultivated in South Ethiopia, North Kenya and Eastern 

Somalia (Fahey, 2005). Its leaves are known for high 

nutritional value which is eaten as a fresh salad, cooked 

or dried in the form of powder. It is rich in vitamins, 

minerals and proteins. Moringa seeds are also rich in 

oils. In addition, its leaves have medicinal value such as 

antimicrobial and anti-diabetic effects (Fahey, 2005). 

Therefore, it has a potential to alleviate nutritional 

deficiency in developing countries. 

 

Moringa is a cross pollinated plant and traditional 

propagation is by seeds and shoots cuttings. Sexual 

propagation needs presence of sufficient individual 

plants in the area and high seed germination 

efficiency (Nouman et al., 2012). Propagation using 

the cutting of the mother plant limb causes death of 

the mother plant. However, this may also be not 

possible in some cases and may even lead to loss from 

cultivation. Preservation of the species for ethno-

botanical, dietary and pharmacological applications is 

a growing concern. Micro-propagation is an 

alternative procedure, but high cost associated with 

the culture media prevented Ethiopia from benefiting 

from tissue culture technology. 

 

Tissue culture technology normally requires 

sophisticated equipment’s and expensive chemicals 

which makes its operation costly (Chen, 2016). It 

offers an opportunity for producing healthy plantlet 

materials and seed system for vegetatively propagated 

plants (Twaij et al., 2020). However, adoption of the 

technology in Ethiopia is slow. This is mainly due to 

high cost of operation, requirement of sophisticated 

equipment’s and expensive chemicals (Amare and 

Dugassa, 2022). There is high demand for tissue 

cultured products such as hybrid coffee plantlets by 

farmers, but little supply and high cost makes 

unaffordable for tissue culture products (Ogero et al., 

2011; Abebaw et al., 2021). 

 
To alleviate such problems, low cost alternatives for 

chemicals of high purity, temperature and 

photoperiod controlled growth were reported in many 

literatures. To mention some, commercial grade sugar 

in India for banana micro propagation (Ganapathi et 

al., 1995), solar illuminated tissue culture rooms in 

Cuba, refined and unrefined white and brown sugar 

for coconut culture (Bonaobra et al., 1994; Silvosa-

Millado et al., 2020) and sugarcane in Ethiopia 

(Getnet et al., 2016). In addition, gelling agents such 

as isubgol, sago, enset starch, corn starch for the 

culture of fruit crops were reported (Bhattacharyya et 

al., 1994; Zimmerman et al., 1995; Mengesha et al., 

2012; Amlesom et al., 2021; Dhawale et al., 2021). 

The aim of this study was to evaluate the possibility of 

using locally available gelling agents and carbon 

sources for moringa micro propagation.  

 

Materials and methods 

Explant and media preparations  

Moringa stenopetala seeds were collected from 

Jimma agriculture research center, Ethiopia. The seed 

pods were removed, sterilized and allowed to 

germinate on petridish with cotton support moisten 

with distilled water until sprouted out its radicle. 

Then the germinated seeds were aseptically 

transferred to MS medium free of growth regulators 

(MS+3% sucrose + 0.8% agar). After emergence of 

the first pair of leaves, the shoot tip of the seedlings 

were taken and used as sources of the explant for 

tissue culture experiments. 

 

MS media supplemented with BAP growth regulator 

was used (Murashige and Skoog, 1962). Stock 

solutions of the macronutrients, micronutrients, 

vitamins, iron source and plant growth regulators 

(1mg/ml) were prepared and stored at +4°C in 

refrigerator for immediate use. The culture medium 

containing 30g/l sucrose and 1mg/l BAP was 

prepared from their respective stock solutions. The 

mixture was stirred using magnetic stirrer and the 

volume was adjusted using double distilled water. 

Then, pH was adjusted in all cases to 5.8 using 1M 

NaOH or 1M HCl. Finally, 8.0g/l agar, 40g/l, 60g/l, 

80g/l or 100g/l enset starch was added to the 

medium and heated to melt. Before autoclaving, the 

media were dispensed into sterilized culture jars. The 

media were steam sterilized using autoclave at a 
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temperature of 121°C with a pressure of 0.15 Kpa for 

15m and transferred to the culture room and stored 

under aseptic conditions for later use (Kumari and 

Singh, 2012). 

 

Culture initiation  

Healthy shoot tips of Moringa were collected as 

explants. The explants were then washed with distilled 

water and sterilized by dipping in 70% ethanol for 1min 

in a sterilized jar and washed using sterile distilled 

water three times for 5 min. They were then sterilized 

with 1% (v/v) commercial bleach (NaOCl) solution 

containing 3-4 drops of Tween-20 for 15 minutes and 

rinsed 4 times with sterile double distilled water each 

for 5min with gentle shacking to remove the chemical 

residue. The damaged parts were excised off using a 

sterile scalpel and about 1cm long explants were 

cultured into the nutrient media. The cultures were 

maintained at room temperature in the growth room 

with white florescent lamps of 16/8h light and dark 

photoperiod, respectively (Vettorazzi et al., 2017).  

 

Shoot multiplication 

For shoot multiplication experiment, the initiated 

shoots (2-3cm long) were taken and cultured on fresh 

MS medium containing galling agent (8g/l agar, 40g/l, 

60g/l, 80g/l, or 100g/l enset starch), 30g/l sucrose or 

table sugar and 1.0mg/l BAP. The treatments were 

replicated three times. The experiment was arranged 

in completely randomized design with three 

replications with five shoots per jar. The cultures were 

placed in white florescent light room adjusted at 

16/8h light/dark at 25°C. Shoot number, shoot length 

and leave number were recorded after 5 weeks of 

culturing (Vettorazzi et al., 2017). 

 

Rooting of generated shoots  

For in vitro rooting experiment, well developed 

shoots were cultured on hormone free MS medium 

for avoiding carry over effect. The shoots were 

transferred on fresh MS medium containing galling 

agent (8g/l agar, 40g/l, 60g/l, 80g/l, or 100g/lenset 

starch), 30g/l sucrose or table sugar and 1.0mg/l IBA. 

The experiment was laid down in completely 

randomized designs (CRD) with three replications. 

After a month, number of roots, root length and 

percentage of rooted plantlets were recorded (Ayenew 

et al., 2012; Ayelign et al., 2012). 

 

Acclimatization 

Plantlets with well-developed root and leaves were 

washed with tap water to remove adhering media and 

sucrose attached on the roots of plantlets. Thirty 

plantlets were transferred to plastic 30cm diameter 

pots in greenhouse containing hardening medium 

composed of soil, compost and sand at ratio of 1:1:2, 

respectively. The plants were placed in pots covered 

with transparent plastic bags and irrigated using 

sprayer every day. Plastic cover were removed 

partially after a week and completely removed after 

two weeks besides reducing watering frequency. 

Finally, after 30 days, the survival rates of the 

plantlets were evaluated by counting the number of 

successfully acclimatized plantlets (Khadiga et al. 

2009; Saini et al., 2012). 

 

Data Analysis 

All the experiments were setup in completely 

randomized design with three replications. The results 

were expressed as mean ±SD of three experiments. SAS 

software v9.2 (SAS Institute, 2008) was used for analysis 

of variance and significance difference between 

treatments. Means separation was done with Least 

Significance Difference (LSD) at p < 0.01.  

 

Result 

Cost comparisons 

The cost of moringa micropropagation was 

significantly reduced using low cost media substitutes 

for gelling agent and carbon source. Cost reduction of 

70% and 95% for gelling agent and carbon source, 

respectively, were achieved (Table 1).  

 

Table 1. Cost analysis between conventional media 

components and low cost alternatives. 

Conventional 
MS 
medium(g/l) 

Low cost 
substitute 

(g/l) 

Cost in 1litre of the 
medium (ETB) Cost 

reduction 
(%) 

Conven 
tional 

Low cost 
alter 

native 

8g agar 
60gEnset 

starch 
20 6 70% 

30g Sucrose 
30g table 

sugar 
30 1.5 95% 

1USD= 54.5ETB 



 

160 Said et al.  
 

Int. J. Biosci. 2023 

Shoot initiation and multiplication 

Shoot induction in conventional and alternative gelling 

agent is not significantly different. Hundred percent of 

initiation was observed from four different 

concentrations of gelling agents (8g/l of agar and 

60g/l, 80g/l and 100g/l of enset starch). But the 40g/l 

enset starch resulted 86.68% shoot induction (Table 2). 

At enset starch concentration of 60g/l, reduced gel 

strength and anchoring capacity of in vitro explants 

were observed. The anchoring quality of enset starch 

gel was improved at concentrations above 60g/l and 

become stronger at 80g/l enset starch.  

 

Table 2. Effect of bulla concentration for in vitro 

shoot initiation percentage. 

Gelling agent(g/l) % of initiation 

Agar (8g) 100a 
Enset starch (40g) 86.68b 
Enset starch (60g) 100a 
Enset starch (80g) 100a 
Enset starch (100g) 100a 

The same letter indicates no significant difference in 

their mean value at p<0.01. 

 

The number of shoots, shoot lengths and number of 

leaves produced on conventional media and media 

containing 80g/l enset starch as gelling agent did not 

show significant difference. An average of 6.94±0.26 

shoots with 4.88±0.16cm shoot length and 17.07±0.86 

leaves per plantlets were recorded at enset starch 

concentration of 80g/l. The 60g/l enset starch 

concentration also resulted relatively lower shoot 

multiplication response (4.55±0.2) compared with agar.  

 

Enset starch effect on root development 

The rooting experiment indicated that higher root 

lengths of 6.51±0.49cm, 6.41±0.54cm was obtained on 

gelling agents of 8g/l agar and 60g/l enset starch, 

respectively (Table 3). However, 80g/l enset starch 

showed reduced root length (5.51±0.43cm) but with 

better gelling quality for the explants to anchor. The 

100g/l gel is very hard, reduced root elongation and 

development. The times taken for rooting the plantlets 

were longer for the low cost gelling agents. In general, 

the response of the explants for shoot induction, 

multiplication and rooting in media containing the 

conventional agar and 80g/l enset starch as gelling 

agent were almost similar. From our observation, it is 

recognized that increasing the concentration of enset 

starch reduces gel transparency which makes detection 

of contamination very difficult in tissue culture jars 

(Fig. 1C). 

 

Table 3. Different gelling agent concentration of 

multiplication media. 

Gelling 
agents(g/l) 

No of shoot 
Shoot 
length(cm) 

No of 
leaves 

No.root 
Root 
length(cm) 

Gelling agent 
Agar(8g) 7.01±0.3a 4.90±0.18a 16.81±1.05a 9.09±0.73a 6.51±0.49a 
Enset 
starch 
(40g) 

1.76±0.134e 2.08±0.13e 6.07±0.26f 1.51±0.21b 2.60±0.44b 

Enset 
starch 
(60g) 

4.55±0.2d 3.11±0.25d 6.82±0.16f 8.51±0.21a 6.41±0.54a 

Enset 
starch 
(80g) 

6.94±0.26a 4.88±0.16a 17.07±0.86a 8.41±0.41a 5.51±0.43b 

Enset 
starch 
(100g) 

6.412±0.29c 3.43±0.22c 8.01±0.0.74e 2.16±0.19b 3.21±0.28c 

Carbon source 
Sucrose 
30g 

6.41±0.44a 4.61±0.20a 15.14±28a - - 

Table 
sugar 30g 

6.35±0.35a 4.50±0.37a 15.00±0.74a - - 

The same letter indicates no significant difference in 

their means at p <0.01 

 

 

Fig. 1. Effect of gelling agent on multiplication of 

moringa, A) 8g/l agar, B) 60g/l enset starch, C) 80g/l 

enset starch (scale by bar 2cm).  

 

Out of the sucrose and table sugar concentrations 

tested, 30g/l sucrose and table sugar resulted similar 

shoot multiplication response on moringa. Maximum 

shoot number of 6.41±0.44 and 6.35±0.35; shoot 

length of 4.61±0.20cm and 4.50±0.37cm and leaf 

number of 15.14±28 and 15.00±0.74 were recorded for 

30g/l sucrose and table sugar, respectively (Table 3).  

 

Any increase in concentration above 30g/l for both 

sucrose and table sugar did not show further increase 

in shoot multiplication response. However, higher 

rooting recorded at high sucrose concentrations (Data 

not presented). 
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For hardening experiment in the greenhouse, the rooted 

shoots were removed from the culture bottles, washed 

thoroughly to remove remnants of agar and transplanted 

to pot containing soil and compost. The plants were 

regularly watered and covered with plastic cover to 

ensure high humidity. After a month of acclimatization, 

84% of plantlets were survived and successfully 

established from in vitro rooted plantlets (Fig. 2). 

 

 

Fig. 2. Acclimatized plantlets of Moringa; A) 

plantlets covered with plastic cover (first week), B) 

after two weeks in green house, C) after four week in 

green house. 

 

Discussion 

Cost associated with nutrient media is one of the 

points that need intervention to advance tissue 

culture technologies in sub-Saharan Africa (Pant, 

2016; Amare and Dugassa, 2022). There are no 

significant differences between conventional media 

components and low cost alternative media 

components such as enset starch as gelling agent and 

table sugar as carbon source suggesting the ability of 

enset starch to support and supply nutrients to the 

moringa explants. The explant response is as good as 

the conventional agar. Interestingly, growth of shoots 

and roots were not halt but enhanced due to some 

inherent nutritional composition of the enset starch. 

Different reports exist showing efforts to address 

media cost. For instance, table sugar has been utilized 

as an alternative carbon source ((Kaur et al., 2005; 

Demo et al., 2008). Molasses has been used as 

sources of vitamins and carbohydrates (Santana et al., 

2009). Furthermore, different kinds of fertilizers in 

form of spray have been used as alternative sources of 

mineral elements (Mahalakshmi et al., 2018). Some 

of the mineral elements such as silver nitrate reported 

to function as hormone supplements during shoot 

multiplication phase (Cardoso, 2019).  

In this experiment, substitution of carbon source with 

table sugar resulted highest cost reduction. Cost 

reduction of up to 70% was achieved using enset 

starch as gelling agent without its effect on shoot 

multiplication and rooting. Similar results with 66 to 

90% gelling agent cost reduction were reported using 

potato starch, rice flour, cassava flour and corn flour 

(Daud et al., 2011; Sharifi et al., 2010; Ogero et al., 

2011; Amlesom et al., 2021) and balanga seeds 

(Jabeen et al., 2017). Therefore, use of low cost 

alternative media effectively reduced production cost 

for moringa micropropagation. 

 

Well-developed leaves and stems were essential for 

photosynthesis and hence for good acclimatization in 

green house systems which further determines 

survival of the tissue culture plantlets. Gelling agents 

are known to affect leaf development, in vitro growth 

(Nery et al., 2021) and callus development (Kumar et 

al., 2021). The shoot development response of 

moringa explants on conventional and low cost 

alternative media did not show any significant 

difference. In both cases they have well developed 

leaves and shoots. Eight gram enset starch had 

superior performance in number of shoots and shoots 

length as well as number of leaves development then 

followed by 60g/l and 100g/l enset starch, 

respectively. A similar result was reported for 

micropropagation of sweet potato using alternative 

gelling agents (Ogero et al., 2011) and pineapple using 

enset starch as alternative gelling agent (Ayenew et 

al., 2012). In addition to gelling agent, applications of 

table sugar resulted similar shoot production 

response, which is in agreement with Getnet et al. 

(2016) report by using 40g/l table sugar. 

 

Production of tissue culture plantlets with well-

developed roots in in vitro or ex vitro conditions 

enhance plant survival during acclimatization (Jorge, 

2002; Lebedev et al., 2019). The rooting response of 

Moringa in conventional media components and low 

cost media alternatives such as 80g/l enset starch shown 

significant differences. They have relatively different 

performance with the conventional media component 

on rooting. The number of roots in conventional media 

is relatively higher than low cost media alternatives. 
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This is due to factors like availability of minerals and 

inhibitory hormones in enset starch that inhibit 

rooting.  

 

Conclusion 

In conclusion, the use of low cost media alternative 

for micropropagation of moringa is an indication for 

the possibility to use low cost alternatives for 

production tissue culture plantlets to improve 

productivity of farmers in sub-Saharan Africa. Use of 

these media alternatives to other crops will enhance 

establishment of affordable tissue culture systems in 

Ethiopia as well. In addition, improvement in the 

transparency of enset starch gel could be explored for 

wider applications. The described protocol can be 

successfully used for the low cost commercial 

propagation of moringa.  

 

References 

Abebaw YM, Tobiaw DC, Abate BA, Eshete BK, 

Seymour SK, Tesfaye K. 2021. Plant tissue culture 

research and development in Ethiopia: A case study 

on current status, opportunities, and challenges. 

Advances in Agriculture 1-12. 

https://doi.org /10.1155/2021/9979549. 

 

Amare K, Dugassa G. 2022. Plant tissue culture 

challenges in Ethiopia and alternative options for 

low-cost media. F1000Research 11, 828.  

 

Amlesom WS, Mehari T, Saleh BK. 2021. 

Evaluation of different starches as gelling agents for 

micropropagation of potato. The Journal of 

Agricultural Science 13(5), 144. 

 

Ayelign M, Biruk A, Elias G, Tewodros T. 2012. 

Micro-propagation of Vanilla planifolia Using enset 

(Ensete ventricosum (Welw, cheesman)) starch as a 

gelling agent. Current Research Journal of Biological 

Science 4, 519-525. 

 

Ayenew B, Mengesha A, Tadesse T, Gebre 

Mariam E. 2012. Ensete ventricosum (welw) 

Cheesman: A cheap and alternative gelling agent for 

pineapple (Ananas comosus var. Smooth cayenne) in 

vitro micropropagation. Journal of Microbiology, 

Biotechnology and Food Sciences 2, 640-652 

Cardoso C. 2019. Silver nitrate enhances in vitro 

development and quality of shoots of Anthurium 

andraeanum Jean. Scientia Horticulture 253, 358-363. 

https://doi.org/10.1016/j.scienta.2019.04.054. 

 

Chen C. 2016. Cost analysis of plant 

micropropagation of Phalaenopsis. Plant Cell, Tissue 

and Organ Culture 126(1), 167-175. 

https://doi.org /10.1007/s11240-016-0987-4 

 

Daud N, Mat Tha R, Noor N, Alimon H. 2011. 

Potential of alternative gelling agents in media for in 

vitro micro-propagation of Celosia sp. International 

Journal of Botony 7, 183-188. 

http://doi.org /10.3923/ijb.2011.183.188 

 

Demo P, Kuria P, Nyende AB, Kahangi EM. 

2008. Table sugar as an alternative low cost medium 

component for in vitro micro-propagation of potato 

(Solanum tuberosum (L.)). African Journal of 

Biotechnology 7, 2578-2584. 

 

Dhawale RN, Patwari LV, Sharma KM, 

Bharose AA. 2021. Admixture of Isubgol husk 

together with agar as gelling agent for sugarcane 

callus induction. Pharma Innovation 10(8), 675-680. 

 
Fahey JW. 2005. Moringa oleifera: A review of the 

medical evidence for its nutritional, therapeutic, and 

prophylactic properties. Part1. Trees for life Journal 1, 1-15.  

 
Getnet B, Bantte K, Diro M. 2016. Table sugar as 

low cost option and its concentration effect on shoot 

multiplication of sugarcane (Saccharum officinarum 

L.) genotypes. Advances in Crop Science and 

Technology 04(248), 2. 

 
Jabeen T, Kausar R, Shah AH. 2017. 

Development of low cost protocol for 

micropropagation of Solanum tuberosum (L.). 

Bangladesh Journal of Botany 46, 1341-1345. 

 
Khadiga G, Rasheid S, Mutasim M. 2009. Effect 

of cultivar and growth regulator on in vitro 

micropropagation of potato (Solanum tuberosum L). 

American-Eurasian Journal of Sustainable 

Agriculture 3, 487-492  



 

163 Said et al.  
 

Int. J. Biosci. 2023 

Kumar M, Pandey S, Kumar V, Yadav L, 

Kumar J, Singh BP. 2021.Studies on the effect of 

different gelling agents for establishment of Callus 

strawberry (Fragaria ananassa Duch.) culture under 

in vitro condition. International Journal of Chemical 

studies 9, 253-255 

 

Lebedev V, Arkaev M, Dremova M, 

Pozdniakov I, Shestibratov K. 2019. Effects of 

growth regulators and gelling agents on ex vitro 

rooting of raspberry. Plants 8, 3. 

http://doi.org/ 10.3390/plants8010003. 

 

Mahalakshmi R, Vineetha MV, Warrier RR. 

2018. Optimising gelling agents, light source and 

after-care to commercialise teak tissue culture. Plant 

Tissue Culture & Biotechnology 28, 13-24. 

http://doi.org/10.3329/ptcb.v28i1.37194. 

 

Mengesha A, Ayenew B, Gebremariam E, 

Tadesse T. 2012. Micro-propagation of Vanilla 

planifolia using Enset (Ensete ventricosum Welw, 

cheesman) starch as a gelling agent. Current Research 

Journal of Biological Sciences 4(4), 519-525. 

 

Murashige T, Skoog F. 1962. A revised medium for 

rapid growth and bio assays with tobacco tissue 

cultures. Physiologia Plantarum 15, 473-497. 

 

Nery LA, Batista DS, Rocha DI, Felipe SHS, 

Queiroz MCQ, Silva PO, Ventrella MC, Otoni 

WC. 2021. Leaf development and anatomy of in vitro 

grown Polygala paniculata L. are affected by light 

quality, gelling agents, and sucrose. Vegetos 34, 19-28. 

https://doi.org/10.1007/s42535-021-00192-3. 

 

Nouman W, Siddiqui M, Basra S, Khan R, Gull 

T, Olson M, Munir H. 2012. Response of Moringa 

oleiferato saline conditions. International Journal of 

Agriculture Biology 14, 757-762. 

 

Ogero KO, Gitonga NM, Mwangi M, Ombori O, 

Ngugi M. 2011. A low-cost medium for sweet potato 

micropropagation. African Crop Science Conference 

Proceeds 10, 57-63.  

Pant M. 2016. A minimal cost micropropagation 

protocol for Dianthus caryophyllus (L). a 

commercially significant venture. Indian Journal 

Experimental Biology 54, 203-211. 

 

Saini R, Shetty N, Giridhar P, Ravishankar G. 

2012. Rapid in vitro regeneration method for 

Moringa oleifera and performance evaluation of field 

grown nutritionally enriched tissue cultured plants. 3 

Biotechnology 2, 187–192. 

https://doi.org/10.1007 /s13205-012-0045-9. 

 

SAS Inistitute. 2008. SAS/STAT 9.1 User's Guide 

the Reg Procedure:(Book Excerpt), SAS Institute. 

 

Sharifi A, Moshtaghi N, Bagheri A. 2016. Agar 

alternatives for micropropagation of African violet 

(Saintpaulia ionantha). African Journal of 

Biotechnology 9, 9199-9203. 

 

Silvosa-Millado CSC, Dejan ACM, Asumbrado 

MJLC, Delima AGD, Novero AU. 2020. 

Alternative materials for plumule initiation and callus 

induction of coconut (Cocos nucifera (L).) cv. Laguna 

Tall. Banwa B 15, art042 

 

Twaij BM, Jazar ZH, Hasan M. 2020. Trends in the 

use of tissue culture, applications and future aspects. 

International Journal of Plant Biology 11(1), 8385. 

https://doi.org/10.4081/pb.2020.8385. 

 

Umbreen S, Muhammad J, Saeed A, Faisal S. 

2014. Optimization of the micro-cloning system of 

threatened Moringa oleifera Lam. Pakistan Journal 

of Agriculture Science 51, 449-457. 

 

Vettorazzi RG, Carvalho VS, Sudré CP, 

Rodrigues R. 2017. Developing an in vitro optimized 

protocol to sweet potato landraces conservation. Acta 

Scientiarum. Agronomy 39, 359-367. 

https://doi.org/10.4025/actasciagron.v39i3.  

 

 


