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Abstract. This study was done to select suitable explants and low cost medium for plant regeneration 
of turmeric. Therefore, the different explants were excised from the aerial stems and rhizome buds 
and surface sterilized. The sterilized explants were cultured on MS medium fortified with 2.0 mg/l 
BAP. From the survived aerial stem explants, 0.5 cm long vertical half of the aerial stem explants 
exhibited somatic embryogenic response (69.7%). The highest morphogenic response (74%) of shoot 
bud initiation was observed from the top slice of the surviving rhizome bud explants. Further, Yara 
Mila complex fertilizer, which is an ideal granular fertilizer mixture, was used as an alternative to 
MS medium. Three different concentrations of Yara Mila complex fertilizer (1.0, 3.0, and 5.0 g/l ) 
supplemented with 2.0 mg/l BAP each were tested with the MS medium fortified with 2.0 mg/l BAP 
(control treatment) for in vitro establishment from aerial stem explants and top slice of the rhizome 
bud explants. Both explants were surface sterilized and cultured on MS medium and different 
concentrations of Yara Mila complex fertilizer fortified with 2.0 mg/l BAP. From the survived 
explants, aerial stem explants exhibited somatic embryogenic response (69.7%) and shoot bud 
initiation (74%) on normal MS media. The higher performances were observed in 1.0 g/l 
concentration of complex fertilizer incorporated medium with 51% embryogenic response from the 
aerial stem explants and 52.3% shoot bud formation response from the top slice of the rhizome bud. 
The cost of 1 kg complex fertilizer was Rs. 182. It could be concluded that complex fertilizer is a cost 
effective alternative medium for MS medium for in vitro propagation reducing the cost of the 
substituted ingredients by 99.87% in the tissue culture of turmeric. 

Introduction 
Turmeric (Curcuma longa L.) is a tropical herb belonging to the family Zingiberaceae. It is one 

of the spice crops grown in Sri Lanka. It is greatly valued plant because of its underground rhizomes. 
Turmeric powder from rhizomes is utilized as a spice, herbal medicine, dyeing agent and cosmetic 
[1]. Turmeric is propagated vegetatively through underground rhizomes. Conventional vegetative 
propagation of turmeric has a low rate of multiplication [2]. Further, rhizome of turmeric has a 
dormancy period and they sprout during monsoon only [3]. But, in vitro culture technique is an 
alternative method to obtain large number of healthy plant materials for commercial cultivation. In 
vitro culture technique largely depends on use of Murashige and Skoog (MS) nutrient medium [4] 
with plant growth regulators. BAP is used for shoot bud induction in the cultured explants of turmeric 
[5] and ginger [6-7].  

The rhizome bud explants induced new shoot buds and roots in 3 mg/l BAP with 0.5 mg/l NAA 
medium which led to produce plantlets via organogenesis in ginger [7]. Embryonic response in the 
aerial stem explants was enhanced with the increase in BAP concentration from 1.0 mg/l to 2.0 mg/l 
[8]. [3] performed in vitro propagation through callus induction from rhizome buds and shoot tips of 
C. longa L. [9] stated that a high frequency of in vitro plantlets was achieved from fresh sprouting 
rhizome bud of C. longa L. on semisolid culture media. And also [10] studied callus induction and in 
vitro multiplication of turmeric by using rhizome buds and shoot tips of C. longa L. on MS medium. 
Hence, type of explants and culture medium play a significant role on in vitro propagation of turmeric 
through organogenesis or somatic embryogenesis directly or indirectly. 
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For plant propagation, commercial application of plant tissue culture techniques is limited as a 
result of high production cost [11] than the conventional methods. However, there are ways to reduce 
the production cost for large scale plant production. [12] stated that in vitro culture medium requires 
chemicals which are often very expensive. [13] reported that modification in the nutrient medium to 
reduce the cost is needed for obtaining vigorous shoot growth. Thus, low cost culture medium is 
useful and convenient to produce disease-free plant materials for the small and large scale cultivators. 
[14] stated that optimal concentration of Hydro® Agri´s fertilizer needs for plant regeneration of the 
cassava but higher rate of fertilizer is toxic to the plant tissues. [15] revealed the potential for 
developing a low cost micro propagating protocol for local bananas in Kenya. Therefore, the objective 
of this study was to develop a cost effective basal medium replacing macronutrients, micronutrients 
and iron sources of MS medium for turmeric plant multiplication. Yara Mila complex is a popular 
chemical fertilizer mixture (12:11:18 N:P:K + 3MgO + 8S + trace elements) for soil application and 
it is an ideal granular fertilizer. Hence, it is necessary to establish low cost culture medium with 
locally available fertilizers as alternative nutrient sources for in vitro propagation of turmeric using 
suitable explants. 

Materials and Methods 
This study was conducted at the Tissue Culture Laboratory of the Department of Crop Science, 

Faculty of Agriculture, Eastern University, Sri Lanka in 2019. Rhizomes with buds and two months 
old aerial shoots of turmeric plants were collected from field grown Sri Lankan local variety and used 
as the source of explants in this study. They were rinsed thoroughly in running tap water for 1 hour 
followed by distilled water. Rhizomes were treated with 2 g/l Captan and then all the explants were 
sprayed with 70% alcohol for 30 seconds. Aerial shoot parts and rhizome bud pieces were immersed 
in 20% CloroxTM and 25% CloroxTM (Sodium hypochlorite, 5.25% active ingredient) respectively 
with 3 drops of tween 20 for 20 minutes. Subsequently explants were rinsed off 3 times with distilled 
water to remove traces of disinfectants and transferred to the laminar air floor hood with sterilized 
distilled water. 
Experiment 1 

This experiment was carried out to select suitable type of explants for in vitro propagation of 
turmeric from rhizome buds and aerial stem explants. Healthy turmeric plant parts and rhizome buds 
were sterilized as mentioned above and different types of explants were aseptically excised namely 
vertical segments of aerial stem at base (0.5 cm, 1.0 cm long), 2 mm thickness different slices of the 
aerial stem (1st slice was taken from the bottom portion of the aerial stem and 2nd slice was taken from 
the just above the ground level), white portion of inner stem (1.0 cm long) (Fig. 1), intact rhizome 
bud, slices of rhizome bud (top, middle and bottom) and vertical half of rhizome bud (Fig. 2) with 
the flame sterilized scalpel and forceps. They were placed in Murashige and Skoog (MS) medium 
(1962) with 3% sucrose, 0.8% agar and 2.0 mg/l BAP for initial establishment. The culture bottles 
were sealed with parafilm strips and labeled properly. Then explants containing culture vessels were 
incubated at 25±2ºC under white fluorescent light, in photoperiod of 16 hours light and 8 hours dark 
with the intensity of 2000 – 2500 lux and 50% humidity was maintained and observation was made 
at regular intervals. This experiment was laid out in complete randomized design and repeated thrice. 
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Figure 1. Aerial stem explants used in this study: a) Vertical segment of aerial stem at base (0.5 cm, 
1.0 cm long), b) 1st slice of aerial stem (2 mm thickness), c) 2nd slice of aerial stem (2 mm 

thickness), d)White portion of inner stem (1.0 cm long) 

 

Figure 2. Rhizome bud explants used in this study: a) Top slice of rhizome bud, b) Middle slice of 
rhizome bud, c) Bottom slice of rhizome bud, d) Vertical half of rhizome bud 

Experiment 2 
Sterilized top slices of rhizome buds and also vertical segments (0.5 cm long) of aerial stems 

were used in this experiment to select the best concentration of Yara Mila complex replacing nutrient 
sources of MS medium for in vitro propagation. The basal medium used for the culture was MS 
medium with 3% sucrose and 0.8% agar. For preparation of alternative nutrient media, 3% sucrose 
and 0.8% agar were added to each concentration of Yara Mila solutions as indicated in Table 1. Plant 
growth hormone, 2.0 mg/l BAP was also added to the culture medium. Yara Mila complex is an ideal 
granular fertilizer which contains 12% N, 11% P2O5, 18% K2O, 8% S, 2.9% MgO, 0.2% Fe, 0.02% 
Mn, 0.015% B, 0.02% Zn and other trace elements in balanced amounts. For preparing different 
concentrations of Yara Mila nutrient solutions of 1.0 g/l, 3.0 g/l and 5.0 g/l, each amount of locally 
available Yara Mila complex fertilizer (12:11:18 N:P:K + 3MgO + 8S + trace elements) granular 
from Unipower (Pvt) Ltd, Sri Lanka were dissolved in distilled water as an alternative source of MS 
nutrients. The sterilized explants were aseptically excised as top slice of the rhizome bud and 0.5 cm 
long vertical half of the aerial stem at base and cultured on MS medium and also Yara Mila alternative 
nutrient media with 2.0 mg/l BAP. The culture vessels containing explants were incubated at 25±2ºC 
under white fluorescent light. Photoperiod of 16 hrs light and 8 hrs dark with the intensity of 2000 – 
2500 lux was maintained. 

 
Table 1. The different culture media used in this experiment 

Treatment code Culture media 
M1 
M2 
M3 
M4 

MS basal medium  +  2.0 mg/l BAP 
1.0 g/l complex fertilizer  +  2.0 mg/l BAP 
3.0 g/l complex fertilizer  +  2.0 mg/l BAP 
5.0 g/l complex fertilizer  +  2.0 mg/l BAP 

 

b 

d 

a 
c 

d 
b 

a 

c 
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The observation was made on response of the cultured explants on different media after 
incubation. After six weeks of culture, the explants were transferred to same fresh medium. This 
experiment was laid out in complete randomized design and repeated three times.  

Statistical and Cost Analysis 
The percentages of explants showing morphogenic response and shoot bud formation were 

recorded at weekly intervals. The data obtained were subjected to analysis of variance (ANOVA) 
using SAS 9.1.3 portable version. The treatment means were compared using Duncan’s multiple 
range test at 5% significant level. The current market prices of the conventional and the alternative 
sources of nutrient salts were obtained. Based on the quantities used per liter of the culture media, the 
cost of each compound was calculated. Differences in cost between the conventional and alternative 
nutrient sources were then determined. 

Results and Discussion 
Experiment 1 
Aerial stem explants 

This experiment was carried out to determine the most suitable and responsive type of explant 
for in vitro propagation of turmeric from the both aerial stem and underground rhizome bud explants. 
Results obtained in this experiment had significant influence (P<0.0001) for survival rate and 
morphogenic response with different explants (Table 2). High survival rate was obtained from the 
treatment with 1.0 cm long vertical half of the aerial stem explants and 2nd slice of the aerial stem 
explants performing 58.7% survival rate. The least survival rate of 21% was recorded from the middle 
slice of the rhizome bud explants.  

 
Table 2. Morphogenic response of different explants cultured on MS medium supplemented with 

2.0 mg/l BAP at 5 weeks of culture 
Treatment 

code 
            Type of explants* 

 
Survival 
% 

¶Morphogenic 
response % 

E1 Vertical half of  stem (1.0 cm long)  58.7±4.3a      28.3±6.0c 
E2 Vertical half of stem (0.5 cm long) 42.0±4.0bc      69.7±2.7a 
E3 1st  slice of stem 54.3±4.3ab      00.0±0.0d 
E4 2nd slice of stem  58.7±4.3a      00.0±0.0d 
E5 White portion of inner stem (1.0 cm long) 54.3±4.3ab      00.0±0.0d 
E6 Intact  bud (1.0 cm long) 54.3±4.3ab      61.7±7.3ab 
E7 Vertical half of bud (1.0 cm long) 33.7±4.3cd      51.7±8.4b 
E8 Top slice of intact bud 50.3±7.2ab      74.0±3.8a 
E9 Middle slice of intact bud  21.0±4.0d      00.0±0.0d 
E10 Bottom slice of intact bud 29.3±4.3cd      00.0±0.0d 

F test P<0.0001    P<0.0001 

*Stem explants were excised from the aerial stems at the base and bud explants were taken from the rhizome 
bud.  
¶Data based on the availability of surviving explants cultured in the medium. 
Values represent means ± standard error of the replicates. Means followed by the same letter in each column 
are not significantly different according to Duncan’s Multiple Range Test at 5% significant level 

 
Among the slices of aerial stem (E3 and E4) and underground rhizome explants (E9 and E10), 

survivability was remarkably higher (P<0.05) in the aerial stem explants than the rhizome bud 
explants. In general, the rhizome buds are underground parts and contact with the soil. [16] stated 
that direct source of explants from field grown plants is commonly considered as one of the key 
factors for the establishments of cultures successfully under in vitro conditions. According to the 
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results of Table 2, survival rate was significantly different (P<0.05) between 0.5 cm and 1.0 cm long 
vertical half of the aerial stem explants at base. Survivability of 1.0 cm long vertical half of the aerial 
stem explant was higher than 0.5 cm long vertical half of the aerial stem because the smaller explants 
are more likely to be damaged during handling and [17] reported that the larger explants probably has 
more nutrient reserves and endogenous plant growth regulators to sustain the culture. Further [18] 
stated that survival percentage of the cultured explants at 0.5 cm length was low because of browning 
of the explants. 

Although 0.5 cm long vertical half of the aerial stem explant has lower survival percentage than 
1.0 cm long vertical half of the aerial stem explant, smaller explant quickly responded to MS medium 
fortified with 2.0 mg/l BAP within 2 weeks of culture. There was a significant effect on the 
morphogenic response of different explants (P<0.0001) as indicated in Table 2 and the 0.5 cm long 
explants responded 69.7% after 5 weeks of culture and 1.0 cm long explant responded 28.3%  
(Fig. 3). Further it was noted that vertical half of the aerial stem explant resulted transparent white 
(glossy) colour, globular and heart shape embryo like structure after 4 weeks and in some explants, 
enlarged sheaths were observed after 2 weeks and it was whitish green in colour. The morphological 
characters of the embryo formation are very clear in small 0.5 cm long explant than 1.0 cm long 
explant. MS medium fortified with 2.0 mg/l BAP has a tendency to cell division and bud proliferation 
resulting in the shoot formation [19] and somatic embryogenic response in ginger was observed with 
increasing BAP concentration from 1.0 mg/l to 2.0 mg/l [8]. Juvenile parts of plant are generally 
responsive to somatic embryogenesis or regeneration [20]. Formation of somatic embryo at 25±2 °C 
and 16/8 h light and dark cycle was also achieved on saffron [21]. 

 

 
Figure 3. Morphogenic response percentage of vertical half of the aerial stem explants cultured on 

MS medium at weekly intervals (Data based on availability of surviving explants) 

According to the data presented in Table 2, white colour portion of the inner stem had no any 
response after 5 weeks and further. But in vitro propagation of ginger using in vitro aerial stem 
(pseudostem) explants was reported by [22]. Slices of the aerial stem explants also had no any 
morphogenic response to the medium and there was no significant difference (P<0.05) between 
survivability of those explants. Low survivability was shown by the 1st slice of the aerial stem as it is 
contacted with ground level and soil. The morphogenic response of the explants is in contrast with 
[23] who stated response of the stem base of C. longa and C. mangga because of the existence of a 
meristematic area in the basal portion from which the leaves and the roots were formed. 

 
Rhizome bud explants 

The responding pattern of different explants was significantly different (P<0.0001) as shown in 
Table 2. Intact rhizome bud had 61.7% of significantly higher (P<0.05) response than the vertical half 
of bud and initiated whitish green colour buds after 2 weeks which was elongated performing green 
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colour two shoot buds at 5 weeks of stage. The vertical half of the rhizome bud had significantly 
lower (P<0.05) survival rate of 33.7% than intact rhizome bud explants. The top slice of the rhizome 
bud had remarkably highest (P<0.05) morphogenic response compared to other rhizomatous bud 
explants as it contains an active meristem. White colour clump of four shoot buds were observed after 
4 weeks from the top slice of the rhizome bud. The multiple shoot buds are generally obtained in the 
presence of BAP used in the culture media that cytokinin induces shoot buds [24]. The vertical half 
of the bud showed elongated translucent white colour meristematic top growing towards upside. 
These results are in agreement with [25] who reported that sectioned buds produced shoots from each 
explant.  

According to the results of Table 2, bottom slice of rhizome bud and middle slice of rhizome 
bud had significantly lower (P<0.05) survival rate than top slices of the rhizome bud explant. Intact 
rhizome bud also had significantly higher (P<0.05) survival rate than middle and bottom slice of 
rhizome bud as it is a larger explant and containing more nutrients to sustain the culture. Rhizome 
bud explants are underground part of turmeric. Hence, in vitro multiplication of aseptic culture is not 
easy due to the presence of pathogen on rhizome explants. Rhizomatic bud of turmeric have been 
utilized by [26-29] and they reported rhizomatous bud as a best explant for shoot induction. BAP 
strongly improved shoot multiplication in C. longa [30]. 
 
Experiment 2 
Aerial stem explants 

The different concentrations of Yara Mila complex fertilizer and normal MS medium were 
significantly influenced (P<0.0001) for the embryonic response of the vertical half (0.5 cm long) of 
the aerial stem explants (Fig. 4). M1 medium (normal MS medium with 2.0 mg/l BAP as a control) 
showed higher embryonic response (70%) than the other treatments after 5 weeks of culture and also 
transparent, white colour globular and heart shape somatic embryos like structures were observed 
(Fig. 5A). Globular somatic embryos regularly arranged were noted in other plants [31]. However, 
there was no remarkable variation (P<0.05) between M1 and M2 media in performing percentage of 
somatic embryos like structures from the vertical half of the aerial stem explants after 5 weeks  
(Fig. 5C). 

 
M1 : MS medium + 2.0 mg/l BAP   M2 : 1.0 g/l complex fertilizer + 2.0 mg/l BAP 
M3 : 3.0 g/l complex fertilizer + 2.0 mg/l BAP  M4 : 5.0 g/l complex fertilizer + 2.0 mg/l BAP 

 
Figure 4. Embryonic response of the aerial stem explants cultured in different media after 5 weeks 

of culture 
[Data based on the availability of surviving explants. Means with the same letter in each column are not 
significantly different according to Duncan’s Multiple Range Test at 5% significant level]. 
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Figure 5. Somatic embryogenic response of aerial stem explants cultured in different media: a) 
Somatic embryogenic response of 0.5 cm long vertical half of aerial stem cultured on MS medium at 
2nd week and b) at 4th week, c) 1.0 g/l Yara Mila complex at earlier stage (Arrow: somatic embryo 
like structure) 

 
M3 medium resulted 36% of white colour globular shape somatic embryos like structures after 

5 weeks. There was a significant difference (P<0.05) between M1 and M3 media. The least 
performance was recorded from M4 medium resulting green colour morphogenic response only. No 
significant difference (P<0.05) was observed between M3 and M4 media. [32] developed a cost 
effective basal medium for in vitro propagation of Anthurium as a replacement of MS medium using 
Albert’s solution and stated that lower percentage of performance was noted from 5.0 mg/l 
concentration of Albert's solution due to toxic effects of the nutrients on embryo growth. 

 
Rhizome bud explants 

The result revealed that the different culture media used in this experiment had remarkable 
effect (P<0.0001) on the shoot bud formation in the top slice of the rhizome bud explants (Table 3). 
The top slices of the rhizome bud explants exhibited well (74.0%) in M1 medium initiating yellowish 
white colour clump of shoot buds after 2 weeks of culture (Fig. 6A). However, there was a significant 
difference (P<0.05) between M1 and M2 media in performing shoot bud initiation. But M2 medium 
showed significantly higher (P<0.05) response compared to M3 and M4 media performing shoot buds 
after 2 weeks of culture. The finding is also supported by [32] who reported that number of shoot 
formations from MS medium was not remarkably varied with that from 5 ml/l concentration level 
Albert's medium. 

 
Table 3. Shoot bud formation in the top slices of rhizome bud explants cultured in different media 

Treatment code Medium Shoot bud formation % 
M1 MS medium + 2.0 mg/l BAP 74.0 ± 3.8a 
M2 1.0 g/l complex fertilizer + 2.0 mg/l BAP 52.3 ± 7.9b 
M3 3.0 g/l complex fertilizer + 2.0 mg/l BAP 31.0 ± 5.9c 
M4 5.0 g/l complex fertilizer + 2.0 mg/l BAP 26.0 ± 3.8c 

 F test P<0.05 
  

[Data based on the availability of surviving explants. Values represent means ± standard error of the replicates. Means 
followed by the same letter in each column are not significantly different according to Duncan’s Multiple Range Test at 
5% significant level.] 
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Figure 6. Morphogenic response of rhizome bud explants cultured in different media: Shoot bud 
formation of top slice of rhizome bud explants cultured on a) MS medium at 4th week and b) at 6th 
week, c) 1.0 g/l Yara Mila complex, d) 3.0 g/l Yara Mila complex at earlier stage 

 
It was further noted that there was no any significant difference (P<0.05) between M3 and M4 

media (Table 3) resulting least performance of 26.0% shoot bud initiation in M4 medium. This may 
be due to the higher amount of nutrients were detrimental for the response of cultured shoot buds. 
This is confirmed by [14] who used different strength of Hydro® Agri´s fertilizer for plant 
regeneration and stated that higher rates of fertilizer is toxic to the tissues. Yara Mila complex 
fertilizer is able to supply all necessary macro and micronutrients and iron source for in vitro 
propagation of C. longa. [33] mentioned that percentage of sprouting was high on fertilizer medium 
as the fertilizer medium contains the macro elements (N, P and K) and other nutrients which are 
necessary for plantlet regeneration. Significant differences between MS medium and low-cost 
fertilizer medium were also observed by researchers [34-35]. 

 
Cost analysis 

The total cost for 100 liters of substituted ingredients of MS medium was Rs.13,659 and the 
total cost of 100 liters of Yara Mila complex granular fertilizer (1.0 g/l ) was only Rs.18.20. The use 
of Yara Mila complex granular fertilizer as an alternative source of macronutrients, micronutrients 
and iron source in MS media reduced the cost of those ingredients by 99.87% in the tissue culture of 
turmeric.  

Conclusion 
The results revealed that the aerial stem explants had relatively higher survival rate than 

rhizome bud explants. The vertical half of 1.0 cm long aerial stem explants showed higher survival 
rate of 58.7% with 28.3% morphogenic response. But vertical half of 0.5 cm long aerial stem explant 
responded well resulting 69.7% somatic embryogenetic response at 5 weeks of culture and it was the 
appropriate explant for somatic embryo formation among the aerial stem explants. And also top slice 
of the intact rhizome bud explant was the most responsive explant of rhizome buds performing 74.0% 
multiple shoot bud formation after 5 weeks of culture. Further, this study indicated that using 1.0 g/l 
concentration of Yara Mila complex commercial fertilizer could be used as alternative nutrient source 
for MS medium for in vitro propagation of turmeric via somatic embryogenesis and organogenesis. 

a b 

c d 
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Replacement of conventional macronutrients, micronutrients and iron source with locally available 
fertilizer reduced the cost of MS medium nutrients by 99.87%. It could be concluded that it is possible 
to use locally available fertilizer like Yara Mila complex as a cost-effective alternative medium for 
in vitro propagation of turmeric. 
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