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Abstract Enhancing of the efficient tissue culture protocol

for somatic embryos would facilitate the engineered

breeding plants program. In this report, we describe the

reproducible protocol of Malaysian rice (Oryza sativa L.)

cultivar MR219 through somatic embryogenesis. Effect of

a wide spectrum of exogenesis materials was assessed in

three phases, namely callogenesis, proliferation and

regeneration. Initially, rice seeds were subjected under

various auxin treatments. Secondly, the effect of different

concentrations of 2,4-D on callus induction was evaluated.

In the next step, the efficiency of different explants was

identified. Subsequently, the effects of different auxins,

cytokinins, L-proline, casein hydrolysate and potassium

metasilicate concentrations on the callus proliferation and

regeneration were considered. For the callogenesis phase,

2 mg L-1of 2,4-D and roots were chosen as the best auxin

and explant. In the callus proliferation stage, the highest

efficiency was observed at week eight in the MS media

supplemented with 2 mg L-1 of 2,4-D, 2 mg L-1 of

kinetin, 50 mg L-1 of L-proline, 100 mg L-1 of casein

hydrolysate and 30 mg L-1 of potassium metasilicate. In

the last phase of the research, the MS media added with

3 mg L-1 of kinetin, 30 mg L-1of potassium metasilicate

and 2 mg L-1 of NAA were selected. Meanwhile, to pro-

mote the roots of regenerated explants, 0.4 mg L-1 of IBA

has shown potential as an appropriate activator.

Keywords Callogenesis � Proliferation � Root explants �
Potassium metasilicate and regeneration

Introduction

The production of high productive engineered plants needs

appropriate strategies. The genetic transformation mecha-

nism involves pivotal steps such as preparation of the ini-

tial conditions, usage of an efficient DNA delivery method,

establishment of effective growth and selection of medium

as well as maintenance of transformants (Abiri et al. 2015).

Notwithstanding improvement of gene transformation

efficiency in some plant species, the pre- and post-trans-

formation conditions of Indica rice have been a matter of

concern (Visarada and Sarma 2002). The efficiency ratio of

engineered plants is severely genotype dependent (Yinxia

and Te-chato 2012). On the other hand, presenting proto-

cols of pre-transformation phases for the same species have

revealed the vast effects of other factors on the plant’s

adaptation to in vitro experiments. In this regard, size,

source and age of explants, seasonal variation, oxygen

gradient, intensity as well as quality of light, temperature

and ploidy level are effective endogenous or exogenous

factors which may change the genotype feedback in dif-

ferent experiments (Aggarwal et al. 2012). Therefore, the
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evaluation of useful endogenous or exogenous factors for

differentiation and regeneration of Indica rice in vitro are

pre-requirements in genetic transformation programs

(Haque et al. 2003).

Plant tissue culture is a symphony of art and science,

which develops genetic diversity, produces virus-free plants

and improves micropropagation under aseptic conditions in

the short term (Birch 1997). Plant cells possess high plas-

ticity potential for cell differentiation. Stresses such as

pathogen infection or wounding may lead to the production

of tumours or callus. The history of the first callus growth

traced back to 1979 when Neely described a massive and

disorganized cell mass in debarked trees (Neely 1979).

Embryogenic calli, rather than direct tissues such as imma-

ture inflorescences, shoot spices, leaves and roots, is an

effective and safe tool for regeneration of wild and modified

plants in vitro conditions (Benlioglu et al. 2015). Interest-

ingly, calli are divided to various subgroups according to

their microscopic traits. For instance, calli with some organ

regeneration are named embryonic, shooty or rooty calli,

whereas calli without organ regeneration are called compact

or friable callus (Ikeuchi et al. 2013). Callogenesis and

growth highly depend on genotype, basal saltmediums, plant

growth regulators (PGRs), organic components, carbohy-

drate, explants and adjuvant materials (Pawar et al. 2015).

Additionally, media strength is another essential factor to

regulate callus’ growth and regeneration (Din et al. 2016).

A single or combination of PGRs plays a pivotal role in

tissue culture growth, cell division and morphogenesis

(Dahot 2007). Auxins are involved in several develop-

mental pathways of crops, including rooting, abscission,

internodes and stem elongation, apical dominance and

tropisms (Visarada and Sarma 2002; Roy et al. 2015; Din

et al. 2016). Auxins in tissue culture induce embryogenic

and organogenic differentiation, cyto-differentiation and

cell division. Natural auxins such as indole-3-acetic acid

(IAA), indole-3-butyric acid (IBA), a-naphthaleneacetic

acid (NAA), para-chlorophenoxyacetic acid (p-CPA),

4-amino-3, 5,6-tricholoropyridinecarboxylic acid (piclo-

ram), 2,4-dicholorophenoxyacetic acid (2,4-D), 2,4,5-tri-

cholorophenoxyacetic acid (2,4,5-T), naphthoxyacetic acid

(NOA) and 3,6-dichloro-o-anisic acid (dicamba) are

examples of synthetic auxins in plants. IAA, IBA and NAA

mainly interact with cytokinin to proliferate shoots and

induce roots. The three auxins have been implicated in

tracheid differentiation of callus and cell culture (Bhojwani

and Dantu 2013). 2,4,-D and 2,4,5-T (systematic herbi-

cides) promote callogenesis, differentiation and growth.

Noticeably, 2,4-D, dicamba and picloram are the pivotal

auxins for somatic embryogenesis. Although 2,4-D is used

for the majority of plants, dicamba and picloram are par-

ticularly used for monocots and legumes, respectively

(Konaté et al. 2013; Egan et al. 2014).

Cytokinins are N6-substituted adenine derivatives

which naturally affect shoot differentiation, apical domi-

nance modification and cell division. BAP [(benzylamino)

purine, kinetin (6-furfurylamino) purine (KIN), 6-(c,c-

dimethylallyl amino) purine)], Thidiazuron (TDZ), 2iP [(2-

isopentenyl)-adenine, a dipheny1-substituted urea and

zeatin [6-(4-hydroxy-3- methyl but-2-enyl amino)-purine)]

are common sorts of cytokinins (Bhojwani and Dantu

2013). Cytokinins decrease the apical meristem dominance

and induce adventitious shoots formation and auxiliary

from meristematic explants (Ngomuo and Ndakidemi

2013). The ratio of auxin/cytokinin in the medium may

lead to somatic embryo’s development as well as root and

shoot induction (Azizi et al. 2015).

The explant’s type and age, physiological stage and

differentiation degree of tissues have been recognized as

the most important factors influencing regeneration via

somatic embryogenesis. Generally speaking, meristematic

tissues and immature organs which possess undifferenti-

ated cells are appropriate explants for plant regeneration.

Reportedly, immature embryos are the suitable responsive

explants for rice tissue culture (Haque et al. 2003; Konaté

et al. 2013; Vennapusa et al. 2015). Due to some restriction

factors such as a shorter period of time for the immature

embryos’ cycle, seasonal limitations and dormancy, other

sorts of explants which are available during the year may

be the appropriate choice (Hoque and Mansfield 2004; Wu

et al. 2013). In comparison with immature seeds, mature

seeds are not appropriate explants for embryogenic callus

for recalcitrant plants in tissue culture. Seeds of various

recalcitrant plant species like Indica rice may possess

restrictions in promoting callus in vitro culture (Thokozani

et al. 2013). Efforts have been made to find appropriate rice

explants to induce embryogenic calli under suitable in vitro

conditions (Zuraida et al. 2011).

Artificial media are not a fully autotrophic method. For

the plant to survive, it needs energy and the osmotic

potential needs a carbohydrate source in the culture media

itself (Yaseen et al. 2013). Water movement and potential

and mineral movements in the media are the most impor-

tant factors that are affected by carbon sources (Buah et al.

2011). Based on plants spices’ genotype and explants,

many carbon sources have been used to develop somatic

embryogenesis (Buah et al. 2011; Yaseen et al. 2013).

Growth, development and morphogenesis of plant organs,

tissues and cells in vitro culture are importantly affected by

the composition of mineral nutrients (Sivanesan and Park

2014). Nutritional supplements including proline and

casein hydrolysate have been reported to increase callus

induction (Lin and Zhang 2005). Proline is an a-amino acid

that is essential for embryogenic callus growth, formation

and primary metabolism (Szabados and Savoure 2010; Che

Radziah et al. 2012; Pawar et al. 2015). Interaction with
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nitrogen sources such as ammonium and nitrate is the main

function of proline in plant tissue culture (Holme et al.

1997). Silicon (Si), the most abundant mineral and organic

nutrient in soil, is beneficial for growth, improvement and

production of plant spices (Sahebi et al. 2015). Addition-

ally, Si in tissue culture may improve embryogenesis,

organogenesis, and the physiological and anatomical

characteristics of explants. Accordingly, Si may participate

in various crop tissue cultures including secondary

metabolites production, micropropagation, organogenesis,

somatic embryogenesis and cryopreservation (Sivanesan

and Park 2014). Although silicon is not an essential

nutrient for all plants, many plants accumulate higher sil-

icon levels than essential macronutrients (Abro et al. 2009).

Rice (Oryza sativa L.) is the main staple food source for

more than half of the world’s population (Zuraida et al.

2010). Asian cultivated rice comprise of two main classes,

the Japonica (Oryza sativa ssp. Japonica) and Indica (Oryza

sativa ssp.Indica). In South-East and South Asia countries,

the Indica species is the most cultivated rice (Zhang et al.

2005). Some Malaysian rice cultivars have been shown to

have poor responses to callus induction, growth, prolifera-

tion and regeneration. Diverse tissue culture protocols in

different rice cultivars were mostly because of different

developmental stages of explants and genotypes potential

(Saharan et al. 2004; Islam et al. 2005; Khaleda and Al-

Forkan 2006; Zuraida et al. 2010; Islam et al. 2014).

Azizi et al. (2015) showed that two Malaysian cultivars,

namely MARDI’s Quality rice 74 (MRQ74) and MRQ50,

also had the lowest number of callus induction from seed,

proliferation and regeneration frequency. Among the four

Malaysian upland rice cultivars, Kusan and Siam cultivars

showed lowest response in terms of callus induction fre-

quency and regeneration capability of the embryogenic

callus (Shahsavari 2010). MR219 cultivar is an Indica rice

developed via a cross between MR151 and MR137 by the

Malaysian Agricultural Research and Development Institute

(MARDI), in 2001 (Talei et al. 2013). The cultivar has been

considered as a high production rice with an appropriate

quality in taste and shape, but sensitive to environmental

changes (Panjaitan et al. 2009). In spite of some agricultural

advantages of MR219, the rice cultivar is regarded as a

recalcitrant variety. Although various protocols have been

reported for micropropagation of MR219, its callogenesis

and regeneration ratio are still limited. However, it seems

that by evaluating the effect of other factors such as 2,4,5-T,

other explants and the suitable time to add adjuvant mate-

rials as well as using specific PGRs in the relevant stages,

researchers can find new insights into the tissue culture of

recalcitrant plant species such as MR219.

Keeping in view the above facts, in the present inves-

tigation we attempted to develop a robust protocol for

callogenesis, proliferation and plant regeneration of

MR219 by using different concentrations of PGRs, inter-

actions of auxin/cytokinin, explants and adjuvant materials.

Materials and methods

Plant materials and culture conditions

MR219 seeds were obtained from the Malaysian Agricul-

tural Research and Development Institute (MARDI),

Seberang Perai, Malaysia. The mature seeds were dehusked

and rinsed with running water for 1 h. The dehulled seeds

were surface sterilized with 70% (v/v) ethanol for 3 min and

rinsed with double distilled water to remove ethanol traces.

Then, the dehusked seeds were shaken in 40% (v/v) sodium

hypochlorite for 20 min. The seeds were rinsed thoroughly

with double distilled water before being dried on sterilized

filter papers in a petri dish. TheMurashige and Skoog (1962)

medium supplemented with 2.75 g L-1gelrite, 30 g L-1

sucrose and modified B5 vitamin (Nwe et al. 2011) was used

as the basal medium. The medium’s pH was adjusted to 5.8,

then autoclaved and cooled under a laminar flow cabinet.

Callus frequency players

Optimization of auxins application on callus frequency

MS basal media supplemented with 1 mg L-1 of different

types of auxins, 2,4-D, NAA, IBA, picloram, dicamba and

2,4,5-T were used for rice callogenesis. In the experiment,

callus induction frequency (Azizi et al. 2015), days to

callus induction and rooty or shooty callus induction per-

centages (R/S CI %) were evaluated after four weeks.

Then, to optimize the concentration of auxin used, MS

media were supplemented with different concentrations of

2,4-D (control, 0.5, 1, 1.5, 2, 2.5, 3, 5, 10, 15 and

20 mg L-1). Parameters recorded were days to callus

induction and dead explants/no callus induction.

Effect of different explants on callus frequency

To find out the effects of explants on callus frequency,

different explants involving seeds, roots, shoots and leave

were used. To obtain the roots, shoots and leaves explants,

the rice seeds were cultured in MSO (MS media-free

hormone) media. Two weeks after germination of seeds in

the media, the explants were excised and transferred to MS

media supplemented with the best 2,4-D concentration

(2 mg L-1) achieved form the previous step. In the current

experiment, various traits such as callus induction fre-

quency, days to callus induction and dead explants were

evaluated after 4 weeks. For callus frequency experiments,

three replicates with 40 samples were implemented.
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Callus growth orchestration

To find out the most effective adjuvant materials on callus

growth, MS media supplemented with 2 mg L-1 of 2,4-D

were used as selection media. In the current step, various

cytokinins, casein hydrolysate, proline and silicon con-

centrations were evaluated.

Effect of various cytokinin concentrations on callus growth

To optimize the callus growth pattern, 200 mg callus

achieved from the previous steps was cultured in the

selected MS media supplemented with 0, 1, 2 and 3 mg

L-1 of BAP, KIN, TDZ and Zeatin. MS media added with

2 mg L-1 of 2,4-D were used as control. After culturing

calli in the selection media added with cytokinins, the petri

dishes were kept in the dark place in the chamber room at

25 �C. For callus growth curve identification, the calluses’

fresh and dry weight was measured at weekly intervals for

7 weeks.

Effect of various adjuvant materials and concentrations

on callus growth

To find out the effect of different adjuvant materials and

concentrations, experiments were implemented using

casein hydrolysate, L-proline and potassium metasilicate.

To run the investigation, MS proliferation media (MS

selection media added with 2 mg L-1 of 2,4-D and

2 mg L-1 of KIN) were applied simultaneously in three

separate steps. To this end, the four-week-old clump callus

(200 mg) was transferred to MS proliferation media sup-

plemented with 0, 50, 100, 150 and 200 mg L-1 of casein

hydrolysate, L-proline and 0, 10, 20, 30, 40 mg L-1 of

potassium metasilicate (K2SiO3). To identify the effect of

each treatment on callus growth, the fresh and dry weights

of calli were evaluated in week 4 (the highest fresh and dry

weight callus achieved from the last step).

Plant regeneration symphony

To find out the optimum regeneration media, regeneration

experiments were implemented by using different con-

centrations of cytokinins, auxins, L- proline, casein

hydrolysate and potassium metasilicate.

Effect of various cytokinin concentrations on plant

regeneration

Two grams of seven-week-old clump calluses was trans-

ferred to the initial MS regeneration media supplemented

with 2 mg L-1 of 2,4-D, 0, 1, 2, 3, 4 and 5 mg L-1 of

BAP, KIN, TDZ and Zeatin. The culture media were

placed under light conditions at 27 �C with a 16-h photo

period (110 mmol/m2/s) for 20 days.

Effect of various auxin concentrations on plant

regeneration

Two grams of seven-week-old clump calluses was trans-

ferred to the MS regeneration media supplemented with

2 mg L-1 of 2,4-D, 3 mg L-1 of KIN, 0, 1, 2 and

3 mg L-1 of IAA, ABA, NAA. As a control treatment, a

MS medium added with 2 mg L-1 of 2,4-D, 3 mg L-1of

KIN was used. The culture media were placed under light

conditions at 27 �C with a 16-h photo period (110 mmol/

m2/s) for 20 days.

Effect of various adjuvant material concentrations on plant

regeneration

Two grams of seven-week-old clump calli was transferred

to MS regeneration media supplemented with 2 mg L-1 of

2,4-D, 3 mg L-1 of KIN, 2 mg L-1 NAA, 0, 50, 100, 150

and 200 mg L-1 of casein hydrolysate and L-proline and 0,

10, 20, 30, 40 mg L-1 of potassium metasilicate (K2SiO3)

simultaneously. The culture media were placed under light

conditions at 27 �C with a 16-h photo period (110 mmol/

m2/s) for 20 days.

For all the regeneration experiments, the green plantlet

differentiation rate was measured as follows.

Green plantlet differentiation rate %ð Þ

¼ number of green planlet differentiation

number of callus inoculated
� 100

Regenerated plantlets’ protection art

One-month-old regenerated plants were transferred to

various root induction media. To this end, MS media added

with diverse concentrations of IAA, IBA and ABA, 0, 0.1,

0.2, 0.3 and 0.4 were used. Before transferring the regen-

erated plants to the new media, the mean of root length was

measured. After one month, the root length mean was

calculated again and the percentage of increasing root

length was evaluated. Root segments above 2 mm were

assumed as induced roots. After root and shoot induction,

the explants were transferred to Yoshida media and then

transferred to the soil.

Localization of potassium metasilicate in treated

samples

Quantitative analysis and images of samples under potas-

sium metasilicate (K2SiO3) were obtained using energy-

dispersive X-ray spectroscopy (EDX) (LEO 1455 VPSEM,

New England) and scanning electron microscopy (SEM).
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To evaluate the amount of silicon by EDX, energy to

wavelengths were measured as follows

Wavelength Að Þ ¼ 12:3983

Energy keVð Þ

Three independent replicates of control and treated

samples were used to display the effect of potassium

metasilicate accumulation in calli and roots of the individual

samples. To evaluate the silicon content of samples, three

different spectrums of roots were randomly measured for

each image. The magnification and accelerating voltage of

images are 350 9 and 20.00 kV, respectively.

Statistical analysis method

To analyse the data, the SAS software version 9.4 was

used. The level of significance was evaluated from the

analysis of variance (ANOVA). Duncan’s multiple range

was used to compare the mean values, and interpretations

were made accordingly.

Results and discussion

Callus induction frequency

Effect of different auxins on callus frequency

The initial step of this experiment was designed to identify

the best auxin effect on callus frequency, days to callus

induction and R/S CI %. The results showed significant

differences between the average of callus frequency and

R/S CI % for treatments. In spite of R/S CI %, days to

callus induction for auxins which produced calli were not

significant (Fig. 1). Meanwhile, seeds in the control treat-

ments germinated without callogenesis (Fig. 2a). Accord-

ingly, among all the auxins, 2,4-D produced the highest

callus frequencies, 61% without rooty or shooty callus

(Fig. 2b), whereas lower percentage of callogenesis was

observed in picloram (16%) (Fig. 2d), dicamba (19%)

(Fig. 2e) and 2,4,5-T (14%) (Fig. 2f) treatments. On the

other hand, NAA and IBA treatments induced roots and

shoots only in seeds (Fig. 2c).

Interestingly, structural cell wall materials’ deposition

such as pectin, hemicellulose and cellulose is essential for

inducing, maintaining or/and establishing cellular differen-

tiation and proliferation steps. Therefore, calli are induced

under the loss-of-function mutations in cell wall (Iwai et al.

2002). Callogenesis is usually accompanied by tissue

reunion or cork formation and is occasionally followed by

organogenesis (Blackman and Matthaei 1901; Walles and

Buvat 1989; Sugiyama 2015). Three dependent pathways

are assumed for the organogenesis process in vitro condi-

tions. In the initial step, cells are able to response to

organogenesis induction signals such as PGRs (competence

acquisition). During the second step, competent cells are

determined and canalized by a suitable growth regulator

balance for a specific organogenesis (organogenesis induc-

tion). Finally, organ development happens independently of

external PGRs (morphological differentiation) (Wani et al.

2011; Sugiyama 2015). While in the current study, the most

effective auxin to initiate callogenesis is 2,4-D, some

researchers prefer to use IAA or NAA (Wani et al. 2011;

Ngomuo and Ndakidemi 2013). Based on the evaluated

traits in the present phase, plant cells under 2,4-D are able to

produce higher percentages of callus. To achieve the second

Fig. 1 Effect of different auxins on the seed callus frequency, days to callus induction and R/S CI %. Means followed by the same letter are not

significantly different based on analysis of variance at the 0.01 level
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phase where the competent cells should be canalized to

perform specific pathways of organogenesis, the experiment

stage was implemented to release the best 2,4-D concen-

tration on the somatic callus induction. Rahman et al. (2007)

reported that 2,4-D possess the capacity to remove actin and

slow down cytoplasmatic streaming. Reportedly, the actin

cytoskeleton shows an active role in the elaboration of cell

division, expansion, differentiation and organ initiation by

specific changes in cell morphology and cytoarchitecture

(Kandasamy et al. 2001). Actin cytoskeleton structures are

affected by 2,4-D, which leads to crop epinasty, the mobility

alteration of mitochondria and peroxisomes into the cell

environments, and an impression on their metabolism, as

they share many metabolites with each other and with

chloroplasts. Lastly, reactive oxygen species (ROS) pro-

duction is blocked by the antioxidant activity of peroxi-

somes in different cell parts. A reduced peroxisomes

antioxidative function was observed after affection of actin

polymerization and bundling by auxinic herbicides. Hence,

the cell enters a state of severe oxidative stress because of

the loss of peroxisomes and the mitochondria actions

(Rodrı́guez-Serrano et al. 2014).

Effect of 2,4-D concentrations on callus frequency

In the second step of this experiment, the effects of various

concentrations of 2,4-D on the callus frequency percentage,

days to callus induction and dead seeds/no callus were

evaluated. Analysis of different concentrations of 2,4-D

showed significant differences between all the traits.

Interestingly, the highest percentage of callus frequency

was observed in 2 mg L-1 of 2,4-D (75%), whereas the

lowest percentage of callus frequency was found in the

higher levels of 2,4-D in 10, 15 and 5 mg L-1 with 44, 48

and 49%, respectively. On the other hand, the lowest and

highest numbers of days to callus induction were observed

at 2, 15 and 20 mg L-1 of 2,4-D at 13, 21 and 20 days,

respectively. Finally, 2 mg L-1 of 2,4-D produced less

dead seeds or seeds without callus (22%) but regulated the

promotion of germinated seeds (Fig. 3).

The embryogenic calli produced in 2 mg L-1 of 2,4-D

were compact, nodular, dry, iso-diametric, big and rather

regular in size and were tightly held together, relatively

smooth and yellowish to whitish (Fig. 4a). In contrast, non-

embryogenic calli were elongated, soft and loosely held

cells on the surface (Fig. 4b), which turned brown and died

(Fig. 4c). In parallel with the above observations, Chris-

tianson and Warnick (1985) and Rashid et al. (2009)

reported that nodular and compact type of calli showed the

unorganized cell division with highly viable cells for

additional culture growth. Based on Jila et al. (2014), the

calli colour is the suitable selection criterion for classifying

embryogenic calli. Reportedly, the inhibitory impact of

2,4-D on chlorophyll formation may be cause of the

whitish or yellowish calli (Shukla et al. 2014). According

to the results of the present experiment, the frequency of

callus induction between different treatments was signifi-

cant, and the quality had improved in the MS media sup-

plemented with 2 mg L-1 of 2,4-D. Nonetheless, due to the

low rate of callus induction in the mentioned media, the

Fig. 2 Callogenesis of MR219 in various auxins treatments. 2. a Control (MSO), 2. b 2,4-D, 2. c NAA, 2. d picloram, 2. e dicamba and 2.

f 2,4,5-T after one month. Red bar indicates 0.5 cm
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next step was designed to find out the efficiency of explants

in response to the optimized media.

Effect of various explants on callus frequency

The mean comparison of different explant treatments

revealed that there are significant differences (p B 0.01)

among the four rice explants in terms of callus frequency,

days to callus induction and dead explants/no callus. In

comparisons with other explants, root possesses the

highest callus frequency, lowest days to callus induction

and lowest percentage of dead explants/no callus.

Although the highest callus frequency was observed in

roots and seeds with 82 and 76%, respectively, the days to

callus induction between roots and seeds was not signif-

icant. On the other hand, the percentage of callus induc-

tions was low and the days to callus induction % was

higher than both root and seed explants. These results

confirmed that root was the best explants, whereas the

lowest amount of the measured traits was found in leaf

explants (Fig. 5).

Single totipotent cells and the fertilized egg are the

initial sources of all cell sorts which compose multi-cel-

lular tissues and organisms via successive cell division as

well as cell differentiation procedures. In plant, most cells

possess the totipotency potential, since they are able to

regenerate the complete array of plant tissues via already

differentiated organs. A wide spectrum of crop tissues has

been shown the ability to regenerate whole plants under

suitable culture conditions (Stefanello et al. 2005; Thoko-

zani et al. 2013; Rodrı́guez-Serrano et al. 2014; Ahmad

et al. 2015; Vennapusa et al. 2015; Elhiti and Stasolla

2016).

In plants kingdom, pericycle is a vital tissue which

enables plants development through various cell types

activity at all stages of life. Reportedly, root or shoot

explants of Arabidopsis culture in callus-inducing medium

(CIM) added with cytokinin and auxin induced callus from

Fig. 3 Effect of different 2,4-D concentrations on the seeds callus frequency, days to callus induction and dead seed or no callus induction.

Means followed by the same letter are not significantly different based on analysis of variance at the 0.05 level

Fig. 4 Callogenesis of MR219 in MS media supplemented with 2 mg of L-1 of 2,4-D. 3. a embryogenic callus, 3. b non-embryogenic callus and

3. c dead callus
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pericycle cells adjacent to the xylem poles. Additionally,

shoot and root regeneration seemed to partly resemble the

lateral root meristem formation (Jia et al. 2014; Ji et al.

2015). Interestingly, the root or shoot calli are not unor-

ganized cells mass, as they were organized structures

similar to the primordia of lateral roots (Jia et al. 2014).

Furthermore, the transcriptome analysis showed that the

gene expression profile of these calli types is similar to the

root meristems (Atta et al. 2009). Sugimoto et al. (2010)

revealed that aerial organs calli such as petals and cotyle-

dons possess organized structures resembling lateral root

primordia. In the current step, using excised roots has been

established as a suitable tentative model for the callogen-

esis step.

Callus growth orchestration

Effect of cytokinins concentrations on callus growth

Fresh and dry callus growth rates were significant between

all the treatments. The lowest and highest growth rates

belonged to control (no cytokinin) and 2 mg L-1 of KIN.

Meanwhile, the highest fresh and dry weight (Fig. 6) rates

belonged to week 4 for lots of cytokinins treatments. This

results show that the combination of cytokines with auxins

were more effective in the induction and proliferation of

embryogenic callus. Interestingly, while auxin (2,4-D)

increases the callus’ quality, cytokinins like KIN increase

the callus growth rate. In this step, the differences between

PGR combinations may be due to the physiological activity

of the cytokinins. The experiment results showed that using

2,4-D alone is not suitable to proliferate and increase cal-

lus. Meanwhile, the maintenance of callus in the media for

long periods of time releases inhibitory effects on callus

proliferation. In the weekly analysis, the highest rate of

compact, yellowish, iso-diametric cells and smooth callus

were observed in week four of 2 mg L-1 of KIN (Fig. 7a).

After four weeks, growth weight was decreased and leads

to change the callus colour to brown (Fig. 7b). Reportedly,

the positive effect of auxins and cytokinins concentrations

was seen in embryogenic types of Indica rice and maize

callus (Valvekens et al. 1988; Li et al. 2009; Sugimoto

et al. 2010).

Effect of various adjuvant material concentrations

on callus growth

In the current step, there were significant differences in the

fresh and dry callus growth of L-proline treatment. Firstly,

in the proline experiment, the highest and lowest callus’

fresh weights (0.26 gm) were observed in MS media sup-

plemented with 50 mg L-1 proline and control (0.21 gm).

On the other hand, the highest and lowest dry weights were

found in 50 mg L-1 proline (0.068 gm) and 200 mg L-1

proline (0.04 gm) (Fig. 8a).

Although there were significant differences between

callus’ fresh weights in the casein hydrolysate treatments,

there was no significant differences found in callus dry

weights in casein hydrolysate treatments. In the casein

hydrolysate treatment, the highest and lowest rates of cal-

lus’ fresh growth rates were observed in 100 mg L-1

casein hydrolysate(0.26 gm) and control (0.201) (Fig. 8a).

While the callus’ dry weights in casein hydrolysate were

not significant, the highest and lowest rates were found

in100 mg L-1 casein hydrolysate (0.07 gr) and control

(0.05) (Fig. 8a).

Figure 8b shows that callus’ fresh weights were signif-

icantly (p B 0.01) different, but callus’ dry weights were

not significantly different in the potassium metasilicate

treatments. In parallel with the above results, the highest

and lowest callus fresh weights were seen in

30 mg L-1(0.24 gm) and control (0.05 gm) (Fig. 8b). The

Fig. 5 Effect of various

explants on the callus

frequency, days to callus

induction and dead explants or

no callus induction. Means

followed by the same letter are

not significantly different based

on analysis of variance at the

0.05 level
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Fig. 6 Effect of various

cytokinins on the callus growth

6. a fresh and 6. b dry weight

Fig. 7 Callus proliferation steps in 7. a week four and 7. b week seven in MS media supplemented with 2 mg L-1 of 2,4-D ?2 mg L-1 of KIN

Fig. 8 Callus fresh and dry weight in week four for different concentrations of 8. a proline and casein hydrolysate and 8. b Potassium

metasilicate (silicon) in MS media supplemented with 2 mg L-1 of 2,4-D ?2 mg L-1 of KIN

Int. J. Environ. Sci. Technol. (2017) 14:1091–1108 1099

123



highest and lowest callus dry weights were also found

in30 mg L-1 (0.05 gm) and control (0.04 gm).

Nutritional additions such as proline and casein

hydrolysate have been reported to improve callusing

reaction (Lin and Zhang 2005). Accumulation of proline

occurs in plants, marine invertebrates, eubacteria and

protozoa after adverse conditions (Pawar et al. 2015).

Accumulation of this anti-stress has been described after

drought, low temperature, high temperature, salt heavy

metal, UV irradiation, anaerobiosis, atmospheric pollution

and pathogen infection (Hare and Cress 1997; Rach-

mawati and Anzai 2006; Narciso and Hattori 2010; Pawar

et al. 2015). Generally speaking, proline accumulation in

plants leads to enzymatic regulator functions, osmo-pro-

tection, carbon reverse and nutritional nitrogen storage

under stress (Holme et al. 1997). Proline is added to the

media as an organic nitrogen source. The promotive

effects of L-proline on inducing and proliferating

embryogenesis callus were observed in different plants

such as Oryza sativa, Dactylis glomerata and Zea maize

(Siripornadulsil et al. 2002; Pawar et al. 2015). Report-

edly, the proline’s presence in the medium appears to

produce a required stress condition where there is a

decrease in water potential, increasing the nutritional

elements accumulation in cells, callus and enhance

embryogenesis. Although the biochemical and physio-

logical roles of proline in tissue culture are still unclear,

the interaction of proline with nitrogen sources of media

such as nitrate and ammonium content has been reported.

Hence, proline accumulation is effective for the prolifer-

ation, initiation and maintenance of embryogenic callus

(Chowdhry et al. 1993; Verbruggen and Hermans 2008).

Nonetheless, high accumulation of proline causes toxicity

affects, which leads to negative impact on callus growth

rate (Hare and Cress 1997).

Casein hydrolysate is a rich source of phosphate, cal-

cium, vitamins, several microelements and a mixture of up

to 18 amino acids. This nutrient may overcome the short-

age or lack of glutamine while there is inadequate phos-

phorus for adequate biosynthesis. It has been reported that

the addition of casein hydrolysate is more effective than the

addition of main amino acids alone (Verbruggen and

Hermans 2008; Pawar et al. 2015) due to the fact that

proline and casein hydrolysate provide a more accessible to

nitrogen source. A low concentration of proline and casein

hydrolysate is non-toxic which helps maintain the cell for a

longer period (Siripornadulsil et al. 2002; Verbruggen and

Hermans 2008).

Numerous investigations have reported that biosilica

treatment can improve the growth rate and production of

different plants, especially while plants are subjected to

adverse conditions (Moghaddam et al. 2000; Ma 2004;

Vogel 2005; Abro et al. 2009; Sivanesan and Park 2014).

The availability of silicon in crop production area and

hydroponic system is limited. Accumulation of silicon in

soilless substrate or nutrient solutions increases growth

traits, quality and yield of diverse plants (Ma 2004). In

another report, the highest callus induction frequency in

rice was achieved in MS media containing CaSiO3 (He

et al. 2013). Generally, the biosilica effect on physio-

logical and morphological potential of in vitro crop

cultures depends on genotype, species and silicon con-

centrations (Sivanesan and Park 2014). In the current

experiment, the calli in the MS media supplemented with

30 mg L-1 absorbed silicon from the media (Fig. 9).

Silicon may increase the structural stability of callus

during its growth and proliferation as has been observed

by George and Sherrington (1984). Interestingly, from

our observation, the accumulation of silicon in the MS

media promoted calli production obtained from root

explants and stem nodal, whereas the promotion of

somatic embryogenesis was dependent of the explants.

For example, in Phragmites australis sodium silicate

(Na2SiO3) induced somatic embryos in calli from root

explants, but could not stimulate embryogenesis of stem

nodal calli (He et al. 2013). The callus in our experiment

was induced from root explants, and the high frequency

of calli growth on MS media supplemented with

30 mg L-1 of silicon may be due to this explants source,

root.

Fig. 9 Electron microscopy

image showing the calli in 9.

a control and 9. b 30 mg L-1 of

silicon (white mass)
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Plant regeneration symphony

Effect of various cytokinin concentrations on plant

regeneration

To identify the ability of cytokinin, MS media supple-

mented with 2 mg L-1 of 2,4-D and four different types

of cytokinin were implemented on the callus regenera-

tion. The regeneration results showed significant differ-

ences between all the cytokinin concentrations (Fig. 10).

MS media supplemented with KIN and BAP were more

efficient in enhancing regeneration in comparison with

Zeatin or TDZ combinations where no callus regenera-

tion were observed. Based on the results, 3 mg L-1 of

KIN (7%) was found to be the most efficient for the

regeneration, and all the KIN combinations showed

better efficiency as compared to BAP combinations.

Therefore, KIN was chosen to be used for the subse-

quent experiments. No callus regenerations were

observed in control (no cytokinin) and TDZ. In a related

experiment, Azizi et al. (2015) successfully studied the

regeneration of different Indica rice varieties and found

that KIN had the best efficiency compared with other

cytokinin concentrations.

In the current experiment, the colour of some parts of

transferred calli (Fig. 11a) changed to green spots in

regeneration media (Fig. 11b). The lustrous green spot

calli covered with sickle-shaped trichomes (Fig. 11c)

grow to shoots (Fig. 11d) and regenerate (Fig. 11e),

whereas the pale green calli with whitish hairs did not

incuse shoots in the regeneration media. On the other

hand, non-somatic embryogenic calli did not induce green

spots and after one month; it changed to a brown mass and

died (Fig. 11f).

Effects of various auxin concentrations on plant

regeneration

There were significant differences in the plant regenerations

from various auxin concentrations. A comparison of plant

regeneration percentage showed that the MS medium sup-

plemented with 2 mg L-1 of NAA at 9.3% was statistically

significant and the best auxin concentration as compared to

others (Fig. 12). The second best auxin combination was the

MS medium supplemented with ABA (all concentrations),

NAA with 1 mg L-1 and IAA with 3 mg L-1 where the

average of regeneration percentage was superior compared to

other treatments. Control treatment (MSmediawith cytokinin

and without additional auxins) regenerated less explants.

Based on the results of the current steps, the highest regen-

erated percentages were achieved inMSmedia supplemented

with 3 mg L-1 of KIN and 2 mg L-1 of NAA (Fig. 12).

In general, plant tissue culturists have applied two key

methods to exhibit the hormone regulation effects on somatic

embryogenesis. Firstly, culture mediums are supplemented

with PGRs (assessing diverse substances, applications period

and concentrations) to induce the desired developmental

pattern. It is usually done in trial-and-error experiments to

propose suitable conditions, combination and concentrations

of PGRs (Park et al. 2005; Jiménez 2005; Stefanello et al.

2005; Máthé et al. 2012). Secondly, with the improvement of

adequate techniques to investigate small molecules such as

PGRs, the role of compounds in controlling somatic

embryogenesis was recognized. To understand thementioned

mechanisms, the relation of endogenous concentrations and

callus morphogenesis plays significant roles (Máthé et al.

2012). Therefore, the interaction of high auxin/cytokinin ratio

prompts root induction, while a low ratio induces shoot

induction (Arunyanart and Chaitrayagun 2005).

Fig. 10 Effect of different cytokinin concentrations on the plant regeneration. Means followed by the same letter are not significantly different

based on analysis of variance at the 0.05 level
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Effects of various adjuvant material concentrations

on plant regeneration

In the current study, the effects of three different adjuvant

tissue culture materials were evaluated. Our results show

that among all L-proline concentrations, 100 mg L-1 had

the highest percentage of regeneration. Nonetheless, the

regenerations were not significant between other proline

concentrations and control. On the other hand, the casein

hydrolysate analysis demonstrated no significant differ-

ences between various concentrations of casamino acids

and the control (Fig. 13a). The silicon experiment results

showed that the most efficient treatment was 30 mg L-1,

followed by 50 mg L-1, whereas other concentrations of

silicon were not significantly different (Fig. 13b).

Another important parameter for a highly effective

micropropagation is the capability to produce a uniform,

extensive and rapid shoot proliferation (Su et al. 2011). The

development and multiplication of shoots in a medium

depend upon various aspects (Chen and Ziv 2003), among

which is supplementing of exogenous proline, casamino

and silicon that contribute to the growth in vitro conditions

(Haque et al. 2003). While in vitro cells are usually able to

synthesize their essential amino acids, the addition of

Fig. 11 Various steps in regeneration of rice calli in regeneration medium, 11. a embryogenesis calli, 11. b initial green spot, 11. c lustrous

green spot calli with sickle-shaped trichomes, 11. d regenerated calli, 11. e shoot induction and 11. f) dead calli in the same medium

Fig. 12 Effect of different

auxins concentrations on the

plant regeneration. Means

followed by the same letter are

not significantly different based

on analysis of variance at the

0.05 level
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casein hydrolysate and proline may increase the cell

development. The use of amino acid such as proline and

casein hydrolysate has been reported to have positive

consequences on callus frequency and regeneration in rice

(Siripornadulsil et al. 2002; Verbruggen and Hermans

2008; Sugimoto et al. 2010; Pawar et al. 2015).

As mentioned earlier, one of the most important effects

of silicon on plants is to increase the plants photosynthetic

activity and nutrient uptake (Sahebi et al. 2016). Although

silicon is not being a part of any plant tissue culture media,

the positive role of Si to improve physiological and mor-

phologic potentials such as increasing callus growth and

regeneration has been shown in different in vitro cultures

(Ma 2004; He et al. 2013; Sivanesan and Park 2014).

Biosilica, for example, is preferentially placed in leaf hull

and sheath, leaf blades, vascular and epidermal stem tissues

to improve proliferations (De Paiva Neto and Otoni 2003)

and by using silicon as a fertilizer, some plants achieve

thickness in their tissues (Moghaddam et al. 2000). In rice,

it has been found that silicon is deposited in epidermal cell

walls with a silicon-cuticle double-layer form (Ma 2004).

In rice leaves, silicon is deposited in a ‘‘dumbbell’’-type

structure by lignification process which plant leaf size rises

as it matures. Silicon was found to be deposited also in the

lumen of cells through needle-like silica structures

moulding the inner cell walls (Ning et al. 2014). In our

experiment, we found the silicon accumulation in the

treated plants (30 mg L-1 of silicon treatment; Fig. 14a,

Fig. 13 Effect of different 13. a L-proline, casamino acids and 13. b silicon concentrations on the plant regeneration. Means followed by the

same letter are not significantly different based on analysis of variance at the 0.01 level

Fig. 14 Electron microscopy image showing the root. a control and

b 30 mg L-1 of silicon (white spots). Electron microscopy image of

root samples (control) in three spectrum sa1/sa2/sa3 and silicon

treatment sb1/sb2 and sb3. The comparison of quantitative measure-

ments of three random selected samples of roots under control and

silicon treatments
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b). The differences between the regenerations may occur

due to the decrease in hyperhydric shoot induction and

increase in mechanical strength. Silicon has been reported

to decrease the hydrogen peroxide content and oxidative

reductive enzyme activity such as ascorbate oxidase, APX

and GPX. The energy-dispersive X-ray spectroscopy

(EDX) and scanning electron microscopy (SEM) results

confirmed the existence of silicon in the regenerated root

explants (Fig. 14). The biosilica accumulation in the root’s

cell as well as cell walls’ inner space showed the positive

effects of silicon on the regeneration and development of

the plants. Silicon is usually transferred from the rice roots

to shoots and is unloaded into stem and leaf. Still, addi-

tional research is necessary to understand the molecular

and biochemical network of biosilica on somatic embryo-

genesis and organogenesis.

Regenerated plantlets’ protection art

Due to the restriction in root induction and length after one

month of regeneration, various concentrations of auxins

were needed to induce more roots and increase root length.

In general, our results indicated that the percentages of

increase in root length were significant (p B 0.01) at

0.4 mg L-1 of IBA (52%). The lowest percentage belongs

to the control (34%) (Fig. 15). Rooting stage that needs to

be induced possesses diverse PGRs requirements (Kido

et al. 2015). Among the PGRs, auxin has shown an

essential function in regulating root growth and is involved

in the adventitious rooting process (Zhang et al. 2013).

Furthermore, the rooting system re-establishment from

tissues without pre-existing meristems often depends on the

use of exogenous auxins (De Klerk et al. 1995). Previous

researches have shown that auxin treatments either inhibit

or stimulate root production system depending on the

concentration utilized (Pan and Tian 1999). Reportedly,

root growth is a part of a quantitative genetic character

controlled by PGR signals, mainly by auxins. Synthetic

auxins such as IAA, NAA and IBA have been described to

be better in root development compared to diverse explants

(Pan and Tian 1999). In our experiment, 0.4 mg L-1 of

IBA was more effective auxins as compared to the other

auxin such as IAA and ABA in developing the root sys-

tems. This observation has also been reported elsewhere,

for example IBA showed a better auxin for adventitious

root growth and development in W. somnifera (Baraldi

et al. 1995), O. prostrata (Martin et al. 2008), O. stamineus

(Leng and Lai-Keng 2004), P. corylifolia (Baskaran and

Jayabalan 2009) and E. angustifolia (Baskaran and Jaya-

balan 2009).

Conclusion

Generally, the in vitro system is a reliable tool in

biotechnology to study cell signalling, molecular biology,

physiology, morphogenesis, and plant growth and devel-

opment. To this point, a number of protocols have been

optimized for rice tissue culture. However, several

restrictive factors have been observed in the micropropa-

gation of Indica rice. The MR219 cultivar that is hybrid

rice possesses high quality (taste and shape) and yield in

Malaysia. Although different protocols have been intro-

duced for callogenesis and plant regeneration Indica rice,

the current experiment focused on the different sides of

MR219 tissue culture such as root explant, addition of

silicon and evaluation of in vitro factors in different cul-

turing steps. The finding of this investigation revealed that

to achieve high-efficiency protocol based on plants’

requirements, researchers should focus on specific factors

Fig. 15 Effect of different IAA,

IBA and ABA concentration

(0.1, 0.2, 0.3 and 0.4 mg L-1)

on the plant regeneration.

Means followed by the same

letter are not significantly

different based on analysis of

variance at the 0.01 level
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separately. Although 2,4,5-T is an Agent Orange like 2,4-

D, the reaction of these auxins was significantly different in

response to callogenesis. In this investigation, we intro-

duced root as an appropriate explant for callogenesis of

MR219. We have found also L-proline and casein hydro-

lysate are showing reliable effects on tissue culture pro-

cedures, and as far as usage of silicon, this is the first report

to show the suitability of silicon as adjuvant for MR219

micropropagation. In conclusion, for the callogenesis of

MR219 the best recipe is MS media added with 2 mg L-1

of 2,4-D with root as the explant. For the proliferation

phase, the highest efficiency was observed at week eight in

the MS media supplemented with 2 mg L-1 of 2,4-D,

2 mg L-1 of kinetin, 50 mg L-1 of L-proline, 100 mg L-1

of casein hydrolysate and 30 mg L-1 of potassium

metasilicate. Finally, MS media supplemented with

3 mg L-1 of KIN, 30 mg L-1 of potassium metasilicate

and 2 mg L-1 of NAA were selected as the best media

condition for regeneration section. To promote the roots of

regenerated explants, 0.4 mg L-1 of IBA has shown

potential as an appropriate activator.
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