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ABSTRACT 
Mulberry (Morus spp.) is an economically important tree grown widely in China, India and several other countries in Asia. The major 
economic product of mulberry is its leaf which is used for feeding the monophagous silkworm Bombyx mori L. Mulberry leaf is also used 
as fodder for livestock. Mulberry fruit is good for human consumption. Although mulberry is amenable to both sexual and asexual 
methods of reproduction, due to the high heterozygosity of the parental lines and long juvenile periods, propagation is mainly through 
stem cuttings or bud grafting. However, success of propagation through stem cuttings is greatly dependent on the genotype, environment, 
and age of the planting materials. Besides, most of the temperate species are hard to root from the stem cuttings. Micropropagation is seen 
as a cost effective method for propagation of these species, though a number of factors affect the success. In this article, we summarize 
these factors along with the causes and remedies for them. Other applications of tissue culture such as germplasm conservation, screening 
for stress tolerance, triploid developments, genetic transformation, and their impacts on the sericulture industry have also been detailed 
and discussed. 
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INTRODUCTION 
 
Mulberry (Morus) of the family Moraceae is one of the 
most economically important tree crops in Asia, as the leaf 

of mulberry is the sole food material available for rearing 
the silkworm Bombyx mori L. It is estimated that the cost of 
mulberry leaf production alone covers more than 60% of 
the cocoon production cost (Das and Krishnaswami 1965). 
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Therefore, high leaf productivity is essential for sustaining 
profitability in sericulture. Additionally, in several countries 
where sericulture is not popular, mulberry leaf is used as 
fodder for livestock (Castro 1989; Benavides et al. 1994). 
Since mulberry fruit is good for human consumption, many 
commercial products such as jam, marmalade, frozen des-
serts, pulp, juice, paste, ice cream, and wine are produced 
from it (Koyuncu 2004). Mulberry trees are good for land-
scaping as well (Tipton 1994). Although mulberry has its 
origin in the Himalayan foothills (Vavilov 1951; Benavides 
et al. 1994; Hou 1994), currently it is present in both old 
and new world regions (Yokoyama 1962). Morphologically, 
mulberry is a fast growing deciduous woody perennial tree 
with a deep root system; alternate, stipulate, petiolate, entire 
or lobed leaves; catkins with pendent or drooping peduncle 
bearing unisexual flowers; and the fruit as a sorosis com-
posed of a collection of individual achenes. Out of the 68 
species that have been reported from mulberry (Katsumata 
1979; Sanjappa 1989), a few important among them in 
terms of leaf, fruit and timber production are M. alba, M. 
indica, M. serrata, M. laevigata, M. multicaulis, M. tar-
tarica, M. nigra, M. australia, M. cathyana, M. mierovra M. 
atropurpurea, M. mizuho, M. rubra, M. insgnis, M. meso-
zygia, and M. macroura (Tikader et al. 2010). 
 
CONVENTIONAL PROPAGATION TECHNIQUES IN 
MULBERRY 

 
Mulberry is amenable to both sexual and asexual modes of 
reproduction. Owing to the heterozygosity of the parents, 
propagation through seeds is not practiced commercially as 
seed-grown plants show a high degree of variability. Deve-
loping inbred lines in mulberry is not easy due to a longer 
juvenile period, high inbreeding depression and the dioeci-
ous nature of the plant (Vijayan 2010). Therefore, com-
mercially, mulberry is propagated primarily by planting 
stem cuttings directly in the field or raising saplings in the 
nursery and later transplanting them into the field. One of 
the advantages of propagation through stem cuttings is the 
ability of perpetuating the good characteristics of the 
mother plant without any alteration. Likewise, triploids can 
only be propagated vegetatively. However, the degree of 
success of propagation through stem cuttings depends on a 
number of factors such as the origin of the genotype (most 
of the genotypes originating from temperate regions do to 
root from stem cuttings), the physiological condition of the 
plant, the age of the stem and environmental conditions 
(Ohyama and Oka 1987; Narayan et al. 1989). Nonetheless, 
60-80% success can be obtained from tropical genotypes if 
appropriate cultural practices are assumed (Sau et al. 1995; 
Tikader et al. 1995a). Grafting of desirable scions into es-
tablished seedlings is also practiced in some areas where 
plating with stem cuttings is not possible or the genotype is 
not suitable for propagation through stem cuttings. Spring 
budding is the most common method used in mulberry, 
wherein a ‘T-cut’ is made in the rootstock and a smooth, 
sloping cut is made on the lower end of the scion. The scion 
is then inserted into the ‘T-cut’, wrapped, and sealed with 
grafting wax. 

 
MICROPROPAGATION FROM AXILLARY AND 
ADVENTITIOUS SHOOTS 

 
Although propagation through stem cuttings is easy and 
economical, its success depends on a number of factors as 
mentioned above. Furthermore, newly developed mulberry 
varieties cannot be immediately propagated through stem 
cuttings into large areas. Additional problems in developing 
saplings in a nursery such as maintenance and management 
costs for 6-12 months (Kapur et al. 2001), seasonal influ-
ence (during winter period no propagation can be achieved) 
and the loss of vigor of plants grown from stem cuttings as 
compared to those from seedlings (Bapat et al. 1987; Zaman 
et al. 1997) requires a viable alternative with which mul-
berry can be propagated rapidly in a cost-effective way. 

Micropropagation provides such an alternative tool for the 
rapid and cost-effective multiplication of mulberry, as a 
large number of clones can be produced in a relatively short 
time and space. 

 
Importance of explants 
 
Explants have key roles in the success of micropropagation 
as the initial establishment and the speed of subsequent 
multiplication steps under in vitro conditions are greatly 
dependent on the genetic make up, age and origin, physiolo-
gical and pathological conditions of the explants. Ohyama 
(1970), using axillary buds of M. alba, demonstrated for the 
first time that complete plants could be regenerated if ex-
plants are cultured on Murashige and Skoog (1962) medium 
supplemented with growth regulators. Later, Oka and Oh-
yama (1974, 1975, 1978, 1982, 1986, 1987) demonstrated 
that adventitious buds could directly be induced from nodal, 
shoot-tip and leaf explants without the formation of inter-
mediate callus in mulberry (Table 1). Generally for mul-
berry micropropagation, shoot tips and nodal segments of 
juvenile or adult shoots of current year growth with dor-
mant axillary buds are found to be best, as evident from 
Table 1 (Mhatre et al. 1985; Enomoto 1987; Ivanica 1987; 
Chattopadhyay and Datta 1990; Chattopadhyay et al. 1990; 
Jain et al. 1990; Sharma and Thorpe 1990; Tiwary and Rao 
1990; Yadav et al. 1990; Hossain et al. 1992; Pattnaik et al. 
1996; Pattnaik and Chand 1997; Chitra et al. 2002; Bahu 
and Wakhlu 2003). Embryos, hypocotyls, cotyledons and 
leaf tips were also found to be suitable for micropropaga-
tion (Kim et al. 1985; Thomas 2003). 

 
Effect of media on shoot proliferation 
 
Media composition is another key factor that affects the 
success of micropropagation of any plant (Table 1). There-
fore, much effort has been made to standardize the culture 
medium. The basal medium found best suited for mulberry 
shoot multiplication is full-strength MS (Murashige and 
Skoog 1962) medium, although other media like AE (Von 
Arnold and Eriksson 1981), B5 (Gambhorg et al. 1968) and 
woody plant medium (WPM) (Lloyd and McCown 1980) 
also showed varying degrees of success (Kim et al. 1985; 
Narayan et al. 1989; Chitra et al. 2002; Bahu and Wakhlu 
2003). Kim et al. (1985) compared zygotic embryos grown 
in media with and without plant growth regulators (PGRs) 
as initial explants for shoot initiation and multiplication. 
They found that explants such as young leaf tips (10-15 
days old) from embryos grown in media containing 2 mg  
L-1 6-benzylamino purine (BAP) formed buds within 4 
weeks but no buds formed on PGR-free media; rather, only 
callus formed. This difference in the response of explants 
from different growing conditions could be due to the effect 
of PGRs on the physiological condition of the explant. In 
another study, Anis et al. (2003) used explants from field-
grown plants on MS basal medium containing different 
combinations of BAP, �-naphthaleneacetic acid (NAA), 
asparagine and glutamine, the latter two being amino acids. 
They found that MS medium containing 2 mg L-1 BAP + 
0.2 mg L-1 NAA + 25 mg L-1 asparagine + 1 mg L-1 gluta-
mine was the best among all the media combinations for 
shoot formation. Yadav et al. (1990), Patnaik and Chand 
(1997) and Chitra and Padmaja (1999) also observed that 
BAP was more effective than Kinetin (Kn) for shoot induc-
tion from both shoot tip and nodal explants. Chitra and 
Padmaja (2002) found that the addition of 0.5 mg L-1 BAP 
was suitable for shoot multiplication inducing 6–8 shoots 
per culture in all cultivars after 30 days. However, Bhau and 
Wakhlu (2003) found that an increase of 6-benzyladenine 
(BA) above 2 mg L-1 inhibited shoot initiation and multipli-
cation in M. alba and M. multicaulis genotypes. Although 
sucrose was the most commonly used carbohydrate for 
most micropropagation studies, Oka and Ohyama (1982) 
found fructose (3%) to be a better carbon source than suc-
rose (3%) for in vitro plant induction from bud cultures of 
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Table 1 Explants, media and plant growth regulators (PGR) used for micropropagation of mulberry (Morus spp.). 
Species Cultivar Explants Shoot initiation-

Medium and 
PGR (mgL-1) 

Shoot multiplication-
Medium and PGR 
(mgL-1) 

Rooting- Medium 
and PGR (mgL-1) 

Remarks References 

M. alba Kenmochi Winter buds MS + BA (1) -- --- Only shoot 
initiation 

Oka and 
Ohyama 1974

M. alba Kenmochi 
Ichinose 

Axillary buds MS + BA (1)+ 
NAA (1) 

MS + BA (1) + NAA (1) --- Shoot formation Oka and 
Ohyama 1975

M. spp. --- Shoot tips MS + BA (1) + 
GA3 (1) 

MS + BA (1) + GA3 (1) MS + NAA (1) Plants transferred 
to soil 

Ohyyama and 
Oka 1976 

M. alba -- Axillary buds SDS + BA (1) MS + BA (1) + NAA (1) --- Shoot formation Oka and 
Ohyama 1978

M. alba Yanagima 
Kenmochi 

Winter buds. 
Young leaves 

MS + BA (1-10 ) MS + BA (1-10) MS + NAA (0.1) Plants transferred 
to soil 

Oka and 
Ohyama 1981

M. alba -- Hypocotyl, 
Cotyledon, 
Eipcotyledon 

MS + BA (1)/ 4PU 
(1)/ NAA (1) 

MS + BA (1)/ 4PU (1)/ 
NAA(1) 

--- Shoot formation Oka and 
Ohyama 1982

M. indica -- Axillary buds MS + IBA (0.5) + 
2,4D (1) + NAA 
(0.5) 

MS + IBA (0.5 ) + 2,4D 
(0.5) + NAA (0.5) 

MS + Kn (1) + 
NAA (0.5) 

--- Patel et al. 1983

M. alba -- Mature embryos, 
cotyledons, 
leaves 

MS/ AE + BA 
(1.0-5.0) + NAA 
(0.001-0.1) 

MS/AE + BA (1.0-5.0) 
+ NAA (0.001-0.1) 

MS + IBA (0.1-
5.0) 

Plants transferred 
to soil 

Kim et al. 1985

M. nigra -- Shoot tips Snirs media with 
Knop’s micro + 
BA (1) 

Snirs media with 
Knop’s micro+ BA (1)

MS + IBA (0.2) + 
NAA (0.2) 

Plants transferred 
to soil 

Ivanicka 1987

M. nigra -- Shoot tips 
Nodal segments 

MS + BA (1) MS + BA (1) MS Plants transferred 
to soil 

Enomoto 1987

M. alba --- Nodal segments MS + BA (0.5) MS + BA (0.5) MS + BA (0.5) + 
Activated 
charcoal) 

Plants transferred 
to soil 

Sharma and 
Thrope 1990 

M. bombycis Schimanochi, 
Mizusawa 

Axillary buds MS+ BAP (0.25-
2.0); GA3 (0.5-1.0)

MS + BAP (0.25-2.0);
GA3 (0.5-1.0) 

MS + IBA (0.5) Plants transferred 
to soil 

Jain et al. 1990

M. alba S1 Axillary buds MS + BA (.75) + 
NAA (0.2) 

MS + BA (3) + NAA 
(0.2) 

½ MS + NAA (0.2) Plants transferred 
to soil 

Chattopadyay et 
al. 1990 

M. laevigata --- Nodal segment MS + BA (0.5) MS + BA (2.5) MS + IBA (0.2) + 
NAA (0.2) 

Plants transferred 
to soil 

Hossain etal. 
1992 

M. spp. 10 hybrids Axillary buds MS + BA (1) MS + BA (1) MS + NAA (0.5) Plants transferred 
to soil 

Raghunath et 
al. 1992 

M. laevigata --- Nodal segment MS + BA (2.25) MS+ BA (2.25) MS + IBA (0.1) Plants transferred 
to soil 

Islam et al. 
1993 

M. alba S1 Nodal segment MS + BAP (2.0) MS+ BAP (2.0) MS + IBA (0.1) Plants transferred 
to soil 

Islam et al. 
1994 

M. alba ---- Shoot tips Liquid MS + 4PU 
(4 ) + BA (1) 

Liquid MS + 4PU (4) + 
BA (1) 

MS + NAA (1) Plants transferred 
to soil 

Hayashi and 
Oka 1995 

M. australis --- Shoot tips , 
Nodal segments 

MS + BA (1)+ 
GA3 (0.5) 

MS + BA (1)+ GA3 

(0.5) 
1/2MS + IAA/ 
IPA/ IBA (1) 

Plants transferred 
to soil 

Pattnaik et al. 
1996 

M. alba V1, S34 Apical buds MS + BA (2) MS + BA (2.0) MS + NAA (0.1) 
IBA (1) 

Plants transferred 
to soil 

Tewary et al. 
1995 

M. alba --- Nodal explant MS + BAP (2) + 
IAA (0.5) 

MS + BAP (2) + IAA 
(0.5 ) 

1/2MS+ IBA (0.5) Plants transferred 
to soil 

Verma et al. 
1996 

M. cathyana, 
M. lohu 
M. serrata 

-- Apical buds, 
Nodal segments 

MS + BA (0.5-
1.0), GA3 (0.4) 

MS + BA (0.5-1.0), GA3

(0.4) 
½ MS + IAA (1) Plants transferred 

to soil 
Pattnaik and 
Chand 1997 

M. alba S1 Apical buds MS + BAP (2) MS + BAP (2) MS + NAA ( 0.5) Plants transferred 
to soil 

Chakraborti et 
al. 1998 

M. indica --- Shoot apex, 
Nodal segment 

MS + CPP (2) MS+ CPP (2) MS + CPP (0.5) Plants transferred 
to soil 

Tewary and 
Oka 1999 

M. indica 
M. alba 

--- M-5 MS + 2,4D (0.3) MS + BA (0.5-1.0)/ BA 
(4.0 ) + GA3 (0.05) 

MS + 2,4 D (1) Plants transferred 
to soil 

Chitra and 
Padmaja 1999

M. alba M5, S36, S13 
 
 
Chinawhite 

Nodal segment MS + 2,4D (0.3) 
 
 
MS + Kn (2) 

MS + BA (0.5) IAA (0.1 and 1)/ 
IBA (0.1 and 1)/ 
NAA (0.1 and 1)/ 
2,4-D (0.1and 1) 

Plant transferred 
to soil 

Chitra and 
Padmaja 2002

M. latifolia --- Nodal segments MS + BA (2) MS + BA (2) MS + IBA (1) Plants transferred 
to soil 

Lu 2002 

M. alba --- Shoot tips, 
Nodal segments 

MS + BA (2) + 
NAA (0.2) 

MS + BA (2) + NAA 
(0.2) 

MS + NAA (1) Plants transferred 
to soil 

Anis et al. 2003

M alba China white, 
Kokuso-27, 
Ichinose 

Nodal segment, 
Shoot tips 

MS + BA (1.0-4.0) MS + BA (1.5) MS + NAA (0.5-
1.0)/ IBA (0.5-1.0) 

Plants transferred 
to soil 

Bhau and 
Wakhlu 2003 

M. alba S36, S1, K2 Cotyledons MS + TDZ (1.5) MS+ BA (1.2) IBA / NAA (0.25) Plant transferred 
to soil 

Thomas 2003 
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M. alba, which was later confirmed by Chitra and Padmaja 
(2002) and Lu (2002) as the rate of shoot multiplication was 
increased by a factor of 6.5 shoots per culture in four cul-
tivars such as M5, S-13, S36 and M. alba cv. ‘China White’. 
Vijayan et al. (2000) tested the effect of sucrose (3%), glu-
cose (3%), fructose (3%) and maltose (3%) on shoot forma-
tion from leaf explants and found glucose to be best. How-
ever, Chitra et al. (2002) observed that shoot tips cultured 
on medium supplemented with glucose turned pale green 
whereas those cultured on medium supplemented with mal-
tose induced buds with no further growth. Furthermore, 
they found 2,4-dichlorophenoxy acetic acid (2,4-D) to be 
the best PGR for sprouting and growth in cultivars like ‘M-
5’, ‘S-13’ and ‘S-36’ whereas Kn was best for ‘China 
White’, which is a cultivar with poor rooting from stem cut-
tings. Among the range of pH levels tested, a pH of 5.6-5.8 
was best for shoot multiplication in mulberry (Oka and Oh-
yama 1978; Enomoto 1987). Similarly, the optimum con-
centration of agar was 0.8% (Patel et al. 1983; Mhatre et al. 
1985; Enomoto 1987; Pattnaik and Chand 1997; Thomas 
2003). Shoot growth was inhibited by 1.0% agar than by 
0.8% agar (Oka and Ohyama 1978). 

 
Effect of media on rooting 
 
Production of plantlets with profuse rooting in vitro is im-
portant for successful field establishment of in vitro regene-
rated plants (Ohyama 1970). Therefore, the effect of geno-
type, media composition and PGRs on root growth and 
development in mulberry was investigated in detail. Nara-
yan et al. (1989) reported 95% success in rooting from M. 
alba cultivar ‘S1’ in half-strength MS medium supplemen-
ted with 0.5 mg L-1 NAA. Later, Yadav et al. (1990) found 
indole-3-butyric acid (IBA) to be the best auxin for induc-
tion of rooting from M. nigra. However, Anuradha and Pul-
laiah (1992), Hossain et al. (1992) and Rao and Bapat 
(1993) confirmed the superiority of NAA for root initiation 
and growth in mulberry. Recently, several auxins such as 
NAA, indole-3-acetic acid (IAA), IBA and 2,4-D were used 
singly or in combination to induce rooting from in vitro 
raised shoots of many cultivars (Table 1). Chitra and Pad-
maja (2002) got better root induction with 2,4-D. However, 
Vijayan et al. (2003) found NAA to be better for root initia-
tion in 63 genotypes of mulberry from different species. 
Similarly, Vijayan et al. (1998) observed that higher con-
centrations of auxins (> 1.0 mg L-1) inhibited root induction. 
Thus, overall, it is evident that in mulberry in vitro rooting 
greatly depends on genotype and the nature and concentra-
tion of PGRs. Although NAA at 0.1-0.2 mg L-1 is capable of 
inducing roots from most species, other mild auxins like 
IBA or IAA are also effective in certain genotypes. In gene-
ral, rooting initiates within 12-18 days of explant transfer as 
seen with M. laevigata (Hossain et al. 1992; Islam et al. 
1993) and M. cathayana and M. lhou (Pattnaik and Chand 
1997). 

 
 

Hardening and transfer of plants into the field 
 
Hardening of plants developed in vitro is one of the critical 
steps in the field establishment of micropropagated plants. 
Achievement of uniform plant growth and high survival 
rate not only demand good greenhouse conditions, but also 
modifications of the internal microclimate to match the 
local environment (Mondal et al. 2004). Patnaik and Chand 
(1997) transferred plantlets with well-developed roots to 
plastic pots (5 cm diameter) containing autoclaved vermi-
compost (Ranjan’s Agrotech, Bhubaneswar, India). The pot-
ted plantlets were maintained inside a plant growth chamber 
(SICO, India) with 80–85% relative humidity, 25 ± 1°C and 
50 �E m–2 s–1 light intensity, provided by cool white fluo-
rescent tubes. Plantlets were watered every 4 days for a pe-
riod of 2 weeks. They were then transferred to earthenware 
pots (12 cm diameter) containing garden soil (50% soil+ 
50% compost) and kept under shade for 3 weeks before 
transferring to an experimental garden. Chakraborti et al. 
(1998) transferred the rooted plants to small plastic cups (5 
cm diameter) containing autoclaved fine soil and main-
tained them in a culture room with 80–85% relative humi-
dity, 25 ± 1°C and 50 �E m–2 s–1 light intensity, provided by 
cool white fluorescent tubes. The plants were covered with 
polythene bags to maintain better humidity. For the first 
week plantlets were moistened with ½-strength MS basal 
liquid. After two weeks, the plants were transferred to ear-
then pots containing sand, soil and farmyard manure (1: 1: 
1; w/w/w) and kept under shade in the greenhouse for 60 
days. Thereafter, the plants were transferred to normal 
growing conditions in the greenhouse and kept there for 6 
months. After 6 months growth the plants were transferred 
to the field and planted at 60 cm × 60 cm spacing. Zaman et 
al. (1997) transferred the plantlets after thorough washing 
to remove the remaining media, into polythene bags con-
taining non–sterile garden soil and compost (1: 1) and kept 
for the first 2 weeks inside a growth chamber at 26 � 2°C 
with 16-h photoperiod provided by 60–70 μmol m-2 S-1. 
Later the plants were transferred to the field. Bhau and 
Wakhlu (2001) transferred the rooted plants to plastic cups 
containing a mixture of vermiculite and sand (1: 1). The 
plantlets were covered with polythene bags to maintain high 
humidity and were placed in a shaded place. Plantlets were 
watered every 2 days with Knop’s solution for a period of 4 
weeks, and then transplanted to polythene bags containing 
garden soil, sand and farmyard manure (1: 1: 1) and kept in 
the shade for 2 weeks. 

 
Biological hardening 
 
Biological hardening is another effective method for har-
dening micropropagated plants. The major advantage of this 
technique is the earlier conditioning of the micropropagated 
plants to the challenges of biotic stress caused by soils mic-
robes. Since micropropagated plants are developed under 
sterile conditions, their sudden exposure to soil pathogens 
make them highly vulnerable to many diseases like dam-

Table 1 (Cont.) 
Species Cultivar Explants Shoot initiation-

Medium and 
PGR (mgL-1) 

Shoot multiplication-
Medium and PGR 
(mgL-1) 

Rooting- Medium 
and PGR (mgL-1) 

Remarks References 

M. alaba M5, S36, S13 
 
 
Chinawhite 

Leaves MS + BAP (0.5 
and 1) or TDZ (0.5 
and 1) 

MS + BAP (0.5 and 1) 
or TDZ (.5 and 1) 

IAA (0.1 and 1), 
IBA (0.1 and 1, 
NAA 
(0.1 and 1) or 2,4-
D (0.1 and 1) 

Plant transferred 
to soil 

Chitra and 
Padmaja 2005

M.alba Sujanpur Nodal segments MS + BA (2.5) + 
GA3 (0.3) 

MS + BA (2.5)+ GA3 
(0.3) 

MS + IBA (1.0) Plants transferred 
to soil 

Kashyap and 
Sharma 2006 

M. alba Sujanpur  MS + BA (2.5) + 
GA3 (0.3) 

MS + BA (2.5)+ GA3 
(0.3) 

MS + IBA (1.0) Plant transferred 
to soil 

Ahmed et al. 
2007 

AE: von Arnold and Eriksson (1981) medium, MS: Murashige and Skoog (1962) medium, 4PU: [NL(2-chloro-4-pyridyl)NLphenyl-urea], 2,4-D: 2,4-dichlorophenoxyacetic 
acid, BA: 6-benzyladenine, BAP: 6-benzylamino purine, IAA: indole-3-acetic acid, IBA: indole-3-butyric acid, IPA: indole-3-proponic acid, GA3: gibberellic acid, Kn: 
kinetin, NAA: �-naphthaleneacetic acid, TDZ: thidiazuron. 
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ping off, bacterial canker, etc. Therefore, it is desirable to 
expose the micropropagated plants gradually to microbial 
attack by co-cultivating them with known microbial cul-
tures (Mathur et al. 2008). Many fungi like vesicular arbus-
cular mycorrhiza (VAM), Trichoderma and Piriformospora 
indica have been found to be suitable for biological har-
dening of several woody plants (Singh et al. 2000). In mul-
berry, Kasyap and Sharma (2006) used arbuscular mycor-
rhiza (AM) and Azotobactor chroococcum during acclimati-
zation and they obtained more than 50% survival rate in the 
field. 

 
Field performance of micropropagated plants 
 
Although a number of reports are available on micropropa-
gation of mulberry, only one or two studies have been con-
ducted to assess the field performance of micropropagated 
plants. Zaman et al. (1997) using three cultivars demons-
trated that in vitro raised mulberry plants were ore vigorous 
in growth than those raised from stem cuttings. However, 
unlike morphological traits, the biochemical characters did 
not show any significant differences. Since, in micropropa-
gation only proliferation of plants from axillary buds or api-
cal buds is taking place, significant genetic changes cannot 
be expected (Murashige 1974). 

 
Microbial contaminations in micropropagation and 
their control 
 
The major problem that is often encountered in mulberry 
micropropagation is the high rate of contamination, espe-
cially when mature nodal explants are taken from field-
grown plants. Field-grown plants are often heavily contami-
nated with various epiphytic and endophytic organisms. The 
occurrence of microbial contamination also depends on 
genotype, maturity of the explants and seasons. During the 
rainy season, heavy bacterial infection is observed. Patnaik 
and Chand (1997) reported that an initial thorough washing 
of field-grown nodal explants with running water for 1-2 h 
followed by a treatment with 5% (v/v) liquid detergent and 
7% sodium hyphochlorite for 8-10 min are essential before 
surface sterilization with 0.1% aqueous (w/v) mercuric 
chloride (HgCl2) to contain contamination. Narayan et al. 
(1989) washed field-grown nodal explants under running 
tap water, immersed them in 0.1% (w/v) carbendazim, an 
antibiotic, for 20 min and washed them thoroughly with dis-
tilled water before treating with 0.2% (w/v) cetavlon, an 
antiseptic detergent, for 10 min, and with 0.1% (w/v) aque-
ous HgCl2 solution for 5 min for effective surface steriliza-
tion. Chitra and Padmaja (2002) washed nodal explants first 
in running tap water for 30 min and subsequently surface 
sterilized them with 70% alcohol for 1 min followed by 
0.1% HgCl2 for 15 min under sterile conditions. Our per-
sonal experience is that when mature nodal plants are used 
for micropropagation, fungal growth takes place from the 
lenticels and scale leaves after 20-30 days of culture. In 
order to avoid this contamination, it is better to subculture 
newly sprouted young shoots as soon as possible. 

 
ORGANOGENESIS IN MULBERRY 

 
Plant regeneration from somatic cells has a high impact in 
woody tree improvement as it facilitates the development of 
transgenic plants, isolation of somaclonal variants, develop-
ment of stress-tolerant plants through cell line selection and 
multiplication of desirable genotypes (Bajaj 1986; Gupta 
1988). Therefore, attempts have been made in mulberry to 
develop protocols for direct plant regeneration from ex-
plants like leaves, cotyledons, and embryos and also for in-
direct plant development via callus culture (Table 2). Direct 
organogenesis from explants has the advantage of inducing 
the least genetic variation among regenerated plants, i.e. 
clonal propagation whereas organogenesis from callus has 
the advantage of higher plant productivity; moreover, plants 
developed from callus serve as a significant source of varia-

tion for isolation of somaclonal variants with desirable traits. 
 

Explants suitable for induction of callus 
 
A variety of explants have been used to initiate callus in 
mulberry. The first attempt was with cambial regions (Nara-
simhan et al. 1970), which was followed by efforts with 
hypocotyls segments (Kathiravan et al. 1995, 1997; Shaja-
han et al. 1997), cotyledons (Thomas 2003), stem segments 
(Oka and Ohyama 1976; Mhatre et al. 1985; Narayan et al. 
1989; Jain and Datta 1992; Sahoo et al. 1997; Vijayan et al. 
1998; Bhatnagar et al. 2001; Bhau and Wakhlu 2001), and 
young leaves (Susheelamma et al. 1996; Bahu and Wakhlu 
2001; Chitra and Padmaja 2005). Callus formation was ob-
tained from all these explants, though a strong genotype × 
PGR interaction was observed in most cases (Mhatre et al. 
1985; Rao et al. 1989; Susheelamma et al. 1996). From 
these attempts, it became clear that internodal segments 
from young shoots are the best explants for callus initiation 
(Oka and Ohyama 1976; Mhatre et al. 1985; Narayan et al. 
1989; Jain and Datta 1992; Sahoo et al. 1997; Vijayan et al. 
1998; Bhatnagar et al. 2001; Bhau and Wakhlu 2001). 

 
Effect of medium composition on callus induction 
and growth 
 
As in the case of micropropagation, the most common basal 
medium used for callus induction and organogenesis in 
mulberry has been MS medium (Murashige and Skoog 
1962), although some other media like LS medium (Lins-
maier and Skoog 1965) were also tested (Jain and Datta 
1992). Similarly, 2,4-D was the most widely used PGR for 
callus induction. The addition of Kn, IAA and NAA into 
medium together with 2,4-D was found to enhance the pro-
liferation capability of the callus in some cases. It has also 
been noticed that by adding abscisic acid (ABA), viability 
of the callus in the culture medium can be sustained up to 8 
weeks (Onishi et al. 1986). The addition of coconut water 
(CW; 150 ml L-1) and casein acid hydrolysate (CH; 100 mg 
L-1) was found to be essential for callus induction from 
foliar explants cultured on MS medium containing 2 mg L-1 

2,4-D (Susheelamma et al. 1996). Sahoo et al. (1997) found 
that the combination of NAA (2.0 mg L-1) and BA (0.2 mg 
L-1) was essential for callus induction from hypocotyls. 
They also observed that the addition of BA (0.5 mg L-l), CH 
(100 mg L-1) and 15% fresh CW had a positive effect on 
callus induction from internodal segments. Pre-soaking of 
internodal explants in a low concentration of BA (1.0 mg  
L-1) for 48 to 72 h was essential to induce a good amount of 
greenish, friable and nodular callus in M. bombycis (Jain 
and Datta 1992) and the untreated explants developed only 
numerous roots without any callus formation. However, 
Kathiravan et al. (1995) and Bhau and Wakhlu (2001) later 
found that this pretreatment of explants with BA was not a 
prerequisite for callus initiation from explants of other 
genotypes. Thus, overall, it is clear that MS basal medium 
is the best for induction of callus, and the type of explant, 
parental genotype, PGRs and other supplements in the 
medium highly influence induction and development of cal-
lus in mulberry. Similarly, multiplication of callus is essen-
tial for organogenesis as subculturing makes the callus more 
friable and responsive to changes in PGRs (Vijayan et al. 
1998; Bahu and Wakhlu 2001). Subculturing at an interval 
of 4 weeks is better for callus growth and for preventing 
blackening of the callus. 

 
Shoot induction from callus 
 
Shoot buds from callus can be induced by growing the cal-
lus on a medium supplemented with a higher concentration 
of cytokinin and less auxin. BA was the most commonly 
used cytokinin. Narayan et al. (1989) reported successful 
regeneration of plantlets from the callus of M. alba in MS 
medium supplemented with BA (2 mg L-1). In M. bombycis 
shoot buds were induced from callus on LS medium sup- 
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Table 2 Experiments on oraganogenesis in mulberry (Morus spp.) and the results. 
Medium and PGR (mgL-1) Species Cultivar Explant 

Induction Organogenesis Rhizogenesis 
Remark References 

M. alba --- Cambial 
region 

MS + 2,4D (0.06 ) --- --- Up to callus 
formation 

Narasimhan et 
al. 1970 

M. alba Kenmochi, Yoso, 
Ichinose 

Roots, 
Hypocotyl, 
Isolated buds 

MS + 2,4D (1); 
IAA (1.0 )/ NAA 
(1) 

MS + Kn (0.1) + 
NAA (1.0) 
 

MS Plant to soil Ohyama 1970

M. alba --- Young twigs MS + 2,4D/ IAA/ 
IPA/IAA/ NAA/ 
2,4,5 T/GA3 (11) 

--- --- Only rooting 
from callus 

Ghugale et al. 
1971 

M. alba Ichinose Stem 
segments 

MS+2,4D/ IAA/ 
IBA/ Kn/ BA (1) 

-- -- Only callus Oka and 
Ohyama 1973

M. alba Kenmochi Winter buds MS+ BA (1) --- --- Up to shoot 
formation 

Oka and 
Ohyama 1974

M. alba --- Young stem 
pieces 

MS + BA)/ NAA/ 
2,4D (1) 

--- --- Up to callus Oka and 
Ohyama 1976

M. indica --- Axillary buds --- MS + IBA (0.5)_+ 
2,4D (0.5) + NAA 
(0.5 ) 

MS + Kn (1) + 
NAA(0.5 ) 

--- Patel et al. 
1983 

M. alba --- Mature 
embryos, 
cotyledons, 
leaves 

--- MS/AE + BA (1.0-
5.0) + NAA 
(0.001-0.1) 

MS + IBA(0.1-5) Plants transferred 
to soil 

Kim et al. 
1985 

M. indica  Leaves, 
internodal 
segments and 
axillary buds 

MS-macro + micro 
+ B5-vitamins + 
Coconut milk + 
2,4-D (2) 

MS + BA (2) MS (No hormone) Presoaked in BA. 
Plants transferred 
to soil 

Mhatre et al. 
1985 

M. alba S1 Leaves MS (salts) + B5 
(vitamins) + BA 
(2)+ 2,4D (0.5) 

--- --- Callus initiated Tewary et al. 
1989 

M. alba S1 Internodal 
segments 

MS + 2,4D (1 ) + 
BA (05) 

MS + NAA(0.5) + 
BA (2 ) 

MS + NAA (0.5) + 
BA (1) 

Plants transferred 
to soil 

Narayan et al. 
1989 

M. alba S1 Shoot apices MS + NAA (0.5-
2.0)+ BA (2) 

-- MS + NAA (1-2) Plant transferred 
to soil 

Tewary and 
Rao 1990 

M. bombycis  Internodal 
segments 

LS + 2,4D (2) + 
NAA (.5) + BA 
(0.5) 

LS + BA (2) LS + IBA (.2-0.5) Plant transferred 
to soil 

Jain and Datta 
1992 

M. alba MR2 Hypocotyl 
segments 

MS/ LS + IAA 
(0.5) + BA (0.75)

LS + IAA (0.5) + 
BA (0.75) 

IBA (0.75) Plant transferred 
to soil 

Kathiravan et 
al. 1995 

M. alba MR2 Hypocotyl 
segments 

MS + 2,4D (1) + 
BA (0.5) 

Liquid MS + 2,4D 
(0.5) 

--- Embryoids only Shajahan et 
al. 1995 

M. indica  Embryos --- MS salt + B5 
vitamins + TDZ 
(1) 

 Embryoids only Thin and 
Katagiri 1995

Morus spp. 25 genotypes Young leaves MS + 2,4D (2) + 
Casein acid 
hydrolysate (100) 
+ coconut water 
(150 ml L-1) 

MS + BAP (2) + 
NAA (1) 

--- Plant transferred 
to soil 

Susheelamma 
et al. 1996 

M. alba MR2 Hypocotyl 
segments 

MS + 2,4-D (1.5) + 
BA (0.5) 

LS + NAA (0.5) + 
BA (0.75) 

IBA (0. 5) Plant transferred 
to soil 

Kathiravan et 
al. 1997 

M. alba S1 Hypocotyl 
segments 

MS + 2,4D (2) MS + BA (2) NAA (0.1) Plant transferred 
to soil 

Vijayan et al. 
1998 

M. indica S13 Internodal 
segment 

MS + 2,4D (2) + 
BA (0.5) 

MS + BA (0.5) MS + IBA (1) Plant transferred 
to soil 

Sahoo et al. 
1997 

Morus ssp. Shin-ichinose, 
Hayatesakari, Kokuso-
21, Unryu, 
Kyukyokuso, 
Kibanjumonji, Garyu, 
Shidareguwa, 
Jikunashi, Ryomensou, 
Shinjuro, Keikansou, 
Turugisanso 

Leaf explants --- MS + BA (1.02)/ 
B5 + BA (1.02) + 
fructose 

--- Only shoot 
induction from 
leaf explants. 
Nitrate: amonica 
ration was 
optimized as 1:1 
or 3:1. 

Yamanouchi 
et al. 1999 

M. alba S1 Leaf --- MS + BA (2) + 
glucose as the 
carbohydrate 

MS + NAA (0.1) Plant transferred 
to soil 

Vijayan et al. 
2000 

M. alba Chinesewhite, Kokuso, 
Ichinose 

Leaves, 
petioles, 
internodal 
segments 

MS (1) + 2,4-D (1) 
+ BA ( 0.5 ) 

MS + BA ( 1 ) + 
TIBA (0.1) 

MS + IBA/ NAA 
(0.5) 

Plant transferred 
to field 

Bhau and 
Wakhlu 2001
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plemented with BAP 0.5 mg L-1 (Jain et al. 1992). The ad-
dition of gibberellic acid (GA3) and dithiothreitol (DTT) to 
the culture medium breaks pseudo-dormancy and initiates 
the regeneration capacity of stored calli (Yasukura and 
Onishi 1990). Susheelamma et al. (1996) formed shoots by 
transferring callus into MS medium supplemented with 1 
mg L�1 BA. They found that the addition of 0.1 mg L�1 
2,3,5-triiodobenzoic acid (TIBA) to the medium enhanced 
shoot formation. Further, it was reported that TIBA enhan-
ces the long-term organogenic potential of the callus. 
Susheelamma et al. (1996) also observed that there was a 
strong genotypic and hormonal influence on all develop-
mental phases of tissue culture in mulberry. This conforms 
with the findings of Mhatre et al. (1985) and Rao et al. 
(1989) that under the same cultural conditions genotypes 
differ greatly in their response. In addition, the existence of 
a strong genotype × PGR or medium interaction for callus 
initiation from leaf meristems and regeneration ability in 25 
genotypes was also noticed (Susheelamma et al. 1996). 

 
Direct shoot induction from explants 

 
Direct shoot induction from explants like leaves and coty-
ledons has the advantage of generating genetically homo-
genous populations. Direct organogenesis is also important 
for the development of transgenic plants. In mulberry, direct 
plant formation from leaf explants was first reported by 
Kim et al. (1985) and later by Yamanouchi et al. (1999). 
Vijayan et al. (2000) also obtained shoots from leaves on 
MS medium supplemented with 2 mgL-1 BAP and glucose 
as the carbon source. Subsequently, Bhatnagar et al. (2001) 
used hypocotyls, cotyledons, leaves, internodal segments, 
roots and petiole explants to induce direct shoot regenera-
tion on MS medium supplemented with thidiazuron (TDZ). 
They achieved 50% regeneration from hypocotyls and 70% 
regeneration from cotyledons of M. indica cv. ‘K2’. Leaf 
explants produced adventitious buds after 30 days of culture 
on 0.5 mg L-1 TDZ. 7-day old leaf explants excised from in 
vitro cultured axillary buds were more efficient in terms of 
regeneration percentage than leaf explants derived from 
seedlings or from plants growing in an experimental field. 
The effectiveness of TDZ on direct shoot induction from 
leaf explants was later confirmed by Chitra and Padmaja 
(2005) using four cultivars such as M-5, S36, S13 and 
China white. They obtained high shoot regeneration (77.6-
89.2%) by culturing the explants on media containing 18.17 
μM TDZ for the initial 10 days and later on media con-
taining 8.88 μM BAP. Yamanoushi et al. (1999) observed 
that ratio of nitrate ions and ammonium ions in the medium 
plays a crucial role in the induction of shoot buds directly 
from leaves. A 1: 1 or 3: 1 ratio was optimal for direct shoot 
formation. Induction of somatic embryos in mulberry was 

also attempted, though not much success has yet been re-
ported. Nevertheless, Shajahan et al. (1995) reported the 
formation of embryo-like structures from liquid cultures of 
hypocotyls-derived callus. Agarwal et al. (2002, 2004) 
could obtain primary and secondary somatic embryoids by 
culturing zygotic embryos. These reports point to the pos-
sibility of developing suitable protocols for somatic em-
bryogenesis in mulberry. 

 
Development of haploids 

 
Although many years of intense research has led to the 
development of inbred lines through conventional methods, 
no success has been reported to date due to inbreeding 
depression, a long juvenile period, high heterozygosity and 
the dioecious nature of mulberry plants. Inbred lines are 
extremely important for genetic analysis of many important 
traits in mulberry. In fact, the genetic basis of almost all 
agronomically important traits in mulberry is not yet well 
understood. Since doubled haploidy is another way of deve-
loping homozygous lines, efforts have been made to deve-
lop haploid plants through andro- or gynogenesis. The first 
attempt to develop haploids through anther culture was 
made by Lin et al. (1987) and Katagiri (1989). They could 
get only divisions in the cultured pollen. Katagiri and Ven-
kateshwaralu (1991), Venkateshwaralu and Katagiri (1991), 
and Sethi et al. (1992), Tewary et al. (1994) and Chakra-
borti et al. (1999a) reported the formation of globular and 
heart-shaped embryoids from pollen isolated from anthers 
cultured on MS media supplemented with glutamine, CW 
and 2,4-D. Jain et al. (1996) reported the induction of callus 
from microspores cultured at the uninucleate stage on MS 
medium containing 0.5 mg L-1 NAA and 1.0 mg L-1 BA. 
Transferring the callus to MS medium supplemented with 
NAA and BA (each at 0.5 mg L-l), 1.0 mg L- l 2,4-D and 600 
mg L-1 polyvinylpyrrolidone (PVP) promoted the differenti-
ation of callus into different types of embryoids. These em-
bryoids later developed shoots and roots when 2,4-D was 
removed from the medium. However, reproducibility of this 
protocol was later found to be difficult. Subsequently, Tho-
mas et al. (1999) developed protocols for gynogenic hap-
loids. They used MS medium containing 2.0 mg L-1 BA and 
1.0 mg L-1 2,4-D for the first 3 weeks, then used MS 
medium with 1.0 mg L-1 2,4-D, 88.8 mg L-1 glycine and 15 
mg L-1 proline for subsequent culture. Using this technique, 
they developed gynogenic plants which were later trans-
ferred to soil. However, despite of all these efforts no report 
is available where haploid plant was used for development 
of double haploids or for any other breeding or genetic 
studies. Thus, it is essential to make intense efforts to fine 
tune these protocols to develop a large number of haploids 
from desired parental lines for breeding as well as genetic 

Table 2 (Cont.) 
Medium and PGR (mgL-1) Species Cultivar Explant 

Induction Organogenesis Rhizogenesis 
Remark References 

M. indica K2 Hypocotyl, 
cotyledon, 
leaves, 
petioles, 
internodal 
segments and 
roots 

--- MS + TDZ (.5-1) NAA (1) + 0.1 % 
activated charcoal 

Plant transferred 
to field 

Bhatnagar et 
al. 2001 

M. alba  Mature 
zygotic 
embryo 

--- MS + 2,4-D (2) + 
BAP (0.5) 
 

--- Primary zygotic 
embryos 

Agarwal et al. 
2002 

M. alba  Primary 
somatic 
embryos 

 MS + 2,4-D (0.05) 
+ BAP (0.1) and 
6% sucrose 

--- Secondary 
embryoids 

Agarwal et al.
2004. 

M. spp. DD, K2, AR-12, MR-2 Leaf, epicotyl, 
hypocotyl 

 MS+TDZ+IAA+A
gNO3 

 Organogenesis Raghunath et 
al. 2009 

AE: von Arnold and Eriksson (1981) medium, MS: Murashige and Skoog (1962) medium, 4PU: [NL(2-chloro-4-pyridyl)NLphenyl-urea], 2,4-D: 2,4-dichlorophenoxyacetic 
acid, 2,4,5 T: 2,4,5-trichlorophenoxyacetic acid, BA: 6-benzyladenine, BAP: 6-benzylamino purine, IAA: indole-3-acetic acid, IBA: indole-3-butyric acid, IPA: indole-3-
proponic acid, GA3: gibberellic acid, Kn: kinetin, NAA: �-naphthaleneacetic acid, TDZ: thidiazuron. 
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studies. 
 

Development of triploids through endosperm 
culture 

 
Triploids forms of mulberry are superior to diploids and 
tetraploids in growth, biotic and abiotic stresses, leaf yield 
and nutritive qualities of leaves (Seki and Oshikane 1959; 
Hamada 1963). Good characters of mulberry triploids can 
be perpetuated through clonal propagation with out any loss. 
The conventional method of triploid production, by cros-
sing a diploid with artificially induced tetraploids, is leng-
thy and tedious. The endosperm in angiosperms is a triploid 
tissue formed via double fertilization. Therefore, regenera-
tion of plants from endosperm tissue provides an easy and 
direct approach to develop triploids (Bhojwani and Razdan 
1996). Keeping this in view, Thomas et al. (2000) deve-
loped triploids from the endosperms of mulberry variety 
S36. Endosperm cells isolated from young fruits were cul-
tured on MS medium supplemented with 5 μM 2,4-D and 
different concentrations of BA, Kn, TDZ, IBA, NAA, GA3, 
along with tomato juice (TJ), yeast extract (YE), CH and 
coconut water (CW). Shoot buds developed when the callus 
was subcultured on a medium containing a cytokinin or the 
combination of a cytokinin and NAA. The best result for 
callus induction (70–72%) was obtained on MS medium 
with 5 mM BAP, 1 μM NAA and 15% CM or 1000 mg/l 
YE. The maximum number of shoots formed on the 
medium containing 1 μM TDZ, or 5 μM BA and 1 μM 
NAA. Cytological investigation indicated that all 10 plants 
examined cytologically were triploids with 42 chromo-
somes. This clearly proved the efficiency of the protocol 
and it could be used for developing triploids from other 
desirable diploid lines in mulberry. 

 
Protoplast isolation and culture 
 
Non-synchronization of flowering between tropical and 
temperate mulberry genotypes is a big impediment for hyb-
ridizing genotypes from these two groups. Tropical mul-
berry genotypes normally flower at the end of winter and 
the beginning of spring whereas temperate mulberry flowers 
in the middle of spring to the first half of summer (Tikader 
et al. 1995b). In order to overcome this barrier, protoplast 
isolation and subsequent somatic hybridization can be adop-
ted. Efforts have been made to isolate protoplasts from 
callus (Onishi and Kiyama 1987) and leaf mesophyll cells 
(Katagiri 1988; Tewary and Sita 1992; Tewary et al. 1995; 
Umate et al. 2005). Ohnishi and Kiyama (1987) demons-
trated that primary callus culture gives better protoplast 
yield than secondary callus cultures. Tewary and Sita 
(1992) and Umate et al. (2005) found a combination of 2% 
cellulase, 1% macerozyme and 0.5% macerase to be the 
optimal enzyme concentrations for higher protoplast yields. 
Katagiri (1989) and Umate et al. (2005) found that the first 
division of protoplsts occurred on the 4th day of plating on a 
medium containing 2.3 μM zeatin and 2.3 μM 2,4-D. Only 
medium supplemented with 2.3 μM zeatin and 13.5 μM 2-
methoxy-3,6-dichlorobenzoic acid (dicamba) supported 
subsequent divisions. Micro colonies reached approximately 
50 cells after 40-42 days of culture. The cells of these colo-
nies continued growth leading to the formation of micro 
calli. Whole plants were obtained by culturing the micro-
calli on MS medium containing 4.5 μM TDZ and 1.7 μM 
IAA. Earlier, Ming et al. (1992) also demonstrated the rege-
neration of complete plants from callus derived from meso-
phyll protoplasts of mulberry through organogenesis. Simi-
larly, protoplast fusion in mulberry was successfully carried 
out using a chemical fusogen (Onishi and Kiyama 1987) 
and electro-fusion (Onishi and Tanabe 1989). However, fur-
ther reports on the success of somatic hybridization and 
plant regeneration are lacking. Therefore, efforts in this 
direction are urgently needed. 

 
 

Somaclonal variants in mulberry 
 
The potential of somaclonal variation is enormous in asexu-
ally propagated plants like mulberry due to the ease by 
which such variations can be maintained. The first result on 
development of a somaclonal variant (SV1) in mulberry 
was from M. alba var. S1 (Narayan et al. 1993). The leaf 
yield and number of branches of SV1 were superior to those 
of the mother plant S1 (Narayan et al. 1993). Field testing 
at different locations and cultural practices like irrigated, 
rainfed and saline soils revealed that SV1 was better than 
S1 in several agronomic traits, especially leaf yield. SV1 in 
irrigated condition yielded 34,938 kg/ha/year, which was 
26% higher than S1 (28,048 kg/ha/year). Similarly, the 
number of branches and plant height were also significantly 
higher in SV1. In rain-fed condition leaf yield of SV1 
(13,105 kg/ha/year) was slightly higher (6.0%) than S1 (12, 
356kg/ha/year). In saline soil, the leaf yield of SV1 (17,557 
kg/ha/year) was 13.27% higher than S1 (15, 449 kg/ha/ 
year) (Chakraborti et al. 1999b). The same trend was ob-
served in other leaf yield-contributing characters. The 
somaclonal variant was phenotypically stable after repeated 
multiplication through stem cuttings and also under dif-
ferent growing conditions. Based on the result, SV1 has 
been recommended for commercial exploitation under 
irrigated conditions (Chakroborti et al. 1999b). Similarly, 
Susheelamma et al. (1996) also isolated another somaclonal 
variant from plantlets developed through callus culture of 
var. S-14. The somaclonal variant showed beneficial varia-
tions like shorter internodal distance (2.90 cm), thicker 
leaves (150.45 �m), higher chlorophyll content (3.8 mg/g 
fresh wt), higher moisture content (79.50%) and better 
moisture retention (67.80% after 12 hr) compared with the 
same traits in parent plants. These results clearly suggest 
that generation of beneficial somaclonal variants in mul-
berry is quite possible if large-scale attempts are made. 

 
Problems associated with callus culture and 
organogenesis in mulberry 

 
The high phenolic contents often exuded from explants and 
callus makes them brownish due to enzymatic oxidation. 
The oxidative products of phenolic compounds also lower 
the pH of the tissue culture medium, thereby inhibiting fur-
ther growth and development. Several measures like the 
addition of activated charcoal (Mhatre et al. 1985), silver 
nitrate (Chakraborti et al. 1999a), and regular subculturing 
at an interval of 20-25 days (Narayan et al. 1989; Vijayan et 
al. 1998) have been found to be effective to ward off such 
problems to a certain extent. The genotype of the plant also 
plays a major role in the phenol exudation. For instance, 
calli of M. laevigata and M. serrata were found blackening 
much faster than that of M. alba and M. indica. Hence, it is 
difficult to pin-point a single factor and suggests a solution 
for it. The best preventive measure can be decided only 
through trial and error. 

 
OTHER APPLICATIONS OF TISSUE CULTURE 
TECHNIQUES IN MULBERRY 

 
Screening for stress tolerance 
 
Salt tolerance in plants is a complex phenomenon involving 
morphological and developmental changes as well as phy-
siological and biochemical processes. Screening of geno-
types for salt tolerance in field conditions is not a suitable 
procedure as the levels of salinity in the field varies depen-
ding on season and soil depth. Plants also interact with 
many other environmental factors which interfere with the 
expression of salinity tolerance. Therefore, screening of 
plants has to be conducted under controlled environmental 
conditions to facilitate true expression of the plant’s innate 
ability to tolerate the stress caused by salinity. In vitro 
screening of axillary buds and shoot tips for salt tolerance 
was found to be an efficient, rapid and cost effective 
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method for early detection of salt tolerance in mulberry. 
Hossain et al. (1991), Twewary et al. (2000) and Vijayan et 
al. (2003) used this technique to isolate salt-tolerant geno-
types from several germplasm accessions. Testing of the 
selected genotypes in pot culture further confirmed the 
efficacy of in vitro screening for salt tolerance in mulberry. 
Seed germination under in vitro saline conditions was also 
used as a criterion for identification of salt-tolerant maternal 
parents (Vijayan et al. 2004). Ahamad et al. (2007) used in 
vitro screening to study the effect of NaHCO3 on various 
characters of mulberry. They found that 59 mM NaHCO3 
reduces the shoot length by 49.1 and 43.2% and the fresh 
shoot weight by 83.8 and 70.2% in ‘Sujanpuri’ and the local 
cultivar, respectively. Cell line cultures were also used to 
develop salt-tolerant plants in mulberry. Kathiravan et al. 
(1995) developed salt tolerant plants of the cultivar MR2 by 
subjecting the callus continuously to 0.5% NaCl for 8 
months. Regarding drought tolerance, Tewary et al. (2000) 
screened five selected mulberry genotypes such as G2, G3, 
G4, S13 and S34 for osmotic stress using 1.0-10% poly-
ethylene glycol (PEG) to simulate osmotic stress using 14 
different media combinations. Out of the 14 media combi-
nations, the optimum responses were observed on 1 mg/l 
Kn, in the case of G3 genotype, on 2 mg/l Kn with G2 
genotype, on 1 mg/l BAP with G4 genotype and on 2 mg/l 
BAP with S34 and S13 genotypes. S13 itself exhibited the 
highest sprouting percentage and shoot growth compared to 
the other genotypes. The genotype G3 has been identified as 
suitable for drought prone areas. 

 
Induction of tetraploidy 
 
Triploids in mulberry have better leaf yield, stress resis-
tance and leaf quality. In mulberry, leaf is the main produce, 
thus, sterility of triploids does not have any influence either 
on the primary product or the propagation of the plant as 
triploids can be propagated through stem cuttings. There-
fore, efforts have been made to develop triploids through 
crossing between diploids and tetraploids with desirable 
agronomic traits. Tetraploids from desirable diploids are 
developed by treating growing apical buds with colchicine. 
Conventionally, colchicine is applied by maintaining soaked 
cotton pads on actively growing axillary buds for 1-2 days. 
However, in this method cotton pads dry quickly, there is 
excessive loss of colchicines, etc. In order to circumvent 
these problems, in vitro application of colchicine was adop-
ted in mulberry (Chakraborti et al. 1998). Apical buds were 
cultured on MS medium supplemented with 2 mg L-1 BAP 
and four concentrations of colchicine (0.0, 0.05, 0.1 and 
0.2% w/v). Tetraploidy at a frequency of 39.4 ± 4.8% was 
obtained from 0.1% colchicine. A further increase in the 
concentration of colchicine significantly reduced the per-
centage of tetraploids. Morphological, histological and 
cytological evidence showed phenotypic and genomic 
similarities in tetraploids induced in vitro and (conventional 
method) ex vitro. A comparison of both in vitro and ex vitro 
techniques indicated that the in vitro technique was 80.8% 
more efficient than the ex vitro method. The repeated use of 
the same colchicine medium for at least 4 repeated treat-
ments made the in vitro technique more cost effective than 
the ex vitro method. 

 
Synthetic seeds 
 
The acclimatization of tissue cultured plants and their deli-
very to the field is one of the major bottlenecks for wider 
adoption of in vitro technology on a commercial basis. 
Synthetic seed technology has great potential to overcome 
the problems in acclimatization and transportation of in 
vitro developed plants. Synthetic seeds are basically defined 
as "encapsulated somatic embryos which functionally 
mimic seeds and can develop into seedlings under sterile 
conditions" (Bapat 1993). In a broader sense, it would also 
refer to encapsulated buds or any other form of meristems 
which can develop into plants. An encapsulable unit is a 

necessary component of a synthetic seed. In mulberry, syn-
thetic seeds are produced by encapsulating the apical/axil-
lary buds or somatic embryos with 3-5% sodium alginate 
and 100 mM calcium chloride (CaCl2) solution as the com-
plexing agent (Bapat et al. 1987). Sodium alginate solution 
is mixed with tissue culture medium containing all neces-
sary ingredients essential for proper growth. Chand et al. 
(1994) successfully developed a technology for artificial 
seeds in mulberry. The use of synthetic seed technology for 
mulberry propagation is limited to a few species of M. 
indica (Bapat and Rao 1990). The possibility of using in 
vitro-derived vegetative propagules for synthetic seed pro-
duction has been explored by researchers since it is difficult 
to develop somatic embryos in mulberry (Pattnaik and 
Chand 2000; Kavyashree et al. 2004). Shoot cultures estab-
lished from axillary buds on Linsmaier and Skoog’s basal 
medium supplemented with 4 mg L-1 BAP and 1 mg L-1 
TIBA used for encapsulation. Sodium alginate and carboxy 
methyl cellulose were added at 2, 4, 6 and 8% (w/v) to 
liquid initiation medium separately. For complexation, 25 × 
103, 5 × 104, 75 × 103 and 10 × 104 μM CaCl2 solutions 
were prepared using distilled water. Gel was complexed by 
mixing the axillary buds with hydrogels, dropping these 
into different concentrations of CaCl2 solution and incu-
bated in an orbital shaker for different time intervals (20, 30, 
40, 50 and 60 min) to obtain uniform beads. The sodium 
alginate and carboxy methyl cellulose embedded axillary 
buds were collected using a sterilized tea strainer and rinsed 
2–3 times in sterile water to remove traces of CaCl2. The 
synthetic seeds were tested for their conversion potential 
under in vitro and ex vitro conditions. Although different 
concentrations of sodium alginate were used, the best re-
sults were obtained at 4% alginate (Bapat et al. 1987). 

 
Cryopreservation of germplasm 
 
Owing to their high heterozygosity, conservation of mul-
berry germplasm through seeds is not practiced. Therefore, 
mulberry genetic resources are conserved through in ex situ 
germplasms located in different research institutes and bota-
nical gardens. Maintenance of plants in the field is simple, 
technically less demanding and provides easy access to the 
conserved material for divergent uses. However, it is in a 
risk of destruction by natural calamities, pests and diseases. 
Cryopreservation of plant materials has proven to be a 
potentially ideal method for long-term preservation of tree 
crops, because it requires minimum space, labor, medium 
and maintenance cost. Divergent cryopreservation tech-
niques are currently used (Bajaj 2008). The classical tech-
nique was based on freeze-induced dehydration of cells 
while the newer technique was based on vitrification (En-
gelmann 2000). Classical cryopreservation techniques 
involve slow cooling down at a controlled rate (usually 0.1-
4°C/min) down to about -40°C, followed by rapid im-
mersion of samples in liquid nitrogen (N2 (l)). They are 
generally operationally complex, as they require the use of 
sophisticated and expensive programmable freezers. In the 
new vitrification-based procedures, cell dehydration is per-
formed prior to freezing by physical or osmotic dehydration 
of explants. This is followed by ultra-rapid freezing which 
results in vitrification of intracellular solutes, i.e. formation 
of an amorphous glassy structure without occurrence of ice 
crystals, which are detrimental to cellular structural integrity. 
These techniques are less complex and do not require a 
programmable freezer, hence are suited for use in any labo-
ratory with basic facilities for tissue culture. Cryopreserva-
tion involves storage of plant material at ultra-low tempera-
tures in N2 (l) (-196°C). At this temperature, cell division and 
metabolic activities remain suspended and the material can 
be stored without changes for long periods. Thus, cryopre-
servation method ensures genetic stability of mulberry 
germplasm and requires limited space, protects material 
from contamination, involves very little maintenance and is 
considered a cost-effective method for conservation of 
mulberry germplasm. In fact, cryopreservation is the only 
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available method for long-term conservation of vegetatively 
propagated plants like mulberry. In mulberry the most 
appropriate material for cryopreservation is winter buds, 
though embryonic axes, pollen, synthetic seeds can also be 
used (Niino and Sakai 1992; Niino et al. 1992a, 1992b, 
1993; Niino 1995) Keeping this in mind, many laboratories 
across the world has established cryopreservation laborato-
ries. For instance, the cryopreservation facilities at the Cen-
tral Sericutiral Germplasm Resources Centre (CSGRC), 
Hosur are actively involved in preservation of 908 mulberry 
germplasm accessions (Rao et al. 2007). Success has been 
achieved in the cryopreservation of several accessions 
belonging to M. indica, M. alba, M. latfo1ia, M. cathayana, 
M. laevigata, M. nigra, M. australis, M. bombycis, M. 
sinensis, M multicaulis and M. rotundioba. Likewise, fol-
lowing the cryopreservation research by Sakai (1960), 
Japan has undertaken cryopreservation of mulberry at a 
large scale. About 450 germplasm accessions within several 
species have been cryopreserved in N2 (l) tanks in a mul-
berry gene bank (Okuno et al. 2004). Shoot tips of pre-
frozen winter buds of M. bombycis were able to withstand 
long-term storage in N2 (l). The general procedure for cryo-
preservation of shoot tips is that the shoot segments are first 
pre-frozen at -3°C for 10 days, -5°C for 3 days, -10°C for 1 
day and -20°C for 1 day before immersion in N2 (l). Buds 
were cultured on MS medium after thawing in air at 0.0 to 
20.0°C. Survival rate was 55 to 90% (Rao et al. 2007). Prior 
to pre-freezing at -20°C partial dehydration of the bud up to 
38.5% improves the recovery rate. The survival rates of 
winter buds stored in N2 (l) up to 3-5 years did not change 
significantly. Encapsulation of winter hardened shoot tips of 
many mulberry species with calcium alginate coating was 
also tested successfully. In addition, Yakua and Oka (1988) 
conducted experiments on cryopreservation of intact vege-
tative buds of M. bombycis attached to shoot segments by 
prefreezing and storing in N2 (l). The buds were later thawed, 
and the meristems were excised for culture on MS medium 
supplemented with 1 mg L-1 BA to regenerate plants. Either 
prefreezing at -10 or -20°C along with rapid thawing at 
37°C or prefreezing at -20 or -30°C along with slow thaw-
ing at 0°C was a suitable condition for high percentage sur-
vival and shoot regeneration. 

 
Development of transgenic plants 
 
Genetic improvement through gene transfer has not been 
very successful in mulberry due to the recalcitrant nature of 
the plant. Initial attempts to transform mulberry callus 
through Agrobacterium tumefaciens and particle bombard-
ment by Machii (1990), Machii et al. (1996), Nozue et al. 
(2000) and Oka and Tewary (2000) resulted only in trans-
formation of callus but no transgenic plants could be deve-
loped. Later, Bhatnagar et al. (2002, 2003) succeeded in 
regenerating transgenic plants with stable incorporation of 
the �-glucuronidase (GUS) gene. Subsequently, transgenic 
plants with glycine gene AlaBlb and oryzacystatin gene OC 
were developed in China (Wang et al. 2003). Recently, 
using Agrobacterium-mediated transformation a transgenic 
plant overexpressing the barley HVA1 gene was developed 
in India (Lal et al. 2008a). Thus, a protocol for transgenic 
plant development is now well established in mulberry. 
However, genetically modified plants in mulberry should be 
developed with great care as mulberry is anemophilous and 
cross pollinating, hence the transgene can easily spread into 
wild species. 
 
CONCLUSION AND FUTURE PROSPECTS 
 
It is evident from the foregoing discussions that considera-
ble achievement has been made on micropropagation in 
mulberry. Now it is easily possible to propagate mulberry 
from nodal explants and shoot tips following the schemes 
shown in Fig. 1. However, transferring this technology to a 
large-scale commercial purpose has not been achieved till to 
date (Tewary and Oka 1999). Thus, to make micropropaga-

tion of mulberry commercially viable and feasible, further 
effort in this direction is required urgently. Similarly, a 
protocol for organogenesis in mulberry through both callus 
culture and direct plantlet formation is also well established 

MICROPROPAGATION�OF�MULBERRY�(MORUS SPP.)

EXPLANTS
Winter�buds,�Nodal�segments,�Shoot�tips

SURFACE�STERILIZATION
Treat� with� mild� detergents� for� 10� min;� wash� thoroughly� with�
sterile� water� 3� times;� treat� with� 7%� NaOCl2 for� 10min;� wash�
thoroughly�with�sterile�water�3�times;� treat�with�0.1%�HgCl2 for�
10�min;�wash�thoroughly�with�sterile�distilled�water�3�4�times

SHOOT�INITIATION
MS+�BA�(2.0�mg�L�1)�+�fructose�(3%)�+�0.8%�agarose �>�pH.�5.8

SHOOT�MULTIPLICATION
MS+BA�(2.0�mg�L�1)�+�fructose�(3%)�+�0.8%�agarose �>�pH.�5.8

ROOTING
MS+NAA�(0.1�0.2�mg�L�1)�+�fructose�(3%)�+�0.8%�agarose �>�pH.�5.8

HARDENING
80�85%�humidity,�25�27oC�for�15�days,�Normal�condition�under�
shade�for�60�days.�Transfer�to�earthen�pot�containing�fine�soil.

Fig. 1 Schematic representation of the procedures of micropropaga-
tion in mulberry. 

ORGANOGENESIS�IN�MULBERRY

EXPLANTS
Cotyledons,�Hypocotyl,�Epicotyl,�Stem�segments,�Roots,�Leaves

SURFACE�STERILIZATION
Treat� with� mild� detergents� for� 10� min;� wash� thoroughly� with�
sterile� water� 3� times;� treat� with� 7%� NaOCl2 for� 10min;� wash�
thoroughly�with� sterile�water� 3� times;� treat�with�0.1%�HgCl2 for�
10�min;�wash�thoroughly�with�sterile�distilled�water�3�4�times

PRE�SOAKING
MS+�BA�(1�2�mg�L�1 )�
for�48�72�h

DIRECT�SHOOT�INDUCTION
MS�+�TDZ�(0.5�mg�L�1)�+�sucrose�
(3%)�+�0.8%�agarose �>�pH�5.8CALLUS��INDUCTION

MS�+�2,4�D�(2.0�mg�L�1)+�BA�(0.1�
0.5�mgL�1)�+�casein�hydrolysate
(100�mg�L�1)�+�coconut�water�
(150�ml�L�1)�+�sucrose�(3%)�+�
0.8%�agarose �>�pH�5.8

SHOOT��INDUCTION
MS�+�BA�(2�mgL�1)�+�TBA�(0.1�mgL�1)�
+�sucrose�(3%)�+�0.8%�agarose
�>�pH�5.8

ROOTING
MS�+�NAA�(0.1�0.2�mgL�1)�+��
sucrose�(3%)�+�0.8%�
agarose �>�pH�5.8

HARDENING
80�85%�humidity,�25�27oC�for�15�days,�Normal�
conditions�under�shade�for�60�days.�Transfer�
to�earthen�pot�containing�fine�soil.

Fig. 2 Schematic representation of the procedures of organogenesis in 
mulberry. 

10



Tissue culture techniques for mulberry crop improvement. Vijayan et al. 

 

as depicted in Fig. 2. However, not much progress has been 
made on somatic embryogenesis compared to many other 
tree crops. Since somatic embrygenesis has a key role in 
gene transfer technologies, emphasis must be given to deve-
lop a reproducible protocol for somatic embryogenesis in 
mulberry. Although there is tremendous scope for trans-
genic plants with higher leaf productivity and better leaf 
quality in mulberry, not much progress has been made in 
mulberry. Although a few isolated efforts to transfer repor-
ter genes like GUS through A. tumefaciens and particle 
bombardment, no intense research has been made to deve-
lop mulberry with desired genes transferred. Finally, it is 
essential to develop protocols for easy and rapid develop-
ment of haploids through andro- and gynogenesis. Homozy-
gous lines through doubled haploids can be of much use in 
deducing the genetic basis of many highly important agro-
nomic traits in mulberry and also to develop genetic maps 
and QTLs for important traits like leaf yields, leaf quality 
and stress resistance. These would be essential techniques 
for the long-term preservation of important mulberry germ-
plasm and genetic resources (Vijayan et al. 2011). 
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