
487Bir Bahadur et al. (eds.), Plant Biology and Biotechnology: Volume II: Plant Genomics 
and Biotechnology, DOI 10.1007/978-81-322-2283-5_25, © Springer India 2015

        K.   Nirmal Babu      (*) 
  Project Coordinator, All India Coordinated Research 
Project On Spices (ICAR) ,  Indian Institute of Spices 
Research ,   Post Bag No. 1701, Marikunnu P.O. , 
 Kozhikode ,  Kerala   673 012 ,  India   
 e-mail: nirmalbabu30@hotmail.com  

    M.   Divakaran   
  Indian Institute of Spices Research , 
  Post Bag No. 1701, Marikunnu P.O. ,  Kozhikode , 
 Kerala   673 012 ,  India    

  Department of Botany ,  Providence Women’s College , 
  Kozhikode ,  Kerala   673 009 ,  India    

 25      Biotechnological Approaches 
in Improvement of Spices: 
A Review 

           K.     Nirmal Babu     ,     Minoo     Divakaran    ,     Rahul     P.     Raj    , 
    K.     Anupama    ,     K.    V.     Peter    , and     Y.    R.     Sarma   

    Abstract  

  Biotechnological approaches like micropropagation, somaclonal  variation, 
 in vitro  conservation, synseed technology, protoplast fusion, production of 
fl avour and colouring components and development of novel transgenics 
have great potential in conservation, utilization and increasing the  production 
of spices. Effi cient micropropagation systems are available for many spices 
which are being used for propagation, conservation, safe movement and 
exchange of germplasm, crop improvement through somaclonal variation 
and transgenic pathways. Studies on the production of metabolites, fl avour 
and colouring compounds using immobilized and transformed cell cultures 
are being attempted. Molecular markers and maps are being generated for 
crop profi ling, fi ngerprinting, identifi cation of duplicates, and marker-
assisted breeding. Transcriptome sequencing is becoming an important tool 
for identifi cation, isolation and cloning of useful genes. Bio-technological 
approaches involving microbials (antogonists/hyper parasites and PGPRs) 
with broad spectrum of disease suppression and growth promotion have 
been found effective in crop health management in spice crops.  
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25.1         Introduction 

 Spices and herbs are aromatic plants – fresh or dried 
plant parts of which are mainly used to fl avour our 
food and confectionery and also in medicine and 
perfumery industry. Spices and herbs are grown 
throughout the world, and it has been estimated that 
these crops are grown on an area of 8 million ha 
globally contributing to 31.6 million tons of spices 
annually. India’s share to world spices production is 
6 million tons. The global spice industry amounts to 
1.1  million metric tons, accounting to US$3.475 
billion in value. India’s share at the global level is 
0.575 million metric tons, accounting to US$2.037 
billion, i.e., 52 % in volume and 58.6 % in value 
(Source: Spices Board of India  2014 ). 

 Black pepper, cardamom, ginger, turmeric, 
vanilla, cinnamon, clove, nutmeg, tamarind, etc. 
constitute the major spices, while coriander, 
cumin, fennel and fenugreek are important seed 
spices followed by saffron, lavender, thyme, 
oregano,  celery, anise and sage are important 
herbal spices. The productivity of many of these 
crops is low due to the lack of high-yielding, pest 
and disease- resistant varieties. The past few years 
have witnessed a quantum jump in utilization of 
biotechnological tools to achieve the above 
through commercial propagation, development 
of novel varieties and marker-assisted breeding 
(Nirmal Babu et al.  2011d ).  

25.2     Black Pepper 

25.2.1     Micropropagation and Plant 
Regeneration 

 Micropropagation has been employed for large- 
scale production of disease-free planting materials 
and germplasm conservation. High rate of multipli-
cation coupled with the additional advantage of 
obtaining disease-free planting material makes 
micropropagation a viable alternative to conven-
tional propagation (Nirmal Babu and Minoo  2003 ). 
Black pepper,  Piper nigrum  L., is native to India 
and is the most important spice in the world. 
Conserving the genetic diversity and development 
of  Phytophthora  foot rot resistance are the immedi-

ate priorities for all breeding  programmes. 
Technologies for micropropagation of black pep-
per using various explants were reported (Nirmal 
Babu  1997 ; Nirmal Babu et al.  2012b ). Multiple 
shoots can be induced using BA in the culture 
medium (MS or SH Medium) either alone or in 
combination with auxins (Fig.  25.1a ). Endogenous 
contamination severely hampers establishment of 
black pepper cultures to over come this constrains. 
A commercially viable protocol for large-scale  in 
vitro  multiplication of black pepper these problems 
was reported by Nazeem et al. ( 2004 ). Protocols 
were standardized for  micropropagation of other 
endangered and medicinally important species of 
 Piper  like  P. longum  and  P. chaba ,  P. betle ,  P. bar-
beri  and  P. colubrinum  (Nirmal Babu  1997 ; Nirmal 
Babu et al.  2012b ). Joseph et al. ( 1996 ) and Yamuna 
( 2007 ) reported the somatic embryogenesis from 
zygotic embryos, while Nair and Gupta ( 2003 , 
 2006 ) reported the cyclic somatic embryogenesis 
from the maternal tissues, which have tremendous 
potential for automated micropropagation. Nirmal 
Babu et al. ( 2005a ) reported the somatic embryo-
genesis from mature leaf tissues (Fig.  25.1b, c ). 
These protocols are useful in transgenic experi-
ments. Plant regeneration was reported in other 
 Piper  species like  P. longum ,  P. betle, P. chaba, P. 
attenuatum  and  P. colubrinum  through direct and 
indirect organogenesis (Nirmal Babu et al.  2012b ). 
Attempts on induction of variability on somaclones 
for tolerance to  Phytophthora  foot rot resistance by 
Shylala et al. ( 1996 ) resulted in identifi cation of 
tolerant somaclones through  in vitro  selection of 
calli as well as somaclones using crude culture 
fi ltrate and toxic metabolite isolated from 
 Phytophthora capsici.    

25.2.2     Molecular Characterization 

 Recent advances in molecular biology led to more 
emphasis on molecular markers for characteriza-
tion of the genotypes, genetic fi ngerprinting, 
identifi cation and cloning of important genes and 
marker-assisted selection and in understanding 
interrelationships at the molecular level. Menezes 
et al. ( 2009 ) and Joy et al. ( 2007 ,  2011 ) developed 
and characterized a total of 16 microsatellite 
markers from black pepper and used them to 
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study the genetic diversity of 20 varieties from 
Brazilian collections and 40 popular genotypes 
and 4 different species of black pepper from India, 
respectively. Liao et al. ( 2009 ) reported the isola-
tion and characterization of 11 and 9 polymorphic 
microsatellites loci from a  Piper polysyphonum  
and  Piper solmsianum , respectively .  These micro-
satellite markers provide a reliable means to 

understand the population structure and interrela-
tionships in the genus  Piper . Jaramillo and Manos 
( 2001 ) used phylogenetic analysis of sequences 
of the internal transcribed spacers (ITS) of nuclear 
ribosomal DNA based on a worldwide sample of 
the genus  Piper.  Nirmal Babu et al. ( 2011a ) 
reported the molecular interrelationships between 
24  Piper  species using RAPD profi les. Chaveerach 

  Fig. 25.1    ( a ) Biotechnological approaches for spices. 
Micropropagation in black pepper; ( b ) plant regeneration 
in black pepper; ( c ) somatic embryogenesis in black pep-
per; ( d ) regeneration of transformants in black pepper; ( e ) 
micropropagation in cardamom; ( f ) regeneration of 
embryoids from cardamom anthers; ( g ) plant regeneration 
in ginger; ( h ) somatic embryogenesis in cinnamon; ( i ) 
micropropagation in thyme; ( j ) micropropagation in mint; 

( k ) plant regeneration in coriander; ( l ) synthetic seeds in 
cardamom; ( m ) microrhizomes in turmeric; ( n ) microrhi-
zomes in ginger; ( o )  in vitro  gene bank of spices; ( p ) ger-
minating cryopreserved encapsulated buds of vanilla; ( q ) 
germinating cryopreserved pollen of vanilla; ( r )  in vitro  
multiplication of nutmeg mace; ( s ) ISSR profi les of black 
pepper varieties       
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et al. ( 2002 ) studied interrelationships between 
three  Piper  species, viz.,  P. kadsura, Piper retro-
fractum  and  P. chaba  using morphological 
 characters and RAPD profi les to demonstrate a 
closer relation between  P. retrofractum  and 
 P. kadsura  than between  P. chaba  and 
 P.  retrofractum . Genetic diversity of  Piper   species 
using RAPD and ISSR (Fig.  25.1s ) was also 
reported recently by many workers (Sen et al .  
 2010 ; Nirmal Babu et al.  2012b ). Jiang and Liu 
( 2011 ) applied RAPD and SRAP markers to ana-
lyze genetic diversity in 74 individual plants of 
 Piper  spp. in Hainan Island. The SRAP technique 
clearly distinguished all  Piper  spp. from each 
other. 

 Molecular markers like RAPD, AFLP, ISSR, 
SSR and ITS polymorphism were used for assess-
ment of genetic variability in black pepper and to 
characterize important cultivars, varieties and 
related species of black pepper to develop fi nger-
prints and to study the interrelationships (Pradeep 
Kumar et al .   2003 ; Nazeem et al.  2005 ; Nirmal 
Babu et al.  2011a ). A mapping population was 
developed for the preparation of genetic map of 
black pepper (Nirmal Babu et al.  2011a ), and 
DNA markers were also used to study the genetic 
fi delity among micropropagated black pepper and 
long pepper plants (Nirmal Babu et al .   2011a ). 

 Johnson et al. ( 2005 ) used male parent spe-
cifi c RAPD markers for the identifi cation of 
hybrids in black pepper ( Piper nigrum  L.). Sex- 
specifi c markers were developed in  Piper 
longum  L .  using RAPD (Banerjee et al.  1999 ) 
and differential display (Manoj et al.  2008 ) 
 Piper betle  L. using ISSR (Khadke et al.  2012 ) 
and RAPD markers (Samantaray et al.  2012b ). 
Sheji et al. ( 2006 ) developed a SCAR marker 
for identifying  Phytophthora -resistant lines of 
black pepper. RAPD technique was also 
employed for the authentication of dried black 
pepper from its adulterant  Carica papaya  L 
(Dhanya et al .   2009 ).  

25.2.3     Protoplast Culture 

 The ‘protoplast’ is devoid of cell wall and this 
makes the protoplast technology suitable for 
genetic transformation by introduction of trans-

gene DNA and somatic hybridization by proto-
plast fusion of species or subspecies resistant to 
traditional cross-breeding, or isolation of sub- 
cellular organelles etc. Reliable procedures are 
available for isolation, culture and fusion of pro-
toplasts from a range of spices. Successful 
 isolation and culture of protoplasts were reported 
in leaf tissues in black pepper (Shaji et al.  1998 ), 
and these protoplasts could be successfully devel-
oped up to microcalli stage.  

25.2.4     Genetic Transformation 

 Reports are available on  Agrobacterium -
mediated gene transfer system (Fig.  25.1d ) in  P. 
nigrum  (Nirmal Babu et al.  2005a ,  2011d ,  2013 ). 
Maju and Soniya ( 2012 ) reported an effi cient 
protocol for genetic transformation using 
 Agrobacterium tumefaciens  strain EHA 105 and 
multiple shoot production in  Piper nigrum  var. 
Panniyur-1 to understand the mechanisms that 
control the regeneration process in the species. 
Mani and Manjula ( 2011 ) reported the 
 Agrobacterium - mediated  transformation and 
endogenous silencing in  Piper colubrinum  by 
vacuum infi ltration. The  in planta  transforma-
tion via pollen tube pathway was done by Asha 
and Rajendran ( 2010 ) in black pepper variety 
Panniyur-2, using the total exogenous DNA of 
 Piper colubrinum , a species resistant to 
 Phytophthora capsici .  

25.2.5     Cloning and Isolation 
of Candidate Genes 

 Spices are sources of many important genes with 
antibiotic and pharmaceutical properties. Efforts 
are being made to identify and isolate genes of 
interest both for crop improvement and of indus-
trial value. Molecular cloning of a cDNA frag-
ment encoding the defence-related protein 
β-1,3-glucanase in black pepper ( P. nigrum  L.) 
and methyl-glutaryl-CoA reductase in  Piper col-
ubrinum  was reported (Girija et al.  2005a ,  b ). 
PCR-based SSH technique was used to generate 
a leaf-specifi c subtracted cDNA library for  Piper 
nigrum  L. for the identifi cation of more number 
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of tissue-specifi c genes (Alex et al.  2008 ). Bhat 
et al. ( 2005 ) reported the isolation and  sequencing 
of CMV coat protein gene infecting black pepper 
and its possible deployment in black pepper to 
induce virus resistance. Dicto and Manjusha 
( 2005 ) used PCR-based SSH to identify  P. colu-
brinum  resistance genes which are differentially 
expressed in response to salicylic acid. Mani and 
Manjula ( 2011 ) reported the cloning and charac-
terization of two isoforms of osmotin, an antifun-
gal PR-5 gene homologue, from a salicylic 
acid-induced subtracted cDNA library in 
 P.  colubrinum . Cloned isoforms of osmotin from 
 resistant species could be used for molecular 
breeding of black pepper. Bioprospecting of 
novel genes from black pepper was attempted by 
Sujatha et al. ( 2005 ). Heterologous probes were 
used to identify the presence of pea lectin genes 
and tomato protease inhibitor genes in black pep-
per. Resistance gene analogues (RGAs) have 
been isolated in  Piper nigrum  and  Piper colubri-
num  by Tiing et al. ( 2012 ).   

25.3     Cardamom 

25.3.1     Micropropagation and Plant 
Regeneration 

 Cardamom, considered the ‘Queen of Spices’, is 
also native to India. The productivity of carda-
mom is hampered by various diseases of viral 
aetiology. Utilization of virus-free planting mate-
rial is an important input into disease manage-
ment strategy. Cardamom is one of the fi rst crops 
where commercialization of micropropagation 
has been achieved. Effi cient  in vitro  methods for 
rapid clonal propagation of cardamom (Fig.  25.1e ) 
are available (Nadgauda et al .   1983 ; Nirmal Babu 
et al.  1997 ; Nirmal Babu and Minoo  2003 ,  2011b , 
 2011e ). Successful regeneration of plantlets from 
callus of seedling explants and anthers (Fig.  25.1f ) 
of cardamom was reported (Nirmal Babu  1997 ; 
Nirmal Babu et al.  2011b , Rao et al.  1982 ). 
Manohari et al. ( 2008 ) also reported an effi cient 
protocol for the induction of somatic embryogen-
esis and plant regeneration in small cardamom. 
Identifi cation of a few Katte tolerant somaclones 
was reported by Peter et al. ( 2001 ).  

25.3.2     Molecular Characterization 

 Molecular profi ling of 11 species representing 5 
major tribes, viz.,  Amomum, Aframomum, 
Alpinia, Hedychium  and  Elettaria , and 96 collec-
tions of cardamom germplasm using RAPD, 
PCR, RFLP and ISSR markers to elucidate their 
interrelationships, identifi cation of duplicates 
and geographical origins of Indian cardamom 
was reported by Nirmal Babu et al .  ( 2011a ). 
Molecular characterization of selected cardamom 
genotypes using AFLP markers was also done in 
Columbia by Tamayo  2007 . Molecular profi ling 
of Indian, Sri Lankan and Guatemalan exported 
cardamoms using RAPD/ISSR primers indicated 
that though there is a lack of genetic polymor-
phism among them, they show the variation in 
quality parameters (Thomas et al .   2006 ).  

25.3.3     Protoplast Culture 

 Successful isolation and culture of protoplasts 
were reported from cell suspensions and leaf tis-
sues in cardamom (Geetha et al.  2000 ), and these 
protoplasts could be successfully developed up to 
microcalli stage.  

25.3.4     Genetic Transformation 

 A preliminary study on the transformation of car-
damom was attempted using the biolistic process 
to study the optimum conditions for gene deliv-
ery and the effi ciency of the plasmid vector 
pAHC 25 and promoter Ubi-1 (maize ubiquitin) 
for transformation and gene expression in carda-
mom embryogenic callus. Transient expression 
of GUS gene was noticed in the bombarded cal-
lus tissue (Nirmal Babu et al.  1998 ).   

25.4     Ginger 

25.4.1     Micropropagation and Plant 
Regeneration 

 Ginger is the third most important spice that origi-
nated in South Asia. There is no seed set in ginger 
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leading to limited variability, and this hampers crop 
improvement programme. Rhizome rot caused by 
 Pythium aphanidermatum  and bacterial wilt caused 
by  Ralstonia solanacearum  are the major diseases 
affecting ginger. Diseases of ginger are often 
spread through infected seed rhizomes. Tissue cul-
ture will help in the production of pathogen-free 
planting material. Clonal multiplication of ginger 
from vegetative buds (Nadgauda et al .   1980 ; 
Nirmal Babu et al.  1997 ,  1998 ; Sharma and Singh 
 1997 ); optimization of media composition for 
micropropagation of ginger (Nirmal Babu et al. 
 2011c ); regeneration of plantlets  via  callus phase 
from leaf (Nirmal Babu et al.  1992a ), vegetative 
bud (Fig.  25.1g ), ovary and anther explants (Kacker 
et al.  1993 ; Nirmal Babu  1997 ; Nirmal Babu et al. 
 2005a ,  b ; Lincy et al.  2009 ; Ramachandran and 
Chandrashekaran  1992 ) and plant regeneration 
from ginger immature anthers (Nirmal Babu et al. 
 1992b ) and anther have been reported (Samsudeen 
et al.  2000 ). This system was used for inducing 
somaclonal variability in ginger where lack of seed 
set hampers conventional breeding. A few promis-
ing high-yielding rhizome rot-tolerant somaclones 
also have been identifi ed (Nirmal Babu et al.  1996 ; 
Sumathi  2007 ). 

 In nature, ginger fails to set fruit. However, by 
supplying required nutrients to young fl owers and 
by  in vitro  pollination, ‘fruit’ development and 
subsequently plants could be recovered.  In vitro  
pollination attempts were successfully made by 
Nazeem et al. ( 1996 ) to overcome the pre-fertil-
ization barriers like spiny stigma, long style and 
coiling of pollen tube that interfered with natural 
seed set in ginger successful seed set was obtained. 
Induction of tetraploid ginger through  in vitro  col-
chicine treatment and tetraploid somaclone with 
extra bold rhizomes was also reported (Adaniya 
and Shirai  2001 ; Smith et al.  2004 ; Nirmal Babu 
et al.  1996 ,  2005b ; Wang et al.  2010 ).  

25.4.2     Molecular Characterization 

 RAPD profi ling of 90 accessions of ginger indi-
cated moderate to low level of polymorphism 
(Sasikumar and Zachariah  2003 ; Nirmal Babu 
et al.  2005a ,  b ; Parthasarathy and Nirmal Babu 

et al.  2011c ). Various markers like AFLP 
(Wahyuni et al.  2003 ; Sajeev et al .   2011 ) and 
ISSR (Kizhakkayil and Sasikumar  2010 ) were 
used to study the genetic diversity in ginger. Jiang 
et al. ( 2006 ) used metabolic profi ling and phylo-
genetic analysis to investigate the diversity of 
plant material within the ginger species and 
between ginger and closely related species in the 
genus  Zingiber  and also for authentication of gin-
ger. Chavan et al. ( 2008 ) developed SCAR mark-
ers as complementary tools for distinguishing  Z. 
offi cinale  from the other  Zingiber  species.  

25.4.3     Protoplast Culture 

 Successful isolation and culture of protoplasts 
were reported from cell suspensions and leaf tis-
sues in ginger (Nirmal Babu  1997 ; Geetha et al. 
 2000 ), and these protoplasts could be success-
fully developed up to microcalli stage. Somatic 
hybridization of ginger through chemical fusion 
(PEG mediated) and its regeneration was reported 
by Guan et al. ( 2010 ). RAPD technique was used 
for the identifi cation of hybrids, and fl ow cytom-
etry analysis revealed the diploid nature of all 
regenerated progenies.  

25.4.4     Genetic Transformation 

 Transient expression of GUS was successfully 
induced in ginger embryogenic callus bombarded 
with plasmid vector pAHC 25 and promoter 
Ubi-1 (maize ubiquitin) callus tissue (Nirmal 
Babu  1997 ).  Agrobacterium tumefaciens  strain 
EHA105/p35SGUSInt, effective in expressing 
β-glucuronidase activity, was used to transform 
ginger by Suma et al. ( 2008 ).  

25.4.5     Cloning and Isolation 
of Candidate Genes 

 Nair and Thomas ( 2007 ) identifi ed the three 
primer pairs designed from the conserved motifs 
of NBS domain of NBS-LRR gene class as most 
successful in isolating RGCs in ginger, and these 
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provide a base for isolation of RGC mining in 
 ginger. They also reported the effi ciency and 
 sensitivity of SSCP (single-strand conformation 
polymorphism) analysis in discriminating 
 Pythium  susceptible and resistant  Zingiber  acces-
sions (Nair and Thomas  2012 ; Nair et al.  2010 ) 
and the isolation of resistant gene designated 
ZzR1 from  Z. zerumbet  and its correlation 
between ZzR1 expression and resistance of the 
wild taxa to  Pythium aphanidermatum  infection 
(Nair and Thomas  2013 ). Swetha Priya and 
Subramanian ( 2008 ) reported the presence of R 
gene of CC-NBS-LRR class of plant resistant 
gene in ginger varieties against  Fusarium oxyspo-
rum  f. sp.  zingiberi.  Fujisawa et al. ( 2010 ) cloned 
a novel gene that could encode s (beta) bisabolene 
synthetase from ginger. Prasath et al. ( 2011 ,  2013 ) 
reported the isolation of PR5 protein genes CaPR5 
and ZoPR5 which code for the precursor proteins 
of 227 and 224 amino acids. They used a PCR-
based suppression subtractive hybridization 
(SSH) method to identify  C. amada  (a potential 
donor for bacterial wilt resistance to  Zingiber offi -
cinale ) genes that are differentially and early 
expressed in response to the  R. solanacearum  
infection compared to  Z. offi cinale . The study 
highlighted the expression of LRR, GST and 
XTG much higher in resistant species ( C. amada ) 
than in susceptible species ( Z. offi cinale ).   

25.5     Turmeric 

25.5.1     Micropropagation and Plant 
Regeneration 

 Turmeric of commerce is the dried rhizomes of 
 Curcuma longa  L. which belongs to the family 
Zingiberaceae. India is the major producer and 
exporter of this spice. Curcumin is the important 
colouring material from turmeric, and development 
of varieties with high recovery of curcumin is the 
need of the hour. Successful micropropagation of 
turmeric has been reported (Nadgauda et al .   1978 ; 
Nirmal Babu et al .   1997 ; Sunitibala et al. 2001; 
Salvi et al.  2002 ; Panda et al .   2007 ; Ghosh et al. 
 2013 ). This technique is used for the production of 
disease-free planting material. Organogenesis and 

plantlet formation were achieved via callus  cultures 
of turmeric (Nirmal Babu et al.  1997 ; Sunitibala 
et al. 2001; Salvi et al.  2000 ). Variants with high 
curcumin content were isolated from tissue-cul-
tured plantlets (Nadgauda et al .   1982 ). Root rot 
disease-tolerant clones of turmeric cv. Suguna 
were isolated using continuous  in vitro  selection 
technique against pure culture fi ltrate of  Pythium 
graminicolum  (Gayatri et al.  2005 ). 

 Renjith et al. ( 2001 ) reported the  in vitro  
 pollination and hybridization between two short 
duration types VK-70 and VK-76 and reported 
the seed set and seed development. This reduces 
the breeding time and helps in recombination 
breeding which was so far not attempted in tur-
meric. Protocols for micropropagation of many 
economically and medicinally important zingib-
eraceous species like  Amomum subulatum  (large 
cardamom),  Curcuma aromatica  (kasturi tur-
meric),  C. amada  (mango ginger),  C. zedoaria, 
Kaempferia galanga, K. rotunda  and  Alpinia  spp. 
were developed (Vincent et al.  1992 ; Chang and 
Criley  1993 ; Ravindran et al.  1996 ; Geetha et al. 
 1997 ; Chan and Thong  2004 ; Chithra et al .   2005 ; 
Raju and Anita-D  2005 . Islam et al. ( 2004 ) 
described an effi cient protocol for microrhizome 
production,  in vitro , in turmeric. Rahman et al .  
( 2004 ) reported the effi cient plant regeneration 
through somatic embryogenesis from leaf base-
derived callus of  Kaempferia galanga  L.  

25.5.2     Molecular Characterization 

 Kress et al. ( 2001 ) proposed a new phylogenetic 
analysis of Zingiberaceae based on DNA 
sequences of the nuclear internal transcribed 
spacer (ITS) and plastid  mat K  regions. The 
results suggest that  Curcuma  is paraphyletic with 
 Hitchenia, Stahlianthus  and  Smithatris.  Sasaki 
et al. ( 2004 ) applied single-nucleotide polymor-
phism analysis of the trnK gene for the identifi ca-
tion of  Curcuma  plants. Genetic diversity 
evaluation among  C. longa  and other 14  Curcuma  
species was done using ISSR and RAPD markers 
(Syamkumar and Sasikumar  2007 ) placing them 
into seven groups which is somewhat congruent 
with classifi cation based on morphological 
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 characters proposed by the earlier workers. 
Genetic diversity in turmeric was assessed by 
using molecular markers like RAPD (Jan et al .  
 2011 ), both RAPD and ISSR (Singh et al .   2012 ) 
and PCR-based markers, viz., RAPD, ISSR and 
AFLP (Das et al .   2011 ; Nirmal Babu et al.  2007 , 
 2011d ). Development and characterization of 
EST-derived and genomic microsatellites in 
 Curcuma longa  were reported by Joshi et al. 
( 2010 ), Siju et al. (2010) and Senan et al .  ( 2013 ) 
which could be used for diversity analysis. Nayak 
and Naik ( 2006 ) carried out four C nuclear DNA 
content and RAPD analysis of 17 promising cul-
tivars of turmeric from India. 

 Salvi et al. ( 2003 ) and Praveen ( 2005 ) using 
RAPD analyzed turmeric somaclones and con-
cluded that plants regenerated using shoot tips 
showed genetic stability, while the callus-derived 
and infl orescence-derived plants showed varia-
tions. Tyagi et al. ( 2007 ) confi rmed the genetic 
stability of 12-month-old  in vitro  conserved tur-
meric by RAPD profi ling. Sinus et al. ( 2010 ) 
developed and amplifi ed microsatellite markers 
from ESTs of turmeric. Sasaki et al. ( 2002 ) used 
sequence analysis of Chinese and Japanese 
 Curcuma  drugs on the 18S rRNA gene and  trnK  
gene and its application based on amplifi cation- 
refractory mutation system analysis for their 
identifi cation and authentication. Sasaki et al. 
( 2004 ) used SNP analysis based on the differ-
ences in the  nucleotide  positions in the 177, 645, 
724 and a 4 base indel on the  trnK  gene obtained 
using three different lengths of 26 mer, 30 mer 
and 34 mer reverse primers for the identifi cation 
of four  Curcuma  sp .  studied by Xia et al. ( 2005 ) 
used 5S rRNA spacer and chemical fi ngerprints 
for quality control and authentication of Rhizoma 
 Curcumae , a Chinese medicine used for the 
removal of blood stasis and alleviating pain.  

25.5.3     Protoplast Culture 

 Successful isolation and culture of protoplasts 
were reported from cell suspensions and leaf tis-
sues in turmeric (Geetha et al.  2000 ), and these 
protoplasts could be successfully developed up to 
microcalli stage.  

25.5.4     Genetic Transformation 

 An effi cient method for stable transformation 
was developed in turmeric using particle bom-
bardment on callus cultures (Shirgurkar et al. 
 2006 ). Transgenic shoots regenerated were mul-
tiplied, and stably transformed plantlets were 
produced. Polymerase chain reaction (PCR) and 
histochemical GUS assay confi rmed the stable 
transformation. Transformed plantlets were resis-
tant to glufosinate. A protocol for genetic trans-
formation and regeneration was established in 
 C. alismatifolia  using shoot explants through 
 Agrobacterium  strain AGLO harbouring 
binary vector pBI121 or pBI121-Ca- 
ACSI. Transformation was confi rmed by PCR, 
GUS assay and Southern blotting of regenerated 
plants (Mahadtanapuk et al.  2006 ).  

25.5.5     Cloning and Isolation 
of Candidate Genes 

 Isolation, cloning and characterization of a 
mannose- binding lectin from cDNA (Chen et al. 
 2005 ), a stress-responsive CDPK gene 
(ZoCDPK1) from ginger rhizome, using rapid 
amplifi cation of cDNA end (RLM-RACE) tech-
nique (Vivek et al.  2013 ) and violaxanthin deep-
oxidase (GVDE) (Huang et al.  2007 ) have been 
reported. Over-expression of ginger CDPK1 
gene in tobacco conferred tolerance to salinity 
and drought stress. ZoCDPK1 functions in the 
positive regulation of the signalling pathways 
that are involved in the response to salinity and 
drought stress in ginger, and it is likely operating 
in a DRE/CRT independent manner. Joshi et al. 
( 2010 ) used degenerate primers designed based 
on known R gene in combination to elucidate 
resistance gene analogues from  Curcuma longa  
cultivar Suvarna. Kar et al. ( 2013 ) used a previ-
ously isolated resistance gene candidate Czp11 
from  C. zedoaria  resistant to  Pythium aphanider-
matum  as a template to characterize a major 
resistance gene CzR1 through candidate gene 
approach in combination with RACE-PCR 
strategy.   
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25.6     Vanilla 

25.6.1     Micropropagation and Plant 
Regeneration 

  Vanilla planifolia,  native to Mexico and Central 
America, now cultivated in other parts of the 
tropics, is the source of natural vanillin. 
Micropropagation of vanilla using apical meri-
stem was standardized for large-scale multiplica-
tion of disease-free and genetically stable plants 
(Kononowicz and Janick  1984 ; Minoo  2002 ; 
Minoo et al.  2006 ; Minoo and Nirmal Babu 
 2009 ). Successful plant regeneration from shoot- 
and seed-derived callus was reported in vanilla 
(Nirmal Babu et al .   1997 ; Minoo  2002 ).  

25.6.2     Molecular Characterization 

 Markers like RAPD and AFLP coupled with mor-
phological characters were utilized to assess the 
variability and hybrid nature of genotypes and of 
successful interspecifi c hybridization and produc-
tion of hybrids between  V. planifolia  and  V. aphylla  
(Minoo et al.  2006 ). RAPD marker was used to 
estimate the level of genetic diversity and interrela-
tionships among different clones of  V. planifolia  
and related species (Minoo et al.  2010 ). The data 
showed very limited variation within accessions of 
 V. planifolia  indicative of its narrow genetic base 
and its close relationship with  V. tahitensis  (Besse 
et al.  2004 ; Schluter et al.  2007 ; Minoo et al.  2008b ; 
Minoo and Nirmal Babu  2009 , Minoo et al.  2010 ). 
A comparative study of RAPD and ISSR was 
reported to analyze the interrelationships among 
nine cultivated, wild and hybrid  Vanilla  species 
(Verma et al .   2009 ). Fourteen microsatellite loci 
developed from  V. planifolia  shown to be mono-
morphic within the cultivated accessions and 11 
markers out of 14 were polymorphic when trans-
ferable to  V. tahitensis  (Bory et al .   2008 ).  

25.6.3     Protoplast Culture 

 Minoo et al ( 2008a ) reported the isolation of 
viable protoplasts in  Vanilla  species, i.e. in 

 V. andamanica , and that of PEG-mediated 
 protoplast fusion between  V. planifolia  and  V. 
andamanica.  The protoplast fusion technology 
can be useful in gene transfer of useful traits to  V. 
planifolia  especially the natural seed set and dis-
ease tolerance observed in  V. andamanica.   

25.6.4     Genetic Transformation 

 Protocols are available for genetic transformation 
of  Vanilla planifolia  using indirect procedure, 
viz ., Agrobacterium tumefaciens  using shoot tip 
sections (Malabadi and Nataraj  2007 ) and 
protocorm- like bodies from shoot tips as explants 
(Ratheesh and Ishwara Bhat  2011 ), providing a 
very useful basis for further genetic improvement 
of the orchid.  

25.6.5     Cloning and Isolation 
of Candidate Genes 

 Sequencing of neutral genes has been used for 
reconstructing the evolutionary history of vanil-
loid orchids, including a few vanilla species 
(Cameron et al.  1999 ; Cameron and Chase  2000 ; 
Cameron  2004 ,  2009 ; Cameron and Molina 
 2006 ). Nuclear and plastid sequences were also 
used for unravelling the origin of the Tahitian 
vanilla (Lubinsky et al.  2008 ). Recently, the 
length polymorphism of the nonneutral caffeic 
acid O-methyl transferase gene was also used to 
analyze 20 vanilla species and confi rmed the 
strong differentiation of Old World versus New 
World species in the genus (Besse et al.  2009 ).   

25.7     Tree Spices 

25.7.1     Micropropagation and Plant 
Regeneration 

 Cinnamon, clove, nutmeg, curry leaf, pomegran-
ate, tamarind, allspice and garcinia are some of 
the important tree spices. In these perennial tree 
crops, identifi cation and clonal multiplication of 
high-yielding ‘elite’ genotypes become a priority 
due to long pre-bearing period. Micropropagation 
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of cinnamon, Chinese cassia and camphor was 
reported from seedlings and mature tree explants 
(Mini et al.  1997 ; Nirmal Babu et al.  1997 ; Huang 
et al.  1998 ). Multiple shoots were induced from 
shoot tips and nodal segments of  Cinnamomum 
camphora  on Woody Plant Medium (WPM) 
(Huang et al.  1998  and from a cotyledonary node 
on MS medium (Azad et al .   2005 ). Successful 
micropropagation of Chinese cassia was reported 
by Inomoto and Kitani ( 1989 ) using nodal 
explants from seedlings on MS medium. 
Micropropagation protocols for  C. camphora  
were developed by Nirmal Babu et al.  2003 . 

  In vitro  multiple shoot induction was worked 
out in  G. indica  (Kulkarni and Deodhar  2002 ). 
Murashige and Skoog’s medium supplemented 
with BAP gave optimal response in different geno-
types investigated. Micropropagation of three spe-
cies of garcinia was reported by Huang et al .  
( 2000 ), Malik et al .  ( 2005 ) and Mohan et al .  
( 2012 ).  In vitro  shoot initiation from explants of 
fi eld-grown trees of nutmeg was reported by 
Mallika et al. ( 1997 ). Micropropagation of clove 
from seedling explants have been reported 
(Mathew and Hariharan  1990 ; Suparman and 
Blake  1990 ). MS medium supplemented with IBA 
or activated charcoal induced root formation. 
However, there are no reports on successful micro-
propagation of clove from mature shoot explants. 

 Reports on micropropagation of curry leaf, 
pomegranate, camboge and tamarind are also 
available (Mascarenhas et al.  1987 ; Hazarika et al .  
 1995 ; Rao et al.  1997 ; Bhuyan et al .   1997 ; Mathew 
et al.  1999 ; Nirmal Babu et al .   2000 ; Mehta et al .  
 2000 ). High-frequency direct shoot proliferation 
was induced in intact seedlings of  M. koenigii  
(Bhuyan et al .   1997 ). Shoot proliferation is also 
reported from different explants like nodal cut-
tings (Nirmal Babu et al .   2000 ), leaves (Mathew 
and Prasad  2007 ) and immature seeds (Rani et al .  
 2012 ). Effi cient micropropagation protocols for 
Pomegranate were reported (Bin and Jiang  2003 ; 
El-Agamy et al.  2009 ; Patil et al.  2011 ). The plant-
lets grown on WPM were found to be signifi cantly 
better in average survival, plantlet height and aver-
age leaf number per shoot when compared to MS 
and NN media (El-Agamy et al .   2009 ; Kaji et al .  
 2013 ).  In vitro  regeneration and high-frequency 

regeneration of tamarind were achieved in  different 
media compositions (Hussain et al .   2004 ; Pattepur 
et al .   2010 ). Thidiazuron can play a major role to 
induce germination in tamarind seedlings Mehta 
et al .  ( 2004 ). Reports on successful callus induc-
tion and plant regeneration in nutmeg, cinna-
mon (Fig.  25.1h ), camphor, pomegranate and 
curry leaf are available (Bhansali  1990 ; Iyer et al .  
 2000 ; Kong et al.  2009 ; Shi et.al .   2009 ,  2010 ; Paul 
et al.  2011 ).  

25.7.2     Molecular Characterization 

 Genetic identifi cation among four cinnamon  species 
( Cinnamomum cassia ,  C. zeylanicum ,  C. burmannii  
and  C. sieboldii ) using nucleotide sequences of 
chloroplast DNA was studied by Kojoma et al. 
( 2002 ). The nucleotide variation at one site in the 
 trnL - trnF  IGS and at three sites in the  trnL  intron 
was used for the correct identifi cation of 
 Cinnamomum  species. Furthermore, single-strand 
conformation polymorphism (SSCP) analysis of 
PCR products from the  trnL- trnF   IGS and the  trnL  
intron resulted in different SSCP band patterns 
among  C. cassia ,  C. zeylanicum  and  C. burmannii . 
RAPD technology was applied for the analysis of 
normal and excellent types of  Cinnamomum cam-
phora  L. and genetic interrelationship of nine 
 Cinnamomum  species (Hui and Linshui  2003  and 
Joy and Maridass  2008 ), respectively. Sheeja et al. 
( 2013 ) reported the diversity analysis of nutmeg 
(Myristica) and related genera using both RAPD 
and ISSR markers. Species-specifi c bands could be 
identifi ed from all the accessions, which can be con-
verted into SCAR markers for genotype identifi ca-
tion and authentication. 

 Yapwattanaphun et al. (2004) used ITS 
sequence data to elucidate phylogenetic relation-
ship of mangosteen ( Garcinia mangostana ) and 
several wild relatives ( Garcinia  spp.). The ITS 
sequence analysis showed that  G. atroviridis, G. 
cowa, G. dulcis, G. malaccensis, G. mangostana, 
G. rostrata  and  G. vilersiana  have nucleotide 
additivity (two different nucleotides at the same 
nucleotide position) at several sites in the ITS 
region. The occurrence of these species might be 
related to hybridization with ancestors, but the 
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genomic compositions, even chromosome num-
bers, of these species are still unknown. Sulassih 
and Santosa ( 2013 ) worked on the diversity analy-
sis of mangosteen and its relatives based on mor-
phological and ISSR markers, revealing a close 
relationship between  G. celebica, G. malaccensis  
and  G. mangostana . It was determined that  G. 
malaccensis  and  G. celebica  were ancestors based 
on morphological and ISSR markers. Thatte and 
Deodhar ( 2012 ) identifi ed male- and female-spe-
cifi c molecular markers in  Garcinia indica . 

 Genetic variability and relationship studies of 
curry leaf were done using RAPD, DAMD and 
ISSR by Verma and Rana ( 2013 ). Genetic  diversity 
studies of pomegranate using RAPD, SSR, AFLP, 
RAMP, nuclear rRNA and internal transcribed 
spacer were reported by many workers (Durgaç 
et al.  2008 ; Jbir et al.  2008 ; Awamleh et al .   2009 ; 
Zamani et al. 2010; Hasnaoui et al .   2010 ; Pirseyedi 
et al .   2010 ; Ebrahimi et al .   2010 ; Soriano et al .  
 2011 ; Zhao et al .   2013 ; Singh et al .   2013 ). Genetic 
diversity studies of tamarind using RAPD and 
AFLP markers were done by Diallo et al .  ( 2007 ) 
and Algabal et al .  ( 2011 ) and in allspice by Wadt et 
al. ( 2004 ).  

25.7.3     Cloning and Isolation 
of Candidate Genes 

 Genes encoding cinnamomin (a type II RIP), 
which has three isoforms, were isolated from 
camphor seeds by Yang et al .  ( 2002 ). A geraniol- 
synthase gene is also isolated from  Cinnamomum 
tenuipilum  by Yang et al .   2005 . Expression of 
CtGES was exclusively observed in the geraniol 
chemotype of  C. tenuipilum . Furthermore,  in situ  
hybridization analysis demonstrated that CtGES 
mRNA was localized in the oil cells of the leaves.   

25.8     Seed and Herbal Spices 

25.8.1     Micropropagation and Plant 
Regeneration 

 Seed spices and herbs constitute a large group of 
widely different aromatic plants which are used as 

spices, culinary herbs and medicinal herbs and 
those which are used in aroma therapy. 
Micropropagation protocols for many seed and 
herbal spices are available. They include corian-
der, anise, thyme (Fig.  25.1i ), peppermint 
(Fig.  25.1j ), spearmint, celery, lavender, savory, 
 Ocimum , oregano, basil, sage, fennel, parsley, dill 
and garlic, saffron and  Eryngium foetidum  capsi-
cum (Bhojwani  1980 ; Venkataraman and 
Ravishankar 1987; Cellarova  1992 ; Furmanowa 
and Olszowska  1992 ; Panizza and Tognoni  1992 ; 
Patnaik and Chand  1996 ; Vandemoortele et al. 
 1996 ; Sajina et al .   1997a ; Ochoa-Alejo and 
Ramirez-Malagon  2001 ; Gupta and Bhargava 
 2001 ; Sharma et al .   2004 ; Afl atuni et al .   2005 ; 
Karaoglu et al .   2006 ; Majourhat et al .   2007 ; 
Minas  2009 ; Song et al.  2009 ; Ascough et al. 
 2009 ; Falk et al .   2009 ; Kothari et al.  2010 ; Fadel 
et al .   2010 ; Irikova et al.  2011 ; Samantaray et al .  
 2012a ; Nhung and Quynh  2012 ; Kara and Baydar 
 2012 ; Navroski et al .   2012 ; Zeybek et al .   2012 ; 
Rodeva et al.  2013 ; Santoro et al.  2013 ; Dixit and 
Chaudhary  2013 ; Keller and Senula  2013 ). Clonal 
propagation of chemically uniform fennel plants 
through somatic embryoids was reported by 
Miura et al .  ( 1987 ). Shoot regeneration protocols 
for fenugreek, cumin and coriander (Fig.  25.1k ) 
were reported (Nirmal Babu et al.  1997 ; Tawfi k 
and Noga  2001 ; Ebrahimie et al .   2003 ; Aasim 
et al .   2009 ). Jakhar et al. ( 2003 ) reported the  in 
vitro  fl owering and seed formation in cumin. 

 Somatic embryogenesis has been established 
in saffron, garlic (Keles et al.  2010 ) and chilli 
(Blazquez et al.  2003 ; Sheibani et al.  2006 ; 
Munyon et al.  1989 ). An effi cient protocol for 
organogenesis from root protoplasts (Xu et al. 
 1982 ) and adventitious shoot formation in fennel 
was developed by investigating the effect of plant 
growth regulators by Jakhar and Choudhary 
( 2012 ). Profuse callus differentiation was 
observed when medium was supplemented with 
1.0 mg/l BAP followed by 1.0 mg/l BAP + 
0.5 mg/l IBA. The shoot morphogenesis was 
observed in callus proliferated from the shoot 
apex explants incubated at 1.0 mg/l BAP + 
0.5 mg/l IBA, upon subculture on the same levels 
of plant growth regulator. In order to create vari-
ability, organogenesis followed by mutagenesis 
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has also been identifi ed as a potential  in vitro  
technique. In this process, stock organogenetic 
callus is treated with physical or chemical muta-
gens. The studies have shown positive indications 
to isolate promising mutants in cumin (Raje et al. 
2004). Similar type of efforts can be made for the 
creation of variability in cumin for resistance to 
 Alternaria  blight, root rot in fenugreek, and for 
many other stresses. 

  In vitro  methods of screening could prove 
highly useful in screening a large germplasm 
 collections or cell lines for resistance to prevalent 
fungal diseases and tolerance to drought and salt 
stress. The reports are available on  in vitro   selection 
for salt tolerance in fenugreek on media contain-
ing 0.025–1.5 % NaCl (Settu et al.  1997 ) and 
drought-tolerant cell lines cultured on media con-
taining 0.25–1.50 % PEG in coriander (Stephen 
and Jayabalan  2000 ) through tissue culture. 
Selection of somaclonal variants resistant to 
 Septoria apiicola  by callus culturing in the pres-
ence of fungal culture fi ltrate in celery (Evenor 
et al.  1994 ),  Fusarium  yellow-resistant celery line, 
a somaclonal variant (Lacy et al.  1996 ), and resis-
tant to  Alternaria  blight in cumin (Shukla et al. 
 1997 b) has been reported by different workers.  

25.8.2     Molecular Characterization 

 Genetic diversity study of fennel, fenugreek, 
cumin, coriander, thyme, dill, garlic and saffron 
using RAPD, ISSR, AFLP and SSR was reported 
by many workers (Paran et al.  1998 ; Lopez et al. 
 2008 ; Rubio-Moraga et al.  2009 ; Imran et al. 
 2010 ; Zahid et al .   2009 ; Abdoli et al .   2009 ; 
Singh et al .   2011 ; Jana and Shekhawat  2012 ; Jo 
et al. 2012; Keify and Beiki  2012 ; Khalil et al. 
 2012 ; Suresh et al .   2013 ; Siracusa et al.  2013 ; 
Singh et al .   2013 ). Molecular marker systems 
based on SCAR, CAPS, RAPD, STS, SSR. TRAP 
and SRAP are available for identifi cation and 
fi ngerprinting of fennel varieties by Agbiotech 
( 2009 ). Genetic diversity and identifi cation of 
variety- specifi c AFLP markers were developed 
in fenugreek by Vinay Kumar et al. ( 2012 ). 
Twelve novel polymorphic microsatellite loci 
were developed and characterized from a 
 repeat- enriched genomic library of  Crocus 

 sativus  to study population and conservation 
genetics of this economically and medicinally 
important species Nemati et al. ( 2012 ). Fenwick 
and Ward ( 2001 ) studied the RAPD-based 
 cultivar identifi cation in mint. RAPD- and 
AFLP-based hybrid identifi cation in Mentha was 
reported by Shasany et al .  ( 2005 ).  

25.8.3     Protoplast Culture 

 Shekhawat and Galston ( 1983 ) reported the 
 isolation, culture and shoot regeneration from 
mesophyll protoplasts of fenugreek. Successful 
regeneration of whole plants from tissue-cultured 
shoot primordial of garlic was reported by Ayabe 
et al. ( 1995 ).  

25.8.4     Genetic Transformation 

 Wang and Kumar ( 2004 ) reported the heterolo-
gous expression of  Arabidopsis  ERS1 which 
causes delayed senescence in coriander. 
 Agrobacterium rhizogenes  which mediate trans-
formed root cultures were analyzed for the pro-
duction of essential oils in dill (Santos et al .  
 2002 ). The development of effi cient genetic 
transformation protocol using glucuronidase 
gene in caraway was studied, and gene transfer 
was more effi cient when cotyledonary node 
explants were used (Krens et al.  1997 ). 
Preliminary experiments on  Agrobacterium - 
 mediated transformation of uidA (GUS) gene 
into cotyledon and hypocotyls explants in fenu-
greek were reported by Khawar et al .  ( 2004 ). 
Stable transformation in cumin through particle 
bombardment was reported by Singh et al .  ( 2010 ) 
and through  Agrobacterium -mediated transfor-
mation by Pandey et al. ( 2013 ).  

25.8.5     Cloning and Isolation 
of Candidate Genes 

 Molecular cloning of mannose-6-phosphate 
reductase and its developmental expression in 
celery was studied by Everard et al .  ( 1997 ). Wang 
and Kumar ( 2004 ) reported the heterologous 
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expression of  Arabidopsis  ERS1 that causes 
delayed senescence in coriander.   

25.9     Development 
of Synthetic Seeds  

 Synthetic seeds or artifi cial seeds are defi ned as 
artifi cially encapsulated somatic embryos, shoot 
buds, cell aggregates or any other tissue which 
can be used for sowing as a seed and those that 
posses the ability to convert into a plant under  in 
vitro  or ex vitro conditions and that retain its 
potential after storage also. Artifi cial or synthetic 
seeds can be an ideal system for low-cost plant 
movement, propagation, conservation and 
exchange of germplasm. Synthetic seeds were 
developed by encapsulation of  in vitro  developed 
small shoot buds in 3–5 % calcium alginate in 
black pepper, shoot buds in cardamom 
(Fig.  25.1i ), somatic embryos and  in vitro  regen-
erated shoot buds in ginger and turmeric,  in vitro  
regenerated shoot buds, protocorms in vanilla 
(Sharma et al .   1994 ; Sajina et al.  1997b ), somatic 
embryos in cinnamon and curry leaf and nodal 
segments in pomegranate leaf (Sundararaj et al. 
 2010 ; Minoo  2002 ; Gayatri et al.  2005 ; Naik and 
Chand  2006 ; Nikhil and Shukla  2013 ). Synseeds 
have been reported in cumin (Tawfi k and Noga 
 2002a ,  b ), coriander (Kim et al.  1996 ; Stephen 
and Jayabalan  2000 ), fennel (Sajina et al.  1997b ), 
celery (Pratap  1992 ), dill (Ratnamba and Chopra 
 1974 ; Sehgal  1978 ) and nigella (Hamid Elhag 
and Olemy  2004 ), and regeneration of these 
plants has been successfully obtained.  

25.10     Microrhizome 

 Microrhizome technology is useful for develop-
ing disease-free planting material and hence is an 
ideal source of planting material suitable for 
germplasm exchange, transportation and conser-
vation . In vitro  induction of microrhizomes in 
ginger (Fig.  25.1m ) was reported by many 
 workers (Bhat et al .   1994 ; Sharma and Singh 
 1995 ; Nirmal Babu  1997 ; Nirmal Babu et al. 
 2003 ,  2005b ; Tyagi et al.  2007 ; Sumathi  2007 ; 
Zheng et al.  2008 ). The microrhizome-derived 

plants have more tillers but were shorter. They 
gave fresh rhizome yield ranging from 100 to 
800 g per plant with an estimated yield of 10 kg 
per 3 m 2  bed. Many reports are available on  in 
vitro  microrhizome formation in turmeric 
(Fig.  25.1n ) (Nirmal Babu et al.  2003 ; Cousins 
and Alderberg  2008 ). Low sucrose is reported to 
decrease the size of microrhizome, but optimum 
microrhizome production at 6–9 % sucrose was 
also reported. Sucrose (6–9 %) was most effec-
tive in rhizome formation.  

25.11     Conservation of Genetic 
Resources 

25.11.1      In Vitro  Conservation 
of Germplasm 

 The genetic resources of spices are conserved 
either in seed gene banks and/or in fi eld reposi-
tories. Conservation of the germplasm in  in 
vitro  (Fig.  25.1o ) and cryobank is a viable and 
a safe augment to conventional conservation 
strategies (Nirmal Babu et al.  2012c ). 
Conservation of pepper, cardamom, herbal 
spices, vanilla and ginger germplasm in  in vitro  
gene bank by slow growth was reported (Nirmal 
Babu et al .   1999 ; Tyagi et al.  2007 ). Protocols 
for  in vitro  conservation by slow growth of 
black pepper and its related species, viz.,  P. 
barberi ,  P. colubrinum, P. betle  and  P. longum , 
were standardized by maintaining cultures at 
reduced temperatures, in the presence of 
osmotic inhibitors and at reduced nutrient lev-
els or by minimizing evaporation loss by using 
closed containers. The technology for  in vitro  
conservation of zingiberaceous crops like gin-
ger, turmeric,  Kaempferia , cardamom and their 
related species was standardized by Geetha 
( 2002 ) and in vanilla by Minoo ( 2002 ), Minoo 
and Nirmal Babu ( 2009 ). Slow growth tech-
niques are being used for medium-term conser-
vation of spices in  in vitro  repository at NBPGR 
(Mandal et al.  2000 ). Suspensions of embryo-
genic cell lines of fennel, conserved at 4 °C for 
up to 12 weeks, produced normal plants upon 
transfer to laboratory conditions (Umetsu et al .  
 1995 ).  
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25.11.2     Cryopreservation 

 Cryopreservation of black pepper and cardamom 
seeds in liquid nitrogen (LN 2 ) was reported by 
Choudhary and Chandel  1994 ,  1995 . The tech-
nology for cryopreservation of black pepper, car-
damom, ginger, turmeric and vanilla germplasm 
(Fig.  25.1p ) using vitrifi cation, encapsulation and 
encapsulation-vitrifi cation methods is available 
(Minoo  2002 ; Yamuna  2007 ; Minoo et al. 2012; 
Nirmal Babu et al.  2012 ). Cryopreservation of 
encapsulated shoot buds of endangered  Piper 
barberi  has achieved (Nirmal Babu et al.  2012c ). 
Effi cient cryopreservation technique for  in vitro  
grown shoots of ginger based on encapsulation- 
dehydration, encapsulation-vitrifi cation and vit-
rifi cation procedures was reported by Yamuna 
( 2007 ). Minoo ( 2002 ) reported the cryopreserva-
tion of vanilla pollen (Fig.  25.1q ) for the conser-
vation of haploid genome as well as assisted 
pollination between species that fl ower at differ-
ent seasons and successful fertilization using 
cryopreserved pollen. Cryopreservation of cori-
ander ( Coriandrum sativum  L.) somatic embryos 
using sucrose preculture and air desiccation was 
reported by Popova et al.  2010 . Cryopreservation 
of celery using LN 2  was reported by González- 
Benito and Iriondo  2002 .   

25.12     Production of Secondary 
Metabolites 

 Biotechnology can be utilized to exploit the 
potential of spices for bio-production of useful 
plant metabolites. The use of tissue culture for 
the biosynthesis of secondary metabolites partic-
ularly in plants of pharmaceutical signifi cance 
holds an interesting alternative to control produc-
tion of plant constituents. This technique is all 
the more relevant in recent years due to the ruth-
less exploitation of plants in the fi eld leading to 
reduced availability.  In vitro  proliferation of nut-
meg mace (Fig.  25.1r ) and synthesis of fl avour 
components in culture were reported by Nirmal 
Babu et al. ( 1992a ). Since mace is the source of 
anticarcinogenic compound myristicin, this tech-
nique with improvement can be used for the pro-

duction of myristicin. Most of the reports in 
saffron were on the  in vitro  proliferation of stigma 
and  in vitro  synthesis of colour components and 
metabolites. The proliferation of stigma of saf-
fron  in vitro  and chemical analysis of metabolites 
produced through tissue cultures of  Crocus sati-
vus  were reported (Sano and Himeno  1987 ; 
Himeno et al .   1988 ; Sarma et al.  1991 ). 

 Plant cells cultured  in vitro  produce wide 
range of primary and secondary metabolites of 
economic value. Production of phytochemicals 
from plant cell cultures has been presently used 
for pharmaceutical products. Production of fl a-
vour components and secondary metabolites  in 
vitro  using immobilized cells is an ideal system 
for spices crops. Ahmad et al. ( 2013 ) concluded 
that regenerated tissues of  P. nigrum  are a good 
source of biologically active metabolites for 
antimicrobial activities, and callus culture pre-
sented itself as a good source for such activities. 
Production of saffron and capsaicin was reported 
using such system (Ravishankar et al.  1993 , 
1995; Johnson et al .   1996 ; Venkataraman and 
Ravishankar  1997 ). Johnson et al. ( 1996 ) 
reported the biotransformation of ferulic acid 
vanillylamide to capsaicin and vanillin in immo-
bilized cell cultures of  Capsicum frutescens.  
Reports on the  in vitro  synthesis of crocin, picro-
crocin and safranal from saffron stigma (Himeno 
and Sano  1995 ) and colour components from 
cells derived from pistils (Hori et al .   1988 ) are 
available for further scaling up. Callus and cell 
cultures were established in nutmeg, clove, cam-
phor, ginger, lavender, mint, thyme (Furmanowa 
and Olszowska  1992 ), celery, etc. Cell immobili-
zation techniques have been standardized in gin-
ger, sage, anise and lavender (Ilahi and Jabeen 
 1992 ). The production of essential oils from cell 
cultures (Ernst  1989 ) and accumulation of essen-
tial oils by  Agrobacterium tumefaciens - 
transformed  shoot cultures of  Pimpinella anisum  
were reported (Salem and Charlwood  1995 ). The 
regulation of the shikimate pathway in suspen-
sion culture cells of parsley (Conn and McCue 
 1994 ) and production of anethole from cell cul-
tures of  Foeniculum vulgare  (Hunault and Du 
Manoir  1992 ) were reported. Growth and pro-
duction of monoterpene by transformed shoot 
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cultures of  Mentha citrata  and  Mentha piperita  
in fl asks and fermenters was reported by Hilton 
et al .   1995 . The production of rosmarinic acid in 
suspension cultures of  Salvia offi cinalis  has been 
discussed by Hippolyte et al .  ( 1992 ). Reports on 
the production of phenolic fl avour compounds 
using cultured cells and tissues of vanilla are 
also available (Dorenburg and Knorr  1996 ).  In 
vitro  production of petroselinic acid was reported 
from cell suspension cultures of coriander (Kim 
et al.  1996a ). Kintzios et al. ( 2004 ) reported the 
scaling up of micropropagation of  Ocimum basi-
licum  L. in an airlift bioreactor and accumulation 
of rosmarinic acid. Though the feasibility of  in 
vitro  production of spice principles has been 
demonstrated, methodology for scaling up and 
reproducibility need to be developed before it 
can reach commercial levels. Once standardized, 
this technology has tremendous potential in 
industrial production of important compounds 
like capsaicin, vanillin, crocin, picrocrocin, saf-
ranal, myristicin, anethole, menthol and 
curcumin.  

25.13     Biotechnological 
Approaches on Disease 
Management in Spice Crops 

 Crop losses in spice crops due to biotic stress are 
serious. Particularly, soilborne nature of the plant 
pathogens, poor amenability for effective disease 
management and lack of durable host resistance 
are the real constraints of production (Sarma 
et al .   2014 ). Foot rot and slow decline of black 
pepper (Sarma  2010 ), clump and capsule rot of 
small cardamom rhizome rot,  Fusarium  yellows 
and bacterial wilt in ginger and turmeric and root 
rots and wilts in cumin, coriander and fenugreek 
still remained as major threats in these crops. 
Though high degree of host resistance was identi-
fi ed for  Phytophthora capsici ,  Radopholus similis  
and  Meloidogyne incognita  (root/foot rot and 
slow decline diseases), in  Piper colubrinum , a 
native of Brazil, efforts to develop resistant trans-
genics are yet unsuccessful. Pending successful 
incorporation of R genes in susceptible cultivars, 
it is imperative to explore the available natural 

resources to combat these biotic stresses in these 
crops. Microbial biocontrol technology as a part 
of integrated disease management (IPM) is an 
ideal option. This technology is ecofriendly and 
would reduce pesticide load into the ecosystem. 
Hence, it received considerable attention during 
the last four decades. In this well-proven micro-
bial biotechnology, biological control (Cook 
 1985 ) was found effective in reducing the crop 
losses in soilborne diseases of several crops, 
including spice crops (Sarma et al.  2014 ). 
Antagonism/antibiosis, hyperparasitism, growth 
promotion and induced systemic resistance (ISR) 
are the basic principles that govern this technol-
ogy. Hyperparasitic fungi like  Trichoderma har-
zianum  and  T. viride ,  Pochonia chlamydosporia  
and  Paecilomyces lilacinus  and PGPRs (plant 
growth- promoting rhizobacteria) like 
 Pseudomonas fl uorescens, Pseudomonas cepacia 
 (Fridlender et al.  1999 ),  Bacillus subtilis  and 
Arbuscular mycorrhiza (AM) were found effec-
tive in reducing crop losses caused by soilborne 
plant pathogens in the spice crops. The large-
scale production of these microbes adopting both 
solid and liquid fermentation technologies is in 
place. The delivery systems/formulations of these 
microbials both in solid and liquid (Chet  1987 ; 
Batta  2004 ) are now available in the market for 
the farming community to utilize them for the 
seed treatment and soil application. Application of 
these along with organic inputs that would serve 
as food base for their multiplication is suggested. 
The seed treatment is particularly important for 
seed spices, ginger and turmeric, where contami-
nated seed is the primary source of infection 
(Singh et al.  1972 ; Sarma and Anandaraj  1998 ). 

 Either fungus or bacterium to be successful 
biocontrol agents in a given ecosystem, rhizo-
sphere competence (Ahmed and Baker  1987 ; 
Harman  1992 ) and competitive saprophytic abil-
ity (CSA) are the important traits that are of para-
mount importance (Sarma  2006 ). 

25.13.1      Trichoderma  

 Intensive investigations carried out during the 
last four decades clearly established the potential 
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of  Trichoderma  as an effective biocontrol agent 
in suppression of several soilborne plant patho-
gens (Papvizas  1985 ; Papvizas and Chet  1987 ). 
These biocontrol agents received considerable 
attention in the management of spice crop dis-
eases, viz., black pepper (Rajan et al.  2002 ; Saju 
 2004 ; Sarma and Saju  2004 ; Sarma  2010 ; Sarma 
et al.  2013 ), small cardamom (Suseela Bhai 
 1998 ; Suseela Bhai et al.  1993 ), ginger (Sharma 
and Jain  1979 ; Usman et al.  1996 ; Usman 1997), 
turmeric, cumin (Vyas and Mathur  2002 ; Hagag 
and Abosedera  2005 ), coriander (Gopal Lal et al. 
 2010 ) and fenugreek (Kakani et al.  2009 ).  In 
vitro  selection based on the inhibition of the tar-
get pathogen, the inhibitory effects of both vola-
tile and nonvolatile antibiotics on suppression of 
the target pathogen, disease suppression and 
growth promotion of the target crop both in pot 
culture and fi eld evaluation are the criteria 
adopted to evaluate their bio-effi cacy. The mode 
of action of this hyperparasite includes produc-
tion of the lytic enzyme like cellulases, gluca-
nases and chitinase, and antibiotics that are 
necessary for the degradation of the cell wall of 
pathogen were studied in these pathogens of 
spice crops. The disease suppressive effect of  T. 
harzianum  was established through soil applica-
tion that reduced the capsule rot of cardamom 
and was on par with treatment with copper fun-
gicides and potassium phosphonate (Suseela 
Bhai  1998 ). Suppression of root rot in cardamom 
nurseries was demonstrated with soil application 
of  T. harzianum  (Sarma  2006 ). Similar results 
were obtained in rhizome rot of ginger caused by 
 Pythium aphanidermatum  both as seed treatment 
and soil application along with neem cake 
(Usman et al.  1996 ). In cumin, seed contamina-
tion with  F. oxysporum f. sp. cumini  and also wilt 
suppression were accomplished with seed treat-
ment and soil application (Vyas and Mathur 
 2002 ). Root rot caused by  Rhizoctonia solani  in 
fenugreek was successfully controlled with  T. 
viride  application both as soil treatment and seed 
coating (Kakani et al.  2009 ). Economic viability 
of  Trichoderma  technology in black pepper was 
reported by Madan et al .  ( 2006 ).  

25.13.2     Plant Growth- Promoting 
Rhizobacteria (PGPRs) 

 Rhizosphere of any crop plant is associated with 
abundant microbial load that would impact the 
crop health and productivity. This is an estab-
lished fact and has been researched extensively. 
Microbes associated with rhizoplane, rhizosphere 
and endophytes (Hallmann  2001 ) received 
greater attention in plant microbe interaction to 
focus on growth promotion and disease suppres-
sion in crop plants (Kloepper et al.  1980 ,  1993 ). 
In general, the parameters for selection and stud-
ies on mode of action remained the same as that 
were adopted in fungal biocontrol agents. There 
is a spurt of research activity on this group of 
organisms taking advantage of their potential 
both for growth promotion and disease suppres-
sion in several plant pathosystem (Lopper  1988 ). 
Kumar et al. ( 2013 ) have characterized 
 Pseudomonas aeruginosa  for their genetic and 
functional properties. Extensive studies carried 
out on black pepper –  P. capsici –  pathosystem 
revealed that  Pseudomonas fl uorescens  increased 
growth in black pepper through production of 
growth promoters (Diby et al.  2001 ). Similarly, 
the induced systemic resistance (ISR) was 
achieved through the enhancement of defence-
related enzymes like PAL, peroxidase, polyphe-
nol oxidase (Diby and Sarma  2005 ; Diby et al. 
 2001 ) and mycolytic enzymes in black pepper 
(Diby et al.  2005 ). The enhancement of nutrient 
uptake in black pepper through this microbial 
association was found promising (Diby et al. 
 2001 ). In the case of ginger, the bio-effi cacy of a 
bacterial strain mixture ( Bacillus subtilis -S2BC1  
and  Burkholderia cepacia)  in suppressing rhi-
zome rot and  Fusarium  yellows (Shanmugam 
et al.  2012 ,  2013 ) has been reported. The effi cacy 
of microbial mixtures in root disease suppression 
has been reported (Raupach and Kloepper  1978 ). 
Similar results were reported in  P. capsici -Black 
pepper pathosystem (Jisha et al. 2002). There is a 
need for fi eld evaluation of these microbial 
mixtures to exploit their commercial potential. 
Harman and Stasz ( 1991 ) have utilized protoplast 
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fusion technique, for the  production of superior 
biocontrol fungi.  

25.13.3     Arbuscular/Vesicular 
Arbuscular Mycorrhiza (AM/
VAM) 

 The importance of AM/VAM was extensively 
studied for their role in enhanced nutrient uptake 
and the protection of root system from soilborne 
plant pathogens (Atkinson et al .   1994 ; Schenk 
 1981 ). Increased nutrient uptake, altered host 
metabolism through enhanced production of phe-
nolics, growth regulators and defence mechanisms 
are the factors implicated in root protection from 
soilborne plant pathogens.  Glomus fasciculatum  
inoculum incorporated in black pepper nursery 
mixture was found effective in reducing root infec-
tion caused by  P. capsici, R. similis  and  M. incog-
nita  in black pepper (Anandaraj et al.  1996 ).  

25.13.4     Production of Healthy 
Nursery Stock of Spice Crop 

 The production of root rot-free rooted cuttings of 
black pepper received considerable attention. 
Root rot caused by  Phytophthora  and plant para-
sitic nematodes at nursery stage go unnoticed 
without any visible foliar symptoms. Hence, for-
tifying nursery mixture with biocontrol agents 
(AM, fungi and PGPRs) is an accepted technol-
ogy which is becoming popular in all pepper- 
growing countries (Sarma  2010 ; Sarma et al. 
 2013 ,  2014 ). Similar methodology is also prac-
ticed in cardamom nurseries.  

25.13.5     Biosafety Regulations 

 The formulations of these microbials both solid 
and liquid (Batta  2004 ) with ideal population of 
these biocontrol agents are now available in the 
market for seed treatment and soil application. In 
general, the use of these formulations along with 

organic inputs is suggested to ensure their multi-
plication and colonization. However, biosafety of 
microbials, to be used for crop protection, is an 
essential prerequisite. The regulatory norms for 
many of these are now in place (Kulakshetra 
 2004 ) and are further being improved. Alarmingly 
 Pseudomonas aeruginosa  an endophyte in black 
pepper highly effective in suppressing all the 
three major pathogens of the crop could not be 
used in crop protection, since  P. aeruginosa  is a 
human and animal pathogen (Kumar et al.  2012 ). 
The use of  P. aeruginosa  has been banned in 
Europe for crop protection as a policy. Similar 
biosafety regulatory mechanisms are needed in 
India and elsewhere to make this technology 
farmer friendly. However, large-scale fi eld dem-
onstrations and correct appraisal among the 
farming community is called for to popularize 
this technology. Critical ecological studies of 
these microbes, their quantifi cation in relation to 
protection through molecular techniques 
(Aravind et al.  2011 ), identifi cation of organisms 
with multiple mode of action to address the dis-
ease complexes, strainal improvement and the 
fi eld demonstrations are needed to popularize 
this microbial biotechnology for crop protection 
in spice crops (Sarma et al.  2014 ).   

25.14     Conclusions 

 Biotechnology has the potential to be a key tool 
to achieve sustainable agriculture and agri-based 
industry, through improvement of food produc-
tion in terms of quantity, quality and safety while 
preserving the environment. Signifi cant progress 
has been made in the fi eld of biotechnology for 
micropropagation, conservation and manage-
ment of genetic resources, disease and pest man-
agement and molecular characterization. 
Identifying markers linked to important agro-
nomic characters will help in marker-assisted 
selection to shorten breeding time. Application of 
recombinant DNA technology for the production 
of resistant types to biotic and abiotic stress has 
to go a long way before they can be effectively 
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used in spices improvement. Though programmes 
have been initiated in many laboratories for  in 
vitro  secondary metabolite production, these 
techniques are to be refi ned and scaled up for 
possible industrial production of the products. 
Owing to their commercial potential, intensifi -
cation and application of biotechnology in 
spices is important and indispensable in the 
coming decade. Microbial intervention through 
 T.harzianum, T.viride, P.fl orescens  and AM fungi 
has been found effective in disease suppression 
and growth promotion. Induced systemic resis-
tance (ISR) as refl ected in defense response 
appears to be one of the modes of action in dis-
ease suppression in black pepper and ginger. This 
microbial biocontrol technology at present is 
being practiced by the farming community for 
effective disease management in spice crops.     

   References 

    Aasim M, Khawar KM, Sancak C, Ozcan S (2009)  In vitro  
shoot regeneration of Fenugreek ( Trigonella foenum- 
graecum   L.). Am Eurasian J Sustain Agric 3:135–138  

    Abdoli M, Habibi-Khaniani B, Baghalian K, Shahnazi S, 
Rassouli H, Badi HN (2009) Classifi cation of Iranian 
garlic ( Allium sativum  L.) ecotypes using RAPD 
marker. J Med Plants 8(5):45–51  

    Adaniya S, Shirai D (2001)  In vitro  induction of tetraploid 
ginger  (Zingiber Offi cinale Roscoe ) and its pollen fer-
tility and germinability. J Hortic 88:277–287  

    Afl atuni A, Uusitalo J, Ek S, Hohtola A (2005) Variation 
in the amount of yield and in the extract composition 
between conventionally produced and micropropa-
gated peppermint and spearmint. J Essent Oil Res 
17(1):66–70  

   Agbiotech (2009)   WWW.agbiotech.net/     date of accessed 
12 Sept 2009  

   Ahmad N, Abbasi BH, Fazal H (2013) Effect of different 
 in vitro  culture extracts of black pepper ( Piper nigrum  
L.) on toxic metabolites- producing strains. Toxicol 
Ind Health Nov 5, doi:  10.1177/0748233713505126      

    Ahmed JS, Baker R (1987) Rhizosphere competence of 
 Trichoderma harzianum . Phytopathology 77:182–189  

    Alex SM, Dicto J, Purushothama MG, Manjula S (2008) 
Differential expression of metallothionein type-2 
homologues in leaves and roots of Black pepper ( Piper 
nigrum  L). Genet Mol Biol 31(2):551–554  

    Algabal AQAY, Papanna N, Simon L (2011) Amplifi ed 
fragment length polymorphism marker-based genetic 
diversity in tamarind ( Tamarindus indica ). Intl J Fruit 
Sci 11(1):1–16  

    Anandaraj M, Ramana KV, Sarma YR (1996) Suppressive 
effects of VAM to root damage caused by  Phytophthora 
capsici, Radopholus similis  and  Meloidogyne incog-
nita,  in black pepper. In: Nair KSS, Sharma JK, Varma 
RV (eds) IUFRO symposium on important disease and 
insect pests in tropical forests. Kerala Forest Research 
Institute, Peechi, pp 232–238  

    Aravind R, Kumar A, Dinu A, Eapen SJ (2011) Single 
tube duplex PCR for simultaneous detection of 
Phyotphthora capsici and Radopholus similis infect-
ing black pepper (Piper nigrum L.). Indian Phytopath 
6464:353–357  

    Ascough GD, Erwin JE, Staden J (2009) Micropropagation 
of iridaceae-a review. Plant Cell Tissue Org 
97(1):1–19  

    Asha S, Rajendran PC (2010) Putative transgenic plants 
through  in planta  transformation against  Phytophthora  
foot rot in black pepper ( Piper nigrum  L.). Asian J 
Biosci 4(2):135–141  

   Atkinson D, Berta G, Hooker JE (1994) Impact of mycor-
rhizal colonization on root longevity and the formation 
of growth regulators. In: Gianinazzi S, Schüep H (eds) 
Impact of Arbuscular Mycorrhizas on sustainable agri-
culture and natural ecosystems. Birkhauser, Basel/
Boston, pp 88–89  

    Awamleh H, Hassawi D, Migdadi H, Brake M (2009) 
Molecular characterization of pomegranate ( Punica 
granatum  L.) landraces grown in Jordan using ampli-
fi ed fragment length polymorphism markers. 
Biotechnology 8(3):316–322  

    Ayabe M, Taniguchi K, Sumi SI (1995) Regeneration of 
whole plants from protoplasts isolated from tissue- 
cultured shoot primordia of garlic ( Allium sativum  L.). 
Plant Cell Rep 15(1–2):17–21  

    Azad MAK, Yokota S, Ishiguri F, Yahara S, Yoshizawa N 
(2005) Large-scale clonal propagation of  Cinnamomum 
camphora  (L.) Nees and Eberm. Bull Utsunomiya 
Univ For 41:101–109  

    Banerjee NS, Manoj P, Das MR (1999) Male sex- 
associated RAPD markers in  Piper longum  L. Curr Sci 
77:693–695  

     Batta YA (2004) Effect of treatment with  Trichoderma 
harzianum  Rifai formulated in invert emulsion on 
postharvest decay of apple blue mold. Int J Food 
Microbiol 96:281–288  

    Besse P, Bory S, Grisoni M, Duval MF, da Silva D, 
le Bellec F (2004) RAPD genetic diversity in culti-
vated vanilla:  Vanilla planifolia , and relationships 
with  V. tahitensis  and  V. pompona . Plant Sci 167(2):
379–385  

    Besse P, Da Silva D, Bory S, Noirot M, Grisoni M (2009) 
COMT intron-size variations in  Vanilla  species 
(Orchidaceae). Plant Sci 176:452–460  

    Bhansali RR (1990) Somatic embryogenesis and regen-
eration of in plantlets in pomegranate. Ann Bot 
66(3):249–253  

    Bhat SR, Chandel KSP, Kacker A (1994)  In vitro  induc-
tion of rhizome in ginger  Zingiber offi cinale  Rosc. Ind 
J Exp Biol 32(5):340–344  

K. Nirmal Babu et al.

nirmalbabu30@hotmail.com



505

    Bhat AI, Haresh PS, Madhubala R (2005) Sequencing of 
coat protein gene of an isolate of cucumber mosaic 
virus infecting black pepper in India. J Plant Biochem 
Biotechnol 14:37–40  

    Bhojwani SS (1980)  In vitro  propagation of garlic by 
shoot proliferation. Sci Hortic 13:47–52  

     Bhuyan AK, Pattnaik S, Chand PK (1997) 
Micropropagation of curry leaf tree ( Murraya koenigii  
(L.) Spreng.) by axillary proliferation using intact 
seedlings. Plant Cell Rep 16:779–782  

    Bin Z, Jiang L (2003) Study on micropropagation technol-
ogy of pomegranate pyaman in Xinjiang. J Xinjiang 
Agr Univ 2:34–39  

    Blazquez S, Piqueras A, Serna MD, Casas JL, Fernández 
JA (2003) Somatic embryogenesis in saffron: optimi-
sation through temporary immersion and polyamine 
metabolism. ISHS Acta Hortic: Intl Sym Saffron Biol 
Biotechnol 650:269–276  

    Bory S, Da Silva D, Risterucci AM, Grisoni M, Besse P, 
Duval MF (2008) Development of microsatellite 
markers in cultivated vanilla: polymorphism and 
transferability to other vanilla species. Sci Hortic 
115(4):420–425  

    Cameron KM (2004) Utility of plastid psaB gene 
sequences for investigating intrafamilial relationships 
within Orchidaceae. Mol Phylogenet Evol 31:
1157–1180  

    Cameron KM (2009) On the value of nuclear and 
 mitochondrial gene sequences for reconstructing the 
phylogeny of vanilloid orchids (Vanilloideae, 
Orchidaceae). Ann Bot 104(3):377–385  

    Cameron KM, Chase MW (2000) Nuclear 18S rDNA 
sequences of Orchidaceae confi rm the subfamilial 
 status and circumscription of Vanilloideae. In: Wilson 
KL, Morrison DA (eds) Monocots, systematic & 
 evolution. CSIRO, Collingwood, pp 457–464  

    Cameron KM, Molina MC (2006) Photosystem II gene 
sequences of psbB and psbC clarify the phylogenetic 
position of Vanilla (Vanilloideae, Orchidaceae). 
Cladistics 22:239–248  

    Cameron K, Chase M, Whitten M et al (1999) A 
 phylogenetic analysis of the Orchidaceae, evidence 
from rbcL nucleotide sequences. Am J Bot 86:
208–222  

    Cellarova E (1992) Micropropagation of  Mentha  L. In: 
Bajaj YPS (ed) Biotechnology in agriculture and for-
estry, vol 19, High Tech & Micropropagation 
III. Springer, Heidelberg, pp 262–275  

    Chan LK, Thong WH (2004)  In vitro  propagation of 
 Zingiberaceae  species with medicinal properties. 
J Plant Biotechnol 6(3):181–188  

    Chang BKW, Criley A (1993) Clonal propagation of pink 
ginger  in vitro . Hort Sci 28:1203  

    Chavan P, Warude D, Joshi K, Patwardhan B (2008) 
Development of SCAR (sequence-characterized 
amplifi ed region) markers as a complementary tool for 
identifi cation of ginger ( Zingiber offi cinale  Roscoe) 
from crude drugs and multicomponent formulations. 
Biotechnol Appl Biochem 50(1):61–69  

    Chaveerach R, Kunitake H, Nuchadomrong S, Sattayasai 
N, Komatsu H (2002) RAPD patterns as a useful tool 
to differentiate Thai Piper from morphologically alike 
Japanese  Piper . Sci Asia 28:221–225  

    Chen ZH, Kai GY, Liu XJ, Lin J, Sun XF, Tang KX (2005) 
cDNA cloning and characterization of a mannose- 
binding lectin from  Zingiber offi cinale  Roscoe (gin-
ger) rhizomes. J Biosci 30(2):213–220  

     Chet I (1987)  Trichoderma –  application, mode of action 
and potential as biocontrol agent of soil borne plant 
pathogenic fungi. In: Chet I (ed) Innovative approaches 
to plant disease control. Wiley, New York, pp 49–73  

    Chithra M, Martin KP, Sunandakumari C, Madhusoodanan 
PV (2005) Protocol for rapid propagation, and to over-
come delayed rhizome formation in fi eld established 
 in vitro  derived plantlets of  Kaempferia galanga  L. Sci 
Hortic 104(1):113–120  

    Choudhury R, Chandel KPS (1994) Germination studies and 
cryopreservation of seeds of black pepper ( Piper nigrum  
L.). A recalcitrant species. CryoLetters 15:145–150  

    Choudhury R, Chandel KPS (1995) Studies on germina-
tion and cryopreservation of cardamom ( Elletaria car-
damomum  Maton.) seeds. Seed Sci Biotechnol 
23(1):235–240  

    Conn EE, McCue KF (1994) Regulation of the shikimate 
pathway in suspension cultured cells of parsley 
( Petroselinum crispum  L.). In: Ryu DDY, Furusaki S 
(eds) Advances in plant biotechnology. Elsevier 
Science, Netherlands, pp 95–102  

    Cook RJ (1985) Biological control of plant pathogens: 
theory to applications. Phytopathology 75:25–29  

    Cousins MM, Adelberg JW (2008) Short-term and long- 
term time course studies of turmeric (Curcuma longa 
L.) microrhizome development  in vitro . Plant Cell Tiss 
Org 93(3):283–293  

    Das A, Kesari V, Satyanarayana VM, Parida A, Rangan L 
(2011) Genetic relationship of  Curcuma  species from 
Northeast India using PCR based markers. Mol 
Biotechnol 49(1):65–76  

    Dhanya K, Syamkumar S, Sasikumar B (2009) 
Development and application of SCAR marker for the 
detection of papaya seed adulteration in traded black 
pepper powder. Food Biotechnol 23(2):97–106  

    Diallo BO, Joly HI, Mckey D, Hosaert-McKey M, 
Chevallier MH (2007) Genetic diversity of  Tamarindus 
indica  populations: any clues on the origin from its 
current distribution. Afr J Biotechnol 6(7):853–860  

    Diby P, Sarma YR (2005)  Pseudomonas fl uorescens  medi-
ated systemic resistance in black pepper ( Piper nigrum  
L.) is driven through an elevated synthesis of defence 
enzymes. Arch Phytopathol Plant Prot 38(2):139–149  

      Diby P, Kumar A, Anandaraj M, Sarma YR (2001) Studies 
on the suppressive action of fl uorescent pseudomo-
nads on  Phytophthora capsici , the foot rot pathogen of 
Black pepper. Indian Phytopathol 54(4):515  

    Diby P, Saju KA, Jisha PJ, Sarma YR, Kumar A, Anandaraj 
M (2005) Mycolytic enzymes produced by 
 Pseudomonas fl uorescens  and  Trichoderma  spp. 
against  Phytophthora capsici , the foot rot pathogen of 

25 Biotechnological Approaches in Improvement of Spices: A Review

nirmalbabu30@hotmail.com



506

black pepper ( Piper nigrum  L.). Ann Microbiol 
55:129–133  

    Dicto J, Manjusha S (2005) Identifi cation of elicitor 
induced PR5 gene homologue in  Piper colubrinum  
link by suppression subtractive hybridization. Curr Sci 
88(4):25  

    Dixit V, Chaudhary BR (2013)  Allium sativum : four step 
approach to effi cient micropropagation. Intl J Innov 
Biol Res 2(1):6–14  

    Dornenburg H, Knorr D (1996) Production of phenolic 
fl avour compounds with cultured cells and tissues of 
vanilla species. Food Biotechnol 10(1):75–92  

    Durgaç C, Ozgen M, Simsek O, Kaçar YA, Kiyga Y, 
Çelebi S, Serçe S (2008) Molecular and pomological 
diversity among pomegranate ( Punica granatum  L.) 
cultivars in Eastern Mediterranean region of Turkey. 
Afr J Biotechnol 7(9):1294–1301  

    Ebrahimi S, Sayed-Tabatabaei BE, Sharifnabi B (2010) 
Microsatellite isolation and characterization in pome-
granate ( Punica granatum  L.). Iran J Biotechnol 
8(3):156–163  

    Ebrahimie E, Habashi AA, Ghareyazie B, Ghannadha M, 
Mohammadie M (2003) A rapid and effi cient method 
for regeneration of plantlets from embryo explants of 
cumin ( Cuminum cyminum ). Plant Cell Tiss Org 
75(1):19–25  

     El-Agamy SZ, Mostafa RA, Shaaban MM, El-Mahdy MT 
(2009)  In vitro  propagation of Manfalouty and Nab 
El-gamal pomegranate cultivars. Res J Agri Biol Sci 
5:1169–1175  

    Ernst D (1989)  Pimpinella anisum  L. (Anise): cell culture, 
somatic embryogenesis and production of anise oil. In: 
Bajaj YPS (ed) Biotechnology in agriculture and for-
estry, vol 7, Medicinal and Aromatic Crops II. Springer, 
Berlin, pp 381–397  

    Evenor D, Pressman E, Ben Yephet Y, Rappaport L (1994) 
Somaclonal variation in celery and selection by cocul-
turing toward resistance to  Septoria apiicola . Plant 
Cell Tiss Org 39:203–210  

    Everard JD, Cantini C, Crumet R, Plummer J, Loescher 
WH (1997) Molecular cloning of mannose-6- 
phosphate reductase and its developmental expression 
in celery. Plant Physiol 11(3):1427–1435  

    Fadel D, Kintzios S, Economou AS, Moschopoulou G, 
Constantinidou HIA (2010) Effect of different strength 
of medium on organogenesis, phenolic accumulation 
and antioxidant activity of spearmint ( Mentha spi-
cata ). Open Hortic J 3:31–35  

    Falk L, Biswas K, Boeckelmann A, Lane A, Mahmoud SS 
(2009) An effi cient method for the micropropagation 
of lavenders: regeneration of a unique mutant. J Ess 
Oil Res 21(3):225–228  

    Fenwick AL, Ward SM (2001) Use of random amplifi ed 
polymorphic DNA markers for cultivar identifi cation 
in mint. HortSci 36(4):761–764  

    Fridlender M, Inbar J, Chet I (1999) Biological control of 
soil borne plant pathogens by a beta 1, 3 glucanase 
producing  Pseudomonas cepacia . Soil Biol Biochem 
25:1211–1221  

    Fujisawa M, Harada H, Kenmoku H, Mizutani S, Misawa 
N (2010) Cloning and characterization of novel gene 
that encodes (S)- beta-bisabolene synthase from gin-
ger,  Zingiber offi cinale . Planta 232:121–130  

     Furmanowa M, Olszowska O (1992) Micropropagation of 
thyme ( Thymus vulgaris  L.). In: Bajaj YPS (ed) 
Biotechnology in agriculture and forestry, vol 19, 
High-Tech and Micropropagation III. Springer, 
Heildelberg, pp 230–242  

     Gayatri MC, Roopadarshini V, Kavyashree R, Kumar CS 
(2005) Encapsulation and regeneration of aseptic 
shoot buds of turmeric ( Curcuma longa  L.). Plant Cell 
Biotechnol Mol Biol 6(3/4):89–94  

   Geetha SP (2002)  In vitro  technology for genetic conser-
vation of some genera of Zingiberaceae. PhD thesis. 
Calicut University  

    Geetha SP, Manjula C, John CZ, Minoo D, Nirmal Babu 
K, Ravindran PN (1997) Micropropagation of 
Kaempferia spp. (Kaempferia galanga L and K.
rotunda L.). J Spices Aromatic Crops 6(2):129–135  

      Geetha SP, Nirmal Babu K, Rema J, Ravindran PN, 
Peter KV (2000) Isolation of protoplasts from carda-
mom ( Elettaria cardamomum  Maton.) and ginger 
( Zingiber offi cinale  Rosc.). J Spices Aromat Crops 
9(1):23–30  

    Ghosh A, Chatterjee P, Ghosh P (2013) A protocol for 
rapid propagation of genetically true to type Indian 
Turmeric ( Curcuma longa  L.) through  in vitro  culture 
technique. Adv App Sci Res 4(3):39–45  

    Girija D, Beena PS, Nazeem PA (2005a) Molecular clon-
ing of a cDNA fragment encoding the defense related 
protein β-1, 3-glucanase in black pepper ( P. nigrum  
L.). Proceedings of the Kerala Science Congress. 
KFRI, Peechi, pp 81–82  

    Girija D, Beena PS, Nazeem PA, Puroshothama MG 
(2005b) Molecular cloning of cDNA fragment encod-
ing hydroxy methyl glutaryl CoA reductase in  Piper 
colubrinum.  Proceedings of the National symposium 
on biotechnological interventions for improvement of 
horticultural crops: issues and strategies. Kerala 
Agricultural University, Thrissur, pp 303–306  

   González-Benito ME, Iriondo JM (2002) Cryopreservation 
of  Apium graveolens  L. (celery) seeds. In: Towill LE, 
Bajaj YPS (eds) Cryopreservation of plant germplasm 
II. Springer, Berlin, pp 48–56  

    Gopal Lal Meena SS, Anwer MM, Mehta RS, Maheria SP 
(2010) Advance production technology of coriander, 
National Research Centre for seed spices. ICAR, 
Tabiji  

    Guan Q, Guo Y, Wei Y, Meng F, Zhang Z (2010) 
Regeneration of somatic hybrids of ginger via chemi-
cal protoplast fusion. Plant Cell Tiss Org 102:279–284  

    Gupta D, Bhargava S (2001) Thidiazuron induced regen-
eration in  Cuminum cyminum  L. J Plant Biochem 
Biotechnol 10(1):61–62  

    Haggag WM, Abo Sedera SA (2005) Characteristics of 
three  Trichoderma  species in peanut haulms compost 
involved in biocontrol of cumin wilt disease. Int J Agri 
Biol 7:222–229  

K. Nirmal Babu et al.

nirmalbabu30@hotmail.com



507

    Hallmann J (2001) Plant interactions with endophytic 
bacteria. In: Jeger MJ, Spence NJ (eds) Biotic interac-
tion in plant- pathogen associations. CAB 
International, New York, pp 87–120  

    Hamid Elhag EI, Olemy MMAI (2004) Enhancement of 
somatic embryogenesis and production of 
 developmentally arrested embryos in  Nigella sativa  
L. Hort Sci 39(2):321–323  

    Harman GE (1992) Development and benefi ts of rhizo-
sphere competent fungi for biological control of plant 
pathogens. J Plant Nutr 15:835–843  

    Harman GE, Stasz TE (1991) Protoplast fusion for the 
production of superior biocontrol fungi. In: Tebeest 
DO (ed) Microbial control of weeds. Chapman and 
Hall, New York, pp 171–173  

    Hasnaoui N, Mars M, Chibani J, Trifi  M (2010) Molecular 
polymorphisms in Tunisian pomegranate ( Punica gra-
natum  L.) as revealed by RAPD fi ngerprints. Diversity 
2(1):107–114  

    Hazarika BN, Nagaraju V, Parthasarathy VA (1995) 
Micropropagation of  Murraya koenigii  Spreng. Ann 
Plant Physiol 9(2):149–151  

    Hilton MG, Jay A, Rhodes MJC, Wilson PDG (1995) 
Growth and monoterpene production by transformed 
shoot cultures of  Mentha citrata  and  Mentha piperita  
in fl asks and fermenters. App Microbiol Biotechnol 
43(3):452–459  

    Himeno H, Sano K (1995) Synthesis of crocin, picrocro-
cin and safranal by saffron stigma like structures pro-
liferated  in vitro . Agri Biol Chem 51(9):2395–2400  

    Himeno H, Matsushima H, Sano K (1988) Scanning elec-
tron microscopic study on the  in vitro  organogenesis 
of saffron stigma and style like structures. Plant Sci 
58:93–101  

    Hippolyte I, Marin B, Baccou JC, Jonard R (1992) Growth 
and rosmarinic acid production in cell suspension cul-
tures of  Salvia offi cinalis  L. Plant Cell Rep 11:
109–112  

    Hori H, Enomoto K, Nakaya H (1988) Induction of callus 
from pistils of  Crocus sativus  L. and production of 
colour components in the callus. Plant Tiss Cul Lett 
5:72–77  

     Huang LC, Huang BL, Murashige T (1998) A microprop-
agation protocol for  Cinnamomum camphora . In Vitro 
Cell Dev Biol Plant 34:141–146  

    Huang LC, Huang BL, Wang CH, Kuo CI, Murashige T 
(2000) Developing an improved  in vitro  propagation 
system for slow-growing species using  Garcinia man-
gostana  L. (Mangosteen). In Vitro Cell Dev Biol Plant 
36(6):501–504  

    Huang JL, Cheng LL, Zhang ZX (2007) Molecular clon-
ing and characterization of violaxanthin de-epoxidase 
(VDE) in  Zingiber offi cinale . Plant Sci 172:228–235  

    Hui SAC, Linshui DONG (2003) Applying RAPD tech-
nology to analysis of normal and excellent types of 
 Cinnamomum camphora  (l) presl [j]. Chin J Appl 
Environ Biol 3:010  

    Hunault G, Du Manoir J (1992) Micropropagation of fen-
nel. In: Bajaj YPS (ed) Biotechnology in agriculture 

and forestry, vol 19, High-Tech and Micropropagation 
III. Springer, Heidelberg, pp 199–216  

    Hussain TM, Chandrasekhar T, Arifullah M, Gopal GR 
(2004) Effect of benzyladenine and thidiazuron on  in 
vitro  shoot formation from cotyledonary nodes of 
 Tamarindus indica  Linn. Propag Ornam Plants 
4:47–52  

    Ilahi I, Jabeen M (1992) Tissue culture studies for micro-
propagation and extraction of essential oils from 
 Zingiber offi cinale  Rosc. Pak J Bot 24(1):54–59  

    Imran S, Nehvi FA, Wani SA, Zaffar G, Khan MA (2010) 
Studies in relation to molecular variability in saffron. 
Acta Hortic 850:75–78  

    Inomoto Y, Kitani Y (1989)  In vitro  propagation of 
 Cinnamomum cassia . Plant Tiss Cult Lett 6:25–27  

    Irikova T, Grozeva S, Rodeva V (2011) Anther culture in 
pepper ( Capsicum annuum  L.)  in vitro . Acta Physiol 
Plant 33(5):1559–1570  

    Islam K, Kloppstech MA, Jacobsen HJ (2004) Effi cient 
procedure for  in vitro  microrhizome induction in 
 Curcuma longa  L. (Zingiberaceae) – a medicinal plant 
of tropical Asia. Plant Tiss Cult 14:123–134  

    Iyer RI, Jayaraman G, Gopinath PM, Sita GL (2000) Direct 
somatic embryogenesis in zygotic embryos of nutmeg 
( Myristica fragrans  Houtt.). Trop Agr 77(2):98–105  

    Jakhar ML, Choudhary MR (2012) Regeneration of  in 
vitro  plantlets through organogenesis in fennel 
(Foeniculum Vulgare Mill.). J Plant Sci Res 28(2):203  

    Jakhar ML, Dhayal MS, Rathore VS (2003)  In vitro  fl ow-
ering and seed formation in cumin ( Cuminum cyminum  
L.). In: Korikanthimath VS, John Zachariah T, Nirmal 
Babu K, Suseela Bhai R, Kandiannan K (eds) 
Proceedings of the national seminar on new perspec-
tives in spices, medicinal and aromatic plants. Indian 
Society for Spices, Calicut, p 86  

    Jan HU, Rabbani MA, Shinwari ZK (2011) Assessment of 
genetic diversity of indigenous turmeric ( Curcuma 
longa  L) germplasm from Pakistan using RAPD mark-
ers. J Med Plant Res 5(5):823–830  

    Jana S, Shekhawat GS (2012)  In vitro  regeneration of 
 Anethum graveolens , antioxidative enzymes during 
organogenesis and RAPD analysis for clonal fi delity. 
Biol Plant 56(1):9–14  

    Jaramillo MA, Manos PS (2001) Phylogeny and patterns 
of fl oral diversity in the genus  Piper  (Piperaceae). Am 
J Bot 88(4):706–716  

    Jbir R, Hasnaoui N, Mars M, Marrakchi M, Trifi  M (2008) 
Characterization of Tunisian pomegranate ( Punica 
granatum  L.) cultivars using amplifi ed fragment 
length polymorphism analysis. Sci Hortic Engl 
115(3):231–237  

    Jiang Y, Liu JP (2011) Evaluation of genetic diversity in 
Piper spp using RAPD and SRAP markers. Genet Mol 
Res 10(4):2934–2943  

    Jiang H, Xie Z, Koo HJ, McLaughlin SP, Timmermann 
BN, Gang DR (2006) Metabolic profi ling and phylo-
genetic analysis of medicinal Zingiber species: tools 
for authentication of ginger ( Zingiber offi cinale  
Rosc.). Phytochemistry 67:1673–1685  

25 Biotechnological Approaches in Improvement of Spices: A Review

nirmalbabu30@hotmail.com



508

     Johnson TS, Ravishanker GA, Venkataraman LV (1996) 
Biotransformation of ferulic acid and vanillylamine to 
capsaicin and vanillin in immobilised cell cultures of 
 Capsicum frutescens . Plant Cell Tiss Org 44(2):117–123  

    Johnson GK, Ganga G, Sandeep Varma R, Sasikumar B, 
Saji KV (2005) Identifi cation of hybrids in black 
 pepper ( Piper nigrum  L.) using male parent-specifi c 
RAPD markers. Curr Sci 88:1–2  

    Joseph B, Joseph D, Philip VJ (1996) Plant regeneration 
from somatic embryos in black pepper. Plant Cell Tiss 
Org 47:87–90  

    Joshi RK, Kuanar A, Mohanty S, Subudhi E, Nayak S 
(2010a) Mining and characterization of EST derived 
microsatellites in  Curcuma longa  L. Bioinformation 
5(3):128  

    Joshi RK, Mohanty S, Subudhi E, Nayak S (2010b) 
Isolation and characterization of resistance gene can-
didates in turmeric ( Curcuma longa  cv. Surama). 
Genet Mol Res 9(3):1796–1806  

    Joy P, Maridass M (2008) Inter species relationship of 
 Cinnamomum  species using RAPD marker analysis. 
Ethnobotanical Leafl  12:476–480  

    Joy N, Abraham Z, Soniya EV (2007) A preliminary 
assessment of genetic relationships among agronomi-
cally important cultivars of black pepper. BMC Genet 
8(1):42  

    Joy N, Prasanth VP, Soniya EV (2011) Microsatellite 
based analysis of genetic diversity of popular black 
pepper genotypes in South India. Genetica 
139(8):1033–1043  

    Kacker A, Bhat SR, Chandel KPS, Malik SK (1993) Plant 
regeneration  via  somatic embryogenesis in ginger. 
Plant Cell Tiss Org 32(3):289–292  

    Kaji BV, Ershadi A, Tohidfar M (2013)  In vitro  propaga-
tion of pomegranate ( Punica granatum  l.) Cv.‘Males 
Yazdi’. Albanian J Agric Sci 12(1):43–48  

    Kakani RK, Anwer MM, Meena SS, Saxena SN (2009) 
Advance production technology of fenugreek. NRCSS 
Tech. Release 1–24  

    Kar B, Nanda S, Nayak PK, Nayak S, Joshi RK (2013) 
Molecular characterization and functional analysis of 
CzR1, a coiled-coil-nucleotide-binding-site-leucine-
rich repeat gene from Curcuma zedoaria Loeb. that 
confers resistance to  Pythium aphanidermatum . 
Physiol Mol Plant Pathol 83:59–68  

    Kara N, Baydar H (2012) Effects of different explant 
sources on micropropagation in lavender (Lavandula 
spp.). J Ess Oil Bearing Plants 15(2):250–255  

   Karaoglu C, Çocu S, Ipek A, Parmaksız I et al. (2006)  In 
vitro  micropropagation of saffron. ISHS Acta 
Horticulturae 739:223–227, II International sympo-
sium on Saffron Biology and Technology, 28–30 
October, Mashhad  

    Keify F, Beiki AH (2012) Exploitation of random ampli-
fi ed polymorphic DNA (RAPD) and sequence-related 
amplifi ed polymorphism (SRAP) markers for genetic 
diversity of saffron collection. J Med Plants Res 
6(14):2761–2768  

    Keles D, Taskın H, Baktemur G, Yucel NK, Buyukalaca S 
(2010) Somatic embryogenesis in garlic ( Allium sati-
vum  L.). ISHS Acta Hortic 923:XXVIII  

    Keller ERJ, Senula A (2013) Micropropagation and cryo-
preservation of garlic ( Allium sativum  L.). Method 
Mol Biol 99:4353–4368  

    Khadke GN, Bindu KH, Ravishankar KV (2012) 
Development of SCAR marker for sex determination in 
dioecious betelvine ( Piper betle  L). Curr Sci 103(6):712  

    Khalil R, Khalil R, Li Z (2012) Determination of genetic 
variation and relationship in Thymus vulgaris popula-
tions in Syria by random RAPD markers. Plant Biosyst 
Int J Dealing All Asp Plant Biol 146(1):217–225  

    Khawar KM, Onarici G, Cocu S, Erisen S, Sancak SC, 
Ozcan S (2004)  In vitro  crown galls inducted by 
 Agrobacterium tumefaciens  strain A281 (p TiBo542) 
in  Trigonella foenum-graecum . Biol Plant 
48(3):441–444  

    Kim SW, Park MK, Bae KS, Rhee MS, Liu JR (1996a) 
Production of petroselinic acid from cell suspension 
cultures of  Coriandrum sativum . Phytochemistry 
42(6):1581–1583  

    Kim S, Park M, Liu JR, Kim SW, Park KM (1996b) High 
frequency plant regeneration via somatic embryogen-
esis in cell suspension cultures coriander ( Coriandrum 
sativum  L.). Plant Cell Rep 15:751–753  

    Kintzios S, Kollias H, Straitouris E, Makri (2004) 
Scale-up micropropagation of sweet basil ( Ocimum 
basilicum  L.) in an airlift bioreactor and accumulation 
of rosmarinic acid. Biotechnol Lett 26(6):521–523  

    Kizhakkayil J, Sasikumar B (2010) Genetic diversity 
analysis of ginger ( Zingiber offi cinale  Rosc.) germ-
plasm based on RAPD and ISSR markers. Sci Hortic 
125(1):73–76  

    Kloepper JW, Schroth MN, Miller TD (1980) Effects of 
rhizosphere colonization by plant growth promoting 
rhizobacteria on potato yield and development. 
Phytopathology 70:1078–1082  

    Kloepper JW, Tuzun S, Liu L, Wei G (1993) Plant growth 
promoting rhizobacteria as inducers of systemic resis-
tance. In: Lumsden RD, Vaughan JL (eds) Pest man-
agement, biologically based technologies, Proceeding 
Series. American Chemical Society Press, Washington 
DC, pp 156–165  

    Kojoma M, Kurihara K, Yamada K, Sekita S, Satake M, 
Iida O (2002) Genetic identifi cation of cinnamon 
(Cinnamomum spp.) based on the trnL-trnF chloro-
plast DNA. Planta Med 68(1):94–96  

    Kong L, Dai D, Shang M, Li K, Zhang CX (2009) 
Thidiazuron-induced somatic embryos, their multipli-
cation, maturation, and conversion in  Cinnamomum 
paucifl orum  Nees (Lauraceae). New For 
38(2):131–142  

    Kononowicz H, Janick J (1984)  In vitro  propagation of 
 Vanilla planifolia . HortSci 19:58–59  

    Kothari SL, Joshi A, Kachhwaha S, Ochoa-Alejo N (2010) 
Chilli peppers – a review on tissue culture and trans-
genesis. Biotechnologyical Adv 28(1):35–48  

K. Nirmal Babu et al.

nirmalbabu30@hotmail.com



509

    Krens FA, Keizer LCP, Capel IEM (1997) Transgenic 
caraway,  Carum carvi  L.: a model species for meta-
bolic engineering. Plant Cell Rep 17:39–43  

    Kress WJ, Prince LM, Williams KJ (2001) The phylogeny 
and a new classifi cation of the gingers (Zingiberaceae): 
evidence from molecular data. Am J Bot 
89:1682–1696  

    Kulakshetra S (2004) Status of regulatory norms for 
biopesticides in India. In: Kaushik N (ed) Biopesticides 
for sustainable agriculture. Tata Energy Research 
Institute, New Delhi, pp 67–71  

    Kulkarni M, Deodhar M (2002)  In vitro  regeneration and 
hydroxycitric acid production in tissue culture of 
 Garcinia indica  Choisy. Indian J Biotechnol 
1:301–304  

     Kumar V, Srivastava N, Singh A, Vyas MK, Gupta S, 
Katudia K, Chikara SK (2012) Genetic diversity and 
identifi cation of variety-specifi c AFLP markers in 
fenugreek ( Trigonella foenum-graecum ). Afr J 
Biotech 11(19):4323–4329  

    Kumar A, Munder A, Aravind R, Eapen SJ, Tümmler B, 
Raaijmakers JM (2013) Friend or foe: genetic and 
functional characterization of plant endophytic 
Pseudomonas aeruginosa. Environ Microbiol 
15:764–779  

    Lacy ML, Grumet R, Toh DF, Krebs SL, Cortright BD, 
Hudgins E (1996) MSU-SHK5: a somaclonally 
derived  Fusarium  yellows resistant celery line. Hort 
Sci 31(2):289–290  

    Liao PC, Gong X, Shih HC, Chiang YC (2009) Isolation 
and characterization of eleven polymorphic microsatel-
lite loci from an endemic species,  Piper  polysyphonum  
(Piperaceae). Conserv Genet 10(6):1911–1914  

    Lincy AK, Remashree AB, Sasikumar B (2009) Indirect 
and direct somatic embryogenesis from aerial stem 
explants of ginger ( Zingiber offi cinale  Rosc.). Acta 
Bot Croat 68(1):93–103  

    Lopez Pedro A, Widrlechner MP, Simon PW, Satish R 
et al (2008) Assessing phenotypic, biochemical, and 
molecular diversity in coriander germplasm. Genet 
Resour Crop Evo 55(2):247–275  

    Lopper JE (1988) Role of fl uorescent siderophore produc-
tion in biological control of  Pythium ultimum  by a 
 Pseudomonas fl uorescens  strain. Phytopathology 
78:166–172  

    Lubinsky P, Cameron KM, Molina MC, Wong M, Lepers-
Andrzejewski S, Gómez-Pompa A, Kim SC (2008) 
Neotropical roots of a Polynesian spice: the hybrid 
origin of Tahitian vanilla, Vanilla tahitensis 
(Orchidaceae). Am J Bot 95(8):1040–1047  

    Madan MS, Ramana KV, Manoj KA, Anandaraj M, 
Suseela Bhai R, Meera IS (2006) Economic viability 
of large-scale production of the biocontrol agent 
 Trichoderma harzianum  Rifa. J Spices Arom Crops 
9:48–51  

    Mahadtanapuk S, Topoonyanont N, Handa T, 
Sanguansermsr M, Anuntalabhochai S (2006) Genetic 
transformation of  Curcuma alismatifolia  Gagnep. 
using retarded shoots. Plant Biotechnol 23:233–237  

    Majourhat K, Martínez-Gómez P, Fernandez JA, Piqueras 
A (2007) Enhanced plantlet regeneration from cul-
tured meristems in sprouting buds of saffron corms. 
Acta horticultureae (ISHS) 739:275–278  

    Maju TT, Soniya EV (2012)  In vitro  regeneration system 
for multiplication and transformation in  Piper nigrum  
L. Intl J Med Arom Plant 2(1):178–184  

    Malabadi RB, Nataraja K (2007) Genetic transformation 
of  Vanilla planifolia  by  Agrobacterium tumefaciens  
using shoot tip sections. Botl Res J 2:86–94  

    Malik SK, Chaudhury R, Kalia RK (2005) Rapid  in vitro  
multiplication and conservation of  Garcinia indica : a 
tropical medicinal tree species. Sci Hortic 
106(4):539–553  

    Mallika VK, Rekha K, Marymol M, Manjula M, Vikraman 
Nair R (1997)  In vitro  shoot initiation from explants of 
fi eld grown trees of nutmeg ( Myristica fragrans  
Houtt.). In: Edison S, Ramana KV, Sasikumar B, 
Nirmal Babu K, Santhosh JE (eds) Biotechnology of 
spices, medicinal and aromatic crops. Indian Society 
for Spices, Calicut, pp 29–34  

    Mandal BB, Tyagi RK, Pandey R, Sharma N, Agarwal A 
(2000)  In vitro  conservation of germplasm of agri- 
horticultural crops at NBPGR: an overview. In: 
Razdan MK, Cocking EC (eds) Conservation of plant 
genetic resources  in vitro , vol 2, Application and limi-
tations. Oxford/IBH, New Delhi, pp 279–308  

     Mani T, Manjula S (2011) Optimization of Agrobacterium- 
mediated transient gene expression and endogenous 
gene silencing in  Piper colubrinum  Link. by vacuum 
infi ltration. Plant Cell Tiss Org (PCTOC) 
105(1):113–119  

    Manohari C, Backiyarani S, Jebasingh T, Somanath A, 
Usha R (2008) Effi cient plant regeneration in small 
cardamom ( Elettaria cardamomum  Maton.) through 
somatic embryogenesis. Ind J Biotechnol 7:
407–409  

    Manoj P, Banerjee NS, Ravichandran P (2008) 
Development of sex specifi c molecular markers in 
dioecious  Piper longum  L. plants by differential dis-
play. J Theor Appl Inform Technol 4(5):459–465  

    Mascarenhas AF, Nair S, Kulkarni VM, Agrawal DC, 
Khuspe SS, Mehta UJ (1987) Tamarind. In: Bonga 
JM, Durzan DJ (eds) Cell and tissue culture in for-
estry, vol 3. Martinus Nijhoff, Dordecht, pp 316–330  

    Mathew MK, Hariharan M (1990)  In vitro  multiple shoot 
formation in  Syzygium aromaticum . Ann Bot 
65:277–279  

    Mathew D, Prasad MC (2007) Multiple shoot and plant 
regeneration from immature leafl ets of  in vitro  origin 
in curry leaf ( Murraya koenigii  Spreng). Ind J Plant 
Physiol 12(1):18–22  

    Mathew KM, Rao YS, Kumar KP, Sallykutty J, 
Lakshmanan R, Madhusoodanan KJ (1999) 
Micropropagation of curry leaf ( Murraya koenigii  L.). 
J Spices Arom Crop 8(1):77–79  

    Mehta UJ, Krishnamurthy KV, Hazra S (2000) 
Regeneration of plants via adventitious bud formation 
from mature zygotic embryo axis of tamarind 
( Tamarindus indica  L.). Curr Sci 78(10):1231–1234  

25 Biotechnological Approaches in Improvement of Spices: A Review

nirmalbabu30@hotmail.com



510

    Mehta UJ, Barreto SM, Hazra S (2004) Effect of thidia-
zuron in germinating tamarind seedlings. In Vitro Cell 
Dev Biol Plant 40(3):279–283  

    Menezes IC, Cidade FW, Souza AP, Sampaio IC (2009) 
Isolation and characterization of microsatellite loci in 
the black pepper,  Piper nigrum  L. (piperaceae). 
Conserv Genet Resour 1(1):209–212  

    Minas GJ (2009) Peppermint (Mentha piperita) sanitation 
and mass micropropagation  in vitro . Int Symp Med 
Aromatic Plants 853:77–82  

    Mini PM, John CZ, Samsudeen K, Rema J, Nirmal Babu K, 
Ravindran PN (1997) Micropropagation of 
 Cinnamomum verum  (Bercht and Presl.). In: Edison S, 
Ramana KV, Sasikumar B, Nirmal Babu K, Santhosh JE 
(eds) Biotechnology of spices, medicinal and aromatic 
crops. Indian Society for Spices, Calicut, pp 35–38  

        Minoo D (2002) Seedling and somaclonal variation and 
their characterization in Vanilla. PhD thesis, Calicut 
University, Kerala  

     Minoo D, Nirmal Babu K (2009) Micropropagation and  in 
vitro  conservation of vanilla ( Vanilla planifolia  
Andrews). In: Jain SM, Saxena PK (eds) Springer pro-
tocols, Methods in Molecular Biology 547, Protocols 
for  In Vitro  Cultures and Secondary Metabolite analy-
sis of Aromatic and Medicinal Plants. The Humana 
Press/Springer, New York, pp 129–138  

     Minoo D, Nirmal Babu K, Ravindran PN, Peter KV 
(2006) Inter specifi c hybridization in vanilla and 
molecular characterization of hybrids and selfed prog-
enies using RAPD and AFLP markers. Sci Hortic 
108:414–422  

    Minoo D, Geetha SP, Nirmal Babu K, Peter KV (2008a) 
Isolation and fusion of protoplasts in Vanilla species. 
Curr Sci 94(1):115–120  

    Minoo D, Jayakumar VN, Veena SS, Vimala J, Basha A, 
Saji KV, Nirmal Babu K, Peter KV (2008b) Genetic 
variation and interrelationships in  Vanilla planifolia . 
and few related species as expressed by RAPD 
 polymorphism. Genet Resour Crop Evol 3:459–470  

     Minoo D, Nirmal Babu K, Grisoni M (2010) 
Biotechnological applications. In: Eric O, Michel G 
(eds) Vanilla. CRC Press, Boca Raton, pp 51–73  

    Miura Y, Fukui H, Tabata M (1987) Clonal propagation of 
chemically uniform fennel plants through somatic 
embryoids. Planta Med 53(1):92–94  

    Mohan S, Parthasarathy U, Babu KN (2012)  In vitro  and 
in vivo adventitious bud differentiation from mature 
seeds of three  Garcinia  spp. Ind J Nat Prod Resour 
3(1):65–72  

    Munyon IP, Hubstenberger JF, Phillips GC (1989) Origin 
of plantlets and callus obtained from chilli pepper 
anther cultures. In Vitro Cell Dev Biol 25(3):293–296  

    Nadgauda RS, Mascarenhas AF, Hendre RR, Jagannathan 
V (1978) Rapid clonal multiplication of turmeric 
 Curcuma longa  L. plants by tissue culture. Ind J Exp 
Biol 16:120–122  

   Nadgauda RS, Kulkarni DB, Mascarenhas AF, Jaganathan 
V (1980) Development of plantlets from tissue cul-
tures of ginger. In: Proceedings annual symposium on 
plantation crops, CRCRI, Kasargod, pp 143–147  

    Nadgauda RS, Khuspe SS, Mascarenhas AF (1982) Isolation 
of high curcumin varieties of turmeric from tissue cul-
ture. In: Iyer RD (ed) Proceedings V annual symposium 
on plantation crops. CPCRI, Kasargod, pp 143–144  

    Nadgauda RS, Mascarenhas AF, Madhusoodanan KJ 
(1983) Clonal multiplication of cardamom ( Elettaria 
cardamomum  Maton.) by tissue culture. J Plant Crops 
11:60–64  

    Naik SK, Chand PK (2006) Nutrient-alginate encapsula-
tion of  in vitro  nodal segments of pomegranate ( Punica 
granatum  L.) for germplasm distribution and 
exchange. Sci Hortic 108(3):247–252  

    Nair RR, Dutta Gupta S (2003) Somatic embryogenesis in 
black pepper ( Piper nigrum  L.): 1. Direct somatic 
embryogenesis from the tissues of germinating seeds 
and ontogeny of somatic embryos. J Hortic Sci 
Biotechnol 78:416–421  

    Nair RR, Dutta Gupta S (2006) High frequency plant 
regeneration through cyclic secondary somatic 
embryogenesis in black pepper (Piper nigrum L.). 
Plant Cell Rep 24:699–707  

    Nair RA, Thomas G (2007) Evaluation of resistance gene 
(R-gene) specifi c primer sets and characterization of 
resistance gene candidates in ginger ( Zingiber offi ci-
nale  Rosc.). Curr Sci 93(1):61–66  

    Nair RA, Thomas G (2012) Functional genetic diversity at 
nucleotide binding site (NBS) loci: comparisons 
among soft rot resistant and susceptible Zingiber taxa. 
Biochem Sys Eco 44:196–201  

    Nair RA, Thomas G (2013) Molecular characterization of 
ZzR1 resistance gene from  Zingiber zerumbet  with 
potential for imparting  Pythium aphanidermatum  
resistance in ginger. Gene 516:58–65  

    Nair RA, Kiran AG, Sivakumar KC, Thomas G (2010) 
Molecular characterization of an oomycete responsive 
PR-5 protein gene from  Zingiber zerumbet . Plants Mol 
Biol Rep 28:128–135  

    Navroski MC, Waldow DAG, Pereira MO, Pereira AO 
(2012) Callus formation  in vitro  and internodal stem 
apices in savory. Agroambiente On-line 6(3):
228–234  

    Nayak S, Naik PK (2006) Factors affecting  in vitro  micro-
rhizome formation and growth in  Curcuma longa  L. 
and improved fi eld performance of micropropagated 
plants. Sci Asia 32:31–37  

    Nazeem PA, Joseph L, Rani TG, Valsala PA, Philip S, Nair 
GS (1996) Tissue culture system for  in vitro  pollina-
tion and regeneration of plantlets from  in vitro  raised 
seeds of ginger - Z ingiber offi cinale  rosc. Intl Symp 
Med Arom Pl, ISHS Acta Horticulturae 426:10–15  

    Nazeem PA, Augustin M, Rathy K, Sreekumar PK, Rekha 
CR, Shaju KV, Peter KV, Girija D, Kesavachandran R 
(2004) A viable protocol for large scale  in vitro  multi-
plication of black pepper ( P. nigrum  L.). J Plant Crops 
32:163–168  

   Nazeem PA, Kesavachandran R, Babu TD, Achuthan CR, 
Girija D, Peter KV (2005) Assessment of genetic vari-
ability in black pepper ( Piper nigrum  L.) varieties 
through RAPD and AFLP analysis. In: Proceeding of 
national symposium on Biotechnological interven-

K. Nirmal Babu et al.

nirmalbabu30@hotmail.com



511

tions for improvement of horticultural crops: issues 
and strategies. Thrissur, pp 226–228  

    Nemati Z, Zeinalabedini M, Mardi M, Pirseyediand SM, 
Marashi SH, Nekoui SMK (2012) Isolation and char-
acterization of a fi rst set of polymorphic microsatellite 
markers in saffron,  Crocus sativus  (Iridaceae). Am J 
Bot 99(9):340–343  

    Nhung HN, Quynh NT (2012) A study on growth ability 
of  Thymus vulgaris  L. under impact of chemical and 
physical factors of culture medium. J Biol 
34(3SE):234–241  

    Nikhil A, Shukla S (2013) Production of artifi cial seeds 
from nodal region of sweet neem ( Murraya koenigii ). 
J Adv Pharma Res Biosci 1(2):71–74  

         Nirmal Babu K (1997)  In vitro  studies in  Zingiber offi ci-
nale  Rosc. PhD thesis, Calicut University, Kerala  

     Nirmal Babu K, Minoo D (2003) Commercial microprop-
agation of spices. In: Chandra R, Misra M (eds) 
Micropropagation of horticultural crops. International 
Book Distributing Company, Lucknow, p 345  

     Nirmal Babu K, Samsudeen K, Ratnambal MJ (1992a)  In 
vitro  plant regeneration from leaf derived callus in gin-
ger,  Zingiber offi cinale  Rosc. Plant Cell Tiss Org 
29:71–74  

    Nirmal Babu K, Samsudeen K, Ravindran PN (1992b) 
Direct regeneration of plantlets from immature infl o-
rescence of ginger ( Zingiber offi cinale  Rosc.) by tissue 
culture. J Spices Arom Crops 1:43–48  

   Nirmal Babu K, Zachariah TJ, Minoo D, Samsudeen K, 
Ravindran PN (1992c)  In vitro  proliferation of nutmeg 
aril (mace) by tissue culture. J Spices Arom Crops 
1:142–147  

    Nirmal Babu K, Samsudeen K, Ravindran PN (1996) 
Biotechnological approaches for crop improvement in 
ginger, Zingiber offi cinale Rosc. In: Ravishanker GA, 
Venkataraman LV (eds) Recent advances in biotech-
nological applications on plant tissue and cell culture. 
Oxford IBH Publishing Co., New Delhi, pp 321–332  

     Nirmal Babu K, Sajina A, Minoo D, John CZ, Mini PM, 
Tushar KV, Rema J, Ravindran PN (2003) 
Micropropagation of camphor tree (Cinnamomum 
camphora). Plant Cell Tiss Org Cult 74(2):179–183  

          Nirmal Babu K, Ravindran PN, Peter KV (eds) (1997) 
Protocols for micropropagation of spices and aromatic 
crops. Indian Institute of Spices Research, Calicut, 
p 35  

     Nirmal Babu K, Minoo D, Geetha SP, Samsudeen K, 
Rema J, Ravindran PN, Peter KV (1998) Plant bio-
technology – it’s role in improvement of spices. Ind J 
Agri Sci 68(8 Special Issue):533–547  

    Nirmal Babu K, Geetha SP, Minoo D, Ravindran PN, 
Peter KV (1999)  In vitro  conservation of germplasm. 
In: Ghosh SP (ed) Biotechnology and its application in 
horticulture. Narosa Publishing House, New Delhi, 
pp 106–129  

     Nirmal Babu K, Anu A, Remasree AB, Praveen K (2000) 
Micropropagation of curry leaf tree  Murraya koenigii  
(L.) Spreng. Plant Cell Tiss Org 61(3):199–203  

      Nirmal Babu K, George JK, Anandaraj M, Venugopal 
MN, Nair RR et al (2005a) Improvement of selected 

spices through Biotechnology tools – Black pepper, 
Cardamom, Ginger, Vanilla. Final Report, D BT, 
Government of India, pp 111  

       Nirmal Babu K, Samsudeen K, Minoo D, Geetha SP, 
Ravindran PN (2005b) Tissue culture and biotechnol-
ogy of ginger. In: Ravindran PN, Nirmal Babu K (eds) 
Ginger – the genus Zingiber. CRC Press, Boca Raton, 
pp 181–210  

    Nirmal Babu K, Minoo D, Geetha SP, Sumathi V, Praveen 
K (2007) Biotechnology of turmeric and related spe-
cies. In: Ravindran PN, Nirmal Babu K, Sivaraman K 
(eds) Turmeric – the genus curcuma. CRC Press, Boca 
Raton, pp 107–125  

         Nirmal Babu K, Asha S, Saji KV, Parthasarathy VA 
(2011a) Black pepper. In: Singh HP, Parthasarathy VA, 
Nirmal Babu K (eds) Advances in horticulture 
 biotechnology, vol 3, Molecular Markers and Marker 
Assisted Selection – Fruit Crops, Plantation Crops and 
Spices. Westville Publishing House, New Delhi, 
pp 247–260  

     Nirmal Babu K, Usha Rani TR, Parthasarathy VA (2011b) 
Cardamom. In: Singh HP, Parthasarathy VA, Nirmal K 
(eds) Advances in horticulture biotechnology, vol 3, 
Molecular Markers and Marker Assisted Selection – 
Fruit Crops Plantation Crops and Spices. Westville 
Publishing House, New Delhi, pp 261–268  

    Nirmal Babu K, Minoo D, Parthasarathy VA (2011c) 
Ginger. In: Singh HP, Parthasarathy VA, Nirmal Babu 
K (eds) Advances in horticulture biotechnology, vol 1, 
Regeneration Systems – Fruit Crops, Plantation Crops 
and Spices. Westville Publishing House, New Delhi, 
pp 421–442  

     Nirmal Babu K, George JK, Bhat AI, Prasath D, 
Parthasarathy VA (2011d) Tropical spices. In: Singh 
HP, Parthasarathy VA, Nirmal Babu K (eds) Advances 
in horticulture biotechnology, vol 5, Gene cloning and 
Transgenics. Westville Publishing House, New Delhi, 
pp 529–542  

    Nirmal Babu K, Senthil Kumar R, Parathasarathy VA 
(2011e) Cardamom. In: Singh HP, Parthasarathy VA, 
Nirmal Babu K (eds) Advances in horticulture bio-
technology, vol 1, Regeneration Systems – Fruit 
Crops, Plantation Crops and Spices. Westville 
Publishing House, New Delhi, pp 395–404  

     Nirmal Babu K, Jayakumar VN, Minoo D, Venugopal 
MN, Sudarshan MR, Radhakrishnan V, Parthasarathy 
VA (2012a) Genetic diversity and phylogenetic rela-
tionships among small cardamom ( Elettaria cardamo-
mum  Maton.) cultivars and related genera using DNA 
markers. Intl J Hort 1(1):47–56  

       Nirmal Babu K, Nair RR, Saji KV, Parthasarathy VA 
(2012b) Biotechnology. In: Singh HP, Parthasarathy 
VA, Srinivasan V, Saji KV (eds) Piperaceae. Westville 
Publishing House, New Delhi, pp 57–81  

    Nirmal Babu K, Yamuna G, Praveen K, Minoo D, Ravindran 
PN, Peter KV (2012c) Cryopreservation of spices 
genetic resources. In: Katkov I (ed) Current frontiers in 
cryobiology. InTech-Open Access Publisher, Croatia, 
pp 457–484. ISBN 978-953-51-0191-8  

25 Biotechnological Approaches in Improvement of Spices: A Review

nirmalbabu30@hotmail.com



512

    Nirmal Babu K, Suraby EJ, Cissin J, Minoo D, Pradeep 
kumar T, Parthasarathy VA (2013) Status of transgen-
ics in Indian spices. J Trop Agri 51(1–2):1–14  

    Ochoa-Alejo N, Ramirez-Malagon R (2001)  In vitro  chilli 
pepper biotechnology. In Vitro Cell Dev Biol 
37(6):701–729  

    Panda MK, Mohanty S, Subudhi E, Acharya L, Nayak S 
(2007) Assessment of genetic stability of  micropropagated 
plants of  Curcuma  longa L. by cytophotometry and 
RAPD analysis. Intl J Int Bio 1(3):189–195  

    Pandey S, Mishra A, Patel MK, Jha B (2013) An 
effi cient method for  Agrobacterium -mediated 
genetic transformation and plant regeneration in 
Cumin ( Cuminum cyminum  L.). App Biochem 
Biotechnol 171:1–9  

    Panizza M, Tognoni F (1992) Micropropagation of laven-
der ( Lavandula offi cinalis  Chaix X  Lavandula latifolia  
villars cv. Grosso). In: Bajaj YPS (ed) Biotechnology 
in agriculture and forestry, vol 19, High-Tech and 
Micropropagation III. Springer, Heidelberg, 
pp 295–305  

    Papavizas GC (1985) T richoderma  and  Gliocladium:  
biology, ecology and potential for biocontrol. Ann Rev 
Phytopath 23:23–54  

    Paran I, Aftergoot E, Shifriss C (1998) Variation in 
 Capsicum annuum  revealed by RAPD and AFLP 
markers. Euphytica 99(3):167–173  

    Parthasarathy VA, Nirmal Babu K (2011) Ginger. In: 
Singh HP, Parthasarathy VA, Nirmal Babu K (eds) 
Advances in horticulture biotechnology, vol 3, 
Molecular Markers and Marker Assisted Selection – 
Fruit Crops, Plantation Crops and Spices. Westville 
Publishing House, New Delhi, pp 279–290  

    Patil VM, Dhande GA, Thigale DM, Rajput JC (2011) 
Micropropagation of pomegranate ( Punica granatum  
L.)‘Bhagava’cultivar from nodal explant. Afr J 
Biotechnol 10(79):18130–18136  

    Patnaik S, Chand PK (1996)  In vitro  propagation of 
medicinal herbs  Ocimum americanum  L. syn.  O. 
canum  Sims (hoary basil) and  Ocimum sanctum  L. 
(holy basil). Plant Cell Rep 15(11):846–851  

    Pattepur SV, Mokashi AN, Ajjappalavara PS (2010) Effect 
of cytokinins and auxin on shoot proliferation of coty-
ledonary nodes derived from axenic seedling of tama-
rind ( Tamarindus indica  L.). Asn J Hort 
5(1):185–188  

   Paul S, Dam A, Bhattacharyya A, Bandyopadhyay TK 
(2011) An effi cient regeneration system via direct and 
indirect somatic embryogenesis for the medicinal tree 
 Murraya koenigii . Plant Cell Tiss Org 
105(2):271–283  

   Peter KV, Ravindran PN, Nirmal Babu K, Venugopal MN, 
Geetha SP, Benny D (2001) Production of somaclones 
and somatic hybrids of cardamom (Elettaria cardamo-
mum Maton) for high yield and resistance to diseases. 
ICAR Project report. Indian Institute of Spices 
Research, Calicut, p 120  

    Pirseyedi SM, Valizadehghan S, Mardi M, Ghaffari MR, 
Mahmoodi P, Zahravi M, Nekoui SMK (2010) 

Isolation and characterization of novel microsatellite 
markers in pomegranate ( Punica granatum  L.). Intl J 
Mol Sci 11(5):2010–2016  

    Popova E, Kim HH, Paek KY (2010) Cryopreservation of 
coriander ( Coriandrum sativum  L.) somatic embryos 
using sucrose preculture and air desiccation. Sci 
Hortic 124(4):522–528  

    Pradeep Kumar T, Karihaloo JL, Archak S, Baldev A (2003) 
Analysis of genetic diversity in  Piper nigrum  L. using 
RAPD markers. Genet Res Crop Evo 50:469–475  

    Prasath D, El-Sharkawy I, Tiwary KS, Jayasankar S, 
Sherif S (2011) Cloning and characterization of PR5 
gene from  Curcuma amada  and  Zingiber offi cinale  in 
response to  Ralstonia solanacearum  infection. Plant 
Cell Rep 30(10):1799–1809  

    Prasath D, Suraby EJ, Karthika R, Rosana OB, Prameela 
TP, Anandaraj M (2013) Analysis of differentially 
expressed genes in  Curcuma amada  and  Zingiber offi -
cinale  upon infection with  Ralstonia solanacearum  by 
suppression subtractive hybridization. Acta Physiol 
Plant 35:3293–3301  

    Pratap KP (1992) Artifi cial seeds: vatika from the seed 
and plant people. Spring Issue 1:27–30  

   Praveen K (2005) Variability in somaclones of Turmeric 
( Curcuma longa  L.). PhD thesis, Calicut University, 
Kerala  

    Rahman MM, Amin MN, Ahamed T, Ali MR, Habib A 
(2004) Effi cient plant regeneration through somatic 
embryogenesis from leaf base-derived callus of 
 Kaempferia galanga  L. Asn J Plants Sci 3(6):
675–678  

    Rajan PP, Sarma YR, Anandaraj M (2002) Management of 
foot rot disease of black pepper with  Trichoderma  spp. 
Indian Phytopath 55:34–38  

    Raju B, Anita D, Kalita MC (2005)  In vitro  clonal propa-
gation of  Curcuma caesia  Roxb and  Curcuma zedo-
aria  Rosc from rhizome bud explants. J Plant Biochem 
Biotechnol 14(1):61–63  

    Ramachandran K, Chandrashekaran PN (1992)  In vitro  
roots and rhizomes from anther explants of ginger. J 
Spices Arom Crops 1(1):72–74  

    Rani U, Sharma MM, Ismail N, Batra A (2012)  In vitro  
plant regeneration from immature seeds of  Murraya 
koenigii  L. Spreng Ind J Biot 11(1):108–110  

    Rao SNK, Narayanaswamy S, Chacko EK, Doraiswamy 
R (1982) Regeneration of plantlets from callus of 
 Elettaria cardamomum  Maton. Proc Ind Acad Sci 
(Plant Sci) 91:37–41  

    Rao YS, Mary MK, Pradip Kumar K, Salykutty J, 
Laxmanan R, Madhusoodhanan KJ, Potty SN 
(1997) Tissue culture studies on tree spices. In: 
Edison S, Ramana KV, Sasikumar B, Santhosh JE 
NBK (eds) Biotechnology of spices, medicinal and 
aromatic crops. Indian Society for Spices, Calicut, 
pp 39–44  

    Ratheesh ST, Ishwara Bhat A (2011) Genetic transforma-
tion and regeneration of transgenic plants from proto-
corm like bodies of vanilla using  Agrobacterium 

K. Nirmal Babu et al.

nirmalbabu30@hotmail.com



513

tumefaciens . J Plant Biochem Biotechnol 
20(2):262–269  

    Ratnamba SP, Chopra RN (1974)  In vitro  induction of 
embryoids from hypocotyls and cotyledons of 
 Anethum graveolens  seedlings. Z Pfl anzeenphysiol 
73:452–455  

    Raupach GS, Kloepper JW (1978) Mixtures of plant 
growth promoting rhizobacteria enhance biological 
control of multiple cucumber pathogens. 
Phytopathology 88:1158–1164  

   Ravishankar GA, Sudhakar JT, Venkataraman LV (1993) 
Biotechnological approach of  in vitro  production of 
capsaicin. In: Proceedings of the national seminar on 
post harvest technology of spices. Trivandrum, 
pp 75–82  

    Ravindran PN, Peter KV, Nirmal Babu K, Rema J, 
Samsudeen K, Minoo D, Geetha SP, Sajina A, Mini 
PM, Manjula C, John CZ (1996) Biotechnological 
approaches in spice crops-present scenario and future 
prospects. In: Das MR, Sathish M (eds) Biotechnology 
for development. State Committee on Science, 
Technology and Environment, Kerala, pp 175–197  

    Renjith D, Valsala PA, Nybe EV (2001) Response of tur-
meric ( Curcuma domestica  Val.) to  in vivo  and  in vitro  
pollination. J Spices Aromat Crops 10(2):135–139  

    Rodeva V, Gudeva LK, Grozeva S, Trajkova F (2013) 
Obtaining haploids in anther culture of pepper 
Capsicum annuum L. and their inclusion in the breeding 
process. Yearbook-Faculty of Agriculture 7(1):7–18  

    Rubio-Moraga A, Castillo-López R, Gómez-Gómez L, 
Ahrazem O (2009) Saffron is a monomorphic species 
as revealed by RAPD, ISSR and microsatellite analy-
ses. BMC Res Notes 2(1):189  

    Sajeev S, Roy AR, Langrai B, Pattanayak A, Deka BC 
(2011) Genetic diversity analysis in the traditional and 
improved ginger ( Zingiber offi cinale  Rosc.) clones cul-
tivated in North-East India. Sci Hortic 128:182–188  

    Sajina A, Geetha SP, Minoo D, Rema J, Nirmal Babu K, 
Sadanandan AK, Ravindran PN (1997a) 
Micropropagation of some important herbal spices. In: 
Edison S, Ramana KV, Sasikumar B, Nirmal Babu K, 
Eapen SJ (eds) Biotechnology of spices, medicinal 
and aromatic plants. Indian Society for Spices, Calicut, 
pp 79–86  

     Sajina A, Minoo D, Geetha P, Samsudeen K, Rema J, 
Nirmal Babu K, Ravindran PN, Peter KV (1997b) 
Production of synthetic seeds in few spice crops. In: 
Edison S, Ramana KV, Sasikumar B, Nirmal Babu K, 
Eapen SJ (eds) Biotechnology of spices, medicinal 
and aromatic plants. Indian Society for Spices, Calicut, 
pp 65–69  

    Saju KA (2004) Factors affecting the biological control of 
 Phytophthora capsici  infection in black pepper ( Piper 
nigrum  L.). University of Calicut, Kerala, p 281  

    Salem KMSA, Charlwood BV (1995) Accumulation of 
essential oils by  Agrobacterium tumefaciens  trans-
formed shoot cultures of  Pimpinella anisum . Plant 
Cell Tiss Org 40(3):209–215  

    Salvi ND, George L, Eapen S (2000) Direct regeneration 
of shoots from immature infl orescence cultures of tur-
meric. Plant Cell Tiss Org 62(3):235–238  

    Salvi ND, George L, Eapen S (2002) Micropropagation 
and fi eld evaluation of micropropagated plants of tur-
meric. Plant Cell Tiss Org 68(2):143–151  

    Salvi ND, Eapen S, George L (2003) Biotechnological 
studies of Turmeric ( C. longa  L.) and Ginger ( Z. offi ci-
nale  Rosc.). In: Harikumar VS (ed) Advances in agri-
cultural biotechnology. Vedams Book Pvt. Ltd., New 
Delhi, pp 11–32  

    Samantaray A, Sial P, Kar M (2012a) Micro-propagation 
and biochemical analysis of Spear Mint ( Mentha spi-
cata ). Ind J Innov Dev 1(7):489–493  

    Samantaray S, Phurailatpam A, Bishoyi AK, Geetha KA, 
Maiti S (2012b) Identifi cation of sex-specifi c DNA 
markers in betel vine ( Piper betle  L.). Genet Resour 
Crop Evo 59(5):645–653  

    Samsudeen K, Nirmal Babu K, Minoo D, Ravindran PN 
(2000) Plant regeneration from anther derived callus 
cultures of ginger ( Zingiber offi cinale  Rosc.). J Hort 
Sci Biotechnol 75(4):447–450  

    Sano K, Himeno H (1987)  In vitro  proliferation of saffron 
( Crocus sativus  L.) stigma. Plant Cell Tiss Org 
11:159–166  

    Santoro MV, Nievas F, Zygadlo J, Giordano W, Banchio E 
(2013) Effects of growth regulators on biomass and 
the production of secondary metabolites in peppermint 
( Mentha piperita ) micropropagated  in vitro . Am J 
Plant Sci 4:49–55  

    Santos PAG, Figueiredo AC, Lourenco PML, Barroso JG, 
Pedro LG, Oliveira MM, Schripsema J, Deans SG, 
Scheffer JJC (2002) Hairy root cultures of  Anethum 
graveolens  (dill): establishment, growth, time-course 
study of their essential oil and its comparison with par-
ent plant oils. Biotechnol Lett 24:1031–1036  

    Sarma YR (2006) Recent trends in the use of antagonistic 
organisms for disease management in spice crops. In: 
Ramanujam B, Rabindra RJ (eds) Current status of 
Biological control of plant diseases using antagonistic 
organisms in India, Proc of the Group meeting on 
Antagonistic organisms in plant disease management 
held at Project Directorate of Biological control. 
Bangalore pp 49–73  

     Sarma YR (2010) Integrated pest and disease manage-
ment in black pepper ( Piper nigrum  L.). International 
Pepper Community (IPC) Jakarta, Indonesia and 
Spices Board, Ministry of Commerce & Industry, 
Govt of India, Cochin  

    Sarma YR, Anandaraj M (1998) Biological suppression of 
diseases of plantation crops and spices. In: Singh SP, 
Hussaini SS (eds) Biological suppression of diseases of 
plants, phytoparasitic nematodes and weeds. Project 
Directorate of Biological Control, Bangalore, pp 24–47  

   Sarma YR, Saju K (2004) Biological control for the man-
agement of foot rot and slow decline diseases of black 
pepper. Focus on pepper ( Piper nigrum  L.). 
International Pepper Community, Jakarta, Indonesia 
1:25–51  

25 Biotechnological Approaches in Improvement of Spices: A Review

nirmalbabu30@hotmail.com



514

    Sarma KS, Sharada K, Maesato K, Hara T, Sonoda Y 
(1991) Chemical and sensory analysis of saffron pro-
duced through tissue cultures of  Crocus sativus . Plant 
Cell Tiss Org 26:11–16  

     Sarma YR, Manohara D, Premkumar T, Santhosh J (2013) 
Diseases and Insect Pests of Black Pepper (Piper 
nigrum, L). International Pepper Community(IPC), 
Jakarta  

       Sarma YR, Devasahayam S, Kumar A, Aravind R (2014) 
Status of biological control of pest and disease man-
agement in spice crops. In: Koul O, Dhaliwal GS, 
Khokhar S (eds) Biopesticides in sustainable 
 agriculture, progress and potential. RamSingh 
Scientifi c Publishers, Jodhpur, pp 287–333  

    Sasaki Y, Fushimi H, Cao H, Cai SQ, Komatsu K (2002) 
Sequence analysis of Chinese and Japanese Curcuma 
drugs on the 18S rRNA gene and trnK gene and the 
application of amplifi cation-refractory mutation sys-
tem analysis for their authentication. Biol Pharma Bull 
25(12):1593–1599  

     Sasaki Y, Fushimi H, Komatsu K (2004) Application of 
single-nucleotide polymorphism analysis of the trnK 
gene to the identifi cation of Curcuma plants. Biol 
Pharma Bull 27(1):144–146  

   Sasikumar B, Zachariah TJ (eds) (2003) Organization of 
Ginger and Turmeric germplasm based on molecular 
characterization. In: Final report, ICAR Ad-hoc proj-
ect. IISR, Calicut  

    Schenk NC (1981) Can mycorrhizae control root disease? 
Plant Dis 65:230–234  

    Schluter P, Soto Arenas M, Harris S (2007) Genetic varia-
tion in  Vanilla planifolia  (Orchidaceae). Econ Bot 
61:328–336  

    Sehgal CB (1978) Differentiation of shoot buds and 
embryoids from infl orescence  of Anethum graveolens  
in cultures. Phytomorphology 28:291–297  

    Sen S, Skaria R, Muneer PA (2010) Genetic diversity 
analysis in  Piper  species (Piperaceae) using RAPD 
markers. Mol Biotechnol 46(1):72–79  

    Senan S, Kizhakayil D, Sheeja TE, Sasikumar B, Bhat AI, 
Parthasarathy VA (2013) Novel polymorphic micro-
satellite markers from turmeric,  Curcuma longa  L. 
(Zingiberaceae). Acta Bot Croat 72(2):407–412  

    Settu A, Ranjitha Kumari BD, Jeya Mary R (1997)  In vitro  
selection for salt tolerance in  Trigonella foenum- 
graecum   using callus and shoot tip cultures. In: Edison 
S, Ramana KV, Sasikumar B, Nirmal Babu K, Eapen 
SJ (eds) Biotechnology of spices, medicinal and aro-
matic plants. Indian Society for Spices, Calicut, 
pp 119–121  

    Shaji P, Anandaraj M, Sharma YR (1998) Comparative 
study of protoplast isolation and development in  Piper 
nigrum  (black pepper) and  P. colubrinum . In: Mathew 
NM, Jacob CK (eds) Developments in plantation crops 
research. Allied Publishers, New Delhi, pp 51–53  

    Shylala MR, Nair SG, Nazism PA, Millikan VK, Mathew 
MK (1996)  In vitro  screening of black pepper for tol-
erance to  Phytophthora capsici . J Plant Crops 
24:171–178  

    Shanmugam V, Thakur H, Gupta S (2012) Use of chitino-
lytic Bacillus atrophaeus strain S2BC-2 antagonistic 
to  Fusarium  spp. for control of rhizome rot of ginger. 
Ann Micro Biology 63:989  

    Shanmugam V, Gupta S, Dohroo NP (2013) Selection of a 
compatible biocontrol strain mixture based on co- 
cultivation to control rhizome rot of ginger. Crop Prot 
43:119–127  

    Sharma ND, Jain AC (1979) Studies on the biological 
control of  Fusarium oxysporum f.sp. zingiberi , the 
causal organism of yellows disease of ginger. Indian 
Phytopath 31(2):260–261  

    Sharma TR, Singh BM (1995)  In vitro  micro rhizome pro-
duction in  Zingiber offi cinale  Rosc. Plant Cell Rep 
15(3/4):274–277  

    Sharma TR, Singh BM (1997) High frequency  in vitro  
multiplication of disease free  Zingiber offi cinale  Rosc. 
Plant Cell Rep 17(1):68–73  

    Sharma TR, Singh BM, Chauhan RS (1994) Production of 
encapsulated buds of  Zingiber offi cinale  Rosc. Plant 
Cell Rep 13:300–302  

    Sharma RK, Wakhlu AK, Boleria M (2004) 
Micropropagation of  Anethum graveolens  L. through 
axillary shoot proliferation. J Plant Biochem 
Biotechnol 13(2):157–159  

    Shasany AK, Darokar MP, Dhawan S, Gupta AK et al 
(2005) Use of RAPD and AFLP markers to identify 
inter- and intraspecifi c hybrids of mentha. Oxf J J 
Hered 96(5):542–549  

    Sheeja TE, Sabeesh C, Shabna OV, Shalini RS, 
Krishnamoorthy B (2013) Genetic diversity analysis 
of  Myristica  and related genera using RAPD and ISSR 
markers. J Spices Arom Crop 22(1):38–46  

   Sheibani M, Nemati SH, Davarinejad GH, Azghandi AV, 
Habashi AA (2006) Induction of somatic embryogen-
esis in saffron using thidiazuron (tdz). II international 
symposium on Saffron Biology and Technology, ISHS 
Acta Hortic, pp 739  

    Sheji C, Smitha KS, George RS, Bhat I, Anandaraj M 
(2006) Development of SCAR marker for locating 
 Phytophthora  resistance in black pepper ( Piper 
nigrum  L). Southern Zone Meeting. Indian 
Phytopathological Society, Kasargod  

    Shekhawat NS, Galston AW (1983) Mesophyll proto-
plasts of fenugreek (T rigonella foenum-graecum ): iso-
lation, culture and shoot regeneration. Plant Cell Rep 
2(3):119–121  

    Shi X, Dai X, Liu G, Bao M (2009) Enhancement of 
somatic embryogenesis in camphor tree ( Cinnamomum 
camphora  L.): osmotic stress and other factors affect-
ing somatic embryo formation on hormone-free 
medium. Trees 23(5):1033–1042  

    Shi X, Dai X, Liu G, Zhang J, Ning G, Bao M (2010) 
Cyclic secondary somatic embryogenesis and effi cient 
plant regeneration in camphor tree ( Cinnamomum 
camphora  L.). In Vitro Cell Dev Biol Plant 
46(2):117–125  

    Shirgurkar MV, Naik VB, von Arnold S, Nadgauda RS, 
Clapham D (2006) An effi cient protocol for genetic 

K. Nirmal Babu et al.

nirmalbabu30@hotmail.com



515

transformation and shoot regeneration of turmeric 
( Curcuma longa  L.) via particle bombardment. Plant 
Cell Rep 25(2):112–116  

    Shukla MR, Subhash N, Patel DR, Patel SA (1997)  In vitro  
selection for resistance to Alternaria blight in cumin 
( Cuminum cyminum ). In: Edison S, Ramana KV, 
Sasikumar B, Nirmal Babu K, Eapen SJ (eds) 
Biotechnology of spices, medicinal and aromatic 
plants. Indian Society for Spices, Calicut, pp 126–128  

    Singh RD, Choudhary SL, Patel KG (1972) Seed trans-
mission and control of Fusarium wilt of cumin. 
Phytopath Medit 11:19–24  

    Singh N, Mishra A, Joshi M, Jha B (2010) Microprojectile 
bombardment mediated genetic transformation of 
embryo axes and plant regeneration in cumin 
( Cuminum cyminum  L.). Plant Cell Tiss Org Cult 
103:1–6  

    Singh SR, Mir J, Ahmed N, Rashid R, Wani S, Sheikh M, 
Mir H (2011) RAPD profi le based grouping of garlic 
 Allium sativum  germplasm with respect to photoperi-
odism. J Trop Agri 49(1/2):114–117  

    Singh S, Panda MK, Nayak S (2012) Evaluation of genetic 
diversity in turmeric ( Curcuma longa  L) using RAPD 
and ISSR markers. Ind Crop Prod 37(1):284–291  

     Singh SK, Meghwal PR, Pathak R, Gautam R, Kumar S 
(2013) Genetic diversity in  Punica granatum  revealed 
by nuclear rrna, internal transcribed spacer and RAPD 
polymorphism. Natl Acad Sci Lett 36(2):115–124  

    Sinus S, Dania K, Syamkumar S, Sasikumar B et al (2010) 
Development, characterization and cross species 
amplifi cation of polymorphic microsatellite markers 
from expressed sequence tags of Turmeric ( Curcuma 
longa  L.). Mol Biotechnol 44(2):140–147  

    Siracusa L, Gresta F, Avola G, Albertini E et al (2013) 
Agronomic, chemical and genetic variability of saf-
fron ( Crocus sativus  L.) of different origin by LC-UV–
vis-DAD and AFLP analyses. Genet Resour Crop Evo 
60(2):711–721  

    Smith MK, Hamill SD, Gogel BJ, Severn-Ellis AA (2004) 
Ginger ( Zingiber offi cinale ) autotetraploid with 
improved processing quality produced by an  in vitro  
colchicines treatment. Aus J Exp Agri 44:1065–1072  

    Song JuYeon S, Sivanesan I, Chul Geon A, Byoung Ryong 
J (2009) Micropropagation of paprika ( Capsicum ann-
uum ) and its subsequent performance in greenhouse 
cultivation. Korean J Hort Sci Technol 27(2):293–298  

    Soriano JM, Zuriaga E, Rubio P, Llácer G, Infante R, 
Badenes ML (2011) Development and characteriza-
tion of microsatellite markers in pomegranate ( Punica 
granatum  L.). Mol Breed 27(1):119–128  

   Spices Board of India (2014)   http://www.indianspices.
com/      

     Stephen R, Jayabalan N (2000) Artifi cial seed production 
in coriander ( Coriandrum sativum  L.). Plant Tiss 
10(1):45–49  

   Sujatha R, Dash PK, Koundal KR (2005) Identifi cation of 
plant sources for insect resistance genes using heter-
ologous probes. In: Muthunayagam AE (ed) 

Proceedings of seventeenth Kerala science congress. 
KFRI, Peechi, Kerala, India, pp 78–80  

    Sulassih S, Santosa E (2013) Phylogenetic analysis of 
mangosteen ( Garcinia mangostana  L.) and its rela-
tives based on morphological and inter simple 
sequence repeat (issr) markers. SABRAO J Breed 
Genet 45(3):478–490  

    Suma B, Keshavachandran R, Nybe EV (2008) 
Agrobacterium tumefaciens mediated transformation 
and regeneration of ginger ( Zingiber offi cinale  Rosc.). 
J Trop Agri 46(1–2):38–44  

    Sumathi V (2007) Studies on somaclonal variation in 
zingiberaceous crops. PhD thesis, University of 
Calicut, Kerala  

    Sundararaj SG, Agrawal A, Tyagi RK (2010) Encapsulation 
for  in vitro  short-term storage and exchange of ginger 
( Zingiber offi cinale  Rosc.) germplasm. Sci Hortic 
125(4):761–766  

    Suparman U, Blake J (1990) Studies on tissue culture of 
clove tree plant. Indones J Crop Sci 5(2):67–75  

    Suresh S, Chung JW, Sung JS, Cho GT, Park JH, Yoon 
MS, Kim CK, Baek HJ (2013) Analysis of genetic 
diversity and population structure of 135 dill ( Anethum 
graveolens  L.) accessions using RAPD markers. 
Genet Resour Crop Ev 60(3):893–903  

     Suseela Bhai R (1998) Studies on capsule rot (Azhukal) 
disease of cardamom. University of Calicut, Calicut 
University, Kerala  

    Suseela Bhai R, Thomas J, Naidu R (1993) Biological 
control of Azhukal disease of cardamom caused by 
 Phytophthora meadii  Mc Rae. J Plant Crops 
21:134–139  

    Swetha Priya R, Subramanian RB (2008) Isolation and 
molecular analysis of R gene in resistant  Zingiber offi -
cinale  (ginger) varieties against  Fusarium oxysporum  
sp. Zingiberi. Bioresour Technol 99(11):4540–4543  

    Syamkumar S, Sasikumar B (2007) Molecular marker 
based genetic diversity analysis of  Curcuma  species 
from India. Sci Hortic 112:235–241  

    Tamayo AC (2007) Characterización de genotipos selec-
cionados de cardamomom ( Elettaria cardamomum  
L. Matón) (Zingiberaceae) in Colombia. Tierra Trop 
3(2):233–241  

    Tawfi k AA, Noga G (2001) Adventitious shoot prolifera-
tion from hypocotyl and internodal stem explants of 
cumin. Plant Cell Tiss Org 66(2):141–147  

    Tawfi k AA, Noga G (2002a) Cumin regeneration from 
seedling derived embryogenic callus in response to 
amended kinetin. Plant Cell Tiss Org 69:35–40  

    Tawfi k AA, Noga G (2002b) Differentiation of somatic 
embryos in suspension cultures and plant regeneration of 
cumin ( Cuminum cyminum  L.). J Appl Bot 76:144–149  

    Thatte KS, Deodhar MA (2012) Study of fl owering 
behavior and sex determination in  Garcinia indica  
(Thomas- Du Pettite) Choisy by means of molecular 
markers. Biotechnology 11:232–237  

    Thomas E, Kizhakkayil J, Zachariah TJ, Syamkumar S, 
Sasikumar B (2006) Comparative quality character-
ization and molecular profi ling of Indian, Sri Lankan 

25 Biotechnological Approaches in Improvement of Spices: A Review

nirmalbabu30@hotmail.com



516

and Guatemalan cardamoms. J Food Agri Environ 
4(2):129–133  

    Tiing LE, San HS, Eng L (2012) Cloning and 
 characterization of resistance gene analogues (rgas) 
from  Piper nigrum  l. cv. semongok aman and  Piper 
colubrinum  link. APCBEE Procedia 4:215–219  

      Tyagi RK, Agrawal A, Mahalakshmi C, Hussain Z, Tyagi 
H (2007) Low-cost media for  in vitro  conservation of 
turmeric ( Curcuma longa  L.) and genetic stability 
assessment using RAPD markers. In Vitro Cell Dev 
Plant 43:51–58  

    Umetsu H, Wake H, Saitoh M, Yamaguchi H, Shimomura 
K (1995) Characteristics of cold preserved embryo-
genic suspension cells in fennel  Foeniculum vulgare  
Miller. J Plant Physiol 146(3):337–342  

     Usman NM, Balakrishnan P, Sarma YR (1996) Biocontrol 
of rhizome rot of ginger. J Plant Crops 24(suppl):
184–191  

    Vandemoortele JL, Billard JP, Boucaud J, Gaspar T (1996) 
Micropropagation of parsley through axillary shoot 
proliferation. Plant Cell Tiss Org 44(1):25–31  

    Venkataraman LV, Ravishanker GA (1997) 
Biotechnological approaches for production of saffron 
and capsaicin – a perspective. In: Edison S, Ramana 
KV, Sasikumar B, Nirmal Babu K, Eapen SJ (eds) 
Biotechnology of spices, medicinal and aromatic 
plants. Indian Society for Spices, Calicut, pp 156–165  

    Verma S, Rana TS (2013) Genetic relationships among 
wild and cultivated accessions of curry leaf plant 
( Murraya koenigii  (L.) spreng.), as revealed by DNA 
fi ngerprinting methods. Mol Biotechnol 
53(2):139–149  

    Verma PC, Chakrabarty D, Jena SN, Mishra DK, Singh 
PK, Sawant SV, Tuli R (2009) The extent of genetic 
diversity among  Vanilla  species: comparative results 
for RAPD and ISSR. Ind Crop Prod 29(2):581–589  

    Vincent KA, Mathew KM, Hariharan M (1992) 
Micropropagation of Kaempferia galanga L.-a medici-
nal plant. Plant Cell Tiss Org Cult 28(2):229–230  

    Vivek PJ, Tuteja N, Soniya EV (2013) CDPK1 from gin-
ger promotes salinity and drought stress tolerance 
without yield penalty by improving growth and photo-
synthesis in  Nicotiana tabacum . PLoS One 
8(10):e76392  

     Vyas RK, Mathur K (2002) Introduction of  Trichoderma  
spp. in Cumin rhizosphere and their potential in sup-
pressing of wilt. Indian Phytopath 55:451–457  

    Wadt LHDO, Ehringhaus C, Kageyama PY (2004) 
Genetic diversity of “ Pimenta Longa” genotypes 
(Piper spp., Piperaceae) of the Embrapa Acre germ-
plasm collection. Genet Mol Biol 27(1):74–82  

    Wahyuni S, Xu DH, Bermawie N, Tsunematsu H, Ban T 
(2003) Genetic relationships among ginger accessions 
based on AFLP marker. J Bioteknologi Pertanian 
8:60–68  

     Wang Y, Kumar PP (2004) Heterologous expression of 
Arabidopsis ERS1 causes delayed senescence in cori-
ander. Plant Cell Rep 22(9):678–683  

    Wang ZM, Niu Y, Song M, Tang QL (2010) Tetraploid of 
 Zingiber offi cinale  Roscoe.  in vitro  inducement and its 
morphology analysis. China Vegetables 4:13  

    Xia Q, Zhao KJ, Huang ZG, Zhang P, Dong TT, Li SP, 
Tsim KW (2005) Molecular genetic and chemical 
assessment of Rhizoma Curcumae in China. J Agric 
Food Chem 53(15):6019–6026  

    Xu ZH, Davey MR, Cocking EC (1982) Organogenesis 
from Root Protoplasts of the Forage Legumes; 
 Medicago sativa, Trigonella foenum-graecum . Z 
Pfl anzenphysiol 107(3):231–235  

     Yamuna G (2007) Studies on cryopreservation of spice 
genetic resources. PhD thesis, Calicut University, 
Kerala  

    Yang Q, Liu RS, Gong ZZ, Liu WY (2002) Studies of 
three genes encoding Cinnamomin (a type II RIP) iso-
lated from the seeds of camphor tree and their expres-
sion patterns. Gene 284(1):215–223  

    Yang T, Li J, Wang HX, Zeng Y (2005) A geraniol- 
synthase gene from  Cinnamomum tenuipilum . 
Phytochemistry 66(3):285–293  

    Zahid NY, Abbasi NA, Hafi z IA, Ahmad Z (2009) Genetic 
diversity of indigenous fennel ( Foeniculum vulgare  
Mill.) germplasm in Pakistan assessed by RAPD 
markers. Pak J Bot 41(4):1759–1767  

    Zeybek E, Sertaç Önde S, Kaya Z (2012) Improved  in 
vitro  micropropagation method with adventitious 
corms and roots for endangered saffron. Cent Eur J 
Bio 7(1):138–145  

    Zhao L, Li M, Cai G, Pan T, Shan C (2013) Assessment of 
the genetic diversity and genetic relationships of 
pomegranate ( Punica granatum  L.) in China using 
RAMP markers. Sci Hortic 151:63–67  

    Zheng Y, Liu Y, Ma M, Xu K (2008) Increasing  in vitro  
microrhizome production of ginger ( Zingiber offi ci-
nale  Roscoe). Acta Physiol Plant 30(4):513–519      

K. Nirmal Babu et al.

nirmalbabu30@hotmail.com

View publication statsView publication stats

https://www.researchgate.net/publication/280933960



