
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/264259920

In	vitro	plant	regeneration	from	encapsulated
somatic	embryos	of	black	pepper	(Piper	nigrum
L.)

Article		in		Journal	of	Plant	Sciences	·	March	2007

DOI:	10.3923/jps.2007.283.292

CITATIONS

3

READS

56

2	authors:

Ramakrishnan	Nair

ICAR-	Indian	Institute	of	Spices	Research

30	PUBLICATIONS			118	CITATIONS			

SEE	PROFILE

Snehasish	Dutta	Gupta

Indian	Institute	of	Technology	Kharagpur

85	PUBLICATIONS			730	CITATIONS			

SEE	PROFILE

All	in-text	references	underlined	in	blue	are	linked	to	publications	on	ResearchGate,

letting	you	access	and	read	them	immediately.

Available	from:	Ramakrishnan	Nair

Retrieved	on:	19	September	2016

https://www.researchgate.net/publication/264259920_In_vitro_plant_regeneration_from_encapsulated_somatic_embryos_of_black_pepper_Piper_nigrum_L?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_2
https://www.researchgate.net/publication/264259920_In_vitro_plant_regeneration_from_encapsulated_somatic_embryos_of_black_pepper_Piper_nigrum_L?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_1
https://www.researchgate.net/profile/Ramakrishnan_Nair3?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Ramakrishnan_Nair3?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_5
https://www.researchgate.net/profile/Ramakrishnan_Nair3?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Snehasish_Dutta_Gupta?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Snehasish_Dutta_Gupta?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Indian_Institute_of_Technology_Kharagpur?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Snehasish_Dutta_Gupta?enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw%3D%3D&el=1_x_7


Jonrrnl of Plant Sciences 2 (3): 283-292, 2007
ISSN l8l6-4951
@ 2007 Academic Journals

In vibo Plant Regeneration from Encapsulated Somatic

Embryos of BlackPepper (Piper nigrumL.)

tR. RarnakrishnanNair arrd'�S. Drtta Gupta
'Indianlnstihie of Spices Researctl Calicut 673012, Kerala" India

'�Indian hstitlrte of Techrology, Kharagpur 7 21302" West Bengal, India

Abstrach A successfirl encapsulaliurprotocol was develo@ for sqnatic ernbryos ofblack
pepper to produce syntHic seeds. Sodium alginate concentatistof 4o/o (wfu) was ideal at
a calciurn chloride concenfration of 1 00 mM to prodrce caps'ules ofperfect morphology and
sufficient gel stength. Encapsulation affected tln percentage of germination of somatic
unbryos dependirg upott the curcentation of sodiurn alginate used, with a &astic redrction
aI 5o/o and above. Preliminary shrdies on stor4ge indicated tlat tlrc somatic embryos
encapsulateil in 4% sodium algin:ate can be zuccessfiily stored at culhrre roorn ternperahue
on aga-gelled SH basal salt soltfrion rp to 45 days. Storage at low temperatne of4oC found
to be lethal. Non-encapsulated somatic embryos were not zuitable for storage. Possibility
of direct sowing of synthetic seeds in the soil was also examined

KeywordsArtificial seeds, Hack pepper, encap*ulation, Piper nignm L. somatic
embryo6, syrfrtletic seeds

INTRODUCTION

High frequency plant regeneration tlnough somatic embryogenesis is a suitable system for mass
propagation of plants. The prospect of pomotirg syntretic seed technology in agricultuatly
important species r.rtilizing somatic embryqgenesis is a subject of increasirg interest (RedenbauglL
I 990). futificial or synthetic seeds, consisting of somatic embryos enclosed in a protective coating,
have been proposed as a low-cos! high-volume propagation qystem (Redenbaugh et at., 19g6).
Synthetic seed technolqgy is deigned to combine the advantages of clonat propagation with those of
seed propagation. By combining the benefits ofa vegetative propagation system with the capability
oflurg term storage, syntretic seeds have many diverse applicatioru in agriculture (Gray and purohi!
I 991 ; Rederfua:gh er a/., l99l; RederfiauglL I 993). The potential uses ofartificial seeds are nurnerouq
inclu&ng storage of gernrplasrn and delivery of elite genotlpes, hand-pollinated hytrids with reduced
seed ferlility and genetically engineered plants with sterile m unstable genotypes. The size oftlre
synthetic seed ard the coating around the somatic emkyo potentially are advartageous for
storage, handling, tansportation and planting (Redenbatgh et al.,l9SS). Synt}etic seeds represent a
potential delivery system for fiture genetically engineered ctrltivars trat are meiotically wstable
(Mariani, 1992). The potential application ofsynthetic seed technology has been demorstated for
several economically usefirl plants @edenbaugh et al.,1986; Bapat and Rao, lggg; Mariani, 1992;
Lulsdorfeta/., 1993; Pa&naja et al.,1995;or:ny et d- 1996;Janrr;lrc et a1.,1997; castillo a al., l99g;
An et al., 1999; vij et a1.,200r; ehoi and Jeong, 2002; hewein and wilhelnl 2003; Ipekci and
Gozukimizl 2003:'Iwtget a1.,2004). Proqpects andlimitations of synthetic seeds were reviewedby
Araet aI. (2000) antl aplication of utificial seeds to topical crops has beenfeatr:red by Redenbaugh
Q990). According to Sanaatra (1992) encapsulation of somatic ernbryo may contol the wata qfake,
release ofnrtrients and provide mechanical protection required for field planting.

Correspandtrg Aldha: R RrnalrristnanNair, krdian ftrs0itse d Spices Reserch, Calicl[ 6730f 2, Kerala, India
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Black peprper (Piper nigrum L., Piperaceae), is one of the most important spice crops grown in
India and tuaded tlnoughorfr tlre world and is taditionally propagated by stem crt'tings. Propagation
of this crop through seeds is cumbersome, rmcertain and yields orily heterogeneous progenies

@avindrm et a/., 2000). Black peppeg seeds are recalcitant and viability is retained only for atnrf a
week after hawest {Ravindran et a1.,2000) and easily looses viability on storage, as the moistre
content is lost (Chaudhwy and Chandel, I 994). Thus, standardization of synthetic seed technology
has potential application in this crop.

Plant regeneration tlnough direct somatic embryogenesis from the micro'pylar tissues of the
gerrnin;athg seeds ofblackpeper andib scaling ry tuoughhigh-frequency cyclic secondary somatic
embryogenesis have been described in earlier reports (Nair and Dtrta Gupta 2003, 2005, 2006).
hblished reports on plant regeneration Aom encapsulated somatic embryos of black pepper were not
available. The present study describes the encapsulation of black pepper somatic emkyos in sodium
alginate matix to prodrce syntretic seeds and successfirl plant regeneration. Sensitivity of
encapsulated somatic erntryos to different tsnperahnes and stmage media is also tested. Possibility
of direct seeding of encapsulated somatic emtryos in soil is also examined-

MATERIALS ANDMETHODS

E$abll$ment of Embryogenic Cultmes
Primary somatic embryos of black pepper cultivar Karinnnda were indrced onthe micropylar

tissues of seeds undergoing in $tro gerrninatiuq on agar gelled (0.87o), firl1-shengt}, PGR-free SH
(Schenk and Hildebrandt 1972) mediurn containing 3.0% ('WV) sucroee (SHS30) ruder darkrcss, after
90 days of culture, followirg the method described by Nair and Dutta Gupta (2003 and 2005). High
frequency secondary somatic emtryo proliferation was achieved zubsequerfly on PGR-free SH
mediurn containirg l.5olo sucrose (SHSI5) as re,portedby same adlrors later (Nair and Drt'ta Grryt4
2006). Embryogenic suspension cultures were established using the proliferating secondary

clurnps m inocuhnrs ard unifornity of cultures was indrced by sieving tlnough a mesh
of 500 pm (Nair ad Drfra ftryh" 200Q. Such embryogenic nrspension cultures were used as source
of somatic emtryos for encapoulatior

Encapsrlati,ori of Somtic EmbrAos and Germlnation
Somatic ernbryoe at cotSdedonary stage from nearly rnriform suspersionsr 20 days after zubculture

were used for encapsulatiffiI(Flg. lA). The embryos were collected afterfilteringtbe suspelsion
through a 500 pm nylon mesh and blot dried on sterile filter paper irside a laminar flow hood The
emtnyos were spread on sterile Pehi dishes containing sterilized sodirnn alginate (Loba Chemie, India)
gelof2.0, 3.0, 4.0, 5.0 ard 6.0% sbengttt in SHS30 basalmedilnn.Theseernbryoswerecareflrlly
picked up with sterile Pasteur pipette (4 mm irside diameter of tip), along with a drop of sodiurn
alginate and genfly &opped into a sterile solution of 100 mM calciurn chloride (CaCl, 2HrO)
in a 250 mL conical flask. Embryos &om each sodium alginate concenhation were prfr into
different flasks labeled, respectively and kept on a gyratory shako(80rpm)at25+loC,under
36 pmol m-2 s-l light for 40 min

After incubotioru the calciurn chloride solution was decanted and the beads were washed tlnee
times with sterile SH salt solution Morphology of beads prodrced in each concerdxatiqr of sodiurn
alginate was recorded by photogaphy ushg a Minolta SLR camera fitted with macro lens.
Encapsrlated somatic embryos or Synseeds were cultwed in disposable Petri plates (90x15 mm)
containing a thin layer of agar gelled SHS30 basal mediurrt at 25*1oC, wrder diffirsed light
(10 pmol m-'�r') forgermination Ttere were 30 synseedsperpeti plate. The cultures were observed
at wery altemate day for two weeks rd tfrc petcentage of germination was recorded aftgr two weeks-

284



J. Plant Sci., 2 (j): 283-292, 2007

There were ttree replicates per teahnent and the experiment was repeated ttnee times. U#
encapsulated cotyledonary somatio embryos formed t}e contol. The germinated synsegds were
trarsferred to 250 mL Erlerrneyer flasks containfug 50 mL agar gelled SHS30 mediurn for further
development ofplarflets. As 4% sodiurn alginate concenfration prodrced perfect beads with sufficient
stength and reasonably good germination, this concanfration was selected for subsequenf eryeriments.

Storage of Encapsulated Somatlc Embryos and Germinatlon
To study the effect of the medium of storage on viability and germination of synseeds, tlre

cotyledonary emtryos were encapsulated in beads formed by a 4% solution of sodirnn alginate in
SHS30 mediurn rd kefl on sterile peti distres (90x l5 mm) confaining differerfi storage media sueh
as moistened sterile filter paper, agar-gelled SH basal salt, agar-gelled SHSI5 mediunL sealed with
parafilm and stored at 2ltloC as well as 4oC wder 24 h dad<ness. Tluee sets of30 capsules each were
used in each teatnent and the experiment was repeated tlree time$. Non-encapsulated cotyledon:ary
somatic ernbryos fomred the corffol. Germinafion of enc4sulated as well as non-encapsulabd sonatic
embryos (corfrol) after 15, 30 and 45 days of storage was tested on agar gelled SHS30 medium d
zsrl"C,rmder diftrsedlight (10 pmol m-2 s-'), andmean percentage of germinationwas recorded

Germinatbn of Encapsulated Somatlc Embryos h Sterilized Soll
To test the germination of synseeds in soil, the frestrly arcapsulated somatic anbryos in 4%

sodiurn alginate following fte metlrcd described previously were sown dr sterili-red garden soil in seed
pas, moistened with double distilled water. Ttre seed pars were covered with polythene sheets having
few holes for aeration and maintained il the culhre room corditiorrs. Fifty seeds were sown in each
pan and five seed parrs were used as replicates. Percentage ofgermination was recorded after one morftr
of sowing.

RESI]LTS

Encapsrlatlon and Gcrmhatlon
Among the various concenffiions of sodiurn alginate tested for encapsulating embryoq 4%

pro&rced perfectbeads wifi sufficient stength (Fig. lB). Capsules formed at 2% concentation were
very soft md fused togetrer in calciurn chltride solution to form lunrps. Sodiurn alginate concentation
of 3% prodrced snall oblong beads (Fig- lQ. Concentratiun above 4% prodrcedvery hard capeules.

Encaps'tiaGd somatic ernbryos (synseeds) cultured on SHS30 basal medium started gerrnination
after one week of oilture. Initially tre root portion pierced though tre matix of the beads and gradrally
established contact with the medium (Frg. lD). Subsequently, the shoot portion emerged- Well
developedplantlets appeared after two weeks (Fig. lE-F).

Encapsulation affected the germination percentage of somatic emtryos considerably. The
gerrnination percentage of naked somatic embryos was 80.9 while tlat of enoapsulated sornatic
emhym ranged from 13.3 to 73.3. The germination of synseeds depended r.pon the concentation of
sodiurn alginate used- There was a decline in the percentage of germination with the increase in soditnn
alginate concentration Gerrnination of synseeds was re&rced &astically abwe 4o/o corrcerfration
(Fig. 2). Germination at 4% sodium alginate concentation was 58%.

Effect of Storage Medb and Temperatut on Vtabilify and Germlnatlon of Encapsrlated
Somqfb Ephwol

Of the tluee storage media md two storage tenrperahnes tested for storing Encapsulated Somatic
Embryoo (ESE) for different durations, agar gelled SH basal salt soh.rtion at crilture room temperature
(2tll'C) foundto be bette: fu storage (Iable l). ESEs stored at culture room temperatwe (2tll"C)
showed variation in germination percentage depending r4m the medium of storage and &ration of
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Fig. l: Enc4sul{ion +f blaek pepper somatic errhryos xrd gcrminatioo of slmilhetic secds. A.
C*ylcdonary somatic crnhryos used for cnc4sulation B. Perfect crysulcs produrcd wilh 49ra
sodium dgindc C. Capsrlcs of oHong drrye resultcd friln 39/o sodftrm dginate D. Initiation of
gamination aftcr 1 wcdr of culhrrc E Appcrarcc ofpladeb afterZ rveek F. Wcll dcveloped
plrrdeb showing vigornous growffr, Br = 2 * inA md l0 mrin B-F

storagc. Thc ESEs stortdon moistcned filtcrpapcr sho*'ed a germination of 36.6?Y" aftcr 15 days,
17.789ro aftcr fll days and 0llo/o eftcr 45 days of storagr wlilc thse storcd on ryr gdlcd SH basd salt

solulionsholccdgcminationpcrccdegcsof4333,24.4F'.md12.22aftcr15,30 md45dqrsof*orege
rcrycdirely. Gcrrnindio,npcrccntagcs ofESEs storcdin agr gcllcd SII$15 medium werc 55.56, 5333
md 4&89 after 15, 30 ard 45 days, r€spcctivcly. Iil/hco SHS15 was used as storagc mcdium, tfie ESEs
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Tablel: EffectdstcragBmedia"tenperahrreofstoragsurddurationofsta-agemgerminationdencapsulatedsomatic
entryos of cq. Iftrimunda Agar-gelled SH basal medium conhining 37o sucrose'was used as gerrninatian

@
Storaep

Stmm mslhm tmemhm Afts I 5 dms Aftr 30 dros Aftr 4-5 dms

Filter paper
moistened with
sterile di*illed water

Agrgelled SHbasal
salt sohrtion

Agar gelled SH
mediurn cmtaining
l -5olo sucrose

36.67+2.W
u.w
0.00
0.00
43.33+2.36
10.00+0.%
0.00
0.00
55.56+1.76
74.81*209+r
u-w
0.00

t7.'I8*.2.22
0.00
0.00
0.00
24.44+t.76
o.00
0.00
0.00
53.33+1.67
8220rl.ll*+
n rn
t r - t t t

0.m
0.00
0.00
0.00
lzzxl.47
0.00
0.00
0.00
48.8911.1 I i

86.67+0.96+*
u.w
0.00

25+1.C

4"C

25+1"C

+C

25+1.C

4"C

ESE
NESE
ESE
NESE
ESE
NESE
ESE
NESE
ESE
NESE
ESE
NESE

* Germination started in the stcr-age medium itself ,** Gsrnination in the storage mcdium d higher frequency

CmccntUkn of eodhm'lgi!/E O$

f,l Ccnindo of @dic rce& roatro ti*
NESB-Nm'eacqelhd rmdc €obeg

Fig.2'. Effect of sodium algrnate concentation used for encapsulation, on the germination
percentage of synthetic seeds of cv. Karimunda on SH basal mediurn after two weeks of
cultere. Non-encapsulated somatic embnyos were used as conhol

started gerrnination in the storage mediurn itselfafter 30 days. The ESEs stored at 4oC failed to give
anygerrnirntionirrespective ofthe storage mediurn or drnation of storage. In most ofthese beads the
embryos tr:rned trown indicating lethality.

Non-encapsulated sornatic embryos used as corfrols showed tlat fiey ae not zuitable for storage,
irrespective of the storage media and ternperafures tested in the present study. The NE SEs stored on
moistened filter paper at culture room temperahre (25+loc) as well as 4oC failed to show any
germin:ation after storage, Those NESEs stored on agar-gelled SH basal salt solution at culhne room
temperature (25+loc) showed poor germination (10,0t0.96) after 15 days storage, but friled to
geminate after 30 and 45 days of storage. On SHSI5 mediurn used for storage at cultwe room

287

I
G
6

E
E



J. Plant Sci., 2 (3): 283-292,2M7

temperature (25tl "C), NESEs started germinating at higher frequency even a ter l5 days of stc'rage
(74.81+2.09). The germination frequencyincreased by 30 days (82.20+1.1l) and 45 dap (86.67+0.96)
and well developed plantlets started 4pearing. The NESEs stored at 4oC fhiled to survive and tumed
brown in all the storage media tested (Iable l).

Gerrnlnation of Encapsulated Somatic EmbrTos in Sterilized Soil
Only I 0% of tre encapsulated somatic embryos germinated in tre sterilized garden soi1, after one

month of sowirg. The resulted plantleb were very weak with poorly developed cotyledors. They
failed to grow flrther and gradrallyperished-

DISCUSSION

The principal objective of the present study was to examine the retention of viability of black
pepper somatic embryos after encapsulation in t}e alginate mahix and survival of t}re encapsulated
embryos on storage. Srryplementary to the standardization of high frequency plant regeneration
ttnough somatic embrryogenesis inblack pepper $lair and Dutta Gupta" 2003,2005,2006), sl.nseeds
prepared from sornatic embryos provide an additional tool as an easy ard novel delivery system. The
major advantage of this technique is the combination of high volurne production with low cost
propgation (Fuji et a1.,1987;Gray et aL, 1995).

Following Redenbaugh er al. (1986 utd l99l) and Bapat and Rao (1988) the hy&ogel sodium
alginate was used for encapsulation with 100 mM CaCl, 2HrO as complexing agent in the present
shrdy. Among the various concentrations tested 4% sodiurn alginate formd to be ideal for
encapsulation of black pepper somatic embryog to give s)mseeds of sufficient stength and
perfect shape. Although the recommended concentation of sodium algin:ate is ftom 0.5-5% (dv)
(Re<lenbaugh et al., 1987b), most frequently used concentatiorn are at the range of 2-3%, to get the
ideal results in marry plant species (JairL 1987; Rao md Singlt l99l; Mariani, 1992; Lulsdorf ar a/.,
1993; Gill et d., 1994; Jurcino et al., 1997; Castillo et al., 1998; Ara et al., 1999; Vij et al., 2001;
Malabadi and Nataraja, 2002; Choi and Jeong, 2002; Ipekci and Gozukirmizi, 2003; Lakshmi and
Mytiili, 2003; Jung et at.,2004;Wa-Chang ar-rd Sunithq 2005). Higher concentations zuch as 4o4
(Prewein ardWilhelrn,2003) and 5% (Ganapathi eral., 2001) were rarelyused Higher concorhations
of sodium alginate may be required depending upon the medirnn in which it is dissolved and also
the commercial source of the chemical. In the present sfudy sodium alginrate was dissolved in SH
basal medium containing 37o sucrose (SHS30). It has been reported that sodiurn alginate frcrn
different soutces used in same concentation may influence tlre germination of synseeds differently
(Castillo et al.,1998; Gosh and Se& 1994). This rnay be due to ttre difference in gel stength.

In general, alginate encapsulation affectad the germirmtion of black pepper somatic ernbryos
compared to non encapsulated contols (Fig. 2). Redrced germination percentage of ESEs compared
to NESEs was reported by earlier workers (Lulsdorf er el., 1993; Janeiro el al.,1997: Ipekci and
Gozukirmici, 2003). It has been suggested that the encapsr.rlation affect the anbryo respiration
(Redenbaug[ 1990) and this in h.nn may affect t]re viability and germination of somatic embryos.
Conversely, Ara et al. (1999) reported that in mango ESEs given a higher percertage ofgermination
compared to NESEs. They athibuted the reasons for these results to the protection provided by the
capsules and the presence of nutients in the gel mahix. tn the present context it appears tlrat the
redrcedgermirmtionpercentage is due to the impaired respiration and t}e mechanical barrier created
by ceprule rpahir

The pegeontage of gErmination of ESFs velied depg$iry Wpn fle canoer.tltfitipo of so{irryp
elgingto uled rhre wqs o s*fird dEsEsse hgqwinaliqr pqpeluflge pf FSEI a$ ths aoneentation pf
sodiruq 4lginete inors$ed urd &ostic reduotion wss oherved at 5 Brd 6% (Fig 2) Concenhation pf

https://www.researchgate.net/publication/258635890_Sandalwood_plantlets_from_'Synthetic_seeds'?el=1_x_8&enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw==
https://www.researchgate.net/publication/225392294_Dormancy_induction_of_somatic_embryos_of_Siberian_ginseng_by_high_sucrose_concentrations_enhances_the_conservation_of_hydrated_artificial_seeds_and_dehydration_resistance?el=1_x_8&enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw==
https://www.researchgate.net/publication/222284442_Artifical_seeds_for_plant_propagation?el=1_x_8&enrichId=rgreq-f4193b0368f9475fe2b4bf211a5e3b46-XXX&enrichSource=Y292ZXJQYWdlOzI2NDI1OTkyMDtBUzoxMjM4OTMwNDE4NjQ3MDRAMTQwNjU0OTgxMTI4Nw==
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4olo was corsidered as optimum as it produced perfect beads with sufficient mechanical stengttr

and given reasonably good germination ofESEs. Such variation in the quality ofcapsules and
frequency of rqenaation dependirg upon sodiurn alginate concentatiorn has already been indicated
(Janeiro eral., 1997; Castillo er a/., 1998; Ipekci and Goarkirmici, 2003). The increased sodiurn alginate
concentrations may result in very hard capsules which hinder tlre penetation ofradicle through the

capoule wall to establish oontact with the germination medir.nn in most of the ESEs. Only very vigorous
somatic ernbryos maybe able to overcome suchbarrier, whichresults inlow percentage of germinatiorr

The somatic emtrryos encapsulated with 4% sodiurn alginate in SHS30 medir:rn and stored on
different storage media at different temperatures and duration showed varied responses.

lnespective of the storage media and drnation, storage at 4"C formd to be lethal to the ESEs as
well as NESEs (control) of black pepper. Stuage of ESEs at4oCandsubsequentgermination

has been tested in many plart qpecies of importrrce @apot and Raq 1988; Datta and Potykus, 1989;
Liu et al., 1992; Lulsdorf et al.,1993; Gill et a1.,1994;Onay et a1.,1996; Janeiro eral., 199?;
Madlwv et a1.,2002; Ipekci ard Gonkirmi4 2003; Wmkelmann et at.,2004).In most of these cases

@apatand Raq 1988; Datta and Potykus, 1989; Lulsdorf et a1.,1993;Jxrcll:oet a1.,1997; Ipekci and
Gozr:kirmizi, 2003; Winkelmarm et a1.,2004) storage of ESEs at 4oC redrcedthe germinatiorq but
complete stppression of germination was not observed Germirntion percentage of NESEs stored at
4"C has been reported to be lower than ESEs in certain cases (Janeiro et al,, 1997; Ipekci and
Gozukirmizi" 2003) andrarelyNESEs failedto suwive the storage (Datta and Potrykus, 1989). Non
germination of ESEs and NESEs of black pepper after storage at 4"C from 15-45 days indicates the
high sensitivity of black pepper somatic embryos to low temperatr:re which can not be overcome by
encapsulation alone. Special teatnerfrs have to be standardized for solving this problem.

Germinationpercentage of tre ESEs stored at culfure room temperatrne of 21rl"C was influenced
by tre storage mediurn and dr:ration of storage. In all tlrc storage media teste4 gerrnination percentage
of ESEs after storage at 2ttloC was lower (fable l) thanthe freshly encapsulated somatic ernbryos
h 4% algtrnate (Fig. 2) and declined depending upon the dmation of storage. Reduced germination
pacentage ofESEs stored at cultne room ten4:erature for different time dtnations has been recorded
by larciro et al. (L997)rnCamellia japonica and Malabadi and Nataraja (2ll2)nClitoria ternatea.
Similar observations were also made by Yij et aI. (2001) in encapsulated PLBs of Dendrobtum
densiflonnn. These authors preferred 4oC as a better storage temperatrue than culture room
temperahue. Bd, in all ttrese cases ESEs were stored without any storage media, According to
Redenbaugh (1990), the hy&ated capsules are more difficult to store because of the requirement of
embryo respiration- The ideal storage medium fon storing ESEs upto 45 days found to be agar-gelled
SH basal salt solution (fable 1). This may be due the fact that the essential rnrtients required except
the sucrose is available &om the storage mediwn once tlre nutients in the gel matrix is depleted and
absence of sucrose inthe mediumprevenb tre germination of ESEs &ring storage. In agar gelled SH
medirnn srpplemented witl 1.5% sucrose (SHSI5), germination frequency was higher after stor4ge
conpared to agar-gelled SH basal salt solutiorq brrt ESEs started germination inthe storage medium
itself after 15 days of $torage which impairs tre purpose of storage. ln filter paper moistened with
sterile distilled water ESEs were viable only rryto 30 days and frequency of germination was also very
poor. All these observations indicate the role ofnutrients on post storage germination ofESEs and
essentiality of optimizing a stcnage mediurn for tlre somatic emtryos encapsulated in sodiurn algrnate.
Strdies on tre effect of storage media on viability and storage potential were lacking in literatne. Non-
encapsulated sornatic embryos stored as contol fajled to survive on moistened filter paper, brt
swvived upto l5 d on agar gelled SH basal salt and a poor post-storage germination percenr4ge was
observed. This may be due to the total ahsence of nutients in former mrd absence of energy source
(sucrose) in the latter. Poor survival ofNESEs on storage has been indicated in earlier reports
(Ianeino et a1.,1997; Malabadi andNahraja 2002). Malabadi and Nataja (2002) observed a verylow
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ptcerfiageQVo) ofgerminationofNESEs storedat 20"C andcornplete failure ofgerminationinNESEs
storedat27"C. InagargelledSHSI5 medium the NESEs started germinationathighfrequencyin
thestoragemediurnibelfafter 15 days. Gsrnination of cotyledonary somatic ernbryos of blaek
peppo in SHSI5 mediurn at high frequencyunder normal cultue conditiors has alreadybeenreported
(Nlair and Dutta Glpt4 2003, 2006).

The results on direct sowing of ESEs of black pepper indicate that tre technique has to be firther
perfected- Only l 0% of ESEs sown on sterilized garden soil gerrninated and the resrdted weak plantlets
failed to grow fi:rther. This may be due to the reason tl:at the nutrients available in tre gel matix are
irsufficient for ttre flrll developrnent ofplantlets. It is also possible that the ESEs are undergoing
desiccation in the soil, which can not be tolerated by highly reealcitant somatic embryos ofblack
pepper. Furtlrer research on this aspect shottld improve the rnrtient status of gel matix and
shndardize m external coating of ESEs to avoid desiccation. The gerrnination of synfhetic seeds was
testedintlresoilbyafew@apatandRao, 1988;Patniketal.,1996).Bapatand Rao(1988)tested
syntlretic seeds of sandal wood in soil, but failed to get arry germination. Artificial seeds of
Cymbopogon martini planted in sand sand + soil or sand + soil +compost have given gerrnination
percentages of ll.7-21.7o/o (Patnik et al., 199Q. Ttus, the present result is encoumging, as a
preliminary atternpt

In conclusiort the present study zuccessfi:lly describes the encapsr:lation of somatic embryos of
a cultivar of black pepper and germination Possibility of storage of ESEs at different media,
terperature and time duation is examined and a preliminary attempt is made to germinate the ESEs
on sterilized garden soil. However, firther research is required to perfect these techniques for their
effective application in gernrplasrn corservation and commercial micropropagation
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