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1. Introduction 
The conservation of pla nt gene tic resources (PGR) is essentially to protect 

and safegua rd invaluable genetic resources th at are fast depl eting du e to va rious 
biotic and abiotic stresses and have large potenti al future use. Utilizati on of these 
PGRs is linked to food security and agrobi odiversity. Conservation stra tegies 
ar e dependent on pl ant species an d expla nts to be conserved, ava ilability of best 
techniques and resources and feasibility . In situ an d ex situ. conservation methods 
th at can com pleme nt one an oth er based on specific needs are essential for holistic 
efficien t and cost-effective conse rva tio n. 

Over the past six decades, biotechnological resea rch has focused on develop in.g 
and improving protocols tor (i) embryo cultu re; (ii) clona l propagation via somatic 
embryogenes is; (iii) homozygote production via anther cultu re; (iv) germplasm 
conserva tion via cryopreservation; and (v) genetic transform ation. Cryopreservati on, 
in p art icul ar , h as shown enormous p ot entiality in effec ting safe long-t erm 
conservation of PGRs over the past 40years in view of sim plicity and the applicability 
to a wide ran ge of genotypes and explants like seeds, embryos, embryo nic axes, 
meristem s, pollen, dormant buds and genomic resources (Chaudhury et al., 2015). 

Planta tion crop s need to be pr opagat ed and ma intain ed clonally in field , 
how ever w ith severa l limitati on s. Field ma intena nce proves m ost expens ive 
due to (1) h igh labour costs (2) vulne rability to environmental hazards and pest 
and pathogens an d (3) large spa ce requirement. This can lead to su dden loss of 
valuable germplasm or accumulation of sys temic path ogens, especially viruses. 
It can be overcome using in vitro rep ositories or seed genebanks or cryobanks for 
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shor t-i.medium- and long-term conse rva tion . In vitro conse rvation using mainly ai 
norm al and slow grow th conditions, induction of storage organs etc have been Ie 
rep ort ed for several plantation crops (Mandal, 1999; Mandai et al., 2000; Manivel, p 
2000; Sreen ath, 2000; Thulasee dha ran et al., 2000). Arecanu t is the least worked out 
species in this regard , 2 

Cryopreservation technology, the exsitu storage of biological materials at ultra­
low temperatures, usu ally betwe en -150 to -196°C using liquid nitrogen (LN) as a 
safe and efficient long-term technology, has remained an important biotechnological 
tool for storin g w ide ra nge of plant germplasm (Cha ud hury et al., 2015) and for 
pa thogen-free sta tus of germpla sm (Wang etal., 2014), Cryoprese rva tion is the only 
techniqu e ava ilable p resentl y, for long-term storage of vegeta tive ly p ropagated 
species (in the form of shoot tip s, meristem s, soma tic emb ryos and cells), difficult­
to-store non-orthod ox seed species (comp rising intermed iate and recalcitrant seeds), 
to which several pl ant ation crops belong, for p ollen to meet breeders need. For to 
plantation crops, cry oprese rva tion of vegeta tive tissue s such as shoot ap ices and TI 
soma tic em bryos and zygotic tissues like seeds, embryos and embryonic axes and of 
pollen have been rep orted from several lab oratories. 

2 
Seed s ar e the most preferred explan ts for storage due to ease of handling. 

How ever, many plantation crops, which are indigenous to the tropics belong mainly 
fo to the category of recalcitrant seeds (Cha udhury and Malik, 2004). These cannot be 
2desiccated to low moisture con ten t without substan tial loss of viability . In add ition, 

seeds w ith intermed iate seed storage beha vior can withs tand desiccation up to 10­ cr 

14 per cent, however with viability decline. Careful con trolled processing of such er 

seeds result in extension of their storage life at low and ultra-low temperatures. 2. 
Stor age of po llen is ano the r op tion which is comparable to seed storage.Pollen 

of severa l spec ies is desiccation-tolerant (i.e. can be dried to less than 5 per cent pr
m oisture conten t on a dr y we igh t basis) when she d at binucleate sta te and can be th 
stored below O°C in desiccated state. In contrast, trinucleate pollen produced from re 
species like arecanu t and oil p alm, ha ve high moistur e content at anthes is, surv ive ur 
only limited desiccation and have short life sp an ran ging from a few hours to 
days (Barnabas and Kovacs , 1997). Pollen s torabi lity trends are no t correlated with 2 . 
seed storability trends and hence p ollen storage of recalcitrant seed species can be 
undertaken to complement their conservation efforts, se 

The chap ter deals wi th curren t status of use of va rious cryo techniques to 
2 . achieve ex situ. conse rvation of some important pl an tat ion crop s, Camellia sinensis L.
 

(0.) Kuntze (tea), Elaeisguineeneis [acq. (oil p alm ), Areca catechu L (arecanu t), Heoea
 
brasiliensis Mu ell-Arg. (rubber) and seve ral sp p . of Coffea (coffee) using explants like ar
 
seeds, zygotic embryos, somatic embryos, emb ryonic axes, sho ot apices and pollen,
 

3 
2. Cryopreservation Methods 

Cryopreserva tion techniques commonly used for variou s spe cies are as follows: 
3 

2.1. Air Desiccation-Freezing 
3 . 

In this technique, the see ds are desiccated to different target m oisture contents 
by maint ain ing ove r charged silica gel in a desiccator for 4-48 hrs before freezing 

(1 in LN . Aseptically excised embryos and embryonic axes are desiccated in sterile 
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in ly air und er laminar airflow cabinet up to 5 h ours, to around 11-16 per cen t moisture 
.een lev el d epending on criti cal m oisture content of each, an d th en frozen by rapid 
rvel. plunging in liquid nitrogen , 
out 

2 .2. Pregrowth-Desiccation 

ltra - Explants like zy gotic em bryos, somatic em bryos, shoot apices and em b ryonic 
as a axes are pregrown on media containing d ifferen t cryoprotectants in order to impart 

;ical grea ter desiccation toleranc e and hom ogen eity in the behaviour. The explan ts are 

I for then d eh ydrat ed under the laminar airflow cabine t or over silica gel or processed 

only by encapsulation-dehyd ration or vitrificati on, 

a ted 
2.3. Encapsulation-Dehydration

cult­
ads), Expl ants are suspe nded in 3-5 per cent sodium algina te solution and picked up 
For to d ispense ind ividually in to 100 mM CaCl

2 
followed by sha king to obta in beads. 

and The bead s are th en deh ydrat ed in sucrose-enriched med ia for a minimum peri od 
and of 17 hours followed by desiccation and freezing. 

2.4. Vitrification 
ling. 

It involves the treatment of tissu es w ith cryop rotectan ts in vitrification solu tions linly 
followed by fast freezing . Most commonl y used is Pl ant Vitrificatio n Solu tion Dt be 
2 (PVS2). Recover y growth of exp lan ts is tested after thaw in g and rem oval of tion, 
cryop rotectants. Initiall y developed for shoot apices, cell suspe ns ions and somatic 

D10­
embry os, it ha s been lately applied to zygo tic em bryos and em bryonic axes, ouch 

2S. 2.5. Droplet Vitrification 
rllen Develop ed b y Pan is et al. (2005), this technique follows a normal vitrification 
cent protoco l except during immersion in LN, dropl ets of vitrif ication so lution en closing 
n be th e exp la n ts are placed on ste rile aluminu m s tr ips . A ve ry high coo ling and 
r om rew arming rates are ens ured as explants are in d irect contac t wi th LN and with 
vive unloading so lu tion . 
:s to 
with 2.6. Pollen Storage 
n be Pollen sam ples are desiccated using va rio us desiccants for few hours before 

sealing in cryovials and sto ring at temperatures a t or below -150°C. 
~s to 

2.7. Thawing;is L. 
'eoea For thawing of frozen samples, polyprop ylene cryovia ls conta ining the explan ts 
,like are dipped into a water bath (37-40°C) to warm th e specime n rapi dly , 
lIen, 

3.	 Success using Cryotechniques in different Genera of 
Plantation Crops 

ow s: 
3.1. Rubber (Hevea brasiliensis L.) 

3 .1.1. Cryostorage of Zygotic Embryos and Embryonic Axes 
ents 

Cryo p rese rvation of rubber was rep orted to be successful by No rma h et al.zing 
(1986) using air desiccation-freezing method for embryo nic axes with 50 per cen t erile 



survival after cryoexpo sure. In later studies (Norrnah, 1987), higher survival rates 
(69-71 per cen t) we re achieved w he n axes were desiccated for 2 an d 3 hours, cooled 
by stepwise method or by direct im me rsion and thawed rapidly. A de ta iled review 
on storage atte mpts on rubber seeds and embryonic axes w as provided by No rmah 
an d Chin (1995). It was concluded tha t best cryoprotoco l was desiccation of rubber 
axes to 19 per cen t followed by stepwise coo ling and ra p id thawing. 

In later studies by Sam and Hor (1999), zygotic embryos were first precultured 
for 16 hours on 0.3 M sucrose med ium before subjecting to d esiccati on by PVS2 
treatment for 70 to 120 min w hich led to 57 pe r cent surviva l after ra pi d freez ing 
and thawing . In another stu dy, using encapsula tion-dehydration technique, rubber 
emb ryos w ere enca ps ulated in beads and then precultured on medium enriched 
w ith sucrose (0.3,0.5, 0.7, 0.9 M) for 24 hours followed by desiccat ion in lamin ar 
flow to obtain 15 per cent moistu re in the exp lant (Yap et al. , 1999). Preculture in 
0.3 M sucrose, after LN exposure, led to 45-70 per cent viability, and 30-60 per cent 
surviv al. 

3 .1.2. Cryostorage of Pollen 

Pollen of ru bber h as been reported to be successfully cryostored for 3-7 weeks 
as v iab ility was confi rmed by see d set res u lting from field p ollinati on (Ha mzah et 
al., 1999). It demons tra te d the full function ali ty of cryosto red pollen w he n used for 
hand-p ollin ati on . 

3.2. Tea (Camellia sinensis L. (0.) Kuntze) 

3.2.1. Cryostorage of Seeds and Embryonic Axes 

Fully mature tea seeds were rep orted to be hi ghl y d esiccati on sensitive (Kim et 
al., 2005) and coul d no t survive LN exposure (Chau dhury et al., 1990) with su ccess 
later ach ieved w ith embryonic axes excise d from seeds (Chaudh ury ei al., 1991). 
In later stu d ies , seeds were partially desiccated up to 14 per cent (Hu et al., 1994) 
an d 8-10 per cent (Wang et al., 1999) and could be successfully cryostored using 
sim ple protocol. No loss of germinability of tea seeds, cryostored for two months , 
was record ed (Wang et al., 1999). Simultaneously, tea axes cou ld be su ccessfully 
cryostored with h igh su rv ival va lues of up to 95 per cent (Chaudh ury et al., 1991) 
following desiccati on -fast freezing. Kim et al. (2002) u sed cotyledo na ry embryonic 
axes at m oisture con tents between 21.5 and 15.0 per cen t for cryo preserva tion 
an d highest percen tages of pl antlet produ ction fro m cryopreserved explan ts 
ranged betw een 75.1 and 80.4 per cent. In studies by Kaviani (2010), success in 
cryop reservation was achieved with algina te encapsulated embryonic axes of C. 
sinensis w hic h were ke p t in MS liquid medium with 0.75M sucrose for 2 h followed 
by air dehyd ration with moisture contents of about 15-20 per cent. 

3.2.2. Cryostorage of Shoot TIps 

Cryos torage of shoot tip s have bee n successful in tea . In Camellia sinensis cv. 
Yabukita , two month old in vitrogrown plan tlets we re cold-hardened for five weeks. 
Vitrifica tion of shoot tips, precultured for two da ys on sucrose-enriche d med ia, was 
then carr ied out. The normal shoot form ation ra te of cryopreserved apices w as 60per 
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cent. Using the enc apsulation technique, 40 per cent shoot formation w as rep ortedTal rates 
(Kuranuki and Sakai, 1995). In both cases, ap ices developed shoots directl y within .,cooled 
2 or 3 weeks without intermediar y callus formation producin g true-to-type pl ants[review 
(Kuranuki an d Sak ai, 1995). -Jormah 

frubber 3.3. Coffee (Cojfea spp.) 

Different Coffea species exhibit non-orthod ox (in termed iate or recalcitrant) seed
:ultured 

storage behaviour (Dussert et al., 2002; 2007). Extens ive cryo p rese rva tion stu d ies 
)y PVS2 

h ave been carried out on different Coffea spe cies w ith diverse explan ts (Dussert et 
freezing 

al., 2002). 
~ , rubber 
mriche d 3.3.1. Cryostorage of Seeds and Zygotic Embryos 
laminar In Coffea arabica see ds, optimal water content for cryopreservation was found to 
ilture in be 0.2 g Hp g-ldry w eight. Seedlings after cryopreserva tion could be success fu lly 
per cent recovered if seeds were rehydrated above water immediately after w arming (Dussert 

et al., 1997). Extraction of zygotic embryos from w ho le seed s after cry opreservation 
led to higher (80-90 per cent) su rv iv al values (Dussert et al., 1998). In subs equent 
stud ies, four coffee species, desiccated to different m oisture contents followed by 

·7 weeks fast and slow freezing, showed variable success rates (Dussert et al.,1998). Usin g air 
rmzah et desiccation-freezing method, seeds of C. liberica showed abo ut 53 per cent surviva l 
used for after cryopreserv ati on (Norm ah and Ven gadasalam , 1992). Zygotic embryos of 

C. canephora, C. arabica, hybrid arabusia (c. arabica x C. canephora) and C. liberica 
ha ve been able to w ith stan d freezing after par tial desiccation (survival, 41-95 per 
cent) (Abdeln our-Esquivel et al., 1992). At IRD-M ontpelli er (France) since 1997, 
cryopreservation efforts ha ve been mad e to investiga te basic principles in desiccation 
and freezing sensitiv ity in seeds of different Coffea spp . to en able cryobanking2 (Kim et 
(Dussert et al ., 2001). Continued efforts led to es tablishment of w orld 's first coffee 1 success 
cryobank (Dussert et al., 2007). Optimization of rewarming and rehydration protocols I., 1991). 
led to 100 per cent survival of see ds when recovered after cryostorage. 11., 1994) 

sd using 3.3.2. Cryostorage of Somatic Embryos 
months, 

Somatic embryos h ave also been attempted for cryostorage. In coffee (c. arabica:essfu l1y 
an d C. canephorai, using conventional m ethods , slow freezin g globular embry os we re 1.1.( 1991) 
cultivated on a medium enrich ed w ith su crose, pr etreat ed later w ith sucrose an d tbryonic 
DMSO befor e slow freezing (Bertrand-Desbrunais etal.,1988). A 50 per cent recovery erva tion 
of cryo p reserve d sam ples was ach ieved through secondary emb ryoge nesis. Higherexp lan ts 
recovery (100 per cent through adventitious embryos) was achieved using simpli fied recess in 
freezing of h eart shape d somatic embryos at - 20°C (Tessereau, 1993). Heart an d xes of C. 
torpedo sha ped embryos, p rocessed through encapsulation-de hydra tion technique, followed 
we re later recov ered directly (Hatanaka et al., 1994). Afte r cryopreservation, 63 per 
cen t of embryos were v iable and half of them d eveloped into w hole plantlets. Us ing 
desiccation me tho d, C. canephorasoma tic embryos were subjected to 12-week freeze­

1en S1S cv. hardening on high sucrose and abscisic acid (ABA) before seven d ay d esiccati on 

/e weeks . and fast freezing (Tesse reau et al., 1994). Approximately 64 per cent cryopreserved 

edia, was embryos dev elop ed di rectly int o pl antlets. Using a similar method ology , 70 per cen t 
recover y of pl antlets was reported in C. arabica (Mycock et al., 1995). 'as 60 per 
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Abdelnou r-Esquivel (2000) used meth od of pregrowth-desiccation followed 
by cryo pro tectant treatm ent and slow freezing to somatic embryos. Embryos were 
pretreated with increasing concentrations of sucrose up to 0.75 M followed by 
incubation with 5 per cen t DMSO and slow freezing at 0.5°C min -I to -40°C before 
plunging in to LN. Variable success (9-61 per cent) was observed in C. arabica and 
C. canephora. 

3.3.3 Cryostorage of Shoot Tips 

In Coffea sessiliflora and C. racemosa, shoo t apices excised from thr ee week old 
nodal cut tings were culture d overn ight on standard medium and then processed 
through the standard encapsula tion techniqu e. In the former species, a 3-10 day 
treatment of beads in 0.75 M sucrose before cryo preservation led to 38 per cent 
surv ival and in the later, treatment of beads in increas ing sucrose concentra tion 
from 0.5 to 1 M led to 27 per cent su rvival (Mari et al., 1995). 

3 .3 .4. Cryostorage of Pollen 

No efforts have been reported for long term coffee pollen cryos torage however, 
1-2 months longevity by storing at low humidity and temp erature (Carva lho and 
Monaco, 1969; Ferwerda, 1969) and by more than two years by storing under vacuum 
at -18°C (Walyaro and van der Vossen, 1977) have been reported . 

3.4. Oil Palm (Elaeis guineensis Jacq.) 

3 .4.1. Cryostorage of Zygotic Embryos 

Oil palm seeds, earlier classified as orthodox, were later defined as intermediate 
in seed s torage behaviour. In studies by Grou t et al. (1983), oil palm embryos 
desiccated to l OA per cent moisture content we re froze n in LN with recovery rate 
of 75 per cent and there was no loss in viability even after 8 months storage . Before 
cryopreservation. parti al rehydra tion of oil palm embryos was rep ort ed useful 
(Enge lmann ei al., 1995b). Zygotic embryos were extracted from dehydr ated or 
rehydr ated seeds and desiccated to 0.12-0.3 g Hp g-l dry weight before freezing 
in LN rapidly. When extracted from rehydr ated kernels, 65 per cent of the embryos 
desiccated to aro und 0.3 g H

2
0 g-l dry weight develop ed in to pl antlets after 

cryopr eservation . In contras t, only 25 per cent of embryos at 0.12 g H20 g-l dry 
weight extracted from cryopreserved dr y kernels developed into plantl ets indicating 
a role of rehydr ation of kernels before embryo extraction . Rajanaidu and Ainul (2013) 
reported cryoban king of 33,250 diverse accessions of oil palm as zygotic embryos 
by the Malaysia Palm Oil Board, Malaysia. 

3.4.2. Cryostorage of Somatic Embryos 

In oil palm, finger-shaped soma tic embryos , pregrown with 0.75 M sucrose 
followed by rapid freezing and rap id thawing (Engelmann and Dereuddre, 1988), 
led to 20 per cent success. Later, pregrown soma tic embryos subjected to 16 hours 
desiccation in silica gel befo re fast freezin g led to 80-90 per cent survival (Dumet et 
al., 1993a, b). Inclusion of the desiccation step allowed the use of standard somatic 
embryos. Later Dum et ei al. (1993c) applied this procedure to diverse clones (39) of 
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llowed somatic embryos resulting in high est surviva l of 31 per cen t for clones in op timal 
)s we re physiological state and low est surv iva l of 12 p er cent for those in a p oor state . 
ved by For the first time, droplet vitrification m eth od w as applied to polyembryoid s of 
before oil palm which lee! to 68 per cent survival after cryopreserv ation (Gantait et al., 2015). 
lea and Polyembryoids (3-5 mrn diameter) we re pre-cultured be fore processin g usin g PVS2 

and we re frozen on aluminium strips. It proved to be a better method in terms of 
high er regeneration in oil p alm in comparison to the earlier rep ort ed conve nt ion al 
vitrification method . Polyembryoids with haustoria bearing a number of emb ryo ids 

eek old we re the best stage of explants for cryopreservation as judged by morphological 
xessed examination . These exp lan ts exhibited m aximum m orphogenetic com pe tency in 
10 day terms of developing plan tlets after treatments. 
er cen t 
tration 3 .4 .3 . Cryostorage of Meristem 

The re is one rep ort on success in cryostorage of apica l m eristems of oil palm 
(Ainu1et al., 2009) resu lting in 45 per cen t recovery growth when tested after 24 
hours . 

wever, 
ho and 3 .4.4 . Cryostorage of Pollen 
acuu m Oil p alm pollen could be cryogenically stored for periods beyond eigh t yea rs 

withou t any significant loss in th eir viability and germina bility and hence can be 
used effective ly for pollinati ons (Tando n et al., 2007). Oil palm p ollen cryostored for 
up to eight ye ars retain ed as high as 54 per cen t v iability as judged by fluorescein 
diacetate reaction (FeR) test and 49 per cent by in vitro germinabihty . Th is was 
comparable to 52 p er cent germina tion before storage (Tando n et al., 2007). tediate 

nbryos 3 .5. Arecanut 
'TYrate 
Before 3 .5.1. Cryostorage of Zygotic Embryos 
useful Areca nu t is prop agated throu gh seeds wh ich are recalc itrant (Raja et al., 2002), 
ited or and desiccation sensitive, wi th critica l moisture con tent of 32.8 pe r cen t an d hen ce, 
eezing Raja et al. (2014) atte mp ted to cryopreserve zygotic embryos. The full y develop ed 
nbryos zygotic embryos (4.0-4.5 mm L X 3.0-3.5 d ia) we re desiccated to different moisture 
s afte r levels for 1-5 hours under laminar air now . Desiccated embryos were subseque n tly 
s ' dry fast frozen to -196°C. Recovery, after an eight hour cryoexposure, was 85 per cent 
icating under in vitro when m oisture con tent of the axes was 21.8 per cent on four hours 
l (2013) of dr yin g. After cryostorage at thi s moisture, maximum surviva l (70 per cent) was 
nbryos observe d afte r 30 days of culture. Recently pollen collection and in vitrogermina tion 

meth od has been standa rdized in arecanu t (Ano nymous, 2014, www.cpcr i.gov .in). 

4. Factors Determining S uccessful Cryopreservation 
ucrose 

The re are several p re- and post cryoex posure factors determining th e success 
1988), 

and recovery of p lantlets which fall under following them es: 
I hours 
ime t et 4 .1. Collect ion and Handling of Fruits and S eeds 
om atic 

Seed s of n on-orthod ox spec ies possess high m oisture con tents and are sho rt­(39) of 
lived necess itating collection, handling and processin g for storage readily. Fresh 
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harvests are required to be transported in shortest po ssibl e time through courier. (J 
For retaining healthy viable condition for subse quent cryopreservation expe rime nts, o 
freshl y har vested fruits, seeds and vegetative mat erials are to be p rocessed for n 
storage w ithin a few days or weeks of ha rvest. f< 

4.2. Developmental Stage 

The maturity level ofexplants is of immense importance dur ing cryopreservation. c 
Recalcitrant embryos and em bryonic axes acquire some degree of desiccation a 
tolerance at a particular physiological maturity stage, w hich is variable for each 
species. As the seeds develop towards maturity, a gradual d ecrea se in de sicca tion 
toleran ce has been observed in non-orthodox spec ies w hich necessitates selection 
of th e right m aturity stage of expl ant for cryopreservation. d 

4.3. Desiccation and Freezing Rates F 
n 

For most of the species, fast drying (3-5 hours in laminar air flow ) followed 
by fast freezin g ha s shown to cause minimum d am age to cells an d hence is w ide ly 
ado pted . Flash drying, using forced drying rapidly in a stream of dry air flowing at 
rate s of approxim at ely 10 lrnin', have pr oved ad vantageous in retention of viability 
(Wesley -Sm ith et al., 1992). 

The d irect plunging of small explants into LN, causing freezing rates of 
200°C min:' . has been th e best. Kee ping the explant size and cryo-containers to a e 
minimum and sub -coo ling of LN under vac uum to cause quenching increase s the n 
rate of freezing . n 
4.4. Recovery Growth 

The suitab ility of a protocol for cryopreser vation can be ass essed only in terms 
of goo d recovery growth of cryopreserved explants . Wh ole seeds are germina ted 
in Petri plates in controlled lab condi tions. In case of em bryos, embryonic axes, 

t(
som ati c embryos an d shoot apices recovery growth is to be assessed unde r in 
vi tro cond itions. Optimised culture media and culture conditions are essen tial for e 

ach iev ing normal recovery growth from cryo prese rve d tissues, especially during c 

th e first weeks of culture. In coffee, coconut and oil palm, the use of the op timal t 

recovery me d ium enhances not onl y th e survival perc entage of emb ryos but a 
tlincr eases normal growth witho ut callus ing after cryopreservation (Engelmann etaI., 

1995a). Addi tion of 2,4-D (0.2 mgl-1) for short period increased th e recovery growth 
after cryopreservat ion in oil palm (Engelmann et al., 1985). IBA (0.1 mgl-1) and BA 
(0.5 mgl:' ) im proved th e growth of cryopreserved embryonic axes of CoJfea liberica 
(Normah and Vengadasa lam, 1992). Im pr oved grow th of immature embryon ic axes h 
of C. arabica was obse rve d after culturing th em on a recovery media su ppleme nted g 
w ith GA

3 
(Abde lnour Esquivel et al., 1992). Cryopreservation in some cases affected 

normal growth of embryon ic axes as in Theobroma cacao w here only regenerative n 
callus could be obtained after cryopreservation (Pence, 1991). u 

5. Cryobanking tJ 
a 

Large-scale testing experiments for pr actical and feasible establishment of cryo­ s 
banking has been successfu l for major importan t crop s and are being con tin ued 
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ou rier. (N'Nan etal., 2012; Benelli etal., 2013). Establishment of cryobanks ensure ava ilability 
merits, of diverse ge rmplasm, thus consistently p rovi d ing va lua ble genes for breeding 
ed for more productive elite cultivars by tradition al breeding and gene tic transformation . 

Reviews enlisting operational risk and safety issues in cryobanking h ave been 
published (Benson, 2008; Keller et al., 2005; Benelli et al., 2013). Cryo-banking cannot 
repla ce conventional conservati on metho ds, but does serve as a complementary 

vation . conservation stra tegy to field gene bankin g an d in vitro conservation, i.e., a backup 
catio n and safe ty storage technique (Benson, 2008) . 
reach 
cation 6. Prospects and Future Strategies 
.ection Variable success in pl antation crops, afte r cryoexp osure of exp lants u sing 

differen t cryotechniques. h as been rep orted . Limita tio ns such as low survival 
percentage and extent and mode of regrowth in few of the species have led to 
non-uniform ap plicability of these to diverse genotypes . In addition, insufficient 

lowed research effor ts for understanding of mechanism s underl ying the desiccation and 
vide lv freezing sensitivity have been undertaken . 
ring at 

In vitroculture methods espec ially using zygotic embryos has been standa rdize d ability 
for severa l planta tion crops. This aids in conservation due to ease in handl ing 
seeds and embryos for va rious manipulations . The varying resu lts ob tained af ter 

tes of seed /embryo / plumule cryoprese rvation can be at tributed to heterogeneity of the 
rs to a exp lan ts, availability of limited quantity of exp lants resulting in less repli cation, 
.es the non-op timization of recovery cond itions, suitab le in vitro recovery me dia , strong 

link be tween ame nability of a genera /accession to in vitro con ditions an d their 
recovery p ost-cryoexposure. H owever, there is sti ll scope for various technical 
improvements in the current cryoprese rvation protocols as percentage su rviva l in 

terms seve ral cases is less than 50 per cent. 
inated 

Overall cryopreservation, where biological materials are cons erved for long­, axes, 
term when sto re d below the glass tran sition tem peratures, has proven to be the der in 
exclus ive cost-effective method for non- orth od ox species to w hich mos t plantation ial for 
crops belong . In fact cryo banking has proven its worth for germplasm belongingluring 
to plants, ani mals, fishes an d microbes (Cha udhury et al., 2015) . In several cryolabs rtimal 
around the world, cryopreservation costs have been worked out to be much cheaper )s but 
than tha t of in vitro slow growth an d field geneba nks . Cos t of coffee field collection 1etal., 
was compared with coffee cryo -selection at CATIEin Costa Rica (Dulloo etal., 2009)rowth 
and found it to be the cheapest metho d . id BA 

iberica Except stu dies on oil palm and coffee, where large number of diverse germplasm 
c axes have been cryobanked, there is no other large-scale exp erimentation on range of 
ented genotypes of othe r species of plantation crops . 
fected At present, pollen storage is not often used in genebanks an d the technique 
rative needs to be thoroughly assessed based on need s for a species. It is essential to 

undertake this me thodology to supplement the seed or clonal genebanks. Since 
the technique is simple, effective and relative ly inexpensive, it should be wide ly 
ado p ted for pl ant ation cro p species. This would have selective advantage in these 

cryo­ species since several of these are not amenable to in vitro conditio ns and also 
inued 
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produce diffi cult-to-store interm ediate and recalcitrant seeds . During sto rage the 
viability and fertilizing ability of pollen should be m aintained. Pollen use d for 
germplasm conse rvation should rem ain viable for man y yea rs and thi s is achievable 
only through cryogenic storage . Herrer a et al. (2002) has reported p rotocol for the 
in duction of an d rogene ns is and p lant regener at ion in Coffea arabica from isolated 
microspores in vitro using colchicine p retreatment. Wi th the p ossib ili ty of haploid 
and diplodized plant regen eration directly from pollen assuring p ure gametophytic 
origin their storage ass umes a new significance . Hopefully, in near future, it would 
be feasi ble to raise w ho le plan ts from cryosto red pollen. 
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