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In general the seeds are grouped into two categories based on their storage behaviour viz.,

"orthodox" and "recalcitrant". In which the orthodox seeds can be dried and stored for many

years without any problems. However, many forest and fruit tree species from temperate and

especially humid tropical regions produce problematic seeds that are damaged by desiccation

and are often sensitive to higher and lower temperature. Normally these seeds have the moisture

content of 50 to 60% during maturity and they could not tolerate the desiccation below the

critical moisture level of30 to 357o. Accordingly, these so-called recalcitrant seeds have a short

life. These setids can only be stored for short periods ofa few months to a year. At presenl short-

term storage methods like moist storage, partial drying and controlled atmospheric storage

techniques are used to store the seeds.rfhese methods were successful for many ofthe recalcitrant

seed species. Even though, these conventional methods of short-term storage of recalcitrant

seeds rvill ever be used.forgermplasm'comervation. Hence; long--term storage of recalcitrant

seed is achieved through the irz vilro technique.
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Introduction
Generally seeds are classified into
"orthodox" and "recalcitrant" based on their
sensitivity to desiccation and temperature.

Most of the agricultural and horticuftural
crop seeds come under othodox class. These

seeds have the ability to tolerate reduction
in moisture content and temperature, which
increase the life span of seeds. This group
of seeds remain viable for longer periods
even upto hundreds ofyears when they are

dried and stored properly. They can be even

stored at very low temperature of -1960C.

While recalcitrant seeds are killed il their
moisture content is reduced below certain
relatively high critical, value of 20 ro 35%a-

It is estimated that l5o/o of the world's flora
posses recalcitrant seeds i.e., approximately
3 7,500 species. General ly, recalcitrant seeds

occur in humid forest environment. They
may also occur in tropical, subtropical or
temperate regibns. In horticultural crops,

except vegetables, few spices and fruits,
most of the seeds have the recalcitrant
behaviour. T'he fruit crops viz., mango. f'e$'

species in citrus, avocado. jack, jamun,
litchi, mangosteen, durian and rumbutan are

coming under the recalcitrant seeds. The

plantation crops like arecanut coconut, cocoa

coffee, clove, nutmeg, rubbel and tea and the

spices like pepper, cardamom. curryleaf,
cinnamon and cassia are also some of the

examples of recalcitrant seeds. Forest tree

species belonging to the Araucariaceae and

Dipterocarpaceae have recalcitrant behaviour.

Seed recalcitrancy - Recalcitrancy is the

behaviour of seeds to desiccation-sensitivity.

These seeds are well known for their
sensitivity to desiccation and freezing
te mperature s. Harringtonr proposed a basic

rule related to the effect of seed moisture

content a{.}d.stor.age terBperatwre in rvhich ihe

reduction in moisture content and
temperature increases the life span ofseeds.

Obeying the above rule, most seeds remain

viable for longer periods when they are dried

and stored at low temperatures, even as low
as -1960C. But, Roberts2 clarifled the
situation by introducing the terms'orthodox'
and 'recalcitrant'to describe the storag€
behaviour of seeds. He rcferred to seeds

obeying Harrington's rule that is seeds which

can tolerate desiccation and lreczing
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temperaturbs as orthodox, while the many

other types of seed which are readily killed
by desiccation if the moisture content falls
below a critical value between 12 to 3lo/o

and cannot tolerate freezing temperatures
were classified as recalcitrant. Later,
Hanson3 has suggested more accurate and

descriptive terms, by which orthodox seeds

are called desiccation-tolerant and
recalcitrant seeds are referred to as

de s icc at io n- s ens it ive.

Characteristics of recalcitrant seeds -

Generally recalcitrant seeds are larger in size

and weigh mote as compared to orthodox
seeds because oftheir high moisture content.

Many recalcitrantrs€eds are covered with a'
fleshy layer, viittich'is.often edible,.as in case .

of avocado,'durian; jackfruit, jamun, titchi,
mango, mangosteen, and rambutan.
Similarly some recalcitrant seeds are large

and are found in a single-seeded, simple fruit

such as arecanut and coconut or as seeds in
acomposite fruit such as jackfruit. The shape

and size of recalcitrant seeds of different
species are differing greatly even within
species or even within the same fruif,.

The other important property of
recalcitrant seeds is their high moisture
content, even after they have been shed

from the mother plant. Unlike orthodox
seeds, they do not undergo maturation
drying. These recalcitrant seeds generally
have high moisture content, ranging from
30 to 707o{. For example the freshly
collected arecanut fruit and seed has

63.62h and 50. l%o moisture content,
respe&ively. However, unlike orthodox
seeds these arecanut seeds are highly
intolerant of further desiccation and make

them as recalcitrant j'6. The main
characteristics of orthodox and recalcitrant
seeds are as followso.
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Characteristics Orthodox Recalcitrant

l. Tolerance to drying

2. Tolerance to desiccation

3. Tolerance to low
temperature

4. Size ofthe seeds

5. Storage life

6. Storage methods

7. Seed moisture content at

harvest

8. Exarnples

Can be dried to low
moisture contcnt

Tolerant

Tolerant

Small to medium

Many years

Ordinary storage is enough

Low

Cereals, Millets, Pulses,

Oil seeds, Vegetables.

Can not be dried

Sensitive

Sensitive

Large

Few days to few months

Special meth0ds required

High

Mango, Jack,.Jamun
Arecanut, Coconut.

Desiccation sensitivity - As discussed earlier

recalcitrant seeds are well known for their
sensitiviry to desiccation, especially large

seeded species generally found in the
tropics. In recalcitrant seeds, decline in
viability occurs abruptly below a certain
moisture level, which is called "Critical
Moisture Content (CMC)"?. Tompsettt
coined the term "Lolest Safe Moisture
Content (LSMC)" which is defined as the

moisture content below rvhich freshly
collected secds died when the seed lot is
dried. Again. lbmpsette stated the critical
moisture contcnt as the lowest safe moisture

content. The degree of sensitivity varies

between specics2 but generally the critical
moisture contcnt is 20-35% below which the

seeds will be killed. Forexample, the critical

moisture contcnt of few recalcitrant seeds

is given bclorv :
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Crop seeds Critical Nloisture
Content (7o)
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Intra-varietal differences in critical
moisture have also been found in number of
species. For example, the critical moisture
content for mango varieties are 25o/o in
Alphonso, 32'h in Totapuri2a, 28o/o in
Neelum and 34Yo in Goa2i. The extent of
damage that occurs on the rcmoval of water

fiom desiccation sensitive seeds and thus the

water content at which they lose viability,
depends upon number of factors like the rate

at which the seeds are dried and their
metabolic activity when they are sub.iected

to drying (which affect the 'metabolism-
induced damage') as well as the extent to

which any of the protective mechanisms are

expressed2(". Pritchard and MangerzT also

stated that the truly recalcitrant seeds

couldn't survive the removaI of any
structure-associated water. Drying of
desiccation sensitive seeds induccd the
damage in cell membrane that could not bc

revive aftei imbibition and finally results in

loss of viability2E. Sudden loss of water,

gradual deterioration of cellular
organization, breakdown of cellular storagc

components2e, depletion of food rescrves

and accumulation of toxic substanccs arc

some of the causes of desiccation induced

seed deteriorationro.

Chilling sensitivity - We can store the

orthodox seeds even up to the temperature

of-1960C without loss of viability. But the

recalcitrant seeds cannot be stored at lower
temperatures: even some species do not

survive the temperatures of 10-15')C. It is

because of chilling injury to the seeds. which
varies according to species. Stanrvoodrr has

stated that there is a high moisture freezing

limit (HMFL) which is the threshold, and if
it is exceeded the viability of a seed sample

will be reduced during liquid nitrogen
storage. Thus the chilling sensitiviry in most

recalc.itrant seeds is mainly due to the

formation of ice crystals in between the cells

when the moisture contn€t is higher than l4
to 20Yo32. Chin and Roberts 3r stated that

even short periods below l0 to l5"C would

cause loss of viability for manl' tropical
recalcitrant species. For example, in cocoa

a sharp reduction in storability was observed

at l5oC compared to l70Cra. The seeds ol
many tropical species are killed at sub-

ambient temperatures. For example. the

spec ies I ike fhe obroma cacao' 5, .\t e phe I iunt
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lappaceulrfs, Dryobalanops aromatica36,

Hopea odoratasT, Shorea ovalist2 and
Garcinia mangostanar8 were very sensitive

to chilling temperatures. Song et ai. ie found

that at 50C almost all seeds *ere dead after

6 months, but at 15 to 20oC.no loss of
viabilityhad occurred in Hopea hainanensis.

Similarly, TompsetCo found sudden loss of
germination ability at 60C than at lloC in

Shorea robusta. This sudden loss of
germination was due to chilling injury to the

seeds at lower temperaturesar. Tompsett'2

also reviewed that the reduced germination

following €xposure to temperatures in the

range of 0 to l60C (chilling damage) occurs

in all moist dipterocarp seeds. In case of
Calophyllum brasiliensis, the seeds are very

sensitive to 50C but best results are achieved

for seeds with a moisture content around

30%o at ambient temperature and l5"Ca3.

Rajeswari Dayal and Kaveriappaaa found

that the Hopea parviJlora and H. ponga

seeds subjected to freezing (Gt20C) showed

a rapid decline in the subsequent germination

percentage at 3Gt20C, as well as vigour, even

though the moisture content of these seeds

didllot vary much. In Hopea, Tamarirr
observed a decline in the development of
radicle with decrease in temperature. The

reason might be the decreased metabolic

activity of the seedlings at lower
temperatures.
Basis for recalcitrancy - The absence of
sufficient water to stimulate germination is

the basic feature ofrecalcitrant seeds appearg

to be continued imbryo development
(increasing dry weight) following shedding.

For example this occurs in Cycai ieviilita'5,
some dipterocarpse and Podocarpus henkelii

seedso6. The declining fluidity of the
membrane lipids during chilling is also one

of the reasons for recalcitrancyaT. King and

Robertsar suggested the following two
hypothesis by which death occurs in these

seed; either death occurs rapidly at or below

some critical moisture co4.tent (critical
moisture content hypothesis), or loss of
viability occurs atarate which is negatively
related to moisture content over a wide range

of moisture contents (non critical moisture

content hypothesis). Similarly, Pammenter

and Berjak2r' opined that the damage of
recalcitrant seeds were due to absence or
incomplete expression of physical
characteristics of cells and intracellular
constituents, metabolic 'switching off and
'switching on' mechanism, efficient
operation of antioxidant systems,
accumulation of putatively protective
substances including the Late Embryogenic
Abundant (LEA) proteins, the presence and

operation of repair systems, sucrose and

other oligosaccharides as well as

amphipathic melecules and the presence of
role of oleosins. Similarly, scientists have

suggested the possible reasons for fall in
viability of retalcitrant cocoa seeds which

include (i) the presence of some temperature

dependent. rate limiting reaction, the
cessation of which causes lethal metabolic
disruption: (ii) the absence of some
protective substance which is present in
those seeds not susceptible to chilling; and
(iii) the liberation of some toxic material

owingto cold induced changes in membrane

permeability{8.

Desiccation and vigour - Germination rate

may provide the first indication of
desiccation strcss in recalcitrant seeds; thus

mango exhibits a reduced vigour index

before there is any noticeable fall in
germination per set6. The freshly harvested

clove seeds are the best suited for sowing in

order to get maximum germination and

vigorous seedlingsae. Normah and Chin5o

observed decrcased germination. seedling

height, seedling dry weight and respiration

rate with incrcased storage ofrubber seeds.

Ptalaet al.zt observed decreased viability and

seedling vigour during the desiccation of
recalcitrant avocado seeds. In another study

AridersonJr staled that reduction in seedling
growth preccde or accompany loss of
germinability need not occur in every case

of seed deterioration. .- r-
Biochemical clrunges during delitcation-
The dehydration-induced deterioration of
the cell memhrane in recalcitrant seeds is

Raja et al.
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indicated by high increase in leakage of
solutes33. Heydecker52 suggested that
weakening of cell membrane might be the

cause of leaching metabolite like electrolyes
and other cell soluble compounds into the

imbibing medium. This loss in mebrane

integrity results in the enhanced efflux of
cellular constituents like sugar, amino acid,

phenol and phosphatesss. AIso the membrane

conductance depends upon the concentration

of the carrier for electrolytes in the
membrane, the density of the membrane

surface charge, the quantity of permanent

low and the ionic strenght on both the sides

of the membranesa.

The seed vigour is more closely related

to the integrity of the protein synthesizing
'system than to the protein content of the

seedi5. Szezotka56 reported that bolh
decreased protein synthesis and oxygen
uptake are parallel to the decline in
germination of Quercus robur and Q.
borealis. Also protein syrthesis is essential

for germination to be completed and for
radicle emergence to occuCT. Nautiyal et al,iE

noticed lower amount ofsoluble proteins in

non-viable seeds of Slrorea robusta than in

viable seeds. It was observed that the
desiccation of developing seeds r.vas

characterized by the accumulation of a

partcular set of m RNA and related proteins

called'Late Embryogenic Abundant (LEA)
proteins'in the desiccated state5e. Further.

Farrant el a|.60 reported that Avicennia
marina seeds do not produce LEA proteins.

which supported the suggestion that
production ofsuch proteins might facilitate
desiccation tolerance. The group of LEA's
that has received the most attention is the

LEA D, family, also known as the
dehydrins, rvhich is responsible for
dehydration stress and in recalcitrant seeds

appears to be anomalous26. The
accumulation of a class of LEA proteins('r-
nt. often called'dehydrins' during
development is thought Io protect against

desiccation damage, particularly to
membranes. Desiccation sensitivity in sceds

has therefore been suggested to result fiom

the absence ofdehydrin proteinss'56. Farrent

et al.6t reported that no such new proteins

are produced during the late stages of
development in the highly desiccation-
sensitive seeds of lvicennia marina.

Phenols are aromatic comPounds
which include an array of components like
tannins, flavonoids etc. The seeds of many

tropical plants contain high concentrations

of phenolic compounds and phenolic
oxidases. These compounds are normally
compartmentalized within cells. On
desiccation, the cell membranes are

damaged and the phenolic compounds are

released. They are then oxidizd and protein
- phenol complexes are formed leading to
loss of enzyme activity66. In arecanut seeds

reduction in phenol contentduringdesiccation
was evident due to the destruction of the

tanniferous cells and release of phenolic acids

to fhe surrounding cells67.

The fat content of recalcitrant seeds

declines with steady increase in free fatty
acids due to desiccation of seeds67.

Clatterbuck and Bonner6s observed a steady

decrease in crude fats of Quercus robur.

Georgi et al.6s found that the untreated
rubber seeds deteriorated rapidly in storage

with a considerable development of acidity
in the oil. The oxidation of fat contributed
to the accumulation of free fatty acids might
be the reason. Accumulation of free fatty
acids in the seeds are subjected to slorv and

constant attack by oxygen resulting in the

production ofhydrogen peroxide and other

oxygenated free fatty acids and free radicals.

Due to the accumulated oxygenated fatty
acids, death occurs through the destruction

of the respiratory pathway by the toxic
aldehydes and free radicals formed by
peroxide and epoxide decompositionT0.
Koostra and HarringtonTr stated the Millard
reaction in which the degradation of lipo-
protein cell membranes by free radical
induced lipid peroxidation reaction has been

suggested to be a basic reason ofsenescence
and ageing. Free radical activity has been

associated with viability loss in
several recalcitranl seeds during
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desiccationz-7a. Many authors5T' 75-7t have

also supported that lipid peroxidation is a
cause of membrane deterioration during
desiccation and that the damage would result

in loss ofsemi-permeability, increase in free

fatty acids and accumulation of
thiobarbituric acid- reactive substances such

as melondialdehyde. Results obtained by
Senaratna et al.1e with microsomal
membranes seem to show that free radicals

induce de-esterification of membrane
phospholipids rather than change in fatty
acid saturation. But according to Leprince
et a1.80 mitochondria might be the primary

source of electrons leading to the production

of stable free radicals in desiccation
intolerant radicles.

Volatile aldehydes constitute an

important component of the gaseous
emanations of deteriorating seedstr. Besides

volatile aldehydes, other growth inhibiting
substances in the gaseous emanations were

also observed by Woodstock and Taylorsont2.

Bailey et aI.83 found various volatile
compounds such as isovaleraldehyde,
isobutyraldehyde, propionaldehyde,
methanol, acetaldehyde, methyl acetate and

diacetyl in cocoa bean seeds. Bhattacharlya

and Basu77 has found that vigour biossay of
gaseous emanation of jackfruit seecis and

demonstrated thatdeteriorated seeds produced

larger quantities of volatile growth inhibitory
substances d uring 

-eerm 
inati on.

Protective mechanisms- Generally in the

seeds, the multiple protective mechanisms

exist against the highly reactive oxygen

radicals. They involve free radical and
peroxide-scavenging enzymes such as

catalase, peroxidase and superoxide
dismutase. Recalcitrant seeds (or their
embryos) do appear to posse's antioxidant
mechanismsT2. However, these protective
mechanisms may become impaired under
conditions of water stresss{, certainly, they
are ineflectual in terms of protecting against

desiccation damage. For example, during
desiccation ofarecanut seeds the activities
ofscavenging enzymes such as catalase and

peroxidase were reported to decrease and

the cells losc the protective mechanism of
tolerance to desiccation6T, This indicates that

oxygen frec radicals are continuously
produced in the plant system. When exposed

to stress they produce the enrymes in large

amounts to climinate the free radicals. As
they exceed the eliminating ability, the plant
system is damaged. The peroxidase enzyme

is also involved in the dehydrogenation ofa
large number of organic compounds like
phenols and aromatic amines. The
destruction of the enzyme can lead to the

accumulation of toxic substance in the seed.

Hendry et a|.72 found a rapid accumulation
offree radicals accompanied by decreasing

activity.ol' antioxidant enzymes and
declining o.-tocopherol content. In case of
Ouercus robur and Q. borealis a very high
amylolytic enzyme activity was noticed at

the beginning of storage. However, it was

quickly declined to non-detectable levels by
8 monthsd5. Polyphenol oxidase, another
group of enzymes capable of degrading
hydrogen peroxide and using as a electron

acceptor is capable of catalyzing the same

type of reactions as peroxidase86.
Nevertheless. some recalcitrant seeds have

retained active metabolism and thus showed

an enhanced level of polyphenol oxidase

activity during initial drying period.
However the suppression of polyphenol
oxidase activity iluring later desiccation was

noticed rvith loss of seed viability6T''r7.

The structured water in the seed is
involed in ensuring the precise functioning
of thesc nrulti-enzyme systerns88. All
metabolic activities probably do, take place

in structurcd water. Loss of structured water

results irr thc disruption of metabolism. In

case of orlhodox seeds, this presumably does

not occur. as shown by their tolerance to
desiccation. But in recalcitrant seeds, the

situation is quite differentse.

Anatomical changes during desiccotion-
The desiccati<ln of recalcitrant seeds to
below the critical moisture conteht may

result in the ccllular and sub-cellular changes
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particularly cell wall rupturing and
cytoplasmic fragmentationra. The sub-
cellular deterioration accompanies with
desiccation was reported by several workers
in'many recalcitrant seed crops like
Avicennia marinate, rubbere0, cocoaer,
zizania palusrrrs, and Ekebergia capensiseT.

Chin et al.ra observed that the nucleus, which
was irregularly shaped and sometimes the
membranes surrounding the nucleus were
hardly recognizable and a nucleolus was
missing in dried rubber cells. Similarly, Ruhl
and Dambrother observed complete
disintegration of the iell constituents in
desiecated cocoa seeds. The ergastic
substances are metabolites such as fats.
shr;h or crystals, which are the passive
products of cellular activity. The differential
ergastic build up in the necrotic cells ofthe
dried samples had been attributed to the
result ofderanged metabolic processes in the
plant systemea. The highly vacuolated cell
structure of the seed may lead to a situation
rvhere the vacuoles lose their turgidityes. It
is also possible that the water requirement
for the developing embryonic axes may be
met by the rvithdrawal of water from the
other tissues in the seed. Such a withdrawal
of rvater from the vacuolal.cd cells
contributes to water stress in these cells.
rvhich ultimately leads to cellular
damagee6 eT.

Storage ofrecalcitrant seeds- The longevity
of recalcitrant seed is very short; it varies
from a ferv days to a few months or a year
under proper storage conditionsr. Therefore
recalcitrant seeds are to be sown immediatell,
after collection. Then only they rvill give the

maxinrum germination. For example the
arecarlut seed lose its viabiliry within 24 days
under ambient open conditiones. Some seeds

may be kept rvittiin the fiuit itself for few days.

But due to the high moisture content it ma1'

enhance the pathogen entry and create the
germination loss. There can be no doubt in
the nrind of any investigator working on
desiccation - sensitive (recalcitrant) seeds that

microorganisrns. more particularly fungi. plal'
a sienificant role in p0st harvest

deteriorationee. For example. the fungal
species viz., Fusarium spp.. Penicillium spp.,

Aspergillus flavus, A. niger. Rhizopus
stolonife r, Trichoderma spp. and
Botryodiplodia theobromae rvere found
associated with the arecanut seedr0o. 

'fhe

relatively high moisture contents and
temperatures that tropical recalcitrant
behaviour demands also favour profuse
gowth of pathogenic (and nonpathogenic)
microorganismsror. The composition of the

microflora on and in recalcitrant seeds has

been found to narrow with increasing storage

periodr(r2.

Storage methods- Recalcitrant seeds are

named as such because of their difficulties
in handling and storage. There seeds do not
tolerate desiccation and lorv temperatures.
as detailed earlieq both pre requisites for
optimal storage. By maintaining high seed

moisture content and storing seeds in the
containers that allorv some gas exchange is

important to preserve the viability. 1'his
method. involving the storage of seeds in
various gases or in sealed containers or bl
rvaxing. has had some successr.

Recalcitrant seeds can be stored by the
following methods :

a) Moist or imbibed storage
b) Partial dehydration
c) Controlled atmospheric storage
d) Cryopreservation and in titro
conservation

Amoung the four methods first three

methods are short-term storage methods.
Now a day the cryopreservation and in vitro
conservation has gaining importance lbr
long-ternr conservation o f recalc itrant seeds.

d) Moist or imbibed storage-At present.
successlul short-term storage rnethod is
limited to moist storagea. Moist storage has

been practiced for rnany years for a number
of crops, including rubberr0r. rambutanrr and

cocoar"t. lb avoid the desiccation sensitivitr,.
the recalcitrant seeds are to be stored in most
media likc damp charcoal, sarv dust, moist
sand arrd other moisturc' conservinq
materials and chemicals. 'l'his is a shorl-term
storage mcthod and the viability can be
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maintai4ed up to three month or little bit
more. Many workers had the successful

storage with moist incubation treatments.

For example, Bernardro5 in Shorea spp.,

Chacko and Singh'tr in mango, Angr0r in

rub[,eq Patil et al.r07 in mango, Gunasekaran

and Krishnasalrlyros in rubber aad Shylla

Merlin and Palanisamyre injack. In arecanut

storage of fresh seeds with 5olo moist sand

or 0.2 M potassium dihydrogen phosphate

premixed with sand atS%olevel (seed: sand

ration l:3) and packing loosely in 350 gauge

polythene bags and stored in zero energy

cool chamber recorded higher germination

(85%) after four months of storager0e. The

moist storage treatments are found very

effective in counteracting physiological
deterioration of seeds77. In imbibed storage,

the seeds are stored under yater but only

for a short period, for example the rubber

seeds stored under water recorded only 607o

germination, after one month of storagerr0.

But'in this method the problem is a fungal
growth during storage. Therefore it is

n.".ttu.y to give some chemical treatment

to control the pathogens during storage.

Also the seeds incubated with moist

media may result some in silu germination.

Nevertheless, these sprouted seed can also

be used for sowing because it will produce

good seedlings as had been reported in

Synphonia gl obuliferat tt, Artocarpus
heterophyllusTT and Hevea brasiliensistos.

b) Partial dehydration- In partial
dehydration, the recalcitrant seeds are dried

to certain critical moisture content by air at

a temperature of 200C and' then stored.

Rubber seeds can be stored for one year with

507o germination ifthey are cleaned, soaked

in 0.3% benlate, surface air dried and stored

in perforated polythene begs at an ambient

temperature of 25oCa. Similarly, the cocoa

seeds can be stored up to 24 weeks with more

than 50% viability3l.
c) Controlled atmospheric storage- The

recalcitrant seeds can be strored in
controlled atmosphere of carbon dioxide or

sealed containers. For example, cocoa seeds

can be stored up to 45 days in carbon dioxide

al.

atmospherel12 and durian seeds in sealed

containers for about 32 daysr 13. Wills e, a/. I ra

stated that the wax formulations on fruits
generally inhibit senescence. For example,

the most successful storage method for
cocoa could be storing the seeds within pods

coated with parafrn wax. Similarly, Friundr15

stored cocoa seeds within pods coated with
paraffin wax. Raja et al.e8 reported that the

wax-coated ar€canut seeds stored in gunny

bag under ambient conditon were

successfully extended the storage life up to

50 days rvith 60%o viabiliry. While, uncoated

seeds stored in ambient condtion loses its

complete viability within 24 days. The litchi

seed retainedtwith fruits treated rvith
benornyl (0.05%) and wa,r emulsion (6%)

and sealed in pollthene bags maintained

42o/o viabllity for 24 daysr16. Shivarama

ReddyrrT found similar result in coffee seeds

and stored the seeds up to 300 days rvith

49%o viability. The viabiliry retained due to

wax coaring might be due to the reduced rate

of respiration and moisture loss. China stated

that this.type of controlled atmosphere

storage rvould have much practical
application in the sto-rage of recalcitrant

seeds. Coating had little effect on internal

CO2, 02 and Crl{., levels and great effect on

reduced water lossrrt-r2r. Controversly,
coating of seeds with substances such as

paraffin rvax might be expected to restrict

oxygen access to the seed and reduce storage

life in Slrorea javanicatT2. Therefore the

ventilation ofrccalcitrant seed is needed to

remove the excess toxic gases and to prevent

anoxiaa2. The acorns of Quercus alba be

stored more successfully if palstic bags 
"vith

a wall thickness of only 0.04 mm are used

to provide morc aerationr2r.

d) Cryopreservation and in vitro
conservation- Reports over the past fifty
years have shown that recalcitrant seeds can

only be stored for short periods of fer'v days

or months to a year. Hence' long-term
storage ol'recalcitranf seed is rapidly gaining

momentum simultaneously rvith the

developmgnt of in vitro techniquer2{. The

recalcitrant cmbryos are tolerant to
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desiccation and low temperatures than rvhole

seeds and together with their smaller sizg

are amenable and practical for
conservationr2j. The stategy adopted for
long-term genetic conservation of these

recalcitrant seeds is to cryopreserve the ,

embryoq which are more resistant to adverse

conditions. Bajaj'26 suggested that the
germplasm of recalcitrant seeds could
possibly be conserved through
cryopreservation of their excised embryos.

For successful cryopreservation, at very low
temperature, excised embryos must be dried
to suitably low moisture content to avoid ice

formation by ultra low temperaturer2T. A
number of species of recalcitrant type, both
temperate and tropical clones have been
known to survive after cryopreservationr2t,
which includes Juglans, Carya, Fagus,
C orylus, Cas taneat 2e-trIr, litchi r3l, coffeer 32

and Arecat33. The damage to viability ofaies
exposed to liquid nitrogen at high moisture
content results from the presence of
freezable water in tissues, which contributed
to the formation of ice crystals in the.
intercellular space within the axesrr{-r16.

Similarly desiccation .of axes progresses
beyond certain moisture content. the
reduction in survival will be there due to
severe dehydration injuryr3ar37.

Conc lusion- The.short storage of recalcitrant
seeds is a problem, as these seeds can't
tolerate the desiccation and freezing
temperatures. It is also important to maintain
the viability ofthese seeds for long-term for
the genetic conseivation to create genetic

diversity. Hence, the optimum storage
conditions for recalcitrant seeds should be

determined. Besides the physiological and

biochemical basis for the desiccation non-
tolerance of the recalcitrant seeds should
also be investigated deeply.
References
l. Harrington lF 1972,ln:Sced Rilop,. lll. ln.sacrs

and Seed Llollection, Storage unl Scad l'astutg
TT Kozlowski(ed), Academic Press. Nerv York.
Pp. 145-250.

2. Roberts EH 1973,.Sr.ccdscr. & 'lic'hruil. I 199-
514

3. Hanson J 1984, In '. (lrop Generic Resoutces :
(lonservation and Evuluatiott. JHW Holden and

JT Williams (ed), Allen and Unwin, London

Pp.53-62.
4. Chin HF 1989, Recalcitrant seeds, Food and

Ferti I izer Technology Centre, Ex t e n$ ion B ul I e t i n

288 Taipei city. Pp. 1-17.

5. Das NK and Ray AK 1985,.SeedS'ci. & kchnol.
l3 861-869

6. Nagwekar DD, Haldankar PM, Rajput JC and

Gunjate RT l9T,lndian (locoo, Areconur arul
Spices l.2l(3) 63-65

7. ..Poulsen KM and Eriksen EN 1992, Seed Sci. Res.

2 2t5-221
8. Tompsett PB 1986, In : Report No. 12 ofthe

Federal Forest Research Institute, Menna. Pp. I 8 I -

242.
9. TompsettPB 1981,Ann. Appl. Btol. ll0i?l-379
lQ. Vlase I 1970, Revista Podurilorr 85 616-619
{ lf Chin FIF t975; Malay. Agric. Re.s. 4 173-l 80

12. Sasaki S 1976, ln: Seed lbchnologf in rhe

Tropics, HF'(lhin, lC Enoch and RM llaiu Harun
(eds), University Pertanian Malaysia; Kuala
Lampur, Malaysia. Pp. ll-15

I 3. Tamari C I 976, Research Pamphlet No. 69, Forest

Research Institute, Kepong, Malaysia.
14. Chin L[F, Aziz M, Ang BB and Hamzah S l98l ,

Seed Sci. & 'lbchnol. 9 411422
15. Hor YL, Chin HF and Mohamed Zain Karim

1984, Seed Sci. & Technol. 12 415-420
I 6. Fu JR, Zhang BZ, Wang XP, Qiao YZ and Huang
' XI 1990, Seed Sci. & lbchnol. l8'143-754

17. Oliveira LMQ and Valio IFM 1992. Ann. Bor. 69

l -5

18. Sanfr[kara UR 1993,./. Agron. & ('nry Sci. ll}
97-102.

19. Shylla Merlin J and Palanisamy V 2000, Seccl

/le.r.28(2) 166-170

20. Mhrtins CC, Nakagawa J and Alves Bovi ML
2000, S-ee<,/ Scr. & L'echnol. 2E l0l-1 I 3

21. Raja K, Palanisamy V, selvardju P and
Shanmugasundaram KA 2001 , l)qnttla l"orest
Secd ('cntre (Denmurk) Newsletter, 8 12-24.

22. Raja K, Palanisamy V and Selvaraju P 2001(a),
Danida l,bre.st Se ed Centre (l)ennwrk) Ncwslcuir
9 27-29.

23. Raja K, Palanisamy V ahd Selvaraju P 2001(b),
Danidct l.brest Seed ()entrc (l)e.nnrurkl Nau,sletter
9 24-26.

24. Doijode SD 1990, I'roc. lnrernurt. Sar. Synp.
Seetl Sci. & lbchnol., Hisar. Pp. 93-96.

25. Girija T 1988, Physriogical ,nvestrgu!nn on tha
reculci!nurcy bahuviour ol mango (lvlungiJbra
tnclica l-.) arul l?atron ((lalomu spp").sccl.r: Fh-D.
Thesis, Tamil Nadu Agricultural University,
Cormbatore, India.

26. Pammenter NW and Berjak P 1999, .\'cerl.\ti. /lc.r.

9 t3-37.
27. Pritchard HW and Manger KR 1989,('nut l.errers

l9(Supplcment l)23-30



134 Raja et al

28. Kundir M and Kachari J 2000, Seed Scr' &

Tecluo. 28 155-760 55

29 . Fanant JM, Pammenter NW and Berjak P 1988' 56

Seed Sci. & Teclnol- t6 155-166'

30. Copeland LO and McDonald MB 1995' In : 5'1

Principles oJ'Sed Science arut Technologt' (3'd

ed), ChaPman and Hill, New York'

31. Stanrvood PC 1983' ln: Cryopreservation oJ' 58'

ptanr Cells and Organs. KK Kartha (ed), CRC
'Press, Florida. YYiw-zzo. 59.

32. Roberts EH 1972,ln Viabitity of Seeds' EH

Roberts(ed),ChapmanandHall,London'Pp' 14- 60'

58.

33. ChinHFandRobertsEH 1980, ln" Recalcitrant 6t'
cropseeds, Tropical Press SDn' Bdn' Bhd', Kuala

Lumpur- MalaYsia- 62'

34. Hor YL 1984, Storoge of cocoa (Tleolro-mu

. cacao) seetls and ihanges associated wilh lheir

deteriorationPh.D.Thesis,UniversityPertainian 63'

maiaysi4 MalaYsia-

35. Ching W 1975,nalay. Agric' Res' 14 173-180'

30. JensJnLe $7l,Pril-lnternalt'SeedTesr'Assoc 64

36 l4l-146.
37. TangHTandTamariC |973'MataysianFore'ster 65

36 38-53

38. Winter HF 1953, Frutt Var' Hort' Digest I57'58 66

39. Song X, Chen Q- Wang D and Yang J 1984'

Scieitia Silvae Sinicae 20 225-236 67

40. Tompsett PB 1985, (lonadian J' l"or' lles' 15

r 074- I 079
4 I . King MW and Roberts EH 1979, In 7'1rc 'srorage

ry' rJcalcitrunt seetLs' Achievements und Pos'sible 68'

Approaches, IBPGR' Rome'

+2. iompsen f B 992,Seed Sci' & tbchnol' 20251- 69'

267.
43. Vasquez W 2001' DttnitJa Forest Seed (lenrre 70'

(Denmark) Newsleter 8 6-7

44- Rajesrvari Dayal B and Kaveriappa KM 2000' '71

Seed Sci. & Ibchnol- 28 497-506

45. Dehgan B and Schutzman B 1989' J' Am' Soc' 72'

Hort. Sci. ll4 125-129

46. Dodd MC and Van Staden J l98l,5l Ali' J' Sci'

71 t7l-174 73

47. Wolfe J 1978. l'lant Cell linviron' | 241-247 '

48. Boroughs H and Hunter RJ 
.1963' j'roc' Amer'

74
Soc. Hort.!cr.82222

49. Sabale SS, Nadkarni HR and NawaleRN 1992'

Iruliatt C.ocoa, Arecanut urul Spiies'J 16(l) 26- 75

28. 76

50- Normah MN and chin HF 1991, l'ertunika l4(ll
1-6

5 l. Anderson JD 1970, Crop 5]c'' l0 36-39'

52. Heydecker W 1972 ln '. Viubitiry oJ-Seecls' EH

Roberts (ed), Chapman and Hall, London' Pp'

209-252.
53. Nautiyal Ar and Purohil AN 1985' Sceti 5c'' <('

'lbchnol. 13 69-76

54- Mclanghlin A, Szabo GAC' Eisenmann G and

Cianr iM 1970, !'roc. Nak' AcuJ Scr' 67 1268'

1278.
Abdul-Baki AA 1980, Horr. Sci' 15 765'771.

Szezotka Z 1975. Astroretwn Kornrcle 2A 291'

297

Bewley JD and Black M 1983' ln Physiologt

.tnd Brrtchemrstry oJ seeds in Relalton to
(iermrnatun, Berlin Springer-Verlag' p 306

Nautiyal AR, Thapliyal AP and Purohit AN 1985,

Seed Sci. & fechnol. l3 83-86

Blackman SA, Wettlaufer SH, Obendorf RL and

lropold AC 1991, Plant Physiol' 96 868-874

Fanant JM, Pammenter NW and Berjak P 1993,

Seed Sci. /ic.s. 3 l-13.
Close TJ, Kortt AA and ChandlerPM 1989, Planr

Mol. Biol. 13 95-108

Dure LS, Crouch M, Harada JJ' Ho THD' Mundy

J, Quatrano R, Tamas T and Sung ZR 1989, Plant

MoL Bbl. 12 475486
Dure LS 1993, In '. Cointrol of Plant Gene

Expression,DPS Verma (ed), CRC Press' Boca

Raton, Fl-. PP. 325-335-

Bradford KJ and Chandler PM 1992, Plant

l'hystol. 99 488-494

Farrant JM, Berjak P and Pammenter NW 1992,

l'lant growth l?eg ll 257-265

loomis WD and BatraileJ 1966,Phytochemtstry'

s 423-438.
Raja K, Palanisamy V and Selvaraju P 2002, ln :

t'ric.'tl.tt:ttO Symposium on "1iee Seeds 2002"'

Septembcr I l-15, University ofAthens' Chania'

Greece.133-li9
Clatterbuck MK and Bonner FT I 985, See'l Scl'

& lbchrui. l3 l2l-128.
Georgi CD, Greenstock VR and Teik GL 1983'

'furiaibu I2 l16-l4l .

Harrington JF 1973, SeedSci. & Tbchnol l 453'

46r.
Koostra, PT and Harrington JF 1969, I'roc'

!nternult. Scal'l'esr. Assoc. 34 329')40'

Hendry GAF, Finch-savage WE, Thorpe PC,

Atherton NM, Buckland SM, Nilsson KA and Seel

WE 1992. Nau t'hYrol- 122 273-279

Finch-savagc WE, Hendry GAF and Atherton

NM 1994, l'nr. lby. Sco. Edinburgh 102b257'

260.
Chaitanya KSK,and,Naithani SC I994, New

t;liytol. tzo 673'627.

Simon EW 19'14, New t'lty-tol' 73 377-420'

Senaratna 'I and McKersie BD 1986 ln :

Mcnthrttncs, lletabolism arul Dry organisms' AC

leopold (ed). Cornstock Publishing Associales'

Ithaca, New York, PP. 85-101.

Bhattacharyya AK and Basu RN 1992, Indian

Agnc. 36(71 65-74-

Li C and Sun WQ 1999,Seed &]' lles' 9 209-217'

Senaratna T, McKersie BD and Borochov A I 987'

J. Il-rp. Bor.38 2005-2014.

Leprincc O, Ath€rton NM, Deltour R and Hendry

GA 1994, l'lunt Physktl.104 l33i-1339

78
79



J. Plrytol. n"". tOlZ;,: 125-136,2003 r35

8t

82

Harman GE, Nedrow BL, Clark BE and
Mattrick LR 1982, Crup Sci.22 712-716.
Woodstock LW and Taylorson RB 1981, /'l

Phy.siol. 67 424.
Bailey SD, Mitchell DG, Bazinet ML and
Weurman CJ 1962,J. Fod Scr. 2? 165-170.

Smith MT and Berjak P 1995, ln . Seed
Development and Germination, J Kigel and
G Galili (eds), Marcel Dekker Inc., New York.

Pp. 701-746.
Szezotka Z 1974, Arboretrum Hornickve 19

129-134.
Kahn V I 983, Pfiyrochem istry 22 21 55-21 59.
Nkang A, Omokaio D and Egbe A 2000.\eel
Sci. & Technol.2S l-9.
Clegg JS 1979,.In : Cell - Associated Wuter,

W Drost - Hansen and JS Clegg(eds),
Academib Press, New York, Pp. 363413.
Berjak P, Dini M and Pammenter NW 1984,

Seed Sci. & Technol. 12 365-384
Normah MN and Chin FIF 1989 Sieed5cr. r(
Technol. 9 411422.
Ruhl GF and Dambroth M 1989,
l-andhauforsch. Volkenrode 39(l ) l - I 4.

Berjak P, Bradford KJ, Kovach DA and
Pammenter NW 1994, Seed Sci. /ls.r. 4 ll l-
t2l
Pammenter NW, Valerie Greggains, Kiokeu

JI, Wesley-Smith J, Berjak P and Finch-Savage
WE 1998, SeedSci. Res.I463471
Esal.rK 1977, Anoromy of Seed Plunrs. Wiley

and Sons, New York.
Pammenter'NW, Berjak P, Farranr JM. Smith
MT and Ross G 1994, Seed Sci. /te.r, .l 187-
l9l.
Tompsett PB 1984, Ann. Appl, Rtril. I 05 58 I -

586

Berjak P 1989,.1. Norural l?ubhcr llc:. 4(31
I 95-203.
Raja K, Palanisamy V and Selvaraju P

2002(a), ln'. Proc. lUl"llo Symytsrum on
"l'ree Seeds 2002", September II-15,
University ofAthens, Chania, Greece. Pp. I 40-
t4'7.

Berjak P 1995, In: lntetmcLliate llcculc'irronr
liopical l.itre.st l'ree seeds, AS Ouedraogo,-K
Poulsen and F Stubsgaard (eds), /'roc.
Workshop on lmproved Metfutls /br huntlling
and St<truge oJ' lntermediate Recult'itant
l'ropicul I;orest Tree .lacr,is, 8- I0 June,
Humlebaek, Denmark. Pp. l2l-126.
Ra.la K, Palanisamy V and Selvara1u P

2002(b), ln : l'roc. lUl:R0 Svmgtsrum <n
"Tree Sceds 2002", September ll-15,
Univers.ity olAthens, Chania. Greece. l)p. 148-
t5l
Bonner FT 1995, In

Recalcitront liopical Forest Tree Seezls, AS
Ouedraogo, K Poulsen and F Stubsgaard (eds),

Proc. l{orkshop on lmproved Methods fir
Handling ond Storage of Intermediate
Recolcitrant Tropical Forest Tree Seeds,S-l0
June Humlebaek, Denmark. Pp. 27 -33.

102. Mycock DJ and Berjak P 1990,
P hytophylact ica 22 4 134 18.

103. Ang BB 1977, ln'. Seed Technologt in rhe

Tropics, HF Chin, IC Enoch and RM Rala
(eds), Harun Univ. Pertanian Malaysia. Pp.

n7-112.
104. Evans H 1953, In : A Report on Cocoa

Research, 1945-1951, Imperial College of
Tropical Agriculture, St. Aaugustine, Trinidad.
p.79.

105. Bernard RL 195O, Malaysian Forester 163-

I 65.
106. Chacko KE and Singh RN l9'll, I'rr;c.

Internatl. Seed Test. l.ssoc. 36(l) 147-156.
107. Patil RD, Gunjate RT and Salvi MJ 1986, J.

Maharashtra Agric. Univ- ll(3) 362.

108. Gunasekaran M and krishnasamy V 1998,
Neo Botanica 6(t&?) 47-53.

109. Raja K 2001, Seed handling storage anll
see<lling produclton in arecanut (Areca
cutechu l-), Ph. D. Thesis, Tamil Niidu
Agricultural University, Coimbatore, India.

I I 0. Ong SH, Noor AG Tan AM and Tan H I 983,

ln'. Proc. N?lM l'lemters ('.onference, Kuala
Lumpur, Malaysia. Pp. 3-17.

lll. CorbineauFandComeD I9&8,SeedScr. &
tbchnol. 16 97-103

ll2. Villa CL 1962, ,Agrtcultura Tbcnicu en

Mexico,2 133-136.

I 13. Soepadmo E and Eow BK 1976, Gunlcn:'
Bull.29 25-33.

I 14. Wills RFIH, ke TH, Granham D, McGlasson
WB and Hall EC 1981, In . An lntrotlucrton
to the Physiologl und harulling of F ruits und
Vegerables, Granada Publishing Ltd., London.

Pp. l15.
l15. Friend RJ 1964, l'apuu un<l Neu, Guinea

.{gric. ). l7 l2-18.
I 16. Ray PK and Sharma SB 1987, IicL Horr. 33

2t3-?21.
ll7. Shivarama Reddy L 1987, J. Coflbec Res.

l7(l) l4-25.
I 18. Durand BJ, Orcan L, Yanko V, Zauberman G

and Fuchs Y 1984, Hort. Sci. 19 421422.
ll9. HagenmaierRDandBakerRA 1993,.1. Agric.

l'itod (lhem. 41 283-28?.

120. Banks NH, Cheng Q, Nicholson SE, Kingsley
AM and Jeffery PB 1997, Internarl. (long. for
I' ktst ics i n A gr ic., 9- I 5 March, Tel Aviv, Israel.

l2l . Amarante CVT 1998, ()as e.rchanges,
ripening hchaviour ond posl huruest qualty

85

86

87

89

90

9t

92

93

94

95

96

t00

l0l lnletnaLltotc



136 Rajaet al'

of coated pears, Ph.D. Dissertation, Massey

0niv., Palmerston North, New Zealand.

122. Umboh MIJ 1987, Biotopica, I 58-66. l3l.
123. RinkGandWilliamsRD 1984,l'ree Planters

Notes,35(I) 3-5. 132.

124. Roberts EH, King MW and Ellis RH 1984, In

: Crop Genetic Resources - C.onsemalion and

Evaluation, JHW Holden and JT Williams
(ed), Allen and Unwin, London. Pp. 38-52. 133.

125. ChinHF 1994,Seed Sci. & Technol.22 385-

400.

126. Bajaj YPS 1985, In '. (rltopreservation of 
134

Planr Celts and Orgais, KK Kartha (ed), CRC

Press, Florida. Pp. 228-242
127. Hor YL, Standwood Pi and Chin HF 1990, 135'

Pertanika l3 309-314.

t28: , Poulsen KM 1992, Cryo l.etters 13 75-82- 136'

l2g. Pence VC 1990, C.ryobrologt 27 212-218.

130. Palanisamy V and Pritchard HW 1999,Natl. 137'

Sym. Forestry Tbwards 21" Century, Sep 27-

28, Tamil Nadu Agricultural Universtty'
Coimbatore, India. PP. 132-133.

Fu JR. Jin JB Peng YF and Xia QH 1994'

Seed Sci. Res. 4 257-261.

Engelmann F, Dument D, Chabrillange N'
Abdelnour- Esquivel A, AssY-Bah B,

Dereuddre J and Duval Y 1995, IPGN'I'AO
Planr Gen. Res. Newsl.1O327'31.

Raja K, Palanisamy V and Selvaraju P 2003,

lPGtll,'t;AO Plant Gen. Res. Newsl' 133 16-

l8
Zervdie M and Ellis RH l99l' Seed Sci- &
Technol. 19 309-317

Assy-Bah.B and Engelmann F 1992, Cryo

Lertcrs 13 117-126.

Fu JR, Xia QH and Tang LF 1993, Seed Scr.

& Technol.21 85-95.

Berjak P and DumetD 1996,Cryo Letters l7
99- I 04.


