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Abstract: M aturation diying is a terminal event of seed developmeri. Seeds can be categorized nto orthe-
dox, recalcitrant and intermediate seeds depending on their storage behaviour. A number of processes or
mechanisns have been suggested to confer, or contribute to, desiccation tolerance of seeds. Diferent pre-
cesses may confer protection against the consequences of loss of water at different hydration levels, and the
absence or ineffective expression of one or more of these could determine the relative degree of desiccation
sensiivity of seeds of individual species. The processes or mechanisms that have been implicated in desie-
cation tolerance of seeds to date are: intracellular de- differentiation; metabolic ¢ switching off’ ; presence
and efficient operation of antioxidant systems; accumulation of putatively protective molecules incduding late
embryogenic abundant proteins, sucrose and certain oligssaccharides or galactosyl, amphipathic mole-
cules, as well as oleosins; and the presence and operation of repair systems during rehydration of seeds.
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(1990a) 3 , (intemediate storage behav-
ior) , )

, (Ellis , 1990a; Hong and Ellis, 1996)

Farrant (1988) , ( continuum of
seed recalcitrance) , 3
, ABA , (dehydrin-like pro-
tein) ; , ;
(ABA) (Kermode, 1997,

Pammenter and Berjak 1999)

1
1.1
(Kermode, 1997; Pammenter and Berjak, 1999)
(Bewley and Black, 1994; Kermode, 1995) ( Ricinus communis) ,
50~ 554, ,
25~ 30d ; 20d ,

: ( 20
~25d)  54d : ( ( Phaseolus vulgaris) ( Sinapis
L.) (Brassica campestris) ) (Bewley and Black,
1994; Tompset and Pritchard, 1993)

(Kermode and Bewley, 1985) ,
(Bewley and Black, 1994; Kermode, 1995),
, ( Kermode,
1995, 1997) ( Glycine max) ,
, , (Bewley and Black, 1994)

)

) ( Kermode,. 1997)
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( Medicago satwa)

(Bewley and Black, 1994)

(Bewley and Black, 1994)
1.2
(water sorption isothemm) ( calorimetry) ,
5 (water state) ( hydration lever)
(Vertucci and Farrant, 1995; Walters , 2002; 1)
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Fig. 1 Scales of water sress (water potential and relative humidity [ RH]), water loss (water content) and strain ( volume and

viscosity changes) as they relate to conceptual models of hydration and projected damage to cells ( From Walters et af., 2002).

5¢ - 1.5 [ MPa], 0.7gg (H20/g [ DW],
) 2 5 ?
( Berjak and Pammenter, 1997; Vertucci and Farrant, 1995)
4 ( — 1.5~ — 3 MPa, 0. 70~ 0.45¢/g),
( pore solution) ; ,
(Avicenria marina ) (Berjak and Pammenter, 1997; Vertucci and Farrant, 1995)
3 — 3~ — 11 MPa, 0.45~ 0.25¢/¢), ,

- 18C~ - 38C ; , ,
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2 ( — 11~ = 150 MPa, 0.25~ 0.08 ¢/g), ,
. - 2 kJ/mol; ,
1( < — 150 MPa, <0.08g¢g)),
, s — 50kJ/mol; ,
, (Berjak and Pammenter, 1997; Vertucci and Farrant, 1995)
1.3
, (Bewley and Black, 1994; Kermode, 1995)
(Pammenter and Berjak, 1999; Smith and Berjak, 1995) Galau  (1991)

, 5 (1) 5 (2) (postvas-
cular separation, PVS, ); (3) 5 (4) ;
(5) Galau  (1991) PVS
3 4 ,

(Vertucei and Farrant, 1995) PVS
( ) (Farrant , 1993),
(Finch-Savage, 1992) , Vertucci and Farrant ( 1995) ,
1 3 , ,
1.4
( ( Camellia sinensis)
( Theobroma cacao) (Litchi chinensis) ( Quercus robur) (Aesculus
hippocastanum) ) 0.2~ 0.3 ¢/g, - 11 MPa
( : ( Podocarpus henkelii) ,
( Castanospermum australe) ) , 0.6~ 0. 8¢/g,
— 1. 5~ 2.5 MPa (revieved by Vertucci and Farrant,

1995)

C ( Carica pa
paya, Ellis , 1991) ( Elaeis guineensis, Ellis , 1990b) ( Zizania palus-
tris, Kovach and Bradford, 1992) J, ~ 150 MPa :

- 150 MPa ( ) (Vertucci and Roos,
1993) PVS ,
(Vertucei and Farrant, 1995)
2

)

( Pammenter -and Berjak,, 1999;. Beriak and Pammenter, 2001; Kermode and
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Finch Savage, 2002; Phillips , 2002) s
(D ; (2) “ (¢ switching off of metabolism)”; (3)
;0 (4) ( (late em-
bryogenic abundant (LEA) proteins), (galactosyl cyclitol) ,
(amphipathic moleculs), (oleosin layer around lipid bod-
ies) J NG (2
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Fig. 2 Schematic representation of the sequence in which the major mechanisns and processes discussed are envisaged to be

entrained during drying and subsequent rehydration of orthodox seeds ( Pammenter and Berjpk, 1999).

2.1
( Pammenter and Berjak, 1999; Kermode and Find+Savage, 2002)  Farrant
(1997)
( ) ),
(Farrant , 1997)
(resurrection plant) Xerqhyta spp. ,

Sherwin and Farrant (1996)  Tuba  (1996) X . viscosa  X. scabrida

? ?
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2- 2 « ”»

; 0.25g¢
(Vertucei, 1989, 1993)

, ( intermediate water content) ;
(Finch-Savage , 19%; Ver

tucci and Farrant, 1995) Vertucci ( 1990) 3

, - 11~ - 3MPa (Vertucci and Farrant, 1995) Pammenter and Berjak
(1999) 4 , - 1.5 MPa ,
- 1.5MPa (Motete , 1997)
, ( Farrant and
Sherwin, 1998)
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(Rogerson and Matthews, 1977) Farrant
(1997) ,
; (Se-
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(Lin and Chen, 1995; Chien and Lin, 1997;
Farant , 1997; ClOne and Corbineau, 1996),
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?

( Vidafaba)
) Gt , DNA
( Brunori, 1967) , ( Secdle cereale) ,
S (DNA ) (Sen and Osborne, 1974)
, DNA G M ,
, ( reviewed by Pammenter and Ber
jak, 1999)
2.3
(Hendry, 1993;
McDonald, 1999; Oliver and Bewley, 1997) Vertucci and Farrant ( 1995) ,

, , — 11~ - 3 MPa ( 3

B
)

( Ingram and Bartels, 1996)

Craterostigma. plantag ineum
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( lipoxygenase, ) (B+
anchi , 1992); C.wimsii  X. viswsa (‘ascorbate peroxidase)
, (superoxide dismutase, SOD)
(glutathione reductase) (Sherwin and Farrant, 1998)

(/®ie and Corbinrau ( 1996)

(Smith and Berjak, 1995; Cl@he and Cotbimrau, 1996) (
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; (tetrazolium testing) ,
(Ntuli , 1997)
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( Litchi chinensis, Song and Fu, 1999)

2

2.4
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LEA
( Blackman , 1992)
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“ ( Water replacement hypothesis) ” ,
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(Crowe , 1992) ,
(Crowe , 1992; Hoekstra , 2001) (vitrification of

aqueous phase) (Leopold , 1994; Obendorf, 1997) ,
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B

(Blackman , 1992; Leopold , 1994; lLeprince and Walters-Vertucci, 1995)
(Ingram and Bartels, 1996; Oliver and Bewley, 1997) Farrant
and Sherwin ( 1998) s ) s
Hoekstra (1997, 2001) ,

: ( Berjak
and Panmenter, 2001)
(lipid droplet) (Huang,
1992)
N- C- ,
) (Leprince
1998)
1
Table 1 Possible canponents of desiccation tolerance in seeds and their protective actions
(G
/ ( / )
( )
/

(. LEAs,

/
, LEAs

( Kemode and FinchSavage, 2002)

2.5

(Oliver and Bewley, 1997) ( Tortula ruralis)
( hydrin) ( rehydrin) (Phillips, , 2002)



473

( Pammenter and

Berjak, 1999) , (
) ,
Mudgett (1997) , (Hordeum vulgare) L-
L- ( & isoaspertyl methyliransferase) ,
3 ) L-
- " L- ,
Kester (1997) , ( Lycopersicon esculentum ) ,
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(Elder , 1987)
A - , DNA
(Boubriak , 1997)
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I , ( Bray, 1995)
(Alliwm porrum) , RNA ; , rRNA
, DNA (Bray, 1995)

?

(dmle and Corbineau, 1996) ;

3 LEA
3.1 LEA
, (Kermode, 1997)
, mRNA ( Gossypium hirsutum)
LFA : LEA 6 ,
, (25~ 35 DAP [ days after pollination, 1) , ABA
, 3d ; LEA 12 , LEA
0%, LEA mRNA
, (Bewley and Black, 1994)
LEA lea
, ( Daucus caroia) ( Helianthus
annuus) (Arabide sis thaliana) ( Bewley and Black, 1994;
Leprince , 1993) ( Triticum aestivum ) ( Zea mays) Em (early-meth+
onine- labelled polypeptide) LEA (Bewley and Black, 1994) , LEA
) ; ABA

(Kermode, , 1997)

lea.
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lea

3.2 LEA

), LEA DII (
). LEA D29 (
ing, 1999; Phillips

(Ingram and Bartels, 1996)
, ABA lea

., LEA 6
2,

5 ) IEADOS( 6
, 2002, 2)
2 LEA

Table 2 Predicted functions and actions of LEA proteins

[ dehydrin]), LEA D7 (3 ), LEA D113 (

) (Bray, 1993; Ingram and Bartels, 1996; Curs

(Kermode, 1997)

: LEA D19 (1
4

LEA
LEADIO( 1 ) H Bray, 1993; Ingram
70% and Bartels, 1996;
Kemode, 197
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197; Ingram and
[ Bartels, 1996;
Phillips et al, 2002
LEAD7 ( 3 ) 11 TAQAAKEKAGE Bray, 1993; Dure,
a— s 13 1993; Phillips et d,
a- 2002
Nat PO}
LEADII3( 4 ) N- a— Bray, 1993; Ingram
and Bartels, 199%;
( whesve layer) Cuming, 1999
LEADO( 5 ) LEA D7 LEA D7, Bray, 193; Ingram
and Bartels, 1996
, LEA (Goday , 1994) 0. 1 mmol/L
ABA i
2
(Asghar , 1994) ,
( euchre- matin) ( cytoskeletal element) ( Close,

1996)
LEA

; LEA

(biased amino acid composition)

(Kermode, 1997)
, D19

LFA
13%
(hydropathy score)

(hydrophilicity) ( Kermode, 1997)

LEA

’

11%

)

(Ingram and Baz
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tels, 1996) LEA ,
; 2
3.3 ABA LEA
lea , ABA ? ,
LEA mRNA,
(Gomez , 1988; Close , 1989) , mRNA
(Han , 1996) , ABA LEA mRNA
, ABA ,
(Kermode and FinchSavage, 2002) ,
ABA (viviparous mutant,
w-5), (gibberellin, GA) , ,
(White , 2000)
ABA , ndl  wl ndl

s ABA , ABA ;w1

, ABA ( Giordani
1999) , w1 ,

ABA ; ,
ABA ,
, ABA ABA
(Giordani , 1999)
ABA ( aba) ABA (abi-3) ,

(Koornneef , 1989; Mewrs , 1992)

, (14~ 20 DAP),
, ABA (LAB 173711)
ABA (11~ 15 DAP) ,
, ABA ;
(Meurs , 1992)
3 LEA HAVI,
ABA HIAI Xu
(1996) HAVI ( Oryza sativa) ,

HAVI
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, (twe- component hiskinase)

( osmosensor) ( Chang and Stewart, 1998)
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