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fts and DisaJSSÎon (2), WrlI1 an species of groups 2 and 3•
. her Iimit ot HWC c:orresponded "Iso ta the optimal h)'dralion lelI'el

cryopreseovaIîo (see Fig . 1 for C. etJgooioiOOs) . In lhose species
highIy significant correlation WolS found beMeen the unfreez:Ible wat

as detetmined from ose analysis (2]. and the higher '''mit a/ th
C (F ig . 3) . This reault is consistent 'Nilh the eame.- studyof Vettuc

) 'IoIith or1hodox &O)b4!an seeds, and suggesls that inlraœllular i
tian is IeIhal in lipid-rich seeds, independent of lheir leYel 0

iccaIion sensilivity.
The unfreez:able waIer content 'NilS negative/y correlated with
conlent (Fig. 4) . However, thi s relationship was not tinea r. ev

expressed on a non-Iïpid dry _ight bas is . indicating th
pot.Inds othe1lhan Iipids influence the unfreezable walef content.

When expresse<! in terms of wa activity. the m' :;=:~
riability for ltIe higher limit ct the HWC .-. very Iow and ir1
seed pid content (Table 1). This resull. in combinalion vvilh the

the higher limit of the HWC was always the optimal h)'dration
s.-l cryapresecvalion, suggeslslhat desiccating seeds under 1

'lb RH at 2S"C allows ta ,eacfl diredly the optimal ......œr content
nlefmediate oit)' seed cryopresetV3licn. This h)'dr.rtion Ievel coukl

. hlIy above !he optimal Ievel hl.- minimizing .~ deterioration L
• ,e (4)

Group Speci<!s LNC.., HL NoImaJ seedlings ('lb) WC M a..
(g/g) (glg) Rapid Slow (glg )

cooIing coor.rog

C. brevipes 0.20 0 a ND ND
C. canephorn 0 .17 0 0 0.28 0 .86
C. fiberica 0.29 0 0 0.26 0.85
C. stenop/Jylla 0 .16 0 0 NO ND

2 C. ambica 0 .11 0.2 1 0 17 0.2 1 0.18
C. engenioides 0 .11 026 8 19 0.26 0.86

3 C. psevdozanguebariae 0 .06 0.14 73 68 0 .14 0.-75
C. mcemosa <0.14 0.23 67 73 0 24 O.1S3
C. se.ssiliffora <0.14 0 .19 81 76 0.18 0.79

s and Discussion (1) . Three groups ot epecies could be d"slinguished based on seed su .
LN exposure (Tab/<! 1). In group 1 apeciea. no seedling production could be oblained alter"

re . In group 2 species, recovery was very Iow or nil~ rapid coolîng and only mode rale alter
(see Fig . 1 fo r C. eugenloides). In group 3 species, very high percentages of normal seedIin

pment were observe<! after bath rapid and slow cooling . When expressed in terms of water conœn
higher limit of the HWC (Fog. Il was highlyvariable since il ranged from 0.14 100.269 HzO s'' dw (glg

able 1). ln group 3 species, the sensilivity ID LN exposure was due 10 endcsperm injury as sholMl by
elopment inlo normal see dlings ct embr}os extraded from seeds alter thawing (5ee Fig. 2 fo

. stenophyl/a) .

... 1. Desiccabon StlflSltlV1ly, as 8SlJmaled br the walèf conlenl al which 50% 01 the ,",1Jal vrabll,ty .
. wc"" higher ~mlt of the tJot<lr3DOrl wll'ldow lor Cl)OPrH<!MIIion. HL, percenl3ges of nonnaI seeQIOng

ed after clesiccation ID HL and direct rmmersion lI'IlO l.Jj (rapid co ohng) or by 3 precoohng la -5a 'C
'C.rn"'- ' pnor la Imme"""n '" l.Jj (slow c:ooAAg), unIreezabIe _ c:onlenl. WC " "nd cOtrespondmg 'Ml

, ...... of seeos ot ni"" coflee species clas&fled in Ihree groups according l!1e percentaqes ct norm'
ijng recovery atte r LN exposuce (gIg =cr t-W s' dw; NO =IlOt defennmed) .

rrtroduction. CrycpresefV3 tion is the only technique awilab/e for fong-lenn con senalion of ge
eaources of non-orfuodox seed specie5. In ordeI" b deœnnÎne Ille lim ils of the hydralion 'IoIindow ~

eserv3lion (HWC) of inIetmediate oily seeës, the eft'ect of exposure 10 liquid nilrogen (LN
peralure on viability of seeds desiccated ID varioull wa!er contents wa s inv8sligated in nine coft'e

peçies previously s hown 10display a high variabilily in seed desiccation Iolerance (1).
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IQ. 4 . RelalJOnShrp belween the hpod content and
freezable _ content. ""l'leSSed on a dey wcight ba1Ns (.
a non-l ipid dry weogfll baslS (0), of seeds c1 _ cctf

oecies
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tg. 3. R""'lIonship belween the unlreezable W3fef COOl
as clelecmined !tom ose analysIs, and !he hlghf!< hltlll

H'oYC of _ ct the tMt speoas 01 groups 2 and 3.
emllneà onTable 1

ults and Discussion (3) . The 10'M'r limit ot the HWC 'MIS aMr.lj15 much high er than the criticaI hydrali
1fo, desiccation lDlefance. Assumirog ltlat a single crmcal waler activ"tty determines lhe des"tct'.alion sensiIïviIy
s of a given species , this result can be explained by the decrease in seed wa!er aclivity with deaeasi

perature.. The relatïoo sh"p between the w;atec" actMly. a., and the lemperature. T (l<), is described by the van'
isochore [.01) : d(In(a..ll /d(llT) '= ù H.....mIR. whefe <~ is the e nlhal py of sorplion and R is the idea1
bnt. Assuming that Mi...,. is amstant MIl lemperalure (4), the wa ter activ"tty of C. arnbica seeds Olt 0.2 gfg

ulaled fDr lemperatures between +25 and -196"C usmg the va ue of ùH,.,.p olt02 g!g given by Eira etal. [51 (Fi g
. When cooIed la LN temperature. the walef actMty of seeds crossed the critical waler activity fDr desicx:a .

nce (0.45 [ID al about -9S"C. terestingly, Jin abtupt dec line in surviv31 of C. arobica seeds al 0.2 gfg wa
rved beMIeen -sa and · 100"C (Fog. 5) . Tberetore. the prediction of the existence of an h)'draticn 'IoIindowhl.­

re in nort-OrthodoK oi ly seeds shoukl noI be bra5c!é on the comparison 01 the unfreezable vvaler conIent 'IoIi
critical 'Nater CQC'Itent for desiccalion sensil:ivity. as mea5U red at roo m temper.>ture , but on the camparison ot

. . al waler activity for de sicçation damage. measured a room lemperalure, wilh the calculaled water aclivity at L
mperature of seeds desiccabed ta lheir unfTeez:able WoIIier content.
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%.. SUrv....... (based on normal seedIing œveIopmenI),
embtyos eJdracre<l allef thaw1ng trom C:. si"""ph)<lIaI

desicca ted la V3CJ0\J5 W3teC content.. and Irez"" r-aptdly

'------ - - --'0,_
40 ·1M ·1511 . 2lIa

25 -2S ./5 -us -1/S

Cooling t-.--tu.. re)
5. Sur.nval (0), _ aclMty (-) and CnllCa l _

for desoa:3bon tolerance (-) 01 C. ""'tHea
lO vanous lempe<3lUres _ de5ot=bOn lO 0 ~

H,O g ' d'N. Seed _ acIlVII)' 'MIS c:aIcWll!d aa:onling
van't Hall ISOChore 141. wolh an et1lhalpy c1 socpbon of -

mer' H;O al 0.2 9 H,O g" dw [5).
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