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Differences in seed longevity at the species level
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Abstracl. Publishcd seed stortrge data lbr 92 species
dcdved from 13 localilies were subjccled lo probjt
rnalvsis 1o dctcrmine thc halt-v iabi l i !y per iod (Pro)
for i.rch sample. Estimales of half'vi{bilitv period
' ,  . , rrh 'nccrc'  d\cragcJ over al l  l l  local i t ic '  were
rlcLrlaled uling least square mcans procedure

appl icd to known lalucs for thc half-v iabi l i ly penod
lbr €ach species ai each of ils slorage stations The
results rcporl€d hcrc repres€nt an inrtral slep rn the
, 'htccr irc nfEJnr/ .r l ron of .cc\ i  lon!evrt)  dala.

lir tr,rl' Agcingi delcnor!li{)ni lonaerilJ-. sccdsr iorrs.

Introdurlion

Seeds of mosl temperate crops deterrorale less
r.rpidly in cool.  dry condit ions than rn hot and
hUnrid cn\rr . 'nmcnr.  In con'cq ence. ccruin Peo_
graphical  local i t ies 3rc more conducive to s€ed
longevity than othcrs. Whalever the envrronment,
howcvcr, somc species are usually much belter lhan
olhcrs r l  maintarning their  v iabi l i ly.  For example. r t
is \  c l l -esrabl ishcd from obscnat ions al  many
, l incrcnr \r ! {Jgc In. .r l i r ie\  rhdl  r}e .ccd J. lcr.oralc"
fa\ tcr than wheal.  and whcat fasl€r lhan oats (e.g
Gross. l9 l7:  Bussard. l915: Roberlson. Lute &
:r.rr-rr .  I '14.1'  In p(rur ice. .omc .necie'  Jrt

, .c. f I i , ,cd for lhcl  Infcr ior . l . r . r !c chdraclcrr ' l tc ' .
$hefe s others are far less problemal ic.

l )alu on sccd longevity occur in a lasl  range of
pnpcrs and somc altempts have pr€viously been
madc to summrrize al  lcasl  part  of  this pool of
informrr ion Hcyd.cker (1974) and Jusr ice & Bass
( I97i i ) .  for instancc. di ! idcd species into lhrce broad
groups. dcpcndinS upon thcir  relal ivc slo.abi l i ly.  and
r r lhcr sin] ihr t rbulal ion lvas pro, ' ided by Ul lnran
(19.19).  Wc hLrvc  t tcmpted to put such analvses on a
rn. rc nhj(rr \c t . 'oUn! h) rJnlrn! .nci i ( .  , r ' inP
nal ist icr l  procedurcs.

I)n(u trcrc sclccled ftum lhe literaturc on the basis
ol  rhc lol lo\ | ing cr i tcr i r :
l .  Ihc sludics dcscr ibcd krss of ger lninabi l i r \  under
oprt l  st()rxge condiLions in t |  tempcr le cl imate.

( . rc5Nndcn.c  I )  A  Pr iN lc \ .  B . \ .c ' fhon iNnr  lnn iu rc .
(on i t l l  l iNc^r r \ .  l l h rex .  \e$  \ 'u l  l l t i 5 l

2. They prol ided the rcsul ls of a number of lesls of
seed lots over several years. so that a $'ell-de6ned
deler ioral ivc l rend could bc eslabl ished.
3. Thc {udie. conndcrcd 'c!cr i r l  4 '6s11'n. .pccic '
storcd in a similar fashion at thc same locally-

Data from Il storage stations salisl;ed tbese
cri tcr i ! :  Sourh Austral ia (Pri tchard. l9 l l ) .  Ottawa.
Canada (Sif ton. 1920).  Daain, Czechoslovakra
(Cross. I9l7).  Brno. CTcchoslovakia (Nrdvornik.
l94i) .  Denmark (Dorph'Pelerscn. 1924).  En-qland
(Carrurhers. l9 l  l ) ,  Franc. (Bussard. l9 l5).
Cerrnrn) (Fiher,  1932).  l rc land (Lal ler ly.  l9 l l ) .
Poland (Li tynski  & Chudoba. 1964).  Leningrad.
t i .S.S.R. (Adamova. I964i Gvozdeva. I966. 1970.
l97l :  Gvozdeva & Yarchuk. 1969r Gvordcva &
Zhuko\a. l97l) ,  Fort  Col l ins. Colorado. U.S.A.
(Robertson .r  d/ . ,  1943) and Yonkcrs. New York.
U.S.A. (Barron. 1935. 1953, 1966a. b).

This exlensive poolofdata pcrmit tcd us ro rank 92
spccies in terms of their  seed longevity in a more
objcct ivc manner than has prcl iously b€cn
ttempled. l t  must be emphasized. though. lhat in

InJn) c.r 'c '  rh.  d.ra ! \ar lJhlc for indi \ iduul \peLic.
are often qui le minimal;  thc prcscnt anal ls is is
ccrtainly not dcf ini l iv€. bul  represents dn ini t i r l  s lcp
in the objectivc organizalion of sced longcvily dau.

Itethods

Seed longcvily dara liom rhe l3 srorage srations wcrc
asressed by probit  analysis.  Valucs of Pio ( the half-
\ rrhi l i r )  ncr i .d,  scrc cJlculatcJ lor r l l  thc .necic,
rcpresenred al each storage location using tbe
K)RrRA\ IV program developed by Moore. McSa! &
Rno.  ( lq8 l r  DJ IJ  $c 'c  rc j ( f reJ  i l  i ' , i r i J l  g ( f l r ind-
bi l i r )  (or serminabi l i ty l r f ter I  year i l  no inir i r l  f igure
$ s givcD) $.rs less thdn 90'11,.  Thc mean v luc of
inir ia l  germinabi l i ty for thc dnr uscd hcr( $as 98", ; .
Rarel) .  wlren se\enrl  sets ofd.rra $crc l l \a i luble lor.r
s ingle specics at thc saDrc local i l ) .  !  mcnn
germinabi l i l )  lbr c ich )car ol  storagc wrs calcuhrcd
fr ior ro probi l  an.| lysis.  In such cascs. no e\( f t |
lvcight ing $as assigncd ro thc obser\ot ions. l :ufr .hcr.
: incc inr, ' r rJn..r  . 'n s"mnlc .r /c.  . r \ 'd 'n t( ' r , rrr . . .
r ion assays $as lrequenl ly lacking. thc vaf i rnce ol-
thc P.o laluc lbr a prf l icol .rr  sccd k '1 r t . r  prf t icul l r
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station could not bc calculalcd. All Pro !.rlu€s {ere
lherefore considered to b€ of equal $cighl rn lhe
analysis that follows. For lcgumes. secds cltssed :rs
'hard wcrc regarded as viabl€

A rankinS of species by seed lon8cvity tras mtde
usrna lea.t  'qurrc mcJns. ' .c.  unscighlcd u\elagcs ol
the -r  rar, , lccl l  mc'rn' tSeat le.  Iado) Oh\ ' r t (J P5o
lalues from the Il storage localitics \ erc logarith-
mically lransformed. lhereby converling thc assumed
mulliplicativc cflects ol-locations and species on Pso
into additive effccrs- The model for a rwo-wa)
crossed classification s'ilhoul intcrdclion on lhe
loaarilhmic scale was assumed for these calculatrons
r i . c .  ' , ,  - r , - ' ,  l l , + , : , , r .  s h e r e  . r ,  i s  l h e  n i , r u r r l
log of ' the P,n for lh i  ( lh replrcr lc lor lhe i th spccic '
at the lrb location). The prramerer / rs thc overall
mcan ellect. dr is the ith species elTecl. /j, is lhe lth
location effecl. and A,,! is random €rror. Thc.ira s are
assumed to be indeperdent and identically distri_
buted as normal random variables with a mean of
zero and a lariance dt. The subscripl ranges arc
i : 1 . 2 . . . . . r  ( n o .  o f  s p e c i e s ) .  J : 1 . 2 . . .  . /  ( n o  o f
locat ions).  and t  :  1.2,. . . . r  (no. of  rcpl icates).  For
these data. r  = 0 or I  for al lcel ls.  The esl inrated ccl l
means are then determined by

r i , j  -  ( l , r / r) I1, ,r ,

: i+ a.+ Pj.
Thc ledst-square means are then
LS(r,) = (l,{)1r,"';.

=  i+  a ,+ l t t t ) t l  j .

For rhose species for which data were rvailable
only from one stofage slalion. an estinraled ln P{o
was calculat€d using th€ average location €ffect
( l i i ) : r ,  plus (he observed In P5o and minus lhat
storape s.r t ion. tst imated effei l  Thr lea. l  i  square
mcans wcrc thcn rank€d to give the final ordering of
sccd longc\ity lor each specics.

Resulls

The curle descr ibing loss of germindbi l i ly $irh t ime
ol sloragc is Scnefully held {o be ol r ne8alilcly
signoidal shap€ (e.s.  Roberts.  1972).  Alnrost ideal
delcr iort l t ion (Lr ' \ i '  of  rhi '  r lnc $crc *rnerimc:
cncounlered among the dr l la an{lysed (e.9. Fig. l ) .
bur most specics disphled some degrcc ol ske\rncss.
T\!o extremc c) iamples arc shown in Fig.2. Tai l ing
of the curle was csnecirlly e\idenl rn hafd sccdcd
leguncs like Mllnrrgo luruhn. Thc use of probrr
analysis in such cases inrrod ces a sl ighl  birs:
lcgumes. lbr cxirnrple. rre l iablc lo drop bclow i0%
gern)ioat ion rarher car l icr  t l ran rhe Pio \aluc
calculrrcd in lhis wa! \ ,"ould suggcst.

Computed P5o ralues are gi !cn in Trbles I  rnd l i
species for which longe\ iry drta $ere a\ni l . rble r t
nlore lhrn one slorage sl i r t ion arc l isLcd in Table L

\ o

: i !

i

fisurc L t osr of lcflnindhi|l! in r s$d lol of limnhy (Pr?(?,

,',?,.,v,) D otcn sloragc in Dcniurk A prcbir vrluc of 5
(cqunrknr to 50"'") delcrh'n.s rhe hulflidbiht Frnrd (P.,,)
Crlcularcd li.m ddrd of l).r!'h.Pcres.n ( 191.1).

The remrrnrng.pecre' .  recorded Jr onl)  one ' tJr ioI .
are given in Table 2. Specics are rrnked and
esrimaled Pio !alues arc summrrized graphical ly in
Fig. 3. Nomcncldturc has been revised rs fir as
possible to conform wilh a/"rr?s Zril./(Liberly Hyde
Bai ley Hortor ium. 1976).

Iigure 2. Loss ol -lcflni,rxbr|r\ n opcn {orxac SNds.i hhcl
nieni.l ( tn,/,ir{" ]r4ar,k) rnd qhnc 'nu\rid rArd,'dl r,fr,-
\\n .!ltq^ d/rd) ni(trldc c\rnrpl.s .t lkinslr sl.\cd rgcrn!
t . ' r ' r ' n .  D L  n L  r h .  . \ ' . ,  i I l l  { . r l .  h \ , ' l J d . 1 i r r ' i , r . d ' \ .
rhe tJ($ilrrrl\sis pmlmm njl (.nrpul$ rn &.cpr!blc Pn, rxluc
(nr.*\r lttrx l.r !Ddir url s.cd l(ns scl.c(.d liom Dorph
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rirure l. Srmhilill ol secd\ of culrnar.d rpccres. The sDccics listd in Table! I lnd I have b,-cn runked uccording to
.\rnnrrcd P5r \rlucs Th^ tnJ!rdcs d mc.sur. oi shat rhc d\crd8e Pro vrltre oi a s!..ics sould b. if il *clc r.srcd 3r rll ll
lo.rln,ns reritred kr in Ihe Drcsenl nudl

Dis.ussion

AIllDuSh dillerences in seed longe\ily at the species
lelel have long been recognized in praclrce. the
prescnl ,rnalysis is more objectilcly based than mosi
previous descriplions. Nerertheless. there are
obvjous limilatiors. csp€cially for thosc species for
\h ich onl !  mi ' l imal  dara are.r \ , . r i lab le (e.g.  Table 2) .
Thc longelity of a seed lol nray be constrained b!
. ( \ ( r J l  l J ( l , y \ :  ! c D ( L r .  e l l . i r ,  . r r r r , h u r r h l c  r , ,  n r r l i
cu l i r  I incs or  cu l l i \nrs.  prc-h! r lcst  l ie ld s l rcsscs.

immrlur i ty,  and nrechanict ' l  in jury.  for uxrnrple.
These innucnces cannol be discounlcd lbr dul in
' t . rhL'1. dlrhourh rh() J ' {  nrc 'umabi\  l (*  i rn-
portanr for lhc anl lysis ol  spccics gi \cn in Tablc L

Thc model cmployed hcrc assumcs lhnt ir
l r lourable storage locul ion wj l l  cxlend sced lon_
!c\ i r \  rP,. , l  h\  J i \ 'nsr,rnl  ncr(cnlrgc fo '  J l l  .n(( ic. .
conlprrcd lo a lcsr [ r !ourable local i ly.  On thi \  busis.
rhe pereentagc cllec(\ of sloragc locali()ns werc
est imxted lrom thc P.o drrx avai l rblc in l r t le L I ' r
cr lcuhring esr imarcd Pro \al t rcs (Tahlcs I  & l ) .  thc
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T2bl.2, tl.lf-vrbilily tcriods (P.o) in yeats conrluted from sccd
dcrcnorlrion drla rNordcd al vari(,us {orasc slalions This table
|nr sp$rs lnr shich dctcnoralion dala sere available lron oolr

r inglc l@rlity. For furlhcr delails. sec lhc lcgend to Tablc L
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