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Vegetable-Seed Storag'e as Affected by 

Tenlperature and Relative Humidity l 
, 

By I!~U~lN H. TOOLg, .~cn£or pltys-iologist, VlyrAN K«]AUNS TOOLE, assistant botan-ist, 
and K A. GOUMAN, formerly tl,qsistant rlJfrigerat.ing engineer, Dlvi.q;on of Fruit 
and VeglJlahLll (tmp.q and /)i.ql.'a,w.'l!. BllrI.'ILn of Plrmt Irull/stry, Soils, and Agri
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~ ~e \':t~ of d(~t{'I'iorl\.t.ioll of SOliI(' vcgctllbk sc('ds when stol'('(1 at. 
i<high lcm!ir-mtul'('s nnd high hUllIidities'compn.l'ILblc to those prevailing 

in Glilf itntrs hns b('(\n ch'll'I'mil\(,d (4).2 '}'II(' present stlldy of 
vPg'('tnblt-1('l'd stomge was dl'signed as fUl l'xtcnsion of thnt work to 
provide' inte1'llw<iin.te ('onditions of h'lllpl'l'atUl'c and humidity, to ex
lpnd til(' p('I'iod of stOl'llgP, to in('lud(' additiollnl kinds of st'cds, Itn<l 
to I'pt('st some killds of s('('ds from u,noth('I' s('pd ('rop. 

Sillce' llll' IHlblicn.tion of '.L'l't'hnical Bulletin 708 (4) fl, papcl' by 
Bluton (3) 011 t.he 1'l,ln.tion of t('Ill}H'rn.turl' and humidity to vinbiliLy 
of s('{'ds nnd OUl' by :Rotlrigo nnd Tf't'soll (8) 011 t.he relaLion of s('ed 
moistlll'{' to v{,lretahle-s('t,d storagl' hnvt' nPP(,ltl'cd. Akamille (1) hns 
l'pport('(1 tilt' t'O\'eL of tf'IlIIWl'ILtlll'C I\.nd humidity 011 stiorngc of V('gl~

• 
table lInd flll'1lHTOP sl'l'ds . 

I Sublllitted for \lublieni,ioll April 28, 11)48, 
~ ltalic 1I11l11ber~ ill pnrentheses refer lo Lit(~mturc Cited, p. 24.. 
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MATERIALS ~TJ) METHODS 

SEEDS 

Seeds of 15 veO'etables of the preceding season's crop (1939) were 
o:9tained from reliable producers as soon as feasible after they had 
been cleaned. Upon receipt of the seeds at Beltsville, Md., they were 
stored at about 40° F. and a relative humidity of 50 percent for 4 to 
6 weeks until put under the various ch,,})erimental storage conditions 
on February 12, 1940. 

'rhe kinds and varietie~ of seeds tested included snap bean (Bounti
ful); cabbage (All Seasons); carrot (Red Core Chantenay); celery 
(Golden Supreme); sweet corn (Olarks Early Evergreen); cucumber 
(Early Fortune); lettuce (Imperial 44); okra (Perkins Mammoth); 
onion (Yellow Bermuda); pea (Laxton Pmgress); pepper (Oakview 
Wonder); spinaeh lLong Standing Bloomsdnle) i tomato (Rutgers); 
tUl"llip (Purple 'fop White Globe); and WitternlC'lon (Klondike R 7). 

STOHAGE CUA)IBEHS 

.Eigh t ~'on trollN\ stomge eOl1<1i tions wen' pl'OviclPd in dosed slwet
iwn ("hamb(l1"s Or compmtmpnts, approximu.tc'ly :3 by 2}~ by 3~ fe('t. 
Thp dHUnbel's wC'rC' placed ill rooms that Wl'r(' kC'pt at tIll' threl' tem
pemtur('s (50°, 70°, and 80° Ii'.) d(·sired for tIlt' I'xpel'inlC'nt by ml'ans 
of brinp-l"efrigl'mtion coils, cireulatiug fUllS, and hpat('l·s. The humid
ity of thesC' tempc'I'aturl'-colltrolkd l'Ooms in whieh the chambers w('re 
plll('PCl IVilS approximatply 50 pl'rc('lIt. For the control of humidity, 
each cOmpUl'tllll'11 twas ('Ci uipped wi th a fan, 11 water surfac(', and u 
humidistat with hnit, elC'ltlPllts whi('h contl'ollNI a 1'('lay deyice that 
opl'l'Itjed two doors, ench of nbout 4 squure inches, in the side wall of 
t11{' ('ompnrtnH'lI t lIeal' tllC' fnn. Thl'se doors allowed till' introduction 
of low-humidity n.il·. from the stornge room into the comptu·tuwnt 
and pro\Tid('d a quick contl'Ol of humidity within the chantl~('I' by 
combining thl' l1ir of thl' two humidities. Thl' humidities tlmt Wl're 
intendpd to be nmintainl'C1 WPI'(' 50 and 80 p('l'C'('nt at 50° I1Ild 65, n, 
and 80 pel'('c'n t n.t both 70° nnd 80°. Dl1ily rendings wel'(' made of the 
dry- n.nd w(·t-bulb thl'l'1l10IHPtel's as a ch('c1. on the control and as n 
recoI'(l of th(' ('ondi tions that \\'el'(' nelunll)" main tnilled. 

In on.ll'l' to apPI'OXimllU' wan·house stomg(', an ndditional chamber 
of similtu' si:(,(' but I'ne\osNI with WU'l' Scrl'l'ns to ('xelude rod('llts ancl 
ins{·ets WIl.S pla('('(1 in Il. smllll, unheatc'd Jmll1e building at BPlts\rilk, 
~ld. Tl'emp('l'ntlH'e and humidity were recorded by a hygrothl'I'
mogl·nph. 

DISPOSITION OF SEED 

Aftt'r th(' originnl moisttll'C' alld gl'rlllillution t('sts, ('nell kind of 5('('d 
wns di\'idec! into 1.08 smull portions of suflkit'nt 5i7.(· for additional 
moisture and gl'l'lnination tests. Each pOl'tion WHS pIilCNI in a smnlL, 
op<'n ointment box fixed to wooc\C'l1 stl'ips to ffleilitate handling. 
'rhe boxes weL'e unifol'mly spnced so thnt (>aeh slrip lwld 1 sampling 
of each of the 15 kinds of S(·('<ls. Till' fi~l'ips with lite open boxes of 
seC'd w('t'e plaepd in ('aell ehallti.l('L' so tllltt nIL seeds lInd eilSY access to 
fL'C'(·I)' eirculnt!llg !lil'. 
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• 

• 
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VEGETABLE-SEED STORAGE 3 

SEALE\) STOIlAGE 

In tho comparison of scaled a,ld open storage, the seeds for both 
kinds of stornge were c:lI.lJosed in. the humidity chambers for 6 weoks. 
'fhon tho samples for scaled storuge were removed and quickly placed 
in glass vials with SCI'eW caps sealed with hot paraffin, The scaled 
vinls we1'O relurned to the rcspective chambers, Atcertnin of thc 
regula~ sampling periods some of the sealed samples wero removed 
and moisture and gelTnination tests were made on them nt the same 
timo as on open-stomge samples from the samc chambers, This wns 
dOIH' at times when a moderate to severe loss of viability could be 
cxptlcled. 

After the ol'iginnl moisture and germination snntples hnd been 
dmwll, the sN~d wns pln('('(1 at the dill'rl'cnt stOl'llgc conditions on 
]\'bl'lltu'Y 12, 1940, Sillllpit's W(,I'(' taken nt 3-week intel'vuls COL' 36 
wC'(~ks, Upon I'emovltl f!'Olll the stomg(1 c!IlUllht'I', ('ltell slLmple was 
mixC'd and a snuLlI pOl·tion was quiekly pIU(,NI in l~ glllss-stoppercd 
w('ighill~ bottle 1'01' 1ll0istu1'(1 lktel'lllination; th(' [,('ll1uindcl' was 
pIH(,l'd III It papel' ('nvelop(' for n prompt gCl'lnillatioll test, ]'01' 
moistu1'e d(ltermination about 10 gm. of seNI wns us(,d £01' bean, pea, 
('om, !tlld okl'fl., about 5 gm. for wat(ll'llWIOll and cucumber, and 2 
gm, 1'01' the' smull s('(,ds. Tht' st't,d \ViiS tiI'it'd in a largt' forced-circula
tioll ('le('(l'ic drying O\'Pll nl 100°± 0.5° C.; lilt' Inl'gt' seeds werc dried 
48 hours Illld tht, slllilller OIl('S 24 hOlll's. 

GEIUIl;SATIOS TESTS 

The portions oC sred plnced in papeL' t'nn,lopps upon rNuoval f!'Om 
the Sl'v('I'nl chnmbers W('!'l' held ilt n t('Il1IWl'Itttll'(' of !tbout 50° If. 
Ulltil t!H'Y could bp tpstNI for grrlllinatioll. All gcrmination tests 
Wel'(1 stnrt('d within 2 days nftel' thl' snmple wus taken, AllY ullused 
portions of th(,s(' sllmpl('s were held ill ('old StOl'llgll Ulltil about 1 
YNU' nfl('r lh(, Iwginllillg of the eXIWl'imellt, Whl'll nil snmples of a 
"iV(,1l kind of s('(,d \\'('1'(' l'pt('stNI 1'01' "l'l'minutioll 011 tl\(' SIUll(' dilY, 
'" G(ll'minntion t('sts WNt' (,olldud{~1 ill ac('ol'dnnC'c with the I'l'COlll 
ll\l'lIdntiolls of thr Assoeilltioll of Oflieinl SNld AIIHlysts of NOl-th 
An1C'l'il'lt (:3), with til(l l'x{'l'ption of those' fol' el'lel',Y, Iwun, !tnd COl'll, 
Prelimilllll'Y lrsts of ('(\.!NY hud shown that t!lis s!llllple gl'l'mil'llttt'd 
b('tter Itt It dn.ily trlllpl'mtul'l' ftlU'I'lHltion of 15° to 25° C, thiw Itt olle 
of 20° to 30". Th(' (,('lpI'Y s(,('(1 WflS glll'minntl'd nt thesr 2 tl'IllIWl'n
lUl'r nlte\'llntion:;, but ollly the' ['('suIts obtninrd at thl.' fOl'lller nltel'
nalion Ilre pl'('sl'nt<'ll h(,['(" Bpnn nnd ('om s('('ds W('I't' gtlrminntedin 
lInts of st(,l'iliu'd soil in n gl'l't'nhous(l. (~ulldrupli«iltt' 100-sl'ed ll'sts 
W(,I'(' lIs('d I'x("l'pt 1'01' okl'll, 1'01' whit-h 8 t('sts of 100 s('eds each wel'O 
lfs('d 1'01' ('Ileh si\.mph'. 

STORAGE CO:NDITIONS MA[NTAINED 

With the equipment antililblc it was not J('n:;ible to control tNuper
nlul'e 01' humidity within \"('IT nI1ITO\\' limits, but Lhf' difrPI'pntlcvels 
W('I'" IHllillt,uillPd Htlfli('il'ntiy for lli(' PIIl'POSt'S of tltt' l'xp('I'inH'lIt. 
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'Veekly means of t·emperatures and humidities are shown in figure 1; 
and m('ans for the entirc period of the expel'iment with standard 
('ITOrs, basC'd on the 3-wcck 1l1cftliS between sllIllpling periods, are 
given in table I. 

The values shown in fi~'1.1re 1 and table ll1l'n based on daily readings 
fit olle point in each ehamber and are belicved to be accurate for this 
plnce in the chambel' and for the time of reading. Although a fall 
was maintained in each chaIllber, these I'eadings may not I'epresent 
IIverage ('onditions surrounding the seeds as closely as is indicated by 
the vulucs given. This is espedllUy tme for humidity. Temperatures 
of the separate chambers in eadl room were very nearly alike; there
fore, in figure 1, A, the tempemtures arc given for only one chamber 
in ench room. In general, the temperatures tended to bo slightly 
lower at the higher humidity levds, possibly becllUse of evaporation 
of Inrger quantities of water in those chambers. 

TA Ii I.E I. ~,\{ell7t telll]Jl!rlltllre.~ (lml 'L1I/Iliditie,~ (lnd their stllndllrd errors, in the 
v(Jrioll.~ ,~IIJT(I(Je chumbers 

[gllch \'lIhHl tltl~~dIJII 12 slIcressh'l' :!,w('ek p('rlnds] 
,.....,....,------,.--_....-,-_•••_., <

'ntcnded temprrnture' ~11'lIu ~I' !I In(('nded temperatur!! I :\Ienn MeallnnlllllunidiLyo(~t(Jrngl' 11'111 [>(·r· : IlIiw\:Wt)' t-I IIml hllrnltlityu(slIJrnge I- tClllperu· humidity
l"IlIlmb~r ature. • ,chnml",r _ tmeI 

- ---------) --if !--I-- 
50· 1'.: • F. i I'<rctu/ I IIU· ~'.: P. • I'trC~'11I . 

l)!lI"'rt~'lIt...-••- ...- •• ei 52.I±O.-Ir.! 1i2.4±0.71i t, fl.1 perl1'I1I........._..... 80.4± .10 I 05.S± .35 
1\0 perceIlL .•••••__.....![>I.7± .!lS ~O.I± .-14:- i3IK·rl'('IlL ......_._ .... SO.3±. wI 7:1.4± .39 

ill· F.: . ' SOIK'rt'l'Ilt._•••• ______ •• - i!!.U± .22 i 79.8± .24 
llI;pNC~·nt...._......... il.4± .15 fl.1.o± .·12 Worehou>;(l ............. I (iO.5±4.04 71.5±1.3fl 
73 fH~rt'(mL~~'" ........ ".~ .. ~.; 7U.7± .. 17 73,3±: .2,1,1 ' 


80 1 ••r~~IIr.. ............. j ~1J:3±.08 J SO.5± '~.i,-\.________......!.___....:: ____ 


EFFECT OF STORAGE CONDITIONS 

SEED MOISTURE 

Under thc conditions of this ('xperiment all the seeds except beall, 
pea, Illld tom /"('llelH'd Ilil equilibrium in moistul'c contcnt fOl' each 
siorngt' ('ondilion by the (,IHI of 3 \\"('('ks. The menn moisture contents 
of the i5 kinds of sel~ds for e!teh of the 9 stol'llge cOllditions al'O pre
sf'nt.NI ill tnbh' 2. Jr~'f'gull1l' fluduations in moisture eontf'nt thut 
wpre not ('oITC'lutpd with the nil'-hullJidity lintu. obtninNI or with the 
gl'rmination IwlJl\.viol' W(,I'(, obsl'l'vl'(1 nt dif)'t'n'nt salnpling dnt('s. 
TIH'Y probably l"('pl'psC'nt vuriations ill precision of moisture deter
minatiolls ns w('11 liS u('tunl vllriations in sppd llIoistUl'C' resulting from 
hUlllidity ('hflng'<'s withill th(' ('hllllllwl's pr('('l'dillg the sampling. The 
1I111l1'ysis of \,i1l"illll('P of the nil' humidity alld of tIll' moisture content 
of the s('v('l'ld killds of sN'ris fot' the 3 ('olltl"olled humidities eat'h at 
700 Illld 800 F. is gin'n ill tllblt- a, Within the t'omplu'ntiye\y nlllTOW 
I'Illlgl' of h II III ill ily i lIyolvNI ill til is ('xp('rinwnt, thl' i nerl'llse of seed 
moisture with ill('I'cllse of Hit' humidiL.Y is ('ssl'lItiully lin('ur. 

• 


• 
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chambers: ;1, Tl'IIl\}{'rnturl':; hi Oill' ciuunix'r (80 pl!rcent humidity) in each of 
the three contrQlll!( rOOm!\ and in the wnrl'llOlISl'; 13, relative humidities in til(' 
two ehlll1llx·r:; ill the 50° F. room nllli in thl! WnrdH)IIl!l'.; C, r(·lnth·c hUllliditil's 
ill the threll chnmhl'rs ill the 70° room; I), rclative hUnllditic!; ill the thrCl' 
chamber:; in till' 80° rOOm, 
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T.'BLE 2.-JIoill/ure contents of seeds of 10· kinds of vegetables before and after 
storage under 9 condition,~ . 

(Each mlue (or stored seed based on 12 successive samples taken at 3'WceK Inter"flls; "slucs (or original • 
. content based on 2 samples1 

Mean
Meanmolstnre contentorsced storf!d at Indicated mols· 

mean tempemture N1d humidity 

I 
ture

Orlgl· content
nal orsced

mols· 51.90 F. 0 

Kind of seed 70.8 F. SO.2° F. stored 
ture in 

content ware·t Qfsced 52.4 SO.l M.5 73.3 SO.5 (.5.8 73.4 79.8 house. 
per· per· per· per· per· per· per· per· Delts·
cent cent cent ccnt cent 'ccnt cent cent villeI ---------- - -------I Per· Per· Per· Per· Per· Per· Per· Per· 

,Percent emt cellt cent cellt cent cellt cent cent Percent 
9,9 10.0 17.4 12.0 14.1 15.1 12.8 14.1 16.3 12.4 
R,O 6.6 10.9 7.3 8.5 9.3 7.7 8.6 9.9 8.0g:~~~~~~~::::::==::::::::::::::::: 9.4 8.2 14.3 9.4 11.2 12.0 10.1 11.0 12.6 10.4 

Celery •• , .......................... ll. ·1 9.7 15.4 10.6 12.2 13.2 11.2 12.1 14.0 1l.4 
Corn, sweet........................ JO.8 10.0 15~ 2 11.0 12.6 13.:1 1I.4 12.3 13.7 11.8 
C ucum ber•••• __ •• , •••__...., ...__• S.S 7.7 1I.n 8.4 9.4 9.0 8.6 9.3 10.3 9.0 
Lettuce.........................__• 7.6 (\.5 10.9 7.4 8.5 D.H 7.8 8.5 9.7 8.1
Ok(!l...____•••• __• __.._.........__ • 
 11.4 10.4 15.4 11.3 12.7 13.7 1l.8 12.8 14.5 12.0 
Onlon....__........................ 10. !J 9.:1 15.1 10.·' 1l.8 12.8 10.9 11. 7 13.2 11.3 
Pcn ..........__............__...... 9.8 9.(\ 16.5 11. 3 13.5 14.5 12.1 13.tI 15.7 12.1 
l'cr.per....................---•••••• W.O 8.4 13.5 9.2 10.5 11.5 9.5 10.4 II.8 10.0 
Sp nnch......._.............__..... 12.·1 11.0 1t1.1 1I.9 13.2 14.1 12.2 13.1 14.5 12.7 

'rornflto ......... __............__••• HI. 0 8.7 13.1 'l.U 10.6 11. a 0.8 10.5 11.6 10.3 

T\\rnlp............................. 8.2 tl.1- 10.9 7.4 8.5 11.2 7.8 8.5 9.7 8.0 

"·ntermelon........................ 10.5 8.5 12.6 9.0 10.2 W.O 0.3 10.1 11.3 9.7 


_~_.".c_ 

'_..."---,..---........,...--.-..-- ~.,.....-. 


T.\lILE 3.-Analysis of v(lriance of air humidity (Inri of moisture contents of seeds 
of 15 kinds of vegetables 8tOl'ed at 8 humidity levels each at ~roo and 800 F. • 

[Humidity readings (or 1.2 sllcc~ssh'o ~·\~eok perl()ds nnd moisture contl'll!S lit the er,ld o( each :l·wcek period) 

D~· \'"r1l1n('c (or mo1sturc cnntent of seed 0(-Ynrl. 
~rees anee (or .-,-----,---,---r--;---Source of mrlotlon o( hUlllld·(rl'~' Beau C"b· Cnr· C I • Corn Cu· Let·ItydoIII (snnp) ba~e rot ~ er~ (sweet) ctlmber ttlre

----------1------ ------------.---- 
'I'ClllpernttJrl'_"", .......... 1 1. Ii 8.34 2.:15 0.03 3.47 0.50 0.-17 1.47 

f1t1mldlt~·(l!nellr). __......... 12,68:1.52 13·1.67 [,1.1:1 (\8.88 87.21 66.03 :12.50 44.6t\ 

HtllIlh1!iy (qulldrnt!c)........ 1 7.79 .0:1 .01 .02 .02 .08 <.01 .00 

1'elllpemtllre X humidIty..... . 2 5.l~1 2.:!:l .-16 1.00 1. Ii .82 .30 .42 

Period 01 stornge.........__••• 11 3. 15 1.12 1.4.', :1.24. 2. ns .00 I .!ltl 1.42 

Error....____................. 55 .87 .21 .27 .119 .40 . 13 .13 .211 


'rotnl. •....... --•••-. -n====:-::===-:'.======r==-:: 

n~· \'uriance (or moisture cOntent o( se('d 0(

grgrs -'-;----:----,--,.,----.-----_.-SourCQ of vnrlutlon 

(n'\~' . • /. '. i i'p!'· Spin·: ~!'n· Tnr· \\"1If~r' 


___________ ~:...Okrn~::~t-!~L~Jf.~~·~~~:~ 
'!','mr,,'ruture .........__••• 1 :1.8:\ 1.28 I 10.27 0.S9 0.70 n.2-I l.on O.~2 
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The results of the ann lysis of coyurinllec of ail' humidity (mean for •3 we('ks pL'('ceding sampling) and moisturo COil tent of seed (deter

mined It I, the elld of PMh a-wf'(,k pPl'iod) 1'01' th(, \,ix ('ontmlled condi
lions at 700 ilnd 800 

]'. 1)1'0 shown in tltblc 4. The vn1'in.tions in seed 
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moisture of sl',crcssivc individual determinations did not consistently 
reHect the small irregular Jiuetuations in mean air-humidity values 

• 	 fo1' the pl'ceeding 3-weck pedod, On the other hand, the correlation 
was very high between seed moisture and ail' humidity among cham
bel's for the entire storage pCl'iod. The corrclation within trcatments 
calculated from thc vurianee analysis gave rcsults comp!1l'1lble to 
thos(' Illllong tl'l'ntments bused on thc covariance. 

',1'.\8[,1:: ·1..-AlIlIlysis of covariallce of cd,. hllmidil.y and of moist lire conlenls of seeds 
of L5 kind,~ of v('(le/ables s/orccl at ;3 humidity levels each al 'fDo awl 80° F. 

[Ihlluhllty n'I\lIIII~S for 12 suc~e'sll'l':J.\I"~tk J1\'rI!lcI~ lIud lIIol,tlll'u contents lit tho cnd of euch :l·\\,cck IlI'ricltl; 
·17 degrees of freedolIl for \'uch clltc~(Jry, bll>cli 011 \'UrIIlIlCC with ill cOlllrvllcd chlllIlb,,,'sj 
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]<}xnrninfl lion of titble 2 shows thtlt the nwitll moisture nt a given 
humidity din'Pl's gn'lltly llmong the :::.evl'l'Hl kinds of seeds and 11150 

thttl thc' rnte of dlilngt' in Illoisture with change in humidity diffel's 
('ollsi(\t'l"flbly. TIll' l'aU's of chungI.' tU'c shown in table 4 by the coefIi
dent:; of 1'('A'1'l'ssion. Cucumber seed gaioed only slightly more thun 
0.1 pt'l"f'ent in moistul'e with ench illel'pnse of 1 pel'('Nlt, in humidity, 
but bl'llfl i1nd pt'H. sl'l'ds guil\('(\ 11101'(' thnn twice that amount. The 
I'l'!,p'l'ssion ,"uluN; obtuinNI in this study i1I'C in close i1gn'emcnt with 
thosp found in tl, p!'<'vious study by Boswt'U et ill. (4), ithhough the 
bnsis of ('it\('ulution is slightly <iiil'l'I'ent. 

• 

Till: PI'('S('l1t study ""tiS not plnnned to ddt'l"minc the effect of 
t('lllJWl'nlUI'p on 1ll0ir:;tUI'l' eont('nt of sN'd, b('('II.\IS(' tht' I'('('ol"ded mClln 
nil" .hlll11iciitil's mn.Y not ftt'l'ul'nl<'ly indi('ute the tl'UC conditions sur
I'ounding the' s('t'(\s, 110\\'('\'('1', I:XIIllliI111tion of tnbl(' 2 shows thut the 
rnoistlll'(' ('olltpnts I'l'Hl'II('d by tht' dill'l'I'pnt kinds of speds at approxi
mtlt('I,'- HO 1)('I'N'lIt hUl11idit," \\'('1'(' gn'nU'I' iLt ,j1.()O F. thnn nt 70,8° ttlld 
:-;O.:}o, '['hi:, tC'ndf'II(,,\" 1'01' it high('I' ,.;('('d-1I10isilll'l' C'C(uilibl'iUIlI ttt 
about ;'iO° lhiln nt highrr t('Il1IWI'ntlfl'p:, 1'01' n gi\-PIl humidity hus berll 
noted by 130:';\\,('11 l't fl\.(4) illld Bnl'ton (a). It is pl'obnbly'd!!e h) the 
lowl'!' \"UpOl' PI'PSSUI'(' of til(' llloi:-.lul'(' ill thp sl'(·ds at lhc' 10wC'!' ti'mpern
ill ('('. 'I'h (' ,.:ligh t1y btl t ('on;;ish'll t1," highl'1' S('('d-1110istlll'P vnlul's at 
:-;0.:2° nnd iD.H 1H'1'('('f1t humidity thHn ut 70.8° nnd 80,5 p('('('(>nt 
humidity cnllno( Il(' ('xpillilll'd, Ifillt'",,; lIH' humidity rendings in th('s(> 
('handlt'I's I'n il('d to 1'('IH'('S('n t lhl' tI'lll' Ii 11111 it! ity ,;tIIToulllling tlit' 
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sPl'ds. Fenton (6) has pointed out the relatiOIl of the \'llpOr Pl'CSSUI'e 
of seeds at difrt:rcut tempN'atuI'es to seed-moisture equilibrium, 

TIl(' lIloistun' ('out('nt of seed fmlU warehouse storage vlll'icd greatly 
fl'om period to period because of the widely val'iable air humidity as 
shown in figure 1, B, HO'\\'ever, the predielt'd mean moisture contents 3 

fol' a humidity correspondiug to the mean air humi.dity of the ware
house fOl' lhe 36 weeks of the expN'iment were within nppl'oximntely 
0,5 percent of the meaus of the 12 determined values for Illl seed kinds, 
(·xeept beuu und pea, rrhis indicutes thc- feasibility of prNjjcting with 
filiI' UCCIII'u('y till' IlvN'age moisture content that seed will n.ttuin whcll 
exposed to nil' of known IIlen.1l humidity, 

J!'or the individuul 3-week periods, it wns not possible to pl'edict 
Ilccul'lttely the moisture contt:nt of the wilrehousl'-stored seed, It 
wns found, however, thut it doser pl'edidion of Sl'l'd moistm'c for the 
SI1Udlc>I' $(>(>(18 fOl' 1IlllJlY of till' sllmpling dlltl'S ('ould be mude by using 
n, humidity VUllll' f(\t' till' pl'l'('(,dillg IWl'ioti thnt gitVe equlll wei(yht to 
th(' I'Plldings fOl' the 2 days I)('fol'(,' slllllpling !llld for the 2 weeks bcfo!'e 
instelld of (he mean COl' tilt' ('ntil'C 3-wl'l'k period. This indicates 
thllt,although lht· moistill'l' of the Slllllll speds t'xposed n.s in this 
('xpel'illll'nt elalmgt's \"l'ry mpidly, t1l1.'l'l' is It I'(>sidllill influence of pl'e
\'ious hUIll.idib' conditiolls, ilalso indienltls lhilt the menn humidity 
/'01' til(' a-Wet,/{ period beroJ'(' sll.mpllng (used in cnit-uinting tho dntn iil 
labl(, 4) is not litt' IH'St value fol' the d(·tcl'lnilllltion of cOl'l'elation Ilnd 
('oeffi('i('flt of l"('gl'pssion, H wOllld be impl'lldi('ni, howcvel', to detel'
millt' till' lJl'st bnlllll('(1 of shol't- illld long-timp inflllPncl' of ail' humidity 
fOl' ('neh kiud of S('ce! ItS ('xpos('(1 ill Ul(IS(' pnl'tiellllll' studies, 

In sU,IIIpll's of $('C'tis of b('1l1l (\'Ilriety Bountiful) stol'ed for a fpw 
w('('ks 1111<1('" tlllfllVOl'llbl(, ('onditioJls, it wus ol>s('1'\'('(1 that the color 
(If HIP $('NI ('ollL land dfll'kcn(~d, At 80° 1', und 80 find n percent 
hllluiditi('s til(' Jllttlll'lll tUlleolor hnd chfingNi to It dun reddish brown, 
Tlwl'(' waS It sliglat ('hullge of ('0101.' nt 80° Ilnd 65 pet'cent humidity, 
'1'11(' ('hllnge lit 70° illld 80 p<'I'('('nt humidity WIIS sOlJlcwliltt less thun 
Itt 80° nlld 65 p('I'('ent hlllllitlity, No ('0101' ('hangp Wit"> obscl'vcd in 
!>t>('t/s stol'f'd lit 50°, H would appelll' that t<:'mp('l'IlttlJ't' hud more 
influ('J'l(l(' lIntll humidity on ('0101' ('hllllge>. 

SEED VJ.\IIILITY 

'rhp ehid poin ls of in t('I'('st ill till' gl'l'minll lion results an' the time 
nt whieli viability Wits first dC'finitely impnil'cd IlUt! the l'Ilte of decrense 
in gel'mination LhcI'('/lftel', To pJ'('sent lhps(' poillts most deady, the 
g('I'lllillitlioll I'('sults COl' $('eds 1,t'1ll0Vt'l1 fl'om the' controlled chnmbel's 
ill'C' shown gmpitielllly in figlll'PS 2 to 6, 

a Busf'!! Oil Jhe /'('gr('s;;ioll (,Ot'lIil'il'lIt IIl1d t hp 1II('1I1l IIlOistlll'(' ('out('uts for til(> six 
('olltrQII('d rluuubl'rs at 70" und 80; F, for ('/ll'h l'l'ed kiud IIl1d 011 t h(' diITC'rt'lI(,c ill 
11\('1111 ail' hUlIlidity bd 11'('('11 t he \l'al'('(lO\l~(' und til(' l'()lltl'olll'!J, l'llIlI\li)PI'i', 

• 

• 

• 
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FIOUln: 2.-0ermination of bean, cabbageJ and carrot seeds after storage for 3 to 
36 weeks at various temperature:! and humidities. Germination cnpaeity 
(horizoiltal line) determined from lhe mcnn value of tests before storage nncl 
of te!;ts from conditions without. sigllificant. loss of gerlJlinntion within the 
3li-week period. Amount, IlcccSSII,ry for n hiJ.(hly Hignificant deviution from ench 
lIIenn: :1:;4.0 pl'rccnt for beull, ±4.2 percent forcnbbllgeJ lind ±4.0 per(:ent for 
carrot. 
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FIOUItE 3.-Germination of celery, corn, and cucumber aeeds after storage for 3 

to 36 wccka at various temperatures and humidities. Germination capacity 

(horizontal line) determined from the mean value of tests before storage and 
 •
of tests from conditions without significant loss of germination within the 
36-week period. Amount nccessary for II. highly significant deviation from tilach 
mean: ±6.3 pcrcent for celery, ±5.2 percent for corn, and ±3.1 percent for 
cucumber. 
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FIOUHE ·l.-·Germinut.ion of POI'. let.t.llee, unci okm I:!ced~ uftcr lIlorngli for 3 to 36 
weoks at vuriolls tl!lllJlemLllre!:! nnd hllmidiLies. Gorlllinntion capucity (hori
7.Ontnl\i.no\ determilled from tho meun valuo of tests before Illornge unci of tests 
from condition!:! witho\lt, Hignificllllt, lOlls of ~orlllinut.ioll within t,ho 30-weok 
period. AlllolllltIlOC!!I;'$ILry for I~ highly iligllificnnl. doviat.ion from ouch 1II00Ln: 
± 2.(\ pnf(lIlnt, fllr pllll, d; 2.1 pcr(lont, for lettUl:Q, und :1:; 5.0 perc1mt for okm. 
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FIn[)R1<l 5,-Germination of onion, peppor, and spinach seeds after storage for 3 
to 36 weeks at various temperatures and humidities. Germination capacity •(horizot'ttnl lille) determined from the mean value of tests before storage and 
of tests from cOllditions wit.hout. Rigllificant loss of germination within thc 
3f1-w(·(·k period. Amolilit. necesRIU'Y for a highly significant dcyiation from 
"!Ich llWIUI: ±3.7 pt!rcent for onion, ±4.S perccnt for pepper, and ±3.5 
lWrc.(mL for spinach. 
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FIOURE 6.-Germina.tion of tomato, turnip, and watermelon seeds after storage 
for 3 to 3U weeks at various t.emperatures and humidities. Germination ea
plleity (horizontal line) determilled from the mean value of tesls before stor
Ilgc and of tests from eOllditiolls without, significant loss of germination within 
till' 30-week period. Amollnt necessary for a highly significant. deviation froll1 
('Ilch TllC'an: ::f;2.8 P('I'G<'llt for tOll1ato, ±3.1 percent for turnip, and ±3.2 
percPll t for w:1,teJ"nwIOll. 
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For many kinds of seeds there was no significant decrease in ger
mination during the 36-week pedod for 2 01' more of the storage con
ditions. In the graphs fLU vltlues representing no significant change 
have been co~bined into a single horizontal line (germination ca
pacity) developed from the replicate tests made before storage and 
the Succp.ssive tests from the conditio•.s that showed no significant 
loss up to 36 weeks of storage. The standard deviat.ions of these 
individual values were det.ermined, and the amount.s requiTed for a 
highly significant deviation (99:1) from the mean of t.hese values are 
indicated in each graph by a vertiea~ line at the end of the hori7.0ntal 
line. These mean values vary in prC(.:ision. For onion only 40 values 
(16 original plus 24 at 50° F. and 50' percent humidity) were avail
able for cnlculation of the mean and the standard deviation, whel'eas 
for tomato 304 values wel'e used. Successive germination values are 
plotted for only those stomge conditions that showed significant de
crease in germination within 36 weel,s . 

.As the expedment was stal·ted in I"ebruary, the temperat.ures under 
natuml conditions at Beltsville for ·the first 18 weeks were f!1vorable 
for maintaining seed viability and there'Com the losses for the period 
of the expel'iment were not large. For this reason a detailed report 
of the germination of the seeds stored in the wal'ehouse is not given. 
Onion and lettuce from warehouse storu~e showed an appreciable loss 
in gCl'mination early in the summer ancl a serious loss by the end of 
the stOl'Ugc. period in October. Sweet corn, watermelon, cucumber, 
spinneh, cabbnge, carrot, celery, and pepper showed some loss by the 
end of the summer. Bean, pe", okra, turnip, and tomato maintained 
their viability under these nlttural conditions for the entire period of 
36 weeks. . 

In practice, it is essential to kno\\" how long seeds can be 4eld at 
known conditions until the loss becomes appt'eciable and until a 
serious loss is e:xpected. For this purpose table 5 shows the approxi
mnte time seeds remained in storage at various conditions before a 
significnnt decrease in ~ermination was observed and before germina
tion fell below the mmimum standnrdr for vegetable seeds. The 
standards applying in intel'stnte commerce as determined and estab
lishNl under the Federal Seed Act (9) were used. 

Of the 15 kinds of vegetable seeds, onion (fig. 7) was decidedly the 
most sensitive to conditions of storage and tomato the least. None of 
th0 seeds decreased significantly in germination during 36 weeks of 
stol'age at 50° F. and 50 percent humidity. Sweet corn, pepper, 
watermelon, onion, and celery decI'eased significantly nt 50° and 80 
percent humidity, and the last 3 kinds also showed a significant loss 
at 70° and 65 percent humidity. The relative keeping qualities of 
different kinds of seeds canIlot be rated definitely, because of their 
unlike l'esponse to the various storage conditions. For example, 
onion seed stored at 80° und 80 percent humidity decreased in viability 
apprecinbly in 3 weeks and wa,s entirely dead in 12 weeks, whereas 
lettuce seed held its original viability for 6 weeks but then decreased 
in gel'lnination almost as l'llpidly as onion. UncleI' the conditions of 
this experiment, onion seed was protected from a significant loss only 

• 


• 


• 




• • 
TABLE 5.-Time in storage until first highly significant decrease in germination and until germination fell below acc6pted standards 

(When no \-alue is given the suhminimal one \7BS not reached in the 36-week period of the experiment] 

Time at indicated temperature llnd humidity of storage f()r 

• 


First highly significant. loss of germination n~crcnse in germination below standard 1 Oerml·------------.---------------.---------r----IMtwnKind olsood stand·SOOF. 70° F. 50°F. SOOF. 70° F. 50° F. ardl .80 per. I73 per. I65 per· 80 per· I73 per. I65 jX'r· I80 per· I50 per. house 80 per· IiJ per· I65 per·I80 Per· I73 per· I65 per· 80 per· I50 per. houseI~'I I~·cent cent cent cent cent e'Cnt cent cent emlt cent· cent cent cent cellt cent cent 
------1---------------------------------------------.---------,---,--- ;3 

ll'eeks lVeeks IVeeks Il'eeks. 11'eeks lVeeks Weeks Weeks 11'eeko IVteks 11'eeks lI'uks 1\'uks 1\'ttko I ll'eeko lVeeks I lVeek.!. lVeeks IPerunt G'l 
Beau, snap..••• 12 18 33 24 30 12 21 75 
Cahbage........ 6 10 18 18 24 ········1'········1..·····-1········ 12 21 ~ 
75••••.••, •.•••.•. .•.•.••• 3636 ·····30·1-···-36-1:===::==1======:=1========1:::====:1===::=== >Carrot.__ . ___ ,... 6 15 24 12 24 12 24- 55 
Celery••.•...•.• 3 6 18 6 18 30 6 12 ····24·1···..i8·1····-24-1========I========I========I·····:iii· 55 tP 
QOrtl t sweet. ~ .. 6 30 18 30 ·····3OT····~I=::=== 33 B i 15 30 18 33 ••.•.•.• 36 •••••••• 33 75 
Cucumoor.•.•.. 6 15 30 24 30 30 lo:X 30 80 I 

~5 ~ 
rnLettuco•••.•••.• 9 12 21 18 21 12 24 '···'30·1===:::==1====:===1==::===:1===::::=1==::::::1'·'·-3ii· 80 

Okm•••.•..••.. 9 2i :13 21 50 trlOllion•••••••.•• 3 6 9 6 ······ii·I·····u·I·····zrl=======:I····-2i· 6 ·····yl···..is·I·····is·I····-24·1=::::::=I:::::=::I::::::::'····-30.·· 70 
trl 

I;:;!Pea•••.•••.••••• 12 18 18 33 •.••••••••••..•.••.•..••••••••••••.••••• "."'" ""'••' 80ft ,.....24",.....33.,========,.....36.1========1.....27.l'opper•••••••.• 6 18 18 30 ••.••.••••••••...••...•, ••••••.••••.••.•••••••••..•••••_ 55 
Spinach•••..•.. 6 12 15 15 21 30 12 18 24 .•••.•.• "".'" ••___•••••.••.• """.' _•••.••_ 60 ~•••.••..1........ ........ 

Tomato••...••. 15 33 75 o 
Turnip•..••.•.. 6 18 2i 21 .••.•.•••.••••...••.•.••..•••..•....•••• 15 ..-..··'1·-.-.-·-r··-.-.·1·---·--·1··-·-·-·1-·······1-·····--1--·----- 80········1·······-1-·······1········1········1-·······1·······-1········ 
Watermelon••.. 3 15 18 12 21 36 18 •••..•.. 30 12 70~ ·..··:iiir---33-=::=:::: :=::==:= :::==:=: ===:=::: ::=:=::= ~ 

1 Standards applying in interstate commerce as published ill U. S. Prod. and Market. Admill. Sorv. alld Regulat. Aunoulle, 156 (9). 
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at ;jOO nnd fiO P('I'('('llt hUllIidity (fig, 7, 11), bul 1('llw'/' "I,·(·d sho\\'('(1 no 
In.s~ (1\'(011 al 70° 1111,<1 7:~ 1)('1'('(1111. humidit,\'. 

Loss of \'iilbilily of illl kiHds of' sppd" Wlls Pl'ogJ'PBsi\,(lly fllstpl' with 
in('J'('II.S(' of t('Ill(H' mtl;l'l' OJ' of humidity Hlld til(' 1'1I'l'd of ~II(' two I'n('lol's • 
Wltl' nddilin'. ]"()J' Ulis l'i'flSOIl, iL (,IlJJJlol lH' sHid thllt OIlP is fl JllOJ't' 
iml)()I'lnllt fadol' 1I111J1 llic' olht'I,~thl'Y must 1)(' ('ollsidC'I'('d togdh(lj'. 

'I'll(' tr(,I'milmlioll gJ'iI.phs indielLll' i1 gt'J)('l'nl lC'nt\(,J1C',Y for It similnl' 
!'flIt' 01' ftHls ill gl'l'lIiilHltion [01' stOJ'llg'l' tit SOo F. illld 05 IH'I'(,(,llt humid
ity lIud ILL 70° ILnd 80 IWJ'{'('J1l humidity. '['Ids is pilJ'til'ulnl'ly trut' for 
tll(i killds of H(ipels lhltt did not dl'C'J'('tlSl' shrllTlly in viability nl 1II(·s(' 

• 


F( c: no·; 7" C:crlltinat iOIl of oniOIl :;ced "Impd fol' 3(j I\("('k;; lInd!'1' \'ariolts condition:; 
of tt'lnpCl'lltlll'(' nlld humidit.\': .,1, SO" F. IIlId.sO Pf'I'{'('llt: 13, .sO" and i3 IH'rl'('llt; • 
C. sIr' !\Ild Oii perl'PIIL: p, 70~ alld SO Pf'I'Cf'lIt: Ie. 70 Hilt! 7:3 p('('('(,lll: (,', 70' :llld 
Ij;) IH'/'['(mt; 0, ,-,() Ilnd SO P{'I'('PIIL; II, ;iO' nnd ,iO 1'l'1'('('IlL (h('.~l ('OIHlilioll); I, 
II'llrI'IHlIIS(', 
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VEGETABLE-SEED STORAGE 

conditions and COl' the early period of storage of those that deteriorated 
['apidly, However, there is a tendency for a more mpid decrease in 
germination at tho higher tempCI'llture during thc late wceks of 
storage, This is most marked fOl' onion, lettuce, and spinnch, ull of 
which decreaAed in germination more rapidly than the othCl' seeds, 
]i'I'om this it i'nIlY be suggcsted that to compcnsllte Cor an increllse of 
10° in the stol'age temperature the humidity should be reduced mOl'e 
thlln 15 per'(~cnt, 

It would be expected that the ol'iginlll v.;,tality of the seed and the 
[)resence 01' Ilbsl'llcC of contllminating micl'O';organisllls would illfluellce 
themte of detel'iorlltion at unfavol'llble stornge conditiolls, }""ungus 
cOlltlllllinution was prevalont in the snmpks of corn, watct'Olelon, and 
C('/PI'y uscd in the ()I'csent stud,Y; doubtless this is rclntl'd to theil' gl'eat 
loss of villbility at high humicitty nt all tempemtures, 

Aftcr the pcriod of expel'imelltal stol'llge, pOl'tions of the slunples 
that, hlld been held in cold stol'l'tgr for vnryirw pel'lods were I'ctested, 
nil of one kind on the sltllle dllY. In gerwr'IJ, the I,(·tested sltmplcs 
nV('['ltgr-{\ slightly lower in gel'minntioll thltn those tested Ilt suc<!essivl! 
int('rvals immedintely nftel' ['elllovnl i'rolll the OI'iginlll st.ol'llge con
ditiolls. A more detailed allalysis of the results showed ihnt if the 
ol'iginld stol'llge conditions hnd 1I0t I't'sultrd in serious loss of vinbility, 
the'I'(' wns 110 significnnt difFeren('c in the two sets of get'minntion 
vnitJ(ls. Howevel', if the oJ'iginal stomgc conditions hnd rl'sult(~d in 
ILpPl'eciubll' loss of vinbility Ilnd t,he 5lnmpl(' had been held in cold 
stol'll~e for It Illonth 01' mOI'e, ge('minlltion in till' retest wns slightly but 
signihcl1ntly lowel' than thnt in the originlll tl'iit. 

Bet'uusl' of this t'onsisten t diffe['cnce in some of the samples, the 
results of the l'etest wel"e not combined with those of the originnl test. 
'l'hc' retests did sel"ve, howeyel", as a genl'J'IlI ('o(','obOl'ntion of the 
ol'i~inal vnlues. In several instances the rctest of lettuce gave mlukedly 
higher values thnn the origillnl te::;t. These vulues hnve been sub
stituted for those of the ol'iginul test. 

Bet'llu!';e only one snmpll' of en<:h kind of seed WIlS used in the 
1)J'l'Scnt experiment, it is of intcrl'st to compnl'C the results obtained 
wi th. those ['cpo['ted by Boswell et al. (4). Onion, (,ltbbugc, Cl1l"l'ot, 
spinnch, sweet COl'll, bcnn, and tomato WCl'C ineillded in both the 
pl'('sl'nt study Ilnd the pn~viou!'; one. Stor'uge nt 80° F. nnd 80 and 65 
pel'('('nt humidities is son}('what cornparnblc with stol'llO'e at 80° 
nnt! 78 Itnd 66 pel'cent humidities in the IH'lwious wOl·k. Tftl' pl'r'io<is 
of stomge Ill'C not cxnetly compnl"ltblc, ho\\,oyor, becausc in this 
study the seeds were relllo\T('{1 f!'Om stomgl' aftt'l' 21, 42, 63, 84, nnd 
105 dnys, respectivply, l'Ilther thltn after 20, 40, (jO, 80, nnd 110 dnys 
as in the pl'cviollS one. 

The tomato s('ed did not decrease in germination sufficiently fOl' a 
comparison to be IIlllde. The cnbbuge seed WitS of nbout the sllme 
ol'i~illnl qunlity in both experiments, and its response to stol'llge con
ditIons wns pl'llctienlly the snme. The two snlllpl~s of sweet corn 
were ulso of compllrable yinhility; their response nt the higher' humidity 
was similar, Illthough in the first experiment there wus 11 grelttl'(' 
{'al'iy loss of viability; at the lower humidity the pr'('sent snmple did 
not de('I'ease in germination in 105 dnys, but the earlier one showed a 
los!'; of 18 pel'ct'nt in 110 duys. Spinlleh nnd onion sCI·ds showcd n 
grl'ltter' loss Itt the higher' hUlHidity in the first experiment; both kinds 
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of seeds used in thllt t'xp('I'iment hnda lowcl' originnl germination, 
Th(l snmpics of cn'l"rot and bCllo seNis lind lOWN' ol'iginai gerIllintltiolls 
in the prcscnt espcrimcnt, and both showed It somcwhn,t gl'eater 
decI'cnsc in germinntion, The geneml 1'etlpOnse of these seven kinds 
of sCNis W"llS similnl' in the two expcrimehts, although thcrc' is nn 
indicntion thnt seeds of high ol'iginlll vlgol' do not decrease in germi
nntion so rnpidly as those of lower ot'iginal vigor, 

n,\TE 0.' GElnll~,\T'O~ 

Kellms lln!! Tooit' (7) hllY(' pointC't1 Ollt for f('s('IIt'. 8('('(1 thnt under 
ndwrse slorngp ('ondilioilS lhl' fil'st ,~isible I'esult of loss of vinbility is 
/l slowing of the gel'lninntion proccss, This l,t'Uu'dntion is more 
applLn'nt \\"1Il'11 loss in vin,bility is moderately 1'I1pid, A ,;yenkelwd 
cOJldit.ion of 1\ sllmple Ilmy ofl(·n h(· ddected by llH' I'nlc of germiluttion 
u!.'fol'(I t ill' I't' is nlly loss of totlll g'ermil1tl tion of llormul seedlings. 
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" :3 6 9 12 15 18 21 24 21 30 33 36 
PERIOD Irj STORAGE t WEE\<S I 

o eo" F.• 80 PERCENT .80" F,. 73 PERCENT 0 BO"F •• 6~ PERCENT 

--14 DAYS ----5DAYS 

FI(;l'In: s.~ Hnlr of .~('rtnil1ntiol1 t)f tomnto s.,ed from difTl'r('n( slorng<' conditions, 
~howlI h~' C!ornpnri:'oll or lh(~ grrminlltion in ;) dnY::i with the final gl'rmilltitiOn 
III 1·1 dllYs. 

Tlti-; rC'clm'C'd Yi~o.. ('nn h(' (IXpC'('!t>c! to 1)(' foHo\\·(·d by il d('('I'Pllse in 
gprminntion, For l'xnmplp, tOlTliltO s('ed ShOll'NI no sigllifiefint loss 
in 8(i \\'l'(I1.;:; of storngp ilt 800 :b', llJld 73 lH'I'('('J1t humidity WhPll tile 
thud "('Ildings \\'(>('(' mildc, y('t 46 P<'I'(,(,llt of th(' g'('I'minntion OCful'l'('d 
\.Jplw('('n til(' fifth find fourteenth tiny (fig, S). 11'1111(' the gCl'milllttion of 
lhp $(,('(1 storrd at this Sitme ('on(\ition fol' o11ly :3 \\'(·('ks WIIS pl'Il.('liCillly 
('omp}{·t{'{1 Oil the fifth day, It hilS been poillted out thnt tomllto is 
lllP most tol{,l'tmt of tht' s(\eds studit'ti to stol'Ugt' condition nnd thnt 
onion is the mo:;t ;;rnsiliYe, l<'igUTt' 9 shows the l'll.tt' of gel'minntiol1 
of onion sred from It f(>\v of the stornge tondilions. It also sho\\'s 11

10,,5 of Yigol' thnt is fl('compllni(,11 more ('losc'ly by fi. loss in total grl'mi

• 

• 


• 

lliltion, Wlll(II'nwlon ll1\d pNL sP(I(ls sholl'('d I~ I'l'sponsc similnr to 
onion, 'I'll(' }H'ppl'l' set'd WIIS slow to gprmiJlfLte 11'11(')) tested bl'fol'c 
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36 
~ERIOO IN STORAGE 

o eo"F., eo PERCENT • BO"f, 73 PERCEIH • 70" F., eo PERCENT , 70" F" 65 PERCENT 
~IOOAYS -- ---5 DAY:; 

li'wrJn! I)." Hnll' of 1!;('l'lllinntion of onion sN'd frolll different stortll!;e conditions, 
~ho\\'n by rOlllpuri:lOIl of the I!;~'rminnti(lll in ;) duys with the finnl !,';l'rlllillntioll 
III 10 dnYH. 

• 
it wus Pllt ill slornge, ullCl it tonlinlled. to be slow thl'ollgllOut the (.'x
pC'l'illlC'nt (fig, 10), Howen'I', the iiwed Itt 800 WitS slowCl~ to germi
lIlLl!' thilll tlUlt at iOo, All lh(' conditions tU'l' not giw·n in Lhe gl'll,ph, 
bu t fOl' I), giYl'1l templ'ru.tur(' the mIl' of germ inn lion WitS much the 
sIt/no for t.lw tlll'(~(' humidities. The line for the prl'liminl1l'Y counts 
y!tril's mon' lhlUl thnt for th<.\ final. Smull diil't'I'ellces in moisture in 
Ih(· gl'rmiJll11ioll slIhsll'illulll elll1 induce n'ry lllttl'ked difl'l'I'l'lll'CS in the 
r:ntt' of g('rllliJllltioll (hilt bu'gely disllPI'<.'IU' ill Il f('\\' dllYs . 

o eO"F. BO PERCENT o BO"F, 65 PERCENT • 70"F.• 65 PERC£NT• --14 DAYS -.---- 6 DAYS 

FrO! In: ).0,-' Hilt!' of p;('('minlltion of )wppl'r 51.'('d from diff('r/.'nt slOrlll-(' ('ouditiolls, 
,.,)HlWIJ h~' ('OIllPllri;;OIl of the g('rminlliiOIl ill (j dllY,; with th~ finn) gC'J"Jllfnution ill 
\.) tiny>! 
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A change of g(,l'Ininntion mtl) not d('pendent on, ehll.nge of vitulity 
wus ObSCI'Y('(1' in germinating t.he 5tor('d se('d of Okl·I~. A vlu'inbie 
proportion of the seeds of ok/'ll, in common with those of other mem
bers of the :Mnlvllceue, hnvc impcl'mcllblc seed conts, It has been SllS
pected by tI\(' writet'S that in okm the proportion of such seeds vul'iell 
illv(,I'sely with moistur(' content. Apparently a humidity of appt'oxi
mntc'ly 50 p('rc('nt WI\S not low enough to ht'iug about a mlU'ked 
d('gr(~e of imJl(,l'Ilwnbility, but the r("sults of the germination tests 
suggest thllt deel'l'llsing ail' humidity induced progr('ssive changes in 
til(; seed CORts tlmt I'l'sult('t\ in pl'Ogl'('ssively slowel' wlltel' absol'1)tion 
nnd slowel' I'Ille of g(>nninntion, The twerll.ge gCI'Il1ination of okl'l\ 
5(,('(1 in 4 days us ()omplu'pd with that iI. 14 (hlYS for seed fl'om sevcml 
stOI'llgl' (:omlilions is shown in blblc 6. The g('I'minntion pel'cI'ntnge5 
w('r(> ILYt'I·ngl·d ollly for til(' period duri)lg wlaieh th(>re wus nO sirrnifieant 
10s::I of vilthility for !.Iw givl'n condition, Althotl~h thl' gel'~linatioll 
ill ;I dnys \Vus I'Ill.hl'l' vllrinble (01' Ilny giVl'n condition, there wus 110 
('\'id('I\('(' of PI'o~('('ssiv(l ('hiln~(' in thc Tilte of gt'l'Ininlltion OYCI' the peri
od of stol'ngl' eOllsid(·I'('d. Th(' mtl.' of ~('I'rniJliltioJl S('('lT1S to be diredh' 
proportional to till' moisture content of th(' Sl'I'c\, This efred of humid
ity during stof'fl~e and of moistw'e contNlt of s('ed on rate of gel'mintl
tion WitS IIOt. obsl'rnd on Otilt'·I' kinds of seeds in this study. 

A \~t.·rugt.l gl'fmillatlotl
In

~ Ully.s H uays 

IJ,.VIiUJiJer Pcrrt:llt Pureu' 
1)2.1 6 10,,' i 87.:1 
71.1 12 i II,~ I S7.0 
1'()A II! SIi,,1I.~. ~,' I Co"70,7 12 I _. , ,'1'1 •• _ 'I 

SO.:I i 12,05 I Sti.5 
5L7 Il 87. i15.,'
iO.a 9 la.7 '!' 85.1 

,PIIOI)l;CTIOS 0.' AUNOIOIAL SEEI>LlNGS 

It hil::l 1)('('11 point('d out In' Edwitl'ds (5) that 1111 s{>('ds withill thc' 
popuillt.ion of 1I,5l'pd killd do ilot IlIlYl' the Slun(' ll'lIlpl'rn,tllre n'sponse. 
It ill <I('moll:>! I"IIl{'(1. h{,I"t, lhnt 1111 5('(>(ls of it populi! tion of 01\{' kind UI"(' 

1I0t pqlllllly nfrl'e/.l'd by itdv('I's(' stOl'ilg"(' ('01l(litiolls, Within It poplIlit
!.ion of It 8('('(/ killd UI(;('(' 11.('(' 1\ f(>w s(>('(15 that will pmdll(,(, 1I0l'/IHll s(\(·d
\ill~S nfU'l' stol'lI~l' fOl' a 101l~ tinlt' undel' ndYPI's(' ('on<litioIl5; Sonw will 
1,>(\ ('ompl('ti:'ly kiHt'd nftt'I' It shod ppl'io<1 of stOl'lIg('; and oth('l's wiIJ 
produ('(' s(,'('dlill~s llll\'in~ sorne> one tissue' Ot' orgiUl, as the root tit) or 
th(> st('ln g'l'owing poill t, d(,lld b"fol'l' the> d(>l~lh of OtlH~J' parts of the 
s(,Nlling. Su('h lo('al (kt('riomtion mity result in It welth'IINl seedling 
tltpllbJp of J'f'{'OYl'J'Y OJ' ill it sel'flling thaL is ill(,ltpllble of fUl'th(,l' (l('Y(·lop
lllent 11)\<\, of 110 Yitlu(' ill l'ro}> produdion. Injured seedlings present 
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II $PI'ious problem in the <,YfI,lullUon of the I'('sulls of 11 g(,I'minl1tion test, 
sill{,(' ofl(,ll UWl'e is 110 sharp line of di:;tinction belwcnn weakened 
:;('(~(lIin~s ('apllbl(' of 1'('('0' cry and thos(' not capable of pl'Oducing 1\ 

IIs('ful plant, Also, tlWI'l' is a g'l'ellt Ylll'iation in diffel'ent species in the 
proportioJi of I1bllOl'mnl. growths encountered. 

During :;tOl'llgl' ('ornpnrntiv('ly litU!", dlange OCCUlTCd in the numbcl' 
of ubnOl'mnl sl!('(llings pl'Odu('ccl by ('II 1'l'0t, eeler:y, und pepper seeds, 
'I'h(\ l)(1I'(,(,lltu~e of Illmol'mill slwollts WitS I<,ss tlum 5 pt...ccnt in the 
origillill t('sts fOl' th('sc thr('e kinds of seeds, DlIJ'ing the 36-week 
p('I'iod thc lWI'('('n tlt~l' of nbnol'mal Spl'OU ts never exeeeded. 5 pel'een t 
in ('IU'I'Ot 11lId ]>el>1>('1' Illld 10 P('I'{'C'nt ill {'del'Y, ~Iost s(~eds of these 
thl'('" Y('(T(>tuhl('s W('I'P ('itll{,I' killed outright 01' pl'Odu{'ed nOl'mnl seed
lings, Cabbllgr, ('u('urni>l'I', g'lu'dl'n Pl'Il, watl'l'llwloll, amI okl'iL seeds, 
hO\\'('\'('I', prod u('pd I'ILI ht'I' high IWI'('C'lI ing'l's of U1))10 1'111 II I Spl'OU ts, 
Sf'('ds of spiJllwh, olliOJI" 1('\.\.'1('(', IUld tu:'nlp IH'odu('('(1 highel' ]>l'I'
('('lltllgl'S of UhIIOl'lllul sprouts I.Il1lll the OtlWl' killds \l'st.ed, l.JeUuc(' 
Jll'olmhlv PI'('~WlltS lll(' lIlost difficult iJltPITlI'Ptiltioll pl'ohkm, Laek of 
Yigol' iIi Il'HIII'(' s('NI shows up ill 1IH' innbiliLy to shed the se('d cout 
Hnd ill Ih(, 0('('111'1'1'11('(' of spottt'd eOlyh,doIls, Also, ulthollgh lettuce 
s['('ds llIaY prod 1H'l' nil tll(' ('SSt'll tin.l OI'gIIllS, they nl'(' Sll bj('et to sOllie 
phvsiologi('n.1 hl'('nk-dowlI illlliealpd by glnssy, wltl('I'Y SPl'Outs, Difli
('11ft illl(ll']ll'('tllt,lon pl'oblpllls IU'(' also pn'st'II\I'CI by tUl'Jlip luul enbbngl' 
>;('('ds, bN'III1S(' of til(' PI'('S('II(,l' of su('h Spl'OU ts, '.I'll(' mosl ('ommo!! 
Ill>nOI'Illttl it.y iII onion, (,lIc'um bel', WI1. t('1' II 1(>1011 , and okra is the IlLck of 
l'Oot dl'yC'lo]>lIlt'nl, In SpiIljl('h the llbnol'malitips lIsulllly eOllsist of Il 
IIll'k of It root 01' It shoot. 

Slol'pd spiIl!l.('h SN't.! pl'odll('('d Illltny types of nlmorInILI seedlings 
t'1l('oulltl'I'NI ill ('olllml'lTinl SHIIII)Il's, Wht'll t,('sled berol'/,) slom!!,c 01' 
1'11'(('1' slol'ug(' at ('onditiolls lhilt did 1I0t i'ljtll'(\ \riltbility, thl' sumplc of 
spiIllu'h Sl.'Nls us(,d ])I'o<lll('('d ollly about 2 1ll'I'('('nt of nbnOl'lllnl st'cd
lillgs. l"igul'P 11 shows fOl' dill'l'I't'1I1 SIOl'iW(' conditions till' pl'l'l'('ntngc 
of !lO['lnnl liN'dlings (thos!' bl,li('wd (,Iq)nbh' of t'ontilllH'd d('v('lopment 
!llld (,OlilltNI ns gP1'1ll iII I! I l'd) IIIHI idlll 0 1'11111 I sped liJlg:; (thos!.' bt,lic'n'd 
llo1 (,ilpu.bll' of dpy(,I()]>1IH'1I1 ill to plnllls IIJld IIOI illeluded ill the' 
g('I'II} iIIIll iOIl ')('1'(,(,11 til!!(» pl'Od lI(,pd by SpiJIIIl'h, IpUu('I', lIIul onion, }i'OI' 
spilltl.('11 (fi~. .11) lit thl' thl'('(' hUlnidily {'onditioJls III 80° F" wht'I'(' 
d('U·l'iol'n.lion WIIS ('omplIl'nli\'(,ly I'Ilpid. tllI'l'l' WIIS it ~l'Udulll ill(,I'('USl' 
in till' P('I'('I'I1IIl~(, of IdHlOl'lnnl 5('('(lIingg until :.35 Pl'I'{,(:llt 01' m01'1." \\'('1'1' 
1)1'('5('111, Hlld 11H'1l tllpl'(' WflS ii, d('('liIH' liS thl' slImplt' nppwnelll'd n\>
Bolu\(' lOBS of Iif(', AI 50° und ::;0 ,WI'('1'1l1 humidity, 1I0w('\,('I', 1I1('I'(' 
\\'US no IIP111'pciulJll' t'hllll~l' ill thc' Pl'I'l'l'nlug'('S of 1101'111111 01' II Imol'lllul 
sl'edlillgs during til(' 8(; "'('t,ks of stOl'ugt', Onion 1l1H11l'ttu{'(' IIlso sllo\\' 
I lint liS thl' ,WI'('I'Il lngc' of IlOI'.llllll s(,pd Iillgs <I('('I'('115(,S Ill(' llC'I'ct'lIlugc. of 
II1m0I'IlllLl SPl'OU ts iIl('I'PIlSl'S, so tllIll wll('11 the n'sulls nn' ploUt'd (fig, 
II) llw ('\lI'\'\'5 ('ross, '1'II!'s(' l'l'suJts ('rnphllsi7.(,~ LIIlIl if stol'llgc. studies 
iU'(' to indil'H.t(, th!' dl'diIl(" in lilt, usc'flll \'nltl(' of thc' ~Wt'd, enl'e mllst 
Ill' ('x('I'('isl'd 1.0 mlllw S',II'(' thll t s(>('(llillgs ItI'ellot ('oullled and l'e
lJIoy('d I>('fol'(' th(,,Y hllv(' d('vdop('(1 to un- C'XLl'Ill thnl will definitely 
sho\\' theil' possibilities of flltUI'(' gl'o\\'th, 
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PERIOD IN STORAGE I WEEKS) 

1~I(1l!IU~ II ..-·,,('omparison of the increl\SC in p"rccntl\~C of abnorlllal sccdlin~s of 
lelt!!!.'!'!, ouion, alld Spillaf!h with t.he {jperl'.l1se jJl pcn'l'Jltngc of norllla! seedlings 
nt l:\uecessh'c te;;b, during storage at different temperatllres nud lIir lIulllidit.ies. 
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VEGETAHLE-::;EED ::;TOHACE 

COMPARISON OF SEALKD A~D OPEN STORAGE 

A lotlll of OS eomJ)ul'isolls WIlS IllIlIIC' of tbt, gl'I'millntion of s('('d~: 
fl'om sNtll'(J III1(1 OpNl stomg(', Tb(' IIIl1nb(,I' of (,Ollll>t\l'isons vul'i('d 
fl'om 0 fol' SWC(·t ('om to II cHell fOl' c'dC'I'Y and onion, APPill'C'lItIy tbe' 
sN'ds ddNI somC'whllt ill tht' 1)/'o('eS$ of sNllillg, sin('(' in nil but G of 
thl' ('OIll/lilrisOlls thl' llIoistun' ('ollte'nt of th(' sc'('ds \\'I\ell Uw vinls 
W('I'(' 01)(,IINI WIlS IOWl'I' thllll it \\'ns befol'(, Lhl'\' WPI'{' s('ftlecl, ]'01' fa 
of thc' 08 ('OIllIHII'isOIlS tILl' 1ll0istUI'C' ('ontt'nt of tTl(' s('('(I:; wlwn 1'('moYNI 
fl'OIll tll(' s('llit'd yinls WIIS slightly 10\\'('1' thlln tlwt of til(' sC'NIs in 0/>(,11 
stol'ng(' fl'Oll1 til£' sixth \\'('('1\. UIlW thc' tin\(' of ('0 III llU l'isOll, .Fol' SO 
of tI\(, 98 ('0111 parisoll!; the gorlll i lin Lion WIIS high(,1' 1'01' s(>('d'i fl'om s(,llI('d 
Hlol'ngo thlln fol' lilo:;(' fl'Ol1l (1)('11 stOl'llW'; 30 of the 80 l'ompnl'isOlls 
sho\\'('(.1 fL dif)'l'I'(,II('(' of 11101'(' thrill 10 pPl'{'('1l t. PUlt of lh is II pplu'pn t 
SUIHil'iol'ily, of 5('111('(1 on'I',opl'll StC)I't1gl' WIIS pl'ohnhly due to the 
gl'n(,I'lllIy sltgilll,r low('l~ mOl~tul'(' {'ont('lIt of tlIC' sPltlpd :;('('(Is, At lhp 
SlIllW l inl(' tIlt'l'p \\'115 It. ti'lltil'lH'Y fOl' h igh('l' g('l'!ll i llution of the seult'd 
s('C'il:-{ thnt ('all hUl'dly I.w U('c'ollntf'd fol' on til(' busis of 1lI0istlll'(\ l'01l
lNll nion(', It S('l'lII,;'po~sihl(' lhnt till' \'(,dtH'l'd oxygl'll !'illPply I'{'stllting 
fl'onl liPlding ('ontl'i1Hltl'd to ~('('(I IOllgp\'ity. (\'I'luinl,r thel'e is IlO 
(,vidpIH'(' tllIlt );Ptlling s(,pds wilh IlIOisllll'(' ('Ollt('llts of th(' l'IU1g{' shown 
ill tlll');l' studi(,s ('ullspd thpnl to dl't('l'iol'lltc' nny fnstl'l' than SN'lIS of 
('(IUIlI rnoistul'(' ('.OIlU'nts ('xposf'(1 to OP(,lI nil', 'Hp('ds thut havl' bpPIl 
~.{'j\I('d with It high Inoistlll'P ('ontt'lll would lIot kp(·p HS wdlns .if I(,ft 
ill OJH'II Hit.' lit 11 to\\' hllillidit,\" Whl'L'I' UI('Y ('Ottld dlT out, 

SG.<\OIAUY i\XD CO.:\'GLVsrOXS 

I"ift('('ll kinds of ngl'luhll' sppds \'(,I1,Jl, ('ubbnge, ('11 1'1'0 t, (,ph'I'y, 
sw('(>l ('0 I'll , (,ll('UIl1i1PI', I(·\.lll('(·, okl'n, Olllon, pen, I)('PPl'I', p,pillueh, 
tOllliltO, tUl'nip, und wn tt'I'Ill('loll- \\'('1'(' sto('('d ill smllll ('ontainel's III 
IIPPl'oxillllltply till' following eOllditiollS: (\5, n, nnd SO P(\I'('cnthlllllill
iti('s, {,Iwh Ht 70° [tlld 80° Ii'" lind ut 50 nnd SO IH'I'('Cllt hllmiditi('s, 
(,llI'h nt 50°, XHLUI'IlI, 01' WIII'phous!', stol'llgl' wns nlso p,'oyidpII. 
S('(·d 1Il0istlll'l' fi.lId W'l'lIlilllltioll W('n' dc'll'l'milll'd lit :3-\\"pek illtel'\"llh, 
rOl' It 1H'l'iod of :3(j w('l'ks, 

Thp Illf'HJ1 moi::ltul'p ('onll'lll of til(' s('l'ds Ylll'it·d dil'C'f'tlv with nil' 
humidity, but it wus influ('n('C'd only sli/:!hll,Y by tl'1II p'('I'ntu 1'(' of 
slol'llgl'. Both til(' ('quililll'iulll lIIoislul'P ('OlltC'lIt Ilt n gin'~1 humidity 
find till' l'nU' of ('itnngp of moistul'l' with ('hllllg(' of humidity "'{'I'P 
dil)'I'I'Pllt ('01' lhp dilr(,I'('lIt kinds of SP('lls, 

XOll(' of tht' kinds of sC'Nls hnd 1I1'('I'('lIs('(1 ::;igllilic'IlIlUy in gPJ'minl1
lioll itL i)()0 II', ullcI 50 1H'I'('('nt hUlIlidily hy tht' Nld of ;~(j \\'('(,1\5, All 
kinds of ,sPC'ds show(·d SOIll{' loss of yiubiliLv lind 11('111'1" nil kinds ('0111

p)ptp loss nt ROO nnd 80 I)pI'('pnt hUlIlidity h,\' til(' ('nd or' til(' l'XI){·I'illll'lIt. 
Of HIP Ii) kinds of ,sp{'ds, tOll1nto WitS thp lIloM l'l'sisUlnt to ulIfll.\'ol'

nlll(' ..;lOI'Hgp ('ondilions nllt! onion \\'1I::l the' Inost :-iPlIsili\'(', 
'I'll(' yn ..inus ki nds of s{'('d~ "how(·d it dif)'{'l'('n L 1'('luliy(' I'('spon:;p to 

lltp s<'Y('I'/ll stOl'llg(1 ('ontiilions, so lhul it IS nol possihle' to I'IIlt' thl'lII 
d('linitl'l,\' in lltc: 01'<1('1' of SWH'('ptibilit,\' to d('(('I'iol'utioll in );lol'lIgt', 
Tht' l'('sulls of this ('XI)(~I'inl('nl 111'(' .in good ngl'p('lIll'lIt with thosc' Pl'('
yiou'il,\' I'PI)()J'lpd h,\' Bosw!'11 (·t ilL (.,,) 1'01' til(' killds of sl'l'ds lind ('()tl

ditiolls lhnllU'p ill('ludpt/ill bot.h ('XIH'I"iJlll'nts, 
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Many kinds of seeds showed a decrease in I'Ilte of germination befOl'(' 
tb('l'o wus 11 definite· loss of viubility, With the samplt's of spinllch, 
onion, lettut'e, and turnip. seeds used in this eX'pl)l'iment It mal'ked • 
lnel:l'MiC of nbllol'mal seedlings not COUll ted liS germinatcd WIlS ob
5(~I'V(,(1. ill testing samples storcd at unfavorable conditions, Tllis wus 
due to the denth 01' weukening of some essential part of tbe embryo 
before all tissues were deud. 

Seeds seillcd lit various moh~ture contents in glass viuls gencrlllly 
l'etllillcd tbl'il' viability us well us, 01' b"ettcr thun, seeds ut similul' 
moisture contents thut were exposed to the open air. 
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