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Preservation, of 

HEMP alld KENAF SEED 
By E. H. TOOLE,' llrincipa~ pl/ysioloUist, VlVI"\X K. TOOLE, plctnt physiolo[Jist, and 

E. G. KELSOX, agronomist, Orops Research Diuisioll, A.[JriCllztlll"al Res('al"cll 

Service 


In several te::,"is since 19-:1:8, the behavior of hem.p seed (C'annabis 
sativa) and kenaf seecl (Hibiscus cannavinlls) in storage was studied 
and a method for longtime preserYation of the seed was sought. In 
an emergency, seed ma;y be needed fOl: the production 01 these crops 
in the United States; at the present time no hemp 01' kenaf is grown 
commercially in this country. 

vVork "'lith other crop seeds has shown that seed-moisture content 
and temperature determine longevity. Seed-moisture content is con
trolled by the relative humidity of the surrounding n,ir. The seecl
moisture content at a given relaciye humidity varies with the kind of 
seed. Also, at a given moisture content and temperature the longevity 
varies somewhat for different kinds of seed. In addition, the ol'lgimll. 
viability of the seed, as determ ined by its predous history, a'tfects 
longeyity. 

Koehler 2 in seed-treatment studies found rapid loss of Ylability or 
hemp seed when the seed moisture and the temperatnre werE; high. 
Cl'ocioni 3 showed that hemp seed held at a few degrees llboye freezing 
with not more timn S.G-percent moisture did not ([t'CI'CURe i[1 \'illbility 
in 31h years. Sengbusch·1 found that hemp seed stored at 20" C. 
lost viabilit.y after 3 yen,rs, but seed stored at -:WO retained viability 
Jor 5 years; the moisture content oJ' the seed ,nts !lot mentioned. 
Kondo et a1." reported thllt hemp seed retllinecl full viability -for 1':i: 
years when stored with calcium chloride. 

No references haye been found in the literature to the spcci£:r;! 
behavior of kenai seed to conditiolls of storage. 

1 Retired .January 1959. 
'KOI:Jllu:n, BEI\.JA'\[lN. llE'\[I' SEED TIlEAT'\[EXTS IX m:r.ATIOX TO nU'Fcn£XT 

DOSAGF.S "\XIJ COI\DITIOXS OF STOIIAGE. Phytopathology 30: D:lT-l\·l~. illus. ID-1G. 
3 CItOCWXI, ANGIOLO. DUIlATA DET. POTEItE GEll'\[IXATIYO lJI':r. SE.\[E DI CAX,U'A. 

[DURATWX OF YIAnrLITY OF UE.\(P Slmn IX HF.I~~TlOX TO STOIlAGE COXDLTlOXS.] 
T~ol()glla Cuiv. Cent. di Stmli per Ie Riccrclle Snlla Lavornzionc ;:;oltiv. cd Econ. 
Della Canapa Quaderni 9, 30 llP. 1950. 

SEXGnUSCII, R. VON. DIE ERUALTUXG llElt KEn[F~i.JllGKEl'r VOX S.Dmx m:r 
TIEFEX TE.\[PERATUREX. [rIlESEIlYIXn THE GElUnNATIOX OF SEEIJS IIY 1.01\' TE.\[l'lmA- • 
TUllES.) Ziichter 25: 168-169. 1l)uu. 

'KoNno, n-I., KASAHAIIA, Y., and AKITA, S. lGElt.\IIXA'l'IOX 0F UI:~'\[P SEEDS 
STOIIED FOIl In YEARS AND THEIR GROWTH.] NGgaku Kenkyii, Rl1t. Ohara lost. 
Agr. Res., 39: 37-39, illus. 1950. [In Japanese.] 
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TltiS' study was ulldert:dum to dlli.eL'lllill(\ fhe e{reds of l'eIlltin~ 
humidi.ty or \'llrions seed"moistllre ('o11lel1t::; and ttlmpc.mtul'Cs OU the 
pn'slH'\'/LtioIl of hel11p andkenftf sl",~d ::;(01'('([ under contl'olled !tnd 
Hneont I'olled eOllclil iOll::;, 

MATERIALS AND METHODS 

Il.t'lllll ::;ppd grown in J\.PIlt.II('ky in [\.·J7 was I'l'('pin'd at Belts\'ilh', 
.H(l., OIl j)Pt'{'lIlbm' JK, IP,J7 (lot I), .It \\'a::; !;:t·pt ill :l rOOIll at HI' (', 
:lud 50"pen'l'nt reiuLin' hlll\lidity utllil it: \\'as s(on'(l on .'[ny ~8, U).(K, 
A pa,!'! of tlip seed was tlri('d at 47° to II flloistul'(' of 5,7 pl'rtent. TIll' 
llll\ll'i('(l seed ('ontnilll'<l K,;l-pPI'('Plll Illoist un', Both driP(l SP('d :L1l(1 
1Illdl'il'd sppt} were piaecd in ('loth bags alld in scaled gbss jltl'S ttt 
{l) 10') and ;)()'pl'!'l'Pllt 1'('lalin' hUlllidit,\', ~),lOO :Lnd 'ull('olltroll('d 
high humidity, ll11d ill l:n all unli('at(·tt building at Jklts\'iUl') Md, 
\)riptL SPl'd and ulldripd !:il'('Ll in sl':ti('d. glnss jtU'S \1'('1'(' abo stol't'd at 
:n", 

nl'lllL> ::;el'd groWll in Kl'lltlll'ky in 1'!l;1l) \\':\:-; ['('('l,j\'('d al Hl'lt:,Yilll' 
II.t ,T:lllllltt')' l!Jji t lots ~ turd :n) nlld Ilemp "e(~d g'1'()\I'1l ill Bl'lt:"Tilll' 
ill 1,0;)0 \l'lIS I'('t'('i\'('d tlt 111(' I:Lilomton' in j\l.tuTl.l Ill;) i (lot ·l). All 
lob: wpn' \;:('[>1 in n mOlll at !fI') (', allel ;"'()"IH~I'e(,llt n'l:tt k(' lWlIlitlit Y 
until slol'l'd, ~\ ptU'( of eadl :-;('(,([ lot was I'l'dlll'P(l ill IllOi~tlll'(' 10 (i.~ 
pun'PIl! by dl'yill!! at ·17") ;lIld H pnl'/ was ('ol)(lil;OI1(>(/ to H,ti"pc['('cnt 
llloistUI'(\ by kllpping IIll' s('('d at ~ I v ami a.lJOlll j"{)"(l('l'('('llt 1'(I]ati \'C 
hUIlIi!lit)' 1I1lt il f,IH' sppd 1'('11('11('<1 ('(LllililH'illlll, A ftl'!' it \\'IIS ('Ofl(/i. 

tiolH'd to Iht, 1wo llloistUl'P ('Olltl'llts, it \\'ao.; sl':11t'd in glnss jal'!' to 

JlIuilltaill a ~Illif()/,!ll lllOistlll'C h'l'p!. Oil .\1:1,\" II, IH;d, seed oj' <'adl 
l\l(lisLul'l'. ('!illtl'nt '[1'01lI PHeh of' the tlirpc lols was stored at -10',00 , 

10', alld ~l" .. 
In additioll, SPl'tl fmlll (':\('11 or t lIP tltl'!'P loIs illllf had 1)('('11 1\('l'l at 

jO') (', tLlld :JlJ ..pl' 1'1 'I'll I J'I'JlItin humidity \\"1l~ SPIlt OIl ;\fllY ~,-/. Ill,)], 

to (11(1 '\Y('stPrtl ]\:l'llt Iwk\' ~tlb:-;tatioll, ] 'l'illt'PiOIl, Kr" for slol't.w{' in 
:tllllIlIH'at('d :l!ti(' ;lJ1d lo'lh!' J)J'Y Land .EXpPI'illwn( :-;[afioll at [il1d, 
'Wash" i'OI' ,;lol'a!!!' ill an tlllll!'al('d I>uildill!!, 

K('lHl [ ~('('d, ~:I'O\\,11 ill ('ulm ill IlI:\() \\":lJ-l I'P('l'i n'd at' Hplt.""'j lip ill 
~ray 1P,-Ill (lot. 'j ) :U1<l ill ~\ pri I 1 n:\ I (lot ~), .It wa!" pl.u'pd ill a l'OOlll 

:tt Ill" (', :lnd ;-III'jH'J'\'Pllt I'plalin' IlI/midi!y llJllil "'Junlt!...\ PHJ'! of 
pal'll s('('(llot was ('(Jll<iiliolw\l to npPI'oxil\lnt('l,\' ~-Pl'I'('(lllt and ltllotltl'l' 
part tn appl'O:\illlntl'ly j~-p(,I,(,(\lll llJOj"luJ'l'. Oil .\Iay I J, l!);)j. thI' 
('(jllllit iOI1l'd. !"\'ptl \\,:t'; ::;palPd itl gill"'::; jal'!" and :-;tol'l'd at IIII' Ci:llllt' tl'lll
IH'!'nfllJ'l'Ci as I hI' 1ll'1Il[l Cippd, 

Th\1 1IOIlI'OlHli {iuIIP( I s(,pd frolll I b{1 t \\'0 lot", () /' kplla r ;,I'l'd (hal had 
IIP(,ll k{'pt HI If)' (', :lilt! ;/().II('t'('l'lti' ],pltltil'(, lWlllidity lI'a,.; phl"l'd in 

('101 It btl!!s all(1 Oil ~IHY ;l;J SPLIt /'oJ' stClI'tID,'t' 10 Ilw "Hili\' pla{'[':-; n:-; tIll' 
IWIlIII ::;('('d, III Hddition. s('('l/ fmftl tll(,"{~ :'l[(1I(' (wo .lots W:h ~1'1l( tn 

ll:tnUltl, ('lilla, tUld (lllilo tlnd l'icitilillg'lIl', \<:c'lIndol', In Ol'tit' I' 10 
Pl'Ot(·('t' tllll, s('('d frolll (lX('t';o;S 1ll01:-;/III'(' ill sbipllll'nl (0 (11(1 Tl'OpiC'H, 
(',wI! htlg' 01' s(,l't[\\"tl~ l'11!'1()~('d in all allll1lilllllll /'oil·i>lIc·kp(l H'nll'd 
('tl\'l'lo]ll',lllld illl'11 pln!'('d il1si([(' II IWll\'Y (',U\\'Us 1m!!, 

http:humidi.ty
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KeUid sced grown in Cuba. in 1052 was receiyec1 at Belts,-ille 011 

Apl'il1, 1UiJ3 (lot 3). Part of it. (lot 3a) 'was placed ill an llltheated 
:£rnme bui1tling~ ll11Cl the rema,imlcl' (lot 39) 'was kept at 10° C. a.nd 
50-pel'c(,llt r('] atin'. luunidity to cO'lditioll t he seed for storage. Lot. :)(( 
hacl n.~-percellt moistnre and lot ~~b Imcl 10.±-p(,l'cent llloistUl't' wh(,11 
;:;eflIed and stored on .Ttl Iy 31, 1\15B. S('ed from eaeh Jot ,,-as sPtLlec1 ill 
glass jm.'S and stored with se('d from t1w 1950 L'rop at -18°, (}'::1, 10'>, 
ttnd:?lO. 

In addition, :;eed frol11 Jot :~tl was shipped to Hanllla. Cuba, 011 ~\11-
gust ~. 11.)3:3, where part of it was stol'E'd in n, clelnnnidified room and 
pn.rt. o:l' it in an otlice uncleI' conditiolls similar to those of a wflrehollse. 
Seed from lots 3a, and 3b was a.lso sent to Sa.n Salvador. El Salnc1or. 
,,'herE' it Wt1S kept in an office. ,. 

At illtelTals, nSllll]]y about Gmonths, the stored SE'ed was thoroughly 
111 ixed and tested for moisture fLUd germilla.t.ioll. Seed moi~t'llre. 'was 
determined by heRti.Ilg the seed at 1030 C. for :2± hours. 

Yiability of the hemp anc1 kenaf seec1wt1s c1etel'luinecl by germilHl
tiOll tests. The seecl WaS pln.ced between folc1s of moist 11["per tow
eling-the hemp seec1 a.t. a. daily altel'l1atioll of 20° to 30'" C. anc1 the 
k('nitf seec1 at a consta.nt 30". The. kenn.f 5e('c1 was surface dusted 'with 
7v-percent thinUll 11e-1'o1'('. testing in order to pre,ent. the spL'end of 
stl.prophytic fnngi: ,,-hit11 dest roy the sel'c1\in~>'S. FoUl' r('pliclltes of 
HJ,) seeds each were testecl. 

A bn:-;ir; germination ,[1.111('. 'YfiE obtained jOt' efteh seed lnt Jl'om 
the aYeI'n!!C' rrermination for all tests ,,-here tIlE' sC'ed ('leadv showed 
IlO E'yiclel1;'e of cleerC'tls('(l germillfltioll. A. yalu(' for tllE' least SigllitiCtUlt 
eli tfpI'Pllce (L.S.D.) was ~letenniJl('cl from these !!el'minlltioll I'ttl lIPS. 

StatplllPllh H:' to ,,,hPll fliP seed :,11OWPc1 [l Sigllil:kftllt fall in gprlllinatioll 
are lia,.;pc1 OJl tll(' L.S.D. and basic germination ]'01' ench H'prl lot. 

RESL-rr.TS 

Hemp Seed, 1947 Crop 

~\s would hE' pxpl'eU>d) tIlt' 11l0istlll'P ('outPllt of thp "p('(l str)J'C'd ill 
:,('[tierl jurs did )lot ('hange appreciably during stornge. The a'-el'age 
0-£ ck~ llloi.;tlll'(, (('S(S during stol'tlge of the s(l('d dried to ii.l-pcrc·eu( mois
ttll'(' hefOl'(' storage wa::;(i Upel'('('l1t, ,,-itlt a stallc1nl'(l {lp,-jatl011 of ±O.:\il 
))t'ITl'nt. '1'11(' it '-(,I'age () •.'>t) moisture tests d nring stomgp of the seN1 
('01Hlitiolll'c1 j'O K.:~-l)(>J'(·('llt 111oistlll'(, 1)pfor(' stol'agp ,,-as Fi.!1 pt'I'C('ut, 

\\-ith a stallclPl'd clE'yiation of ..:...0.19 percent. 
The 1lI0i,.;tlll'(l ('ontl'nt of the sppcl stored in ('10th hags quickly adj llsted 

to equilihrium ,\-ith tllP storajre ellYirolllllPllt. TnUE' 1 "ho,\-s tha.t at 
pnell (pst lWl'iod til(' moisture conU'nt. of the (lJ'ied ~:;pecl was slight Iy 
low('L' t11t111 that of the nncll'ied ::;[>('(1.. This difrPI'PlltP was lpast 1ll1ll'kNl 
'fo)' flIP ,.;('('(1 stol'pd in tItt' ullILPnfed building. 

• 

• 

• 
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PHESIW,'ATION OF HE:\IP AN'D KE;XAF SKIm 5 

'l'ABl,e 1.-J[oh,tw'lJ content of (ll-ied (lJ!({ 'lll!di'iNl hemp 8('('([ (lot .f, 
H)J,.'l ('i'O/l) stOiwl in doth {}(t[J8 lIndt'I' I'lll'iO'ltS ('onditioJts II'/U'II tl'8/l'd 
(f,t illtel'l'a18, lJeltsri/!e, 3[d. 

. ~~""'___•___--"-7~ ___.. ",'" 

-~...,....,.--.--

::iced dried to 5.7-pcrecnt mohi- Undricci t;eed conclitiol1f'c1 to 8.3
ture !lnd stol"t'd Hl- lH'rcenl moi;;tul"P and slored 

al 
:\[(In th~ 
in slor- I I --

HgC 10° C. and ~ _10°('. j IlOO ('.Ilnd _10°('. 
50-pen'Pllt i and high ; l-nh('t1lerl 50-pel"eeul and ltidl l'uh('lltcclI l"platin. I humidity i buiJcIin'Y I I"clath'p humidity building 

t humidity i -.~~) humidilYI_.,I 
I II l'f'"cl'lIl l't'I"l'l'lIi j ['('rulli I ['ercl'lll {'('trent l'rr'ctlll 

1 I, .. -I 7. I I II. 1> I K'2 7. n 12, a , 
7, ~ " 

17... I 7.3 II. R ! H .J 7. n 12.3 H. 7" 
2-1- ". ~ --- (j.R II. (j KO 7. R i 12. I K2 
3L- 7. :~ I I. '\ !t 2 7. 7 j 12. () n..[

j -I. ')_40 .. , It. 2 7. !l 7.5 II. 7 K I 
li3 7.3 II. I 7.3 

j 
7. 7 II. R 7.5 

G(j G. R 9. ·1 KG 7. n n. ·l H. 7 
75 (j. (j ! 10. 7 7. H 7. I II. 0 7.5 

I85._ (i. (j 10.3 1 Ii. R 10. R 

93._ 7.•\. 10. il 7.5 10. !J 

99 n. H II. 5 -I. ')_ II.. R 


:\ \'p!'ag'p 7.0 I l. 0 So 1 7.5 i II. il );.3 

Table :2 shows no ]0:;;; of ~ermin(ttion .in HI) months :l'or llH' seeel 
stored at 1{)0 or -HI" ('., wl!l:t:l!el' dried 01' undried or whet-her storpd 
ill cloth bags or in sealed jru·s. The seed in cloth bags at -100 did 
not fRU in germinaLion, ('Yen though the moistm'e 0:1' the sped illcrellsed 
to ttbove 11 percent (ta.ble 1). TIl(' germination of the dried seed in 
cloth bags ol'igimtll,r stored at -lW' was appreciably lower the lil.'st 
time the seed ,ntS tested aHcL' it was IUOYNl to -1::;°. Xo further 
challge ,vas e,"ielent in foul' subsequent f'ests. "'~e have no explarul.
tion :fo1' these abmTtlllt results, etipecially sillce thl'ee other Jots 1110,-ed 
at the Same time showed no cha,ngc. 

I,Vhlm the seed was stored in sealed jars to maintain the original 
l11oi::;tul'e, seNt dried to :').7-pereent moisture kppt, :1'01' (t Jll(1c,h lOllgel' 
Limn than fhe lIndried sepel eonditiolled to K!i-pcrepnt moisture, 
whether held at 210 C. OL' in tlLl unhe!ttl'cl frame building. At ~1 ° the 
dried seed lirst showed l1 significant de('rease in gel'll1 itl!tf'ion flt 75 
months, bu!' the unclried seed showed a significltllt 10:;:; in 2,~ months 
and only ~l5 percen!: gl'l'mitHttNl aftOL' oW 1l1Onths. The seed Bl':tled 
in j:u's kept verymueh the SallIe in tlw unhe:ttecl building as nJ ~n°. 

The dried :mel undried seed stored .in clofh bag':; in the unhNtI'(ld 
building soon renehed about the :;llI11e moisture' ('on(enf', (table 1) 
and showed an ickntieal response when tesf:ed :/'01' gel'llli n:Lt.ioll (table 
2). 'l'he;y both showed It sign i Hennt decrease ill gprminatioll af' :I J 
months and w(,1'e soon worthless. 
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TABLE 2.-Germinatdon of d1"iecl and 'IJIl'Ul1"iecl hemp seed (lot 1, 1941 
crop) st01'ed in cloth bags and sealed jar'S 1tnde1' val'ious conditions 
'when tested at intervals, Beltsville, J.11cZ.1. 

CLOTH .BAGS 

Seed dried to 5.7-percent moisture Undried seed conditioned to 8.3
and :>tared at- percent moisture and stored at-

Months 

in 100 C. 1_100 C. Un 100 C. -100 C. Un


storage 	 and 50- and high heated and 50- and high heated 

percent Ihumidity build percent humidity 210 C. build

relatiye ing relative ing 


humidity 	 humidity 

Per- Per-
Percent Percent cent Percent Percent Percent cent Percent 

0_______ 98 I 98 98 98 100 100 100 100 
3_______ 99 I 98 97 98 98 96 
1L_____ 98 " 99 87 97 98 ======11 8817______ 1 97 99 48 99 98 ______ 48 
2L____ 99 l 98 7 98 99 ,, ______1 8 
3L_____ 99 I 98 1______ 2 99 99 ------i 4 
40______ 96\ 97 ______ 1 99 97 ' l 1 
53______ 97 290 0 fl9 297 ______1 0 
66______ 98 92 0 99 99 ______ 0 
75______ 99 91 ______ 1 0 99 96 ______ 0 

85______ 9=,' I 990 _--_-_-_-_-_1-_-_-_-_-_-_-_-_ 97 94 ______ : _93------ . 	 99 96\ _______3 1 

9_9_--_-_--_-_____9_7~1____9_3~l-_--_-_-_-~i-_-_--_-_-_--_1____9_7~____9_7_,_--_-_-_-~-;_--_-_-_-_--_-1 

9	

• 
SEAl,EO .TARS 

0_______I 98 98 98 98 100 100 100 1003_______ 98 98 99 98 99 99 98 98
1L____ _ 99 98 100 97 99 99 99 98
17_____ _ 98 99 99 98 99 96 97 i 87
24_____ _ 98 99 99 99 98 98 87 8D
3L____ _ 99 99 99 99 98 gg 72 48 
40_____ _ 98 98 99 99 98 98 '15 13 
o.-3______ jI 98 298 97 98 98 299 I 5 I 0
66______, 99 9~) 90 98 99 , 98 ! 00'75------ 98 98 92 96 99 I' 

85______ ,1 97 99 I 88 9·1 99 I ~~ :.---~- -------~ 93______1 98 99 I 371 87 98 i 9999 [------1-------______ ,________r..J) e.)99------[ 98 99 	 98 :
! 	 I : I 

'Basic germination was 98 percent, based on aU tests at 100 C. and aU tests 
except those of seed dried to 5.7-percent moisture amI stored at -10 0 in cloth 
bags. ~'he least significant clilTerence at 1 percent waR 2.0 percent. 

2 Seed moved to _18 0 1 month prior to this test. 

a Temperature changed to 2'1 0 7 months prior to this test. 

• No more seed. 

• 



7 

• 


• 


• 


PRESERVATION OF HElvIP .AJ.~D KENAF SEED 

Hemp Seed, 1950 Crop 
00nt1'olled Oondition.s of Storage.-The moisture content 'when the 

seed was tested for germination during storage in sealed jars checked 
closely with the two moisture levels-6.2 and 9.5 percent-at which 
the seed was conditioned before being stored. 

Tn,ble 3 shows that the germination of lots 2 nnd 3, which were 
of high viability, was very similar. Both lots conditioned to 6.2-per
cent moisture and stored at all four temperatlU'es did not decrease in 
vittbility during 66 months. Both lots conditioned to 9.5-percent 
moisture and stored at -10° and 0° C. also did not decrease in vin,
bility during this period. ,¥hen stored at 10°, they showed a signifi
cant loss [Lfter 36 and 42 months, respectively. ,Vhen stored at 21 0, 
they did not decrease in viability during 6 months but decreased very 
rapidly after that. 

TABLE 3.-Germination of hemp seed (1950 C1'Op) storecl in seaZecl jars 
at two moist'll7'e contents and f01w tempemtw'es (0 0.) when tested 
at inte1'vaZs, Beltsville, llfd. 

1,0'1' 2 

Seed conditioned to G.2-percent Seed conditioned t.o 9.5-percent 
l\Ionths in moisture and stored at- 1I10isture and stored at 

storage 
I 

10° 21°-10° I 0° I -10° I 0° I 10° I 21° - ______1 

Percent IPercent Percent Percent Percent IPercent IPercent Percent0______ . 
5_____ 

(j--.---_ .. _
13____ .. ___ . 
18________ 

-2-! __ .__ - ._
3L __ - -. - ~ 

3G. ___ - . - 
"42. ___ , 

,1S____ 
5·L __
GO __ -Gn ______ 

9S I 
fl.] I 
!JS , 
O(j I, 

11)7 ;
fin , 

H7 
113 
O·~ I 
!)"i 
nR 

ns i!J3 

!lS 
9S 
\JG I 
U!l , 
IJ!) 

, 
!!)(; 

!)S I 

1)7 i, 

!J7 I 

OS 
!l4 
l)(j 
00 

OS 
!lS 
97 
!l7 
\)S 
U7 
!J5 
9S 
U3 
flS 
U5 
!)7 
os 

OS 
OS 
!JS 
ns 
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!H 
D7 
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\)S 
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OS 
\)7 
!IS 
D7 
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!l7 t!l4 !l7 
!JS I 98 !l7 
n5 !J4 64 
!l!J \)7 I 22 
H7 fl51 5 
!IS \)5 0 
05 03 0 
!)S 

no I 0 
rls nl 0 
117 SG - - . 
O\l Il·! - -
fJ(j G;j I -- -, 

1.0'1' 3 

0____ 
-  - - - I5____ 
-

(L-_ 

- ·113__ 
JS____ 

- ---I 

11!J 
\17 
!lI) 
!HI 

I \)7 

on 
I)S 
07 
f)" 
OS 

!J!) I un 
!IS 
07 
!lS 

flO 
!lS 
no 
\)7 
nR 

97 
H7 
!)8 
% 

1 nil 

!l7 
\)7 
US 
!l7 
!l7 

07 
IJR 
!)S 
!)7 
00 

97 
95 
!l7 
70 
2(\ 

2<1.. 
3L ___ 

I 07 
1)5 

IHi 
!17 

IHI 
!)7 

ll,'\ 
07 

IlR 
!l7 

08 
!lS 

III 
nil 

5 
0 

30_ -'EL ___ 
4S____ 
5·.1. ___ 
(i(L_ 
GG ___. 

I 

f, 

on
\)a 
\)7 
07 
I)S 
Hi 

\)7 
IHl 
!IS 
07 
117 
!Jij 

!Hi 

IIJ:3 
!Iii 
I)(j 

I!Hi 

I05 

\Hi Ior-; 
07 

2 !Ii'; 

IUR 
% 

00 
!)5 
no 
sa 

In·[ 
IO:l 

05 
!ll 
fl7 
!J.[ 
\)7 
HS 

!J() 

!)O 
S(i 
8;) 

71'\ , 
G·I 

t 

0 
0 
0 

- .~ ... -
-
- -  , "" 
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TABLE 3.~('ontillU('d 

.LOT .[ 

I 

iI Herd conditiOllecl to (j.~-P<.'l"l'l·llt :-il'Pc\ l'OllClil i011('(1 to 0.5-prr('('ut 
MOll ths ill I 1ll0i~tUl'e lWei :;t01'<.'<I !1t - luoi,;t w'p and I'L(\rcti at-  • 

storage !--..,-----~---- --.-~- ---_._---
~IO 

------- ---....- -~-.----

~ . ; 	 \ 

Pcr('('f!/ , I '('rtfnl: Percelli .Percent! Percenl Pel'i'I'nl l'I'1"/'/.'1L1 Percenl 
:-;- XII 

5._ •.. _ 8, 87 I SX 
0. ___ _ X, 87 I x, , I 1'\1 X!l X!l 

SH X, 	 SR III I'll 
,X-I !I~ S,)G_•... _ 8, 80 87 1',) SI 

J 3. _._ 83 80 \l~ ~):~ 7S H, !l~ X5 
18_. _ 18, 81l 8(; B, I SO RG !I~ 5·1 

,X')- !Il [()24_.__ • :-;5 ,0 no X7 X7 
3L._ R3 8:2 SO S!I ,·1 !J{) 81 I 

30. 88 85 1 R5 Xli 7n sa 71i 0 
42. ___. 85 85 RS SI X7 ,s')- 75 () 

()XII 
() 

48. __ . 8·1 S8 \13 Sli !JO 1/ 


5-1_ •• _ 1;5 SO s·] 2 R:{ HD X;j Oil 

GO s·t s~ s() S(i X7 7R (iO
i 

x() .~~GG. __ SO 8·1 ,3 73 so 

H'l~i(' g'{,I'lUi!l:ttiotl·' L.;-;.D. at I pl'l'e/'lIt ;jLot 
-- ,-------~ 

-'~--""-~--

P'I'CO!t 
;i, () 

\Hi 7. li 
}i·1 I-I. a 
0, 	 • 

1 Seed moyed to - ISO [12 month,; prior to lllb \",,!. 

2 Tcmp<'mture chlLtlg('d to 2·~o -+ Ulouth" prior 10 thb [PRt. 


3 Based on all tp"ls at - J{)O and ()O for bot h lIlui,,\ Ill"!' I(,H'b. 


Lot 4: ,,-as of lower \'iahility \\'hPll storPll. _\.,; is Chtll',u'tl'ristie of 

such seed, the germi.1ULtion nllne;:; obtained at Sllc('pssi"e t~'st perio(ls 

showed much greater yal'itttioll than thost· for lots ~ and ;~: {,OIlS{,

quently, it. was':more diflieult to esh.tblish the limp 0-1' loss of gprmiua

tion. J".,ot 4: deteriorated at about' iltt' :mnH' rutE' as lot,; ~ and :l. 


Uncont'l'ollecl C'onclition.~ of Slom(je.-Thp lllOi,;lu rE' ("ont ('lit 01' t hp 

hemp seed stored under 1l1l(:oniI'011c.d c'omliriolls tlt Princetoll, Ky.. 

:Uld Lind, 'Vash., showed about the SUIi1P .. aritltiollS for earh of tIl€' 

three lots. Thel'eJore, in table'.!: the a\-pra,!!p 1l\oj,;turr ('ont!.'nf: 0-1' tlH'se 

lots is shown for each period. It ml;; Hot \'pry (lilj'prent at tlH';-;p lo

cal ities, ttlthollgh slight Iy higher at PrilH'et Oil. 


The changes in germination dm'ing s(oragp at rl)(,,;p 1\YO pla.rps dif
fered greatly, as shown in table 5. At PrilH'ptoll all tlll'pe lots Rho\\-pd 
a significant decrease ill germ ination aftl'r stomgt' for Ii) mont hs tllHl 
the decrease was rapid t11erea:ft('l'. On Ih(' oflwl' Imnd, at Lind HOlle 
of the Jots showed tl consistently signiliellnt dpcrpa,;p in gPl'minatioll ill • 
'73 months. As uncler controlled condition!" o[ stOl'tlgt', lot -~ wa,.; ('1' 

l'tttic in grrmination. 



__ 

9 

• 


• 


• 


PRES.ERVATION OF HE:MP Al.'<D KENAF SEED 

TAHCE 4.-111oi,~tllJ'e ('ontent of hemp seecl 1 stored in an unheated b~dld
ing atPl"inaeton, Ky., and at Lind, TVash., 'when tegted atbLtct'1..'aZ8 

Months iu storage Princetou, Ky. j__L~l1d, 'Yasl_I.__ 

0 2 __ 

U___ _ 
Percent 

7.5 
8. 8 

Percm/ 
7. 2 
7. 4 

I~ ____ 
18 

7. 7 
G. ~I 

7. 1 
G. 3 

~·I 
30 
3(L 
·I~ 

8. ~ 
7. J 
7. ] 
7.5 

7.5 
7. J 
7.0 
G. !l 

·IS 7.7 G.8 
5-1 
GO 

7.0 
7.0 

Uli 
73 

G.8 
G.3 

1 :\ \'('rag(' \'alues for lot;; 2, 3, and 4, HJ50 crop. 
-IOn arrind Itt plllee of storage. 

T.\HLE 5.-Gel'1nination of hemp Need (J[):jO NOp) stol'ed in an 'Iln
herlhd lJ/{ildillfl (tf PI'inreton, Ky., (mel a.t Lind, Tfa81i.,u·!U?ri [('.';ted 
at in/en'ltlg 

LilT 2 

}Ionths in I';torltge Priu('('tou, Ky. Lind, Wash. 

Pt'rcclli 
0 1 !lS USU__ H7 , U\l]:2 __ !J·I !l718 _ \lG~~ i~·L _ 

II I !)(j
30 __ 38 ' U830 __ 34 !l:I· 
4~. _ 8; !Hl
48. _ 3, \15 
5-1 08 
no U5GG __ ()G
73 03 

l.nT 3 

0 1 98 !l!l(i __ 
()5 08 

1~_ 92 nil 
18._ 8G !lii
2·1. __ il4 \l7 
3~. _ 40 OS
3H._ +4 n5 
4~ .• _. 11, \lG
,18. _ 5 I 04 
5~1_ _ _._ !)O
GO •• __ • OJ 
(in " __ _ ,!j
73 ___ .. !H 
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TABLE 5.-Continued 

LOT 4 


l\'Ionths in st,orage Pl'incetou, Ky. Lind, Wash. •
Percent Percento1_____________________ ____ _______ 92 80

6_________________________________ 85 89
12________________________________ 73 81
18________________________________ 57 72
24________________________________ 55 74
30________________________________ 28 8836________________________________ 16 81
42________________________________ 2 8048________________________________ 0 7254_________________________________________________ _ 

7960 _________________________________________________ _ 
66 ________________________________________________ _ 65 

7373 ________________________________1_________________ _ 
74 

Lot Basic germination 2 L.S_D. ilt 1 percent 2 

Percent Percent2________________________________ _ 
97 5_ 03 ________________________________ _ 
96 7.64________________________________ _ 84 14. 3 

1 Ou arrival at place of storage. 

2 Based on all tests at --100 and 00 C. for both moisture levels. 
 •Kenaf Seed, 1950 Crop 
OontrolZecl Oonditions of Storage.-The moisture content of the two 

lots of kenai seec1 storec1 in sealec1 jars at four tempemtures showed 
the usual variation iTom test to test. The aYel'age moishu'e content 
of each lot was as follows: 

Seed condi- Seeel condi
tioned to S-per- tioned to 12-pl'T-

Lot cent moisture cent moisture 

Percent Percent1 ________________________________________ _ 
8. 3 12.12 ________________________________________ _ 
7. 5 12.4 

The germination of the two lots of kenaf seed stored in sea1ed jars 
at two moisture contents and four temperatures is 8ho-'-\11 in table n. 

Lot. 1 carried much saprophytic fungi. Although t.he seeds were 
treatecl "i',ith 75-peTceut thiram befol'e testing, the fungi sometimes 
caused erratic genuinatiol1 of this low-quality Jot. One mllst depend 
on a succession of low germination values to indica.te definite loss of 
viability. Both lots when condit.ioned to Soper-cent moisture anclstored 
at -10\ 00 

, a])(110° C. and when conc1itionec1 to 12-percent moisture 
anc1 storp.d at -100 and 00 sho"ec1 no definite faU in germination dur- • 
ing 66 months. IJot 1 with 8-percent moisture stored at 21 0 bep:nn to 
lose viability at 48 months ancllot 2 was cleteriora,ting at GG months. 
Lot 1 with 12-percent moisture stOt'CC-L at 100 fil'st showed decreased 
germination at 48 months and lot :2 at 54 months. I~ot 1 ·with 12-per
cent moisture stOl'ed at 210 definitely had deteriorated when tested at 

http:indica.te


11 PRESERVATION OF HEMP AND KENAF SEED 

TABLE 6.-Ge1'7nination of leena! seed (1950 crop) st01'ecl in sealed jars 

• 


• 


• 


at two moistttl'e contents and low' temperatu?'es (0 0.) 'when tested 
at intervals, Beltsville, jVd. 

r.oT 1 


Seed conditioned to 8-percent Seed conditioned to 12-percent
lIionths in moisture and stored at- moisture !tnd stored ut

storage 

10° I 21° _____1__-_1_°°_1__°_°_11 10° 21° I 


i---
Pcrrent Percent Percent Percent Percent Percenl Percent Percent

0___________ 66 
 06 66 OG 73 73 73 73 

5___________ 72 I 04 73 G5 72 78 72 73

6___________ 78 I 74 ~3 77 73 78 76 00 

13__________ 76 75 75 76 70 I
7'1 GO 05
18_____ ___ _ _ 1 69 171
GO G5 G967 2~ 1 40
24__________ 72 75 7:3 70 71 67 1_ j .24

3L_____ .____ II 

1! 71 1/ 02 72 67 55 ! 11
36__________ 70 75 7G G7 72 72 

·j2_________ -' 7:1 I G9 58 71 ~§ I .~
79 76 


G6 72 55 72
~8----------11 70 ! G8 ~4. 0
D4__________ 03 56 G- 2:12 60 49 

60__________ 75 I G~ I 42 76 01 ,
7G00__________ 1 II 3:1 ______ _ 


70 I 70 I ~~ I------~
71 08 26 


I,OT 2 


I

0___- ______ _ I 

5__________ _ 95 951 951 95 91 I 91 I 91 I 91 


91 8G I 82 90 ' S9 I 8G 91
G__________ _ 92 89 90 90 9;3 ) 91 I 80
13_________ _ ~g !
88 91 91 93 88 92 r 9? I 92
]8_________ _ 178 1 85
24_________ _ 8G I 89 i 85 180 8G ! 84 

SS , 90 I 82 89 90 I 87 ~Gl
31_________ _ 899') ! 98 

1 


9-1 : 92 i 87 ' 90 I r 89 il4
3G _________ _ 8G ! 89 ! 90 I 88 j 87 IO
42_________ _ 

48__________ 1 

SG ~~SO I ~~ I 90 . 88 ! 881 8a 1 

79 87 8G 81 SO o
881


89 285
~,L--------I 83 87 88 I 70 o
GO__________ ! 881 78 _ . ___ _
S7 89 I 8;{ 8G 90 I
GO __________! 88 I 71 . __ . ___ _ 
SG 87 88 I 75 8G I S7 I 

I
I I I 


Lot Basic germilllilion 3 I •. RD. at 1 pereent 3 


-----.-- ----- .-.----. --~.------------
P('IC1'nt PerC('flt1 ______ _ 72 14. G 
2 _____ _ n.2fill I 


I Reed mowd to _18° 1!~ monlhs prior to this test. 

2 Temperulurp ('h:ulg-ed t.o 2;1° 4. mouths prior lo this tpst. 

a Based on all trsl;; for fir"t 3G months of Slot'ag!', l'x('t'pl te"t~ of flecd condi tiou!'d 


to 12-1)ercent llloisture and slorrd at 21°, 
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18 months, 'whel'eas lot 2 slwwed lL siguHicant loss ill 24 mouths. 
Thereafter hoth JotSl'al)idly becmne ,,'orthJess. 

Stol'ar;e i.n Different Localities.-l?.rineeton, Ky., Lind, Wash., 
IhnUla, ClLha, and Quito a.nd Pichil ingue, Ecua.dol', hlLVe lL wide. 
range of tE'mpentture and humi.dity. TlLbIe 7 SllOWS the lLverage Jllois
tme content of two lots of l;:Ptlaf seed (1950 erop) stored at each 
locality.. 

'rAUL!': T.-.JloMul'e content of kenai 8('cd (It}'70 ('rop)! stOl'erl at 
wriou8 p7a('('.~ 

Lot Prill~et()n, " ~i~ld, "~U!'h~-I' Ha\'uull, Quito, 1Pichilinl?;ll(', 

J~'~_I __..__ __ _ _~'~~~___J_~C_L1t_lc1_0!_'_' Eeuaclor 


j 

i 
j>£ tcent i ./JeI'CI'IlI ./JaC(,1t1 , P{I'Cellt 

8. ,\ , 7. ;J 10.7 lao 4 
S.3 I 7.•J 10. (j ] 3. 3 

;\\,pra!!c "allies for illlcrnd" of ;;lontl!". 

The seed at l)ichilillgue remained \'iable for such lL short time that 
the "aIue ginn represents a. singJe moist.ure test. The moisture re
('orded for the seed at IIavaulL is lower Own would be expected for 
that climate, and. it is low for the rapid loss of via.bility. 

The germination of tIle kenaf seed ,\'as yel')' different, at thelle nYe • 
locations, as sllO,,'n in table 8. T11e seed kept best (Lt Lind, "'here it 
l'emained dry and the tempel'ahll'e was not excessiwIy high. It lost 
yiability most rapidly at Pichilingue on the COlLst, where it ilbsol'bec1 
mnch moisture and the tempcl'lltul'e WtlS yery h.igh. TIle germination 
at. eiLch pIa('e Ylu'ied jll\-ersely '''itll t.he pl'entiling temperature and 
IUllnid ii y. 

Kenaf Seed, 1952 Cl'OP 

('ontrolled Corulition.s of Stoi'ar;e.-The moisture cont.ent of lots 3a 
and ab of kenhf seed stored in sealed jars itt four tempemtures clidnot 
change appreciably during storage 'front the originlLl y[dues of D.2 
percent for lot !3a ancll0A, percent for lot :30. 

Table D SllOWS thlLt lot 3([ (lid not decrease in germiulLtioJl at aJlY 
of the temperatures during 36 months. Lot :~b with lL sOInewhat 
higher moisture content lost yilLbility after FtOl'nge at 21" C. for 36 
months. 

• 




PRESERYATION OF HE:i\1P AND KENAF SEED ]3 

Tl\BLE S.-Germination Of kenaf seed (1950 crop) storecl at five loca

• 
tion8 'l.()hen tested at inteJ'lHds 

T,O'1' 1 

l\ionths in Princetoll, Lind, \Yash. Havunu, Quito, Picbilinguc,
storage l~y. Cuba Ecuador Ecuador 

Percent Percent Percent Percent Pc-rcen!0' __ 82 82 82 82 820 2 7G 78 69 /(i 7]6__ 
__ 

_ _ _ _ 
jG5 77 66 78 0 

18_____ _ 65 73 30 65 0 
12______ _ 

49 70 8 G524______ _ 39 GO 3 50 _ _ _ _ _ _ _ _ _ __
30__ . 35 67 (aj 38 i _ -. . _ _ __ _36____ _ 30 G3 ___________ _ 37 L ________ _ 
42~ __ 65 _ _ _ ______ _23
48___ _ 64 ___________ _ 2] 1_'_ ----- .. 20 14 ___________ . 
54__ 8 62 _ _ ______ _ 12 _ _ __ _ _ _ _ .. 
60_ G 66 ___________ _ 
GG __ GO 1______. _____ _2 55 ___________ _ ~I=~-:~:
73_ -_ ---I o 1 • ___ .. __ , 

i i 
],01' 2 

91 i 91 i 
, 

9] I
I 

9] i 91 

• 
80 . 

93 i 919] ~g !~g I 
87 ! 01 i 75 5~ I g
84 ! 84 i ___________ _

87 ! 53 I'
8') i 2G 831 __________ _ 80 i 

74 ! 87 [ (3) 8.1 :___________ _ 
77 i 8Z ! -------- -- 80 _ 
70 ! 8, 1___________ _ 
G8 ! 88 _____ __._ 6g i - -. 

87 __ _ _ _ _ _ _ __I61 ~81==:=.-~::=::49 88[ __ -- ________I 5G i___________ _ 
88 _ . _ . _ _ _ _ _ _ 56 1___________ _31 

15 87 . _________ • _ 441___________ _ 

Lot . ~ B"" ",,"'m"',,,' IL.8.n. ,,'] p""n, ' 

t Percent Percent 
1_ - - - - - - - - - - - - - - - - ..-- - ___ - ___ . , 72 ] 4. G 
:2 - - __ - - - _ - - _ - __ _ _ _ ____ ,. _______ / 89 9. 2 

, Before shipment. 

2 On arrival at place of storage. 

3 Seed d~stroyed Feb. 9, ] 954. 

~ Bused on all tests for first 36 months of Rt.orage at -10°, 0°, JOo, and .210 


C., except tests of seed conditioned to 12-pcf('('ut moisture ltllfl st.OI"rd :.t 21°. 

• 
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TABLE 9.-Germination Of kenaf seed (195~ crop) stored in sealed jars 
at four temperatttres (0 0.) 'when tested at intervals, Beltsville, 
Md. •LO'l' 3a 

Months in storage -]8° 

Percent Percent Percent Percent0 ___________________________ _ 
91 91 91 91 


13__________________________ _ 

7___________________________ _ 

95 92 92 93 

]9__________________________ _ 95 92 89 93 


84 89 93 90
24 __________________________ _ 
30 __________________________ _ 92 93 92 192 

36___________________________ 
 92 94 91 90 


92 91 91 89 

1 


LO~l' 3b 

0___________________________ _ 
7___________________________ _ 88 88 88 88 

13 __________________________ _ 87 86 88 86 

19__________________________ _ 
 86 87 86 81 

24__________________________ _ 
 84 85 83 82 

30__________________________ _ 
 90 87 88 180 

36 __________________________ _ 
 87 85 83 77 


84 87 87 75 


Lot Basic germination 2 L.S.D. at 1 percent 2 


Percent Percent •3a _______________________________ _ 
92 8.363b _______________________________ _ 
81 4. 86 


I Temperature changed to 24° 1 weekhefore thls test. 
2 Based 011 all tests at -18°, 0°, anc1lO°. 

Stomge in the T1'opics.-The moistme content of Jot 3rt of kenaf 
seed shipped on August 3, 1953, to Hayana, Cuba, part of which was 
stored in a delnunidiJied room, averaged 9.3 percent. The moisture 
content of the other part of this lot that was stored in an office, under 
conditions sllrrilar to those of a warehouse, :weragecl 11.4 percent. 
Bot.h lots of seed sent to San Salvador, El Sa,-ador, had an average 
moisture content of about 11.0 percent during storlLge. 

As shown in table 10, the germination of the seed stored jn tJle oflice 
in Ha:mna decreased to 48 percent in 6 months, but that stored in a 
dehumidified ruom did not show a significant decreased germination 
until 17 months. At San Salvador lot 3b dereriora,ted slightlv more 
mpicUy than lot 3a. • 

• 
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TABLE 10.-Ge1'1nination Of kenai seed (lfj5~ arop) st01'ed at Havana, 
O~tba, wuZ Scm Ba7macZ01', El Balvador, ~ohen tested at intervals 

Lot 3a seed stored at Seed stored at San Salvador 
Havana in- in office 

Months in 
storage 

Dehumidified Office Lot 3a Lot 3b 
room 

Percent Percent Percent Percent
0 1___________ 91 91 91 88 
0 2___________ 93 94 93 80 
6____________ 92 48 ___________________________ _ 
7____________ 90 63 88 79 
8____________ 89 55 ___________________________ _ 
9____________ 91 36 ___________________________ _ 
10___________ 91 29 ___________________________ _ 
11___________ 85 10 ___________________________ _ 
12___________ 88 3 74 61 
13___________ 85 0 ___________________________ _ 
14___________ 86 2 ___________________________ _ 
15___________ 86 2 ___________________________ _ 
16___________ 85 1 ___________________________ _ 

U== =========1 _________ --~:- --- ---------~----- ---- ---62- --- -- -------42
36___________ , 34 ____ __ _ _ _ ___ __ (3) (3) 

i 

• Lot Basic germination! L.S.D. at 1 percent! 

Percent Percent3a _______________________________ _ 
92 8. 363b _______________________________ _ 
81 '1. 86 

1 Before shipment. 

2 On arrival at place of ·storage. 

3 All seed decayed. 

, Based on all cests at -18°, 0°, and 10° C. 


SUMMARY AND CONCLUSION 

This study was undertaken to determine the effects of relative 
humidity or various seed-moisture contents and temperatures on the 
preservation of hemp seed (Oannabis sativa) and kenai seed (Hibis
OilS cctnnab inus) stored uncler controlled and uncontrolled conditions. 

Fonr lots of hemp seed and three lots of kenai seed were stored 
at seveml temperatures in cloth bags at n, given rehttive humidity 
or in sealed glass jars ·with an adjusted seed-moisture content. Seed 
was also stored under uncontrolled conditions at localities with vari 
ous climates. The tests were conducted for 51,6 to 8 years. 

• 
Viability of one lot of hemp seed conditioned to a moisture con

tent of 5.7 ancl 8.3 percent was maintained for more than 8 years 
at 10° and -10° C. Hemp seed with a moisture content of 5.7 
percent did not decrem'6 in germination in 6 years when stored in 
Sealed jars at 21°. 'l\YO other lots ,,".ith 9.5-percent moisture main
tained full viability for 5% years at -10° and 0°. Seed of both 
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hifrh and low yiability when stored seemed to deteriorate under 
unfavorable storage conditions at about the same rate. 

Hemp seed stored under uncontrolled conditions maintained origi
nal viability for 6 years at Lilld, ,;y-ash., where its moisture clid not 
exceed 7.5 percent. However. at Princeton, Ky., and at Belts\'iUe, •:Ud., hemp seed lost vin.bility nlpid1y. ' 

Kenaf seecl conditioned to a moisture content of 8 percent mail10tainecl viability for 51,t~ years 'when stored at -10°, 0 , and 100 C. 
At 12 pereent, fnll YLability was maintained for 5112 years at -100 
and 0°, but the seed showed a significal1t loss in yjability in 4: to 4:1/~ 
years when stored at 100. 

The germination of kenaf seed stored at Princeton and at Lind 
was much like that of the hemp seed stored at these places. Kenaf 
seed sent to IIa;valla, Cuba, and to Pichilingue, Ecuador, deteriorated 
rapidly in the humid tropical climate, but at Qllito, Ecuador. at a 
high elevation, the seed kept for 1 year. . 

One lot of kenaf seed stored under l1aturn.l atmospheric conditions 
in Cuba deteriomted markedly in one-half year, but seed of the same 
lot kept in a dehl1Jlliclifi.ed room in Cuba maintained full viability 
for 11/3 years. Seeel of the same lot kept under natmal conditions 
in El Salnldor deteriorated appreciab1y in 1 year. 

Hemp and kenaf seeel., as with other crop seeds, willremaill ,,1[1,b1e 
for a long time if t11e seed is kept dry and is stored at a Jow 
temperature, but \.Jability decrcases l'apiclly under natura.l conditions 
in some areas whcre the (TOPS are grown. 

• 
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