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A Report of Research and a literature Survey I 

B. VERSOS H. :\[('FARr,.\SF:, nllf'tf'riolrHjiNt . .T()~l;;PH T. HO('r.\S. ('nf'ln
°iNtl engi11f'et'. and TX¥LOR ~'-. ~[cLn[ORE:. engil1(,f'l'ing aid, Southern 
Ctili:iiltioll F/tXf'III'('/z 1Jrll1/(·1/. _l!fri(olt1tll/"f/l [."'NI fl/('/z ""'f'l.'iee ~ 

INTRODECTION 

• 

The e frects () f heat on l'Ou,!!h. or paddy. l·iee «() f'yZfl sati l'el) have 
tlssumed greatE'l" IlllpOrr<1nee in the l-nited States ~il1ee the introduc
tion of combine han'E':"til1!! and the n:;:snciated ul;'l;'d fnr artificial dry
ing. or conditionillg. lmpro'E'ment:;: in the method of clrying. 
including eqnipment and operation. an' lil1lited by the danger of heat 
injury to the rice. Pnu:tical ricl;'-c1rying procl;'cllll'e" have been cle
velopedlargely as H result of experiment;ltion in eomnH'rein1 plants. 
Fortuitollsly. pl"ocl;'dm'e:;: that ha\"P favorpd high milling yil:'lds haY(' 
.!!E't1E'nllly fiH'orNl high sl't'c1 viability. Xl'nl'thei('ss. tIlt',\' presE'nt 
siz:l.ble risk" if we consider. for E'xHmple, that in 195:2 on~r 4:8 million 
I'cut al" () f !"in· \\PI'P pmdllced in _\ rlm11"as, LOlli"iantl. Tpxas. MiEsis
~ippi. nnd (,nlifomin Ui'n 3 • ~r()~t of tlIi" I'('P \\";]": (,()1l11)ill~'d 'It mois
ture ('ontE'nts abo,e H percent and required artificial drying before 
milling or storHaE'. 

Vel"\' littlp i" bHnnl abol1t the E'1l'pds of hE'.lt aloLH' 011 thedability 
of artIficiallY tll"ip<1 rOll!!h rice. on thE' activity of its enznnes. on tlie 
nutritioual ;n'nilnbilir/ or dE':"trilction of it",' proteini:' aild \'Itamins, 
or' on itg othE'l" eharactE'ri::ri('s ,In(l (,oll:'titllE'nt~. J[nch of the knowl
edae now appliE'<l in the heat treatment of J"oll!!h rice is based on the 
H::;mlfllptioll that it:, bphnsi~ll' ,will lip :lImlo;!otl; to that observed for 
other "E'N]::: that ha\'€' been suntlnl'lv h€'ut-trl:'ated. 

To adnuH'e ollr kllowlNl!!e of tlie ptrf'\'t", of hPllt OTI l·ice. n series of 
investigation:' \\"PI'(-, ltlld.'rtakp11 11111'ill!! thE' ll:u'ye:;:tina SE'aSOllS of U150. 
ID51, ,tnt! Ifj,"):.l. nl'Vl"Ps(,lItari,p l'Xllerillll'ntE' are l'epol"ted in this 
uulletin. Their :'('ope is limitE'd prinHlrily to demonstrating certain 
tl'mperatllJ"{'. time, and IllOi,.:tnl"E'-t'olllt'llt l'E'I;lriou:,ltips of treatlllent to 
the ,it'tuilitv of rOlla11 ri;:e. 

The il,utlion:; deciCled to inve!:'ti!!ate the effects of the different vllri
abIes on viability ratbE'l" than on other physical. chE'mi~'al. or biological 

LRlllm:ittptl fllr /Inllll('nt\Oll .\pril ls. H):;:;. 
'ThE' n Ilthorl' :In' itHlphtt'!l til W. n. T:I!!;!a rt. dirp!'tnr (rf'ti rl'fll of till' Lonisiana 

AfP,'ipllltnt'ull';xp('rinwttt ~t:lti"n ;to n, T. HnlT. IIPH(1 (lr till' _\g;ri('nltlll"'ti Engi
nCt'rillg j{p),;pa 1""11 f)('p:ll'trul'nt: :Ind ro [{. K. \\'all"'I". ;.;uperint('lHlenr, an!! L. O. 
C,)()llt·o<l. f01"lllPrly u:;sistallt :1:"'Ti!'nlflll"al PI1!!inPI'r, of rill' Ri!'t' EX[l!'rillll'nt Sta
tion, rOt· tllP lll"h'i1p~e 01' ('OII(IIl"tin!!" tllP hl':tt-tl'patIllPnt p:qwriments at the Rice 
EXlIerillll'llt Krntioll, ('I·uwl,··\, L:1. 

: Halit:: numhN's III llIU'l'ntltl'':p:, r('f('r 1"0 Literainn' l'it('d, V. 47. 
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character·stics. There were practical reasons for this decision. The· 
smnples of heat-treated rough rice \,ere too small for sa6sfuctory 
millin~valuation tests. To obtai.:, ~;,-.;:::: ~:::~:x:;les would have neces
sitated decreasing the number of variables investigated. Skilled 
techniC!tl assistants were not lwn;ilable to perform complicated bio
chemical tests. On the other hnnd. 't'acilities \Y('l'e adequate for 
making germination tests. ·Moreover, these tests reflect the biological 
conditions of seeds within limitations. They IHlve the arlc1ecl a(lYan
tage of being uniYel'sally used and understood. Hence, they provide 
data interpreta ble by mn ny workers other than seed analysts, :::;uch as 
seedsmen and fanners, commercial grain-drier operators and millers, 
p1nnt physiologi:-t;.; and pathologist:;. and hio('l\pnlists. 

Although three major yal'iables-temperature of treatment, time 
(duration) of' treatmrnt, and 11loi;.;tllL'c content of the rice-al'e CCll1
siderecl, the greatest ell1phasi~ is placed on the temperature of treat
ment, or tIle lll':lt. '1'lli;.; is bee:lusl' al'tilit-iaily hpated ;til' is nsP(l ill til(> 
commercial drying, 01' conditioning, of rough rice and becHnse it has 
been useful in pl'pvp,~ting deterioratiol1 of rice durillg st·ol'age. 

Experiments \Wlc' planned fo nccolllplish se\'('l'al objPcti,-ps. ('llier 
among tllem \\'('I'P to detPl'lllil1e (1) the pl)'pet of tpJ1lperatul'e o'j! heat
ill~ on .. iability. (~) the effpct of time (dul'ation) of heating Oll 

viability, (3) thC' rp1ntionship bC'tweC'11 till' J1\Oistlll'P eontC'l1t of the 
rongh rice and the teJlJpemtul'C' crt' hpHtinl! and its etl'eet 011 viability, 
and (4) the eltect of prolonged storage 011 the viability of heat
treateel rice. 

SOUTHERN PRACTICES IN RICE CONDITIONING 

Chanfres in the methods of l111I'Vp;.;tin~ and storing nrC' l'espol1Slible 
for the prescntintC'I'pst in the ell'pets of hpnt 011 I'ice. .\ppl'oximat('ly 
DO percent oJ thp ~outh~s 11l1l1l1nl1'i('e cJ'opi;:: no\\" comhilll'(1. a('C'onling 
to Jones et al. (.P), Smith and .Jonps (/(J) found that the best tinle 
to hal'v('Ht I'i('p is ".. , wl1('11 til(' ll1oi:-t UI'(, ('Ollt('llt of tltl' ~tHII(IjIW 
rice ranges fl'ol11 about· 2:3 to 28 \.\'I'('eIIL" ~[l'X('H! (5/)) and f:\ol'enso;;' 
et al. C(8) ill I'(,(,pnl studips I'ppol't('d that I'i('p SliOlll(l bp cOlllbinpcl 
when its JlJOiSIIIJ'(' l'olli'l'nt is within till' lIi- to :W-PPI'('('nt l'anl!e, i. e., 
if the fielcl]oss('S, int'ludil1!!: ;.;hpl]iII!!: and bJ'Ptlka!!:l' ill thl' ('olllbilil', al't' 
to be reduced to a JIlininilllll flnd'if J1JaXillllJJ11 ,.i('lds of ['oll!:[ilanci 
helld rice H 1'(' to Ill' obta inNl. Fl'e;.;h h· ('oJlJbi I'WeI I'ollrrh ['iep will 
cleteriol'atC' rapid1:\· 1IIIIp:;;.; prolllpily dri'ed, Ol' COIHlitionell. 

Al'tiliC'iully II(>ut:pd ail' is lI:'l'<1 ill l'OIlli1lP l'l'ill1 dcli.rtll'alioll op('rHtions 
to l'P(\uee the nJOistlln' ('ontpllt or tlw f['pshly COilibilIPd I'ourrli ric(' to 
1J perccllt, but· tlie uttainllll'lIt or this l11oi;::IIII'P 1('\'(>] i;.; llO ~'IHlI'alltee 
that the rice wil] kl'PP indplinitplv IIndl'I' all conditions of' stOl'<I!!P 
( '., I "'Cl) . '['I "I l' I ' tsorenson et (I, to, . IP 1't'a;';()1\ JS t \HI lIg I tpJl1]ll'l'ahII'Ps nnd 
humidities !In'\'ail in til(' soutill'rn I'i('p-gl'owing HI'C'ns-Lolli;::ialla, 
Texas, Arkansas, al1d Mississippi (.fpnkills .J;) andKI'nJl1pr ;j(}) , Sirr
nilicant ('oMriillltiollS h;J\p I.)('pn 111:[(1(' to til(' kno\\"h'<l!!p of I'ie(' <ll'yi!l~. 
OJ' conditiolling-, as it i::; lH'ncti('ell ill the (·nitt'd Sta'ft';'; (~lIlifh ;./ (;/. 
'rB, '7;1. '7.~, ';'.5. '((;: Bod!l:t I' j.J; B:u'!!C'r 1'1 It!, 11; EJl!!lel' a !l(l ~r('X(>a I ;J.1; 
~rcl\~eal [if], ;)'7. /)8. (jO: ,\]c1I'('(] alld. Kr:uIH'r .j, -1; Kl'Hlller 1,6,4'7,48, 4fJ; 

• 


• 


-. 

Kramer and ~\Icln'd ,)1; :--ilw;lH'r and ~lllilins '10, '/1; Sorenson ct at. 
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'J'7, lJ'8; the Lonisiana Agricultmal Experiment Stntion 54; Cruz and 
Lltforteza ;~(); Bond 14.; am1 Autrey ct at. 8). 

Bin aeration and (1rying techniques are being c1eYe1oped to remove 
the excesS l1l0isi:Ul'e from rough rice that has been stored at too high 
It moisture content, that has absorbed moisture since storage, or that 
is heating. Ambient air is commonly used dUl'ing the warm daylight 
houl's when the. relntiye humidity is lo-w. .A.l'tifieially 11eated air is 
used if the nepd for the l':tpiLil'C'lllonLl of moistlll'e is apparent. Seyera1 
,yorkers h:1Ye contl'ibutt'd a1'ti,:']('s on the (It'\'elopnlPnt of bin Ht'ration 
and drying tpclllliqnc's, . \ Illong tht'lll m't' ~til'n i n;an f't {fl, Cl ,9) , Todd 
(8J). Bal'l' a ntl ('oon1'O(l (1.2) 1 ('oom'otl (16), SOl'l'nson et al. (78), 
and ~\Iol'1'isoll r:t al, (6,J. (in. and the Lou isinna Agl'icult-uml Experi
ment StHtion ('J5) , 

Rice fol' sC't'cl is O-[tC'll c1l'ipd in commercial <lryin!! units in the same 
llumllC'l' n.s tIlt' bulk t-hnt is dl'it'c1 to a 11l0istl1l:p c(mtent suitable for 
millillg 01' St:Ol':Ult', TIlt' COlllllH;'l'cial u11its al'P. of course, ('leaned and 
inspected bpfc)l'e being loadell with I'iee to be (h'iNl :1'01' s('ed purposes. 
'1'11t'ir nse is l~n'!!'ely one of conwnipnce, Gp1'lllination tests and farm
('1'0]> obsP]'\'at-io'm: 'Sllpport thp prn(,tice. but, (lata m'p not 1l\Tailab1e to 
pya11latr jll'pSPllt ('Ollllll(,1'cia I tl1'yi ng pI'o(,pd Il1'PF f!'olll the standpoint 
of Illlp1'O\-jng sp('(l quality. ' 

UEVIEW OF LITERATURE 

• Although hpat has probn.ll1y lwen app1ipd in tl1(' t1'l'llhnrnt of rough 
rice :1'01' cl'ntlll'ies. thp!'p m'p lmt i'p\y publishpd :l('eOllllts-nt ]P:lst those 
readily iwnilable to occic1pntnl t'eac1E'I':3--that (kseribpits eJi'ect on the 
abilit,), of ricp to gpl'minnte. On til('. other hall(1.:1 lllunbpl' of publica
tions, a few of which h,1\"e npPPH1'ed in 1'p('pnt ye:lrs, pl'espnt data on 
the ptl'€'ct of hpat- trp:ItnlPnt- Oil gl'l'mination capacity, but mostly rot' 
otltpl' kin(ls of sPP<1 than l'iel'. 

'. 

1)n, Fano (21) inyp~,:{'ig:ltp(l the influpn('(' of timp amI tpll1perature 
ofhpnJing Oil \'(u'iptips of 1'ICP and corn, Loh;: of p:Ieh variety of rice 
'"e1'p exposp(l to amlliPllt tplll]Jl'l'atu!'t's and to :100-DllO C, at 10° jnter
nils i'OI' L~. and ;1 hou!'s, 1foistm'e eontpntF of the sampll'S appeared 
fo 11:1\'p 1>p('n \l'ithin n 1:\- to l.>-pp1'cpnt 1':lngp pl'io!' to tTpatnwllt. except 
two alllbiPllt-nil'-(l1'i('(l controls. whieh ":P1'P UUi:2 an<1 21.2 percent, 
l'espectin'l,r, .\ftpl' t t'patlllPllt the llloisful'p ('OlltplltS ntnf!'('tl from 4,3 
to l~,n:~ PPITl'lli l111d thp moi;;ttu'c Im,;::ps i'l'Olll 1.Ui to n,ll percent. 
(rprmillation t('FiR WPl'P 111:1<1(' illllllNtiatt'lv aftpl' tT(':li'lllent. Vialone 
n('l'o and ('llillPRe I'ice \':u'iPl'il's <lPlllOn;::iTat('d maximum ability to 
gel'lUi11ntp aftpl' ]ll'af:ing at ;30 0 fot':~ hOll],s. tIlt' Han!!hino nl1'iety (l1'tel' 
hNlting at _10° 1'01' :2 hOll],8, ~JillilllUlll !!pl'lllinntin!! abi1itips wel'e 
cOllstailtly ohtaillP<l by hputillf!' at. HO° 1'01" ;)houl's. a;l<1 the seed gel'
Jnillat j ng' I'a llg-('(l lH'tm'l'1l IS nn(\ :2"~ PP j'('pll t. .\11 t hp Y:ll'ieties lost thei l' 
gel'minating- PO\\'('J' cO!llpl('t('ly ",hpil lll'ni('(1 nt PO" fol' 1 hOlll', The in
vpstignto]' did not lil1<1 t-Ill' nwxillllllll gt'l'lllinating POWl'!' to ('OI'l'Pspond 
to the maximulll ppl'('pniage of \\"nt:Pl' ('ontained in the S(,N[S put to 
gpI'minate, Sill' cli(t,filld. how('\'p1.'. that heat t1'pnhlH'llts withill l'UV01'

nble lime nnd tl'lll]}p]'ntlll'p l'ang('F impl'o,"pc! thp gt'l'minfltioll capacity 
01' the tl'e:1I'('(\ m'p!' thnt of Ih(' llmilipnt--nil'-<1l'ipll]'il'l', sIlt' nlso 1't'COI2'
nizp(\ till' pORsibl(' signili('HIH'P of tht' IH'etl'catnwllt' his(OlT of the seed 

. , 

, : ~ 

in :dTecting til(' ('XIWl'illll'Jltal I'('sults, ' 
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Nagn i (65) exposed air-dried and desiccated grn ins of rice for 2 
hoUl's at 97°-\)SO C. He :found that the germinative power of the • 
grain, especially if desiccated, was only slightly affected. 

Jones (39) exposed Colusa. ami Caloro rice seed on saturated paper 
toweling in pt!tri dishes for 1, 2, and 3 hours, respectively, at constant 
temperatures o:f 50°, 54..4°, Rnd (Hi.7° C. Exposure for 1 to 2 hours 
at liO° and 54.4° had no appreciable effect on !!ennination capacity, 
but exposure at (j(L7° for 1 hoUl.· materially reduced the percentage 
germination of both yar~eties, and exposure for 3 hours entirely de
stroyecl the power of germination. 

;.'.'. In another series of expC>l'iments .Tones exposed air-dl·jed seed of 
the same hvo nU'ieties in ('\(>:Ul. (II'.\' peh:i dishes for 1 hom: at 50°, 
54-.4°, (;Q0, (i5.n 0 , 70 0 • 7(i.70 • H7.S o • n(i.! 0, and 100° C. Treatment at 
70° or Huckr apparently did not t'(><1nc"e the gennination of either 
variety. The 7fi.7° treatment slightly reduced th(' germination c:t
pacity of the (';t1ot'o yariety. .\n H7.S0 treatment greatly reduced the 
germination cn p:t<'i tieR of bol-h n1l'ipti0.;;, tlHlt of the 'Cnloro to a gr('nter 
pxtent than that of thp Colm:a. Treatl1l(,llts nt f)(U ° and IO()O for I 
hour ki]\ecl a11 sppd of both y:tri('ties. .JOllPS statc(l that these experi
mcnts show (-]wt air-dl'i('(\ s('('d ,,"ill stand n I11l1ch higher tel11]>C']'aturc 
than "wet seed and its germination will not b(' afJ'ect('d. 

Further intcl']>retn[:ion or thp data :111<1 ol,serqtions of Da Fano, 
.," Nagai, and Jones is Ilot attempted, because p:teh faill'd to describe 

C1Cil.rly and ('ollJpl('t('ly tlH' pxp(>rilllt'ntal ('oIHlitiol1s employC'c1. In 
Da Fano's ('xp('rinll'nts the I·ice lost 1l10isttll'(' (Juring heat trrahn(>nt. 
III ,Tones' eXl)(,I'il11C'nts the moist ri('p prolJa hly (\ id not lose an appre • 
ciable al1l0unt. On t11(' nth('l' ha n(l. .Jones d ill not gi\'e the moisture 
contents of his loh: of I'i('p pilllc'I'}wi'orp 01' aftcr tr('~ltnl('nt. 

Smith e.t al. (71) in thl'ir siwl\' of Ihe ('f1'cet of dat(> of httlTest on 
yield and milling quality of I'i("(' ~\'(>I'(' tlw first to remark on thp cfl'ect 
of germination of tht' artifi("ial tlrying of riel' in nn ('xp(>I'iJllrnlal and 
in a comm(,l'cial driPI'. UP I'll I ina I"ion I-esl-s wcrp m:t(lp on sa III pl('s of 
Bltle Hosp. 1'i('(' (iJ'i('d in Ill(' lahorlll'OI'Y nlldN' normal <til' ('onditions 
nl1c1 in the ('xp('rinH"-nhll dri('r at DcIyltl". ":\I'IL. with thc nil' at +;U3°, 
4-S.Do, :'5L·~o. nn(J (iOO C. Hei'nlt,.: of silllilnr U>s!:::; ma(\(' on "::l111pl(>s of 
Enrly ProlifiC'. ForhllJa, allcl Blu(' Ho:;:p I'ic(' <1I'i('d ill th(' ('xpl>riJ1Jpntal 
drier at XOI11('. Tl'x., ga\'(' 110in<1i('alioll of injury l'e~LJltillg fl'onl rtl'ti
fieial dl'yil1!! nt the t(,llJpel'atlll'('s u,;('(l. Additional lefits made in a 
greenhollse on SOIll(' 01' tll(, HampleH of riel' ~"a\'(' 110 clpnl' e\"idence of 
any difr(,l'cneC' in th(' s('('(llillp;s hom Hll' sHmpl('s dri('(l at dill'(,I'Pllt 
t(,li"lpemt:UJ'ps. Sal1lplps \\'('1'(' ohlnin('d I'1'0III a 101- of sP('d I'ice c1l'iE'c1 
with a comJ1wJ.'cia 1 dl'i('l' wil11 the ail' at appl'oximatcl.y ·IB.no, ~tncl 
no indicatioJl wm; f(,uJl(l of injlll',)' to gel'millalioll l'efiulting :fl'OIlI the 
dl'ying opeJ'ation. 

SOI'(,JlI'OIl d al. (77') (11'i(>(1 S:l('ks cOJltaining approximafrly a barrel 
ench of l'OIl~.dl I'i('(' in a tllllnpl.I")'IH' sack (h'it'I' al' ail' tpl1Ilwratul'(,s of 
46.1°,51.7°, (H).G", 7!lA·o, nnd ni1.~3° C., I'l'sppdi\'ply, t·o df'I-(,I'mine the 

.:', efreet of the drying nil' f(,llljlPI'ahll'(, and t"h(' initial 1ll0ishn"e ("Cllltent 
of the grain 011 tb(' Illilling C(1I:tlity and the gCl'mination. Sacks of 
l'ic(~ 01' 21-perccllt, of 2(J- 1'0 21-prreeni", alld of 17-])(,I'(:enl: moiHtnl'e • 
cont('nt wel'c dl'irc1 Ht ('ach tPlllpPI'ntllre. (,KCCpt- the last was not dried 
at 0:3,:3°. Dl'yillg t-imes \\"CI'P longrl' at the ]0\\,('1' telllp(,l'atUl'es. The 
temperature of the n.irill the riec durillg drying alld the moisture 
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content of the rice on completion of drying were generally lO'YeI' in 
the center or the sack tlttlll at the top and boltom. Inlet) injun' to 
germination capacity occurred, it was greater In the top aml bottom',. 
layers than in the center of the sack. Too high an air temp(~l'atlll'e 
lul(l a detrimelltitl effect on both the germination and the milling 
quaJity of rice. .A temperature of 65.6 0 had no detrimental effect 
on germination for rice with 1i-:H percent of l110istl1l'e. These workers 
lIdvisecl that the nil' tl'mperature. ho",e\'(:'I', "hon1c1 not (>x(,ppd 51.70 

to ;3+,.1.0 for ri('l' with ~-11ll'r('pnt or ]))oi8tuI'('. The telllpl'raturl' or the 
rice ,yjth pither moisture content Wit" ('onsi(10r:1bl." 10"'('1' thnn the ell'Y
ing air tpl11jlel':1tlll'e o,yiJ1g to the cooling etl'pct of PYapol'ntion. 

• 

~[cXpnl (/;8) in HH·J.. 1!H3. and tn·Hi ('ondllde(l 11 sPl'ie", of sturlies 
on the :lrtifkial dryillg of combined I'I('e t'o obtnin information on the 
relation of su('h fudol's ,lS tinll'~ dried. ail' tl'mpemtlll'e. rel:tti\'(,~ hu
miditv. and c!n'iJl!! time to millillg l'l'sults :In(l !!el·minatioll. Riee 
yarieii~s (Zelliih. ']\:allll'os(', Jap-trpl'. FIJ1'tulla, Xira, nnd PI'('11J(le) 
'Wl'e halTP:.;tPlI at :1 moistlll'(' coMl'nt of :W-:H ppl'c'('nt. alld stol'ed and 
t0111 p('l'NI (j to l~ hom's in balTl'l" pl'iOl' to d l'yi ng. TW't'h'e-pOllnd 
sa11lplps of each telll]lPl'pd ,'al'il'ty W('l'e dl'ied ill p:qJPI'ill1l'l1tal <11'IPI'5. 
"Olle, two, tl!l'(,P. all(l :,onl('till1PS fOlll' dn'i]]g:, \\"('1'(' uspd to l'educe 
the moi;-:;t11l'l' content- of tllP riel' fl'oll1 field ('(indi'l'ioll to I·~ pel'C'pnt...." 
'rile telll ppl'i I1g pl'riod bet'Y(,(,11 slH'(,l'pdi ng dI'yi ngs 'Y;\!" !!Oenl'l,:t1ly 24 
houl's. Dl'yillg tpm ppl'a t'111'P'; ra ngl'(l in i lItt'l'Yals of ii.;,)O C. from 
:ri.H'J to :-:'T.;)O, hut not all riel' ";ll'ietips '''(,l'P dl'iP(1 Ht ('H('ll temppl'ature, 
Extremes ill total (1n'ill!:?: timps I'allge(l 1'1'0111 l:i lllillU('I'", nt ~T.KO to 
2~() minutes at :}T.i'i°. 'To'tal dn'ill!! tlllH'> llsuall\' d('c·l'pa;.:pc1 as the l1U111-
b('I' of dl'~'i ngs "as i11('I:(,:1;4('(1. '.\ 11 i m pr)]'ta nl (·(ml'lusion of tlip stud ies 
"'ns f'llal !!l'l'lllinatioll is l'edUl'0rl ,ylH'lll'ice i..; (11'je<l at nil' t-Plll])pratlll'es 
alloY(' ;j_k~l:o. :-;OllW of the data jllcli('atrd thM tlll'l'P llliu-ht he. nll'irtal 
(lil1'el'(,11('es in I'l';4ist:1llC'p to 11(';\(' ;\11(1 t1wt af tIl(' hig-hp;· t'(,11lpel'atllres 
intel'mittl'nt drying might hE' ipss destl'llctin' of W'l'I11illation ('apacity 
tltnn (,0l1tillI1011:' (bTin!!. 

_\ldI'Pcl HnrlKI'al;I('l" (.)) <111(1 1\],;(111P], ("f)) dl'iprl :':llllpll'S, 011(' gl:nin 
thide of (',dOl'O, /::pnith, Bhll'h(ll111('t..\[agnolin. ami Ht'xol'o at {1'1Tl
p(']'atul'e" f]'om ;l~.~O to Hl.I e ('. _\ lo:,s in gPl'lllinntioll llsually oc
('I 11 ,],r.' (1 at tp11lpPI'attl1'PS aho\'t, -l::t:F C" amI fa~t l';\tr.'S of drying diel 
not appe,l]' to l'p(ll1('(' g:eI'11linatioll. 

La te]' "\ Idl'p<l 1\1](1 K l'il 11]('1' (.n made n ::;twl" " ... to ohtai 11 C0111
pnl'atin' milli1\g :\11<1 !!Opl'11linatioll l'Pc'lllts on tl1(,'!"a11l(:'lot of 1'i('1' c1]'i('(l 
si1l111Itnm'ollsh- ill nnJ i(iPlltic:11 Bl']'ico (h'it'I''' with nil <In'illg ('cl11c1i
tio)!!" Iw1d ('oilstallt C'X('Pllt drying ail' {PllIjll'l'ntlll·l'." Ti](, ;'iet' was 
pxpo';l'd fol' I;) ll1illlltp:, to all aYl'ntgl' ail' tl'llll)l'rnt\1],(~ oi: ·HLl'} 01' 
iil.!J° C, am] to an ail' "(JJllllli.' of ;Ibol!! ,-)(11) ('llhil' fpC't ]>l'l' 1I1illl1l'(' 1)('1' 
htu'l'Pl. ,Additionn! (ll'ying,; W{'l"(' ,,;olllptillH'S llP(,(,SSH1'Y. Dl'iNl samples 
,1'('1"e Se:lSrllll'11 for :m da,-" hPl'Ol'1' 11lillil1!!: ips\" nIHl (ill 1lity!" hefore 
!!Pl'll1ination Ipst:;:. Xo si~'1Iili('tl1lt dit1'PI'Pl1('C' ",as llotpd in th'(' 111illin!! 
Clllalit'll's of tlip 1'1('(' (ll'it;1t Ht t\tt' two 1 ('111]>('1';1111 I'(,S. {-suall,)' an jll~ 
e)"Pt1Fl' in gl'l'1ll il1;ll i01\ l'l':<\l]t('( l n t till' higlll'I' t ('11)1)('1':\ t \11"p, 

• 
In thl' l)]'(>('(>(ling sturlil's (:-;mith d I/i.'. :-;Ol'('llS()1\ r'f a/.. .JrcSenL nml 

AI(h'('(] :l11(1 K[':\1Il(,l') tllP riel' waS l'XP0:-!l'!l to clit1'pl'('llt tl'11lpl'l'nhll'C's of 
tll"tifiC'inlly ht'ntpd ail'. ~\lth()\lU"h tlw lll'l1tt'd ail' lll:l\' hl' maintained 
at a (,()1Istanl' te1llpl'[':lflll'(' 1'01' :\' dplillitp p('I'io<l, 110 <1:'](:<1 :11'(' antilable 
ns to the maximulll tellllwratlll'(, 1.·l'aclwd by tlw grains of l'ice 01' as to 
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the time,they are mailltained Itt this temperatureo The (lilta supplied 
by these workers do 110t define the tolernlw(' of rice to tl given tempera
ture in itselfo Ne'Tertheless they do IH'nllit lin ('st"llllnt.ioll of the eJi"ect 
on germination capacity when riel' is eXl:-:ecl to a gi,'en tem perature 
during drying in present-clay commercial dehydration equipment. 

In contrast to the preceding illvestigatiolls,in which 1:11(,1'eis doubt 
about the tenlperutures reached by the rice, Adair and Cralley (1) 
presoaked rice sel'd for 12 hours and then illllllC'l"S('c/ it ill hot water nt· 
50°-52° Co for 15 lIIinui:C'so This trC'atment efrecti"ely cOlltTo1J('d 
wll1te tip in 19 vtlrietips oJ rice, and although not intli('ah:,~1 apparently 
did not haY(' an ad,°C',;o(, efrect on nIP gcrminatioll capacity of thl' se('(l. 

Tisdale (83) :1'01111(1 that ;;oaking- LOllisiana TTonc1l1rtls rice in ,yatetO 
at 54° Co for Ji) minlltcs after lHol'soHkillg it :1'01: IG hOllri' killed the 
internal :l'lIn~),'i and ('tUll(' llparest to ~oiying as !rood grrlllinntioll as thl' 
untreated eontTolso T[O\\"P,o<:>l", in lil',l("t i;onlly' t"'el"~T PXIWl"illwIlt with 
presoaked ricl' tilt' p:ermillation was ~Iip:hlly IOWPl" tll:!1I that· of Ih(l
unho<:>ah'd (OOlltT01:-o 

Tisdal<:> (litlllot ~ri,'(' lilp ini(ialllloi",illl"l' ('olltplli of []l(' I"iel', bllt it· is 
intt'l"csting tOIlO{(: ill Olll' of hi,~ ('Xl)('l"illoJ('IlI:, 1hal I\"II\'!I till' lil1l(' alld 
temperlltllrt' of tIlt' llOt-wall'loil°l'ail1wnt- n'lllHillPcl ('()n~tant the gl'lomi
nation capacity wus IOI\"l'l" tIll' IOIl)2°l'l" til(' Ill'loiod of Ih(, pl"psoak. This 
observation slIp:p:t'sl:-; that tllP <lill'pI'PIl(o(,'" ill til(' g('IOlllinntioll eapneitirs 
of the difl'('J."('nt batdll's of ITPatptl ;.;('('<1 pl'olJilbly rl'{ll'et dill'l'rellc('s in 
the degree of l"Psi;.;t:uwl' to ll('at n:- 10plat·P(] to <l i I]'Plop11 ('(;'S in pl"('soaking 
til1lPs and 1lI0i~tllloP ('011 1"<'11 f'" ul' thp hlllp of (,XPOSIII"Po 

As tJw Pl'pcOpclin,!.!: l°(',-i('''o il1di['atp:-: tIl(' lil(,l"nll1lop COJl('PIOnp(l ,,'it'h thl' 

efrect of tl'mpl'lontllloP Oil ,!.!°pl"l1lil1atill!.! ability of I"i('p ('ol1:-:isls. 1'01" 1"11(' 

most part, 01 a IWiprogPlH'()lIS ('olIPdioll of stnelie::;o Thl' mOI"l' systl'lll
atie stnelies ha,'l' hl'PIl ("Ollc'Pl'llecl with (OOITPintill!.t limil('(l :lilo-<1rril1"" 

t('mpel"ntnrp, air-dl"ying ("illll'. and S(,prl-IIIOi:,tllloP 1"l'lat'ionships :\\"it~ 

milling qllnlit-y and germinatiol1 ('Hll1l("ifyo EYPll (iI('s(' kaye llIU("ll to 

be desired bceHII>'p thpy were Jillli(pd ill s('ope and the temperatu)"cs of 

the lots of s~~('(l ))('il1)1." (l1"i('<1 \\'(,I"P 1I0t (lctp1"I11ill(,(1. Xo olle has )"c'port('d 

investigations ill which lo[~ of loi('(' of eli fl'l'I"('llt ll)()isftl1"p ('ollt('nts hut 

oft'hE' salll(' Yill"ip{,' nnd FI'olll tlIP "Hlllp lipId plnl linn iJPPIl ('xposl'<l to 

clill'cl"pnt /PIllIH'loal11 l°r':- fcwditl'pl"pnt pl'l"io(b of ti))I('. ' 


,Yaggolwl" (87) is J))'obahly IlIl' fil°;,! til !Ian' :-Illdil'd "0 0 0 in s('ri('s. 
the l"l'sistalH'P of till' ~allll' killd 01' sP(,(]s (·olllaillill!.! l/Pfinit(' :1n(l kllOWIl 
quantiti('s of' wat!.'IOat til(' lill1(, of hpa(ill!.!o" TIp llas tnblllni('(] gpl"llIi
nation dnta/'ol" 1"adi:-iI sp('<I:-: hayill,U: illitial 1)('IO(Opllt IllOis(1I1°(' ('olltpllls 
o·e 4, D, 1·1·, 'IS, ~:\, :~(), :\~o ·1:1, :iO, 1ll)(1 71, :l1I<1\\'hi('h ha,'c bern cxpos('c1 
for 30 milllltps in ,..in!.dC' In ,'PI"Sill slIi))lIl'I"!.!°e<l FIOIo(,I](,(' flasks atotPIlI. 
peraturE'S frolll :i()" tl) lOO:' Co Ht ii"illl<,iTalso Otlwl" dahl nre also 
given :1'or radish :,(,(><1s of JcnYl'1" IIlOi:,tlll"P ('ollt('nis. f(l)O hig-IIP)" Il'1I1JWI"H
tl1l"('soflH'ntill!.!· (10 12,jC)oolld fOl"dill'l'loPllt 11ll'thodsofhC'afillgo lIis 
conclusions, 1I"11icoh :11"(' paJ"ficolllnl"!y llO{P\\'Oloth.ro :110(, :IS foil °,,:s : 

'1'.11(' I"Pi'i!'I:lIJ('(> "I' s .... ds "I' /i'I/,fliIlIlH 1,.;i'01 ,Wllil"ll., Lo l'X]lIl"p(1 10 lriJ.!1r h'1ll1)('I":rO
t'm (':'; iH inn'l"1'l'lr PIOOP'"°1i Ollnl 10 llil' iJlill;r1 \\lItl'I' ,00llll'lIt o/" IIll' ,;p('ds :rt til('
timp of 11f'atilll!0 

AI' fPIIIJ"H'I":rt"lll"l's hll!;lt PllClllJ.!h [II 1)(' illjl11'i,,",; Illp I"inlJililo" of' nldi"l) "I'P(ls 01" n 
gin'lI il1itial \,0:r1(,1" (0'"11,.,,1 d"('I"(';ls('s :rs lit!' 11'111111'1":11111"(' 10 wllil-It llic')' nl"P0,nrhjl'('I'p!l is 1" i,;l'cl. 

'1'11(' fWI1('I":11 10""j"IIIWo,0 o/" I,oil-Ipo J:lm'l( NPl\llHl \Yillll'l° nml ('I".\'sl:11 l)'olo('il1g
I"adish seeds l'XPIlS('t! til hiJ.!h 11'1111)('1"11(111'(';; i1' \'PIOY :-:illlil:"lI"o 

• 


• 


• 
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Radish seeds injnred by high water ('ontpnt and high tpll1vel'ntnrps Ilrt, retarded 
in their gerIU inution, Thl$ retanll\tioll \)el'unH'~ mon' limrkL'll :\s tIll' tempera
ture or water content or both is increasl'(1. 

Radish !Seeds of the same initial water content show r(,I',r gr('at <lifferpnees ill 
resistunce when heatNl at the same temp('l"atll['C hul'bY diffp['C'nt Ill('thod~, nal1lel~': 
ill wuter, in dry \:orkerl flnsks, or in oD(>]1 lIi,,]]('>; in OY(,I11;, 

The nmount of wate\' a\Jsor\)('d or gin'll off hy I"ndi~h f'l'l'\1f' I\urilll! trelttmellt i~ 
the chief fnctor deh?l'Inining the r('::il'I:III('(' ut' the "Pl'c]" ]H':ltP(] at the same 
telilperatnre Il~' the ditt('J'('nt nlt'tho(]", 

'Wh(tn radif'h >:l'(,(\" nrl' jl(':lte(] dil'('('ll,\' ill \I'alpr rh(',\' "lIn'PI" :I I!rnllllal loss of 
dl"~' "nhiit:lnee, 'l'his lo"s bel'()Jllr:; I!rl',lt('1" H" llll' tell)lJ(~rn tn I"P of till' \\'it tt'r is 
im'r('asNl, 

Hutchinson's expel'iJllPl\fs (.J.J) ex('eut('d 2R years later with wheat 
of tlle Square lIeacls ;)Ja::;tel' Yariet)' possess refinements OYer those of 
IYaggonel', Samples of \yhent \yith moisture contents 1'llnging from 
iJ.2 to 35 percent were heated 'for inl:enals of 1:2,2·1, ;3G, 48, GO, anc1120 
minutes at templ'I'ntllres L'nnging from 4:.1: 0 to IHlO C, The standard 
lleating period for the nHH'e f;'xtpllsiw work ,\"as (jO minutes, In tl'ent
ll)('nt li5-mm, c1i(lmetcl' tulles of glnss 01' brass were packed one-third 
tull, closed, nmI SUbllll'l'g,'t1 in a bath of the (Ipsirt'cl /PJ11pernture for a 
speeilipd ppl'iocl of time, Gl'l'l1linatioll tesiS\H'I'P normally made on 
the tl'e,lt(,cl sepd aftp), it lta(111ac1 n 2,~-ltolll' rest ]>('l'iod. Some of the 
llighlight:-: of lTlItchillSOll'S filldill~'s al'p: 

1, Exc'p:-::.;in' itl':lt'-i 1"1':\ IIIIPlit i" plwr:l<'i (,I'i%(,<1 b,\' ((f) <Iva tit in f'ollir of til(' gl'lIi!lf', 

• 
(II) tho;;!' !lot kilip!l "IIOIYiug nll'yilll! (]pIH,Y:' ill gl'I'llIill:Jlioll :I;; ('0111]1,\1'('<1 witlt the 
contl"ol", Thi" g'l'I'1lIin:ltiol1 Ing-, whidl :I" Yl't l':)IlIl!Jt 1)(, plilllillntp(], IlIllHt be COll
sicil.'l"r(\ 1I" ;t ;;ig-n of c1:JIll,Ig'(', , , , 

~, '1'1\\'1'(' lll'[' two ,;tnl!l'" or datlln;!\' dill' to IIPa Ii II;! : (u) \\,11,'1'(' til" In;! i" !<lIIall 
bill' (]pfinil(', illt'l'l:'n:;illl! nlpi(lIy with tl'l1l]1pr;lIIlI'\'. :Iud II!) \\'IiPI'\, IiiI' lag- i" gl'eat 
und (Ill' "Iig-htl'"t il1('n':J~l' in I'h" tl'III]1!'I':ltlll'l' ('()l\I]1ll'IPly d(':,ITO,"" gpl"lIlillatioll 
ca I);)('i IS, • , , 

"'1H'1l thp tpl1ll)(.'l'attu'p:, at \\'11 ich thl'!:'p fin) :;tHgPS 0('('111'1'1.'<1 were 
plotted by Hutchinson 1'0)' tIl(' l11oistlll'p ('(Jlltellt of ('Heh of fhe ;3,2- to 
:1ii-per('l'nt llloisture sanlplrs) 11l' obtajned t.WO ClllTes, 

Thl:' UPIW!' (,Urn' lit (':11'11 tillll' intpI'I":11 f'hO\n; thl:' 1111l1l11ll/111 1l'1Il]ll')'nl'nl"l'i; nt 
I'nl'll llloi"I'\ln' ('011 (('n I fol' whil'll rh\' ;!l'l"millntinll ('n]la('il~' nt"tl'l' IT\'nl'lIll'ut i;; 
nil. whil,,1 tit!' 10"'('1' ('lIITP "how,.; tit!' t(,IIl]l!'I':ttl1l'l'~ ai' \\"lti('11 rill' Ii 1',,(' "tage o.f. 
d:l1l1ng'p (WI'IlI':;, i. l'" \\,11\,1'(' 1111'1'1' i,.: ;t .It fillill' dl'l:lY ill g't'rIiJilllllioll, nlf'llOugh 
;':(,l'Il1ill;l(ioll ('f\]la('il," :I;; ,,[wit j,.: ":(':1['('('1," :ilT\'('I(,lL . , . Fol' ;Ill," g'in'lI ]JI'I'iod or 
Ill':lI-ln':l11111'1I1 Ih.. :l1"!,;I 1>('111'('('11 fill' Iwo ('IIITl'" l';tll Ill' I'\'~al'{lt'd ,,;; nil' "1.011(' 
or IWnt {lnlllaj.!\'," " 

• • * * ~ * * 
:1, •• ' ill IIH' 1'I11Ig-" of 11111 i,;1111'(, ('(11111'111, :;;-)'; 10 lV,;, I ltc' lIP]!l'l' nllil Il)wl'l" lJuun!i

al"ip;; of 01\' d:J ilIa;!\' %(jIlP ('ould hI' dp;;IIf'd ill Iltl' fOl'm III.' 1itl' two ('fllI:l I i()n~: 11['1]1('1', 
I, ('.. nil ;!C'l'lIlin:lt'inn: 0=1:)0';;-:;'" log',., I -1:1's, IOI!,,, III: 1()\\'('I". i. (", stnrt of 
(lalll:lg!': O=·l:!:!'O- 0·4 1",~,,, 1-,!:\·S'><!O[J ... lII, \\'hl'l'l' 0 i); I Ill' tpllIl)L'l'nl\1l"l' in DC" 
I i" i'ltl' timp of pxpo:;UI"P ill TIlillllf.(''; ('OI'I'P(,(P(] to :dlo\\' fOI" thr tillll' i':lkpli to 
I'PIlch Uti:; \('illll(>r:ltlll'P), 11/ i~ f'lIP 'i IllOi;;tlll'P ('Ollh'ill' 01' I'ltt' IYhpnL Thei;r 
(Ofjl1:1I'ionl' lll,]!I.\' to tltt' r;111!!(' ,., lIIil1l1t(';; to ]J(j lIlilllll!'o-: filHl :ll'(' ,!!iW'Jl lWeHU!ip 
11ll',\' IJ1:1Y]loKl'ibl.l' he or ntllJ(' ill ('Ollll('xinll with th!' ('ollllitiOIl;; ill (,Olllllwn'ial 
illTl'I''', 

• 
.t, TTrat (>:\(,I'(l'd if" dl'::;fl'lldin' action on t1H' germillation capa('ity 

of wh(>a.(: of 1\ gin'lI l\I11i,,(lll'P ('011 t(>11 f- on!' :t 1'('laf'in1ly sho!'t tempel'
atll J'C r:lllgl', This I'n IIge fol' (he GO l\l illUfl' hpat-tTPa hnent curves 
cxtend ill!! fl'olll ";-;bll'f' of d lllllagp" (0 "II iJ gPI'I11 inn tion" 1'('111:1 inecl abollt 
('11(' Ram(' in llHlg'llitucl(, (H') fo J~O), bill' difT('l'(:,d in its position on the 
fPllIpPl'nhll'e seale 1'01' wheat of p:l('ll IlJOist 111'(' (!ontNIL lTtIf'chins611 
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referred to this nnlTO"? critical temperature range as being about 9° C. 
(Hutchinson etaZ. 34). 

Although the excellent researches of ,Vnggoner and of Hutchinson 
have not, been concerned ,yith rice, they haTe been cited for the follow
ing reasons: (1.) They illustrate the kind of research that needed to be 
undertaken with rice; (2) thcy have sel"Yed as patterns in planning the 
rice research described in this bulletin; and (3) the~' haye resulted in 
the acclunulatioll of extensiw data on the pll'ects of hc:tt treatmcnt 011 
the germination capacitic; of radish and ",he;lt sped, which arc likely 
to have mllch in ('ommon with 010se ;l('clIJ11u1:ttec1 fOl' ricc, in spite of 
the chemical, structuml. and physiological <1ilYercnccsin the kinds of 
seeds and in spite of cliffcI'enccs ill the experimental procedllres. 

EXPERIl\iENTAL l\'IATERIALS AND PROCEDURES 

.~\'ll t·he riel' LlsC'c1 in the H)50, 1!J51, and l!J;i~ l'Xlwj'illlC'nts was gl'own 
in the vici1lity of Crowlpy, Ln. Ynrieti0s, gmin types) (1.ttes of harvest, 
alld other information al'p giwn in table 1. 

T.\BLl<: l.~Dat{( on 1'{(l'idil'8 of rOllf/1i j';rr' 1{8Nl in h('{(t~tJwd/lu'J/t 
("/·l'l'l'illl('nts. Ifj:)()-i;,! 

.......- ..- .... -q........---"-~-- ~ 


----~--. - - .--- -'-'~""- ... ---
Dnlp comhilwel and ::\loistII rC' i Lot 

'{pur and \'aripty ( ;rn.ill tyJ)P ]H'at ( r('n.tl1l{,llt" ('onl<'llt of dpsip;nntion 
,;Iartf'd ricp I (SRBLl 2 

[.9";0 

H('I. (iJ··2fi 12 
IlpX(lr(L •. 

:\[PriiIlIlL .. 
LOllP; 

~pp!. 2R 
0(,(' 2 

~ -" -,.---
Pacl'lzi 

?- I_,J. 

2·1. :3 
3,1 BR2. 
In 

Zenilh. 
R(>x()fo _ • _ • _ •• _ 

:\[pdiIlIlL._ 
LOllp;•.•.•. _. 

0('1. ;; - - -~ '" .... 
O('t. lfi .._________ 

21. ;; 
2,1. 9 

Z2. 
H3. 

/.9':;1 

BhlPIH)llll!'L __ •. 
Do 

Hpl. 0[- 2;) 12_ 

LOllg' 
rio .. , 

:\1 ('<Iilln\. ... , 

H{'pt. 7 -~ ........ -.,.- ... -! 

Ort. 2. -_._--------
Or! . R 

-~.--------

2.). 2 
17.9 
ID. R 

BBl. 
HIl;i. 
34 B H23, 

19:) ! 

BIII!'lJonllPi _ '. _. 
CNltllry ;')2. ____ 

I.ollp; -~ ... -. - - ~ 

- do_______ (3) 
Nppt. an -_. 

21. (j 
11'. 2 

BIlIO. 
C2. 

~ -.---~-'". 

1 At: tilllP til(> lir,;t :<1l111plps \W'I'{' tal,PH for Jr!'al trpatlll{'llt, lI><uallr 11(1 :.; hOIll:s 
I'r01l1 tilll!' of {'omili Ili liP;, \1'1'1: IJrll"il", . 

"SmHIH'1'1l Rp.!.dollal H('I"l'al'eh Lalioratol',\'. 
3C()llIiJill('(i :-;ept. 9; hl'H t (),(,,\ tnlen Is sl H1'1 ('(1 :-;('pL 11. 

To nSSUl'e ]>l'oxinlity to a, supply of frp;.:111y ('olllbinrd rOllgh rice 
(paddy) of known hi~tol''y, 11pat-tl'pntn1Pnt appnl'HhlS wn~ spt' up ('tleh 
season in OIW of til(' llllildinp:s o'f tllC' niee J~xpl'l'inlC'nt Shtf:ion in 
Cl'O\ylt'y. FSlIally it: was possiblp to obtnill a bal'l'pl 01' f'\\'o of l'iee 
il'om the hoppPI' of II I.'ie(' en l't wif It i n 1 ('0 ;lltollrf; of ('om hi n i ll~. '?\[ore 
attcntioll was ~in'n hJ splpcting n lot: of l'iel' 01' the hi~llPst'll1oist:llre 

• 
.' 

• 


• 

content u\'nil;lblt' Illnn to ('hoo!'ing it lot of it SlH.'(·ifi(' ral'ic'lT (tl'OSS 
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debris, such as eticks, strn;w, grasshoppers, and weed seed, was removed 
by hanel. Ko meclHlnical cleaning of the rough rice was attenlpted 
in 1950 and IV:;1, but one lot was mechanically cleaned in IV52., As 
soon as a sufficient quantity of a. given Jot of rice had been cleaned, 
100 to 150 heat-resistant glass test tubes, 1G by 150 mm., were tightly 
packed "with rie-e by jarring the butts agaillst tIle p:t1m of the hand. 
These filled and stoppered test tubes were promptly snbjeeted to heat 
treatment. 

,Yhile the tec;t tubps were being filled, moisture determinations were 
bein/! made on 11\'e ,yell-mixed portions of tIle bulk lot o·f cleaned rice. 
Their tlvera!!e moistll1'e content was recorded as that of the rice being 
tubed. On cOlllpletioll of the dispPllsing, the remainder of the rice 
was spretld in layers to air-dry. It wa" frequently 111ixP(l fwd ('heeked 
for moisture ('ontent. Ea('h time tIll' moisture content of the lot 
dropped about :2 pereent, a number of test tubes were filled with this 
l:ice tllld heat-trented. This procedure pel'mittpd t1 serips of ex
periments to be run 'with batches of rice of successively lower 
nntllrtll-llIoistUl'p contents ori!!inntill!! '/'rom the same combined lot. 

• 

\\Then the weather was ,ntrl;l and dry, a 2-peL'cent drop in moistnre 
('ontent sOlllPl"illles (leclIlTed in 2 Oi" B hours, whereas during hmuicl 
wpathpr it mi!!IIl'lw (kl:twrl sPH'ral dnrs or nnl"il tlwl'P was a decrease 
in the 1'elaJi\'~ humidity.' ,Vitll I"h(1 '/'ol'mel' ('ol1(lil-iol1 it was sometimes 
necessflry to hoM a bateh of I'iee in a closed ("ontainel' until it ('ould 
be treatpd. Holding 1)(,l'io<1::; 'H're usually shol't, 1 to 3 hours, and 
very rarely ex('eec1ed 2+ houl's lInl('~s the ri('(' was dry, t1mt is, 14-per
cent m(ji~tu["(' tcnh'lll OJ.' lowl'l". ~Joishll'p eOl1t(,llt" o·f 0 percent and 
lower ,,'ere obtained by (ll'."il1!! I'i('(' of llJ- to ll-]JPI'l'ent moistm'e con
tent in (lesi('('tl t'or:; 0\'('1' ('«lei Hill ('h lOl'i(i(' am1!or phosphorus pelit
oxide. The control snmplp. I'PPI'(,~l'lltnti,-p of eneh loL was always air
dried. 

NATURE OF EXPERIMENTS 

Two kinds oj' eXl)t'I'illll'llts WPI'P llIH]pdnk(,ll pnell Y('nl'. Tn OIH', till' 
tl'l1l}lt'nLtlll'P of 11P;lring and till' 11loistuI'P eOllt('nt c)r the rough rice 
\\"P1'0 thp 11ltljOJ.' Y:tl'iables and the tillle (dul':dioll) of h'('at'lllpnt was 
Ill'ld COllstant. TlI Ihp Ol"hPI', t lIP tc'lI1}lern tlll'P nIlcl l"i nl(' of tl'eatnwnt 
were the major ,-:u-iabh's alld the Illoisture coutent of the I'ice ,,-as held 
('oustant. 

• 

In the.exppl'illlents with (PIIlPPI"ai"UI'P nnd moistlll'P coutent as vari
ables. l.mtchps of l'oll!!h riel' 'fl'om thp ~an1P ('ol1lhinp(11ot" lnd- of clill'el'
enr Jl1()i~tul'l' (:IIJlf:l'lllS ,,-ere ;;epamh'ly dispPIlHe(l, and 10 to 14 test 
tubl's of ('aell WPI'(' SlIIJIlIPI'!!('d alld IIpa,[-ll'pafp(( '1'01' ao ll1illlltpS atlel' 
t'lIP I'i('(' 1'(':I('I1('d Ihe {(,Ill])(:ratlll'p 01' tll(' balh, A BO-millute heat'in/; 
]l(,l'io<1 was Bplr/'tNI "1'01' 1liOSt of t·h(' exp(ll'inll'llf";; be(,:llIse it a pproal"hpd 
Ilw (illle l'ollgh rice is expm:pd. 10 hi!!h tC'lllpel'nllll'ps ill eOIl1I11Pl'eial 
dl'i('l's. ~('ff; of 10 to 14 (pst fubes 01' l'Ollgh ri(,c of the ;;:lII1P moisture 
(,OlltPllt and fl'OIll the salllP init'ial batch'of I'ic(' were eaeh hcated"at 
eli fl'prPllt:. j'Plllppl'atII J"('S. 

111 lin' expl'l'illll'lI!S with t('1I11lPl':dlll'P nlld finlP :Hi ,'nriahl('s, baskl:'is 
of IilINI, stoPP(lI'P<\ tN;!" t\lllps cOlltaillillg I'il'(' 01' t hl' sa III(' moisture eOIl
tent alld '1'1'0111 tll(' sHill(' illitinl balt-h of I·j('t' \\'('1'(' SlIbllll'l'!!t'd ill:1. wat·pl' 
oath at: a gi'-PII I'PIII\>Pl'a( 1I1'1'. ,\flpl' tll(' ('OIIll'llls of t lIP 'Ipsf II/ill'S htHl 
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reached the temperilture of the bath, 3 to 10 test tubes were withdrtwm 
every 10 minutc;s for periods of 60 to 120 minutes. This procedllre 
was 'repeated for each of 4 temperatures spaced at 50 intervals in 1950 
and 1951 and for each of 7 temperatul'es spaced at 3 0 intervals in 1952. 

In all experiments -whenever a set of completely submerged test 
tubes was removed from a giyen bath, the surfaces of the test tubes 
were quickly dried :llld the contents -were composited in a small ab
sorbent paper tray consisting of four thicknesses of paper toweling. 
Rice from leakv test tubes and from te~t tubes filted with thermo
couples ,vas discarded. A moisture determinaUon \yas made when the 
composited sample ,yeighed 75 gm. or more (contcnts of 8 to 14 test 
tubes). It WfiS made ,y,thin :2 1-0 5 minutes of emptying the test tubes, 
depending upon the number of test tnbes lind the loeaHon of j-he mois
ture tester. Immediatelv after tlle moisture determination was made, 
the rice was sprenc1 in tile tray and plncecl in ':1 sheltered location to 

-air-dry at the ]1reyailing atmospheric temperature, ,Yhen dl.'y-14
percent moisture contcn1- or lower-the rice ,yas emptied :from the tray 
into a small coded paper hag. 

At the conclusion o:f the. lil'hl work each season these bags of treated 
samples and controls ,,'ere :fonml'c1ed to the Southern Regional Re
search Laborfitory, l\l'W Orleans, La" tmel storrcl at 2,~0_2(jO 0. Ger
mination tests ,Yel'e l'1I11 on eneh Sflmp 1r S. IG, 2·k and 32 weeks after the 
clate of treatment. . 

DETERMINATION OF lHOISTU1U~ CONTENT 

The moisture ('onteni' of the l'ough rice in Ill(' range of 10 to gO 
percent was c1etel'lnined \\,itll n S1:einli1'r :Jroi~tuJ'(, T('~1-PJ':J This i11
strumentwns conwnient to use in the fi(>1<l and was ('alihrntecl ench 
season aga inst the {ort'ecl-clrn ft oYen ml'tll!)(l 1'01' (H'pl'm ining thr 
moisture coni'elltin the higher rnnge, Samplc's helirYl'rl to contain 
less thnn 10, pCl'crnt of moisture \\'Pre srnlpd in 1pst t11bes and returned 
to the Soutlwrn Regional Hp~e[\r('h Lnbol'utol'Y, "'here their respec
tive Illoistln'e t'oMents 'Wl'e determined by a forcrcl-cll'aft o\'cn method, 
In this mdhoc1lhe samples \\'er(> hra1:('(i at 101 0 C, {ot' Hi homs in tl 

:forced-chaft o\'en, re\Yrighecl, ancl tl](' loss ill weight WlIS ca1clllated ns 
moisture content on nlr ,,'pt bnsi~. Snmplr~ 01' 10- toI2-ppl't'ent 
moisture content ,yen: sometimes similarly checked, Allm01sturB 
contents \\'ere l'rpol'teel on a wpi: basis and 011 c\C'nn('(l 8('('(1. 

DETERMINATION OF IUCE TEMPERATURE DUIUNG HEAT 
TREATMENT 

The temperntlll.'(' of tlll' rough I'icl' in flIt' elosl'<l {('si jubC's nncllhl' 
thne t:l.ken for it to l'PHc'h the !rlllpl'ratlln' of the bath \\,('I'P cl('terlllilled 
by means of thcI'I1l0C'0uples. 111 c:tell of two tpst tubrs 1)('1' batll an 
jl'OI1-const:mtnn thermocouple was pushed ('('n1Tall), in1'o the packed 
rICe for 1 to 11/2 il1cll('s, Each fllC'I'11l0l'ollplc lead extl'lll1rd above the 
water through a long glnss tube', which was Jilted into tt rubber stop

• 'rll(' mention of 1:1':1[1(> !)I'oc1l1ds 01' ('olllJ1f1ni(>s [lops not illlply that they nrc 
('11(101':;('d hy nIl' p, ~, TlP]JIII'tllH'lIt' oj' l\;":I'i('lIlllln' 01'(>1' :;illlilnl' ]ll'o(lll('l,:; or eOIll 

• 

• 


•

]Hll1it'H not 111(>111 iOllt'l1, 
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per. Leads from the test tubes in the different baths were connected 
to a mUltiple switch and tIlls, in turn, to a potentiometer. 
Potentiometer readings ,yere cOllverted to temperature readings by 
Ineans of a chart. 

WATER BATHS 

AU the water batlls were of homemade constrllcHon. Nine plain 
cylindrica,l heat-reRistant jars, 12 by 12 inches, ,yere each insulated, 
sides and bottom, '1'ilh one-fonrth-iuch sheet asbestos. They were 
placed on one-half-inell insulation bO:1l'd on n. specially constructed 
combination platforl1J and rack. Accessory equipment compactly 
tu:ranged at the back of each bath consisted o:f :t relay, mounting 
bracket, two f1exible immersion heaters, a bimetn11ic thermoregulator, 
a thel'l110metel', and a stirrer ,yith pulley mounted at the top of its 
shaft. Stirrer pulleys connected in series to a speed-redncer pulley 
and ell'iv-en by an electric motor permitted uniform and 00ntinuous 
agitation of the \~-atel' in all brlths, A set of six water baths is shown 
in Iigure 1. 

• 

F1GL;nE I.-A St'riC3 of the \"111'1" hath,. uord in the heat II"('all1lent or rough rice. 

Test tubcs of ],1(,(> tn 1Jl' sllb11lcrg-ec1 wcre plal'ed in lest-tube baskets 
oJ nOllc()l'I'{)~in> \"il'e, each of whil'h was pl'oYided with an elongated 
hook :for nthtdlll1Cnt to the edge of thp bath. Each balh was almost 
coYc!'ed dUl·jllg OPC1'htion by a olw-·fol1l'th-inch compl'c:ssed-bonrd 
eove1'. 

DETERMINATION OF PRESSURES IN STOPP.ERED TUBES 

• 
Simultaneonsly w.itl1 each heat-treatment experiment in 1052 mano

metric measlIremellt·s we!'e' made of the tohtl prcssUl'es clen'loped in 
a test tube 01' rough 1'1('(' in cach bath. The !ll'essllrC-l11eHslll'ing device 
('onsisj'ed of Hll 0pl'lI-end I1IHllOllletel', on(' end of ",h ieh wus Iitted into 
a rice-filled t('st hlhe b\ 111(':111;, of a l'llbber stoppel'. Eneh m:lnometel' 
was equipped with t1 nll'l'eurj' l'e~elT(jir and a leveling t.ube, which 
perm itted :1 constant yolulIIC 1'0 be mn intninecl during :1 heating 
expel' jille n t. 

A typical experiment consisted .in filling the test tube carefully, 
tightJy packing the rice, fitting the lnanometm' in the test tube by 
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means of the rubber stopper, and then submerging the test tube in • 
the water bath. J usi prior to submergence of the test tube, howeyel', .' 
the mercury leveling tube was adjusted to bring the enclosed system 
to constant volume, and the initial pressure was recorded. Dudng 
the courSe o:f an experiment in which 8 minutes were allowed fol' the 
test lube and contellt::; to attain the tempprature of the Im(-h and :10 
minutes fol' the actioll of heat of a given temperatme, the nlallOlneter 

- WflS open to the rice at all tilllPS, and was adjusted so as to maintain 
a constant volume in the enclosed system. The tobJ pressures re
sulting f1'om the expansion of free ail' and the vnpor wel'e recorded 
every 5 minutes of the 30-minute period in terms of centimeters of 
Inercury. 

GERMINATION TESTS 

81'ed gl'l'lJ1inatioll h'S(H wel'p cOl1l1i1ete<1 by f:he nwtho(ll)l'psnibecl by 
(he Fe<lel'Hl ~eed "\.('t (:Y. 85). FOllr hlllltlrl'd HeE-ds from l'adl sample 
were germinated in replicah's of 100 behH'l'1I byers of moist paper 
to,,"elillg. They ,,-ere gl'rminatt'<l 1+ clays in the dark ill a "water
cudn.in" type gel'l11inator that ,\"as automatic:tlly and thermo
statjcnlly controlled. It was spt to opel'llte at alternating tempera
tures of :20° C. for 8 hOllrs and 3()0 for lCi hOllrs. Counts ,,"ere made 
on each sample on the 5th, 7th, lOth, and1+th days. A germinating 
seed was counted only if it had both a root and a shoot and only if 
one of these stl'uctl1l'es was at least olle-fourth inch long. Germinated .
seeds wpre disC'al'(ll'd at the time of cOllnting. 

The terl1ls "gel'mination capac'ity" and "ft'el'minntion vigor" :ll'e 

used throllp:lwllt the IHlllr!-in to n~f(>r to total germination ana rn.tc 

of germination, l'l'speet:i\'l'ly" 


HEAT·TUEATlVIENT EXPEIUl\IENTS IN 1950 

The investigafiolls i.n l!);iO wer(' stal'!ec1 withollt ;l priori knowlpclge 

of the efreds of heat Oil the \"iabilitv of I'ollgh I'i('(' \\'h(,11 hpa!- \\"itS 

applied according to the expel'imentti.l cOllditl(lIIs <IN;cl'ibed. HenC'c, 

in the experiments in which temperature and moisture content were 

the majol' variables, all samples were heat-treatec1 in 5° steps, al'hi

h'arily selected, over a range of '.1:5° to 75° C. Similarly, in the expel'i

Inents in which temperatllre and time of hpatillg were the Imljor 

variables, t:empel'ature~ of ;10°, el5°, GO°, and 55° were also arbitrn1.'ily 

selected. 


Three \'arie!:ies of "ice wen' lIsC'd ill chI' expcl'ill1ents-Sel. (if~2fi-H, 

Hexol'(), alld Zellith (htbll' 1). Sel. GI-:ni-B i::; a \':lrip(,y de\"clopec1 

at: (he 11ice Expel'inH~lIt ~tat:ioll, Crowley, La. (.Joc1on and De La 

HOllssaye B8).


Dnta, from representative experimen(-s al'e given in (-ables 2-fl. 1'he 
PCI'C'l'lItagps of s('l'(I gCl'lIlillating :I.I'C given only for Sfllllplcs tested 
32 weeks from the dal-c of heat h'pahnellt. Onc reason {Ol' this p:ll'ti:ll 
presentatjon oJ c1ntn is (-hnt no appreciable di Il'erences \\'ere observe,. 
in the germinatioll capacities or seed between the 8- and 32-\\'c:, 
peri ods of sto mge (2+°-26 ° 0.). 
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.. 'P<A.BLE 2.-Gel·mination of 1'ougk rice altel' lwat t'J'catment at ditfe/'ent 
i.. '•.•.-

,,' , ,'~ 
. tempel'atUI'C8: 1950 

SEL. 6T-25-12 

MoiRlurf.· IDUl"ution 'co I 1'-0 I ~oo I ~~o noo 
conti'nt ; of hput.: '. n-! ,.~ I ;J. I .)~ 


(pPl"e('nt) tl"!'atlll('nt, trol c., (. I C. c. 

---:--·--i-------·-- . 

Per- Per- P,'r- IPer
celli cent Icelli, Ct'll/. 

o ! 0 0 0 

8g 1 ~ ____ ~_i _____ ~ 
---S7T---g- g g. 

8!i' 1 0 0 
1)0 82 1 0 
90 77 0 0 
89 86 70 0 
89 87 39 0 
\)2 88 83 0 
90 88 71 0 
85 87 87 90 
85 87 87 I 8-10 
85 81 88 85i 

86 S7 87 \ 88 

HEXOH.O 1 

I8.1 79 62 02.J.3_______ ,{ 30 J} I{ 86 
I I 

090 
::.t,60 . 88 88 8G 57 0 0 

18.6_______ :{ 80 { 89 92 89 87 8(i , 0 
~,} 85 IGO 89 88 89 8!1 73 0 

J3.2 _______ ]{ 30 !} { 89 88 90 91 89 0 
GO 85 89 87 87 Sri I 88 7G , 0 . 0' 

J]. L ______i{ 30 :} 87 87 88 l 88 t 
60 91 /{ 90 ---~~-l 88 l---~~-l 0 ,.I' I -=-~l 80 

ZEXITH 
'" 

:~ 

2 I.5 ___ ~___ 30 
! 

90 92 92 92 85 33 0 0 
" 

lG.3_______ 30 92 I 85 1)3 1)1 91 92 36 0 
10.6 _______ 30 j 93 ! 91 92 92 02 I 84. 78 0 

.~ 

--_... 

, 
j 

>~lIJot IU. 

• 
-.~-::.; 

,~ 

'J 
" ."/ 

~ 
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TABLE 3.-jJloisl'!t7'e contents of .8el. OI-f35-1B rough 1'icp. S to 5 'minutes 
. aitel' heat treatm.ent at different te1np(J'~'ature8, 19.50 " •., 

TAllL}: -L-Ol' )'/1/ illatioll of 1"(',1'01'0 I /'0 Il[!h Uf'l' II/h'/" hl'rd 1)'Nt!1I1f!n t 
fol' ditt('f'ent periorlN of time, .1950 

-"-- -~~- ".. -.~ ~- -----.-- .~-. -------_. -~...----~-

Tcmp~ratlll'p •of COIl- 10 20 30 40 50 Go 90 l20 
treatmcut trol III ill. Illin. mi 11. min. llIin. min. mi Il. min.
(0 C.) 


PC1'- p( r- fJu'- P,/,- /'( r- I'cl'- I>rr- Per- PI'r-
c('/I./ C( III cot! CUll CI'1I1 CIII/ celli c(,lIl cent 

40__ •_______ 05 O;i (1;) \)·1 n·1 f)·1 93 93 n845 ___________ 
50___________ nij n2 !J·I 9·1 !)(j 03 91 !).) 

!J·I !J-I 02 0·[ 93 08 n;) n·1 ,S-(55______ .. _'"'_~ --. . 0·1 08 !JI no !J2 n8 ss 85_._--_ ..... -- -
ILot, Ra. 

TABLE G.-Eller't of t illll' (dllmtioJl) oj h('{(t t rea/ment at iF)" O. on 

the flel'1/1illatioll of Nld'oro 1 /'ough "icc a/Ic)' 5, 7, lO, and J.~, days.

1950 


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


Duration of IH'n.t trcatnwnt ij daYl< 7 day.: I () d:ly,~ 1·1. cbtYl< Total(miuute;;) 

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

1>1'1'('( nl p( "'1"/11 "('(('{1I1 1'('1'1"'11./ Pel'l'l'III 

ControL~ III 1 ()
.> H.J 
10~ .. 75 16 2 I B.J 
20~. oX 21 ·1 0 \)830__ . (j·1 ItI Ii 2 UI'W•.. _ H:3 2:3 3 I no
50. ,16 an !J I !l2 •60•. i)1 :];i 5 2 03no._ 40 :{7 10 88120__ . 87 an 10 2 85 
--"""<"---.~ ....... 


II,ot R:3. 
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TEl\'IPERATURE AND MOISTURE·CONTENT VARIABLES 

TabJe 2 shows that as the moisture content in rice decreases its re
sistance- to the dpstl'lIctiw action of heat increases. In rough rice of 
25- to 2G-percent moistnre content. viability was completely destToyed 
in 30 minutes at (lO° C. ~\t :~.5- to '7A-pen'ent moistllre content, there 
"-as no indieation that gc>l'mination C'ilpacity (totalg-el'millation) had 
been signifieantlv alreefed e\'en utti:'l" (jO minutes at7:i°. 

Saml)les with ':Ui- to :U":-peJ:cent moistlll.·(> contellt l'xhibited slightly 
Jess gel'l1Iillatioll "igor (rate of !!cnnination I thnHIg'llOU! the stnd';.
This'~loss in \'ig01' ,,:a,; not ob\'icHls hom the total ('mInts made on tlie 
Jifth day of tIl(> !.!('l'lllination test. blltit was: in(Li('ated by shorter roots 
and shools than 'tJ)()s(> possessed IJy tll(> contl'Ol. Also at I-his stage tlll' 
mots were frequelltly 1I10l'C de\-elopecl than the shoots. 

TaLle:2 flll'ilwl' sIlO\\,,, tll,).t tlw range on'I' \\'hi('h 11(>:\1- exel'ts its de
sb'udin' ndion on I'i('e of a gi"clJ moistlll'C' cOlltent- dm'illg exposllrcs of 
:}() Hl1(l GI) lllinutes is a nano\\' one-about ,')"_1:2° C, This range re
mains aboll!' the SHII1P, iJul its position tlill'el's 011 the tempel'atul'cscale 

• 

for I'i('(' of ('neh Illoistm'e content. 
SeI. GI-::!;i-l:!, U('XOl'o. and Zenith Ot ('olTl'spouclinl! moistllre ('on

tents d ispl:lyc'd a bout thl' sa nl(> dt'grl't' of I'Psistn Il('e to heat. They may 
<Ii fl'('l' in their l'l'sistalH'e to hpat. but l'hl'sC' l'xl)(>rilllelJis :Ire not cOllsicl
('red adrql1ale to estaltlj;.·h this val·i,tble. ~[OI'l'O"(>I'. soil and other ,
('lwil'OnlJlental nU'inblps wel'l' lJot pstablislte<l. Th(' ;wed of each -" 

! 
Ya riety was I acki II!! sl igl! t h' ill un i 1'01'111 it\' as shown br the !.!el'llIi nation 
tests/'en' illdi"idll;tl s,ll11pl'es of the nir-cil'i(>cl ('ontl'ois. A number of 
t('st,..: were Jlw<1l' on the ail'-ill'ierL contl'ols at int('l'\-als of H. Hi, :2-1-. and 
:5:2 weeks. Thp ,·inbility eOllnt- (pel'('(>ntage's) 1'01' He'I. fiI-:2;i-1:2 tor 
these intel'\'nls a,'emgetl ~8.7. HR.H. ~iL'i. and HU.a. 1'l's\)petively: foJ' 
TIl'XOI'O 8:~.H, Kii.-l, til. I. lllld Si.7: nnd fOl' Z(,l1ith DO, D:2.6, 92.7, and 

• 

fJ Hi. 
StoPIWI'ing- tl1(> t('st tuhes o-f' rice J'l'Clut'(>(l ll1oishll'(> lossl's dUJ'ing the 

period of henting. :\foistlll'P c'ontC'nl-s of ,;('\'PI':ll samples of Sel. 
(:[-:2:i-12 (h'rPI'1l1illC'(1 "hOl'th' II ftPl'lIPal I l'paflll(,llt :tl'(' !!iYen in tnble =3-
Thp data aI'(' typ i('a I () r ! hm.;;' !lhhl iIWrl th l'(lugiloll I I h{' s(·nson. Gn'a test 
lossps (W('Url'pel fl'f)lIl Ihos(' 1'alllpl('s that ol'igin:! 11." llad Ih£> highpst
IIlOi:-.;fIIl'P ('(JlltPllt''"' nud also FI'OIll Ihmil' thnt hnd I)('('n l'XPO;;(·c] to tile 
h ighpsi t Pill pPI·afuI'Ps. TIll' g'l'{':\ tpst In:,s unclolllJt pelly O('('IIl'l'l'c1 when 
till' wn1'1ll rlcC' W:I::: l'xp()s('[l to !11I' :dnl():,pIH·I'!'. l'sHall.\' =j to;'i millutes 
C'lap:wd dUl'in,g tilp (,Illptying. luixing. \\'PIg'hill!.!'. and 1ll0i"ttll'l' mete I' 
I'padillg of a SHlllpll'. .\" Illi_~'lrt ill' ('xjJ('('jed ;-;nnlplps initin.lly ('ontain
ing from a.ii to ;~.~ 1>(,1'('(>lIt of ll1ois[III'(' IO!:it "{'I'Y littl{'. i I' ally, moisture 
dlll·jng this pC'l·iod. The llloishll'e-('onlC'nt ,-alllt's rpc'ol'dl'd aftel' heat 
trea t-ment SeIT(' Oil I\' t'o !:illo\\' th:! t t lrel'C' ('mild not ha rc' b(,pn m ueh 
c'hnngt' in moisture' '{'olltpnt of the rice ill the t("sf: tllbC's dlll'ing heat 
tl'(>ntlllenL TIH'Y do nol- 1'(,(]pC'1 tllP 11] 0 i;-;I. II 1'(' p(Jllilibl'iull1 conditiolls 
wi I hill tlw elo."(>(l Ipst IIII IPS. t hI' "it I'ill t i OilS ill PI'(,."SIII'('. anet :-Hlch eha ngl's 
as t-iH' redi"trihution of til(> llloist Ul'l' within tI u'iwlI sped and behrePII 
seNls in rhp lIlass. ' 

TEJUPEHATURE AND TlME VARIABLES 

,VIIPII sarnp\t's of H£>xol'o of :H.!l·perc'('llt Illoist 111'(' NJllt('1If "'(>I'e heat - ; 

tl'catPd TOt· p(>I'iod~ of LO to 1:20 nlinlltt'R. t\rc'y all ('xl1ibit'('(\ niJont the ; 
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same germination capacity except the two samples beat-treated for 120 
minutes at; 50° aml 55° C., respectively. Tab]e 4: indicate.(J that 10 to • 
120 minutes of heating at 40°. 45°, 50°, and 55°, with the exceptions 
J10ted, did not affect the germination cnpacity of the rice. 

However, on the basis of germination vigor, hent damage waS moro 
extensive thnn is sho\\"n in table 4. A11 snmpies hent-treated at 55° C. 
were retarded in their rnte of germination (table 5). One sample of 
the Jot heat-treated for 120 minutes at 50° also exhibited a germination 
1a!!. 

'Data. similar to those !riven in tnb1es 4: a.nd 5 'were nlso obtained with 
Zenith (lot Z3) and Hexoro (lot H5) nt moisture contents of 16 and 
21.H percent, respectively. The highest: temper1ltllre, 5:;° C., used in I'll(' 
U)im time-temperat1lre stlHlies bl'01Ight abollt some impairnwnt of til(' 
germination vigor (table 5), particularly in the samples exposed for 
!)O nncl120 minllteR. In general. thp tt'eiltN1 samples on testing did 
not satisfactorily illustrate a. progl'pssive dl'crl'asein germination 
capacity withincrensing temperature and time of tt'eatment (table 4). 
They did illustTaj'p thnt ri('l' of :1 !!i\'plI nloi"llIrp ('onl('nt' ('ould with
stan'd prolonged heating (to 12h minlltes) at some temperahu'es 
withOllt Joss in germination ca.pacil'y and even without loss in germi
nation vigor, 'filey 1'111'11)('1' illuRITatcd that lo"s of gennination \'ig'or 
is :t more sensilive IIwasure of hpnt dama!!l' n1:1n loss of !!ermination 
capacity. In othpl' words. decreasps in 'germination YigOl' may be 
detected a l' lowel' f'Pnll)l'rat'lIres I'han c1eereaRpR i n ~el'lll ina I ion ea pa(' i I',)'. 

Additional partin1 cOllfirmntion of the !ime-telllperahlrc clat.a are 
contained in ·table 2, In Ihis table it is e\'iden!: tllnt a GO-minute • 
heat-treatment period diel not exed: any greatel' c\efTimpnhtl aeti\·ity 
on germination capiH:ity than a ;}O-nlinute period excppt when the 
expoSllre was al' a l'l'llIpel':ltllre Ihat fpII within Ihe Il:U'I'O\\' rallgc' 
c1nmagin~ to rice of n gi\'(~n moistllre content. 

HEAT·TREATMENT EXPEIUMENTS IN 1951 

SineI.' Yerifieatioll of thp 1%Il findings wa" c1('Rired, the expel'in)('nhl 
in ID5l ·wen' simi1:u' 10 tllO"e of Ihe 1)J'('('ec.lillg year. Two major 
experiments "'en' planMd ill gl'patcr (It'tail I'll c1('mon"ITatl' the ('fl'eelR 
of l'elllpel'ahI l'l' of Iwaling on the viability of riel' of difl'er('nt moist\ll'p. 
contents and of time of' hl'atin!r 011 I'i('(' of a ~in'n moiRtlll'e eontent. 
In addition, a third experiment\nls plalllH'<l t() "how t11p en'ects of heat 
tl'eatment on the viability of ric'e of' c1ifi'eJ'('nt maturities. 

Minor ehnn~es \Y('l'('nlnc1p in thp J!)50 1)l'Oc'pdul'l''', Theinten'als 
bet·wpen tpmper:tI,ur('s of t'l'pntment \\'('1'(' decl'l'asl'tl f'l'Ont 5° to 8° O. 
Nine sampleR of e<leh bnteh of rough rice of a g-i\'en moishll'e con 1'('11 I' 
were treated insl'end of Sp\'PII as in tltp plwC'dillg yea\' (table 2), The 
overall temper:ll'lll'C' \'ange waS seleetC't\ on Ill(' basis of Ihp l1Ioi8tlll'(' 
content of the I'i('(', and fcll' Hlost blll'ehes, PXl:t'pt tll(' driest, <llllollnl'ed 
to 25°, The1'dor(', the low!'" the I1loisture l'onfpnl 01' Ihp rice, the 

• 
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higher its temperatures (25° range) of treatment, As nn illustration, 
Bluebonnet (lot BB1) with a moisture content of 25.2 percent was 
heat-treated at temperatures of 46°-70°, with 17.6 percent'at 55°-790, 
and with 10.7 percent at 61 °_85°. 

An endeavor was made to select temperatures of treatment for rice 
of each moisture content so that the lower temperatures would 110t 
have any effect on viability, whereas the higher ones "would bril1g 
about its destruction. These changes to a "sliding temperature scale" 
nnd :3° infel'vals of treat.UlPllt wel'e made in the hope that the results 
wOllld permit a closeI' approximation of the tempemtures at which 
destruction of germination (viability) just started and at which it 
was just complete. 

An test tubps of l'OII!!h rice were :lllo\\'ed 8 minutes to reaeh the 
temperature of the bad:;, It. was ohsel'Yed in following the poten
tiometer readings in the previons season's ex peri ments that the time 
for the rice in the fest tubes to reach the temperiltures of their respec
tive baths did not \':\1',)' gr'eatl,Y for the di fl'el't'nt temperatnresinvesti
gated. MOreOVl'L the germination t-est data in tables 2 and 4 indicated 
that 2 01' 3 minutes Imdel' 01' in exeess of the true time would probably 
]10t have any appre('iable ('freet on gel'minability. 

• 
Bluebonllet and Se1. 6I-?J5-12 Wl'I'e IIsed in the 11):31 experiments 

(table 1). The Bluebonnet is 011e of the early releases of the Rice
Pasturc Expel'intent Stat~oll, Beaumont, Tex., alldis referred to 
locally as the "olel style,'~ Table 1 does not list the smnlllots of rough 
riee lisel1 in the mntul'it,r study, They \\'('1'(' hand-h:~rvested frol11 
September lS·thl'ough Odober n. Two large bUlldlt's of gr'a in were 
Cllt from the same field plot each day bef""wPC'n 7: Hi and H: 15 a, m. 
Six to eight pounds of rice were promptly stripped from the panicles. 
SlIrfa('p moistllrt', wheli presl'llt. wns rpmoved by ('\"a poration. The 
rough rice was spread in shallow layel's in trays with wire-screen bot
tOI11:; and illlowpd to ail'-(lr',\' ,,-iih fl'equPllt- tlll'nillg. As soon as the 
surface 1ll0iStlll'(> had disappeared and the riee W:lS "fl'ee flowing." it 
was tubed and heat-tl'eated, The bllndles of I'ice (,lit on Sepf"ember 
18-28 \\'PI't' hom a floo<l(>{] field. Draillll!!p started the 28th, bllt the 
seledNI plot rpmained lllu(hly t-o slightly nlllddy through Odober 2. 
On O('I"<)bcl' :3-() fhp soil was still damp bllt fil'ln, 

~[Oistl"'f' ('ontellts of til(' difl'el'{'nt :;:tlllples 01' l'Olll-dl rice, tintPS and 
h'Il1I>PI'ai:tIl'p:; of hpat tl'ent n1Pnt. and g('rlllination test data for the 
11)51 pxpcrinlcnts al'C gi,-en .in tables (i-II. 

TEMPERATUItE AND MOISTURE-CONTENT VARIABLES 

The 1>pI'C'enhlges of Blllebonnet: rough I'iec W'l'millating 8, 16, 24, 
and a2 \\'('('ks ai't('I' heat tT('atmpnt a 1'(' giV('1l ill talJIl' G. Dahl are not 
l'e('OI'(]('(I 1'01.' all flIP :;1I111]>lps il'l'ntpcl nt: tIle higlll'1' tplllpl'l'ntllJ'es tlmt-. 
showpd ZPJ'O !!PI'lllill:ttioll, Till' nll'iatiol1s ill tll(, l'eslIlt-s follow thc 
tl'ends obtaill('dill I!lil() fOl' simil:II' f1xl)('r'irnPllts, 

• 
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TABLE 6.-Germination of Bl~lebonllet 1. 1'ough ?'ice 8, 16, e4, and 32 'tl'ec1.:s afte?' heat treatment for 30 mimttes ai', 
different tcm,pcmcwJ'cs, 1951 

'~" 8 WggKS 
(') 

:'[oiMurc ~: 
(');contcnt: ControlL60 0.1400 o.!, 52° C.15~0 c.1580 C. ~IO C. 64° C. 07° C.170° C.I73° c.176° C.1700 C.182° 0.185° 0.18'8° C. 

(pC'r('cnO I 'I , ~ . , ,~,- ~-, -'--)---:----I'---: ---1:---:---,---j--- ~ 
Per· J>rr Pa PI'r- I'rr- PN- Prr-' Prr- Pcr- Per- I Per- Pcr- I Per- Pcr- Per- ~,Perrent rrnl, cent ('cnl I'/,II! ('('~! ('('III ('rn! I r('nl ('rnl rent I crnt , cent I cent cent cent l"l25.2 ______ • __ 8.1 uo S·l 75 7·\ ;,·1, < I 0, , '~i "I" I 

23.·1. __ ... ' 8!1 S!l 7!1 71 1- I" 'I' - , 'I' ,~~'J -7 1 1'1 () I, I 

20.3. __ _ R8 i 87 7S 7'2 73 18 () I : 

17.tL ___ .~ !-'
87 80 S8 75 liS (i8 0 0 I: ....
1(i.-l. __ • 88 Sli S8 77 70 ]5 0 t>:> 
13.(\ .... so 87 8S ~ 70 0 o o '" 1I,:'L __ _ 8n SO 88 85 6" 8 o o 

~10.7 ____ ~ __ 8·1 I' ~ -~ " S8 SI 71 3U 0 ' o o n.n __ _ 87 84 SO 8 I 7'2 57 ! o o -·an------0, ?J''1 ~,~

0.3 _____ ~ .. 80 , 87 83 84 83 85 80 I 67 
t1i 
l"l.' "d' 

IG \\,I~"KS ~ 

@
25.2 ... ____ .... "' .... 1 57 ' ill88 III !JO \)0 8G 0 0 --~---!~ ...... -~ .., -----f--·---I------ -----. 
23.4 __ .. ' S6 80 SS SI 80 72 13 0 ---" ... : -~ ... - ~ 20.3 .. __ • 88 !JO 80 77 70 15 o ~ _ _ ~ =~ =: T= =:= :C:::T::::: 
.17.0 ___ ...... . 87 nl 85 87 ' 77 71 0 0 ... ~-- .. ;-- ... ""' .. -I ... -- ... --I------ ~ 

(') 
~., .... _ .. _1 ______ 1_____ _IG.4. ___ ~_ SO 87 ' no 8G 80 ' 8 0 C1 

13.G. __ ._ 8·1 00 87 88 i 72 : 0 o i" t"' 
'11.5. __ • __ .• _ 87 85 84 77 .58 , 4, o ~"o:~ ==:=:)::=::=1=:=:==10.7 _• __ . __ . _ . o ;,.. ____ ._. _____ •__ _88 83 74 , 53 o , o 
U.n_. __ .. _..... 8·1 88 S') 7H 6n ' 58 i o l"l, 

87 

7~ 1-- ~ 69 -I'" 26-l-- ---0 
~ 

G.3. __ 87 81
< -

83 , 84 80 76 
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24 WEEKS 

25.2. ___ ~ ao .88 DO 00 87 50 I o. o -., -.....-- -:. ---.-L- -- _1 __ ----' ..--. -1----- .'-----
23.4.. "- 8a 01 88 S7 SO ; 74 11 o 
20.3 _ •. sa S5 S(i . ,w (\8 ;8'> 13 
17.(.1._ •.. 86 !l0 no 8G S3 .-;~-···-==b= - - - -~-'. :=:: {:===:i~==~=i=-=:t===:=
16.-L. _. 85 DO 85 S5 78 . 8 0 . 
13.6 .... _ fiS no 8G 85 I G5; 0 .. iJ' '~ :: : ~ = : ==: : =: I::====1 =: =:== 11.5 __ .. 8fi 83 83 78· 50 (i ! 
10.7 _ ••. 87 82 S2 (in 3n 0 g ,. :'~::===::=:===:=::==:\J.n .. _ 87 87 85 81 70 03 : o 0 _ . --> .. -- __ i_____ _
0.3 ___ . 

¥ _ i _ ...... __85 . --- -j S5 I 8(j Sol 83 j 85 80 05' 27 'I 0 
.~--~ 

32 WI,I,KS 

., ..-..---..--... ~------------;----:----------;---

25.2" .. __ 85 \)0 , . I00 01 80 ·tS o ° ---.~-----,~ .. -- -,-_._"'- ;""-----J-----
23A . .•• 87 00 SO Sl5 85 R7 11 o'
20.3 .. _• 85 86 S7 8,1 fiS 15 

l7.6 _... 87 sn S3 fig- -~. -:=:o=':=~:= -~~~:: ~=:=::\====== ===~==
8n 8D
W.-L ___. ~ 80 80 . 88 87 81 fi 0 . __ •• ----J---- _____ •__ 
13.(i. • _. 8Ci \JO 8!J SS (i.J 0 0 - - - - - .. - -1' __________ _
11.5. __ • 1~5 ~ 8fi 83 70 (H SO"••• -----i .. ---- _____ _ t.':l
10.7 •••• SCi 85 7.!J 73 ·.lS 0 0 - - - . ____ j______ ,_____ _ 
(UL •• 83 83 : 82 .G.3. __ 84 8,~ . ~~ ~6 j ~~ )~ 7g-- 5riT--20-i-----oI . - • ~ ""' 

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

",""". 

~ 



'.20 TECHNICAL BULLETIN 1129, U. S. DEPT. OF AGRICULTURE 

Because more samples of rice of each mOlsture content were heat
treated in 1951 than in 1950 and at :intervals of 3° instead of 5° C., • 
germination data are available for 1 01' 2 additional samples of rice 
of each moisture content, 'which have been heat-treated for HO minutes 
within the damaging temperntlll'e range. The additional data pel"lnit 
closer approximations of thc temperatures at "'hich chHnage to via
hility just fltal'ts and itt ,,·hich it is just eompletl'. They also present 
a clearcr picture of the eftect ofhent within these temperatlll'e limita
tions. 

____.....~~..----------A. 
X 

80 D 

60 
B 

•
40 

8- WEEK TESTS II 

16- WEEK TESTS 0 

24- WEEK TESTS c 
20 32- WEEK TESTS X 

AVERAGE OF TESTS • 


o~----~------~----~~----~
50 60 70 

o
TEMPERATURE OF RICE, C. 

FIGUII~: 2.-Gl'rmination of Bluebonllet rice (lot UBl. taille 6) afr('r heat Ireutment al 

different Icmp,'ntlllrl'S for 30 minules. A, Air·drit·d ronlro!. nol. hl'al-lrt'Ule"; 13, ril'e 

l"ontaining 20.3 pNCl'nl of moislure al tht' lilll(' of hN11 In'ulnH'lIl. Valll"~ an' averages 

of germination tesls made afl.er 8, 16, 24, und 32 weeks of storage at 2,~o_26° C . 


These obsen'at-iollfi al'(, il1ustTu(-('d in figtll'l' 2 for Hllll'bonnet rice •
of 20.3-percent moistlll'e colttent A sigmoid or S-typc CLUTe is ob
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tahlecl when the percentage of rice germinating is plotted against the 
('f'mperatlll'e of treatment. The shm'p drop in the slope of the curye 
for the higher temperatures of treatment within the damaging range 
proves theIr greatei'lethtll action, Hutchinson (.'3:'3) has published tt 
similar type CIllTe de.piciing the germination capacity of wheat, of 
14-pr1'cent l1l0istl1l'e content aftt'r 3(; minutes~ heat trenhnent at (;{O_ 
j;}O C. 

As bl ;f)fiOit 'was frequcntly ob~en'ec1 thai- defTeases in germination 
"igor l'olll<llw detected at lower tell1perattll'es than could decreases in 
gl'I'lllinai-ioll capacity. This finding is illustrated by flle data in table 
7. The heat treatment of samples of Bluebonnet of 2!i.2-pereent mois
ture content for ;W minutes at temperatures of 4-0 0 and 52 0 C., re
spectively. did not ('a use a decrease in germinatioll capacity. How
e\'e1', it did cause it decrease in germination "igor for the sample 
iTeated at the higller temperahll'e. .\lso til(' greatest IORs in gennina
I:ion vigor occurred in those samples 11tn'ing the highest moisture 
('on tents. Of' course. the tempemtm'c hacl to bc within the range 
damaging for the samples. 

T.\l\u: 7.-f!:'jf('r{8 of /rmp(wtflll'f' of liNd tl'ratJII(,l1t PO minut(8) and 
o/lIIoi.<;{IlI'P Nmtent 011 t1lp germil1atioll of lJluebrml1(·t 1 l'Ol/gIL 1'ire 
a/tel'b, '7,10. ((lid 1.'1. days, If}:'!. (.JJrI-II·(,e!r germination data.) 

_____vnriabl~_____; 5 ~ay~~:~ ~la.\=-i~~~lay:; I Total 

('ol1trol 2 pcr("l'r~41 Perrl'~ IPrrrrl1/ Per('("g Perce~7 
'\'Pl1lI)(,n1tUJ't' ;0 C.j: 3 

,Hi. ,s5 ·1 I 0 90.\!). ,s!l ~ ()-.) 0 91
Q-. 2 ! 90G5 ~I ~ 
55. ,Iii :!-I (j 'J 80filL I I.'i I~ 20 4801 0 () ()0 0:\1()i~tllJ"(, (pPJ'('PJI\I;' 
~fl.2_ _ 15 1:2 20 ·182:3.·1 . __ :!:2 :21 18 G I~0.3 __ _ G7nR 11 I ; 8417.0 __ _ 

's-( :2 "0 8H°1 
'Lot· Hin. 
2 .\n.'I'agp of}{ .~(lI·lllillntinlJ IP;-;r:-". 

"~I()i:.;t IJJ'(' ('OlJlpllt :!".~ 11('1'("'111, 

., IIrll I-U'p:lII'cl at :;1{" (', 


Data ;-;il11ilnr to f"llll,..P 1'01' BlupiJOllllet in tnllll' n are 1)J'esentcd for 
Sel. 6J.-:25-El in table H, 
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TABU: 8.~Gel'mi?wtion Of Sel. Cf-;?,5-.m /'ough pice 8,10, :34, and 82wee7.'.~ aite)' ';eat t'/'eat7nent to?' 30 minutes at 

ditfel'ent tempel'atll7'(J8, 1951 


8 W·gl,KS 

.~~---:------.-..----.-...-	 .--•..-.-

Moisture 	 I !I 
conte III Oontrol I 40° C. t 152° C. , 55° C. 58° O. 61 ° O. 64° C. 67° O. 70° O. 73° 0'1760 C. I 79° C. 

(percent) I 
f' 	 I I--------- ----.----\----:------------1----·------------,--------

P(,I"CI'.!I~ ! Parent II Parenl, i Pr/wl~; PI'l"ernl, P(,1"l'('~lt PC'l"r'('!l! ,I Percent Percenl, Percenl, I Percent Percent 
10.S_._.. ______ •• IH I 84 SO I 7w 70 64 ob 5 0 0,________ ------- 
IS.2. _._. __ •. _ 81 ! __ I 81 • 77 80 75 71 I 10 0 0 '-------- -------  ....
J5.IL _•. _.... 85 _I. , .... i 87 80 81 76 70 1 0 i 0 ____ ••__ 
1-1.0. 80 78 78 75 I 73 52 0 0 -------  ~<r)I. ..\ .. --j 	 "" 
12.·1. 	 81 .. " ··_·--·1.... · . 80 78, I~ i 64 36 I <I 0 0
,IO.L 81 """' ______ \__ '''' __ j__ . 78 10 I 71 30 <1 0 0 ~ 
7.1- .. _..... 85 ----1-------- ___ •... -__ ._. .. 77 i 80 75 52 <1 0 rIiI I 	 .---------_...__._.... '''--' .. ~...- --------~-------!-- I:j 

t=i 
!U WI,BKS 	 'd 

:-:3 
I 	 1 o1!J.8 __ . _________ 1 80 I 8'~ 85 i 70 72 I 64 60 .'i 0 o i_"~ ____I________o . _______________ _]8.2_ ._. ___ ._. 81 I 70 ; 7\J 7\1 ! 73 (i5 Hl O! 

. 82 8') 1 	 o ' 0 _______ _ 
~ 

J5.6_._ --.-.----1 70 	 ~ I 7!) 78 GO .1 i fj]4.0. ________ ._.1 77 	 80 I 81 78 73 56 I
12.4 ____ • ______ : 83 	 j85 73 61J o I 0 ___ • ___ _10.1 ... _...... _. _.. _.' .... _.. .. . ....... __ . 	 SOl 82 82 74 g : g1=:======
~~ I	 I7.7 ____ ._ ...... _.j 82 	 S3 82 77 55 i <1 0 

-'-- 
t'j' 

• 
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24 'VJ~EKS 

• 	 • 0.,: 


~~. 

"" '~', 

It,\. 
~~ ~ J9.8 _____________! .t>:l 
:;!'- ~ 18.2•. ___________ , 74 64 5 <1! 	 ~g j-----~~- ~~-,- ~g I ~l -------- ._------ ._------ ~ 81 77 1, 71 22 0~1 I' 15.6_ .. --------: 83 - - - - - - -. - - __ • _.. _ 87 i 	 <1 

0,------- J-.----.- -------- 't; 
c, 14.0 _o. . _ .. _______ 84 ... ___ "_ ___ • _ _ . .. __ • _ •• _ 85 82 83 , 67 o I 0 -------- "'3 
c, I') 4 ' 	 82 80 78 72 45 o i 0 ______ ~- f/lI . -.'.. ..- --- .. - 80 

.~- .... ---- ~-- .. ---- 84 83 76 , 	 o ! 0 ______ ~-~ .010.1 __ • ____ • __ o. 	 65 ' 2880 -- ... -""- ~-- .. -.*- .~ .. --- .......... -'"'-- ... --- 80 70 69 , 28
It- 7.7 __ •.•.• __ ..... 82 77·__ ·,··------1-------- --------1----· .. · 83 72 58 I <~ -------0 '~ 
i _' 	 I 

~ 
:12 WI~EKS 

19.8___________ --' 77 78 ' 82 .'o. ·-7s~I-·-· 71 65 !- 56 	 o 1________ /_______ _18.2_ o. __________ , 77 _______ : S3 81 70 70 i15.6 .. __________ .1 	 73 o . _____ .. ,___ ._. __2~ I 8 
14.0_ . _________ .1 	 83 - - - -- - - - i - - -- -- - - 82 J 83 S I : 82 (j8 1 o 0 1_______ _ 

80 --------,.------ ___ ...•• 81 81 81 72 f 52 o 0 / .. ______ _ 12.4.• __ • ____ '_ 	 81. ______ ., __________ .. __ .. '1 78 74 78 . 	 o 0 _______ _ 10.1. .. _____ . __ .. _ 	 28 
8] /-------- --- _____ - ••. ---i------- SO 72 ' 63 I 1'7.7 ____ • __ •.. ___ . 	 76 ! 

71 i 29 <1 0 078 ____________ -- _.' ... ____ 1_ - •• - -  , 76 I 74 54 0 0 
..,..---~-- - .._- 8o.'-o.- .". _____ _ __-'--__-'--__ 

~ 
<>,t:J:j 
~ 
~ 

'~; 

...;,._", ,; -,,-'f!; . _~. .)~., •• ..;.;:.: !.~ 
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TEMPERATURE AND TIME VARIABLES 

In contrast to the ID50 experiments more extensive experimental 
evidence was obtained to show that the destruction of the germination 
capacity of rice with a given moisture content increases as the treat
ment time increases. Again this relationship was more evident ,,,hen 
the temperature of treatment was within the range damaging to rice 
of a particular moisture content. 

The percentages of Bluebonnet rough rice of I7.V-percent moisture 
content germinating 8, 16, 24:, and 32 weeks after being: heat-treated 
for periods of 10 to 120 minutes are given in table D. The elata, like 
those in blbles 6 and 8, SllOW that the ditl'erences in the germination 
percentages for the four periods aTe sligllt. They are also sufficiently 
inconsistent to suggest snmplinl! elTorS aIHl general experimental 
limitations. 

TABLE fJ.-Gel'lIIillatioJ/ of Rluebollnet 1 j'Oll,gll j'ire 8, .lG, iB4, and 32 
1l'ecJ.o.~ ajtpl' heat treatlllent fo;' cliffe/'clit jJCI'iod8 of ti1ne, 195.l 

8 \\'rJEKS 

Temperature 
j 

i 40 I ~()-I--:---:--I--l;O~ao
of treat ment I min. min.!' min. ,l1Iin. min. min.(0 C.) . 

I--  -- ~-- ---,----1---------
Pr1' Prr 1'('1' P('r- P('/'- Pr/,- Per- P('/,- Per-

5.'L ..... __ . 
50 _ ~ _... _. _ ~ 

cenl 
\15 
\)4 

('('nl 
!I:! 
H3 

rrfll 
05 
!II 

('('nl
n·\ 
83 

('rnl 
HO 
78 

('('nt 
\)2 
88 

('('111 

no 
HI 

renl 
\)3 
03 

cent 
02 
02 

G5_ 
70 __ ~ 

\14 
02 

78, 
15 

73 
0 

80 
0 

7\J 
0 

81 i 
0 ! 

70 
0 

G5 
0 

53 
0 

------~- ~---~---

,55_ •• 88 01 no !12 \13 I 88 88 80 
GO_ \l:! \l2! !H) !J.I 8il 84 83 83 
G5_ !J2 \)3 88 8i 8n 51 33
70 __ !lO 22 () o o o o 

24 wrmKf' 

55. ~ !J I 80 88 81l 8\J I 
871 87~~ i sn

GO_ \J4 88 !H) 8!l 8il l:i.) ~ 85 8,1 ! 80 
G5_ \)4 88 88 DO 83 Sl 77 GO 52
70 __ . ____ . \)1 o 0 () o 01·1 0' o

I 

55 _ .. __ .. . 1!11 (ll \l·1 () I 0:3 88 !ll, no i no 
60_.. " _ __ _ _ _ _ [' nI \)3: !J.I !J2 \J I, !) li\)O! no I 8\l 

5_5-_-_-_-_._-._-_-_.~.__~\l~I~__8~83_L:_~85_1__8_8~'~1f__~!)_0.211__~8~2_l·__7~'08~1· . 5(~» I 40
2 

70___________ 01 () 0 0 _ _ 
ILot UBri. 

• 


• 


• 

TClllpCl'ahll'cs of :J:i 0 and (jOO C. applipr\ -I'm' :\s long as J:W lllilllltl'S 

did not ail'ed the gcrmination capacity. In contrast, II tempcrature of 
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EFFECTS f)F HEAT TREATMENT ON THE VIABILITY OF RICE 25'( 

65° reduced the percentage of germinable seeds about one-half in 120 
minutes. The evidence is not conclusive for the 65° heat treatments, 
but it indicates a. gradual reduction in the percentage of germinahle 
seeds starting with the lO-minute period. 'Vhen the temperature of 
treatment was raised to 70°, the percentages of germinable seeds were 
reduced to 13-22 in ] 0111 inutes and to 0 in 20 minutes. 

A temperature of 5[)0 C. !Ippliecl for as long as 120 minutes did not 
have any effect on the germination vigor of Bluebonnet with 17.9
percent moisture content. At GO°, however, hetlt treatments for 50 
minutes lind longer did bring about a slight decrease in germination 
yigor, as indicated in table 10. Only the 32-week data are included 
beclluse those -for the other storage periods differed only in minor re
spects. AJI samples heat-treated at ()5°, except possibly the one 
exposed for only 10 minutes. p.xhibited a loss in germination vigor. 
The loss ,yas greater at this temperature the longer the period of treat
ment. Also the Pl'ogl'l'ssiYe loss of germination vigor was more ap
parent than that of germination capacity. At 70 0 the viability of 
most of the seeds '\'as destroyed in 10 minutes and completely destroyed 'i 

in 20. 

T.\IlLI' !O.-Et}',·r! 0/ till/(' (dumtion) o/lleat tl'Mtment at difle1>ent 
tell/jJel'll/III'{'S (III lite fj('l'lIIi!l(t/ioll oj IJhlf'bol1llet I rough l'ice after 5,
'r, 10, and J.i r/a.'/8, ID.l1. (·J2d-/I'('ek r/I:l'lJIillatioJl data.) 

- I, ' 

; ! 
1--->----

Dllrfltion of heat trcatmcnt 
7 cla\'" ' 10 day::; I 14 davs,' Total(minlllrs) •• '; J I 

------------------- ------ ----,----;--- 
'. • '-,. 1

P('f('(l1i Pcr('('nt : Pert'enl 11Jercent IPercent
ConfroL __ _ 88 2 I I , ° 91 

I 1 

10_ 
20___' 

!l2 
01 

30_ SO i 
40_ SO I 

50_ 
60 ___ 
no ___ ,_
120_______ _ 

87 
8f} 
87 
84 

I 

t 
,
! 

,> 

3 183 2 o 88 
I) 17'J , 2 o S5 

(;7 ' IG I 4, 1 S8 
no 20 I 8 2 no 
57 15 1 Sf 2 S2 
48 10 8 3 781 

14 18 i 1:3 ' 7 52 
G 15 i 13 8 42 

A'r 7nc c. 

10 _______________ _ 
20_-- ______________________ _ 
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TEMPERATURE, MOISTURE·CONTENT, AND MATURITY 
VARIABLES • 

Germination test data are gi\'en in table 11 for lots of rice hand
IUlrvested and heat-treated from 2 to 20 days before the Held was ready 
for combining. 

Eleven lots with moisture contents from 31.3 to 32.4 percent were 
harvested Oil SeptembeJ' 18-28. Samples of each ,,'ere heat-treated 1'01" 
30 minutes at 40°-64° C. in 3° intel'Yals. The earlier samples 'with 
h.igh moistnre ('ontents sho\\'ed greater losses in germinatioll capacity 
at the higher temperatures than the later samples. The control and 
the heat-treated samples with 32 percent of moisture of September 18 
were. slower to germinate, i. e., they exllibitecl a lower genninatioll 
vigor, than the more lllatlll"e samples with lowel' moist11re ('on tents from 
lhe lot comhine-llHnestecl on Ocl-obel' 8. The ail'-clripd control had 
slightly less gel'mination vigor than the snmples exposed to 40°, 4:1°, 
and 4()0 but morc than those exposed to higher temperatnrcs. The 
samples of SepLcmuer 19 also pxllibited a Ia:r ill gerlllillaj-ing but to a 
less degree in the control and also in the samples exposed to 40°, 
43°, ancl46°. 

Samples o:f the remainingnine lots, September 20-2R, did not exh ibil: 
any marked decrcase ill germination \'igor o\'pr thaj- of tl1('ir respec
tive controls except at 52° C. and higher. TIH' air-dried controls f'or 
all lots including the olle o-f Octobel' 8 exhibited some germination 
lag-more than was enconntercd in j-hp same Yllril>j-y of rice in ] !)50 :llld 
in Blllebonnet in 1051. Thc effeds of heat on the viability of rice • 
samples from lots ha.l"Yes(-e(l from Scptember 20 through O(,tober 8 
,vere similar to those desC"rib('(l -for othpr cxperiments (1:nbles 2, G, and 
8), in which moishll'p content of' the rice aml temperattll'c of trentmcnI 
have been the major variables. 

'Vhen the mal'tll'ity study was ini(-iated on Sppfel1lber 1R, 11I0sj- of the 
kernels of ReI. GI-25-12 \\'('rp firm, but green pigl1H'nt prcdorninatp(] in 
most of thc hlills. Hy Sl'ptl'llIiler 2H till' kCl'IlPls \\'PI'P firlllCl' awl (hp 
hulls predominantly yellow. Ko objP('fiw e\'a11l:I1-iol\ of tliP cllnllgNi 
in mnJurity from clay to (lay \\'tlS llttpll1ptNl. 'V(~afhel' ("onditions 
were C"101lCly, I'll in\', and !!('n('rall V Illrf'a \'ol'able 1'01' loss of Illoishll'e 
1'1'0111 til(' gi:nin. Nohvij-h:'itnnding file faiI1lr(' to explOl'e fhe lllnllll'ity 
fadors, the experiment clemonsh'ates j-hat in a study of the effect of 
heat Oil ri('(' via hi Iity, moisture ('ontellt is of morc pradiC'al sign i ficance 
than matnrify. 

• 




•• 
";/..-, 

rl\\Hu: ll.-Germination 01Se7. {}l-f}/j-ll rough dee of different matw'itics 3;2 weeks aftel' lLeat treatment for 30 
mhwtes at diff('I'eld tem pel'(dw'es1 /)51 

Till\(': . ,'.- ----.--.. , ......•. ----. I I I 

natl· of hcat 
 I)rfol'(' !\\OIiit,ul'r Control '10° C. I 'J3° C. ,40° C. i 49° C. : 52° C. 55° C.]' 58° C. I 01° C. 64° C. 67° C. trpntlllcllt ,hnn'pst eOlltcllt ; ':' I 

------_._------ :-~----I !---

I 'ITCI' II I 1'('re('lIl Percent Pcrc('nt Percent PacellI. PCl'cenl' P(,l'cf'lti Percent IP!'Tc('n/. ipercent., Percent Sppt. Js.. 1 Days 32.0 (if) 72 08 60. 55 18 ! 1 0 •.•.• __ ,. __ . ___ 1___ .- ••11)_ ---.--.-.-., 20 32.2 (i'i 03 GI) 72 I 70 30 l 2 0 1. ____ ._1. ___ . __ 1______ _20 ----··-·----1 JI) .)') " .') -7 .~ SO . -7 7~ i 7 0 ' ; I21----.------~-1 18 0_. ~ ,- '.' (,) c ( ,) , '-- ••• -- .• ------r--..-
??----.---.---.I J7 ;32.·1 71 7·1 i 72 7S 7,1 67 : 10 0 !._. ___ J. __ . ___ ... ___ . 

31. 8 70 74 78 7,1 78, H 20 0 !.. _.•. _'._ .. _._1._ .•. __23----------.. ' IG 31. 8 7{l SO 71) SO 81 72 2f) 0 ' ____ • __ ' ______ +._____ 
31. (l 72 70 75 7,j HI 7G 46 0 '••••••• _. __ ._.;•••••••~ci===~=:======-i ~1 ' 31. I) 73 73 SO SI 77 77 ·17 0 :.--.-••• - ••--.1.-.-.-.26. ---------., 13 I 
3 I '3 '·0 '-8 8'1 8'1 -8' _. 13 0 . I27 .-., .. -----. 12 . , ( (. • ~ • - (, (,J .! .......__...__ .!______ .
;n" 81 71) 77 8178 7(1 44 0_.._. ___. ____ ,_.. ___ _ @28:-:=-----.---1 II 31. (l (i!) 7·1 , 77 78 77 72 -II 1 0 _..• __ . __ . __ . ___ .•.._20 ·--·-----1 10 22.·1 80 ... ___ _______ _______ 85 7(; 73 ! 50 48 8 030'-" -.-----.-1 9 21. 7 7G , .. ______ . __________ • 71 73 71\ 71 4n 13 0 ~.

Ort. 1---.---------1 8 23.0 74 ________________ ' __ ._ 81 81 73 5f) 25 0 02--------- 7I 

28. 2 77 8:j 8;3 83 8G 73 35 <1 0 0 ~ 2li. 2 S3 i. _____ • _____ • _ 80. 8ii 8-1 75 43 0 0 0 I:d 
23.7 70 _________ . __ .• 77 I 81 80 75 oa 5 0 0

r====:=======l ~ 20. I) 8·1 11.------ • ______ :_______ 1 83 8-1 80 73 ,62 8 0 ~ S-.-----------! 'I ________ .. __ .: 5 
]!). 8 ~7 _~~---.•t--.---+------ 82 71 i 05 17 ~ 78 78 56 

1 ~. 

f.At 70 0 C. :;!to"'l'll O-llcrcPllt g~l'lJIillatioli. !:d 
d 
t'.l 

~" . 
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HEAT.TREATMENT EXPERIMENTS IN 1952 

.Although more detailed and confirmatory information concerning •
the effects of heat on the germination capacity and germination vigor 
of rough rice of different moisture contents was obtained in 1951 than 
in 1950, still much waS left to be desired. Therefore, additional ex
periments having the same major obje('tives were planned. 

A few minor modifications were made in the procedures. The 
"sliding temperatnre scale'~ waS again emp]flyed, but the interYals 
between temperatures of treatment for rice ot' each moisture content 
were 3° C. in the lower portion of each range and 2° in the upper. 
For example, the temperatures of treatment selected for samples of 
rice of 21.6-pereent moisture content were 45°, 48°,51°, ii4°, 57°~ 59'\ 
61°, G3°, 65°, and H7°, and ('on'l"e(1 a r:lnl!e of 2;~0. Dep('nding upon 
the moisture content, 10 to 17 sllmpl('s were heat-tr('ated over l'anl!es 
of 21° to 40°. Data ar(' nol- r('C'or(]('d (table 12), how('\'('r, for all the 
:::unples treated at thehil!lwr temperatur('s that sho\\'('(1 zero I!('l'mina
tion. :Manometric m('asllrNnents of the total pre::;sllres developed in 
the rice-packed test tub('s, 16 by 150 mm., durinl! 11l'at IT('atnwnt wpr(' 
made by the nwthod described in Experimental Materials nnd 
ProC'edures (pp. 11-12). 

In th(' eXI)('riment on tile dl'ect of temperature and time (duration) 
of heatinl! on viability (lable 15), samples \\"(,I'e h('at-treateel from 10 
to 120 minutes in 3° .inh_'l'\'als from 5~0 t010° C . 

. . 
Oerm ination tl'stR were made only ttt the 8-\\'e('1. period, beea URl' 

in Ul50 and 1!)51 neither the air-driC'd controls nOl' thC' heat-tr'('at-C'cl 
samples showed marked or ('onRistC'ntly IH'Ol!re!"::;ivl' eli fl'el'pneeR in •yiability between the 16-, 2-t-. 01' 3~-wl'('k p('riod and the R-wel'k period, 

Bluebo1111('t and ('('ntur.\' :}2 ri('(' \n'rl' used in the 1!)ii~ ('xperillwnts 
(table 1). The Bluebonnet was of the same "rl'l(,:I::;(," used in 1%1. 
The Century 52 was a variety developed by the Riel' Expcrinwnt Sta
tion, Crowley, La. Hlm'bonnet was obtained in suflieient qunntity to 
permit mecha.nical eleanin/!. .\ ('onlmel'ciul-type ckanel' utilizing 
both air blast and shaker n'll1on~d the stm\\' and other 1 il!ht debris. 

TEMPERATURE AND :lUOISTURE.CONTENT VARIABLES 

'rhe efrects of eli fl'er('nt temperatllres of treatment on tlle I!el'mina
tiOll capnciti('s of samples of ri(,e 01' c1ifl'er('nt rnoiRture contents (table 
12) followed the same trendR ttS in l!.l50 and H)51 (tables 2, (i. and 
8). Also, the tempcratul'e at: which riel' of a /!in'n moistul'e content 
was just dnl1lagecl could not be approximated with any I!reater de
gree of accuracy in 1!)52. Presumably the lot of B1uebonn('t rice used 
either was !lOt of the bl'::;t quality or else ha(l not. been thoroul!hly 
cleaned of lInmatUl'l' and (lama/!ed seed. Possibly it was dallHl/!l'd 
slightly in me('hanical el£'allinl!. 1Is gprmination capaC'ity. basl'd on 
18 tests, rt1ngeel fl'Om 8710 !Hj perC'('nt, with an avera/!c of!)l percent. 
'rhe pel'C'entttl!es of seed I!erminah'll nfter 5,7, 1.0, and 1-1- days, cal-
Ciliated 1'01' the 18 tests. were 8i,~, 1. and () peL'Cl'nt, I'esp~ctively. ('0111- • 
plete kills were not obtninec1 at t1\{~ higher tempPl'ahll'('s, at which 
samples with 1110islllre COllten!s of 'ki, :'i. and ii.S pPI'('('nt were treated. 
(table 12). At the time of heat treatment the moisture contents of 



• • • 
TABL1~ 12.-0(')'mination 0/ Bluebonnet 'l'olll711 l'ice a/tel' I,('at {realm (,l1t /01' 30 minutes at different te'lnlJeratures, 

',0 • 

Jl):j;? 
l>j 
"'1 

.Moisturu COli-I '1,5° 47° 48° 1500 \51:-'\ "~~o I 54° 15~0 56° 1570 58° 59° \600 I~10 63° 64° 65° 66° ~ contl'nt Irol C. C. C. C. C. c. I C. C. C. C. C. C. C. C. C. C. C. C.(pon'C'Ilt) ~ 
Per-l p,;;: Per- p~;:j "J;cr- p-;~r/;;;.:: /;r-;:'jl 'Per-- per-I!];;;;: Per- Pcr- I Pcr- f pcr_ Pcr- Pcr- Per- Per- ol j • T "'1. 

? C('II~ ; cent j CCllt cent ccnt cCII/, I cellt , cent ! cent cent f cl1n/. cent cent! 
I 

cellt cent cent cent cent cent 
_1.6__________ 8f' SS 1----- 90 ,----- !Jl -----1 9L ,----- ----or 79 ----- 76 ----- 80 78 20 tIl
In.3 ________ " n2 '_____ sn l----~I \)3 __ .-_ no '----+----1 93 L___ _____ 86 .____ 80 82 76 l>j
17.2. __ ... __ .. !/2 ______________ ~ _____ flO _____ 1 n2 1_____ _____ 9] _____ _____ 95 94 82 e;
15.0__________ !);'i _________• ____________________ 1 89 I_____~----- 93 ----- ----- ni '_____ 93 _____ _____ 95 
13.0. ______ . _ no -----1----- 1----- ----- _____ -----1 !J3 _____ 1_____ !J1 _____ _____ 91 _____ 95 _____ _____ 931]Jo4_____ ..... III __________ j_____ I_____ '__________ 1_____ !)I _____ _____ 88 _____ _____ 85 90 _________ _ ~. 
9.7 ________ ... 01 __________ . _____ ,1 _______________ +--___ 80 )_____ _____ 88 1_____ .____ 90 _____ 81 _________ _ II

1-3.
8.1. _______ , __ 03 ----..1-----,----- _____ -_________ ,_____ no ,-____ _____ n] 1_____ .____ 9L _____ 91 _________ _ a:: 

l>j12. 8----------. ;ll -----!----- ----T---- ----T---.'-----l 90 i----- ----- 89 1----- ____ oj 91 1----- 91 ----- ----
~~:~:=:=:~:~-= ~? ============:::'=::::!:::::C::::::::t gg ::::::::::: g{ I:::::':::::; ~~ j::::= g~ ::::: ::::: 
~ 

:rvroiSl.llrc ('Olltl'JIt 07°; 6So I 60° I 70° I 71° I 72° I 73° , 74° I 760.. 1.. 78,° 1800 , 82° i 8."° j 8(j° 1880 j 90° 92° 94° 
(pcrcl'lIt) C. C., C. C. \ C. ,C. C. I C. I C. ,C. C. l C. , C. I C. C. I C. c. C. ~ --'-'~-" - - --,-" "-~--, -,"-"-'~ -I "--!~I-I---'-

PCI'- PCI'- PI'r- Pe/,· PCI'- PI'r- I PCI'- Prr- Per· I PCI'- , Pcr- i Per- Per- Per- Per- Pcr- Per- Per.- l>j 

cent celli C(,lIt eell/, , celli cenl, I cent CI'llt CI'II/. i cent l cent f cent Iccn/. cellt Iccnt . cent cent ceril, < . ..... 
~ .... 
t";~t-~~~~j::j~-~j ~~).: ::~: ~: ~~~:1:; i~_1::i~:~::~;: ::~i:i~~~ j:.~~~i~'~ ~~~::~ jjli:~j j~~ )j~))I~j~j j:~ijii j i~!~iij)i! i)ii) 'iiii) ~ 

9.7__________________ 77 _____ _____ 55 24 1 0 ___________ • ___ • ____________________________ _ ~ 
8.1_~________________ . 88 ,_____ _____ 75 73 26 1 0 __ • ___• ____________________ • ___________ _ l:O
5.8__________.________ + 88[_____ _____ 9] 92 87 94. 91 9,1 89 79 ________________________ _ 85.0-_________________1 90 _____ _____ 89 _____ _____ 91 92 93 91 91 92 90 86 88 _________ _ toJ 
4.7__________________ , .88 _____ _____ 87 _____ _____ 90 .____ 89 i 89 89 89 90 90 88 85 68 25 

.. _-......-" ~ _ 
<:0 

: !:.~ 

, 
'"~ .' "':., '':<'':<-'~'''' -.. •'•. :, .1""> .::"'f~., ~'>r." 'l~."":"Y.;C;:·:. ~,*!:.:. :~" ... :;,~. ,,,".' L\,':;/.}:.:).I!w;·.~:_:t"'•.• 
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these three batches of Bluebonnet were estimated to be 2.5 to 2:7 per
cent higher than they actually were. Hence the temperatures inves
tigated were thought to be adequate, and the error ,''us not discovered • 
until more accurate moisture determinations were made in the South
ern Regiopal Research Laboratory on sealed samples, 

No particul:tr significance is attached to the \.H'essures de\Teloped 
in the test tub"s of Bluebonnet durin!!' heat treatment insofar as 
effect on ,germination capacity 01' geL'l11ination .. igor is concerned, 
As one WOll1cl expect in "iew of the laws p'owt'ning ga:-;es and vnpo1' 
pressures, the highest p,'('ssl\l"es ",('I'e c1e\'('loped in 1"l1Ose test tnbes 
that contained the rice of highest moistUl'e C'ol\trnt or that \\'('re hentrc\ 
at the highest temperatill'e (table 13). To this ('xtent the deleterious 
effect of presslll'e,if any, coillci(le~ \\'ith that of h'l11peratlirc and 
moisture contl'nt. In sc\'eml sCl'ies of fr;-,\s (tablcs l~ nlH1 1:~) thc 
rough rice in fest tllbh; (h~'Tlotling appl'oximately thc same' presslires 
did not always sho,," [Ill' sallie (1P!.!.TN~ of 11l'at clnllla!!'e to Ul'l'mination 
capacity, This fact illdienres tlutt of tlll' :~ nll'iabli';;-pl:e;;SlIl'C, tem
perature, and 1l1Oistul'l? ('ontl'lIt-thc last:2 al'l' Illore important in these 
heat-treatment experi 111 ell ts, 

The lo\\,e;:t tl'Ill]lHnrUl'e that \Yill just ('HII::1' (1l'tl'('tahle heat danHl~(, 
in Blucbonnet riel' of :t !!'in'lI Illni::tnl'(, ('ontpnt ill :lO Illinutes i:: 1I0t 

I'yid('nt l'1'0III tllp dnta ill' table 1~, Thi;; oh;:PITntioll i;: likC'\\'i::p t I'lip 
for the sampleR of Bluebonnet and ~C'1. (jI-~;j-l~ that were l'imilarly 
heat-treated in ('lo",Nl tp,.t tllbp;: fot' ;1() minutel' in U);) I (tablps (i and 
S). Tn tllpst' thl'ep l'Xl'PI'iIllPnts tllp first noti(,pahle I'PRPOIl:'P of l'oul-tll 
rice to the ('fred of hl'nt ,,'n;: lr,,)I'l' oftpll a loss ill Ul'rlllinlltion yiuol' • 
than a loss in gt'rlllin'lt;oll ('al'nl'il,\", B('('al1:':1' of' thi:, lindinp: all 'the ' 
!!:cl'l11ination tl'l't data wert' n'pxHlIlilJC'd, .\.trt'lltioll wa;: !!i,'en to tlw 
l)erC'l'nta:res of seed of pal'11 :;llmplp that h,Hl ,Ul'rllliuntl'(l aftl'r ;i, T. 
and 10 ciays. as \\'(>11 n,;; aftpl' I. h days, B)" ('()lIlplll'ing tIl<' difl'el'rncl':; 
in :.rcl'l11inntion "iuol' of ;:ampll's of' ricl' of' tht' :,alll{' 1l1Oi:;tlll'P eontpnt 
th;lt had been hl'at·tl'pllted tit s(,\,pml tPIlI]l(,I';IWI'l'S, it Wn,. po;.;;-:ibh' to 
appl'oxilllatp the' 10\\"(',.:1" tl'IlI1ll'1';ltUI'l' tbat 11Ii!.dlt IJP l'XPl,(,tl'd to ('<lUSl' 
heat damage, 

• 
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Approxiniated temperatures at which heat damage to viability just 
~starts and is just complete are given in table 14 for Bluebonnet and .' 

a • BLUEBONNET (1951)
HEAT DAMAGE JUST STARTED 0 
HEAT DAMAGE JUST COMPLETE •D 

SEL. 61-25-12 (1951)
HEAT DAMAGE JUST STARTED A 
HEAT DAMAGE JUST COMPLETE. 80 ~ • 

o U 
D 

BLUEBONNET (1952) 

~ .. • 
• 
•.. 

HEAT DAMAGE JUST STARTED D 
l&J HEAT DAMAGE JUST COMPLETE•oU • 

•~ 

o •••• 
70 I

l&J 
~ o 
::;) A. 

•••• 
•~ 

~ o 

o • • •
• 

~ -1Ca00 A 

I&J ~ 

CL DA 

~ 80 I o 
~ OA 

A 
o 

o 
o 

o 
'50 ~ , o 

I I I I 
5 15 25• 

MOISTURE CONTENT OF RICE, .'. 

FIGURE 3.-Approximate limitations of the "zonc of heal damallc" for B1uehonnet and 
ScI. 6f-25-12 and the relutionship of the moisture contcnts of the rkc to th(' damug. 
ing tcmperatures. (Data from tahlt· 14.) 

SeI. 61-25-12' of several moisture contents. Table 14 and figure 3 
show the relationship of the moishll'e <:ontpnt:s of the ricp to the 
damaging tem pel'atur(·~. ." 

Figure 3 is II ~c:tUer-type diagl'lll11 of the data pl'pHelltp(J in table 1.4. 
]~ach tempel'lltnreiR plotteci against the 11l0istlln~ contpnt of the riel'. 
A "zone of hent damage" is clplIl'1y pidul'cd, but its upppt: and lower 
boundaries are not!"o sharply and l'cglliady defined as one might hope. 
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TABLE 14.-A.l}Pl'o.-citnated te1nperatu,l'es at 1.oMah heat damage just 
starts an~l is just complete 1m' 'rough 1'ice 01 diff81'ent m.oisture con',. tents, 1951-5CJ 

Variety and pereent mOisture content 

BluebonIlet (BBl) (1951):
25.2________________________________ • ______ , 

i~:i:~~~~!-~~:::::::-:::::::::::~~:~;:~ii:-~_~~I 

10.7_______ 
9.9__________ 
0.3___ • __ -- -. , . ... . .. 

Sel. 01-25-12 (8/·J BH23) (1!liil): 
19.8 .. .. ,. .. _.,____ ___ __ 
18.2____ 
15.6___ • _ 

. ' __ '" 

] 4·.0_____ ...... _____ _ 
12.'1____ • __ . _ 
10.1._____ ._._ 
7.7_____ •.. ' 

BlueboIlIlPt (BBIO) (1952): 21.0_____ . __ 
l!l.3___ • _ _ . _.. 
17.2•• __ _ 
15.0______ . __ ... 
18.9______ ._._.,
] 1.4 ______ . __ . 
!l.7 _____ • __ . __ 
8.1 ________ , . 
5.8__________ . 
5.0_________ .... .. 
'1.7__________ .... _• __ ..... _ _ 

...... _j
_' .. " """ . ____ \ 

. .' -." _. -. ___ --I 
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,,);j 
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('?)~ 
(j3 
0·' 
()4 
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52 
:)4 
(i0 
(i2 
1i3 
(j5 
fl4 
(j8 . 	 '. 'j 

8~ 
78 1---------
80 , __________ 
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i"Heat 


damage 

complete 
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61 
 ..,62 
65 
70 . 
71 
73 
74 
73 
76 
87 

; 	 68 
69 
71 
73 
74. 
74 
77 

06 
69 
72 

I 72 
73 
75 
7-l 
77 

TEMPERATURE AND TIl\IE VAlUABLES 

Pel"tentages of rough I' ice .in snmples of Century 5:2 germinating 
8 weeks after being heat-tl"entel1 1'01' Iwrioc1s of 10 to 1:20 minutes aI's 
gi,"en .in table Ii). Hel'e the same timc-tempel'tltul'(' efreets 011 genni
lultioll cap:l('ity (tre delllon:3tr:\ted. but in greater detail thall for 
Bt'xO\.'o (t'able ':I:) 01' Bluebollll('t (table D) 0 

The germinal-ion C'llpaeitv of the ('entur,)' .32 air-dried ('ontrol, 
based o'n 'I test·s, lllllountt'd 'to n+ pt'I'('enL Hi; gerIllillation \rigor is 
t'xp,'psse<1 by till' pCI'(,pnt:agl'S gCl'llllnating aftel' 0, 7, 10, and 1+ clays, 
which \\'CI'(' HH, ii, 1, and 0, respcdi\Oely, 

• 
The germination eapaeitics of thc heat-f:I'pate(\ Slllllpl(·s WPI'C but 

slightly nfl'eetl'd by i:PIllpemturps oi~ trpat:lllcnf: bel()\\" (HO CO ~\.t 61° 
1'01' 20 minutps 01' longer tht' connts dl'OPPN.l. to H7-!l2 pel'('('nL On 
the ol:11eL' hand, all samples heat-treated at (;+0 for 10 to 1:20 minutes 
underwent an appl'eeiaiJly gn'at:eJ' pl'ogrl'ssive loss ill gt'rIlliIlation "capacity with inc'reased tillle of treatl11elit, and the eounts droppcd to 'J 

J! 
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T.\BL1'J15.-Gcrmination of Oentury 51B 'rough rice aftet' heat t1'catment fol' diffp..1'(;Vnt l)e1iods of time, 1951B 
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4:7-91 percent. The destructjon of germination cnpacity was cor
respondingly greater at the two highest temperatures. There were 
no viable sreds in samples tTeatt'd for DO minutes 01' longer at 67° or 
for 30 minutes or longer at 70°. 

A loss jn germination \'igor oCe'UlT(:tlin samples of Century 52 
heat-treated for 80 minlltes or longer al- fi,iO C. and in :L11 those heat
treated at the higher telllpel'atlll'('fi, The extent of this loss is reflected 
in the germination data in (-able Hi, 'rile 1)(>I'(,pntages of' I'ic'e germi
nating after 5,7,10, and U days nrc gi,'ell for all samples heat-treated 
at 61°, (14°, 6T", 11 nd TO- -lIlt' t Pili pl'rat lin's I hat \lc(1n itely affettecl 
germination eapaeity. The pl'I'eentages sho\\' tlw(- the longer thn 
treilhnent or the hip:llI?r the tpIllperat1l1'e of tTeahllPnt for rice of a 
given moisture l'ontpnt, (he longPI' it tnkl'!' tlH' l'elllnining \·iablp SPl'ds 
.111 thp sample to !!PI'llIinnte. .'-gain, I-his ous('l'nLtion holds only if the 
tel1l])(,l'allll'C' of ITPatll1l'lIt fall;.: "'ithin the zOl1e of heat (lanmi!:C for rice 
of the SI)PC'ified moisture {'onlpni'. ,. 

TABLE 1G.-E1f'((·f oj' till/(' (dllra/ioll) of 1/f'at tJ'('(ltmcilt of dijfl'l'(,lIt 
t('mp('}'(t/IIJ'('N Oil till' gl'J'millatioll of ('('lItlll'!! :),} I'OU(lh I'ire ((Jtm' 
5,7. JO. ((lid 14 !l({!ls. HJ:,}J 

,\ t filo C. At G·I" ('.
Duration of ----_.- - - .. __-......-._, -------_ ..------

• 
hl'U-t trpatlllPI1t 

(lltillil tC's) .'i 7 10 J·I ,'i 7 10 I.J . '
T()talcla,I's dn,l's days days dnys days days days Total 

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

1', r- P,r- Plr- Pa- Pl'r- Per- I), r PI'/'- Pa- Per
cent CUlt Cflll cellt Cl1lt CI Ilt cl-ni cellI cent celll

( 'ontrol 02 2 I 0 nij :-;8 ·1 2 0 94
10 ,<,:3 8 3 I g;j ;in 2a ]., 8 91
20 7fi 11 1 !l2 

-') 
It :3a j·1 1 8930. 1- II 

;i
() 1 00 XI ao 1·1 2 S!l

-10 .il{ 22 2 .8-( 22 ;),1 10 2 88
,iO ;i.) 2;) (j I 00 17 .'iii 11 1 Sf)
{iO (il C')Iii 7 2 !l2 J;i d_ 13 2 82
70 .iX 2;) (i 2 80 I-I ,in 11 3 8·1xo -II :3a ]() a 87 0 -1;i l!l ;i G9 no In aa !l 2 no 0 :38 22 8 (iX
100 -10 al :-; :3 8X () :3D 2X .) 67 

.)110 18 :l,; :3 :-;s () a2 2:3 7 li2120_ -w aa fi :-;0 0 22 17 L8 ,17 

At Oi" ( '. At 70? ('. 

Control X,) 7 I 0 n:3 .<;X Ii I 0 ni) .10 X <iX t.j I •X-I I 27 18 (j 52
20_ 2 .iO I :~ 2 7G 0 () (i -I 10
80 0 8(; Lj I pl;) () 0 0 0 0
·10 0 I,) IX I :37 

• 
;")0 () 2 7 ;{ J2 
flO 0 I a a 7 
70 () 0 0 2 2 
SO .. ,..,- .. n () 0 I 1"'~ ... ~~~-flO. _____________ 

(J () () ()0 . . - .... -.. , - -"" ,. - .. 
~ j 
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THE GERMINATION TESTS 

SEEDLING ABNORMALITIES •~<\.Jthough several hundred germination tests were made during the 
3-year investigations, no clistinctive abnormalities in the stUl"cturc of 
the seedlings were obselTec1 that could be c1pfinitely attributed to heat 
injury. 'l'he same kinds of abnormal seedlings wC'1"e observed when 
heat-treated samples of 1·ice ;111c1 unh(>atC'c1 air-c1riC'd controls we I'e 
germinated. Abnormal types were most often found among seedlings 
counted ttt 7, 10, anc114 clays, The nlost ('ol11mon type had :t spindly 
primary root and seeoncJary l'OotS. There were also otlw1" kinds simi
Jar in appearan('e to thosc illustratpd in .\gricultUl'il1 Handbook Ko. 
30 (8.4). 

That high-temperature injury lIIay bC' I"('flpci:l'd in sppdling c1evelop
mentis well known. HabC'rlandt· UI) h(lat('d difl'pl"(lni: kinds of sepds 
for 48 hours af WOO C. ,Yh(ln f IIpy \\"('r(' !.!t'rminail'd, Ill' found fhaf' 
the plulllule c1('\"p]oppd bpfore til(' rO(lth,t al1(1 PYl'n that the sfpl11 might 
start to dC'wlop, though thp )"(Jot l'pIIWill('(] entirl'ly UndHl'loppd. 
Sachs' (08) tahulations rp('orci a hi:,rilC'1.' I'atio of !-'hrllr('(l to 1I0l'ma I 
pmbyros til(' higlH'1' till' tplllp('mtul'l' of tl'(':dmpllt. Dixon (2(j) oh
sel'Yed in f11P !.!l'I'lIlinnfioll of hl'nf"-trl'ated ::-eC'(\s t-Ililt '"Till' mosf 1'I'p
quent nhllol'm:'t1if)' is til(' pl'otrllsion of' til(' cof"yll'r1onsillstpad of thp 
radicle from thp sel'd .... En'II if thl' mtliell' does l'mpl'ge normally, 
it is oft(lf) abnormal in its SU\);;;('cfllent Iwh:lyiol':' HlIt('hinsol1 (3.1) 
repol'trd that his hC'at-tl'paf"('d \\'hpaf' s(,p(l;.; "... germinating aftC'I' 
sl ighf: dC'lay \\"l'I'p nII normal as I'Pga I'ds )'Oo!:s a lid shoots, but a few 
of thos(l showing fW\'l'l'C' dl'lay \\"('1'(' stuntwl:' 

Hut('him;on et al. (,]4) Iw'yp stat('d thaf' "_\s with Ot]H'1' l'o1'111 S of •
biological damage, III i Id ]ll'at damagr ill oats, Ila rI('.\' and\yh('nt is 
I'cYPl'siblC', but 5('\'el'e dama!.!(' ('HUR(,S dt';lfh of the ('('II;;;:' Tn adrlition, 
theil' pyi(\en('(' ".. , indi(':\.ted tllaf' ll('at('(1 gl'aill IH,'l'ded opf'illllllll 
('onditioll,"; of watpl' and ael'ntion in fhl' pl'ill1al'Y sfag('s, bllt fhat af!'el' 
growth had (,OllllllpllC'pd if' hrha\'pd in n nOl'Il1:d l1U1nnrl'." TIIC'y fpH 
that till' heat-dalllag('d {'(,II had lost SOliI(' (rf its pOWl'1' of sC'I('cf"i\'p ]>PI'
meability, and fhnf "... \'itnlify as jlldgp(] hy abilify to withst":IIHI 
excess wat(,I' and othpl' sub-opt imal gc'lTnillatioll ('olHlif ions is pl'ohably 
ad\'(,l'sply a fl'C'('j:(,d." Thl')' notl'd t'ytologil'al d i fl'l'l'l'necs in nOl'llml and 
heat-c1a III agC'(] gl'a i 11. 

DRY SEED 

In tlH~ l():in pxppl'ill1pnts the I'oll.!.!h I'i('t' wifh moistllre contenfs of 
3.:3-:3.H PC)'C(,IIt had SitOI'/{'l' roots alld. ;-;hoofs than l'onf:l'ol s('('d of higlll'), 
moisture COIlU'n/'s ('\'l'1l whell til(' t('nlpl'l'aflll'p of fTl'ntmpllt of fhe low 

~l . 	 moistirre-contl'nt ::in III pies \\';IS ('ollsidl'I'l'd 1.lt'low the ('I'it ita I rang('. On 
the othel' hand, no difl'el'elwPs ill gC'I'llIillation ('apn('ity at'p I'efll'etpd in 
the datnin tablp 2. Thl' t"l'ason is thaf' s:unples of ail'-dl'ied contl'ol;.; 
wHh both the low a 11(1 flH' lrighC'l' 1l10iStlll'(' t'ontl'llf .vic'hlpd ('ss('lItiaIly 
the saine 1I11111\)l')' of cOllilfabln sepdlillgs aftt'I' fi. i, 10, and l;~ days 
in the gl'l'millafol'. i\(:IIlY mom of f'ilp sN'dlings, howcvl'r, hom the 
dr.ier salllp]r>s ban,l,)' met tire al'bitral'ily sel('('t:e(] minimum requil'c
ments to be' counted, i. ('" po::;sl'sst'd hoth root and shoot with one • 
strucf:ul'e at h'ast olle-Jourth inch long. 



• 


• 
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H~berlandt (31) beHeved that a hardening of the seeds [md seed 
coats as a result of extensive drying at a high temperature might be the 
partial explanation for retardation in growth. This condition would 
permit only the ,'ery gradual entmnce of moisture into the inner seed . 
.rust (43) and. Dixon (26) expre:;scd similar thoughts. 

EXCESSIVELY WET SEEDBED 

Somctimcs in thc germination tests the beds of paper toweling 
became extrcmelv ""('t. Seeds in the exC'csf:in'ly wct bcds germi
nat-cd m01"C 510\\"1.);. Hoot (radiC'lc) formation W:l': rctarded, and when 
the root did form it was usuall\' frcc of root hairs. This kind of 
clrn'lopmcnt is attributed to rc(111('rd oxygen tension. 

The plll'nomcnon has bl'l'n cxtensi n'ly n~portecl in the 1i tera ture, and 
has bern obscrvcd to o('C'ur in ail' with reclll('ed oxygen, in nitTogen, and 
in watcr. and to I)e afl'cded hy difl'crcllt dcpths of water, s:lnd, :rnd soil. 
Klebs (.;;)) in ISH,i, Yokoi U)J) in IH!)8~ and TakahaRhi (80) in 1905 
wcre amOIl!! tIle fil'st· to rt'l'onl obRt'ITntl0n" "il11ilar to tIll' above. Since 
Own thc pilCnOIlH'non has \.wen I'ppol'tc(l by ()tht'rs,in('lll<lill~ Atemine 
(iV), Xagai ((l:j) , :\!ol'illaga {(j,!). ~asaki (fj.Q) . •Jones (4(}) , Dastur :\I1(l 
nl'sai (,!,J) , ,\lam (,!), Taylor (S/). and Ylamis anclD:lvis (86). In 
the gcrmillation of ricc s('('d thc i'hoot apl.wal's first :lnd, :lc'('ol'ding- to 
.\t(,lIlille. if tl1(' api(':!] root ellll'l'g(>S first. it is probably b('cause of 
dc'fit-icnt: 1Il0iR/'tlr('. .\Ialll aitl'iblltNl thc failurc of s('eondal'V and 
adn'ntitiolls roots to dt'\'('lop in Rcedlings plant-Pll algl'('atpl' c1CI)ths in 
soil to fhe greatpl' l"PRtriction of thc ()xyg(,1l ;.;uppl)'. E;l'ygill (SO) 
found thc enzrnlP adi\'ih' 1"0 1)(> It'ss in R('('d !!(,l'lllinatNll1lHlcl' water. 
}Iol'inagH ((JJ) drnlollstl:nt'(,(j that thl' ealal;l:-:p ad"i"ity of sccdlings 
gl'(}\Yll U1HIt'l' \"alpl' is I'e<iu('pd tlH' gl'l'af"l'1' til(' (/<'plh of tlll' \\'al('l'. A 
('On1l110n pl'actitP in thl' SOlltlrCI'l1 I'i('e-gl'o\\'ing ShIfps is t·o plant at a 
dl'ptlt or 1 to ~in(']II'" \\'ith a dl'ill and to flood the' field after the rice is 
·1· to Ii inclH's high (.JolH'" 1'11(1..'11). 

HESISTANCE TO FUNGI 

Hough I'i('e !"iN'di' whosl' nlJilit.,- to gel'lllinall' had bet'n ('ompletely 
(ipstroy('(l \\'PI'(' III 0 I'l' I'pad i I Y nttHl'kt'ti b\' fll n!!i thn n \'iabll' st'erls. 
Hal)('I:lalldt (-J1) found tltat If tl\(' gCI'lllin:;ting 1;0\\'('1' iR lh'!"'tI'O),Nl. the 
ll10ist s('<'!ls i>Pl'OnH' st il'''Y and ill-:·mlPlling wit'hin :1 fp\\' days, whereas 
\\-it'h liv(' R(,pds til(' :;(,(,<1 ('oat:, 1I1a\' I'PlIlain 1I1l:t1tpl'l'd for 1'\"'('1':11 w('('ks . 
. Tusf" (~.I) iaI1l11:1tl'd data :-h(J\\,l~d pari." pllt I'l'I'ad iOIl of hiR Iloll"iahl(' 
ht'at-tl'p:l!('d s('('d s:tlllpips. \)ixon (!(j) :;tprilizpt/ t II(' Rand, Sallt'('rs, 
and w:d\'I.' u:=C'd 1'01' till' .!!('l'l11ill:ltion ((,:,1. I LC' \\'1'0/"('. "ThiR pr('(':!lltioll 
:IPPP:tI'S IIN'!'!';:al',\'. as IIll' dilllilli,;]lPd \'itality of !",p('(hi \\-lll'll ('xposcd to 
tNlllwl'a t UI'P!' lIP:! I' t Irl' iI' 1I1:1X i111\1111 I'PlIllpl'S tht'lil \,(~I'y SlISt't'pt i b Ie to the 
:1 Uat!\:" 0 r III ii:I'O-Ol'g:l1l i"II1S.·' 

DIPUOVED GErOIlNATION 

Ex(,ppt for tht' nlO~f'inllllntUl'p I'i('(' snmplt's hent-tl'rntNl Iluring the 
l!)ill cxperimC'l1tR (tablc II ).lIo('\·i<lI'I1('t' w:lsoiJfaillC'd flrat hcat tn'at
mellts m; SI1<"1l illlpl'O\'('d \'i:rbi Iit",. :\Iol'l' ('\'iclPII('l' lIIight h:!Y(' been 
obtaincd hall nil' :!\,('I':!!!P 11'1I!!t h~ or roots all(L shoots l)(,('11 detN'mined 
in nil heat-tre:lt('ll S:Ulll)l('s 1I1:ld ('ollt1'ols. 
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No experiJ'nental evidence wns obtained to indicate "'hether the heat 
treatments had any elfect in overcoming dOl'mancy of the different 
yarieties of rice, Germinatjon tests were not made until 8 weeks after 
heat treatment, Any dormancy existing at the time of harvest might 
have disappeared (luring this interntl, 

According to 'Wiesner's (90) ,york wit11 conifer seeds. the effects 
of heat treatment maybe heneficial to germination, .Jnst (4,1) re
porteel one ('xperiment in which thegel'll1ination capac-ity and vigor of 
barley were improved by heat tr(>ai'lnrnt. The hnrley seed was held:2 
days oYer suHnr.ie fleid. then put in a test: tube with calcinm ('h10ric1(\ 
anrlldt for :2 more clays. thrn heIdI day at:10° :tncl3 days at GO° 0, 
Kiessling (~4.) in stu(lying the ell'('{'I's of henl' l'I'eatnwnt" on dormancy 
found that heat: tJ'eatments i III prowd the ,~(,I"mi nating flUB lity of "non
germ-ripe" barlr.)', bnt: th('y did 110t 1'nlly ('omprnsai'e for eompkte 
storage ripp.l1(,ss, Alloi'lH'I' illlpol"i':mt obsPITation was I'hat the il11
proycment in germinnting q11ality '\":lS illd('lwllclent of the aHernl'iol1 
of the moisture eontpnt', TfC \I'll;' l"('f('1'l"i 11~ to t'hose losses tha I' 0('('11 I" 
when srerls al'r elI-ipd at the salllp limC' nley :ll"e hein~ l1e:tt-ITC'nl'e(1. 
Dn Fano's datn (,21) ~;llO\\'impl'O\'pd ,Q'prmiimtion 0'1' l'ice after heat
ing at !loo-iOo, and of ('orll afl'PI' heatillp: at :30°_(;0°, 

GENEHAL DISCUSSION 

,Yenthel' ('onditions tou'pt'hel' witll otlll'1' cin'u111slnn('Ps in UHj(). HHil. 
nnd 1!)52 pl'eYcllte<1 the 'allthoJ's 1'1'0111 obtaining lois (rl' fl'pshl,); COIll 

bined rough riee of higher than ~5,~-ppl'('enl' llloi:;hll'C content-. It 
\yould l1nyc bpel1 dpsil'uhle to 11:1.\'e included pxperinlPnts on the ell'eets 
of temperatlll'e of tTC'ntment on lots of riel' of :2(i- 10 !lO-pel'(,pnt mois
I:l1l'e ('on tents, These 11l0istUI'p ('on 1'(> 11 1':1. lllthnll!!h II 11('0111 1110n, :11'(' 

possible, FUl'thel'lIlol'e. it ,yould hn n' iJN'n (]p;.;il'aiJlt', fronl til(' stand
point of e0l11111el'('ial h:uTpsting eOllditiol1s, to have IIsHl lots of rice 
fl'eshl,\' combined nt ('fI('lJ :2-pcl'('('nt' (Ii 11'0r(>l1('e in Illoistm'clevel, at 
Ipnst within 1'11(' I'Hn!!l' 01' ](j to :2G pel'('enl'. B('(':tllsc it was not I)nIC

lien1 to ;\ th'})) pf to ;'Olll hi I\(' J'i!'l' at' spp!'i fit'd 11IOisl'III'c-eonf'ent l~n'Is, 
:l(lnll1fngc' "':IS Inkpn of llll llllpl'lIati\'e 1)I'O('pdlll'C'. in which n hal'l'pl 
01' mol'p of I'i('e \I'll:; tnkpll froll1 a fl'pshlv('ol1lhillPd lot of hi!.th IIlnist\II'p 
eontpilt lind IHlI'tions \\'('1'(> ail'-<iJ'ipd to difl'C'I'Pllt lI1oistlll'p'I()\·('ls. 

H \\'ns ;uIficipHtpd tiJ;lt IIPn! tJ'pntlllPllts ilt illl'I'(':lsillgly higlwl' tPIlI 

p('rahll'l'S wOllld Ill'illg aholl! ilwl'('nsiI1J_dy gl'pntpl' I'Nlll<'t iOIl ill the 
abilit\· of I'i('p to !!PI'llIillafp, Till' pnl'liPl' ill\'psli!!atOI'R I'('('o!!nized till' 
Bigl1iiil~H'H'e of til(; IplIllWl'alII I'l' \'al'inblp, 'l'lw.iI'llllntCI'OIISeXpel'illlC'lIts 
del1lonstTuled till' gl'(,:tt'PI' <lesll'udivPllpss 0'1' the highl'I' i:ell1ppmtill'es 
to germinability, X(,\'l'ltlwlpss, sP\'PI'al rpasolls pxi~,;f' for not accept
ing theil' cluf'a fllld eOlH'lllSiolls ns linnl alld <iil'pctly appli('ahle to I'he 
heat tl'cahllC'll! of I'iet', F'ol' l'xnlllple, specilic (ll'tails regal'ciing I'he 
moisture contellts of the s('(><1s, tlIP 1lH'lho<lR of llent tl'f.'atmel1l', nlHl 
the age of till' s(>('(is W('L'e ,frequently ollliiJec1. Seeds ,yere sonlpI'ilJl(>S 
C'xposed to \'PIT higit t'rll1pC'rahll'PS Hnd fol' 1l1lllSllfllly lon,~ ])pl'io<(s 
of i:i me, TIH',V \\'('1'(' [\ 1'1 i licin 11,\' IIlOist Piled whpn it \vas clcsil'Nl to 
detel'mine tlH' ('Ireds 01' hl'lIt 011 s(I('ds of hi!!h moisture eOIli:pllt, Opl'
mination tests \\'('I'e gPIIPl'n II" made i I1lll1e(lia tel v 01' shol't I y ;d't(,1' it('al: 
treatment. '~rnll.r 01: titp s('('(is stlldipcl difl'l'J:pd sll'udlll';llly f'l'oll1l'ice, 

• 


• 


• 

MOl'eover. most' of thp illVl'!:;tign!:ol's had different objediycs in plan
ning their (,Xjll'l'illlt'llts, . 

http:suHnr.ie
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The experiments l'eported in thls bulletin eli fl'el'ec1 in the following
,yttys i'!'om those of earlier ,yorkers: 

1, Heat treatments were cOlldllcted ollly with fl'eshly and/or re
cently combinedrongh rice, ' . 

2. Naturally moist rOllgh rice w'ns llsrc1 in rxperiments requiring 
rongh rice of high moistllre cont('ni". 

3. Times and tempeJ'ltt-lIl'l'S of treatment included thmje within 
rnnges covered in present-dny pmdiees of cOJlllllel'eia l.l'icr drying.

+, Containel's in whieh the rough riec\\'fls to be heaj·-treated were 
packed full and tightly stoppered 'SO tlmt there ,,,ould be little mois
ture loss 1'1'0111 tIll' seed mltf'S (llIl'ing' thr application of heat. 

5. Samples oJ heat-treated rough l'icc\\'erc tested for tlwir contents 
of gel'll1illable secds after clifi'el'rnt pcriods of st-orage. 

~\lthough there are numcrollS rcnsons -for not accepting ill toto all 
tbe earlier observations concerning the effects of heat on the ability 
of sercl to germinate, nIHn}' of t-lw earlier more general observations 
do apply to rice. Theil' chl'Ol1010gy is briefly l'evie\yed llCre. This 
is done to give prior research cl'edit, to approximate the order of 
deyeloplllent- of the pertinent obf'el'vations, to indicate similarities 
in the responses o-L' different kinds of seccls, and to -faeilitate the 
l'C'arlel"S eyalllation 01' the data prespnted in this blllle,t-in. 

• 
lYorkers ",ho haye demonstrated that hent trentment at- a high tem

peraturp l'('(lIlCC'rl 01.' entirely destroyed the ability of seeds to gei'minate 
inclnde Ed",nrds and Colin (;28) in IH:lL Habrrlnndt Uf) in IH(j:3, 
Snells (08) ill 11-16:1. ,YiC'snl'I' (Fl()) ill lii7I, .Jllst (.1;2.4.3) in 1877, Von 
Hahnel (.iB) in 1877, Dixon (3:'5. ]0. ;27) in 1 !)01-3, White (89) in IHO!), 
nn(! Bltrgess (1:;) in In]!l. This finding has sinC'c IJren confirmed by 
Ua Fano (21) in 1016 and Jones (.19) in 1!l2G -for rice. It may be 
asslll1lPd that- all these in n·::;ti !!'ators -fully r('('()!!'nizecl that dry seeds 
haw IlT C'ntel' I'('sishll](,{, too higb t{,Illj)C'I':lh;:'ps 'thull seeds with high
moisturr content. 

Hab('rlancli- UZ) C'xpos('cl fiR kinds of SPf'(Is /'ill' -I-R lIonrs in :t drying 
appal'atus at :n.5°, fiG.?,0,75°, 87.6°. und 100° C. He reported his 
dahl in terms 0-1' the 1ll1mber of days it- took scpds exposcd at ench 
tem perat-lll'e to germ inate. Two kinds lost their n bi I it,)' to germinate 
when treated at- 87.;')0 and 10 moJ'C at 100°. Althongh losses in ger
mination capacity Imd('1.' 100 pel'c'ent- nre nor pviclent horn the tabu
Intpd clara, thpy fiR ,,"pll [IS lo:.:s('s in g(~l'minnt'i'On vigor nl'e discussed. 
Haberlandt: \\'I'ote that the s('Nls of Illost- cultivated plants, with few 
l'x('cpt·iolls. tll'(' aiJlp to pmIul'(' a tpllljlPl'aillrp of 100° without losing 
their ability to grl'lllillnte. . 

• 

Sachs (r/(~) )'(:('o1'(l{'d his datn ill tel'nlS of the Humbcr of seeds that 
w'nninatcc! out of HIP IOO plnntrd. X(lI'Illnl :Inc! stunted embryos llre 
s('parHtel.r it-emiz('(1. Dahl are gin'n foJ' (liT pen, rye. barley, wheat, 
alld corn sped heat-tTPa(-ncI in test tniJ('s for ] hou!' in a water bath 
n t· tem pemtuJ'Ps l'llngi np: -from 570 01' fiRO toHO C. Dat':1 arc also given 
-for the sallle ki 11(1;, of serel, wet a lid si Illi lar],)' he:l (-treated 11 t t-em pera
turps l'alll.!,'illg -/'I'(JIll ·ID o 

01' ;,)0 0 t-o 5-1-" 01' Bilo. Sadls fOllnd t-hnt the loss 
in viabilIty '\'ItS gl'eaJcl' the, big-hrl' t·hc tCllllWl'ntlll'p of tT('ai:ment and 
that it; WHS m11('h grellter ill \\'(~(. t-han ill (lry s('{'(1. 

Just's (4.·)) eompl'ehensiY() stndy is probably the first to show 

. .;: 

-j 

SCVE'm lin tel'l'elatiollsll i ps lll't\\'('rn t· he t-em jlPI'a{III'e of treatment, the 
duration of treatmpnt-. and. til<' HlOishH'P C'ont··pnt of the sped. He lleat
treated oats and b:u:h;y of rlifrl'I'Pllt Illoistul'c cont'C'lltsin a eonsta,nt
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teinperature oven at di fferent temperatures :uld for different periods 
of time. He tabulated germination data for each clay of the test ~-
period: Consequently, his data show the effects of heat on the ger
mination capacity and the germination vigor and the day of maximum 
germination. M:oreoyer, they show tllat the grentel' the injnry the 
longer is the intm'val preceding the cl:\y of Jrmximum germination 
and that in severe injury a day of maximum germination is not e\'i
'dent. .Just ver.i1ied the findings of his predecessol'sin that he clearly 
demonstrated greater clestruetion of viability the hight'r the telllpe1':l
ture, the longer the treatment, and tlle, highpr the moisture content 
of the seed. 

•Just (43) and Yon Hiilll1Pl (3:8), -\\"ho also pnblislled in 1877. sum
med up the elfeets of he:lt on the viability of seell much as we under
stand it today, Both investigators realized that one could not give a 
definite maximum temperature at which seeds could be heat-treated 
without injury. Von H<i1mel has point-eel out, more clearly perhaps 
than .Just, that the first symptom of injl1l'Y through heating consists 
of a loss in germination vigor and that it llllty oecur eyell though no 
loss in germination eapacity is notiC'eable. 

Twenty-five years aiter the publiCtltions of .rust and Yon Hiihnel, 
Dixon (:86) made. a sign i [-icant !!enerll I ization in analyzing 11 is seed 
heat-treatment data. He ",rote "... it appears that for each scP(1 
there is a temperatlll'e up to which it may be rnised without suffering 
appreciable alteration in the period of time needed for germination, 
Once this point is passed the !!ermination period is increased, the • 
increase pel' degree being greater, the nearcr the mnximum is ap- . 
proached." This generalization had apparently been assumed or else 
overlooked by earlicr investigators bpe:l11se t-heir intel'cst was pri 
marily in determining the maximum temperatures seeds could endure 
without injury. It is the range of tcmpel'atmes overwlrich a !!iven 
lot of seed may be lleat-treated wHhont injury that is recognized today 
as being highly important for the c1evelopnwnt of ('ommcI'cial dryill!! 
and storage metho(ls. TIle 10\n~1' the moistllre. ('ontent of the seed, the 
greater the tcmpprature range o\'pr which it may be safely heat
tre11ted. 

In 1011 Kiessling U-i) conclllc1ed that the effect of hpat in OW1'

com ing the dorman'c,Y of 1>arlp,Y thnt ,,'as not "storage ri pc" was i nr1p
pendent of the loss of moistlll'e. From this fillding we may assume 
that the more accnrate datiL in the literature on the efl'ects of lleat pel' 
se \"ere probnbly obtained by those in vesti!!atol's who exposed thei I' 
seeds in clo:';(>(l eontainers or uncleI' conditions in which the moisture 
loss was negligible, In 1017 'Ya!!gonel' (87) emphasized that the 
dilJieulty in interpreting dahl in the older literature with respect to 
the letha] temperatures of seeds ;'. , . wns to be sought. in the initial 
water content of the seeds or in the method em ployed thai- would 
allow an increase 01' decrease of this wat-er C'ontent during the heating 
process." 

'Yaggoner's experiments ",it-h radish seed and Hutchinson's (:33) 

with whent confirm previons obsl'n'ations of the en'eel: of heat Oil nlC • 

viability of seed. 


The geneml obsel'vations made by the llllt-hors of this bullptin 011 


theil' rough pire investigatiolls arc lal'!.!!.'ly a l'('('apihllation of those 

that llllve just lwen 1'l'yi(m'ecl, The viability of rough rice has becn 
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shown to be affected by heat in the same manner as the yjabilities oT 

• 

...'. radish, -wheat, and other seeds similarly treated. Differences in re
sistance between the different kinds of seeds as judged fronl the 
present rice study and the literature are more of degree than of kind. 

On the othl'r hal1fL some observations were made cluring these in
"l'stigations that hn W' not pnnriollsly bl'('l1 pnlpltnsi7.l'cl. Rough riel',' 
was heated in closed ('ontaineJ's :llld appal'eMly withollt the develop
))lent of injurious pressllre e/feds. In hl'at-h'eat-illg immature rice 
moisture eOlltent mthl'r than st-age of Illahll'ity ,\'as I-he major factol' 
det'erl1Jining rlie degree of 11l':tt injul'Y. Heat-trl'nte(1 rice. even heat
danl:lged samples, did not show an," appl'('('iablf' change in viability, 
i, e., in the pel'('('ntages of 81'('(1 )!('I'lliinating·. lll'hYePll the R- and i12
'reek periods of stol'llge. 

Hou!.dll'ice that \I'as natllrall\' moist and fl'pshlr l'ol1lbined was lIsecl 
in the experiments because it \\';lS thought that the data \I'onld be more 
represenative of data obtained uncler large-seale ('onllnercial opera
tions. 'Whether this reasOllinp: \Y:tS correct was not determined. 

Certain disncl\':ll1tagcs in llsing hl'shly eOlllbinecll'iee soon became , ' 

appal'ent. The lots {lOt only Jac'krd un'i-l'ol'mity but sometimes C011- ", 
ta i ned large pel'centages of nOlwiablt' seNl. "\s a l'CSll It the tempel'tl ,: 
hll'es at ,,'hich heat damage to "iability just started and at which it 
\I'ns just complete for rice of a gi\'en moisture content- could be only 
rough Iy appt'Oximn ted. This fad el is('oll rageel an.\' enc1ea VOl' to de
rive mathemati('al equations. sueh as thosr of Hutehinson (33) for 
whea t. ,,,h ich might ha \Te praetica I ntlue in deterlll i ni ng sa-l'e com mer
('inl operating ('onc1itions for heat-tl'eating rough rice. It is evident 
(rigme :3) thn.t the approximations defining the critical tempeJ'ature 

• 

range for ricp o-f paell nloishll'p('ollt-ent inVt'stigatl'<1 do outline a zone 
of Ileat d:llnag'l'. It: is also €'Yident that flwil' pattern is tooirreglllal' 
to define thr lower andllpp('r 1 illl it" of the 7.onl' of heat clamage. 

lTnder eli/Tel'ellt expC'I'inlC'ntal ('onelitions it- Illight have bpen possible 
to obtain data that mnIlc1lllore aCTlIrafely illnstl':lte the limits of the 
zonp 0-1' heat dallIagr for l'Ol1!.!'h ri('(' of '(]i Il'el.'pnl: 1110ishll'(> ('ontents. 
Von H6hl1el (.32) found tha t a c1efin itp maximlllli temperature at which 
a giw'l1 sanlplp of sepds may be safpl.\' ht'atp(1I11:1Y 1I0t- \)(' obtailH'd he
('ausr of the eli rh'\'('n('C's in thp resist:ul('es of lnc!i\'ic1u:tl sl'('cls. IIutc'h
illson (.],)). Oil tl1(' other hallcl. was able {'o estahlish rather definite and 
practical tel11pemllll'e end points defining the ('ritieal rang('s -1'01' e:teh 
of his s:tmpl('s of wheat 0-1' eli rl'l'l'l'llt 1l10istllre eontrnts. Fl'om his plIb
I i('a fioll ii- \\'011 Ie! a pppa I' I lin t t ill' ~(' Ipd i()\) () f 1111 if01'111 sred sam pIes Hnd 
(lip ('lIoi('p of OIlP:-; ('onfnillillg n" IlP:\1' J()n pel'C'('nt of \'ial)I(' se('d as 
possibll' \\'PI'(, illlPOI'hillt {adol·s. 

_\lthollgh (lierp may b(' all PITOI' of :!::)O C. 01' mol'e' in the appl'oxi
Illatp<l il'l;lJ)el':ttllJ'e:-; plottrcl ill figl1l'e :1. fhl' scatter-type cliagl'am has 
pl':ldi('a I va I l!('. It Pllables 011(' fo n ppl'oxi mat(' tIl(' maximum tcmpcr:l
I m'ps at \\'hi('11 baj"('hl's ot','oll!!h l'iee of <Ii rTen'nt IlloistllJ'P ('ontcnts rna \' 
be hput-tr.'('ntl'\1 uncll'l' ('()ll(litlolls like (host' des('I'ibp(1 ill Experiment:i'l 
.\/atel'ials a 1)(1 Prrll'l'c!11 I'p:, (pp. H-I~). To Ihis I'xtPllt it- 1II:t.)' seJ've as a 
hent-damagp pl'l'di('(-ion 01' sai\,ty elIal't. Xo claims may be Illade that 
it would ~el'n? I'pliably fol' pl'pd('tpJ'rninill),! the tellljlel":ltllrc nt \\"hi('h a 
i'r('sl1 I \' COI1lI> i ned lot. of 1'i('(' III itdl t be 5:11'(' II' ell'ied i II a ('0111 Il 1l'I'C'i a I (1I'i('I'. 
The I'paso\) is th:d the \,:tl'ial>l(: illl l'oc!lIc'«lll\' til<' loss of lIloi sl:i I1'1' cllll'
ing the heating PI'O(,I'SS wns 1I0t ('\':1111:11('(1 i;1 the ill\'(lstigatiolls, 



42 TECHNICAL BULLETIN 1120, U. S. DEP1'. OF AGRICULTURE 

However, it appears possible that dia::rrams similar to figure 3 could 
be developecl for use as heat-damu::re prediction charts for guiclillg 
experimental and commercial dl'yin::r operations for both seed and 
-~illing purposes. Charts for the latter wOllldneed to be based upon 
ririlling instead of germination test dntn.. 

SEED HEAT·TUEATIUENT METHODS AND THEIn 

APPLICATIONS 


Plant physiolo::rists. plnnt patilolo::ri:'I:'. t'nl"OlllOlo::rists. :lnd a::rl'ielll
tural en::rilleel's hnn' lllu(h· 1"11(' mujo)' l'onlTibu!'iolls to OUI' knowl('(hre 
of the effects o:f heat on seeds, 

Atanasoff and .Tollllson ((J) poi nled oul that thl' Iii',,:!" ",orb'I's 10 
investigate the effects of ditJ'('rellt tpllI]lel'alurrs of tJ'l'ulnH'llt on seeds 
were principally plnllt physiolop:ists al1lI thpn plant pntholo::rists, Thr 
plant physiologists were interested in establ ish i Il::r the efrects of 11('at 
on germination en,pllcity and ::r('rlllination YigOl' and ill onrcoming 
dormancy, Often they employe(l Yery high iel1lpel'atlll'cs and long 
exposure periods, \\'hieh ,\'(' tOI);:;i(ler to(lay to Ill' l'XII'('Il)(' anel illJprac
tical fOl' ('oll1lJ1rl'cial :tpplh'atiol), 

The pla nt pa thologi:-:t:-: PP1TPin><l fhn I' hp<l I 1lli!!h I 1)(' 11:-:('1'11 I f(lI' 

destroyillg sel'd-t'oll!:ullinatiJ1!! fllll::ri. ",hiI'll Inif,!'ht la{0l' 11P('OIlI(, :1('

tively pathogrni(' to tliP !,p('d 01' to tIl('. <ll'n'lopill!! PllliJr,Yo alld plalll, 
These workel's had (0 dl'\'i:-:p l'XPPl'illlPllb that WOII Id dpl1lollsfT<l tI' 
'whether a cl'rtain f"inH?-tell1]lp]'atll['p ('olllbillntiOIl might be rlllploy('(l 
ill treating a gi\'en kind of sepd that wOllld (lpstro,Y the eOllttllllinatill::r 
vathogenic fungi hut ihM wouhlnot alr(,f'{' tlIP \'inhilil",Y of the SPl'(1. 

Shortly the entomologists beC'lIlllP jnt(,1'('~t('c1. T1H',Y had pSf:pnfialIy 
the. same. pl'oblenls a~ the plant patllOlo::rists ~ill('p 1:11<')' l1P('(h'd 1'0 (>I'P
serve. seed for extPlIded ppl'iods for boll! pl:lIltin::r and lI1ilIill~" PIII'_ 
poses, ~£ost of the litpl'atl1l'P Oll thr liSP of IH':tt to <I(':-:tl'O), flll1!!i and 
insects in seeds has ap]Jpan'd \yithil1 the pnst ;'j() ),(,:II'S. This is I10t 
becanse the coneepts -fOI' {"he:'l' I'm) pl'aetieal applications of IIl'at an' 
by any means new, Hahl'l'lnn<lt (,]1) di:-'('l1ss('(1 Ih('111 in U,(j:3 and 110 
doubt others twfol'e him, 

",Vithin the pasl ;!;) yl'al':-: a::rri(,lIltul'a 1 l'I1giI1PPI':' nnd ass()cin{('cl 
workers haTP made IlUIlI(,)'OIiS \,"ol"tln' ('Ollll'ibn! ion.s to i"lH' lif'l'1',Hurl' 
on the. heat treatmellt of !"pra, TlwlL' dUllI oiljP('tin':, h:I\-(' hl'C'n. b,\' 

means of dl'ying and C011(I'01led telllp<'I':ltI11'PS :lnd l1ulllidij'ies, to ])n>
vent the. dl'velopment and tl(,tivity of fungi Hnd in.spd!" in !"I"on'd :'l'NI 
and either to il1lj)I'o\'r oj' to :lSSUl'e t!J(> l'Pipntioll of high milling qunl
ity in g1'ains. 

Sen~ntl llIethocls 1'01' IH':lt-tTl'ntill~ !"('pcb Jt:lYP h(,(,ll dp\'isl'd bv 111<, 
various ,,-m'hrs, '1'11(' kind of nH'lllOdi.s lIot llf'('(,s~:lI'ih' ('OI'1'('l:ilnblf' 
,,-ith the pl'or('s:-:ionnl in[('I'p::;t of thp i n\'('::;1 i!!ll Im':lnd 1'10 .stich infpL'
ence is inten<1l'd, Th(· methods may Ill' f[l'Ou]ll'llas foIIO\Y:,.;: 

1. Direct contn('t' wit'h hot wat('I', 
2. 	Direct ('ontaet with heat(·(l ni]', 

Trays in tl ('ollstant-ll'lllIH'l'uf'uI'P 0\"('11; ail' ('il'('IIInliol1 jl1'il1('i
pally convl'(,tiol1, 

Op<'n t('st [ub(,s or flask:-; pal'tinll~' SUhIlH'I'::r('d ill a lmth: ail' ('il' 

enlation r('stTid('(], sOllwtillJl'S \'Pl'y nllll'h HJ by:t t'Hpil1:1ry 0pl'nillg: in
significant total and V:lI)(lI' I>I'(,SSIII'('S. 

., 


• 


• 
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Forced-drait experimental apparatus or equipment. 
Heated dry ah'. 
Heated moist air. 

Vapor-heat machines. 

Commercial ch'jers and bins aerated ~with artificially heated air. 


3. Closed containers. Submerged in a heated liquid bath: moisture 
Joss fr~111 seed and avt~i1nble ~AJ'gen and air supply restricted. 

+. DIrect contact ,nth liquIds other than ,yater. 
In most of the inwstigat:ons cited seeds haw been exposed to 

a gi,"~n t~empemtul'e in direct contact "'jth 'yater or air or in a clo~ed 
cOlltamer. 

DIRECT CONTACT WITH HOT WATER 

• 

Seeds in direct contact ,yith hot water are said to be sensitive to 
heat. Possibly this condition is in part attributable to the more rapid 
and uniform penetmtion of the heat. The method, although fairly 
eIlicient in destroying fungi, has some objectionabJe features. ~~ ma
jor one is thnt there is .-el'Y little eli (rerence between the temperatures 
at which .-iability lmel contaminating fungi are destroyed. Tisdale 
(83), Adair and ('rnlley (1), and ('!"alley (18) have llsed hot water 
for the treatment of rice with fnnrri and nematodes. Additional in
fOl'mation on th~ hot-wat0l' tr~atl1lellt is to be found in the publications 
of Edwards Hnd ('olin (,!8). ,T~nsPJl urn, Kiessling (44.), 1Vaggoner 
(8,), Lehman (:;.1), nnd \'~atsoLl ct al. (88) . 

DIRECT CONTACT WiTH HEATED AIR 

Primal',\' obj~etiol1s to tilt> use of :uti(icinlly heated dry air in treat
ill!! 1'('(.<1 is that it rrel1erally tnkes too lonrr to obtain effective l'esults 
lllld Ow seed may' berome' too dry. ,ren~en (.JO) was unsuccessful 
~iJl destJ'o\'ing sm1lt in oat and hal'l('y seed in 'I hours at either 50° 
OJ' ii:~.!)C ('. OJI tlw otllC'1' 11al1(1, .\.tana·~o(r and Johnson (0) IOlmel that 
by expo'li ng the\\'e ]]-<l1'i('(1 sep<ls of bn rle.\'. \\'h('at I'ye, nnd oats to 
dn~ heat for :)0 houn-:, hadel·inl and fml!!:!l in'f('dions could be re
([tired or eliminated ,,·it-1Iout ilia t('riall)' i lij uring the germination of 
the "epd. T...,,'hl1lall (.J.J) r(>('OJlJlllel1C1('(1 a dl'}'-ht':l t t:em perature of 95° 
ror 1~ "110111'5 1'01' dest 1'0 \'i 11!! the> Hnthl'aellos(' fllnrrll'l of cottonseed. 
To Hyoid sl'riolls Im:s or" \·j,lhil it." tIll' sepcls ri I'st lind to be preclriecl 
to H 1II0i:::tlll'('-COllU'llt ..-:1111(' pqlli'-:llc'Jlt to :l.~ ]>pIT('nt of theil' air-dry
w{'i!!hL 

";1Ie lise of dJ'Y hPllt for (Il'Hll'oyin!! weevils and other insects in 
gl·:till. iJlcltl<ling'l'i('p, !ws 1]('(>11 ill\:estlgntNl b.y Popenoe (00), Deall 
(.l.i, 24), and Colton (l'i'). Bnek ancl Cotton (.1) were able to kill the 

• 
rice ~wee\'il (8itophilll8 (J1'.1!za (L.)) at .J~R!)O C. in B hou!'s and at 
,j,L_J

C 

within :30 lJIillllt{'S. Bal%l'r nlHl Cotton (i()) found that exposure 
of' 10 minutes to a tpllI[l(lrat'llrl' of (iOO i!:i fatal to nil insects infesting 
stored rice. However. t\l('Y \\"(,J'P 1I0t sue-cessful in obbtining :t satis
facto}"y kill of im:ects ill I'ke ill a ('ol1ll11('I'('inl ell·ier operated at (iDO 
"1'01' :W minutes b('('nn~(' tll{' t:renhlJ{,llt did not raise the t('mpel'llture 
of the rice above ;j(J0. They stnt:ed that Iwating fOI' insect control is 
not. Ja\'orpd by thl' 1'i("(> iJl(fllS(TY IJPe:l1I:::e the ric(' is npi: to check and 
bt'l'l\usl' too ll11wll Illoi:4ul'(' is 1'(,IIJ(J\·('d. 
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Edwards and ('olin (g8) and .focli]) (37) haTc shown that Illoist 
heat is only slightly Jess destrnctive to seed viability, and .Jensen (3(j) 
observed it to be less effective than the hot-\mter treatment in the •prevention of smut in oats and barley. On the other hand. ,Miller 
and Mc1Vhorter (61) have demonstrated the usefnlness of vapor 
heat (steam-ail' mixture) ns a practical means of disinfectin~ seed. 
These investigators found that certain kinds of sc('ds ,,-ill apparently 
endure considembly hil-,her yapor-h('at t(,Ill)l('ratII I'(,S than arc I'eqnil'ed 
to kill all associated flln~i. Thus, table be('t' s('ed balls will p,·idently 
tolerate a va]1or-Iwllt temperatul'e of about (j~,8° C, Jor as 10n~ as 
30 1n1nutes without siglli fkant r('duction o\.' retnnlation of !!el'lninntion, 
Pl101/1a behlC', an nss()('iat'ecl patho~cn. is kilkd wh('n ('xposed at :)7,2° 
for 20 minutes, which is about, :1,:;0 lo\\'er than the phytolptha I tPllIpera
tUI't', Lathl (;);2) u;;Nl yaV01' h('at ill ('11'l'div('ly cOlltrolling nltl'cisSIIS 
pests, 

, , CLOSED CONTAINERS 

1'h(' 11Iet11o<l of hNltill!! :o:('('d in ('Io"pd conhlilH'l's is mOl'e nearly 
comparable ,,-ith the 1110isl:- alHl ,-apor-lwa! nll'tho(l;; than with l'itlw'l' 
the hot-water or the :ntilieinllr hent('d <In'-air I1WthOlh 1'hl' e~sl'ntial 
differences between the \1loi:-;t-ll('at and ('lo"e([-l'onLaiIlPI' llIethods are 
that in the latter the atmospheric moi;;tul'e 1))'esl'l1t is largely derived 
from the seed and a pres:o:ure c1e,'elops 1n the conta.iner. which is 
proportional to the antilable free moisture and timl' nnd temperature 
of treatment, ,Yhether these <1 i Iferl'l1ces oll'er ad\,:1 Htnges was not 
cleterm i ned, ' 

.ro<1il1 (,J7) and ,"a.!!gonPI' (8i") I.'Pjlol,tNl Ihat seeds Iwalp(l ill •
n closed COl1hlilH.'I' cOlllll not" stand :-;0 hi.!!h :I t"l'mpenttlll'c as \\'1H'11 
heated in nn open ye~"l'l or in nil (Well, ,,-hidl prrmiited the rapid 
elimination of \\'atel' f]'()111 the ;;(,p(1. "raggonpl"s (lain al:o:o sho"'Nl 
clenrly that radish set,<1:-; lle:lt('(l dirpdly in \\'al'el' had less l't'sistaneC' 
than when they \\'PI'e l1patp<l in a elosl'd container, 

No studies '(,ol\lpa\,jll~ tlw I'('lative pfl1C'iPllciC's of Ihp (lill'(,I'PIII' 
methods of heat tre:ttnH'llt llan:, l)pplI 1l1:1lk ill wlli('h tIll' SHlIlp lot or 
I'iee. waS used, ] [owpn'l'. in:-:ol'a I' as ma V be dpt('1'1Il illC'd I'1'0 III Ill(' 
litel':ltUl'e, the expC'l'in1Pllial data I'PIHll'tl'(C 1'01' I'ollgh I'i('(' in I'his IJltI
It'tin indicate that ric(' ean tolt'I'atp highpl' t-el11l)(,I':lI'III'('S withoul' loss 
of viabilitv than a1'(, I'c('onll1H'IHll'd for liSP in (:Ollllltpl'('ial (In-ill!! oper
ations, Til ('ol11lllercial dlTin!! the Illoislllre is ('ontinuolI;;I" 1'(.1110\"(,(1 
hom the rice. and thpo)'etic"all'" the kernels sholl!!l bl'('ollle in'('reasin~l\' 
resistant., If it is tl'll~' that' the "inbililV of rice m:w he dp~tTo"l'd :;(, 
10\\,pl' (emlwraf:lIl'l'S ill a C01\1I111'I'('i:l1 dl:ipl' {han in Ii: elospd tpsi: {ul)(" 
ii' \\'0111(1 pm\'(' thai' f,ld!)r!' ot her I'han hpat are also ill operat'ioll, 
whi(,1t aI'(' dl',,(rlldin' (t) yiahilily, 

DIRECT CONTACT WITH LIQUII)S OTlllm TitAN WATER 

'Yllh:;on ,,/ rd, (88) ,.p]Pdp(1 !"C'vl'l'al IllHtpl'ial,. :\;; possihlp (I'patill~ 
ngl'IIU< I'm' peas,\H'IlIlS. Hildlillla h('HI1~, Th('~(' Illatl'l'ials ,,'(In' "('a rho II 
(ptl'adtlol'id(,. milll'I'al oil, Shpll elt'aIlPI'. PI'P;;IOlll' (l'th,rh'lll' gIYI'ol), 
11101'1)1' oil (S, ,\, E. 10). 1'I)('('a1. 1IH'lh\'1 alcohol. kl'l'os(,II!'. ~TI()1. lal'ti(' • 
a<:id sollltiollS, tollll'lll" a('I'{OIH'. gly('rrilll', l;NlaL' oil, anilille oil, oli\'e 
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oil, sodium chloride solutions, and cotton seed oil." Data were tabu
lated for seeds treated in carbon tetrachloride, motor oil, fuel oil, and 
water at temperatures ranging from 60° to 90° C. and for periods of 
10 to 60 minutes. Beans, peas, and lima beans were able to survive 
extended exposures in hot caJ'bon tetrachloride, but they were killed 
in a relati,'ely short time ,ylwn exposed in water of the same tempera
ture, Carbon tetl'achlOl'ide appeared to be the best medium tested, 
and the use of hot carbon tetrachloride for destroying seed-bome 
organisms in peas and beans is suggested. HoweveJ', these ttllthors 
have pointed 0111' that "Further researcil ",ill be necesSl1r,Y to evaluate 
the pJ'actienl IIS(, of the nmte1'ials amI heat on t11e control of seed
borne pathogens." 

C'('uiekshnnk (J,Q) has n'c('ntly eal'l'ie(] out a sel'ies of prelil11ilUtry , r 

experiments to cleteJ'mine the el1'ecl: of' n carbon fetl'achloricle steep OIL 

the gerl11ination and control of' Spll((('I'('ll((' lilwl'1l1n 'Vollenw. in two 
nlrieties of ]illH'ed-0olden Viking and Koto, ] [c obtained a signif
ieant depression of ~l'ed gel'minn(lon only at '70° a11(] '75° O. fOl' 30 
minuh·s ,,-ith Golden Vikin!!' and 20 minutes with Koto. Germina
tion of tl1(' funglls spores ":ns 110t obselTec1 to occur a:t'ter treatment 
for:20 minutes at (j;)Ci, TOO, lind /;)0 01' for ao minutes at GO°. He found 
that carbon t'etrH('hlol'idc has the followin!!, nc1Yanta!!'es over water for 
th0 heat trpatnlC'nt of linsN'\l: It- i:; snft'1' ''''il'll I'(':;ped to !!'ermination 
and 110 Hrtificial drying of till' sepd i:; 1l('eess:t1'Y, ~ 

l\EW )IETHODS AND -'IODlFrCATJONS 

It is e,-ident fr011l till' information in this bulletin nwt man is a. 
long way f1'Olll ha "ill)! n ('0111 JlI'php11si \'e. sciPJlti fien II,\' de1'i \'I>d know]
pdgp oi' till' ('Ireets of hpllt on rice, Hough riel' has been c1emnn
stl'iltedin the expe1'inlents in 1050~ 1!J;)l, and ID3:2 to have It high 
l'psislance t'o hpnt, 'fhi;;: dlHraCt'l'ri;;:li(' SII!?,'ut'sts that heat lllight be 
lIsN1 eypn more extpnsiwiy than no\\' for th0 'im]lroYernent: and ~t:abili
znt'ion of s('('(l quality, Certainly t 1](' tl'l'hniqups for applying heat 
ill till' t'J'pafnwnt of rite l1:1,'e by 110 means bpell fuJiy explored. The 
pl':t<'ti('aiJility of usinl! a n'l'y hil!h lpl11lWl'ature :uHI "flash-heating," 
as well as thl' llent ITPallllPnf of \'iee in llll'c1ia other than ail' and 
WlItpl" should 1)(, inl·psli)!:l(prl. Till' possibility of simultaneously 
ill('OrpOI'at ill,!.! fllnl!i('i<ial "ub"I:I1)('(':; Hnd nutrients in the hulls should 
a Iso bl' l'onsirl(,I'C'd. 

SI.T])m'lA RY 

ExpPI'il1l('nU; II'(,J'P IIllcl(,I'lakpll dUl'in)! the riee-harvesting spasons 
of ID,,!), 10,;!. and 1!l,)~ to <iPlllOlI;-;tl'a(p fill' ('Ired::; of lin1(' and tPlI1pem
IUl'pol' hpatingoll tilt, \'iltlJililyol~ l'Olll!h, or pnddy, riCe> (()I',1jzusath'(() 
of <lilrel'(,l1t IlJOistlll'[, ('ontpnts, Both IllPtiilll11-gl'ain (S('1. GI-25-12 
11 n(l ZC'l1i til) a I1d IOllg-gl'a i n (HC'XOI'O, B1m'bon npl, an(l C'ent-ul',V 5:d) 
\'1I1'i('ti('s \\"('1'(' used, (;I'l'lllinalion «'st' dala 1'01' I'i('[' and s('p(J Jwal'
1']'('af111l'1l1 !llpi h()(ls and t Iwil' applications nl'(' <lisclISSP(1. 

If('nt tl'painH'nts \\'PI'(, Illa(](' nl'al' SOllr('('fi of fn'shlv ('ornbine
1I:l1"'('S/('<I rice-Oil tIl(' pl'pl1l.isps of tll(> ni('pExperilll('n( Sia/ion at 
Cl'()WII',Y, La, Salllpips of natllrally Illoist, l'ol1!!'il 1'ice \\'(,1'P packed 
in ht'at-1'Psistant t(~st (',dIes, TIll' Il's/ fllilps 1\'(:1'(' light Iy stoppel'ed 

,,' ,', ;f. 
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and submerged ill water baths maintained at di Ife1"('11 t cOllstant tem per
atures. 111 experiments to demonstrate Owelreet of temperature on 
viability: the usual period of exposure was RO minutes after the rice 
reached the temperature of the hath. In experim('nts to demonstrate 
the effect of time (duration) of heating 011 viability. the periods of 
exposure ranged from 10 to 1:20 minutes. Xo moisture was lost i\'ol1l 
or gained acce~s to tlll' rice-filled te!;t tubes (lm'illg the periods of heat 
treatment. The riC'(' .in the t('st tubes was allo\H'<lup to 8 minutes to 
reach the temperature of th(' bath. On C'olllpll'tioll of the heal- treat
ment the contents of the test tubes were eompo;;itecl and spread in a 
paper tray to air-dry. At the conclusiol1 of p:tch senson's \York all 
the air-dried heat-tren ted sn III pl('s, fOlIl'l hpl" \\'it 11 appl"oprinfp n i 1"
dried controls (non-hen t-trentp<l). ,Yel"e paekag!:'c1 in pap!:' I" balIS, tmm:
fe.lTec1 too the Sontll('l'l1 R('!!iolHd U('s!:'arelt fJa bOI'a IOI"V, X C\Y o1"1 NI ns. 
La., and stol'('d at ~+c_:2n'l' C. C;Pl'lllil1al-iol1 tl'cJS W(,j,p made on !:'aell 
sampJe by the nH'tho<1 pn'scl'il}p(lIJ,\' Ill(' Fl'llpl'al S('l'd .\cI-, and were 
run 8, 1G, :H, and ;~:2 \n'l'l;:::: dlpl' HI!:' dnle of l)('at tl'('ahlll'nL 

The. gel'lninaf"iol1 h',.;t data ('Oldil"llI (hal high Ipl1lp<'ml lin's a fl'pdl'd 
the \'inbilitv of na{\Il"all\, 11loi,.;1 l'OlI!!h I'ie(' ill 11ll1eh tlIP :-:lI1W I1lal1nrl" 
as they ;tll'!:'ct('<1 tlIP viabi'litip,.; of oth~'r kind,.; of SPl'cls similal'lv l:r!:'at('d. 
TIH' iollo",il1!! !!!:'llPl"al ohc;PlTati()l1:-; ('()1l1<l IJl' 11 1<1 c1(' : . 

FOI' rOllgh 'l'i~'e of ('neh Illoisilll"l' ('011t(,111" IIIl'I'l' i,.; n tl'lllppl'atUl'(, of 
hent- treatn1('nt Iwlow "'hidl tlll'I'p is 110 ([l'('I'l'a,.;(' ill \'inlJilitT. 

For a· gi\'(~n s:tlllpll' of ['in' flIP "Z01H' of IIpat dnlllap.v:'· i, ('.. Ill(' 
range beh\'(,Pl1 th(' t!:'lllppra!lll'p at \\'hic,lt ltpnl- dnl1lagp (0 riahilit), just 
starhi amI th(' t!:'lllp(,I'atm'l' nt which it- ic; .ill:'! l'Olllph'tl'. i" a IIHlTO\\' Olll'. 

The ('xtent 0'1' this nlllgl' 1'01' n Ill'Ht-tl'pntllll'llt pl'l"iod 01';10 Illillllj-PS \\'as 
not definitelv ('stnl>lishpd fDI' tIH' IHl{lIralh' lIloi::t ('ollliJilll'-han'!:'::tl'd 
rough rice 115('(1, but ha:-!:'I] Oil nppI'oxillw'tioll:' of ill(' lilllitinp.' It'lll
j)erahll:cs it aplwal's to 1)(' IJphY<'l'll ,'i alld 1:2 ('. This I'nngl' is aboul 
t11('. same. for 1'i('p or difl'l'I'Pllt 1ll0i"tlll't' ('ontpnl:-;, hilt it i::: hi!.!lll'l" 011 

I lIP t(,111 p('ra tlll'(' s('a It' till' 1()wPl' 111(' IllOi"IIII'p ('ontent () r t lip l:i('('. 
,rithin tllP ZOIlP of IW(l( <lnllla!!l' -1'01' I'i('(' of a !.!i \'PI1 llloi:'{"lII"P ('on{-pnl" 

tIl<' (ll.'gl'e(' or dl'stTlldioll ill('I'(';[SPS as t-1l(' I'PIllI;Pl'atl1l'p illC'J'('ases; al::() 
111(' 101l!!('r tl1<' ri('(' is Iwnt-tl'('atpd. tlll' gn'ulPI' ;ll'P if's los!-ps ill !.!('I"
llIil1:tfi()1l ('npaeif-y alld gPl'l1lillalioll \'IW·lI'. ' 

The 1'l.'sishll)(,P of I'(l\lgh I'icl' fo (h(' illlpnil'Illl'111 of ils \'Iahilily hy 
hpnt Vfll'iN; il1\'PI'sP!\' as its 1ll0i!-t1l1'P (·011[(,1lt. 

,1'hplI the \'i n b iii h' () r I'i('l' is cla Illn !!pcl by lIP:! t. loss ill !.!PI"Ill i Iln {i Oil 
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OC'lTllillatiOI1 (psis Iluul(' S. Hi, :21, alld ;\:2 \\'('('ks af!PI' Iwat· tl'pallll('nl
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llotl'cYcnl Hp[)I'pciallll' ('II,lllgl':' ill till' gPl'Illill:1lioll \'igol' alld IIC'l"l1linn
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In ('x]l(,l'il1H'llts wilh il1l1l1allll'(, I'i('p. thp 11Ioistl1l'l"l'OIlI('lIi Yal'iahll' 
exc]'eisp(j !!l'pa«'1" influl'lwP IlUl" Ih(' IIWllll"it\' nU'inhlp ill (1('tl')'milliwr 

Ill(' rcsishilJc'p of fliP i1l1l1lnllll'(' H'l'<1 to IlP:1! '<InIlUl!!l'. ,.., 
H('c:.lusP of lilllif.t'd dala if ('oHld lIot Il(' (lp(('I"llliIlP(j ",lIP/h('I' the 

varieties of l'i(,Pllspd (jill'pI'P<l si!!llilicHlllh' ill t Iwil' 1'('~i~hlIH'(' to 11('at. 
ObsPl'v(><l clill'!:'I'P1H'l'H "'Pl'l' Illill~)]' :lud hl'lip\'('(1 ",il'hil1 exp('l'iIlH'nhtl 
limitatiolls, Fc)!' till' ":lIlt!' 1'(':1<:011 i[ could 1101 })(' dl'fpl'lllilll'd ",ltc'I'IH'1" 

• 

• 

• 
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the total pressures deye]oped ]n the test tubes of packed rice durin!!: 
heat treatment had ailY significant effect on the viabi1ity of the heat~ 
treated seed. 

",Vh(!ll the approximated temperatures defining the range of heat 
damage to yiability were plotted for seyeral samples of rice of (lijferent 
moisture contents, :\, scatter-type diagram was obtained in w11ic11 n, 

zone of heat damage is clearly jndicated. Such lL diagram should have 
practical value in research and C"ommelTitll operations invoh'ing the 
heat treatment of rice, and it might, Hccorcling to the meth-od of der
ivation, SetTe as a hc . .t-c1amagc prediction chart for viability or 
milling quality. 

LITERATITRE CITED 
(1) 	AnAIII. ('. nOY. :In<l ('n.\Ll.I':Y. E.;\1. 

'Il);):!. 1:1("1, IlItEI·:JlI.\"n ,\;'1'11 nI;;I~.\RI' ('OXTI:OL ;;'ITIlIE;; IX AI:KAXSAS, 1!J.I0 TO 
1 H;;II. .\I·k. -\;.rr. EXJlI. SI:I. Hul. ;):!;). :!:: uP. 


(:!) ALA,\I, CU. 

10:W. 	 fWmX'rIFIC' IIEI'DI:'!' OF TIll!: HIt'I': I:ESI':.\ll(, II ;;T.\TIOX, S.\IlUl'lI, BTiL\1l 

.\Xl) (\1:ISS.\, FOit TIlE YI':.\H EXIJlX<; :lIBT ~I.\I:(," 1!l:l4. Uihnr :Ind 
()I'i~s;( D<'111. ,Ag'\'. Illll.:! of I!l::;). 1:!1 pp., illll:;.

(!l) 	
" 

Ar.IIJ:IW, PICI;t) L, niH] KI:.\ \I1':J:. 11.\1101.11 .\. 

l!l;)O. Hf('E 1l1:Y1XG. T(>x.•\ !! I'. I;;xpL ~tn. l'rog. Rpt. 12(\4, 2 PIl. 
[1'1'O('(>:;>'ptl, ]

(4) 	--- and KUA'Il'.I1, IJ.\UOl.1l .\. 

IIl5:( CO~Dmllt'l.\]. UIt'I, IlllJER ,~TliJ)lI·:S. Tl'x••\gr. Expt. Rt:l. I'rog-. Rpt. 

• 
1;)'~'1, :: PL). [Pro('('''~l'd.1 [.\1;;0 ill Ri('p .Iour. ;)0 (-I): 2R, 4G. 
1!);j:tJ 

(;)) ASSO('lATIOX OF OFFH'T.H. :"EIW .\XAr.YSTS• 

l!l4!l. In-I.E;:; FOR TI':;:;l'I;'1'(; ;;1;1';11>;, .\":;0('. 01T. ~('('<l Alllll. ]'l'oC'. :10: 2:J-:;\).
(u) C\T.\X.\SDFl-'. U .. :wa :/ollx;;nx, A. (:. 

] !):!(). TllE.\'!'" I'. 'iT OF ('J-:IW.\L REEIIS BY nllY 111':.\'1'. ,Jour. .\g-1'. Res. l8: 
:{,')-:WO . 

e,l • \ !'E\lIXI':, ;\1. 

l!lH,. ;'.nl 1,":'<XTXIS Dim KJo;I\Il'xnsPIIYSlOLOGTE \'OX OI:Y;'..\ S,\TI\'A (ulns). 
Fiihlillg"';; LnIH]\\,. Zt;.r. n:\: IS-!l:~. 

(R) AUTH~:Y. H.\JtRY ~., GHlGOUI~:F''F, \\'. IV..•\I.Ts(,lln...\. ~1.. nlJ(l Bon,lx, J'. T. 
10;);). HICE \IILr.JX(;-~::FFE("l'S n[·- ~III.LIX(; ('O:\IlITIOXB O.\" 1I1:1·:.\K.\m; OF HICE 

(iIt,IIXS. ;four. Ag'1'. and Food Ch(,llI. H: ;)n:::.;)i)!), illus.en} B,\('K. K .\ .. :lnd ('OTTDX, It. T. Y, 
] !):!.1. IlEI..\TI\·I,' I:E;;I;;'1'.\:-;('I;; OF TIl Elan: \\'I,EYIL SITClI' II 11.1' S OI:YZA 1.., AXil 

l'IIE (;ltAX.\I:Y \\,I-:Enl.. S. GI:AXAHIl'S 1... TO lfrclll AXil 1.0\\' TI'~I.
l'FI:AT(·I:I':S. .fUIII'••\;.rl·. rll'S. 2.'l: 1O-1::--1O-1./.

110) JbCzl':n, .\n,I·ST r" :l n(J ('orros. n, ~r. 
1 n·lT. 1XSI-'("I' PESTS OF STOHlW Ill('l~ AXil 'nmllt COX'I'I:OI.. U. S. D('[Jt. Agr. 

Fa rnJ('l's' Bill. H)(H;, I'('Y., 2-1 )1)1., illlls. 
(II J n.lI:cam. E. L., I·J.'\'(iJ.I·:n. KYI.I-:. nnd 'i'll0 \[PSO;'l' .•\. H. 

:W·I!( ,\ 1'\1:\1 l'XIT Il!lJEn FOrt ('O~IIl[SEIJ lI(n:••\g"I', I~l1gil1. :!-l: :!a;)-:!:~n,
il I liS. 

( 1:! 1 B.\lel:, H. '1'.. :111(1 ('ooxnon. L. G. 
'I!);):!. IIl'LK IlllnX(; .\;\11 ST<lJ:.I(iJ': OF I:ln: ox 'I'll E FAIDI. A.!!I'. Engin. 3:'1: 

158, ](jO, IG:!, Hi·l, ill us. 
r1!\) 'BOIlXAIl, GJ;onm-: 1'. 

1!l:::!. OI'),!lA'flOX OF mn: w:nms rx 1.\I.IFOnXrA WITH r.Ow Alit TE~ll'lmA
'ITIWS. A;.rr. Eugin. 1;:: ·I;)~!l, illll;;. 

(l-I) I3nx IJ. XED :J.\.\I FS, .Tn. 

• 
1!l;)'I. Tn;·; IJI-'SI',X AXil OJ>I':I:.\'I'In:, III' .\ 1-.\11\1 Sl;'.F GII.\lX 11I(mn. [')Iastcl"s 

th(';;i;;, 1:!:.! pp.• illu;;., Ln. Stll. lTIli\'" r:n(on Houg-p.l
(Hi) B l"I(ra,;ss. .1" ~II':S L. 

]!)]!). J:I~I.NI'[()X 01.<' \'AltnXU UEc;nEI';S (W 111>:.\'1' TO THE n"')II'.ITY OJ' SlmllS. 
N, C. Dl'pL _'-:rl·. Bul.·Hl lliJ : 0-11. [.\1;;0 iii .\IIll'I', ~(lt·, Agl'Oll. 
JOIlI'. 11: ]],';.. l:!O. Im!!.l 

(H,) ('ooxn'}l). L. (kollm;. 

In;:;:!. IJllnXU AXil STOIIA(;!': OF HOl'Im H[!'I;. ilkI' Ann. l!lJ:!: 2R. 

. 
, ' 
Jt,;-~'''. o;i,.,,<.. ..~'; ,::.,"'~ ,.f,,' j, 

http:IJ.\UOl.1l
http:KUA'Il'.I1
http:11.\1101.11


TECHNICAL BULLETIN 1129, u. S. DEPT. OF AGRICULTURE 

(IT) COTTON, HICHAm) 'I'. 
I!J±l. 1;O(SI':(,'I' P~;STS (lb' STOftEIl GIIAIX .\XIl GHAIX I'HOIlt'CTS. IfH,:X'f'If'rc.\ 

'l'[ON, lIAflI'f'S A:,(1l ~"E'f'1I0flS 01,' CONTIWL. 2-12 JIll., illm.. llIinue
IIpolis. 

(18) 	 CRAI.LEr, E. )I. 
10;:;2. CONTftOL O~' WHITE TTl' OF Rll'I'. Ark. Farm Rps. 1 (1) : [:oj. 

(IU) CRUICKSIIANK. 1. A. M. 
IO;)-L 	 '1'1IEIDIO-CIII':_\IlC.\L SEEIl THI'A'f'.\mN'l', Nntllrl' [London'l 1.:1: 2l7

21K iIIllS, 
(20) CftU~, 8"N'I'I"(1'0 R., :lnd L.\FOHTI':~,\, AX8"1.)IO, 

10:;0. 	 '\1(,l'Il'll'I"I. m:Y.1:,(o (W Itlll'GII m(,E. Engin..Tolll'. pranilnl 1: 20-2:'1, 
iI I IIi". 

(21) 	 DA FA:,(O, AXXA. 

I!)Hl. sn.I." HEIDIINABII.IT.\ DEI. mso [OHYZ,\ S.\TI\·,\1 " Ill". Git.\;\''f'I'R('O 
[Zlc.\ )I,\Ys1 1X ItAl'l'OWI'O ,\1.1,.\ 'n:)II'.:I:XITH,\ I,ll ,\1.1.,\ 1-~IIIIIT,\. 
l,:t. Bot. fll'll:l n, I-nh-. Pal'i:! .\tti Ispr. II I Hi: 1.-;\0, illui'. 

(22) DAS'ITIt, R. H., lind I )E8AI. R. ~1. 
[, IU:\iJ. ~I'fm <,,\I:IIOX 1l10XIIII'; (',\I:IIOIlYIlI:.\TI' II,\TIO I;\' '1'111': .\EICOBIl' AXil TilE
,0; .\XAI·:ftOIliC I:I,SI'IIt,\TIOX OF Iun:, .\1111. Bot. I'Londpnl ,Il): :;:'\-(;!l.
f' " i1lm;.
i 

(2:3) nEA:\', GEOHI", A.
!-" JJlll. 	 IIENI' ,\S A ~IE,\NS OF (·O''I'ICOI.I.I:\'{; ."".1. I~:;E(,TS, .TOlil'. [<;('011, EliI'.-, , 

.,: H:!-Hil, il/\1S, 

(2'0 
101 :>,. l'l'II'I'III'" I),\TA os 1"':'\.'1' A8 ,\ \1 E,\~:; nv ('()ST1:0LI.I so \111.1. [X:;E(,'I'S, 

,10111', 1-:('011, J:111t. Ii: -IO~;-,::' 
(2;) DIXOS, lIE;\,ItY H. 

1001. \'I'I'AI.I'I'Y IW ;;I"ms, :\'at\Il'~' [Lonrlol11 Ii-!: :!:;(j-2:;.,
(20) 

1!)()2.. ox T.lfl~ 111"DIIS,\TI'OX OF SEEIlS AI'TEIl ESI'ORI'ln,: TO IIIGH 'm)If'IWA
'I'l'I:1o:S. Tl'iliity ('01.. Dllhlill, nol, ~('liofll ;\((11(',: 'I: 1.(;-1S(i.

(2.) 
1!)O;}, HESIST,\XC'g IW slmns Tn IIIGII '1'1';\11'1':1:.\'1'1'1:1';>;, Bl'it. .\S':OC'. ~\{l". 

Sc-i. Rpt.. :-;('1'1. K, 11 !Ill:! I .:! :'-:0:;. 
(21;) EIlWAlWS. ~L. 111111 ('OI.I~_ 

lR:1-t IH': l:r:\'I'L\'E:\'('I, IlE r..\ 'I'1,\II'I:;Il'\'ITI:I'; ;'Wlt I. \ (iEIt~1 rXATW". AIIII. d(>s 
~('i. Nn t .. 11m. 1':1'1', 2) 1: 2:;. -2.0. 

(2!)) l~N(1L1~Il. Kn.•:. :I lid :\IC.\'E.\J., .\'ZIX. 

HI-l.J. AI:'I'II'I(·I,\I. III:YI;\,G {W ('()~IIIIXEIl IIIl'1-:. ,\,gr, 1';IIg'ili. 2:;: :'\.!)·,::no, 
ill \1~. 

1:'.0) ]1;RYOfN, P. R. 
]!):In. (,II,\X('" IX ,\{"III'ITY OF I'.\'~),\II·:S. SOI.I'III.1-: (·.\I:1I0IlYIIH,\TES••\~D '!X

'!'EXSI'I'), OV IlESI'IHA'1'I0X (IF 1:1('10; sl':lms "":IDII.\',\'I'I:\'(; ('.\'IIEIl \\'.\'n:l:. 
!'Iallt I'hysiol. 11 : x21-K:~2. ill"s, 

(31) 	HAIIEIII.ANflT. I"Hn:IlI:, 

lS(i:3. \'EIIEI: 111';:\' 1':1'\' 1'1. l'"S .;1 :\,EH II Ii II EI:EX 'I'E\lI'I';I:A'I'I'1l .\ I'F 1111': I{I':I \11':\_ 

1I1(:K.:I'I' IIEIl ,~.""I':X I·XSI':I:.:1l ('I'I.Tt·IlI'FI.AX~I". AliI". L:lnd- u, 
FOI":.:t"\\\ Zt~. (~(,l'. f!) 1 : ;1S!)-::n:t

(H2) Hijlf.XEI., FIl,\:\,~ \',

IS... \\'EI.('I"': W:iIDII':lil:.\IJI·; TIlOI'KI':Xi'; S.\\II';,\' I':HTH ,\1:1" , 011.\'1, DII': KEI\I
.-XIIII;I':I·:I'I' 1·:I,\)wlli'sSI·;X. \\'i"",-l'l'akL ['111('1'''111'11. Opil, I'flnll 
zPlliln IIl'i' 2: ••-SD. 


(:~:l) HI''I'C'IT fN'S(),'\, .1. H. 

ln4-1. 'rIJi.: IlftYI:\,n 01' WIlI·;,\,I'. III. 'ITIE 1':1<'1-'1';("1' ()V TI':~II'''U.\T\·IIE ON' 

1;"11\11 S "TIOX ('.\I'.\{TI')', ;r"III', :-;0(', l'I1!'III. 111<1"", Ii;\; 10·1"10., 
ill II S. 

(3-1) --- GlOmI:, R .\'" find Tllo.""s. 1', T. 
l!J.lli. 111,;,\'1 11,\\1.\(;1, IN n;1t1':,\1 , SEI(IlS, i'ia(lIl'(' I LOIHlolI] 1;/1\: l:!O 121, 

illn;:. 
(:3;) ) .h:SKIN'S, ,I, ~l 1'1'(,111,1.1, 

1!l-1.J. \\,1':"'1'111": (JIlSI-;H\''''I'IOXS A'I' '1'111'; I:H'I': "XI'I-:I:I)II';S'I' 8·I',\'I'I()1\'. ('110\\'1.1":. 
1..\" Io'01t '1'111'; TIIII"I','-'I'IIH1':E-YI';Alt I'I':UIOII 1!1I0 TO Ill,I!!. IX(,f.l'SI\,I~•t Ln. A,~I·. I·;xpi. ~In. I\ul. :1.0. 2:j lip. 


(ao) J~;:\'SI·:X. J. rI. 

11;:-;:-;. 	 '1'111': I'IIOI',ltl.\·I·IO.\' ,\.\'11 I'HI':n:.,\·I'IO.\' OF ""t"I' TN' OATS A;\'II BAItI.I';Y. 

.,' 

• 


•

Hoy. AgT. ~II('. ElIgl:! lid ;J (llil', I,;pl'. 2) 2-1: :\!J.--11:;. 

http:HEIDIINABII.IT


EFFECTS OF HEAT TREATMENT ON THE VIABILITY OF RICE 49 

(37) 	JOUlN, VlUTon. 
l~n!). SUit I.A Iti::STST~INCE Ims GItAINES A!TN 'n:~(I'I::ltNI'L"ItES 1~I.E\'Jh:s. 

rPn ris] ACUlI. des Rei. COlllpt. Ut'ml. 12l): SOil-SM. 
(3S) JODON, N~:r.SON K, llIld DE LA Bom;;SAn:, D. A. 

10"0. I:IC'E 1',\lUETIES f'Olt LOl'lSIANA. .Ln. Agr. EXllt. Sta. Bul. 436, 16 
Pl1., illus. 

13!) Jo:ms, ,TI>NKIN W. 
l!tW. 	 GEIDIINNI'TON OF ItWE SlmllAS AFI'EC"I'IW HY 'l'E~II'lmA'I'Ulm, FUNGICIDES, 

,INII AGE. A 111('1'. ~(I(', Ag1'oll.•Jonl'. lH: ;'76-;;1)2. 
(40) 

103<l, EI'FEC'I' OF HlWI'('EIJ OXYGEN 1'ItI·:ssntl~ 0:'\ HlC'E Glm~nNA1·IO:,\. Allier. 
SOC'. Agroll. JOIlI'. ~:;: (j!l-I-n, illns. 

(41) --- n(1(·KIN8 . •1. (I .. \\'.IIKI-:I:, It. K .. alld PAn:;. ,,'. ('. 
11);32. 	 I!I('I': pn(IIIITTInN IN TIH: liOlTHEItN STATES. U. S. Dept. Agr. 

FarIlH'I':;' Bill. :!O·I:l. :lli pp., illu;;. 
(42) Jr8T, L, 

IH.:;. 	 ('1II,lt 1111:: WII:KI·xm:N lliilllmElt TI·;~II'EI:ATI·HI':X .\1'1' 11m KEnll';\llrG
KI·;IT IJlm :;A~U::X I'ON TI:1FOI.Il· M 1'1:.\'rt;;,(SE. (,\h>:tr:I(·t) Bot. \I~t:g. 
:3a: :i:!-:;a. 

IS... l'IWlm IlIE 1':IX\\'lIt"I'XG 1I;;IIEltl-:l: TI':III'I':I:.I·ITI:I·::'\ .\1'1' IlIE EltlL\1.·ITNG 
IlEI: "EDII';\I[WKIUT 1I1::1t SA~II-:N. J:l'ill'. 7.. Inol. riP!' l'fl:lll7.. 2; 
:111-::·IS, illni'. 

'. 
(.j..!) KIESSL] Nn. I.. 

lOlL I'NTI';ltSI'('IIU;,({;~::; i'llIm 11iE ](EI.\lI:EIFl'),'(1 111m m:TI:EIIl1l, Lnnelw. 
.Inlll'll. f. 1::I.I'<'I·n 1; .J.H}-:;1-I. 

("G) KL1~lIs. C: EClltG. 
[ISS:;. 1 B!':l'rHX!:r; 7.('1/ .\1 {lnl'llOI.Cl(:l I·: 1':-;n mOLO(rm llI"tKI':r ~11':,\<1. TIot. 

In"t., 'l'iibill~!'n, l:1lI:PI'i"II<:II. (1881-.'1;» I: ;,:~6-{ja:;, illllS. 
('J(j)KI:.I~a:I:, I.IAltOI.11 A. ,.,

1!J,l'. 'l'IlE ,lrECIl.I;,(IC::; OF 1:1('1, IlItYI:S-G. Agr. Engin. ~S: .Jll-lH, .J17, Hius. 
(47) 

l()·j., m('l;; II1:YI,r; 1;'( l.(H'ISJA;,(,\. Hi('(' :10111'. :;0 (8); 22-2;:;, illus.; flO 
(n) : l!i-:!O, Hlu;:, 

(48) 
1ll4S. IlItYl:>{; ('O~!.IIINEIl I:I(' 1::. L. S, nul'. l'inllt Indus., SOils, and Agl'. 

EII.'!in.,l>h', F:II'III IJitl~". :I lid Hlli'nl HOI1l'iIJg.l' JIll. 11'nH·('>:fied.j 
(40) 

1!):;O. 	 EFFECTS OF nun:;r; ox '[IIE I'I:OI'I·:I:TlES OF UOl'Gll !:II'E. Hie'!' ,IOuI'. 
:;:1 Iii): 10-11, 1!l-:!I. illu>:. tSilllilnl' nrtil'ie in Agl·. Jo:llgill. :1~: 
·1,1-1:), :;0, ill 11:-;. ] n:;l.l 

(GO) 
1!);iI. A S'ITD), (II' ,\IlS0Ll'TI'; 1I1',ll11llTY ('o:s-nITltlNfl IN TIlE m'I.F COAST 

ItI(,I': .11:1':,\. A)!I'. EII)!il1, ;l:!; HII-li'S. illll". 
(Gl) --- nlH1 .\ LIlI:IW. FI:~:II I.. 

1!l:;:1, I:ln: IIltlEl: flI'EILITOIt;: la'lm:. '1'('X. Agl'. EXJlt. Sta, ;'Irise. PUb. !)2, 
HJ pp, [l'ro,·(,>:"p(1. J 

((';2) L.I'I"T'\, It,I;,(II.II.I •. 
1!):'.:!, TilE 1',II'OIt-III';.IT TltE.\'DrE;'(T ,IS .ll'l'f,mll '1'0 'rill'; CONTI:OI, (W X,\ltCIS

sn; 1'1·::;T8. ,lOlli', El'oll. I-:n1. :!:;: 10:!t)-1O:!(i. illni', 
(r.:1) LI.;IJ\fA;\', S.I~lt·E1. (:. . 

1!):!:;, STT'IJII';:; ON TI:I';.I'nIENT OF COTTON ::;1·;1,11. N. C. A!;I'. I~xpl, Sta. 'l'{'('h. 
I:ul. :!Ii, .1 pp., ill,,>:. 

(:3") Lew I;:.; 1,1:>.1 .\(iltll'l'l:n'U.II, 1';:,(l'Eltt1n:NT ST,ITIOX. 
.1!l·II. n1n; HltY,",,'. ,1:\11 :-;WI:.\IOl·; 1;'( I.Cll'ISI.\;'(,I. Lil .•\)!r, l~x]ll. Ria. Hn1. 

·!l0, ~~. ]1[1., illn;;. 

[l!l:;:L] 	 ,\NNI',\[. 1tI,;pon'l' 01' '1'111': ItI!'F "XI'I·;1:DrgX'I· STATIO:;, Clt(l\\,1.~;Y, 
1.0 I'IS I ,\:.\'.\, I U;;:!. 1If) pp. I PrO!·p"~('!1.1 

(G6) i\ leX I':M , X7.I:.\'. 
In.JI, ,lItTIFH'!.\1. HI!YIN(; OF ('()~II:L'mll nl(,E. Agl', 1~II)!ill, ~,": fi2, (i., illm;. 

(G.) 
J!)·II, 	 ~ll1.I.INIi .1:\11 rmH\II;'(.IT!ON 01' ,IHTlFICI,II.I.Y nnllm 1:1('1':, Ri('(' JonI'. 

f)(J (·!l; 11-12. 

10·m. ,\ltTlI-'I('I,\I, I)1tYlNC: nl' ('O~I1I!:.\'IW 1:1l'I~. A"k, .\gr. I~xpt. St-a, Un!. 
48., ;:0 pp" illns, 

http:1',II'OIt-III';.IT
http:I.IAltOI.11
http:TI:1FOI.Il


WJl~:N Il'O HAR\'.I~ST mCE If'JJt l)J~ST )[H,UNG QUAU'I'Y ANII QEJ:)['n,A
nON, Ark, A6'1:. l1Jxpt. Stu, Bul, [;04, 41 pp" mus, 

(60) 
1t15~, IllC~:-AEla'l'ION, STORAGE, ANIl CONUl'rrONI::\G. Ark. Fltrm Res. 1 • 

(2): [2], mus, 
(61) MIT.r,lm, P. W., and }IC'VIlOR'I'EIl, F. P. 

1048. 	 'l'fIJ, USE OF V,IPOIl-H~:A1' AS APIIAC'l'TCAL ~IEANS OFU[SINFECTJNQ 
SlmllS. Phytopltthology 38: 80-101, ilillS, 

(62) 	}'IoIITNAQA, 'rOSJlITAlto. 
l!):!li. ('.I'I'.\[.,ISE ACTIVITY ~\NO TnE ,\EIlOmC ,INIl .INAElIOllW (am~IIN,ITJON 

(W HICI'. Bot. Gaz. 70: 73-84. 
(6.'3) :MolmrsoN, S. R., DAVIS, '1'. ('., anel SOJ:l~NSOX,.T, ,y, 

1053. 	 IlIN nll\'lNG OF urCE A'1' JlEAF~ION'r. l!li'i2-r.:l. 'I'P);:.•\gl'. EXJlt. Stn. 
Pro!!. Rpt. lli~g. S P\l., illlls. [Pro(,l'l'sP(l.l [.\ I'i:i(']p IJlIspll 011 

this rl'port jluhlislH'll tlllonymous]y in Ihl' HiC'(' .JoUI·. :i0 (:i): 
H. 10, illus. 105::),] 

(64) 	---DAYIS. 'VII.I,IAM ('.. :JIH] ;';nnE:-I8llN. .T. ·W.. ;rn. 

1!)54. IlfN IlI:YINO til-' In('~; AT 'rrlE I:[CI,-PAS'ITr:r: EXPI':I:I \1 I': X 'I' S'l'.I'I'IOX. I !l~:I' 


54. Tl'x. "\.gl'. Expt. Sta. Prog. RVt. IOTO, !) JlJI. 11'I·U('N:sl'd.] 


(Wi) N.IGAI. 18AI:I'I(0.

In10. 	 S()~IE s-rtrnTl'S ox 'I'HE) GEIOrIXATIOX OF THE SEI-:tt OF OIIY~.1 S.I'I' 11',1 , 

Tokyo Imp. l.'uiv., Col, .Agl:. Juut'. g: 10\}-1;):-;. illns, 
(60) 	POI'ENOE. ('. H. 


ln1l. 'I'll!, ]:;'IJlAN-)lEAI. )roTH Axn "WEEVIL-eel''' PE.IS I"! S. F. S. I)ppl:. 

A).!'I·. BlIt'. Ell!. ('ir. 14:!, (j Pll., illus. 


(G7) HrcE :'t[II.Llms' ASSOerNl'ION. 

In:;:!, weE l'UOIlI'('TTOX IX THE, ['::nTlm ST.\TES. 1.\I;;~. (·11 \lP, :'\('\\' 01" 


1(';1 nS. [Also in Riee Anu. In;);~: (;(J-OT.1 

(OS) SACJlS. ,I n.II'S. 


l8Q'i. BI'SClI:\lIIGl'XG UNn TiinTt'xG 01'1:('11 ~I' lI(IHE n:)!I'ER.\'I'I'Il. III 

HorllH'i~I(lI'. 'Yilh.. Haudl)l1eh lip I' ph.l'siolot!i:-whl'lI ho(:lllik 4: 

\i:~-fjH. illns. L('ill~i~. 


(G9) 	 S.\SAKI. 'i'AK"ISIU. 

l!):W. "1'111': PIII':LDII:".\IlY IlKl'llllT OF .IX .IJlXOIl,\I.\I, TYPE OF liEJ()IIN,\TIO'\' Ill' 
 •

IlH'I': simns I'NllIm mwn'F:I) Am HI·I'I'I.Y. )\i,g:tkll KWllillO (S('i. 
Agl'. SOC'. [.llIp:1111 ;rOllr.) )\0, :!RS, lIP. ·Wl-·lliO, illll:', I III .Iap
at IN''''. English S\ IIIlIIH\·Y. )\(). :!~T, P11. Hll-lll:!. W:!U.] 

(70) 	 SI;I'S II Ell. ~I. 1\'" rLlld .'1 t'I~I.lNS, '['IIOY, 

I!HK )IECII.IXIZATION OF TilE I(ICE 11.11I\'EST, 1.\.r1;:. .\gr. EXllt. Sf'll. UpI'. 


Rpl'. 11, ::)1 llll., mUS. 

__,__ 1I1I!l .\II'I.[.IXS, 'fIIlW,
(Il) 


In:;:!. 1\(('1'; ~lU.I. YH:I.lI A:-\U GR.\lll' 1.N 1Il-:[..\TIOX TO 1'.IIIII~TY ANIl )rETHOJ) 

OF HAIl\'I':R'J'. ,\ 1'1;:. .\gr. EX]li'. SIn. nlll. :i:!(\, :ai ]l[l., iIIus, 


(72) 	 R)UTH, "',1).

lIN;:;. .J:I,('o~omXIlEn IlIlY[XG AIIl '!·E~II'I';Jl.ITl'nFs 1'1111 IlI~Y1X{. H01'lOll m('I'! 


T:\' It[CE !iItYEItS, {T. R. D('pt'. AgI·. l'rod. :lll(] ~I:lrk('[. Admill., 
Gl'ltin tH·:llldl. lip· ;-;O-!l!L II 'I'll! Pss('(l. I 

(73) ---Dr~FFES, .T. ,T., I\I,X,I':I''I', ('. fl., and Ill'llRT, \Y.:\1. 
In:10. 	 nltYIY,1 CO:.tIll;\,I·: 1I,ll:n;S'I'I-:I) 1:1(,1'; 0:-\ TIII.·~ 10'111.\1. I', l", 11111'. ·\I!t·· 

E(,OJl .. Graill DiY., t', R, (lrnin ~jull(lnrlb .\1'\- (;r:lin [1\\'(',;0
gations-:iT, :!() /)JI., Uius. I PI'()(,l':-;~('(1.1 

(74) 	- __ lJEI'n:s,.1. ,I., HI':XXI':I''I', (', fl., lIIul olhl'l'S, 

10:~;3. "1ItTIFrCrAi. IIItYI;\"!; Oh' I:£n: 0:-\ '('JIg FAil)£. L~. 'Ilppt. ,\);1'. ('iI·. 


~!)2, 24 pp., ill \IS. 


(7:') --- Dlwms, ,r. ;r., flEXS1·:l"!', (~. II., :llld. ()\h('l·s. 

lO;{S. EFFIW'.I' OF n.ITI·: OF IlM:n:ST 0:; )'1I,:l.n AXil \lfI.lIXli (1l'.H.ITY Oli' 


mCI'. U. S, D('pt. Agr, Ull·. ,l,s,l, 1!) pp., HItIS, 


(7tl) --- awl J'mms, .Il,sin:;' 'Y. 

10::T. \\'III,X TO ('1"" l:fL·". U. l". Dppt:. Agl', Lp:J fl!'1 H;,. ;j fiLl. 


(Ii) Som~;:\'st)N, .1. "r.. DA\'\S. "'U,I.lA)[ ('., 111H11101:l,IS,,;;\\'0IITIl, .I. 1'. 

l!J.IS. 	 IHIYIXIl 111('1, I~ SACKS. 'l'rY. Agl'. Elxpt. l-'In, I'I·O;!'. ltpl'. 1.13S, 

,I 1l[1. rl'rO('(,Sl:Wll.] 
(78) --- II II(] 01 h('rs. •10;:;:~, 111,(,1':11"1' m;s~:.\It( If Ox IlItYr,\,G INn STOII.I\;I·; 01: BOnar UI('K South. 

Coop. ~('1·. Bul. :!\), 2H ]lJl., ilills. 



EJ:EAT TREA'l'MENT ON THE VIABILITY ~F 'JUCE 51 

. (79) STIltNHlAN, E. J.,BODNAR, G. P., and HATES, E. N . 
10::l1. TESTS ON RESIST.\NCE TO TH~: 1'ASSAGE m' All: 'l'llHOeGII IWUGU lUCE 

IN ~\ DEEP BIN. Agr. Engin. 12: 145-148, illus. 
(80) ~'AxAHAsIn, T. 

lOOG. 	 IS GEID[1NATION 1'0ssmLE IN AllSENCE OF AIR? Tokyo Imp. Cuiv., 
Col. L\gr. Dul. (j : 480-442. 

(81) T'AYI.OIl, D.\\"fIJ L. 
l!H2. 	 INFJ;n::NCE on' OXYGEN TENSION ON RESPIllATION, FEIDIF:NTA'I"ION, AND 

GROWTH IN WHEA'.r AND BICE. Amer. Jour. Hot-. :W: 721-7:18, ilius. 
(82) 	 TISn.\u:, \r. II. 

1!J22. Sggnl.IXG B'.TGn']' AND STACK-BeBN (:1' nWE AND TIlE I[OT-W"\TER SEED 
Tla'A'DrE::<"T. r_ R Dept. Agr. Bnl. 1116, 11 l1P., ilIds. 

TODIl,)1. L. 
]!J;;O. TilE mXTILNI'IO:-1 OJ: AEltATJON OF mCE STOR.\GE IllXS. Riee Junl·. 

;;:3 r,s) : 10-]:{. 
(1'4) rxrn:n NT.\TES DI':I'.\II'nfI-::\,'I' OF AmucrT.TUIlE. 

10;;2. ~IA:\,I·AI. !'OJ: TI';STI:-;G .\GHT(TI.Tl·I:.\L .\ND VEGET.\IlLE SElms. U. S. 
] l('llt .•\;!I"...\g'l". illl1HIlJflok !\(), 440 Pll.. iIImi. 

C:\,TTIW 	~TATI':S I'I:OlJt'CTJOX :uul :\1.\1: I-.:I·:TI:\,G .\ 11)1 TNfSTI:ATIOX. 
]!);;O. m'LES ANIl Ul·:(:('I.ATWXS n""m THE FEIIEItAI, flEEII A("T. I'. f-i. De[lt. 

•\.!!l". ~('I'\', :Ind Rpg:l1lnt. AnnOIIlI(·. lii(j, iiI pp. 

(,sO) VJ..\~II>;••f .. and I ),\\,[S, ~\.. R. 


l!l-1:t 	 (:EJ:~":\'.\TIOX, (H:O\\'T II , ,\XI1 I:ESl'IHA'l'IOX OF HICI, ,\:-\11 fl.\ItI.l'Y SEEn
1.1:\ (is N1' 1.0W OXYGEX PHI,SS G HI,S, Plant Physiol. l~: OS;:i-(j!)2, 
iIlus, 

(R7) "-Af;GO:\I-:Jt, II. D. 
1017. Till·: n.\BH,T'I'Y OF ItAIJISrr SEEns (rtAPJIANUS SATI\TS I .. ) AS AF"'FoC'I'I':1l 

flY HlOlf ·mMPI·;It,\'I'l·IlES AXil \\'ATEIl CO;\"I'EN'I'. Allier. ,lour. Bot. 
-1: 2fJn...:n:l. ilIu". 

• 
(81';) ,VATfH1X, n. D,. COI:I'I!TX, 1,1·:lI'ls. :111(1 I{OIllXSOX, ItOX,H.Il. 

1!);J1. '1 liE E\',\LI'.\TTOX OF ~1.•\'I'EIlI.\I.>; !'Olt HENI' 'l'IIEAT)I1':X'I' (II' I'I,AS AXU 
I1I-:AX8. L S. Bur. Plant InClus. Plant Dis. Hptr. :,:;J: ::;-12-::;44. 
l.!'roc<'f's('d.] 

(SO) ", II ['rI;, .1 E.\:-;. 

'!!lon. 'I'l110; FEIClTB:NTfl AND I.ATEXT I.T!'E OF nEs'!'rXG SlmlJs. Hoy. HoI'. LOII
!loll. Proc. (s<'l'. B) 81: ,117-442. 

i.(J(l) "'11-:>;:\,1-:1: • .It·I.IFS. 
lS71. EXPI·;I:DmXTAT.-\.'XTFIlSI·cnnX(;J,X t'mm nIl, KEDn'XG nEI: S.\,\II-:X. 

,\1\:\<1. <1c>r Wi"s. 'Vi <'ll , :\rnlh.-Nat. Kl. Sitl\ht'r. AlJt. I, U4: 
41:i...4:{3, 


(n1) Yo J{/JI , T. 

ll-;!),<;. 	 0:'0' THI~ 1l1~\'Er.OP,l.IJ::-;T OF 1'ng l'LU,l.II:'I.E ANIl IlAUH'f.E OF RlCE-SEEIl 

\\·I1'.IT \',\l:lOrfl QI'.\X'JTI'lI':S 01' \\'A'l'Im lX TilE G1mMINA'I'fNG 
.m:IlH'\I. Tok~'1) 11111'. ('ni'-" Col. 1\,,1\ Bill. :1: 41-;2-487, illus. 

• 


http:ItOX,H.Il


• 

• 


