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A Report of Research and a Literature Supvey !

By Vervox . McFarease, bacferiologist, Joseea T. Hocax. chem-
ieal enginerr. and Taveor M. McLerore. engineering aid., Southern
CCtihization Research Dranck. Agriendtural Rescareh Seprice®

INTRODUCTION

The effects of heat on toueh, or paddy. rice (Pryzn sativa) have
assumed greater importance in the ITnited Seafes since the introdue-
tion of combine harvesting and the associared need for artificiat dry-
ing. or conditioning. Improvements in the method of drying.
meluding equipment and vperation. are limited by the danger of heat
mmjury to the rice. Practical vice-drying procedures have been de-
veloped lareely ag a result of experimentation in commercial plants.
Fortuitously. procedures that have favored high milling wields have
wenerally favored high sced viability. Neverthieless, they present
sizable righs if we consider. for example, that i 1952 over 48 miilion
vetitals of rice were prodoced i Arkansus, Loutsiana, Texas, Missis-
<ippi and California (47)3% Most of this vice wa= combined at moms-
ture confents above L4 percent and requived artificinl drying before
miiling or storage,

Very little i= known about the eflects of heat rlone on the viability
of artificially dried rougl rice. on the activity of its enzymes, on the
nntritional availability or destraetion of its proteins and vitamins,
or on its other characteriscies and constitnents.  Mueh of the knowl-
edge now applied in the heat trearment of rough rice is based on the
assumption that its behavior will be antlogous to that observed for
other reeds that have been similarly heat-treated.

Ta advanee our knowledae of the eflects of heal on rice, a series of
investirations were undertaken during the harvesting seasons of 1050,
1951, and 1932, Representative experiments ave reported in this
balletin. Their scope is limited primarily to demonstrating certain
remperature. fime, antd moisture-contenr relatiouships of trearment fo
the viability of rough rice.

The authors decided to Investigate the eifects of the different varvi-
ables on viability vather than on other physical. chemical, ov biolpgical

tSnbneirred for pabdieniion Aprit I, W55,

= The authiorn: are indelined oo W, U, Fawssien, divertor crefireds of the Louigiann
Agrieuttural Bxporiment Statiow; (o BT Bares hend of the Agricuttural Engi-
neering Hesearch Depariient: and ro # Waller, swpevintendenr, and L. G.
Copurad, formecly pesistant aociegloural engineer, of rhe Bive Experiment Stu-
tion, For the privilege of tomdneiing e heat-neatiront experiments ar the Riee
Bxperiment Smarion, {"rowles, fa

I Tralie nrmbers e paronthieses refor Fo Litersiare Cited, p. 47,
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character'stics. There were practical reasons for this decision. The
samples of heat-treated rough rice were too small for satisfactory
milling-evaluation tests. To obtair. 1. zor enisles would have neces-
sitated decreasing the number of variables mvestigated. Skilled
technienl assistanis were not available to perform complicated bio-
chemical tests. On the other hand. facilities were adequate fov
making germination tests. Moreover, these tests reflect the biological
conditions of sceds within limitations. They have the added advan-
tage of being universally used and understood. Hence, they provide
data interpretable by many workers other than seed analysts, such as
seeclsmen and farmers, commerecial grain-drier operators und millers,
- plant physiologists and pathologiss, and biochennsis.

J.*Utllmug_rh three major variables—temperature of treatment, time
(duration) of treatment, and moisture content of the rice—are con-
sidered, the grentest emphasis 1s placed on the tempevature of treat-
ment, or the heat,  This is beeause artificially heated air s used in the
commereial drying, ov conditioning, of rough vice and becanse it hus
been useful in preventing deterioration of rice during storage.

Experiments were plimned (o accomplish soveral objectives.  Chiet
among them were to determine (1) the elfect of temperatare of heat-
ing on viability. (2} the effect of time (duration) of heating on
viability, (8) the velationship between the moisture content of the
rough rice and Hie temperature of heating and its eflect on viability,
and (4) the eflect of prolonged storage on the viability of heut-
treated rice.

SOUTHERN PRACTICES IN RICE CONDITIONING

Changes in the methods of harvesting and storing ave responsihie
for the present interest in the elfects of heat on rice. Approximately
50 percent of the South’z annual rice crop = now comhined. according
to Jones ef ¢f. {4/). Swith and Jones (76) Tound that the best time
(o lnurvest pice = o .o when the ministwree content of the standing
rice ranges Trom ahout 23 to 28 poreent,”  MeNeal (499) and Sorenson
et al. (78) in recent studies reporied fhar rice should be combined
when its moisture confent i within the [6- to 26-percent range, 1. e,
if the field losses, including shelling and breakage in the combine, ave
to be reduced io a mininuun and i maximum yvields of rough and
head rice are to he obtwined.  Treshly combined rough vice will
deferiorate rapidly nnless promptiy dried, or conditioned.

Artilieially heared adr i veed in commereial dehydration operations
to reduce the moisiure content of the freshly combined rough rice to
L+ percent, but the attainment of this maoistnre Tevel i= no guarantee
that the vice will keep indelinilely nnder all conditions of storage
(Sorensen of «/. 78). The rveason ix that Ligh temperatures and
humidities prevail it the southern vice-growing areas—Louisiana.
Texas, Mrkansas. and Mississippt UJenkins 25 and Waewner 507, Sig-
nilieant contributions have heen made 1o the knowledwe of viee deving.
or conditioning, ax it is practiced in the United States {Smith of «of.
TR TATE TS 00 Bodinae 155 Barger of o T Bnader and MeXNoeal 29,
MeNeal 60,37, 58, 60 XMdved and Kramer 4, 4 Wener 46, 47, 48, 48,
Kramer and Mdied 575 Slusher aod Mulling 78, 775 Sorenson et o¢f.
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77, 78 the Louisiana Agricultural Experiment Siation §4; Cruz and
Lafortexa 20; Bond 74, and Autvey ef ¢!, 8).

Bin neration and drying techniques ave being developed to remove
the excess moisture from rough vice that has been stored at too high
a moisture content, that has absorbed moisture since storage, or that
is heating. Amnbient aiv is commonly used during the warm daylight
hours when the relautive humidity is low. Artificially heated air is
nsed if the need for the rapid vemoval of moisture is apparvent. Several
workers huve contributed artizies on the development of bin nerntion
and drying teehnigues,  Among them ave Stirniman o7 ¢l (79}, Todd
{87}, Barr and Coonrod (1.2}, Coonred (16}, SBorenson et ¢f. (78),
and Movvison of al, {65, 1i}}. and the Louisiana Agricaltural Experi-
ment Station {J45).

Rice for sced is often dried in commercial drying units in the same
manner #s (he bullk that is dried to a moisture content suituble for
milling o storage, The conimercial units are. of comrse, eleaned and
inspected hefore being Toaded with rice to be dried for seed purposes.
Their use is largely one of convenience.  Germination tests and farm-
crop observabions support the practice. bot data are not available to
evalnate present commeretal drying procedures from the standpoint
of improving =eed quality.

REVIEW OF LITERATURE

Although heat has probably been applied in {he treatment of rough
vice for centuries. there ave hut few publislied acconnts—at least those
readily available to oceidental veaders—that deseribe its effect on the
ability of vice to germinate.  On the other hand. a number of publica-
tions, a few of which have appeared in recent yenrs, present data on
the effeet of heat treatment on germination capacity, but mostly for
other kinds of weed than rice

D Tano (273 investigated the influence of Hime and temperature
of heating on varietics of rice and corn.  Lots of cach variety of rice
were exposed to ambicub teniperntures and to 30%-490° . at 10° inter-
vals Tor 1.2 and 5 hours. Maoistare contents of the samples appeared
to have been within n 13- to 13-percent vange prior to trentment. except
two ambient-uiv-dried controls, which were 18.62 and 21.2 percent,
respectively. After treatment the moisture contents ranged from 4.3
to 1253 percent and the moeisture losses from 1,18 to 9.11 percent.
Gormination tests were made immedintely after trentment.  Vialone
nero and Chinere rice varicties demonstrated maximum ability to
germinate after heating al 30° for 3 howre the Ranghino variety after
heating at 10° for 2 hours. Minimam germinating ahilities were
constantiy obtained by heating at. 80° for 3 howrs. and the seed ger-
minating ranged between 18 and 24 percent. AN the varieties lost theiy
germinating power complorely when heated at 802 for 1 hour. The in-
vestigator did not find the maxiumn germinating power to correspond
to the maxiniun percentuge of water contnined in the seeds put to
germinate. She did find, however, thut heat treantiments within favor-
able fime and temperature ranges improved the zermination capreity
of the treated over that of the wubient-nir-dried vice. She also recog-
nized the possible significance of the pretreatment history of the seed
in aflecting the experimental results,
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Nagai (65) exposed aiv-dvied gnd desiceated graius of rice for 2
honrg ut 97°-98° (. ITe found thnt the germinative power of the
griin, especially if desiceated, was only slightly aiflected.

Jones {32) exposed Colusa und Calore rice seed on saturated paper
toweling in petri dishes for 1, 2, and 3 hours, respectively, at constant
temperatuves of 50°, 54.4°, and 66.7° C. Wxposure for 1 to 2 hours
at 502 and 54.4° had no appreciable effect on germination capacity,
but exposare at 66.7° for I hour materiunlly veduced the percentage
germination of both varieties. nnd exposure for & hours entirely de-
stroyed the power of permination.

In another series of experiments Jones exposed air-dried seed of
the same bwo varieties in clean. dry pelri dighes for 1 hour at 30°,
54.4°. 60°, GB.6°, TRO. TR, 87.8°, 96.1°, and 100° O, Treatment at
70° ov under apparently did not reduce the germination of cither
variety, The 76.7° treatment slightly reduced the germination ea-
pacity of the Caloro variety.  An 37.8° treatment greatly reduced the
cermination capaeities of hoth vaieties, that of the Caloro to a greater
extent than that of the Colusa. Treatments at 96.1° andd 100° fov 1
hour killed all seed of both varieties.  Jones stnted that these experi-
ments show that air-dried seed will stand o much higher temperature
than wet seed and its germination will not be aflected,

Further interpretation of the data and ohservations of Da Fano,
Xamai, and Jones is not attempted. because ench failed to describe
clearly and completely the experimental conditions employed. In
Da Fano's experiments the vice Tost moisture dwring heat treatment.
In Jonex® experiments the moist rice probably did not lase an appre-
ciable nmount. On the ather hand, Jones did nat give the moisture
contents of hig lot= of rice either hefore ar wlter treatment.

Smith ef ¢, (74) in their atndy of the eflect of date of harvest on
yield and milling quality of riee were the lirst to remark on the effect
of germination of the aritficial drying of riee in an experimental and
in a commercial drier.  Geendination tests were made on samples of
Blue Rose rice dried in the laboratory under nornal air conditions
and in the experimental dvier at TeWitt, Arvle. with the aie af 43.3°,
48.9°, a0, and 60° O Result= of similar tests made on samples of
Tarly Prolific, Fartuna, and Blue Rose vive dried in the experimental
drier at Nome, Tex., gave no indication of injury resulting from arvti-
fictal drying at the temperatures used. Additional tests made in a
greenhouse on =ome of the samples of rice guve no clear evidence of
any difference in the seedlings from the samples diied at different
temperatures, Samples were obfained from o lol of sced rice dried
with a commercinl driev with the air at approximately 48.9°, and
no indication was fond of injury to gerniinaiton resulting from the
drying eperaiion.

Sovenson el al. (77) dried sacks containing approximately a barrel
each of rough rice in a tunnel-type sack drier al nir temperatures of
46,1°, B1.7°%, 65.6% T0.4°, and 93.3° (', respectively, to determine the
eflect of the drying air temperature and the initial moisture content
of the grain on the milling quality and the germination.  Sacks of
rice of 2L-percent, of 20- to 21-percent, and of 17-percent mowsture
content were dried at ench Fenuperature. excepl e Tast was not dried
at 03.3°. Drying times were longer at the Jower femperntures. The
temperature of the air in the rice during dryimg and the moistove
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content of the rice on completion of drying were generally jower in
the center of the snek than at the top and “hottom. When injury to
germination capacity occurred, it was greater in the fop and bottom
1.1_\ ers than in the center of the sack. Too high an air temperature
had a detrimental ellect on both the germination and the milling
uality of rice. A temperature of 65.6° had no detrimental eilect
on germinabion for vice with 17-21 percent of moisture. These workers
advised that the aiv temperature, however, should not exceed 51.7°
to 5449 tor vice with 24 percent of moisture. The tempernture of the
rice with either moisture content was considerably lower than the dry-
ing uir temperature owing to the cooling effect of evaparation.

MeNeal {58y in I0LE 1945, and 1946 conducted o series of =tudies
ont the artificial dryving of coubined rice fo obtain information on the
relation of such fuctors as times dried, v temperatare. relalive hu-
nmidity, and deying time to milling results and sormitnation. Rice
varieties (Zenith. Kamvose, Jap-type. Fortuna, Niva, and Prelude)
were harvested at o molsture confent of 20-24 percent, and stored and
tempered 6 ro 12 hows in barrels prior to drying. Twelve-pound
samples of each remperad variety were deled o experimental dricrs,

“(One, two, three, and =ometimes fonr dryving= were nsed to reduce
the moisture content of the vice From field condition to 14 percent. . . .»
The tempering period between suceeeding dryvings was gener ‘xlly 24
honrs,  Drving temperatnres ranged in inlervals of 5.53° (. from
3752 to ST.a% but not all rice vavieties were deied at each temperature.
Extremes 1 total deyving tmes ranged from 15 minntes at 837.8° to
20 minntes at 37.5% Total deving time wsnally decreased as the num-
ber of divings was inereased, An important conclusion of the studies
was that eermination is reduced when viee 1< dried ot air femperatures
ahove 54.1°. Some of the datn indicated that there might be varietal
differences jn re<istance fo heat and that at the higher temperatnres
intermittent drying might be less desteuetive of germinution capacity
than continnons drying,

Aldved and Kramer ¢2) and Toramer { #) dried samples. one grain
thick. of Calore, Zenith, Bluchonnet. Magnolia, and Rexore af Trem-
peratires frome 32.2° to 61,17 . A loss in gernination usually oc-
curred at remperatures above $3.3° (4 and fast yates of dryving did
not appear to reduce germination,

Later Aldred and Kramer [#3 made & study “. .. to oblain com-
parative milling and vermination re<nits on the same Tot of rice diied
shunltanconsly in two identieal Berieo driers with all deving condi-
tions held constant eXeept deving air femperature,” Tle vice was
9\;){)-{'(1 for 15 minntes to an averaze air iemperatare of 46.1° ov

51.9° CLand Lo en e volume of about 310 cubic feet per ininute per
h:wrv], Additionnl dryvings were <omethnes necessary. Dried samples
were seasoned for 50 days before mithing texts and 60 doys before
germination fests. No significant ditference was noted in the milling
(IIIIIIII(‘R of the vice dried at the two temperatures. Psuully an in-
erease in germbmadion resulted at the higher temperature,

In the preceding studies (Smith o/ af.. Sorenson of of., MeNeal, and
Addped aud Keamer) the rice was expored to different temperatures of
artificinBy heated niv. Adthough the bheated sy may be maintained
at a constant temperstire For a definite period. no data are available
s to the maximum femperafure reached by the geaing of rice or as to
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the time they are maintained at this temperature. The data supplied
by these workers do not define the tolerance of rice to a given tempera-
ture in itself. Nevertheless they do persuit an estimntion of the offect
on germination capacity when rice is exp- “ed to & given temperatuve
during dvying in present-day commercidai dehydration equipment.

In contrast to the preceding investigations, in which there is doubt
about the remperatures reached by the rice, Adair and Cralley (1)
presonked rice sced for 12 hours and then hmmersed it in hof witor af
50°-52° C. for 15 minutes. This tfreatment effectively controlied
white tip in 19 vavieties of vice, and although not indicated apparently
did not have an udve. - effect on the germination capucily of the seed.

Tisdale (82} found that sonking Louisiana ITondiras vice in water
at 54° C. for 15 minutes afier presonking it for 16 hours kitted fhe
internal fungi and came nearest (o giving as good germination gs the
untreated controls.  TTowever, in practieally every experiment with
presonked rice the gornination was slightly lower than that of the
untreated confrols,

Tisdale did not give the initial moisiure content of {he ree, bt it iy
mteresting (o uote in one of hisx experiments that whez the {hme aid
temperature of the hot-water treatiment remained constant the germi-
nation capacity was lower the langor (he pertod of (he presoak. Thiy
observation suggests that the differences in the germination capucities
of the different batehes of freated seed prohably reflect dillerenees jn
the degree of resistanee to heat ax related to dilferences in presoaking
times and moisture content=af the time of expostre.

As the preceding review indieates the Hierature concorned with the
effect of temperature on germinating ability of vice consisis, for {he
most part, of aheterogencous collection of studies.  The more aystems-
atic studies have heen converned with correlating Timited air-devine
temperature, air-drying time. and seed-moistore relationships wiih
miling quality and germination eapacity.  Even these leave much to
be desired because they were limited in seope and {he temperatures of
the lots of seed heing dried were not determined.  No one has reported
mvestigations in which lots of rice of ditferent maisture contents hut
of the same variety and from the same field plot have heen exposed to
difterent femperatures for different periods of Gime, '

Waggoner (873 is probably the first to lave sindied ., . i1 serios,
the resiztance of the same kind of seeds containing definite and known
quantities of water at the time of heatineg™  Tlp las (abulated Zorini-
nation data for radish seeds having initinl pereent moisturve confents
of 4, 9, T4, 18, 23, 30,35, 13, 50, and 71, and which have heen exposed
for 30 minntes in single lnyers in submerged Flovence Masks af tem-
peratures from 507 to 100° (U at 57 intervals. Other dala are also
given for vadish seeds of lower moisture conlents, {or higher tenipera-
tures of heating (10 1257 and Tor different weihods of heating,  Tli=
conclusions, which ave parficularly noteworthy. wre as follows:

The vesistanes of <onls of Naphines [=be| sefiras T, oxposed to Digh tompern-
fnres s inversely proportional (o e inftinl woter cinttenn of {he seeds al the
tiine of honting,

Ab tewmperabnres htgh ooush (o e iejurions e vinbiily of railish seeds of o
ghven initinl warer conlont deerenses s e wanperaitre too which (hey e
stubjeeted is raised,

The geweral resisbinee of Teiclo, Dok Spanish Winter gl rysinl Fareing
rittdish sectls expesed (o liigh teapera(eres s very similar.
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Radish seeds injured by high water comtent and high temperstures ire retarded
in their germination. This refardalion becvines move marked as he tompeva-
ture or water content or both is increased.

Radish seeds of the same initinl water content show very great differences in
vegistonce when eated at the same tempers Gire but by different ethods, ninmels !
in water, in dry corlred flasks, or in open dishos in ovens,

The wmount of water absorbed oy given off by ritdish speds during freatment iz
fhe chief factor delermining the cegistance of Fhe seods heated at the z:nne
temperature by the diffevent mothods,

When radish seeds are heated direr0y W wider they suffor o gradual loss of
Ary substinee. Thig luxg becoines greater as the temperatnre of the witter is
incrensed. :

Hutchinson's experiments (A7) excented 28 years later with wheat
of the Squave Tleads Masfer variety possgess velinements over those of
Vuggoner. Samples of wheat with moisture contenfs ranging from
3.2 to 35 percent were heated tor intervals of 12, 24, 36, 48, G0, and 120
minutes at temperatares ranging from +4° to 116° G The standard
heating petiod for the more extensive work wag 60 minuntes.  In treat-
ment [s-mm. diameter tubes of glass or hrass were packed ane-third
Tutl, elozed, and subimereed in a bath of the desived tempernture for a
specified period of time.  Germination fesls were normally made on
the treated seed after 1t had had a 24-hour rest period.  Some ot the
Lighlights of Hatchinson™s {imlings ave:

1. Extessive heai-lreabment i@ ehaeacterized by Lo death in somne of The grains,
£y those nep Killed showing caeying delays in germinadian o8 conmpared with the
comtrols, Fhis seraination lag, wiieh a8 yof ennnot be eliminnted, st be con-
sidpred a0 sign of domage. L L.

20 Phore ave twe stnees of divoiiee dae o beating s (o) wheee Lhe g is smnll
bt definite, ipereasing apidly with fempevature sl (2 where ihe G b= preat
and the slightest increase in the tempernlure eompleiely destvoys fornination
enprciiy. ...

When the tewmperatures ab which these two sluges oconrred were
plotted by Tlutchinson for the moisture vontent of eachy of the 3.2- to
Su-pereent moisture smnpleg; he obtained two ctirves.

The upper earve al excelh tiwe interval shows the mininnon femperatnres at
paeh edsture vonfend forowhiel the gevmbnation capaeily arfter breshment is
il wiii=l (he lower vorve shows e femperninees 3l whieh (e st stage of
Gronnge ovenrs, Lo where there = o0 dodingte delay i gerioation, adthough
sorminnbion cipneity s such s seaveely affecied, L, Foe any given eriod of
hoent-ipedinent Che deost belweesn (e 1wo cirves ean e cegaedmd s the zone
ef Deat dimnmge”
* » * % H] * «

q.L L Lin the range oF mofstare contend, 355 1o 147 Dhie upper aad Tower boaiid-
aries of (he danugee zoie eodild be Qetned i the form of The twe equalions : apper,
i nil gerimmimation : g=100-0—5-4 Qe £ ST dog e towor, Loy, shirt of
A #0024 G Jogu {— 42 ST¥ ogw mo where 8 is The fempernture in °(C,,
P rhe dime of exposure i minonles feareeeted 1o ailow For the Fime taken o
rench this temiperiare), e i the 7 noi=iiee confent of the wheal,  Thoese
cguntion: apply to the oo S anipnies Lo TH minndes and are given beenase
ihey ohly essibly be of value fg conneXion with e conditions in connmereinl
Aryvoers,

4. ITeat exerted Hx destruetive aetion on the germinalion capreity
of wheat of a given moizture content over a relatively short temper-
afure range,  This range Tor the GO minote heab-treatiment curves
extending from “ztart of damage™ to “nil germination” remnined about
the same in maenitude (87 to 12°), but differed in its position on the
femperafure seaie for wheat of eaeli moisture content.  [Tntchinson

REYRE E A I
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referred to this narrow critical temperature range as being about 9° C,
{(Hutchinson et al. 34).

Although the excellent researches of Waggoner and of Hutchinson
have not been concerned with rice. they have been cited for the follow-
ing rensons: (1) They illustrate the kind of research that needed to be
undertaken with vice; {2) they have served us patterns in planning the
rice resenrch described in this bulleting and (3) they have resuited in
the accumulation of extensive datn on the elfects of heat treatment on
the germination capacities of radist and wheat seed, which are Tilkely
to have much in common with those aceunmuluted for rice, in spite of
the chemical, struetural. and physiological differences in the kinds of
seeds and in spite of differences in the experimental procedurces.

EXPERIMENTAL MATERIALS AND PROCEDURES

Al the rice nsed in the 1950, 1951, and 1952 experiments was grown
inthe vieinity of Crowley, Ta. - Varieties, grain types, dates of havvest,
and ather information are given in table 1.

Tasee L.—Date on varicties of rough rive used in heat-freadment
e perinients, 19-52
Date conbined and  Moisture Tt

Year and variety Ovain type heal treatments content of desighation
slarted riee? O {(BRRBIS?

a0

Poreent
Sel, 61-25 12 Medium. Hepst, 2§
Rexora.__ . . ... Long - ... (el
Zenith. _ ... . Aledim,
Roworo. ... ... . Long._.___ .

1St
Blaebownel. 2. .. Long o.__. Sept. 7o : % 13130,
Do o L. o . .2 i £ 13135,
Hel, 61-23 12, 0 Mediam J I 0. i BR2s.

1852

Bluchonnet LINSTET S ) ) 280 BB,
Cenlury 52 . Hepl. 300 __. L 2 2,

FAE time the dirsi sinples werve liken for beat (resztoonl, wsally 1 te 3 hours
fronn time of combining, woel lmsgie,

= Heurhern Regionnd Resenreh Labaraiory.

* Combined Sepl. 9; heat treatntenis sinvied Sept. 11,

Tao assure proxinily to a supply of freshly combined rough rice
{paddy) of known history, beat-treatment apparatis was set up each
season in one of the buildings of the Rice Bxperiment Stalion in
Crowley. Ulsually 3 was possible to obtain a barvel or two of rice
from the hopper of u rice cart within | to 3 hours of combining,  More
altention was given to selecting a lot of rice of the highesi moisture
content available than to choosing w Tot of w specific variety, Gross
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debris, such as sticks, straw, grasshoppers, and weed geed, was removed
Ly hand. No mechanical cle‘mmﬁ of the rongh rice was attempted
in 1950 and 1231, but one lot was lncf,hanlc.ﬂly cleaned in 1952.. As
soon as a sufficient quantity of a given lot of rvice had been cleaned,
100 to 150 heat-resistant glass test tnbes, 16 Ly 150 mm., were tightly
packed with rice by jarving the butts against the palm of the hand.
These filled and stoppered test tubes were promptly subjected to heat
ireatment.

While the test tubes weve being filled, moisture determinations were
being made on five well-mixed portions of the buik lot of cleaned rice.
Their aver are moisture content was recorded as that of the viee being
tubed. On completion of the dispensing, the remainder of the rice
wag spread in Tayers to air-dry. Tt was frequently mixed and c¢hecked
for molsturee canteni. Fach time the moetsture content of the lot
dropped about 2 percent, a number of test tubes were filled with this
vice and heat-treated. This procedure permitted a geries of ex-
periments to be run with batches of rice of successively lower
naturnl-moistiure contents originating from the same combined lot.

When the weather was warm and dey, a 2-percent drop in moisture
content sometines ocenvred in 2 or 3 hours, whereas during humid
weather it might be delayed several duys or until there was a decrease
in the velative humidity.  WWith the former condition it was sometimes
necessary to haold a bateh of viee in a closed contaiver until if counld
be treated. Tfolding pertods were nsnally short, 1 te 3 hours, and
very rarely exceeded 24 hours unless the rice was dey, that is, 14-per-
cent moistnre centent or lower.  Molsture contents of 9 percent and
lower were obtained by drving rvice of 10- to 11-percent moisture ¢con-
fent in desiventors over caleimm ehloride and/or phosphorus pent-
oxide.  The control clmp'l{- represeittative of each lot. was always niv-
dried.

NATURE OF EXPERIMENTS

Two kinds of experiments were inderfalen each year. Tn one, the
temperatire of '.mllll" and the meisture content of the rough rice
were Lhe major variubles and the time (duration) of freatmient was
held constamt. Tn the other e temperature and time of treatment
were the major variables and the moisture content of the rice was held
constant.

In the experiments with temperature and moistine content as varvi-
nbles. batehes of rongh rice from ihe same combined lot hut of difler-
ent meistnre eentenis were separately dispensed, and 10 to 14 test
tubes of each were submerged and heat-trented Tor 30 minutes atter
the vice renched the femperature aof the hath. A 30-minute heating
period was seleeted for miost of the experiments heesuise it approached
ihe fime roigh rice is exposed fo high temperatures o commercial
dricrs.  Sefts of 10 fo 14 test tubes of rongh rice of the sune moisture
content and from the swme initial bateh of rice were cach heated at
different: temperatures.

In the experiments with temperature and Gme ag yariabies, baslets
of [led, stoppered test fobes containing rice of the mune maistare con-
font and from the same initial batel of vice were submerged inaowater
Dath af a given fempernture,  ATier the contents of {he test (ubes Tiad
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reached the temperature of the bath, 3 to 10 test tubes were withdrawn
every 10 minutes for periods of 60 to 120 minutes, This procedure
was repeated for each of 4 temperatures spaced at 5° mtervals in 1950
and 1951 and for each of T temperatures spaced at 3° intervals in 1952,

In all experiments whenever a set of completely submerged test
tubes was removed from a given bath, the surfaces of the test tubes
were quickly dried and the contents were composited In a simall ab-
sorbent paper tray consisting of four thicknesses of paper toweling.
Rice from leaky test tubes and from test tubes fitted with thermo-
couples was discarded. A moisture determination was made when the
composited sample weighed 75 gm. or more {contents ot 8 to 14 test
tubes). It was made within 2 to 5 minutes of emptying the test fubes,
depending upon the number of test tubes and the location of the mois-
ture tester.  Immedintely after the moisture determination was made,
the vice was spread in the tray and placed in a sheltered location to
qair-dey at the prevailing atinosphorie temperature, When dry—14-
percent moisture content or lower—the rice was emptied from the tray
intn a small coded paper bag,

At the conclusion of the Held work each season these bages of treated
samples and controls were forwarded to the Southern Regional Re-
search Labovatory, Xew Ovleans, Ta., and stored at 24°-26° (L Ger-
mination tests were run on each sample 8 16, 2k and 32 weeks after the
date of treatnient.

DETERMINATION OF MOISTURL CONTENT

The moeisture content of the rough rice in the range of 10 to 50
percent was determined with a Steinfite Moistuwre Tester® This in-
strnment was convenient to use in the field angd was calibeated each
season against the foreed-draft oven method for determining the
moisture confent in the higher range.  Sauples believed to contain
less than 10 percent of moisture were sealed in fest tubes and refurned
to the Southern Reginnal Reseavch Labovatory. where their vespee-
tive moisture contents were determined by 4 fovced-dratt oven method,
In this method the samples were heated at 101° C. fov 16 hiowrs in a
foreed-draft oven, reweighed, and the Toss in weight wasg caleulated as
moisture content on the wet basis. Swnples of 10- to 12-pervent
moisture content were sometimes similarly checked, Al ngisture
contents were reported on a wet basis and on cleaned seed.

DETERMINATICON OF RICE TEMPERATURL DURING HEAT
TREATMENT

The temperature of the rough vice n the closed test tubes and the
time tnken Tor it to reach the temperatuee of the hath were determined
by means of thermocnuples. Tn each of two test tubes per hath an
jren-constantan hermocouple was pushed centeally into the pacled
rice Tor 1 to 134 inches.  Fach thermocouple lead extended above the
water through a long glass tube, which was fitted into w rubber stop-

*he mention of tmde wroduets or companics does not Imply (it they ave
endortsed by the U0 S Departivad of Agricaliwre over similie produets or eome-
panics nod mentimnl,
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per. Leads from the test tubes in the different baths were connected
to a muitiple switch and this, in tun, to a potentiometer,
Potentiometer readings were converted to temperature readings by
means of a chart,

WATER BATHS

All the water baths were of homemade construction. Nine plain
cylindrical heat-vesistant jurs, 12 by 12 inches, were each insulated,
sides and bottom, wilh one-fourth-inch sheet asbestos. They were
placed on one-half-inch msulation hoard on a specially constructed
combination platform and rack. Accessory equipment compactly
arranged at the back of each bath consisted of a velay, mounting
bracket, two flexible immersion heaters. a bimetallic thevmoregulator,
a thermometer, and a stivver with pulley mounted at the top of its
shaft. Stirrer pulleys conmected in series to a speed-redncer pulley
and driven by an electric motor permitted uniform and continnous
agitation of the water in all baths, A set of six water baths is shown
in figure 1.

Fieure L—A series of the water haths vaed in the heal treatment af roug) rice.

Test tubes of viee to be sudnnerged were placed in test-tube buskets
of noucorrosive wire, each of which was provided with an elongated
hook for attaclouent {o the edge of the bath.  Kach bath was almost
coveredd during operation by a one-fourth-ineh compressed-board
cover,

DETERMINATION OF PRESSURES IN STOPPERED TUBES

Simultaneously with euch heat-treaiment experiment in 1952 mano-
mefric measurements were niade of the total pressures developed in
a test tube of rough rice in cach bath, The pressure-mensuring device
consisted of an open-end minnonteler, one end of which was fitted into
a vice-fifled fext tube by menns of a rabber stopper. Buach manometer
was equipped with a meyeury veservoir and a leveling tube, which
permitted n constant volume to be maintmined during a leating
experiment,

A typical experiment consisted m filling the test tube carefully,
tightly packing the rice, fitting the manomeler in the test tube by
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means of the rubber stopper, and then submerging the test tube in

the water bath. Just prior to submergence of the test tube, however,

the mercury leveling tube was adjusted to bring the enclosed system

* to constant volame, and the initial pressure was recorded. During
the course of an experiment in which 8 minutes were allowed for the
test tube and contents to ntéain the temperature ot the bath and 30
minuges for the action of heat of a given temperature, the munomneter

wis open to the vice at all times, and was adjusted so as to maintain
a constant volume in the enclosed system, The total pressures re-
sulting from the expansion of tree mir and the vapor were recorded
every 5 minutes of the 30-minute period n terms of centimeters of
HerCHry.

GERMINATION TESTS

Seed germinalion tests were conducted by the method preseribed by
the Federal Seed Acl (£,.87). Four hnndred seods froni each snmple
were germinated in replicates of 100 befween layers of moist paper
toweling. They were germinated 14 days in the durk m 2 “water-
curtain® type germinator that was automatieally and thermo-
statically controlied. It was set to operute at alternating tempera-
tures of 20° (. for 8 hours and 30° for 10 hours. Counts were made
on each sample on the dth, Tth, 10th. and 14th days. A germinating
seed was counted only if it had both a root and u shoot and only if
one of these structures was al least one-fourth inch long.  Germinated
soeds were disearded st the time of connting.

The terms “gormination capacity™ and “germination viger™ are
used throughout the bulletin to refer to tota) germination wad rate
of gevniination, respectively.

HEAT-TREATMENT EXPERIMENTS IN 1950

The investigations in 1954 were started without a priori knowledge
of the effects of heat on the viability of rongh rice when heat was
applied according to the experinental conditions deseribed.  Hence,
in the experiments in which temperatnre and molsture content were
the major variables, all samples were heat-treated in 8° steps, arbi-
trarily selected, over a vange of 45° to 75° C.  Similarly, in the experi-
ments in which femperature and time of heating were the major
variables, temperatures of 40°, 45°, 50°, and 55° were also arbitrarily
selected.

Three varieties of rice were used in the experiments—sel. 61-25-12,
-Rexoro, and Zenith {table 1), Sel. 61-25-12 is a variety devetoped
at the Rice Experiment Station, Crowley, La.  (Jodon and De La
Ionssaye 583.

Data from representative experiments ave given in fables 2-5. The
percentages of seed germinating are given only for samples tested
32 weelts from the date of heal freatment.  One reason For this pavtia'
presentation of data is that no appreciable diiferencey were observe
i the germination capacities of seed between the 8- and 82-wer,
periods of storage (24°-26° C.).
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TasLr 2 #Ge?vmn(m on of rough rice after heat treatment af di ﬁemnt
Lo peratires, 1950

5EL. 61-25-12

Moisture ' Duration I Come b a45° ' 50° ' s | ogoe ¢t oase | oToe
content .ol heat . 5 vt e D e L T A
{pereent)  treatment o - o T o .
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* Minwles [ cend cond eent eend 0 ocent - cend
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' 90 92 706 0
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mi 90
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TABLE 8.—dloisture contents of Sel. 0I-25-12 rough vice 3 to 5 minutes
after heat treatment at different temprratures, 1950 -

i . L . : . . : ;
Moisture content  Duration -

before heat treat- - of heat  45° €L 50° C. 55° C. 60° C. 65° C. 70° C. 75° C.
ment {(percent) - treatment i

Peor- > Per- Per-
Minnles cend cont
30

195 o
162 ... {

A A {
Q.. {
T !

L8 T,
k8 S

t"
i by s Joflan B e Ry

S R el s R ol e
=T D e O T I G e

o

TaBLy b—CPermination of Revora rough iice after heal treadment
for diferent periods of time, 1950

Temperature :
- of Con- 10 26 30 40 ah o+ 60 G0 120
freatmoent tral min,  ming o min, wmin o omin, o omin. min. niin,
°ChY

o Jie Pr- P FPre- e Flop- Fer-
[T el cent cend el crnd cenf cend

45 a3 HE - &l a3 93 93
G5 44 HE: G- ag 43 G 45
0 02 G4 G 93 43 ] 37
a4 930t ¢ 92 N3 85 54

“TiLot R3.
TavLe b—Ljfeet of tme vduration of heat treatment at 557 C. on
the germination of Reaworo® rough rice afler 5,7, 10, and 14 days.
1950

Duration of heat troatment

(ninutes) G odays 7 odays 1Gdays Mdays Total

Pereent Proreest Preeeend T ’rr-{.-;'..;ai . FPrreend
Control.. . a1 o | g S
10... ... . o 5 i 2 i 04
20, . . . 08 2 4 . a3
30._ .. . . : (3] I & 2 13|
40_. . . . 63 3 ) )

o L 406 ] : a2
BYH 3 5 : 03
Sls! : g : 38
37 } : 85
Lot 13, ' N
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TEMPERATURE AND MOISTURE-CONTENT VARIABLES

Table 2 shows that as the moisture content in rice decreases its ve-
sistance to the destructive action of hent increases. In rough rice of
253- to 26-percent moisture content. vinbility was complietely destroye
in 30 minutes at 60° C. .\t 3.5- to T.4-percent moisture content, there
was ho indication that germination capacity (total germination) had
been significantly alfected even atter 60 niitntes st 730,

Samples with 5.5 to 3.8-pevcent moisture content exhibited slightly
less gerniination vigor (rate of germination) throughout the study,
This loss in vigor wis not obvieus from the total counts made on the
fifth day of the germination test. but it was indicated by shorter roots
and shoots than those possessed by the control,  Also ab fhis stage the
roots were frequently more developed than the shaots,

Table 2 further shows that the range over which lieat exerts its de-
strncbrve action on rice of 1 piven moisture content during exposures of
S0 and GO minutes is v narrow one—ihout 87-12° . This range re-
mains aboar the same, but its position diflers on the femperature seale
for ree of exch moisture content.

Sel, 61-25-12, Rexoro. and Zenith of corresponding moisture con-
tents displayed about the xune deeree of resistance to heat. They may
differ in their resistance to heat. hut these experiiments are nat consid-
cred adequate to establish this variable.  Moreover. soil and other
enviromuental vaviables were not established. The seed of each
variety was lacking slightly in uniformity axshown Ly tlie germination
tests Tor todividial samples of the air-dried controls. A nwuber of
tests were made on the air-dried controls at intervals of 8. 16, 24. and
32 weeks. ‘The viability count (perventames) for Sel, 67T-25-12 tor
these intervals averaged 88,7, 888, 88.5. and R9.3. respectively: for

texoro 83.3, Nhd 8T.0. and 8T.7: and Tor Zenith 90, 92,6, 92.7, and
01.6.

Stoppering the test tubes of rice reduced moisture losses during the
prrioed of heating.  Moisture contents of several sumples of Sel.
(1-25-12 determined ~hortly ulter heat treatment are given in table 3.
The datare (ypical of those obtained throughout the scason. Grentest
losses acenrred from: (hose =amples thal oviginally had the hirhest
moistiire contents and also from those that e been exposed to the
highest temsperatures. The greatest joss andoubiedly ocenrred when
the waim rice wax exposed (o the atmosphere, I =uallyv 3 fo 5 minntes
elapsed during (he emptying, mixing, weighing, and moisture metor
reading of @ sample. A= might he expeeted sanples witially contain-
ing from 3.5 to 3.8 pereent of moisture Tost very little. i any, moisture
during this period.  The moisture-content valies recorded after hent
treatment serve only to show thal there coutd not have boen much
change by moisture content of the rice in the test firhes dnring heat
treatment. They o not vefleel the moisture equilibriom conditions
withinihe elosed test tules, the variations in pressure, and such chunges
us the vedistribution of the moisture within o given seed and between
seeds in the mass,

TEMPERATURE AND TIME VARIARLES

When sarples of Rexoro of 2.3 poreent moisture content wore hoat-
(reated Tor periods of 10 to 120 minutes. they atl exhibited abant the
BATH4R . 5Fe
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same germination capacity except the two samples heat-treated for 120
minutes at 30° and 55° ., respectively. Table 4 indicates that 10 to
120 minutes of heating at 40°, 43°, 50°, and §5°, with the exceptions
noted, did not affect the germination capacity of the rice.

However, on the basis of mermination vigor, heat dinnge was more
extensive than is shown in table 4. Al samples heat-treated at 55° C,
were retarded in their rate of germination {table 5). One sample of
the lot hent-treated for 120 minutes at 56° also exhibited a germination
Tag.

Data similar to those given in tables 4 and 5 were also obtained with
Zenith (lot Z3) and Rexoro (lot R3) at moisture contents of 16 and
21.6 percent, vespectively. The highest temperatuve, 55° (., used in the
L1950 time-temperature studies bronght about some impairment of the
ermination vigor (table 5), particularly in the samples exposed for
90 and 120 minutes, In general, the treated samples on testing did
net satisfactarily illustrate n progressive decrease in germination
capacity with increasing temperature and time of trentment (table 4).
They did iNustrate that vice of a given weisture content could with-
stand prolonged heating (to 120 minntes) at some temperatures
without loss in germination capacity and even without loss 1n germi-
nation vigor, They further itlustrated that loss of germination vigor
is a more sensitive measure of hieat damage than loss of germination
capacity.  In other words. decreases in germination vigor may be
detected af lower temperatures than deereases in germination capacity.

Additional partial confirmation of the time-temperature data arve
contained intable 2, In this tuble it is evident that a G0-minute
heat-trentment period did noi exert any greater defrimental activity
on germination capacity than n 30-minute period except when the
exposure was it a temperature that fell within the narrow range
damaging to rice of a given moisture content.

HEAT-TREATMENT EXPERIMENTS IN 1951

Since verifiention of the 1930 [indings was desired, the experiments
in 1951 were similar ta those of {he preceding year. Two major
experimenis were planned in greater detail to demonstrate the effects
of temperature of heating on the vinbility ot rice of diflerent moisture
contents and of time of heating on rice of » given moisture conlent.
In addition, a third experiment was planned to show the eflects of heat
trentment on the viabtlity of rice of different maturities.

Minor changes were made in the 1930 procedures. The intervals
befween temperatures of freatment were decreased from 5° to 3° C.
Nine samples of each bateh of rough vice of a given moisture conteut
were treafed instead of seven ag in the preceding year (table 2). The
overall temperature rugre was seleeted on the hasis of the molsture
content of the rice. and for most batehes, except the driest, amounted
to 25°.  Therefore, the lawer the moisture vontent of the rice, the
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higher its temperatures (25° range) of treatment. As an ilustration,
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°-79°,
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 not
have any effect on viability, whereas the higher ones would bring
about its destruction. These changoes to a “sliding tenpersture scale”
and 3° infervals of treatnient were miade in the hope that the results |
wonld permit a closer approximation of the temperatures at which
destruction of germination (viubility) just started and at which it
was just complete, '

Al test tubes of rongh rice were allowed 8 minutes to reach the
temperature of the bath, It was observed in following the poten-
tiometer readings in the previous season’s experinents that the time
for the rice in the test tubes to reach the temperatures of thejr respec-
tive baths did not vary greatly for the diflerent temperatures investi-
gated.  Moreover, the germination test data in fables 2 and 4 indicated
that 2 or 3 minutes under or in excess of the true time would probubly
not have any apprecinble effect on germing bility.

Bluebonnet and Sel. 61-25-12 were used in” the 1951 experiments
(table 1}, The Bluebonnet is one of the carly releases of the Rice.
Pasture Bxperiment Station, Beaumont, Tex., and is referred to
locally as the “old style.™  Table 1 does not Tist the small lots of rough
rice nsed in the maturity study. They were hand-harvested from
September 18 through October 6. Two large bundles of grain were
cut from the same field plot each day between T:1% and 8:15 a. m.
Six fo eight pounds of rice were promptly stripped from the panicles.
Surfiuce moisture, when present. was remaved by evaporation. The
rough rice was spread in shallow luyers in trays with wire-screen bot.
toms and allowed to air-dry with frequent turing.  As soon as the
snrface moisture had disappeared and the rice was “free Aowing.” it
was tubed and hent-frented. The bundles of rice ent on Neptember
1828 were from 2 flooded field.  Drinage started the 28th, but the
selected plot remained muddy to slightly muddy through October 2.
On October 3-6 the soil was still damp but firm,

Moisture contents of the different samiples of rough vice, times und
temperatures off heat breatment, and germination test data for the
1951 experiments are given in tables 6=11,

TEMPERATURE AND MOISTURE-CONTENT VARIABLES

The percentages of Pluchounet rough rice germinating 8, 16, 24,
and 32 weeks after heal treatment are given in fable 6. Data are nof
recorded for all the samples irented at the higher lemperatures that;
showed zero germination. The variations in (he results follow the
trends obtained in 1950 for similar experimenis,
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Because more samples of rice of ench moisture content were heat-
treated in 1951 than in 1950 and at intervals of 3° instead of 5° C,,
germination data are available for 1 or 2 additional samples of rice
of each moisture content, which have been hent-treated for 30 minutes
within the damaging temperature vange. The additional data permit
closer approximations of the temperatures at which damage to via-
bility just starts and at whicli it is just complete.  They aiso present
a cleaver picture of the eflect of heat within these temperature limita-
tions.

8- WEEK TESTS
16~ WEEK TESTS
24- WEEK TESTS
32- WEEK TESTS

AVERAGE OF TESTS

PERCENTAGE OF RICE GERMINATING

i
50 80 70

TEMPERATURE OF RICE,’C.

Finimg 2.—Germination of Bluchonnel rice (lou BBL. wable 6) after heat treatment al
different tempergtares for 30 srinutes. A, Airdvicd romeol. not heai-treated; B rice
conizining 20.3 percent of moeisture at the Hme of heat treatment. . Values are averages
of permination tests macke after 8, 10, 24, and 32 weeks of storage ot 24°-26° C.

These observations are tilustrated in figure 2 for Blucbonnel rice
of 20.3-percent moisture content. A signwid or S-type curve is ob-
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tained when the percentage of rice germinating is plotted against the
temperature of treatment. The sharp drop in the slepe of the curve
for the higher temperatures of treatment within the damaging range
proves their greater lethal action. Hutchinson (33) has published a
similav fype eurve depicting the germination capacity of wheat of
I4-percent maisture content after 36 minutes’ heat treatment at 6d°—
wee

As s 1950 it was frequently observed that decreases in aermination
vigor could be defected at lower temperntures than eould decreases in
germination eapacity.  This finding i Mustrated by 1he datu in table
7. The heat treatment of samples of Bluebonnet of 25.2-percent mois-
ture content for 30 minntes at temperatures of 49° und 520 C., re-
spectively. did not cnuse n decresse in germination capacity. How-
ever, it did cause a decrease in germibuation vigor for the sample
treated at the higher temperature. Also the greafest loss in germina-
tion vigor occurred in those samples having the highest moisture
contents.  Of course, the teniperature had to be within the range
damaging for the samples.

Tanue T—Lffects of tewn perature of heat freatment (30 minutes) and
of maisture content on the germination of Bluebonnet roUgh rire
after .7, 10, and 1.4 duys, 1051, (Jdd-weeh germination data.)
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Duta similar to those for Bluehonnet in table 6 nre presented for
Sel 81-25-12 in table 8,




TABLE 8~—037 mination of Sel 6I-25-12 rough rice S, 1(’ 4, and 32 weeks after heas treatment for 30 mznutes at
different z‘mn/)mwz‘urcs 1951 :
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TEMPERATURE AND TIME VARIABLES

In contrast to the 1950 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-
nient time increases. Again this relationship was more evident when
the temperature of treatment was within the range damaging to rice
of a particular moisture content.

The percentages of Bluebonnet rough rice of 17.9-percent moisture
content germinating 8, 16, 24, and 32 weeks after being heat-treated
for periods of 10 fo 120 minutes are given in table 8. The data, like
those in tables § and 8, show that the differences in the germination
percentages for the four periods ave slight. They ave also sufficiently
ihconsistent to suggest sampling errors and general experimental
limitations.

TasLE 3 —CGermination of Bluchonnet' rongh rice 8, 16, 24, and 32
avechs tefter heat treatment for different periods of time, 1951
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'Lot BLL.

Femperatures of 353° and 60° (' apphed Tor as long as 120 minutes
did not ailect the germination capacity.  In contrast, a temperafure of
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65° reduced the percentage of germinable seeds about one-half in 120
minutes. The evidence is not conclusive for the 65° heaf trentments,
but it indicates a gradual reduction in the percentage of germinable
seeds starting with the 10-mimute period. When the temperature of
freatment was ruised to T0°, the percentages of germinable seeds were
reduced to 13-22 in 10 minutes and to 0 in 20 minutes,

A temperature of §55° C. applied for as long 1s 120 minutes did not
have any effect on the germination vigor of Bluebonnet with 17.9-
percent moisture content. At 60°, however, heat treatments tor 50
minutes and longer did bring about a slight decrease in germination
vigor, as indicated in table 10. Only the 32-week data are ineluded
because those for the other storage periods differed only in minor re-
spects. Al samples heat-treated at 65°, except possibly the one.
exposed for only 10 minutes. nxhibited a loss in germination vigor.
The loss was greater at this temperature the longer the period of treat-
ment.  Also the progressive loss of germination vigor was morve ap-
parent than that of germination capacity. At 70° the viability of
most of the seeds was destroyed in 10 minutes and completely destroyed
20,

Tavne 10.—Lffeet of time (duration) of heat treatment af diffevent
tempevatures o the germingtion of Bluebonnet ' rough vice after 5,
Vo0 and 1y days, H9510 (Dd-weel gerimination deta.)
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TEMPERATURE, MOISTURE-CONTENT, AND MATURITY
" VARIABLES

Germination test data are given in table 11 for lots of rice hand-
harvested and heat-treated from 2 to 20 days before the field was ready
for combining,

Eleven lots with moisture contents from 31.3 to 32.4 percent were
harvested on September 18-28.  Samples of each were hoat-trented £or
30 minntes at 40°-64° C. in 3° intervals. The earlier samples with
high moistore contents showed greater losses in germination 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, 1. e,, they exhibited a lower germinution
vigor, than the more niature samples with lower moisture contents fram
the lot combine-harvested on Qctober 8. The air-dried control had
slightly less germination vigor than the samples exposed to 40°, 43°,
and 46° but nore than those exposed to higher temperatures.  The
sumples of Seplember 19 also exhibited a Jag in germinating but to a
less degree in the control and alse in the samples exposed to 40°,
43°, and 46°.

Samples of the remaining nine lots, September 20-28, did not, exhibit
any marked decrease in germination vigor over that of their respee-
tive controls except at 52° C. and higher, The air-dried controls for
adl lots including the one of October 8 exhibited some germination
lag—more than was enconntered in fhe same varielty of vice in 1950 and
in Blucbonnet in 1951, The effects of heat on the viability of vice
samples from Jots harvested from September 2% throngh October 8
were stmilar to those described for other experiments (tables 2, 6, and
8}, in which moisture content of the rice and temperature of trentiment
have been the major vavinhles.

When the maturity study was initiated on Septeniber 18, most of the
kernels of Sel. 6I-25-12 were irm, but green pigiment predominated in
most. of the hulls. By Septemnber 25 the kernels were fivmoer and the
haolls predominantly yellow. No objective evaluation of the changes
i maturity from day to day was attempted. Weather conditions
were clondy, rainy, and generally unfavorable for losy of moistore
from the grain.  Notwithstanding the failonre fo explore the maturity
factors, the experiment demonstrates that in a study of the effect of
heat on rice vinhility, moisture content is of more practical siguificance
than maturity,

4




TasLe 11.—Germination of Sel. G1-25-12 rough rice of different maturities 32 weeks after heat treatment for 30
minutes at different temperatures, 7951
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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, additiona] ex-
periments having the smine niajor objectives were planned.

A few minor modifications wefe made in the procedures. The
“sliding temperature scale” was again employed, but the infervals
between temperatures of trentment for rice of each moisture content
were 8° C. in the lower portion of each range and 2° in the upper.
For example, the temperatures of trentment selected for samples of
rice of 2L.6-percent moistnre content wevre 15°, 48°, 51°, #4°, 57°. 59°,
61°, 63°, 65°, and 67°, and covered a range of 23°. Depending upon
the moisture content, 10 to 17 samples were heat-trested over ranges
of 21° to ¢0°. Data are not recarded {table 12}, however, for all the
camples treated at the higher temperatures that showed zero germina-
tion. Manometric measurements of the total pressures developed in
the rice-packed test tubes, 16 by 150 mm., during heal {reatment were
made by the method deseribed in Experimental Materials and
Procedures (pp. 11-12).

In the experiment on tie oflect of temperature and time {duration)
of heating on viability (wable 13}, samples were heat-treated from 10
to 120 minutes in 3° intervals from §2° to 70° .

Clermination tests were made only at the §-week period, becunse
in 1950 and 1931 neither the air-dried controls nor the heat-treated
samples showed marked or consistently progressive differences in
vinbility between the 16-, 24, or 32-week period and the 8-week period.

Bluebonnet and Century 52 riee were used in the 1952 experiments
{table 1}. The Blnebonnet was of the same “release”™ used in 193L
The Century 2 was a vaviety developed by the Rice Experiment Sta-
tion, (rowley, La. Bluchonnet was obtained in suflicient quantity to
permit mechanical cleaning. .\ commercial-type cleaner utibzing
both air blast and shaker removed the straw and other Hight debris.

TEMPERATURE AND MOISTURE-CONTENT VARIABLES

The effects of different lemperafures of treatiment on the germina-
tion capacities of samples of rice of different moisture contents (table
12) followed the sume trends as in 1950 and 19510 {tables 2, 6, and
8). Also, the temperature at which rice of u given moisture content
was just damged could not be approxinmated with any greater de-
gree of accuracy in 1952, Presumably the lot of Bluebonnet rice used
either was not of the best quality or clse had net been thoroughly
cleaned of immature and Jdamaged sced. Tossibly it was damaged
shightly in mechanical cleaming. [ts germination capacity. based on
18 tests, ranged from 87 to 95 percent, with an uverage of 91 percent.
The percentages of seed germunated after 5, 7, 10, ad 14 days, cal-
culated for the 18 tests. were 87, 3, 1, and 0 percent, respectively. Com-
plete kills were not abtained at the higher femperatures, at which
samples with moisture contents of 4.7, 5. and 5.8 percent were treated
{table 12). At the time of heant treatment the meoisture contents of




TasLe 12.—Germination of Bluebonnet rough vice after heat treatm ent for 30 minutes at different temperatures,
1952
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these thiree batches of Bluebonnet were estimated to be 2.5 to 2.7 per-
cent higher than they actually were. Heunce the temperatures inves-
tigated were thought to be adequate, and the error was not discovered
until more accurate moisture determinations were made in the South-
ern Regional Researeh Laboratory on sealed samples.

No particular significance is attnched to the pressures developed
in the test tubes of Bluebonnet during heat treatment insofar us
effect on germmation capacity or germinatien vigor is concerned.
As one would expect in view of the Inws governing gases and vapor
pressures, the highest pressuves were developed in rhose test tubes
that contained the rice of highest meisture content or that were hented
at the highest temperature ttable 13).  To this extent the deleterions
effect of pressure, if any, coincides with that of temperature and
moisture content.  In several series of te~ts {tables 12 and 13) the
rough rice in test tubes developing approximatlely the sune pressures
did not always show {he sume degree of heat damage to germination
capacity.  This tact indicates that of the 3 varinbles——pressure, tem-
perature, and moizihere content—the lasi 2 are maore important in these
heat-treatment experiments.

The lowest temperature that will just cause detectable heat damage
in Bhiebonnet rvice of o given mnisture content in 30 minutes is not
evident from the daticin tabile 12, This observarion i= Hkewise true
for the samples of Bluchonnet and Sel, $1-25-12 that were =imilarly
heat-treated in closed test tuhes for 30 minutes i 1951 (tables G and
8). Im these three experiments the first noticenhle respon=e of rough
rice to the eflect of heat was wore often a loss in permination vigor
than o lose in germination capaeity,  DBeeanse of thiz finding all the
cermination test daia svere reexanvned.  Mfrention waz given to the
pereentages of seed of cach sample that bad germinated afier 5. 7.
and 10 days, as well as after LEdayvs, By comparing the ditferences
in germination vigor of samples of rice of the <ame maisture content
that had been heat-treared ar several temperatnres. it wis possible to
approximate the lowesr tamperatinre that misht be expeeted to cause
heat damage.
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TasLe 13.—Zotal pressures developed in packed test tubes of Bluebonnet raugh rice of different moisture contents
when heat-treated for 30 minutes at different tem peratures, 1952 : :
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Approximated 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
HEAT DAMAGE JUST COMPLETE

SEL. 6I-25-12 {(1851)
HEAT DAMAGE JUST STARTED
HEAT DAMAGE JUST COMPLETE

®
o

BLUEBONNET {1952)
HEAT DAMAGE JUST STARTED
HEAT DAMAGE JUST COMPLETE

|
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MOISTURE CONTENT OF RICE, %o

Fricure 3~—~Approximate limitations of the “zone of heatl damage” for Bluehonnet and
Sel, 61-25-12 and the relotionship of the moisture contents of the rice 10 the damng-
ing wmperatures.  (Data (rom wble 1L}

Sel, 6I-25-19 of several moisture contents. Table 14 and figure 3
show the relationship of the moisture contents of the rice to the
damaging temperatures.

Figure 8 is a seatter-type diagram of the duta presented in table 14.
ISach temperature iz plotted against the moisture content of the rice.
A fzone of heatl, dwmnge” is clearly pictured, but its upper and lower
boundaries ave not se sharply and regulariy defined as one might hope.
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Tanre . —Approzimated temperatures at which heat damage just
starts and is just complete for rough rice of different moisture con-
tents, 195158

. _ Heat Heat
Varioty and pereent moisture content damage damage
starts complete

°C

18,6 L L
N5 T

Sel. 61-25-12 (3/4 BR23) (1950}
198 .

TEMPERATURE AND TIME VARIABLES

Percentages of rough vice in samples of Century 52 germinating
8 weeks afrer heing hert-treated for periods of 10 to 120 minutes are
given in table 15. Ilere the same time-tenperature etlects on germi-
nation eapacity are demonstrated, but in greater detail than for
Rexore (table 4) or Bluebonnet (tuble 9).

The germination capacity of the Century 52 air-dried control,
baged on 7 tests, amounted to 94 percent.  Its germination vigor is
expressed by the percentages werminating affer 5, 7, 18, and 1+ days,
which were 88, 3, 1, and O, vespectively.

The germination capacities of the heat-treated saniples were but
slightly aflected by remperatures of trealment below Gi° (', At 61°
for 20 minutes or longer the counts dropped to 87-92 percent, On
the other hand, a1l simples heat-lreated at 64° ¥or 10 te 120 minutes
nnderwent an appreciahly greater progressive loss in germination
apacity with inereased time of treatment, and the counts dropped to
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47-91 percent. The destruction of germination capacity was cor-
respondingly greater at the two highest temperatures, There were
no viable seeds in samples treated for 90 minutes or longer at 67° or
for 30 minutes or longer at 70°.

A loss in germination vigor occurrad i samples of Centary 352
hent-treated for 30 minnles or longer at 53° (. and in all those heat-
treated at the higher temperatures.  The extent of this loss is reflected
in the germination data in table 16, The percentages of rvice gerni-
nating after 5,7, 10, and L+ days ave given for all samples heat-treated
at 61°, G4°, 677, and T8 - ~the fempervatares that deiintteiy atfected
germination capacity. The percentages show that the Tonger the
freatmient or the higher the temiperature of freatment for rice of n
given moisture coutent. the longer it taices the remaining viable seeds
m the sample to germdnate.  Again, this obrervation holds only if the
temperature of freatment falls within the zone of heat damage Tor rice
of the specificd moisture conient,

Cavee Y6.—Lffcol of Hme (duvadion) of heat Lreadment at different
temperalures ow the germinalion of Century 52 rough price after
ST and 1) duys, 1452
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THE GERMINATION TESTS
SEEDLING ABNORMALITIES

Although several hundred germination tests were made during the
3-year investigations, no distinctive abnormalities in the stureture of
the seedlings were observed that could be definitely attiibuted to heat
injury. The same kinds of abnormal seedlings were observed when
heat-treated samples of rice and uunheated sir-dried controls were
werminated. Abnormal types were most often found among seedlings
counted at 7, 10, and 14 days.  The most common type had o spindly
primary root and secondary roots.  There were algo other kinds simi-
lnr in apperrance to those lustrated in Agricuitural Handbook No.
30 (84).

That high-temperature injury may be reflected in seedling develop-
ment 15 well known.  Huaberlandt (27} heated diflerent kinds of seeds
for 48 hours at 1007 (. When they were germinated, he found that
the plumule developed before the rootlet and even that the stem might
start to develop. though the ruot remained entirely undevelaped.
Sachs™ {68) tabulations receord a higher ratio of stunfed to normal
embyros the higher the temperature of trentment,  Dixon (26) ob-
gerved I the germination of heat-treated seeds that ~T'he most fre-
guent nbnormalify i the protrusion of the cotyledons mstead of the
vaclicle from the seed. - . . Even if the radicle does emerge normally,
it 15 often abnormal in its subgequent behavior,”  IMTutchinson (42)
reported that his heat-trented wheat seeds =, . germinating after
slight delay were all normal ax regurds roots and shoots, but a few
of thoge showing severe delay were stunted.”

ITutelhinson ef of. (34) have stated that ~As with other torms 01:
biological damage, mild heat damage o oats, barley and wheat
reversible, but sovore damage canses death of the cellg”  In .ulrIl(.mn,
their evidence *. . . indicated that heated gratit needed optinmm
conditions of water and aeration in the primary gtages, but that atter
growth had commenced it hehaved noa nornal manver™  They felt
that the heat-damagoed cell had lost some of its power of selective per-
meability, and that <. . . vitality as judged by ability to withstand
excess wafer and Ut]m! sub-aptimal germin LIer(nn(]l(mm i prohably
adversely affected.”  They noted evtological differences in normal and
heat-dunagred grain,

DRY SEED

In the 1930 experiments the rough rice with moisture contents of
8.5-3.8 pereent had shorter roots mand shoots than control seed of higher
moisture confents even when the temperature of freatment of the low
moisture-content snmples was considered below the eritieal range. On
the other hand. no dilferences in germination capacity are veflected in
the data in table 2. The reason is that samples of air-dried controls
with both the low and the higher moisture content vielded essentially
the same nmber of countable seedlings after 5.7, 10, and 14 days
in the germinator. Alany more of the seedlings, however, from the
drier samplrs barely mel' the arbitrarily sefected minimum require-
ments to be counted, i possessed hoth root and shoot with one
structure at least one- imuth inch long.
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Heberlandt (37) believed that a hardening of the seeds and seed
coats as a result of extensive drying at a high temperatare might be the
partial explanation for returdation in growth. This condition would
permit onty the very gradual entrance of moisture into the inner seed.
Just (42} and Dixon (£6) expressed similar thoughts.

EXCESSIVELY WET SEEDBED

Sometimes in the germination tests the beds of paper toweling
became extremely wet. Heeds in the excessively wet beds germi-
mntedt moresiowly, Root {radicle) formation waxr retarded, and when
the voot did torm it was nsually free of root hairs. This kind of
dovelopment is attributed to reduced oxyvgen tension,

The phenomenon has been extensively reported in the literature, and
has been observed to occur in air with reduced oxygen, in nitrogen, and
in water. und to be affected by different depths of water, sand. and soil.
Klebs {/5) in 1885, Yokoi (97} in 1898, and Takahashi (80) in 1905
were ainong the first Lo record ebservations similar to the above. Since
then the phenomenon has been reported by others, including Atemine
{7} Nagm (69). Morinaga (6.2). Nasaki (69) Jones (40). Dastur and
Desa (223, Aam (23, Tavlor (87). and Viamis and Davis (8¢). In
the germination of rice seed the shoot appears livst and, sccording to
Atemine. i the apieal root emerges first. it is probably because of
defivient moisture.  \lam attributed the failire of sccondary and
adventitions roots fo develop in seedlings planted al greater depths in
soil to the greater vestriction of the oxygen supply.  Bryein {(30)
Tound the enzyme activity to be less in seed germinated under water,

Morinaga (62} domonstrated that the eatalase achivity of seedlings
wrown under water i¢ reduced the greater the depth of the waler. A
conunon practice in the Southern rice-growing States is to plart at a
deprh of 1o 2 fnches with w dvill and to lood the field atter the rice is
1o Ganches high (Jones of af. §1).

RESISTANCE TO FUNGI

Rough rice seeds whose ability to germinate had been completely
destroyed were wmore readily sttucked by fongl than viable seeds.
Taberhuudt (47} found that 1f the germinating power is destroved. the
maoist seeds become sticky and ill-smelling within 2 few davs, wherens
with live seeds the seed coats may remain inallered Tor several weels.
Justs (52) tabulared data showed early putvefaction of his nonvinbie
heat-freafed seed samples. Phxon (263 sterilized the sand, saneers,
and watfer used for the germination test. e wrofe, *This precantion
appenrs necessary., ax the diminished vitality ol seeds when exposed to
tesnperatures near their maxinm renders them very susceptible to the
attacks of mivro-oreanisms”

IMPROVED GERMINATION

Except for the most impmture vice samples heat-treated during the
1051 experiments (fable 113, no evidence was obtained that heat treat-
ments as sneh improved viabihty,  More evidence ntight hiave been
obtained had the average lengihs of roots and shoots been determined
in all heat-treated samiples and conlrols.
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No experimental evidence was obtained to indicate whefher the heat
treatments had any elfect In overcoming dormaney of the different
varieties of rice. Germination tests were not made until 8 weeks after
heat treatment. . Any dormancy existing at the time of harvest might
have disappeared daring this imterval.

According to Wiesner’s {99) work with conifer seeds. the effects
of heat treatment may he beveficial to germination. Just (43) ve-
ported one experiment in which the germination capacity and vigor of
barley were improved by heat treatment.  The barley seed wus held 2
days over sulfaric acid. then prl in a test tube with ealeium chiloride
and leff for 2 more days. then held 1 day at 30° and 3 days at 60° C.
Tesshing {44) in studying the effeets of heal treatments on dormaney
Found that heat treatments improved the germinating quality of “non-
germ-ripe” burley, bat they did not fullv compensate for complete
storage riponess.  Another important observalion was that the im-
provement in germinating guatity was independent of the alteration
of the moisture content.  I'fe was referming to thase lnsses that ocenr
when seeds are dried at fhe same fime they are being hear-lreated.
Tia Fano'd data (27} show mnproved gernsination of rice aftor hest-
g at °=70°, and of corn after heating nt 30°-60°,

GENERAL DISCUSSION

Weather conditions fogether with ofher civeumstances in 195, 1951,
and 1952 prevented the anthors from obtaining lots of freshly com-
bined rongh rice of higher than 25.2-pevcent moistare content. 1t
would have been desieable to have included experiments on the effects
of temperature of freatment on lots of vice of 26- to 30-pereent mois-
ture contents.  These meisture contents, aithoweh vneommon, arve
pogsible.  Furthermore, it would lmve been desirable, from the stand-
point of comimereial harvesting conditions, to have usdd Tots of rice
freshly combined at each 2-pereent difference in moisture level, af
least within the range of 16 to 26 percent. Beeanse it was nob nrac-
tieal to attempl Lo combine viee ab specified moisture-content levels.
advintage was taken of an alternative procedure. i which o baorel
or more of riee was tuken Trom a freshiy combined lof of high moistire
eontent and portions were niv-deied (o dilferent moisture levels,

Tt was ambicipaied that heat treatments ot inereasingly higher tem-
peratures wonld bring shosl hercasingy greater reduchion in the
ability of viee to germinaie. The earlice investigators recognized the
significanee of the temperature variable, Their numerows experinients
demonstrated the greater destructiveness of the higher tomperatures
to germinability. Nevertheless, several veasons exist for not nceopt-
mg their data and eonctusions as (inad and divectly applicable to the
heat treatment of rice.  For example, specifie details vegarding the
moisture contents of the seeds, the methods of heat treatment, and
the age of the seeds were frequently omitted. Seeds were somotinies
exposed to very bigh temperatnres and for nnnsually long periods
of time. They were artificially moistened when it was desivod to
defermine the eifects of heal on seeds of high moisture content.  {(or-
mination tests were generally made immediately or shortly after heat
treatmealt. Many of the seeds studied differed structinally from riee,
AMoreover, most of the investigators had different objectives in plan-
ning their experiments. '
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The experiments reported in this bulletin differed in the following
ways from those of earlier workers:

L. Ieat treatments were conducted only with freshly andfor ve-
cently combined rough rice,

2. Natorally moist rough rice was used in experiments requiring
rough rice of high moistuve content,

5. Times and temperatures of treatment included those within
ranges covered in present-day practices of commercial vice drying,

+. Containers in which the vough rice was to be heat-freated were
packed full and tichtly stoppeved so that there would be Httle Nois-
ture loss from the seed mass duving the application of heat.

5. Samples of heat-tveated vough vice were tested for their contents
of germinuble seeds after different periods of storage,

Adthongh there are numerons reasons for not accepting in toto all
the carlier observations concerning the effects of heat on the ability
of seed to germinute, many of the earlier more general observations
do apply to rice. Their ch ronology is briefly reviewed here. This
i5 done to give prior research credit, to approximate the order of
development of the pertinent observations, to indieate similarities
in the vesponsges of different kindg of seeds, and to facilitate the
veader’s evaluation of the data presented in this bulletin.

Workers who have demonstrated that heat treatment at n high tem-
perature rednced or entively destroyed the ability of seeds to germinate
melnde Edwards and Oolin (28) 'in 1834, TLaberlandt (37) in 1863,
Sachs (68) in 1865, Wiesner (90} in 1STL Just (42. 43) in 1877, Von
Ishnel (42) in 1877, Dixon (25.26.27) in 1901-3, White {89} in 1905,
and Burgess (£7) i 19190 Thig linding has since been confirmed by
Da Fano (21 in 1916 and Jones (49} in 1926 for rice. It may be
assimed that all these investigators fully recounized that dry seeds
have greater vesistanee to high temperatares than seeds with high
maisture content,

Faberlandt (227} exposed 88 kinds of soeds For 48 hours in o drying
apparitnps ab 37.0°, 56.3°, 73°, 87.5° and 100° (. ITe reported his
data in terms of the number of days it took seeds exposed at each
tempervatare to germinate. Two kinds lost their ability to germinate
when treated af 87.5° and 10 more at 100°. Althongh losses in ger-
nunation eapacity nnder 100 percent arve nof evident from the tabu-
lated data. they as well as Josses in germination vigor ave discussed.
TTaberlandr wrote that the seeds of most cultivated plants, with few
exceptions, are able (o endure o tempernture of 100° without losing
their ability to germinate,

Sachs (68) recorded his data in teems of the number of seeds that
germinated ont of the 100 planted. Normal and stonted embryos are
sepurately itemized. Data are given for dry pea, vye. barley, wheat,
and corn seed beat-treated in test {ubes foir | honr m a water bath
af temperatures vanging from 47° or 58° to 74° (. Data wre also given
for the same lkinds of seed, wob and siuilarly heal -trested at fempera-
tures ranging from 40 or 56° to 542 or 55°, " Sachs found that the lose
m viability was greater the ligher the temperatire of treatment and
that it was much greater in wet than in dry seed.

Just’s (4) comprehensive study is probably the first to show
several intervelationships between the temperature of freatment, the
duvation of treatment, and the moisture content of the sced. e lent.
breated oats and bavley of differont moisture contents in n constant-




©40) * TECHNICAL BULLETIN 1129, U, S, DEPT. OF AGRICULTURE

“temperature oven at different temperatures and tor different periods
of time. He tabulated germination data for each day of the test
period: Consequently, his data show the effects of heat on the ger-

- nination capacity and the germination vigor and the day of maximum
rrelmm'ltlon Moreover, thev show that the greater the m]m\f the
10an&1 is the interval preceding the dry of maximum ger mination

_:md that in severe injury a day of maximum treumnahon is not evi-
dent. Just verified the findings of his pledecosqm% in that he ¢learly
demonstrated greater destr uetion of vinbility the higher the tempera-
ture, the longer the treatment, and the higher the moisture content
of the seed.

Just (43) and Von ITolnel (32), who also published in {877, gun-
med up the effects of heat on the viability of seed much as we under-
stand 1t today. Both investigators realized that one could not give a
definite maximum temperature at which seeds could be heat-tr reated
without injury. Von Iohnel has pointed out, more clearly perhaps
than Just, that the first symptom of injury thrmwh heating consists
of a loss in germination vigor and that it muy occur even thoutrh nn
less in ger mination capacity is noticeable.

Twenty five years aiter the publications of Just and Von Hithnel,
Dixon (26) made a significant peneralization in analvzing his seed
heat-trentment data. ITe wrofe *. . it appenrs that for each seed
there is a temperature up to which it may be vaised without suffering
appreciable altevation in the period of time needed for germination.
Once this peint is passed the germination period is increased, the
increase per degree being greater, the nearer fhe maximum is ap-
proached.” This Qenem]ua.tmn had apparvently been assumed or else

overlooked by carlier investigators because their interest was pri-
marily in determining the maximum temperutures seeds could endure
without i injury. Tt is the range of temperatures over w hich a given
lot of seed may be heat-treated without injury that is recognized IO(LW
as being highly important for the dcvelopmenf of commereial dr ying
and s‘fomf_m methods. The lawer the moisture content of the seed, the
greafer the temperature range over which it may be safely heat-
treated.

In 1911 Kiessling (44) conelnded that tlm elfect of hmi n over-
coming the dormancy of barley that was not “stornge ripe” was inde-
pench,nt of the loss of moisture. Trom this {mdm(r we may assume
that the more acenrate data in the literature on the eflects of heat e
se were probably obtained by those investigators who exposed their
seeds in closed containers or under conditions in which the moisture
loss was negligible. Tn 1917 Waggoner (87) cmphasized that the
difficulty in inferpreting data in the older literature with vespect to
the lethal temperatures of seeds *. . . was to be souglit in the initial
water content of the seeds or in the method employved that wonld
allow an increase cr decrease of this water content diiring the heating
process,.”

Waggoner's experiments with vadish seed and Tutchinson’s (33)
with wheaf ennfirm previeus observations of the effect of heat on the
viability of seed.

The peneral observations mude by the authors of this bulletin on
their 1011rrh rice investigutions are lurgely o veeapitnlation of those
that have just been rev iewed. The \*1.1[}1]1?)! of rough rice hns heen




EFFECTS OF HEAT TREATMEXNT ON THE VIABILITY OF RICE 41

shown to be affected by Leat in the same manner as the viabilities of
racish, wheat, and other seeds similarly treated. Diflerences in re-
sistance hetween the different kinds of seeds as judged from the
present rice study and the literature are more of degree than of kind.

On the other hand. some observations were made during these in-
vestizations that bave not previously been emphasized,  Rough rice”
was heated in closed containers and apparently without the develop-
ment of injurious pressure effects.  In heat-frenting inmature rice
moisture content rather than stige of maturity was the major factor
determining the degree of heat injury.  ITeat-treated rice. even hent-
daniged samples, did not show any appreciable change in viability,
i. e, in the percentages of seed werminating, between the 8- and 33-
week periods of storage.

Rough rice that was naturally moist and freshily combined was used
n the experiments becanse it was thought that the datw would be more
represenafive of data obtained under large-scale eommerecial opera-
tions.  Whether this reasoning was correct was not determined.

Certain disadvantages in nsing freshly combined rice soon became
apparent.  The lofs not only lacked uniformity but semetimes con-
tained large percentages of nonviable seed.  As a result the temperi-
tires at which heat damage to viability just started and st which it
was just complete for rice of a given moisture content could be only
ronghly approximated. This fact discouraged any endenvor to de-
rive mathentical equations, such as those of Futchinson (33) for
wheat. which night have practieal value in determining sate commer-
cinl operating conditions for heat-treating rough rice. It is evident
(hgure 3} that the approximations defining the eritical temperature
runge for rice of each moisture content investignted do outline a zone
of heat damage. It is uleo evident that their pattern is too irvegular
to define the lower and upper limits of the zone of hext damagre,

Under diiferent experimental conditions it might have been possible
to obtain dafa that weald more accurately illustrate the Hmits of the
zone of heat dumage for rough rice of different moisture contents.
Yon Iahnel (42) found that a definite maximun temperature at which
a gven sample of seeds may be safelyv heated miay not be obtained be-
canse of the dilferences in the resistances of individual veeds.  TTuteh-
imson (34}, an the other hand. was able to estahlish rather definite and
practical temperafure end points delining the eritical ranges for each
of his samples of wheat of different moisruve contents.  From his pub-
slention it wonld appear that the selection of uniform seed samples nnd
the choice of ones containing as near 100 percent of viable seed as
possible were importiul factors,

Although there may be wn error of =22 ¢ or more in the approxi-
maled temperatures plotted in figure 3, the seatter-type diagram bas
practiealvalue.  Itenablesone to approximate the maximum tempern-
fures at which hatches of rough vice of ditferent moisture contents may
be heat-treated under conditions 1ike fhose deseribed in Experimental
Materials and Procedures (pp. 8-12). To Fhis extent it HLELY SCIve as A
heat-damage prediction or snfety chart.  No elaims may be made fhat
it would serve reliably for predetermining the temperature at which a
Treshly combined lot of vice might be safely dried in'a commereinl drier.
‘The reason is that the variable infvoduced hy the Toss of meisture dur-
ing the heating process was not evalwated in the investigations,
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However, it appears possible that diagrams similar to figme 3 could
be developed for use as heat-damuge prediction charts for guiding
experimental and commercial drying operations tor both seed and

“milling purposes. Charts for the latter would need to be based upon
milling mstead of germination test data.

SEED HEAT-TREATMENT METHODS AND THEIR
APPLICATIONS

Plant physiologists. plant pathologists, entomologists and aerienl-
tural engincers have made the majur contributions to our knowledee
of the effects of heat on seeds.

Atanasoff and Johnson () potnted out that the lirst workers ta
investigate the eflects of ditferent temperntures of {reatment on scods
were principally plant physiologists and then plant pathologists. The
plant physiologists were Interested in estublishing the eflects of heat
on germination capacity and germination vigor and in overcoming
dormancy. Often they employed very high temperatures and long
exposure periods, which we consider today ro he extreme and imprac-
tical for commercial application. .

The plant pathologizts pereeived (hat hear misht he uselul for
destroyig seed-contaminating fungi. which wight later heeonie ne-
tively pathogenic to the seed or (o the developing embryo und plant.
These workers had (o devise experiments that wonld demonstrate
whether a certain time-temperature combination might be enploved
n treating a given kind of seed that would destrov the contuninatinge
pathogenic fungi but that woeuld not ailect the viability of the seed.
Shortly the entomologists beenme intevested.  Fhey hiad exsentially
the same problems as the plant pathologists sinee thex needed to pre-
serve seed tor extended periods for both planting and milling pur-
poses. Most of the literatwre on the use of heat to destroy Tungd and
imsects in seeds has appeaved within ihe past 50 vears, “This is not
because the concepts for these two practieal appliciions of lieat are
by any means new. Tlaberlande (7)) disenssed them i 1863 and no
doubt others before him,

Within the past 25 yveurs agrienbtural engineers and associaled
workers have made numerons worthy contributions to ihie lilerature
on the heat treatment of seed.  Their dual ohjectives have heen, by
means of drying and controlled temperntures and humidities, (o pre-
vent the development and activity of fungi and insects in stored seed
and either to improve or to wssure the retention of high milling qual-
ity in grains,

Severnl methads for Tieat-treating seeds liave heen devised by the
various workers, The kind of method is not necessarily correlutable
with the professional interest of the tnvestigator and nao such infer-
ence is intended. The methods may be grouped as follows:

1. Divect contact with hof water.

2. Direct contact with heated air,

Trays in a constant-temperature aven: air civenlation prinei-
paly convection.

Open test tubes or Masks partially submerged ina bah o aie cie-
ctlation restricted, sometimes very mueli so by w enpitlary opening s in-
sigmilicant total and vapor pressites,
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Forced-draft experimental apparatus or equipment,
Heated dvy uir.
Heated moist air.
Vapor-heat machines.
Cominercial driers and bing aerated with arti fictally heated air.
3. Closed containers. Submerged in 2 hested liquid bath : moisture
Joss from seed and available oxvgen and air supply restricted.
4. Direct contact with liquids other than water,
In most of the investigat'ons cited seeds have been exposed to
a given temperature in direet contact with water or air or in a closed
contitiner.

DIRECT CONTACT WITH HOT WATER

Seeds in divect contact with hot water are said to be sensitive to
heat. Possibly this condition is in part attributable to the more rapid
and uniform penetration of the heat. The method, although fairly
efticient in destroying tungi, has some objectionable features. A ma-
jor one is that there is very little dilference between the temperatures
ab which viability and contuminating fungi are clestroyed. Tisdale
(82), Adair and Cralley (£), and Cralley (78) have used hot water
for the treatment of vice with fungi i nematodes. Additional in-
formation on the hot-water treatment is to be found in the publications
of Edwards und Colin (.28). Jensen (36, Kiessling (44), Whaggoner
(87), Lehman (327, and Waison of «l. (85).

IHRECT CONTACT WiTH HEATED AIR

Primary abjections to the use of artificinlly heated dry air in treat-
ingr <eed s that it generally rakes too long fo obiain eflective results
aud the seed may berome too dry.  Jensen (J6) was unsuccessful
m destroying smut in oat and bavley seed in 7 hours at either 50°
or 53.9¢ . On the other hand. Atanasolt and Johnson (6) found that
by exposing the well-dried seeds of harley, wheat, rye, and oats to
iy heat for 30 howrs, bacterial amed fungal infections could be ve-
duced or eliminated witheut materially injuring the cermination of
the seed.  Lelvman (50} recommended n dry-heat temperature of 95°
for 12 hours for destroving the anthracnose fungus of cottonseed.
To uvold serions oz of viability the reeds first had to be predried
to a moisture-content value cquivalent (o 3.2 percent of their wir-dey
weight,

The uge of dry heat for desivoring weevils and other insects in
grain. meluding rice. fas been investigated by Popence (66), Dean
127024} and Cotron (/7). Back and Cotton (9) were able to kill the
rice weevil {Sifophilus Oryza (10)) at 48.9° C. in 8 hours and at
kA within 30 minutes. Balzer and Cotton (74) found that exposure
af 10 minutes to a temperature of GO7 is fatal to all ingects infesting
stoved vice.  TTowever. they were not successtul in obtaining a satis-
Tactory kill of insects in rice in a commercial drier operated at GO°
far 30 minutes beeanse the treatment did not raige the temperature
of the rice above 50°. They stated that heating for insect control is
not favored hy the rice industry beeanse the rice is apt to check und
Because too maeh moisture is removerd,
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Fdwards and Colin (28) and Jodin {27} have shown that moist
heat is only slightly less destructive to seed viability, and Jensen (36)
observed it to be less effective than the hot-water treatment in the
prevention of smut in oats and barley. On the ofher hand. Miller
and McWhorter (67} have demonstrated the usefulness of vapor
heat (steam-uir mixture) as a practieal means of disinfecting seed.
These investigntors found that certain kinds of seeds will appavently
endure considerably higher vapor-heat temperatures than are reguired
to kill al} associated fungi. ‘Fhus, tuble beet seed balls will evidently
tolerate a vapor-heat temperature of about (2.8° (. for as long as
30 minutes without significant reduction or retardation of germination.
Fhoma betae, an associated pathogen, is killed when exposed at 57.2°
for 20 minutes, which isabout 3.57 lower than the phytolethal tempera-
ture.  Latta {3.2) used vapor heat in effectively controlling nareissus
pests,

CLOSED CONTAINERS

The miethod of heating seed 1 elosed confainers is more nearly
comparable with the rioist- and vapor-heat methods than with either
the hot-water or the artificially heated dey-mie methads. The essentinl
differences between the moist-heat and closed-contriner methods are
that in the latter the atmospheric moisture present is lavgely derived
from the seed and a pressure develops in the container. which is
proportional to the available free moisture and Lime and temperature
of treatment, Whether these differences offer advantuges was not
determined,

Jodin (37 and Waggoner (87) reporled that geeds heated in
a closed contuiner could not stauwd =0 high a {emperature as when
leated in an open vessel or in win oven., which permitted the rapid
oliminution of water from the seed. Waggoner's data also showed
clearly that radish seeds hented directly in water had less resistance
than when they were heated in a closed container.

No studies comparing the relative ofliciencies of the dillferent
methods of heat (reatmient have been made in which the smne it of
rice was used.  However, insofar as imay be determined from the
literature, the experimental data veported for rongh rice in his -
Tetin indiente that rice can tolerate Ingher temperntures withoal joss
of viability than are rceommended for use in comniereial dryiug oper-
ationg,  Tn commercial drving the moisture s contimuously removed
from the rice. and theorelically the kernela shonkd beeome increasingly
resistant. T it is broe Hiat fhe viability of viee may he destraved at
lower femperatures in a commercial deier than in a elosed test Fube.
it wonld prove that factors other than heat are also i operation,
which are destructive o vishility.

DIRECT CONTACT WITH LIQUIDS OTHER THAN WATER

Watson of al. {88) selected severad wmterials as possible frealing
agents for peas. heans, and Hina bean=. These smaterials were “eavbon
tetrachloride, mineral oil, 8hell clenner, Prestoue (ethvlene giveel),
motor a1l (S0 1 10, roceal, melhyl aleohol, kerosene. xyilold berie
acid solutions, toluene, acelone, glycerine, eedar oil, aniline oil; olive
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oil, sodium chloride solutions, and eotton seed 0il.® 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 hiot carhon tetrachloride, but they were Ikilled
mna 1'einti\'e§_v short time when exposed in water of the sume tempera-
ture. Carbon tetrachloride appeared to be the best medium tested,
and the use of hot carbon tetrachloride for destroying seed-borne
organisms in peas and beans is suggested. Iowever, these authors
have pointed ont thal *Further rescarch will be necessary to evaluate
the practical nse of the marerials and heat on the control of sced-
borne pathogens.”

Crnickshanle (79) has recently carvied oul a series of preliminary
experiments fo determine the effect of a carbon tetrachloride steep on
the germination and control of Sphacrelie linorum Wollensw, in two
varieties of linseed—Colden Viking and Koto. 1le oblained a signit-
weant depression of seed germinntion unly at 70° and T5° C. for 30
minufes with Golden Viking and 20 minutes with Koto. Germina-
tion of the fungus spores was not observed to occur after freatment
for 20 minutes at 637, 70°, and 73° or for 34 minntes at §0°.  Fe found
that curbon tetrachloride has the following ad antages over water for
the heat trestment of Tinseed: It ix safer with respect to germination
and no artificial drying of the seed is nocessury,

NEW METHODS AND MODIFICATIONS

It 1s evident from the information in this bulletin that man is a
tong way From having a comprehensive. scientifieally derived knowl-
edge of the effects of heat on rice. Rongh rice has been demon-
strated in the experiments in 1950, 1931, and 1952 to have a high
resistance to heat.  This characteristic sugeests that heat night be
used even more extensively than now for the improvement and stubili-
zation of seed qoality. Certainly the techuiques for applving heat
in the treatment of rive have by no means been fully explored. The
practieability of nsing a very high temperature and “flush-heating,”
ag well as the heat trentment of rice in medin other than air and
water, should be investigated.  The possibility of sinultaneousty
meorporating fungicidal substanees and nutrients in the hulls should
fso he considered,

SUMMARY

fxperiments woere undertaken during the rice-harvesting seasons
of 150, 195 L and 1952 to demansteate the effects of time and tenipera-
ture of heating on the viabitity of rough, or paddy, rice (¢/ryza safive)
of different moisture contents.  Both medinmcgrain {Sel, 61-25-12
anet Zenith) and long-grain { Rexoro, Bluebonnet, and Contury 352)
varietios were wsed. Germination tesl data for riee and soed heat-
freatment methods nnd their applications are discussed.

Heat treatments were made near sources of freshiv  combine-
harvested rice—on the premises of the Rice Experithent Station af
Crowley, La. Samples of naturally moist vongh rice were pacled
in heat-resistant tost tebes,  The fest tibes werp tightly stoppered
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and submerged in water baths mantained at differ eut c‘ont.t.ml temper-
atures. In e\peuments to demonstrate the effect of temperature on
vizbility, the usnal period of exposure was 80 minutes nfter the vice
reached the temperature of the bath. In cxperiments to demonstrate
the effect of time {duration} of heating on viability. the periods of
exposure ranged from 10 to 120 minufes. No moisture was lost from
or gained access to the vice-filled test tubes during the periods of heat
treatment.  The vice in the test tnbes was allowed up to 8 minutes to
reach the temperature of the bath.  On completion of the heat treat-
ment the contents of the test tubes were composited and spread in a
puper tray to aiv-dry.  Ab the eonclusion of each senson’s work all
fhe air-dried heat-treated snmples, togetlier with appropriafe air-
dried controls (non-hent-treated ). were packaped in paper bags, trans-
terred to the Sonthern Regional Researeh Taboratory. New Orleuns,
T, and stoved ot 3452267 0 Germination fexts were made on each
sample by the method preseribed by the Federal Seed Aet, and were
ran 8, 16, 2k and 32 weeks after the date of head {reabuent.

The germination test data confivm that high temperatires aflected
the vanhility of nuturadly moist vough vice in mueh the =ame manner
ag they affected the viabibivies of other kinds of seeds similaely treated.
The toHowing general ahservations conld be made:

For rough rice of coch mesture content theve is u temperiture of
heat freatnment below which there ig no decrease in vinbility.

Fovr a given zample of vice {he “zone of heat damnge.” i o (he
ratige between the tomperature st which heat damage to viahility just
stupts and the femperature ot whicl it is st cotmplele. = 0 narrow one,
The extent of this range fora heat-treatment period of 30 nomutbes was
not definitely est: ablished for the nainrally moist combine-harvested
rough rice used, but based on approximations of the Hmiting teni-
peratures ik appears fo he befween S and 127 (0 This range ix abont
the same for rice of differont moisture vontents, bal 1 i higher on
the temperalure zeale the jower rhe moisture content of 1the viee.

Within the zone of heat danmge for rice of a given wmoisture content
the degree of destrmetion inerenses as the temperabire inereases: al=o
the Tonger the rice is heat-treated. the greater are its lowos i wer-
midion enpacity and gesmination vigor

The resistance of rongh riee to the impadivment of Qs viahility by
heat varies nversely as i moisbure contend.,

When the vinbility of rice i damagoed by heal, loss in germination
vigor is apparrent hefore loss fn perminadion enpacity. Whether there
is evidenee of rhe fatter depensls wpon the severity of the treatment.

Germinabion tests made S, 6 2 b and 32 weelss alter heal trealment
on rice trom the same heat-trealed sample stoved at 217.262 (. did
not revend appreciable changes in the germination vigor and germing-
fion cupacty of the sample,

Tn experiments with imsintwre e, the moisture-content variable
exercised greater influence than the matrity vavinble in determining
the resistanee of the immature seed 1o hent damape,

Beenuse of Timited dada it cowld not be determined whether the

varielies of riee wsed diffored <ignilicantly in thetr resistance to heal.
Observed differeaces were minor awl believed within experimental
limitations. Tor the sune roavon if vonld not he determined whether
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the total pressures developed in the test tubes of packed vice durving
heat treatment had any significant effect on the viability of the leat-
treated seed.

When the approximated temperatures defining the range of heat
damage to viability were plotted for several samples of rice of diftevent
moisture contents, a sentter-type dingram was obtained in which s
zone of heat damage is clearly indicated. Such a dingram should have
practical value in research and commereial operations involving the
heat trentment of rice, and it might, according to the method of der.
vation, serve as a heat-damage prediction chart for viability or
milling quality.
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