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CHAPTER I 

INTRODUCTIOH 

Man has attraqptad to moddiy haniful effects of 

eXactsramagnetlo radiation in seeds since 1921* In quantity^ at 

leastji he has been fairly suecessfulf for zmmeroos physical and 

ehezaioal agents have been reported as exhibiting siodifylng properties* 

Considei^le data have been reported concerning the nse of 

moisttire as a modifying agent* More recently, several storage 

studies have been published* But there is a paucity of information 

concerning the interactions of the two modifiers when they are used 

together in the same experiment* 

The purpose of this sttid^ was to determine the extent to 

which tlw effects of irradiation on barley seed could be modified by 

varying the mcdsture content of the seed and the storage time* 



CHAPTER n 

HE7IEW OP THE LITERATURE 

Studies concerning the radlosensitivity of dry and soaked 

seeds have shotm that there is a positive correlation betueen iim 

Hwleture content of tissues and their radiosensitivity. As early as 

l?21f Petry reported (Nilan> 2^) that soaking of eheat seeds in 

creased the damage caused by X-rays as measured in terns of decreased 

germination and seedling hei^t* Johnson (19) compared the survival 

rates of pre-soaked and dormant idwat grains that had been exposed 

to X-rays# All pre-soaked vfaeat seedling^ died within three weeks 

after they been exposed to mwre than 5fOOO r. Stirvival of 

seedlings frcxn dry grains that had been exposed to 10^^000 r was as 

high as tlmt obtained from the unirradiated controls# The suarviving 

seedlings from the soaked grains made less growth in every respect 

than did the controls# In a similar study^ MacKey (21) reported that 

genninability was normal in dry, dormant seeds even after the heaviest 

dosa^ had been applied# Fre-soaklng, followed by X-ray treatment 

eaused distinctly lower germination and increased the fTequsney of 

early death. A pronounced retardation of initial seedling growth in 

the generation was also noted# 

Stadler (28) calculated that the killing effects of X-radiaticoi 

were fifteen to twenty times as high for germinating seeds as they were 

for dormant seeds* He steeped barley in water for six hours at 27° 0 



asul aerated it eighteen hours on moist blotting paper in covered 

dishes at 27^ Tolerance of the seeds decreased during a soaking 

period of fourteen houra to about half that of dormant seeds and 

was approximately halved again by the first thirty minutes of 

aeration,but its further decrease during the mxt hours of 

aeration vas less marked* 

Stadler (28) also oostpared the mutation rate of germinating 

and dry dinnant seeds that had received identical irradiation dosages. 

Mutations in the pre««oaked series were about eight times as frequent 

as they were in the dormant series# when mutants were calculated per 

r-iatLt. Subsequently, Ehrariberg, et al. (12) confirmed Stadler's work 

on relative numbers of mutations frcsa germinating and dormant seeds* 

They used eighteen pre-soaked and twenty-five dozmnt seed treatments 

of barley in dosages ranging from 313 r to 20^000 r* In 1951, the 

mutation rate for 625 r was seven times as high in soaked as in dormant 

seed* The difference was less pronounced in 1552, but still the 

mutation rate was two or three times higher in the soaked series* In 

addition, their data showed a conspicuous decrease in the mutation rate 

with rising dosage, calc\ilated per r-unit and spike progeny* This 

idMraOneiixm was especially pronounced in the pre-soaked seed series* 

li^th very high dos«^s the pre-soaked seed gave low mutation rates, 

often lower than in doraant seeds* 

In 15it7 Gustafsson (15) reported that the proportion of certain 

iadosed chlorophyll mutations differed following irradiation treatments 

of dzy and soaked barley seed* Subsequent data by D'Amato and 
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Qastafsson (?)show that 'Um paeullar alboxantha* mitation $ront^ only 

after irradiation of hydrated aeeda^ vhereas the tigerina nutation 

occurred more frequently following irradiation of dxy aeeda* 

D'Anato and Guatafason (9) soaked barley in several chamicals 

at various ooncentratiffiis prior to Irradiation# X->ray effects on 

sterility;# ohromosone aberrations, and chlorophyll mutations were 

i^reased by solutions of potassiun oyanide, hydrogen peroxick, uriuiyl 

nitrate, and colchiciE». Although the more concentrated series of 

potassium cyanide produced more chromosome aberrations when followed 

by X«radiati(»i than did the controls, they produced only a fraction 

of the nunber of visible mutants produced by more dilate concentrations. 

Still more remarkable -vm the Swedish authors' discovery that 

the proportion of chlorophyll mutations was altered in the colchiclne 

series* A more elaborate eaqieriment reported by Gustafsson and l^ybom 

(16} the following year indicated that treatment xd.th colchiclne prior 

to X<»irradiation decreased the number of viridis typcra, greatly inr 

creased rare and very rare mutants, and caused no chaxige in the number 

of albinos* Colchiclne did not especially augment the total visible 

mutation rate* The weaicest colchiclne soluticm (0.001 per cent) 

affected the seeds in the same manner as that of the water treatment,-

above# 

*For a detailed description of chlorophyll mutants seat 
Gustafsson, A* The plastid development of chlorophyll mu^tlooi# 
Hereditas 28fl483«U924 19142* 

- '■ 
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r- 5. 
Oelin (Hi) studied the ehrawMionftX daaage sustained^barley 

seeds of different vater content at the tln» of X-lrradlatloa with 

lOj^OOO r* Seeds with per cent water contained approximately twice 

as mnch dlstrubed cell division as those seeds with 10 per cent water* 

Seeds soaked twenty-three hours (water cwtent not stated) in water 

contained about four times as many. He found a marked parallelism 

between sterility, mutation rate, and frequency of cells with cfaramo*^ 

somal Irregularities. Ehren'oerg, et al. (12) reported little 

correlation between ehromosone disturbances and mutation rates at 

higher dosages. They obtained ecpial mmbers of mutations frao pre* 

soaked seeds exposed to 2,500 r and dormant seeds exposed to 15,000 r« 

Eighty-four per cent of the cells of the pre-soaked seeds were distusibed 

as CQiiQ)ared with only five per o«it In the dormant series. Thi^ 

concluded that majriced correlation between chromosome damage and mutation 

rates of pre-soaked barley seed exists ai less than 1,250 r, 

Numerous workers have studied the effects of various gases on 

the radiosensitlvity of actively metabolising plant tissue since 

Mottram (22) discovered the "oxygen effect" In 1935. His data showed 

that there was less Inhibition of Vlcla faba root growth when X-ra^d in 

anaerobic rather than aerobic conditions. According to Thoday and Reed 

(30), bean seedlings made the most growth after thsy had been X-rayed 

in nitrogen, meditmi growth after air, and were most heavily dmaged 

after oxygen* fdentlcal dosages were administered to the seedlings in 

each treatment series. Hayden and Smith (17) X-rayed gezmlnatlng barley 

seeds In a vacuxan and in air. They reported ̂ at conslstantly better 
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gerralnatloa and growth occtorred foUowlng irradiation in a vacuvm. 

Roat<»tip cells froia saa^ irradiatad in air averaged U«7 timaa as 

laany chrcsnatinic bridges as root-tip cells frora seeds Irradiated la 

a vaciiua« Sieburth (26) soaked barley seeds for twenty-four hours 

in (a) boiled distilled water, (b) untreated distilled water, and 

(e) distilled water to -sdiich oaygan was added. She applied 15,000 

r of X-rays and laeasored injury in teraa of survival and height of 

seedlings, Qybological obsez^ations on root-tips and poUsn mother 

cells were made. Seeds supplied with additional cacygen were injured 

considerably more than those with a noxmal or reduced amount. Seeds 

with a reduced amount of oxygen wewt injured slightly less than those 

with the normal oxygen supply obtained in water. On the other haod, 

Taaada (29) reported that the inhibitory effect of gamma radiation 

on growth of barley roots iiysreased with increasing oxygen tension up 

to about 2 per cent. From 2 to 100 per cent the inhibition increased 

cmly slightly, 

IlSybom, Gustafsson, and Ehrenberg (25) successfully used hydrogen 

and a 2,5 per cent aqueous solution of mereaptoaeetie acid as ixresumsd 

parotectors of gexmlnatlng barley. Although hydrogen sulflda had 

affoirded renazkable protection to dormant barley seeds, it proved to 

be hi^ily deleterious gw se to germinating seedlings. Apparently, 

chemical protection is afforded by the exelusitm of oxygen rather than 

by axssr intrinsic properties of the "protective" gases, themselves, 

Tl»re has been little agreement concerning the effects of oxygen 
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on fflutation frequencies, Ibqrden and Smith (1?) found Batability 

to bo slightly iroreasod, Ehrenberg, et al, (12) reported it greatly 

Inereasedf and Nilan (23) reported it not increased at all. 

As early as JS$2f ^ybm, Oustafsaon^ and Ehrenberg (25) had 

found that vater content per se did not entirely explain the 

differential radiosensitivity eadiibited by plant tissue. Hiey rarled 

the physiologioal state and water ooxxtent of barley indapondently. 

Certain anaesthetics^ notably magnesium chloride, afforded considerable 

protection to the pre-soaked barley seed, Ehrenberg, ct al, (12) noted 

that mutability results were modified by mode of pre<-soaking, methods 

of irradiationt tesperature, and field conditions. 

Caldecott (3^6) denawistrated an inverse relationship between the 

water content of dozmant embryos and ̂ eir sensitivity to X-rays at 

certain moisture levels, Mbryos decre^ed in sensitivity as their 

water content changed from about U per cent to about 8 per cent. There 

was little change in their X-ray sensitivity, between 8 aivi 16 per cent, 

but there was a steep rise at about 20 per cent. Oat seeds containing 

5,0 pear cent moisture were more sensitive to I-irradiation than seeds 

with either 13,8 or 18,2 per cent, according to Abararas and Frey (1), 

Seeds of the intermediate moisture level showed the greatest germination, 

seedling height, and seedling dry weight at all dosages listed, Dormant 

seeds of highest water content eadhibited intermediate sensitivity except at 

very high dosages when they became most sensitive to X-rays, Ehreiaberg 

(11) publisted data generally agreeing with those of other workers, but 

he found that the mutation rate showed a parallel dependence on moisture 

only at levels of less than 11,5 per cent,- Similar results by Elirenberg 
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and Ky^bom (13) lad them to suggest that protecti've substances may be 

produced in dormant seeds with a hlgb water content. 

Saenewhat earlier^ !l[ybca» Oustafsson, and Ehrenberg (25) had 

reported that air-dry seeds (about 10 per cent moisture) were less 

sensitive to X-radiation after they had been soaked for two hours at 

21^ C. Caldeoott's data indicated that dormant barley seeds were most 

resistant to X-irradiation after one hour of soaking at 22^ G. 

Konsak (20) studied the effects of temperature and soaking on 

the radiosensitivity of barley seeds. He Tised five soaking periods 

and maintained tmperatures of 0^ 0 and 22^ C for each soaking period. 

Although all soaked seeds were more sensitive to ganna rays than were 

domant ones, those seeds soaked at the lower t«aa|w>'*t>ure were lauoh 

less sensitive. Caldecott (6) shed further ll^t on this question whan 

he showed that the sensitivity of pre-soaked seeds, as modified 1:^ the 

temperature of the water wed for soaking, was probably related to 

increased physiological activity of the embryos. He soaked dozmant 

seeds containing U per cent moisture in the mabryos at 0° C and 

22^ G for different periods of time end then subjected them to l5,0CX) 

r of X-rays. Seedlings were grown seven days and their average heights 

were ocmqpared wi^ irradiated, unsoaked controls. Seeds soaked four 

hours at 0^ C were less sensitive to radiation "Uian the uneoaked 

controls. More than eight hours of soaking at oP G were needed to 

increase the radiation damage noticeably. 

The influence of two^erature under idzioh seeds are soaked seems 

to affect the X-ray sensitivity of seeds even after desiccation. 
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Caldscott (5) obtained more grovth trm seeds that had been soaked 

for sixteen hoars at 0^ C» desioeated orer phosphorus penta-oxLde 

from five to about 100 ho\ir8> and X*riQ/ied than from dormant seeds 

receiving Identical irradiation* Seeds soaked at 22° C were several 

tines as sensitive as unsoaked 8eed8« or those seeds soaked at 0° C* 

Caldeoott (U) had previously shown that barley seeds that had been 

soaked for various periods* then desiccated over dry oalciua chloride 

until titty had attained their original moisture level were more 

sensitive to X>radiation than unsoaked seeds of similar moisture 

levels* Ivanoff (IB)* who used air as the drying medium for pre* 

soaked oats* confirDied Oaldeoott^s data completely* Caldecott believed 

that tlttre were at least two possible explanations for tlttse resultst 

either treatments modified some biological component (s) sensitive 

to X*r8ys* or the molecular stability of sites sensitive to X*rays was 

greatly modified* 

Several workers have shown recently that I*radiation effects can 

be modified 1:^ post*treatments of storage* gases* moisture* or a 

combination of the group* Adams* Milan* and Ounxlhardt (2) reported that 

storage of dormant barley seeds after X*radlation inox^ased amount 

of radiation damage as measnred the fre(}uenoy of chromosome bridges* 

seedling heij^t* and rate of gexmination. Further* os^gen enhanced these 

deleterious effects and nitrogen retarded thma. The po8t*irradiatioa 

oxygen effect was maphasized by Caldeoott* et (7) and Curtis* et ^* 

(8)* Their data indicated that the madeture content of the seeds at 

the time of irradiation greatly influenced the modij^lng effects of 
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•toragt and of oxy&tti* Seeds vlth very low snoonts of water (U per 

Sent) were consistently a<»re heavily daiaaged than were doxnant seeds 

containing more moisture* 

■i)* 
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CHAPTER III 

MATERIAIS AIID METHODS 

Experimental Design 

This study was undertaken to elucidate scmie of the effeots 

of Boaidngf storage and gaama radiation on barley seeds. The 

expezlraental design was a randomized ecmplete block with seven 

soaking periods* six stoirage periods* and three radiation levels* 

used in all possible ooobinations* for a total of 126 treatments# 

Four repHoates were used* each treated on separate dates# Eaoh 

treatment was performed on a one hundred-seed sample of meohanicalljr 

deoowned Holston barley. 

The seven soaking periods consisted oft 0* 1* 2* U* 8* 16 

and 2ii hours. storage periods veret 0* 2* 7* 1^* and 36 hours. 

The levels of radiation used weret 0* 2*000* and 10*000 r. 

The four replicates were irradiated and planted on January 26* 

February 16* March 2* and March 23* 29$9$ respectively* 

Seed Soaking and Storage 

One hundred-seed samples were wrapped in cheesecloth and sub 

merged in two liters of distilled water. A Thiberg Aerater* model 

number one* bubbled air through the water continuously at the rate of 

288 mHIiliters per minute. Time of entry into the water was staggered 

so all sai!Q}ls8 within a soaksd series of a given radiation dosage would 
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eon^lete the alloted soaking and storage tines sianXtaneoasly. For 

Mteh replication^ elapsed tine frm start of soaking to eiui of 

irradiation was sixty hours and seventeen mixmtes* The water was 

cots^letely replaced thirty-eight hours after the beginnlag of eash 

experiment* 

At the conclusion of each soaking period^ 1^ samples were 

removed fron the water« the excess blotted off^ and the seeds stored 

in packages of saran wrap. The storage packets previously had been 

perforated with forar pin holes which permitted the exchange of coQngen 

and carbon dioxide but were not large enou^ to permit appreciable 

dehydration of the seeds* All sample packets from each soaking period 

were stored in one large perforated Bu:'an packet to facilitate later 

handling* Prior to izradiation^ the packets were stored in a one* 

gallon idiexmos jug maintained at a teoperature of apprcodmately 70^ F 

throughout the storage period* 

Irradiation and Planting 

This idwse of the Btud^r was performed at the University of 

Tennessee AtondLe Energy CoBmlssion Irradiation Facilities at Oak Bidge* 

The radiation source is an intemal*sffiiple« Cobalt*60t gaamiu»ray souxve 

with an intensity of about 6$0 r per minute* All six samples of seed 

socdced for a specified period of time and then stored for various Isi^ths 

« Osbome, T* B,, Personal Conasunieati^ 
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of time wore ixTadiat€Mi slraaltaneously with 2,000 r« Then six siBdlwr 

•arnplBS were irradlftted with 10,000 r, 

fhe seede were planted in standard IB x m inch wood, greenhouse, 

flats ixvaedlately after irradiaticai* (hw hundred seeds were planted in 

each row, there helng nine rows in each flat* Treatment locations were 

eos^letely randomised* "nie seeds were covered wi^ approximately one* 

half inch of sand* 

CheenhotUMi Oare> Plant Harvest, and Measurements 

^flats were placed at random <m two tables near the center of 

the gs^s^nhouse* They were rotated daily to ensure equal effects of 

tesqjerature and lij^t* All flats were watered twice each day* Plants 

of each treatment wez^ hanrested eleven days t seven hours after the 

soaking treatment of the seed was initiated* Thus, three days were 

allotted harvesting* paralleling the soak period* All plants withia 

a sosple were cut at surface of the sand at the appropriate time* 

Measuring was ecoon^lishsd by placing the base of the oulma against a 

straightedge and marking the apex of the seed leaf if it had appeared 

or the coleoptile on ordinary b«ad paper*'' Aj^roadLmately fifteen minutes 

sufficed to harvest and record each treats^nt* Since each paper con<« 

talned the san^tle name, treatment, time of cutting, and baselii», the 

actual measuring was later effected to the nearest millimeter* 
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Calculations and Data Analysis 

7fa0 e\)aal*tiv« h«ig^t of all plants la a ssniple and tha 

fiMainatlon per cent of eaoh sai^le were deteznined* Treatnaat 

totals from the four replicates were averaged* A viabillty'-growtii 

index was used to conpare treataaent effects* The Index is the 

product of the cumulative height (centimeters) of all seedling 

from caie treatanent multiplied by the germination per eent and 

divided by equivalent data from the control(0 hours soaked^ 0 

hours stored, 0 redlatlon)* This figure was multiplied by 100 se 

that treatment effects were axpreesed as per eent of control* Data 

shoim in Tid>le H are the product of hei^t times germination* 

The data were subjected to an analysis of variance, according 

to the method described in Snedecor (27)* Ounean's (10) Itiltiple 

Hange Test at *01 level was used to determlQe the slgnifioant 

dlfferene<» between group mesas* The 1..S.D. wss used to detemiiie 

the significant differences between individual meai»* 



CHAPTER I? 

RESULIS 

Reeults InroXving All BftdAstioa levi^ 

Bloctroraagnetic radiation haa baea shotiii to be injurioua to 

plant ti8Bue« FreHSoakLng of seeds amplifies such injxuy* One wooldL 

expect preHBoaking^ foXloved by storage^ to further enhance thoae 

deletexloue effects* Slight differences in techniques may modify the ' 

results* At the conclusion of scmietdiat similer studj^s Caldecott (^) 

remarked* ''The striking thing about tli^se studies is the fact that 

very slight differences in the way seeds are treated resulted in 

pronoaaoed differences in their response to Zoriqni*" Slnse each 

replicate was treated on a separate date> it may be interesting to 

note replicate variations of barley responses m shown in Table I« 

Average germination percentage for all treatments was very 

unifozta throughout| however* the average height consistently deolined 

through the first three replicates* Possible explanations of this 

I^ienomencn aret teo^perature* li^htj daylength* or a c(»nbinatic« of 

two or more of these envlroisMmtal compcmeiits* Since these studies 

occurred between January 26 and April 3* 19$9i all three factow varied 

widely* The daylength averaged two hours longer during the period 

Haroh 23<iApril 3 than it did on January 26»Febraaiy 6* Each succeeding 

ireplicate received more total sunlight* The first replicate received 

only about fifty per eeat as much daily sunlight as the other repHcatfi# 



 

u 

TABIE I 

I®S <OT 0EBHINATION, SEEDLHiG HEIGHT, AND VIABIXITT-GRCWTH INDEX. 
DATA REPORTED ARE AVERAGES OF ALL 126 TREATMENTS 

'^pHcatiion 
3 h Average 

Average gerniination percentage 77»2 77»8 7^*8 72.5 75.8 

Average height (wLlliiwtera) 79.8 65.3 5U.5 57.3 61|..2 

ViaWLlity-grawth iiwiex 7ii.7 59.5 63.7 62.0 6U,2 
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•0 the ekiea ver@ cloudy during auoh of the period, Jazmaxy 26 to 

Febraery 6» Appei»iLx B ehows the hours of sunli^t during this period. 

Average tea^rature was nearlgr identical for the first three replicatee. 

Apparently, the grcnrth of treated and untreated sazaples vas eizailarly 

affected as the viability-groirbh index vas rather uniform for repli 

cates tvo, three, and four. 

The results of the experiment and a statistical analysis are 

shown in Table II. The "viability-growth mean" reported is the product 

of the total height in centimeters of the seedlings multiplied by the 

per cent germination. Data are the means of four replications. An 

analysis of the data revealed that all treatments and treatment 

interactions were significantly different at the .01 level of probability. 

Treatment Differences 

Figure 1 shows •ttxe average effects of radiation as conqiared with 

control. This figure elsarly depicts an inverse linear relationship 

between radiation dosage and plant growth, as measured by the viability-

garowth index previously defined. 

Pre-soaking makes barley seeds more radtosensitive, as shown in 

Figure 2. The curve is eapsciaUy steep during the first four hours 

of soaking. 

Figure 3 clearly shows that moisture plus radiation severely 

iidiibits plant growth at 2,000 r, and at 10,000 r essentially eliminates 

the entire plant population. Other woirtcerB (5, 2^) have shown «»t 

barley seeds are more resistant to radiation after one to two hours of 
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soaking* Tho uppMnnt dis&gmiuuit botiroan those etudies and piibliahed 

data may be resolved by t^e introdootion of the variable^ storage^ Into 

this problem* 

Although storage treatments caused highly significant differencesi 

the results of storage alone vere not outstanding* The slight but 

perceptible drop in plant grorth after seven houra* storage (Figure U) 

beoosws more prominent in later figures* 

Figure 5 shows that storage interacted with soaking to produce 

some uneapeoted resulito* Two to seven hours' storage Increased the 

sensitivity of barley that had been soaked less than sixteen hours* The 

two shortest soak serieSf however, became less sensitive to radiation 

when stored fifteen through twenty-four hours* Both one- and two-hour 

soaked sables were lees sensitive to gamma rays after twenty-four hours* 

stora^ than they were after thirty-six hours' storage, but there was 

virtually no difference between those two storage periods after the 

other soaking treatments* 

The results of storage-radiation interaction are shown in Figure 6* 

There was little difference in the growth of unlrradiated, but soaked 

san^les* Seeds slowly become more sensitive to 2,000 r with increased 

storage up to fifteen hours, followed by virtxially no change through 

thirty-six hours of storage* On the other hand, seeds of all soaked 

levels rapidly became more sensitive to 10,000 r with increased storage 

to seven hours, followed by a sharp drop in sensitivity at longer storage 

periods* This phenomenon was especially pronounced in the one- and two-

hour soaked eeries* 
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Rwmlts Involving Zero Lafrel Radiation 

It B««Md desirable to study the interactions of the varioas 

soak and storage treatments at constant radiation levels. Viability-

growth means are given for every treatment sertes in Table II, 

The viability-growth index is composed of the total height of 

the plants multiplied Iqr the germination percentage and expressed as 

per cent of control. Thus gezmination and seedling growth are both 

reflected in the data. Since variations of both were multiplied 

together, the product is less uniform than comparable data from either 

component, but is generally within the wqpected deviaticm. 

Table II illustrates the soak-storage interaction when radiation 

is not present. The twenty-four-hour soak series is definitely inferior 

to the others, averaging only 79 per cent of control. Storage effects 

within soaking periods were erratic, but largely within expectations. 

Thirty-six hours* storage following om hour of soaking oaused signifi 

cantly more injury than seven or fifteen hours. Within the eight-hour 

soaked series, samples wi'Ui fifteen hours' storage produced significantly 

mo]^ growth than did those not stored prior to seeding. Greatest 

differences occurred within the twenty-four hour soaked series. The 

viability-growth means of samples stored fiftema hours was higher at 

the ,01 level of probability than those stored two or thirty—six hours 

and higher than sero storage at the ,0^ level. Twenty-four hoars' 

storage gave moare growth than sero, two, or thirty-six hours' storage. 

These differences were significant at the ,05 level. 
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B«8ult8 IzrrolTlng 2j,000 r Radiation 

Although germination vaa quite uniform for seeds that had been 

to 2,000 r after the various soaking and storage treatments and 

vaa approximately the same as for the seed receiving no irradiation, 

2,000 r definitely redueed the growth of germinating seedling, especially 

after longer soaking treatments* Figure 7 shows the viability-growth 

index of each soidced series receiving this radiation dosage* Seedlings 

from the one- and two-hour soaked series made essentially the same 

growth as those from dormant seeds* Four hours in water prior to 

radiation inhibited growth, though not significantly so. Much less 

growth occuired after longer soak periods* Within the longer soaked 

series, samples stored pzdor to radiation were alirays damaged more than 

those that were irradiated immediately after soaking* Sanq}les within 

the sero, <n3e, and two-hour soaked series were more resistant to 

radiation than were samples within three longest soaking series* 

Radiosensitivity of barley soaked over four hours and stored for fifteen 

to twenty-four hoiurs is striking* Less growth was obtained from seed 

etored for those two periods of time tihan from unstored seed in all 

three soak series (p> *01)* Seeds stored an additional twelve hours 

had became somewhat less sensitive, but still produced less growth than 

tiiosa that were not stored in the eight- and slxteen-hoxir soak series* 

Soaking up to eight hours without subsequent storage prior to 

radiation did not increase the sensitivity of barley to 2,000 r of 

gamma irradiation* However, storage following soaking increased radiation 

damage in all barley soaked longer than two hours* 
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Raeults InvolTlng 10^000 r Radiatloa 

Increasing daiaage vith increasing radiation was expected* 

Influences of soaking and storage prior to radiation ware different 

from those esqjected. Radiation with 10«000 r affected soaked^ stored 

barley seeds wery diffewmtly than with 2,000 r. This is shown in 

Figures 6 through 10* All prensoaked samples were far more sensitiTe 

to 10,000 r of ganraa radiation after they had been stored seven hours 

than after shoirter storage treatments* Figure 8 illustrates the effects 

of soak-etorage interaction on the gemination of barley* With the 

exception of the four-hour soak series, all stored fifteen to 

thirty-six hours germinated better than those stored seven hours. Dry 

unsoaked, graiuB showed no obvious germination or growth differences 

due to storage* After one hour of soaking, the storage phencsnenon had 

beeoiae pronounced* The greatest effects are shown to be after two 

hours of soaking* Eighty per cent germination was obtained from seeds 

that had been soaked two hours and stored two hours* Oerminatioa per 

centage had dropped to eighteen with seven ho^I^s storage following two 

hours soaking then rose to ninety-two with twenty-four hours of storage* 

Storage influenced average height similarly, though to a lesser degree 

as shown by Figure 9* Growth, as measured by the viability-growth index 

and reported in Figure 10 was essentially eliminated by two hours* soakiiig 

and seven hours* storage* That period of extreane sensitivity may well 

last for several hours since seed soaked four hotirs were as sensitive to 

radiation after fifteen hours* storage as they were after seven hours* 

storage* 
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Figure 10, The viability-growth izidec of barley at seven soaking 
periods, followed by six periods of storage prior to irradiation with 
10,000 r of gainnia rays» 
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Figar« 8 rvvwala that iMf gwrntnatlon ooaurrad aftex* tha 

barXe/ had been soaked el^t hours than after any other soak period* 

Average height of the seedlings nas related to length of the 

soaking period as seedlings from seeds soaked eight hours vere 

greatly reduced and little or grorth oecurred after the barley 

had been soaked sixteen hours* 

Duncan's Multiple Range feet revealed no differences due to 

stomge periods or radiation treataents for tinsoaked seeds as shown 

in Table in* Multiple range differences between groups in Tables If 

andf en^hasise the increased radiosensitivity of barley that was 

stoired seven hours after it had been soaked one or two ho\irs* Zero 

and twenty-four hours' storage were laost resistant to irradiation* 

though not significantly so. The viability-growth mean of unstored 

seeds in the four-hour soak series was larger than that of other 

storage periods* Tables fll* fin* and H show that storage treataaents 

superimposed on the thz^e longest soak periods essentially eliminated 

plant growth* 

The effects of various storage periods on barley seeds that had 

been subjected to 10*000 r of gaama radiation and stated periods of 

soaking are shown in Figures 11 and 12. The germination percentage 

and average height* as eonq>arsd with control* are almost identical for 

samples that were soaked (uie and two hours* However* Figures 6 and 9 

show that growth was inhibited to a far greater degree by the longer 

soaking periods. 
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TABIE III 

INTERACTION BETWEEN STORAGE LE7EI5 PRIOR TO IRRADIATION AND LETEIS 
OP RADIATION OF UN50AKED BARIEI SEED AS INDICATED BI DUNCAN'S 
MULTIPIE RANGE TEST, TREAIMENTS JOINED BI A CONTINUOUS 

LINE ARE NOT SIGNIPICANTLI DIFFERENT 

Storage Radiation keight (easi,) x Multiple 
(hoara) (r) Geraination (per cent) Range Groupings 

2lt 10,000 513 

36 10,000 530 4 

0 10,000 538 

2 10,000 

X5 0 $IS 

? 10,000 S&i 

? 2,000 565 , , > • sti t 1 

- ' 'V 

2 2,000 600 
■' - y 

■ ' "fl. 

u 

7 0 602 

15 2,000 607 

2ii 0 610 

35 10,000 622 

2 0 625 

0 2,000 635 

0 0 656 

2U 2,000 658 

36 0 659 

36 2,000 680 
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TABIE IT 

ISTERACTION BETWEEN STORAGE LEVELS PRIOR TO IRRADIATION AND IfiVEIS 
OP RADIATION OP BARLEY SISD SOAKED ONE HOUR AS INDICATED BI 

DUNCAN'S MULnPLE RANGE TEST 

Viability - Growth Means 
Storage Radiation tieij^t (criik} X Multiple 
(hours) Germination (percent) Range Groupings 

7 10,000 218 1 

15 10,000 hZk 

36 10,000 loo 

2 10,000 U6l 

36 2,000 515 

36 0 517 

2k 10,000 $h9 

.0 10,000 560 

2h 0 570 

0 0 578 

15 2,000 58U 

0 2,000 603 

2 0 607 

2 2,000 616 

2lt 2,000 617 

7 0 659 

7 2,000 672 

15 0 683 
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TABLE T 

IKTERAGTION BETWEEN STORAGE lEVELS PRIOR TO IRRADIATION AND LEVELS 
Of RADIATION OF BARLEY SEED SOAKED TWO HOURS AS INDICATED BY 

DUNCAN'S MULTIPLE RANGE TEST 

viability•Grcnrbh Means 

Storage Radiation Height (cm«) x Multiple 
(hours) (r) Germination (per cent) Range Groupings 

7 10,000 9 i 

15 10,000 202 

2 10,000 369 

36 10,000 Uo^ 

0 10,000 518 

2U 10,000 5Ul 

36 2,000 5U9 

2 2,000 562 

36 0 562 

15 2,000 569 

7 2,000 586 

2 0 591 

15 0 609 

0 2,000 610 

2U 0 6ll 

2ii 2,000 623 

0 636 

7 0 638 

mmmm 
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TABIE VI 

INTERACTION BETWEEai STORAGE lOTELS PlttOR TO IRRADIATION AND lEVELS 
OP RADIATION OP BARLEY SEED SOAKED FOUR HOURS AS INDICATED BY 

DDNCAM'S MULTIPIE RANGE TEST 

liability•Orotrib beans 
Storage Radiation Height (cm*) x Multiple 
(hours) (r) Germination (per cent) Range Groupings 

7 10,000 1 

15 10,000 1 

Zk 10,000 76 

36 10,000 lo6 

2 10,000 153 

15 2,000 U67 

36 2,000 U89 

7 2,000 521 

0 10,000 522 

2k 2,000 531 

2 2,000 53U 

0 2,000 569 

2 0 569 

0 0 608 

36 0 620 

2h 0 63U 

7 0 635 

15 0 68U 
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TABIfi VII 

ISTERACTION BETWEEN STORAGE lEVELS PRIOR TO IRRADIATION AND IMWt 
OF RADIATION OF BARLEI SEED SOAKED EIGHT HOURS AS INDICATED BT 

DUNCAN'S MULTIPLE RANGE TEST 

Storage Radiation Heighi (an«) x I^ultipia 
(ho\ir8) (r) Germination (per 

7 10,000 1 

15 10,000 1 

2k 10,000 2 * 

36 10,000 2 

2 10,000 6 

0 10,000 251 

2k 2,000 285 

36 2,000 315 

T 2,000 36U 

15 2,000 368 

8 2,000 WA 

0 0 51*5 

0 2,000 567 

8 0 

36 0 625 

7 0 630 

2k 0 655 

35 0 697 
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TABIE Vni 

IMTERACnON BETWEEN STORAGE LETEIS PRIOR TO IRRADIATKH AND LBTEIS 
OF RADIATION OP BARLEY SEED SOAKED SIXTEEN HOURS AS INDICATED 

BY DUNCAN*S HGLTIPIE RANGE TEST 

Viability «» Giwth MeaM 
Storage Radiation Height (cm») X Iloltiple 
(hours) 

,, 
Germination (per pent) Range Groupings 

2 10,000 1 

7 10,000 1 

35 10,000 2 

Zh 10,000 3 

36 10,000 k 

0 10,000 12 

2Ji 2,000 167 

15 2,000 216 

36 2,000 260 

7 2,000 357 

2 2,000 366 

0 2,000 li9X 

0 0 52ii 

2 0 53U 

36 0 566 

15 0 607 

2h 0 619 

7 0 6Slh' 
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TASm IX 

INTERACTION BETWEEN STORAGE LEVEIS PRIOR TO IRRADIATION AND LEVELS 
OF RADIATION OF BARLEY SEED SOAKED TWENTY-FOUR HOURS AS INDI 

CATED BY DUNCAN'S MULTIPLE RANGE TEST 

Via^lity - Growth j^ans 
Storage Radlatlixi Height (cm.) X Multiple 
(hours) (r) Germination (per cent) Range Oroaplngs 

0 10,000 1 

2 10,000 1 

7 10,000 1 

15 10,000 2 

2U 10,000 5 

36 10,000 13 

2h 2,000 98 

15 2,000 137 

36 2,000 209 

7 2,000 289 

S 2,000 358 

0 2,000 375 

36 0 U31 

2 0 hh3 

0 0 h63 

7 0 $22 

2k 0 602 

15 0 627 
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Figure !!• A canparison of the germination and average height 
of barley expressed as per cent of control. The barley was soaked one 
houi', and stored for various periods pilor to irradiation with 10,000 r 
of giinma T&ya, \ 
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DISGUSSICW 

Itonerous workers (Ehrenberg 11, and others, 12, 21) have 

shown that eleetroiaagnetie radiation retards initial seedling growth 

and eanses pronottneed i^igrsiologieal killing in the generation, 

l^ryts (2ii) disoovezy that seed soaking inereases radiation 

sensitivity has been confirmed repeatedly (19, 20, 28). So it was 

not surprising that moistinrs treatments prior to irradiation 

severely retarded the growth of barley in the present study. However, 

the seleotive effects of the various storage periods following soaking 

and prtoT to radiation were wholly uneacpeoted. 

The period of storage was eacpeoted to angment the hamfaX effects 

of rtaiiatLon* The seeds received adequate quantities of oxygen for 

aotive metabolism during storage and r«Haained moist and in an atmosphere 

of aliMst one hundred per oent humidity. The gexmination process was 

ex3)eoted to continue with concurrent inereseei in radiation sensitivity 

to sons unknoim point} then ̂ remain ocnstant or, at most, decline 

relatively little. That gex|ainatlon did o^tiisoe was evldeiuied ty the 

fact that SQBW seeds at'toe|uniger soak and storage periods had visibly 
sprouted before being irradiated. Although killed by the radiation 

treatment, they would still contribute to -the germinaticm score, but 

little or none -to toe growth totals. On the basis of this explanation 

the shape of the germination corves for the two longest soaked series 

in Figure 8 is rsadily unders-tandabls. This, however, saq^bssises the 

advantagM of using tos product of saedling height ai»i germinatloa as 

an index of growth. 
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Barley- seeds soaked for a fee hoars and stored for seven hoars 

more were veiry maoh more sensitive to XO^OOO r than were coieparably 

soaked seeds stored for either a shorter or longer period of time* 

On the other hand^ scaples soaked longer than four hours were most 

sensitive to 2^000 r after twenty-four hours of storage* This confirms 

the results of the Swedish workers {$, 25) who have shown that modifiers 

may act one way at a low level of radiation, and In an ontireOy different 

way at a higher dosage* 

Another interesting variation was the Increased sensitivity of 

seeds to both levels of radiation when stored for thirty-six hours 

following short periods of soaking* There were no significant differences 

between the viabllLty-growth means of barley that had been soaked one 

and two hoars and stored for the two longest periods* Less growth was 

stained after the longer stoxwge period in thirteen of sixteen repli-

eata ocraparisons* Even ahen seeds were not irradiated there was 

deoioased growth after thirty-six hours* storage in all soaked series* 

This decrease was not significant for any treatment except after twenty-

four hours of soaking* Xeverthelass, the growth index dipped at this 

point with amazing regularity. Since none of these eeeds had visibly 

sprcuted at planting time, and the seeds did not contain any great excess 

of water, damage is believed to be attributable to soak-storage inter-

aoticm rather than to radiation* 

The KKMst interesting data obtained from ̂ se studies show the 

greatly increased sensitivity of pre-soaked barley that had been stored 

seven hours prior to treatment with 10,000 roentgens of gamna radiation. 
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This sensitivity does not seen to hove a siaiple explanation* Vhaterwr 

happened nost have had drastie effects on the embryo since both 

germination and grovth were greatly reduced# There are two possible 

explanations for this^ both aesuming that the rate of seedling 

metabolism is increased upon removal from wateri (a) that oell division 

an^/or elongation had reached a radiosensitive peak after seven hoars' 

storage or (b) eraymeSf hormones^ or other regulatory metabolites and 

probable precursors apparently are more susceptible to gamma radiation 

at this point of plant growth* This period may well last for several 

hoars since those samples soaked four hours did not become more 

resistant to radialdon until some time after fifteen hours of storage# 

It is clear that moisture oont«it jger m does not explain the differential 

radiosensitivity of plant tissue# Seed wiaked oiw hear would not likely 

absorb as much water as they would if they were soaked several hours# 

Previous reports ($, 2$) that one to two hours of pre-soaking 

barley seeds confers protection from electromagnetic rays were not 

sustantiated in this study. Differences in techniques nay well 

the disparity of the resulta. Air was bubbled through the water in 

which seeds were soaked in this study# Hiyden and others (17, 25, 26) 

have shown that air modifies ̂ le deleterious effects of radiation# The 

fact that germination remained nearly constant for unirradlated seeds 

that were soaked for varying lengths of time indicated that tiie barley 

received enough oxygen to initiate the gexmdnation process." 

Present data showed no significant differences between the growth 

of air*dry dormant barley eeeds esposed to two levels of g—f* radiation 

and barley that had been soaked <mm ai«i two hours prior to irradiation# 
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Soaking period of eight hoars were required pvtar to the application 

of 10,OCX) r before sensitivity clearly increased, sixteen hours' 

soaking were reqaired to materially Inerease their sensitivity to 

2,000 r. 

r 



cKaPTER n 

mSSm AHD CONCLIBXQNS 

One~handr«d»9e6d samples of aeehanlcally de-aws«d Holstoa barley 

were subjected to seven soaking treatments, six storage treatments, 

and three gamma irradiation levels, tised in all possible oombLnatloas 

for a total of 126 treatments* Germination counts irsre mads and each 

seedling was measured eleven days after its treatment (s) began* 

Treatment sensitivity was calotilated frmn a viability-growth 

index in which total height of a sample (^a)was multiplied by 

e^rmination percentage of that sample and esqxressed as percentage of 

control* 

An analysis of the data revealed that differences in res\ilts of 

all treatments and treatment interaotions were highly significant* The 

following conclusions may be drawn from this experiment* 

The gezmination and hel^t of barley were not seriouslydonaged 

by the heaviest dosage used whe» dry dormant seeds were irradiated* 

More than ei^t hours of soaking prior to Irradiation was required 

to make seeds more sensitive to 2,000 rj el^t hours of soaking made 

them noticeably more sensitive to 10,000 r* Twenty-four hours* soaking 

reduced the germination, even in the case of unlrradiated eeeds* 

Effects of storage following soaking and prior to irradiation were 

erratic* Storage may have stimulated growth of some unlrradiated seeds, 

but distinctly augmented radiation sensitivity of soaked seeds* 

Soak-storage-radiation interaotions were complex, and seeds 

reacted differently when aiy of the three treatments were varied* 
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Seeda soaked eight to twenty-foiir hoars beoene more sensitlTe 

to 2,000 r with izKsreasing storage to a maximon of twenty^four hoars 

prior to irradiation* An additional twelve hoars of storage decreased 

this sensitivity slightly* 

Seven hours storage greatly increased radiation damage when pre-

aoaked seeds were eaq^sed to 10,000 r of gaama rays. 

There was a tendency for seeds soaked two hours or less to 

produce less growth after thirty-six hoars' storage as compared with 

twenty-four hoars* storage and comparable soaking and radiation treat 

ments* Though not significant this phenomenon occurred regularly at 

all radiation levels* 

These ̂ owth differences were presomably caxised by differences 

in the metaboliffla of the seeds* The exact effects of the various 

treatments on the metabolism of barl^ seeds az>e unknown at this time* 
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APPENDH A 

AVERAGE DAILY TEMPERATURES IH DEGREES FAHRENHEIT REPORTED AT THE 
U, S, DEPARTMENT OF COMMERCE, WEATHER BUREAU, MCGHEE TYSON 

AIRPORT, KNOXVILLE, TENNESSEE 

Month 
Day January Febmiary March April 

1 h$ Uo U2 6U 
2 39 36 la 55 
3 U2 U2 U2 61 
U 31 Uo U7 50 
5 15 UO U7 56 
6 zh 36 U5 66 
7 29 39 39 63 
8 36 U6 U2 71 
9 27 5U U3 7U 
10 27 63 U6 68 
11 30 U5 UU a 
12 3U U3 38 U8 
13 51 U5 U5 39 
2k 55 59 55 U7 
15 U6 U6 51 52 
16 2U U3 Ul 59 
17 17 53 Ul 62 
18 21 U2 Uo 63 
19 29 29 U5 6U 
20 U7 31 5U 70 
21 5U 31 50 58 
22 29 3U U5 51 
23 30 52 51 52 
2U 38 uu 58 55 
25 h$ U5 63 62 
26 53 U5 60 68 
27 lt9 53 50 72 
28 U9 55 U5 70 
29 50 #• Ul 6U 
30 50 5U 66 
31 60 
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