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CHAPTER I 

IHTRODUCTIOH 

Ev«r sine® Benjamin Prenklin took it eerloualy 
when s<aieone told him to go fly a kite, man hae attexi^ted 
to determine the relationship between electric energy and 
life. Various studies of the effects of electric fields 

on plants have boon conducted with conflicting results 
reported. The 03q)oriments reported herein were designed 
to detect agronomic differences resulting from exposing 
certain seeds to fields of electric energy. Whereas many 

results were based on observations and opinions, 
this work was designed so that the data could be analysed 
statistically. 



CHAPTER II 

REVIEW OP LITERATURE 

At taply as 17B3» Bertholon (3)^ supposedly col 

lected atmospheric electricity with an antenna, transmit 

ted it to plants growing in the field, and reported an 

increase in growth of these plants treated with his 

"electro-vegetoiaeter#" In lSlj4, Ross (20) buried a 

large copper plate in the soil* It was connected by an 

above grotind wire to a sine plate buried two hundred feet 

away* Ross stated that potatoes grown between the two 

plates were larger than those not grown in this galvanic 

cell* Solly (23), in ld2|5» performed a similar experiment 

by growing grains, vegetables, and flowers between the 

electrodes* He concluded that electricity had no marked 

effect on plant growth. 

Another type of "electro-cultirpe" mentioned by 

Lund (1I4.) sras the use of a wire net held above an experimen 

tal plot by insulated supports. One terminal of a battery 

or generator was connected to the net, and the other 

terminal was grounded. Both alternating and direct currents 

were used and conflicting results were reported* 

dumber in parenthesis refers to literature cited# 
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Lamstrora (11,12), Prieatly (18), Newman (l6,17)i and Dudgeon 

(6) reported an increase in growth rate from such treatments, 

Gerlach and Erlwein (7) found no Increase in growth rate, 

Brigga (ij.) described, in a thirty-four page bulletin, 

what is probably one of the most extensive studies of growing 

crops under an electrically charged network. His work com 

menced in 1907> and was carried through imtil 1918, He con 

cluded that no sensible differences in yield, transpiration 

rate, and water requirements of plants were obtained by 

growing them under a hi^ly charged network. 

Cherry (5) mentioned that Butterfield and Barclay 

experimented with electrically treated seeds in South 

Australia, Barclay reported an increase in yield of forty 

per cent on sixty acres with treated seed. He did not 

specify what seeds were used. Cherry resiarked, "Strangely 

enou^, though he is reported to have treated his whole crop 

in the following year, no particulars of the result appear 

to have been made available," The machine used to treat 

the seed was described as a "medical coil set" such as 

was used to treat rhe^Jmatism, 

Russell (21) reported the use of the Wolfryn process 

of electrolytic treatment of seeds. The details of the 

treatment are as follows! 

The ̂ ain is placed in a solution of 2-1-5 per 
cent, (that is, {4.-8 oz, to the gal,) of household 
salt, in a rectangular water-tight tank made of 
wood or cemented brick. Both ends of the tank 
are completely covered inside with a plate of 



sheet Iron about l/8th In. thick. To each Iron 
plate a terminal is attached for affixing the 
wires which conduct the electric current, A 
tank of the following dimenalona is a convenient 
sise in which to treat up to 12 bush, at one time, 
vis,, 6 ft. 6 in, long by 3 ft. broad by 1 ft. 
6 in, deep inside measurements. 

The solution is first prepared in the tank in 
the proportion of about 5 gal. to 1 bush, of grain, 
sufficient well to cover the grain, which should 
be occasionally turned over during treatment. 
Oats need 5a gal. 

After the solution has been made ready in the 
tank, the grain is placed therein and submitted 
to an electric current of 8 watts per gal, of 
solution (I|.00 watts for 50 gal,, i,e,, 2 amperes 
at 200 volts, or k amperes at 100 volts, and so on.) 

When large quantities of grain are required to 
be treated at one time, several tanks are connected 
in series, and with increased voltage the same 
electric current will pass through the whole series. 

After the treatment is completed the solution 
is run off and the grain removed from the tanks, 
and dried at a temperature of from 90 deg, to 
100 deg, P, After the moisture has been driven 
out of the grain, it still remains in a swollen 
condition, for which due allowance must be made 
in drilling, otherwise a smaller quantity will be 
per acre than of the corresponding untreated grain. 

In soil deficient in lime a solution of 5 per 
cent, calcium chloride (8 oz. to the gal,} may 
be used instead of a solution of household salt. 

He stated that no real differences were obtained by 

use of these treatments, Russell called the reader*s atten 

tion to the fact that the treatment consisted of three 

parts: soaking the seeds in a salt solution, submitting 

th«a to an electric current, and drying them at 110°P, 

He raised the question that the increase in yield obtained 

by Mercier (15) by the use of this process might be due to 

either the drying at 110°P, or soaking the seed in the 

salt solution. 
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Sine* no differences were observed in his pot tests* 

Russell did not oonduct field trials* He did report on 

field resvilts obtained by Robb during 19ld to 1919* 

Table I shows such little difference in yield that there 

appears to be no significant difference between the 

treated and the untreated* Leighty and Taylor (10)* also 

reported no significant differences* 

Shutt (22), in 1917, discovered a slight decrease 

in yield of seed wheat when treated by the Wolfryn methodj 

however, he attributed some of the difference to lack of 

soil uniformity and to weed competition* He concluded 

that no economic value was gained from the treatment* 

In 1920, Button (25) conducted a series of tests 

subjecting seeds of mangold, swede, cattle cabbage, and 

carrot to treatment by the Wolfryn process and found no 

distinct differences* 

Riccioni (19) published a 127 page pamphlet reporting 

his work done in Italy, under the regime of Mussolini, in 

which he claims to have obtained increases in yield of wheat 

with seeds treated by passing them near an electrical die* 

charge. However, his data were not subjected to statistical 

analysis and are difficult to evaluate* 

In 19lj.O, Ark and Perry (1) presented an extensive 

review of literattare and concluded that numerous investi 

gations showed that insect pests, fungi, and bacteria may 

be destroyed by heat induced by the passage of electric 



TABLE I 

DATA OBTAINED BY ROBbI AT THE AGRICULTURAL COLLEGE 
OP WYE IN EXPERIMENTS WITH SEH) BARLEY AND 

OATS TREATED ELECTROCHEMICALLY 

Bushel Yield ̂ er Acre 
Crop Untreated Treated 

Barley 35.75 

Oats (Abundance) 38,12 36,75 

Oats (Black Tartarian) 33*00 34*75 

^As reported by Russell (21)* 
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energy vlthout damaging the seeda* They also mentioned 

that MeKlnley noted a decrease in germination when seeds 

of Golden Bantam sweet corn were exposed for five minutes 

or more, while eaiposiires of from thirty to forty seconds 

resulted in accelerated growth during the early germination 

period. 

Kikuchi and Xkeuchi (9) found that cotton seeds 

irradiated for twenty minutes with 100 milliamperes at 

l500 volts with a wave length of three meters resulted in 

a taller plant. However, they had only two replications 

of four plants each. 

In a more recent publication, Iritani and Wood-

biiry (6) declared that germination was increased from less 

than thirty per cent to approximately forty-five per cent 

after hard seeds of alfalfa and red clover were siibjected 

to an e3q>osure of ij-SOO volts for two minutes and thirty-

seven seconds. They felt that the heat generated played 

some part in altering the permeability of the seed coat. 

Baker, Wiant, and Taboada (2) stated that electro 

magnetic radiation had two main effects on biological 

tissue. Badlation with wave lengths longer than about 2880 

angstroms had essentially heating effects, while shorter 

wave lengths caused ionization in atoms which produced 

chemical changes. 
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Considering that loany of the earlier studies had 

no replications and vere not designed to he analyzed 

statistically, too much confidence cannot be placed in 

their conflicting results. As a result of this brief 

review of literature, it seemed that an experiment lending 

itself to statistical analysis would be mandatory in order 

to measixre any agronomic differences that might occur* 

^V 

c 

• 
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CHAPTER III 

METHODS AHD PROCEDURES 

Xiftboratory Methods and Prooedurea 

Electrical Treatmant 

The seeds to be electrically treated were placed in 

a glass discharge tube one inch in diameter* Iron electrodes« 

similar to those used in neon signs, were sealed in each end 

oiT the tube fourteen inches apart* A vacuum pump was used 

to evacuate this tube to below atmospheric pressure. A 

vacuum gage was not available at the time these treatments 

were performed, consequently the pressures attained were 

not recorded* A variable voltage, sixty cycle power source 

was used to apply voltage of peak value sufficient to 

excite the gas molecules within the tube, causing the gas 

to become conducting and forming a glow discharge. Oscil-

lograms showed that the voltage used was not sinusoidal. 

Therefore, the effective voltages indicated ]6y the voltmeter 

were of no value in determining the peak voltages applied, 

and were not reported* Variations were made in both 

duration of treatment and amount of current. Figure I 

shows corn being Irradiated by this method. 
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Figure 1« Seed corn being Irradiated in the glass 
discharge tube. 



n 

Germination 

Small quantities of grade sijc^ long, flat seeds of 

foundation single cross (Tl8 x Tll^.) white field corn^ were 

treated as described above* Three ten-seed samples, treated 

for five minutes at four, ei^t, and sixteen milliamperes, 

respectively, were placed on filter paper in separate petri 

dishes and each moistened with ten milliliters of distilled 

water* An additional untreated sao^le was used as a control*. 

Observations were made of germination tmder a regulated tmaper« 

ature of 7i|.^ Fahrenheit* Similar treatments of ten seeds 

each, along with a control sample, were placed on moist 

blotters and germinated at 80*^ Fahrenheit in a germinator, 

Yt'ater Sorption 

The rates of water sorption by treated and untreated 

seeds were determined* Specific quantities of graded seeds 

were given various treatments, pieced in beakers and covered 

with distilled water for specific periods of time* The 

water was drained off rapidly and the seeds were placed on 

top of two crumpled filter papers in centrifuge tubes. 

Excessive water was then removed by centrifuging until a 

speed of 2,000 revolutions per minute was reached* The seeds 

were then placed in weighing dishes, weighed, and the per 

cent of weight increase calculated* The original dry 

^All references to corn seed will be of this grade 
and variety imless otherwise indicatetl* 
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vei^t was used as a base* Tba seeds were again placed in 

beakers9 covered with water and this process repeated until 

the seeds had been immersed in water for a total predeter-

lained period of time* 

In order to measure the accuracy of this technique, 

four untreated samples of corn, consisting of fifty seeds 

each» were treated as described above with weights recorded 

after being immersed in water for five, fifteen, thirty, 

and sixty minutes• 

Two lots, each containing fifty kernels of com, 

were exposed to radiation in the discharge tube for ten 

minutes with fifteen milliamperes of sixty cycle current. 

The rates of water sorption for these lots were calculated 

as well as for two untreated lots as controls* Ueasure* 

ments were made over periods of four, six, and twenty* 

three hours* A similar experiment, in which seeds were 

exposed to radiation for ten minutes at fifteen milliamperes, 

was performed with weights recorded after one-half, five, 

ten, and fifteen minutes in water* 

Another experiment was conducted in which rates of 

water sorption were determined using foxir lots of corn, 

each containing fifty seeds* The first was irradiated for 

ten minutes at fifteen milliamperes, sixty cycles* A 

second was killed by suspending the seeds above water in 

a sealed container which was placed in an oven maintained 

at li}.0° Fahrenheit for three hoxufs* The seed was allowed 
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to dry and than treated with fifteen milliamperes, sixty 

eycXes, for ten minutes. The third was inmarsed in boiling 

water for fifteen seconds to alter the permeability of the 

seed coat without harming the etabryo. This was allowed to 

dry before conducting the water sorption test, Wae fourth 

sample was a control. Wei^ta were recorded after five, 

fIfteen^ forty-five, and ninety-five xedLnutes in water. 

Another test was conducted in which two samples were 

irradiated at fifteen milliamperes, sixty cycles for ten 

minutes. One of these saa5)les was scarified after irradiation 

by scraping off a major portion of the pericarp with a knife* 

A third sample was scarified only, with the fourth 8ai!Q)le 

left as a control. Periodic measurements were made until the 

seeds had been in water for a total of three hours. 

A similar teat was run in which one sample was 

scarified before receiving the electrical treatment as 

outlined above, another sanple was scarified after treat 

ment. A third was scarified only and the rwAinLng saB5>le 

wsus used as a control. The teat was conducted for a total 

submersion time of three hours. 

To determine if any correlation existed between 

rates of water sorption and intensity of slectrical treat* 

ment, three samples were given a gaometrio series of four, 

eight, and sixteen ffiilliaii5)ere dosages, respectively, for 

five minutes with sixty cycle ciirrent. The fourth sample 

again was a check and the sorption test covered a tlxree hour 

period. 
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A similar axperimant was conductad «lt^ OgdiA 8oyl>a&ns 

uslzig 100 bean samples 4 Two ware untreated and one of the 

remaining was eoiposed to radiation for five minutes at five 

milliamperes of eurrent* The fourth was treated with ten 

millian^eres of eurrent for the same length of time* Again 

the ctirront was sixty cycles per second* Wei^^ts were re 

corded after seeds had been submersed for five« fifteen^ and 

thirty minutes* 

Seedling Growth In Flats 

In order to observe possible effects on germination 

and seedling growth of corny various electrical treatments 

were given to samples of twenty seeds each* The treated 

seeds were planted in standard eighteen by fourteen inch 

wooden flats* They were planted ten seeds to a row with the 

embryos up and covered with one inch of soil* Each flat 

contained a control and two treatmentsy all In duplicate and 

arranged at randcmi* Obeervations were made of germination 

and seedling heights until the plants were approximately one 

foot tall* 

A similar planting was made using seeds that had been 

irradiated with four, eight, and sixteen milliamperes of 

current for five minutes* 

First generation (open pollinated) progeny, from 

seeds irradiated with fovr, eight, and sixteen milliamperes 

for five minutes at sixty cycles, were also planted along 
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with Fi •♦•do that had baan ra-traated In tha oama xaanner as 
their parenta# The saeda ware planted in flats and observed 
as those mentioned previously* 

Root Development 

To observe root growth, glass fronts were Installed 

on containers that were approximately eighteen Inches wide, 

twelve inches deep and four inches in thickness* Seed corn 

was given the four, eight, and sixteen milliampere treat 
ment for five minutes at sixty cycles per second. Seeds 

were planted next to the glass front and spaced one inch 
apart. Three untreated seeds were planted as controls at 
the left end of tha container with three seeds of one 

treatment to the right of these controls. These were fol 

lowed by three additional untreated seeds and three more 

seeds with the 8aa» electrical treatment. All seeds were 

covered with one inch of soil. A separate box was prepared 

for each of the throe treatments. Three additional boxes 

were planted in the same manner except that venalciilite was 
used as a planting medium Instead of soil* The glass fronts 

were covered to prevent light from reaching the roots* 

Observations of root development were made when the seedlings 

were one inch tall and again irtien they wore three Inches tall. 

Barley and Vetch Treatments 

Ohlform seeds of Jackson Vuobsr 1 Barley and Hairy 
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Vetch were Irradiated separately for five minutes at five, 

ten, and fifteen mllllamperea with sixty cycle current. They 

were planted In el^^teen by fourteen Inch flats filled with 

soil. Two replications, each consisting of twelve seeds of 

each treatment, were planted in rows, along with two rows of 

untreated seeds as controls. The seeds were planted on 

October 1955# •uad the flats were placed outside to allow 

germination under field temperature and moisture conditions. 

Field Methods and procediAres 

In order to measure some of the effects of electrical 

treatments on seed corn more accurately, a replicated field 

experiment was conducted at the University of Tennessee 

AgriculttJral Ea^eriment Station*s Morgan Farm, located at 

Knoxville. The level site selected was on an apparently 

uniform Btowah silt loam. After a soil test was made the 

fertility level was adjusted for a potential yield of 100 

bushels per acre. A seedbed was prepared and laid off with 

twenty-two rows spaced thirty-two inches apart. Hows were 

divided Into fo\ir ranges, each twenty-seven feet in length* 

They were separated by alleyways two feet wide. The planting 

plan was a randomized block design with three treatments and 

two controls, each replicated sixteen times. Each range was 

subdivided into foiu? blocks that contained one plot of each 
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of the three electrical treatments, plus tvo plots of the 

control. 

A plot consisted of one row with twenty-four hills, 

spaced fourteen Inches apart. The end hills were used as 

borders, leaving a total of twenty-two hills from which the 

various data were collected. The two outside rows were used 

as borders. Figure 2 shows the planting diagram. 

Seed Selection 

Since plants of \miform genotype would be necessary 

in order to measure accurately any agronomic differences 

caused by the electrical treatments, a single cross hybrid 

(rid X T14} was selected. This white field corn is the male 

parent of Tennessee 10, a commercially available hybrid. 

Seed Treatment 

Kumerous preliminary treatments were conducted in 

order to obtain background information to determine proper 

treatments for field conditions* As a result of tests with 

treated seeds planted in flats, geometric series of dosages, 

tour, eight, and sixteen milliamperes for five minutes with 

sixty cycle current were selected as the electrical treatment 

to be used for the field plantings. The seeds were treated 

as described at the beginning of this chapter. The treat 

ments were made on the same day the seeds were planted. 

planting 

The seeds were planted on 5 May 1955* A Jab type 
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Raago 

Block I II III IV 

16 ^ 0 0 
0 

8 l6 0 

8 0 
0 i6 i6 

8 16 0 8 
16 0 l6 

B i). 0 8 k 
l6 0 

0 0 0 

0 0 0 k 
0 0 01^ 8 i6 0 

0 a i6 
8 81^ k 

0 0 16 8 
0 16 0 16 

8 k k 
, k 0 0 
16 0 8 0 

Figure 2, Planting diagram used with corn (Tl8 x Tli|.) 
at Knoxville« Tennessee* 1955* Numbers indicate location of 
plots containing seeds receiving 0* 4* 8* l6 milliamperes of 
sixty cycle current for five minutes. 

iMLti. - -
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hand plantar was used to drop two grains of corn in each 

hill approximately two inches below the surface of the soil* 

Stand Comts and Thinnini?, 

Stand counts were made as soon as the plants emerged* 

The first coxmt was recorded on 12 May 1955» the second 

ei^t days later on 20 May* The stand was thinned on 26 May 

to one plant per hill* To prevent bias, thinning was 

achieved by pizlling up the plant in the hill to the north or 

west* If one of the two plants was obviously damaged or 

diseased, it was pulled, leaving the one that appeared to 

have the better chance of survival. 

plant Hei,^ts 

plant heights were measured tram the soil stirface 

to the tallest part of the plant when the leaves were held 

upright. Measurements to the nearest half-inch were taken 

on 3 June and l6 June* Only plants that had other plants 

in adjacent hills were measured in order that results would 

not be affected by xmequal root competition* 

Sidedressing and Cultivation 

A sidedressing application of ammonium nitrate at the 

rate of sixty pounds of nitrogen per acre was administered 

on 6 June when the plants were approximately two feet tall* 

A hand operated push plow was used for three ahallow 

cultivations to control weeds* Extreme care was taken to 



20 

cultivate neithei» close to the plant nor deep in the soil 

la order to keep root prxinlng at a ininimum. 

Tassellng and Silking 

Counts were made on 13 July of all the competitive 

plants with tassels open# Five days later on 18 July a 

count was made of all competitive plants on which silks were 

visible* It should be reemphasized that plant hei^t« 

tassellng, and silking observations were recorded ordy from 

plants that were in competition with adjacent plants* If 

a plant was missing, the plant on either side was considered 

a border plant and disregarded as a source of data* 

Harvesting and yields 

The corn plants, with the exception of border plants 

located at each end of the row, were cut and shocked on 23 

end 2lj. August* Stalks were cut approximately one foot above 

ground and all plants from one plot were wired together in a 

single bundle. The shocks were dried in the field for one 

month* 

The total plant wei^t of each plot was recorded 

before the ears were removed* After allowing eufficient time 

for the corn to reach a moistture equilibrium, the wei^t of 

ear corn was recorded along with the moisture content at the 

time of weighing* The corn was then shelled, and the wel^t 

and moistior© content of the grain recorded* 



CHAPTER IV 

RESULTS 

Laboratory Results 

Germination 

Figure 3 shows the effects of irradiating seed corn 

with four, eight, and sixteen xailliamperes of current on 

germination in petri dishes where free water was available. 

The radicles of the treated seeds (B, C, and D) are slightly 

longer than those of the control (A). There are no observable 

differences in the lengths of radicles among seeds receiving 

the three levels of treatment. 

Results of germination on blotters that held the 

moisture in tension as in contrast to the free water in 

petri dishes are shown in Figure !{,. Again row A is the 

control and rows B, C, and D were irradiated with four, 

eight, and sixteen milliamperea of current respectively. 

There is little or no difference in the length of radicles 

between untreated seeds and the seeds receiving the various 

treatments» 

Water Sorption 

Rates of water sorption of four aamplea of untreated 

seed corn are shown in Figure 5* Percentages of weight 

increase are similar, indicating that the technique used 
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Figure 3. Effects on germination in petri dishes 
of seed corn (Tl8 x Tllj.) irradiated with four (B), ei^t (C)#
and sixteen (D) milliamperes of sixty cycle current for 
five minutes. Dish A contains the untreated seeds. 
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Figure i|.« Effects on germination on blotters of 
seed corn (TlS ac Til;.) irradiated with four {B) $ ei^t (C)#
and sixteen (D) milliampores of sixty cycle current for 
five minutes* The imtreated seeds ere in row A* 
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Figure 5. Rates of ;vater sorption of four lots of 
fifty seeds each of corn (TIB X T14) immersed in v/ater. 
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glv«a reproducible results* 

Gomparisosis of rates of water sorptioxi between treated 

and untreated seeds are shown in Figures 6 through 9* Figure 6 

shows results of a submersion time of four hours« and 

Figures 7 and 8 are results from six and twenty-three hours 

submersion time respectively* In all cases, these differences 

were apparent when the first wel^ts were recorded. Another 

test was conducted (Figure 9) over a period of fifteen 

minutes in which the first weighing was accomplished after 

the seeds were in water for only thirty seconds. Again 

differences in rate of water sorption were present. 

Rates of water sorption of seeds electrically 

irradiated; seeds that had been killed prior to treatment; 

seeds that had been immersed briefly in boiling water; and 

untreated seeds are shown in Figure 10. Both lots of 

irradiated seeds had similar rates of water sorption that 

were greater than that of the control. This indicates that 

the rate of water sorption is a physical function which does 

not depend on living tissue. Viable seeds in the lot 

immersed in boiling water had a rate of water sorption 

similar to that of the controls. 

Figure 11 shows the rates of water sorption of seeds 

that had been electrically irradiated; electrically irradiated 

then scarified; scarified only; and the untreated control. 
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rart GjiiN'i? 

iVEIGHT 

INCREASE 

IRRADIATED 

CONTROL 

1 2 3 4 
TII.!E IN HOURS 

Figure 6, Rates of water sorption of four lots of 
fifty seeds each of corn (T13 X T14) immersed in v/ater. 
Two lots were irradiated for ten minutes v/ith fifteen milli-
amperes of sixty cycle current in a glow discharge tube. 
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Figure 7, Rates of water soi*ption of four lots of 
fifty seeds each of corn (T13 X T14) ioinersed in water. Two 
lots were irradiated for ten minutes with fifteen milliamperes 
of sixty cycle current in a glow discharge tube. 
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Figure 3. Rates of water sorption of four lots of 
fifty seeds each of com {T18 X T14) immersed in water. Two 
lots were irradiated for ten minutes with fifteen milli-
araperes of sixty cycle current in a glow discharge tube. 
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Figure 9, Rates of water sorption of four lots of 
fifty seeds each of corn (TIB X T14) immersed in water. Tv/o 
lots were irradiated for ten minutes with fifteen miUlamperes 
of sixty cycle current in a glow discharge tube. 
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Figure 10, Rates of v/ator sorption of four lots of 
fifty seeds each of com (T18 X T14) immersed in watef. 
One lot received fifteen milliamperes of sixty cycle irradia 
tion for ten minutes in a glow discharge tube. The second 
lot was killed prior to receiving this same level of irradia 
tion. The third lot v/as immersed in boiling water for fifteen 
seconds, and the remaining lot was a control. 
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Figure 11. Rates of water sorption of four lots of 
fifty seeds each of com (T13 X T14) immersed in water. Two 
lots received fifteen milliaraperes of sixty cycle irradiation 
for ten minutes in a ̂ ow discharge tube. One of these 
samples was then scarified. A third sample v/as scarified 
and not irradiated while the fourth sample was a control. 
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Electrically irradiated and scarified seeds had a rate 

comparable to those scarified only. Both rates were 

higher than the rate of the irradiated lot, and all three 

had hl^er rates them the control. 

Results of a similar test that included lots that 

were scarified then Irradiated; Irradiated then scarified; 

scarified only; and the control, are presented in Figure 12. 

Irradiation apparently had no effect on rates of water 

sorptlon with lots of scarified seeds. 

Results of the tests with different intensities of 

electrical Irradiation are given in Figure 13. Again no 

difference appeared among lots receiving these different 

intensities of irradiation. 

The rates of water sorptlon by soybeans are illus 

trated in Figure li[.. These rates indicated that rates of 

water sorptlon by soybeans are affected in much the same 

manner as by corn. After thirty minutes in water, irradiated 

beans were so soft that the test was terminated. 

Seedlinp, Growth 

Observations of germination and growth of corn 

seedlings in flats showed little differences among the 

various treatments. No seedlings from irradiated seed had 

a higher rate of germination or taller growth than those 

frcaa untreated seeds. The only significant trend observed 

was in the maximum treatments where germination percentage 
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Figure 12. Rates of water sorption of four lots of fifty 
seeds each of com (T18 X T14) iimiersed in v/ater. One lot was 
irradiated with fifteen milliatnperes of sixty cycle current for 
ten minutes in a glow discharge tube and then scarified. A 
second lot was scarified prior to irradiation. The third lot 
was scarified only» and the fourth lot v/as the control. 
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Figure 13. Hates of water sorption of four lots of 
fifty seeds each of com (TIB X T14) iramersed in water. Three 
lots received four, eight and sixteen milliainperes of sixty 
cycle current respectively, for five minutes in a glow dis 
charge tube. The fourth lot was a control. 

im tni'iriii. 
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Figure 14. Rates of water sorption of four lots of 
100 seeds each of Odgen Soybeans immersed in water, Tv/o lots 
i*eceived ten milliamperes and five milliamperes respectively, 
of sixty cycle current for five minutes in a glow discharge 
tube. The other two lots v/ere controls. 
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was reduced and shorter plants resulted. Seeds treated 

with tlxirty milliaraperes of current for five minutes had 

a germination percentage of approximately one half that of 

controls and other electrically irradiated seeds, plants 

produced from these seeds were only about tlxree quarters 

as tall as the controls and the other seedlings. Seeds 

receiving thirty milliajriperea of current for ten minutes 

did not germinate. Flgore 1$ shows a flat containing seeds 

that received these treatments. Rows marked C were controls. 

Treatment 6 was of five minutes duration, and treatment $ 

for ten minutes. The second replication of treatment 5 1* 

on the extreme right. 

Plants from seeds receiving the four, eight, and six 

teen milliamperes of current were not different from the 

controls. 

Also, no significant differences in growth or rate 

of germination were noticed in the generation, or in the 

plants from seeds that had been exposed to the same 

electrical irradiation aa their parents. 

Root Development 

Ho major trends or differences were evident in 

observations made of root growth of seedlings in either soil 

or vermiculite. Figure l6 represents a typical result. 

Barley and Vetch Treatments 

Barley seedlings had a uniform appearance both in 
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Figiir* I5* Corn seedlingft (TlS x Tl4) Trom seeds 
irradiated with thirty milliamperes of sixty cycle current 
for five minutes (rows 6), and ten minutes (rows i?} tha 
second replication of row 5 1« on the extreme right)• Rows 
marked C were controls. 
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Pigupe 16• Root growth of corn (TI8 x Tll^.) from 
seeds irradiated with sixteen milliamperes of sixty cycle 
ctarent for five minutes. The two groups of three plants 
marked 5 Are from treated seed and the two groups of three 
plants marked G are controls. 
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germination and plant growth. Figure 1? shows*the flat 

containing th6 uniform seedlings of barley. Ho noticeable 

differences were observed in the flats containing vetch. 

Field Results 

Stand Counts , 

Stand coimts are presented in Tables II and III, plots 

receiving the maximum treatments of sixteen milliaoperes had 

a Highly significant reduction in stand. However, plants 

from seeds receiving this treatment were not visibly different 

than plants from seeds receiving other treatment. 

Plant Heirhts 

Records of plant heights appear in Tables IV and V# 

Ho significant differences were found between treatments. 

Plant heights were extremely uniform on both dates, A 

Highly significant difference was evident between repli 

cations, which indicates that the south end of the area was 

more favorable for plant growth. The distribution of plant 
M 

heights presented in Figure 18 shows no trend or differences. 

Figures 19 and 20 show the uniformity of plant height, 

Tasseling and Silking 

percentages of plants with open tassels on 13 July 

are recorded in Table VI, No significant differences between 

treatments were present. 

Table VII shows the percentages of plants having silks 
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Figure 17* Flat containing Jackaon Number 1 Barley 
from seeds irradiated for five minutes with sixty cycle 
ctirrent. The second replication of the fifteen milliamperes 
treatment is on the eztrme right. 
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TABLE II 

STAND COUNTS OF CORN {Tl3 x Tl^} ON 12 MAY 1955» FROM SEEDS 
RECEIVING ELECTRICAL IRRADIATION, 

KNOXVILLE, TENNESSEE^ 

Mlllianperes of 50 Cycle Cxirrent 
Replication 0 t r B TT 

33 3i^-
33 39 23 
39 38 31 
37 31 
38 
32 38 

fo 9 26 

2^31 
35 37 
33 A- . 

37 27 
2 33 

29 
31 
27 
28.0036.55 ..67 

LSDc 2.12 

9^ 

ANALYSIS OP VARIANCE 

Degrees of Stan of 
Sovirce Freedom Squares Variance F Value 

Total 1,893.8079 
Treatments 3 1,o06.ll|. 335.38 37.1^7«« 
Replications 3ill.80 22.79 2.5W 
Error 6l 51^.86 8.95 

%orty-rour seeds per plot planted on 5 May 1955, on 
an Etovah silt Loam soil. 

««Double asterisk refers to significance at 1% level, 
single asterisk, $% level. 

https://1,893.80


TABLE III 

STAND COUNTS OP CORN (T18 X Tll^.) ON 20 MAY 19^5» FROM SEEDS 
EH3EIVING ELECTRICAL IRFADIATION, 

KNOXVILLE, TENNESSEE^ 

Mllllamgeres of bO Cycle Current 
Replication W IS-

1 5i 33 
2 29 

^0 i 35 
^2 37 

32p » 4f 
kl 50 t! 35Tt*T7 

8 37l+ii. 
51 51 319 

10 kk 33i
4 

11 52 
12 35P ko 37 

40 32 
3615 p

16 ill II 53 35 
Mean i^l.75 51.56 52.25 ,.12 

LSDp% 

Source 

Total 
Treatments 
Replications 
Error 

l.l6 

ANALYSIS OP VARIANCE 

Degrees of 
Freedom 

79 
3 
15 
61 

Sum of 
Squares Variance P Value 

995•35 

is 255.55 95. 
5.52 

165.35 2.69 

Iporty-fotir seeds per plot planted on 5 May 1955* on 
an Etowah Silt Loam soil* 
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TABLE IV 

AVERAGE PLANT HEIGHT (IN INCHES) OP CORN (T18 x Tli|.) ON 
3 JUNE 1955, PROM SEEDS RECEIVING ELECTRICAL 

IRRiiDlATIOK, iTO¥i?AH SILT LOAM, 
KNOXVILLE, TENNESSEE 

tm teiliiamgeres of hO bycie Curre^ 
Replication "TT 

1 23.6 
2 19.3 
3 22,0 
r 21.7 
5 23.5 
b 21.0 

7 21.2 
8 20,6 
9 22,4 
10 20,5 
11 22,3 
12 23.3 
13 25.8 
Ih 24.6 

25.0 
16 25.2 
Maan 
CV 

Source 

Total 
Treatments 
Replications 
Error 

22,26 

H" "IT 

22*k 22,0 
2i4 20.6 
22.3 20.6 
21,3 18.2 
23.3 21,8 
20.5 20,8 
22.0 21.6 
23.1 22.5 
22.7 20.7 
22.2 19.8 
23.2 21,7 
21.9 23.7 
2k*J 25.|
Z2*b 23.6 
25.2 
25.3, 1122,76 

ANALYSIS OP VARIANCE 

De£;;rees of 
Freedom 

Svun of 
Squarea Variance P Value 

79 
3 

6l 

2ij.9.69 
9.12 

155.12 
85.45 

3.04 
10,>,34
1,..40 

2.17 
7.39^^ 

eaos 
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TABLE ? 

\ f 

AVERAGE PLANT HEIGHT (IK INCHES) OP CORN (Tl8 x Tll|.) ON 
16 JUNE 1955, FROM SEEDS RECEIVING ELECTRICAL 

IRRADIATION, ETOWAH SILT LOAM, 
KNOXVILLE, TENNESSEE 

Replication IT r TF 

1 
2 

I 

9 
10 
11 
12 

li 
Mean 
CV 

37.5I: 
ko! 
9.2 
0.7 
38.0 
38.8 
7.6 
1.1 

7.9 
1.3 

li-i.i 
4I1..2 
3̂.0 

I4.S.I 
36.1 

38.8 
36.8 
36.3 
39.1 
37.1 
38.1 
5.6fol 

ij.x• 
0. 
9. :l 
k2.7 
y.9 
k6.2 
43.1 

40.2 
38.1 
8.3 
0.6I 
42.0 
36.6 
38.5 
39.3 
38.9 
38.7 
43.1 
41.4 
44.2 
43.7 
43.3 
43.1 
40.65 

39.6 
37.2 
40.1 
'7.4 
1.7 

0I4 
m 
40.2 
41.7 
38.2 
43.4 
4i.o 
43.9 
43.4 
40.48 

ANALXSIS OP VARIANCE 

Sovtrce 

Degrees of 
Freedom 

Sum of 
Squares Variance P Value 

Total 
Treatments 
Replications 
Error 

79 
3 
P 
61 

515.12 
7.96 

327.49 
179.67 

2.65 
21.83 
2.95 

0.90 
7.4o*» 
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Figure 13. Distribution of plant height on 3 June 1955, of corn 
(TIB X T14) from seeds receiving four, eight, and sixteen milli-
amperes respectively of sixty cycle irradiation for five minutes 
in a glov/ discharge tube. Seeds were planted 5 Hay 1955, on an 
Etowah Silt Loam, Knoxville, Tennessee. 
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Plgura 19* Corn (t18 x Tli|.) on 26 May 1955» rrom 
seeds electrically irradiated and planted on 5 May 1955# 
SSsovah Silt Loam* Knoxvillef Tennessee* 
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Plgura 20. Corn (Tl8 x Til}.) on 13 July 1955» from 
seeds electrically irradiated and planted on p May 1955* 
Etowali Silt Loam« Knoxville, Tennessee. 
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TABLE VI 

PERCENTAGE OP CORN (Tl8 x Tllf) PLANTS PER PLOT YtlTB OfM 
TASSEEiS ON 13 JULY 1955, PROM SEEDS RECEIVINQ 

ELECTRICAL IRRADIATION, ETOWAH SILT 
LOAM, KNOXVILLE, TENNESSEE 

Milllamperea of bO Cycle Current 
Replication 0 It 0 lb 

1 27.3 50.0 ^.5 li.0.9 
2 27.3 27.3 4.5.0 kO.9 

60.0 28.6 33.3 A..5 
ko.9 66.7 45.5 33.3 
63.0 40.9 81.8 81.8 
63.668.2 k5.545.5 59.168.2 63.6^2.7 
54.5 59.1 4^.5 68.2 

910 
11 

77.3|o.|
63.6 

66.772.7 
61.9 

59.163.6 
80.0 

50.068.2 
77.3 

12 77.3 59.1 61.6 27.3 
13 81.8 75.0 86.4 85.0 
14 86.4 86.4 81.0 68.2 
15 83.7 95.5 77.3 01.8 
16 31.8 100,0 90.9 81.8 
Mean 60,35 64,68 62.22 
CV 245^ 

ANALYSIS OP VARIANCE 

Degjrees of Sum of 
Source Freedom Squares variance P Valiae 

Total 79 30,075.77 
Treatments 3 683,70 227,90 i*!?-
Replications 15 16,820,75 1,121,38 5.44^ 
Error 6l 12,571.32 206.09 

11= 

; •• 
'2 :-, •■ 

' :vf^ . 
■ ■ - . 

-■ . »> 
■ ■ ■ 

' " ' ' :r: " 

https://12,571.32
https://30,075.77
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TABLE VII 

PERCENTAGE OP CORN (T18 x Tlij.) PLANTS PER PLOT WITH VISIBLE 
SILKS ON 18 JULY 1955» PROM SEEDS RECEIVING 

ELECTRICAL IRRADIATION, ETOWAH SILT 
LOAM, KNOXVILLE, TENNESSEE 

MilliaEperea of 6o Cycle Cvirrent 
Replication 

1 
2 

t 

9 
10 
11 
12 

If 
16 
Mean 
CV 

Sotirce 

Total 

0 ' ' ' " 

77.3 81.8 
72,7 

75.0 71.4 
86*4 85.7 
86.4 81.8 
86.4 95.5 
90.9 72.7 
68.2 100.0 
100,0 95.2 
86,4 90.9 
90.9 fe.7 
86.4 90.9 
100.0 100.0 

95.5 95.5 
100.0 100.0 
77.3 100.0 

86.92 
13^ 

Treatments 
Replications 
Error 

h 8 

95.5 77.3 
85.0 90.9 
85.7 86.4 
86.4 66.? 
100.0 95.5 
81.8 Hi95.5 

86.5Mi 81.3 
68.2 100.0 
90,0 
90.9 lill 
95.5 90.0 
100.0 81.8 
90.9 100,0 
95.5^ J0.9 
90.18 i6.5l 

ANALYSIS OF VARIANCE^ 

Degrees ot 
Preedom 

79 
3 

Sian or 
Squares 

8,574*89 
287.37 

3,227.21 
5,060.11 

Variance P value 

95.79 1,15 
215.15 2,59«» 
82.95 

^Percentage data converted to angle(13). 

https://5,060.11
https://3,227.21
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visible on l3 July. Again, no significant differences 

between treatments existed. 

Yields 

No significant differences of total plant weight per 

plot existed between the control plots and plots receiving 

electrical treatments. However, as indicated by Table VZII, 

average plot weights of plants receiving the sixteen milli-

ampere treatment were significantly lower than the weights 

of plots receiving the other two treatments. 

Pounds of ear corn per plot are presented in Table IX. 

Yields from plots receiving the maximum treatments had a 

significantly lower average yield than other plots. To 

determine if the differences in yields per plot could be a 

result of reduced stand, yields were calculated on a basis 

of pounds of ear corn per plant (Table X), and plots re 

ceiving the sixteen milliampere treatment were again signifi 

cantly lower in yield per plant. 

The average yield of shelled corn was significantly 

less for the sixteen milliampere treatment (Table XI). 
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TABI.E VIII 

TOTAL PLAIST WEIGHT IN POUNDS PiS PLOT OP CORN (TX8 X Tilt)
FROM SEEDS RECEIVING ELECTRICAL IRRADIATION, 

ETOWAH SILT LOAM, KNOXVILLE, TENNESSEE 

Mllliamperes of bO Cycle Cxirrent 
Replication 0 s r B IT 

1 17.8 18,6 18,8 .8 
2 17.6 184 16,8 16.2 
3 17.8 lif,!}. 17.8 15.8 

16,0 15 Id.6 13 .kk 
5 16,8 17 17.8 18.k 
6 19.2 19.2 17 .k 
7 18 .k 15- le.k 18,l.o 
8 16.0 20.2 18.8 20.6 
9 18.2 17.6 17.6 15.0 

10 17.0 19 2 17.8 l6.0 
11 18.8 17. 0 16.8 19.6 

18.812 19.8 18. 2 19.2 
13 21.6 20. 6 21 .k 17.2 
ik 19.2 18 6 18,i.o 16.8 

17.6 19 .8 22.0 l8.615 
16 17.6 18 .6 18.0 17.6 

Mean I8,k8 17.18
LS^^ .90 

7% 

ANALYSIS OP VARIANCE 

Degrees of Sum of 
Source Freedom Sqiures Variance P Value 

Total 79 225.98 
Treatments 3 18.20 6,07 I .79* 
Replications 15 110.11 7.5t ,59** 
Error 6l 97.67 1.60 

"X ̂  v'y
•K". " 

jr -• 

" '.ft-S.p,.
W'xAm:. 
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TABLE IX 

YIELD IN POUNDS OP EAR CORN (TlS x T34) PER PLOT PROM SEiDS 
RECEIVING ELECTRICAL IRRADIATION, ETOWAH SILT LOAM, 

kngxvillp:, Tennessee, 1955^ 

Replication "IT a lb 

1 7.6 7.U 6.3 

li 6.02 7*^ 

i 
a 6.1 6.7 6.1 

6.3 6.3 5.0 
6.2 6.8 7.1V, 
6.8 7.8 7.17.7 

8.3 all 8.3 7.6 
8.3 8.7 
6.89 1:^3 7.1^ 5.9 

10 6.8 6.8 5.9 
11 8.0 7.3l-J 
12 U 8.0 7.5 7.7 

10.3 9.3 7.i^ 
7^5 8.1 7*^% 8.8 8.17.7 7.7 

lb 8.8 9.1 8.k 8.0 
Mean 7.50 7.66 6.97 

0,1^0 
85^ 

ANALYSIS OP VARIANCE 

Degrees of Sum of 

Sotirce Freedom Squares Variance F Value 

Total 79 70.55 
Treatments 3 .5.91 1.97 6,l6«-«^ 
Replications 15 1^.09 3.01 9.i}.l«« 
Error 6l 19.55 0.32 

10,6^ Moisture 
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TiySLE X 

tlEia) IH POtJNDS OP EAR CORK (Tl8 X Tli|.) PER PLAHT PROM SEPDS 
RECEIVING ELECTRICAL IRRADIATION, ETOWAH SILT 

LOAM, KNOXVILLE, TENNESSEE^ 

amperes urren 

Replication E 

1 .35 .3U .34 .34 
2 .31 .34 .35 .35 
3 .32 .29 .31 .30 

.30 •30 .31 .304 
5 .31 .28 .35 .31 
6 .35 .31 .35 
7 .33 .29 .34 .38 
8 .32 •39 .38 
9 .38 .33 .31 
10 .31 .31 
11 .35 .30 .37 :36 
12 .36 
13 .40 .52 :p

.37 .42 
15 .yf .40 it 
16 .41.40 

IMean 0.346 0,362 01354 
1^552 0.02 
1 

ANALYSIS OP VARIANCE7% 
v-

Degrees of SlXB of 
Source Freedom Squares Variance 

Total 79 0.166 
Treatments 3 0.008 0.0027 
Replications 15 0.112 0.0075 
Error 61 •O46 0.0008 

■SOB 

^10.6}^ Molst\n»e 

15 

.30 

.32 

.29 

.23 

.32 

.36 

.36 

.40 

.31 

.23 

.33 

.35 

.37 

.38 

.39 

.3b 
0.334 

P Value 

3.6c' 
9,38<h^ 



TABLE XI 

riMJD IN POUHDS OP SHELLED CORN (Tl8 x Tlij.) PER PLOT PR(» 
SEEDS RECKEVING ELECTRICAL IRRADIATION, ETOWAH 

SILT LOAM, KHOXVILLE, TENNESSEE, 1955^ 

mnamperes yc e Curren 
Replication 

1 
2 s:^ 6.2 

6.1 
6.1 
5.8 

6.2 
6.0 

>»>*■ 

K <■ f kl 
kl 

5.1 
5.3 
5.1 
5.6 

5.5 
5.8 
6.3
f.9 

5.6 
5.3 
5.7 
6.k 

7 7.0 5.2 6,1 7.0 
8 
9 

10 
11 
12 

1:1 
l:S 
6.1 

'.2 
).l1:1 

5.9 
5.1 
6.5 

.2I .6 
5,If
6.1 
6.9 

7.0 
5.6 
5.6 
6.7 
6.2 

If 
l6 

Mean 

6.9 
6.1 
6.5 
7.3 

6. 23 

8. 
6: l 
'd 

8,0 
7.0 
7.2 

l:k 

7.9 
6.i|.
7.1f 
7.0 
6.38 

lsd5^ 0, 35 
cv 

ANALYSIS OP VARIANCE 

Degrees of Sum of 
Source Freedom Squares Varlanoe 

Total 79 52.03 
Treatments 3 1.30 
Replications 15 32.83 2.19 
Error 6l 15.29 0.25 

^8.68^ Moisture 

16 

5.2 
5.0 
5.1 
L.2 
6.0 

6.1f 
7.3 
4.9 
4.9 
6,1 
6.5 
6.2 
6.0 
6.7 
6.7 
5.82 

P Talus 

5.20«« 
8.76«* 



CHAPTER V 
•« 

DISCUSSION 

The effects of radiation on seeds coiild be better 

interpreted if we knew to what type of radiation the seeds 

were exposed. In addition to the electron beam and to 

longer wave length radiations generated, radiation of wave 

lengths covering the electromagnetic spectrvun from infra-red 

throu^ visible light to ultraviolet were present. When 

electrons pass between two electrodes, the impact causes 

heating of the seeds, as well as other radiations. It is 

probable that varying amounts of any of these types of 

radiation including electrons or a combination of them were 

absorbed by the seeds. Since electrons flow on the surface, 

no internal effects would be expected. 

The temperatvire of the discharge tube rose, making it 

uncomfortable to handle. It was not determined to what 

degree the seeds were heated because they absorbed energy at 

a different rate than the discharge tube, thermometer, or 

thermocouple. 

The fact that irradiated seed corn germinated slightly 

faster than the controls when placed in petri dishes and did 

not germinate more rapidly than the controls on blotters 

eould be due to an increase in the rate of water sorption. 

This is substantiated by the testa determining the rates 

of water sorption where seeds were immersed in water. 
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However* when germination was on blotters that held the 

water in tension* no observable difrerences in rates of germi 

nation occurred. %hen irradiated seed corn was planted in 

soil holding the moistiire in tension* these increases in 

rates of germination or seedling growth were not observed. 

This indicated that a supply of free water must be present 

for more rapid water sorption and germination. Stone and 

Juhren (2I4.} suggested that the permeability of the seed coat 

cotild be changed by heat. Also they stated that heat might 

destroy a chemical inhibitor in the seed and could alter the 

metabolism of the embryo. They concluded that the heat-

induced increase in percentage of germination of seeds of 

sugar bush (Rhus ovata Wats.) was due to an increase in 

permeability of the seed coat catised by cracking* which 

permitted water to enter. Again it is stressed that heat 

was generated in the electrical treatments used in the 

experiments described in Chapter III. 

Iritanl and Woodbury (8) reported that scari 

fication of seed coats of field bindweed increased the 

germination from approximately twenty-seven per cent to 

eighty-nine per cent, while radio frequency heat treatment 
ft 

increased the rate of germination to fifty-five per cent. 

In the tests determining rates of water sorption, removal 

of the pericarp of corn had essentially the same effect 

as electrical irradiation on the rates of water sorption. 

This indicated that the increased rate of water sorption 
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could b« correlated with the permeability of the pericarp. 

As would be expected from the results discvissed above» no 

observable differences in root growth existed in either soil 

or vermiculite since both media held the moisture in tension. 

The only visible differences of seedling growth in flats 

were the reduction in growth and destruction of the viability 

of seeds receiving maximum levels of irradiation. Similar 

results were obtained from the field experiments. The 

germination percentage and total plant wei^t per plot were 

significantly reduced only by the sixteen milliampere 

treatment. Also, the grain yields were significantly lower 

in both pounds of grain per plot and pounds of grain per 

plant in the plots receiving treatments of the highest 

energy level. 



 ' *1 

CHAPTER VI 

SUMMARY 

Seeds of & single cross hybrid field com were 

exposed to radiation in a glow discharge tube» Studies 

were conducted to determine the effects of this radiation on 

germination, water sorption, and growth in the field* 

When placed in petri dishes containing free water, 

irradiated seeds germinated slightly faster than seeds not 

exposed to this radiation* No differences in germination 

were visible when these seeds were geznuinated on blotters or 

in soil or vermiculite that held water in tension* 

When placed in free water, rate of water sorption of 

the irradiated seeds was greater than that of the control 

seeds* 

In free water, rates of water sorption of irradiated 

seed corn were similar to rates of water sorption of seed 

corn that had the pericarp removed. This Increase in 

germination and rate of water sorption of irradiated seeds 

could be caused by heat generated during the electrical 

irradiation or by effects of electron beams* When planted 

in soil, irradiated seeds had no visible increase in growth 

as compared to untreated seeds* However, the highest levels 

of treatment produced a decrease in both germination per 

centage and plant height* 
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is, - .-'v 

In ft fiftld experiment with TlS x Tl4 white field oom» 

only the hi^eat energy level treatment, aixteen milliampereft 

for five minutes, reaiilted in ai^ificant agronomic differ-

ences. Germination percentage, total plant weight, yield 

of grain per treatment and per plant were significantly 

lower than from any other treatment* No significant 

differeneea were manifested in plant heights or percentages 

of plants with tassels or silks* 

C<> .' 

' ■? i ;-" v/ t ,f ' 
'"iv • . 
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APPEHDIX A 

.4^.. 

DAILY WEATHER REPORT DURING FIELD CORN GROWING S^SON AT 
KHOXVILLE, TENNESSEE, 1955 I 

Mlnlmun wuSSnuDT TfScsrP'arF' 
Month Day Twbp^ Tomp, (Inghes) 

May kB 82 

k9 
& 
85 

'".7 . 

I? 89 
90 •.- r-. -■ > ■ 

oL 

'4 87 
81 

9 81 
10 .06 
11 
12 60 76 1.38 

63 79 .25 

15 
60 
60 

U78 ... .-a-;.U 

16 56 70 
17 56 82 . .. ,.„.,..yt. 

18 
19 
20 
21 

I60 
58 

83 
81 
85 
81 • • .-» 

■ .*■ -■ '■ ■ 

;---.6l 
• Iv-, . 

2Z 78 .. .......... 

23 83 

2| 
78 
•02--' .... ,. «®1,, ■ . . ^ 

26 62 88 ■ 

27 65 89 
28 66 66 Ak-
29 65 77 ^02 
30 56 73 •-* 

31 50 76 
total 3»80 

Aja-iat,; -/Mt. 
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APFEHDIX 4 

OAILX WEATHER REPORT DURING FIELD CORN OROWIHO SEASON AT 
KHOXVILLE, TENNESSEE, 1955 (continued) 

Month .Ssz. 

Jtm« 

9 
10 
11 
12 

II 
17 
18 
19 
20 
21 
22 
23 

11 
27 
28 
29 
30 

Minimum 
Twap> 

65 
59 
58 

56 
52 
55 
58 

I 
I 
60 
66 
62 
60 

U 
66 

Maximum 
Temp. 

82 

85 
85 
88 
85 
72 
60 
7l<. 
71 
73 
72 
70 

lo 

66 
86 
87 
90 
87 
78 
86 

i 
80 

Si 

•1 

I^ain Fall 
(inches) 

.26 
•^5 
.93 

.82 

*c4 

*02 

.36 

.20 

.20 

.87 

total 4*^ 
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APPMDIX A 

DAILY WEATHER REPORT DORIHG FIELD CORN GROWING SEASON AT 
KNOXVILLE, TENNESSEE, 1955 (continued) 

CSGSST""nBSfflsssr*TSTir7s?^ 
Month Day Temp* Teinp. (Inches) 

July 1 ^ 87 
2 66 91 

Afth 68 91 ia9 
5 68 87 
6 68 87 

72 87 

? II il 
10 70 90 
11 70 90 
12 70 76 as 
13 70 86 ao 
14 70 86 
15 72 78 .2ij. 
16 70 aL 
17 68 90 
16 70 91 
19 70 94 
20 72 90 
21 68 90 .56 
22 70 8823 Iq 87 

70 8L .56 
25 72 90 .61 
26 72 ^ 
27 72 97 
28 72 97 
29 70 93 
30 72 93 
31 70 93 

total 3*34 
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APPENDIX A 

DAILY WEATHER REPORT DURING FIELD CORN GROWING SEASON AT 
KNOXVILLE, TENNESSEE, 1955 (continued) 

Month 

August 

mnlmum 
Temp* 

70 
72 
70 
71 
70 
72 
72 
72 
73 
70 
70 

It 
tl 
70 
70 
70 
72 
71 
71 
70 

II 
67 
67 
68 
65 
68 
72 
70 

«xlmum 
Temp, 

li. 
95 
95 
96 

91 
92 
92 
91 
88 

11 
81 
93 
93 

98 
99 
95 
90 
90 
92 
92 
90 

% 

I 
I? 

ilain' 
(inches) 

»02 

»07 
►76 

.12 

1.19 
.13 

.70 
total 3»(^ 
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APPESDIX B 

RATES OP WATER SORPTION OP POUR LOTS OP PIPTY SEiDS EACH OP 
CORK (T18 X T34) IMMiESED IH WATER. (SEE FIGURE 5*) 

TIma in Water 
(Hours) tot 1 Lot 2 tot 3 Lot U 

1/12 

lA 

lj..59 

6.59 

tt..62 

6.53 

1^.66 

6.56 

4.80 

6.73 

1/2 8.16 8.08 8.14 8.26 

X 10.09 9.91 10.25 10.07 
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APPEHDIX C 

RATES OP WATER SORPTIOH OP POOR LOTS OP FIFTY SEEDS EACH OF 
CORN (T18 X T14) I&IMERSED in water, two lots were XRRADIiiTED 
FOR TEH MINUTES WITH FIFTEEN MILLIAMPERES OP SIXTY CYCLE 

CURRENT IN A GLOW DISCHi\HGE TUBE. (SEE FIGURE 6.) 

In Water Per Cent Welp:ht Increase 
(Hours) Control Control Irradiatedi Irradiated 

lA 6.19 545 8.5i|. 8.33 

1/2 841 8.(4 10.99 10.1^5 

3A 10.52 10.13 13.17 12.93 

X 12.(4 11.73 15.58 4.88 

1 1/2 4-93 4»71 17.83 17.67 

2 1749 16.98 19.90 19.91 

3 20.82 20.1^8 23.4 23.00 

k A»oi 2349 26.03 25.91^ 

... . - i; 

''• 

... .-A ---.a: V ,v:-

• 'r 

rV/,-; v.; . ' w*'• V .. "i' •■•-. * • 
s 

■ ' '■ ' /■ • ', '■ V 
•••■ ; •- . ' ' ■; ' :•:: ■ * ■ " ■ ■ . ■ ; ' ■ v.vv " 
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APPENDIX D 

RATES OP WATER SORPTION OF FOUR LOTS OF FIFTY SEEDS EACH OF 
CORN {T18 X Tlif) IMMERSED IN WATER. TWO LOTS WERE IRRiiDIATED 
FOR TEN MINUTES WITH FIFTEEN MILLIAMPERES OF SIXTY CYCLE 

CURRENT IN A GLOW DISCHARGE TUBE, (SEE FIGURE 7.) 

I'jjBe In Water iPer Cent Weight Increase 
(Hours) Control Control Irradiated Irradiatecj 

lA 6»o6 6.214. 8.51 8.U 

3A 9.1$ 9.31 11.87 11.1+7 

1 1/2 12.2X 12.80 A.08 II+.67 

3 16.76 17A9 18.72 13.61+ 

k 19.A 20.05 21.21 21.29 

5 22.56 23.30 21^.02 2l{..ll+ 

6 25.30 25.59 26.59 26.31+ 
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AFPEISDIX E 

RATES OP WATER SORPTIOH OP POUR LOTS OP PIPTY SEEDS EACH OP 
CORH (T18 X Tlij.) IMMERSED IH WATER. TWO LOTS WERE IRRADIATED 
POR TES lilNUTES WITH FIFTEEN MILLIAMPERES OP SIXTY CYCLE 

CURRiaiT IN A GLOW DISCHARGE TUBE. (SEE FIGURE 8.) 

Time In"Water Per Cent WeiFvht Increase 

lA 6.27 6.13 8.00 8.2!^ 

3A 9.01 8.93 10.96 11.20 

1 1/2 11.72 11.77 A.15 ll{..2S 

2 13.93 A.50 16.76 16.39 

3 17.A 17.52 19.1].9 19.48 

19.50 19.95 21,63 21.86 

S 21.90 22.33 23*81^ 23.93 

6 2ii..10 2ij..l+9 26.00 26.03 

8 27.95 27.78 29.10 29*12 

10 1/2 30.Mj. 30.92 32.10 31.97 

23 1/2 37.33 37.85 38.18 38.37 
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APPESDIX P 

RATES OP WATER SORPTIOH OF POtJR LOTS OP PIPTX SEEDS EACH OP 
CORN {T18 X T34) IMMERSiJ) IN WATER. TWO LOTS WERE IRRADIATED 
FOR TEN MINUTES WITH FIPTEEH MILLIAMPERES OF SIXTY CYCLE 

CURRENT IN A GLOW DISCHARGE TUBE. (SEE FIGURE 9») 

Time ati'er Ceiii'weight Inc'rease 
(Minutes) Control Control trrudiated Irradiated 

1/2 2.91 3.31}. 5.91 5.57 

2 14..83 5.19 7.52 7.66 

5 6.31^ 6.77 9.00 9.19 

10 7^56 7.96 10.21 10.72 

15 8.78 9.23 11.71}. 12.25 

% 
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APPiaiDIX G 

RATES OP WATER SORPTIOH OP POUR LOTS OF FIFTY SEEDS EACH OP 
CORN (T18 X Tlii.) IMMERSED IN WATER. ONE LOT RS3EIVED PIP» 
TEEN MILLIAMPERES OP SIXTY CYCLE IRRADIATION FOR TEH MINUTES 
IN A GLOW DISCHARGE TUBE. THE SECOND LOT WAS KILLED PRIOR 
TO RECEIVING THIS SAME LEVEL OF IRRADIATION. THE THIRD LOT 
WAS IMMERSED IN BOILING WATER FOR FIFTEEN SECONDS, AND THE 

REMAINING LOT WAS A CONTROL. (SEE FIGURE 10.) 

'^er 'dent" Increase' 
Time In Water: : : Inanersed in sltilled then 
(Minutes) :Control:Irradiated;Boiling Water:Irradiated 

5 7.07 4.39 6.67 

15 6.1^.0 9.03 6.69 8.79 

ks 8.6o 11.35 9.00 11.07 

95 11.55 1^.85 11.95 14.05 

tw 

'» • 1 •' •. •' •• <?• f'-. ^ C 
.. T. '•"/ '■» #■ if t T.'^' 

. , v; V ■■ ' ! A v'!--

.. . ^ 
- '. . '•A.;-

, i;-. ■ y 

, ■ V- : 

' -■ r.', . ■ . 
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APPENDIX H 

HATES OP WATER SORPTION OP POOH LOTS OF FIFTY SEEDS EACH OP 
COHH (T18 X Tllj.) IMMERSED IN WATER, TWO LOTS RECEIVED FIF 
TEEN MILLIAMPERES OP SIXTY CYCLE IRRADIATION FOR TEH MINUTES 
IN A GLOW DISCHARGE TUBE, ONE OP THESE SAMPLES WAS THEN 
SCARIFIED. A THIRD SAJ-IPLB WAS SCARIFIED AND NOT IRRADIATED 

WHILE THE FOURTH SAMPLE WAS A CONTROL. (SEE FIGURE XI,) 

"Per Cent Welpjit Increase " 
: IrradiateTime In Waterj . . „ 

(Honra) :Scarified:ControltIrradiated;and Scarified 

X 

1/12 

lA 
1/2 

3.87 

6,31 

8.78 

13.07 

5.34 

7.69 

9.52 

12.03 

8,20 

10,36 

12.36 

15.07 

5.53 

8.19 

10.84 

15.17 

a 1/6 21.72 16,37 19.07 24.39 

X 27 M 19.43 21.27 29.53 

.p : . -iy] , 

■r,. ' 

• -A■Xv. - : 
» . .f.,. ■. >■ 
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APPENDIX I 

RATES OP WATiR SORPTION OP POUR LOTS OP PIPTX SEEDS EACH OF 
CORN (T18 X Tlk) IMMERSED IN WATER. ONE LOT WAS IRRaDIaTED 
WITH PIPTEEN MILLIAMPERES OP SIXTY CYCLE CURRENT FOR TEN 
MINUTES IN A GLOW DISCHARGE TUBE AND THEN SCARIFIED. A 
SECOND LOT WAS SCARIFIED PRIOR TO IRRADIATION. THE THIRD 
LOT WAS SCARIFIED ONLY, AND THE FOURTH LOT WAS THE CONTROL. 

(SEE FIGURE 12.) 

Per Cant Weiklat Increase 
Scarified trradi'aied 

Time in Water then then 
(Honrs) Scarified Control Irradiated Scarified 

1/12 3.72 5.00 5.37 4.711. 

lA 6.15 7.12 7.88 7.19 

1/2 8.88 9.07 10.70 9.93 

I 13.A 11.39 15Ai A.37 

2 22.93 15.25 A.53 23.52 

3 28.95 19.03 30.69 29.87 

. ' ■ . V , 
V v; ' , 

i i""-' 'VW-V _ T > 'j" c " -i • ■■'-^v CA •^^'•1 . .1 ..V ,, ; 5. , : ? .■ ' . ../■VAA" 
"i' . ^ -y! * : ■ i V-v ■ • i j' ■ ' • 

'. ' y '' '<rV- ^ 
■ <• ■' ■ * f V: 

• 'h V" • 
OX ■ 

'' '•i ■'», " ■ 
' A. • '"V: • ■ \ •■ ' " 

1 V'f - ■ , • " " .\ ■ 
; ■ : ' '■ ■ •* 
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APPENDIX J 

RATES OP WATER SORPTIOH OP POUR LOTS OP PIPTY SEEDS EACH OF 
CORN (T18 X T14) immersed IK WATER. THREE LOTS RECEIVED 
POUR, EIGHT AND SIXTEEN MILLIAMPERES OP SIXTY CYCLE CURRENT 
RESPECTIVELY, FOR FIVE MINUTES IN A GLOW DISCH/lRGE TUBE. 

THE FOURTH LOT WAS A CONTROL. (SEE FIGURE 13.) 

" '"' "' ' Per Cent 'increaae 
(Hows) Control klU BMA IbMA 

1/12 6.3I1. 6.20 6.14.3 

lA 6.1^8 8.14.2 8.25 8.92 

1/2 8.26 IO.I4.O 10.03 10.32 

1 11.03 13.13 12.79 12.95 

2 14.7I}. 16.71 16.21 16*144 

3 17.98 19.50 18.89 18,83 
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APPENDIX K 

RATES OP WATER SORPTIOH OP POOR LOTS OP 100 SEEDS EACH OP 
ODGEN SOXBEANS IMMERSED IN WATER♦ TWO LOTS RECEIVED TEN 
MILLIAMPERES AND FIVE MILLIAMPERES RESPECTIVELY, OP SIXTY 
CYCLE CURRENT POR FIVE MINUTES IN A GLOW DISCHARGE TUBE» 

THE OTHER TWO LOTS WERE CONTROLS. (SEE FIGURE llj..) 

(Minutes) 
Per 

Control 
Cent Weight 

Control 
Increase 

^uA miA 

5 .2l|. .23 1.58 1.78 

15 .97 .91 2.66 2.90 

30 2.08 2«Ql^ 3.90 4.71 

r' 7.- V ■ ' . 

• \-
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A?F£KDIX h 

DISTRIBOTIOK OP PLAOT HEIGHT OH 3 JHHE 1955# OP CORH (TlQ X Tlk) 
PROM SEEDS RECEIVING POUR, EIGHT AMD SIXTEEN MILEIAMPERES 
RESPECTIVELY OP SIXTY CYCLE IRRADIaTIOM POR FIVE MimJTES IH 
A GLOW DISCHARGE TUBE. SEH)S WERE PLANTED 5 MAY 1955# OM AM 
ETOWAH SILT LOAM, KMOXVILLE, TMHESSEE. (SEE FIGURE IQ.) 

plant Solgilt Numher of Plants 
in Inches OMA m ̂nriA m IbMA 

I 
9 
10 
II 
12 

19 
20 

0 
0 
1 
0 
0 
1 
1 
2 

0 
0 
1 
1 
1 
0 
2 
0 

3 
1 
11 

7 
19 
13 
29 

0 
0 
0 
0 
2 
1 
1 
2 

5 
1 
11 

■I 
22 

1 
0 
1 
3
3
2
2 
3
8
6 

22 
21 
22 

35 
26 
2 
2 

22 

26 
51 

21 
60 
34 
33 
27 

15 
18 

20 
50 
23 
27 
30 
28 
10 
21 

29 
30 
31 
32 

3
1
0 
1 

3
5
2 
0 
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