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INTRODUCTION

Plants exposed to x-radiation or those produced from
x-rayed seed may show any of the following: no beneficial
or harmful effeets (10)(22), stimulation in growth (8)(14)
(23), mutations and morphological variations (7)(11)(15)
(18) (25), and malformations never reaching maturity (4)

(11) (19) (25) (27).

The use of x-rays for indueing variation in plants is
relatively new, most work dating back less than two decades.
Experiences during this period have been quite variable
and expectations following exposure of plant tissue to
x-rays are very indefinite, As expressed by Hanson (5):

MMutations by x-rays are fortultous or chance occur-

rences at the present time. The operator may be

likened to a hunter shooting birdshot into a flock

of ducks. As the hunter accepts with natural piety

what comes down, so the investigator shooting x-rays

into a flock of genes accepts what 1s given., For it

is impossible to aim at any particular gene at the

present time,"

Were it possible to direet treatment at a particular gene,
difficulties would still be encountered in trying to get
specified results.

The infrequent occurrence of mutations in nature limits
their importance from the standpoint of introducing new and
possibly superior germ plasm which is needed so much for
present day plant improvement. This limitation has created
gonsiderable interest from the standpoint of induced varia-

tion by artificial means of which the use of short wave



length rays, and particularly x-rays, is recelving much
aftantion.

To determine possible stimulation of plant growth and
to observe any morphological changes that might occur as 2
result of exposing seed to x-radiation a series of seed
treatments have been made. These have been followed for

two generations.



REVIEW OF LITERATURE

Johnson (12) irradiated dry and soaked seed of Marquis
wheat with doses of 1,000, 5,000, 10,000, 20,000, 40,000,
and 60,000 r-units.l An exposure of 5,000 r-units reduced
total survival of plants to approximately 5 per cent while
plants from irradiated dry seed showed approximately 50 per
cent survival with an exposure of 20,000 r-units. In a few
instances dry seed receiving light doses excelled the con-
trols in percentage of plants surviving and in average
height of plants.

Goodspeed (4) working with tobacco found that dry seeds
were affected very little when exposed to x-rays. ©Some
lethals and a few plants with thicker leaves resulted from
treated germinating seed, Dry seeds of sunflower are like-
wise much less susceptible to harmful effeets of x-rays than
are seed containing 50 per cent or more of water (8).
Stadler (23) found that dormant seed were much more resist-
ant to injury by irradiation and will withstand 15 to 20
times as heavy dosage as germinating seed. The rate of
mutation in the plants treated as germinating seed was about
four times as high as that in plants treated as dormant
seed, In both cases mutations occurred at a significantly
higher rate than in the control plants.

Lemans (13) discusses differential effects on plants by

1 r-units, roentgen units



treating seed with different types of x-rays. The soft or
shortest wave length rays, with a minimum length of
0,000,000,000,38 ineh or 0.1 Angstr8m unit, are much less
destructive to plant tissue than the hard or long rays which
have a maximum length of 0.000,000,17 inch or 45 Angstrdm
units. Duggar (2) attributes the mild effect of soft x-rays
to their absorption by surface layers of tissue exposed.
The degree of absorption waries directly with the atomic
weight of the material treated (13).

Soaked wheat seeds were exposed to x-rays with a dos-
age of 18 kv.g, 10 ma.a, and 3 cm.4 target distance for 5
seconds to 2 minutes by Benedict and Kersten (1). It was
found that as the time of irradiation was increased there
was a decided and progressive decrease in diastatic activ-
ity, sugar content, and rate of respiration of the wheat
seedlings.

Variable affects on sorghums were obtained by Wheldon
and Haskins (27) when dry seed received a treatment of 200
kv., 30 ma,, at a target distance of 50 em, and exposures
of 4, 8, 16, 32, 64, and 128 minutes, Progeny of plants
produced from seed exposed up to 32 minutes behaved per-
fectly normal. The F; plants of the 64 minufe.graup matured

2 xv., kilovolt

s ma,, milliampere

* ecm,, centimeter



seed but thelr progeny or Fy generation was malformed and
defective with no plénts reaching maturity. Seedlings of
the group of longest exposure were uniformly malformed,
feeble, and stunted, and perished early.

Moore and Haskins (18) exposed dry Sea Island cotton
seed to 200 kv., 30 ma., with a target distance of 50 cm.
for 0.5, 8, 4, B, 18, &2, and 64 minuteé. No plants from
seed exposed for 32 minutes and longer attained more than
one pair of true leaves., Extreme fasciation was evident
in a large percentage of the 18-minute group with develop-
ment proceeding from lateral buds, and terminal buds
developing only to limited degrees.

Startex cotton, used by Horlacher and Killough (7),
was given an x-ray dosage of 100 kv,, 10 ma., with 17 cm.
target distance and exposed for 60 minutes. One-year old
seed was not affected while two-year o0ld seed showed some
normal, intermediate, and dwarfed plants,

McKay and Goodspeed (168) treated pollen grains of
Half and Half cotton prior to pollination for 4, 8, 12,
16, and 25 minutes with an exposure of 50 kv., 5 ma.,, and
a target distance of 6 cm. with an aluminum filter between
the tube and material exposed. Seventeen mature fruits,
yielding 311 seeds or about one-half the usual number,
were obtained from x-rayed pollen and untreated eggs. These
seed were produced on 21 mature plants which showed twisted

and deformed stigmas, anastomosing leaf veins, peculiarities



in leaf shape, fasclated and enlarged stems, incomplete

=y

flowers, and dwarfed plants. HNine plants were sterile.
Two plants produced empty seed. The reralning fertile

Qla;ts roduced perfect seed, with two plants having naked
seed and three plants showing the naked charaster to a
noticable extent which did mot oesur iﬁ‘@ﬁe controls,

Stadler (25) treated barley, 2o, w%eat, and oatg
with hard rays, exposing germinating ééed\for 30 winutes
to 78 kv., 5 ma,, with a target distance of 28,7 cm. MNuta-
tions oecurred in the barley tc the sxtent of 1.8 per czant,
The mutants reaching maturity proved to be homozyszous
recessive, Common wheat and oats showed no evidence of
mutation probably due to hi lgher chromosome number as ex-
plained by the investigator. Variations ocourred in corn
but were of a heterozygous nature, Vhen corn seed were
x~-rayed as early as six days following pollination some
shimeras were observed in the-resulting plants.

Shull and Eitzhell (23) report stimulation in growth
of wheat, corn, and oats when bermin&t ng seed recelved a
dosgage of 100 peak kv., 5 ma., through an aluminug screen
1 mm. thisk, asud with a target distacce of 30 cm., Theat
@xposeﬁ up to one ov two minutes, depending upon variety,
Was decidedly more viauroug, the greatest difference being
shown in the degree of tillering, Jorn tresated up to three
minutes emaereged from the soll more rapidly, had thick@r

stems, was more susculent, and showed a darker green zolor

(9}



than elther the controls or plants resulting from seed
recelving longer exposures. These investigators concluded
that the total dosage for stimulation does not much exczeed
100 r-units, This is borne out by Russell (22) who ob-
served delayed germination, reduced height of plants,
chlorotiz disturbance and malformation of leaves, delayed
lateral root growth, and death of corn plants as a result
of irradiating germinating seed with a dosage varying from
60 to 10,000 r-units,

Johnson (10) reports no increased growth of tomato,
sunberry, sunflower, vetch, tulips or Colorado wild pota-
toes when the seeds, bulbs and tubers were irradiated with
light x-ray dosages. ©Seed pleces of certified BHarly Ohio
potato were irradiated and the resulting plants produced
27 per cent more tubers than the controls with no increase
in yield as based on weight (9).

Extreme leaf abnormalitiss, affecting external form,
cell arrangement, and cell structure, were observed in
soybeans by Long and Xersten (15), Affected plants were
produged from seed exposed, while dry, to 20 peak kv,.,, 10
ma,, with a target disténce of 8 em, for 10 to 80 minutes,

Goodspeed (4) x-rayed sex cells of tobazzo whish gave
rise to a considerable number of new monosomic and trisomic
races because of czontinual ocsurrence of chromosome frag-
mentation. This fragmentation, the 1nvestigator explains,
may be due to a degres of molecular instabllity as a

result of x-ray bombardment.



Johnson {(11), working wiﬁh 70 specles of flowering
niants distributed in 35 families, exposed germinating sead
to ‘g dosage of 44 to 105 kv., 5 ma., with 30 cm, target
distanse for 10 to 37 minutes. Fiftesn specles ware appar-
ently unaffected, 15 speciss were slightly affested paftic—
-ularly during early stages of growth, and 40 specieé were

noticably affected to show dichotomous branczhing, dwarfing,

g

- terminal buds killed, leaf deformitiss, color variations,
delayed fruiting, reduced blossoming to no blossoming, and

lethals.



MATERIALS AND METHODS

tpencer's ¥hite June corn, White darso, Sudan grass,
‘Blackeye cowpeas, Acala 8 eotton, Turkey wheat, ﬁichigan‘
Winter barley,'and Winter Turf cats, obtained from the
Oklahoma A. and M, ZJollege Agricultural Bxperiment sta-
‘tion, were used to study the effects of x-rays upon farm
PTOpPS. - “

Préliminary treatments”given all seeds priér to
x-radiation were as follows. BSound seeds for esach crop
were sorted and duplicate samples of each variety placed
~into petri dishes between molst blotting paper, keeping
them sufficiently moist for germination. Followling the
period of soaking for 24 hours at 85 degrees F., one set
of the duplicate was exposed to x-radiation while the
other set was used as a cheek, Both sets of seeds were
planted elther in the field on the:Agronomy farm or in
the greenhouse. .

Y-rays used were of two types, soft rays ranging in
wave length from Q.1 to 2 Angstrgm'units, and hard rays
rangingvin'wave length from 20 to 45 Angstrgm units,
Seed exposed to soft rays recelved a dosage of 50 kv@,

6 ma., with a target distance of 3 cm. for § seconds with
the exeception of cotton seed which rezeived an exposure
of 10 geeconds. The tube was of a Sovolidge type being
enciosed in a lead-glass case eguivalent to a 1/168 ine

lead filter. Exposure of seeds to hard rays consisted
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of a dosage of 85 kv,., 10 ma., the seed being located 30
em, from the target and belng exposed six minutes without
a filter, The six-minute exposure was divided into
twelve 30-second periods with 20-second to S5-minute
intervals to permit the tube to cool.

On June 2, 1938, immedlately fbllowing axposure to
soft x-rays, both treated and untreated seed of corn,
darso, Sudan grass, cowpeas, and cotton were planted on
the Agronomy farm in replicated plots consisting of two
30-foot rows each, Loss of stand following seedling
emgrgence made it necessary to repeat treatment and to
replant the darso and Sudan grass on June 15,

Observations were made to determine any possible
differences in seedling emergence and the occurrsnze of
abnormal plants; Pollen mother zell smears wéra made of
abnormal plants to detect any possible chromosome lrreg-
ularities, Pollen grains were mounted in glycerine and
examined with the mieroscope for differences in size.
Barliness of floweringz was studied in corn, darso, and
Sudan grass by making counts on emergence of tassels,
heads, and panicles respestively.

Yields of corn were determined by weighing the mature
ears, while darso, Sudan grass, and cowpea ylelds were
determined by taking the green weight of plants harvested
when the earliest fruits were in the hard dough stage.

Sotton yields were not comparable because of irregular
stands.
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Corn and darso seeds from the Fl or first generation
plants of x-rayed seed were planted in the greenhouse in
the fall of 1838 in order to produce third generation
seed to be used in field tests the following year.

Plantings of the same crdps receiving the same treat-
ment were again made on the Agronomj farm in Aprii and
May of 1939, Wherever possible Fy and Fz generation seed
of x-rayed plants were included. An additional planting
consisted of Fy seed of corn receiving an x-ray dosage of
85 kv., 10 ma,, with 30 em. target distance and exposed
for 6 minutes. Plantings were replicated as follows:
corn six times, darso four times, cowpeas three times,
whlle cotton and Sudan grass were planted in single plots.
Studiés this time were concentrated on abnormalities and
yields.

In September of 1938 seeds of corn, darso, Sudan
grass, cowpeas, wheat, barley, and oats were treated with
hard x-rays. The summer annuals and a few seeds of wheat,
oats, and barley were planted in the greenhouse while the
remaining treated seeds of wheat, oats, and barley to-
gether with thelr checks were planted in the open on the
Agronomy farm, The folléwing February soaked seeds of
wheat, oats, and barley were exposed to the same treat-
ment and planted in the field beside the fall seedings,
In all cases ;bnormal plant growths were thes major con-

sideration, Length of exposure and difficulty in
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obtaining use of the x-ray machine made 1t impossible to

treat seed with hard rays in sufficlent quantity to chesk

yvields.
Seaveral smino acld determinations were made from

3

extracsts of treated and untrested seedlings. Awmino ﬁitro-
gen was determined in corn snd darso aszording to Van
Slykels methods (8).

A photelometer, consisting of =z photo-electriz cell
wlth a standard light source used to determine turbidity
of solutions, was used to read the candle power of light
absorbed by various solutions of plant sap. These read-
ings are comparatlive determinations of indolescetic
acid (17), xantho proteins (18), and available proteins
(8).

The pH values of water extracts of plant sazp

4

15

rom
seadling plants were determined by using a glass elec-

>

trode, reading on an slectromester.



induced by xz-radiation zomparative studies were made of
treated and untreated plants zt the tiwe of se2dling emer-
genica, at the time of flowering, and at maturity when

yields were obtalnead,

cincze th ¢ adisted seed and seed used for chesks
were soaked for the sams period of time pnrior to planting,

rate of germination eounts were easily com@aragl@. These
counts indigated no difference in sesadling emsrgenaze
between treated and non-trested Seed of the zrons studiled.

he percentage of germinstion of x-rayed seed, whether
trezated with soft or hard rays, was not affected.

Figure 1 shows a slight ingrease in the rate of flow-

»

ering of corn, darso, and Sudan grass plants produced from

o

sasd treated withn soft s-rays as zomparad to the shsck
plants. It will be noted that thes treated plants of darso
showed 2 graduzl inereasze in rate of flowering until t
fifty-first day when the peat was reached, after whiczh the
rate showed a decline, The treated plants of Sudan grass
od at an increased rate throughout the period, It

deubtful vhether the differencze in rate of flowsring

ig significant In any case.

in table 1. The

§ A
iy

2 4re giv

[
\J

. 2

Differences in zorn yiegld
yvields in 1938 for both zhezk and treated plots

were due to more desirable distribution of rasinfall during



210 //
180 /
; |
o
5 150 {
= N SR .
. /
o /
o
a 120 / /
/Y
';3{‘ Il/ /
o 90 /
o
5 / / )
© =
% 60 1/ _“-";1/
= J i .0
' . / /'/,-»"”
30 V
[ 4}//’7’
ot /0"4 L § “"'-__.-
o —
46 48 50 52 S« 56 58 6u
Age of plants in days
Legend
dorn rso Sudan gress
Untreat;_:.l-':_ G AL ° s r o e oy
Treated o ™ - - — @ ey
Figure I. Flowering rate of untreated and treated corn,

darso, and Sudan grass during the early part of
the flowering season.



the growing season. The aversge ylield shows an inerease
in yield of approximstely 34% for the Iy or immediate

Z e

plants produced from x-rayed seed, The 1832 rasults indi-

ot
®
Qo

2abe that posslbly the stimulation by K—‘-ya whizh resul
in incresased yields of the Fl plants was ﬂarrlﬂﬁ over into
the Fo generation. Iundividual plot yields for 1239 show
that Fl plants outyielded the check plants in 5 of the 8
replieations while the ¥, plants produced greatest ylelds
in 4 of these tests., The lower yield of the F, plants sug-
rests that the induced stimulstion had run its zourse, and
the plants had returnsd to near normal produstion. It

must be borne in wind that no effort was made to acnirol
pollination exeept for a few plants. This mauds 1t pogsi-
ble for Fl and Fy treated plants to be pollinated by normal

pollen from the check plants.

Table 1 Sorn yields as affected by x-radiation
Acsve yield dn bughels
eatman r ~ -
Treatment 19285 1922 Average
dheek (Untreabed) 41.49 21.80 31.84

X-rayed with soft-rays
Fl : 80,75 24,01 42,38
Fg 22.81
F’Z lu.ao
Fy (self fertilized
d from Fy)

A~-rayed with hard-rays

sel
see

16.20




The F_ plants, produced from ivbred gesd of the
oo
traated Fy plants, produced c@nsiderabls 288 than thes

sontrols. The second generation plants nrodused from

gy - & - el e P )
sead expossd to hard Xe-rays produced only sbout BEL as
aushl 2s the oheek plants. The plants themselvss showed

normal statur: but produced very fow ears. Apparently
mogh of taa zells vhilch nornally develop inte ezrs ware

destroyed bﬂ tha Tays.

ki
[
L]
L7
ot
%
4:64
<)
Y]
W

zond generatlion darse nlants, produzed
from seed sxposed Lo soft xmr.Js, showed ingyeasses in
yield over the cheek plants as showm in table &, The

sligiht decrsuss in yleld of the ngplants 48 2omparsd to

fb

the Fy plants suggests thit the stimulastion induced by

-ruys 1s lost in later geperstions.

Pable 2 ' White darso vields as sffects d by Xerad lﬂtlur

Pounds of zreen f@rag? nar amr@,
l%{. ) 7 1985 AV@I‘&.h.,

Treatment

ack (Untroataed) 1%,867 | agey 10582
A-rayed wlth soft rays
i - 18,178 9395 128387

F. Sh4R

In table 3 variable differanses are shown in cowpea
yislds. The 1828 yields show that soft x-rays had a

stimulative effect while 4n 1839 the same rays anparently
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~cuaused slight injury which resulted in decreassd ylelds

¥

of the Fl plants, The Fz plants, produczed from seead
obtained from treated plants showing stimulation, yielded

slightly less than the check plants.

Table 3 | Cowpea yileldg as afieeted by x-radiation

Pounds of gresn forage per acre

Treatment ;
1938 19239 . Average
Check (Untreated) 7,882” 4,513 8197
X~-rayed with soft rays '
7y 9,334 4,210 a7
7., o 4,455

Aeeording to téble 4 Sudan grass treated with soft
x-rays resulted in decreased ylelds. Thé increased rate
of flowering as shown in figure 1 did not result in
increase&Ayield as one would expect. These results are
also zontrary to those found in darso showing that like
specles are affected differently. Yilelds of Sudan grass

were not talken in 1933 because of poor stand.

Table 4 Sudan grass ylelds as affected by x~radlation
Treatment Pounds of Green Forage per agre

';1958 yields

Check (Untreated) . 18,083
X-rayed with soft rays

F

1 17,217

17



The stand of cotton plants in plots comparing sheck
plants with plants prodused from sesd treated with soft
x-ray was too poor to aheck.yields in both 1938 and 1932,
Comparative studies showed there was no significant dif-
: ference in the staple length or lint per cent of the normal
and treated plants.

Several laboratory tests were made to correlate a
possible cause with yizld increages of some xX-rayed plants.
These results are listed in table 5.

The willigrams of amino nitrogern present in one gram
of seedling plant material show thalt there is an increase
of available proteins in the treated seed. MNore amino

nitrogen in the F; and later generations of z-raysd seed

2
indicated that this material may be responsible for in-
ereased yields.

Photelometer readings of water extracts of plant
- material having potassium nitrite and nitriz acid added
shgwed that extracts from x-rayed plants in general ab-
sorbed less light which indicated less indoleacetic anid
éccording to Mitchell and Brunstetter (17). The decrease
in amount of thils growth promoting substance does not
necessarily’hamper growth acsording to Sugiura (28) who
}found that the destruction of the major portion of Vitamin
"B in wheat embrycs by x-radiation did not »revent growth

of the wheat seedlings,



Teble 5 Amino acids in corn, derso, snd cowpea geedlings as affected by x~-radistion

T zmino Photolometer resdings in candle pover
Treatment nitrogen in
ons gram of Indolescetic acld Hanthoprotein Aveailable proteln

; ster extract + (Chloroform

KW0, and HHOz) extract)

corn darao corn  dorsc  covnea corn derso Sorn

Check 8.8 2.0 6&1.0 71.0 74.0 94.8 58.0

550
<A

A=royed
(sorft roys)

7.0 80.0 90.0 47.0

WO
<
&0
s
~J
&
i
~J
W
[}

9.5 1c.1 80.5 7L.0 84.0 89.0 27.0

P
()}
[

tac
0
&
83
o
o3

Ti
™
]

38.0

6t



The xantho protein determinations showed photolometer
readings, in the case of corn, that are in negative eor-
rolstion with yield. In this case there is a progressive
inersase in amounts of light abgsorbed by solutions from
plants showing decreasing yial&s; The readings of darso
ware very irregular showing no correlation,

Chloroform extracts ffcm sorn seedlings contsained
available proteins and showed lower readings or larger
amounts of light absorbed for the radiated plants than
for the check plants.

There were no significant differenczes in pH values
of water extrasts from normal and treated seedlings as

shown in table 6.

Table 6 pH values of water extract from seedling plants

Treatment SGorn  Sorghums Jowpeas

Cheek 5.73 5,40 8.3
X-rayed with sgoft rays

Fy 5.69 5,45 6.16
Fg 5,79 4,99 6.10
Fg 5,74

Morphological studies made of both treated and check
plants to detect possible variations resulted in the
finding of several fassciations and a few other minor

variations.

20



A faseciated czorn plant showing twice ths usuzal number
of anthers per flower ovcaurrad in the groum of plants

produced frowm seed exposed to hard x-rays. Figure 2 il-
lustrates the entire tassel while figaré 3 ghows a closs-
up of individual male flowers from the fasziabed and
normal plants., Progeny from tinls abnormal plant showed
ng fasciations,

»

gure 4 shows variations irn radiated cats, two and

fude

F
sinzle tiller

(U

rodesg of r's

1o
P
‘\" "3

[}

three paniczles growing from upper 5
Soaked wheat zeed btreated with hard x-rays resulted

in an abnormal compound splke as shown in figure 5. The

razhis of this splke was divided with eazh divigion

asaad at the nodes.

to hard rays showed no differences from ths normal chesk
plants, No plant produced fruit, All plants showsd a
winter habit of growth until they were overcome by rust
in late June.

Second generation plants, from small gralng exvosed
to hard rays; showed no chimeras

0f all the plants produced from crop ssezd 2%xposaed
to goft x-rays only two corn plants showed vigible

variations., One plant bere a vhorl of

below the tasgel., Bach leaf was borne upon u separate

J8]

node, but no seed was produced. Another plant bore
small ear on the firsgt node below the tassel as illus-

trated in figure 6. Progeny from this plant were normal,
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Filgure 2. Corn tassel at left is from
a treated plant and shows twice the
number of anthers per flower as 1s
found in the normal tassel shown at
the right.



Figure 3. Individuasl flowers from corn tassels of treated plant
" (left) and check plant (right) shown in figure 2.



Figure 4., Three paniecles growing
from a single tiller of an oat
plant produced from seed
exposed to hard x-rays.

4y}



Figure 5. Compound spike from
a treated wheat plant.

25
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Figure 6. Corn plant produced from radiated seed
showing ear developing from the first node
below the tassel.
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Pollen grains from treated and check plants of all
erops were mounted 1n glycerine and examined with a
- misroscope. No differences were found.
Smears of pollen mother cells were sade of all ab-
~normal plants to determine possibie chromosome lrregu-

- larities, but there were no visible differences,

A
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SUMLAHY ARD SQNCLUSIONS

1. Bxposure of goaked seeds to soft x-rays resulted
in inereased yields which is in aceordanse with work of
Long and Kersten (14). |

| 2. X-radiation of seed Inereased the available
nitrogen in the resulting seediing plants,

3. Water extracts of;?lént sép from treated and
check plants showed :omparatively iittle difference in
hydrogen-ion concentration.

4. Slight structural variations appear wore fre-

quently in plants after radiation.
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