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INTRODUCTION 

Both sparsely and densely ionizing' radiations have been useful tools 
for researcher- working in (he field of biology. To I he plant breeder, ioniz
ing radiations have conic to represent a powerful source to increase the 
frequency of mutations and thus enhance the chances of obtaining some 
that seem to be useful. 

Application of radiation to seeds and pollen grains of several plant 
species has been made by many investigators. Criteria used to measure the 
effects of radiations have been based mainly on inhibition of pollen germina
tion, pollen-tube growth, and pollen-tube mitosis (#).2 Fi and F« generations 
from treated pollen grains and seeds have also been studied. Germination 
ability of seeds from irradiated pollen or seeds themselves, as well as seed
ling height and survival, have also been used to measure the effects of radia
tions {2). 

For the experiment to be reported here mature corn pollen was irradiated 
with Co 60 gamma rays, and then applied to silks of the female plants 
24 and 48 hours after treatment. The purpose of the experiment was to 
determine whether there were any differences in the number of "good" 
kernels per ear, germination ability, and seedling height when pollen was 
used 24 and 48 hours after irradiation, as well as to obtain the dose response 
of I bese characters. No cytological observations of the pollen tube or pol
len-tube germination were made in this experiment. Corn pollen, because 
of its trinuclcate condition at maturity, presents many difficulties for germi
nation studies in vitro (1). 

RKVIICW OF LITERATURE 

Responses of pollen to treatment with ionizing radiations are different, 
depending upon the characteristics under study. Mericlc and Mericlo (7) 
reported that pollen germination and pollen-tube growth were greatly 
inhibited with doses of radiation (LD50 ranging up to 55,000 r. Tube 
elongation needed median lethal doses of 25,000 r, while for pollen-tube 
cytology studies a median dosage of 250 r was necessary. For endosperm 
and Fi mutation studies 1,000 r were needed, and for mean lethal seed treat
ment, from 1,000 r to 2,000 r were used (7). 
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A very detailed review of literature on radiosensitivity of pollen from 
different plant species has been made by Brewbakcr and Emery (2). Com
parisons of X-rays and ultraviolet light (8,11,13) and X-rays and neutrons 
(3,4,5,6,12) have also been made, showing some differences among treat
ments. Kadiosensilivity of pollen grains is influenced and modified by 
well-known factors such as oxygen, storage, and freezing (2). Desiccation 
of pollen, stage, of maturity, size of pollen grain, and content of X and B are 
also factors that, affect radiosensitivity of the pollen (2). 

Data on pollen radiosensitivity are quite complete lor many plant species. 
Because of its Irinuclente condition at maturity, data are far from satis
factory for corn pollen, except for etiological studies, as stated by Brew-
baker and Emery (2). Some studies on seedling height and survival to 
maturity have been made by h'rolik and Morris (/>) after irradiating corn 
tassels in a nuclear reactor. 

Treatments with X-rays and neutrons (fast and thermal) of barley seeds 
have been performed by Caldeeott (3). Subsequent seedling growth and 
l'i abnormalities from treated pollen have been made by Schmidt and 
Frolik (12), after irradiatiou in a nuclear reactor. According to Brewbakcr 
(1), results are not complclely reliable because gamma contamination was 
not taken into account 

MATERIALS AM) METHODS 

Pollen from R"'h (marbled aleurone) and li r (purple aleurone) corn was 
irradiated in a Co GO gamma source with doses from 250 to 20,000 r, at 
intervals of 250 up to 1,500 r, and intervals of 500 up to 20,000 r. Irradia 
tion of the excised corn tassels was accomplished by putting them in a 
polyethylene bottle with circulating compressed air. The bottle was lowered 
into Ihc 1'ucrto llico Nuclear Center Co 60 gamma pool where a 2,400-c. 
source is housed. 

After irradiation, tassels were bagged individually and kept in tapwater 
at room conditions for 24 hours. At (his lime the first pollination was made. 
After the pollination the used tassels were bagged again and placed in the 
flasks containing tapwater and kept for another 24 hours, when the second 
pollination was made. Ten ears were pollinated as five tassels were irradiated 
at each dose level. 

Gross pollen observations under a stereoscope revealed that a very high 
percentage of pollen appeared normal when used even at the nighest doses 
which went to 20,000 r. However, no seed was obtained in ears from tassel 
doses above 4,000 r. Approximately 1 month after pollination the ears were 
harvested and the number of well-developed kernels per ear was deter
mined. These seeds were planted in flats containing about 50-percent soil 
and 50-percent cachaza (a sugarcane end-product) and put in growth 



I-i JOl'IINAI, OK .\<;HI<'l~I.Tri¡K (IF I.NTVEHSITV l lf I T E H I O RICO 

chambers lor scoring germination percentage I week after planting. 
The seedling height was measured 1 and 2 weeks after planting. Tem
perature in the growth chamber was 70° f. at night and 85° F. during the 
day eyele. Both temperature and humidity were checked with a Brown 
recorder. 

EXPERIMENTAL RESULTS 

The average number of good kernels per ear is presented in table 1. Re
sults arc quite similar for both groups, even though consistency in the 

TAUI.U 1.—Mean number of good kernel* per ear from U"'b (marbled aleurone) 
and /?' (purple aleurone) corn pollen treated with different gamma-ray 

doses at 2 pollination intervals 

aroma-ray dose (r) 

0 
250 
500 
750 

1,000 
1,250 
1.50(1 
2,000 
2,50(1 
:¡.(«J 
.1,500 
•1,01» 

Ylinve 4.O002 ; 

R 

Uhr.' 

187. 8 
203. (i 
108.2 
180.5 
198.0 
101.5 
mi.ii 
98. -1 
52.2 

40.0 
I!). 1 
29.2 

Pollen 

•18 hr." 

70.5 
92.3 

i (¡4.0 
| 125.0 
i 100.0 

107.3 
¡12.3 

! 92.5 
i 33.2 

•12.0 
13.7 
12.5 

R-* 

2J hr.' 

H3.4 
110.0 
150.8 
83.2 

187.0 
159.2 
108. 1 
95.4 
28.0 
13.4 
10.8 
7.0 

Pollen 

48 hr.1 

136.0 
143.8 
185.2 
130.8 
84.5 
98.2 

103.2 
113.0 
5S.4 
28.4 
22.0 
4.0 

1 
1 

Average 

134.3 
137.4 
143.0 
131.5 
144.0 
139.0 
105.8 
99.8 
43.1 
31.0 
21.0 
13.5 

1 Time ¡it'tor irradiation wlien pollen was used. 
1 No seed. 

pattern followed is different, being more uniform for the group from 11' 
pollen. 

When available, 25 seeds per ear were planted in flats and the germination 
percentage was scored at 7 days after planting. In some of the higher dos
ages, especially from 2,500 up to 4,000 r, it was quite difficult to get suf
ficient seeds i'or testing germination. Table 2 shows the results of ger
mination-ability. 

As can be observed, there is not a consistent pattern between pollen used 
24 hours after treatment and pollen used 48 hours after treatment. At 
some points the 48-hour pollen has apparently produced kernels with 
better germination ability. There is a dose response in both groups and 
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with bol li ages of pollen within groups. The germ in a lion percentage de
creased with inf reused dose. 

Seedling height was measured 1 and 2 weeks after planting. Table ;J 
shows the average seedling height for each sample of seeds tested for every 
elapsing time and eacll dose. 

In the range from 0 to 2,500 r sufficient seedlings were obtained to pro
duce a reliable mean height for each dose treatment. No statistically .signi
ficant differences were observed for seedlings coming, from pollen used at 
24 hours from that used at 48 hours after irradiation. 

TABLE 2.—Mean germination percentage!1 of seed from li1"1, (marbled alei/rorte) 
and Iir (purple aleurune) corn pollen treated with different doses oj 

gamma rat/a at % pollination intervals 

Gamma riiv (lose (r) 
Rr rollen K ,nh Pollen 

0 
250 
500 
750 

1,000 
1.251) 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 

Above .1,000» 

75.2 
75.0 
05. U 
29.3 
25.2 
03.0 
•10.3 
13.7 
21.fi 
!).3 
6.7 
8.0 

80. tl 
1 (¡0,0 

72.0 
22.7 
53.0 
23.0 
30.0 
50.5 
6.6 

10.3 
•1.0 

o 

«0.3 
71. S 
50.8 
34.0 
71.2 
10.0 
37.2 
33.0 
15.5 
0 
0 
0 

74.5 
75.4 
15.7 i 
58.1 
11.3 
00.3 
08.8 
33.0 
12.0 : 

n 
1.8 

20.0 

74.8 
70.0 
52.5 
30.0 
17.7 
50.5 
10.3 
10. 1 
14.1 
t.n 
3.1 
7.0 

1 Time niter irradiation when pollen was used. 
* No seed. 

Figures corresponding to doses from o,000 r to 4,000 r are not reliable 
since the number of seedlings obtained at these levels were one or two per 
treatment, but they are presented as they were measured. 

DISCUSSION AND CONCLUSIONS 

The effects of different kinds of radiations as measured iu terms of pollen-
tube germination, pollen-tube elongation, production of viable seeds, and 
studies on seedling height and survival have been studied by many workers 
in several plant species {3,4,5,7,8,11,12). In the experiment reported here 
the number of "good" kernels per ear, the germination percentage, and 
seedling height were studied. 

http://21.fi
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"Clood" kernels (at lime of classification it was not known whether they 
were viable or not) could have been produced by genetically damaged 
pollen nuclei. Pollen irradiation may lead lo impairment of viable seed 
production, primarily via its effects on: 1, Pollen germination; 2, zygote 
formation and embryo growth; ',1, endosperm development; 4, viability 
of Ihe mature seeds; and 5, "death" of seedling (#). Since our material is 
corn (trinucleate pollen), both generative nuclei can be affected inde-

TAHLE 3.—Mean plant heights (cm.) of seedlings gratan in growth chambers 
from seed of ears pollinated with liml' (marbled alcurone) and lir (purple 

oleurone) corn 'pollen treated with different gamma ray doses at 
2 pollination intervals 

Dose (r) 

0 
250 
500 
750 

1,000 
1,250 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
A hove 

4.0002 

R r I 

21 111.' 

0.3 
7.8 
5.1 
4.7 
5.0 
5.8 
7.8 
8.0 
7.8 
(i.3 
( j .2 

1.5 

ollcn 

-18 lir.1 

7.0 
(i.l 
5.0 
li.8 
8.0 
8.8 
7.3 
9.0 
0.8 
5.8 
0.5 
0 

7 days 

H " * Pollen 

24 lir.' 

7.9 
8.1 
5.5 
.5.2 
9.3 
7.2 
5.3 
4.2 
4.3 
0 
0 
0 

18 lir,' 

9.1 
7.2 
3.3 
5.0 
5.0 
9.7 
5.8 
1.7 
(i.O 
0 
0.2 
2.0 

8.(1 
7.3 
4.9 
5.0 
7.0 
7.9 
0.0 
O.li 
0.2 
6.0 
6.3 
3.2 

Rr Pollen 

21 Jir.» 

33.08 
38.5 
33.2 
28.8 
27.7 
34.2 
30.0 
30.0 
35.9 
25.2 
27.1 
23.6 

IS lir. 

32.5 
38.4 
35.9 
31.3 
37.0 
37.8 
39.6 
37.3 
32.8 
25.5 
31.5 
0 

M days 

R'"1' Pollen 

21 lirJ 

34.9 
38.0 
33.3 
34.7 
39.4 
38.4 
27.9 
20.7 
26.2 
0 
0 
0 

'18 lir.i 

37.01 
30.8 
29.0 
3-1.6 
29.2 
39.2 
31.7 
23.5 
25.1 
0 

27.5 
15.1 

34.0 
37.4 
32,8 
32.4 
33.5 
37.4 
33.8 
29.4 
30.0 
25.-1 
28.7 
19.4 

1 Time after irradinlion when pollen was used. 
! Nu seed. 

pendently by irradiation and the effects may be manifested separately. 
Usually, as stated by Brewbaker and Emery (0) and others for seed abor
tion—many were observed from 1,500 r up iu this experiment, and invia-
bility—very low germination at higher doses are caused mostly by embryo 
lethality rather than endosperm damage. Seed abortion and endosperm 
underdevelopment were not systematically scored in this experiment, 
even though incidental observation showed an increase of such abnormal 
kernels associated with increasing doses. 

As shown in table 1, the number of good kernels per ear was lower for 
high doses and longer time elapsing between treatment and use of the 
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pollen, except for Rmlj pollen which showed an increase at some doses. 
Within the limits and conditions of this experiment the pollen used 24 
hours after irradiation produced, on the average, more seeds per ear than 
the pollen used 48 hours after treatment. Doses above 2,000 r increas
ingly reduced numbers of good kernels produced, although the amount of 
seed does not bear a strong relation to the dose received below 1,500 r. 

The results for germination ability are not as consistent in thi- experi
ment, as shown in table 2. I t should be noled (hat from 2,000 up lo 4,000 r 
Hie quality of the seed itself was not at the same level as for lower doses, 
but the best were selected among those available at all levels. This partly 
accounts for higher dose treatments having a marked decrease; in the germi
nation percentage. It is expected that damage to the embryo will occur 
more often as the dose increases. This damage will be reflected in inability 
of the seeds to germinate. In general, it can be stated that the decreasing 
germination percentage is a reflection of induced lethality to embryo by 
radiation. There does not seem to be any difference attributable to the 
storage period after irradiation of pollen. 

Data on this kind of work are not so extensive for seedlings being pro
duced by irradiated pollen, even though cytological observations of radia
tion-treated pollen have been made for Tradescautia, Dntura, and Petunia 
(#). Schmidt and f'rolik, (IS) compared the effects of thermal neutrons 
and X-rays on pollen and seeds of corn. They obtained a decrease in 
seedling height when seeds received about 7,500 r and pollen received about 
1,200 r. 

The average height of the seedlings did not show a strong dose response. 
If the seedling lived, it grew about as well, regardless of the dose received 
by the pollen grain giving rise to the seed. There might be some reduction 
of height at the highest doses, but the number of plants surviving to pro
vide measurements was less than five for any group above 2,500 r, and 
many of the groups had no survivors, thus recording a zero for seedling 
height. All survivors at 7 days continued to grow to 14 days when they 
were all discarded. The rate of growth from 7 to 14 days showed no in
fluence of the dose. Thus, if a plant survived the initial growth, it continued 
through the seedling stage. The radiation damage was manifest as lack of 
seed produced by the irradiated pollen, or by lack of germination of seed 
that were produced, bul was not a factor in seedling height. 

SUMMARY 

Corn tassels were irradiated using Co (10 gamma rays at dose levels 
from 250 lo 20,000 r. Twenty-four and forty-eight hours after irradiation 
the pollen was collected from the tassels and used to fertilize ears. The 
quantity of good seeds per ear, the germination percentage of these good 
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seeds, and the seedling height 7 and 14 days later of the plants from these 
germinated seeds were recorded. No seeds were obtained beyond 4,000 r. 
There was little effect from pollen used 24 hours after treatment compared 
ivith pollen used 48 hours after treatment for any of the characters meas
ured. There was a general dose n!spou.se for number of good seeds per ear, 
and also in the percentage of germination of those seeds classified as good. 
The higher doses reduced both numbers of good seeds and their germination. 
There was no evident dose response of seedling height, if the seed did 
gerniinale it grew about as well as any at the dose levels measured. 

IlESUHKN 

Se irradiaron inflorescencias de maíz con rayos gamma de cobalto-GO, 
exponiéndolas a una dosis que fluctuó entre 2.50 y 20,000 roentgenios. 
Veinticuatro y 18 horas después de irradiadas, se recobró el polen para 
fertilizar las mazorcas. Se obtuvieron los siguientes datos: número de 
semillas buenas, o sea, semillas bien desarrolladas; porcentaje de germina
ción de la semilla buena,, y altura de las plantas a los 7 y 14 días después 
de haber germinado la semilla. Xo se obtuvo semilla, de la eme se irradió 
con lina dosis en exceso de 1,000 roentgenios. El polen que se traló por 
24 horas afectó poco los caracteres que se midieron, al compararse con el 
que se traló por 18 horas. 1.a reacción fue general en cuanto a la cantidad 
de buena semilla producida por mazorca y a su porcentaje de germinación. 
Las dosis altas disminuyeron tanto la cantidad de semilla buena como el 
porcentaje de germinación. No hubo evidencia cu cuanto a la reacción 
de las plantas irradiadas con referencia a su altura. Si la semilla germina, 
su crecimiento es igual sin importar la dosis aplicada. 

LITERATURE CITED 

1. íirowhiikcr, J. L., Hiology iff angiosperm pollen grain, Indian J. Genet. 19: 121- 33, 
1057. 

2. ÍJrewlmkor, J. L... and Kiuery. (t. C Pollen rniliiilH>tuiiy,AW<«fff»i Dm. 1:101-154. 
11102. 

3. Onldecott, It. S., Effects of ionizing radiations on seeds nl" barley. Radial, lies. %: 
330-350, 1055. 

4. Frolik, I'J. E., and Morris, It., Effects of irradiating maize pollen in a nuclear 
reactor on the Fi plants, Science S: 153-1, 1050. 

5. , and . Xeniaeffects of irradiating corn pollen in a nuclear reactor, Ayron. 
./. 42: 203-7, 1050. 

0. Morris, H., Transmitted pollen and chromosomal nberrnncica induced in maize 
liy tassel exposure in a nuclear reactor, Attirr. J. Hoi. Si): 542-7, 1052 

7. Met'iclc, I/. W. ami Meriele. K. P., Hadio.sensil ivity of the developing plant om-
hryo: Fundamental aspects of radiosensitivity, H: Brookhavcn National Lab
oratory 075, 1061. 

8. NntTe.r, M. (i., Additional evidence on the effect, of x-rays and ultraviolet light 
radiation on mutation in vniize, Genética ¿8: 273-82, 1957, 



EFFECTS OF CO ÜO GAMMA iUUADIATICA" O.N COUX POELEX 17 

9. Osborne, T. S., and liacon, J. A., Two improved and inexpensive systems for 
moisture stabilization in seeds and other tissues. Plant Physiol, 36:309-12,1961. 

10. Randolph, L. F., Developmental morphology of the caryopsis in maize. J. At)r. 
Res. 53: 881-916, 1936. 

11. Swanson, C. P., X-rays and ultraviolet studies on pollen tubo chromosomes, I, 
The effect of ultraviolet (2537 A) on X-ray induced chromosome aberrations, 
Genetics 29: 131-8, 1!M4. 

12. ¡Schmidt, J. W., and Frolik, E. F., Comparative effects of thermal neutrons ir
radiation of maize pollen and mnixc seeds on subsequent seedling growth, ./. 
Heral. J$: 173-7, 1951. 

13. Stadler, L. G., and Uber, F. M., Genetic effects of ultra violet radiation in maize, 
Genetics 27: 84-118, 1942. 


