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Ultraviolet Irradiation of Maize (Zea Mays L.) Pollen Grains
I. Pollen Genotype Effects on Kernel Development

P.L. Pfahler and H.F. Linskens . N
University of Florida, Gainesville, Florida (USA) and University of Nijmegen, Nijmegen (the Netherlands)

Summary. Mature pollen grains from two single cross hybrids, W9 X H55 and K64 X K55, were exposedto.elev-
en levels (0 to 6.80 erg/cm® X 10° at 0.68 intervals) of ultraviolet irradiation and then were used to pollinate
their genetic source. The number and weight of the normal and shrunken (partially aborted) kernels on each ear
were tabulated. In general, the number of normal kernels decreased and the number and percentage of shrunken
kernels increased with increasing exposure. However, significant exposure X hybrid interactions were present
indicating that the amount of change depended on the hybrid. No consistent relationship between exposure and ei-
ther normal or shrunken kernel weight was apparent, but pollen source hybrid was acontributing factor. Theem-
bryo weight and coleoptile length after germination were also determined for the normal kernels. Changes in
these characters by irradiation were also strongly influenced by the hybrid. These results ir_xdxcate that the di-
rection and magnitude of the changes in kernel development produced by ultraviolet are modified considerably by
the genetic source of the pollen grains. Presumably, genetic variation for ultraviolet responseis present and se-

lection would be successful.

Introduction

Pollination with pollen grains exposed to ultraviolet
irradiation is known to result in a decrease in the
number of normally developed viable seeds and an in-
crease in the number of shrunken inviable seeds
(Brewbaker and Emery 1962) . Apparently, ultra-
violet induces nuclear changés in the pollen grain
which disrupt embryo and endosperm development.
No detailed information regarding the complex rela-
tionships between exposure level, kernel develop-
ment and pollen source is available. Therefore, the
purpose of this study was to determine the number
and weight of normal and shrunken (partially aborted)
kernels produced after pollination with ultraviolet-
irradiated pollen grains from two genetic sources of

maize.

Materials and Methods

Large quantities of mature pollen grains from two single
cross hybrids, Wi® X H55(W) and K64 x K55(K),
were collected on each of two dates, June 1 (Date 1)
and June 9 (Date 2) in 1972 by the method of Pfahler
(1965) . On each date the pollen grains from each hy-
brid were exposed to eleven levels (0 to 6.80 erg/cm
% 10° at 0.68 intervals) of ultraviolet using an appa-
ratus which exposes grains to irradiation from all di-
rections {Pfahler 1973). After irradiation, the pollen
grains from each level were used to-pollinate six ears
of their source. All pollinations were made with equal-
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quantities of pollen grains in amounts adequete to ful-
ly pollinate the ears. Thus, for each level and hybrid,
12 ears (six from each date) were obtained.

On each pollinated ear, the numbers of the nor-
mal and shrunken (partially aborted) kernels were
determined. The normal classification includedthose
kernels whose embryo and endosperm had a normal
size and appearance and were viable. The shrunken
classification contained kernels whose embryo and/or
endosperm were reduced in size and defective in ap-
pearance and also were generally inviable. The dif-
ferences between the two kernel types were well-de~
fined and, in most cases, obvious. A percent shrunken
classification was computed based on the total num-
ber.

An equal number of normal Kernels from each of
the 12 ears from each level and hybrid was mixed,
eliminating the ear and date variable. The same pro-
cedure was done with the shrunken kernels. From
each of the resulting 22 groups of both normal and
shrunken kernels, 100 kernels were weighed, with
some exceptions noted in the tables. The embryos
from the normal kernels in each group were removed
after soaking the kernels in water for 24 hours at 60°C.
After removal, the embryos were dried at 60°C for
72 hours. The weight of 100 embryos in each group
was determined after drying. Coleoptile measure-
ments were taken on 100 normal kernels in eachgroup
after germination for 7 days at 23°C.

Appropriate analyses of variance were performed
on each character measured. Square root transfor-
mations were applied to the shrunken kernel number
data before analysis to reduce variance heterogeneity.
Inverse sine transformations were applied to all per-
centage data before analysis. The minimum differen-
ces for significance in the tables were obtained by
means of the revised Duncan's ranges using for p
only the maximum number of means to be compared
(Harter 1960).
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Table 1. Mean squares from the variance analyses involving kernel number and their rela-

tionships

Source of Degrees of Normal kernel  Shrunken kernel Percent
variation freedom number number® shrunken kernels®
Hybrid (H) 1 80152%%¥ 21.03%#* 121.58%
Exposure (E) 10 4418351 204 ,35%% 4045.46%%*
E xH 10 15019%# 5.28%% 77.313%%
Date (D) 1 1700 1.63 107.75%
D xH 1 15781 12.87%%* 53.21

D XE 10 10477% 6.,173%¥* 24.10

D XE XH 10 342923 9.46%* 29.43
Error 220 4452 1.76 20.37

* Square root transformation
® Inverse sine transformation
#* ## F values significant at the 5 and 1% level respectively

Results fluenced by ultraviolet exposure and that the magni-
tude of the changes depended on the hybrid involved.
Number The influence of the main effect, date, and its inter-

actions was quite inconsistent and erratic.
Mean squares from the analyses of variance are pre- The means associated with the analyses of vari-
sented in Table 1. For all characters measured, the ance are presented in Table 2. In both hybrids, in-
main effects, hybrid and exposure, and the interac- creasing exposures decreased the normal kernel num-
tion, exposure X hybrid, were significant at least at ber so that the number at the highest exposure level
the 5% level and, in the majority of cases, at the 1% was about 20 % of the O level. The significant exposure
level. It is apparent that in both hybrids kernel num- X hybrid interaction was associated with the lower

ber and percent shrunken kernels were greatly in- and intermediate exposure levels, with W showing

Table 2. Means associated with kernel number and their relationship. Each value represents the mean of 6 ears

Exposure (erg/cm2 X 105)

Character Hybrid Date 0 0.68 1.36 2.04 2.72 3.40 4.08 4.76 5.44 6.12 6.80
Normal ker-
nel number* W 1 474 471 486 389 418 307 275 231 189 136 118
2 534 525 493 334 419 318 253 135 136 100 82
K 1 428 420 261 351 371 292 254 200 182 139 104
2 485 441 405 329 336 286 249 199 133 131 83
Shrunken ker-
nel number® w 1 1.46 2.11 3.55 4,61 7.13 7.58 9.93 9.75 10.19 9.54 9.14
2 0.93 2.01 4.08 4,73 7.26 9.62 8.62 7.27 8.59 10.03 8.71
K 1 1.36 1.28 2.19 4.38 5.97 7.75 8.35 8.37 7.99 7.89 8.38
2 1.94 1.75 4.25 6.63 7.92 9.04 9.00 8.95 7.47 7.14 6.40
Percent shrun-
ken kernels® W 1 4.64 5.59 9.09 13.30 19.40 23.67 30.88 32.85 36.58 41.08 40.81
2 2.31 4.98 10.63 14.70 19.70 28.41 28.40 28.72 36.62 45.12 43.19
K 1 4.10 3.54 8.08 13.11 17.41 24.52 28.12 30.59 30.78 34.17 39.38
2 5.06 4.79 11.95 20.02 23.40 28.21 29.80 32.85 33.93 31.93 35.79

* Minimum differences between any two normal kernel means for significance are 98 and 127 at the 5 and 1%
level respectively

® Transformed (square root) means. Minimum differences between any two transformed shrunken kernel means
for significance are 1.94 and 2.53 at the 5 and 1% level respectively

¢ Transformed (inverse sine) means. Minimum differences between any two transformed percent shrunken ker-
nel means for significance are 6.61 and 8.61 at the 5 and 1% level respectively
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Table 3. Mean squares from the variance analyses involving kernel weight, embryo weight and

coleoptile length

Source of Degrees of Normal kernel Shrunken kernel Embryo Coleoptile
variation freedom weight weight weight length
Hybrid (H) 1 9871.2 71252.65%%* 277.57%* 162
Exposure (E) 10 23970.7%%* 26853.86%% 505.10%% 9450+

E xXH 10 65990.9%% 17878 .68%% 312.80%%  g784##%
Error 2178% 2589.6 2504.71 27.83 1516

* Error degrees of freedom for shrunken kernel weight were 1933

** F values significant at the 1% level

less decrease in this range than K. A somewhat dif-
ferent pattern was found with shrunken number and
percentage. In both hybrids, increasing exposure
sharply increased both number and percentage. How-
ever, the significant exposure X hybrid interaction
was primarily associated with the higher exposure
levels. This response is obvious in Fig.1, which is

plotted in actual rather than transformed means. The
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Fig.1. The effect of various ultraviolet exposure lev-
els on the number and percent of shrunken kernels ob-
tained on the two hybrids
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rate of increase of W and K was almost identical at
the lower and intermediate exposure levels. Above

2

4.76 erg/cm” x 105, the rate of increase in K was

considerably lower than that in W.

Weight and Length

Mean squares from the analyses of variance are pre-
sented in Table 3. For all characters measured, the
main effect, exposure, and the interaction, exposure
X hybrid, were significant at the 1% level. These re-
sults indicated that in both hybrids exposure to ultra-
violet altered kernel weight and coleoptile length and
the degree of change was related to the hybrid in-
volved.

The means of each hybrid at the various exposure
levels are shown inTable 4 andare plotted as a % of O
exposure in Fig.2. For normal kernel weight, shrun-
ken kernel weight and embryo weight, increasing ex-
posure increased the means in W and producedlittle
or no change in K. The means in W significantly ex-
ceeded the O exposure level at all exposure levels,
whereas the means in K at most levels were not sig-
nificantly different from the O exposure level. An
entirely different relationship emerged with coleop-~
tile length. With this character, a reduction was found
with increasing exposure. Significant differences from
the O exposure level were found at the intermediate
and higher exposures in W while the mean of K was
significantly different from the O exposure level only
at 6.80 erg/cm2 x 10°.
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Table 4. Mean associated with kernel weight, embryo weight and coleoptile length. Each value represents the

mean of 100 measurements with exceptions noted

Exposure (erg/crn2 X 105)
Character Hybrid 0 0.68 1.36 2.04 2.72 3.40 4.08 4.76 5.44 6.12 6.80
Normal kernel
weight (mg)*® W 286.14 313.33 301.68 328.33 331.06 346.40 335.46 371.34 368.15 339.05 336.35
K 341.31 337.22 354.41 353.33 359.37 337.50 320.57 313.26 330.19 341.68 315.06
Shrunken kernel
weight (mg)b W 38.88° 67.077 83.52 94.29 97.87 119.19 71.62 83.45 86.73 71.31 80.33
K 60.69% 74.95%104.78 75.57 78.00 68.68 58.53 79.12 59.18 73.77 59.75
Embryo
Weight(mg)c W 25.13 28.36 27.12 30.23 31.01 32.01 30.03 33.47 32.39 29.71 28.99
K 28,22 28.46 29.66 29.34 32.22 30.81 29.61 27.87 29.76 26.68 28.02
Coleoptile
length (mm)Cl w 118 125 111 111 117 94 105 98 100 99 99
K 111 104 111 102 102 104 113 119 112 111 83

* Minimum differences between any two normal kernel weight means for significance are 17.54 and 22.75 at the

5 and 1% level respectively

® Minimum differences between any two shrunken kernel weight means for significance are 17.25 and 22.37 at

the 5 and 1 4 level respectively

¢ Minimum differences between any two embryo weight means for significance are 1.82 and 2.36 at the 5 and 1%

level respectively

¢ Minimum differences between any two coleoptile lehgth means for significance are 13 and 17 at the 5 and 1%

level respectively

e, 1,8s 50

Discussion

In maize, kernel abortion resulting from pollination
with ultraviolet - irradiated pollen grains has been
recognized (Brewbaker and Emery 1962, Stadler and
Sprague 1936, Stadler and Sprague 1937, Stadlerand
Uber 1942). However, no experimental results rela-
ting abortion to exposure level have been reported,
since the main thrust of most studies dealt with the
mutagenic activities of this agent on specific loci or
chromosomes. Also, ultraviolet irradiation studies
with maize pollen grains are difficult because of the
limited penetration of ultraviolet and the large dia-
meter and eccentric nuclear orientation within maize
pollen grains (Brewbaker and Emery 1962, Uber
1939). The apparatus used in this study reduces these
problems to a minimum (Pfahler 1973). Our present
knowledge, gained largely from research with other
species, indicates that seed abortion results from
cytogenetic damage or dominant lethality induced in
the mature pollen grain at the time of exposure. To
fertilize the ovule and produce abortion, the pollen
grains containing irradiation-induceéd damage must
germinate, produce a pollen tube and compete with

The mean of 35, 57, 37, and 28 measurements respectively

undamaged pollen grains. Itis obvious from this study
that induced damage does not completely inhibit the
fertilization ability of the damaged pollen grains.
However, the relationship between irradiation da-
mage and fertilization ability may not be completely
independent since a pollen source effect was evident
in this study. This independence of damage and ferti-
lization ability was observed in a study involving
gamma irradiation of maize pollen grains, but dif-
ferences between pollen sources were not significant
(Pfahler 1967). An <n vitro study {Pfahler 1973)
indicated that the germination percent and pollentube
growth of maize pollen grains from onegenetic source
decreased only slightly when the grains were exposed
to the levels used in this study. Our limited knowledge
in this area suggests that the relationship between ir-
radiation damage and fertilization ability is indepen-
dent. However, the differences between pollen sources
found in the present study indicate that this observa-
tion may have to be modified, at least in regard to
ultraviolet.

Another important consideration that should be in-
cluded in interpreting these results is the trinucleate

condition of the mature maize pollen grain and its re-
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Fig.2. The effect (in % of O exposure level) of various exposure levels on the weight of the various kernel types
and the coleoptile length of the normal kernels obtained on the two hybrids. The 5 % significance range from O ex-
posure level is indicated by the horizontal lines equidistant above and below 100%. Circles = W; stars = K

lationship to the double fertilization process and ker- bryo, which is highly organized and differentiated,
nel abortion. Three nuclei, two sperm and one pollen can tolerate little damage introduced by the male
tube, are present at the time of irradiation. Irradia- genome before abortion occurs. On the other hand,
tion induces changes in these nuclei independently and the triploid endosperm, which is less organized, can
at random so that in the resulting kernel the embryo tolerate relatively large amounts of damage intro-
and endosperm contain male genomes that probably duced by the sperm nucleus before abortion occurs.

have different degrees of damage. The diploid em- Therefore, kernel abortion is more commonly as-
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sociated with the embryo rather than the endosperm
(Brewbaker and Emery 1962). In the study reported
here, the normal kernel weight and embryo weight in
both hybrids followed the same pattern with increa~
sing exposure, indicating that the effects of ultra-
violet irradiation on the embryo and endosperm were
essentially the same.

The mechanisms responsible for the pronounced
differences between pollen sources are unknown at
present. Apparently, the differences were present
or occurred at the time of irradiation and resulted
in less damage to the pollen grains from one source
than the other. Many factors and their interactions
may be involved. Firstly, the nuclei in the pollen
grains from one source may be inherently more ra-
diosensitive, and thus, more extensive damage from
irradiation occurs. Secondly, the repair or reacti-
vation mechanism (Fujui 1969, Ikenaga and Mabuchi
1966), in which the effects of ultraviolet irradiation
revert to normal, may be more active or effective
in pollen grains from one source than another. Third-
ly, morphological and physiological differences in
pollen grains would be very important because of the
low penetrance of ultraviolet. In this case, differ-
ences in size, shape, opacity, density, nuclear ori-
entation or even extine structure or thickness would
be critical. Substantial diameter differences between
pollen grains from various sources have been re-
ported (Pfahler 1965). If all or any of these factors
contribute to radiosensitivity differences, then gen-
etic variation for these factors is probably present.
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Therefore, selection for pollen radiosensitivity would

be possible.
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