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Ash Percentage and Mineral Content of Maize (Zea mays L.)
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I. Genotypic Effects?!
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Summary. Pollen and style from three single cross hybrids (W/79xvHS55, Ky49xKy27, K64xK55) and two inbred
lines (0h43, H55) were ashed and the content of various mineral elements was determined. The ash percentage of
the pollen was 2.93, 2.94, 2.83, 3.70, and 3.77 for WjoxHS55, Ky49xKy27, K64xK55, 0k43, and H53 respectively.
Significant differences were found between the hybrid and inbred groups but not within groups. The ash percentage
of the style was 4.85, 4.60, 4.52, 5.59, and 5.23 for WfxH 55, Ky49xKy27, K64xK55, 0h43, and HS5 repectively.
Significant differences were present both between and within the hybrid and inbred groups. Averaged over all geno-
types the content of 47, Ca, Cu, Fe, K, Mg, Mn, Na, P, and Zn was 0.46, 9.20, 0.20, 0.48, 105.09, 11.53, 0.24, 5.93,
69.57, and 1.90 microgr dms/gram drv W elght of po]]en respegtlve]v The content of Al, Ca, Fe, and K was altered by
genotype. Avecraged over all genotypes, the content of A/, Ca, Cu, Fe, K, Mg, Mn, Na, P, and Zn was 0.25, 19.33,
0.32, 0.64, 308.80, 23.03, 0.21, 10.78, 52.20, and 1.10 microgmms/gram dry weight of style respectively. The content
of Al, Ca, Fe, K, Mg, and M»n was altered by genotype. Based on dry weight, highly significant differences between
the pollen and style were obtained for all elements, Also, significant tissue X genotype interactions were found for
Ca, Fe, K, Mg, Mn, and P. Averaged over all genotypes, the content of A7, Ca, Cu, Fe, K, Mg, Mn, Na, P, and Zn
was 13.83, 288.39, 6.43, 15.06, 3287.58, 370.27, 7.48, 185.55, 2176.65, and 58.95 micrograms/gram ash weight of pollen
respectively. The content of A7, Ca, Fe, K, Mg, and Mn was altered by genotype. Averaged over all genotypes, the
content of A1, Ca, Cu, Fe, K, Mg, Mn A\u P, and Zn was 4.76, 390.28, 6.54, 12.84, 6235.78, 466.59, 4.22, 220.41,
1059.23, and 22.12 mmrograms/grdm ash vw,lght of style respectively. The content of Al, Ca, Fe, Mg, Mn and P
was altered by genotype. Based on ash weight, highly significant differences betwcen the pollen and stylc were found
for Al, Ca, Fe, K, Mg, Mn, P, and Zn. Also, significant tissue X genotype interactions were found for Ca, Fe, K,

Mg, and Mn.
pollen and style were influenced by the source genotype.

Introduction

Information regarding the ash percentage and mi-
neral content of maize pollen is very limited. The
few previous studies were generally confined to ana-
lyzing pollen from a single genotype (Anderson and
Kulp 1922; Knight e al. 1973). However, ash per-
centage was reported to be influenced by the geno-
type of the source (Anderson and Kulp 1922). Other
characteristics of pollen grains such as fertilization
ability (Pfahler 1965, 1967), 1» vitro germination cha-
racteristics (Pfahler 1968, 1970, 1971; Pfahler and
Linskens 1972) and biochemical composition (Pfahler
and Linskens 1970, 1971) were shown to be influenced
by the genotype of the pollen or pollen source. There-
fore, ash percentage and mineral content of the pollen
probably would also be altered by the genotype of
the pollen or pollen source.

Very little information is available regarding the
ash percentage and mineral content of maize style.
A very recent study (Knight ¢¢ al. 1973) reported the
Ca, K, Mg, P, and S content of style collected from
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The results indicated that the ash percentage and the content of a number of mineral elements in the

one genotype. The effect of genotype on one other
characteristic of the style in maize has been found
(Pfahler 1967). The fertilization ability of pollen
grains was shown to be influenced by the genotype
of the style suggesting that the rate of pollen tube
growth through the style was altered by the genotype
of the style.

Genotypic differences in the ash percentage and
mineral content of the pollen and style would con-
tribute to our understanding of the fertilization pro-
cess. Therefore, this study was undertaken to deter-
mine the ash percentage and mineral content of pollen
and style from five genotypes.

Materials and Methods

Iive genotypes, three single cross hybrids (WfoxH55,
Ky49xKy27, K64x55) and two inbred lines (0443, H53)
were used. Pollen and style were collected from at least
100 plants of each genotype. Pollen was collected and
screened by the method of Pfahler (1965). Styles free
of pollen (bagged before emergence) were collected and
cut into sections abowut 1 ¢m long to promote rapid drying.
At the time of collection, the styles had attained maxi-
mum length. Immediately after collection, the pollen
and style sections were rapidly dried using silica gel as
a desiccant and a temperature of 30 °C.
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Approximately 5g of the dried pollen and style from
cach genotype were accurately weighed in ‘beakers and
ashed. The ashing procedure involved heating for 1 h at
200 °C followed by 8 h at 500 °C. The beakers were allow-
ed to cool slowly. After cooling, excess concentrated HCI
was added and slowly evaporated. The beaker was then
heated for §h at 500 °C. A white ash resulted. After
careful reweighing, the ash weight was determined and
the ash percentage was calculated. The ash was then dis-
solved in a 0.1 N HCI solution for mineral content deter-
minations. Four replications of the weighing and ashing
procedure were made for the pollen and style of each
genotype. Therefore, for each tissue in each genotype,
four measurements of ash percentage and the content of
cach mineral element were obtained.

The content of Al, Ca, Cu, I'e, Mg, and Zn was dcter-
mined with an atomic absorption spectrophotometer. The
content of i and Na was determined with a flame emis-
sion spectrophotometer. The content of P was deter-
mined colorimetrically using the chlorostannous-reduced
molybdophosphoric blue color method in a sulfuric acid
system (Jackson 1958).

The content of each clement was expressed on the basis
of micrograms/gram dry weight of tissue and micrograms/
gram ash weight of tissue. Both were nccessary because
of the large differences found in the ash percentages of
the tissucs and genotypes.

For cach element, a number of analyses of variance was
performed. To reduce variance heterogeneity. the data
expressed in dry weight of tissue was analyzed separately
from that expressed in ash weight of tissue. Initially, an
analysis of variance was performed on the data associated
with the pollen and style separately to determine geno-
typic effects wthin the pollen and style. A second analysis
of variance was then performed combining the polien and
style data. F values for the tissue main effect and the
tissue X genotype interaction were obtained from the
sccond analysis.

The minimum differences for significance presented in
the tables were obtained by the revised Duncan’s ranges
using for $ only the maximunr number of means to be
compared (Harter 1960).

Results
Ash Percentage
Significant differences were found between the
pollen and style with the percentage in the style
considerably higher than that in the pollen for all
genotypes (Table 1). In the pollen, considerable dif-
ferences were present between the genotypes with

Table 1. Ash percentage® of pollen and style from severval
maize genotypes

Hetero-

Genotype Description zygosity Dollen Style
level

WioxH 55 Single cross High 2.93 4.85
hybrid

Kya9xKy2y Single cross High 2.94 4.60
hybrid

K64xK55 Single cross High 2.83 4.52
hybrid

0h43 Inbred line Low 3.70 5.59

H53 5.23

Inbred line Low 3.77

& Minimum differences for significance were 0.12 and 0.17
at the 5 and 19, level respectively. Each value represents the
mean of 4 measurements.
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the single cross hybrids consistently lower as a group
than the inbred lines. Significant differences were
present between groups but not within the hybrid
group or the inbred group. A similar situation was
found in the style with the single cross hybrids having
a lower percentage than the inbred lines. However,
significant differences were found not only between
groups but within each group. A highly significant
tissue X genotype interaction was obtained indicat-
ing that the genotypes altered the magnitude of the
differences between the pollen and style.

Element Content

Dry weight of tissue: The content of many elements
in the pollen and stvle were influenced by the geno-
types (Table 2). In general, the genotypic influence
on eacl element was present both in the pollen and
style or was not present in either the pollen or style
asin Cu, Na, P, and Zn. However, with Mg and Mn
a genotypic influence was found in the style but not
in the pollen.

Table 2. Content (micvograms/gram dry weight) of various

maneral elements in the pollen and style. I° values associated

with the tissue main effect and the tissue X gemotype inter-
action ave included

¥ value
Ele- o, . S -
ment Pollen Style Tissue main  Tissue x genotype
effect interaction
Al 0.46% 0.25% 34.73¢ 1.11
Ca 9.20" 19.33%  3803.26° 73.44¢
Cu 0.20 0.32 17.15° 0.77
Fe 0.48% 0.64% 94.19¢ 12.38¢
K 105.09"  308.80* 3703.06¢ 11.57¢
My 11.58 23.03% 365.22¢ 3.69¢
Mn 0.24 0.21% 9.57¢ 4.39¢
Na 5.93 10.78 34.72°¢ 1.62
r 69.57  52.20 40.58¢ 2.84"
Zn 1.90 1.10 19.87¢ 1.75

4 Significant differences (F value ) at the 19 level between
genotype means that were averaged to obtain this value,
Ilach value represents the mean of 20 measurements.

b¢ F value significant at the 5 and 19, level respectively.

As shown by the F values associated with the tissue
main effect, significant differences between the pollen
and style were found for all elements (Table 2). Dif-
ferences between the pollen and style were not large
or consistently in one direction. The element K
showed the largest percentage difference with the
style having 294%, more K than the pollen.

The tissue X genotype interactions indicated that
for Ca, Fe, K, Mg, Mn, and P, the genotypes altered
the magnitude of the differences between the pollen
and style (Table 2).

The content of each genotype for those elements
which showed either a significant genotype effect or
a tissue x genotype interaction is shown in Table 3.
Relatively large differences within the pollen and
style as a result of the genotypes were found. These



34 P. L. Pfahler and H. F. Linskens: Ash Percentage and Mineral Content of Maize. 1.

Table 3. Content (micrograms/gram dvy weight) of various mineval elements in pollen and style from each genotype. Only
those elements in which a significant genotype effect or a tissue X gemotype intevaction was indicated in Table 2 ave included

Genotype Minimum differences
Element Tissue
WioxHs5  Ky49wKy27 K64xK55  Oh43 Hs5 5% 1%
Al Pollen 0.35% 0.28 0.30 0.70 0.66 0.26 0.36
Style 0.10 0.15 0.15 0.50 0.33 0.10 0.13
Ca Pollen 8.17 8.67 9.40 9.68 10.08 0.92 1.29
Style 15.07 16.50 22.01 23.90 19.19 0.83 1.16
Fe Pollen 0.41 0.51 0.35 0.60 0.55% 0.08 0.12
Style 0.46 0.54 0.60 0.93 0.68 0.09 0.13
K Pollen 93.29 117.65 93.80 100.98 119.71 718 10.03
Style 313.06 289.68 278.29 335.43 327.54 24.18 33.77
Mg Pollen 10.00 15.17 10.60 10.65 11.49
Style 23.94 21.13 22.84 24.06 23.19 1.47 2.05
Mn Pollen 0.21 0.26 0.25 0.26 0.21
Style 0.22 0.18 0.21 0.23 0.22 0.01 0.02
P Pollen 61.94 63.64 62.20 69.60 85.47
Style 50.89 49.91 55.20 53.37 51.64

2 Tach value represents the mean of 4 measurements.

differences were not consistently associated with the
heterozygosity level of the genotypes. However, for
some elements, the inbred lines had a higher content
as a group than the single cross hybrids. The signi-
ficance of the tissue X genotype interactions indi-
cated that, considering a number of genotypes, the
content of the pollen would not reflect the content
of the style. The element, Ca, showed the largest
interaction (F = 73.44, Table 2) and will be used as
an example. The difference (style content-pollen
content) was 6.90 for Wf9xH55 and 14.22 for 0243.

Ash weight of tissue: The content of many elements
in the pollen and style were influenced by the geno-
types (Table 4). In general, the genotypic influence
was present both in the pollen and style or was not
present in either the pollen or style as in Cu, Na, and

Table 4. Conlent (micvogramsjgram ash weight} of vavious

mineral elements in the pollen and style. F values associated

with the tissue main effect and the tissue X genotype inler-
action are included

F value

i]:nt Pollen Style Tissue main Tissue X geno-
effect type interaction

Al 13.832 4.76P 83.09° 1.07

Ca 288.30"  390.26®  467.78°  20.80°

Cu 6.43 6.54 0.02 0.68

Fe 15.06P 12.84P 26.54¢ 8.74¢

K 3287.58>  6235.78  1771.07¢ 6.76°

Mg 370.27°  466.59° 33.78¢ 5.49°

Mn 7.48% 4.22°  152.01° 5.54¢

Na 185.55 220.41 2.56 1.65

P 2176.65 1059.23%  182.82°¢ 0.75

Zn 58.95 22.12 51.74°¢ 1.39

a0 Significant differences (F value) at the 5 and 1% level
respectively between genotype means that were averaged to
obtain this value. Each value represents the mean of 20 meas-
urements.

¢ F value significant at the 1% level.

Zn. However, with K and P, a genotypic influence
was present in either the pollen or style but not both.

As shown by the F values associated with the
tissue main effect, significant differences between
pollen and style were obtained for all elements except
Cu and Na (Table 4). Differences between the pollen
and style were not large with A4/ showing the largest
difference in terms of percentage. In this case, the
pollen had 2919, more A/ than the style.

The tissue X genotype interactions indicated that
for Ca, Fe, K, Mg, and M#n, the genotype altered the
magnitude of the differences between the pollen and
style (Table 4).

The content of each genotype for those elements
which showed either a significant genotype effect or
a tissue X genotype interaction is presented In
Table 5. Relatively large differences between the
pollen and style as a result of the genotypes were
found. In general, these differences were not con-
sistently associated with the heterozygosity level of
the genotypes. However, some exceptions did occur.
The significance of the tissue X genotype interactions
indicated that, considering a number of genotypes,
the content of the pollen would not reflect the content
of the style. The element, Ca, showed the largest
interaction (F = 29.89, Table 4). The difference
(style content-pollen content) was 30.77 for WfoxH55
and 164.64 for Oh43.

Discussion

The results of this study indicated that the geno-
type influenced the ash percentage of maize pollen.
The range in ash percentage reported for maize pollen
was from 2.55 (Todd and Bretherick 1942) to 4.90
(Nielsen et al. 1955). Only one report indicates geno-
typic differences. Anderson and Kulp (1922) reported
that the ash percentage of yellow dent, white flint

Theoret. Appl. Genetics, Vol. 45, No. t
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Table 5. Content (micvograms|grams ash weight) of various mineval elements in pollen and style from each genotype. Only
those elements in which a significant genotype effect ov a tissue X genotype intevaction was indicated in Table 4 ave included

Genotype Minimum difference
Element Tissuc — —— - R . . B '
WioxcHss  Ky4oxrKy27 Ko64zKs55  0h43 H55 5% 1%
Al Pollen 12.04% 9.33 10.86 19.15 17.96 7.23
Style 2.07 3.27 3.32 9.84 6.22 1.98 2.77
Ca Pollen 280.22 295.66 333.24 263.19 269.62 30.91 43.16
Style 310.99 358.57 487.33 427.83 366.64 85.21 7710
Fe Pollen 14.08 17.50 12.58 16.56 14.58 22.55 3.56
Style 9.51 11.77 13.37 16.60 12.96 2.00 2.80
K Pollen 3193.71 400715 3319.17 2739.41 3173.47 224.24 313.14
Style €4€0.73 6296.13 6162.56 6003.26 6256.24
My Pollen 346.61 517.69 377.66 293.11 316.30 121.48 169.64
Style 493.98 459.40 505.97 430.59 442.99 28.95 40.43
Mn Pollen 7.16 8.84 3.67 7.05 5.69 1.99
Style 4.48 3.74 4.53 416 4.20 0.14 0.20
r Style 1048.90 1084.87 1221.33 954.65 986.40 109.55 152.98

# Each valuce represents the mean of 4 measurcments.

and popcorn was 3.46, 3.83, and 3.13 respectively.
Presumably the varieties were open-pollinated so
that no differences in heterozygosity levels were pres-
ent. Therefore, the differences were the result of
genetic factors which may or may not be related to
the starch endosperm types represented in the
study. In the study reported here, the five genotypes
were all of the dent type but differed in heterozygo-
sity level. The results indicated that differences in
ash percentage were obtained between but not within
heterozygosity levels. Apparently, a major factor in
the difference was the heterozygosity level rather
than genetic factors. The environmental conditions
under which the pollen source is grown is another
factor which could conceivable alter the ash percent-
age of pollen. Nielsen et al. (1955) collected pollen in
each of two successive years and reported an ash per-
centage of 4.90 for each year. They did not indicate
if the same genotype was used in each year. However,
if this is assumed, environment in the form of years
apparently has little or no influence on the ash per-
centage of the pollen.

In comparison with pollen, the genotypic influence
on the ash percentage of style followed a somewhat
different pattern. The results of this study indicated
that as in pollen, both inbred lines as a group had
a higher ash percentage than the single cross hybrids
as a group. However, significant differences were
present within the two groups. This suggests that
not only heterozygosity level but genetic factors are
involved in influencing the ash percentage of the
style.

The level of mineral elements in pollen vary widely
depending on the species (Todd and Bretherick 1942).
In this study, the content of the various elements
compare quite closely to those reported for maize
pollen by other workers (Anderson and Kulp 1922;
Knight et al. 1973 ; Nielsen ¢t al. 1955; Todd and Bre-
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therick 1942). No studies are available making direct
comparisons among genotypes within a species. The
results of this study indicated that for most elements,
the genotypic influence is independent of the hetero-
zygosity level of the genotypes. One report suggested
that the environmental conditions under which the
pollen source is grown may influence the mineral
content of the pollen. Nielsen e al. (1955) reported
that the P content was 0.58%, ash weight in 1953
and 0.759, ash weight in 1954. No indication was
given whether this difference was significant or the
same genotype was sampled each year. If both are
assumed, then apparently, year differences will alter
the content of some elements.

Only one report concerning the mineral content of
maize style is available. Knight ef al. (1973) reported
the Ca, I, Mg, P, and S content of style collected
from one genotype and in general, their values cor-
respond closely to those presented in this paper. In
the study reported here, no consistent relationship
between the heterozygosity level of the genotypes
and their mineral content was found indicating that
genetic factors were involved.

The role of mineral elements in maize pollen and
style is essentially unknown at the present time. In
vitro germination studies (Pfahler 1968, 1970, 1971)
with maize pollen have indicated that the level of
Ca and B required in the artificial medium to produce
maximum germination and pollen tube growth varies
considerably depending on the genotype of the pollen
or pollen source. This suggests that the content of
some elements in the pollen may be associated with
the level of the same elements in the germination
medium required to produce maximum germination
and pollen tube growth. The conditions present in
the in vitro germination medium probably are related
to those in the style. Therefore the reported differ-
ences in fertilization ability resulting from the pollen
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source (Pfahler 1965, 1967) and style (Pfahler 1967)
may be related to the mineral content of the pollen
and style. The complex relationships between geno-
type, mineral content, in vitro germination charac-
teristics and fertilization ability require further study.
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