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ABSTRACT

The ploidy levels of ten field-grown white ash trees from southern Illinois were determined using
cytophotometric methods. A wood sample was removed from the bole of each tree and examined to
determine wood cell sizes, increment widths, and specific gravity. Six of the trees examined were
diploids, two were tetraploids, and two were hexaploids. There were no differences between the ten
trees in wood specific gravity. The higher ploidy levels did show a statistically significant correlation
with longer vessel elements and longer fibers. The increase in fiber length was attributable both to an
increase in the average cambial initial length and a proportionate ontogenetic elongation.
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In a prior study two components of genetic variation, one related to ecotypic
variation and one related to the ploidy level of the tree, were identified in the
wood of white ash seedlings (Armstrong and Funk 1980). The wood of polyploid
white ash seedlings had significantly longer vessel elements, and therefore, longer
fusiform cambial initials, and longer fibers than diploid seedlings. If the differ-
ences between the wood of polyploid and diploid individuals persisted until the
trees attained commercial timber size, a breeding program to increase the fiber
length by selecting polyploid white ash can be easily justified. The data from two-
year-old seedlings do not provide any basis for assuming that a similar cell size
differential exists in the wood of mature trees, especially since many juvenile
wood characters change markedly with increasing maturity, particularly an in-
crease in the average cambial initial length. Differences between wood cell sizes
of diploid and triploid aspen were evident in young trees, but were not evident
in more mature trees (Buijtenen et al. 1957, 1958; Einspahr et al. 1963, 1968), but
the higher ploidy levels found in white ash, 4n and 6n, are not necessarily com-
parable to the 2n, 3n aspen. The fact that there is a genetic component influencing
average cambial initial length suggests that individuals with longer cambial initials
would be expected to maintain longer cambial initials throughout their life. Trees
of Fraxinus excelsior that started with somewhat longer fibers retained a longer
fiber length throughout 22 years of growth (Denne and Whitbread 1978).

Stomata size, bud morphology, bud and leaf scar morphology have been suc-
cessfully used to distinguish diploid, tetraploid, and hexaploid nursery-grown ash
trees, but with field-grown trees these anatomical/morphological characters could
only be used to distinguish diploids from polyploids (Wright 1945; Santamour
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1962). Specific information on the distribution of ploidy levels throughout the
range of white ash required cytophotometric methods. The distribution of tetra-
ploids and hexaploids in the southern half of the range of white ash was confirmed
using seed embryos, the progeny of open-pollinated native populations (Schaefer
and Miksche 1977). The ploidy levels of white ash seedlings have also been
successfully determined using cytophotometric methods (Armstrong and Funk
1980). Since the later study used sectioned material and measured the DNA
content of cells located in the phellogen and phelloderm, the same method could
be used on tissue removed from the twigs of mature trees. Identifying the ploidy
level of individual trees in populations growing under natural field conditions still
presents a problem because cytophotometric methods are laborious and do not
yield immediate results.

Since identification of tetraploid and hexaploid field-grown white ash trees has
to be based either on cytophotometric study of the progeny or limited because
of the inherent variation of anatomical/morphological characters used to identify
polyploids, the precise ploidy levels of mature field-grown trees remain largely
unknown. As a result it has been impossible to study wood anatomy in relation
to ploidy level, and no attempt has been made to determine if there are qualitative
and quantitative differences in the wood of mature trees of different ploidy levels.
Wright (1944) suggested that the presence of polyploids in the central portion of
the range of white ash might help explain some seemingly inexplicable differences
observed in the wood strength of white ash trees in the same region. To these
ends it is the purpose of this study to select mature white ash trees, which rep-
resent a seed-source population that has produced progeny of different ploidy
levels, and to determine the ploidy level of these mature trees by cytophotometric
methods. The wood will be examined for qualitative and quantitative differences
that might result in differences in wood quality.

METHODS AND MATERIALS

The seedling and seed embryo progeny of the USDA Forest Service seed col-
lection source location NC-6721 from Jackson, Union and Williamson Cos. in
Illinois had been found to have diploid, tetraploid, and hexaploid chromosome
compliments (Schaefer and Miksche 1977; Armstrong and Funk 1980). Since these
trees were convenient and easily located (each tree is individually identified), ten
trees were selected from this population for study. Five of the trees were pistillate
from which seed had been previously collected, and the remaining five were
staminate. The ten trees were from three locations (Table 1). All of the trees
studied were mature and of a similar size, 27-35 ¢m dbh, except Tree 23, which
was about 40% smaller in dbh (Table 1). The individual trees were located within
a few kilometers of each other but were separated by at least 150 m. In December
1978, a large-diameter core was removed from the south side of each tree at a
height of | m. The cores contained several increments and the five most recent
increments were chosen for study (1974-1978). Scions were collected in April
1979.

One-half-cm bark sections were removed from 1- and 2-year-old twigs and fixed
in Carnoy’s #2 (Berlyn and Miksche 1976) for 4 h. The tissue was then dehydrated
in an ethanol series, transferred to t-butanol, and infiltrated with a paraffin-based
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TABLE |. Field data of study trees.

Tree 1D* dbh (cm)

number Location Flower type 1978
10 Shawnee National Forest, Jackson County Pistillate 28
11 Shawnee National Forest, Jackson County Pistillate 30
12 Shawnee National Forest, Jackson County Pistillate 31
13 Evergreen Park, Jackson County Pistillate 30
14 Evergreen Park, Jackson County Pistillate 31
23 Evergreen Park, Jackson County Staminate 18
24 Evergreen Park, Jackson County Staminate 35
25 Evergreen Park, Jackson County Staminate 27
26 Evergreen Park, Jackson County Staminate 29
27 Hickam Woods, Jackson County Staminate 28

“ USDA Forest Service, North Central Experiment Station. Seed Source Location NC-6721.

embedding medium. The bark was sectioned radially at 10 wm. The sections were
mounted on slides with a chrome-alum gelatine adhesive. Hydrolysis and Feulgen
staining were done following the method outlined by Schaefer and Miksche (1977)
and Berlyn and Miksche (1976). Nuclei were readily located in the phellogen and
phelloderm. Chicken erythrocyte nuclei were not used to compute actual DNA
content per nucleus, since for the purposes of this study it was only necessary
to compute relative values of DNA per nucleus to determine the ploidy levels of
the trees. The cytophotometry was done on a Leitz research microscope in con-
junction with a Leitz MPV microspectrophotometer. The instrumentation was
described in detail by McGinnes and Melcarek (1976). It was determined that the
Feulgen stain absorbency was near maximum at 560 nm. The absorbancy of each
nucleus at 560 nm was measured and multiplied by the area of the nucleus to
calculate the relative DNA content per nucleus. A minimum of twenty-five nuclei
were measured from each tree. The average DNA content per nucleus of the ten
trees was compared by a Tukey-B Multiple Range Test. Sections from one tree
were used as a slide-to-slide control. The slide-to-slide variation in average DNA
content per nucleus of the control tree was found to be statistically negligible.

The specific gravity of the five study increments was determined by the max-
imum moisture content method (Smith 1954). The wood was macerated in Jef-
frey’s fluid (Johansen 1940). The macerated tissue was stained, dehydrated, and
mounted on slides. All cell size measurements are based on fifty randomly se-
lected cells and reported as means +/— one standard deviation. All fiber mea-
surements were made on non-pore zone fibers. Pore zone fibers are considerably
shorter than the fibers in the rest of the increment and can be easily distinguished
by their abruptly constricted cell ends (Chalk 1970). Cell-wall thickness and fiber
diameter were measured in the median portion of the fibers. The orientation of
cellulose microfibrils in the S2 layer of the secondary walls of the fibers was
determined by measuring the angle of deviation of pit aperatures and wall stria-
tions from the vertical cell axis.

RESULTS

Differences in the average DNA content per nucleus between trees demon-
strated that there were six diploids, two tetraploids, and two hexaploids in the



334 WOOD AND FIBER, OCTOBER 1982, V. 14(4)

TABLE 2. Average DNA content per nucleus and corresponding tree ploidy level.

Tree ID
number DNA content/nucleus? Ploidy fevel
24 251 =30 * 2n
14 260 £ 66 * 2n
26 280 + 98 * 2n
25 282 £ 49 * 2n
13 283 = 67 * 2n
27 325 & 44 * on
1 517 + 66 w5 4n .
23 S68 = 112 gn U9
10 792 2 109 wwen 6n
2 820 = 117 wrwies 6n (29

® In relative units. =1 standard deviation.
" Multiple Range Test. Tukey-B procedure. (*) denotes groups significantly different at the 0.050 level.
“4n and 6n values are 1.9 and 2.9 times the average 2n value, respectively.

ten tree samples (Table 2). Although confirmatory chromosome counts could not
be made?, these findings agree with those of Schaefer and Miksche (1977) and
Armstrong and Funk (1980). In partial confirmation, Schaefer and Miksche (1977)
found that embryonic offspring of Tree NC 6721-12 were hexaploid.

The average DNA content per nucleus of the ten trees fell into three discrete
groups that are very close to the predicted intervals for diploid, tetraploid, and
hexaploid chromosome compliments. The tetraploids have 1.9x as much DNA
per nucleus as the diploids, and the hexaploids have 2.9x as much. The slight
depression below the expected 2x and 3X values had been observed and noted
previously (Schaefer and Miksche 1977) but not explained.

Two of the six diploid trees are pistillate, the remaining four are staminate.
One tetraploid tree is pistillate; the other is staminate. Both hexaploid trees are
pistiliate. Both hexaploid trees and one of the tetraploids are from the Shawnee
National Forest location. The Hickam Woods tree is diploid. Five of the six trees
located in Evergreen Park are diploids; the remaining tree is tetraploid. It should
be pointed out that five of the six trees in Evergreen Park, all but number 28 (2n),
represent plantings of unknown origin. The remaining five trees in the study, by
all appearances and by their locations, are certain natives.

All of the trees studied were mature and of a similar size, 27-35 ¢cm dbh (Table
1), except Tree 23, which was about 40% smaller in dbh. The average increment
width varied from 1.5 mm (Tree 23) to 7.6 mm (Tree 26) (Table 3). Both were
located in Evergreen Park. The average increment width showed a weak positive
correlation with the specific gravity (r = +0.58), but there was no correlation
with the pioidy levels. Gross observations of the wood prior to maceration
showed that the smaller increments had porportionately larger amounts of spring
wood, which is identified by larger diameter vessels.

The mean vessel element length of the mature wood ranged from 0.18 mm
(Tree 14) to 0.32 mm (Tree 12) (Table 3). The mean fiber length of the wood

2 All attempts to root scions failed.



TABLE 3. Specific gravity and wood cell data.

Tree Fiber Cell-wall®
iD Ploidy Specific Fiber length Vessel element diameter thickness

number level gravity (mm) length (mm) F/V*# ratio (107 mm} (10 3 mm) Helix‘ angle Increment width (mm)
13 2n 0.5% 0.76 = .10 0.19 = .04 4.0 16 £ 2 3.1 =04 30 26 4.1(3.6,4.2,4.7,4.0,3.8)"
14 2n 0.52 0.93 = .13 0.18 = .03 5.2 16 =2 26 04 34 =5 5.4(3.5.8.9.58.4.0.4.7)
24 2n 0.55 0.86 + .14 0.20 = .04 4.3 19«2 26 x04 355 5.1(4.6,4.1,4.4,6.3,5.9)
26 2n 0.57 0.89 + .23 0.23 = .04 3.9 16 = 2 2.7 x04 29+ 6 7.6 (6.8, 6.2, 8.5, 8.0, 8.5)
27 2n 0.52 0.87 = .16 0.26 = .04 3.3 21 £ 2 26 =07 279 2.8(2.0,2.0,2.5,2.7,4.8)
25 2n 0.47 0.89 = .20 0.24 = .04 3.7 16 = 2 3.0x05 38 3 4.8(3.6,4.2,55,59,5.0
11 4n 0.58 1.11 = .30 0.30 = .06 3.7 21 =3 33206 283 4.3(5.1,5.2,3.5,2.7.5.0)
23 4n 0.51 0.93 = .11 0.25 = .06 3.7 182 2804 32 x4 1.5(1.7, 1.2, 1.0, 1.3, 2.5)
10 6n 0.58 1.20 = .28 0.30 = .06 4.0 203 32+04 24 =7 5.2(6.1,6.8,5.6,3.2. 4.)
12 6n 0.54 .25 = .29 0.32 = .05 3.9 24 3 34 £ 0.6 2 +3 7.3(5.2.6.2,6.0, 8.5, 10.8)

« Fiber length/vessel element length.

» Measured in median portion of non-pore zone fibers.

¢ Cellulose microfibril orientation measured in degrees from vertical cell axis.
 Average increment width 1974-1978 (increment width 1978. 1977, 1976, 1975. 1974).
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ranged from 0.76 mm (Tree 13) to 1.25 mm (Tree 12) (Table 3). Those trees with
longer vessel elements, and therefore longer cambial initials, also had longer
fibers, and the ratios of fiber to vessel element length were not affected by ploidy
levels (F/V ratio, Table 3).

Increases in the vessel element length and the fiber length of the bole wood
were statistically correlated with the increases in the ploidy level found in these
trees (r = +0.84, P < .05;r = +0.90, P < .01, respectively). Neither the vessel
element nor the fiber length showed any correlation to the increment width or
the specific gravity. Fibers from hexaploid and tetraploid trees averaged 41% and
18% longer, respectively, than fibers from diploid trees. Similarly, vessel elements
from hexaploid and tetraploid trees average 43% and 27% longer, respectively,
than vessel elements from the diploid trees. An increase in the average fiber
length had a statistically significant correlation (r = —0.69, P < .05) with a de-
crease in the average angle of the cellulose microfibral orientation. The six diploid
and two tetraploid trees all had similar microfibril orientations, with mean angles
ranging from 27° to 38° (Table 3). The two hexaploid trees showed microfibril
orientations averaging 23°.

The specific gravity of the bole wood varied from 0.47 to 0.58, all very close
to published values for white ash wood. These was no significant correlation with
ploidy level or cell size. While an increase in mean fiber diameter was significantly
correlated to the increases in ploidy level (r = +.68, P < .05), there was a con-
comitant increase in mean cell-wall thickness that was highly correlated to the
increase in fiber diameter (r = +0.75, P < .01) (Table 3). The fibers of the two
hexaploid trees were about 29% larger in median diameter than those of the
diploids. Similarly, the fiber cell walls of the hexaploids were about 18% thicker
than those of the diploids.

DISCUSSION

Seed source NC-6721 does contain diploid, tetraploid, and hexaploid individ-
uals. While the cytophotometric methods allowed identification between tetra-
ploid and hexaploid field-grown trees, which is not possible using only anatomical/
morphological features, the technique is laborious. Since chromosome counts
could not be made, it was impossible to confirm the ploidy levels determined by
this indirect technique; however, in partial confirmation, a progeny of tree number
12 (6n) was determined to be a hexaploid by Schaefer and Miksche (1977). While
this seed source (NC-6721) has individuals of all three ploidy levels known for
white ash, it is unfortunate that this seed source does not represent a totally
native population. At least five of the six Evergreen Park trees were in locations
that suggested that they were plantings and not naturalized. Since only one of
these five trees was a polyploid (Tree 23), the native population in this area might
have a higher frequency of polyploid individuals than this study, or similar stud-
ies, would suggest. Also, Tree 24, which was similar to 2n white ash in all char-
acters studied, was subsequently identified as green ash.

The tetraploids and hexaploids averaged 1.9 and 2.9 times as much DNA/nu-
cleus as the diploids. This slight reduction below the expected DNA content
values was also observed by Schaefer and Miksche (1977). While offering no
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explanation for this phenomenon, the similarity of results further verifies the
accuracy of the cytophotometric method when adapted to paraffin-embedded,
sectioned material.

The environmental differences between trees and between locations seem to
have been contributing a very small component to the differences in the wood of
these trees. The largest differences, cell sizes, were directly related to the in-
creased ploidy levels. This is not surprising since cell length seems to be largely
affected by environmental differences associated with latitudinal changes (Win-
stead 1972, 1978; Randel and Winstead 1976). The only suggestion of environ-
mental influence concerned Tree 23, which was located 3 m from a small brick
building and adjacent to a driveway. Tree 23 had the smallest dbh, 18 cm, the
smallest average increments, and the smallest vessel elements and fibers of the
four polyploid trees. The absolute ages of the trees are unknown, although Trees
23 and 24 could have been planted at the same time since they are in the same
roadside row. In this case slow growth and somewhat more xeric conditions,
perhaps as a result of soil compaction associated with relatively heavy human
and automobile traffic, and a corresponding reduced availability of moisture, may
be responsible for the shorter wood cells.

The final length of any imperforate tracheary element is determined by the
length of the cambial initial from which it was derived and the extent of intrusive
growth during the cell’s ontogeny. Both the vessel elements and fibers of the
tetraploid and hexaploid trees were longer than their diploid counterparts to about
the same degree. The 4n and 6n vessel elements were 27% and 43% longer,
respectively, than the diploids. The 4n and 6n fibers were 18% and 41% longer,
respectively, than the diploids. This indicates that the intrusive growth of the
fibers was in proportion to the vessel element length, and therefore, in proportion
to the cambial initial length. While there was some variation, the fibers in all the
trees averaged about 4 times as long as the vessel elements (F/V ratio, Table 3);
therefore, differences in the ploidy level had little influence on the proportionate
amount of intrusive growth of the fibers, and the differences in wood cell sizes
can be largely attributed to the larger cambial initial length found in the polyploid
trees. This agrees with most other studies of plant anatomy in relation to poly-
ploidy, where the greatest difference was the increase in cell size found in the
polyploids. This difference is the basis for using such characters as stomatal guard
cell size to identify polyploids and ploidy levels. Unfortunately, even large sample
sizes of wood cell measurements would not be adequate to identify specific ploidy
levels, although, diploids and polyploids could be identified.

Since the intrusive growth of fibers in all the study trees remained in proportion
to the cambial initial length, it is obvious that because they started as longer
derivatives, the fibers in the polyploid trees had to undergo a larger absolute
amount of ontogenetic elongation to achieve the proper proportionate length of
about four times the length of the vessel elements. The increase in the amount
of elongation resulted, particularly in the hexaploid trees, in a reduced angle of
the cellulose microfibril helix. Since the helix angle is a function of both the
elongation of the fiber (increased elongation reduces the helix angle) and the cell
width (increased cell width increases the helix angle) (Panshin and deZeeuw
1970), and since both the fiber elongation and diameter increased with increased
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ploidy level, the cell elongation appears to have the greatest influence. It is pos-
sible that the decreased cellulose microfibril helix angles of the hexaploid fibers
might positively influence wood quality.

While the polyploid trees in this study had larger diameter and significantly
longer fibers, there was no difference in the specific gravity. This is somewhat
surprising since the specific gravity of wood is a measure of the relative amount
of cell-wall material in a unit volume, and it would be logical to expect the
increased cell size to reduce the specific gravity. However, the concomitant in-
crease in cell-wall thickness may be responsible, in part, for keeping the amount
of cell-wall material constant, relative to the cell volume. In addition, the fibers
of the polyploid trees, while larger in diameter in the median portion, had longer,
narrower, more gradually tapering cell ends. In these portions of the cell, the cell
wall would account for a larger portion of the cell volume.

Specific gravity is considered one of the more important properties that influ-
ence wood strength, while differences in cell size and arrangement are usually
associated with physical aspects of the grain. Wright (1944) suggested that dif-
ferences between the wood of diploid and polyploid white ash might account for
inexplicable differences observed in the strength of white ash wood. This sug-
gestion was based on the fact that the observed differences in wood strength
occurred in the same geographic region where differences in ploidy level were
observed in white ash. If the differences in wood strength were related to differ-
ences in ploidy level, the parameter being measured would have had to be capable
of being influenced by different cell sizes and not specific gravity. Wright (1944)
did not specify the nature of the observed differences in wood strength, so it is
impossible to speculate. These data suggest that great differences in wood quality
between diploids and polyploids would not necessarily be expected; however,
the increased fiber length, the increased fiber cell-wall thickness, and the reduced
microfibril helix angle of the hexaploid trees may positively influence wood qual-
ity. One of the limitations of studying such small wood samples is that not all of
the mechanical properties of the wood can be determined.

REFERENCES

ARMSTRONG, J. E., AND D. T. Funk. 1980. Genetic variation in the wood of Fraxinus americana.
Wood Fiber 12(2):112-120.

BERLYN, G. P., anD J. P. MiksCHE. 1976. Botanical microtechnique and cytochemistry. lowa State
University Press, Ames.

BUUTENEN, J. P. vaN, P. N. JoraNsoN, AND D. W. EinsPaHR. 1957, Naturally occurring triploid
quaking aspen in the United States. Proc. Soc. Am. For. Ann. Mtg., Syracuse, NY. Pp. 62-64.

. 1958. Diploid versus triploid aspen as pulpwood sources, with reference to growth, chemical,
physical, and pulping differences. Tappi 41(4):170-175.

CHALK, L. 1970. Short fibres with clearly defined intrusive growth, with special reference to Frax-
inus. Pages 163—168 in N.K.B. Robson, D. F. Cutler, and M. Gregory, eds. New research in
plant anatomy. Academic Press, New York.

DENNE, M. P., AND V. WHITBREAD. 1978. Variation in fibre length within trees of Fraxinus excelsior.
Can. J. For. Res. 8:253-260.

EiNsPAHR, D. W.,J. P. vAN BUUTENEN, AND J. R. PECkHAM. 1963. Natural variation and heritability
in triploid aspen. Silvae Genetica 12:51-58.

, M. K. BENsON, AND J. R. PEckHAaM. 1968. Wood and pulp properties of 3-year-old diploid.
triploid, and triploid hybrid aspen. Tappi 51:72-75.

JOHANSEN, D. A. 1940. Plant microtechnique. McGraw-Hill Book Co., New York.




PROFESSIONAL AFFAIRS 339

McGINNES, E. A., Jr., AND P. K. MELCAREK. 1976. Equipment for studying the color characteristics
of wood at the cellular level. Wood Sci. 9(1):46-50.

PansHIN, A. J., AND C. pEZEEUW. 1970. Textbook of wood technology. Vol. 1. 3rd ed. McGraw-
Hill Book Co., New York.

RANDEL, W. R., AND J. E. WINSTEAD. 1976. Environmental influence on cell and wood characters
of Liquidambar styraciflua L. Bot. Gaz. 137(1):45-5],

SANTAMOUR, F. S., Jr. 1962. The relation between polyploidy and morphology in white and Biltmore
ashes. Bull. Torrey Bot. Club 89:228-232.

SCHAEFER, V. G., AND J. P. MIKSCHE. 1977. Microspectrophotometric determination of DNA per
cell and polyploidy in Fraxinus americana L. Silvae Genetica 26(5-6):184—192.

SmrtH, D. M. 1954. Maximum moisture content method for determining specific gravity of small
wood samples, USDA Forest Service, For. Prod. Lab. Report No. 2014, Washington, DC, 3 pp.

WINSTEAD, J. E. 1972, Fiber-tracheid length and wood specific gravity as ecotypic characters in
Liquidambar styraciflua L. Ecology 53:165-172.

. 1978. Tracheid length as an ecotypic character in Acer negundo. L.. Am. J. Bot. 65(7):811-
812.

WRIGHT, J. W. 1944, Genotypic variation in white ash. J. For. 42:489-495.

. 1945, Epidermal characters in Fraxinus. Proc. Indiana Acad. Sci. 54:84-90.






