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Slash pine (Pinus elliottii var. elliottii) was used to study the vari-
ations in the angular orientation of fibrils to the length of summerwood
fibers. The fibrils are arranged parallel to each other in the middle
layer of the secondary wall of the fibers and are composed of strands of
cellulose chains.

2
In a previous report on variations of fibril angles in loblolly pine (4),--
the nature of the fibril orientation and its importance for the properties
of wood are discussed. In that study it was determined that (a) the sizes-
of fibril angles decreased in successive annual rings from the pith, and
(b) that environmental conditions of the trees that affect vigor of growth
contributed importantly to variations in fibril angles. Closely spaced
and slowly growing trees had relatively narrow rings and tended to have
smaller angles in successive annual rings from the pith than widely
spaced and rapidly growing trees with wide rings.

The sizes of fibril angles usually decreased in a curved pattern in the
successive rings from the pith; however, the shape of the curves was
somewhat affected by the width of the annual rings. In closely spaced
trees with narrow rings the decreases in fibril angles tended to be
steeper in the succession of rings than in widely spaced trees with wide
annual rings.

The present study on slash pine was undertaken (a) to bring further
evidence on the influence of age and ring width on the size of fibril
angles, and (b) to determine whether the data indicate that the fibril

!Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.

2Underlined numbers in parentheses refer to the literature cited at the
end of this report.

Report No. 2003	 Agriculture-Madison



angles may be also controlled by genetic factors. For the first part of
the study, the fibril angles were measured on trees that represented a
wide range in crown sizes and diameters at breast height at the same age
and, therefore, differences in ring widths. The possibility that the
sizes of the fibril angles may be subject to inheritance was explored by
comparing trees with approximately the same crown surface, diameter at
breast height, and the same pattern of yearly increment; by comparing
such trees the influences of environment on the size of the fibril angle
were ruled out.

Sample Trees and Procedures 

Twenty trees were collected from a natural-seeded stand in the Olustee
Experimental Forest in an area known as the "Old Pecan Orchard." The
stand was 20 to 25 years old and had not been subjected to any cutting.
The sample trees shown in table 1 represented the range in crown sizes
and diameters at breast height of the stand.

The width of annual rings and the sizes of fibril angles were determined
along a selected radius of cross-sectional disks taken approximately at
4-1/2 feet above the ground. Compression wood was avoided because former
investigations have shown that it has wider rings and larger fibril angles
than normal wood (3). The first ring from the pith also was excluded be-
cause it does not have typical summerwood fibers (4).

The fibril angles of typical summerwood fibers were measured in the 2nd
and 3rd, 5th and 6th, 9th and 10th, and 17th and 18th rings from the pith
and in the last two rings when the number at breast height exceeded 18.
Some intermediate annual rings also were selected to make the radial dis-
tribution of measurements more complete.

Previous investigations have shown that small checks in the secondary
cell wall are essentially parallel to the fibrils in the middle layer of
the secondary wall. The angular deviation of these checks from the long
axis of the fiber, therefore, was determined as the fibril angle (fig. 1).
Radial microtome sections stained with safranin and permanently mounted
were used for determining the fibril angles at a magnification of 400x
with a microscope equipped with revolving stage and fixed ocular cross
hairs.

Variations- of Fibril Angles with Age and Width of Ring

The same general relationships of fibril angles to ring width and age
were found in this study of slash pine as had been reported for loblolly
pine (4).
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The relation between width of ring and fibril angle was determined for
the same number of annual rings from the pith. Age was held constant
in this way, and its influence on the variations of fibril angles was
eliminated. The angles were plotted against the width of rings for the
age classes of 2 and 3, 5 and 6, 9 and 10, 17 and 18 years. The data
showed, in each case, approximately linear increases of the fibril
angles with ring width that were expressed by the regression

y = a + b (x)

where

y = fibril angles in degrees

x = width of rings in inches

a and b = constants

Highly significant correlation coefficients were found for all age
classes except for the second and third annual rings. The regression
lines are presented in figure 2. These lines represent the ranges of
ring width in the data. They show a decrease in both ring width and
in fibril angle with age.

The influence of the ring width on the size of the fibril angles was
evident, also, when fast-growing and slow-growing trees were compared.
Fast-growing trees, in general, had larger fibril angles than slow-
growing trees in the succession of rings from the pith.

Age affected the sizes of fibril angles in all trees; that is, the
fibril angles always decreased in size from the pith outwards in the
successive annual rings. The pattern of decrease, though, varied
according to the growth rate of the tree. In slow-growing trees, the
sizes of the fibril angles decreased during the first 8-9 years from an
average of about 30 degrees to less than 10 degrees; the angles tended
to remain constant in later years. In fast-growing trees the decrease
in the size of the angles spread over alonger period of years and very
often the angle did not level off during the entire 2Q years (fig. 3).

Comparison of the Size  of Fibril Angles in Trees 

with the Same Growth Rate 

So far the study was concerned with patterns of variation in fibril
angles in the same tree and with the comparison of such patterns from
trees varying in rate of growth. The rest of this study involves the
comparison of the sizes of fibril angles of trees that were similar in
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diameter at breast height, crown size, and growth rate. It is a reason-
able hypothesis that the enironmental factors were similar for these
trees and that differences in the sizes of fibril angles between the
trees indicate that the angles are genetically controlled.

Two pairs of slow-growing trees and of fast-growing trees were selected.
The trees in each category were similar in diameter at breast height,
crown surface, and ratio of crown length to the total height of the tree.
The data are given in table 2.

The growth rates of these trees could best be expressed by the annual
increment plotted against the successive rings from the pith, the incre-
ment being represented by the area of growth for a given year at breast
height. Figures 4 and 5 give the relations of the annual increments and
the fibril angles to age of two slow-growing trees and two fast-growing
trees. The curves in,:figure 4 are typical for the slow-growing trees,
while the curves represented in figure 5 are typical for fast,growing
trees.

Figure 6 and 7 illustrate the fact that trees may differ in the sizes
of fibril angles, although the trees have similar growth rates and the
same patterns of decrease in sizes of fibril angles with age. In fact,
the trees with slightly faster growth have the smaller fibril angles
here, which seems to be contrary to what has been said previously on the
effect of ring width. It seems that the fibril angle of the early annual
rings from the pith is at least indicative, if not decisive, for later
sizes of the fibril angles. The angular orientation of the fibrils may
be directly or indirectly influenced by genetic factors or may be due to the
vigor of growth of the seedling. Similar relations were found by Bisset,
Dadswell, and Wardrc9 (2) for the size of the fibers in some conifers.
Size of fiber and size of fibril angle may be correlated. Preston (5)
has investigated this problem over a period of years and maintains that
a statistical relation exists between length and breadth of conifer
tracheids and the angles of the cellulose chains in the middle layer
of the secondary cell wall.

Results of the present study of 20-year-old, natural-seeded slash pines
were in general accord with the previous findings on loblolly pine in
that:

1. The variations in fibril angle are to a great
extent due to (a) position of successive
annual rings from the pith, and (b) environ-
mental conditions that affect vigor of growth.
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2. Trees of the same age and similar in vigor
of growth as expressed by diameter, size
of crown, and yearly increment in area
may differ( in the size of the fibril angles
in comparative annual rings from the pith.

3. The size of the fibril angles in all consec-
utive annual rings seems to be dependent on
the size of the fibril angles of the very
first annual rings. This suggests that
genetic factors may directly or indirectly
influence the size of the fibril angles in
a tree.
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Table 1.--Diametersat,breast height, heights, and crown
sides of sample slash pines 20725 years old

Tree:Diameter: Height	 Crown
No. :	 at

: breast :Total:Base :Length:Average:Estimated:Portion
: height :	 : of	 :	 : width : surface :of total

:crown	 :height

	

In.	 : Ft. :	 : Ft.	 Ft.	 : Sq. ft. :Percent 

1 : 14.0 : 64 : 27 : 37 : 12.5 : 1,534 : 58
2 : 12.5 : 62 : 33 : 29 : 12.5 : 1,242 : 47
3 : 10.8 : 62 : 33 : 29 : 9.5 : 911 : 47
4 : 11.1 : 65 : 32 ; 33 : 8.5 : 910 : 51
5 : 11.6 : 69 : 38 : 31 : 8.5 : 858 : 45

6 : 9.4 : 61 : 37 : 24 : 6.8 : 533 : 39
7 ; 9.0 : 69 : 53 : 16 : 4.5 : 235 : 23
8 : 10.0 : 68 : 45 : 23 : 5.5 : 409 : 34
9 : 13.5 : 69 : 43 : 26 : 9.8 : 856 : 38

10 : 11.4 : 59 : 32 : 27 : 9.5 : 854 : 46

11 : 10.8 : 65 : 36 : 29 : 11.2 : 1,094 : 45
: 10.5 : 57 : 25 : 32 : 11.0 : 1,169 : 56

13 : 7.3 : 67 : 51 : 16 : 3.0 : 153 : 24
14 : 8.6 : 64 : 45 : 19 : 5.2 : 322 : 30
15 : 8.3 : 65 : 49 : 16 : 4.0 : 207 : 25

16 : 8.9 : 57 : 30 : 27 : 5.8 : 503 : 47
17 : 11.7 : 68 : 40 : 28 : 8.0 : 732 : 41
1.8 : 14.5 : 58 : 27 : 31 : 15.5 : 1,688 : 53
19 : 8.4 : 69 : 51 : 18 : 4.2 : 244 : 26

: 12.4 : 62 : 34 : 28 : 9.5 : 883 : 45
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Table 2.--Growth rate, ages, sizes, and average fibril angle's of sample 
slash pines

Tree:Growth; Age ;	 Crown	 ;Diameter: Ages 2 to 18 years at
No. : rate :from : 	 :	 at	 :	 breast height

:pith :Portion :Surface: breast : 	
.	 :of total:	 : height :Average rings:Average fibril

: height :	 :	 : per inch	 :	 angle

:Years: Percent:Sq. ft.: In.	 :	 Number	 :	 Degrees

• : : : : :

7: Slow
 	 :

15 	 :
21
20

:
:

23

25
:
:

235

207

:

:

9.0
8.3

:
:

5.69
6.62

:
:

15.0
24.2

1 : Fast	 • 20 : 58 : 1,534 : 14.0 : 3.56 15.7

2	 :	 : 20 : 47 : 1,246 : 12.5 : 3.69 27.5

14 : Slow	 •
19	 :	 :

20
22

:

:

30
26

:

:

322

244
:
:

8.6
8.4

:
:

5.53
6.07

: 16.9
18.5

4 :Moder-: 19 : 51 : 910 : 11.1 4.05 : 22.6

:ately : :
5 : fast : 19 : 45 : 858. 11.6 : 3.75 19.4
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Figure 1.--Radial section through summerwood showing checks
in the cell wall that are parallel to the fibril arrange-
ment in the middle layers of the secondary cell wall.

at 91350 F
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