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Summary

Macroscopic, or visual, measurements of the percentage of summerwood
gave a slight underestimate compared with microscopic measurements that
used a standard criterion for the boundary between springwood and summer-
wood in the annual rings. Hand smoothing with a sharp knife and the
application of a differential stain contributed significantly to the
macroscopic determination of this boundary. The greatest differences
in percentage of summerwood were obtained when persons of varying
technical experience made the measurements.

Introduction

Interest in the structure and properties of wide-ringed, second-growth
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) arises because a con-
siderable amount of lumber of this character is now being produced in
the Pacific Northwest. The structural features of this material need
to be evaluated in order to make it possible to assign efficient working

11The data used in this report constituted part of a thesis submitted
in partial fulfillment of the requirements for the degree of Master
of Science at the State University of New York College of Forestry,
Syracuse, N. Y.

2
-Maintained at Madison, Wis., in cooperation with the University of

Wisconsin
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stresses to lumber and timbers for structural design purposes. The
stress-grading rules for dense Douglas-fir, apart from defect limita-
tions, are based on visible characteristics of the wood. Thus, the
density requirement calls for not less than 6 annual rings per inch and
for one-third or more summerwood.2 The rules go on to state that coarse-
grained material excluded by this rule shall be accepted as dense if
averaging not less than 5 annual rings per inch and one-half or more
summerwood. Thus it becomes necessary to determine whether or not cer-
tain rings wider than 1/6 inch contain the required amounts of summer-
wood to meet the specifications. It is also of great practical importance
to know the accuracy of estimates of summerwood percentages when evalu-
ating the density of structural framing and timbers.

This study is part of a broad evaluation at the Forest Products Labora-
tory of second-growth Douglas-fir with respect to its strength as a con-
struction material. The study was designed to compare two methods of
measuring summerwood width in the growth rings of a sample of wide-ringed
Douglas-fir. One method involves ordinary visual, or macroscopic, exam-
ination and measurement with a rule and dividers. The second method
involves determination with suitable magnification, using a standard cri-

terion for the boundary between springwood and summerwoodA The macro-
scopic and microscopic measurements were to be made on the same wood
samples.

Characteristics of Douglas-fir Wood

The wood of Douglas-fir has a comparatively simple, regular structure
consisting primarily of longitudinal tracheids, or fibers, arranged regu-
larly in radial rows, with ray parenchyma and tracheids forming the wood
rays. The wood rays make up a small proportion of the volume of the over-
all structure. In the annual growth ring, two types of fiber structure
are recognized: springwood and summerwood. The springwood is produced
early in the growing season and has fibers with wide lumens and thin walls,
while the summerwood is produced later and is distinguished by thick-
walled fibers so flattened that they are narrower radially than tangen-
tially. Therefore, the chief structural differences between springwood
and summerwood are the wall thickness and the size of the cell lumen.
For this reason summerwood is denser than springwood. The density of
Douglas-fir wood is determined primarily by the respective volumes of

2Paragraph 224, Rulebook 14, West Coast Lumbermen's Association.

-Mork, Elias, Die Qualitat Des Fichtenholzes Unter Besonderer Ruck-
sichtnahme Auf Schleif- Und Papierholz. Papier Fabrikant Vol. 26,
No. 48, pp. 741-747. 1928.
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summerwood and springwood in the growth rings. The ratio between these
two kinds of tissue usually is expressed as the summerwood percentage
of the annual rings.

Visually, springwood and summerwood can be distinguished by color and
textural differences primarily associated with the respective wall thick-
nesses. Springwood is paler in appearance and lacks luster on the smooth-
ly cut cross section, while summerwood appears as a darker zone with a
waxy luster.

In Douglas-fir, the transition from springwood to summerwood is not al-
ways abrupt. That is, certain wide annual rings, particularly near the
pith of log sections, often have wide transition zones in which the walls
of springwood gradually increase in thickness and the lumens narrow until,
by definition, the fibers can be considered typical summerwood. Such a
transition zone is seen as a gradual color change in contrast to the abrupt
color differences of relatively narrow rings. These wide rings with the
gradual transition from springwood to summerwood pose a problem in estim-
ating the width, or percentage, of summerwood. Thus, a definition of the
fiber structure of summerwood is needed to determine its boundary with
springwood as a standard for finding the percentage of summerwood in the
annual rings.

In the literature, there is a dearth of critical definitions relating to
springwood and summerwood. In 1895, however, Bertog, gave the following
definition of summerwood: "As summerwood I , understand that portion of an
annual ring in which the lumina of the trachieds are no longer visible
under the magnifying glass." Elias Mork- realized the inadequacy of this
definition and in 1928 gave his concept of the definition when applied to
Norway spruce (Picea abies (L.) Kerb-b.) as follows:

"All tracheids in which the common wall between two cell cavities
multiplied by 2 is equal to or greater than the width of the lumen are
considered as summerwood; those in which the value is less than the width
of a lumen are considered as springwood (all measurements being made in
the radial direction)."

Mork's definition of summerwood, although originally intended for spruce,
has been used as a standard in growth-quality studies by the U. S. Forest
Products Laboratory for all coniferous woods.

2Rertog, H. Untersuchungen *Tiber Den Wuchs Und Des Holz Der Weistanne Und
Fichte. Forstl. Naturwissenchaftl. Zeitschrift, Vol. 4, 117-216,
1895.
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Material and Procedures 

The material for this study was specially selected as wide-ringed Douglas-
fir from the Pacific Northwest by the Forest Products Laboratory in cooper-
ation with the West Coast Lumbermen's Association. The samples were 2-
by 2-inch cross sections of test specimens selected from the first 35 to
40 growth rings in 16 logs. That period in the growth of the trees was
segregated into inner, intermediate, and outer zones because it was ob-
served that the wider rings near the pith had more gradual transitions
from springwood to summerwood than the narrower rings occurring further
out from the pith. The lack of uniformity in the transition from spring-
wood to summerwood among the zones suggested the segregation of the ma-
terial in this way, which provided a more rigorous comparison of tech-
niques than would have been the case had growth zones been ignored.

Two end-matched samples were taken from each test specimen, which in turn
was selected at random from each zone to give a total of 32 samples from
each of the three zones in the 16 logs.

The measurements were made on the soaked specimens, so that the summerwood
percentage values were essentially on the green basis.

Method of Microscopic Measurements 

The apparatus used for the measurement of summerwood was a Nebelthau tra-
versing microscope mounted on a traveling carriage that runs on a heavy
bed supported by two stout pillars. The instrument had been rebuilt and
equipped with a stage that traversed parallel to the microscope (fig. 1).
Thus, linear radial measurements could be made in such a way that the
summerwood measurements were accumulated on one scale and the springwood
measurements on the other. This afforded a rapid means of determining
the overall width of summerwood in a specimen that contained numerous growth
rings. A 16-millimeter objective and a 15X occular with cross hairs were
used in the microscope, giving a magnification of 150 times. The criter-
ion used to determine the junction between springwood and summerwood was
Mork's definition.

Preparation of the samples for measurement consisted of hand smoothing one
end-grain surface at the radial edges of the 2- by 2-inch samples with a
microtome knife. The average of the summerwood measurements along the two
radial edges of each sample was considered the average width of summerwood
of the whole piece. This was done in preference to measuring along the
central radial line because of the difficulty of smoothing a band through
the center of the section. The total widths of summerwood and springwood
along each radius were measured and recorded.
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To accentuate the boundary between springwood and summerwood, a differ-
ential stain for springwood consisting of a solution of 0.015 gram of
malachite green and 0.015 gram of methylene blue in 25 cubic centimeters
of 10 percent alcohol was applied to the smoothed surface. Measurements
were made by reflected light. In order to reduce refraction of light
from the cut surface of the tracheids, a mixture of pharmaceutical
water-soluble gums was applied to the cut and stained surfaces.

Method of Macroscopic Measurements 

After the microscopic measurements were made, the total width of the
summerwood bands was measured accumulatively with calipers and rule on
the smoothly cut and stained surfaces, thus matching the measurements
made with the microscope. Similar measurements were made on the corres-
ponding edges of the opposite end-grain surfaces, which had only been
smoothly sawed.

Comairlson of Summerwood Percentages

Accuracy in evaluating the summerwood proportion of the annual rings
depends principally on the precision with which the springwood-summerwood
boundary can be determined. This study provided three independent sets
of data on summerwood percentages for the same samples. They were made
by the same person on each inner, intermediate, and outer growth zone
of the Douglas-fir logs. Since the definition of summerwood is based on
fiber-wall thickness in relation to lumen width, the percentages of summer-
wood that were. determined at 150 diameter magnification were more precise
than those determined macroscopically, or even at smaller magnifications.

The comparisons of summerwood percentages from measurements made on the
same sample and by the same person were as follows:

1. Comparison based on the macroscopic measurements
versus the microscopic measurements on the cut
and stained surfaces.

2. Comparison based on macroscopic measurements on the
smoothly sawed surfaces versus the cut and stained
surfaces.

Another set of measurements was made macroscopically on smoothly sawed
surfaces of additional end-matched samples but by a person without

0	 0
A4iksten Ake. Mptodik Vid Matning Av. Arsringens Varved Och Hostved.

Meddelanden fran Statens Skogsf8rsOksanstalt, Vol. 34, pp. 451-496.
English summary. 1946.
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experience in summerwood measurements. These data on summerwood per-
centages were used in a separate comparison to provide information on
how variations in experience may affect the evaluations of summerwood
on sawed surfaces by the macroscopic method. This comparison is not
intended to imply any relevancy with respect to lumber graders.

Analysis of Methods for Measuring Percentage of Summerwood 

The number of samples involved in this study, together with the average
ring width and the average percentages of summerwood for the three growth
zones, are given in table 1. The results have been separated into three
parts by growth zone, since there was a noticeable decrease in ring width
outwards from the pith, which was accompanied by an increase in the per-
centage of aummerwood. It was felt that such a breakdown might throw
some light on the relative accuracy of macroscopic methods of measuring
summerwood width when related to material having more or less abrupt
transition from springwood to summerwood.

Three separate analyses of the data were made. The test used to determine
the significance of the differences due to techniques of measurement was:

t =	 for n - 1 degrees of freedom
Ja75

where d is the mean difference between summerwood-percentage measurements,

sd is the standard deviation calculated from the differences, and n is

the number of pairs.l

The results of the t-test analyses of the mean differences obtained by the
two comparisons among the three sets of data were as follows:

1. For the comparisons of macroscopic with microscopic measure-
ments on cut and stained surfaces, the microscopic measurements resulted
in significantly larger (1 percent level) summerwood percentages for the
inner growth zone. For the intermediate and outer zones, however, the
microscopic measurements resulted in slightly smaller percentages, al-
though the mean differences were not significant at the 5 percent level
(table 2). In this portion of the study, the macroscopic measurements
followed those made under the microscope. The extent to which that
sequence may have influenced the judgement of the worker in visual determin-
ation of the borderline between springwood and summerwood is not known.

7–Snedecor, George W. Statistical Methods. Iowa State College Press.
4th edition, 1946.
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2. For the comparisons of only the macroscopic measurements
on the sawed, unstained surfaces with those on the cut and stained sur-
faces, the sawed surfaces showed consistently smaller summerwood per-
centages. The mean differences, however, were not significant at the
5 percent level for the inner growth zone although significance of the
mean differences was found at the 1 percent and the 5 percent levels,
respectively, for the intermediate and outer zones (table 2).

The additional comparison between persons having varying experience in
measuring summerwood showed that measurements by one inexperienced person
consistently indicated less summerwood than measurements by an experienced
person. The average differences in percentages of summerwood for the
inner to outer growth zones varied from 8.8 to 10.5 percent less when
measured by the inexperienced person than for the comparative summerwood
percentages obtained by the experienced person (table 3). These differ-
ences were much larger than the average differences of about 1 percent
or less that generally occurred from the measurements of summerwood by
the same person using different procedures.

Interpretations and Conclusions from Summerwood Measurements

The three independent comparisons, namely (1) macroscopic versus micro-
scopic measurements on cut and stained surfaces, (2) macroscopic measure-
ments on smoothly sawed surfaces versus those on cut and stained surfaces
and (3) macroscopic measurements on smoothly sawed surfaces by an experi-
enced person versus those by an inexperienced person, have been interpreted
as follows:

1. Macroscopic measurements are significantly different from
microscopic measurements only in the inner growth zone, where annual rings
are wide and change gradually from springwood to summerwood. For this
growth zone, macroscopic measurements gave a slight underestimate, averag-
ing 1 percent of the percentage of summerwood. For the narrower-ringed
wood with a more sharply defined boundary in the intermediate and outer
growth zones, both techniques of measurement were equally satisfactory.

2. Macroscopic measurements on smoothly sawed surfaces and on cut
and stained surfaces gave equal results for the inner growth zone where
annual rings were wide and changed gradually from springwood to summer-
wood. For the narrower rings in the intermediate and outer growth zones,
however, hand smoothing with a microtome knife and the application of a
differential springwood stain contributed significantly to the macroscopic
determination of the boundary between springwood and summerwood. That is,
on the average, measurements made on surfaces that had only been smoothly
sawed gave a 1 percent underestimate of the percentage of summerwood.
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3. Macroscopic measurements made on smoothly sawed surfaces by
persons having varying technical experience in measuring summerwood in-
dicated that in this case, inexperience was consistently associated with
a considerable underestimate of the summerwood percentage. For this com-
parison, the average difference was 9 to 10 percent. It has been observed,
however, that lumber graders using ordinary visual methods tend to over-
estimate the percentage of summerwood, because when lumber is sawed, the
summerwood tends to broom over and obscure the boundary between spring-
wood and summerwood. On the other hand, the greater precision required
for technical studies of wood characteristics necessitates special prepa-
ration of the end surfaces.

1.. From the results of this study, it was concluded that the
greatest differences in percentages of summerwood are obtained when per-
sons of varying experience make the measurements. For a person with tech-
nical experience, smoothing the surface with a sharp knife and staining
the wood are of great assistance in macroscopically determining the
boundary between springwood and summerwood. In the case of wide annual
rings where the transition from springwood to summerwood is gradual,
however, the macroscopic measurements tend to be somewhat less accurate
than those made with the microscope, even on smoothly cut and stained
surfaces.
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Figure 1.--Traversing microscope for measuring
percentage of summervnod.
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Table 1.--Nu ►ber of samples, average ring width, and average 
percent summerwood as determined by microscopic and 
macroscopic measurements for three growth zones in
wide-ringed Douglas-fir. 

Zone :Number of:Average :	 Average summerwood
: samples :ring width: 	

: Cut and stained surface :Sawed surface
•

:	 :Microscopic :Macroscopic :Macroscopic
:	 :measurements:measurements:measurements

•.

Inner	 •.

Inter-	 :
mediate:

•

Outer	 :

32

32

32

Inch :

:

:
•.

:

Percent :

:

Percent	 : Percent

0.33

.27

.22

26.3

30.5

35.9

25.5

30.5

36.1

25.1

29.4

35.4
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Table 2.--Analysis of methods of measuring percentage of summerwood
in wide-ringed Douglas-fir

Comparisons	 : Inner :Intermediate: Outer
: zone	 :	 zone	 : zone

: .
: :
: :

32 : 32 : 32
0.78125 : -0.09375 : -0.18750
1.47526 : 1.14608 : 1.06066
0.26079 : 0.20260 • 0.18750
2.996 : -0.463 : -1.000

:
:
:
:
:

32 : 32 : 32
0.34375 : 1.06250 : 0.58750
1.65801 : 1.50134 : 1.83931
0.29310 : 0.26540 : 0.32515
1.173 : 4.003 : 2.114

•

1. Comparison of macroscopic with	 •.
microscopic measurements on cut and:
stained surfaces 	 :
Number of pairs	 :
mean difference)	 :
Standard deviation	 :
Standard error of mean	 :
t value2–	 •

.
:2. Comparison of macroscopic
:measurements on smoothly sawed

surfaces with those on cut and
stained surfaces	 :
Number of pairs	 :
Mean difference) 	 :
Standard deviation	 :
Standard error of mean	 :
t value?	 :

-Calculated from the differences of paired measurements.
2	 = 2.039 for 31 degrees of freedom.

0.01 = 2.744 for 31 degrees of freedom.
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Table 5.--Comparison of percentage summerwood measurements made 
by an inexperienced person with those made by an
experienced person on wide-ringed Douglas-fir 

Statistic	 : Inner :Intermediate: Outer
: zone zone :	 zone

. . :
Number of pairs : 16 : 16 : 16
Mean difference". : 8.8125 : 9.3125 : 10.5000
Standard deviation : 5.7760 : 4.7148 : 6.7527
Standard error of the mean : 1.4440 : 1.1787 : 1.6882
t value? : 6.103 : 7.910 : 6.220

1
–Calculated from the differences of paired measurements.
2
–t0.05 = 2.131 for 15 degrees of freedom.

= 2.947 for 15 degrees of freedom.0.01
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