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ABSTRACT 

Relationships in black walnut heartwood between color and specific gravity, extractive 
content, and anatomical characteristics were explored. Per cent luminance, color bright- 
ness, was significantly related to extractive content and to the combination of extrac:tivc 
content and some of the measures of wood density. It was found that trees from Indialla 
compared with those from Missouri differed significantly in the following wood character- 
istics: lower extractive content, higher proportion of fibrous tissue \\,it11 thinner cell v alls, 
and smaller vessel lumens.' 

Black walnut (Juglans nigra L.) is one 
of the most valuable cabinet woods because 
of pronounced color, beautiful wood figure, 
and other desirable physical properties 
as well as good ~llachining and finishing 
propertie,. 

The preference of some buyers for black 
walnut trees from particular areas within 
certain states indicates that environmental 
factors may affect the quality of wood. For 
this reason Nelson et al. (1969) investigated 
by spectrophotometry the color of black 
\valnut heartwood from Indiana and Mis- 
souri, states from which the black walnut 
is, rc.spectivcly, high and low on a buyer's 
preference list. They investigated trees that 
represent two site and two growth-rate 
classes within each stat(%. Their results 
suggest that soil properties affect wood 
color-defined by luminarlce (lightness or 
brightness ) , dominant wavelength ( directly 
related to hue), and purity (richness of 
hue) .  Furthermore, they found a statis- 
tically significant difference in the lumi- 
nance of the wood from the two states; 
the wood of the Indiana trees showed a 
liigher percentage of lumiiiance. 

' Maintained at Madison, \Vis. 53705, in co- 
operation with the University of Wisconsin. 

Mention of specific instrulnents or trade names 
is rii,ide for identification purposes only, and does 
not imply any endorsement by the U. S. Depart- 
111cnt of Agricr~lture. 

This study is based on the wood speci- 
mens used by Nelson et al. (1969). The 
objective here was to determine whether 
thc differences in color observed by h'elson 
et al. could be related to specific. gravity, 
structure, or extractive content of the wood. 
Because Nelson's sampling proct.dure in- 
cluded site and growth-rate class for the 
two states, a second objective was to de- 
termine whether these factors affected phys- 
ical and anatomical characteristics of black 
walnut. Little appears in the litc~rature 
on these effects (Boyce et al. 1970; Funk 
1966 ) . However, the inverse relationship 
of shriilkage to extractive content is well 
known. The following structural features 
were examined: percentage of area oc- 
cupied by vessel lumens, and norm:il and 
gelati~lous fibers; the average nurnbc,~. and 
size of vessels per square mi1lilnctc:r of 
wood cross-sectional surface; and thc cross- 
sectional dimensions of the fibers cbxpressed 
as number per square millimeter and av- 
erage cell-wall thickness. 

SELECTION OF SAMPLE MATEI1IA1, 

The procedures for selecting sample trees, 
boards, and test specimens were tlescribed 
by Nelson et id. ( 1969), and will 1)e l~riefly 
summarized. 

A system of classification was use(! for 
trees from each state, Indiana and Missouri, 
to represent fast- ancl slow-grolvth rate 



HELA'TIONSHIPS I N  BLACK WALNUT IIEARTWOOD 39 

TABLE 1. Bolt cf~aractcristics for black walnt~t trees from Indiatra ant1 Missouria 

Diameter Heartwood Sapwood Rir~lgs 
inside bark diameter width" Ring count per mch 

Sitc elas\ Growth class (inches) ( inches ) (inches) ,a (number) ( n ~ ~ ~ r b e r )  - 
INDIANA 

Cood Fast 13.0 10.6 2.4 45 7.2 
Slow 10.9 9.4 1.5 70 1 . 9  

Poor Fast 15.2 12.2 2.6 52 7.2 
Slow 12.0 10.4 1.6 63 10.5 

Good 

Poor 

MISSOURI 
Fast 13.7 12.0 1.7 55 8.3 
Slow 11.6 9.8 1.8 6.2 10.6 

Fast 12.7 11.1 1.6 57 9.1 
Slow 11.0 9.5 1.5 58 10.6 

Each value is the average of four trees. 
I'  Measured on the diameter. 

on typically good and poor sites for black 
walnut. Personnel of the North Central 
Forest Experiment Station selected four 
trees at random within each site and each 
growth rate, or subclass, to provide a 
total of 16 trees from each state. The 
high value of walnut logs precluded the 
use of increment borers; consequently, 
growth-rate classification was based on ex- 
tern'll characteristics of the trees. 

Between 8 ancl 13 feet above ground, 
a 5-foot-long bolt was cut from each tree, 
and the age of the tree (bolt) and the 
diameter-growth rate wenb determined on 
both ends of each bolt. Values of bolt 
characteristics, each the average for four 
trees by site and growth subclass, are given 
in Table 1. Each bolt was flat-salved into 
boards 1 inch thick by 4 inches wide; eight 
of the boards were selccted at random to 
represent each bolt. One 6-inch-long piece 
was randomly selected from each board, 
and one 1- by 34- by 346-inch test specimen 
nras randomly selected from each face of 
each piece. Thus 16 test specimens were 
obtaiaed from each tree: they were used 
for determining color and wood structure. 
End-matched pieces of the same dimensions 
were used to determine spc,cific gravity and 
extractivc content. 

After the color determinations were com- 
pleted, the specimens wcrc saturated in 
water. Three microtomed cross-sectional 

surfaces were prepared for each specimen: 
two, one at each end, and a third, at the 
center. From 10 randomly selected fields 
per surface examined, percentage of area 
occupied by normal and gelatinous fil~rous 
tissue was determined. A Zeiss Integr iting 
Eycpiecc ( Henning 1958 ) that uses a 
test-point sampling procedure was usald for 
the determinations. Measurements urcre at 
a magnification of 110X, which was too 
low for segregating fibers from axial and 
ray parenchyma by the test-point p~ occbtlure. 
Therefore, either "normal" or "gelati~ious" 
fibrous tissue refers to combinations of 
fibers and parenchyma. To disc riminate 
between normal and gelatinous fi1)rolls tis- 
sue a procedure described by Aufsess ~ : t  al. 
(1968) was used that employs f1uorc~;cent 
light and acredin-orange stain. In ,~dthtion, 
both the number of vessel lumens pel- cali- 
brated field and the number of fibers; per 
calibrated distance between two points of 
the eyepiece were counted. For counting 
fibers, a higher magnification was used 
than for counting the lumens, and the tissue 
traversed contained only fibers, whether 
thcy were gelatinous or normal. 

The amount of extractives based 011 the 
matched specific gravity specimens was de- 
termined by the TAPPI standard method 
(1959) and expressed as a percentage of 
the extractive-free weight of the wood. Ex- - 
tractions were on solid wood pieces; data 
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for extractives content are also based on 
these pieces. Specific gravity was deter- 
mined from the extractive-free oven-dry 
weight of the specimen, and volume was 
computed from the measured water-sat- 
urated dimensions of the specimen. 

The average cell-wall thickness of fibrous 
tissue was calculated according to Smith 
(1967), in which the model is a cell cir- 
cular in cross section with a water-saturated 
wall density of 1.0 g/cc% The formula 
used in the calculation is: 

W = ( D / 2 )  [l- \/I- (~ /T)G;] ,  

where W is the average single wall thick- 
ness, D, the average fibvr diameter; and 
G,,, the specific gravity of a fibrous tissue 
on an extractive-free grecn volume basis. 
Thus the estimate of U' incorporates a 
slight discrepancy from thts assumption that 
the fibrous tissue is entirely fibers of a 
given average diameter. 

The values for G,, are obtained by: 

G ,  = G / ( l -  X, loo), 

where G is the original specific gravity 
of the wood and x is the percentage of 
volume occupied by vessel lumens. This 
is on the assumption that per cent vessel 
lumen volume is numerically equivalent 
to per cent vessel lumen area. 

Average vessel diameter was calculated 
from per cent vessel lumen area per cali- 
brated field and the number of vessels 
counted in that field. 

All of the data were averaged to provide 
single representative values for each board 
and for each bolt (tree).  

RESULTS AND DISCUSSION 

Single and multiple linear regression 
analyses were used to determine the rela- 
tionships between color indices (dominant 
wavelength, per cent luminance, and per 
cent purity) and anatomical features, spe- 
cific gravity, and extractive content of the 
heartwood. The independent variables used 
in the analyses were the following: 

XI per cent normal fibrous tissue 
X:! per cent gelatinous fibrous tissue 

X3 number of vessels per square milli- 
meter 

X4 average vessel lumen area (rn11P) 
X5 average fiber diameter (microns ) 
X, average wall thickness of fibrous tis- 

sue (microns ) 
X i  extractive-free specific gravity of wood 
X, specific gravity of fibrous tissue 
Xu per cent extractives 
Xlo ring width 

I t  should be noted that per cent of 
vessels was not included as an indepc>ndent 
variable because it is simply a linear func- 
tion of variables XI and Xy (per cent 
vessels = 100 - XI - X, ) . 

Separate analyses were made for each 
of the following dependent variables : 

2'1 dominant wavelength 
Y, per cent purity 
Y, per cent luminance 

Results of analyses based on v;~lues for 
individual test specimens and on average 
values for bolts were essentially the same. 
Dominant wavelength (Y1) was not signif- 
icantly related to any single independent 
variable or to any combination of these 
variables. Similarly, no significant relation- 
ships were found between per cent purity 
( Y z )  and the independent variablvs. Ilow- 
ever, there was some suggestion that both 
dependent variables Y1 and Y, might be 
related to some of the measures of wood 
density. Thus, for wavelength (Y, ), wood 
specific gravity (XT), number of vc,ssels 
per mm" X 3  ) , specific gravity of fil~rous 
tissue ( X a ) ,  and average vessel Imnen area 
(X4) were involved in the "best" regressions 
at each level of fitting. For per cent 
purity (Y,), avqrage vessel lumen area 
(X4),  and specific gravity of fibrous tissue 
(Xs) were almost as good as n u m b t ~  of 
vessel lumens par m m y X , )  and wood 
specific gravity (;KT). Since either of these 
combinations is close to a significant rela- 
tionship, it is pogsible that some sort of 
curvilinear functian of wood density would 
be reasonably related to per cent ~ ~ u r i t y  
(Y , ) .  However, 00 attempt was made to 
explore these relationships further. 
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TAIILE 2. Jlean values of wood characte~.istics of black walnut by state of origin ant1 site U I L ~  gtowth- 
rate class 

Average 
Gel;\tinous vessel Single Specific 

fibrous Fibersa Vessels lumen fiber wall gravity Extractive Color 
S I I I I ~ ~ ~  of Vessels tissue per n ~ m c  per mm' area thickness"(extrac- content l n m i ~ ~ a n c e ~  
materials ( % )  ( % )  (number) (number) (mm?)  ( p )  tive-free) (%) (06) 

State: 
Indiana 16.5 15.9 2,869 5.25 0.032 4.95 0.506 5.3 
Missouri 19.4 12.0 2,697 5.54 0.036 5.33 0.500 6.6 

Difference 2.9* 3.9 172 0.29 0.004** 0.38* 0.006 1.3* 

Site class: 
Good 17.7 17.2 2,821 5.53 0.033 5.21 0.511 5.5 
Poor 18.1 10.8 2,744 5.27 0.035 5.07 0.495 6.5 

Difference 0.4 6.4 77 0.26 0.002 0.14 0.016 1.0 

Growth-ratc class: 
Fast 17.3 11.5 2,778 5.26 0.034 5.13 0.505 6.2 
Slow 18.5 16.4 2,787 5.54 0.034 5.15 0.501 5.7 

Difference 1.2 4.9** 9 0.28 0.000 0.02 0.004 0.5 

Based on actual fibers (exclndinz vessels and parenchyma). 
I' Based on fibrous tissr~e (including fibers and parenchyma). 
'' From N. D. Nelson, R. R. Maeplin, and H. E. Wahlgren, Wood and Fiber 1 ( 1 ) : 33, Table 3 ( 1969). 
:: Difference is significant at the 0.05 level. 
*' Difference is significant at the 0.01 level. 

The third dependent variable, per cent 
luminance ( Y 3 ) ,  was significantly related to 
per cent extractives ( X 9 ) ,  and to the spe- 
cific gravity of the fibrous tissue ( X R ) .  
\Vhen combinations of variables were con- 
sidcred, the addition of some measure of 
density to per cent cxtractives (X9)  pro- 
duced the greatest reduction in residual 
sums of squares. These measures of den- 
sity were either cell-wall thickness ( X 6 ) ,  
wood specific gravity (Xi), or specific 
gravity of fibrous tissue (.Y,); the fibrous 
tissues specific gralrity, however, made the 
greatest improvement. In this case 

Additional variables macle no significant 
reduction in residuals until a six-variable 
equation was fitted. The best six-variablc 
regression involved the following indepen- 
dent variables: number of vc,ssels per mm2, 
average vessel lumen area, wood specific 
gravity, specific gravity of fibrous tissue, 
per cent extractives, and ring width. This 
jump from a two- to a six-variable equation 
scldorn occurs in regression analyses, and 
is difficult to explain or interpret. 

In accord with the factorial experiri~c.ntal 
design, the average values for wood \i-ruc- 
ture, specific gravity, and per cent eutrac- 
tives are given in Table 2 by states, site 
classes, and growth-rate classes. 

Nelson et al. (1969) found per cent 
luminance was the only color characte~.istic 
associated with state of origin, ~ n t l  the 
value of this characteristic was h i ~ h v i  for 
the black walnut from Indiana than that 
from Missouri (Table 2 ) .  Howeker, they 
found no association between per cent lu- 
minance and either site class or growth- 
rate class. 

In this study, it has been shown that per 
cent luminance is significantly related to 
per cent extractives and to the combin. C L  t '  ion 
of per cent extractives with some o f  the 
measures of wood densitv. Analvsi!; of 
variance indicated a significant djff[lr~ence - 
between states for per cent extracti\c,i al- 
though not for specific gravity per se. The 
results, which indicate that wood iron1 
Indiana had a lower per cent of extracltives 
than that from Missouri. are consistent with 
the regression analyses in which per cent 
luminance was negatively related to per 
cent extractives. 



In summary the following differences 
in wood characteristics between states were 
fouild: trees from Indiana had significantly 
thinner cell walls, lower per cent cross- 
sectional area occupied by vessel lumens, 
iind vessels with smaller average lumen 
areas than those from Missouri. 

TVoot1 from the two states did not differ 
significantly in percentage of gelatinous 
fibers nor did the regression analyses show 
ally relationship between this characteristic 
and thc color of the wood. I t  is interesting 
that for both states, the wood from the 
"good" site class had significantly more 
gelatinous fibers than that from the "poor." 
The trends for growth-rate class were not 
consisteilt within states, but if the state 
of origin was disregarded (Table 2) ,  the 
slow-growing trees had a significantly higher 
per cent of gelatinous fibers than did the 
f ast-growing trees. 

Although the results here are of a small 
exploratory study, they offer additional in- 
formation on the effect of site and growth- 
rate class on the anatomy of black walnut 
wood. I11 evaluating these data, it has been 
shown that of the wood characteristics 
examined, pcr cent extractijres is most closely 
relatcd to the color of wood. Since the 
TAPPI (1959) standard method of extrac- 
tion was used, the va1uc.s for extractive 
content include water- and alcohol-soluble 
and benzene-soluble components. I t  may be 
profital>le hy modifying thc extractioii pro- 
cedure to ascertain which of thesc compo- 
ilclits is most closely associated with the 
lulninaiice of the wood and, if possible, to 
go a stcp further and trv to isolate the 
active constituents. 

Siiice Nelson kt al. (1969) fount1 a re- 

color ant1 ex- 
tractive content, xtractive content Inny be 
more important an color for the industry 
since it is negativ ly related to the shrinkage 
of the wood. I may be possible in the 
future to contro not only the color but 
also the shrinka e characteristics of wood 
by manipulating forest management prac- 
tices. i 
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