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A KNOWLEDGE of phenotypic variation 
in specific gravity of cottonwood 
(Populus deltoides Bartl'.) is es
sential in planning improvement 'pro
grams and inheritance studies. To col
lect such data, stands were sampled in 
two general areas about 150 miles apart 
on the Mississippi River. One area 
was approximately 5 miles south of 
Clarksdale, Miss., the other was 10 
miles north of Vicksburg. In each 
area, foUl' 30-ft-wide transects were 
established within 4 miles of each other. 
All were in pure stands of cottonwood 
on reasonably uniform, but different, 
sites. The first 10 trees on each 
transect were selected for sampling. 
They ranged from 21 to 23 years in 
age and from 9 to 20 in. dbh; mean dbh 
was 14 in. 

Two cores 11 mm in diameter were 
taken from opposite sides of each tree 3 
ft from the base. They were immedi
ately placed' in water-filled test tubes 
and stored at 38°F. Specific gravity 
of three 2-cm 3 samples from each of the 
two cores was determined by dividing 
ovendry weight by green volume. One 
2-cm3 sample was taken adjacent to the 
pith, one midway between pith and 
cambium, and one adjacent to the 
cambium. Since variance between op
posite cores was minimal, the mean of 
the two cores at each position was used 
in the analysis of data. The design and 
method of analysis is outlined in Table 
I. 

RESULTS AND DISCUSSION 

Variation 

Mean sample specific gravity for in
dividual trees varied significantly (0.01 
level) from 0.320 to 0.461, a range 
slightly less than that reported for 
cottonwood in Illinois by Walters and 
Bruckman (1). Similar ranges have 
been reported for aspen by van Buij
tenen et al. (2) and Valentine (3). 
The mean for the total sample was 0.380, 
a figure close to other published means 
(1,4,5). 
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Specific Gravity Variation in a lower 

Mississippi Valley Cottonwood Population 

Specific gravity varied from 0,32 to 0.46, averaging 0.38. Most of the variation 
was associated with individual trees; samples within locations accounted for a 
smaller, but statistically significant, portion of the variation. Variation between 10-
catians was not significant. It was concluded that individual high-density trees' 
should be sought throughout the population. Wood near the cambium was more 
dense than that near the pith or middle of stems; this position effect was influenced 
by location and samples within locations. Relatively low correlations between den
sity of juvenile and more recently formed wood indicate that selection for specific 
gravity at 'an early age may not be efficient. A slight negative relationship was ob
served between specific gravity and mean annual diameter increment. 
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Variance components, based on esti
mated mean squares, were calculated 
for locations, transects, and trees: 

Source 

Location 
Transects 
Trees 

Variance component 

0.000106 
0.000235 
0.000466 

Most of the observed variation was 
among trees. A smaller, but statisti
cally significant, component was associ
ated with transects; means for transects 
within the Vicksburg location varied 
significantly from 0.362 to 0.409, while 
at Clarksdale, transect variance was not 
significant. The smallest component, 
not statistically significant, was associ
ated with locations. 

Variation between locatioml and tran
sects probably is largely a reflection of 
site differences, which are believed to be 
greater between stands and locations 
than between individual trees within 
transects; on a given transect trees 
were within a radius of 200 ft on an ap-

parently uniform site. Within-transect 
environmental variation not directly 
associated with site quality (e.g., 
competitive effects) may have signifi
cantly influenced specific gravity; nev
ertheless, the data suggest that, pend
ing results from heritability studies, 
individual high-density trees should be 
selected throughout the entire popula
tion. The minimal variation between 
cores from a single tree, mentioned 
previously, indicates that single-core 
Ramples may be adequate. 

Growth-Specific Gravity Relationship 

Mean annual diameter increment of 
individual trees varied from 0.41 to 0.96 
in. It had a slight, but insignificant, 
negative correlation with mean tree 
.. pecific gravity (r = -0.20). This 
finding is in agreement with some pre
vious observations in cottonwood, the 
aspens, and hybrid poplars (t, 6-8). 
However, Cech et al. (9) and Kennedy 

Table I. Analysis of Variance for Specific Gravity with Estimated Mean Squares 
for Locations, Transects, and Trees 

Mean 
Source 0/ pariation dl square 

Locations (L) 1 0.021414 N.S. 

Transects (7') ill locations 6 0.008703" 

Trees (R) in transects in 72 0.001644" 
locations 

Positions (P) 2 0.009482" 
Positions X locations 2 0.003624b 
Positions X transects/ 12 0.000630" 

locations 
Positions X trees/tran- 144 0.000247 

sects/locations 

-SignificantattheO.01 level. .. ; = p/(p -1)",2 (7'(L) 

E:z;pected ...... n aquar. 

U; + PU;(T)(L)+pru;(L)+ 

prt'}; c,t/(l - 1) 

U; + PUR~T)(L)+prtT;(L) 
ui + pU;(T)(L) 

U 2 
E 

h Significant at the! 0.05 level. ' PR ) 
NOT": Locations and positions of 8&mples from each core were considered fixed etTects. All other 

etTsete were considered random. 
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and Smith (10) working with P. tri
chocarpa, and van Buijtenen et al. (2) 
working with P. tremuloides, have noted 
significant negative correlations between 
growth rate and specific gravity. Brown 
and Valentine (11) observed both posi
tive and negative correlations between 
ring width and specific gravity in natural 
P. tremuloides clones. This variance in 
reports suggests the existence of a 
major unaccounted-for influence, per
haps genetic, that may ma.sk a straight
forward growth-density relationship in a 
sample such as from the Mississippi 
study. In this regard, Cech et al. (9) 
have reported a significant effect of 
clone independent of growth rate. 

Position in Tree 

Specific gravity averaged 0.375 near 
the pith, 0.373 at the middle of cores, 
and 0.393 at the cambium. The pith 
and middle samples differed from the 
outer samples at the 0.01 level of 
significance. Increase in density toward 
the outer bole has been observed in 
aspen by Brown and Valentine (11). 

Position effect varied with location 
and transect. Thus, within the Clarks
dale location the. middle section of the 
core had the lowest mean specific gravity 
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(significant at 0.01 level, by Duncan'!l 
multiple range test) in two of the four 
transects. Within the Vicksburg loca
tion the internal segment had the lowest 
mean specific gravity (0.01 level) in two 
of the four transects. In the two re:
maining transects at each location 
the inner and middle segments did not 
differ. These significant interactions of 
position with location and transect are 
probably indicative of environmental 
effects that may alter the pattern of 
variation within stems. 

Correlation coefficients describe re:
lationships between specific gravity of 
different positions in the tree: 

Relation.hip T val". 

Innervs. middle segment 0.64-
Inner vs. outer segment 0.61" 
Middle vs. outer segment 0.82-

• Significant at 0.01 level. 

About 36% of the variation in 
specific gravity at the midsection and 
the outer section of the core was ac
counted for by variation at the inner 
section. Approximately 67% of the 
variation at the outer position of the 
core was accounted for by variation 
at the midsection. The relatively low 
correlation between the density of inner 
and outer sections of cores suggests that 

-.----

selection for specific gravity at an early 
age (1-5 years) may not be efficient. 
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