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ABSTRACT 

Fiber length variation across individual growth rings of both juvenile and mature wood 
of seven southern hardwoods was investigated. In most species, fiber length varied more 
in mature rings than in juvenile rings. 

The measurements show that fiber length variation patterns across rings may differ 
from ring-to-ring within the saiiie tree as well as among species. Researchers measuring 
fiber length sho~~lcl be aware of this sotlrce of variation. 

lldtlitional keywoids:  Q u e r c u ~  falcata, Quercus stellata, Qucrcur nigia, Carya ovata, 
Carya tomentosa, Liquiduinbur styracifltra, Nyssa syluatica, fiber length, within ring varia- 
tic n, mature wood, juvenile wood. 

INTRODUCTION has been reported for Populus tremula 

Large variations are known to exist in 
fiber length not only betwecil different rings 
within a tree, but also within individual 
annual rings. In fact, some researchers have 
attempted to study fiber length trends by 
macerating sections of trees or complete 
rings and have found so much variation 
within their samples that comparisons 
among samples were useless. In a study of 
fiber lengths of whole rings from 63 yellow- 
poplar trees in East Tennessee, Thorbjorn- 
sen ( 1961 ) was unable to determine if real 
differences existed between trees. Fiber 
1cny;th differences within macerated sam- 
ples of 49 different hardwood species were 
so g,reat that Bergman (1949) was unable to 
draw any conclusions about fiber length 
differences between species. 

The general conclusion of researchers 
working with angiosperms is that latewood 
fibers are longer than earlywood fibers. The 
fibers of ash (Fraxinus excelsior) and sweet- 
 gun^ ( Liqt~idurnDnr styruciflua) increase in 
length from the first-fonned earlywood to 
a ~naxiinum ill the latewood ( Bosshard 
1951; Webb 1964). A consistent difference 
in 1i:ngth bet\veen earlywood and latewood 
fibers was rcported for Eucal!yptus regrwn.s 
by Bisset and Dadswell ( 1949). A general 
increase in the length of snmmerwoocl cells 
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(Hejnowicz a r~d  Hejnowicz 1958), and 
Liese and Ammer (1958) reported that the 
length of fibers increases steadily from 
springwood in annual rings of poplar. 

Within-ring variation of the fiber length 
of 28 angiosperm? was investigated by Bis- 
set and Dadswell ( 1950). They interpreted 
their measurements to show that in all 
angiosperms with distinct growth rings 
(both diffuse-porous and ring-porous), there 
is a definite increase in fiber length from 
earlywood to latewood. The most common 
variation pattern was a curvilinear increase 
from earlywood to latewood followed by an 
abrupt decrease in length of last-formed 
latewood fibers. The decrease in last- 
formed latewood fibers was attributed, by 
the authors, to contamination of latewood 
fibers with earlywood fibers from adjacent 
growth rings. However, in some species, 
namely Carya ovata, Ulmus campanestris, 
and Sassafruss ulbidum, where the maxi- 
muin fibcr lengths occurred near the center 
of growth rings, the explanation that the 
decrease in length of outer latewood fibers 
resulted from contamination may be chal- 
lenged. The maximum length of fibers in a 
storied hardwood (Petrocarpus anqolensis) 
reportedly occurs near the middle of the 
ring (Chalk et  al. 1955); and in yellow- 
poplar, a species with growth rings clearly 



ANGIOSPERM FIRER LENGTH VARIATION 

MATURE 

r" 
POSITION IN RING (250  miCrome+or r r c t l ~ n r )  

FIGS. 1-7. Relationship of fiber length to posi- 
tion \vithin rings of juvenile and mature wood. 

FIG. 1. Blackgum. 
FIG. 2. Sweetgum. 

FIG. 3. Red oak. 
FIG. 4. Water oak. 
FIG. 5. Post oak. 

FIG. 6. Mockernut hickory. 
FIG. 7. Sh:.">ark hickory. 



TAUI.E 1. Predi~tio~i e(/liatioii.~ atid coc+ficietit~ of deter~tlituztion based on the obsertied relatioi~shi~) 
between fiber length (Y) and position widtin rings ( X )  
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S1x'cii.s King Numbcr Equation ll 
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deli~~eated by a l~antl of terminal paren- 
chylria, Taylor (1965) showed that there 
was a linear iiicrcase in fiber length across 
grou~th increnients with no decrease in the 
lengtl~ of last-fornled latewootl fibers. 

Sample 1)locks cont:iining gro\vth rings 5 
and 30 were removetl from the southern 
radiils of discs cut at 10 feet above ground 
from selected species of southern hard- 
\voocls. Species investigatetl were: 

Southcrn red oak (Quercus falcata 
Michx. ) 

Post oak ( Quercus stellata \T7angenh. ) 
\Vatcr oak ( Quercus nigra L. ) 
Shagbark hickory (Carycl ovcltu [hlill.] 

K. Koch.) 
.\lockernut hickory ( Curlyu tornentosa 

Nutt. ) 
Swvetgum (Lic/uidarnbar styraciflua L.) 
13l;ickgurn (Nyssa sylvutica Marsh.) 

Alter being boiled in water, the sample 
1)locks containing the rings to be studied 
were carcf~llly positioned in a sliding micro- 
tomc, a11d 250-micrometer-thick tangential 
sections were renloved serially across the 
entil e growth ring, beginning with latewood 
and progre\sing toward earlywood. 

1l.lcenition was acconiplished by treating 

microtome sectiorls in a mixture of equal 
volumes of glacial acetic acid and 30% 
llydrogen peroxide at 60 Celcius for 24 h. 
The reagent was carefnlly drawn off with 
a vacuum hose and the sections were 
washed with distilled water. Gentle shak- 
ing was sufficient to separate the xylem 
tissue into individual cells. 

Macerated fibers were stained with acri- 
dine orange dye and their lengths were mea- 
sured. The leagth-nleasurement technique 
used was a modification of the "graduated 
hull's eyc target n ~ e t h o d  described by 
\Vilson ( 1954). Lengths of 50 whole fibers 
were lneasured for each nlicrotome section, 
nsing the selection techniclue described by 
Taylor ( 1975). 

RESUL'TS AND DISCUSSION 

The results obtained for juvenile and 
mature wood of each species are shown 
graphically in Figs. 1-7. Data points in the 
figures are average lengths of the 50 fibers 
measured from each microtome section. 
Equations for the curves shown are pre- 
sented in Table 1. 

Average fiber length differences within 
juvenile growth rings (ring 5 )  of the oaks, 
sweetgunl and 1)lackgum were not as great 
as differences within mature growth rings 
(ring 30) of these species. Fibers of ju- 
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venile rings of these species were shortest 
in earlywood and increased curvilinearly to 
a ~ l ~ a x i m u n ~  in latewood. After the maxi- 
muln was reached, length decreased in the 
last-forn~ed latewood of most species. No 
decrease was evident in latewood fibers of 
the two oak species in the subgenera E y -  
thro1~alanu.s (red oak ant! water oak). 

hlature wood fibers of all species were 
longer than juvenile wood fibers. In mature 
wood, fiber length increased quite rapidly 
as seasonal growth progressed in the early- 
wood growth zone. 

In diffuse-porous species (sweetgum and 
blackgum) and semi-diffuse-porous species 
( shagbark and mockernut hickory), fiber 
length was at a inaxi~num near the middle 
of growth increments and decreased in the 
last-formed late\vood. The decrease in fiber 
leneth of last-formed latewood was not 
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aronounced in water oak and was not ob- 
served in red oak or post oak. However, the 
rate of fiber length increase was greatly 
reduced in last-formcd latewood of red and 
water oak. 

l'he last-formed fibers in growth rings of 
the hickories were approximately the same 
length as the first-formed fibers. However, 
fibers near the center of growth rings were 
approxi~nately one-third longer than first- 
formed earlywood fibers. The explanation 
given of similar results for shagbark hickory 
by 13isset ancl Dadswell (1950) was that 
1atc.wood fibers contaminated the popula- 
tion o f  earlywood fibers of adjacent rings. 
Howrver, the care exercised in the prepara- 
tion of microtome sectio~ls in this study 
precludes significa~lt contamination. 

These results (Figs. 1-7) show conclu- 
sively that there are differences in fiber 
length within seasonal growth increments. 
They also show that variation patterns are 
different among species and from ring-to- 
ring within the same tree. Researchers mea- 

suring fiber length should be aware of this 
source of variation. 
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