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ANATOMYAND DRY WEIGHT YIELDS OF TWO POPULUS CLONES
..

GROWNUNDERINTENSIVE CULTURE

John B. Crist and David H. Dawson

Considerable interest has been gen- of woody fiber, it is apparent that for-
erated in Utilizing the total wood and per- esters need to understand how to utilize

haps the bark produced by young woody spe- more of the remaining 99+ percent.

cies grown under short rotations for pulp
or partlcleboard production. Representa- Recently the USDA Forest Service's
tives of the.industry feel that rotations North Central Forest Experiment Station in
must be shortened and yields ofhigh-quallty Rh'inelander, Wisconsin, launched Program

materials substantially increased if ex- Maximum Yield, in which a systems approach
penditures for woodland imp=evement are to is being taken to develop the most effl-
becompetitive with other investment al- cient and economic method for producing

ternatives. Extremely intensive silvicul- fiber from woody plants. Basic research
ture, such as has been demonstrated with input is being collated from specialists
sycamore in the southeastern United States in-the fields of physiology, genetics,

bY using the corn-silage system (McAlpine engineering, utilization, and economics
e_ al. 1966), may very well be economically under this program. As described by Daw-
feasible (Dutrow 1971). Continuing re- son and Hutchinson (1972), it is hoped that

searchand development effort already has the results will enable segments of the
demonstrated that kenaf (Hibiscus oannabin_8 industry in the North Central Region to
L.) can be grown as a high intensity, short assume a more viable role in helping to
rotation (annual) crop on high-quality meet the expanding need for pulpwood. An

land (White et al. 1970). early study in Program Maximum Yield, re-
ported here, was made to determine the dry
weight yield and quality of material pro-

. There is considerable biological evl- duced by two Populu8 hybrids grown in an
dence that growing large trees over long agronomic mode for 2 yr under intensive

rotations may not be the most efficient cultivation near optimum moisture and nu-
system.for capturing the solar energy trient levels at three plant spacing
available or quickly and completely oc- densities.

cupying a site. For example, Leak (1970)
pointed out that conventional timber pro-

duction accounts for a very minute pro-
' THE PLANTMATERIALAND RESEARCHMETHODSportion--0.1 to 0.2 percent of the net

solar energy that enters into a northern
hardwood stand. Daniels (1956) in con-

trast, repo==ed that photosynthesis in The two clones chosen for the study were
the laborat0rymay attain efficiencies of Populu8 "Tristis #I" (Populu8 balsarnifera L.

l! I!

up to 35 percent under optimum conditions, x P. tristi8 Fisch.) and Northwest poplar

Implied in these findings isthat tra- (Populu8 deltoide8 )_rsh. vat. oooidentali8
ditional forest management has been al- Rydb. x P. balsc_nifera L.). Both clones

most exclusively concerned with less than propagated easily and were known to be
i percent of the solar energy entering the hardy in the North Central States as well
forests we manage. For maximum production as to have manifested different crown and



branch architecture in conventional spa- AnatomiCal characteristics of the two

Ings. Both Were available in quantity clones were measured as part of a screening
from the Forest Nursery Station at Indian process to determine the relative suitability
Head, SaskatcheWan, where they have been of various candidates for fiber production
selected and tested for years (Cram 1960). in a maxlmumyield system.

Plantlngs were spaced at three rela- Three stems of harvested plants (rep!i-

tlvely high densities (9 in. by 9 in., cations) were taken from each of the three
12 in. by 12 in., and 24 in. by 24 in.) planting densities for each of the two clones
because denslty-clone interactions had to and examined. Segments of each stem were
be determined early in the rotation per- removed from near the base, middle, and

iod. Dominant cuttings of each of the two tip. Microtomed sections were cut from
clones were planted during the summer of thesesegments and photomicrographed. The
1970 at each of these three densities in photomicrographs were projected onto a
three 16ft by 16 ft irrigated plots in screen containing a grid from which countlngs
three replications using a randomlzed block were made to calculate the percent compo-

design. By the fall of 1970, most of the sitlon of vessels and of bark fibers. The
cuttings had rooted; where fall spots diameters of the vessels and of the bark
occurred, replacements weremade using fiber bundles also were measured using the

cuttings that had been rooted in adja- calibrated projections. Specific gravities
cent beds. of intact stem segments were determined

using the water immersion method. The same

Throughout the first full growing method was used to determine individual
season_-the spring and S-mmer of 1971-- specific gravities for the wood and for the
nutrients wereapplled frequently to the bark after the segments had been dissected
soll to ensure that nutrients in the plants and the pith had been removed from the wood.

were maintained at sllghtly above the Fiber, vessel, and bark-flber lengths were
crltlcal level (i.d., the concentration of obtained from calibrated microscopic pro-
an element in the leaves at which plant jectlons of tissues that had been macerated

growth begins to decline). Moisture using peracetic acid. Broken or cut cells
levels were maintained at 75 to 90 were not measured. Data were analyzed
percent fleld capacity, using a 4-way analysis of variance for each

of the i0 anatomical characteristics.

Near the end of the 1971 growing season,
all aerial portions of trees from 2 by 6 ft
subplots were harvested. This material was RESULTSAND DISCUSSION
measured, separated by components, oven-
dried at 70@C until equillbriumwas reached, Table 1 documents that considerable
and then weighed, tonnage of wood and bark can be produced by

Table 1.--Dry weight by components of Populus "Tristis HI" and
• It tIA

•,. Populus Northwest

,. (In tons/acre)

POPULUS"TRISTIS#1"
Planting: Totals : Stems : Branches

density: Tree : Wood : Bark : Tips : Leaves : Total : Wood : Bark : Total : Wood : Bark
(in.)' : : : : : : : : : : :

9 by 9 12.25 6.29(51) z 2.94(24) 0.11(1) 2.91(24) 6.61(53) 4.74(38) 1.86(15) 2.63(21) 1.55(12) 1.08(8)
12 by 12 9.33 -4.01(42)2.45(26) .12(2) 2.75(29) 4.71(50) 3.16(33) 1.54(17) 1.76(19) .85(9) .91(10)
24 by 24 3.86 1.58(44) .97(25) .05(1) 1,26(32) 1.67(43) 1.11(28) .56(14) .89(23) .47(12) .41(11)

POPULUS"NORTHWEST"

9by 9 6.38 2.79.(44)1.65(25) 0.15(2) 1.79(28) 3.98(62) 2.59(40) 1.39(21) 0.46(7) 0.20(3) 0.26(4)
12 by 12 5.70 2.09(37) 1.76(31) .11(1) 1.74(31) 2.72(48) 1.82(32) .90(16) 1.13(19) .27(4) .86(15)
24 by 24 2.02 .57(28) .47(23) .05(2) .93(46) .71(35) .41(20) .30(14) .33(!6) .16(7) .17(8)

tOne-yr-oldmaterialfrom rootedcuttings."
2percentof totaltreeweightin parenthesis.
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very dense stands of young trees, sprouts than that of P. "Northwest" wood (Table

from the 2-yr-old rootstock of Populus 2); yet the values for both clones were

"Trlstls #i" planted at the 9 in. by 9 in. within the wide range of specific gray-

density produced the equivalent of over 6 itles reported for Populu8 species (Isen-
tons of wood and almost 3 tons of bark/ berg 1951, Valentine 1962, Wilde and Paul

acre/Year at 9 in. by 9 in. planting den- 1959). The specific gravities of both

sity. ThePopulu8 "Northwest" sprouts were clones increased as planting densities

only slightly better than half as productive, decreased. However, specific gravity

progressively decreased as stem height

However, sprouts from both clones yielded increased in P. "Tristis #i;" just the

greater t6nnages of wood and bark than did opposite was found in P. "Northwest."

"total tree harvested" in natural aspenL

stands on good sites in the Lake States The fibers of P. "Tristis #i" were

that yielded between 1 and 2 tons/acre_ear slightly shorter than those of P. "North-

(Einspahr and Benson 1970, Benson and west." Although fibers from both clones

Elnspahr 1972). ° were short, their lengths are comparable

to the fibers of other young Populus spe-

Table 2_shows differences in the i0 ties and hybrids (Cechet al. 1960, Ken-

measured anatomical characteristics be- nedy and Smith 1959). As would be ex-

tween the 2 clones, The means presented petted, the fibers of both clones de-

were obtained by averaging data for all creased in length as stem height increased.
replications, planting densities, and

stem sampling heights for each clone. Stems grown at the 12 in. by 12 in.

Differences or patternsattributable to density had slightly longer fibers than

planting density or sampling height are those grown at the 9 in. by 9 in. density.

included in.the following discussion. This observation might be attribulted

to differences in crown geometry and

The specific gravity of P. "Tristis morphology, which enabled larger amounts of

#I" wood (without pith) was much higher photosynthate to be distributed to the stem

Table 2.--Comparison of anatomical characterictics of two

hybrid Populus clones

Measured : Populus : Populus :Difference
:"Tristis #1":"Northwest": between

characteristics
: mean 1 : mean 1 : means 2

Wood (without pith)
sp. gr. 0.402 0.338 ,,3

Fiber length (mm) .560 .574 ,4

• Vessel length (mm) .276 .247 **
Vessel _lameter (mm) .040 .039 --
Vessel composition

of wood (percent) 19.33 30.12 **

Bark fiber length (mm) 1.066 1.010 **
Bark fiber composition

• of bark (percent) 9.42 11.52 **
Bark fiber bundle

diameter (mm) .146 .118 **

Bark sp. gr. .397 .370 --
Intact stem segment

sp. gr. .367 .324 **

_Averaged over all planting densities, replications, and
stem sampling heights.

2Varlatlon due to planting density, replications, and

stem sampling heights removed by ANOVA.
3Denotes significant difference at the 99 percent

confidence level.

4Denotes significant difference at the 95 percent
confidence level.
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for accelerating fiber growth in stems composition (fig. 1). Based on a per-
grown at the 12 in. by 12 in. planting centage of cross sectional area, the wood

density. However, sprouts grown at both of P. "Tristis #i" was composed of approx-
the 9 in. by 9 in. and the 12 in. by 12 imately 19 percent vessels as compared to
in. densities had fibers that wene con- 30 percent in the wood of P. "Northwest."

siderably longer than those grown at the This probably accounts for the lower
24 in. by 24 in. density, specific gravity of P. "Northwest" wood.

The vessels of P. "Tristis #1" were Utillzatlon of materlal produced on
• considerably longer than those of P. "North- short rotations might include bark. Bark

west," but the vessels of both clones were fibers would probably be the greatest con-

considerably shorter than vessels in older trlbutors of all bark-cell types to pulp
Populus (Panshin et al. 1964). Their ylelds and properties. The bark fibers
lengths decreased as plantlng density of the clone P. "Tristls #i" were longer
decreased. The diameters of the vessels than those of P. "Northwest" but fibers

from both clones were similar. Generally, of both averaged slightly greater than
vessels near the top of the stem were 1 mm in length, which is almost the same
considerably smaller in diameter than as the length of bark fibers found in
those from the middle Or bottom of the stem. aspen (Chang 1954, Hossfeld and Kaufert

1957). If bark is included in pulp, the
The greatest difference in the wood longflbers should enhance strength prop-

anatomy of the two clones was in vessel erties because the bark fibers from both

Figure l.--Photomicrographs showing Populus "Tristis _I" (left)
tF tt

had a lower percentage of vessels than P. Northwest (right).
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clones were nearly twice the length of Of apparently great economic or prac-
the wood fibers, tlcal significance is that the bark of

both clones averaged approximately I0 per-
The bark of P. _'Northwest" had a cent fiber and that these fibers were con-

signlflcantlygreater percentage of fiber siderably longer than the wood fibers.
than did that of P. "Tristis #i," but Moreover, no stone cells were observed in
both clones averaged approximately i0 the bark of either clone. Because of the

percent fiber based on a percentage of high proportion of bark weight to wood
cross sectional area. Bark fibers were weight and additional costs of bark sepa-

arranged tangentially in bundles that had ration, these findings would imply that
an approximate average diameter of 0.13 the possibilities of profitable bark
mm. No brachysclereids, commonly called usage were good. The conclusions de-
"stone cells," were noticed in the bark rived should not be extrapolated to more

of either clone. Apparently this cell extensive systems or immediate appli-
type had not yet formed in these young cation on a large scale. However, they
stems as has been reported in other do point out that more comprehensive re-
Populu8 species (Chang 1954). Diffl- search on maximum fiber yleld-short

culties in-papermaklng attributed to rotation research should be productive.
stone,Cells could be avoided if stems
were harvested before stone cells formed.

In P. "Tristis #i" the specific

gravity of the bark was only slightly
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Two Populus clones grown for short rotations at three
dense planting spacings produced some extremely high yields

. of material of acceptable quality. However, variation in

yields and quality illustrates that selection of genetic
material and the cultured regime under which a species is

grown are significant factors that must be determined in
maxlmum-yleld systems.

OXFORD: 232.13:811. KEY WORDS: clonal differences,

genetics, maximum ylelds, fiber yields.

Crist, John B., and David H. Dawson.

1975. Anatomy and dry weight yields of two Populus clones
grown under intensive culture. North Cent. For. Exp. Stn.,
St. Paul, Minn. 6 p., illus. (USDA For. Serv. Res. Pap.
NC-II3)

Two Populus clones grown for short rotations at three

dense planting spacings produced some extremely high yields
of material of acceptable quality. However, variation in
yields and quality lllustrates that selection of genetic

material and the cultured regime under which a species is• .

grown are significant factors that must 5e determined in
maxlmum-yleld systems.
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Nature is beautiful..,leave only your footprints.
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