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HISTORY AND ORGAIIIZATION Before the detailed reports of 5 years'
progress in specific research areas are pre-

OF THEMAXIMUHWOODYIELDPROGRAM it would appear worthwhile to presentan overview of the structure, history, and

rationale of the organization that provides

the framework for the specific studies.

David H. Dawson
Program Coordinator Moreover, we need to discuss terms.

Horth Central Forest Experiment Stat4on The terms "intensive culture" and "maximum
yield" have been interpreted in many ways.

Rhinelander, Wisaonsin For purposes of this conference and series

of papers, "intensive culture" means the

application of several--as opposed to one

or two--cultural practices to the establish-

ment and management of plantations with the

objective of increasing the quantity and

quality of wood produced. "Maximum yield"

means the amount of fiber produced when all

environmental and genetic factors affecting

tree growth are optimized.

The program under review is officially

termed: "Multiproject Program II: Maximum
Yield and Intensive Culture of Planted

Stands"--including species selection, cul-

tural methods technology, harvesting tech-

niques, utilization, and economics.

The research mission of the program is

"to develop the most biologically efficient

and economically feasible method of produc-

ing maximum commercial wood per acre by means

of a systems approach involving the unified

effort of several disciplines."

Obviously, the program is somewhat dis-
similar from most other Forest Service re-

search operations in that it encompasses

several "specialties"--not just one. That

is, it is not a research effort in, for

example, silviculture, or pathology, or

economics, or genetics, but a team of re-

search people trained in different elements

of the broad field of forestry cooperating

to accomplish a specific research objective.

The justification for a research pro-

gram to explore the possibility of maximiz-

ing wood yields is emphasized in Forest

"Intensive culture" can be defined for Resource Report 29, The Outlook for Timber
this conference as the application of sev- in the United States (USDA Forest Service

eral cultural practices to the establishment 1973): "...with rising relative prices of

and management of plantations with the ob- 1.5 percent per year above the 1970 trend

jective of increasing the quantity and qual- level of lumber and somewhat smaller price

ity of wood produced. The MuZtiproject Pro- increases for plywood, woodpulp, and other

gram for maximum yield and intensive culture items, projected total timber demands by

of planted stands includes research studies the year 2000 approximate 19 billion cubic

in genetics, silviculture, soils, plant nu- feet. This latter projection includes in-

trient and water needs, utilization, and creases in demand of 5 percent for saw logs

economics, all directed toward the conmon between 1970 and 2000, 58 percent for veneer

goal. logs, and 130 percent for roundwood pulpwood."



Added to the problem of increasing de- multidisciplinary approach° Thus, silvicul-

mands is the probability of reduced acreage turists, physiologists, geneticists_ har-

on which to grow the wood to meet the de- vesting engineers, wood technologists, and

mand. There were 8.4 million acres less others must work together toward the common

commercial timberland in 1970 than in 1962. goal of maximizing productions
In the Lake States alone, commercial forest

land was reduced by 690,000 acres during The Multiproject Program headquartered

the same period, at Rhinelander was organized in 1971 to pro-
vide a team of scientists working on the

common goal of maximizing wood production
Moreover, much existing forest land is per acre, not merely increasing ito

not highly productive. In the North, only

5.5 percent of the forest land is growing at

120 cubic feet per acre per year, and over a Using some established genetic, physi-

third of the acreage is producing only 20 to ological, and cultural information and im-

50 cubic _eet per acre per year. proved plant material, plots have been
established each year using poplar selec-

tions and hybrids, green ash, larch species

Costs of owning land are also increas- and hybrids, jack pine, paper birch, Euro-
ing. Taxes on forest land have risen sev- pean alder, and silver maple (figs. 1 and 2)°

eral hundred percent in the past I0 years. The studies are designed to provide prelim-

On much of the commercial forest land, the inary information on optimum spacings, rota-

projected value of stumpage is less than the tions, and cultural methods for maximizing

capitalized costs of holding the land for yields. To provide information on growth

the typical 40-or-more-year rotation (Hil- and yield, such factors as leaf-area-index,

liker 1969). ratios of stem wood to total weight, percent-

ages of bark and other plant components to

The alternative of procuring wood in total weight, are recorded and analyzed (fig.
Canada or more distant locations is becom- 3).

ing less viable because transportation costs,

too, have risen exponentially. Pulpmill man- Our early studies did indeed verify the

agers are finding that distances pulpwood can fact that selected hybrid trees grown under

be economically hauled are greatly decreasing, nearly optimized conditions of nutrients,
water, and plant spacings would produce much

more wood than traditional forest management

Given these trends and constraints, it systems. Plots of one Populus hybrid pro-
is apparent that what is needed is a system duced the equivalent of about 5 tons (dry

of wood production on land near the mills, weight) of wood, exclusive of leaves and

with large increases in wood production per bark, per acre per year, calculated from

acre being the objective, plots 3, 4, and 5 years after planting (fig.

4). The University of Wisconsin, Department

Are increases in wood production of per-

haps several hundred percent per acre possi-

ble, and if so, how are they to be obtained?

Although agricultural productivity per acre

has been greatly increased over the past sev-

eral decades, we have no similar increase in

yields of wood products. There are, however,

strong indications that large increases in

wood yields are possible (Gordon 1975), but

as Larson and Gordon (1969) pointed out, "to

realize the full potential of photosynthetic

productivity, research programs must create

new forest conditions rather than just imi-

tate old ones." Questions to be resolved to

attain this potential have to do with (I)

type and quality of wood produced, whether

it be logs or a "maximum-dry weight yield per

unit land area," (2) length of rotation, (3)

cultural practices and environment, and (4) Figure l.--Research plots of jack pine,

species (or species variants). Clearly, to tamarack, and hybrid poplar growing under in-

fully explore these questions requires a tensive culture.

•



Figure 2.--five-year-old intensively cul- Figure 4.--Five-year-old Populus 'Tristis'

tured tamarack at I by I foot spacing. #1 in a 9 inch by 9 inch spaced irrigated
and fertilized plot.

Other studies at Ames, Iowa, and Rhine-

lander, Wisconsin, indicate that 14 of 30

gene tica 11 y imp roved Popu lus hyb rid s a re
worthy of further testing. Research at

Rhinelander also involves studies in inten-

sive site preparation, plant propagation,

nutrient, and water needs for maximum yields.

There is clearly a need in the North

Central Region for proper management of the

sites totally cleared as a result of the

whole-tree chipping system. This type of

harvesting leaves tile site much "cleaner"

than the conventional clearcut, offering

excellent opportunities for converting to

genetically improved trees. New species

combinations, such as hardwood-conifer mix-

tures for maximum site utilization, need to

be explored. Optimum plantation density
needs to be determined. Much of this re-

search will be conducted in cooperation with

the Forest Engineering Project at Houghton,

Michigan.

Figure 3.--Heavy production of large leaves

exposed to full sunlight of Populus hybrid It has long been recognized that all

(P. trichocarpa x P. betulifolia), wood within a given tree species is not ana-

tomically identical. Such factors as spe-

cific gravity, fiber length, vessel-fiber
of Forestry, is modeling data from the plots ratio, extractives, color, and cell wall

to project yields and thus more precisely thickness may vary greatly within a species

estimate optimum rotations and plant spac- and dramatically affect the end product,

ings (Dawson et a_ 1976, Ek and Dawson 1975). whether it be paper, particleboard, plywood,



o'r lumber. Hence, a Station wood technolo- Close liaison has been maintained with

gist is cooperating with the Forest Products forest managers since the inception of the

Department of the School of Forestry, Uni- program. The problem analyses and study

versity of Minnesota, on pulping studies of plans have been reviewed by managers and

the "new '_ intensively grown trees. The For- cooperating researchers as the program has

est Products Laboratory at Madison is cooper- progressed. Also, an attempt has been made

ating in research involving the use of the to keep abreast of basic research results

plant material in particleboard, constantly being generated worldwide_

Intensively managed plantations will The following reports present in detail

certainly require special mechanized plant- the research in progress and provide a base

ing and harvesting techniques. The Engi- for joint planning by managers and research-

neering Systems Work Unit at Houghton, ers for the period ahead.

Michigan, is researching in this area.

Growing dense stands of trees of the

same species under near optimized conditions, LITERATURE CITED

in some cases irrigated, requires attention to

possible disease and insect problems if Dawson, D. H., J. G. Isebrands, and J. C.

yiel.ds are to be maximized. The Diseases of Gordon. 1976. Growth, dry weight yields,
Forests and Christnms Tree Plantations proj- and specific gravity of 3-year-old Po_7_s

ect at St. Paul and the Plant Pathology De- grown under intensive culture. USDA For_ l

partment of the University of Wisconsin have Serv. Res. Pap. NC-122, 7 p., illus.

set up several studies to consider disease North Cent. For. Exp. Stn., St. Paul, Minn.

problems. The Work Unit "Insects Affecting Ek, Alan, and D. H. Dawson. 1975. Actual

Forest Ecosystems" is cooperating with Mich- and projected growth and yields of Fc_[)7_{J_.s

igan State University in studying the impact 'Tristis #I' under intensive culture. Can_

of insect damage on growth and yield of in- J. For. Res. (In press.)

tensively cultured plantations. Gordon, J. C. 1975. The productive poten-
tial of woody plants. Iowa State J. Res.

Perhaps the most frequent question re- 49(3): 267-274.
gard:ing maximum yield or intensive culture l{illiker, R. 1969. Projecting future val-

research is, 'vls it economical?" The Uni- ues of Lake States timber. Ph.D. Diss.,

versify of Minnesota, Department of Forest Univ. Wis., Madison.

Resources, cooperating with the North Central Larson, P. R., and J. C. Go_don. 1.969.

Station's "Economics of Forest Land Manage- Photosynthesis and wood yield. Agric.

ment" Work Unft, has explored and is contin- Sci. Rev. 7(11[):7-14.

uing to study economic feasibility of i_ten- U.S. Dep. Agric. 1973. The outlook for

sive culture systems in relation to other timber in the United States. U.S, Dep.
alternatives. A_ric. For. Serv., For. Res. Rep. 20.

4



YIELDSOF INTENSIVELYGROWN Intensiveculturalpractices are
receiving increased attention as means for

POPULUS _ ACTUAL AND PROJECTED increasing wood production. This report, describes early results and projections of

the development of fertilized and irrigated

Populus 'Tristis #l' (PopuZus baZsamifera
Alan R. Ek L. x P. tristis Frisch.) at different

Associate Professor spacings.i/

Department of Forestry
Initial field plantings concentrated

University of Wisconsin on close spacings because several investi-

Madisonj Wisconsin gators have indicated substantial tonnages
and of wood may be produced early in the life

DavidHo Dawson of dense stands (Smith and DeBell 1973,

Principal Plxnt Geneticist Saucier et al. 1972, Ek and Brodie 1975).
North Gentra_ Forest P. 'Tristis #l' was chosen for the trials

described here because of its rapid early
Experiment Station growth and the availability of cuttings.

Rhinelander_ Wisconsin Future selections of hybrids may grow faster
than P. 'Tristis #I', but it was felt that
experience gained with cultural practices,
particularly spacing, fertilization and

irrigation, would be useful in studies with
other varieties and species.

Logistic, space, and time restrictions

precluded a large number of spacing trials.
Consequently, growth and competition data
from the first 4 years of the trials on a
limited set of field plots were used to
calibrate FOREST, and individual tree based
stand simulation model (Ek and Monserud

1974). In brief, the FOREST model simulates

the periodic growth of individual trees as
a function of their own size or condition

and the competition they encounter. The
approach allows the expression of individual
tree response to a wide range of competition

(spacings) and other cultural practices.
This model was then used to develop projec-

Yields of Populus 'Tristis #1' based ted yields to later ages.
on 4 years of growth under intensive cul-

ture at square spacings of O.75, 1, and 2
feet are reported. Stem and branch wood CONDUCTOF THE STUDY
yields of up to 45, 132 pounds per acre were
recorded. Tree growth and competition Cultural Practices

data from these plots were then used to
calibrate a stand growth simulation model Hardwood cuttings 8 inches long were
to enable projections of these and three planted in early June 1970 on a prepared

wider spacings to 10 to 25 years. Over site in the Hugo Sauer Nursery near
the range of spacings examined (0.75 to 12.7 Rhinelander, Wisconsin. The cuttings were
feet), the mean annual growth of projections set at a depth of 6.5 inches in a i inch
peaked at 8 to 15 years with stem and branch diameter hole. The soil is a sandy loam

wood dry weights in the range of 13,881 to with 2 to 3 percent organic matter. The
16,584 pounds per acre per year, five to study plots were fertilized at planting and
six times that possible from reported natural

aspen stands. Projected tree sizes and i/
growth patterns are discussed in relation - The research was supported by the
to rotation age and related management College of Agricultural and Life Sciences,
alternatives. Continuing growth and yield University of Wisconsin-Madison, and the
studies are also outlined. USDA Forest Service°

5



periodically as determined by tissue tests Potential height growth was based on

to maintain the'levels below: the height growth patterns of the tallest

study plot stems and extrapolated to later

pH 6.7-7.0 ages by considering height growth patterns

phosphorous 190-200 pounds per acre of older Populus trials noted in the liter-
potassium 300-500 pounds per acre ature. Potential diameter growth of a tree

calicum ii.0 millequivalents (replace- of height H was taken as the difference

able per i00 grams of soil) between its assumed open-grown diameter and

boron 2.5-3.0 pounds per acre the open-grown diameter of a stem of height

magnesium 3.0 millequivalents (replace- (H + AH) where _H is height growth. Open-

able per I00 grams of soil) grown diameters were developed as a function

minimum of tree height from limited data on open-

manganese 20-40 pounds per acre grown Populus stems in the Hugo Sauer
zinc 2-4 pounds per acre Nursery.

Ammoniumnitrate was added to the soil as Using subplot tree height, diameter,

needed about every 3 weeks to maintain a and location data, a competit%on index was

3.2 percent level of nitrogen in new leaf developed for each subplot stem for each

tissue. Soil moisture was maintained by growth period. This index was a function

irrigating at above 70 percent field capacity of the area of overlap of assumed open-

and weeds were controlled by the use of the grown crowns and relative subject vs. com-

pre-emergence herbicide Linuron. petitor tree sizes. Open-grown crown
diameters were expressed as a function of

Outplantings were made at three square tree height using the same open-grown stems

spacings: 0.75-, I, and 2 in plots of size used for potential diameter growth noted

16.5, 17, and 18 feet on a side, respectively, earlier. The competition indices and re-

These spacings correspond to stems per acre lated subplot growth data were then analyzed

figures of 77,440, 43,560, and 10,890. These by nonlinear regression. This step produced

plantings were replicated three times (rep- equations for multipliers expressing the

licates I-III). Only a few seedlings died degree of realization of potential height

during the first year and these were replaced and diameter growth.

by similar stock.

Survival-competition relations were
Within each plot, a subplot was

developed by sorting the growth data into
established for tree growth observations.

competition classes. The class midpoint
Subplots contained i0, 30, and 50 trees

competition index was then used as the

for the 0.75-, i-, and 2-foot spacings, independent variable to estimate the propor-
Subplot stems were measured annually for tion (probability) of trees surviving
total heights (H) and diameters (D) at

through the growth period (I year). Tree

the base of the root collar (0.083 feet), mortality was simulated by comparing the

Only the plots from replicate III, however, projected probability of survival with a

were used for calibrating the FOREST model randomly generated (uniform 0-i) threshold
because replicates I and II were largely value. When the threshold value exceeded
destroyed over the study period by har-

the probability of survival, the stem was
vesting for stem yield analyses and re- noted as dead.
moving cuttings needed for additional

plantings. Stem Yield

Model Calibration
Some trees were harvested from each

The calibration of the FOREST model plot each year as the basis for developing

was described in detail by Ek and Dawson tree yield. Most of this harvesting was

(1976); however, major aspects of this from replications I and II. Height and

effort are noted briefly below. The most diameter were measured and the trees were

important components of the forest model physically separated into stem wood, branch

are expressions for (i) potential height wood, bark, tips (terminal buds), and
and diameter growth; (2) the relations leaves, and then ovendried and weighed.

between competition, realized growth, and These data were then used as dependent

potential growth; and (3) the relation be- variables to derive tree yield expressions
tween competitive status and the probability of the form: component weight=f(D,H).

of survival. Details of measurement procedures and the

6



actual weight equations developed are given of replicate III are given in table i.

in Ek and Dawson (1976). Table 2 gives yields for the projections

and indicates the age of maximum mean annual

Analysis and Projections increment (MAI).

Yields for the first 4 years of the Projection Accuracy and Reliability
study were developed by applying the above

weight equations to the subplot trees in Graphic comparisons of actual vs.
replicate IIl. projected average heights and diameter

growth and survival patterns for the first

Projections using the FOREST model 4 years of study for replicate III are given
were made from the initial conditions at by Ek and Dawson (1976). Although detailed

for inclusion here, in general these com-
the end of the first growing season.

Projections were first made to age 4 for parisons showed close agreement of actual

the 0.75-, i-, and 2-foot spacings assuming and simulated results. As validation of

(as was the case) no competition from beyond the general approach, Monserud (1975)

the plot boundaries. Then projections were also found close agreement between actual

made to more advanced ages for 0.75-, i-, stand development and 20- to 25-year

2-, 4-, 8- and 12.7-foot spacings assuming projections for the FOREST model as adpated

a forest edge._/ As with the actual data, to the nine-species northern hardwood forest

yields for the projections were developed type in Wisconsin. As shown by Ek and

by applying tree weight equations to the Dawson in graphic form, table 2 further

projected heights and diameters of surviving illustrates desired relative behavior in
terms of curve shapes, inflection points,

stems, and asymptotic tendencies. The forms of

RESULTS AND DISCUSSION the tree weight models used limit the
chance of large errors in extrapolating

Stand development and yields for the yield projections to stems beyond the l-

actual 0.75-, I-, and 2-foot spacing plots to 4-year age range.

_/ The plot image was replicated and Although differences between actual

shifted for competition calculations to and projected vslues do exist, it is im-

form an eight-plot border zone around the portant to note that these stand conditions

main plot. See Monserud are Ek (1975) posed an extreme test in terms of the wide

for a description of this methodology and range of competition and the large relative

implications, changes in tree size considered. Further

Table l.--Actual yields of Populus 'Tristis #1' study plots

0.75 BY 0.75 FOOT SPACING

i/: Average :Average: Live : Dry weight per acre
Age - .
(years)" stem 2/: total : trees : _:Stem wood +

:diameter - :hei$ht per acre: Stem wood :branch wood
Inches Feet Numbe_ ......Pounds Pounds

I 0.2 i 77,440 251 327
2 .7 6 74,279 7,069 8,484

3 .9 i0 66,178 23,557 27,132

4 1.0 12 61,238 35.,213 40,390
1 BY 1 FOOT SPACING

1 0.2 1 43,560 iii 147
2 .7 6 43,560 4,578 5,686

3 1.0 Ii 40,299 19,726 22,782

4 1.3 14 38,491 38_300 45,131
2 BY 2 FOOT SPACING

1 0.2 1 10,890 23 32

2 .9 6 10,890 1,768 2,326
3 1.6 13 10,487 11,193 13,770

4 2.0 17 10,083 22_636 27_567

_/ Values given for ages 2 and 3 based on observations
Just prior to harvest of sample stems for tree yield determi-

nation. The magnitudes of the cuts are omitted as they were
all small (less than 5.1 percent of the trees).

2/ At 0.083 feet.
3/ Above 0.083 feet.



studies on larger plots outlined later will

document the accuracy of these projections

and likely lead to refinements in projection

methodology. For now, however, the pro-
to_-_ o co

o j ections given here are expected to be a

_o__ __ valuable planning aid.

_g__ _o__ Yield Analysis

Table 1 and 2 values suggest early

•_ __°_° ___ culmination of current annual increment_=._ _ ....... (CAI). As with natural aspen stands (EL

_ _ and Brodie 1975), however, rapid growth

continues past the first decade° Although

__o__ __o__ _- the age of maximum CAI appears to depend
_ on spacing, maximum MAI for stem wood and%

"_ stem wood plus branch wood fell in the

_._._o ___o 8- to 15-year range for all spacings°
o _ .... _4 " "J_4_6 Further, the dry weight yields were similar

_ at maximum MAI except for the extreme

spacings. The fact that yield curves are

nearly linear in the 8- to 15-year range• ¢O_-H

_o_o_o_ ___ also suggests great flexibility in rotation

_ .... _ ..... _oo_ ages between 8 and 15 years with little
_ _ _ sacrifice in dry weight yields•

__ . The 4-foot spacing appears most

m .... _i promising for fiber production. The M_AI
_ _o_ _ of 16,584 pounds per acre for stem andeOO

_ _._o_._ ..............o . branch wood is approximately six times that_ _ possible from natural aspen stands as

described by Ek and Brodie (1975).

_ __ These yields are promising for fiber

o production. However, it is also possible

_o_-_ _-_-_o_. that the large trees developed (see table
_o "_A_ " "_ _g_ _ _ 2) may lead to consideration of thinning

and other product alternatives°

%

..Tm. cq oo oo oo o _- ,_

...... _ FUTURERESEARCHPLANS

_ Current plans are to document pro-

< __ ___ _ jection accuracy and refine the FOREST

I _ __ _ _ _ _ _ _ _ _ _== model according to observations on larger
plots of Populus 'Tristis' over longer

_-__o_=_ _.__o_ time periods In particular, observations
.... _ ' _ at advanced ages will aid refinement of

_=__ _Z_oo_ _£ _ tree component weight and product functions.

_ _ Study plots of numerous other rapid

. _ growing Populus selections as well as La_fx
oo> ®

_.o,o_._oo Pinus banksiana_ Alnus_ and Betulahybrids,

6," °__ _ __ " "Ag_ 4-_ _ _ g __ @ papyrifera have also been extablished. Such
_',D_, plots will be used early to calibrate the

FOREST model. Projections and comparisons

__o __o_o_ will then be made to evaluate and screen

promising plant materials. Because these

genotypes and/or species may respond dif-

ferently to spacing, extensive use is being

8



made of a variation of the Nelder plot tool for projecting the implications of

design (Nelder 1962)_ The actual layout changes in cultural practices on wood pro-

varies trees spacing in two directions across duction in terms of both quality and quantity.
the plot (fig. i)o
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In summary, as information on species,

species variants, fertilization, irrigation, Smith, J. H. G., and D. S. DeBell. 1973.

spacing, etc., expands, the overall modeling Opportunities for short rotation

approach will increasingly become a focal culture and complete utilization

point of the project. In this framework, of seven northwestern tree species.
the FOREST model will be the principal For. Chron. 49:1-4.



Every silvicultural practice employed by
SOME PHYSIOLOGICAL APPLICATIONS the forest manager is based on physiological

principles. Stand density management, for ex-
FOR INTENSIVE CULTURE araple, is the most powerful means available to

the silviculturist for directly controlling

competition and for regulating growth and

Philip R. Larson yield. Site amelioration also directly af-

Chief Plant Physiologist fects growth and yield by improving site qual-
ity, hence crown and root development. Other

Richard E. Dickson silvicultural practices result in more in-
Plant Physiologist direct growth responses. For example, the

and control of crown size and shape by pruning

J. G. Isebrands results in a redistribution of growth on the

Wood Anatomist stem, consequently an alteration in stem form

North Central Forest Experiment Station and taper. Each of these silvicultural prac-tices is effective because the trees are

Rhinelander, Wisconsin either stimulated to greater growth or en-
couraged to grow in a more desirable way. By
understanding how trees grow as they do and

how they respond to each silvicultural prac-
tice, the physiologist can suggest ways to
increase wood yield and improve wood quality

through the deliberate manipulation of sel-
ected stages of the tree's growth (Larson
1969, 1972).

It is well known that silvicultural prac-

tices achieve their effects by improving ei-
ther root or crown development or the re-
lation between them. However, because of the
close inter-relation between the two systems

and because root growth is so difficult to
study, most research has concentrated on the
crown. The leaves are the effective organs

in terms of growth and the tree crown con-

sists of an orderly assemblage of leaves.
Studies have shown that the effectiveness of

leaves varies with the relative age of the

branch from which they arise and its position
in the crown. Leaves are therefore not all

alike. These leaf age-leaf position re-
lations are basic to maximizing tree growth

Eve_j silvicultural practice employed and yield, and they can be manipulated by

by the forest manager is based on physiolog- cultural practices. It is the ability to
ical principles. By understanding how trees manipulate these relations according to phy_

grow as they do and how they respond to each siological principles that distinguishes I/
silvicuZtural practice, the physiologist can intensive culture from conventional forestry--

suggest ways to increase wood yield and to The premise on which intensive culture is
improve wood quality through the deZiberate based rests wholly on how efficiently, in
manipulation cf the tree's growth. To do terms of time and economic benefits, the

_his requires information that can only be silviculturist can manage this array of pho-

obtained by physiologicaZ research. The tosynthesizing leaves to produce the maximum
results of several studies are s_arized quantity of wood of acceptable quality for a

showing (a) the relation between leaf pro- particular end use.
duction and plant biomass production, (b) the

chemical composition of wood, (c) the chemical Even under the best of field conditions,
composition of leaves, and (d) the for_nation young trees never approach their optimum
of tension wood in Populus clones gro_
under intensive culture. A number of desir- I_/ Larson, P. R. 1970. Science and

able growth traits and tree attributes have the art of forestry. Belle W. Baruch Lec-
been compiled to construct an ideotype, a tures, Clemson Univ., Clemson, South Carol-

hypothetical tree. ina, March 2-6, 1970. (Unpublished.)
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growth potential (Larson 1974). However, to concentrate growth on the stem. Again,

physiological _esearch can suggest numerous physiological research can suggest many ways
possibilities for improving the environment in which the high levels of photosynthetic
and for selecting genotKpes that can utilize production can be distributed within the tree

it more efficiently.2__/_Y By this approach, to increase both the quantity and the quality
appropriate cultural practices can be de- of the wood produced. Specific examples to
vised for raising productivity well above the be discussed later include tension wood for-

level normally attained by conventional mation and the chemical composition of the
forest management° fiber cell wall.

Physiological manipulation of a tree crop
by cultural practices to attain near-maximum Research efforts of the Pioneering Unit
wood yield can lead in several directions of the North Central Station are devoted al-
(Larson 1969_ Larson and Gordon 1969). One most exclusively to the physiology of wood

way would be to increase the total photo- formation. Nevertheless, some of the re-
synthetic production or the leaf biomass, search results can be applied either direc-
Under conventional forestry systems the gro- tly or indirectly to certain facets of in-
wing site is neither efficiently utilized nor tensive culture. The following research

summaries fall broadly within the lines ofcompletely covered by photosynthetic organs
until rather late in the rotation. By com- investigation just discussed.
bining intensive culture with close plant
spacing and a short rotation, the rapid juve- LEAF PRODUCTION IN POPULUS

nile growth of selected species can achieve GROWN UNDER INTENSIVE CULTURE
most efficient use of the land. The net re-

sult of these cultural practices would be a By increasing the photosynthetic pro-
greatly increased photosynthetic leaf sur- ductivity or total leaf surface within cer-
face, consequently increased dry-weight tain limits, the dry-weight productivity of

productivity, a forest crop can be increased. The most
effective way to increase photosynthetic

Another way to increase plant productiv- leaf surface under short-rotation, intensive-

ty and wood yield would be to increase the culture conditions is to plant at close spa-
effective length of the growing season be- cings and thereby increase the total number
cause few temperate zone species utilize it of leaves produced on the area (Gordon and
completely or efficiently. Properly direc- Bentley 1970). One method of quantifying
ted physiological research can suggest a the potential photosynthetic surface is
balanced approach for culturally improving leaf area index (LAI), which is the ratio of
the environment and for selecting responsive total leaf surface area to land area, i.e.,

genotypes that would significantly extend the the number of square meters of leaf area per
growth period and increase productivity per square meter of land area. LAI can be in-

unit land area. creased by cultural manipulations designed
to increase not only the number of leaves

Maximum dry-weight productivity does not but also the size of the leaves in the tree
necessarily mean maximum wood production nor
does it imply that the wood will be distri- canopy (Zavitkovski et al. 1974)._/
buted within the tree in the most desirable

way. However, because of the strong rel- Trees grown on short-rotation, inten-

ation between leaf production and wood pro- sive-culture test plots by the Maximum Yield
duction in young trees (Larson and Isebrands Project at Rhinelander, Wisconsin, represent

1972), intensive cultural practices that examples of how dry-weight productivity can
maximize growth at close spacings will tend be increased by increasing LAI. Rooted cut-

tings of Populus 'Tristis' were planted at

0.2, 0.3, and 0.6 meter spacings in 4.88
2/ Dickson, R. E. 1973. Growth and meter square plots. The plots were culti-

yiel_ measurements. USDA For. Serv. In- vated, irrigated, and fertilized to provide
service Workshop on Intensive Culture, Rhine- near optimum growing conditions (Crist and
lander, Wisconsin, Sept. 18-19, 1973. (Un-
published. )

3_/ Larson, P. R. 1973. Physiological 4--/Isebrands, J. G. 1973. Biomass and
parameters of intensive culture: theoretical primary productivity. USDA For. Serv. In-
and applied. USDA For. Serv. In-service service Workshop on Intensive Culture,

Workshop on Intensive Culture, Rhinelander, Rhinelander, Wisconsin, Sept. 18-19, 1973.
Wisconsin, Sept. _8-19, 1973. (Unpublished.) (Unpublished.)
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Dawson 1975). After 3 years, the above- meter spacings_ respectively (table !)_

ground_ dry-weight yields (without leaves) Leaf surface area <.'ontinu_edto increase in

were 12.46, 11.08, and 5.95 metric tons per the 4th year; the upper-surface leaf area
hectare per year (table I) for the 0.2_ 0.3, per tree averaged 24,557, 35_6i4_ and 65,308

and 0.6 meter spacings, respectively (Dawson square centimeters for the 002_ 0.5_ and 0.6

et al. ]976). These yields are much higher meter spacings, respectively° Leaf area per

than reported for either natural or planted tree was closely related to the dry--weight

stands of Populus in the area. production of individual trees after 4 years

Table I.--Above ground dry-weight yields, leaf n_zber_ _nd leaf _rea

per tree for Populus 'Tristis r grown in intensive culture plots

. Age 3 • Age 4
:Ory-weig-_t : : :

Trees : yield _I/ : :
per :per hecatre : 2/ 2/ 3/

Spacing hectare : per year :Leaves :Leaf area/tree :Leaf area/_ree

Meters N_Iber Metric tons _umber Square Square
centimeter centimeter

0.2 x 0.2 191,358 12.46 680 21,06S _4,357
.3 x .3 107,639 ll.08 832 21,959 33,614
.6 x .6 26,910 S.92 9S6 26,225 65,308

i/ Total above ground dry weight (without leaves). Data have been
extrapolated from 4.88 square meter plots to a hectare basis (Dawson
et al. 1975).

2/ Average 4 trees; total tree sample.
3/ Average 4 trees; 25 percent sample.

We attribute the higher productivity of (fig. I). The relation is linear because,

plots in the present study to an increase in unlike natural stands, trees growing under

photosynthetic capacity resulting from an short-rotation, intensive-culture conditions

increase in LAI, a function of intensive are of the same age and have a narrow range

management practices. For example, the tot- of heights and diameters.
al number of leaves and their sizes were in-

creased by cultivation, irrigation, and
fertilization. These intensive cultural

practices also contributed to maintaining a

high LAI throughout the growing season by ,.,

prolonging retention of leaves in the lower "'n-

canopy despite the close spacings Further- _-
more, substantial leaf area development takes m

place early in the growing season in Populus. _-,.,o
Therefore, the increase in photosynthetic

surface occurred during that part of the

growing season most critical for rapid height o o°
growth and leaf development. The largest z_ oo
portion of the leaf area produced in this _-

early surge of growth was in the uppermost "' 2x

> § ///_" _, e-s8

canopy layers where light interception was o

at a maximum a necessary requirement for

high productivity (Zavitkovski et al. 1974). __,_
o

The above factors all contributed sig- _- o ao 20 3o 4o 5o so 7o 8o 9o _oo J_ _2o

nificantly to a high leaf area per tree. At LEAF AREA/TREE x IO"3 (cm z)

the end of 3 years the total number of

leaves per tree averaged 680, 832, and 956 Figure l.--The relation between upper-surface

and the total upper-surface leaf area per leaf area/tree and dry-weight production

tree averaged 21,065, 21,959, and 26,225 in 12 4-year-old Populus 'Tristis _ trees

square centimeters for the 0.2, 0.3, and 0.6 gro_ under intensive culture.
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LAI was estimated by double sampling We have investigated some of this variability
with regression (see Zavitkovski et alo in wood characteristics among Populus hybrid

1974 for detailed methodology)_ The high clones grown under intensive culture (Dick-
leaf area per tree shown above therefore son et al. 1974). The objective of the
contributed to high LAI estimates for the study summarized below was to examine the

plots° The LAI values obtained for the plots range of variability of several wood quality
were much higher than those obtained from factors and to identify those clones that
natural stands of Populus (Zavitkovski et al. may have potential value in a selection

1974). For example_ after 4 years the LAI program.

for the plots with a 0°6 meter spacing was The wood samples were obtained from
17_57. This value may approach the theo-
retical limits for P. _Tristis' in northern Populus clonal trials of the Maximum Yield

Wisconsin for several reasons. First_ no Project at Rhinelander, Wisconsin. The 18
clones examined were initially selected bymortality was assumed in making the calcu-

lations and some mortality would normally tree breeders in different parts of the
world for fast growth, disease or insectbe anticipated. An adjustment for mortality

would lower the LAI estimates. Second_ the resistance, or some other s_lection criterion.
The clones therefore represented a wide gene-observations were made on small plots,
tic base, and when they were grown under op-therefore_ downward adjustments in LAI may

be required_ because small plots allow greater timum_ but comparable, cultural conditions
light penetration than larger plots. Con- in the nursery, they exhibited a wide range

sequently_ leaves would be larger and leaf of variation. In all cases, the third annual
retention greater in the small plots, thus growth ring from 3-year-old shoots
biasing the LAI estimates upward. Neverthe- was sampled.
less_ even after adjusting for these biases, The range of properties examined varied

a LAI of 12 to 15 should be expected for the widely among the 18 clones (table 2). For
0.6 meter spacing and a LAI of 20 or more example, the width of the third annual growth
for the closer spacings. These preliminary ring varied considerably as did the specific
estimates of LAI are similar to those ob- gravity of its wood, although the latter was
tained from several stands of P. 'Tristis' not directly related to rate of growth.

constructed by computer simulation (Promnitz Glucose, which is a measure of cellulose
and Rose 1974). yield, and the remaining wood sugars, which

provide a crude estimate of hemicellulose
The explanation for the high LAI's and content, also varied widely. The average

the associated high dry-weight yields un- clonal values for the different wood char-

doubtedly lies with the intensive management acteristics, as well as their ranges, indi-
practices. However, it should be re-empha- cate that 3-year-old Populus wood falls
sized that preliminary observations on small within the limits of acceptability for pulp
plots may not necessarily hold for larger production.
acreages. Further research is therefore

needed to quantify the effect of LAI on dry- Table 2.--Wood properties and growth charac-
weight production in Populus grown under teristics of 18 Populus hybrid clones

intensive cultural practices. (In percent)

Item ;Average ; Range
CHEMICAL COMPOSITION OF WOOD

GROWN UNDER INTENSIVE CULTURE Sugars
Glucose 63 6 60.5- 69.21/

Photosynthates produced by the leaves Calactose 3 0 2.5 - 3.6
can be distributed to other growing regions Mannose 5 5 3.7 - 7.6

of the tree in various proportions; for Xylose 26 5 22.9- 29.1Arabinose 1 4 0.7 - 1.7
example, in the allocation of photosynthate Total 100 0

to wood development. The thickness of the Lignin 21.3 18.1- 25.0
fiber wall and the fiber/vessel ratio vary Extractives 3.3 2.2 - 4.6

considerably among different Populus clones Specificgravity 0.334 0.272- 0.368
and hybrids. These variations are associ- Growthrate 6.9 2.4 - 11.4

ated with changes in wood specific gravity (1973 ring wdt. (mm))

and in the proportions of lignin, hemicellu-
i/ The sugar percentageswere basedon totallose, and cellulose in the cell walls. Each carbohydrates,whilethe ligninand extractive

of these factors significantly influences percentageswere basedon ovendryweightof
the yield and quality of the pulp produced, extractive-free wood.
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We selected three clones as potential 3-year-old stems contained a high proportion
candidates for intensive culture on the of gelatinous fibers; percentages ranged
basis of desirable wood properties deter- from 13.8 to 38.7 in 2-year-old stems and
mined in this study (table 3). Other growth from 14.0 to 37.5 in Z-year-old stems de-

and yield characteristics would, of course, pending on the sampling position in the
enter into final clonal selections, stem. After kraft pulping_ gelatinous fibers

Table 3.--Wood properties and growth charac-
teristics of three Populus clones with

potential for intensive culture

Item P.nigra Crandon Unknownk/
hybrid (5331) (5339) (5351)

Growth
Height (meter) 5.5 5.5 5.0
Diameter (centimeter) 5.8 4.6 9.6
1973 Ring width (millimeter) 9.0 7.7 6.6

Specific gravity 0.363 0.3a9 0.339
Lignin (percent) 20.4 18.9 18.1
Extractives(percent) 2.2 2.8 2.9
Sugars (percent)

Glucose 60.9 65.5 6_.5
Xylose 28.8 26.1 26.3

I/ Populussp. Parentageunknown, but containssome P.
balsamifera.

One important question regarding inten- were more bulky than normal wood fibers, and
sire culture is how growth rate affects wood thus lower in collapsibility. Furthermore,
characteristics. Growth rate alone appeared the gelatinous fibers were characterized by
to exert little influence on the wood chem- slip planes and minute compression failures

ical characteristics of the Populus hybrids, that lower the strength of the individual
Furthermore, no consistent differences in fibers and detract from uniformity of the
wood chemical constituents were revealed pulps produced (Isebrands and Parham 1974a,

between rapid-grown cottonwood trees from b). Because of the detrimental effect of
plantations and slower-grown trees from large quantities of gelatinous fibers,
natural stands (Dickson et al. In press), rotation ages of 2 to 3 years for Populus

The yield differences that were present re- 'Tristis' may be too short from a utilization
sulted either from inherent age patterns or standpoint.
from individual tree variation, but not from

rate of growth. The above results also have physiological

implications. The high proportion of gela-
TENSION WOOD IN POPULUS GROWN tinous fibers produced by Populus trees grown

UNDER INTENSIVE CULTURE under intensive culture indicate that large
quantities of photosynthate were being di-

The acceptability of the short-rotation, verted into the production of wood with un-
intensive-culture approach from the stand- desirable properties, namely tension wood,
point of wood utilization will depend not rather than normal wood. The trees were

only upon the quantity'of wood fiber pro- therefore inefficient in terms of wood pro-
duced, but also its quality. Populus species duction from a physiological standpoint.
tend to produce large volumes of tension Also of physiological importance, tension
wood (Isebrands and Bensend 1972). The pro- wood formation in stems of Populus grown

portion and distribution of gelatinous fibers under intensive culture appeared to be stron-
comprising the tension wood affects the

gly related to rapid growth rate rather than
uniformity and strength of the resultant to lean or other tree abnormalities. This
pulp. observation confirms earlier work on trees

In a study of Populus 'T_istis' grown from rapidly grown cottonwood plantations
under intensive-culture conditions, Ise- (Isebrands and Bensend 1972), and suggests

brands and Parham (1974_ found that 2- and that rapid growth rate may produce a balance
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of hormone aqd photosynthate within the tree ranged from 2.1 to 3.9 percent on a dry-
to favor the formation of gelatinous fibers, weight basis. Leaves from the unfertilized

trembling aspen sprouts and the green ash

and silver maple saplings contained lowerCHEMICAL COMPOSITION OF LEAVES

GROW]_ UNDER INTENSIVE CULTURE average amounts of total N and protein than
the Popuius clones.

Research on the utilization of foliage

has been given little consideration within The extracted protein and soluble amino
acid fractions provide estimates of the food

the United States (Keays and Barton 1975].
value of leaves, particularly if used for

With present methods of whole tree utiliza-
human consumption or for high quality live-

tion_ leaves_ or leaves plus bark, constitute
stock-feed supplements. However, much of the

a costly chip contaminant. However, there
are several potential uses of foliage that protein is not extracted by the methods used

might make its separation and utilization to isolate these fractions. A better indi-

profitable. One of these might be a protein cation of %he potential for muka production
concentrate for either human or livestock is therefore crude protein, which is calcu-

consumption, depending on its recovery grade lated by multiplying total nitrogen percent

and purity (Stahmann 1968, Pirie ]971). by 6.25. The average crude protein value
for the Populus leaves was 19.5 percent of

Another use might be as a livestock feed in

the form of "muka" (Keays and Barton 1975). the total dry weight. This value compares

Muka, as prepared in the USSR, is an animal favorably with that found in alfalfa, one

feed and vitamin supplement made of finely of the major forage crops produced in the

ground foliage, bark, and small branches. United States (Koh!er and Bickoff 197!).

Depending on the amount of branch and bark

material in the mix, muka can be a satis-

factory substitute for an equal weight of The carbohydrate fractions of forage also
provide important nutritional benefits,

alfalfa or clover meal. If the protein or

nitrogen content of the foliage is low, urea particularly to ruminants. Total nonstruc-

can be added during the processing. The use tural carbohydrate (TNC) is a common measure

of tree foliage as a partial replacement for estimating carbohydrate food value of

for conventional animal feeds appears to forage; it consists of the total soluble

offer an immediate gain from research and sugars plus starch. TNC averaged about 2

the greatest potential for the utilization percent of the total leaf weight in both the

of what is at present a waste product. Populus hybrids and the other fast-growing
trees.

As part of the information necessary for Leaves from four clones with potential

utilization of foliage from trees grown for muka production (table 5) contained high

under intensive cultural conditions, the levels of total N, protein, and TNC. It is

major chemical constituents were examined in evident from these data that Populus leaves

leaves from essentially the same Populus have a high potential as an animal-feed

hybrid clones that were examined for wood supplement.

chemical characteristics.5/ In addition,

leaves from 2-year-old trembling and big- SUGGESTED APPLICATIONS OF

tooth aspen sprouts and from 3-year-old PHYSIOLOGICAL RESEARCH

nursery-grown green ash and silver maple

saplings were examined for comparison. The foregoing study summaries suggest

several ways for improving certain growth

Although all of the trees except big- and yield characteristics of Populus when

tooth and trembling aspen were grown in the grown under short-rotation, intensive-culture
same area of the nursery and received the conditions. The characteristics studied are

same amounts of fertilizer and water, there not necessarily those of most interest to
were considerable differences in the various the silviculturist. Many growth and yield

chemical fractions (table 4). For example, traits must be considered when selecting

total nitrogen (N) of the Populus leaves the species or clones for a given set of

end-use requirements. However, the greater
the data base available to either the silvi-

5/ Pickson, R. E., and P. R. Larson. culturist or the geneticist, the better he

Unpublished data on file at the Institute of can make his initial selections and improve
Forest Genetics, North Central Forest Experi- on subsequent ones destined for future rota-

ment Station, Rhinelander, Wisconsin. tions. The tree physiologist can contribute
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Table 4.--M_or chemica_ fractions from leaves of Populus

hybrid clones and from other trees with potential /\gr

intensive culture plantations
11

(In percent, dry weight)

: Nursery grown 2/ : Other f'ast-gr'owillu_ %/
t FC'( _ S'- ': Populus hybrids :

Chem i ca t : :
fract :ion

: A_,era_e : Range : Avcragc : f<g,,r3_,c

Total N 3.1 2.1 - 3.9 _.° 4 _,?() - _,.)8

Crude protein 19.5 |3.4 -24.1 15,3 12.{, - 17._1
(N x 6.25)

Extracted protein 3.2 1.0 - 5.9 2.2 1.4 - 3.3
Soluble amino acids 0.16 0.09 -0.24 0.15 0,()5 -0o21

Reducing sugar 8.7 3.6 -12.4 8.8 (_,0 -10.!)i
Total soluble sugar 16.4 9.G -21.4 16.1 10.() -22.4
Total nonstructural 21.8 16.(] -26.5 21.2 19.()-23,8

carbohydrates (TNC)
Starch 5.4 2.9 - 7.1 6.3 t.,'. -_,_.g

(TNC- total sugar)

1/ The data do not total 100 percent becausc not all c t:c'micaI
fractions are included.

2/ Recently, matured ]eaves from 21 PopuLus hybrids gr'owing in
the Maximum Fiber Yield Project clonal nursery at Rhir_e]ar:Jer,
Wiscons :in.

3/ Three-year-old nur:sery-grown green ash and silver ,mpl<"

sapli-ngs, and 2-year-old trembling and bigtooth asper_ sprouts
from natural stands.

Table S.--Leaf chemical fractions of four Populus hybrid

clones with potential for "muka" production

(In percent, dry weight)

: : : : i/

• P. candicans x : P.betulifolia x: P.eur_mer_cana :Unknown--Chemical
fractions • P.berolinensis: P.trichocarpa :(cv. Wisconsin 5): (535t)

: (5263) : P. nigra : (5377) :
: : (5331) : :

Total N 3.9 3.8 3.5 3.4

Crude protein 24.1 23.6 21.8 21.5
(N x 6.25)

Extracted protein 3.5 4.6 5.9 4.1
Soluble amino acids 0.13 0.24 0.21 0.17

Reducing sugars 11.1 6.6 6.8 8.7
Total soluble sugar 19.6 20.2 16,4 13.4
Total nonstructural 24.0 23.1 22, 0 17.4

carbohydrates (TNC)
Starch 4.4 2.9 5.5 a. 0

(TNC-total sugar)

i/ Populus sp. Parentage unknown, but it contains some P. balsamifera.

to this data base, explain and interpret the efforts of silviculturists, physiolog-

sources of variation in selected growth and ists, and tree breeders, the characteristics

yield traits, and recommend traits that show and requirements for an ideal tree might be

promise for future improvement. By means proposed and the best approaches for

of an integrated research program involving achieving them prescribed.
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The ideal tree for intensive culture physiological and morphological attributes

would produce the maximum quantity of usable is shown below, A tree ideotype with a

wood in the shortest possible time° The slightly different set of attributes was

ideal tree can be easily visualized by con- prepared by Dic½ma_n (1975)o Although the
structing an "ideot_e '_(Donald 1968)_ a

ideai_ or perfect_ tree is perhaps unattain-
biological model that incorporates a number
of desirable growth traits and tree attrib- able_ the ideot_pe cs_nprovide a theoretical

utes into a hypothetical tree° An ideotype_ goal for the researcher and a practical one
proposed for cottonwood_ based on selected for the silvicu_turist.

COTTONWOODI DEOTYPE

Shoot Growth

Rapi_ juvenile growth to fully and quickly occupy site at close
spacings°

Rapid growth early in season to take advantage of growing season
ancZ site°

Slower shoot graoth later in season to minimize vessel formation.

Relatively short internodes to maintain stem stability and divert
more photosynthate to cambial growth.
C_bium should remain active _ntil late in season for maximum

rood fo_nation.
Weak competitor so that all stems s_a_aive at desired spacing and
for uniformity at harvest.

Leaves

Medium to large size to ma_mize photosynthesis per unit leaf area.
Well distributed on stem with petioles erect if leaves are small,
pendant if large, to maximize light interception.

High photosynthetic efficiency°
Long leaf retention under low light and stress until late in
season to maximize fiber formation; i.e. _ light tolerant with

low compensation point.

Branches

Short and sparse to tolerate high stand density and to maximize
dry matter distribution to stem.
Ideally, no branches, but some may be required to fill lower
cxnopy a_d to maintain stem stability.

Stem

Small pith.
Straight, thick stem to concentrate wood, minimize pith and bark
vol_nes and tension wood formation.

Bark
Thin bark.

Low stone cell, high fiber content if pulped.
Good bark slippage if removed before pulping°

Roots
Good balance between root and shoot.

Good nutrient and water uptake.

Good coppicing ability, but sparse coppice per shoot.
Ability to withstand repeat harvesting.

s!
From Larson
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Isebrands. 1974. Differences in cell- Larson, P. R. 1974. The upper limit of

wall chemical composition among eighteen seedling growth. Great Plains Agric.
three-year-old Populus hybrid clones. In Counc. Publ. 68:62-76.
Ninth Cent. States For. Tree Improv. Conf. Larson, P. R., and J. C. Gordon. 1969.

Proc., Ames, Iowa. p. 21-34. Photosynthesis and wood yield. Agric.
Dickson, R. E., P. R. Larson, and J.G. Sci. Rev. 7:7-14.

Isebrands. Individual tree variation and Larson, P. R. and J. G. Isebrands. 1972.

age patterns in cell wall chemistry of The relation between leaf production and
rapidly grown cottonwood. Eighth Cellulose wood weight in first-year root sprouts of
Conf. Proc., Syracuse, N.Y. May 19-25, 1975. two Populus clones. Can. J. For. Res. 2:

(In press) 98-104.
Donald, C. M. 1968. The breeding of crop Pirie, N. W. editor. 1971. Leaf

ideotypes. Euphytica 17:385-403. protein: its agronomy, preparation,

Gordon, J. C., and W. Bentley. 1970. Wood quality and use. Int. Biol. Program
production in an industrial society. Univ. Handb. 20. Blackwell Sci. Publ. 202 p.

Wis. For. Res. Note 150. Promnitz, L. D., and D. W. Rose. 1974. A
Isebrands, J. G., and D. W. Bensend. 1972. mathematical conceptualization of a forest

Incidence and structure of gelatinous stand simulation model. Angew. Bot. 48:
fibers within rapid growing eastern cotton- 97-108.

wood. Wood & Fiber 4:61-71. Stahmann, M. A. 1968. The potential for

Isebrands, J. G., and R. A. Parham. 1974a. protein production from green plants.
Slip planes and minute compression fail- Econ. Bot. 22:73-79.

ures in kraft pulp from Populus tension Zavitkovski, J., J. G. Isebrands, md T. R.
wood. Int. Assoc. Wood Anat. Bull. Crow. 1974. Application of growth anal-
1974/i:16-24. ysis in forest biomass studies. Third

Isebrands, J. G., and R. A. Parham. 1974b. North Am. For. Biol. Conf. Proc., Ft.

Tension wood anatomy of short-rotation Collins, Colo. p. 196-226.
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Pf_MTB(_I_C_ CM&]TD(_MME_|T SELECTION In north-central United States,

<_Ut'_tF_ULLLI)-L,_Vi,/U,_,',L,_-- Populus clones are being examined for

CLONES1 intensive silviculture because of theirOF _]l_ rapid growth, ease of propagation, and

high utility for a variety of wood fiber

products (Schreiner 1970, Cram 1960,

Paul H. Wray Larson and Gordon 1969, Dawson and

Assistant Professor Hutchinson 1973). Because more Populus
species and variants are available than

and can be reasonably field-tested, researchers
LawrenceCo PromnJtz must decide what material should be used

Assistant Professor in breeding programs and field trials. A

Department of Forestry technique for rapidly selecting superior

Iowa State University clones, a key element in intensive silvi-

Ames_ Iowa culture, must be devised.

A study was designed to select clones

for use in field and laboratory studies by

Iowa State University and the North Central

Forest Experiment Station, USDA Forest Ser-

vice. Several clones, previously identified

as having rapid juvenile growth, were com-

pared under three differenent environmental
conditions. Different environments were

used because the performance of a clone

under several test environments may be a

better guide to performance in the field

than the performance of the clone under any

one test environment.

METHODS

The 25 Populus clones used in this

study were chosen from those gathered by
the Maximum Yield Project of the North

Central Forest Experiment Station for

possible use in field trials (table I).

No particular mix of parentage or origin

was chosen; for some clones (e.g., 5258),
no reliable information on lineage was

available. Rather, I wanted to compare

clones as they would normally become
available for field use; that is, from

a wide variety of sources, often with

little detailed genetic information.

(Clones 2 and 19 probably are the same;
this was discovered after all analysis of

the data was completed.)

In all three environments, apical

cuttings rooted under mist were grown in

2-gallon plastic pots containing a 3:1

Short-term, controlled-environment Jiffy-Mix:Perlite artificial substrate.
growth was used to select fast growing

Populus clones. The selection technique

was a ranking process using leaf weight, i/

stem weight, and total height as indicators - Journal Paper No. J-8382 of the

of growth potential. Twenty-five clones Iowa Agriculture and Home Economics
were tested, and 14 clones were recommended Experiment Station, Amesj Iowa. Project

for field trials° Nos. 2129 and 2033.
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Table l.--Popuhs clones included in this study

Clone numbers

: North Central Name and parentage
Iowa StateFores t Experiment
Universityl Station

i 4877 Populus alba L.
2 4878 (5327) Pcpulus x euramericana Guinier

Jeltoides x nigra

3 4879 Populus x euramericana Guinier

4 5258 PapuZus sp.
5 5262 Popu_us candicans Aito x Papulus

berclinensis Dippo

6 5263 Populus candicans Aito x Populus
berolinensis Dipp°

7 5264 Populus deltoides Marsh. x Populus

p lantierensis Schneid.

8 5265 Populus deltoides Marsh. x Populus
trichocarpa Torr. et Gray

9 5266 Populus deltoides Marsh° x Populus
trichocarpa Torr_ et Gray

i0 5267 Populus deltoides Marsh. x Populus
caudina

II 5271 Populus charkoviensis Schroedo x

Populus deltoides Marsh.
12 5272 Populus nigra L. x Populus laurifolia

Ledeb.

13 5321 Populus x euramericana Guinier

14 5322 Populus x euramericana Guinier
15 5323 Populus x euramericana Guinier

16 5324 Populus x euramericana Guinier
17 5325 Populus x euramericana Guinier

18 5326 Populus x euramericana Guinier

19 5327 (4878) Populus x euramericana Guinier
20 5328 Populus x euramericana Guinier

21 5331 Populus betulafolia Dipp. x Populus
trichocarpa Torro et Gray

22 5332 Populus betulafolia Dipp. x Populus

trichocarpa Torr. et Gray

23 5334 Populus deltoides Marsh. x Populus
trichocarpa Torr. et Gray

24 5260 Populus tristis Fish. x Populus
balsamifera L.

25 5377 Populus x euramericana Guinier,
"Wisconsin No. 5"

Pot moisture was maintained near field The three environments, differing

capacity by frequent watering, and nutrient primarily in light quality, light intensity,

level was kept high by weekly fertilization and temperature, were:
with a commercial water-soluble fertilizer

(20-20-20) with an added micronutrient Greenhouse I

mixture. Pots were thoroughly flushed _ith Growth period: 8 weeks (April 12

water every 2 weeks to prevent salt to June 7).
accumulation. Photoperiod: 18 hours (part of

which was artificial light).

These conditions are not, of course, Temperature: variable (with the

known to be optimum for all clones in- thermostat set at 21°C).

cluded in the study. They have, however,

produced consistently greater growth for Greenhouse II

Populus than any other conditions we have Growth period: 8 weeks (May 17 to
tried, including aeration, complete- July 12).

nutrient-solution, or hydroponic culture. Photoperiod: 18 hours (part of
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which was artificial light)° removed from the propagation bench. Leaf

Temperature: variable (with the ovendry weight (g) and stem ovendry weight

thermostat set at 21°C)_ (g) were determined at the end of the
growth period.

Growth Chambers

Growth period: 6 weeks°

Photoperiod: 18 hours (in RESULTS
Percival, Model PT-80 growth

chambers)° Growth

Temperature: 25°C day and 15°C

night_ Clones varied greatly in all growth
characteristics measured, but showed some

The growth-chamber environment was the consistency when compared across the three

least variable, with little variation in test environments_ Total height and dry

photoperiod, light intensity, and tempera- weight of leaves and stems showed large

tureo Greenhouse II had a much higher differences among clones and environments

temperature and a longer natural light (tables 2_ 3, and 4).

photoperiod than did Greenhouse _o Light

intensities were highest in Greenhouse II When all clones were pooled, mean

because of seasonal changes in solar leaf and stem dry weight and total height

position° were all greatest in Greenhouse II (table 5).

The greater total solar radiation available

The plants were placed on benches in in this environment, due to longer natural

the greenhouse and in growth chambers at daylight periods_ greater average light

random, intensity during the longer days, and a

greater proportion of clear days during

Growth rates were determined from the 8-week growth period, all contributed

weekly total leaf counts and total height to greater growth in this environment. The

measurements (cm), beginning with initial growth chamber means were smaller than

measurements when the rooted cuttings were those of either greenhouse environment,

Table 2c--Any two means not next to a common line are

significantly different (Duncan rs new multiple range

test for significant differences)

(In grams)

Greenhouse I :Greenhouse II :Growth Chambers

"ClOne : Mean : Clone : "19_B_ : Clone : Mean

3 18_80 4 32.491 24 7.96
4 18.01 23 31.891 4 6.71
5 17.58 18 31.281 18 6.68

9 17_32 25 30.881 5 6.65
23 15.40 9 27.971 25 6.62

8 14.73 3 27.251 3 5.95
15 14 57 17 24.811 9 5.91
18 14 42 15 23.82 1 5.83
21 14 31 7 23.54 6 5.78
16 14 19 5 23.16 17 5.55i

17
14 14 i 20 22.78 21 5.4(

12 14.1352 8 22.19 23 5.3_22 13 6 20.62 15 5.3_
7 13.46 _ 1 20.23 7 4.95

25 12.64 12 19.51 12 4.94
6 12.10 2 1.8.88 22 4.91

24 12_01 16 18.11 8 4.77
19 11,54 14 18.08 13 4.66

14 11.35 19 17.34 2 4.47
2 10.35 22 17.26 16 4.30

13 10.15 21 16.43 19 3.98

20 8.39 24 15.51 20 3.38
I0 6.91 i0 i0_47 14 3.27
ii 6.87 13 10.25 ii 3.20

1 6.12 ii 7.38 i0 2.57
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Table 3.--Any two means not next to a common line are sig-

nificantly different (Duncan's new multiple range test

for significant differences)
(In grams)

Greenhouse I :Greenhouse II :Growth chambers

Clone : Mean : Clone : Mean : Clone : Mean

9 32.49 23 54.8_ 9 22 _

8 29.71 9 49 _I 23 19 84i23 29.59 8 45 8 19 52

4 27.38 7 43.76 4 19 02

3 27.28 4 42.99 25 18 63

7 25.36 15 39.22 6 18 37 i
15 24.36 18 39.01 18 17 75 i
5 24.33 17 37 90 17 17 40 i

17 23.86 25 37 27 5 16 96 _ i_4
18 21.75 3 36 34 1 16 86 I i
16 21.50 14 34 63 7 16 77 _ i
14 21.32 5 32 82 15 16 76 J21 21.22 20 31 44 12 16 06
12 20.44 1 31 23 21 15 88 _ !

20 20.4] 2 30 69 24 15 51 I i

19 18.42 ]9 29 56 3 15 18
22 18.3] 12 28 73 20 14 85

2 18.04 6 28 59 16 14 83

13 17 95 16 28 26 13 14.28

25 17 93 21 26 14 2 13.74

24 ]7 40 24 22 07 22 13.60

6 16 94 22 21 80 19 12.44

i0 13 00 I0 18 59 14 12.09

1 12 85 13 17 74 i0 10.33
11 9 91 II Ii 45 !i 7.90

Table 4.--Any two means not next to a common line are

significantly different (Duncan's new multiple range

test for significant differences)
(In centimeters)

Greenhouse I :Greenhouse II :Growth chambers
Clone : Mean : Clone : Mean : Clone : Mean

5 181.21 23 192.8 5 94.8
3 163.4 5 188.8 6 86 9

9 158.2 9 180.0 24 85 5
22 157.6 3 172.1 3 82 1

6 156.4 18 171.6 1 81 9
23 155.9 7 170.6 12 80 7

12 151.0 25 170.4 2 79 7
19 144.0 6 170.2 9 79.0
15 141.8 17 169.5 18 78.9

8 141.4 22 167.7 23 78.6
16 140.8 4 166.6 22 78.1

4 140.4 12 164.9 7 77.0
17 "137.9 15 160.6 15 76.5
2 136.8 2 160.0 25 75.6

7 135.4 8 156.4 17 75.2
25 134.2 21 154.2 4 75.1

18 130.5 I 1 153.8 21 74.9

24 124.4 i 16 147.9 19 72.8
13 121.8 19 142.6 8 71 9
1 120.9 24 134.7 16 65 5

14 117.5 I 14 133.4 13 65 4

21 115.2 1 20 124.6 ii 64 3i0 110.3 118.7 i0 58 6
i lOii 104.8 1 ii 112.6 14 55 6 i

20 97.9 1 13 108.8 20 49.9 i
J
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Table 5_--Means and ranges for leaf and stem environments (table 3). As with stem weight,

weight and total height for all clones Greenhouse II produced the greatest number of

pooled in each environm_ent significant differences. Three clones, 8,
9, and 23, constituted the top group. Two

LEAF WEIGHT (GRAMS) of these (9 and 23) also were in the top

Item : Green-: Green- : Growth group for all environments in stem weight

:house I:house II:chambers production.

Mean 20.68 32°79 15.79 Total height analysis presented a
High 32.49 54.88 22.37

somewhat different picture. Greenhouse ILow 5.82 11.45 7.90

Variance 39.92 55.12 15.46 produced the greatest number of significant

STEM WEIGHT (GRAMS) differences in total height (table 4). But,
Mean 12.54 21o29 5.18 of the six tallest clones in Greenhouse I,

High 18_80 32.49 7.96 only three (3, 9, and 23) appeared in the
Low 3.04 7.38 2.57 group showing consistently greatest stem

Variance 15.10 23.69 2_72 weight, and only two (9 and 23) appeared in

TOTAL HEIGHT ICENTIMETERS) ......... the group showing consistently greatest leaf
Mean 134.7 155.7 74.3 weight. Thus, high potential for top weight

High 181.2 192.8 94.8 production is not necessarily related to
Low 82°5 98.8 49_9 high potential for elongation growth.

Variance 25°79 219o28 68.24

Leaf number increased roughly with

time; therefore, regressions of leaf number
primarily because of the shorter growth- on time were examined to see if rate of

chamber growth period (6 rather than 8 leaf production, as indicated by the slope

weeks), but also because of lower growth- of this regression line, was an indicator

chamber light intensities. Because total of final weight or height or both. If it
photoperiod was the same in all three en-

were, it might be possible to reduce or

vironments, photoperiodic reactions should eliminate destructive measurement. Again,

not have caused differences in growth among Greenhouse II produced the greatest slopes,

environments, reiterating the generally better growing
conditions in this environment. There

Within each environment a high rank was little consistency, however, between

for one variable did not necessarily in- leaf production and final weight and (or)

dicate high rank for other variables, height. For example, clone 23, one of the

Moreover, clonal ranking based on individual best performers in terms of stem and leaf

variables or sums varied from environment weight and height growth, had one of the

to environment. Clearly, further analysis lowest rates of leaf production.
beyond simple ranking and summing was

necessary to indicate clearly which clones,

in fact, had the greatest juvenile growth DISCUSSION
potential and stability across environments.

Therefore, growth variables for clones within

environments were subjected to analysis of Short-term juvenile production of

variance and differences among clones (for photosynthate is the trait most desired
' for the clones to be used in larger field

each growth variable in each environment) trials. If distribution of the photosynthate
were examined by use of Duncan's new multiple-

does not change during the first few years

r_nge test (tables 2, 3, and 4). of growth of these clones, selection can

be based entirely on stem weight production.
Greenhouse II produced the greatest

But because distribution of photosynthate

number of significant differences among may change, total height growth of the
clones in stem weight as well as the

clones must also be considered. Therefore,
greatest stem weights (table 2). Seven recommendations for clones to be used in
clones produced significantly greater mean

field trials must be based on both stem

stem weight regardless of environment, weight and total height. The leaf/stem

These seven clones (3, 4, 9, 17, 18, 23, ratio also is an important criterion for

and 25) may be regarded as consistent pro- selection, but not as critical as the
ducers of heavy stems across all environments.

absolute value of the photosynthate pro-

duced. In these data, a trend of more favor-

Clones producing the greatest total leaf able leaf/stem ratio is discernible for the

weight were also consistent for all three faster growing clones.



Thus, our initial selection of clones LITERATURECITED
for field trials is based on ranking of Cram, W. H. 1960. Performance of seventeen

total height and stem weight for the three poplar clones in south central

environments. The following clones are Saskatchewan. For. Chrono 36:204-209.

recommended for field trials: 2, 3, 4, Dawson, D. H., and J. G. Hutchinson° 1973.

5, 6, 7, 9, 12, 15, 17, 18, 22, 23, and Farming for fiber. Wiso Conserv. Bull.

25. This type of selection scheme will (May-June) p_ 24-26.

separate clones that grow well in height Larson, P. R., and J° C. Gordon. 1969.

and stem weight under all three environ- Photosynthesis and wood yield. Agric°

ments. Further screening must be done Sci. Rev. 7:7-14.
for disease and insect resistance and Schreiner, E. J. 1970o Mini-rotation

fiber quality before making final se!ec- forestry. USDA For. Serv. Res° Pap_
tion of clones for use in intensive cul- NE-174, 32 p. Northeast° For° Exp. Stn.,

ture systems. Upper Darby, Pa.
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RAPID SELECTiON TECHNIQUES ,_:_,ough agricultural productivity has
been greatly increased over the past several

IDENTIFYINGSUPERIORCLONESI there has been little concomitantFOR increase in our ability to produce greater

yields per-acre of wood products. The need

for new approaches to the production of

LawrenceCo Pvomnitz wood fiber has been stated (Larson and

Assistant Professor Gordon 1969b, Gordon and Bentley 1970,

and _nite 1973), and the development of com-

Paul H _ray prehensive methods for producing high per,-
' acre yields of wood fiber under intensive

Assistant Professor cultural conditions has been underway for

Department of Forestry some time (McAlpine et al. 1966).

Iowa State University The current emphasis is to increase

Ames_ Iowa wood fiber yield to aid conventional wood-

using industries, but there is some interest

in woody plants as a source of fuel and

protein (Szego and Kemp 1973, Grantham and

Ellis 1974, Pirie 1969). Eventually, wood

will be regarded as a chemical raw material.

%then this occurs, current quality criteria

such as fiber length and wood strength will
be less important, the definition of

"superior genotype" will change, and more

emphasis will be placed on maximum dry-mass

production. Techniques for the rapid

selection of superior clones will be a key
element in intensive silviculture.

As has been pointed out in the previous

paper in this proceedings, one of the most

promising candidates for maximum fiber pro-

duction management in north-central United

States is the genus Populus. The chances

of successful early selection are enhanced

by genetic consistency of clonal material,

knowledge already accumulated about the

culture of poplar, and the well defined

cultural conditions and relatively short
rotations used in intensive silviculture

(Larson and Gordon 1969b)° Intensive silvi-

culture improves chances of successful selec-

tion because environmental and genetic

variation, and time, the principal saboteurs

of growth-predicting correlations, are much
reduced.

If controlled environment and physio-

logical indicators can be used to select

genotypes capable of rapid growth, large
field trials could be greatly reduced in

size, with savings in time, effort, and

money. Currently, our cooperative effort

with the North Central Forest Experiment

Techniques for selecting fast-growing Station is concentrating on the development

Populus clones use physiological and

morphological variables as indicators of 1 Paper No J-8384 of the Iowafield performance. The selection indices -- .

can be a valuable tool in preliminary Agriculture and Home Economics Experiment

work where large numbers of clones must Station, Ames, Iowa. Projects No. 2129
be considered, and 2033.
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of comprehensive techniques for rapid PREDICTIVE VARIABLES
• screening by using controlled-environment

growth studies (Wray 1974, Zuuring 1975) If predicting growth is the only

detailing procedures from propagation to objective, variables correlated only with

data analysis and interpretation, growth rate can be used, but we believe
that there are sound reasons for workingPhysiological analysis and field
with morphological characteristics and

experiments also play an important role

in our program to develop selection physiological processes that are causally
related to growth and yield° Not only aremethods. Physiological criteria could
such variables likely to be good predic-

be used by themselves to predict field

performance. We think, however, that tors, but increased knowledge will point
the way to efficient yield improvement

combining physiological criteria with

measurements of growth in controlled in the future.

environments will predict field perfor- PhysiologicalVariables
mance best (fig. I).

The major objective of our program On the basis of previous knowledge
is to identify clones with combinations about tree and stand growth, we think that

of characteristics that result in maximum three broad areas of tree physiology are

dry weight yield in the field. Our most likely to contain predictive variables:

approach involves the construction of

indices based on controlled-environment i. Photosynthesis and respiration--

growth and simple physiological measure- the processes directly determining

ments that will accurately predict field net carbon fixation (which is dry-

performance under specific cultural regimes, weight growth if the small percen-
Our approach has been to consider clones tage of dry weight due to mineral

that differ markedly in juvenile growth uptake is disregarded).

rate and to examine them for differences 2. Nitrogen uptake and metabolism--

in the physiological processes and morpho- the processes responsible for the

logical characteristics that we believe utilization of the nutrient most

determine productivity (Gordon 1975). At often limiting tree growth.

the same time, we are studying growth of 3. Hormone metabolism--the basic

the same clones in a variety of controlled system of meristem coordination
and field environments and determining what and control.

combinations of environment and growth

variables best predict field performance Each of these physiological areas can

(Hennessey and Gordon in press), be described by many measured variables,

DETA ILED CLONES
CONTROLLED ENV IRONMENT PHYS IOLOG ICAL F IELI) RECOMMENDED

GROWTH SCREENING ANALYSIS TRIALS FOR USE

PRELIMINARY PHYSIOLOGICAL
AND FIELD SCREENING

i

I
i

Figure l.--Proposed system for use in screening Populus clones. I
!I
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and measurements can be made at different of the year under the more variable

levels of orghnization (subcel_lar_ cellular, greenhouse environment.

tissue, organ, tree, or stand) and at differ- 2. Field trials--clonal densities

ent places in the biochemical chain, linking studies at Ames, Iowa, and

information stored in the genome to form and Rhinelander, Wisconsin.

function (nuclear acids, individual enzymes, 3. Crown geometry--leaf orientation

systems of enzymes_ fluxes of substrates, and and shape as related to optimum

products). If thousands of genotypes must be crown arrangement for entrapment
screened rapidly, physiological measurements of solar energy.

must be simple_ inexpensive, and fast. We have

thus concentrated on measurements of gas ex-

change and specific enzymes at the tissue and

organ level while being careful to relate RESULTS
measurements to whole tree and stand measures

of growth° Initial growth studies (Wray 1974,

Zuuring 1975) examined a large set of

Pop_7_s clones to determine potentialVariables we have measured include:
growth differences (fig. 2). From this

3: i. Net photosynthesis, photores- set, a subset of Populus x euramericana
clones was selected that exhibited dif-

piration, and dark respiration

(Domingo and Gordon 1974, ferent growth rates and response to
environments (table i). Clone 5321 was

Dickmann et a_. in press) as
- well as the related measures of slow growing, while clones 5323, 5326,

and 537.7 grew consistently faster (table
- leaf physiological state and

activity, CO compensation point 2). Primary emphasis of further experi-

(Dickmann an_ Gjerstad 1973), ments dealing with controlled-environment

stomatal diffusion resistance, growth, physiological characteristics,
incorporation of 14C-labeled and field performance concentrated on

this subset of clones.
photosynthate into leaf protein

(Dickmann et al. in press), and

glycolate oxidase activity Although the subset of clones is small,

(Gjerstad 1975). it seems that controlled-environment growth

2. Peroxidase activity, both as total studies can identify genetic potential for

activity in crude extracts and growth under certain field conditions (fig.

as isoenzymes resolved in 3). Better controlled-environment growth

acrylamide gel electrophoresis conditions will, however, improve the

(Gordon 1974, Wolter and Gordon differentiation among clones and increase

1975, Wray 1974). predictive abilities (Wray 1974, Hennessey

3. Nitrate reductase activity and Gordon in press).

(Dykstra 1974, Fasehun 1975).

Morphological and Growth Variables Several studies have attempted to

relate clonal growth potential to a wide

Morphological and growth variables also variety of physiological and morphological

were used as indicators of growth potential variables (table 3). These clones were

in our studies. Several growth studies found to differ in photosynthetic proper-

under controlled environment (Wray 1974, ties, leaf nitrate reductase activity,

Hennessey and Gordon in press, Zuuring 1975, peroxidase activity, leaf angles, and leaf

Dykstra 1974, Fasehun 1975) and field en- density. Consideration of variables

vironment (Rose and Promnitz 1975) have singularly, however, tends to obscure

given us information about growth potential the issue of growth performance. Individual

of several Populus clones, variables measure only a single component

in a large system that results in growth.

Morphological and growth variables that When many physiological measures are com-

we have measured include: bined through multivariate analysis, dis-

crimination among clones often is improved.

i. Short-term measurements of growth For example, when eight photosynthetic

potential--experiments under uni- variables are combined into two canonical

form growth-chamber environment variables, clear discrimination between

plus studies during several times clones 5321 and 5326 can be made (fig. 4).
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SQUAREDGENERALIZEDDISTANCE Table 1,--P_rcntag_ o7 vn_ contrasted c_ones

o b 0 0

5324 (Dod_ C,ui_e2r --- Grancda
5323 male do_ do o do. Canda Blanc I

5262 5326 male do_ do o do. Eugenii " _

5377 male doo do. do. Wisconsin

5332 -- NO. 5.

5267

-_ s32, Table 2.--Total stem dry weight of selec-

ted Populus clones grain under various

j environmental concZitions

(In grams)

5271 ....

: i_e

Clone :6 weeks:8 weeks:2 years

5121 4,. 7 10.2 341.6

5323 5.3 19.2 487.3
5326 6.7 22.8 594,1

5328

5377 6.6 21.8 500.9

5322

.._ :_
Alternative sets of variables also

can be used under specific conditions for

prediction. For example, clone 5321 grows

slowly but has a high rate of photosynthesis.

This is partly because clone 5321 is some-

what shade tolerant (Fasehun 1975). Plants

5258 I with high peroxidase activity may have the

potential for faster growth because of the

526o relation between peroxidase and lignifica-

tion (Siegel 1956), Nitrate reductase levels

487g may indicate potential for utilization of

5377 nitrogen by the plant.5326

At this preliminary stage in development

of selection techniques, it may be best to

rely on simple growth measures because

growth is an expression of the combination

of all morphological and physiological

variables. We believe, however, that com-

bining physiological criteria with measures

of growth in controlled environment will

give the best predictions of field perfor-

mance. Growth rate under optimal conditions

is not the only property we wish to select

526,4 ---1 for, We are now beginning studies aimed at

s28s _J- discovering early selection criteria for5334
5266 disease and insect resistance and response

to nitrogen and water. It has been suggested

that early selection for wood-quality criteria

Figure 2.--Dendrograph displaying the re- such as fiber-to-vessel ratio, could be

sults of a cluster analysis performed carried out successfully (Larson and Gordon

on the generalized squared distances 1969a), particularly if the relation between
between 25 clones based on stem dry growth rate and wood formation is better

weight, leaf dry weight, and height, understood.
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Figure 4.--Multivariate plot of canonical variables 1

and 2 for leaves of different ages for clones 5321
and 5326. The canonical variables are functions of

photosynthesis (21 percent 02), photosynthesis

(2 percent 0_), dark respiration (2 vercent 02),
apparent pho_orespiration (21 percen_t 02), apparent

photorespiration (2 percent 02), CO 2 compensation
concentration, and diffusion resistance.

measured at the cellular level. Our success euramericana. Environ. and Biol.

with controlled-environment studies, how- Control of Photosynthesis Symp. Proc.,

ever, indicates that, for the best predic- Hassett, Belgium, Aug. 26-30, 1975.
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can provide, in conjunction with small-scale Dykstra, G. F. 1974. Nitrate reductase
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Recent technol.ogicaff advances in whole
BIOMASSSTUDIESININTENSIVELY _r_ utilization (Young i968) and pulping of

MANAGED FOREST STANDS parts such as branches, tree tops, andstumps (Chase ea _lo 1971, 1973) are likely
to drastically change methods of harvesting

and merchandizing pulp species. Weight
J. Zavitkovski rather than volume will be used in commer-

Principal Plant Ecologist cial transactions Jn the near future and
weight tables will have to be prepared for

North Central many species used for pulping. The exist-

Forest Experiment Station ing inforraat.ionon standing biomass and bio-
Rhine lander, Wisconsin mass production of stands is inadequate both

from the standpoint of number of species for
which the information is available and their

geographical location° Little basic biomass

data are available for genetically improved
forest tree species.

In intensive culture_ rapidly growing

species would be mechanically planted on
suitable land after adequate site prepara-
tion, would be fertilized .andirrigated, and

mechanically harvested when the mean annual
biomass growth of the plantation culminates.
The most favorable rotation age will have to
be determined for various species and hy-
brids grown at various spacings under a var-

iety of treatments including cultivation,
fertilization, and irrigation. The studies

proposed here are designed to provide such
information for northern Wisconsin.

APPROACHESAND MODELS i_SEn IN 810M_.SS .STUDIES

Methodology for assessing standing bio-

mass and biomasss production of stands by

both destructive and nondestructive sampling
has been investigated by forest ecologists

Whole tree'utilization and pulping sys- since the i950's [Ovington 1956, 1957;
Ovington and Pearsall 1956). A brief review

tems require that forest products be meas- of three frequently used methods follows
ured in weight rather t.hanin volume. Sam-
piing methed_, based on destructive tree

sampling and allometric relations are out- One of the earliest and most expedient
lined for determination of standing biomass methods was the mean tree method in which
and production of genetically improved pulp one or more trees of mean dimensions was
tree species. Maxinn_zation of biomass pro- harvested and total biomass per unit area
duction will be achieved by optimizing var- obtained by simple expansion based on den-
ions plant and environmental factors inclu- sity, The main assumption of this method

dine leaf biomass, spacing, soils moisture, is that a tree of mean dimensions is also a
and nutrients, Biological optimum rotation tree of mean biomass, This assumption is
age will be determined for each species approximated in even-aged plantations of

grown in plantations at various spacings, intolerant species such as pines (Ovingto-n
Efficiency of solar energy conversion in the 1956, 1957; Ovington and Pearsall 1956), but
intensi_oely managed stands will be estimated biomass estimates of stands of tolerant
from their biomass production and energy species and natural stands obtained by this

content (obtained by calorimetry) of the method may be in error by as much as SO per-
tissues, cent (Baskerville 1965b, Crow 1971).
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The second method_ called unit area, was For regressions in arithmetic units, e, or

used by" Bray and Dudkiewicz (1963) in bio- estimate of relative error, is obtained by

mass studies of Populus foresL_. Projected dividing the standard error, Sy.x _ by the
crown area and total biomass of each sample mean value of the dependent variable Y. ln
tree were determined and biomass expressed the allometric regressions, the standard
per unit land area. This approach was found error of estimate is a logarithm added to or

to be the least reliable in a comparative substracted from an estimate of inY; its
study of three approaches used for biomass antilog zs a factor by which a given value
estimation (Ovington et al. 1967). A rood- of Y is multiplied or divided. A value of

ification of this method was used by _E_ the estimate of relative error for a Iog-
gavitkovski and Newton (1968) in biomass arithmic regression, equal 1.25 thus
studies of _eano_hus veiutinus_ a nitrogen- suggests an expected error range from
fixing shrub of the Oregon Cascades. All 1°25Y to Y/1.25.
shru_s were harvested from sample areas of

40.5 square meters (I/I00 acre) and fresh
weight obtained in the field. A represent- APPLYING ALLOHETRY IN BIOMASS STUDIES

ative subsml_ple was taken for fresh weight/

dry weight ratio determinations. This The first step in estimating biomass
method has also been used by various work- production of forest stands is to develop
ers for biomass determination of young tree equations relating some easily measurable

plantations (Person et al. 1971, Heilman et variables, usually dbh and height, with dry
al. 1972, Saucier et alo 1972, Crist and weights of whole trees and tree components
Dawson 1975). (Zavitkovski 1971). Sample trees are se-

lected in target stands avoiding the border
The most reliable method for biomass trees which are atypical. Sample allo-

estimation is regression analysis, also cation should be based on dbh or tree basal
called dimensional analysis by Whittaker and area distribution so that the whole range of

h'oodwell (1968), or allometry by Kira and sizes is represented. Sample size (i.e.,
Shidei (1967). In this method, the depen- number of sample trees) will depend on the
dent variable, i.e., whole tree or tree com- variability, allowable sampling error, and
portent dry weight, is expressed as a power manpower available. For components whose
function of some easily measurable indep- variability is high, such as dead branches

endent variable, mostly Obh, Dbh 2, height, and foliage, a prohibitively large sample
or a combination thereof. For statistical would have to be collected to obtain a low

purposes and curve fitting, the original sampling error so, a compromise will have to

form of the allometric equation Y = aXb is be made in which the sample size will be
transformed to a logarithmic form: determined by the most important component,
in Y = In a + b In X. This transformed usually the biomass of stems.
form has a statistical advantage because it
normalizes the variance of biological data
that often follow a lognormal distribution Sample trees are cut at the ground line

(Baskerville 1972). and separated into components of interest
(e.g., stem, branches, leaves, etc.), bag-

Problems arise when the log-transformed ged and dried at 70°C to equilibrium. For
units are transformed back to the original large trees, fresh weights of individual
arithmetic units, because if inY is normally components are obtained in the field and sub-

distributed, Y distribution is skewed. This samples of each taken for dry/weight fresh
problem was recognized first by mathemati- weight ratio determination. Dry weights of
cians (Finney 1941) and later by ecologists individual components are obtained by multi-

when the use of allometric equation became plying fresh weights by the ratio. Allo-
common in ecology (Madgwick 1970). Cor- cation of subsamples Should be at random and

rection procedures for the bias have been subsample size proportional to weight vari-
proposed by Baskerville (1972). ation of the component. As a rule, stem

sections of the same length, regularly spa-

Goodness of fit of the data in regres- ced along the stem, are taken for stem wood
sion techniques can be evaluated in various and stem bark weight determination. One or
ways. The coefficient of determination, R2, more branches are taken at random from each
is used by most workers. A different mea- whorl or annual height growth increment and
sure, essentially equivalent to a coeffi- all leaves from the sample branches separ-
cient of variation, called e or E, is ad- ated and bagged. Fresh weights of each sub-
vocated by Whittaker and Woodwell (1968). sample are obtained in the field and dry
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weights after drying in the laboratory. De- ESTIMATING BIOMASS PRODUCTION
sirable precision of weighing, which is as-

sumed to be without error, is to 0.I percent Newbould (1967) presents two basic models
of the weight, ioeo, for weights of I00 for estimating biomass production (P) of a
grams to the nearest 0.I gram. single tree or whole forest stand:

P = &B + L + G (i)
Modifications of the general method may

be required for some specific sampling. P = Bc + L + G (2)
Leaves (needles) of evergreen species may be

separated into current year's and older
classes. Estimates of leaf biomass of In the first approach, biomass (B_ is mea-

deciduous stands may be obtained from litter sured twice at times tI and t2 and the dif-

sampling which, for less effort, yields more ference (_B) is the biomass change during
accurate data. that time (Model i). In the second approach,

instead of measuring the biomass twice, trees
are harvested at the end of the growing sea-

Plotting of the data may indicate which son and by means of stem analysis and sepa-

independent variables should be used in fit- rating the current year's organs (e.g.,

ring the allometric model by the method of twigs) for the current growth, Bc is esti-
least squares. Corrected values are cal- mated (Model 2). In both Models, the losses
culated as discussed by Baskerville (1972): by death and shedding (L) and by organisms

Y = exp(lnY' + _2/2) (G) must be added.

where Y and Y' are the estimated corrected A third approach, applicable to uneven-
and uncorrected values in arithmetic units, aged forest stands was used by Zavitkovski

(Y' from the allometric regression), and o2 and Stevens (1972) in studies on biomass gro-

is sample variance of the logarithmic equa- wth of red alder stands in Oregon. Stand-

tion. The variance, _, for the skewed dis- ing biomass of 50 red alder stands containing
tribution of Y's in armthmetic units, is trees ranging in age from 1 to 65 years and
calculated as follows: growing on latosolic soil of similar pro-

ductivity was determined during the leafless

c_2 = exp(2_ 2 + 2 InY') - exp(g2 + 21nY'). period in winter. Relations between an index
A of volume (dbh2 x height) and dry weight of

individual tree components and whole trees
were established by analyzing 119 felled sam-

ESTIMATING STAND BIOMASS ple trees and biomasses of stands obtained
by the method of every tree summation dis-

Stand biomass is estimated by the method cussed previously (Baskerville 1965b). Von

of "every-tree summation" (Baskerville Bertalanffy's growth model was fitted to the
1965b). Dbh, height, or other variables above ground dry weight of stands as a func-
used in the allometric regression are mea- tion of age by a method described by Ricklefs

sured on all trees (excluding border trees) (1967). Mathematically, the first derivative

of a plantation and biomasses of all trees, of this function is equivalent to AB of
corrected for bias resulting from log-trans- Newbould's (1967) equation 1 shown above, i.

formation, summed. The standing biomass is e., stand biomass change from tn to tn+ I.

then expressed in metric tons per hectare Total annual biomass production, P, is then
or other units relating weight and area. obtained by adding losses, i.e., mortality,
For large plantations, sample area approach, litter fall, and consumption by organisms,

such as used in forest inventory (Freese to AB.
1962), may be used.

ROLE OF CANOPIES IN BIOMASS PRODUCTION

Time of biomass estimation is import-
ant especially if two successive estimates Positive and significant relations were

are used for estimating biomass production, found between leaf area index, LAI, and pro-
The measurements should be taken during the duction of various crop plants (Donald 1961,
dormant season avoiding, however, very cold Williams 1966), but the information on the
days on which dbh measurements, and conse- role of LAI in biomass production of forests

quently biomasses of trees, would be under- is inadequate (Zavitkovski et al. 1974). In
estimated (Godman and Mattson 1970). broadleaved deciduous forests, LAI's ranged
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from 3.1 to 14,2 (Tadaki and Shidei 1960, energy (light) utilization of a stand.

Chalupa 196i, }Vhittaker and Woodwell 1968, Hellmers and Bonner (1959) suggested that

Assmann 1970_ Art and Marks 1971) and from 6 forest communities utilize only 2 to 2½ per-
to 13 (or 12 to 26 for both sides) in coni- cent of the visible portion of the incoming

ferous and other evergreen forests (Tadaki solar energy. By contrast, the best managed
et aIoi965, Kira et al. 1969_ Assmann 1970). field crops may utilize 2 to 5 percent and

algal cultures 7 to I0 percent (Wassink 1959,
Talling 1961, Bonner 1962). Forest biomass

The information on leaf biomass, which is studies conducted since the 1960's show that

used by production ecologists in a way simi- both planted and natural forest communities
far to the way plant physiologists use LAI, are more efficient than suggested by Hellmers
is more comprehensive. In deciduous forests_ and Bonner (1959). Natural stands of red

leaf biomasses were estimated indirectly from alder may utilize up to 4.4 percent of the
litter traps (Bray and Gotham 1964, Zavitkov-
ski and Newton 1971), while in coniferous growing season's light and natural stands of

western hemlock about 2.8 percent of a whole
stands direct determinations were usually year's light. In intensively cultured stands,
made (Baskervilie 1965a, Fujimori 1971). even greater light utilization may be reached.
Leaf biomass of the deciduous forests rang-
ed from about 2 to 6.6 metric tons per hec-
tare whereas coniferous forests had as much Solar energy incorporated into an inten-

as 22 metric tons per hectare primarily be- sively managed stand is a product of dry mat-
E cause of the longevity of needles in some ter production and energy content per unit
i species, weight obtained by calorimetry. Results are

expressed in kilocalories per hectare per
In a recent review of forest biomass year. Efficiency of solar energy conversion

studies, Zavitkovski et al. (1974) found a is determined from the total energy incorpo-
positive relation between the leaf biomass rated into annual biomass production and in-

and net annual production o£ stems and bran- coming solar radiation measured by a solari-

ches for stands of numerous tree species, meter. Results are expressed in percent of

In general, foliage of the deciduous species growing season's or whole year's solar energy
was found to be more efficient than that of input over the total or visible spectrum

evergreens in producing stem-branch biomass. (400 to 700 nm).

On the average, 1 metric ton of foliage pro-
x duced 1 metric ton of stems-branches in the

coniferous and 2.17 metric tons in the dec- OPTIMUM ROTATION AGE
iduous forests. The variability of the data

prevented any detailed analysis on the pos- With no economic constraints imposed,
sible reduction of stem-branches production the optimum rotation age would be reached
in stands having very high leaf biomasses, when the mean annual biomass growth culmin-
However, a detailed study of red alder ates. This occurs several years after the
(Zavitkovski and Stevens 1972) indicated culmination of the net annual growth. For

that productivity was reduced when the leaf example, in red alder, the optimum rotation
!s biomass was higher than 5.6 metric tons per age was achieved at 21 years but the peak
re hectare. Stated differently, an optimum was flat indicating that between 16 and 27

leaf biomass for natural red alder stands
years production would be within 5 percent

was about 5.5 metric tons per hectare of maximum (Zavitkovski et al. 1974). From
(Zavitkovski et al. 1974). the utilization standpoint, proportion of

dead tree biomass may be important for fiber

From the production standpoint, the production because in whole-tree harvesting,
concept of optimum leaf biomass or LAI is standing dead trees would be harvested along
very important for maximizing biomass pro- with the living trees. However, the data
duction. Experimental plantations seem to for red alder stands indicate that between

be suited for such studies because their ages 12 and 35 years standing dead trees
densities can be better controlled than in account for less than 5 percent of the total
natural stands, biomass.

ENERGY CONVERSION INJ

INTENSIVELY MANAGED STANDS Economic constraints, especially at cur-
:s rent high interest rates, would reduce the

in! Closely related to leaf biomass and dry optimum biological rotation. For aspen st-
l i matter production is the efficiency of solar ands in the Lake States, Einspahr and Benson
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ed from about 2 to 6.6 metric tons per hec-

tare whereas coniferous forests had as much Solar energy incorporated into an inten-
I as 22 metric tons per hectare primarily be- sively managed stand is a product of dry mat-es !
i cause of the longevity of needles in some ter production and energy content per unit
i species, weight obtained by calorimetry. Results are

expressed in kilocalories per hectare per
In a recent review of forest biomass year. Efficiency of solar energy conversion

_- studies, Zavitkovski et al. (11974)found a is determined from the total energy incorpo-
positive relation between the leaf biomass rated into annual biomass production and in-

_r0- and net annual production o£ stems and bran- coming solar radiation measured by a solari-

i- ches for stands of numerous tree species, meter. Results are expressed in percent of
ni_g In general, foliage of the deciduous species growing season's or whole year's solar energy
nd was found to be more efficient than that of input over the total or visible spectrum

evergreens in producing stem-branch biomass. (400 to 700 nm).

ess On the average, 1 metric ton of foliage pro-
ndex duced 1 metric ton of stems-branches in the

of coniferous and 2.17 metric tons in the dec- OPTIMUM ROTATION AGE
s iduous forests. The variability of the data

sam- prevented any detailed analysis on the pos- With no economic constraints imposed,

d sible reduction of stem-branches production the optimum rotation age would be reached
in stands having very high leaf biomasses, when the mean annual biomass growth culmin-
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the (Zavitkovski and Stevens 1972) indicated culmination of the net annual growth. For
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_Y, From the production standpoint, the production because in whole-tree harvesting,
_, concept of optimum leaf biomass or LAI is standing dead trees would be harvested along
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(1968) considered an economic rotation be- the four plantations and litter sampled at

tween i0 and 20 years possible, and Ek and biweekly intervals until mid-September_ sub-
Brodie (1975) from 20 to 30 years. Ek and sequent litter sampling was done at weekly
Brodie suggested that extremely short rota- intervals. Leaves were separated from other
tions (less than 15 years) would be undesir- litter components, dried at 70°C_ and wei-
able because volume and value growth rates ghed. Results from the six traps were aver-
are sustained into the third decade. For aged and expanded to hectare basis (table I).

intensively culuted Populus 'Tristis #I', The data indicate that the leaf biomass of
grown for 5 years at six spacings ranging the 1 by 1 and 2 by 2 foot plantations re-
from 0.75 to 12 feet, Ek and Dawson (in ached, or approached, the equilibration

press) projected optimum biological rotations quantity, i.e._ the biologically attainable
from 8 to 15 years, indicating that optimum quantity for the type of the plantations
economic rotations would be less than I0 studied under the existing environmental con-

years. Such short rotations have also been ditions. The ratio between the specific leaf

projected for intensively cultured sycamore weight of leaves in the litter and those col-
in southern United States (Steinbeck et al. lected (green) from standing trees was 1.57,

1972). i.e., leaf biomass estimated from litter tr-
apping must be multiplied by 1.57 to obtain
an estimate of leaf biomass of living can-

PRELIMINARY STUDIES ON opies. For example, for the 1 by 1 foot
!POPULUS TRISTIS CANOPIES plantation, in which litter sampling reached

3.3 metric tons per hectare, the correspond-

Studies on leaf biomass production were ing dry weight of green leaves is about 5.18
begun in 3-year-old experimental plantations metric tons per hectare (standard deviation
of Populus tristis established at four spac- 0.63 metric tons per hectare). These values

ings--1 by i, 2 by 2, 4 by 4, and 8 by 8 are likely to be underestimates of true
feet--from rooted tip cuttings in 1972. The leaf biomasses because in small plantations

plantations were small, ranging in size from some leaves may be lost due to wind.
16 by 36 feet for the 1 by 1 foot spacing to

48 by 144 feet for the 4 by 4 and 8 by 8 foot
spacings. Small plots can produce biased Leaf biomass of the stands was also esti-

results, so larger plots will be needed for imated from destructive sampling. Three
final confirmation of the data. trees were destructively sampled in the 1 by

I, 2 by 2, and 4 by 4 foot plantations.
Diameters of all branches were measured 2.5

l_i Leaf biomass of canopies was estimated by centimeters from the stem and leaves from a

two methods: (a) litter sampling and (b) lO-percent sample of branches separated,
destructive sampling. Indirectly, the dried, and weighed. Dry weights of leaves
equilibration of leaf biomass in the sampled (dependent variable) were related to branch

stands was estimated by measuring light under diameters (independent variable) and the
canopies, regression used in estimating total leaf

biomass of individual sample trees. Fin-

In late summer of 1975, six 0.5 by 0.5 ally, total leaf biomass of sample trees

meter litter traps were placed in each of (dependent variable) was related to tree dbh

Table l.--Leaf litter, leaf biomass, and
light regime in 3-year-old plantations
of Populus Tristis

: Leaf litter .Canopy leaf biomass Light Light in

Spacing :__per hectare . ___er hectare : intensity :the open
:Mean Range :

(feet) :Mean : Range : Mean : Sy.x : :

Metric Metric Metric Metric Foot-candles Percent
tons tons _ tons

1 by 1 3.50 2.69-3.90 6.24 0.68 37 19-58 0.53
2 by 2 3.23 2.74-3.76 5.41 1.07 39 14-83 .57
4 by 4 2.60 1.30-3.17 3.61 .30 66 45-310 1.87
8 by 8 1.58 1.21-1.83 n.a. 3215 70-7,200 45.5



(independent variable) and used to calculate Baskerville, G. L. 1972. Use of the log-
ib- leaf biomass of total plantations (excluding arithmic equation in the estimation of

border trees)_ Results were similar to plant biomass. Can. J. For. Res. 2:49-53.
_r those obtained from litter sampling after Bonner, J. 1962. The upper limit of crop

the quantities of leaf litter were adjusted yield. Science 137"11-15.

_" by the ratio of i_57 (table i). Bray_ J. R., and L. A. Dudkiewicz. 1963.

_)' The composition, biomass, and producti-
Light was measured about 30 centimeters vity of Populz_s forests. Bull. Torrey

above ground with a photometer around noon Bot. Club 90:298-308.

on a clear day on July 30, 1975. The read- Bray, J. Ro, and E. Gorham. 1964. Litter
ings were taken under canopies at points production in forests of the world, p.
systematically located along three transects 100-158. In Advances in Ecological Re-_rt,-
in each plantation. Light in the open was search, J. B. Cragg (ed.), Vol. 2._af
measured between measurements along each Academic Press, N.Y.ol-
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1 ANDRELATED The Institute of Paper Chemistry has

C00PERATIVE_ three projects that relate in various ways

FOREST RESEARCH ,AT THE to the maximum yield research being under-taken by the USDA Forest Service. The

objectives, methods, and progress o:f each
INSTITUTE OF PAPER CHEMISTRY project are briefly reviewed here,

Dean W, Einspahr PROJECT 3223 "THE MASS PRODUCTION OF
Senior Research Associate CONIFER TREE HYBRIDS"

The Institute of Paper Chemistry The primary objective of this research

Appleton_ Wisconsin program is to find ways to mass produce
conifer tree hybrids using tissue culture
and protopiast fusion techniques. Another
extremely important objective is to develop
a procedure that will make it possible to

start with single cells in suspension and
go to embryoids and then to piant!ets and
finally to trees° The potential of
hybridization in conifers has not been

developed sufficiently to meet our future
wood raw material requirements. The diffi-
culty of producing large numbers of conifer

tree hybrids was determined as one of the
principal reasons conifer hybrids have not
been widely grown in the past. The goal of
this research program is to inexpensively
mass-produce conifer tree hybrids and/or

genetically superior selections using
tissue culture techniques.

The program employs the scientific know-

how from the field of biochemistry, electron
microscopy, and plant physiology. Early
emphasis has been on the differentiation

of shoots on stem and cotyledon callus and
the production of embryoids in cell sus-

pensions, The work on protoplast fusion
is being delayed until adequate progress
has been made in the cell suspension work.
Biochemical and morphological comparisons

between several sources of callus and young
organized tissue are underway. The two
species under investigation are Douglas-fir
and loblolly pine.

Investigations unde_ay that relate to
the maximum yield research program include: Early progress has been good, with
(1) The Mass Production of Conifer Tree Hy- Douglas-fir shoots being produced from

brids--a program using tissue culture and a special source of callus from Ii differ-
protoplast fusion techniques to produce large ent Douglas-fir clones (fig. i).
nwnbers of useful hybrids, (2) Bark Charac- Embryoidlike structures have been developed

teristics of Important Pulpwood Species--a in both Douglas-fir and loblolly pine cell
study of the fundamental bark characteristics suspensions and work is underway to trigger
important to segregating, pulping, and/or these structures to continue to develop
use of bark as fuel, and (3) The Production into true embryos and eventually into

.andIntensive Management of Genetically Im- plantlets (fig. 2). The program, despite
proved Aspen--a program aimed at obtaining its highly technical nature, has a very
maximum per acre cellulose yield and impro- practical objective and the procedure is

ved fiber quality, envisioned as starting in the laboratory
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determine the consequences of pulping
bark and use of bark as fuel.

!

Some standard tests have been set up

to characterize the bark for each tree spe-
cies. Included in the characterization for

each species is the following information:

silvicultural characteristics and geographic

..... range, wood and bark morphology, wood and
bark specific gravity and extractives, bark

fibrous yield, wood/bark adhesion, bark

strength and toughness, water flotation

behavior, total ash and calcium, and fuel

Figure l.--One of the first shoots produced value of the bark.

on Douglas-fir cotyledon callus. Mag-

ni fica tion-- 6X.
The bark characteristics of 20 species

have been investigated to date. Major
differences in dormant season wood/bark

adhesion, ash and calcium content of the

bark, fibrous material in the bark, and

strength of the bark have been discovered

(table i). Most conifer bark contains
no fiberlike elements while most hardwood

barks investigated contain a modest amount

of fiber (fig. 3).

Screening and mechanical, treatments

that capitalize on the differences in

strength between wood and bark seem to
offer the most promise as ways of reducing
bark levels in wood chip/bark mixtures

For hardwoods, a good correlation seems

to exist between bark specific gravity and
bark removal (high specific gravity gives

best removal). This does not seem to be

true for the conifers investigated. For ....

Figure 2.--Embryoidlike structures developed conifers, bark thickness particularly the

in Douglas'fir cell suspensions. Mag- outer bark, seems to be a factor. Removing

nification--490X, bark by hammermilling has been less

effective for conifers than hardwoods (table

2). In this test, pure fractions of either

and ending with the production of container- wood or bark are fed into the hammermilling

grown plantlets produced in the greenhouse, apparatus, caught in a cloth bag, and
screened.

PROJECT 32]2 "BARK CHARACIERISTICS 0F The information illustrated and the

IMPORTANIPULPWOOD SPECIES" other basic tests are designed to identify

the pulp and paper industry's bark problem

The objective of this project is to and make it possible to take advantage of

provide information on the fundamental whole-tree chipping techniques and the

properties of bark (and wood) for 32 pulp- promising short-rotation forest management

wood species. The information is expected systems being developed.
to help member companies determine the

usefulness of a particular tree species
as a raw material and assist in determining PROOFCT 3250 "PRODUCTION AND INTENSIVE

how the species might be harvested and MANAGEMENI OF GENEIICALLY IMPROVED ASPEN"
handled to adequately segregate wood from

bark. Emphasis is also being given to This project is a streamlined version

providing the information required to of two larger research projects. The
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Table l.--$ark pulp yield and usable fiber

(In percent)

:Bark :Usable : :Bark :Usable

Hardwoods :pulp : barkl/: Conifers :pulp : bark .
:yield:fiber_': yield fiber i/

5- Quaking aspen 34 i0 White spruce 21 0
or Eastern cotton-

Ba___ ir 26 0: wood 35 9 ' _ .... _ f

hic Sweetgum 35 5 Jack pine 19 0
Sugar maple 3& 3 Lob!olly pine 24 0

rk <_ite birch 36 0 Slash pine 24 0
Northern red

oak 28 5 Douglas-fir 18 5
Southern red

oak 31 4 Western hemlock 36 0
Northern white

oak 35 3 Lodgepole pine 27 0
Southern white

[es oak 37 3 Ponderosa pine 29 0

Engelmann spruce 24 0
Western larch 28 1

l-_Usab]e bark fiber is the fiber retained on 60- and

100-mesh screens. The percentage given is the yield based

d on whole bark samples.

r program combines the aspen genetics re-

d search that has been underway since 1955

nt with an aspen intensive management pro-

gram started in 1968. The objective of

the new program is to bring together the

knowledge acquired over the past 20 years

and formulate a forest management plan

_: for aspen hybrids that will obtain the

.ng maximum per acre fiber production and

improve fiber quality.

_nd The genetics phase of the program

_s employs selection, hybridization, and

polyploidy in an effort to produce trees

that grow faster and have better wood

he properties than native aspens. The

ring Figure 3.--Aspen bark fiber retained on a intensive management phase of the project
60-mesh screen. Maanifioation--?5X. has investigated the possibilities of

table

the_ Table 2.--Hammermi lZing results _/_

ling (In percent)

Hardwoods : Bark :Wood: Conifers : Bark :Wood
:removed:loss: :removed:loss

Quaking aspen 34 5 White spruce 23 4
le Eastern cottonwood 18 5 Balsam fir 44 6

:ify Sweetgum 32 7 Jack pine 26 5

_lem Sugar maple 29 5 Loblolly pine 34 6

of White birch 38 6 Slash pine 36 5

Northern red oak 34 10 Douglas-fir 28 4
nemt Southern red oak 46 6 Western hemlock 24 3

Northern white oak 37 5 Lodgepole pine 31 4

Southern white oak 38 3 Ponderosa pine 26 4

Engelmann spruce 25 4
VE Western larch 26 6

;PEN" _/ Based upon simulated hammermilling, followed by screening

using the on 14-mesh screen to remove bark and recover usable
rsio_ fiber from fines.
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converting low-quality northern hardwood

stands to hybrid aspen, It includes test

plantings of aspen hybrids and native _i_
sucker stands that have been :fertilized ,_-_ I

and irrigated to determine the biological ¢_•_

potential of such procedures and the
impact of rapid growth on wood quality,

We have produced a number of aspen _-- <_
hybrids that grow twice as fast as native _ .......f_

aspen and have superior fiber properties __ _ <_

(fig. 4, table 3), Arboretums are being _

established with several of the cooperat- _ j

ing companies to facilitate the mass pro- £ _

duction of the better hybrids. Growth

response from fertilization and irrigation
has been similar to that for other tree

species, Specific gravity was decreased

6 to 8 percent and fiber length increased

4 to 6 percent by treatments that increased

volume growth about i00 percent. The

aspen hybrids have responded better to

fertilization than the native aspen

trees, A recently completed economic anal-

ysis indicates tha_ a rate of return

of 6 to 6-1/2 percent can be expected

from growing aspen hybrids compared to
_,uch less wood production and a rate

of return of 5 to 5-1/2 percent from

growing red pine in northern Wiscon- Figure 4.--Three-year-old triploid hybrid
sin. clone growing in northern Wisconsin°

Table 3.--Wood and kraft pulping properties of triploid hybrid aspen

: Wood : Pulp : Screened:Handshee t properties _lT-
Type of material : specific : fiber : pulp _ Tear Burst Tensile

_, : gravity _ : yield :

Mature native aspen 0.349 0,91 52.6 75.7 51,5 10.3
15-Year-old native

aspen .350 .79 52.1 73.0 48.0 9.9

hybrid aspen .420 .94 53.5 88,0 55.7 I0,I
15-Year-old triploid

_as_en .401 1.00 51.2 96,0 58,0 i0.4
:i ......_-_-urement at 75_-mi Schop_r-Rie_er freeness; tear _nd burst

are TAPPI factors; tensile is breaking length in kin.
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nFTFRM N!N6 MO STURE-NIITRTFNT  herehavebeennoprojectstudieson

_----'" _-_-'_- the nutrient-moisture aspects of maximum

REQUIREMENTSFOR MAXIMUM yield forestry specifically, although somecooperative growth room-greenhouse studies

were conducted at Iowa State University

FIBERYlELD (Dykstra 1974, Domingo and Gordon 1974),

Irrigation and fertilization of current field

test plots is based on the best available

EdwardA° Hansen information on tree nutrition combined with

imY_&_zc/pa/ Hydro/og/st good farming practices. However, we wish
• to move beyond just creating and maintaining

North Central Forest Experiment Station good growing conditions; we want to es-

Rhine!ander_ Wisconsin tablish as precisely as possible nutrient

and moisture levels necessary for maximuyz

yield. In addition, we want to examine the

influence of various levels of input on

yield, determine the effects of maximum-

yield management on wood quality, and develop

the capability for matching species and

clones to nonirrigated but intensively managed

sites. To accomplish this, we will look at
the effects of nutrient-moisture variables

on the growth of many species and clones

in a series of growth room, greenhouse,
and field studies carried out over many

years.

The general relations between nutrient

and moisture effects on plant growth are

well established. Plant growth usually

!oi_h_ '_ increases with increasing moisture supply

_isconsi_. up to some optimum level:

opt imum

yield I __ inadequa te

drought aeration, etc.

moisture

_t Eventually a moisture level is reached

(with the exception of "swamp species")

at which other factors become limiting to

growth. Inadequate soil aeration is one
such factor sometimes encountered

(Domingo and Gordon 1974)o One project

objective is to define the optimum water

Nutrient-moisture requirements for levels for several different tree species

maximum fiber yields will be determined in and clones.

a series of growth room, greenhouse_ and

field studies. Irrigation and fertilization Plants respond to fertilization in

i_dices will also be developed for use in much the same way they do to water

manJagement systems. (Morrison 1974):
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"_ YIELD 1 / INADEQUATE

l 1// SOlL AERATION)PTIMU M

excess ZONE

yield
deficiency

>
nutrients

There is an area of deficiency, an optimum

range, and an area of excess• Another

project objective is to define the optimum

nutrient levels for the same tree species
and clones.

I
i

Determining optimum nutrient-moisture i

conditions is complicated by the fact that

they are interdependent. Generally, plant

growth increases with increasing moisture

and nutrient levels (fig. I). However,
NUTRIENTS WATER

because of this water-nutrient-growth in-

teraction, nutrient requirementsmay be

decreased at low moisture levels as depicted

by the hatched band In fact, heavy fer- iNADEQUATE iNADEQUATE
• WATER NUTRIENTS

tilization can retard growth on dry sites

because excessive nutrients in the soil can Figure l.--Effect of nutrient-moisture

increase salt content creating plant water interactions on tree yields.
stress (Dickson 1971, Black 1965). This

can also happen under fairly high soil

moisture conditions. On the other hand, nutrient-water requirements for maximum

excessive soil moisture can sometimes growth may vary from clone to clone. This

cause inadequate soil aeration thereby potential for different requirements will
reducing growth, be checked in a series of studies with our

cooperators. To gather this information

We want to define the combinations will require growth-room studies of inter-

of fertilizer and water necessary for clonal variation and (if differences exist)
optimum growth as depicted by the circled field tests to check results over a rotation

area in figure I. A few published studies period. Eventually we will have the in-

on foliar nutrient levels required for formation necessary to grow each clone under

maximum growth showed little difference its optimum conditions. Optimum growing

among the Populu8 species tested (table i). conditions are necessary in order to make

However, we still need to see if this holds valid comparisons in clonal screening tests

true for our particular hybrids because and in yield studies in large plantations_

Table l.--Foliar concentration for maximum growth

(In percent by dry weight)

Species :Nitrogen:Phosphorous:Potassium:Calcium:Maf_esium:References
E. cottonwood 3.5-4.5 0.5-0.7 3.0-4.0 Bonner and

(Populus deltoides) Broadfoot 1967
Quaking x E. gray pop. 4.3-4.4 .51-.60 2.8-3.3 0.56-0.63 0°35-0.45 Einspahr

(Populus canescens x 1968
P. tremuloides)

Bigtooth x E. gray pop_ 4.0-4.3 .58-.65 2.8-3.0 .40-.62 .23-.40 Einspahr il
(Populus grandidentata x 1969
Po canescens)
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Although it is essential to determine severe, ways should be determined to reduce

the nutrient-moisture requirements for their impact by modifying cultural practices°

maximum growth, much additional information

is required before maximum yield forestry Because of the nature of the project

can be adapted into a management system, mission, some added criteria influence re-

Some of the necessary areas of research search strategy° First, we are concerned
are as follows: with mc_im_m yields so we would like to be

as precise as possible in our recommendations

for irrigation and fertilization. Second_

io Determine the water consumed because of the long rotations involved

in dense irrigated plantations to aid in (compared with agricultural crops)_ undo-

designing irrigation system capacity, sirable clones must be rapidly screened out

in order not to waste time and money in

2o Determine the optimum amount and full-scale field tests (see paper by Paul

timing of irrigation and develop an irri- Wray in this Proceedings). These two factors

gation index, Soil water monitoring to dictate that we use "quick" growth-room or

determine when to irrigate is complicated greenhouse tests in many instances before

by the fact that the rapidly elongating moving into long-term field studies. This

root system of young trees penetrates approach requires measurement techniques that
to ever greater depths_ thus continually can be applied regardless where or how a

changing any relation between soil water study is done so as to provide a common data
'7

aval_ability as indicated by a sensor base for extrapolating results from study to

and that available to the plant roots, study. Consequently, water potential and
Therefore} an index based on plant water nutrient measurements will be concentrated

potential rather than soil water will on the plant itself rather than on the much

probably provide better irrigation control, more variable soil-plant environment. This

will involve plant water potential measure-

3. Investigate the extent of inter- ments with a pressure bomb and/ or thermocouple

tree transfer of nutrients and water through psychrometer, and plan_ tissue analysis for
root grafts and/or closely associated roots, nutrient status.

If such inter-tree transfers occur, we would

need larger test plots and buffer strips However, soil moisture and nutrient data

to isolate one treatment from another, will still be collected in field studies.

However, irrigation and fertilization could Whereas plant water potential measurements

then be less uniform in a managed plantation determine when to irrigate, soil moisture

because inter-tree transfers would tend to measurements are necessary to determine how

lessen any differences in application, much water to add to bring soil moisture

" back to field capacity. Likewise, soil

4_ Monitor the uptake of nutrients nutrient data will complement the tissue

by the plant so as to maintain nutrition data and together may eventually provide a
.) at optimum ieveis_ A tissue test should firmer basis for fertilization recommendations.
_o:n be developed so that nutrient status can

be determined early in the growing season In summary, the research strategy is
:er and =_=_rtilizer applied in the amounts and to initiate a series of growth-room, green-

at the time it does the most good. house, and field studies (some project

studies, some cooperative) emphasizing plant
S 5. Determine the growth potential of measurements for nutrients and water. The

selected Pop ulus clones and other species objectives are to define optimum growing

when grown without irrigation but with conditions for various clones and species,

otherwise optimum conditions. Then drought develop the capability for matching species
resistant clones can be selected for

to nonirrigated sites, and to develop the
:i nonirrigated sites where the trees must necessary cultural techniques and indices

i depend on the available water in the soil for full-scale management for maximum yields.i  rofile

6_ Monitor the effect of intensive

forest practices on groundwater contamination L!IERATUR[ CiT[D

! and soil changes. Although such effects

will probably not be any greater than those Black, Co A. 1965. Crop yields in relation

! from standard agricultural practices_ any to water supply and fertility_ I_n_nPlant
such changes should be documented. If environment and efficient water use. 295
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SO_IE PROBLEMS OF ESTABLISHING , key step in establishing and managing

intensive culture plantations is removing

ANDMANAGINGINTENSIVELYCULTUREDthe existing vegetation and establishing in
its place improved plant material better

adapted to the site. The fact that most

PLANTEDSTANDS sites needing reforestation support stands

of trees or shrubs makes the task totally

different than it was 40 or 50 years ago.

Howard M_ Phipps Effective methods must be found, therefore,
to prepare sites before planting and suppress

JssooiafTe P_a_t rhysiologi8t subsequent weed growth at ].east until the new

a_d plantation has occupied the site and weed

N0nan V° Noste competition is no longer a deterrent to

_ilvioulturist survival and growth.

North Central Forest Experiment Station

Rhine lander, Wisconsin Equally important to successful plan-
tation establishment is the vigor and

physiological state of the tree seedlings

to be planted. If the trees are in poor

condition at the time of planting, due to

desiccation or root damage, for example,

successful competition with weeds becomes
even more difficult.

To deal with these problems, we are

studying two approaches that together may

enhance the trees' early competitive ability:

(i) the effect on tree growth and survival

of mechanically and chemically removing or

suppressing competing vegetation, and (2)

the use of container-grown seedlings for

planting stock.

Containerized seedlings are grown in

individual containers in the greenhouse to

plantable size. After a period of hardening

outdoors, the trees are outplanted with or

without the containers, depending on the

containers used. The big advantage of con-

tainerization is that the seedling root

system is protected against disturbance and

drying (fig. i).

The need for intensive site preparation

and competition control for converting hard-

to-plant sites to fast growing stands of

economicall 9 desirable species is discussed.

Jack pine_ red pine_ white spruce, and hybrid

Japanese-European larch seedlings raised in

3-M polymer blocks and Spencer-Lemaire

Rootrainers grew larger and survived out-

planting better than stock grown in two

sizes of Polyloam blocks. Average survival

for all species for these two best containers

was 68 percent. Intensive site preparation

followed by factorial combinations of Casoron

and Roundup herbicide to control weeds re-
sulted in lower survival where Casoron _as

applied. Figure l.--The Spencer-Lemaire "Rootrainer. "
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In April 1974 we began a preliminary up: generally_ the Rootrainer and 3-M

study to evaluate several elements of polymer containers produced taller seedlings
plantation establishment and management: than the Polyloam (table !)o

(I) species, (2) container systems, (3)
herbicidal effects on the trees and com-

Table l.--Avera_e shoot lengths of fb_r

petition, and (4) site preparation, conifer species grown in ,_bur containers
(In centimeters)

77
'GREENHOUSE TEST I Container- :Jack: Red:_ite :Larch

I :R_ne :P ine :!_yuce :_______
Seeds of white spruce (Picea glauca I Larg_<--P_'_2°'am-bl°ck - 9-_---_ 3.2 11.8

(Moench) Voss), red pine (Pinus resinosa I Small Polyloam block 9.3 6.1 2.2 9.9

Ait.), jack pine (Pinus banksiana Lamb_) and I Rootrainer 12o8 I0,I 7.3 11.8
a hybrid larch (Lomix decidua x L. leptolepis) t3-}I polymer block 13o6 10.8 6.4 20.3

were sown in the following containers: . -....._7-TT_e_ a_ s-t,atL_c--_l_ signi-----_ican----_

(I) The Spencer LeMaire "Rootrainer, ''_/ a differences between container systems_ but

folding type of plastic container with analysis to identify differences between in-
cavities each holding I0 cubic inches (164 dividual systems has not been run at this

cubic centimeters)of a 3:1 peat moss and preliminary stage of the study.

vermiculite mix; (2) rectangular Polyloam

blocks (polyurethane foam) of two sizes-- OUTPLANTING"[EST
2_ and 5 cubic inches (37 and 82 cubic

centimeters); and (3) rectangular blocks The planting site is part of the

5 cubic inches (82 cubic centimeters) in Three Lakes Ranger District, Nicolet

size formed by bonding a 3:1 peat moss and National Forest, Wisconsin. The vegetation

vermiculite mix with a hygroscopic polymer on the site was mostly sod with some scat-

(3-M Co.). Fertilizer was applied about tered aspen, indicating a history of severe

every 2 weeks to the 3-M polymer blocks and fire. Soils are a sandy loam of the Padus
Rootrainer seedlings. The Polyloam reportedly Series.
contained sufficient slow-release fertilizer

to maintain plants for about 5 months. The site was prepared in cooperation

Artificial light was given to extend the with National Forest personnel. A crawler

photoperiod to 20 hours per day. tractor with straight blade leveled and
cleaned the site so it could be disced with

During the early stages of the study, a farm tractor (fig. 2). The leveling

two problems were encountered that appeared operation removed much of the top layer

to be related to the properties of the of soil. Rocks exposed by the crawler

different containers. In the Polyloam tractor interfered with discing.
containers, germination of white spruce and

jack pine seed was noticeably slower than in
A completely randomized block design

the other containers and in many blocks
was used for outplanting. Seedlings were

germination failed to occur. This was prob-

ably due to the difficulty in maintaining a spaced at 6 feet in square i6-tree plots.

proper moisture content in the Polyloam
blocks.

Root rot caused some mortality in the

Rootrainers. Better aeration properties

of the other blocks probably prevented a

buildup of the disease in these containers.

In late July, after 4 months, the seedlings
were removed to a lath house and allowed

to harden under outdoor conditions for

about 4 weeks before planting. At this I

time, significant differences in the growth

of all species due to container type showed

l/
- Mention of trade names does not

constitute endorsement of the products by Figure 2,--A light farm tractor with disc I:
the USDA Forest Service. removed _e_ds before planting°

1
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The jack pine_ red pine_ white spruce, and Rootrainer and 3-H polymer survival con-

hybrid Japanese-European larch were planted sistently outperformed the large and small

separately so comparisons among species were Polyloam (table 2), At present_ seedlings

not part of the design_ All combinations from the Rootrainer and 3-M polymer blocks

of the following container system and com- appear to perform equally well. However,

petition control factors were replicated by differences in growth or survival may occur

random assignment in each of four blocks: later. The competition control treatments
I also affected survival: survival was con-

.... Competition sistently lower on plots treated with Casoron

Con tainsr Cos tro I (tab le 2) ,

Treatment

DISCUSSION
IL_ ]._ Large Polyloam block Control

20,i_____ 2. Small Polyloam block Casoron G4 herbi- The two container systems with the best

ican_ cide at 147 survival--the Rootrainer and 3-M polymer
bu:t kilograms per block--should be evaluated further. Survival

:eni_- hectare of seedlings from both systems was highhis
3. Rootrainer Casoron G4 herbi- enough to indicate that container planting

cide and Roundup outside of the spring planting season is

at 2.26 kilo- possible, provided competition control (pro-

grams per hectare vided here primarily by site preparation)

(acid equivalent) is adequate.
-_ 4. 3-M polymer Roundup at 2.26

kilograms per The lower initial survival in the plots

_t_ti_ hectare (acid treated with Casoron compared with the con-

sca__ equivalent) trol plots was unexpected. This may indicate

sew_;_ a toxic effect, or it may indicate that the

Pad_ The pre-emergent herbicide_ Casoron, was shading by the herbaceous vegetation in the

applied in bands after planting in the fall control plots provided a more favorable en-

of 1974. The Roundup was applied as a direct vironment for the trees by reducing trans-
ti_

spray in early July 1975 (fig. 3). piration and soil moisture evaporation.

rawl_'_ The control and Roundup treatments were similar

and FIRS Y YEAR SURVIVAL because the herbicide effect was only present

ed _i_ during the latter part of the season. The

ng After one growing season containers final effect of competition control will have

yet had affected survival of all species. The to be evaluated on growth and survival beyond
er

Figure 3_--A red pine seedling on a Casoron treated plot (left)_ and

larch on a Roundup plot (right).
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Table 2.--Seedling survival for four conifer FUTURERESEARCH
species by container and competition
control treatment Other problems to be studied include

(In percent) the efficiency of mixed conifer-hardwo0d

plantations° One of the basic principles
Container and : Species of increasing forest productivity is to

competition control : Jack : Red :White :Larch quickly occupy the site with species of

treatment_l/ : pine : pine :spruce: economic importance such species combi-
Large Polyloam block

Control 2/38 52 35 59 nations as rapidly growing Populus hybrids
Casoron ..... 15 -- and spruce may have distinct possibilities.

Casoron/Roundup -- 39 23 36 These plantings would have to be designed

Roundup 41 34 41 67 to permit mechanical harvesting of the faster
Average 39 42 29 54 growing species° We need plantations that

need no noncommercial thinnings.
Small Polyloam block

Control 42 44 4B 52 We are also working with the Genetics
Casoron ........ Project in learning how best to establish

Casoron/Roundup 33 36 25 28 and grow genetically improved yellow birch,

Roundup 53 33 50 59 and have begun a small study to evaluate

Average 43 38 41 46 requirements for yellow birch plantations.

Rootrainer We anticipate finding alternatives to

Control 97 73 88 94 natural regeneration on sites cleared by

Casoron 83 62 53 -- the total tree harvesting systems. These

Casoron/Roundup 84 36 61 47 sites obviously offer better opportunities

Roundup 91 73 87 86 for planting than the traditionally clearcut

Average 89 61 72 75 areas where slash is a problem.

3-M polymer block Cooperative studies involving the

Control 97 92 83 92 "Engineering Systems and Mechanization for

Casoron 88 83 .... Northern Forest Stands" Work Unit at Houghton,

Casoron/Roundup 83 75 45 44 Michigan, are of special importance in this
Roundup 97 83 89 95 problem area. Once silvicultural research

Average 94 84 72 77 has determined the physiological needs of
i/ There are statistically significant

differences between container systems and the seedling and the proper environment for

treatments, but analysis to identify individual growth, the information is of little value

differences has not been run at this preliminary if the equipment required to put the prac-
stage of the study, tices into effect on a commercial basis is

2/ Not planted, not available. Current high labor costs
dictate mechanization of woods operations,

this initial establishment period. There is and increased mechanization requires more

need to evaluate and develop better site extensive engineering. Consideration of

preparation methods that will concentrate engineering requirements _ogether with

moisture and nutrients, especially organic physiological requirements for growth will

matter, in the root zone of these contain- enhance the potential of achieving a commer-

erized seedlings to attain truly superior cially acceptable system of establishing and

growth, managing intensively cultured planted stands.

t.
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INCREASEDYIELDSOF INTENSIVELY plantation management isnota
new concept. For many years European for-

MANAGEDPLANTATIONSOF IMPROVED wi hnurse-crops after substantial site prepara-
tion and with control of competing vegetation

JACK PINE AND WHITE SPRUCE o_ using hand labor. In the United States,

the system has not been used in the past,

Hans Nienstaedt For the purpose of this paper, we will

Chief Plant Geneticist recognize four essential elements of inten-
and sive plantation management:

Richard M. Oeffers :L. Site selection,

Plant Geneticist 2. The use of improved genetic stock.
North Central Forest Experiment Station 3. 7'he production and use of improved

Rhinelander_ wisconsin planting stock.
4. Site preparation and plantation es-

tablishment and maintenance, in-

cluding the choice of spacing and
in some cases the choice of

species combinations.

This paper will primarily consider the
genetic aspects of intensive plantation man-
agement and will limit itself to jack pine
and white spruce. The breeding goals for

jack pine and white spruce are to achieve:

I. Maximum yield of fiber in the short-

est possible time commensurate with the site

quality and the investment in site prepara-
tion and maintenance. We anticipate main-
tenance in terms of control of competing veg-
etation, but not control of competition be-
tween the planted trees themselves. In other
words, we anticipate a management system that
will not require thinning or only a minimum

of thinning during the rotation.

2. Adaptation to the climate in the
region.

3. Resistance to insects and diseases.

In this paper we discuss what might be

achieved in a tree improvement program pri-
Increased growth resulting from prove- marily in terms of increased growth rates or

nance selection and breeding based on progeny yields. The results, with one exception,
tests and the direct use of vegetatively represent the growth that can be achieved
propagated superior individuals of white with genetically improved material in "good"

spruce and jack pine are discussed. Volume plantations. We specifically mention a S-
increases in provenance selection of 20-30 year-old white spruce test, where growth may
percent in white spruce and 10-20 percent approach what can be achieved under intensive

in jack pine are expected. The direct use plantation management. We also attempt to
of cloning of superior individuals may in- estimate how close we are to the actual de-

crease the gains I00 percent in white spruce livery of improved seed on a commercial scale.
and 50 percent in jack pine provided re- Finally, we suggest some stand formations

search can develop needed techniques. Some that perhaps should be tested in connection
silvicultural aspects of intensive plantation with the management of intensively cultured
management are also considered, plantations of genetically improved material.
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HOW MUCH IMPROVEMENTMAY WE EXPECT? Unfortunately, the local seed source was only
represented in a single 100-tree plot_

Improvement may be achieved at three whereas the measurements for the Ontario seed

levels" source are based on the average from six

100-tree plots.
!. The use of seed collected in stands

of proven genetic superiority. Assuming thinning from below_ the final

This process is simple and inex- harvest would be based on fewer but larger
pensive. But often it is possible trees. Therefore, it is possible that the
to obtain only limited improvement increases in yields would be greater. Com-

in this way. In most cases, how- paring the tallest one-third of the measured
ever, such a program can be trees in the Ontario provenance with the
mounted rapidly on the basis of tallest trees in the control-pl0t suggests a

existing provenance tests, volume superiority of more than 37 percent
Four other seed sources from the Lake States

2. Continued breeding programs based on and Ontario are represented and better re-
progeny testing and selection re- plicated in the test. The Douglas, Ontario
quire much more investment and a source exceeded all four sources in cubic

longer period of time to achieve volumes per plot by 24 to 98 percent (based)
improvement, on all measured trees) (King and Rudolf (1969).

3. At present, the third method is used
only for species that propagate In the test of the same material in
readily from cuttings, such as northern Minnesota, the differences in height

poplar. It is based on the selec- and d.b.h, between the southeastern Ontario
tion of outstanding individual and the local Minnesota sources are not sig-
genotypes and mass production by nificant. However, the Douglas, Ontario
means of vegetative propagation, source, because it survived better, did sur-
Not until recently has this tech- pass the local source by 68 percent in cubic

nique been suggested as an approach volume per plot. Newer tests have substan-
to improving hard-to-root species tiated the better performance of Ontario
of conifers. For such species the sources in northern Minnesota. In a test

method would depend on juvenile established in 1958 and measured 15 years
selection and propagation of young after planting, average tree volume for the
material still within the easy-to- five best seed sources, all from southeast-

root age. ern Ontario, ranged from 0.81 to 0.94 cubic
feet, whereas the control trees from three

Use of Improved Provenances different Minnesota nurseries ranged from
0.35 to 0.63 cubic feet per tree (Stellrecht

White S_ruce et al. 1974).

The amount of improvement that can be It would be tempting to conclude fromo
achieved in the Lake States by selecting the these data that all white spruce genotypes
best provenances of white spruce may be in Minnesota are inferior and should be com-

estimated from three studies within the pletely disregarded as a source of parent
region. The oldest and perhaps most reliable material in a white spruce breeding program.
data are from a seed-source test of white and This is not correct, since superior indivi-
Norway spruce established in 1936 in north- dual trees have been identified in other
eastern Wisconsin and Minnesota with 2-2 tests. It is correct, however, to state
transplants. The study has demonstrated the that seedlots used in commercial nurseries

superior performance Of white spruce in Minnesota in 1958 were of inferior qual-

material from southeastern Ontario. In the ity and that the use of southeastern Ontario
Wisconsin test, using the simple formula seed could have significantly improved the
d2 x height x survival as a measure of volume yields in white spruce plantations in the
per plot,l_ the collection from Douglas, State. There is little reason to think that

Ontario, at 29 years after planting surpassed seed now used in the State differs greatly
that of the local seed source from Florence from the seed used in 1958.
County, Wisconsin, by 12 percent.

The most recent rangewide test of white

I/ A plot was 50 by 50feet, planted spruce has essentially substantiated the
with--lO0 trees, results of the older tests (figure i). In
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z0[ three States. The data from these tests are
G_ANo_APmSMmN_S0TA now being prepared for publication.

The preliminary volume estimates (table

I_ - i) show two important points: (I) Indivi-
dual tree volumes of selected provenances

exceeded the mean plantation tree volumes in
30 of 40 comparisons by 1 to 31 percent. (2)

0 Although none of the I0 seed sources is con-

sistently superior in all 4 tests, some seed
sources are particularly noteworthy. Source

I KELLOGG,MICHIGAN 1601 from Minnesota exceeds plantation means

,5 _=e75 by 7 to 15 percent in three tests and is

slightly below average in the fourth, while

i0...... 1617 from Michigan is 14 to 31 percent above

5- PL 'Me the mean in three tests and 7 percent below

in the Beltrami County, Minnesota, test.Y/_ I I J I ] I More reliable seed source selections must be0

based on the complete set of data_ but these
measurements suggest that volume increases

_'408THBRA_CH,MJNNESOTA from I0 to 20 percent may be expected on the
,ol- _:6.73 average in jack pine through the use of the

5o__ ...._ right provenances.
Use of Individual Tree

Progeny Testing and Selection

White Spruce

10_ HILES:WISCONSIN 1

t x--_.4, 1 The most detailed information on the per-

'f _J formance of individual progenies of white
.... spruce in the Lake States is in a test of

e open-pollinated progenies at Lake Tomahawk,
Wisconsin (6t progenies); Wabeno, Wisconsin

Figure l.--Mean heights 14 years from seed (39 progenies); and Moran in the Upper Pen-
insula of Michigan (55 progenies). Thereof white spruce provenances at four test

sites in the Lake States. The shaded were highly significant differences between

bars are the Lake States seed sources from families at all three test sites (fig. 2).
the environments that resemble the test For example, at 9 years from seed, family

site the closest. 1886, selected in a plantation in Menominee
County, Wisconsin exceeded the plantation

mean height by 24.5, 15.3, and 14.0 percent
Lake States plantings, heights of provenance in the Lake Tomahawk, Wabeno, and Moran

material from southeastern Ontario has sur- plantations, respectively. Families 1886
passed the growth of local seed sources by and 2521 were common to all three tests and

1 to 15 percent (see also Nienstaedt 1969). ranked 1 and 2, I0 and 7, and 6 and II at
Lake Tomahawk, Moran, and Wabeno; 2517 rated

In summary, using superior white spruce 3 at Lake Tomahawk and 5 at Moran. In other

provenances such as the southeastern Ontario words, selecting the best third of the ram-
source mentioned here, it is realistic to ilies as the basis for a continued breeding

expect increases in height growth at mid- program would have included the three
rotation from I0 to 15 percent and in volume fsJnilies.
growth between 20 and 30 percent.

On the other hand, families such as 1898

Jack Pine and 2525 are average or below average in all
of the tests. Number 1898 ranks 46th at

Gains from provenance selections in jack Lake Tomahawk, 37th at Moran, and 48th at
pine may be estimated from a test of 26 Wabeno. All of the six families are from
Lake States seed sources measured 20 years Wisconsin stands: 1886, 2517, and 2521 were
after planting in 15 field tests in the selected in a plantation in Menominee County
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Table l.--Average individual tree volumes='of jack pine
at age 20 in four Lake States provenance tests

(In percent of plantation mean)

: Lake : Beltrami : Marinette : Ontonagan
: County, : County, : County, : County_

Source : Minnesota : Minnesota : Wisconsin : Michigan

1589 MN 113 88 i01 106
1596 i00 114 98 105
1600 99 106 108 103
1601 115 i15 98 107

1605 WI 87 I07 105 113
1606 103 103 102 106
1610 103 114 95 II0

1613 MI 106 93 109 106
1617 114 93 127 131
1618 88 114 102 118

Plantation

mean (ft.3) 0.91 0.86 1.29 1.26

i/ Volume [ft.3) = 0.i174 x 0.3453(D2H).

(the original seed source probably of local Jack Pine
Lake States origin); 1892 and 1898 are from

a stand in southern Ashland County; and 2525 Information available for jack pine is
is from a stand in northern Ashland County, not as detailed or as well substantiated as

Wisconsin. All the families represent the the white spruce information. Several open-
Lake States, so the plantation means shown pollinated progeny tests are in progress in
in figure 2 are good values to use for com- the Lake States and will, in a few years,
parisons. The Moran, Michigan, planting, give us much more reliable estimates. Here

however, included an additional control, i.e., we report 4-year height growth of full-sib

standard nursery stock from Toumey Nursery families represented in two plantations in
of Ottawa National Forest origin. This seed northeastern Wisconsin. The 2 tests have 51
source was, at the time of establishment, families in common and are all of Lake States"

used extensively for planting on the Ottawa, origin. Plantation means, therefore, are a
Nicolet, and Chequamegon National Forests. good value to use for comparison (fig. 3).
It was much below the plantation mean and On the better site, the best of the six

was exceeded in growth by the two better fam- families exceeded the mean by i0 to 19 per-
ilies (2517 and 1886) by 56 and 49 percent._ / cent, while the superiority of these families

As will be mentioned later, some of the at the poorer site was only 4 to 8 percent.
selections from Menominee County have been The relative performance on the two sites of

used in tests of controlled pollinations, this limited number of families was strongly
They have in all instances performed well, correlated. This was also the case when all

yielding progenies superior to controls, families were considered.

The variability within jack pine appears
2/ The difference between the control to be somewhat less than the variability in

and the best families does not represent white spruce. As a gross simplification, we
genetic differences alone, because the can say that white spruce is one of the most

con_nercial control was raised at Watersmeet, variable native conifer species followed
Michigan, and not Rhinelander, Wisconsin, closely by jack pine. With this information,

where all the test material was raised. The it is clear that the potential for genetic
results, however, are typical of all the Work improvement is high in white spruce and
Unit's tests of jack pine and white spruce, jack pine. However, it is too early to
The planting stock from Tourneyhas been predict the specific gains that may be
inferior in all cases, achieved through selection and breeding.
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l LAKE TOMAHAWK, WISCONSIN ] i

,401- _=I,4_ _ The use of juvenile selections as an ap-
130 -

..... proach to tree improvement has been ques-

t201- ........ ..... tioned in the past. The following is offered
_i0 _--_ [----_--- as evidence of its possible usefulness with

1001 IPLEAN_ 252 j 1592 white spruce: about 700 white spruce seed-

lings were selected for superior heigh_ in
so zs17 z521 _9e6 nursery beds in a northeastern Wisconsin

8_ nursery. They were paired with immediately

70 J_l 1 adjacent average seedlings and planted in_i , . J_ -[- the field. After 22 years from seed, the_o- [ j ] "v [ I selected seedlings still exceed the control50 - plants in height by more than 27 percent.
With this information, an increasing effort
has been made to select superior juvenile

130j MORAN,MICHIGAN spruce. The following test is an example"

12oF _ °9s.9 .
110_ _--- In a well replicated test of controlled

_I__ [ I pollinated progenies of Menominee, Wisconsin,

............... white spruce, 32_trees exceeding 160 centi-
go meters (5¼ feet) were selected in four of the

best families at age 5 (fig.4). Three con-
1.z 2517 z521 less trol populations were included in the test:

1645, a stand collection from near Monico,

_.'! ', J] iii_ | '_ll I l Wisconsin; 4485, a Nicolet National Forest

140

110 [ ONEIDA COUNTY, WISCONSIN

WABENO, WISCONSIN I X = 113

100 X = 87.5 130

9e i._.__...i_ _ _ ._.._,_£_-. _ ..... :

8o Hi_II%AN_8 25_ ! 1892! 120

70

r-----] 1 F60 , 110

5O

i I /oo,, ...........Figure 2.--Mean heights 9 years frqm seed

of white spruce. Progenies at three test _ J N_ 5_1 483 J _148
_., 5 29 4863sites in Wisconsin and Michigan. _ 9o _LA S

Direct Use of Superior Clones __- [ I I I I ! I I

Superior, individual genotzpes have been _ 11o-
used directly in some forms of plantation LANGLADECOUNTY,WISCONSIN
management using species readily propagated _=94
by means of rooted cuttings. At present, i00-

the maximum fiber yield concept is essential-
ly based on clonally propagated material of
Populus. Recently, a number of studies have 90

suggested that this approach may be feasible

for spruce and pine provided: (I) selections 80- S_
are made in juvenile material and screened

for rooting ability while young, and (2) the 70 ] I i
rooting ability can be maintained by special
techniques such as hedging or repeated root-

ing. The Genetics Work Unit is studying Figure 3.--Mean heights 4 years from seed

both the physiological and the genetic of jack pine progenies at two test sites
aspects of the problem, in Wisconsin.
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1,,, F21co,_,ot _.:...:.:_ Jack Pine

_B_STSE,_EC_D [_i _i [_iil In a similar test the five best full-Rib

!ii: '2! _ '_O_V'DUALSMEANS_!_!_!! [_ [__! _i!_i!::l_ jack pine progenies out of more than 70 fam-ilies exceeded plantation mean height by 9
_: [_Jli _ [_i to 19 percent (fig. S). Height superiority

-- _ of the five tallest individuals within the
,0, ssm_e five families ranged from 26 to 33 per-

cent.

_"_ ! I 'S_ z 51':_:'%ii:: 89'iiiiiiii_i:: 150 _ I,OIVIOUALS MEANS_ BEST SELECTEfl

, 75 Isse 2'51e ::_::_i!i!i!i!iii_::! ii[iiiii_[iii _::_!::iii_!! :i ] 0 PROGENY MEANS

[: fii::i!iiiiiiili_i::i_i!i!i__'_:iii!i!ii!i::ii::i::::i:: [_ co,mot.....
140

Figure 4.--Mean heights at age 5 from seed

of best selected white spruce individuals
compared with the mean heights of the _ ,30
sibling progenies and of control populations.

• area collection; and 4484, seed from the _ .,zo
Oconto River white spruce seed production
area. The means of the four best families

exceeded the controls in height by 25 to 61
percent. (Note that the best control, 4484 ,,0
from a white spruce seed production area,

<_ exceeds the "commercial" area collection
(4485) by 9 percent.) In comparison, the

average heights of the best individuals of 100-

the same four families exceed the controls

by 104 to 154 percent. Figure 5.--Mean heights at age 4 from seed
!:ii of the five best selected jack pine
!_!! individuals compared with the mean

Thirty of the selected trees have been heights of the sibling progenies and of
screened in a preliminary test for their a control population.
ability to root. Although it was impossible

;!! to maintain optimum rooting conditions It should be pointed out that whereas
_ throughout the test, rooting exceeded 30 the spruce families resulted from controlled

percent in i0 of the 50 trees and 80 percent pollination with pollen mixtures of eight
in one tree. Future tests must verify the trees, the jack pine families involve full-

rooting ability and the superior growth must siblings involving a mother tree and a single
be thoroughly tested in properly designed male parent. This, of course, would tend to

:_,i! replicated clonal tests. If the work is reduce variability in the jack pine families.
successful, it is clear that gains approach-

ing i00 percent may be achieved in white As previously mentioned, jack pine
spruce cheaply and quickly, appears to be less variable than white spruce

at the f_ily level. On the basis of the

i! This test was established with contain- above discussion, it is probably also
' erized stock at 2 by 2 foot spacing and reasonable to state that the within-family

maintained essentially weed-free. Water variaticn is less in jack pine than white

levels were optimized during the growing spruce. Even so, jack pine is endowed with
seasons, but nutrient levels were not optimum great potential for genetic improvement.

...., throughout the 5 years of growth. The tall-
est trees exceeded 180 centimeters (6 feet)

in height S years from seed arid the best fam- HOW SOON WILL IMPROVED GENETIC
ily averaged Ii0 centimeters (almost 4 feet). M_TERIAL BE AVAILABLE?i

, This _robably approaches the performance of
the intensively managed plantations of the Seed production areas are considered an
future, interim phase of tree improvement that will
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assure seed of known origin, good physio- If we manage to successfully root any of
logical qual_ty_ and, in some cases, these, a number of re-rooting cycles will be
possible small genetic gains. As mentioned, necessary to build up enough stock plants to
seed from the Oconto River Seed Production make seedlings available in sufficient hum-

Area in one test has demonstrated 9 percent bers for commercial planting operations.
superiority over area collections at age 5. Thereafter, it will be necessary to develop
Seed from the other National Forest white methods for maintaining the rootability of i

spruce seed production areas has not been the selected clones. If we succeed all along _
tested_but has performed well in the the way, hundreds of thousands of seedlings !i
nurseries. The seed production areas, in should be produced annually early in the
fact_ are so productive that the Wisconsin 1980's. Meanwhile. the search for and

Department of Natural Resources is consider- screening of superior juvenile white spruce
ing obtaining excess seed from the two should be continued.
Wisconsin areas for the State nurseries. All

white s ruce anting stock used in the.....te sr_ Improved jack pine is not now available
National Forests in the Lake States today is in the Lake States. However, the State of
raised from seed production area seed. Minnesota in 1975 began to convert a proven

stand into a seed production area. Based on

the 1954 Lake States jack pine seed source
White spruce seed orcahrds have been study, this superior stand was selected at

established by Region 9 and are beginning to St. Croix Park in Minnesota. Roguing started
produce modest amounts of seed. Within the in 1975, so the first seed representing any
next 5 years, production should increase degree of improvement should be available for
greatly, and within I0 years, we can expect collection in 1977. A gradual up-grading of
all white spruce seed for National Forest the stand will be achieved as trees are
use to be produced in seed orchards. We removed for seed harvest.
cannot yet estimate the gains that might be

achieved in the orchards, because all the This source of seed will be perpetuated

parents in the orchards have not been progeny and improved through replanting in the area
tested. We expect the improvement to exceed with the same provenance and by continued
that for seed production areas, but we can- selection for growth rate and quality.

not expect gains of more than 20 percent Modest increases in yield from 5 to 8 percent
until the orchards have been rogued on the may be achieved from this area.
basis of progeny tests.

The Michigan Department of Natural Re-

Small amounts of seed from controlled sources and Michigan State University co-
crosses of known high quality genotypes operated in establishing seed orchards with
representing the quality seed that can be open-pollinated jack pine progeny. The
expected from continued breeding programs Potlatch Company in Minnesota established an
are now available from the Genetics Work orchard in 1974 and in 1975 Region 9 est-

Unit. The crosses are being repeated ablished tests to be converted into seedling
annually and seed can be made available to seed orchards. Modest amounts of seed can

cooperators for testing in plantings from be expected from such orchards in 6 to 8

one to a few acres in size. On the basis of years. Yield increases from 15 to 25 percent
early growth, they represent improvements of may be achieved through an approach combining

25 to 50 percent, the best provenances with the best genotypes
within provenances in the orchards. Sub-

A small experimental seed orchard sequently, from 5 to 8 percent more improve-
representing the best available genotypes ment may be achieved per generation of future
will be established by Region 9 in 1977. breeding (King 1973).
The orchard will start producing seed almost

immediately, and by the mid-1980's should Jack pine improvement based on clonally

produce tens of thousands of seed annually, propagated superior individual trees prob-
However, because of the rather narrow genetic ably will present more of a problem than
base of the parent material, the seed is not white spruce. Although the species roots
intended for any extensive planting program, readily from cuttings in the juvenile stage,

it will probably take longer to build up a
The use of clonally propagated superior base population from which cuttings can be

white spruce individuals is some years in the obtained for mass production. This is be-

future. We will continue screening the 32 cause the crown structure of jack pine prob-
juvenile selections we have for rootability, ably would not permit as severe pruning as
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PROPAGATIONRESEARCHIN THE
tions is expensive_ especially when improved
plant materials are used_ Therefore_ prac-

ESTABLISHMENT OF MAXIMUM _i=_s that ensure the best possible sur-

vival and growth of seedling and cutting
........ YIELD PLANTATIONS _ial will be of critical importance in

obtaining maximum yields and returns from
these plantations°

_i HowardM. Phipps Containerized seedlings or cuttings

A88)odiate P_.a_t Physiologist show great promise in the establishment of

North Central Forest Experiment Station these plantations° Many types of containers

Rhinelander, Wisconsin have been developed_ Some are made of
nondegradable plastic from which the seedling
may or may not be removed before planting;
others are biodegradable plastic or other
material that r_emains with the seediing_
still others consist of a block of molded

or compressed materials with no actual,
container walls (figs° I and 2). Procedures

for growing these seedlings vary_ but com-
monly employ controlled environmental con-
ditions (temperature, light_ water_ and
fertilizer) in a greenhouse_

The most obvious advantage of this

type of planting stock is that it can be
transported and planted with minimum dis-
turbance or damage to its root system.

Survival and early growth should be better
than for bare-root stock, especially when

planting conditions are unfavorable. Thus,
planting need not be limited to only a short
period in the spring or fall.

As important as the container itself

.._ may be, it is only one of many important
parts of the entire system. Plant materials

_ The advantages of containerized plant
# materials in establishing intensive culture

'__ plantations are briefly described. Environ-
i!i_i_ mental factors that can be used to manipu-

,:> late plant growth during the production

phase are outlined and examples from the
literature are given to show how they might
be used to improve plant performance in the

field. Results of some plant propagation Figure l.--Pine seedlings growing in two types
'_ studies underway in the Maximum Yield Pro- of biodegradable containers--an experi-

i ject are sun_arized and a direction for mental plastic (center} and paper (left
future research is proposed, and right).



Seedling growth may also be influenced

by altering one or more of the above-mentioned
environmental factors. Extended photoperiods
can accelerate shoot growth and increase

leaf production. Increasing the light in-
tensity may increase lateral branch produc-

tion and dry weight of shoot and root.
Elevated carbon dioxide levels can increase

shoot length as well as dry weight. The
predominantly "red" quality of fluorescent

lighting produces "stocky" growth whereas
incandescent light with a greater proportion

of "far-red" promotes stem elongation. Re-
sponse to any of these factors will in most
cases depend upon the balance or levels of

Figure 2o--Four-month-old jack pine seedlings the other factors (Larson 1974).
raised in a greenhouse in a nondegrad-

able plastic container that may be
opened to remove seedlings before In addition to evaluating several
planting, promising types of containers (refer to

article by Phipps and Noste in these pro-
ceedings), we have been investigating the

effects of various "soil" mixes or growing
of the proper genetic origin must first be media on the growth and outplanting per-
selected and the correct environmental con- formance of several conifer species. Horti-
ditions provided during the production phase, culturists, who have been using containerized
The control of the environment at this stage plants for years, have done much research on

offers perhaps the greatest opportunity for the effects of the medium on the early phases
obtaining the full potential from these of plant growth. But, until recently, studies
selected plant materials, involving tree seedlings or cuttings for for-

est plantings have been few.

By manipulating certain environmental

factors both the physical components and In the early 1970's we compared the
physiological state of seedling growth may effects of various growing media on con-

be modified. For example, seedlings may be tainerized red pine and white spruce seed-
caused to enter a state of temporary (quies- lings (Phipps 1974). Significant differ-
cence) or permanent (rest) dormancy by regu- ences in growth due to the media were found
lating such factors as water, nitrogen, after 5 months in the greenhouse and, in a
temperature, and photoperiod. By imposing later outplanting test, these differences

the proper degree of dormancy on the trees were found to persist even after 2 years.
before outplanting, their resistance to ad- The best medium had a pH of 5.5 and high
verse conditions of the planting site will cation exchange and moisture-holding capa-
be increased and their establishment facil-

cities. However, the lack of close cor-

itated (Etter 1972, Tinus 1972). Relations relation between these properties and seed-
have also been found between the nutritional ling growth in the other media indicated
status of the seedling and its ability to the influence of other factors that would

withstand low temperatures and perhaps drought need identification before an optimum "mix"
conditions after outplanting, could be prescribed.

Susceptibility of seedlings to frost Similarly, research is needed to deter-

and drought damage can be decreased by mine how factors such as those mentioned

applying various amounts of nitrogen, po- above may be used to improve the propagation
tassium, or phosphorus to different species and establishment of plantations of selected
of conifer seedlings in the nursery (Benzian clonal material by cuttings. Many of these

1966, Shirley and Meuli 1939). Growth re- factors are known to affect rooting per-
tardants may also prove useful in hardening formance of cuttings, both before as well
plant materials if applied in the proper as after the cuttings are taken from the
amounts and at the proper time (Irving and stock plant. Rooting of softwood cuttings
Lanphear 1968). of some Popu_us clones in commercially
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manufactured containers has proven to be a such as overall size of the seedling, stem

reliable method for the establishment of diameter, ratio of top and root dry weight,

Maximum Yield Project research plots. How- have been used with partial success for
ever, the rooting performance of the differ- many years to predict seedling performance
ent clones is highly variable, and a par- after planting, but beyond this our judg-

...._ ticular propagation technique or method may ment of seedling vigor is largely subjec-
not be suitable for all clones. We found tive. Until we are better able to define

in a recent study that various rooting media and promote the physiological factors re-

(consisting of different proportions of sponsible for seedling vigor, we must rely

iii!!iiiiiiiiisand, peat moss, and vermiculite) affected on empirical trials and attempt to correlate
both the rate and the form of rooting, measurable seedling characteristics with

good field performance.

Containerization of hardwood cuttings

also appears to be a promising method for Evaluation of various container systems
plantation establishment. One method of for both seedlings and cuttings will be
containerization we are studying involves continued with emphasis on studies to de-

molding a block of rooting medium and a termine the principal environmental factors

plastic polymer around the cutting (fig. 3). that will produce plants of superior vigor
After rooting has taken place the cutting and favor their establishment. When these
is planted with its block, factors have been determined for various

species, intensive culture plantations can

i!iiii!i_!ii then be established on a prescribed opera-
tional basis.
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_elampsora medusae ThHm is the most com-

EPIDEMIOLOGY AND IMPACT OF mon native leaf rust of poplars in the United
States and Canada east of the Rocky Mountains.

LEAFRUST It is a long cycle rust with alternate hosts:
Larix spp. (especially L. laricina (Du Roi) K.

ON HYBRIDPOPLARS Koch) and Populus spp. It has been found on
all native and introduced poplars grown within
eastern North America (Arthur and Cummins
1962).

Katharine D. Widin

Research Assistant Rust infection begins in the early spring,

Department of Plant Pathology soon after the new larch needles begin to

University of Minnesota elongate. However, larch needles are sus-

St. Paul, Minnesota ceptible to infection for only a short time,
and and because aeciospores of M. medusae formed

on larch infect poplars but cannot reinfect

Arthur L. Schipper,Jr. other larch, this rust probably does little
Principal Plant Physiologist damage to larch.

North Central Forest Experiment Station
St. Paul= Minnesota In contrast, uredospores produced on pop-

lar can reinfect other poplar trees throughout

the summer, and serious epidemics of leaf rust
can occur on susceptible poplars. Although
larch does not occur naturally very far south
of the Great Lakes (Little 1971), spores from

infected poplars within the range of larch are
wind disseminated, and poplars as far south as
the Gulf of Mexico become infected each year

(Filer 1975).

Because rust on poplars is confined to
leaves, any damage to trees will be caused by
leaf damage and defoliation (Schipper and
Dawson 1974). Severely rusted poplars are

known to be more susceptible to other diseases
(Meiden and Vloten 1958). Rust on other spe-
cies increases winter injury (Kessler 1970),

but how much growth is lost due to poplar leaf
rust has not been reported.

To determine the type of inoculum causing

primary infection of poplars and to follow the
buildup of rust, we monitored numbers of aeci-

ospores and uredospores in relation to date,
weather, and host development at Ames, Iowa;
Rosemount, Minnesota; and Rhinelander, Wis-
consin. To evaluate the effect of leaf rust

Melampsora medusae leaf rust began from on growth and ultimately on yield of usable
aeciospores on larch (Larix lariclna) in late wood of poplars, we measured growth of hybrid

May at Rhinelander, Wisconsin. Uredospores poplars in plots at Rhinelander and Rosemount.
were present in large numbers after mid-July.

At Rosemount, Minnesota, and Ames, Iowa, pri-
mary infection was from airborne uredospores MATERIALS AND METHODS
from the north and large numbers of uredo-
spores were found a month later than at Epidemiology
Rhinelander. Host infection was correlated

with spore trap'data at three locations. Six vaseline-coated microscope slides

Height growth was only slight_ly affected by were exposed horizontally as spore traps at
rust infection, but basal diameter growth each location. Slides were retrieved week-
was reduced about 20 percent in a moderately ly, stained with acid fuchsin in lactophenol,
resistant clone due to rust. and examined for aeciospores and uredospores
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of M. medusae. The number of spores of each May 19_ and aeciospores were found on ex- !

type was couhted in three passes at X250 meg- posed spore traps during the foilowing week I

nification with a microscope across separate (fig° i)_ Aeciospores were found on spore

widths of each exposed spore trap. traps between May 25 and July i.

Larch and poplar at Rhinelander were Uredial pustules first were observed on

examined every other week during the spring poplar leaves on June 16 and thereafter

and early summer for M. medusae infection throughout the summer until defoliation in

and plant development. Rhinelander is the the fall° On spore traps, a few uredospores

only location sampled that is within the were found during the week ending June 2o

natural range of L. _a_eina. Uredospores were net found again until the
week ending June 23° Uredospore numbers were

small until July 14_ after which numbers of
Measurementof the PoplarHost spores increased rapidly and remained larze

until after September 15o
The clones used in this study were NC

5261 (PopuZu8 deltoides x P. baZsamifera At Rosemount, no aeciospores were found

'Northwest'), NC 5339 (P. elba x P. grandi- on spore traps (fig. 2). Uredospores first

_ntata 'Crandon'), and NC 5377 (P. x cur- were found in small numbers during the week

americana 'Wisconsin No. 5'). At Rhine- ending July 6, and numbers remained small

lander, NC 5339 is highly resistant to leaf until the week ending August 18. Uredospore

rust, NC 5377 is moderately resistant, and numbers were large until the week ending Sep-

NC 5261 is highly susceptible (Dawson 1974). tember 23, after which the spores were found

in small numbers, even though leaves remained

Plots were established at each location on some clones until early November.

using a modified Latin square design, with

five rows of five plants each and surrounded At Ames, uredospores first were found

i by two rows of buffer trees to reduce edge during the week ending June 23, were absent
,_ effects. Plots were planted at a stocking for 2 weeks, and then were present in small

ii,_i_ density of i0,000 stems per ha. Four repli- numbers again in July (fig_ 3). However_

cations of the basic plot were established at large numbers of uredospores were not pres-

_iill each location: two replications were treated ent until August 18, and the most uredospores

_ !i with the fungicide maneb-Zn every other week were found in September, remaining abundant
to reduce or exclude rust; the other two rep- until the middle of October.

lications were left unprotected,

In early June, late July, and early Sep- No rust was found on leaves of NC 5339

tember of 1975, each plant in the plots was in the plots at Rhinelander or Rosemount,

measured for growth and rust severity. Values although older trees of this clone planted
recorded were total height, basal stem diem- elsewhere at Rhinelander did become lightly

eter, and number of leaves. Rust severity was rusted late in the growing season (figs. 4

estimated according to Schreiner (1959). and 5). No differences were found in rum-

Briefly, rust infection on leaves was esti- ber of leaves, height, or basal diameter at

mated as light, medium, or heavy and given a either Rhinelander or Rosemount for this

numerical value of i, 5, or 25, respectively, clone.

Then the percent of the leaves rusted was
estimated at less than 25, 26 to 50, 51 to Leaves of NC 5377 were lightly rusted

75, or greater than 75 and given a numerical at Rhinelander in late July (fig. 6). By

value of I, 2, 3, or 4, respectively. Mul- September, rust on unsprayed leaves devel-

tiplication of the two numerical values gave oped to a severity of RSR 28_ while sprayed
a rust severity rating (RSR) of from 0 (im- leaves were rus.ted to a severity of RSR 12.

mune) to i00 (very highly susceptible). This amount of rust caused premature defoli-
tier of unsprayed plants and reduced both

height growth and basal stem diameter growth

R£SULIS of unsprayed plants.

At Rhinelander, the larch leaves first At Rosemount, no rust was found on

appeared between April 30 and May 5. Poplar leaves of NC 5377 until August, and by Sep-

leaves first appeared about May i0, and tember, unprotected plants were rusted to

first leaves were fully expanded by May 21. RSR I0, while protected plants were rusted
Aecia were found first on larch needles on only to RSR 2 (fig. 7). This small amount
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': at Ames, Iowa, during the growing season of 1975.

_. of rust did not have a significant effect both treatments, but because the fungicide
ii

_ ,_ on leaf retention, height, or basal diame- treatment offered some protection, treated
ter, although basal diameter seemed to be trees grew significantly taller and had

: less in unprotected plants, greater basal diameters

i !i Unprotected leaves of NC 5261 at Rhine- The plot at Ames was destroyed by a
• ! lander had a rust severity of RSR 19 by the flood of the Skunk River in June of 1975.
:_ end of July, whereas sprayed leaves had a%:

'!!i severity of only RSR 3 (fig. 8). Rust infer- DISCUSSIONtion was severe on both protected and unpro-

!iIi tected plants after July, so that in Septem- The epidemiological studies showed that
bet, unprotected plants had a severity rating rust infection on poplars at Rhinelande_ and

}_ of RSR I00, while protected plants had a rat- by extension anywhere within the geographic
ing of RSR 91. The same sort of rust develop- range of eastern larch,began from aeciospores
ment took place at Rosemount (fig. 9). At formed on larch needles and became severe

Rhinelander, unprotected trees of NC 5261 early in the growing season. At Rosemount
had lost 47 percent of their leaves by Sep- and Ames, severe rust infection did not oc-

tember, while protected trees still retained cur until a month after it began at Rhine-
almost as many leaves as in July. Unpro- lander, apparently because rust infection

tected trees were slightly, though not sig- did not begin until uredospores from the
nificantly, taller than protected trees and north arrived at Rosemount and then at Ames.

only a small difference was found in basal This delay is possibly one of the reasons

diameter. At Rosemount, where both protect- that clones at Rosemount grew taller than
ed and unprotected trees of NC 5261 became those at Rhinelander, even though the lat-
heavily rusted, defoliation by September was itude and average temperature were similar.

83 percent for unprotected trees and 65 per- Other factors, such as soil type, fertility,
cent for protected trees. Height and basal and rainfall, may also have accounted for

stem diameter were affected by the rust in some of the difference in height.
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Figure 4.--Rust severity rating, number of leaves, stem height, and
basal diameter of protected and unprotected trees of clone 5339 at
Rhinelander, Wisconsin.
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Figure 5.--._st severity z_ting, number of leaves, stem _eight, and
basal d_a_eter of protected and unprotected trees of clone NC 5339
at Rosemount, Minnesota.
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Figure 6.--Rust severity rating, number of leaves, stem height, and
basal diameter of protected and unprotected trees of clone NC 5377
at Rhinelander, Wisconsin.
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Figure 7.--Rust severity rating, number of leaves,stem height, _nd
basal diameter of protectedand unprotectedtrees of clone NC 5377
at Rosemount, Minnesota.
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Although leaves of all ages can become and the effect of the rust is reflected in

infected, infection in nature is usually leaf loss, reduced height growth, and re-

more severe on lower leaves than on upper duced basal stem diameter of unprotected
leaves° (See Schipper article on p. 81.) trees. The impact on basal stem diameter

Even though the trees in this study were of leaf rust is particularly evident for
spaced far apar_ lower leaves still were clone NC 5377 at Rhinelander. Clone NC

more severely infected, primarily because 5261 is so susceptible to leaf rust that

they developed earlier and were exposed to the fungicide used was ineffective in pre-

uredospores for a longer time. Donnelly venting severe rust on sprayed trees. How-

(1974) has shown that the upper portion of ever, fungicide protection did delay defol-

poplar stems is supplied with photosynthate iation, and at Rosemount, the delayed
by upper leaves, whereas the lower parts of defoliation contributed to both increased

stems are supplied by lower leaves. There- height and basal stem diameter growth.
fore, loss of lower leaves has most effect

on growth of the lower portions of the tree. Of particular interest is that although

unprotected trees of the moderately resis-

tant clone NC 5377 were only lightly to mod-

Because of lighter rust infection on up- erately rusted, the infection significantly

per leaves, height growth was only slightly slowed basal diameter growth and thereby

reduced during the first year, although ap- volume growth. NC 5261 grew more slowly

parently rust infection did influence height after July than before, although the other

because trees sprayed with fungicide were clones grew more rapidly between July and
slightly taller than unprotected trees. In September. At both Rhinelander and Rose-

all three clones at each location, the per- mount, trees of this clone set a terminal

centage increase in basal diameter was great- bud in August. However, protected trees

er in sprayed than unsprayed trees, and most usually set the terminal bud later than un-

increases were significantly greater. Basal protected trees and the lack of accelerated
diameter growth was more severely affected

growth during August and early terminal bud
because the lower leaves, which contribute set at both Rosemount and Rhinelander are
most to basal growth, were most severely in-

probably due more to leaf rust than to a

fected with rust. Basal diameter growth was genetic pecularity of that clone.
reduced 23 percent by rust in NC 5377 at

Rhinelander. A 23-percent reduction in di-

ameter growth with no decrease in height Therefore, it is evident that poplar

growth means that the volume of wood pro- leaf rust does have a significant impact on

duced was reduced by about 41 percent. If the growth of infected poplars and that the

the fungicide used to protect trees from growth loss may be more severe than previous-

rust had been more effective, protected ly suspected. Clone NC 5377 at Rosemount was

trees might well have grown even larger rusted to an RSR of only slightly above the

than unprotected trees, cutoff limit set by Schreiner (1959), but
suffered a growth loss of more than 20 per-

cent. Perhaps poplars planted within the
The rust severity on protected and un-

protected trees of each clone was well cor- geographic range of L. laricina should be
even more resistant to leaf rust than pre-

related with the number of leaves remaining

on those trees late in the growing season, viously suspected.
Because leaf abscission will occur when at

least 50 percent of a leaf surface is cov- Because poplars at Rhinelander growing

ered with uredial pustules (Filer 1975), close to larch became severely infected

many of the lower leaves of severely rusted more than 1 month earlier than poplars

trees will be lost before normal defoliation growing south of the natural range of east-

in the fall. Clone NC 5339 was not affected ern larch, plantations of poplars should

by the rust at either location, so number of not be established close to natural or

leaves per stem was identical for both pro- planted stands of larch or hemlock (Tsuga

tected and unprotected trees. At Rosemount, c_adensis (L.) Carr.). Isolates of M.

trees of clone NC 5377 became only lightly medusae hybridize on eastern larch and
rusted. Height in both protected and un- M. abietis-c_ad_sis on eastern hemlock,

protected plots was about the same. Basal and therefore planting resistant poplars

stem diameter of unprotected trees was close to the alternate host can lead to

slightly less than protected trees. At development of rust that can become se-

Rhinelander, rust was much more severe on vere on previously resistant poplars.

unprotected trees than on protected trees, Ultimately, increased poplar plantation
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acreage close to alternate hosts may in- Kessler, W. 1970o (Leaf-rust infection and
crease the rust hazard to poplars planted early-frost damage in the Osier willow

outside of the range of the alternate host° variety 'ApiarY) Sozo Forstw. 20: 346-
347. (Abstract in For_ Abstr° 32: p o 546_
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1 _VR_ POPLAR DISEASES AND !

Research on species and hybrids of pop-
_5_ lars is underway to select clones and culture

STANCE techniques most suitable for maximum woodDISEASE RE$1 fiber production from plantations in the

north-central United States. One way to pro-
duce maximum wood fiber is to reduce tree

Arthur L. Schipper,Jr. disease to a minimum.

Principal Plant Physiologist In Europe, where poplars have been grown
North Central Forest Experiment Station in plantations for many years, several di-

St. Paul, Minnesota seases are important. Among these are Doth-
ichiza populea Sacc. and Briard canker (Sch_n-
har 1960), Marssonina b_annea (El. & Evo)

Magn. leaf blight (Gremmen 1965), Melampsora
spp. leaf rusts (Meider 1958), and Pollacia
radiosa (Lib.) Bald & Clif. shoot blight
(Weisgerber 1968). In the United States,
poplar plantation research in the East and

South has shown that Melanrpsora medusae Them

leaf rust (Schreiner 1959), and Septoria
musiva Peck leaf spot and canker (Filer 1975,

Waterman 1954) can damage young trees. Much
less research on diseases of poplars in plan-
tations has been done in the north-central

United States, although M. medusae has been
found to be important in plantings in Wis-
consin (Dawson 1974, Schipper and Dawson
1974).

l

Tree disease can reduce growth and kill

trees in plantations, so we need to know
which diseases will be important to poplar

plantations in the north-central States and i
how best to control those diseases. Toward

this end, poplar clone nurseries in Iowa and

Wisconsin were examined for disease problemsand clonal resistance to the diseases studied.

METHODS

Two hybrid poplar clone nurseries estab-
lished in 1971 were examined in July and Sep-

tember of 1975. One of the nurseries was ilocated on the Iowa State University experi-

Three foliage diseases and one canker mental farm at Ames, lows (lat. 42° O' 45",

disease were found on hybrid poplars in long 93° 38' I0"), and the other on the
clone nurseries at Ames, Iowa, and Rhine- Hugo Sauer State Tree Nursery at Rhine!an-

lander, Wisconsin, during the 1975 growing der, Wisconsin (fat. 45° 39' 3", long. 89°
season. Marssonina brunnea and Septoria sp. 29' 5"). The same clones had been planted

were the most serious'foliage diseases at at each nursery. A survey was made at each

Ames, while Melampsora medusae leaf rust in- location to determine which foliage and stem
fection was serious on only a few of the diseases were present and important. Subse-

clones. One clone was lightly infected and quently, each tree of each of 35 clones was
six were heavily infected by an as yet uni- examined and the severity of the individual
dentified canker disease. At Rhine lander, foliage and stem diseases present was rated
Marssonina and Septoria were present but not by the method developed by Schreiner (1959).
serious; Melampsora leaf rust was serious on The amount of leaf rust or other foliage di-

s number of clones. The resistance of the sease is rated as light, medium, or heavy and
clones to diseases is compared and reco_en- given numerical values of 1 5 or 25, res-, g

dations are made for selecting clones to pectively. The percent of total leaves in-

minimize foliage and canker disease, fected is then rated as less than 25 percent,
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i

26 to 50 percent, 51 to 75 percent, or great- !

er than 75 percent, with a numerical rating i
of I, 2, 3, or 4, respectively. The product i

of the two numerical ratings gives a disease _i

severity rating of from 0 (immune) to i00 !
(highly susceptible). Stem canker severity

was determined by counting the number of i
cankers per main stem of each affected tree _

in the clone, i•

i

RESULTS AND DISCUSSION !

At Ames, three foliage diseases and one !

canker disease were found on hybrid poplar

clones (table i). Marssonina brunnea (El. & _

Ev.) Magn. infection on leaves of hybrid pop- •

lar clones was rated as heavy on 12 clones in

July and on 14 clones in September (fig. i) •i_

Clones especially susceptible to the disease

were NC 4878, NC 5258, NC 5270, NC 5321, NC

5324, NC 5328, and NC 5373. (The NC number

is an accession number assigned each clone i•

at the North Central Forest Experiment Sta- •_

tion.) Each of the above clones had a di- _:

sease severity rating of i00 in July; one of i 7
them, NC 5270, was about 75 percent defoli-

ated in July (fig. 2) and had only a few _

remaining leaves in September. The other • _

clones with a severity rating of i00 suf- _ i

fered some defoliation in July and more in _
September.

• Jli

Septoria sp. leaf spot (probably S. ••!_

musiva Peck) also was more severe on some _
cultivars than on others (fig. 3). In July, •_i

12 of 32 cultivars were heavily infected; the i'i

same clones were still infected in September, _

but no additional clones had become heavily •

infected. Evidently Septoria is a disease of

the spring and early summer and does not in- •i

crease in severity during the summer, while _
Marssonina becomes more severe as the grow-
ing season progresses. In some cases, both

Marssonina and Septoria were heavy on leaves i••
of the same clone, but in many cases, either ••

one disease or the other was heavy on a •

clone. Thus, although most clones were mod-

erately to highly resistant to either Mars- •i

sonina or Septoria, only eight clones were

sufficiently resistant to both diseases to
warrant further consideration in a location

where both Marssonina and Septoria are likely Figure l.--Top. Marssonina brunnea leaf spot •

to be present, of hybrid poplars. Bottom. photomicrograph

of a hybrid poplar leaf showing M. brunnea
None of the clones at Ames was even mod- infection.

erately infected by Mel_psora medusae ThHm

leaf rust in July, and only three clones were

moderately to severely infected in September. at Ames, while NC 5325 had a few cankers

(fig. 4). With the exception of NC 5335, all _•¢al
Heavy cankering was found on clones NC these clones also were heavily infected with •

5263, NC 5264, NC 5266, NC 5268, and NC 5334 Septo_a leaf spot and the cankers appeared
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Table lo--Foliage disease severity by species and clone at Ames, Iowa,
and Rhinelander, Wisconsin, in 1975

--Cultivar : : Foliase disease severity by cultivar in 1975

identifi-: Parentage and : Ames_ Iowa : Rhinelander, Wisconsin

cation : cultivar designation : Marssonina :Mela_sora: Septoria : Mar_8onina :Melammsora: Septoria

number : :7/24 : 9/24 :7/24:9/24:7/24 : 9/24:7/27: 9/9 :7/27:9/9:7/27:9/9

4877 Populus alba 'PI 343437' VLI-/ 0 0 0 VL 2 ............

5339 P, alba x P. grandidentata ............ 0 0 1 I0 0 0

'Crandon poplar'

5264 P. angulata x P_ platierensis 20 20 0 17 I00 I00 0 0 i i0 0 0

'NE 376' 2/205334 Po angulata x P. trichocarpa 12 3 0 7 94 - 0 0 VL 4 0 0
'NE 258'

5265 P. angulata x P, trichocarpa 31 77 0 20 89 I00 0 0 i 50 0 0
'NE 274'

5266 P. angulata x P. trichocarpa 60 I00 0 20 i00 I00 0 0 50 50 0 0
'NE 372'

5331 P. berolinensis x P, trichocarpa 12 40 0 4 59 40 0 0 i 4 0 0
'NE 219'

5332 P. berolinensis x P. trichocarpa 80 I00 0 4 18 12 0 0 2 4 0 0
'NE 298'

5262 P. candicans x P, berolinensis 9 4 0 4 85 84 0 0 0 4 0 0

'NE 387'

5263 P. candi_ans x P. berolinensis 4 3 0 20 90 I00 0 0 VL 4 0 0

'NE 386'

5271 P. charkowiensis x P. deltoides 6 4 0 4 8 4 0 0 0 4 0 0
'NE 19'

5318 P. deltoides 'D 37' 4 7 0 6 4 4 20 20 2 4 0 0
5319 P. deltoides 'D 45' 8 20 0 4 3 4 3 20 i0 20 0 20

5273 P. deltoides '44-52' 93 i00 0 50 I0 i0 0 20 15 i00 0 0

5261 P. deltoides x P. balsamifera 5 21 i0 i00 69 I00 0 def3/ 91 def 0 def
'Northwest '

5267 P. deltoides x P. caudina 4 4 0 20 83 I00 0 0 i 50 0 0

'NE 366'

5268 P. deltoides x P. trichocarpa 20 20 0 15 I00 I00 0 0 5 50 0 0
'NE 236'

5335 P. deltoides x P. trichocarpa 52 52 0 12 78 I00 O 0 5 50 0 0
'NE 348'

5270 P. deltoides x P. trichocarpa I00 4/100 0 17 20 20 0 0 25 I00 0 0
'NE 205'

4878 Pox euramericana 'PI 343438' 20 20 0 14 _ 4 0 0 4 20 0 0

4879 P. x euramericana 'PI 343439' I00 i00 0 8 3 4 0 0 3 75 0 0

5321 P. x eurc_n_icana i00 i00 0 7 3 3 0 0 50 75 0 0

'Negrito de Granada'
5322 P. x eura_ericana 73 i00 0 17 4 4 4 0 50 50 0 20

'Jaconetti 78B'

5323 P. x euramericana 20 22 0 20 3 6 I0 20 I0 35 0 i0

'Canada Blanc'

5324 P. x euramericana 'DN 26' i00 I00 0 31 3 4 O 0 20 20 0 0

5325 P. x euramericana 'Ostia' 19 13 0 20 3 4 0 0 25 lO0 0 0

5326 P. x euramericana 'Eugenii' 60 50 0 0 VL iI 0 0 1 20 0 0
5327 P. x euramericana 'I 214' 18 20 0 9 3 4 .............

5328 P. x euramericana 'Guinier' i00 i00 0 6 4 5 O 0 20 20 0 0

5377 P. x euramericana 20 50 0 4 VL 4 O 0 1 20 0 0
'Wisconsin #5'

5272 P. nigra x P. laurifolia VL 7 0 0 95 20 0 0 0 ! 0 0
'NE l'

5260 P. tristis x P. balsamifera 8 21 0 21 VL 7 0 0 2 4 0 0
'Tristis #i'

5258 Populus sp. i00 I00 0 ,4 VL 4 0 0 2 4 2 I0

5351 Populu8 sp. -........... 0 0 40 I00 0 0

5253 Populus sp. -........... 4 20 15 20 0 0

i/ VL = very light infection; i.e., 1 to i0 pustules per leaf.

2_/ A decrease in disease severity at September readings indicates defoliation of leaves heavily infected in
July. Readings in September were made from remaining leaves.

3/ def = defoliated before reading made.

!/ NC 5270 was 75 percent defoliated in July. By September, only a few leaves per tree remained. Readings
were made from the remaining leaves.

similar to Septoria canker (Filer 1975, Water- are not complete, so a pathogen cannot yet
man 1954). However, isolations from these be linked to these cankers. All of the can-

cankers have yielded Alternaria sp., Fusarium kers were within 1.5 m of the ground and

sp., and Septor_a sp. Inoculation studies appeared to be centered around a lenticil.
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_ Figure 2.--Severe infection of Marssonina-

susceptible clone NC 5270 (P. deltoides x

P. trichocarpa) on left compared with
Marssonina-resistant clone NC 5318 (P.

_ deltoides) on the right. The two trees

_ were adjacent.

Some of the main stems of these clones had
as many as 20 cankers in the lower I. 5 m.

At Rhinelander, only Melampsora leaf

? rust was found to be a serious problem (table Figure 3 --Top. Septoria sp. leaf spot of
I). Although Marssonina and Septoria were "

present, none of the clones was more than hybrid poplar. Note the typical dark bor-
der and light center of the leaf spot and

lightly infected with either disease. In

contrast, several clones (notably NC 5261, the dark pycnidia in the center of the

NC 5266, NC 5321, and NC 5322) were heavily spot. Bottom. Photomicrograph of a

!_ rusted by the end of June. Other clones Septoria pycnidia showing the spores.

_ii were only lightly infected with rust in July
but by early September were heavily infected.

iii_ Of the 33 clones rated for leaf rust severity

! at Rhinelander, 14 would be disqualified from

!_i further consideration as plantation planting

stock if _disease impact were the sole cri-

terion for selection. Melampsora infection

i was lighter at Ames than at Rhinelander

_i because at Rhinelander, infection starts in

_ early June from spores produced on nearby
_ larch (Larix laricina (Du Roi) K. Koch),

/! while at Ames, infection begins in August
from windblown uredospores from the north,

and infection does not become heavy until

q _i Sep temb er.

The nurseries examined at Ames and Rhine-

i lander each contained 30 of the same hybrid

poplar clones. In addition, the nursery at Figure 4.--Canker of hybrid poplar at Ames.



Ames had two clones not planted at Rhinelander apparently only becomes heavy on extremely

and the one at Rhinelander had three clones susceptible clones when planted far enough

not planted at Ames° The clones, obtained south to avoid early season infection.
from various tree breeding sources, represent-

ed 14 species and hybrids of Popul_s. Because P. x euramericana was represented by ii
six of the species and hybrids were represent- clones. All of these clones were resistant

ed by two or more clones, comparing their re- to Septoria infection, but seven were suscep-
sistance to three foliage diseases and one tible to Marssonina. At Ames, only clone NC

canker disease was possible. Although the 5324 was moderately susceptible to Melampsora,

sample population is too small to draw gen- while at Rhinelander, five of the clones were
eral conclusions about the suitability of moderately to highly susceptible to Melamp-

various hybrids, a wide diversity of resis- sofa.

tance and susceptibility was found and sev-

eral interesting differences in resistance Seven other clones were planted at both

within hybrids observed° For instance, at Ames and Rhinelander. However, because each

Ames, one of the three clones of the hybrid represented a single hybrid, no information

P. angulata x Po trichocarpa, NC 5334, was is available about resistance or susceptibil-

resistant to Marssonina, while the other two ity within the hybrid. Of these clones, NC
were susceptible° However, all three clones 5271 was highly resistant to the three di-

were susceptible to Septoria leaf spot, and seases at both locations.

NC 5334 was severely defoliated by Septoria

infection. At Rhinelander, NC 5334 was rust Four additional clones were planted at

resistant, NC 5265 exhibited early season either Ames or Rhinelander. Of these, NC
resistance but late season susceptibility to 4878 and NC 5339 were highly resistant to

rust, and NC 5266 was susceptible to rust the three diseases and probably would per-

throughout the season, form satisfactorily at both locations.

P. berolinensis x P. trichocarpa was Some of the clones checked are suitable

represented by two clones° NC 5331 exhibited for planting at one location but not at the
midseason resistance to _rssonina, although other. For instance, NC 4877__/ NC 5323, and

it was moderately infected in late September. NC 5327 could be planted at Ames but would

NC 5332 was heavily infected with Marssonina be heavily infected by Melampsora leaf rust

in July. However, resistance to Septoria was at Rhinelander. Thirteen clones (NC 5253,1--/

exactly reversed: NC 5331 was susceptible and NC 5258, NC 5262, NC 5263, NC 5264, NC 5272,
NC 5532 was moderately resistant. Both clones NC 5326, NC 5328, NC 5331, NC 5332, NC 5334,

were resistant to rust at Rhinelander. NC 5339,1--! and'NC 5377) could be planted at

Rhinelander but would be too susceptible to

P. berolinensis x Po candicans was also Marssonina or Septoria to be planted at Ames.

represented by two clones. Both were resis- Only five clones, NC 4878, NC 5260, NC 5271,
tant to Marssonina at Ames and both were very NC 5318, and NC 5319, could be planted at

susceptible to Septoria. At both locations, both locations without femr of growth loss
these clones were rust resistant, due to the diseases prevalent at Ames and

Rhinelander during 1975. Clones NC 4877 and

Three clones of P. deltoides were planted NC 5339 probably could be added to this list

at each location. NC 5318 and NC 5319 were but were not planted at both locations.

resistant to all three diseases at both loca-

tions, while NC 5273 was resistant to Septoria Because the diseases encountered in hy-

but susceptible to Marssonina and Melampsora. brid poplar clone nurseries in Iowa and Wis-
consin were so different, it appears likely

For three clones of Po deltoides x P. that the diseases encountered by hybrid pop-

trichocarpa, NC 5268 was resistant to _rs- lar clones in the north-central United States

sonina but susceptible to Septoria, NC 5335 will vary at least from north to sout_ if not
)tible to both diseases, and NC 5270 by location, within the region. Therefore,

3 resistant to Septoria but was the clone clones must be rated for resistance to the
susceptible to Marssonina of those exam- prevalent diseases in each geographical re-

_d at Ames. All three clones were suscep- gion before large plantings of hybrid poplars

to Melampsora at Rhinelander but were are made. Clone nurseries such as those at

rated as resistant at Ames. This apparent
resistance was because rust at Ames devel-

ops much later than at Rhinelander (see I/ See table I for details of disease

Widin and Schipper article on p. 63) and infection of these clones.
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!! Ames and Rhinelander seem ideal for assessing Meider, Ho Ao van der° 1958o Roest in

diseases likely to be locally important on schorsbrand als bedreiging van de teelt

hybrid poplars and for screening clones for van populiero Ned. Bosbouwo Tijdschr. 30:
_ resistance or susceptibility to the important 261-273, 289°

diseases. Schipper_ Ao L., Jr., and Do Ho Dawson. 1974.

Poplar leaf rust--a problem in maximum wood

fiber production. Plant Disease Rep. 58:
i! LITERATURECITED 721-723_

i_ Sch_nhar, S. 1960_ Untersuchungen Hber die

Dawson, D. H. 1974. Rust resistance of Anf_lligkeit verschiedner Pappelsorten
Populu8 clones compared in Wisconsin study, gegen Dothiohiza populeao Allg. Forst-u.

Tree Plant. Notes 25: 16-18. Jagdztg. 131: 259-261.

ii_ Filer, T. H., Jr. 1975. Septoria leaf spot Schreiner, E. J. 1959_ Rating poplars for

_ and canker on cottonwood, Septorian_xsiua Melconpsora leaf rust infection USDA For
Peck. In Forest Nursery Diseases in the Serv. Res. Note NE-90_ Northeast. For.

United States, G. W. Peterson and R S. Exp. Stn. Upper Darby Pa.

Smith, eds. U.S. Dep. Agric., Agric. Waterman, A. M. 1954. Septoria canker of

Handb. 470: p. 101-103. poplars in the United States. U.S. Dep.

Gremmen, J. 1965. The Mar88oni_-disease Agric. Circ. 947.

i_ of poplar. The occurrence of Marssonina Weisgerber, H. 1968. Die Bedeutung der
_ brunnea (E. & E.) Magn. in the Netherlands. Triebspitzenkrankheit an Pappeln der

_ Ned. Bosbouw. Tijdschr. 37: 196-198. Sektion Leuce Duby. Holzzucht 22:1-6,_

i The Ames, Iowa, plots are supported by the Iowa Agriculture

and Home Economics Experiment Station; Project 2033; H. S. McNabb,
Jr., and L. C. Promnitz cooperating. The Rhinelander, Wisconsin,

plots are supported by the North Central Forest Experiment Station,
Institute of Forest Genetics.
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POPLARPLANTATIONDENSITY s_d density, the number of trees per
hectare (ha), is important in forest plan-

D tation establishment. Within certain limits,INFLUENCES FOLIAGE ISEASE more trees per ha mean more product per ha.

Density also influences tree form, self-

pruning, root crowding, and use of soil by

Arthur L° Sc_Ipper,Jr. the plants. As trees are planted closer,

P_ncipal Plan_ Ph_8iologi8t lower branches tend to die and self-prune

North Central Forest Experiment Station earlier. Because of the desire to producethe most product per ha, high stand density
Sto Paulj Minnesota is often a goal of forestry research.

However, the higher the density, the
more favorable becomes the environment for

foliage diseases. As density increases,
air movement through the foliage decreases
and moisture evaporates from the leaves
more slowly. Because most foliage patho-

gens require free moisture on leaves for
spore germination and infection, slower
moisture evaporation tends to increase
infection.

To determine the influence of density
on hybrid poplar growth, and ultimately to
establish density recommendations for pop-

lar plantation establishment in the north-
central region experimental plantings were
established at Ames, Iowa, and Rhinelander,

Wisconsin. In one experiment set up by
the lowa State University, Department of

Forestr_ and duplicated at Ames and Rhine-
lander, 4 hybrid poplar clones were planted
at densities oflS,000 stems/ha (0.8 m be-
tween trees), i0,000 stems/ha (I.0 m between
trees), and 5,000 stems/ha (1.4 m between
trees).

In September of 1975, I examined the

plantations at Ames and Rhinelander to
determine what influence these three stock-

ing densities had on the severity of Melamp-
sora leaf rust. This rust, caused by the

fungus Melampsora medusae ThUm, is the pre-
dominant hybrid poplar disease at Rhinelander
plantings (Schipper and Dawson 1974, see
article by Schipper on p. 75 ).

METHODS

The hybrid poplar clones planted in

Melampsora leaf rust was more severe the experimental plots were NC 5321 (Populus
in hybrid poplar plots planted to high X euramericana 'Negrito de Granada$, NC 5323
densities than in plots of the same clones (P. X euramericana 'Canada blanc'), NC 5326
at low densities. A compromise between (P. X euramericana 'Eugenii'), and NC 5377
high density to maximize wood production (P. x euramericana 'Wisconsin No.5'). These

and low density to reduce disease must be clones were selected because of growth and
reached in plantation density reco_enda- wood characteristics. When rated for leaf

tions, rust resistance in 1971 and 1972 (Dawson
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1974) each was considered to be moderately ..................._ r'---
to highl_ resistant.

60
Each spacing plot at Ames and Rhine-

lander contained 49 trees of only i clone,
planted in a square and surrounded by 2

border rows at the same spacing. In order _ s32_
to avoid edge effects as much as possible 50
in such small plots, only the i0 center-most
trees in each plot were rated for rust.

Trees were rated for leaf rust by the
40 _"_ 5323

method developed by Schreiner (1959). In
this method, the plant is scored as lightly,
moderately, or heavily infected and given a >
numerical rating of i, 5, or 25, respectively.
Then the percent of leaves per tree infected

30 -
with rust is estimated and given a numerical
rating as follows: less than 25 percent = i,
25 to 50 percent = 2, 51to 75 percent = 3, _ _®
and greater than 75 percent = 4. The numer- _ A _377® --[]

ical rating of leaf infection is multiplied 20 -
by the numerical rating derived from percent @_@

of each tree infected to give an estimate of 5_26
tree infection ranging from 0 (immune) to
i00 (very highly susceptible). In order to

avoid bias in estimating leaf infection and 10
percent of tree infected, I rated each leaf

on each tree as uninfected, lightly, moder-
ately, or heavily infected and averaged the
leaf ratings per tree. The percent of tree

infected also was determinedfrom these data -=Am- ........A --[ i____
and multiplied by average leaf rating to 0.8 1.0 1.2 1.4

arrive at a rust severity rating for each TREE SPACING
clone at each planting density.

Figure l.--Rust severity on leaves of four

RESULTS poplar clones in relation to tree spacing.
At a tree spacing of 0_8 m, 15,000 stems�ha

Rhinelanden Plots can be planted, at 1.0 m, 10,000 stems�ha,
and at 1.4 m, 5,000 stems�ha. The dashed

At the widest tree spacing (low density), line at A is the arbitrary limit for rust

NC 5326 and NC 5377 had a rust severity susceptibility set by Schreiner. Cultivars
rating (RSR) of less than RSR 25 and both more heavily rusted than RSR 25 should

be excluded from selection programs.cultivars retained the low rating at the
Because spacing affects rust severity,intermediate spacing (fig. i). At the nar-

row spacing (high density), however, both poplars should not be rated for resis-
tance when planted at unusually closecultivars had rust severity ratings of

almost 50. Schreiner (1959)stated that spacings.

for ratings made late in the growing sea-
son, cultivars rated at RSR 25 or greater spacing, and exhibited an almost direct

"should not be recommended for planting in relation between density and rust severity.
the localities where such tests have been If wider spacings had been tested, these
carried on." Thus at the low and interme- clones also would have reached a rust sever-

diate stocking density, both NC 5326 and ity rating no longer influenced by density.
NC 5377 exhibited sufficient resistance to Presumably the lower limit of rust sever-

leaf rust to be considered for planting ity for these cultivars also would have
stock. However, at the highest density, been below RSR 25. However, at the spacings
neither cultivar could be recommended, used in this study, neither clone could be

considered sufficiently resistant to war-
NC 5321 and NC 5323 both had a rust rant further consideration as planting

severity rating of about 35 at the widest stock.

82



Ames P]0ts edges of the crowns become closer together
until at the highest stocking density the

Data from density plots at Ames showed crowns are merged. When crowns merge, as
a similar relation between stocking and shown for the highest stocking density at
rust severity, although rust was less severe. 3 years, little air movement through the
Incidence of Marssonina brunnea (El. & Ev.) foliage occurs and leaves remain wet for

Magn. was also scored in these plots, with longer time periods after rain, dew, or
similar results° Marssoni_ leaf spot of irrigation. Under such conditions of pro-

poplars is a potentially serious foliage longed free moisture, foliage pathogens
disease that can cause premature defolia- are best able to infect leaves. _us,
tion of susceptible poplars (see article by even though the actual resistance of the
Schipper on po 75)° clones is not altered, trees at narrow

spacings are exposed to conditions suitable
for infection for longer periods than trees

at wider spacings.

DISCUSSION
These data have implications beyond the

Some of the reasons for altered rust mere fact that trees planted closely together

severity with different planting density can become more heavily infected with foliage
involve the changing space between adjacent pathogens than at wider spacings. First,
tree crowns (fig. 2). At establishment, Widin and Schipper (see article on p. 63 )
the plants are widely spaced. As they have shown that leaf rust can reduce hybrid
grow and branches develop, the crowns poplar height and diameter growth compared

occupy increasingly large areas and the to protected plants of the same cultivar,
when infection occurs early enough in the
season. It is reasonable to assume that

the impact on tree growth is related to the

SPACING severity of leaf rust, and to date at which
rust begins in the spring. _us planting0.8 m 1.0 m 1.4 m
hybrid poplars at closer spacings, which
will increase rust severity, will cause

@ @ • @ @ @ @ • • greater growth loss. In addition, growth

yr 0 @ @ • @ 0 data from density experiments where the
@ O @ O O • trees were not protected from disease must

O O O be carefully considered before they are
@ • O • O • used to make stand density recommendations.

O O O At narrow spacings tree growth will be re-
O • • duced because of rust attack, while at wider

spacings growth will be closer to that re-
alized with protected hybrid poplars under

OO@ @ ® ®
2yr 000 0 0 0

000 Even if growth data from density plots

OOO O O O indicate that close spacing yields more
harvestable dry matter, the effect of rust

O O O on health in general must be considered.
Hybrid poplars heavily infected with leaf

000 diseases that affect trees under stress,
such as canker diseases. For example,

3 yr hybrid poplars in Europe infected with

Melampsora larici-populina leaf rust are

000 more susceptible to Dothi_iza populea
canker (Meiden and Vloten 1958). Also,

000 rust-infected trees have been found to
be

more susceptible to frost damage (Kessler
1970), and will enter dormancy with less

Figure 2.--Relation between 8tockingdensity stored reserve than less severely infected
and crown closure over a 3 year period, trees.
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_ between plant health and production will Meiden, Ho A. van der, and H. van Vloten.
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_ density is low enough so that crown closure bedreiging van de teelt van populier.
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_i best opportunity to establish sound root 1974. Poplar leaf rust--a problem in
systems and to adapt to the plantation con- maximum wood fiber production. Plant
ditions. After crown closure, the upper Dis. Rep. 58:721-723_

_ crowns of the trees will still be more Schreiner, E. J. 1959. Rating poplars for
il widely dispersed so that rust and other Melampsora leaf rust infection. USDA
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tree will be minimized. For. Exp. Stn., Upper Darby, Pa.

The Ames, Iowa, plots are supported by the Iowa Agriculture
and Home Economics Experiment Station; Project 2033; H. S. McNabb,

Jr., and L. C. Promnitz cooperating. The Rhinelander, Wisconsin,
'_! plots are supported by the North Central Forest Experiment Station,
!_ Institute of Forest Genetics.
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DETECTIONANDELIMINATION ,=h. ,=h.in-tensiveculture of certain species and hy-

RUSES ofOFVI
portunity to achieve maxfmum wood ffber pro-
duction, provided that adequate provision

IN POPLARS can be made for control of the many insects
and diseases that may attack them. The fact

that poplar wood constitutes the most Im-

Jo Go Berbee,_ofe88or portant component of the industrial wood

J 0 Omuemu_ fo/_?er R_8_d_roh A88_8_t supply within the region (Spencer and Thorne' " 1972) also makes the poplars attractive can-

R o R, Martl n, R_s_dL_h A88i8_Bt didates. Further, more than a century of

and experience fn many European countries has

J. D° Caste] ]0, R_8_d_!_dh A88is_2nt established the biological feasibility of

D_part7_ent of P_ant P_t_o_o_ intensive poplar culture (FAO 1958, Schrelner

Universityof Wisconsin 1959).

Madison, Wisconsin The inevitable trend toward monoculture

in such a program increases the vulnerability

of the cropping system to insects and diseases.

The greatest potential for insidious disaster
due to virus diseases is with monocultures

of vegetatively propagated perennial crops.

In the long term, monocultures of natural

quaking aspen (Populus tremuloides Michx.)

propagated generation after generation from

root sprouts may be as vulnerable to infec-

tious degenerative problems as intensively

managed black (Aigeiros) and balsam (Tacama-

haea) poplar clones propagated by stem cut-

tlngs.

Although catastrophic losses due to
insects and diseases have occurred in mono-

cultures of intensively managed agricultural

crops as well as unmanaged forests, tech-

nology can be developed and applied in an

intensive management system to reduce

greatly the possibility of such occurrences.

Ways of dealing with potential insect and

fungal disease problems are dealt with else-

where. The purpose of this paper is to

examine the possible significance of virus

diseases in the intensive culture of poplars
and to discuss tissue culture methods for

the elimination of viruses from infected

poplar clones.

There is a need to identify and to

characterize all the viruses that may in-

fect poplars and to develop efficient in- NATURE, SIGNIFICANCE, AND CONTROL OF
de,ring procedures for detecting them. A INFECTIOUS DEGENERATIVE DISEASES
tissue culture method already is available OF CLONAL CROPS

for eliminating viruses from poplar clones,

8o developing a certification program for Virtually all vegetatively propagated

producing and distributing virus-free poplar agricultural and ornamental crops of the

stock depends largely upon the dsvelopment world have been exposed to infectious, de-

of methods for detecting virus infections, generative diseases that have threatened

Significant clonal deterioration i8 not the continuity of their economic production

likely to occur in short-rotation plantings (Hollings 19#5). A flourishing international

of poplars started with disease-free stock, trade and the prevalence of monoculture
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promise to make matters worse. Without produce and maintain virus-free stocks of

disease c_ntrol, many of the affected crops many agricultural crops (Hollings 1965,

could not be maintained, except in certain Holmes 1968) o

regions.
Claims of the cure of virus-infected

In many examples of progressive degen- plants by the use of chemical therapeutants,

erative problems in vegetatively propagated such as cytovirin_ have been made, but none

crops, single or multiple persistent infec- has been confirmed_ The only present prac-

tions by viruses have been found responsible, tical use of antiviral chemicals may be to

!i These disorders have been referred to by supplement the effectiveness of meristem-

many names such as quick decline, slow de- tip culture°
cline, running-out disease, dieback, little

leaf, yellows, and degeneration. In some

plants, infections by systemic pathogens, Heat treatment is the most successful

including viruses, may increase in severity and widely used therapeutic method, especially

_i!i during succeeding generations and result in
when used to augment meristem-tip culture

_ a gradual increase of the degeneration prob- (Brierley 1957, Campbell 1962)o Many of the
!i lem (Brierley and Lorentz 1957, Cadman 1952, viruses infecting horticultural plants might
"! be eliminated by heat treatment (Kassanis
:! Olson 1959). This kind of problem rarely

i_! results in the death of the affected plants; 1957). Heat treatment inhibits the spread
the major effect being a drastic reduction of certain viruses into apical growing tips

_i in growth and yield (Cadman 1952, Chambers of plants; tip-cuttings then taken and pro-
pagated are likely to produce virus-free

_ 1961, Krietlow et al. 1957).
!i plants (Hollings 1965_ Nyland

and Goheen

There are presently no practical methods 1969).

i! to cure virus-infected plants once they are For several clonal crops, tissue cul-

il set out in the field. The production and ture has the most effective method
proven

distribution of virus-free propagating stock for eliminating systemic pathogens. In

is the most practical method of controlling this paper, the term tissue culture is de-

_ virus diseases of many crops. A more ad- fined as the aseptic technique involving

vanced technology will allow for its appli- the production of callus from apical shoot

cation to a wider array of agricultural tips (0.5 to 1.0 mm long) and the differ-
_i crops including forest trees
!I ' ' entiation of plantlets from the callus.

The other methods described above are

Control through the use of virus-free likely to eliminate some, but not all, of

stock aims to curtail disease spread by the the pathogens. For example, in our work
dilution of infective plants with healthy, with diseased cassava clones, heat therapy
virus-free planting stock. To realize this

consistently eliminated the mosaic disease

objective, techniques for eliminating viruses agent, but not the leaf curl disease agent;

from plants first must be developed. Present meristem-tip culture eliminated both agents
techniques include (i) exploiting erratic

from about 50 percent of the cultured ma-
virus distribution in the plant, (2) meristem-

terial, but tissue culture eliminated both
tip culture, (3) chemotherapy, (4) thermo-

disease agents from i00 percent of the cul-
therapy (Hollings 1965), and (5) tissue cul-

tured material (Omuemu 1975). Tissue cul-
ture (Abo El-Nil 1974, Omuemu 1975, Sushak

ture has consistently eliminated tobacco

1975). ringspot virus from geraniums (Abo El-Nil

1974) and all apparent virus infections

Some viruses occur erratically through- from gladiolus (Sushak 1975); other methods
out the plant; thus, isolation and propaga- have not. Elimination of disease agents

tion of small pieces of plant tissue may from geranium and cassava clones by tissue
yield virus-free clones. For example, culture resulted in dramatic increases in

many gladiolus cormels removed from virus- the vigor and growth rates of the plants
infected mother corms proved free of cu- (Abo El-Nil 1974, Omuemu 1975).
cumber mosaic virus (Brlerley 1963).

Morel and Martin (1955) obtained virus- DETERIORATION OF POPLAR CLONES

free dahlia and potato plants by propagating

plants directly from small pieces of tissue From about 1937 to 1954, Emeritus

cut from the growing tips of virus-infected Professor A. J. Riker and associates, espe-

plants. This technique, termed meristem- cially J. E. Kuntz, accumulated at the Uni-

tip culture, currently is being used to versity of Wisconsin one of the world's



largest collections of poplar species and easte_ and weste_ United States ($chier

hybrids° _ne collection included more i975). Schier presented a plausible physio.-

than 1,000 clones of black (Aigeiros) and logical explanation for the deterioration

balsam (Tacamahaca) poplar species and of aspen clones, but acknowledged that de-

hybrids, terioration might be caused by viruses.

These clones were evaluated in small

replicated plots. Most of them proved un- VIRUS DISEASESOF POPLARS
suitable for use in Wisconsin for a variety

of reasons and were discarded. Approximate- The only poplar virus that has been

ly 0.i percent of them appeared promising, thoroughly studied is poplar mosaic virus.

_ey had at least field resistance to the _is rod-shaped virus (Br_k and Biattn_

then known poplar diseases of economic 1962, Navratil and Buyer 1970) is widespread

significance and were selected for resis- in Europe, causes growth reductions in nut-

Lance to attack by the poplar-and-willow sery st.ock, and reduces the specific gravity

borer, .C_ptorhynch_ la_at_i (L.). They of poplar wood (Biddle and Tinsley 1971a_

grew rapidly, and a representative clone !971b). it has been reported in Canada
produced a wood comparable in quality to (Navratil and Buyer 1970), but has not yet

that of the quaking aspen (Laundrie and been found in the United States. A wide_

Berbee 1972). spread, aphid-transmitted, leaf-spotting
disease of aspen species and hybrids in

These highly selected clones have been Canada described by Buyer (1962) may be

observed through two and a half 12-year or caused by a virus (Buyer and Navratll 1970).

longer rotations. Near the end of the first This disease is very likely present and

rotation, a decline and dieback problem of widespread in the United States.

unknown origin began to appear. The sever-

ity of this decline problem seemed to in-
crease with succeeding generations. By Our efforts to detect viruses in

1970, it was evident in the nursery that Aigeiros and quaking aspen clones exhibit-

randomly selected, open-pollinated eastern ins decline symptoms have resulted in the

cottonwood seedlings were outperforming isolation of an apparently new poplar virus.

our most highly selected Aigeiros poplar It has been recovered from five different

clones. Cooper and Randall (1973) of the Aigeiros clones. The herbaceous host range
USDA Southem Forest Experiment Station of this virus, _ptoms it produced in

reported somewhat similar results comparing several susceptible host plants, and its

their highly selected eastern cottonwood morphology as revealed by electron micro-
clones with full-sib families of eastern scopy distinguished the new virus isolate

cottonwood seedlings. The families of from pop!ar mosaic virus. It is a f!exuous

seedlings performed better than the clones, rod with an average length of 750 nm.
Purified preparations of the virus proved

infectious. It belongs to the potato virus

Only one Aigeiros clone in the entire Y group. A virus isolate recovered consis-
Wisconsin collection of poplars has not tently from a deteriorating quaking aspen

deteriorated. This female clone, NE 244, clone may be identical to isolates re-

was sent to us by the USDA Northeastern covered from Aigeiros poplar clones.

Forest Experiment Station as an intraspecific

hybrid between P. deltoids angu_ata and P. _ditional work is needed to develop

d_Ttoi_s virg_nia_. Unfortunately, this efficient _thods for .detecting this virus

rapidly growing, decline-resistant clone in poplars, to determine its effect on growth

proved susceptible in Wisconsin to winter rate, and to determine its role, if any, in

injury, resulting in stem basal damage on the deterioration of poplar clones.

the southwest side of the trees. Although
somewhat more difficult to root from stem

cuttings than many other poplar clones, TISSUE CULTUREOF AiGEIROS POPLARS
NE 244 should be a candidate for intensive

culture within the southern range of P. Methods for producing sterile poplar
de ltoides, callus in culture and for producing plants

from it have been developed (Berbee :el el.

Clona! deterioration also has occurred 1972, Winton 1970). However, the method

in monocultures of quaking aspen naturally to do this must be determined for each

regenerated from root sprouts, both in the different poplar clone to be cultured.



promise to make matters worse. Without produce and maintain virus-free stocks of

disease c_ntrol, many of the affected crops many agricultural crops (Hollings 1965,
could not be maintained, except in certain Holmes 1968)o

regions° ba
Claims of the cure of virus-infected My

In many examples of progressive degen- plants by the use of chemical therapeutants,

erative problems in vegetatively propagated such as cytovirin_ have been made, but none

crops, single or multiple persistent infec- has been confirmed° The only present prac-

tions by viruses have been found responsible, tical use of antiviral chemicals may be to st

These disorders have been referred to by supplement the effectiveness of meristem- ol

many names such as quick decline_ slow de- tip culture° i_
cline, running-out disease, dieback, little

leaf, yellows, and degeneration. In some t_

plants, infections by systemic pathogens, Heat treatment is the most successful i si

including viruses, may increase in severity and widely used therapeutic method_ especially _ t_

during succeeding generations and result in when used to augment meristem-tip culture _(

a gradual increase of the degeneration prob- (Brierley 1957, Campbell 1962). Many of the g_

lem (Brierley and Lorentz 1957, Cadman 1952, viruses infecting horticultural plants might _:

Olson 1959). This kind of problem rarely be eliminated by heat treatment (Kassanis

results in the death of the affected plants; 1957). Heat treatment inhibits the spread B

the major effect being a drastic reduction of certain viruses into apical growing tips

in growth and yield (Cadman 1952, Chambers of plants; tip-cuttings then taken and pro-
pagated are likely to produce virus-free o

1961, Krietlow ct a_. 1957). plants (Hollings 1965, Nyland and Goheen i

There are presently no practical methods 1969). r

to cure virus-infected plants once they are For several clonal crops, tissue cul- i u
set out in the field. The production and ture has proven the most effective method i

distribution of virus-free propagating stock for eliminating systemic pathogens In ¢° I
is the most practical method of controlling this paper, the term tissue culture is de-

virus diseases of many crops. A more ad- fined as the aseptic technique involving |_ I(
vanced technology will allow for its appli- the production of callus from apical shoot

cation to a wider array of agricultural tips (0.5 to 1.0 mm long) and the differ-

crops, including forest trees, entiation of plantlets from the callus.
The other methods described above are

Control through the use of virus-free likely to eliminate some, but not all, of

stock aims to curtail disease spread by the the pathogens. For example, in our work

dilution of infective plants with healthy, with diseased cassava clones, heat therapy
virus-free planting stock. To realize this

consistently eliminated the mosaic disease

objective, techniques for eliminating viruses agent, but not the leaf curl disease agent;

from plants first must be developed. Present meristem-tip culture eliminated both agents

techniques include (i) exploiting erratic from about 50 percent of the cultured ma-

virus distribution in the plant, (2) meristem- terial, but tissue culture eliminated both
tip culture, (3) chemotherapy, (4) thermo-

disease agents from I00 percent of the cul-
therapy (Hollings 1965), and (5) tissue cul-

tured material (Omuemu 1975). Tissue cul-
ture (Abo El-Nil 1974, Omuemu 1975, Sushak

ture has consistently eliminated tobacco

1975). ringspot virus from geraniums (Abo El-Nil

1974) and all apparent virus infections

Some viruses occur erratically through- from gladiolus (Sushak 1975); other methods

out the plant; thus, isolation and propaga- have not. Elimination of disease agents

tion of small pieces of plant tissue may from geranium and cassava clones by tissue

yield virus-free clones. For example, culture resulted in dramatic increases in ! _

many gladiolus cormels removed from virus- the vigor and growth rates of the plants Jinfected mother corms proved free of cu- (Abo El-Nil 1974, Omuemu 1975).

cumber mosaic virus (Brierley 1963).

Morel and Martin (1955) obtained virus- DETERIORATIONOF POPLAR CLONES I!
free dahlia and potato plants by propagating

plants directly from small pieces of tissue From about 1937 to 1954, Emeritus

cut from the growing tips of virus-infected Professor A. J. Riker and associates, espe- |

plants. This technique, termed meristem- cially J. E. Kuntz, accumulated at the Uni-

tip culture, currently is being used to versity of Wisconsin one of the world's
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largest collections of poplar species and eastern and western United States (Schier

hybrids° The collection included more 1975). Schier presented a plausible physio-

than 1,000 clones of black (Aigeiros) and logical explanation for the deterioration

balsam (Tacamahaca) poplar species and of aspen clones, but acknowledged that de-

hybrids° terioration might be caused by viruses.

These clones were evaluated in small

replicated plots. Most of them proved un- VIRUS DISEASES OF POPLARS
suitable for use in Wisconsin for a variety

of reasons and were discarded. Approximate- The only poplar virus that has been

ly 0.i percent of them appeared promising, thoroughly studied is poplar mosaic virus.

They had at least field resistance to the This rod-shaped virus (Br_k and Blattn_
then known poplar diseases of economic 1962, Navratil and Boyer 1970) is widespread

significance and were selected for resis- in Europe, causes growth reductions in nur-
tance to attack by the poplar-and-willow sery stock, and reduces the specific gravity

borer, Cryptorhynchus lapathi (L.). They of poplar wood (Biddle and Tinsley 1971a,

grew rapidly, and a representative clone 1971b). It has been reported in Canada

produced a wood comparable in quality to (Navratil and Boyer 1970), but has not yet
that of the quaking aspen (Laundrie and been found in the United States. A wide-

Berbee 1972). spread, aphid-transmitted, leaf-spotting
disease of aspen species and hybrids in

These highly selected clones have been Canada described by Boyer (1962) may be

observed through two and a half 12-year or caused by a virus (Boyer and Navratil 1970).

longer rotations. Near the end of the first This disease is very likely present and

rotation, a decline and dieback problem of widespread in the United States.

unknown origin began to appear. The sever-

ity of this decline problem seemed to in-

crease with succeeding generations. By Our efforts to detect viruses in

1970, it was evident in the nursery that Aigeiros and quaking aspen clones exhibit-

randomly selected, open-pollinated eastern ing decline symptoms have resulted in the

cottonwood seedlings were outperforming isolation of an apparently new poplar virus.

our most highly selected Aigeiros poplar It has been recovered from five different

clones. Cooper and Randall (1973) of the Aigeiros clones. The herbaceous host range
USDA Southern Forest Experiment Station of this virus, symptoms it produced in

reported somewhat similar results comparing several susceptible host plants, and its

their highly selected eastern cottonwood morphology as revealed by electron micro-
clones with full-sib families of eastern scopy distinguished the new virus isolate

cottonwood seedlings. The families of from poplar mosaic virus. It is a flexuous

seedlings performed better than the clones, rod with an average length of 750 nm.
Purified preparations of the virus proved

infectious. It belongs to the potato virus

Only one Aigeiros clone in the entire Y group. A virus isolate recovered consis-

Wisconsin collection of poplars has not tently from a deteriorating quaking aspen

deteriorated. This female clone, NE 244, clone may be identical to isolates re-

was sent to us by the USDA Northeastern covered from Aigeiros poplar clones.

Forest Experiment Station as an intraspecific

hybrid between P. deltoides angulata and P. Additional work is needed to develop

deltoides virginiana. Unfortunately, this efficient methods for detecting this virus

rapidly growing, decline-resistant clone in poplars, to determine its effect on growth

proved susceptible in Wisconsin to winter rate, and to determine its role, if any, in

injury, resulting in stem basal damage on the deterioration of poplar clones.

the southwest side of the trees. Although
somewhat more difficult to root from stem

cuttings than many other poplar clones, TISSUE CULTURE OF AIGEIROS POPLARS
NE 244 should be a candidate for intensive

culture within the southern range of P. Methods for producing sterile poplar
deltoide8, callus in culture and for producing plants

from it have been developed (Berbee et al.

Clonal deterioration also has occurred 1972, Winton 1970). However, the method

in monocultures of quaking aspen naturally to do this must be determined for each
regenerated from root sprouts, both in the different poplar clone to be cultured.
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is I

Three different sequences of three culture gradual deterioration of cional plant ma- dis,

media have been required to tissue culture terials, including poplars_ unless appro- is I

various poplar clones, priate measures are developed and applied i seql

to avoid it. The problem develops in plant rem_
clonal material because (!) plants do not hybl

To date, 7 different Aigeiros poplar have immune systems comparable to those of siv_

clones have been tissue cultured to produce animals that destroy invading pathogens and_ cul _
more than 200 different subclones. During thus, once a plant becomes infected with a vir_

this process, the original parent clones virus it usually remains infected for life_, te rl

were rejuvenated, as was evidenced by an (2) plants may become systemically infected on I

ontogeny of tissue-cultured plantlets with any number of unrelated viruses that clo_

similar to that of seedlings. The tissue- cumulatively may increase both the rate and
cultured subclones were all virus symptom- ultimate severity of the deterioration of

less, but efficient indexing procedures the affected clone; and (3) accumulating

remain to be developed to establish them virus infections are carried through suc- vir

virus free. ceeding crop generations by vegetative pro- tio

pagatiOn,seed,but relatively infrequently through i maipos
The growth performances and forms of i

162 different subclones derived from 5 ! duc

different P. x eumamez_cana parent clones Requirements for minimizing the risk cul

and from a clone of P. nigra L. cv. 'italica' of clonal deterioration in intensive poplar tro
culture include (I) indentifying the viruses fro

were compared at Wilson State Nursery,

Boscobel, Wisconsin. There was no signifi- that may infect poplars and development of of

cant difference between the performance of efficient indexing procedures for their de- inf

subclones derived by tissue culture before tection; (2) determining the alternate ter

thermotherapy and of those derived after natural hosts and the modes of transmission pea
of poplar viruses as a basis for formulating fiethermotherapy (36°C, 3 to 12 weeks) from a
measures to minimize their spread; (3) de- see

given parent clone. There were significant

variations in the growth rates and in the veloping and applying methods for eliminat- pat
ing viruses from infected poplar clones; Pop

branching habits not only among the subclones and (4) organizing a program for maintain- inf
derived from any one parent clone, but even

among the clones derived from individual ing and distributing disease-free planting ind
stock of clonal purity, cot

callus cultures. This unexpected result

provided an opportunity to select subclones

with various desired combinations of char- The detection, isolation, and partial tai

acteristics and possibly to increase the characterization of an apparently new virus cal

biological efficiencies of poplar clones, associated with deteriorating poplar clones ine

However, approximately 10 percent of the are essential first steps in our investiga- if

tissue-cultured subclones exhibited con- tion of poplar viruses. However, this phase ics

spicuous genetic damage, of our work still is at an early stage, the

There is no conclusive evidence that this let

virus contributes to the deterioration of uat

The variation among subclones of poplar clones. An efficient indexing pro- ti(
single origins could be due to total elim- cedure for detecting it in poplars is need-

ination of systemic pathogens from some of ed. Its natural hosts and mode of trans-

the subclones and elimination of only some mission and the effects of the virus on the

variable proportion of them in others. The growth and performance of different poplar pl_

success of tissue culture in eliminating clones remain to be determined. In addition, po:
all pathogens from several other crops other viruses probably will be found infect- in

Ix vknegates this explanation, however. A still ing poplars and each of these will require
unknown genetic basis for the phenomenon study, an
seems more likely, th.

si

A method for eliminating systemic path-
ogens, including viruses, from infected

DISCUSSION Aigeiros poplar clones is available (Berbee

et al. 1972). In dealing with poplars that

Experience with the intensive culture may be infected with many presently unde-

of vegetatively propagated agricultural and tected viruses, tissue culture involving

ornamental crops suggests that viruses cause the differentiation of plantlets from callus
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is the preferred approach for producing wood production, especially with the short

disease-free clones. The present intent rotations that are anticipated. Eliminating

is to determine modifications in cultural any plant species that may harbor poplar

sequences required to tissue culture any viruses from the vicinity of poplar planta-

remaining clones of Populus species and tions is the only practical control other

hybrids that may be considered for inten- than starting plantings with healthy stock.

sive culture_ Presently available tissue- Although the new virus isolated from poplars

cultured poplar subclones will be used for probably is an exception, most known viruses

virus inoculation studies designed to de- of trees in the north-central States for-

termine the effects of virus infection(s) tunately are not insect transmitted. Some

on the performance of different poplar of them are pollen transmitted, but trans-

clones_ mission by this means within plantings of

male Popul_ clones is not possible. Trans-

mission by root grafting is not likely to

_ere are two possible ways to maintain occur with short rotations. Thus, the prob-

virus-free Populus cultivars_ A certifica- ability may not be very great of a rapid

tion program of the kind commonly used to accumulation of damaging virus infections

maintain virus-free potato varieties is one in poplar plantations that are started with

possibility. Such programs involve the pro- healthy stock and grown for short rotations.
duction of disease-free clones of varieties,

cultural isolation, and direct chemical con-

trol for protecting the foundation stocks

from virus infections, continual indexing SUMMARY

of the clones to detect symptomless virus

infections, elimination of all infected ma- i. Poplar species and hybrids are

terials from the foundation stock, and re- attractive candidates for intensive culture

peated inspections of a seed producer's in the north-central region of the United

fields as a requirement for certifying his States, but control of the many diseases

seed potatoes essentially free of specified and insects that may attack them is a pre-

pathogens. This approach can be applied to requisite for success in their use for max-

Populus cultivars only after all the viruses imum wood fiber production.
infecting them become known and efficient

indexing procedures for detecting them be- 2. Development of efficient crop pro-
come available, duction technology inevitably increases the

extent of monoculture which, in turn, in-

An alternative approach involves main- creases the vulnerability of the crop to

taining virus-free _opulus cultivars as damage by i_sects and diseases.
callus cultures. This would be the most

inexpensive and the most effective method 3. Infectious degenerative diseases,

if Populus callus cultures remained genet- caused by viruses and other systemic path-
icaliy stable indefinitely and retained ogens, have developed in virtually all mono-

their potential for differentiating plant- cultures of vegetatively propagated agri-
lets. Further research is needed to eval- cultural and ornamental crops. Unless

uate this possibility for clonal preserva- technology is developed and applied to avoid

tion. them, such problems are almost certain to

develop in intensively managed monocultures

Avoiding virus infections in field of vegetatively propagated poplars.

plantings will be much more difficult but

possibly less important than avoiding them 4. Deterioration of unknown origin
in the foundation stock. Starting with has been observed both in clones of Aigeiros

vigorous disease-free stock establishes poplars propagated by stem cuttings and in
an inoculum dilution factor and may reduce natural quaking aspen stands regenerated

the time required for trees to attain the from root sprouts.
size at which substantial wood growth be- _.....

gins° Clones of many other crops have de- 5. The isolation of an apparently new
teriorated slowly as a consequence of the virus from both deteriorating Aigeiros pop-

gradual accumulation of infections by un- lar clones and an aspen clone supports the
related viruses, so new virus infections in hypothesis that the poplar decline problem

plantings of disease-free poplar clones is caused by a virus or viruses. No causal

probably will not have a major impact on relation, however, has yet been established.
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Additional viruses probably will be found done by F. M. Berbee in cooperation with A.

infecting poplars in the north-central re- C. Hildebrandt and the virological work was

gion. done in cooperation with G_ Am de Zoeten,
Volunteer Technician and Professors, respec-

6. Research will be needed on the tively, Department of Plant Pathology,

epidemiology of individual virus diseases University of Wisconsin° Nursery and cyto-

of poplars to develop controls based on logical evaluations of tissue-cultured

disease cycle interruptions. Populu8 clones were done in cooperation
with D. T. Lester, Department of Forestry,

7. The tissue culture technology University of Wisconsin. A collection of

already developed and applied to produce Populus clones was provided for study by

over 200 virus-symptomless subclones from D.H. Dawson, Project Leader, USDA Forest

7 different virus-infected Aigeiros poplar Service, Institute of Forest Genetics,

hybrids and species of the Wisconsin col- Rhinelander, Wisconsin.

lection can be extended to rejuvenate and

to sanitize clones of other poplar species

and hybrids that may be considered for in- LITERATURE CITED
tensive culture.
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IMPACTOF INSECTSON TREES _,i_ report describes a study ofinsect
impacts on. trees gro_m under intensive cul-

PLAHTED FOR, MAXIMUM for maximum fiber yield and reports
the first-year progress of the 3-year project.
'l_e research is a cooperative effort of the

FIBERPRODUCTION Forestry Department at Michigan State Univer-
sity and the North Central Forest Experiment

Station, USDA Forest Service°

Wayne Myers
Associate Professor of Forest_{ OBJECTIVES

Michigan State University

East Lansing, Michigan rne overall objective is to assess the
LouisWilson potential impact of insects on short rota-

Principal Insect Ecologist tion hardwood tree crops growth under inten-sive silvicultural systems_ Attention is

Nortlh Central Forest Ea_eriment State;on :focused primarily on the genus Pop_lus°

_]hst:Sansing_ Michigan Specific objectives in the several, phases

and of the study are:

John Bassman i. To prepare a bibliography of

Research Assistant the existing literature on insects in re-

Michigan State UniversiCj lation to intensive silviculture.
2. To develop a computerized catalog

East Lansing, Michigan of insects potentially damaging to Populm_

plantations, including identifying characters

and type of damage.
3. To observe and document insect

activity on Populus in nurseries, plantations,
_, and natural stands.

4. To assess probable impact of inten-

sity and type of insect damage on tree growth
and form.

5. To devise controls that might be

used if infestations do develop.

REVIEWOF EXISTING INFORMATION

Wilson's review (In press) of entomo-

logical problems of forest crops grown

under intensive silviculture, along with

the references cited in it, provides an

excellent point of departure for building

an index file to the existing literature.
Baker (1972) in his book on eastern forest

insects condenses and reviews most of the

pertinent literature through about 1969, and

presents keys for identifying both insects
and damage. Graham et al. (1963) provide a

comprehensive treatment of the ecology and

Fhis report cowers c_rrent and proposed economics of bigtooth aspen (Populus grandi-
stv4_ies of insect attacks and insect simulated dentata Michx.) and trembling aspen (Populus

d_age to ua._o_s clo_s of Populus. Aphids tre_loides Michx.) in the Lake States region,
were the most prevalent pests encountered, including a rather complete discussion of

Other insects obser_ed included leaf beetles, the insect complexes associated with these

leaf hoppers, and assorted lepidopterous two species. Morris et al. (1975) developed

and coleo_terous larvae. Aphids were in- a handbook for ready reference to the major

j_ring some of the tree's leaders. Local insect and disease pests of eastern cotton-
#

heav_ dejbliation was caused by lar_pae of wood (Populus deltoid_s Bartr.).

the mourning-cloak butterfly. Simulated

insect drayage model proposed for next year Space does not permit a more detailed

'is _.sc,_'_'bed_in detail, listing of the literature. However, a
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comprehensive computerized index file is to thousands, lending a blue-gray cast to

being assembled on the CDC 6500 computer the top 8 to i0 inches of the terminal

system at Michigan State University. The leader. Clonal preferences seemed to be
file structure includes cross-referencing indicated, so a survey was made to verify

for retrieval by host, insect, or type of this. Thirteen clones were evaluated for

damage_ severity of attack by these aphids, ten-
tatively identified as 6_naitophorus popu-

REFERENCECOLLECTIONOF INSECT SPECIMENS lifoliae (Oest,). The results showed defi-
nite differences in severity of attack among

The project is assembling a reference some of the clones, corroborating the ob-

collection of insects associated with Popul_ servations reported by Graham et al. (1963).

both in the nursery research plots and in The frequency with which aphids occur in

natural stands. In general, the insects Populus plantations, coupled with their

collected from intensively cultured planta- potential for rapid increase, has led us

tions are typical of the complex described to consider testing control by systemic

by Graham et al. (1963) for aspen sucker pesticides.

stands growing under less intensive manage-

ment° A notable exception that will be Other insect damage in the nursery
discussed further in the next section, how- research plots was caused primarily by de-

ever, is the rarity of stem and branch borers, foliators. Locally heavy defoliation was
Identification of the specimens collected caused by larvae of the mourning-cloak

is continuing. Every attempt will be made butterfly, Nymphalis antiopa (L.), until

to provide sufficient specimens for dupli- controlled by chemicals. Several types of

cate collections, one to be housed at the defoliation were observed, with windowpane
Forest Genetics Institute and the other at damage by leaf beetle larvae being common.

Michigan State University. The immature Insects appeared to concentrate on coppicestems that had been used to produce cuttings
stages of the insects often cause most

damage, so companion specimens of immatures in the past, but the importance of this
and adults will be included wherever possible, observation has not yet been explored.

Toward this end, attempts to rear immature

forms through the adult stage will be in- Insect activity in less intensively

creased during the second field season. Both managed stands was observed on the Nicolet

collections will be arranged taxonomically and Ottawa National Forests. Areas visited

within damage categories, on the National Forests were large (20 to
80 acres), logged-over areas that had for-

OBSERVATIONSOF INSECT ACTIVITY merly been occupied by aspen or aspen-hard-
wood mixtures but were now supporting young

Several studies being conducted at the aspen suckers 3 to 7 years old. All districts

Hugo Sauer Nursery facilitated comparing were visited on both forests except the

insect activity in Populus plantations with southernmost Lakewood District on the Nicolet

that in natural stands. A wide range of National Forest. On both forests the type
and severity of damage was very similar:clones, spacings, and age classes are repre-

sented in the nursery, creating a cross- mainly windowpaning, skeletonizing, and

section of conditions that might be encoun- especially blotch mining. Two differences

tered in com_nercial production. All plots between the nursery plots and the aspen

in the nursery were examined at irregular sucker stands were prominent: (I) unlike
the nursery, few aphids were observed on the

interval§, with some being checked every
sucker stands; (2) galls were prevalent on

day. l_e nursery's insect control program

precluded continuous collection, but col- both leaves and stems of sucker stands,

lections were made just before spraying. De- whereas none were observed in the nursery.
foliators and sucking insects accounted for Reasons for the differences between nursery

and sucker stands have not yet been pin-
most of the damage in the nursery. Most prev-

alent were aphids, leaf beetles, leaf hoppers, pointed, but water relations and overall
and an assortment of lepidopterous and co- vigor are probably important.

!eopterous larvae.
DEVELOPMENTOF IMPACTMODEL
THROUGHSIMULATEDDAMAGE

By far the most abundant _and damaging
insects in this cultivated situation were

the aphids. Severity of attack by these The principal objective of this study

insects ranged from just a few per plant is to assess the probable impact of intensity
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and type of insect damage on Populus planta- early in the growing season or late. The
tion growth.- Other portions of the research fourth factor is timing of second year de-
program on maximum fiber production are de- foliation, with levels the same as for the
signed to provide information on growth rates first year. The layout for this experiment

as a function of species, variety, spacing, is a square planting of rooted cuttings from
fertilization, etc., in the absence of insect a single clone with 19 plants on a side and
damage. Results of these other phases will 2-foot spacings With a two-plant buffer

be available for use in elaborating a growth around the treated area to avoid edge effects,
impact model for insect damage. Given such this layout provides five, three-plant plots
background information on growth in the across each width of the seedbed. As noted

absence of insect attack, the goal is to : above, the locations of treatments and rep-
develop an impact model of the general form: lications within the layout are completely

randomized by three-plant plot. The 40 per-Impact = f(type of damage, severity
cent defoliation treatment is accomplished

of damage, timing of dam- by removing the second and fourth leaf of
age, competitive status of every five along the length of the stem.

host plant). The 80 percent defoliation consists of leaving

In the context of this study, impact is taken every fifth leaf along the stem and removing
to be failure to realize potential growth, the intervening ones. Response variables to
assuming that control would be applied be- be measured include height; diameters at

fore significant mortality occurred, ground level, 1 foot, and 4.5 feet; and to-
The unique nature of the intensive cul- tal number of leaves° This experiment was

ture environment and the variability of in- installed in the Hugo Sauer Nursery on June
sect activity in natural stands preclude 23, 1975. Planting stock consisted of 361

economically obtaining all the data needed rooted cuttings of clone 5332 (Populus ev.
to construct the model through observation Betulifolia X P. trichocarpa Torr. & Gray).
of insect activity in natural stands. Fur- Defoliation treatments were carried out on

thermore, rearing a wide variety of insects July 17, 1975, and August 23, 1975, with mea-
on intensively cultured Populu8 material surements being taken just before defoliation

would be both difficult and expensive, in each case. Eighteen of the 216 crop trees
Therefore, simulation of insect damage was in this experiment died during the 1975 grow-
chosen as the only practical approach to ing season. The cause of this mortality

the problem. Even with simulation, how- could not be determined; the leaves developed
ever, it would be very difficult and ex- small necrotic areas that later expanded un-
pensive (if not impossible) to duplicate til the entire leaf died and dropped off.

all details of damage by diverse insect There was no evidence of insect activity, and
pests, especially in the case of aphids, no disease was identified.
leaf rollers, leaf miners, and phloem feeders.

Two physiological effects of insect activity

on the plant, however, are of primary impor- The second experiment is designed to
tance. One is removal or destruction of provide information on impact of defoliation

photosynthetic tissue through defoliation, in relation to clone and spacing. The de-
The other is impairment of the conductive sign is a split-plot/factorial. Main plots

mechanisms of the plant as a consequence of are used to test i- and 2-foot spacing.
girdling, boring, puncture wounds, etc. There are eight main plots with each of the
Therefore, a set of four controlled experi- two spacings randomly allocated to four main
ments was designed to provide the informa- plots. A 3 by 2 factorial for clone and de-

tion on responses to these two general cate- foliation is nested in a completely random
gories of damage, fashion within each main plot. The first

The first experiment is designed to factor is clone, with three clones represent-
measure impact in relation to severity, ing the different levels. The second factor

timing, and recurrence of defoliation. The is defoliation, with one level being 0 per-
experimental design is a 3 by 3 by 2 by 2 cent (control) and the other being 75 percent

factorial with two completely randomized rep- defoliation effected by leaving every fourth
lications. The first factor is degree of first leaf along the stem and removing the inter-
year defoliation, with the three levels being vening leaves. Defoliation occurs in 1 year

set at 0 percent (control), 40 percent, and only, with response measurements being taken
80 percent. The second factor is degree of as described for the first experiment. The

second year defoliation, with levels the experiment was established on August 19,
same as for the first year. The third fac- 1975. The clones used in this second plant-
tor is timing of first year defoliation; ing are:



1--Populus ev. Betulifolia X tri- 3. remove every other leaf completely,

chocarpa Torr. & Gray (5332) then remove half of each remaining leaf by

2--Populus tristis Fisch. X P. cutting at right angles to the midvein

balsamifera L. ev, Tristis 4. cut every leaf in half as described

#i (5260) in 3, then cut away half of the remaining

3--Populus spp. (5351) half by cutting immediately to the right of

Due to the late planting date, defoliation the midvein leaving 1/4 of each leaf on the

will be done during the 1976 growing season, plant

The purpose of the third experiment is 5. remove leaves completely from top

to determine impact of girdling and boring half of stem, then remove half of each leaf

damage and variability to be expected between on lower portion as described in 3

clones. Tre design is a 6 by 3 factorial 6. control (no defoliation)

with two completely randomized replications. As with the third experiment, planting was

Five types of girdling and boring damage done August 19, 1975, to ensure that the

plus control constitute the six levels of cuttings would be ready for treatment in
the first factor. As in the first two ex- 1976.

periments, plots consist of three rooted

cuttings growing side-by-side in a row. The CONCLUSION
six types of girdling and boring damage are: The various phases of this study in-

cludir_g review of existing information,

I. control (no damage) assembly of a reference collection, com-

2. 1/3 circumference girdled at 6 parative observation of insect activity in

inches above the ground Populus plantations and sucker stands, and

3. 2/3 circumference girdled at 6 controlled experiments with simulated damage

inches above the ground by a continuous slit should provide a good basis for assessing

4. 2/3 circumference girdled at 6 the potential impact of insects on hardwoods

inches above the ground by two opposing 1/3 grown for maximum fiber production under
slits intensive silviculture. Likewise, the re-

5. i/8-inch hole bored straight through sults should help in deciding when to apply

the stem at 6 inches above ground control measures and what type of control

6. two I/8-inch holes bored straight would be most effective.
through the stem at right angles 6 inches

above the ground It seems apparent at the end of the
first year of study that defoliators and

Girdling is done with paired razor blades to aphids are likely to account for most of

make a double slit; the boring is done with the insect problems associated with inten-

a hand drill. All damage treatments are done sive culture systems for Populus in the

in a single year, with response variables Lake States. Potential for use of systemic

measured as for the first two experiments, insecticides in controlling these insects

The planting stock was propagated during will be part of the research program for

the summer of 1975 and outplanted on August the remaining 2 years of the study.
19, 1975. The same three clones were used

as for the second experiment. A 2-foot LITERATURE CITED
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(i) Minimum required yield per acre per (3) Rotation ages for planted and cop-
year or th_ required annually compounded rev- pice standso--Because coppiced stands have

enue or volume flow. an already existing root system, rotations

(2) Minimum required yield per acre at might be shorter for such stands.

the time of harvest. This required yield is (4) Number of coppicings.--This indi-

equal to the total compounded costs per acre. cates how often a stand can be harvested

without replanting.

The latter is a more useful management (5) Plant size or total acres to be man-

guide because it is at the time of harvest aged intensively.--The model will establish
that final yields are being realized. If

a sustained yield operation° If a rotation

coppicing takes place, the same stand would of, say, 3 years is used for planted stands,

go through another production period, usu- one third of the total acreage will be put

ally involving lower expenditures because into intensive culture each year for 3 years.

initial site preparation is no longer nec- After one rotation, a sustained harvest of

essary. Break-even yields can, therefore, one third of the acreage will be possible.
be calculated for the first period compris-

ing all costs from initial establishment to (6) Stand stocking or tree spacing.

the first harvest, for the second period (7) Interest rate or alternative rate

(from first coppicing to the harvest of the of return.

coppice stand) and similarly for the third, (8) Annual administration costs (in-

fourth, etc., periods, cluding taxes) per acre.

(9) Land cost per acre.--Land cost can

It is possible to calculate a minimum be incorporated either as an annual rent or

average yield per acre at each of a number as purchase cost per acre. A resale value

of consecutive harvests (not necessarily at of the land can be specified if the land is

equal time intervals) over a production sold after the production cycle. The pur-
cycle that is required to cover total pro- chase cost and resale value of the land are

duction costs. Average compounded costs per converted into annuities over the production

acre at each harvest are the basis for this cycle by applying the "capital recovery" and

criterion and can be obtained by solving "sinking fund multiplier," respectively.
equation (3) in table 1 for V, average com- The difference between the two values is the

pounded costs per acre each harvest, annual land cost per acre.

(i0) Assumed delivered value of a dry
This break-even yield, being a weighted ton of fiber.

average of the minimum requirements for the (ii) Assumed mean annual growth in dry
individual harvest periods, usually will fall tons per acre for planted and coppice stands.

between the break-even yield for the first (12) Annually compounded real rate of

and the following periods and will decrease price changes of the product and/or costs.

with the number of coppicings. (13) The cost per acre for all activ-

ities used in the management plan.--The pro-

The computer program developed for gram accepts either a specified cost per
break-even analysis is a cost accounting acre or calculates such a cost from a short-

system; i.e., a system that keeps a record run average cost curve for the activity from

of the magnitude of costs incurred and the internally stored information on a large num-

time at which expenditures occurred (Rose ber of machines used in such production sys-

1975). The model has, however, a number of tems. For the latter option, fuel costs,

other features that make it useful for de- machines, machine production rates, and year-

tailed production planning. A discussion ly time constraints on the activity (in

of some of these features will be postponed hours) have to be specified to facilitate

until the major model inputs have been de- calculation of the average weighted cost per

scribed. These are: acre for the machines handling the specific

job. With this option, economies and dis-

(l) Condition of the site.--This deter- economies of scale will be simulated depend-

mines the type of land clearing and site ing on the scale of the operation, the time

preparation activities necessary for inten- constraint, and the machine productivity.

sive cultures. A suboptimization should be attempted out-
(2) Management plan.--The program can side the model in the selection of efficient

simulate any management plan or activity total machine packages.
schedule. A plan specifies the type of ac-

tivities to be applied and the time and fre- Break-even yields are only one of the

quency of their application, outputs produced by the model. These re-



quired yields are given separately for the that in practice would be under the control

first_ second, and total period. The latter of the manager_ The model thus lends itself
is recorded for one harvest block and also well to analysis of the factors to Which

for the total sustained yield system (all break-even yields are most sensitive_

harvest blocks) to show any economies of

scale that might result from a higher util- ESTIMATION OF PRODUCTION COSTSization of machines.

If a product value (dollars per dry ton Cost estimating is at the heart of break-

of fiber) and a mean annual growth can be even analysis. Various estimates of produc-

estimated, present net worth and internal tion costs in intensive cultures are available
(Briscoe 1969, Dutrow et al. 1970, Dutrow 1971,rate of return are also calculated. Among

some of the other outputs useful for produc- McF_ight 1970, Olawoye 1972, DeBell and Harms

tion planning are tables showing machine 1975, Sunda and Lowry 1975). Some of these
sources have become outdated due to inflation

production statistics, annual acreage on
which various intensive culture activities and changing technology.

are scheduled, associated machines by type

and number, machine hours, costs, replace- Table 2, largely based on information by
ment schedules, and capital requirements. DeBell and Harms (1975), and somewhat modified

Capital requirements must be considered by the authors, describes the range within

upper estimates because machines such as which various activity costs might be ex-

tractors can be used for more than one ac- pected to fall, but is not useful for analyz-
tivity during the nonoverlapping working ing specific production situations.
periods. Total discounted costs for each

activity and their relative importance are Because mechanization will play a sub-

described, stantial role in intensive culture, it is

essential to estimate machine operation costs
The program can be e×ecuted in an inter- for specific site conditions and scales of

active mode. Management decisions can, operation; i.e., to develop short-run aver-

therefore, be improved :from one run to age cost curves. Such curves illustrate how

another by simply changing any of the pre- per-unit costs change with different levels
vious inputs or factors, especially those of operation.

Table 2.--Intensive culture cost_ I/

Type of cost : Definition : Average : Low : High

Land Land rent 40 20 80

Land purchase 800 400 1,200
Establishment Land preparation

Mature forest 250 200 300
Plantat ion 1.50 I00 200
Pasture 55 30 80
Cropland i0 5 15

M_nageme.nt P1an ting

2 by 4 140 125 155
4 by 4 85 75 95
6 by 6 55 45 65
12 by 12 15 I0 25

Management

Admin. (Annual) 3 2 4
Fertil_ (Periodic) 75 25 150
_Jeed&Prot. (Rotation)--2/ 20 I0 30

Harvesting- Hau Iing
2-yea r rotation 80 40 160
4-year rotation 160 80 320
10-year rotation 400 200 800

Rej uvena tion 25 i0 160

Regeneration 70 + Planting (varies with
spacing)

Rehabilitation 70 60 80

I/ Adapted from DeBell and Harms (1975) with some modifications.

2/ Initial weed control included in land preparation costs.
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Short-run average cost curves were de-
rived from information collected for the

various agricultural and forestry equipment

that might be used in intensive silviculture

(fig. I). The relation of cost economies to

annual operational size of intensive cultures
J

is of special interest because cost economies o

will likely be greatest in large units and
SAC I

with full utilization of machinery.

80 H.P. 4-8 _ SAC2 SAC4

_ _ LAC

TRACTOR - PLOW COMBINATIONS

16" H.P. = HORSEPOWER OF TRACTOR

B = PLOW SIZE
W

i
J

I
U I

I

12 o I

<u _100 H,P. 6-B I

Liii125 H.P. 8-B t

A

I'_!_I,OH.P. ZO-B OUTPUT

, \'_ \1,s H.P. 10-B Figure 2.--Fc_ily of short-run cost curves

\\ \\_\\_ and their envelope.

_._ cost per unit of output declines. But con-trary to the curves in figure I, costs per

unit of product may eventually rise because

operation of a machine (combination) on an

increasing acreage will eventually lead to

untimely operations with resulting lower per-

acre production rates and, therefore, higher

operating costs. Costs per unit of product

increase as soon as production rate decreases

o 50o 1,5oo 2,s00 and operation cost increases offset further

declines in fixed machine cost per unit.ACRES

Out of an entire family of short-run

Figure l.--Short-run cost curves for plowing, cost curves, one particular curve has a min-

imum point lower than that of any other curve

(fig. 2, point a). At that point, the indi-

Costs per acre decline over all acreages cated output could be produced at lower per-

because fixed costs are spread over more unit cost than with any other factor combi-

acres while variable costs tend to be con- nation and represents the optimum production

stant; costs per acre are based on near- level.

linear relations (Heady et al. 1955). A dif-
ferent short-run curve exists for each level A long-run cost curve for which no sin-

at which identical factors may be held fixed gle resource is fixed can be constructed for

(e.g., two or more tractors instead of one) any family of short-run cost curves. It is

or for each possible form of fixed factors the "envelope" of the short-run cost curves;

(e.g., a large tractor as compared to a small i.e., it is tangent to each single curve at

tractor), one point. Individual short-run curves that
have their tangency either to the left or

Curves for cost per unit of product would right of their minimum point would represent
be similar to the curves in figure i (fig. 2). nonoptimal factor combinations. The short-

The curves SAC represent short-run costs for run curve that is tangent to the long-run

various machine combinations. As production curve at its minimum point is the optimal

increases for the variable factor or as fixed factor combination and short- and long-run

costs are spread over a greater output, the average costs are minimum at that point.

iO0



COMPARISONOF TWOBASIC ALTERNATIVES 9o

Two basic intensive culture alternatives "..

were selected to describe the range of inten- ..

sive culture philosophies from extreme short ,_ ...._.......

rotations with numerous coppicings to longer 70. _._"', ........................................

ro,tations without coppicing (table 3). The ,, ....
costs for the various intensive-culture ac-

tivities are our best estimates at this time D-9

and based on available literature and various ............P.-J ........................other Sources. Costs for land clearing, pil- 50
< D-7

ing_ and disking (site preparation) were es-
timated from the long-run cost curve for

these activities (figs 3 4 and 5) Enve-
lopes were hand drawn to the short-run cost
curves for the various activities to derive _ CAT W_THK/G BLAOE

the respective long-run cost curves (fig. 6).

The total long-run cost curve is simply the

vertical summation of the long-run cost

curves for individual activities (fig. 7).

Cost assumptions for the alternatives are
summarized in table 4. i0

Six selected results are reported for

each computer run (table 5). It is apparent ...... ,............ : .......

from the first two runs of each alternative 0 1,000 2,000 3,ooo 4,ooo 5,ooo

(analyses 1 and 6) that the extreme short- ACRES

rotation alternative does not offer any in- Figure 3.--Short-r_ cost curves for land

vestment opportunity under the assumed costs, clearing.
yield, and product price, The 15-year rota-

tion, on the other hand, offers positive ADDITIONAL COMPARISONS

rates of return on the investment, but irri-

gation does not appear to offer any advantage The number of management alternatives

in the current context, and estimates of production costs, yields,

Table 3.--TWO basic intensive culture aZternatives

: Alternative
: I : II

Rotation (no.) 5 15
Coppicings, no. 3 0
Spacing (ft.) z.x 4 12 x 12
Discount rate (percent) i0 i0
Price per ovendry ton,
delivered (dollars) 30 30

Growth (tons per acre per year)
(a) without irrigation 2.5 4.5
(b) with irrigation 4.0 7.8

Annual harvest acres

(sustained yield operation) 1,000 1,000

Activity Year(s) in which activities take place

Land clearing 1 1
Site preparation 2 2
Planting 2 2
Weed control 2,7,12,17 2,3
Fertilization 2,4,7,9,12,14,17,19 2,5,8,11,14
Harvesting-hauling 6,11,16,21 16
Irrigation setup 2 2
Irrigation (maintenance
and Operation) 2 to 21 2 to 15
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100 LAND CLEARING

30- 80

HEAVY DISK

26 - 60
CAT D-6 AND ROME TACH HARROW

22 - 40

_ 0
' o.

g_ _ __ 20 _mmE_ __........HEAVY DISKING

-1
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6 3' AGRICULTURAL DISKING

i

' 2.
' 2

I- a " - _- " - = l"

'_ 0 1.. 000 3,000 5p O00 7,000

: ACRES

Figure 4.--Short-run cost curve for heavy o

!': " disking. 1,ooo ACRES2'000 3,000

1 '_0 H'P' IO FEET Figure 6.--Long-run cost curves for land

! \ clearing, heavy and agricultural disking.i' 80 H.P. 12 FEET

130

i l \\ ,ioo..P. 16FEET

! Iio, LAND CLEARING, PILING, AND DISKING

\\',. \\ ,o.
a. _ so.

_ . , --- . -o I,OOO 3,000 5,000 7,a,oo

TRACTOR - DISK COMBINATIONS ACRES

H.P. : HORSEPOWER OF TRACTOR

................. Figure 7.--Total long-run cost curve for land

FEET : WIDTH OF DISK clearing and other site preparation
activities.

and prices is much too large to allow corn-
. , _........ . . plete testing of all possible combinations.

O _,000 2,000 3,000 Fortunately, break-even requirements for a

ACRES given alternative and cost combination, after

changing cost and/or price assumptions, can

Figure 5.--Short-run cost curves for agri- be calculated without additional computer
cultural disking, runs.
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The adjustment procedure is simply to adjustment in the average break-even require-

multiply the change in total discounted costs ment over all individual, harvests, To facil-

per acre due to any cost change by the mul- itate further sensitivity analysis, table 6

tiplier M from equation (I) to obtain the was constructed. It states the multiplier

for selected alternatives and the magnitude
Table 4.--Cost of t_oo intensive _r_Iture

of adjustments in break-even yield for se-

alternatives !ected cost changes.
(In dollars per acre)

: Alternative
Activity The sensitivity of break-even yields to_ : I : II

a change in annual costs obviously increases

Land clearing 62 62 with the length of the rotation, Similarly,

Site preparation 2.60 2.60 the sensitivity of break-even yields to any

Planting 85 15 one-time cost change is greater, the earlier

Weed control 14 14 this cost occurs in the production period.

Fertilization 55 55 In contrast, a change in harvest costs (or

Harvesting-hauling 250-350 400-600 any other cost occurring in the last year of

Irrigation setup 400 400 the harvest cycle) will affect break-even re-

Irrigation (maintenance quirements equally over all alternatives.

and operation--annual) 40 40 Any other cost change that occurs at the same

Administration costs time for any alternatives (such as i, 2,
(annual) 3 3 etc., year(s) before a harvest) will change

Land rent (annual.) i0 I0 break-even yields equally over such

alternatives.

Table 5o--Economic analysis of _o basic alternatives

Alter-: : Required zRequired _vield:Cost per dry: Present :Internal:p_yback:ASsumed_ _yield:

native:Analysis:mean annual: per acre :ton of flber:net worth: rate of: period: per ac_e : Remarks
: : Irowth : each harvest : production : per acre: return : pe[_#,ear :

7 7
Dry tons f)_ tons _:o_ars f'o7lars Percent Ycars Pry tons

I 1 4.05 20.26 48.63 -295.16 <0 N 2.5 No irrigation
. " a o_J

2 8.09 40_43 60 64 -776.86 <0 N 4.0 Irrig ti ,_
3 7.27 36.36 54.53 -622.07 <0 N 4.0 Irrigation-_'-31
4 6.46 32.29 48.43 -467.28 _0 N 4.0 Irrigat ior_/
5 _.72 23.59 35.39 -136,70 ].9 N 4,0 Irrigation---

II 6 4.]0 64.45 28.94 _9.92 10.6 16 4.5 No irrizatiqn_,

10.94 164.11 42.08 -307.59 6.1 N 7.8 Irrigation_J_7

8 9.53 142.93 36.65 -169.30 7.8 N 7.8 Irrlgatio_)
9 B.12 121.75 31.22 -31.01 9.6 N 7.8 Irrigation:uq

10 A_74 71.12 18.23 299.57 16.4 16 7.8 lrri%atio_4 /

I/ getup cost $400, maintenance and operation $40 per acre per year.

2/ Setup cos_ $400. maintenance and operation $20 per acre per year.

3/ Setup cost $400_ maintenance and operation $0 per acre per year.

4/ Setup cost $0, maintenance and operation $0 per acre per year.

Table 6.--Sensitivity in break-even reauirement to changes in various
cos tsI/

: : Change kn break-even req ul remen_

Alternative :Multiplier: fo_ra !O--dol_.r9!<[e c[_:!I:_ !!_
: : Annual cost :First-year cost_ :Fertilizer cost:Harvest vea__ cost

_8.22 dollars 7,17 dollars 29.41 dollars i0.00 dollarsI 0.7888 !-z 27 tons .24 tons .98 tons .33 tons

II 4.5950 359,50 dollars 41.77 dollars 127. 79 dollars i0.00 dollar_

iI.98 tons 1.39 tons 4.26 tons .33 tons

i/ All calculations based on lO-percent discount rate.

_/ A $I0 change in a second, third, etc., year cost is equal to the discounted value

of a first-year eos_ change.

3/ Based on a price of $30 per ton.
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Clearly, break-even requirements must .7

change linearly with changes in a cost fac- /-""

tor, and all break-even yields can be gen- //'"

erated for any level of that cost factor //.// /../jj8once one solution has been found (figs. 8,

9, and i0). Furthermore, any cost change-- _ ...... ,.-"" ..9

be it an annual, periodic, or a one-time

cost--will cause a parallel shift of a
,o*"

specific break-even line. _ 150 _0

.o°" . ..10

For further information on the feasi- ; [iiii_o:. _ii]/'" _

g s _
bility of any given management alternative, _
graphs as in figures 8 and 9 can be con- _ f
structed with the cost factor on the X-axis _ ..........._ 7.8_

I00 *'*'*"that is most critical or for which the in- _
formation is the least complete. Figure 8 _

thus provides information on how low har- _

vesting costs would have to be to make the _ 5.0

alternative economically feasible. _

The effect of a change in the product _ 5o_ /

price is the easiest to predict because g
break-even yields (in tons) are inversely

proportional to price; i.e., a doubling in

product price will reduce break-even yields

by 50 percent. The absolute effect of any

price change on break-even yields is greater 0 _0 3o 5o 7o
LAND RENT (DOLLARS PER ACRE PER YEAR)

3 Figure 9.--Break-even yields for long-
/" rotation alternatives.

o,o

_.s for higher break-even yields. Price changes,

therefore, cause changes in the slope of

,,1AND break-even relations leading to a change in

/,/ _ the relative importance of all other cost
.,_ @_ factors (figs. 8 and 9, lines I1 and 61 )

The assumed yield itself does not in-

//.." _ _ fluence break-even requirements and is drawn_.0 into the illustrations as a horizontal line

,//" _ (figs. 8 and 9). The intersection of this
., _ line with any break-even line represents the

;"f _ point at which the internal rate of return

is equal to the specified discount rate or

at which present net worth is zero. Any so-
zg lution to the left of the intersection would
m

2.s_ have a positive present net worth and an in-to

ternal rate of return greater than the se-
lected discount rate. Net income (tons) at

_ the time of harvest is represented by the

vertical distance between break-even yields

(cost-) and yield- (revenue) lines.

o loo 3oo 5oo ,oo IRRIGATION--POLLUTIONABATEHENT TRADE-0FFS

_RVESTING COST (DOLLARS PER ACRE)

- One of the interesting considerations

Figure 8.--Break-even yields for short- in intensive culture is the possibility of

rotation alternatives, charging the cost of irrigation against the
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possible with effluent that has gone only

8o through some of the cleanup stages, such as

primary treatment, with savings to be real-

ized mostly in operation of secondary and

other cleanup stages. The capital facili-

ties for all treatment stages must, however,
be available in case irrigation has to be

disrupted, such as during the winter in
o _0 northern climatesm.

_= If effluent is used for irrigation after

5_ going through the primary clarification, theo

annual savings in operating biological clar-

ification and secondary clarification could
_0 run around $225,000 for a large pulpmill

(100-ton per day capacity). Biological oxi-

dation might be necessary to eliminate of fen-
< sive odors near residential areas. SavingsJ 3o
o would then be only about $50,000. At $40 per

acre for maintenance and operation of an ir-

o rigation system, 1,250 acres could be irri-

_0 gated without cost to the forest sector by

writing these costs off against the savings
in pollution abatement.

_0

If such cost savings can be realized,

break-even yields will change substantially

(figs. 8 and 9, table 2). The irrigation-

0 _00 -_0_ 50,0_ 7oo pollution abatement trade-off has to be

_v_.s-_N_cos_<oo_...tA_s_:_,,,_c_._ large, however, before irrigation would
become economically feasible and more prof-

Figure !O,--Fiber _'_rod_ction aos_s for itable than the no-irrigation alternative.
selected a ltey_.atives_

HARVESTING COSTS

cost of cleaning up polluted effluent. Tim-
One of the most difficult to estimate

ber industries involved in both timber pro-

duction and production of pulp and paper will costs in intensive culture is the harvesting
be faced with new and stringent standards for cos$ because it depends on the conditions of

the quality of effluent. The Water Pollution the terrain, on the characteristics of the
Control Act of 1972 (PL92-500) char_es indus- stand, the harvesting system, and the scale

try with zero discharge by 1985 and will re- of the operation. Published harvesting costs

quire strict pollution abatement _tandards. provide, at best, only a range in harvesting
costs for traditionally managed stands in a

These legal requirements will increase pro-

duction costs substantially, and the impli- variety of locations (Zasada 1971, Anderson

cations are especially severe if discharge and Granskog 1974, Biltonen et al. 1974,
even of treated effluent is not possible- Biltonen and Steinhilb 1975). These and

i.e., discharge on land is required, other sources give information on old and
new harvesting systems in the Lake States.

With zero-discharge interpreted liter- It is not possible, however, to strictly

ally, irrigation of crops would become a free apply such cost estimates to intensive cu!-

byproduct with no cost to the forest manager, tures. The latter will differ greatly from
Even if the irrigation setup, maintenance, traditionally managed stands in terms of

and operation costs are charged against the stand characteristics such as volumes per

irrigated crop, these costs should be prop- unit area, tree spacing, and tree size dis-

erly reduced by savings in operating pollu- tribution. For the longer rotations, savings

tion abatement systems, by savings in fer- might be possible with highly mechanized and

tilizer costs (due to possible soil-improving properly balanced total harvesting systems.
characteristics and the nutrient content of

the effluent), and by increases in crop For extremely short rotations, even

yields due to irrigation. Pollution abate- fewer harvesting cost estimates are avail-
ment costs could be reduced if irrigation is able. However, harvesting young stands
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with techniques developed for older stands approaches and identify associated costs

would pro_ably be too costly because of the and revenues. An economic production equiv-
large amount of small material to be handled, alent value that quantifies the net return

Agricultural type machinery, such as forage of a site for various management approaches
harvesters, has been suggested and tested, was used by Rust and Hanson (1975) to rate

however, with some success, and harvesting crop equivalents of Minnesota soils_ The

costs with such cheap equipment could be third step involves ranking and comparing
much lower than assumed in this study alternatives according to one or more man-

(Dutrow 1971). Our estimate from the long- agement criteria. The final step involves

run cost curve for a single-row forage har- implementing the chosen alternative. These

vester driven at 3 m.p.h, and operating 1,000 steps are fairly standard in any investment

acres per year is $25 for the 4 by 4 spacing, analysis. A complicating factor is the lack

Much better information based on actual field of information about the growth of intensive-

trials is necessary, however, before conclu- ly managed forest crops°
sive statements are possible. With harvest _

ing costs as low as indicated above, the
extreme short-rotation alternative would Break-even requirements for various

become economically feasible (fig. 8). sites and available management options must
be compared to the yield that is likely on

the site for the assumed management inten-

sity (table 7). Yield of natural stands on
THE MANAGEMENT PROBLEM the site can serve as a conservative esti-

mate of a site's growth potential for com-

One of the major problems facing large paring with break-even yields, if better

pulp and paper mills is getting a continuous growth estimates cannot be obtained for in-

supply of fiber to the production facility, tensive culture regimes. A good clone, how-

Most mills depend on outside suppliers but ever, could produce less than a natural stand

also manage their own wood holdings for the if moved out of its. optimal environmental

continuous production of fiber. To match conditions, especially if it has a narrow

management practices to the conditions of range under which it performs well. Such

the site through species selection, rota- considerations will be essential in judging

tion determination, intensity of management, the economic feasibility of a management
and degree of mechanization, the industry alternative.
forester must know the site factors and their

influence on costs and revenues. Table 7.--Co_az_son of required and expect-

ed mean annual growth (hypothetical)

A useful first step in identifying suit- (In dry tons per acre)
able management alternatives for a site is

to classify the land according to biological, PRICE--25 DOLLARS PER TON

physical, and socio-economic criteria. The Location

classification system must describe the fac- A : B : C

tors that most significantly affect the bio- Required:Expected:Required:E_ected:Required:E_ected

logical and economic feasibility of intensive 4.04 4.0 4.04 4.0 4.75 5.0
cultures. But at the same time, a compromise 5.38 5.o 5.38 5.0 6.08 6.0
is required between the detail of such a 5.27 6.5 6.61 6.0 8.31 6.5
classification scheme and the cost of meas- 5.60 7.5 7.96 7.5 9.66 8.0

uring its components. The site index as a

measure of growth potential must be refined PRICE--30 DOLLARS PER TON

to show the growth potential under various

degrees of fertilization and irrigation. 3.37 5.0 3.37 4.0 3.96 5.0
Climate, terrain, and soil conditions de- 4.48 5.0 4.47 5.0 5.06 6.0
termine the potential for irrigation and 4.39 6.5 5.51 6.0 6.92 6.5

mechanization. Accessibility is an impor- 4.67 7.5 6.63 7.5 8.05 8.0

tant economic factor in harvest and hauling

operations. Land rents will reflect the

potential productivity of a site. Personal experience, professional con-

sultation, and yield tables of managed and

For areas that are similar in terms of unmanaged stands must be used to obtain point

biological productivity, soil and terrain, or internal estimates of potential yields and

production costs, and markets, the second to identify promising and infeasible alterna-

step is to design alternative management tives. The hypothetical growth estimates in
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table 7 are assumed to be the result of such intensively managed species. It is essential

an approach. With this information, location to identify the locations best suited for in-

A would have been selected on that basis as a tensive culture and select the management
promising site for irrigation and fertiliza- intensity that is best in terms of a selected

tion, but the same management intensity would economic criterion. Because yield informa-

have been found infeasible on site C or B. tion is still limited, break-even analysis
was suggested as an initial selection cri-

The greater the difference between es- terion. Because yield information is not

timated yields and break-even requirements, used in this measure, it is a less powerful
the smaller the production risk would be, tool than other economic criteria that in-

assuming all yield estimates are equally clude yield; e.g., present net worth or

reliable. The alternative with the small- internal rate of return. Future research

est risk _ould not necessarily be the best efforts must emphasize growth and stand

in terms of other investment criteria, such treatment studies and focus on some of the
as present net worth and internal rate of critical cost factors that were identified.

return. The latter can, however, only be

calculated if product values, as well as LITERATURECITED
fiber yields, can be estimated. Without

such knowledge, a decision must be based Anderson, W. D., and J. E. Granskog. 1974.

on the economic feasibility and risk of Mechanized row-thinning systems in slash-

an alternative, pine plantations. USDA For. Serv. Res.

Pap. S0-I03, 12 p. Southern For. Exp.

If break-even yields for an alternative Stn., New Orleans, Louisiana.

are higher than known or estimated potential Biltonen, F. E., J. R. Erickson, and J. A.

yields, the alternative must be discarded Mattson. 1974. A preliminary economic

for the area under investigation. Economic analysis of whole-tree chipping and bark

feasibility might be achieved by reducing removal. For. Prod. J. 24(3): 45-47.
the intensity of intensive culture manage- Biltonen, F. E., and H. M. Steinhilb. 1975.

ment, leading to lower break-even require- Mechanized thinning of northern hardwoods:

ments. The question then is whether the Early results. North. Logger & Timber

cost reduction (or break-even yield reduc- Processor 23(11): 18-19, 59, illus.

tion) more than outweighs the potential Brisco_ C. B. 1969. Establishment and early

reduction in yield. It is through a series care of sycamore plantations. USDA For.

of such steps that land management zones or Serv. Res. Pap. S0-50, 18 p. Southern For.

classes can be identified. For each zone, Exp. Stn., New Orleans, Louisiana.

management plans that are economically fea- DeBell, D. S., and J. C. Harms. 1975. Iden-
sible and infeasible can be stated. Zones tification of cost factors associated with

will be ranked by their suitability for intensive culture of short-rotation forest

intensive culture and opportunity for crops. Iowa State J. Res. (In press.)

investment. Dutrow, G. F., J. S. McKnight, and S. Gutten-

berg. 1970. Investment guide for cotton-

Because any given cost estimate has a wood planters. USDA For. Serv. Res. Pap.
rather large error, zones will share areas S0-59. Southern For. Exp. Stn., New

of overlap for which the economic feasibil- Orleans, Louisiana.

ity of a management plan is of greater un- Dutrow, G. F. 1971. Economic implications
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UTILIZATIONADVANTAGES usualjustification for agronomicsystems of fiber production is to greatly
increase yields to meet future fiber demand.

OFMATERIAL However, agronomic fiber production has
many other advantages from a utilization

INMAXIMUMFIBERYIELD standpoint. This paper deals with those
advantages.

PLANTATIONS
The key to these advantages is effi-

ciency. Recently, forest utilization has

become more efficient through the adoption
John B_ Crist of whole tree utilization. Here all above-

Forest Products Technologist ground portions of the tree are harvested

North Central Forest Experiment Station and used, sometimes doubling yields. This

Duluthj Minnesota has been accomplished by the development of
machinery that chips whole trees at the

landing and the utilization of rough wood

chips (those containing bark) at the mill.

Moreover, under this system harvested areas

are cleaner, more esthetically pleasing,

and cheaper to regenerate. And trasporta-

tion and handling costs are less than for

conventional harvesting practices.

However, whole tree chipping has

created some new problems, particularly at

the mill. Lifespans for equipment are short-
ened because wear and erosion are acceler-

ated by increased amounts of dirt and grit

included with whole-tree, rough wood chips.

Grit becomes lodged in the bark from skid-

ding whole trees to the chipper, especially

during muddy seasons. More mill equipment,

such as washers, screeners, and centriclean-

ers, is needed to remove the increased grit

load from pulp furnishes. Bark itself

causes problems in pulp furnishes by reduc-

ing pulp yield, strength, and cleanliness.

Often additional digestor capacity, used

liquor recovery capacity, and centricleaners
are needed to handle the bark. Nevertheless,

the additional yields from whole tree chip-

ping offset mill disadvantages, and when

crisis shortages occur, as is already hap-

pening in many areas, mills would rather
run on less than desirable furnish than not

The usua_ justification for agronomic run at all.

systems of fiber prod_ction is to greatly

increase yields to meet future fiber short- Maximum fiber yield systems can reduce

ages. However, the material produced or circumvent most of the major mill prob-

should have utilization advantages over lems associated with typical rough wood

typical rough wood chips by having reduced chips and still retain and enhance most of

grit and deleterio_ bark cell contents, the advantages of whole tree utilization.

Efficient ha_westing and processing will

be possible because of great uniformity Let's examine the grit problem. Wood

in the material de_ved from control over procurers dream of some huge machine that

genetics, environJnent, and a_ge. Efficient would travel over the land and cut and chip

processing should help overcome low pulp trees as it moves. An extremely complex

yields and strengths characteristic of and expensive piece of machinery would be
juvenile mate_al, needed to handle trees of all sizes over

109



I

rough terrain. Also, chip mixtures arriving wires, causing poor drainage and sheet for-
at the mill would vary with the compositions mation. Their presence on paper surfaces

of the harvested stands. Varying chip mix- can also cause difficulty in sizing, calen-

tures complicates pulping because pulping dering, and printing°
conditions must be changed to accept them.

We have found that young material in
Plantations of trees _ grown in maximum some clones does not have stone cells° We

fiber yield systems are ideal for moving don't know at what age these clones start

harvester-processors. The plantations will forming stone cells. But if clones can be
be on good sites that are nearly level, pre- selected that do not form stone cells until

eluding problems with rough terrain. Fur- after harvest age, then the problem will

thermore, the trees will be nearly uniform disappear. Even if selection does not to-

in size and grown at regular spacings, tally eliminate stone cells, young material
These factors allow for efficient machine should have fewer of them than old material

design. Trees less than 3 years old can be because their formation is part of aging.
harvested with beefed-up forage harvesters,

but specialized harvesting equipment will

be required as trees grow larger. The new Although fiber production by maximum

moving harvester-processor may incorporate yield systems can alleviate the major prob-
the helical head chipper developed at the lems, some new problems, unique to this

North Central Station's Forest Engineering young material_must be confronted.

Laboratory.

One of these problems is bark content.

_y all the discussion of moving har- As mentioned earlier we can reduce the de-

vester-processors? If trees can be cut and leterious cellular elements found within

chipped without ever hitting the ground, bark, but total bark content still appears

skidding would be eliminated and hence grit large. Pulp yields and strengths are ad-

picked up during skidding would no longer versely affected by the predominance of
be a problem at the mill. Until such machines thin-walled cells in bark. Bark comprises

are developed, grit problems can be reduced i0 percent of conventional pulpwood from

by cutting and skidding only when the ground many species, but approximately 25 percent
is dry or snow covered, of total aerial portions of very young

material. The latter figure includes bark

on branches and tops as well as on stems

Other adv_tages derived from maximum while conventional pulpwood figures are

fiber yield plantations and harvester-pro- only for stem portions.
cessors include improved logistics of mill

supply and better chip quality. Greater
Bark content can be reduced. As trees

yields in maximum fiber yield plantations

require less land to supply a mill. This become larger, bark contents become propor-
land could be close to the mill and the tionately smaller. Growth models of maxi-

mum fiber yield plantations indicate an

harvester-processors would be able to oper- optimum rotation age of i0 to 15 years, and
ate nearly all year. Then mill yard inven-

with rapid growth, these trees will be rather
_ory can be greatly reduced. When furnish

large, so the bark percentage should be less
is needed, it can be readily cut and quickly than for the small, very young material we
transported. Less mill yard inventory re- have studied. Bark content can also be re-
quires less capital and chips will be of

duced by plant selection. Anatonical studies
higher quality because they have had less

of many clones show bark percentage to be

time to be degraded by pathogens during variable. Low bark percentage has been a

storage, major criterion in our plant selection.

How about problems associated with

bark? Bark is an extremely heterogeneous Plant selection will also be extremely

mixture of many cell types and shapes--much helpful in reducing other problems associated

more complex than wood. Yet most cells in with young, rapidly grown material. Reaction

bark are not extremely detrimental to pulp wood and branch fiber can cause processing
and paper making. T1_e most troublesome problems. The branch content and incidence

cells are commonly called stone cells, a of reaction wood appears to be larger in

small fraction of bark, yet their presence younger trees, and also varies with clones.
has given all bark a bad reputation. Stone Again we will make plant selections that

cells are blamed for plugging paper machine diminish these problems. Cultural practices,
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such as spacing, can also affect branch con- existing equipment. 'Cne compromises neces-

tent with<n a clone and spacings will be sary to handle these mixtures hurt efficiency.

chosen to achieve the best compromise be- When proper equipment and conditions are

tween branch content and yield, available to handle a uniform raw material,

then efficiency should increase.
The major objection to material grown

in maximum fiber yield systems is that the _e greatest attribute of material

wood is juvenile. Juvenile wood character- produced in maximum fiber yield systems is

istically has lower cellulose content and u_iformity. Uniformity is gained by mini-

shorter fibers then mature wood, which re- mizing sources of variation within woody

sults in lower pulp yield and strength, materials: genetics, environment, and
However, in our studies we are seeking clones age
that have anatonical, chemical, and physical

characteristics more like those of mature In maxiraum fiber yield plantations, we

wood. will be planting only a few clones. By def-

inition, all members of a clone are geneti-

Yet juvenile wood cannot be all bad-- cally identical; therefore genetic variation

all trees contain some juvenile wood_ An is eliminated. The plantations will be

eminent forestry researcher made the follow- fertilized to ensure ample nutrients. They

ing analogy in explaining problems with will also be irrigated to provide all the

pulping juvenile wood: you can't cook a water needed day after day, week after week,

steak from an old bull with one from a young and growing season after growing season.

bull and expect both to be cooked to a "T". Through fertilization and irrigation, the
True. But you can cook each individually, environment will be modified to make it more

under conditions proper for each, and expect constant, thereby reducing this source of

both to be better than when cooked together variation. The anatomical, chemical, and

under compromise conditions, physical characteristics of a tree vary

Within the analogy and rebuttal lie the with age. However, the young trees will

problem and solution of pulping juvenile be harvested before large within-tree vari-
wood. Juvenile wood is more "tender" than ations due to age show up. In addition,

mature wood. _en it is cooked under the all trees within a plantation will be the

severe conditions necessary for mature wood, same age.

pulp yield and strength must suffer. Yet In summary, reduced grit and trouble-

when cooked alone, under conditions tailored some bark cells along with great uniform-

for it, the pulp yield and strength from ity make material produced in maximum fiber

juvenile wood should improve, yield systems extremely attractive. Once

specific machinery and operating conditions

In the future we will see pulp lines are established for this uniform material,

and possibly whole plants run solely on maybe the mill employees can then take an
rough, juvenile material. We are now mix- extended coffee break. As the chronic fiber

ing rough wood or juvenile chips with clean shortage becomes more severe, the medicine

chips up to proportions at which acceptable we offer to cure this illness will be very

products can still be manufactured using palatable, and probably habit forming.
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The use of hardwoods by the pulp and

PULP AND PAPER CHARACTERISTICSpaper industry in the Lake States over the

____ past 25 years has increased tremendously;

OF POPULUS HYBRIDS Populus species, primarily quaking aspen
(P. tremuloides) and bigtooth aspen (P.

grandidentata), now constitute about 48

Rona]dD Neuman percent of the total pulpwood production
• (Blyth 1975). The demand for paper and

Assistant Professor board will certainly double, and may triple,

College of Forestry by the year 2000 (USDA Forest Service 1973).

University of Minnesota Serious fiber shortages, however, are

St. Paul, Minnesota predicted to occur as early as 1980. Several
paper mills in the Lake States already are

having problems procuring pulpwood, especially

softwood species. So interest in utilizing
hardwood continues to increase.

Whole-tree utilization is one means of

increasing and extending the available fiber

supply. The harvesting of all aboveground

components--tops and branches--in addition

to the merchantable bole of northern hardwoods

doubles the tonnage obtainable per acre com-

pared with conventional harvesting methods

(Keays 1975). Whole-tree utilization, how-

ever, is but one part of the solution.

Intensively cultured hybrid Populus

species seem ideally suited for growing

the maximum amount of wood fiber per acre

per year in the Lake States (Dawson and
Hutchinson 1972). Planting short rotation

(i0 to 15 years) northern plantations on

harvested forest land and marginal agricul-

tural land not only will help meet future
fiber demands but will also utilize our

natural resources more efficiently.

But will these fibers be suitable for

manufacturing the various pulp and paper

products on the market today? Basic data

on the pulp and paper characteristics of

these young, fast-growing hybrids are needed

so that hybrid species can be selected,

improved genetically, or cultured differ-

ently to produce fiber "engineered" for a

specific end product use.

Intensively cultured Populus hybrids HARVESTING OPERATIONS
show promise as future pulpwood species for

the pulp and paper industry in the Lake Whole-tree chipping of these Populus

States. Harvesting and processing will be plantations appears to be the most efficient

geared to the concept of whole-tree utili- harvesting method. Whole-tree chipping,

zation. Research is underway to evaluate as presently practiced, involves feller
the pulp quality of these hybrid species, butchers, skidders, and mobile chippers.

Populus hybrids will be selected for The development of an off-ground chipping

specific end product uses. Such pulps may method would eliminate much of the sand

have unique properties not available in and grit entering the chip supply. Chip

"naturally" growing hardwoods, screening, including perhaps some partial
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screening in the woods along with additional our young, rapidly grown trees present a

screening and washing operations at the mill, problem? We do not believe so because kraft

would upgrade the quality of chips entering pulp prepared from young (6 year) Populus

the processing system. Further separation species has been reported to be as strong

to remove the foliage would permit the as that from more mature trees (Hunt and

production of valuable byproducts such as Keays 1973b). Furthermore, the strength

muka, an animal-feed vitamin supplement, properties of some short rotation (i0 years)

and chemicals for the pharmaceutical, cos- Populus hybrids appear to be even superior

metic, and food industries (Keays and Barton to those of the mature Populus species found
1975). in our forests (Einspahr et al. 1970). Even

though whole-tree chips may contain bark,

tops, and branch-wood, which reduce the

PROCESSING OPERATIONS strength of pulps (Hunt and Keays 1973a),

it is not unreasonable to expect that some

The young trees of short-rotation Populus hybrids will produce kraft pulps
plantings contain greater percentages of

having competitive (or even superior) strength

bark due to the higher proportion of tops, properties.
branches, and twigs. The bark adheres

strongly to these small-diameter compo-

nents and is difficult to separate from

the wood. In the kraft pulping process PROGRESS TO DATE
it is possible to pulp (cook) the bark

along with the wood in order to utilize The specific objectives of the study

the long-fiber components of the bark. underway in our laboratory are (i) to

However, the presence of the bark, tops, evaluate the potential of the juvenile

and branches (and juvenile wood) leads to wood, both with and without bark, from

reduced pulp yields, higher black liquor intensively cultured hybrid Populus species
solids, and greater consumption of pulping for use in the manufacture of fine papers

chemicals (Wawer 1975). Any decrease in and newsprint by the kraft and refiner-

the pulp yield, however, will be more than mechanical pulping processes, and (2) to

offset by the increased fiber yield gained determine those changes in the processing

from the forest land. Burning the bark, variables necessary for producing acceptable

along with the other wood constituents and fiber products. Unfortunately, the amount

inorganic pulping chemicals in the black of hybrid material available for pulping
liquor, allows some energy recovery from studies is limited. So, mature quaking aspen

this resource. If the pulp is bleached, is being used not only as a control against

slightly lower yields and somewhat greater which to compare the pulp and paper char-

consumption of bleaching chemicals also acteristics of the Populus hybrids but also

are expected (Ringley 1975). Other pulping for perfecting techniques and for preliminary

processes, such as mechanical pulping, may pulping studies.
require bark-chip separation by one of the

many methods under development (Fuller 1974).
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"AGRICULTURAL"POPLARSASA RAW _y definition, "agriculture wood"
can be machine harvested in bulk form

using methods similar to those employed

MATERIAL FOR STRUCTURAL _ today's typical farming° This differs

from the mechanical methods presently

PART ICLEBOARD used to harvest pulpwood either in
natural or plantation stands of timber.

The bulk handling of wood chips, flakes,

Robert L Geimer or fiber is of primary economic importance
" in agriculture-grown wood, and the har-

Ine_hnolog ist vesting machine capabilities well may set

USDA Forest Service the upper limit of the cutting cycle.

Forest Products Laboratory
Madison, Wisconsin

Economical production of particleboard

has traditionally demanded inexpensive wood

as a raw material. In competition with

plywood, the higher resin consumption re-

quired for particleboard has been offset by

cheaper wood and greater manufacuring
automation. The relative economic im-

portance of cheap wood can be appreciated

by reviewing the history of two particle-

board mills here in the Lake States. Both

mills, one in Wisconsin and the other in

Michigan, were originally designed to use

roundwood as a primary source of raw material_

Both plants have revised their operations

to utilize residues from area mills and

now include "whole tree" chipped material
in their product.

The utilization of chips has not been

without problems. Compromises in homo-

geneity of furnish, manufacturing methods,

and final board properties have been made

to take advantage of the cheaper raw material.

Although the use of agriculture-grown wood

for particleboard has several advantages

over wood from natural stands, depending on

the final product manufactured, the issue

governing the use of such wood for particle-
board will be cost.

A specific advantage of agriculture-

The buZk harvesting and handling grown wood over "whole tree" chips is the
methods associated with agriculture- lower percentage of dirt. Initial particle-

grown wood may make this raw material board production cost as well as remanufac-

an economic reality to the reconsti- turing cost is reduced as the silica content
decreases. An additional advantage of agri-

tuted board and fiber industries. Re-

search indicates the technical feasi- culture-grown wood is that its ready avail-

bility of using 5- and 6-year-old ability would permit carrying a lower "in

Populus hybrids in structuraZ particle- yard" inventory.

board. With the exception of internal

bond retention following an accelerated A disadvantage is the high per-

aging treatment, physical properties were cen_age of bark, which normally impairs

acceptable. Limited data suggest tlu_t board physical properties and causes

board properties do respond to changes severe finishin_ problems because of

in anatomical aspects of the raw material, local thickness swelling differentials.
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"Fo be economical the bark should Planting spacing did affect board

be left in the product, so our research properties_ The 9- by 9- and 12- by 12-

was directed towards utilizing the material inch spaced trees were combined and pro-

in a structural board where appearance was duced boards 9 percent stiffer and 14

not of primary concern. The program percent stronger in bending than boards

dovetailed nicely into our current work on made from 24- by 24-inch spaced trees.
producing structural board from forest This comparison was made on the 5261

residue. A method is being developed to "Northwest" material only, but did hold
produce "structural" flake material from true in six different combinations of 4-

chips. This involves using fingerling- and 5-year-old material. The superior

type chips in a ring-type flaker. The properties of the closer-spaced material

outer drum of a ring flaker contains a may be attributed to longer fibers.

series of knives that cut the flakes from Because of the replication limi-

chips, which are forced into the knives tations, it is difficult to accurately

by a center impeller. Fingerling chips, determine the effect of age difference

because of their shape, tend to align on the boards made with 4- and 5-year

themselves with the wood grain parallel material. Bending stiffness increased
to the knives, allowing the production of

an average of 23 percent and strength
long flakes with a minimum of fines.

an average of 14 percent with the 1 yearVs

growth. However, these gains averaged

Several machines have been invented only 7 percent in boards having the fines

or modified to produce fingerlings. Of removed. The analysis is complicated by
specific interest is a helical, screw-type the fact that the 4-year-old material had

shear developed at the North Central Forest 5 percent fines and the 5-year-old had

Experiment Station's Forest Engineering 15 to 20 percent fines. Removing more

Laboratory in Houghton, Michigan. This fines may have increased the wood-to-bark

chipper proved to be ideally suited for ratio, which in turn increased strength.

making fingerlings from 5- and 6-year-old Analysis is further complicated by an

hybrid poplar clones. To gleam the maxi- interaction between plant spacing, removal

mum information from the limited supply of fines, and age.
of material, our research was directed at

making several board types with little Lineal expansion in 50 to 90 percent

replication. So, reliability of the data relative humidity averaged 0.12 percent

is somewhat questionable, while thickness swell was 10.8 percent.
The lineal expansion is well within the

0.25 percent allowed by commercial standard

As mentioned previously, bark generally 236-66 for higher grade, medium density

degrades board properties, especially when exterior (type 2B2) particleboard. Re-

used in quantities in excess of i0 percent, tention of properties following acceler-

Reduction in average fiber length and an ated aging tests was better for the 5-year-

increase in adhesive-consuming fines are old group, averaging 71 percent for modulus

the major contributing factors. Boards of elasticity and I00 percent for modulus

made from 4- to 5-year-old hybrid poplar of rupture based on thickness before test.

clones, however, had very good physical Springback was high and specific gravity

properties. Although this material con- retention averaged 72 percent. Retention

tained 30 percent bark, the fines content of internal bond following accelerated

of the furnish (that portion passing a 1/32- aging was therefore low and is attributed

inch screen) was 5 to 20 percent. The to the high percentage of bark and/or

juvenile bark has longer fibers than ju- juvenile wood. This property, as expected,
venile wood and therefore may contribute responded positively to an increase of

some to the strength of the board, resin content.

With the exception of three boards

made from 5-year-old Tristis 5260, all

Boards made from material from which boards have been made from Populus

the buds and small twigs were removed had Northwest 5261. We are currently testing
only slightly better physical properties boards made from the hybrids, Northwest

than those boards containing all of the 5261, Tristis 5260, Cranden 5339, Populus
aboveground material except leaves. Elim- spp. 5351, and the deltoides clone 5273.

ination of fines (-i/32-inch screen) in- Boards are being made to evaluate dif_er-
i creased bending properties and internal

ences among species in specific gravity,

bond by about 9 percent, bark versus no bark, flake thickness,
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and other factors, including flake align- from agriculture-grown Populusj and

ment pertinent to development of a struc- indicates that board properties are re-
tural board, sponsive to changes in anatomical differ-

ences in the raw material. Use of this

The limited research done so far potential source of fiber for the re-

illustrates the technical feasibility constituted board industry will ultimately
of producing structural particleboard depend on the economic environment.
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i PESTICIDE PRECAUTIONARY STATEMENT
rI

This publication reports research in-

volving pesticides. It does not contain

recommendations for their use, nor does it

imply that the uses discussed here have

been registered. All uses of pesticides

must be registered by appropriate State

and/or Federal agencies before they can be
recommended.

CAUTION: Pesticides can be injurious

to humans, domestic animals, desirable

plants, and fish or other wildlife--if

they are not handled or applied properly.

Use all pesticides selectively and care-

fully. Follow recommended practices for

the disposal of surplus pesticides and

pesticide containers.
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