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FOREWORD

This volume contains papers given and the pertinent discus-
sions at the Symposium on the Effect of Growth Acceleration
on Wood Properties, Nlovember 10-1I, 1971, at Madison, Wis.
The symposium was jointly sponsored by the U.S. Forest
Products Laboratory and the API-TAPPI Liaison Committee to
the Forest Products Laboratory.

The whole question of the effect of growth acceleration has
in the past few years assumed new nationwide significance.
The stimulus for this renewed interest has its roots in our
burgeoning ropulation and their increased demands for wood
products. lhe general public concern about the position of
timber in the total resource picture is gradually focusing
attention on the attribute that makes wood so unique--a
renewable resource in which each succeeding crop can be
better than the one previous. There appears little doubt
that to meet this challenge future forestry practices muwt
concentrate on growth acceleration.

Specifically, the papers present research results dealing
with the effects of growth acceleration--short rotations,
tree improvement practices, irrigation, fertilization, and
other growth stimulants on the wood and pulp properties of
many of the Nation's important commercial woods. From this
base, an attempt was made to develop information to lead
to a proper balance between maximizing fiber yield and
maximizing wood quality.

While the papers as presented by the authors are complete,
the tape-recorded panel discussion and the general question
and answer sessions did require some editing. Every
attempt, however, was made to maintain the essence and
continuity of the questions and answers.

The Interest and support demonstrated by the representatives
from industry, forestry schools, and research laboratories
in the area of growth acceleration was encouraging. It is
hoped this symposium will accentuate and direct the necessary
research to meet the timber demands of the future.

H. E. WAHLGREN
Program Coordinator
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EFFECT OF GROWTH ACCELERATI •N

ON THE PROPERTI ES OF WOOD

Wednesday, November 10

8:00-8:20--Welcome

H. 0. Fleischer, Directcr, Forest Products Laboratory, and
Lyle J. Gordon, Chairman, API-TAPPI Research Liaison
Committe-, and Moderator of Symposium

6:20-8:45--Keynote Address

George H. Sheets, Execitive V.P., The Mead Corporation,
and past cha;rman of API-TAPPI Liaison Committee

8:45-9:25--Fiber Morphology Considerations in raper Properties,
by Richard Horn, USFS, FPL

9:25-10:05--Influence of Fertil;zation on Wood and Pulp
Properties, by K. Siddiqui, W. Gladstone, end R. Marton,
Syracuse University

10:20-10:50--Effect of Irrigation and Fertilization on Wood
Quality of Young Slash Pine, by Diana Smith, H. Wahlgran,
USFS, FPL, and George W. Bengtson, TVA

10:50-11:35--Effects of Fertilization on Stem, Wood Properties,
and Pulping Characteristics of Slash Pine, by
J. W. Gooding, Il, and W. H. Smith, University of Florida

11:35-12:15--Response in Growth and Wood Properties of

American Sycamore to Fertillzation and Thinning, )y
J. R. Saucier and A. F.. 1k, USFS, Athens, Ga.

12:15-1:30--Lunch at the Wisconsin Center

1:30-2:10--Detailed DBH Density Profiles of Several Trees From
Douglas Fir Fertilizer/Thinning Plots, by R. A. Megraw andW. T. Nearn, Weyerhaeuser Company

2:10-2:50--Patterns of Wood Density Distribution and Growth
Rate in Ponderosa Pine, by R. M. Echols, USFS, Berkeley, Calif.
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3:05-3:45-1InflIuence of !rr Igot1 on and Fert i 11zat ion on Growth
anci Wood Properties of Quaking Aspen, by Dean W. Einspahr,

Miles K. Benson, and Marianne L. Harder, Institute of PaperI Chemistry, Appleton, Wis.
3:45-4:25--Effect of Nitrogen Fertilizer on Growth Rate and
Certain Wood Quality Characteristic-- of Saw'og Size Red Oak,
Yellow-Poplar, and White Ash, hl H. L. lMltchell, USFS, FPL

4:25-5:10--Related Aspects of the Morphology of Loblolly Pine
and Papermaki-g, Dy A. C. Barefoot, R. G. Hitchings,
E. H. Wilson, and R. C. Keliisor., North Carolina State
University, Raleigh, N,C.

7:00--B~anq~uel- in the Wisconsini Center

Thursday, Novembe~r 11

8:00-8:35--Volumes, Wood Properties, arv! Fiber Dimensions of
Fast- and Slow-Groon Spruce Pine, b'j F. G. ManwilHer,
USFS, Pineville, La.

8:35-9:05--Wood Properties ot "%.zip LobiolIl- and Slash Pines.,
by Bruce Zobel, R. C. Kellison, Florth Carc~lina St~atce
University, Raleigh, N.C., and D~. G. Kirk, Hamrnrer~mili
Paper Company, Erie, Pa.

9:05-9:35--The Three-Rings-F'er-lnch Denzq Southern Pine-�
Should It Be Deve!-ped?, by Peter Koch, L:SFS, Pin~eville, La.

9:50-10:25--Summ;iry of Symposium, by C. Ostrom, USFS:
Washington, D.C.

10!.25-12:00..-PaneI Discussion, "Ilmpact of Accelerated Growth
to -the Pulp and Papor Maker--Cconcluslons" (panel mrember's,
W. M. !,,aror, Boise Cascade Pepers; W. P. Lawrence,
U.S. ?lywoo(-Champion Papers, H. L. Mitchell, USFS, FPL;
J, ̀  van Buijtenen, Texas Forest Service; H. Zahrer,
ý,iiversi~ry of Michigan; B, Zoluel, North Carolina Ftate
Universit/),

Adjourn

-2-



WELCOME

H. 0. FLEISCHER
Director, FPI

Good morning to all of you who have come to participate in this Symposium on the
Effects of -rowth Acceleration on Wood. One of the nice things at the Forest
Products Laboratory is our good relations with people in the industry, particularly
in thd area that is represented and is going to be discussed here this morning.

We have the good fortune to have the API-TAPPI Liaison Committee meet with us at the
Laboratory once a year to review our research program especially in the area of pulp
and paper. and advise us on the nc3ds and wishes of the industry in the way of
research. A year or more ago this committee began asking whether we could put
together available information on accelerating growth of trees and the effect of
such forestry practices on the properties and the utility of the wood produced.
Naturally the emphasis is on pulp and paper properties but I don't think it is
neces';arily limited to that. We responded to that request and, with the a~d of
the API-TAPPI Committee, the result is the program that will be presented to you
here now.

I now have the privilege of introducing the chairmar of this meeting who also
happens to be chairman of our API-TAPPI Liaison Committee.

Dr. Lyle Gordon is corporate manager of pulping research and development work of the
Scott Paper Company and they Tell me he comnL es tdtween Everett, Wash., and
Philadelphia, Pa., to perform his function. He is president of TAF." at the present
time and is a chemical engineer with a Ph. D. from the University of Washington. We
know from our past dealings with Dr. Gordon that he is eminently qualified to •erve
as discussion leader and chairman of this symposium. And so as I turn this meeting
over to you, Dr. Gordon, I wish all of us success in learning and bringing out at
this meeting the available information cn this subject. We hope to identify the
gaps in our information, the lack of knowledge and, perhaps based on that, to
redirect our research to fill those gaps. Dr. Gordon.
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SYMPOSIUM CHAIRMAN'S REMARKS

LYLE GORDON
Corporate Manager, Pulping R&D,

Scott Paper Company

Thank you very much. I'd like to add to the welcome that has already been given to
you. The wisdom of the committee in selecting this as an important and timel,
subjezt Is brought out by the fact that all of you, tco, have felt thaT this is a
subject worthy of your attention.

It is my real privilege this morning to introduce our keynote speaker. He began
his career with the Mead Corporation in 1941, as a development engineer in the
research department at Chillicothe, Ohio. For the next 12 years, he held various
assignments at Chillicothe including manager of corporation technical service, staff
assistant to the executive vice-president, and assistant to the Chillicothe division
manager. In April of 1962, he was elected vice-president of the Corporation by th.
board of directors and in September of the same year, was elevated to group vice-
president for white papers. When the Mead Corporation adopted the concept of the
presidont's office in 1968, he was elected executive vice-president. He holds a
degree in chemical engineering from Ohio State University and a Ph. D. from the
Institute of Paper Chemistry. lie is the immediate past president of TAPPI and former
chairman of this Liaison Committee. It is a real privilege for me to introduce the
keynote speaker, Dr. George Sh3ets.
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KEYNOTE ADDRESS

by

GEORGE H. SHEETS

Executive Vice President
The Mead Corporation

Dayton, Ohio

While I'm not up to a "keynote address" on the effect of growth acceleration on
wood properties there are some "notes" which seem to me of key significance:

First is a personal note of congratulations to the Forest Products Laboratory and
its scientists and technicians for a record of past accomplishment and excellent
cooperation with industry.

Those of us in the pulp and paper business have long appreciated the type of
fandamental research carried on by this Laboratory. Such research is especially
needed. Too often industry tends to lean toward applied research in its desire
for quick, commercial results. But we need more inputs of basic scientific
knowledge.

Real economic Pnd social progress can come from careful, scientific probes into
relevant questions such as the ones we are considering today. So, I would like to
also -ýomend the API-TAPPI Liaison Committee for bringing together members of the
Lab, universities, industry, their technical people, members of the Department of
Agriculture, and the U.S. Forest Service for this technical overview of a very
basic question.

Anocher note of significance to we is the perspective of our meeting: Why is the
subject of growth acceleration and its effect on wood properties so vital to us in
business, tu you in Government, and to the Natior?

At the heart of the matter, obviously, is our mutual concern to meet the Nation's
future needs for wood. Three factors make this concern critical: A shrinking land
base for growing wood, an increasing population, and a growing demand for wood
products.

We cannot take comfort from reports that we are still growing about as much wood
each year as we consume. That may be good enoLgh for today but not for tomorrow.

The current estimate is that the United States has about 2.5 acres of commercial
forest per capita. Through population growth alone the per capita figure will
drop to 1.9 acres by the year 2000.

But the 1.9-acre figure does not take into account fi-r-her shrinkage of our com-
merical forest land base. I understand from the latest U.S. Forest Service
statistics that this year the land base for our commercial forest has shrunk for
the first time since the Service started making periodic surveys.
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Government figures show that by the year 2000 we will need twice the present
volume of wood products; yet we will also need twice as much land for homes,
schools, factories, and uther urban uses; 8 million more acres of land for
reservoirs; 5 million more acres for wildlife refuges; and 4 million for
transportation.

If we look at market demands--for paper and shelter--the national need for more
wood comes into even clear focus. Presently the per capita consumption of paper
in our country is between 500 and 575 pounds. By the year 2000 the estimate
shoots up to 1,000 pounds per person. Timber requirements, based on housing
projections, vary but the high figure for the year 2100 is about 26 billion cubic
feet--attainable, but only if forestry practices are introduced or improved on
more land.

As I indicated earlier we are not going to have more cormorcial forest land. The
prospect is for less. Clearly, we are at a crossroad! A quick and obvious answer
would be to grow more wood, faster, on the same or shrinking land base! But how
to do that economically and what effect such an acceleration will have on wood
properties is the "meat" of this symposium.

Most of us are aware that with the help of Government agencies represented here,
the forest products industry has had some past success with intensive forest
management. Through genetics, site preparation, and scientific harvesting we've
been able to grow more timber than is harvested on industry-owned lands.

But less than half of the U.S. commercial forest land is well managed. Thirteen
percent of the total is controlled by the forest products industry; 22% by Federal,
and 6% by State Governments. The remaining 59% is privately owned and most of it
is very poorly managed. Much can be done by cducating private owners about forest
management and fertilization.

One of the success stories is the South. In 1935 forest lands in the ly southern
states contained 120 billion cubic feet of wood. In 1970 these same lands con-
tained 141 billion cubic feet--up 21 b~llion in 35 years. During the same period
169 billion cubic feet of wood were harvested from the South's forests.

As for the South's future growth of wood there is a dramatic concept calling for
"A Third Forest" which in the year 2000 will be growing trees on 10 million less
acres but, nevertheless, will have to produce twice as much wood as the 1968
harvest. The South's past success and this future caiallenge dramatizes the
national pressure for accelerated growth.

Unfortunately, in terms of large-scale forest fertilization and growth acceleration
we are really just getting started in the United States. We need more information
and more experience. Compared to the experience of European managers of forest
land we are babes in the woods.

The Swedish Cellulose Company with 5 million acres of forest land was the first
company, to my knowledge, to employ fertilization on a large commercial scale.
Beginning in 1957, it was almost 10 years and thousands of sample plots later
before they had sufficient information to justify large-scale applications of urea
which is now applied on 150,000 acres annually.
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Almost 20 years have passed since a group of landowners began studying forest soils
in the Pacific Northwent. This group of cooperating companies (Northwest Forest
Soils Council) continues to learn mere about inexpensive methods to diagnose
rutrient deficier-.ies in the soil and the growth response to various treatments.
In the Northwest, ab in Sweden, increased growth response of as high as 40% has
been reported.

My own company, through its affiliates, participates in cooperative efforts which
I am sure will be discussed here today or tomorrow:

One is the University of Florida's Cooperative Research in Forest Fertilization
(CRIFF) formed in 1967. This program, I understand, is a combined effort of the
major forest landowners in the lowc- Coastal Plain area of the Southeast. Brunswick
Pulp and Paper participates in this program as well as the Hardwood Research Program
sponsored by the Schcol of Forest Resources of North Carolina State University.

Another program--one in which another affiliate, Georgia Kraft Company, is
associated--is called the North Carolina State Forest Fertilization Cooperative.
Begun a year or two ago, this grotp effort concentrates on soils in the Piedmont
and northern Coastal Plain region of soutbeastera United States. The group has
indicated that the economic feasibility of forest fertilization requires more
investigation and facts about the influence of fertilization on wood properties as
well as dry weight yields, increases in wood volume, and other miscellaneous
factors.

These and a number of other new programs illustrate the awakening in our industry
and in our country of the real need for more research and advances in forest
technology--especially if we are going to grow future wood requirements on a
shrinking land base.

In advancing forest technology we have to consider, for example, how the programs
for tree improvement through genetics can be wedded to efforts toward accelerated
growth. And there are many, many other questions for which we need answers based
on hard data. For example, what is the beat and most economical method of fertil-
ization for the myriad of soil conditions and tree species that exist? And, how
can we increase productivity so that we get not only greater volume but maintain
or enhance valued wood properties?

When growth is accelerated we need to know what happens to the Individaal fiber
structure. Do the fiber walls become thinner or do they become thicker? This is
of great interest to the papermaker. One of the drawbacks of southern pine is its
relatively large content of sutmmerwood fibers, which make it unsuitable for the
manufacture of certain types of papers. Another question--Does growth acceleration
change the chemical makeup of wood? Does it lead to a higher or lower lignin
content, or a higher or lower cellulose content? This is of great economic impor-
tance to the pulp producer. After all--the goal from a pulp maker's view must be
to obtain as high a pulp yield as possible from a given acre of land. Many Iny
more such questions can be posed.

In conclusion, it seems to me we are entering a new era of forest management thac
can have as great an impact on our eco:,omy and nationai well being as the control
of inflation. Certainly when you come to a crossroad mad face a frontier you need
all the information you can obtain. That, to me, is the keynote of this symposium.
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I-
Gordon--Thank you, George. Certainly all of us are aware of many of the factors
that are Involved in the acceleration of growTh with the resulting impact on fiber
and on wood. Many of these things we are doing are competing things. I thi i' many
times, when people say they would like to 'ncrease yield, what they're really saying
is that they would like to increase yield of the best fibers they've had before. So
they mean, "Give us more of these." And certainly as we endeav;or to do this, there
are competing factors. These are not always working in the same direction;
frequently, in ýact they are opposed.
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FIBER MORPHOLOGY CONSIDERATION3 IN PAPER PROPERTIES

by

R. A. HORV

%xtended Abstrant

The influence of fiber morphology on the papermaking characteristics of fibe:s
from 12 western U.S. softwood species is currently being investigated. Fmpnasis
is placed on the effect of pulp fiber morphology rather than the conventiona'.
wood-to-pulp fiber relationships. This information is not being sought so much
for effects within a particular species but rother for the wide range of fibcr
types available from the various wood speacies.

The pulpwood samples were obtained by random selection from growth range- in tie
western United States. Specifications for each species dictated that the bolt
be 5 feet in length, have a diameter of 8 to 12 inches breast height, each 5-foot
bolt be cut from the 5- to 10-foot interval (based on ground level), and that the
wood be free of compression wood. Two samples were collected fo7 each species
from different sites. The bolts were debarked and chipped, during which a
composite sample was prepared for each of the species.

All species were pulped by the kraft process. For comparison purposes each species
was cooked to a kappa range of 30 to 33. No serious problems were encountered
replicating individual cooks to the desired kappa numbers.

Morphological measurements of pulp fiber and cer.tain physical properties of pulp
handsheets were made on all species (table 1). Morphological measurements on the
pulp fibers included fiber length, fiber coarsenesr, number of fibers per gram,
cell wall thickness, fibril angle, and cross-sectional area. All handsheets were
prepared according to TAPPI standard procedures.

The foJlowing results and discussion constitutei3 only the preliminary analysis
of the data and concerns only unbeaten pulp fibers.

It is generally accepted by many that fiber length is closely correlated with pulp
strength properties, especially tear. However, in this study no relationship was
observed between fiber length, per se, and any ineasured sheet property.

Fibril angle did not have any observable influence on sheet strength properties.
There was, however, a correlation between fibril angle and stretch of the pulp
she ts (fig. 1). This observation supports the contention that the fiber's
intzrnal structure has an influence on the extensibility of paper. Some attribute
stretch in paper to a movement between fibers. However, it is evident that the
fiber does contribute, depending on fibrillar angle, to the extensibility of paper.

1-Forest products technologist, Forest Products Laboratory, Forert Service,
U.S. Department of Agriculture.
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It is clear from this study that wood density is an important factor. ln these
softwood species, with the exception of tearing strength, pulp quality (modulus
of elasticity, burst, tensile) was adversely affected beyond a wood density of
0.450 gram per cubic centimeter. Admittedly, there were only two species with
greater density values, but the decrease in strength qualities was marked (table 1).
As previously shown by others, cJl wall thickness of the pulp fiber was related
to original wood density (fig. 2). Also, it was found that cell wall thickness
correlated with number of fibers per gram of pulp (fig. 3).

The combined effects of cell wall thickness and fiber length on pulp quality can
be seen in figures 4, 5, and 6. Most commonly the ratio of length to fiber
diameter is used as a guide to pulp quality. However, we suggest a more meaningful
correlation would appear to be the ratio of pulp fiber length to cell wall thickness
(L/T). This ratio would seem to provide an index to the "flexibility" of the fibers
involved. Though other factors may be involved, in particular the chemical compo-
sition of the fiber, there is evidence to suggest that the L/T ratio of pulp fibers
has a considerable influence on the papermaking characteristics of fibers. That
is, a high L/T gives high tensile strength and modulus of elasticity. Notwith-
standing the effect that beating and other process variables have on promoting
sheet strength, it appears that the tensile strength of paper is greatly affected
by the original fiber characteristics.

This is clearly shown in figures 7 and 8. These graphs show that strength was
increased by beating, but the shape and the relativ,-, position of the species on
the curve was the same as that of the unbeaten fiber. This in effect says that
woodpulp fiber with desirable morphological characteristics will give good strength
properties in paper regardless of conversion variables.

•he observations that cell wall thickness correlates closely with number of fibers
par gram (fiber weight), and that L/T has a considerable influence on sheet
strength properties, suggested that sheet strength should be greatly dependent
upon the number of fibers per unit volume of sheet. Figure 7 shows that this is
indeed the case. The effect that original wood density has on thB number of fibers
per unit "volume of a pulp sheet is clearly shown in figure 8. Therefore, it too
must be considered as an important morpholo3ical factor influencing pulp quality.

Further analysis of data obtained in this stuey is expected to better our
understanding of the fiber morphology-pulp sieet relationships.

Literature References

(1) Britt, K. W.
1966. FIBER COARSENESS IN WOOD. Tappi 49(5): 202-206.

(2) Horn, R. A.
1970. RAPIJ 1)ETERMINATION OF THE NUMBER OF FIBERS PER GRAM OF PULP. Tappi

53(11); 2120-2122.

(3) Page, D. H.
1969. A METHOD FOR DETERMININ4G FIBRIL ANGLE IN WOOD TRACHEIDS. J. of

Microscopy 90: 137-143.
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Figure 1.--Stretch-fibril angle relationship of handsheets
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12 western U.S. softwood species.
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Figure 4.--Influence of L/T ratio on bursting strength
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Gordon--The first question is, does the L/T ra'lo c.N-nge as the fiber is bealen?

Horn--I can't say positively because we haven'- looKed into the data for the beaten
pulp that extensively. We are now doing so. But it did show the same relationship
for bursting and tensile strength for the pulps beaten to 500 Canadian Standard
Freeness.

Gordon--As a part of that question, what method did you use for beating to the

500 Canadian Standard Freeness?

Horn--Valley beater was used.

Gordon [paraphrasing audience question]--Would you define basic wood density 'or
is, please?

Horn--Basic wood density as I use it is based on weight of wood, ovendry and green
vo-l ume.

Ques1ion--How did you measure fibril angle? Do yout consider this a composite of
the cell wall or the secondary wall only?

Horn--We used the method developed by D. H. Page. It emplois vertical polarized
illumination and is a very easy method to use. Because 8NV to 95% of the cel! wall
matorial is contained within the middle secondary layer (S 2), for practical purposes
the method gives an average f!bril angle for this layer.

Question--Wlth regard to the validity or variation of the L/T ratio within a

species, are you considering various ages within a .pecies?

Horn--No. We're interested in trying to get a handle on fiber morphology and what
morphological factors most influence papea properties. At this point we feel more
practical Information can be obtained for differences between species rather than

for one species.

Question--What did you use to deternine the age of the trees that would be examined

or wood that would be examined?

Horn--This was strictly on a random selection basis; there was no predetermination
of age class at all. As I stated, the requirements were that it b3 randomly
selected, the bolt be 5 feet in length, have a diameter of 8 to 12 inches breast
height, be cut from the 5 to 10 foot interval, and that it'be Iree of comnression
wood.

Lowery, Forest Stvrvice--Wnat was the difference between sites? Any selection basis
or lust a random seletion?

Horn--Jijst a random selection.



' iea--It could be then from the same or similar sites, Is that right?

Horn-Could be.

Kellogg, Canadian FPL--The relationship that you have shown in the number of fibers
per gram and strength properties supports the idea of the importance of fiber
coarseness. It seems to me that the relationship of strength properties to the L/T
ratio seems to deny that. !f the thickness is the same for a given iength and the
fiameter of the fiber changes, the coarseness Is going to change. An. yet you have
,ery little variability in strength. On the other hand, you showed a good relation-
t;hlp between numbar of fibers per cubic centimeter per sheet. It seems to me that
would be closely related to coarseness of the fiber. I can't put the two together.

Horn--You're right !n that :)arseness is important an' that coarseness will change
depending upon thickness and diamrter. Howaver, I feel tnat L/T is a better
Indicator for assessing strength qualities because it takes into account the change
in fiber length as well as thickness. As to showing little variability in strength,
I don't think this is so if ou look ;r the figures. I can't arswer positively but,
I think if L/T were plotted against number of fibers per unit volume, a relationship
would exist. In effect, a high mass of fiberous material per unit volume dictates
that the fiber be thin walled and low in coarseness. Thecefujre, I think that L/T
and coarseness would show some sort of relationship. However, the variation in
strength of the pulps cannot be accounted for by coarseness per se. It's my feeling

that the length to thickness ratio more fully incorporates the Important fiber
properties In regard to paper strongth. This can be shown by ranking the species
according to all strength properties and comparing this with their ranking In
respect to L/T.

Nichols, Institute of Paper Chemistry--In the case of softwoods, could -ou use the
extractive-free wood density as an alternative to wall thickness?

Horn--I donli know that I have enough experience in that to answer that question.
I'm-sure that there are possibly others here that could.

Gordon--Speaking specifically to this question, relative to the extraction of the
wood and getting the extractive-free density and comparing that with cell wall.
Anyone here want to comment on that?

?????--For most of the species on this table, it doesn't make that much difference.
The only one that this really gets Into a problem with is southern pine and that
isn't included. Our experience is that extractive-free density versus the unextracted
density Is of so little consequence that the same relationships hold.

Setterholm, FPL--Of the three criteria you've talked about for assessing pulp
quality--number of fibers per gram, wood density, ar' L/T--how would you rank
these as to their value in assessing pulp quality?

Horn--Certainly L/T would be the best indicalor. Density can be used as a general
indicator, but the other two are much more specific toward indicating pulp quality
in regard to strength.
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van BulJtenen, Texas Forest Service--How can you tell what is Important and what's
not Important and what are the alternative approaches for determining this
experimentally?

Gordon--I dare say each of us may have been faced with that a time or two ir our
lives and perhaps as recently as yesterday. Unfortunately for Horn, he is here.

Horn--I don't really know how to answer that question. Perhaps part of it is the
f-37ing you develop as you work with a thing for a while about what is important and
what Is not. You check and recheck the data and the results. If something is
related you have a feeling that you know why there Is a relatiorship. Length to
thickness ratio to me only makes sense. This is important from the standpoint of
conformability characteristics of pulp fibers which reflects then the fiber bonding
capacities of such pulp fibers. I realize that this is a very poor answer to the
question.

Sheets--I'd like to comment from a practical papermaking point of view. This L/T
is quite important, especially in the manufacture of thin papers; if you have twice
as many fibers per area, you don't have as many pinholes. By the same loken if
you're making P sheet of raw stock and you have a lot of summerwood fiber this
causes an uneven surface and you get little pits which are very difficult to cover
up in the coating operation. So these factors are extremely i,'portant from a
practical papermaking point of view.

Gordon [paraphrasing]--Have you done any work on hardwood fibers?
Horn--Not yet, but we intend to.
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INFLUENCE OF FERTILIZATION ON WOOD AND PULP PROPERTIES OF DOUGLAS-FIR

by

KHALID M. SIDDIQUI-1

WILLIA4 T. GLADSTONE-

RENATA MARTON-'

Abstract

Fertilization of Douglas-fir with urea resulted in a 74% increase in volume growth
accompanied by a 10% decrease in wood specific gravity. The impact of this
decrease on weight-based productivity, however, was halved by a substantial
increase in pulp yield per unit weight of wood, The increased pulp yield from
fertilized wood is attributed to a decrease in extractives and an increase in the
proportion of S2 wall layer in earlywood tracheids. A small decrease in percent

latewood and a reduction of wall thickness in latewood are probably responsible
for the lower specific gravity of fertilized wood.

Introduction

Increasing interest in artificial fertilization as a silvicultural tool to
increase forest productivit/ has awakened a parallel interest in the properties
of wood produced under fertilizer regimes. In recent yeazs, the standard measure-
ments of height, diameter, and volume growth responses have often been supplemented
with an examination of simple-to-measure but otherwise complex wood and fiber
characteristics, inc)uding specific gravit', percent latewood, and fiber length.
Hany early reports indicated a reduction in percent latewood and specific gravity
following moderate to heavy fertilization (Erickson and Lambert, 1958; Zobel
et al., 1961; Posey, 1964), though these properties are not always altered by
fertilization (Tamm et al., 1960).

The appraisal of many apparent Inconsistencies led Klem (1968), in an excellent
review of fertilization and wood quality, to conclude that the results of a fer-
tilization treatment on wood characteristics to a great extent depend upon the
condition of the tree before treatment. When variation in species response, in
fertilization treatment, in sampling procedures, and many other factors are super-
imposed on preconditioning, it is obvious that a variety of responses will be
detected. Generalizations will be difficult end much specific information will
be necessary for successful applications of the fertilizer tool.

l-Silviculturist, Pakistan Forest Institute, Peshawar, West Pakistan. Currently
Graduate Student, S.U.N.Y. College of Forestry, Syracuse, N.Y.

2
-:-Assistant Professor of SilvicUlture, S.U.N.Y. College of Forestry, Syracuse, N.*.
3
-rprofessor, Pulp and Paper Research, S.U.N.Y. College of Forestry, Syracuse, N.Y.
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A few detailed analyses of fertilized wood as a raw material have included ctemical
and pulping characteristics. Erickson and Lambart (1958) reported a tendenc3 for
extractives to increase and holocellulose to decrease vwi:h fertilization of
Douglas-fir. Both trends would reduce pulp yield. Zo,.' et al. ('961) ioun,' a I
similar decline in loblolly pine holocellulose attriautable to fertilization.
Pulp yields in the studies of Jensen et al. (197) and Haner (1967) were unaffected
by the fertilization of pine and spruce. Pulp quality in tie latter study alone
reclected changes due to fer.ilization, the -'st and tensile factors increasingand the tear factor decreasing under trc cm t.

The effects of urea fertilizotion on the growth and the pulping properties uf
Douglas-fir wood are reported in the ba. ance of this paper.

Experimental

Sample History

The wood samples for this study were supplied by Crown Zellerbach C!rpo.'ation from
a naturally regenerated study of Douglas-fiz in western Washington. In December
of 1969, four dominant or codominant trees were selected from within (fertilized)
and four from just outside (controls) a study plot which had been treated with
400 pounds per acre of nitrogen in the form of urea in April 1963. The treec
ranged in age from 45 to 52 years at the tine of felling. A sample bolt which
retained 31 growth increments from pith to cambium was cut from each tree.

Pulping

The outer Faven growth rings, formed after fertilization, were separated from the
sample bolts and chipped by hand for kraft pulping. Two 50-gram chip charges, one
each from a fertilized and a control tree, were pulped simultaneously in a single
microdigester under the followiTg conditions:

Active alkali 21.5% as Na2 0, ovendry wood basis

Sulfidity 25.0% of active alkali
Maximum temperature 1730 C.
Timc to maximum temperature 60 min.
Time at maxim=m temperature 90 min.

Four such cooks pro.ductd four fertilizee-unfertilized pulp Lairs. Landpheets were
prepared and tested according to TAPri Standard Methods T205m-58 and T236m-60,
respectively. A series of cooks utilizing chips which represented the untire cross

section of each sample bolt was included to supplemenit the -. eld data.
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Wood and Traeheid Properties

The examination of wood and tracheid properties was restricted to the outer seven
ring increment of each tree. Wood specific gravity was meaeured on appropriate
radial wedges uoing the maximum moisture content method (Smith, 1954). Percent
latevood was estiv.4.ted by examining transverse sections nt 30X lt*gnification and
represents a linear prey "-tion as measured across a 7-year increment. Alcohol-
benezene extractives ,-•r run on with!.n-tree composites of earlywood and of
latewood after radial wedges had beei. segregated into these components and milled.

The earlywood and latewood fractions of the fourth annual ring from the cambium
were studied in detail in an effort to further define the character of tLe
fertilized and unfertilized woods. The number of cells i. radial file ii ean%'i
component was obtained from the transverse sections prepared for percent lattwood
estimation. Tracheid width and length were measured on macerated material, the
former by microprojection at 2OX and the latter at 400X using a microscope fitted
with a split-image eyepiece.

Small blocks of wood representa ive of the fourth ring were embedded in epoxy
resin for ultrathin sectioning (Luft, 1961). Polymerized blocks were ser.tioned

transve.'sely at 800 to 1,200 X and the sections mounted on 100 mesh, carbon-coated,
coprer grids. The embedding material was then removed from the sections (Mayor
et 3l., 1961) and the sections were shadowed with germanium. Photographic images
produced by an RCA EMU-3 electron microscope were enlarged three to four times and
traced on paper. The widths and proportional areas of the cell wall components,
i.e. compound middle lamella, S1 layer, S2 layer, and S3 layer, were then measured

from the tracings. Exampleb )f photographs from which these measurements were
developed are presented in figure 1.

Results and Discussion

Growth Response

Growth data obtained from stem analyses of the sample fertilized and control trees
are summarized in table 1. The ratio of tL.4 average volume growth during the
7 years after fertilization to that of the 7 years prior to fertilization was cal-
culated to be 1,59 for the fertilized trees while the corresponding ratio for
control trees was 1.02 Fiel" mensurational data collected 6 years after fertili-
zation (1968) established that the trees on fertilized plots exceeded those on
control plots In voltme growth b-, 74% during those 6 years. The aample trees
included in this analysis thus exhibit a conservative and, on examination of tn.
growth ratios in table 1, a consittent response to the fertilization treatment.

Significant diameter growth responses are indicated in figure 2, which presents
diameter growth data in the form of a finite diffsrence curve (Kawana et a!., 1969).
It is apparent from. this curve that the response to fertilitation continued for
several years after the application.
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1
Table 1.-Growth data from sample tree-

Tree : DBH : Age : Height :Periodic volume growth:Growth 1962-69
:--:Growth 1955-62

: 1955-62 . 1962-69:
Sl, :Yr. Ft. : Cu. ft. Cu. ft.

Control 1 : 9.2 : 45 : 72.6 : 2.69 : 2.37 • 0.881
Control 2 : 9.8 : 46 : 72.9 : 3.37 : 3.83 : 1.136
Control 3 : 12.7 : 46 : 82.4 : 5.19 : 4.10 : .789
Control 4 : 14.2 ; 45 : 88.4 : 10.01 : 11.47 : 1.145

Mean ....... : 11.7 : 46 : 79.1 : 5.33 : 5.44 : 1.02

Fertilized I : 13.4 : 48 : 91.0 : 6.35 : 9.64 : 1.518
Fertilized 2 : 10.0 : 50 : 78.2 : 3.39 : 6.39 : 1.884
FertidiUed 3 % 13.0 : 52 : 91.8 : 6.44 : 9.96 : 1.546
Fertilized 4 : 9.5 : 46. : FO.9 : 3.28 : 5.08 : 1.548

Mean ....... : 11.5 : 49 : 85.5 : 4.87 : 7.76 : 1.59

-Stem analysis data supplied by Crown Zellerbach Corporation, Camas, Wash.

C-4



Figure l.--Tracheid walls in transverse section, (a) latewood and
(b) earlywood, showing compound middle lamella (CPM.), S1, S2,

and S3 layers of secondary wall, and helical thickening (HT).
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Figure 2.--Finite difference curve illustrating the mean response
in diameter growth of the sample trees to fertilization.
Rejection limits at the 0.05 probability level, calculated from

cumulative diameter growth data of untreated trees, define the
statistical limits for the determination of significant responses
of fertilized trees in any year. Fhe cumula.tive diameter growth
of the outer 12 annual rings only is considered.
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Physical ,Characteris tics of the Wood

The mean specific gravity of the outer 7-year increment of wood from fertilized
trees (0.424) was approximately 10 lower than that of the control trees (0.466).
Using these specific gravity values, the stated plot volume ircrease of 74% is
diminished to 672 when productivity is calculated on a weight Dasis. This is still
an impressive result.

742 volume increase X - - 672 weight increase0.466

Comparisons of the number of cells in radial file within the earlywood and latewood
of the fourth ring from the cambium are listed in table 2. In this particular
ring, at the midpoint of the 7-year treatment, a substantial increase in the number
of earlywood cells as a result of fertilization is indicated, while a corresponding
increase in the number of latewood cell7 is slight. While these values are quite
consistent with the observed decrease in specific gravity, the percentage of late-
wood determined by radial linear measurement across all seven annual rings dropped
only slightly from a mean of 332 in the controls to a mean of 31.5Z in "fertilized"
wood. The observed decreases in specific gravity and percent latewood are consist-
ent with the findings of other investigations (Williams and Hamilton, 1961; Zobel
et al., 1961; Posey, 1964).

Pulp Yield and Pulp Quality

Yield data from table 3 demonstrate that the wood produced by the fertilized trees
consistently yielded more pulp than wood from control trees, the mean yield
difference being 2.32 on an ovendry, unextracted basis. A simple "t" test
confirmed that the fertilized and control yield populations are significancly
different at the 52 probability level. Calculated on a pulp basis, this mean
yield difference is approximately 4.5%. Admittedly, the kappa numbers of the
"fertilized" pulps are slightly higher than those if the "unfertilized" pulps,
consequently a slightly lower mean difference is probably more realistic.

The weight productivity figure calculated in the previous section can now be
adjusted as follows:

67% weight increase X - - 70% weight increase
45.9

Thus half of the loss in productivity whict might be attributed to the lower
specific gravity of fertilized wood has been recovered by properly accounting
for a substantial gain in pulp yield per unit weight of wood. Further substanti-
ation of this yield difference was obtained by pulping chips prepared from entire
cross sections of the sample trees, each section including 31 annual rings. Even
with the diluting effect of 24 untreated increments, the pulp yield from
fertilized wood averaged 47.1% or 1.2% higher than the yield from control wood.
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Table 2.--Pbysical characteristics of the wood
subjected to pulping

Tree : Wood :Latewood:Number of cells in radial file-
:specific:percent :
:gravity : : Earlywood : Latewood

Control 1 : 0.510 : 38 : 10 : 16
Control 2 : .456 : 26 : 25 30
Control 3 : .382 : 24 : 16 16
Control4 : .515 : 44 : 42 : 58

Mean ....... : .466 : 33 : 23 : 30

Fertilized 1 : 0.452 : 33 : 28 : 33
Fertilized 2 : .452 : 34 : 44 : 41
Fertilized 3 : .370 : 35 : 25 : 23
Fertilized 4 : .421 : 24 : 47 : 33

Mean ....... : .424 : 32 : 36 33

4*easured only on the fourth annual ring from the cambium.

Table 3.--Pulp yield data

Tree pair- : Pulp yield Pulp kappa number
:(Pct. O.D. unextracted wood basis): (100 ml. kappa)
: ------------------- :--------------------------------

:Fertilized:Unfertilized:F minus U :F minus U:Fertilized:Unfertilized

1 : 51.1 : 47.3 : 3.8 : 0.2 : 25.6 : 25.4

2 : 47.8 : 45.5 : 2.3 : 1.1 : 25.3 : 24.2

3 : 46.8 : 44.6 : 2.2 : 1.9 : 31.3 : 29.4

4 : 47.2 : 46.1 : 1.1 : 3.1 : 32.2 : 29.1

Mean.....: 48.2 : 45.9 : 2.35 : 1.6 : 28.6 : 27.0

1-Each pair of cooks, as tabulated, was digested simultaneously in a single
microdigester.
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Part of the yield difference can be attributed to a lower alcohol-benzene extrac-
tive content in the fertilized wood. Average values for this property listed in
table 4 show this trend which is similar to a negative correlatioi between
extractive content and extremely accelerated growth rate found by Klem (1968).
Growth increases of approximately 50%, however, have been reported by the same
author to have little effect on extractive content in spruce and p:.ne while
Erickson and Lambert (1958) recorded increases in extractives with moderate growth
increases in Douglas-fir.

Since latewood comprises approximately 33% of the wood by volume in this study,
its proportion by weight must exceed 50%. The differences in extractives, then,
between fertilized and control wood, probably do not account for more than 0.8%
of the observed pulp yield difference, leaving about 1.5% to be identified.

In comparing the strength properties of pulps from the two wood types (table 5),
it is apparent that the considerable change in specific gravity brought about by
fertilization did not adversely affect pulp quality. Mean values of sheet density,
burst factor, and tear factor for the fertilized and control pulps are nearly
identical. Breaking length is slightly higher in the fertilized pulps.

In assessing the collective pulp yield and quality data, two factors which seemed
to conflict were:

(a) With coniferous pulps, one generally expects an increase in sheet density,
burst factor, and breaking length and a decrease in tear factor to accompany a
decrease in wood specific gravity, at least if an increase in the proportion of
earlywood is responsible for that decrease in specific gravity.

(b) Data are accuaulating which indicate that in certain pine species, a within-
tree increase in the proportion of earlywood will result in a loss of pulp yield,
even when calculated on an ovendry, wood weight basis (Gladstone et al., 1970).

In general, the results of this study fit the conditions of (a) with allowance for
the relatively small decrease in earlywood percentage which was observed and,
perhaps, for the stability of the tear factor. A substantial increase in pulp
yield coincident with a decrease in specific gravity and an increase in the propor-
tion of earlywood, however, does not meet the conditions of (b). Both circuustances
suggested that an increase in the proportion of the S2 wall layer in earlywood

cells which were found under the fertilizer regime may have contributed to this
anomaly.

Measurements of wall component thicknesses and estimates of the relative proportions
of important wall layers tend to support this resolution of the problem. The
values in table 6 represent four-tree means for each property, the wood sample
within each tree being restricted to the fourth ring from the cambium. It is sig-
nificant that the compound middle lamella thickness of both earlywood and latewood
and the secondary wall thickness of latewood all apparently decreased upon
fertilization while the secondary wall thickness of earlywood alone increased. As
a result, the proportion of secondary wall area relative to total cross section
reflects a substantial increase in the earlywood control-to-fertilized comparison
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Table 4.-Alcohol-benzene extractives content of the wooJ
subjected to pulping

Treatment Extractive content'--

Earlywood : Latr.wood

Pct. Pct.

Fertilized 3.14 2.78

Control 4.13 3.28

L4ach entry represents the mcan alcohol-benzene
extraction content of wood components from 4 trees.
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Table 6.-Tracheid and tracheid wall characteristics as measured

within the fourth ring from the cambiu3l

Fertilized Control

Earlywood : Latewood E.,rlywood : Latewood

Fiber length ............... mm.: 3.8 : 4.0 : 3.5 : 4.0

Fiber width .................. v: 53 : 29 : 55 : 31

CL2-thickness ............... i: 0.40 : 0.73 : 0.62 : 0.87

Secondary wall thickness ...... i: 2.95 : 8.80 : 2.50 : 9.44

"Total" wall thickness ....... p: 3.35 : 9.53 ; 3.12 : 10.31

Secondary wail area ....... pct.: 94 : 96 : 89 : 94

S2 layer aea.............pct.: 79 89 : 70 : 88

Each entry represents a 4-tree mean value.

2Compound middle lamella.
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' i while the same comparison in latewood shows a much smaller difference. The

contrast between these same comparisons when the proportion of S2 wall area

relative to total cross section is considered is even more evident. The propor-
ticn of S2 is nearly constant in latewood, but in earlywood it has in#reased some
13%.

The high-cellulose content of the 32 layer in coniferous tracheids is well

documented, hence an increase in the proportion of this component should result
in increased pulp yield. Though the mean secondary wall thickness of latewood
decreased under fertilization, the associated compound middle lamella did likewise,
resulting in a thinner "total wall" but also in a wall with nearly the same pro-
portion of the all important S2 layer. The relative constancy of gross fiber

width and length suggests that the fertilization-induced decrease in the "total
wall" thickness of latewood could be responsible for the general decrease in wood
specific gravity attributable to fertilization. Thus one can start to feel more
comfortable about the concurrence of:

(a) A decreaze in specific gravity, control to fertilization.

(b) A relatively small decrease in percent latewood, control to fertilization.

(c) A substanial increase in pulp yield, control to fertilization.

The detailed examination of the fourth ring from the cambium in each tree supports
the hypothesis that much of the observed increase in pulp yield is a result of an
increase in the proportion of S2 layer in earlywood tracheids. Furthermore,

fertilization tended to make earlywood and latewood more alike, thinning the walls
of latewood tracheids and thickening those of earlywood tracheids. Increasing the
uniformity of fiber furnish in such a fashion is desirable for most papermaking
applications.

Sumnary

The apparent, major effects of fertilization on the Douglas-fir trees and wood
examined can be summarized as follows:

(a) An increase in wood volume productivity, a favorable circumstance.

(b) A decrease in wood specific gravity, usually favorable with respect to most
pulp strength properties, but detrimental to pulp yield per unit volume of wood.

(c) An increase in pulp yield per unit weight of wood, a favorable circumstance.

The last effect, yield per unit weight of wood, merits special consideration.
Wangaard (1958) cites evidence which indicates that, for a chemical process well
adapted to the pulping of a particular species, the variation in yield per unit
weight of wood which is attributable to the chemical composition of that wood is
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slight and seldza exceeds 3Z. It should be pointed out, however, that many
conventional. pulping processes produce about 50 pounds of pulp for every 100 pounds
of dry wood introduced. An increase of 3% in pulp yield per unit weight of wood
(calculated on a wood basis) is thus equivalent to a 6% increase in pulp yield
calculated on a pulp basis.

An example of kraft pulpmill costs which would be directly affected by changes in
pulp yield per unit weight of wood at constant specific gravity is presented in
table 7. These figures represent reasonable estimates of operating costs only and
are appropriate for a bleachable grade of screened kraft pulp (pine) in slush form.
Whether considered as extra pulp produced at no cost or as a reduction in cost
per ton applicable to the entire mill output, a 1% increase in yield per unit
weight of wood can justify considerable effort to realize it. It is becoming
apparent that significant amounts of genetic and environmental variability in
weight-based pulp yield do exist and activities by which this propert; can be
controlled should be developed.

Table 7.-An example of kraft pulpmill costs which would
be directly affe.cted by changes in pulp yield

per unit weight of wood-

Approximate Cost per Pulp Ton

A. Stock Cost

1.6 cords per ton at $19
per delivered cord $30.00

Wood handling 2.50
Pulping chemicals 3.00

Total stock cost $35.50

B. Conversion Costs

Labor 2.50
Maintenance and supplies 4.00
Power, steam, water 3.00

Total conversion cost 9.50

C. Total Pulpmil'. Operating Cost $45.00

At 500 tons per day, total pulpmill operating cost - $22,500.
Ea:h 1% increase in yield, pulp basis - $225 per day.
Each 1% increase yield per unit weight of wood - $450 per day.

1-These figures represent operating costs only and are appropriate

for a bleachable grade of screned kraft pulp. in slush form.
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Tarkow, FPL--What about the pcrmanence of the urea treatment over a 7-year

Sidd[qui--We don't have any information about whether the nutrient status of urea
has chanyed over the years. We suspect that the response Indicates that the
nutrients are available to the trees even after 7 years.

Strand, Crown Zellerbach--In general, the response peaked in 2 years and then trailed
off. We're pre-.-ty certain that we got most of our effect by uptake In the crown and
redistribution in the crown after the initial application. Four hundred pounds isn't
obviously our standard rate, but the people at Syracuse wanted some of our best
samples, so we went there for them.

Gordon--On th9 variation in iignin content that was shown in the slides, were the
measurements made after extraction?

Siddigul--Yes, we extra,-ted the wood and these measurements are based on extractive-
free ovendry wood weight.

Gordon--Was percent summerwood about the same for both?

Siddlqul--Yes, It Is a difference of about 2%, i think. There is a slight reduction
-n' t'rhah`eid diameter, too, a micron or two. Another thing to remember here is that
he way summerwood is measured Is not actually indicative. One can put an arbitrary

boundary between the two. The number of cells, I think, Is a better Indication of
the distribution of the cells within the growth ring.

Gordon--Under ',ne same cooking conditions, did the charges always arrive at the same
kappa numbers?

Siddigul.-We took a pair of chip charges, each 50 grams; one was from fertilized
trees and the other was from control. We cooked these two charges together, of
course in a separate mesh, in a single microdigester under the same conditions. So
we had four pairs of pulp, one from fertilized and another from control, and both
pairs were pulped under the same conditions. Yield differences are consistent. We
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didn't have enough wood to cook the wood for constant kappa number. The kappa
number in the case of fertilized trees was slightly higher, 28.6 compared to
27 for the control. And we think that this slight difference in kappa number
doesn't have much effact on pulp yield differences from what we observed.

Gordon--What about speculating on the differences of yield, in view of what was
shown relative to the lignin contents and the holocellulose?

Siddigul--We think the increased yield in case of fertilized trees is due to a
higher content of secondary wall, `r. the earlywood. As I showed, the increase In
the relative area of secondary wal! in case of fertilized trees is 13% more than
controlled trees. That is quite a high increase.

Gordon--Are there stitistical differences in the results obtained?

Siddisui--The differ.,nces be-reen controlled and fertilized trees were significant
at the 5% level.

Bengtson, TVA--I think it is generally recognized that the response to nitrogen
fertilization in conifers generally is bell shaped in regard to time. Were
Individual rings analyzed to actually show whether or not such wood exists or did
exist n this study?

Siddlqui--For this fiber wall characteristic we didn't examine all the increments,
only one Increment In each tree--the fourth year from the date of fertilization.

Gordon [summarizing]--There remains the question is to the advisability, if I may
put t that way, of using the extractive-free wood ,'ensity for this type of
correlation.

Siddlgui--The wood specific gravity data which I presented here is not based on
extractive-free wood. That Is unextracted wood. The figures I gave for extractive
content attempt to show that some yield differences would be due to more extractive
content in fertilized trees.

Question--How did you separate secondary wall pulp from any other wall pulp?

Siddiqui--In Douglas-fir, the S3 layer is quite obviously due to presence of

thickening, especially in the earlywood. There vas quite a good bonding between
SI and S2 especially. Because the fiber stem grew here at that layer also, I could

distinguish between the SI and S2 on the one hand and S3 and S2 on the other hand.

?????--You're just referring to the S2 relative to S3 and SI?

Siddiqui--Yes.

Gordon--Between the trees that had been fertilized and those that hadntt, did you
notice any difference in that shearing between that fiber wall?

Siddiqul--No, and it appeared the same In both.
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Gordon--What about additional information relative to the soil conditions that
existed, was this area especially nitrogen leficient? What were the conditions?

Slddigui--A paper coming later en will explain more about the soil conditions. We
have limited Information about the area we got wood samples from, so I can't say
much about the soil conditions.

Gladstone, Syracuse--It is an area where we have a very fine nitrogen response in
general. I don't think you'd characterize it as a very poor site or an unusual
area.

Gordon--We hava a question about selection of the fourth ring since that it has
been pointed out that the key growth was within the second year.

Siddigul--For one thing it was in the center of that particular growth period we
were looking into and growth tends toward maximum at that portion in the case of
fertilized trees.

Wellwood, University of British Columbia--Were the fertilized trees selected because
they showed a decrease in specific gravity? We have found Douglas-fir with increased
specific gravity with fertilization, with 200 pounds of nitrogen.

Siddlqui--We got wood samples from eight trees, four fertilized and four control, and
we didn't make any selection among them. We made up the wood specific gravity on
all eight of them and compared the wood specific gravity of fertilized with control.

Strand, Crown Zellerbach--The request was for the best we could find in terms of
growth rate. We made no selection based on specific gravity.
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EFFECT OF IRRIGATION AND FERTILIZATION

ON WOOD QUALITY OF YOUNG SLASH PINE

by

1
DIANA SMITH-1

HAROLD WALGR*

GEORGE W. BENGTSOJ2

Because of an anticipated shortage of timber and wood fiber, there is a growing
interest in accelerating wood production through the use of intensive cultural
practices such as irrigation and fertilization. While some information concern-
ing the effects of such cultural practices on wood structure has been available
in this couutry (Mitchell, 1939; Paul and Marts, 1931; Posey, 1964; Foulger and
Hacskaylo, 1968; and Howe, 1968), there has been little opportunity to evaluate
a fully replicated field experiment involving both irrigation and fertilization
on a major commercial species.

In 1970 the Tennessee Valley Authority (TVA) was conducting a first thinning in
a 6-year-old slash pine (Piuus elliottii Engelm.) plantation that had been
irrigated and fertilized at prescribed levels since its inception. At TVA's
request, the U.S. Forest Products Laboratory evaluated the wood quality
characteristics of a limited number of these trees.

The purpose of this study was to determine the effect of prescribed levels of
irrigation and fertilization on the wood quality characteristics of young slash
pine. The primary quality characteristic evaluated was the specific gravity
of the clear wood between branch whorls in the natural and extractive-free
condition. Secondary characteristics included grain orientation, the clear
length between branch whorls, number and diameter of branches per whorl, and the
percentage of latewood in the annual rings.

Description of Experimental Area

The plantation was established using 1-0 seedling stock in January 1964 within
TVA's Forest Fertilization Area in west-central (Citrus County) Florida. The
soii is an infertile, excessively drained sand (Astatula fine sand) having typical
properties for the type with the exception of being unusually high in total and

1
--forest products technologists, Forest Products Laboratory, Forest Service, U.S.

Department of Agriculture. The Laboratory is maintained at Madison, Wis., in
cooperation with the University of Wisconsin.

2--Research Forester, Soils and Fertilizer Research Branch, National Fertilizer
Development Center, Tennessee Valley Authority, Muscle Shoals, Ala.
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available phosphate. Rainfall is abundant in the area, averaging nearly 60 inches
annually, but its distribution is decidedly seasonal, with droughty spring
weather and rainy summers the rule.

The experiment was laid out according to a split plot design. Four levels of
irrigation comprised the main treatments and two levels of fertilization the
subtreatments. These treatments were replicated in four randomized blocks. Each
main plot measured 120 by 220 feet (0.6 acre) and each subplot 120 by 110 feet
(0.3 acre). Within each subplot, trees were planted in 11 rows with 10-foot
spacing between rows and 6-foot spacing between trees within a row. To avoid
possible border effects in trees growing close to plot boundaries, a root pruner
was used several times each year to sever lateral roots growing outward from each
plot. There were originally 200 trees per 0.3-acre subplot, of which approximately
175 have survived.

The empirically derived irrigation regimes were as follows: (1) Control (no
irrigation); (2) low level--irrigate when soil moisture deficit (D) reached
25% of maximum potential available water (A) in surface 6 feet of soil;
(3) medium level--irrigate when D reached 50% of A; and (4) high level--irrigate
when D reached 100% of A. The maximum potential available soil water (A) of
Lakeland fine sand is 0.80 to 0.98 inch of water per 3-foot soil profile (according
to ARS-USDA data) and in this experiment the figure for A (6-ft. profile) was
set at 2.00 inches. The system of irrigation, consisting of an 8-inch well,
turbine pump, and aluminum mains and perforated pipes, was installed in August 1964,
and irrigation has been applied, when needed, continuously since that date.

Fertilizer was applied in January 1964 to plots selected for fertilization with
additional applications at 2-year intervals according to the schedule shown in
table 1. The paired subplots received no fertilizer.

Procedures

Field Sampling and Collection

To minimize border effects, sampling on each 0.3-acre subplot was confined to the
center five rows and excluded the three trees closest to the end of each row. From
each of these rows, one tree was selected at random to provide five trees from each
of 32 subplots. From these five trees, cross sections measuring 5 inches along the
grain were taken from the middle of the 1965 and 1967 ann,,1 height increments
for specific gravity determinations. In addition, one of the five trees from
each subplot was selected at random for more intensive investigation and the
entire stem was taken to the Forest Products Laboratory for measurement. Thus
a total of 320 cross sections (8 treatments x 4 replications x 5 trees x 2 heights)
and 32 intact stems (8 treatments x 4 replications) were removed from the field.
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Table 1.-Schedule of the amount, type, and time of fertilizer application

Year* :Materials applied in pounds per acre: Nutrient application, pounds
* . per acre of N, P, K, Mg, S

----- ----------------------- ----------------------------

1964 : 600 lb. rock phosphate 83 lb. P
: 400 lb. TVA leached-zone fe.tilizer:

(20-20-0) : 80 lb. N, 35 lb. P

1966 : 300 lb. ammonium nitrate : 100 lb. N
: 200 lb. potassium magnesium sulfate: 36 lb. K, 22 lb. Mg, 44 lb. .S

1968 : 476 lb. TVA diammonium phosphate
: (21-53-0) : 100 lb. N, 111 lb. P
: 100 lb. potassium chloride : 50 lb. K

Total application ............. : 280 lb. N; 228 lb. P;
86 lb. K; 22 lb. Mg;
44 lb. S

*Early spring application.
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Laboratory Procedures

From each of 320 cross sections, representing the 1965 and 1967 annual height
increments, a thin cross-sectional wafer measuring 1/8 inch along the grain was
cut for determination of extractive content. The wafers were ovendried, weighed,
and then extracted for 5 days in a 2:1 (by volume) mixture of alcohol and benzene
in a Lloyd extractor. After extraction, the wafers were ovendried and reweighed.
Extractive content was calculated from the difference between ovendry weights
expressed as a percentage of the unextracted dry weight.

Immediately adjacent to the thin wafers, a cross section measuring 1 inch along
the grain was cut and jointed for measurements of annual ring width, the widths
of the earlywood and latewood zones within the annual rings, and specific gravity.
Measurements were made along two diameters at approximately 900 to each other with
a dual-linear micrometer. The percentage of latewood within the annual rings was
calculated on a cross-sectional area basis.

Specific gravity was determined for the 1-inch cross sections by the water
displacement method (dry weight and water-swollen volume basis) in the unextracted
condition. Extractive content, determined on the wafers, was used to adjust the
corresponding specific gravity values to an extractive-free basis.

On each of the 32 intact stems (that is, prior to removal of the 5-in. along the
grain cross sections from the middle of the 1965 and 1967 height increments) the
length between height increments was measured and the average diameter outside
bark determined from measurements of two diameters at the midpoint of each height
increment. The stems were steamed in an autoclave and then debarked with the
branch stubs trimmed parallel to the surface of the stem.

For estimates of knot diameter on the 32 tree stems, the number of knots was
counted and surface diameter of each knot was measured and recorded.

Estimates of the wood grain orientation were made along the length of the entire
1969 growth increment. A vertical axis was established and marked on the stem and
then a scribe used to mark the grain orientation. A transparent protractor was
then used to read the deflected angle. This procedure was repeated at four points
along the circumference of the stem.

Analyses

Data collected from the 1965 and 1967 annual height increments was averaged for
the five trees from each subplot to provide a subplot mean for the observed
characteristics. Treatment effects were evaluated separately for each of the two
height increments according to the following analysis of variance:
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Source of Degrees of
variation freedom

Blocks 3
Irrigation (I) 3
Error 1 9
Fertilizer (F) 1
FxI 3
Error 2 12
Total 31

Results and Discussion

While cross-sectional area growth increased significantly in response to both
irrigation and fertilization, the specific gravity of the wood was relatively
unaffected by treatment (fig. 1). That is, irrigation had no significant effect
at either sampling height and fertilization reduced specific gravity only slightly
(approximately 0.008) and only in the 1967 height increment. Analysis further
showed that latewood percentage on an area basis followed the same trend as specific
gravity as it too was significantly affected (5% level) only by fertilization
and only in the 1967 height increment (fig. 2). Fertilization also increased the
amount of alcohol-benzene extractives at the lower position (1965 height increment).
The increase was significant at the 1 percent level (fig. 2).

Plotting of the latewood percentage curves based on individual annual rings shows
the paramount importance of rings from pith on position in the tree when the rings
were laid down (figs. 3 and 4). It also shows that without irrigation, fertiliza-
tion lowered the amount of latewood formed within the annual ring and likewise
lowered the cross-sectional area growth. When supplemental moisture was made
available (irrigation), fertilization did not appear to affect the latewood
percentage but significantly increased the cross-sectional area growth.

Another rather interesting observation was spiral grain angle. On the basis of
32 trees (1 per subplot), irrigation consistently reduced the angle of spirality
(measured under the bark along the length of the 1969 growth increment).
Fertilization, on the other hand, had no consistent effect on spiral grain angle.

Although the average number of branch whorls, branches per whorl, and branch
diameter did not appear to be affected by treatments, the average clear length of
stem between branch whorls increased in proportion to the amount of irrigation
from 23 to 30 centimeters. Fertilization, however, showed no consistent effect
on these parameters,

In summary, the most significant findings are:

(1) Irrigation and irrigation plus fertilization greatly increased stem cross-
sectional area growth.

(2) Irrigation reduced the spiral grain angle along tne length of the stem and
increased the clear length between branch whorls, but did not affect the specific
gravity of the wood.

D-5

V



CROSS-SMTO90L AREA (Me)

Ii

SPECIFIC GRAVITY
(EXTRATIVE-FREE)

Figure l,--Effects of fertilization and irrigation on the cross-
sectional area growth and extractive-free specific gravity of
6-year-old slash pine samples taken from the 1965 and 1967 height
increments. Values are averages of 20 trees per treatment.
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Figure 2.--Effects of fertilization and irrigation on the percentage
extractives and percentage latewood of 6-year-old slash pine cross
sections from the 1965 and 1967 height increments. Values are
Faverages of 20 trees per treatment.

(M 139 657)
F = Fertilizer
0 = No fertilizer
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(3) Fertilization reduced the specific gravity of the wood and latewood percentage
at the upper position in the stem (1967) and increased the amount of alcohol-
benzene extractives at the lower position (1965).

(4) Neither irrigation nor fertilization affected the average number of terminal
growth flushes, the average number of branches per whorl, nor the average branch
diameter.

The'e stem cross-section data and results with other grovth parameters soon to be
published elsewhere confirm the general hypothesis that response to fertilizers
by forest trees may be limited, indeed precluded, on certain sites where soil
moisture is deficient, even as in this case where the deficiencies occur during
only a part of the growing season. The absence of any effect of irrigation on
wood specific gravity has considerable biological and practical significance. But
it should be recognized that irrigation was administered on a 12-month basis which
probably increased the amount of earlywood produced during a normally droughty
spring and also prolonged the period of latewood growth. The results might have
been quite different had irrigation been confined to either spring, or summer and
fall, or if the experiment had been conducted on a similar soil in a climatic zone
characterized by a different rainfall distribution pattern, e.g., with moist springs
and dry summers as in the West Gulf region.

Th.- very small negative effect of fertilizer without irrigation on tree growth
-•served here was not significant but would not be entirely unexpected. All the
young trees were growing in competition with a vigorous understory which was
stivulated by fertilization and irrigation. In the absence of irrigation the
increased competition for available soil moisture could be critical. Also, under
drought conditions, the addition of fertilizer may increase the osmotic prassure
of available soil moisture and impose an even greater moisture stress on tree
growth. Such a negative effect of fertilization was observed by Dickson for black
walnut seedl .ngs grown in sandy soil under drought conditions (1971). On similar
sites older pine stands with closed canopies and no understory might well respond
to the fertilizer treatments imposed here, even without irrigation. Certainly
fertilizer responses on the poorly drained P-responsive soils of the Lower Coastal
Plain would be different (Pritchett and Smith, 1970).

The finding that neither fertilization nor fertilization plus irrigation had any
pronounced effect upor specific gravity of the wood is in contrast to Posey's
(1964) findings with loblolly pine. It should be noted, however, that Posey's
trees, 12 and 16 years old at fertilization, were past the age when "Juvenile"
wood is typically laid down, whereas all the wood produced in our trees would be
regarded as juvenile. Apparently in Posey's trees, nitrogen fertilization caused
a temporary reversion toward wood of lower specific gravity.

The results reported here are but a first step toward characterization of irrigation
and fertilization effects on the tree components of this particular ecosystem.
Detailed results on gr.Ath, biomass, and nutrient content of these same trees are
soon to be published. We intend to make repeated thinnings at intervals of 4 to
5 years in this plantation, with further wood analyses aimed particularly at the
effects of the cultural factorE on the onset of the transition from "Juvenile
wood" to "mature wood."
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Question--To what do you attribute the retarding effect of the application of

fertilizer to the low Irrigation level?

Wahlgren--That one of course was no irrigation a+ all. I think moisture was just
becoming a limiting factor at that stage of the ganfe, You've reduced the percent
of latewood and therefore you're going to reduce the specific gravity.

Shoulders, Forest Service--George, you have good growth measurements on these
plots. Does this negative response to fertilizer without irrigation show up on
your height and diameter growths?

Bengston--Yes, It does. It shows up in both height and diameter; any parameter of
growth, it's there. In some cases it is marginally significant, but it is a real
difference and I think it related to this competition problem.

Franklin, Forest Service--Do you have any comments or explanations for the
increase in extractives with the treatment?

Wahlgren--No, I really do not.

Franklin--An increase in latewood could contribute. Generally you may find higher
levels in latewood, and I think it may be more site-related in this case than
anything else, since you are really talking about slash pine on this site. Without
treatment It's really off site. It Is at a low vigor level in general compared to
what slash pine should do. And at lower vigor levels, particularly with
moisture stress, we will get less extractive production than we might on a normal
slash pine site. As soon as you ameliorate the site to improve it in terms of
growth, you bring It up to what might be normally expected in terms extractive
production.

Wahlgren--This is why the last statement I made was to emphasize that this applied
only to that particular site.

Zahner, University of Michigan--The volume growth is related to both cross-sectional
area and the height. Could you indicate as to the maximum difference between the
poorest growth and the best growth, and the poorest treatment and the best treatment,
in terms of percent increase in total volume?

Wahlren--No, I couldn't without extracting some more of the information. The only
thing we had to go on were those 32 intact trees where we had complete diameter
measurements and so on. George has the height and diameter data; have ",ou put that
togetht;r yet?

Bengtson--fhis is not published yet, but we have done also biomass studies on
this stand. At the same time Gus took some of the trees for analysis, we chopped
some of them up and made a very detailed biomass measurement. As I recall,
there was about a three-fold increase in biomass between the control, and the
fertilized irrigated treatment.
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?????--Per acre?

nahlgren-Per acre. If you had just looked at our cross sectional areas there and
averaged those oul to see what the percent Increase was, the maximum amount was
about 110%.

Bromley, American Pulp Wood Association--An act of Congress this month has made this
type of sTudy especially interesting and significant. The Water Quality Act of 1971
is going to require that all water issued from manufacturing plants, I think by 1980,
must be free of all polluiants. Now if the company finds it impossible or uneconom-
ical to remove these pollutants, they might flood this water In Irrigation through
some of their plan'ztions. Have you any comments as to the possibility of using the
effluent from millk In studies in irrigations of this type?

Wahlgren--Yes, I think there is a distinct possibility. Now I'm going to open the
door here again because some of the things weren't commented upon. George, why don't
yoti tell them what happened to the pH on these soils with this irrigation to give you
an idea of one of the problems.

Bengtson--This irrigation water that we are using in this area comes from Ocala
limestone in Florida; it is a deep well. And this water is very high in calcium and
magnesium carbonates. So we have a confounding effect in this equipment--wherever
we applied irrigation water, we were also liming the soil. In the most Intensively
irrigated plot the pH has gone from 5.0 to 6.6 and 6.7. We were quite frightened
when first we saw this trend; we were afraid we were going to get into iron-
deficiency problems because a high pH condition with conifers means you can get
lime-induced iron deficiency. However, it seemed to stabilize at this point and
apparently the acid-producing litter is counteracting the liming effect of water.
But this is one of the things you get into in this type of study. I think there
are people in the audience who have had experience with pulpmill effluents added
to forest soils. Maybe Gene Shoulders hasn't directly but some of his people at
Alexandria have done this type of work. Gene, do you have anything to say about
that?

Shoulders--Several years ago at Alexandria we did a series of pot studies. Really
they were 55-gallon drums using a number of different strengths of effluents on a
very poorly drained soil. These were undisturbed soil cores in the barrels using
slash pine. On this particular soil the problems of being able to dispose of
enough water to make it practical seemed to be insurmountable. But from what we
learned of salting of the soil and other responses to pines, I think there is a
possibility of disposing of ihese effluents on some of the coarser textured soils.
I think there are problems here that go way b,? .d whether you're looking for growth
responses or not; if you can keep a living p n' iut there to pull out the moisture
that yriI're putting into the soil, the arow sponses that you may get may not
be of any economic importance to you. Down our country we figure, on fully
stocked stands, you can pull some 8 inches rf' ater. This is Bob Zahner's work and
it's held up pretty well. We got about 8 ir-:ic', of water out of the soil during
the summer months.

Wahlgren--Initially we were surprised in what TVA was doing down there in Holder.
When we got down there, it was just like taking a kid in a candy machine. George
had so many experiments and maybe he can briefly mention a few points on using waste
and sewage disposal plants?

D-13
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Bengtson-The experiment Gus referred to is one where we're using composted municipal
waste in a treatment to evaluate just how much of this compost we can apply to a
forest situation without Inducing untoward effects in the forest vegel.•tion. In
one of our experiments at Holder we have gone up to 40 tons per acre, dry basis, of
composted municipal waste applied to a young slash pine plantation without any
deleterious effects. In fact, there were some positive effects. So we may find
that the forest is a good ecosystem for the disposal of noxious wastes.

Auchter, FPL--Forty tons per year?

Bengtson--No, this was a single application. Our data made on the soil during
this 2-year period Indicated that about 90% of the organic material which
was applied originally had been oxidized, essentially during that 2-year period.
So we speculate that one could probably apply as much as 40 tons per acre on, say
a 3- or 4-year cycle.

Wahlgren--Particularly on that sandy soil down there.

Bengtson--Yes, In Florida.

D-14
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EFFECTS OF FERTILIZATION ON STEM, WOOD PROPERTIES,

AND PULPING CHARACTERISTICS OF SLASH PINE

(PINUS ELLIOTTII VAR. ELLIOTTII ENGELM.)-

by

JAMES W. GOODING-
W. H. SMITH=_

Abstract

Fifteen-year-old slash pine on a phosphorus (P) -deficient site produced nearly
seven times more volume than unfertilized trees after receiving 115 pounds P per
acre in a mixed fertilizer at planting. Sample trees were felled, precise
measurements made, and samples taken at several bole positions to facilitate com-
parison of bark thickness, stem form, specific gravity, wood and paper quality
between fertilized and unfertilized trees.

Bark thickness was decreased by treatment but only at stem positions between
8.0 feet and crown base. No difference in absolute form class occurred due to
treatment. Wood specific gravity was not reduced by treatment but fertilization
altered specific Qrf.vity trends in the stem. As a result, pounds of dry wood per
cubic foot are slightly reduced, but this loss will be more than offset *by large
volume increases due to treatment. Kraft pulping and handsheet studies indicate
no important differences in yield but some possibly beneficial changes in paper
quality.

Fertilizer use in southeastern forestry increased over f~vefold last year. Thus,
it is impor-tant that stem and wood rroperties associated with increased growth
rates from these materials 'oe characterized. Several researchers (Williams and
Hamilton, 1961; Pegg, 1966; a.d Broerman, 1970) have noted differences in wood
specific gravity, stem form, aad bark thickness primarily in response to nitrogen
fertilizers. Research to date does not indicate that phosphorus affects specific
gravity in young pine (Pritchett and Swinford, 1961; and Gentle, et al., 1968).
The effects of phosphorus on other stem or wood properties are not known.

1-Florida Agricultural Experiment Station Journal Series No. 4130.
2-7Formerly research assistant, School of Forest Resources and Conservation,

University of Florida, Gainesville. Now research associate, Forestry Department,
Auburn University, Auburn, Ala.

3-:Associate professor of Forest Nutrition, School of Forest Resources and
Conservation, University of Florida, Gainesville.
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Stem form and bark thickness can influence estimates of merchantable wood and also
affect the quantities of waste generated in processing. Specific gravity is
correlated with fiber yield and quality of the pulped products. Thus, a study was
initiated to compare stem form, bark thickness, specific gravity, wood properties,
and pulping characteristics of slash pine markedly stimulated by fertilizers with
adjacent slash pine having much slower growth rates.

Materials and Methods

Slash pine was sampled from three areas, two of which were from a fertilization
field test established in 1953 by personnel of the St. Joe Paper Company and the
University of Florida. This 2-acre area was divided into four 0.5-acre blocks
which were double-disked after application of 2 tons per acre "mill waste" liming
material. Two blocks received 1 ton per acre of 2-12-12 commercial fertilizer
surface broadcast (40, 115, and 150 lb. per acre, respectively, NMK).

Trees receiving fertilizer have maintained a rapid growth rate for 15 years. Site
quality for these plots is 80 feet at 25 years (Barnes, 1955). Fertilized trees
averaged 8.2 inches diameter at breast height (DBH) and 57 feet total height.
The unfertilized area has a site quality of 50 feet. Trees in this area averaged
4.1 inches DBH and 30 feet total height. The element responsible for the
increased tree growth could not be determined in this experiment because a mixed
fertilizer was used. However, response is attributed privarily to the P component.
Results of subsequent local experiments (Pritchett and Llewellyn, 1966) and soil
and foliar nutrient analysis support this conclusion.

Certain parameters chosen for study are inherently dependent on tree size (e.g.,
bark thickness, see Miller, 1961). Comparisons yielding more meaningful informa-
tion were thought to be gained by relating characteristics of fertilized trees
with unfertilized trees of the same approximate size growing on a similar soil.
Therefore, plots were established in a 17-year-old slash pine plantation adjacent
to the 15-year-old fertilizer trial. Site quality for this area was 65 feet.
Trees from this control area were grown at the same spacing, on the same soil type,
and under similar environmental conditions. The improved growth in this area over
that of the unfertilized area is probably attributable to drainage resulting from
a slightly raised elevation and greater depth to the fine-textured acid subsoil.
Trees sampled in this area had the same diameters as fertilized trees.

Hereafter, trees receiving fertilizer will be termed fertilized; those receiving
only lime will be termed unfertilized (mill waste did not affect growth); and
trees from the adjacent plantation will be referred to as the control.

Tree Selection

Six, quarter-acre square plots were established, two in each area. Diameters of
every tree within these plots were measured and recorded on a grid sheet to
establish tree location. Using these measurements, trees were grouped into three
diameter classes: (1) small, 6.9 inches; (2) medium, 7.0 to 9.0 inches; and
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(3) large, 9.0 inches. Ten sample trees were randomly selected from the fertilized
and control areas by diameter class in a ratio of 3:4:3. Since all trees in the
unfertilized area were less than 6.9 inches DBH, five trees were randomly
selected in each of the unfertilized plots.

Tree Measurement

Trees were felled at groundline, sectioned (fig. 1), and measurements recorded.
Wood disks removed at each point of sectioning were 4 inches long except those in
the upper crown, which were 6 inches long to assure adequate sample material.
Tree size limited the number of sections taken from unfertilized trees to those

from the base, 4.5 feet, 8.0 feet, crown base,- and 1/2 crown. Disk measurements
included: (1) Diameter outside bark, (2) diareter inside bark, (3) green weight
without bark, and (4) green volume (by water displacement). Disks were dried to
a constant weight at 650 C., then reweighed.

Double bark thickness was calculated for several stem positions by difference
5

between outside and inside bark diameters (fig. 1). Absolute form quotient was
chosen as the most appropriate form variable for evaluating tree taper since it
is unaffected by differences in bark thickness and tree height (Avery, 1967).
Specific gravity values were obtained from the dry weight-green volume ratio of
whole wood disks.

Bolt volumes were calculated using Smalian's formula and inside bark diameter
measurements. Terminal section volume was calculated using the cone formula.
Total tree volume was obtained by sumnation of these portions. Bolt dry weights
were obtained by applying the average dry weight-green volume ratio from the top
and bottom of each bolt to the bolt volume. Tree dry weights were obtained by
sutmation.

Wood bolts from the basal 4.5-foot and 12- to 16-foot portioa of sample trees
were sent immediately to the Forest Products Laboratory, Madison, Wis., for
analysis of certain anatomical properties and kraft pulping quality. Wood specific
gravity, percent summerwood, growth rate, kraft pulping, and handsheet properties
were obtained according to TAPPI procedures.

4
:-Crown base is defined as a point 2.0 in. below the first fully developed whorl

of foliage-bearing branches.
5 / d

Absolute form quotient equals QAib h where d is diameter

inside bark.
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2/3 crown length
crown (.(2/3 C)

(1t 1/3 crown lenthS• 1(1/30)I

crown point (Cp)
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--.-32.0 f t.
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S, 8°0 ft.
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ft. d.b.h.
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• IndicotOS wood disc removols.

Fiaure l.--Diagrammatic representation of tree sampling technique.
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Statistical Procedures

Appropriate data were subjected to statistical analysis following procedures of
Steele and Torrie (1960). Covariance analysis to detect differences between slopes
or intercepts of two regression equations were by the methods of Snedecor (1956).

Results

Bark Thickness

* The effect of fertilization on bark thickness was tested by analysis of variance.
Trees from all diameter classes were compared from the fertilized and control area.
A separate analysis was used to test for bark thickness differences among all three
areas using %nly trees from the smallest diameter class from the control and
fertilized area and all trees from the unfertilized area.

Bark thickness varied according to treatment, stem position, and diameter class,
but neither the treatment X diameter nor the treatment X position interactions
were significant. However, preliminary plotting of the data indicated that,
within a given diameter class, mean bark thickness at some stem positions was
consistently higher for control trees than values obtained from either the
fertilized or unfertilized trees. For this reason average bark thickness is
presented by treatment and stem position (tables 1 and 2).

Bark thickness at all stem positions above 8 feet was somewhat decreased by
fertilization. The greatest differences occurred in the region of the stem just
below crown base. In both tests, bark thickness in this region was found to be
significantly decreased by fertilization, using Duncan's multiple-range test
procedure.

Stem Form

To test whether fertilization affected the ratio of DBH to some diameter
higher up the bole, absolute form quotients were analyzed statistically. Treatment,
diameter classes, or their interaction were not significantly different (table 3).
However, variation among trees treated alike was large and sample size was rather
limited for this test (10 measurements per treatment), A difference of at least
0.036 units would be needed to detect a QA change due to treatment (e.g. a form

Aib

class change from 70 to 73.6 for example).

Wood Specific Gravity

Wood specific gravity was examined from sections of all sample trees in the
fertilized and control areas. A separate analysis was conducted on the small
diameter class trees from all three areas. No significant differences in wood
specific gravity due to treatmenit were detected in either analysis. Stem position
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Table 2. Average double bark thickness by treatment and stem position for

all trees in the small diameter class.

Stem position Treatment
Treatment Base 4.5 ft. 8 ft. Cb 1/2C average

-- ------------------------- (in.) --------------------------

Fertilized 1 . 62 a 1 . 15a 0 . 77a 0 .4 7a 0 . 35a 0.87

Control 1 . 7 8a 1 .1 1 a 1 . 0 2b 0.65b 0 .4 3a 1.00

Unfertilized 1 . 7 5a 1 . 07 a 0 .84a 0 . 54 ab 0 . 31 a 0.90

Position
average 1.73 1.09 0.86 0.55 0.34 0.91 + 0.03

in.

"FAll values within positiont, followed by the same letter are

equivalent.
Duncan's LSD for: 2 means (P < 0.05) = 0.17 inches

3 means (P < 0.05) = 0.18 inches.
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Table 3, Average absolute form quotient (i.b.) by diameter class and
treatment.

Diameter Confidence
Diameter class interval
class Fertilized Control average (P 0.05)

Small 0.71 0.69 0.70 + 0,034

Medium 0.66 0.70 0.68 + 0.029

Large 0.67 0.66 0.66 + 0.034

Treatment
average 0.68 0.68 0.68 + 0.018
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was highly significant in both tests. Diameter class and treatment X diameter
class interaction for the fertilized versus control comparison were also highly
significant. Average specific gravity by treatment, diameter class, and stem
position are presented in figures 2 and 3.

Within diameter classes, the greatest difference in wood specific gravity was
found in the basal portion of the largest trees, upper crown of trees in the

mediun class, and both these locations in small trees. However, only the base
section of the large trees and the positions in the upper two-thirds of the
crown of trees in the small-diameter class were significantly different using
Duncan's multiple-range test. These differences probably account for the
significant treatment X diameter class interaction.

There is no apparent explanation for the increased specific gravity in the upper
* portion of the small fertilized stems (fig. 2) unless this increase is related to

the somewhat suppressed condition of these trees. Specific gravity varies greatly
within the stem due to its correlation with summerwood percent (Spurr and Hsiung,
1954). The formation of summerwood within any stem position is thought to be
primarily controlled by the position's proximity to the tree crown (Larson, 1969).
For this reason, average specific gravity was plotted by sELem position as a percent
of total height (fig. 4). When the data were adjusted for relative heights, there
were no significant differences in any of the specific gravity values within

positions. 6

Wood Properties and Pulp Quality

Growth rate of the smallest fertilized trees was much greater than that of the
comparable unfertilized trees according to the analysis by the Forest Products
Laboratory. Yet little difference in growth rate was apparent in trees represent-
ing the larger two diameter classes (table 4). Specific gravity of the three
small fertilized trees was considerably less than that for small unfertilized
trees. Larger trees from control area appeared to have wood of higher specific
gravity although differences were not as great as in the smallest trees.

The percent summerwood trend did not show the same pattern at both sampling
positions. In the butt logs the amount of sunmnerwood was lower in the fertilized
trees. However, at the 12- to 16-foot level, this trend is reversed in trees in
the larger two diameter classes. This implies that the amount of summerwood
response to fertilization is not the same at all heights in any particular growth
increment sheath, but rather more possibly expressed at lower levels in the tree.

Results of kraft pulping studies (table 5) with mixed samples show no important
differences in yield. A comparison of the pulp from the 12- to 16-foot sections
of the fertilized trees with that of the 12- to 16-foot sections of the unferti-
lized and control trees, which have about the same quantity of summerwood, shows
that the pulp fjom the treated trees has better strength in all properties and

6--Variance from Duncan's multiple-range test was obtained by combining the residual
variances from both analyses of variance on speciric gravity.
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requires less beating time. This implies that sum-ervood fibers of the 12- to
16-foot sections of the fertilized trees are more flexible and have thinner cell
walls than those in comparable sections of the unfertilized trees. Apparently the
basal section of the unfertilized trees has longer tracheids since the tear factor
for unfertilized trees is higher than the tear factor for the equivalent portion
of the fertilized trees. This trend is reversed in the 12- to 16-foot section.
In general, strength of the pulp handsheets appears related to the amount of
summerwood in both the fertilized and unfertilized trees (table 6).

Paper produced from fertilized wood appears to agree with Posey's description
(1964); namely, paper of higher density, burst factor, and tensile strength.
Based on samples taken from breast height, Posey (1964) detected a reduction in
tracheid length due to treatment. Results of this study indicate that a reduction
in tear resistance due to shorter tracheids does occur but possibly only in the
basal portion of fertilized trees.

Conclusion

Bark thickness appears to be decreased by fertilization within a portion of the
merchantable stem but not at breast height. Some of the detected differences may
be due to tree size and age. If the differences are real, volume calculation
incorporating a standard allowance for bark thickness based on bark thickness at
4.5 feet will result in an underestimation of the actual cubic foot volume of wood
produced by fertilized trees. For example, the average fertilized tree (8.2 in.

DBH OB; 57 ft. tall) is found to have 1.8% more actual wood volume7 because
its bark thickness was decreased by fertilizer treatmeat. With 500 stems per acre,
this would amcunt to approximately 0.5 cord per acre. While this error would
normally be within the confidence interval for volume estimates from most cruise
data, the effect of even this small double-bark thickness decrease (0.3 in.
maximum) on volume estimation may be important in a rigorous evaluation of fertilizer
responses based on individual trees. Although bark weight reductions were not
calculated, the magnitude of the waste problem resulting from debarking indicates
further importance of this reduction.

Analysis of the data shrwed no significant differences in tree form due to
treatment. Although sensitivity of this test was less than desired, it does not
appear that P fertilization has altered tree taper when taper is analyzed independ-
ent of the influences of bark thickness and tree height which were influenced by
treatment.

Results of this study indicate that while specific gravity trends •iay be altered
due t) fertilizer treatment, merchantable wood with reduced specific gravity would
be harvested mainly from the basal portion of the largest trees. Although differ-
ences exist at upper positions within the merchantable bole, they were slight.
Forest Products Laboratory analyses indicate no important difference in yield

--Based on 36-ft. merchantable length to 4.0-in. top DOB.
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based on samples from two stem positions and several pulp quality considerations
may be improved by treatment. Because of the large volume increase due to
fertilization, differences due to treatment appear miniscule.

In this study where response to fertilization is large, fertilized trees produced
almost twice the volume of wood as trees on the best local untreated area (control),
though 2 years younger. Fertilized trees produced 6.7 times the cubic volume
produced on the unfertilized site (table 7). Reduttions in dry weight associated
with specific gravity due to treatment were estimated to be between 120 to
255 pounds per cord. However, site amelioration from P application resulted in
total dry weight increases of 50,000 to 80,000 pounds of wood. When cubic foot
volume production is greatly increased by treatment, any slight reduction in dry
weight yield per cubic foot of wood is of little importance. Although application
of other nutrients on P to less deficient sites could produce different conclusions,
it appears that economic justification of P fertilization can be based primarily
on conventional assessment of increased wood volume.
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Table 7. Estimated wood volume and dry weight.

Trees Average Total Average Tocal

volumea volume/a..re dry wood dry

per tree per cu. ft. wood/acre

Acre Cu. ft. i.b. Cu. ft. i.b. Lb. Lb.

Fertilized

489 7.2 3,542.0 30.1 106,584.1

Cont .ol

490 5.7 1,810.7 31.4 56,843.4

Unfertilized

482 1.1c 525.4 32.9c 17,264.0

aBased on local volume equation. V = -0.01053 X +0.001914 D2 h.

(D - DBH OB in inches and h = height in feet.)

b 2
bjased on local dry weight equation. W = 9.8854 + 0.05489 D h.

CAverage from a 10-tree sample.
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Gordon--Iowa Stat6--You mentioned the typical appearance of the foliage on the
ef-Tr-ent trees, Do you have any data on foliar response to fertilization?

Good'ng--Yes. It was taken in this particular stand and the foliage content is
phosohorus deficient by the evaluations we use. If I recall it, it's approximately
100 parts per million phosphorus deficient. Is that close enough?

Gordon--Did you measure again 3fter fertilization and did you have any data on
weight response, weight increase in foliage, or any data of that sort?

Gooding--Yes, I do. We have tremendous response in terms of foliage weight. It's
hard to make a comparison between stands like these where you have this tremendous
increase in growth. Also it is hard to tell whether the response is due because
you improved the site or because you have applied feed. Would there be a differ-
ential between the two? Seems to me that all we've done here is improve site.
There's no difference if we look at a site index 80 stand, we'd have the same foliar
weight, for example, as we would in the fertilized stand.

Lawrence, Champion Papers--Would you say again what your distinction was between
control and unfertilized?

Gooding--The control was the 17-year-old plantation that had never received any type
of treatment whatsoever. The unfertilized stand received 2 tons per acre of
millwaste liming matarial at planting, disked into the soil.

Lawrence--On those yie!ds of WC~d per acre, what was the age level?

Gooding--On 17-year-olds in the com-rol stand, and 15 years old in the unfertilized
stand.
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i



RESPONSE IN GROWTH AND WOOD PROPERTIES OF AMERIC1N SYCAMORE

TO FERTILTZATION AND THINNING

by

J. R. SAUCIER-
A. F. IKE2

Abstract

The growth response and wood properties of 7-year-old sycamore to nitrogen
fertilization and thinning were measured 2 years after treatment. The results
indicated greater response to thinning than to fertilization in both radial growth
and wood properties. Specific gravity and fiber length were positively correlated
with rate of growth. The prolirtional volume of fibers, vessels, and rays were
unaffected by either treatment.

Introduction

In 1967 we examined a 7-year-old planting of sycamore (Platanus cccidentalis L.)
that had received various fertilizer treatiuents in its first growing season. The
results (Saucier and Ike, 1969) indicated practically no diffe-intial response
in specific gravity, fiber length, and proportional volume of f,jers, vessels, and
rays for 3 years following fertilization. However, diameter and height growth of
the trees were significantly influenced by nitrogen, potassium, and phosphorus.
The greatest responses were from nitrogen fertilization.

In early 1968 this same plantation was thinned and fertilized with nitragen. Wt
used a randomized split-plot study design with three levels of fertilization ano
two levels of thinning. We assumed that fertilizer treatments applied in 1961
were no longer influencing growth of the trees. In view of results obtained in the
earlier study, we wanted to examine the response of sycamore at an older age to
verify our conclusion that wood properties of this species remain relatLiely
unchanged by fertilization even though tree growth is accelerated.

Our earlier study was stimulated by the interest in short-rotation coppice
management of sycamore (3 to 4 yr.). Some sentiment has been expressed that
such rotations may be too short and should be extended to perhaps 10 to 12 years.

1
1-Principal wood scientist, Southeastern Forest Experiment Station, USDA Forest

Service, stationed at Clemson University, Clemson, S.C.
2
-:Associate professor, Department of Education, University ef Georgia, Athens, Ga.

The research was conducted while the junior author was Soil Scientist,
Southeastern Forest Experiment Station, USDA Forest Service, Forestry Sciences
Laboratory, Athens, Ga.
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The purpose of the study reported here was to determine which cultural practice-
fertilization or thinning, or their combination-produces the greatest growth
response and to determine if any changes in wood properties result from the
cultural practices.

Materials and Methods

A description of the site and detailed information concerning the establistment of
the plantation have been presented (Saucier and Ike, 1969). The original 54 plots
were arranged into nine whole plots. Fertilizer treatments represented the whole
plot and thinning treatments the split plot with three replications (fig. 1). The
treatments were imposed in early 1968 and the samples were collected after two
grotfing seasons. Ten trees were randomly selncted from each of the treatment plots
for a total sample of 180 trees. Upon selection, each tree was classified into
one of six crown classes. D - dominant; D-CD = dominant-codominate; CD = codominant;
CD-I = codominant-intermediate; I = intermediate; and S = suppressed. A measure
of stand density was also recorded by indicating the number of neighbors in the
adjacent rows surrounding each sample tree. Wood samples consisted of two
incremenc cores taken from the opposite sides of each tree.

In the laboratory, sample preparations and methods were:

1. The bark was trimmed from each core and ring width of each of the four last-
formed rirgs was measured to the nearest 0.01 inch.

2. Beginning at the bark end of the cLre, we separated rings 1 and 2 intact (wood
formed in 1969 and 1968 following fertil satfor and thinning) trom rings 3 and 4
intact (wood formed in 1967 and 1966 prior to fertilization and thinning). The
specific gravity of these samples containing two growth rings each was determined
by the maximum moisture method (Smith, 1954).

3. One core from each tree was used to determine fiber length. The two samples
from a single core (rings 1-2 and 3-4) were cut into small pieces and macerated
separately according to the method of Franklin (1946) Fifty whole fibers from
each sample were measured with a graduated "bull's-eye" using the selection
technique described by Hart and Swindel (1967).

4. The second core from each tree was used to estimate the proportional volume
of fibers, vessels, and rays. The samples (rings 1-2 and 3-4) were embedded in
paraffin and cross sections 15 microns thick were cut on a rotary microtome. The
sections were stained with safranin and fast-green and permanently mounted on glass
slides.

The proportional volume of fibers, vessels, and rays was estimated in each ring
along a 4-millimeter transeLt in the center of each ring. Measurements of each
tissue type were accumulated along the transect on separate micrometers; of an
integrated stage, and the percentages of each tissue type were calculated from
these measurements.
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Figure l.--Plot layout and treatment arrangement.
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Results

Radial Growth

Originally we planned to adjust treatment means by covariance analysis based on
the valuea of each property for the 2 years prior to treatments. This analysis
proved to be of little value, but the covariates of crown class and stand density
(number of neighbors) were worthwhile. For example, radial growth as indicated
by ring width measurements was highly correlated with crown class (fig. 2). When
the treatment means were adjusted for the effects of crown class, thinning provided
a significant increase in ring width but fertilization did not:

Fertilized Thinned Unthinned Mean
-- Inches ring width- --

0 lb. N per acre 0.19 0.17 0.18
200 lb. N per acre .18 .17 .18
400 lb. N per acre .23 .14 .18

Mean .20 .16 .18

Specific Gravity

This property, like radial growth, was influenced by crown class (fig. 2) and also
by the covariate stand density (fig. 3) where the relationship between ring width
and specific gravity is seen to be influenced by stand density as it is with crown
class (fig. 4). When the effects of both these variables were removed by
covariance, neither fertilizer nor thinning treatments were significant:

Fertilized Thinned Unthinned Mean
--------Specific gravity- --

0 lb. N per acre 0.396 0.384 0.390
200 lb. N per acte .385 .386 .386
400 lb. N per acre .392 .390 .391

Mean .391 .387 .389

The highest specific gravity values are those for dominant individuals free from
dense competition.

The use of stand density as a covariate should be explained at this point. It is,
of course, not independent of the thinning variable, since number uf •ieighbora is
in fact reduced by thinning. However, because the sample trees were selected
randomly, there was an admixture of stand densities for individual trees across
both the thinned and unthinned plots. For example, there were several suppressed
trees from thinned plots that had as many as 6 to 7 neighbors, and thus, they
tended to wash out ti.ce true effects cf thinning. In retrospect, the variable of
stand density is in fact a better measure of thinning than the measure we now nave
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of thinning treataent, and san.les should have been stratified on the basis of this
variable. However, since we did measure this variable, its effect was not lost
and therefore provides a better measure of thinning--whether naturally occurring
or imposed-than that which re call thinning treatment. The effects of both crown
class and s..nnd density are been clearly in table 1 for the three properties of
ring width, specific gravity, and fiber length.

Fiber Length

Fiber length is a relatively stable wood characteristic of sycamore. Most values
fell between 1.50 and 1.80 millimeters, but ranged from 1.25 to 1.90. Fertilization
and thinning treatment means after adjustment for crown class and stand density are
presented:

Fertilized Thinned! Unthinned Mean
----- Fiber length, mm.----

b0 lb N per acre 1.75 1.69 1.72

200 lb. N per acre 1.67 1.62 1.65
400 1a. N per acre 1.74 1.67 1.70

Mean 1.72 1.66 1.69

Thinning does tend to increase fiber length slightly, but fertilization has no
detectable and consistent influence.

Like ring width and specific gravity, fiber length is influenced by crown class
and stand density but to a lesser degree. Reduction in fiber length occurs wl•n
strong competition reduces growth rate to a value around the 0.10-inch ring width
found in those trees classed as intermediate and suppressed (fig. 1) and stand
densities of seven and eight neighbors (fig. 5).

Porporxional Volume-Fibers, Vessels,
and Rays

The property of tissue composition was una.fected by thinning or fe-'%.izer
treatment. The proportional volume of fit-rs, vessels, and rays a,. r.-ed 54%, 14%,
and 3?%. resPpectively. The variation in tre.tmLnt means was very narxow, ranging
from 52 to 56 for fibers, 12 to 16 for vessels, and 30 to 34 for rays which
indicates the great stability of this property. The proportion of fibers at age 9
was the same as we had found at age 3 in our earlier study. However, the propor-
tion of vesseJl and rays had changed from 22% vessels and 24% rays at age 3 to 14%
and 32%, respectively, at age 9.
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Table l.--Average ring width, specific gravity, and fiber enth
by crown classes and stand densities

I
Crown class : Stand2 : Ring width : Spec1iic : Fiber

:density-- : : gravity :length

Number : In. :G. per '..: 'm.

Dominant : 3 : 0.26 : 0.407 : 1.73

Codominant : 5 : .i : .398 1.71

Intermediate-suppressed : 7 .09 : .375 : 1.61

1Crown classes were combined into 3 broad classes.
4 ieasured by the average number of neighbors.
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Discussiom

Fertilization of a plantation of sycamore when it was established produced
signifirant increases in diameter and hel ght growth for 3 years. Although the
trees were planted at 8- by 8-foot spacing, crown closure was taking place by
age 4, and at age 7 when the present study was imposed strong crown competition
was eAident. The results of our present study show that the thinning treatment
produced a sigd-ificant increase in radial growth while nitrogen fertilization did
not. In other words, growing space was the limiting factor at age 7 and not
nitrogen supply. These results suggest that if sycamore is to be grown for longer
rotations than the present short-rotat4 )n concept af 3 to 4 years, either they
must be planted at spacing wider than L by 8 feet or receive thinning treatments
by at least age 5 to mintain rapid volume growth to ages 10 to 12,

These results support our earlier finding that wood properties are not adversely
affected by treatments that increase growth rate of sycamore. In fact, individual
trees that expressed dominance, or were freed from competition by mortality or
thinning, continued to grow rapidly after age 4 and had the highest specific
gravity and fiber length values.

Obviously, the silvicultural scheme used must be adapted to the type product
desired to be produced. If the objective is to maximize the production of wood
fiber, which, in fact, is the basis for the short-rotation scheme, then harvesting
muet be done before growth is retarded by stand competition. In the plantation
we studied, crown closure occurred at approximately age 4. If the rotation age
of such a plantation is extended to 10 years, volume production is not maximized
unless commercial thinning can be done at about midrotation.

If trees are initially planted at wider spacings than 8 by 8 feet, then growing
space is wasted in the early part of the rotation, A possible scheme for longer
rotations would be to begin with trees planted at 4- by 4-foot spacing and to thin
every other row at cutting cycles of 3 to 4 years through the final cut at age 12.

This scheme, based on these and other data,- would possibly provide maximum yield
of wood fiber.

Strictly from the wood properties standpoint, the faster growing trees tend to
have superior wood properties for pulp; thus the maintenance of fast growth, either
through fertilization or thinning, is advantageous.

Summary and Conclusions

A study of the growth response and wood properties of 7-year-old plantation-grown
sycamore (spaced 8 by 8 it.) to nitrogen fertilization and thinning was made.
Two years following treatments, increment cores were extracted from 180 trees for
response measurements. The results indicated greater response to thinning than
to fertilization in both radial growth and wood properties.

:-Personal communication with Robert G. McAlpine.
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The covardates, stand density and crown class, accounted for more variation than
the treatment variables of fertilization and thinning. These results indicate that
the covariates provided a better measure of thinning effects than the treatment
itself because of severe stand competition at age 7 when the treatments were
imposed.

The conclusions drawn from this study are;

1. Growing space becomes the limiting growth factor of sycamore after 4 years
when planted 8 by 8 feet.

2. After crown closure occurs in sycamore, the greatest growth response is to
thinning and not to fertilization.

3. The wood properties--specific gravity and fiber length--are positively
correlated with rate of growth of sycamore.

4. Tissue composition, i.e., proportional volume of fibers, vessels, ani' rays,
are unaffected by rate of growth.

5. Extension of the short-rotation sycamore scheme from 3 to 4 years to 10 to 12
years would require thinnings at 3- to 4-year intervals to maximize fiber production.
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Isebrands, Forest Service--When you're dealing with rapid growth in hardwoods
there's a high influence of reaction wood. Have you had any experience with tension
wood in these rapid growing situations that you described?

Saucier--I haven't at this time, not In sycamore.

Gordon--Could we take tihe to show your other two slides about properties?

Saucier--Yes, they're right in line here. Jim Laundrie, would you like to discuss
these?

Laundrie, FPL--We pulped these 2-, 3-, and 4-year-old sycamore trees that he was
talking about earlier at the I by 4 and 6 by 4 spacings. We pulped the whole trees
here, excluding the leaves, but it does include the brar.Thes and the bark. The
yield raised from 39.6 for the 2-year-old I by 4 up to 44.1 or 45 for the 4-year-
old. We also cooked an older tree from the same area that was 33 years old and
again we pulped the whole tree. We have a pulp yield of 47.9. As far as the han'4-
sheet properties go, they are much the same whether they are from 2-, 3-, or 4-year
olds; however, there is a difference between the pulp made from the young trees
and the mature tree. In beating time the older tree takes quite a bit longer to
get to 500 freeness. The burst and the breaking length of the young t.-ees are essen-
tially the sane as a mature tree. The big difference is in the tear factor, as
we get about 20% more tear from the mature tree than we do from the younger tree.
Handsheet density of the mature tree is less than the density of the pulps made
from the young trees. About the same trends are evident at 300 freeness.

Saucier---I'd like to make one more comment on this. The bark percentage isn't
included here, but for the 2-year-old material we used 20% active ilkali; this
decrreased to about 16% for the 4-year-old maTerial. This reflects just the amount
of 3lkali needed to pulp the additional bark in there.

Bengtson, TVA--Joe, early in your presentation you showed a time course of the
nitrogen response 'n sycamore; at another point you commerted that at about the
third year the rinti width was dropping off and suggested that maybe the effect of
fertilization was wearing off. I would like to just point out that it's really
batter to work with )asal area in making this type of statement because you're laying
down wood. Where you do have response at an early age, you're laying down wood
on a larger cylinder. You could have a dropoff in ring width without an actual
dropoff in growth expressed as either dry weight or basal area.

Saucier--That's right; I agree with you.
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DETAILED DER DENSITY PROFILES OF SEVERAL TREES

FROM DOUGLAS-FIR FERTILIZER/THINNING PLOTS

by

1R. A. MEGRAW-
W. T. NEARN2

Abstract

Ring-by-ring and within-ring density information developed from X-ray analysis of
increment cores is presented for eight fertilized or thinned Douglas-fir trees.
Treatment results for these trees are reported in terms of the actual pounds of
fiber produced, the average ring densities, and the within-ring distribution of
individual fiber densities. Treatment altered the within-ring density distribution
but did not reduce average ring density or influence wood density ranking among
this group of trees. Implications of these findings and a summary of the X-ray
methodology useu are presented.

When first confronted with the question of how wood quality has been affected by
siliviculture, one is usually overwhelmed with the multitude of possibilities
implicit in the term "quality." The first task facing a commercial enterprise,
therefore, is to decide not only which properties are truly relevant to their
operation, but which of these few deserves first and greatest attention.

Careful ponderance of these questions will inevitably point to wood density as
that characteristic on which priority effort should be concentrated. First, it
supplies the parameter needed for a true economic evaluation of forest production;
i.e., the actual mass of usable fiber grown per acre. The importance of having
yield information in these terms is rising rapidly as timber producers plan for
supplying an increasingly f!ber-oriented economy. Secondly, when acquired by
intensive measurement, density data also provide a very reliable indication of the
more important end-use cellular characteristics of wood; namely, cell wall thick-
ness and the relationship between this wall thickness and lumen diameter. Thus,
wood density is not only a characteristic property which can be easily measured
on a large scale, but also the one which provide3 greatest leverage on knowledge
fuadamental to both supply and end-use factors.

1
-Senior scientist, RDP&E, Weyerhaeuser Company, Seattle, Wash.

,rofession-l specialist, RDP&E, Weyerhaeuser Company, Seattle, Wash.
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Intensive density information, arising from a preliminary sampling of several
trees from Douglas-fir fertilizer-thinning plots, will be presented and discussed.
By "intensive" is meant the measurement of only a small group of cells at a time,
as shown in figure 1. This allows both ring-by-ring and within-ring growth and
density information to be gathered simultaneously. Not intended as a statistical
sampling of plots. this investigative study nevertheless elucidates the within-
tree growth and density changes effected on these trees by treatment. It also
illustrates the value of having within-ring density information when assessing
the effects of cultural treatments in terms of fiber properties.

Experimental Procedure

Two cores per tree from opposite radii at DBH were the starting material for the
trees discussed. Eight trees were sampled, two each from plots designated ToFo,
T3 Fo, ToF3 , and T3 F3 . "T " represents a calibration thinning and was applied to

all plots before the 1962 growing season, while "' 3" designates the highest level

of thinning, applied in years 1965 and 1968. "F '0 represents no fertilization.
0

Applications of "F 3" the highest level of fertilization, were made in years

1962, 1965, and 1968. Treatments sampled represent the extremes in application
levels for the plots concerned. Precise treatment levels and dates are given in
table 1.

All cores were equilibrated to 50% R.H. at 700 F., sawed to constant thickness,
and X-rayed. The negatives were then traced with a densitometer, and the resulting
signal recorded on paper punch tape. From this raw input data as many types of
comptiter output can be roJtained as desired, ranging from a single value represent-
ing the total mas3 of fiber produced by the tree, to detailed within-ring density
profiles like those shown in figure 11. Figure 2 depicts a graph being plotted
by the timeshare computer terminal. A more complete discussion of the analytical
techniques used will be published at a later date.

Results

Figures 3, 4, 5, and 6 are graphs of specific gravity and linear mass increase as
a function of year for each of the eight trees. These graphN, as wiLh most of
those presented, were taken directly off the computer, with the connecting line
for gravity and shading for linear mass increase added later to increase visual
clarity. The term "linear mass" as her'in used is defined as ring density times
ring width, thus giving Britiah units of (lb, per ft. sq.). When this quantity
is multiplied by ring circumference and height, one gets actual fiber increase
in pounds for the year. Since linear mass is not influenced by circu"-erence,
i.e. prior growth, it previdej a more meaningful between-ring ,rowth comparison
for evaluating treatments than does the actual mass increase in pounds.
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Figure l.--A photomicrograph of an X-ray negative from a resawn
increment core. The superimposed circle represents the relative
size of the densitometer slit, and therefore the relative size
of each discrete sampling area. This particular location is
ring 1961, core B, tree 66, plot T F

o 3
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Table 1.--Treatment dates and application levels

for the trees investigated

Treatment : Type and date applied

T Calibration thinning only in 2/62

T : Calibration thinning in 2/62
20% of growth reserved 4/65

: 20% of growth reserved 2/68

F No fertilizer applied

0

F : Fertilizer applied - 2/62, 4/65, 2/68
3 Amount: N - 30C lb. per acre

P - 150 lb. per acre
K - 100 lb. per acre

Plot combinations sampled: T F

3oTFo

ToF3

GF-
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Figure 2.--Timeshare computer terminal with a graph of annual and
cumulative mass increase being plotted. Shown on top left of
console is roll of paper punch tape containing raw data.
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Respective treatments are identified on th'e face of each graph, the solid bars
designating when these were applied. It is readily apparent in every tree that
fiber production was enhanced by the treatment it received prior to the 1962
growing season. Response is also evident but less pronounced for the second and
third treatments. Since relatively high levels of treatment were involved, the
lessened impact of the latter two applications is only reasonable. A look at
tbz corresponding densities shows that average ring density was not drastically
affected by any of the treatments, and in some cases, went up slightly immediately
following treatment. This upward trend was particularly true after the first
thinning in those trees not fertilized, although the increase was not prolonged.

Thus at first glance, none of these treatments had any real influence on average
ring density. A somewhat subtle but nevertheless quite important trend is
evidenced, however, when one remembers the influence which age from the pith
normally 'rings to !ear on gravity. In the typical Dcuglas-fir tree shown in
figure 7 it can f,! eecn that, after an initial sharp decrease near the pith, the
specific gravity begins to rise rather steadily throughout the juvenile period to
an age of about 40 years, after which time it levels out. Responsible for this
age-density pattern are changes which take place in the relative proportions of
earlywood and latewood, and also changes which occur in the average density of each
of these two fractions. As figure 8 shows, the earlywood width in this tree
rapidly decreased, while iatewood width increased for the first few years and then
leveled out. The summation of these two widths results in a decreasing total ring
width and a relatively lesser proportion of earlywood, producing an increasing
trend in overall ring density. Occurring at the same time, as seen in figure 9,
is a normal increase in the average gravity of the latewood throughout the juvenile
periLd and, except for an initial 5- to 10-year rapid decrease, an upward trend in
the average gravity of the earlywood fraction. While this general age versus
density pattern can be found in Douglas-fir almost without fail, the specific
timing and magnitude of increase or decrease may be quite different for any two
trees, as is illustrated by comparing the tree described in figure 13 with that
in figure 7.

The trees in this study were all 16 to 18 years old at DBH, and although those
thinned-only are beginning to at least hint at an upward trend in de Jity, there
is no indication in any of the fertilized trees that the juvenile wood stage is
beginning to wear off. While, as seen in figure 10, some trees do not normally
show an increase in density until about this age, after which time density
increases quite rapidly, it is highly improbable that all eight of the trees
examined would be of this extreme type. Thus, while it is still too soon to be
certain, there is definitely an indication that the period of juvenile wood forma-
tion is being extended. The explanation for this phenomenon is presuriably Uhat
physiologists have been saying for a long time--that, since juvenile wood is
produced under the influence of the live crown, those practices which i ncrease
crown vigor in young trees will also likely prolong the juvenile growth period.

These trees are not yet old enough to determine the actual time-length of this
indicated prolongation of lower density juvenile wood production. Specific answers
to this question, however, as a function of both site and treatmen- level, will be
of significant importance to the forest manager of the future. Weight conversions
from traditional yield tables may hive to be altered to compensatL for the increase

G-10



S.4....,o..€..•.....,........,..,....._- - - .. . . -..-- ---- -..

AG In YEARqS

Figure 7.--Typical Douglas-fir tree, trend with age from the pith

" ~of average ring specific gravity and ring width in inches. Data

Sobtained by X-ray analysis from an increment core taken at DBH.

2"-I Reproduced from
best available copy.

a-

-"A~I! '
I°

'-...i 2'7 .. 2 h 37. .42...4 49 .. W

AGE i YEARS

Figure 8.--Width of latewood and earlywood as a function of age

from there ring Speci ra as represented in figure 7D
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Figure 9.--Dougla6-fir tree showing trend with age from the pith

of average ring specific gravity and ring width in inches. Same

general trendg but quite different specific curve shapes are

exhibited co:Llpared to the t-ee described in figure 7. Date

obtained by X-ray analysis from an increment core taken at DBH.
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in juvenile wood percentage, and rotation age for optimum fiber production may
likewise have to be adjusted slightly for heavily fertilized stands.

Change in Within-Ring Density
Distribution

It was seen from figures 3 to 6 that the average ring specific gravity was not
changed significantly by any of the treatments. This does not necessarily mean
that the resulting fiber densities, and therefore type of fibers produced, were
unaltered; in fact, they definitely were. Figure 11 shows a computer plot of the
density profiles for annual rings 1960 to 1963 for one of the trees trom plot
To0F, which received calibration thinning plus fertilization just prior to the

1962 growing season. It can be seen that in the 2 years following treatment the
maximum fiber densities were distinctly lowered, and considerably more intermediate
density wood was formed. This is illustrated quantitatively by the graph ia
fi&are 12, which shows that for the two growth rings following treatment the
average gravity of the earlywood portion increased and the average gravity of the
latewood portion decreased, even though the average for the complete rings
remained about the same as for the prior 2 years.

Figure 13 shows the density profiles for all of the years from 1958 to 1969 for
the same core described in figure 11. This tendency towards more intermediate
density wood was renewed following the refertilization treatments of 1965 and 1968.
Shown below this profile is a positive print of the X-ray from which the data were
taken. Similarly altered density profiles following treatment were found for the
other fertilized trees. The thinned-only trees also exhibited the same phenomenon,
but to a lesser extent. It is predicted that this type of wood, with more inter-
mediate density fibers and considerably more overall uniformity, should make
excellent pulp. Moreover, the reduction in percentage of very high density latewood
cells, which are thiLk walled, small lumened and stiff, should favorably affect
burnst factor, breaking length, and other such pulp properties that are enhanced by
increased fiber flexibility and conformity.

Importance of Genetics

When a farmer goes to all the trouble and expense of planting, cultivating, and
fertilizing his crop, he plants the best seed he can get. This holds equally well
for trees. As seen in figure 14, the cross-sectional area at DBH of the two trees
from plot T F J13 approximately equal (8% different, based on the smaller).00

Tree 63 has a considerably higher overall specific gravity, however, and has
produced over 35% more pounds of fiber during the same period. In figure 15 two
trees from the same fertilized plot, ToF 3, are compared. Again, the areas were

only about 8% different, but due to the higher specific gravity of tree 104, this
tree produced 40% more actual wood fiber on a weight basis. As is shown in
figures 16 and 17, in each case tht. superior density tree consistently put on both
higher density earlywood and higher density latewood.
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These examples clearly indicate the advantage of starting with genetic stock
selecttd for high juvenile wood specific gravity, in addition to high volume growth
potential. Moreover, the data indicate that the density ranking of a tree

relative to !tq np-er remains the same after fertilization or thinning as before.
,hus, if stock is selected for potentially high density juvenile wood, the antici-
pated gains in density should persist and still be realized even if growth is
accelerated by subsequent silvicultural treatments.

Summary and Conclusions

Many more interesting points could be aiscussed concerning these data, but only the
most conclusive have been presented. It must be remembered that this study resulted
from a sampling of only a few trees, and that these trees represent a particular
",ge bracket growing on a particular sitt; thus, the extent to which the findings
can be generalized to other situations iemains to be determined. This particular
situation, nevertheless, clearly support3 the following conclusions:

1. Fertilization, and to a lesser extent thinning, definitely affected the
within-ring, individual fiber densities. More intermediate-density type fiber
resulted because of lowered latewood density and increased esrlywood density.
This type of change should contribute favorably to pulp characteristics.

2. Overall ring sFpcific gravity was not significantly changed by treatment. The
principal effect noted was an indicated r.olongation of the low average density
typical of the juvenile growth period.

3. The selection of genetic stock superior in juvenile wood density is just as
.mpcrtant for maximizing return from cultured stands as it is for uncultured
stands. Trees genetically superior i' density appear to maintain their superioritv
irrespective of subsequent fertilization or thinning.

4. X-r. analysis of increment cores, enabling simultaneous assessment of :,kth
fiber qu•i~ity and fiber chara ýriszics, is a highly useful method for obtaining
tree growth information.
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Lawrence, Champion Papers--Did I gather from your presentation that your thinned
and fertilized trees show more variation than normality, teaT Is, more of the
higher density within the ring? I got the impression fre'i the previous discussion
that the reverse was true--that in the case o4 fertilizeion Hibers tended to be
more uniform and less extreme, less high density and less percentage or iess
proportion in the high-density and low-density range. Ar, I mixed up on that?

Megraw--That's exactly the impression I got, too. Of course, this is a different
species and entirely different growing conditions. There was one fertilizer treat-
ment there and perhaps the rate of application was not so heavy that it would
overshadow the release effects. The trees that were fertilized showed a slight
decrease in the amount of the higher density wood and a very slight increase in
amount of low-density wood. But not enough to be statistically significant with
the small number of trees that we had. The imp-ession that I got from my data was
that, with sufficient fertilization, probably the medium ranye would be reduced quite
a bit.

Larson, Forest Service--As I understand the experiments you conducted, Bob,
this thinning and fertilization treatment was superimposed in a middle-aged or
existing stand, is that correct?

Megraw--Right. Forty-nine years old; it was roughly 38 to 39 years old when the
wood was put on.

Larson--In so doing you actually more or less interrupted or modified the normal
growth trend. Now if these fertilization and thinning studies had been conducted
at an earlier age, in which the growth trends were more normal rather than going
on the downhill side, do you think that this uniformity might not have been
consistent throughout the life of the tree rather than getting this abrupt change?

Megraw--This is something that you can take heart in because I rather suspect it
might be different if we started at a younger age.

Kellogg, Canadian FPL--I'd like to ask about the level of moisture content.

Megra -- About 12%. The reason I selected 12% is because it is a fairly universal
moisture conten+ for testing and doesn't change much while you are making your
tests.

Ke!logg--How do you adjus for +hat? When you start taking these density values
that you're measuring wi, the X-rays, and start blowing this up in terms of yield
per acre and tons and such, you have to adjust for moisture content. How do you
make ThaT adjustment? Or would it make more sense to dry it down to an ovendry
condition and make all your measurements in the ovendry state?

Nearn, Weyerhaeuser--Anyone who has ever tried drying anything down to 'he ovendry
state and doing anything with it realizes why that is not a good approach. You
just can't keep it at an ovendry basis. Generally people doing this kind of work
do so at a moisture content that's convenient and stays constant for them. In our
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ca.e we happened to have a 50-70 room. Moisture content is a matter of arithmetic
and can be accounted for. If you wish to make actual weight projections on a
volume or a per acre basis, the main thing is that you're consistent with what
you're trying -1 do. It yod're trying to get absolute numbers, take the moisture
con~tnt you're working at and convert it mathematically to bone-dry data; then
expres. everything in terms of bone-dry data. I don't think the conclusiors you
draw wiil be radically affected by the particular moisture content that you operate
at if y'~u are reasonable and consistent.

I
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PATTERNS OF WOOD DENSITY DISTRIBUTION

AND GROWTH RATE IN PONDEROSA PINE

by

R. M. ECHOLS!

Abstract

Wood density distribution within and across annual rings was measured by X-raying
increment cores from two growth periods in unthinned, thinned, and thinned and
fe'.tilized ponderosa pine trees. The unthinved trees decreased in growth rate
and increased in wood density. Thinning increased growth rate 33.3%. Trees
released but not fertilLed increased in average ring width from 3.70 millimeters
to 4.85 millimeters, but decreased slightly in wood density; fertilized trees
increased in ring width from 3.85 millimeters to 5.15 millimeters and increased
in wood density. A characteristic pattern of wood density distribution,
resembling a chi-square curve, was found in all trees, with variations occurring
most frequently at the highest and lowest density levels. Wood uniformity
appeared to be controlled by the relative amounts of very high- and low-density
wood, with high densities exercising the greatest influence. Analysis of density
distribution may prove useful for characte:izing wood for utilization purposes.

Introduction

Research on tree development after thinning, fertilization, or other 3ilvicultural
treatments leaves little doubt 'hat growth rate can usually be increased by
release, and often enhanced by supplying additional nutrients. The grocs effects
on wood characteristics in trees have been reported for many species. We know
that wood density may or may not decrease as growth rate increases, but many
questions need to be answered in greater depth. When gross change is slight, is
there a redistribution of density towage ;i-gh and low levels that achieves the
erýe balance? When density increases or decreases, is it general across the
spectrum of low to high density in growth rings? Or is the modification more

* differential and specific for certain levels of density?

This paper reports a study of wood In 46-year-old Sierra Nevada ponderosa pine
that was thinned in 1961 and fertilized in 1962. Changes in growth rate, wood
density, and wood uniformity (or density di. tribution) we.e found in comparing
the thinned trees with unthinned controls.

4rincipal research forester, Pacific Southwest Forest and Range Experiment
Station, Forest Service, U.S. Department of Agriculture, Berkeley, Calif.
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Materials aid MWthids

In 1961, a stand of young ponderosa pine trees on the Stanislaus National Forest,
in central California, was thinned for creiversion to a seed production area. The
level 15-acre site lies at 4,000-foot elevation on a deep Cohasset loam soil. Crop
trees were left 30 to 40 feet Apart, and competing vegetation was removed (fig. 1).

A cooperative study with the University of California was begun in 1962 to learn
the effects of supplemental fertilizers on flowering and cone production (Krugman,
1965). Six groups of seven trees, similar in crown and bole diameters, were
selected for fertilization. In each group the trees were treated as follows:

Tree Treatment

1 None (Check)
2 N

3 N, S
4 N, S, K
5 N, S, K, P
6 N, S, K, P, Bo
7 N, S, K, P, Bo, Zn

Fertilizer was applied only once.

By summer 1971, some growth differential was already noticeable. The difference
was readily apparent when diameters of the treated trees were compared with those
in an adjacent unthinncz stand of similar age and type. The six thinned but
unfertilized trees averaged 18.3 inches DBH: the 36 thinned and fertilized trees,
18.5 inches DBH; and six randomly selected untreated trees, 14.1 inches DBH.

I extracted large (12-mm. diameter) increment cores from bark to pith at breast
height ir all 48 trees for detailed wood analysis.

The cores were conditioned by d.ving to about 8% M.C. and returning them to 12% M.C.
in a conditioning cabinet. All cores were measured at 12% M.C. Entire cores were
X-rayed by using the moving-slit method of traversing the samples to avoid
parallax distortions. Although the princfple was teported earlier (Echols, 1970),
I designed new equipment which reduced vibrations and removed previous limitations
on sample size (fig. 2). The X-ray tube head is mounted in a cradle that moves
along heavy rails at a constant speed inside a lead-shielded cabinet. The
increment core and an X-ray filmstrip are placed un an adjustable platform, which
is positioned immediately below the path of the wuving head. A' the X-rays pass
through a 2-millimeter slit in 1/2-inch lead shielding, they are confined to a
virtually parallel plane that produces clear images on negativos (fig. 3).

Two growth periods were marked on the X-ray negatives, representing the 9 years
before thinning (1953-61) and after thinning (1962-70). The negatives were analyzed
with a densitometer that produced chart tracings representing wood density
variations. The densiLy distribution was measured with an integrator that dilided
the range of density into 14 cla3ses (0.20 to above 0,85) and recorded the amounts
of wood in each 0.05 class. A u-formity number 'Dr each wood sample was derived
from the relative distribution ot ",,ocd in the 1, lcnsity classes by using the mean
density as a base.
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Figure 3.--X-ray prints and densitometer chart tracings of wood
density variations for two 9-year periods in 46-year-old
ponderosa pine: Upper, trees thinned in 1961 and fertilized in
1962; lower, trees unthinned and not fertilized.
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1$' In addition to the 9-year total measurements, Individual rings were analyzed in

three trees (unthinned, thinned, and :hinnd .nd fertilized) to obtain den3ity
distributions and changes witliin the wo 9--iear peziods. The rings formed in 1953,
1957, and 1961 (before thinning), and in 1962, P•66, and 1970 (after tbin-ing) were
compared. Other measurements included ring widths anc total segment lengths.

Results

Table 1 summarizes the relationships of the treatments to growth, wouU density, and
wood uniformity,

Growth

&ll of the released trees responded to thinning with accelerated diqmeter growth.
Growth rate jumped hy 33.3% during the period 1962-70, compared with the previous
9 iears. Fertilization had only slight effect on growth rate, being largely masked
by the release effects of thinning. In the thinned trees, average r!nF width
itcreased from 3.70 millimeters to 4.85 millimeters after 9 years; in the thinned
and fertilized trees, it increased from 3.85 millimeters to 5.15 millimeters. These
differences were significant, but differences in fertilizer combinations were not.
The six unthinned and unfertilized trees showed a decrease in ring width for the
two periods, averaging 2.59 millimeters for 1953-61 and 1.69 millimeters during
1962-70 (fig. 4). A third-year response to release was evident in the thinned trees,
and was more pronounced in the trees that also received fertilý_ers. Because the
six fertilizer combinations yielded similar results and could not be distinguished
individually, they were pooled for data analysis. Any fertilizer response noted can
therefore be related to nitrogen, the common ingredient.

Wood Density

Wood densities in the 1953-61 growth rings were not significantly different from the
1962-70 rings in the thinned trees, whether fertilized or not. The unfertilized
trees showed a 4.4% decrease in wood density for the second period, dropping from
0.366 to 0.350. At the same time the fertilized trees increased 2.9% from 0.342 to
0.352.

By compariscn, trees not thinned increased in wood density from 0.350 for the
1953-61 period to 0.414 for the 1962-70 period. This difference reflects the normal
pattern of wood density increase in subsequent years of growth in ponleros'a pine.
Such density increese is commonl) assoc-iated with decreasing ring width.

Density Distribution

A characteristic pattern of wood density variation was found in all trees. The curves
resembled a chi-square distrPhution (fig. 5). The departures that occurred were the
most pronounced at the ends of the density scale. Because the percent of wood was
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computed for each of the 14 density classes, the relative distribution data was not
affected by Lhe length of each increment core. Figure 6 shows the density distri-
butions expressed in absolute amounts of wood (percent of sample X core length).
The thinned and unfertilized trees (fig. 6B) developed more wood in the density
ranges of 0.20 to 0.30 and 0.50 t-' 0.85 after thinning than in the period before
release. The greater amounts of wood in the low density range resulted in the
slight decrease in mean sample density noted earlier--from 0.366 to 0.350; but the
basic pattern was not changed.

When growth from 1953-61 was compared with that from 1962-70 in the fertilized trees,
a remarkably consistent increase in amounts of wood was found in all density classes
(fig. 6C). This increase resulted in the change in mean density from 0.342 to 0.352,
but again the basic pattern was unchanged.

Trees which were not thinned increased in mean density during the 1962-70 period,
but diameter growth decreased (fig. 6A). A lower volume of wood was formed in the
0.20 to 0.55 and 0.70 to 0.80 density ranges, but the increase in mean density
primarily reflected the much sm.ller amount of wood formed in the 0.20 to 0.35 range.

Wood density distributions in the three trees selected for individual ring analyses
showed no change in the general pattern resembling the chi-square curve (fig. 7).
In the unfertilized tree which had unchanged mean wood density for the period after
release, the increased amounts of low-density earlywood in the second period were
counterbalanced by dditional wood of higher density formed toward the end of the
growing season. This in turn reduced uniformity.

Wood Uniformity

One method of expressing wood density distribution in a sample is by means of a
single uniformity number (table 2). Taking ine mean density as a l'ase, the percent
of wood in each 0.05 density class above and below the mean are mui iplied by
weighting factors 1, 2, 3, . . . n, then added to the percent of wood in the class
containing the mean. The result is a combi.,ed number derived from the relative
distribution of wood in all of the density classes. Number 100 indicates uniform,
vi.rtually homogeneous wood, and is the lowest number that can be derived. Higher
rnumbers represent less uniform wood. These uniformity numbers can be used to compare
wood samples and could be extended to represent trees and strads with suitable
correlations.

The decrease in wood uniformity in the thinned trees during the 9 years after release
was statistically highly significant (table 1). It averaged 15.1%. This decline
was true for both fertilized and unfertilized trees. By contrast, the unthinned
trees gained 14.9% in uniformity. The more uniform wood in the slower-grown,
untreated trees typifies that found in the narrower growth rings associated with
trees under highly competitive conditions. This wood is also similar to old-growth
wood in large trees.
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Table 2. Example of uniformity computation based on scope and magnitude of

deparzure from mean wood density in ponderosa pine. Mean

density - 0.353

Density .20- .25- .30- .35- .40- .45- .50- .55-
Level .25 .30 .35 .40 .45 .50 .55 .60

Wood (pct.) 1.6 30.1 15.0 9.0 6.7 5.5 5.5 5.2

Multiplier 3 1'. 1 1 2 3 4

Un.formity 4.8 60.1 15.0 9.0 6.7 111.0 16.5 20.8
Increments

Density .60- .65- .70- .75- .'0- .85
Level .65 .70 .75 .80 .85 .90

Wood (pct.) 4.9 5.6 5.2 3.5 1.6 0.6 Uniformity
number:

Multiplier 5 6 7 8 9 10
287

Uniformity 24.5 33.6 36.4 28.0 14.4 6.0
Increments
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Discussion

Ponderosa pine is a relatively low-density species, averaging 0.30 to 0.40 when
ovendry. By comparison, ovendry southern yellow pine averages 0.52 to 0.66; and
Douglas-fir averages 0.45 to 0.51 (Panshin and de Zeeuw, 1964). Wood density
within growth rings of ponderosa pine in this study ranged from about 0.20 to
more than 0.85, but the larger amounts of the lower density wood reduced the mean.
In the 48 trees measured, 50% of the wood was in the three lowest density classes,
from 0.20 to 0.35, while the remaining 50% covered the 11 classes above 0.35 to
more than 0.85. Beginning at about 0.35 a similar density distribution existed
in all of the trees analyzed. The relative amount of wood ranged between about
5% to 12% of total volume and continued at the same amounts across the next four
0.05-density classes to about 0.55 (higher in some trees). Density variations
occurred most frequently at the ends of the spectrum, rather than uniformly across
individual rings. This occurrence can be explained in terms of the sequence of
development of the secondary cell wall, or S2 layer, in the tracheids.

At the beginning of each growing season, when cambial cell a~vision starts, norm&'
thin-walled tracheids are formed. The initial wall thickness Is influenced by
rate of cell division as well as by an inherent response to the water and nutrient
supply, crown size, and general physiological efficiency of the tree. After the
early period of growth, a balance is achieved in which reductions in cell d vision
rate follow the increasing water stress conaltions. This period coincides with
the beginning of the horizontal portions of the density distribution curves, and
in some species has been related to a cessation of shoot growth and an accumaulation
of inhibitors in the stem (Larson, 1960; Wodzicki, 1964; Kozlowski, 1971). As the
inhibition of cell division begins before the movement of cell wall materials down
the stem starts to taper off, the excess cellulose that is manufactured is deposited
along with other products inside the most recently formed tracheids as increasingly
thicker S2 layers. Under the same conditions some trees can carry on this process

longer than others, resulting in greater amounts of medium- to high-density wood in
rings. Other trees slow their cambial divisions more quickly, resulting in even
greater amounts of cellulose deposited in the outer tracheids and causing the higher
densities that we have encountered. If this lag time were measured it might be
found characteristic of a species as well as indicative of localized moisture stress
conditions.

An examination of the density curves for individual rings showed no apparent carry-
over of the supply of cel' wall raw materials from one season to the next. A growth
ring with higher or lower detisity latewood could not be associated with the amount
of lower or higher density earlywood in the next ring. Each season appeared to be
a separate event. Thinning and fertilization did not decrease wood density in this
study, but the normal trend of systematic increase was halted. Most of the
variations in density distribution that occurred were in the low- and high-density
classes. Therefore, if we want to achieve greater uniformity in wood, we should
-,oncentrate on reducing the relative amounts of extremely thin- and thick-walled
tracheids formed at the beginning and end of the growing seasons. Rather than the
chi-square type of curve (figs. 5 and 6), a uniform wood would produce a normal
curve--high in the middle and tapering abruncly at the ends.
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Analysis of density distribution in growth rings of trees can provide us an
additional basis for characterizing wood from a utilization standp int. More
information is needed on the relation of density distribution to pulp processes
and papermaking, to strength of wood materials, to assigned stress ratings, and
to seasoning and conversion processes. Density distribution, or wood uniformity,
when considered along with mean density, could become an index to suitability of
wood for its various uses, within the ranges of species and sizes available in the
future.

Summary

The distribution of wood density within and across growth rings was analyzed in
48 ponderosa pine trees from a seed production area on the Sierra Nevada in central
California. Forty-two of the trees had been released by thinning in 1961, and
38 were given additional fertilizer treatments. Large increment cores were
extracted, conditioned to 12% M.C., and X-rayed to measure growth and wood density
distribution for the 9-year periods before and after thinning and fertilization.
During the second period the growth rate of the released trees increased by
33.3%, with average ring width ircreas'.ng from 3.83 to 5.10 millimeters. Ferti-
lization had some effect on growth, but there were no differences in various
fertilizer combinations. The unthinned trces decreased in growth rate and increased
in wood density. Thinned and unfertilized trees decreased in wood density from
0.366 to 0.350, but the fertilized trees increased from 0.342 to 0.352.

A characteristic pattern of wood density was found in all trees, resembling a
chi-square distribution. Variations occurred most frequently in the lower and
upper density levels, rather than uniformly throughout growth rings. An increase
in mean density was the result of a greater percent of higher density wood (above
0.55), while lower mean density was associated with a higher percent of wood in
the 0.20 to 0.35 range. Wood uniformity appeared to be controlled by the amounts
of wood at the very high- and low-dknsity levels, with high densities exercising
the greatest influence.
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INFLUENCE OF IRRIGATION AND FERTILIZATION ON GROWTH

ANP WOOD PROPERTIES OF QUAKING ASPEN

by

DEAN W. EINSPAHR-

MILES K. BENSON

MARLANNE L. HARDER

Abstract

Fertilizer and irrigation treatments were applied to a 6-year-old quaking aspen
(Populus tremuloides Michx.) sucker stand growing in northern Wisconsin. Three
years after the start of the treatments, growth response and wood quality changes
were evaluated. Volume growth was approximately 140% greate- for the "fertilize-
plus water" treatment than on the control plots. Specific gravity appeared to be
only moderately reduced as a result of the increased rate of growth. The fiber
lengths of the trees from the control plots were significantly shorter than the
average fiber length of the trees receiving water only. Fiber length was
positively correlated to total height. Veesel-to-fiber ratios were not influenced
by the treatments or related to specific gravity, height, or diameter growth.

Introduction

Ever-increasing pressures by environmentalists to restrict how and where wood
products can be harvested, along with mounting top management pressure to maximize
total production and make the best economic use of the shrinking land resource
available for forest production, has resulted in the development of new and excit-
ing forest harvesting and forest management concepts. Terms like "silage
sycamore," "pucker brush," "chipping in the woods," "mini-rotation," and "chipping
at the stump" all imply the future use of short rotations, juvenile wood, and
improved utilization. There is also evidence that much of the wood produced by
the above intensive management systems will be from trees that are more rapid
growing than normal. This, in turn, raises the question of the influence of
accelerated growth on wood quality and, in the case of pulpwood, how this will
influence pulp quality.

Lake States aspen or "popple," which includes quaking aspen (Populus tremuloides)
and bigtooth aspen (Populus grandidentata), has for the past 8 to 10 years amounted

1
-:Authors are, respectively, senior research associate, research fellow, aij

research assistant, Division of Natural Materials and Systems, The Institute of
Paper Chemistry, Appleton, Wi±.
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to approximately one-half the total pulpwood harvest in the Lake States region.
Repid growth, prolific suckering a 11ity, and the ability to grow on a wide variety
of upland sites makes aspen a prim prospect for use in intensive management
systems in the Lake States region (EJnspahr and Benson, 1970).

Previous studies within the genus Populus on the influence of rapid growth on wood
quality have mainly involved the black poplars, section Aigeiros, within the genus
Populus. Only a limited amount of information regarding the effect of acclerated
growth on wood quality is presently available for the aspen (section Leuce).
Kennedy (1968), in reviewing the anatomy and fundamental wood properties of poplars,
discussed in some detail the influence of rate of growth on such wood properties
as fiber length, specific gravity, and chemical content. In view of Kernedy'b
comprehensive review only a brief summary of previous findings has been included.

The influence of growth rate on specific gravity of poplars ha. been controversial
and of considerable concern. A number of researcher 0 , working primarily with the
black poplars (Kennedy, 1968), found that there was a negative correlation between
growth rate and specific gravity In contrast, the work of Boyce and Kaeiser (1964),
Walters and Bruckmann (1i65), and Farmer and Wilcox (1966), in studies with cotton-
wood failed to find any relationship between growth rate and wood density. Kennedy
concludes that rapid growth rate appears to depress specific gravity and that the
conflicting results appear to have resulted from studies in which growth rate varied
only moderately or studies in which confounding genetic influences apparently were
involved. The work of van Buijtenen et al. (1959), Brown and Valentine (1963),
Einspahr and Benson (1967), and Pronin and Lassen (1970) with quaking aspen
suggests that the specific gravity of aspen may be less strongly influe.'ed by
growth rate thsn appears to be the case for black poplars. Here again, less
variation in growth rate and genetic factors may be the reasons for the reduced
influence.

Fiber length-growth rate relationships have been less widely studied and appear
to be less controversial than the specific gravity-growth rate relationships. Most
researchers working with Populus species have concluded that fast growth rate was
significantly related to longer fibers (see review by Kennedy, 1968). In tlbe
present study the authors have attempted to evaluate the influence of fertilization
and irrigation treatmencs on growth rate, fiber length, specific gravity, and the
vessel-to-fiber ratio of a 6-year-old quaking aspen sucker stand.

Methods and Materials

Experimental Trial

The \,ood samples used in this investigation were obtained from a fertilization and
irrigation study being conducted on a 6-year-old quaking aspen sucker stand. The
stand is growing on a sandy loam bench (rocky subsoil) about 30 feet above the
Wisconsin River near Tomahawk, Wis. The trial was established to demonstrate the
biological potential of young aspen sucker stands and is a part of a larger intensive
forestry program at The Institute of Paper Chemistry.
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The treatments were arranged in a three-replicate, randomized block design and
the treatments included control, fetlizer (1,000 lb. per acre of N20P5K1oCaloMg2),

irrigation (5 to 7 in. of additional moisture per acre as the season required) and
fertilizer plus irrigation. The fertilizer was applied as a single application
while the irrigation water was appllea through an overhead sprinkler system using
wa t er ptiped from the Wisconsin River. .he treated plots (replications) were
150 by 200 feet. Permanent subplots (1/5G acre) were established within each
replication and were used to monitor volume growth response. The 6-year-old
sucker stand, when measured the fall befoie the study started, averaged 11.9 feet
in heigkh, 0.77 inch in diameter at breast height (DBH) and contained approximately
5,74 stems per acre ever 0.5 inch in DB1I.

Fertilizer and irrigatio-a treatments were initiated in the spring of 1969. The
wood samplEs employed in this study were from 9-year-old trees harvested in late
August of 1971, three growing seasons after the start of the treatments.

Wood Samples

The wood samples ,,•d in the study were obtained by harvesting three representative
size (dominant or codominant) trees from each of the three replications of a par-
ticular treatment. Since there were four treatments and three replications per
treatment, the study being reported is based upon a total of 36 trees. The measure-
mencs reported are from disks taken at breast height and the measurements were
furthx•" confined to wood from the three annual rtngs that were formed since the
treatments were applied. Wood samples used were free from decay and reaction wood.
Measerement data include disk diameter, total radial growth since treatment, specific
gravity, fiber length, and the vessel-to-fiber ratio.

fleasurement Techniques

Specific gravity information is based upon duplicate determinations made using two
disks taken at breast height. The specific gravity values were obtained by divid-
ing the dry weight by a weight of water equivalent to the green volume. Fiber
measurements were obtained by macerating wedge-shaped samples containing the three
annual rings of interest using the method of Spearin and Isenberg (1947). A
minimum of 500 fibers were measured per tree including all intact, cut, and broken
fibers 0.3 millimeter and longer. Measurements were made using an Institute-

des..gned semiautomatic fiber-meaburing device.

Vessel-to-fiber ratios were obtained using TAPPI Standard Method T40im-60 for
quantitative determinations in recording the portion of the two types of elements
from slides of the macerated material. Duplicate determinations were made and each
determination was based upon counts of approximately 350 wood elements. The values
obtained were expressed in terms of percent vessels.

Statistical procedures employed involved running standard analysis of variance
calculations (randomized block design) on the data and where statistically

significant differences were obtained, Duncan's multiple-range test (1955) was
used to determine the reasons for significant "F" values obtained.
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Results.

The results obtained are presented through the use of tile following five tables.
Table 1 provides an insight into the volume growth on the test area and the changes
that reculted from the treatments that were employed. Table 2 summarizes the data
on t'e size of the trees that were sampled and information on diameter growth
diff~rences for the trees used in the wood property comparisons.

Table 3 summarizes the specific gravity, fiber length, and vessel-to-fiber ratio
data obtained along with the diameter growth values used in calculating the
response information given in table 2. The values ptesented are average values
based upot. measurements made upon ttree trees located within each of the
replications of a treatment.

Interrelations between growth rate and wood properties were examined by calculating
all possible simple correlations between total height, diameter at breast height,
diameter growth, specific gravity, fiber length, and vessel-to-fiber ratio using
individual tree data. Table 4 summarizes the results of these calculations.
Correlation coefficients in e:.cess of 0.33 are significant at the 95% level of
probability while values larger than 0.42 are significant at the 99% level of
probability.

Analysis of variance calculations were run using individual tree values to evaluate
the influence of the fertilization and irrigation treatments on diameter growth,
specific gravity, fiber length, and vessel-to-fiber ratio. The "F" values for
treatments are summarized ia the last line of table 5. Duncan's multiple-range
test (1955) was used to further examine treatment means when significant "F"
values were obtain-d. Table 5 summarizes the treatment mneans and the results of
analysis of variance and Duncan's multiple-range test calculations.

Discussion of Results

The Nolume growth d.ta in table 1 are presented to illustrate the magnitude of
growth response obtained by the fertilizer and irrigation treatments. Measurement
data obtained but not presented in this paper suggest fertilizer response was due
primarily to increased diameter growth while irrigation resulted in improved height
growth. The "fertilizer plus irrigation" treatment resulted in increases of
approximately 140% over that of the control. Tie response obtained from this treat-
ment resulted from a combination of increased height growth, increased diameter
growth, and growing conditions that favored the survival and growth of a greater
number of stems per acre.

The wood quality data were obtained from samples of 36 trees that were as represent-
ative as possible of the trees growing under the several growing conditions
involved. A second measure of growth response was obtained by comparing the
diameter growth of the sample trees. This comparison was made by measuring the
diameter increases that resulted since the treatments had been applied (last
3 annval rings). Analysis of variance calculations on diameter growth since treat-
ment indicate there was a significant difference due to treatments. Duncan',
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Table l.--Volume growth response of a 6-year-old quaking aspen stand-1

Treatment Volume growth change Response
: . .---------.--. .-------.------ :as percent
: 1968 to 1970 : 1970 to 1971 : Total :of control

----------------------- ---------------- :-------:-.-----
: Cu. ft. : Cu. ft. :Cu. ft.:
: per acre : per acre : per
: : : acre:

Control : 72 : 57 : 129 : 100

Fertilizer : 89 : 61 : 150 : 116

Water : 117 : 93 :210 : 163

Fertilizaie iluz water : 164 : 151 : 315 : 244

1=Volume measurements were based upon 3 replications of each treatment
and 4 1/50-acre subplots within each replication.

Table 2.--Dimensions and diameter growth of sample trees

Treatment :Average:Average:tDiameter growth, :Diameter growth
: total : DB1 : last 3 annual : as percent
:height : ringa : of control

---------------------------.--- ----------I------- ----- I---------

Ft. In. In.

Control 15.4 : 1.31 : 0.39 100

Fertilizer : 15.5 : 1.42 : .44 : 113

Wdter : 19.7 : 1.45 .44 113

Fertilizer and water: 18.2 : 1 60 .61 : 156

1
-Diameter at breast height outside bark.
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Table 3.--Summary of diameter growth and wood property data

Treatment : Breast height :Specific: Fiber :Vessel-to-fiber
and replication :diameter growth:gravity : length: ratio

:since treatment:
----- ------------------------ --------.-------

In. : : Pm. : Pct.

Control :
A : 0.42 : 0.335 : 0.643 : 7.9
B : .42 : .335 : .646 : 7.6
C : .34 : .318 : .693: 7.5

Fertilizer
A : .50 : .350 : .665 : 8.1
B : .38 : .322 : .696: 6.0
C : .44 .329 : .674 : 9.2

Water
A : .46 : .313 : .714 : 7.7
B : .44 : .340 : .751 : 7.0
C : .42 : .318 : .679 : 8.6

Fertilizer plus water: :
A • .58 : .277 : .681 : 7.1
B . .60 : .293 : .675 : 7.3
C . .64 : .334 : .696 : 6.6

1-6



Table 4.--.Stnmwry of correlation coefficiente 1 between growth
and wood properties

Variables T)'-QH :Total :Diameter:Specific:Fiber :Vessel-to-
:height: growth :gravity :length:fiber ratio

- -------------------- ------- ------ - ------ - ---------

DBH 1.00 : 0.50 : 0.86 -0.47 0.25 -0.12

Total height : 1.00 : .36 -.23 .53 -.12

Diameter growth ; 1.00 -.35 .12 --.09

Specific gravity 1.00 .09 -.02

Fiber length 1.00 -.25

Vessel-to-fiber ratio 1.00

1
-:Values greater than 0.33 are significant at the 95% level and values in

excess of 0.42 are significant at the 99% level of probability.

Table 5.--Analysis of variance and multiple-range test calculations

reatment :Average Specific : Fiber :Vessel-to-
:diameter: gravity : length :fiber ratio
: growth :

--------------------------- -------- ---------- -------- -----------
In. Mm. Pct.

Control 0.39x 0.329x .66lx 7.7 x

Fertilizer .44 x .334 x .678 x 7.8 x

Water .44 x .324 x .715Y 7.7 x

Fertilizer plus water .61Y 303y .684x 7.0 x

Analysis of variance 2
test for treatments- 37.00 4.12 4.87 .53

-7-Duncan's multiple-range test (9511, level of probability), treatment
medns followed by a common letter are not significantly different.

ýý'T' test values greater than 2.90 indicate significant (95% level
of probability) treatment influence.
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multiple-range test made on the treatment means provwdes evidence that the
"fertilizer plus water" treatment was significantly different from the control and
the other two treatments. The diameter growth of the water and fertilizer treat-
ments were very similar and were not significantly different 'rom the diameter
growth o" the control trees.

When individual tree specific gravity values werL used ir ,nalysis of variance
calculations, the "F" test for treatments indicated that significant differences
in specific gravity had developrd as a result of the treatments. Multiple-range
tests, when used to examine treatment means, provided evidence that the trees
receiving the "fertilizer plus water" treat.ment had significantly lower specific
gravity than the trees receiving the other '.reatment3. By assigning the specific
gravity of the control plot a value of 100%, the trees in the "fertilizer p Us
water" treatment turn out to have a specific gravity of approximately 92% of the
control trees.

Vessel-to-fiber ratios, despite an apparent decrease in specific gravity due to
the rapid growth, were not sinificantly influenced by the treatments applied to
the experimental area. The -. thods used in determining the ratios were very
reproducible and the results leave little doubt that no increase in proportion
of vessels resulted from the applied treatments. These results do not speak,
however, to the possibility of larger sized vessels or thinner walled fibers and
vessels.

Fiber length of the sampled trees appears to have been significantly influenced
by the treatments. The "water only" treatment had trees with the longest fiber
length and interestingly enough the trees from this treatment were also the
tallest of the trees sampled. Analysis of variance and Duncan's multiple-range
calculations (table 5) demonstrated there were significant differences between
treatments and that the significant "F" value obtained was due to fiber length
differences between the control trees and the trees from the irrigated plots.

As a further check on the relationships that exist between growth rate and wood
properties, all possible correlations were run between growch measurements and
the wood property measurements. The cnrrelations were run using the data from
the 36 trees making up the study. These calculations are summarized in table 4
and revealed a highly significant (99% level of probability) correlation existed
between fiber length and total height. Specific gravity was negatively correlated
with both DBH and diameter growth but was not correlated with total height.
Vessel-to-fiber ratios were not correlated with any of the growth parameters

measured.

The results of this study, although not conclusive because of possible genetic
confounding, indicate that fertilizer and irrigation treatments on aspen sucker
stands that result in major increases in height and diameter growth can be
expected to result in modest decreases in the specific gravity of the wood
produced. Vessel-to-fiber ratios, it appears, will not be changed by major
increases in growth rate while fiber length can be expected to increase a modest
amount by environmental factors that improve the growth rate.
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Berklund, Nekoosa Edwards--Would you conclude that the fertilizer acted as a
deterrent on fiber length from what you've said there?

Einspahr--No, I would say there's no significant difference to the fertilizer
alone, as to what we could see there.

Berklund--When you had water and fertilizer, you-had the longer fiber length.

Einspahr--No, the longest fiber length was water alone.

Berklund--But when you had fertilizer you had a shorter fiber. So I interpret
that fertilizer acted as a deterrent to fiber length.

Einspahr--The fertilizer gave us the same fiber length as the control. I guess I
was looking at it from the point of view that fertilizer did not decrease it in
comparison to the control. But when you compare the fertilizer plus water treat-
ment with the water, you did have a lower fiber length. This is correct. And it
was significant.

Isebrands, Forest Service--Did you find reaction wood was quite prevalent in this
material?

Einspahr--Really not. Ir this particular instance we restricted the samples we used
for measurements and they did not have reaction wood. But we saw very little
reaction wood. This might be different if you were looking at materials that were
wider spaced and had more wind action and various things. At a high density like
this the stand was pretty stable as far as any movement of tops and the things that
might cause reaction wood.

Franklin, Forest Service--In terms of aspen culture, what are the minimum
merchantability standings and what's going to happen to 5,700 trees per acre as you
approach some sort of merchantable size class?

Einspahr--We think you can probably harvest these materials at 10 or 12 years of
age and have reasonable hardwood quality. Several years ago, in cooperation with
Owens-Illinois at Tomahawk, we harvested a stand that was between 17 and 18 years.
This particular stand had 1,700 stems per acre, quite a high density for that age.
We harvested this essenlially by hand, but we got very high yield from this
approach. We got in the neighborhood of twice the total volume of chips off the
area as normally expected, so it appears we will be able to harvest these materials
at fairly young ages. There are techniques for separating bark and wood if these
are required by the end product, and there are some possibilities also of actually
pulping the bark with the wood as in the sycamore. We've done this on some
10-year-old material with relatively little decrease in any strength properties and
only slight drop in yield. ! had hoped that I would have the micropulping data to
go with this presentation today but I didn't have enough data to bring along.

Question--This young wood has very short fibers, less than I millimeier long. How
useful are such fibers for industry? How does this length compare with the mature
aspen fiber?
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Einspahr--I have to explain two points. Measuring aspen fibers the way we do, we
measure all fibers cut and broken, a- well as the intact ones, so we run something
like 10% or so below normal. We have used this method consistently through all
our studies, all selected trees, all our pulping work. In the pulp this is all
right, because this is the fiber that affects strength. So we are running something
like 10% below someone else's aspen results. If you use our method of measuring
fiber length, aspen in nortnern Wisconsin at the 30th annual ring runs about 0.95
fiber length. The best we have here at age 9 was 0.715. So this gives you a
relative story on the fiber length of these young materials. Now some people have
pulped aspen this young and had reasonable luck in using it. It runs in the same
fiber length as maple, so it is suitable for certain types of material.

Maeglin, FPL--In measuring the fibers this way, do you include longitudinal
parenchyma in these measurements?

Einspahr--No, we do not. It is strictly fibers. We limit the fibers, but cut
fibers and broken fibers are included.

Bensend, Iowa State--As I recall in the literature, the length of fiber decreases
as growth increases because the pseudotransvE-rse cell division in the cambium to
increase the cambial girth results in shorter cambial initials and eventually in
shorter fibers. But the data that l',e seen today does not really substantiate
this.

Einspahr--Bob Kennedy, from Canada, reviewed the effect of specific gravity on
Populus species, the effect of growth on specific gravity, and the eifect of growth
on fiber 13ngth. His conclusions for the black poplars, for instance, support this.
They have longer fiber length with more rapid growth. So there are data to
substantiate this fiber length-rate of growth thing. I think it's generally
accepted that more rapid growth in the Populus species is associated with longer
tiber length. True, most of the information is on relatively young trees. But
that data seem to support the same trend we obtained.

Bensend--The explanation for the shorter tracheids in, say compression wood, is
often given as the increased radial growth of compression wood. And the longer
fibers in the latewood of conifers is explained on the basis of less pseudotrans-
verse cell division in the cambium. But this apparently is not true in hardwoods?

Einspahr--l really can't speak for hardwoods in general. But in PopuLus this has
been the case in the literature, particularly with the black poplars.

Larson, Forest Service--There is quite a bit of evidence to indicate that at least
in juvenile wood there is a relationship between fiber length and internode
elongation. And you did show a positive correlation between height growth arid
fiber length. And there are also studies in which gibberellic acid has been
applied to aspen shoots to induce elongation of the internode. This increased
fiber length. So we may have the two different interactions here--effect of
elongation growth on fiber length of the young tree, and the effect of
pseudotransverse divisions in an older tree as Dr. Bensend pointed out.

Einspahr--Certainly the evidence that I've seen in the literature has been primarily
with younger trees. This might be the reason and the explanation of this
ditference here.
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EFFECT OF NITROGEN FERTILIZER ON THE GROWTH RATE AND CERTAIN

WOOD QUALITY CHARACTERISTICS OF SAWLOG SIZE RED OAK,

YELLOW-POPLAR, AND WRITE ASH

by

HAROLD L. MITCHELL-

Abstract

In the mid-1930's experimental Vlots established in even-aged, pole-sized stands
of mixed hardwoods were fertilized in the early spring with varying amounts
of nitrogen. Leaf samples, for chemical analysis, were taken the fall of the
same year that the fertilizer was applied, and increment cores, for radial growth
measurements, were taken the year following fertilization. All species studied
showed a significant growth response to nitrogen fertilization, and in all cases
there was a strong correlation between soil nitrogen supply and the nitrogen
content of the leaves.

Twenty-seven years later, sample trees of three species were cut on the control
and the variously fertilized plots and bolts and cross sections therefrom were
shipped to the Forest Products Laboratory for wood quality evaluations. This
material was checked for specific gravity and toughness, and subjected to machi-
ning tests that included planing, turning, and shaping. The fast-grown wood
produced by the fertilized trees was found to be just as suitable for the uses
and products--mainly furniture, millwork, paneling--normally made from these
valuable hardwood species as wood produced by the slower growing control trees.
Also, so far as could be determined from this study, such wood would be just
as good or better for pulp and paper products.

Tn the mid-1930's when I was assistant director in charge of research at the
then privately owned Black Rock Forest in New York, I initiated what has since
proved to be the first large-scale fertilizer experiments with natural fofst
stands in the United States. The results of some of these experiments, which have
been under observation now for about 35 years, will be the subject of this paper.
Emphasis will be on the quality of wood produced by certain hardwood species whose
growth was greatly stimulated with nitrogen fertilizer.

By way of background, I should point out that the 3,100-acre Black Rock Forest,
now known as the Harvard Black Rock Forest, is located in the Hudson Highlands

1-MChief, Division of Wood Quality Research, Forest Products Laboratory, Forest Service,
U.S. Department of Agriculture. The Laboratory is maintained in Madison, Wis., in
cooperatiop with the University of Wiscons,,i.
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of New York, on the west side of the river, between the U.S. Military Academy to
the south and the village of Cornwall-on-the-Hudson on the north. The topography
of the area is mountainous, with numerous rock outcrops. Elevations range from450 feet to 1,461 feet. Little of the land was suitable for cultivation at the

time of settlement in 1694, although there is evidence of considerable clearing

for pasture. But mainly, the more rugged areas of the Highlands produced cordwood
to mal- the charcoal required by the local iron industry, and later crossties for
the railroads and fuel for the brick kilns that developed along the Hudson Valley.

During the 19th century, and perhaps earlier, the Highlands were clearcut on the
average of every 40 years, and were frequently ravaged by wildfires. As a result,
present stands are even-aged and mostly of sprout origin. The soils of the area--
mostly stoney clay loam derived from glacial till--also show the effects of past
abuse. They are generally low in organic material, low in nitrogen, and tend to
be thin, especially at the higher elevations and on the steeper slopes. The soils
of the area have been described in detail by Scholz (1931) and the geology by Denny
(1938).

The objectives of the original experiments were: (1) To learn more about the nutri-
tional needs of the local hardwood species so that we might improve our silviculture;
and (2) to develop a foliar analysis technique that could be used as a management
tool to estimate available nutrient levels of forest soils of unknown fertility
with a relatively high degree of accuracy. At that point in time, when the country
was just starting to recover from the Great Depression, no one seriously believed
that the time would ever come when it would be economically feasible to use fertil-
izers to accelerate the growth of commercial forests.

In planning my research I most certainly did not anticipate the current surge of
interest in what is known as high-yield forestry. In fact, I am frequently7 embarrassed
by being credited with foresight I didn't possess. However, this fact in no way
detracts from the value of the results of this pioneering research in today's more
favorable climate.

In any event, starting in 1935 and extending over a period of 5 years, varying
amounts of nitrogen, phosphorus, and potassium fertilizer, singly and in different
combinations, were applied to about thirty 1/4-acre plots established in even-aged
pole-size stands of mixed hardwoods on several different sites on the Black Rock
Forest. Adequate unfertilized control areas were reserved for each series of vari-
ously fertilized plots established on a relatively uniform site. Fertilizer was
applied, broadcast, to the undisturbed forest floor early in the spring. There
was only one application. Leaf samples, for chemical analysis, were taken in the
fall of the same year during that 2- to 3-week period when nutrient content is
maximum and relatively constant (Mitchell, 1936). Increment cores, for radial
growth determination, were normally taken the year following fertilization.

Starting in 1936, cooperation was developed with Dr. Robert F. Chandler, Jr., then
assistant professor of forest soils at Cornell University. He had similar interests,
and by duplicating some of the studies at the Arnot Experimental Forest, near Ithaca,
it was possible to include several important species, such as beech and basswood,
that were infrequent in the Hudson Highlands.
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Since results with phosphorous and potassium applications were negative, so far
as growth response was concerned, only the nitrogen data are considered here.
All data from the 20 combined Black Rock and Arnot Forest nitrogen fertilized
plots are presented in detail in Black Rock Forest Bulletin No. 11 (Mitchell and
Chandler, 1939).

All 24 species studied made a significant response to nitrogen applications in
terms of increased radial growth. For certain species, such as yellow-poplar,
basswood, and ash, the increase in radial growth was on the order of 300 percent.
These species were classed as "nitrogen demanding." At the low end of the response
scale, and classed as "nitrogen deficiency tolerant," were such species as the
oaks, trembling aspen, and red maple. The other species--mainly hickory, sugar
maple, beech, blackgum--were classed as intermediate in this respect. Fertilization
with nitrogen did not result in an increase in epicormic branching immediately
following treatment or later.

As shown in figures 1, 2, 3, and 4, a high degree of correlation was also found
S between available nitrogen supply and the nitrogen content of the leaves. Here,

again, there were differences between species. From the experimentally established
relationships between nitrogen supply and the nitrogen content of the leaves,
it was possible to develop a standard of comparison, or rating scale, and a technique
for using foliar analysis to estimate available nitrogen levels in forest soils
of unknown fertility. Using this technique, 50 forest sites throughout the North-
east were rated according to nitrogen-supplying capacity. The results are shown
in figure 5. It appears from the data obtained from this preliminary survey that
the soils of the Black Rock and Arnot Forest study plots rank at the lower end
of the distribution curve for relative nitrogen supply. This no doubt accounts
for the significant response of all species to nitrogen fertilizer.

It occurred to Dr. Chandler and me at the time that the wood produced by our faster
growing trees might be abnormal in some respect or even unsuitable for traditional
uses or products. We were not equipped to make such evaluations ourselves, s3
we quite naturally wrote to the Forest Products Laboratory in Madison to enlist
their interest and cooperation. Certainly they would recognize the importance
of our research and provide the needed help.

I'll never forget the reply we received soon thereafter. In extremely polite
language it said, in effect, that they had more important matters to attend to,
and that the answer was no. This reaction was typical of the times. There was
very little interest or research in the whole area of forest soils, tree nutrition,
wood quality, and the like, and such work was largely confined to a few of the
older eastern universities. Industry at that time couldn't have cared less. Even
the U.S. Forest Service, although mildly interested, had no program of consequence
and didn't make a substantial commitment until the mid-1950's. The odds against
developing strong interest in and continued financing for further research in
this area appeared to me to be insurmountable. So, with much regret, I tossed
in the towel, abandoned my chosen field of specialization, and sought employment
elsewhere. Dr. Chandler did likewise soon therEafter, probably for much the same
reasons.
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YELLOW POPLAR
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SIt was not until 27 years later, after I wr well srttled in my present job at
the Forest Products Laboratory, that I was again in a position to followup on,
and in certain respects to complete, the research I had initiated so many years
earlier. We contacted Harvard University and were granted permission to cut as
many sample trees from the old nitrogen plots as we felt necessary to assess the
long-term effects of accelerated growth on wood quality. In all, 71 sample trees
were selected and felled, including 31 white ash, 28 red oak, and 12 yellow-poplar.
Unfertilized control trees were of course included in the sample. All were in
the dominant crown class and, for the same species within a variously fertilized
series on the same site, an effc-t was made to sample trees of approximately the
same age.

A 2-1/2-inch-thick disk was sawn from the bole of each sample tree 3 feet 8 inches
above the ground level aud another at 16 feet 2 inches above the ground level.
In addition, a 5-foot-long bolt was cut immediately above the lou'r disk. Both
disks and the bolts were shipped by truck to the Forest Products Laborat.ory for
study (fig. 6).

At the Laboratory sawmill, four 4-foot-J-ng bcards, each 1-1/4 inches thick and
3 inches wide, were sawn from each sample bolt, one board from each face. Each
flat-sawn board was so cut that the inner tangencial surface included the first
growth ring following the year of fertilization. The boards were dried c"'d condi-
tioned to 12 percent moisture content and rough surfaced to 27/32-inch t'iickness.
Each board was then cut into four 12-inch-long pieces for machining and other
tests.

Our primary objective was to determine a neL...er or not wood produced by trees so
stimulated with nitrogen was as suitable as average (untreated) wood for the prod-
ucts and uses normally made of these valuable hardwoods. This includes furniture,
millwork, paneling, and the like.

Machining properties are probably the most useful and commonly used index to the
suitability of wood for such products. Specific gravity, which is related to
strength, and toughness, the ability to absorb shock, are also important, Accord-
ingly, all sample material was checked for specific gravity and toughness anG
subjected to machining tests. The latter were made according to standard metlods
developed by Davis (1958), and included planing, turning, and shapirg (fig. 7),

The office report on this study contains numerous tables that summarize the th~usands

of observations made, and also the results of rigorous statistical analysis.
This tabular material and the statistical data are not included in my paper because
the essential findings resulting from all this work are rather meager and cat
be simply stated as follows:

1. No significant differences were found between the machining properties of
wood produced by trees whose growth was greatly stimulated with nitrogen fertilizer
and wood produced during the same period by slower growing control trees of the
same species growing on the same site.

J-9



0)

0

X41

ý4

ca

41

0

-41
0

"-4

Q)

co

ca

*0

"-4

J-.ca

QI



(xo

0 v)

44

00)

44r J-1W



2. Where valid comparisons could be made, there was a trend toward increasing
specific gravity with increasing growth rate.

3. There was a highly significant linear correlation between specific gravity
and toughness.

4. One of the most interesting findings was that the growth response to the single
application of nitrogen continued for 6 to 8 years (fig. 8). Had the stand been
thinned 3 to 4 years following fertilization, the effects on growth acceleration
might have continued even longer.

5. Examination of disks cut from fertilized trees at 3 feet 8 inches and 16 feet
2 inches above ground level showed the same general pattern of growth response.
The only difference was that the annual rings at the higher level were slightly
narrower than the same year's growth nearer the ground level.

6. Only three of the 24 species studied were sampled for wood quality evaluation.
It is probably unlikely that the response of the other species to growth accelera-
tion would be greatly different. However, the original fertilizer plots are still
intact, and if anyone is interested in pursuing the matter further, I am quite
sure that satisfactory cooperative arrangements for so doing could be made with
Harvard University.

7. As to utilization for pulp and paper products, assuming anyone would choose
to so use prime sawlogs of such valuable hardwoods, the slight trend toward increas-
ing wood density, due largely to thicker cell walls, should be an advantage.
It would result in higher pulp yield per unit volume of wood.
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Bengston, TVA--Two of our previous speakers presented data which showed that
fertilization treatments might in some way affect the quantity of intermediate
wood that was !.-oduced in two coniferous species. If this wood were used for
structural pu poses or other than pulp and paper, what might be the effect of
increasing th, proportion of this intermediate wood? In general, would this be
good or bad?

Mitchell--You get more uniformity; and in structural lumber I'd say that would be
a big advantage. One of the reasons lumber is so poorly used is that everything
has to be overdesigned to take care of the weaker pieces that get in the mix. Now
there are two approaches to that. One is nondestructive testing of each individual
piece, so that it is assigned a strength value that has reliability and you know
how to use it properly. The other approach would be anything that geneticists or
silviculturalists could do to get more uniformity. Certainly more uniformity would
be a big advantage for structural lumber, for structural plywood, and probably for
pulp and paper.

Thor, University of Tennessee--I was impressed by the last slide showing the
tremendous response to fertilizer. Wouldn't you experience some kind of failure at
a point like that when you are sawing or machining it to a shape or anything like
this?

Mitchell--No, we didn't. That would be a reasonable assumption and we particularly
checked it. Now the bulk of our machining tests were taken well into the next
ring, but we -necked that one out, too.

Gordon--That last paper for this afternoon's program is entitled "Related Aspects
of the Morphology of Loblolly Pine and Papermaking." It is coauthored by
A. C. Barefoot, R. G. Hitchings, E. H. Wilson, and R. C. Kellison. The paper will
be presented by Dr. Bruce Zobel who is known to all of us. He is professor of
f6rest genetics at North Carolina State University and director of the North
Carolina State University Cooperative Tree Improvement Program, which is the Irst
of its kind in the United States. Dr. Zobel:
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RELATED ASPECTS OF THE MORPHOLOGY

OF LOBLOLLY PINE AND PAPERMAKING

by

A. C. BAREFOOT-

R. G. HITCHINGS

E. H. WILSON

R. C. KELLISON

Introduction and Objectives

In recent years several investigators have studied the morphology of southern pines
and have attributed observed pulp and paper properties to the wood and tracheid
characteristics of the trees (Barefoot, Hitchings, Ellwood, et al., 1q64, 1965, 1966,
1970; Wangaard, 1966; Dinwoodie, 1965; McMillin, 1969). In most of this research
the properties of the original pine tracheids, the paper fibers, and the resulting
paper have been the ones of primary interest.

Our previous studies, Wangaard's, and those summarized by Dinwoodie (all cited
above) have suggested the existence of a strong influence of the cell wall thickness--
or a measure of density--on many of the properties of paper made from coniferous
species. Tracheid length, while having an effect upon some properties, was not
shown to be the dominant character that so many of us expected. A portion of this
paper will cover some of our most recent work on 23 preselected loblolly pine trees,
the results of which clearly establish for loblolly pine rhe trends uncovered in
our earlier work.

It is well known that during pulp4 ng and refining (beating); the original tracheid
structure is altered considerably in developing the final paper fiber. That fiber,
so created, is obviously a major determinant of the properties of the papeT. To
our knowledge, the role of the original cell characteristics in refining pine
"fibers" is not so well documented; pulp researchers most concerned with studying
the refining process for wood fibers have largely concentrated on understanding the
effects of the process on the fibers or on understanding the effects of the refined
fibers on the paper made from them. Emerton (1965), Gallay (1958), Giertz (1958),
Higgans and de Yong (1962), Dadswell and Watson (1962), Wardrop (il63), and Norberg
(1971) have been contributors to this work. While some of the bocanically oriented
azong thee, workers have spoken of wood morphology and refining (Dadswell and Watson,

-Authors are from North Carolina State University and are, respectively: Professor
of Nood and Paper Science; professor of Pulp and Paper Technology; research
aseistant; and associate director, Cooperative Programs.

K-I



1962; and Wardrop, 1963), most of the researcherd are "pulpmakers" and have been
concerned with the morphological condition of the fiber after refining. For these
reasons, we shall introduce a part of our preliminary studies on the role which
the cell morphology of tracheids plays in affecting tae properties of refined
fibers. We shall alsn present some of the correlations we obtained betweer the
growth of our trees and certain of their wood and tra':heid qualities. Finally,
we shall discuss some of the industrial implicad!ons cf our studies on the kraft
pulping of southern pines.

Material and Procedures

The trees for this study were chosen from among over 2,000 loblolly pine trees
previously characterized by the Cooperative Tree Improvement Program at
North Carolina State University as being straight of bole and free of excessive
limbs. Trees with high and low specific gravities, long and short tracheids, and
of a young or old age were sought and obtained in the Coastal Plain and Piedmont
regions between southern Georgia and the Virginia peninsula (fig. 1).

The trees were cut into 5-foot bolts and delivered to the Laboratory where the
bolts were immediately weighed, sampled, debarked, and reweighed. Disks for
moisture content determinations, specific gravity, and fiber characterization were
taken at the 4.5-foot level and at the top and bottom of each 5-foot bolt.

The bolts were separated into wood fractions representing the inner 0-10 ring zone,
the 10-35 (approximately) ring zone, and an outer + zone, when it contained suffi-
cient wood for pulping. For some trees, the entire bole of the crown, or top was
also pulped. Since the young trees were between 10 and 20 years of age, the whole
tree was pulped without separating out the inner zone, the juvenile core.

The tracheid or wood characteristics determined on a weighted basis for each zone
or fraction of the wood were:

1. Unextracted specific gravity USG
2. Extracted specific gravity ESG
3. a. Summerwood percentage, by volume V% SU or SU

b. Summerwood percentage, by estimated weight A SU
4. Springwood tracheid length SpFL, mm.
5. Springwood cell wall thickness (radial) SpCW, Jim.
6. Springwood lumen diameter ( n SpCL, 1rm.
7. Springwood cell diameter tangential) SpCD, lim.
8. Summerwood tracheid length SuFL, mm.
9. Summerwood cell wall thickness (radial) SuCW, Jim.

10. Summerwood lumen diameter SuCL, Jim.
11. Summerwood cell diameter SuCD, mm.
12. Tree tracheid length (combined springwood and

summerwood) TTL, Mm.
13. Tree cell wall thickness (combined springwood and

summerwood) CW, pm.
14. Tree lumen diameter (combined springwood and summerwood) CL, vim.
15. Tree cell diameter (combined springwood and summerwood) CD, pm.

K-2



VIRGONNG RIC 0 .141

*OATURENTREE

S0a20

o0 CITY

Figure l.--Geographical location of the trees in the study.
Key to company numbers

a) 4 - Chesapeake Corporation of Virginia
b) 14 - Continental Can Company, Incerporated

c) 6 - Albemarle Paper Company
d) 8 - Weyerhaeuser Company
e) 9 - Riegel Paper Corporation

f) 5 - Continental Can •.ompany, Incorporated
g) 15 - Ceorgia Kraft Cot:pany
h) T - North Carolina •tate University (young trees)
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i) I- - Continental Can C~ompany, Incorporated (young trees)
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glycerine/water mounts of fibers macerated in a 1:1 glacidl acetic acid-hydrogen
peroxide solution. Sufficient numbers of fibers were measured for each variable
to give an average which should be within +5% of the true average.

The paper properties recorded were:

Beating Time = BT
Canadian Standard Freeness = CSF
Apparent Density = AD
burst Factor = BF
Breaking Length = BL
Tear Factor = TF

Because the extent and timing of the projects for relating tracheid properties to
beating were not predetermined, the decision was made to save the dry handsheets
for these purposes rather than store wet, undried fibers in jars. This, in
retrospect, was probably unfortunate, inasmuch as the paper required remacerating
for the subsequent fiber studies.

The remacerating was done by placing small sections of the selected handsheets in
vials containing a 10% solution of NaOR at room temperature and mechanically
agitating sufficiently to cause fiber separation. This agitating process may have
exerted unknown effects on the qualities of the paper fibers. Since no papers were
produced from fibers at 0 minutes' beating time, a gap now exists in what would
have been desired data coverage. The data for fibers produced at 5 to 125 minutes'
beating time are reported in this paper. The fibers were stained with 1% aqueous
safranin and mounted in 50/50 water and glycerine for examination.

The data relating the paper fiber characteristics to original morphological
qualities of the tree and to resulting paper properties were analyzed principally
by regression techniques.

The paper fiber qualities selected for study were:

1. Fiber length = APFL, mm.
2. Broken fiber percentage = PBF, %
3. Unbroken fiber percentage = PUF, %
4. Fiber diameter = FD, pm.
5. Cell wall layer separation = CWS, %
6. Fiber width = FW, Jim.

In this paper only fiber length will be considered. Briefly, however, the
procedures for making the above measurements involved making slides and projecting
images onto a flat paperboard surface for measurement by a tracing wheel connected
to an electronic counter. In the projects, 100 fibers (broken and unbroken combined)
were measured to determine the average length. Any element shorter than 0.1 milli-
meter was classified as fines and was not measured.

A more detailed discussion of these procedures is given by Pzrhar (L968) and
Barefoot et al. (1970).
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Results and Discussion

Comparative data on averages for 16 of the 23 trees are given in tables 1 and 2.
These 16 trees formed the sample base of core and outer wood for a duplicated
comparison of the four combinations of high and low density woods with long and
short tracheids. Three older trees having outer + wood and the four young trees
are not represented in these tables. However, an examination of the data for
these individuals revealed that their values fell within those of the comparable
zones, core, and outer, in the 16 tzees. These values are not the result of

randomly selected samples and thus may not reflect any true growth or geographical
patterns. For example, in tables 3 and 4 the specific gravity for both the core
and outer wood of the Coastal Plain trees and the Piedmont trees is shown to be
essentially equal. Since the ±6 trees were deliberately preselected from the CTIP

data an the basis of known combinations of density and tracheid lengths, such a
result would not be unusual.

However, the percentage of summerwood in the core wood of the Piedmont trees was
greater than found in the core wood of the Coastal Plain trees. Likewise the
total percentage yield of the high kappa number pulps was greatest in the Piedmont
core woods. The greater summerwood may have been accidental but we feel the yield
results w.re not. Gladstone et al. (1970) presents information from a more basic
study which suggests that the percentage of summerwood significantly affects yield,
particularly when high lignin content pulps are considered. However, while the
differences in the averaged data for the outer wood for both specific gravity and
summerwood still follow the same patterns as for core wood, the actual differences
are so small that no conclusions can be made.

For the high kappa number pulps, the results of this study provide convincing data
that the percentage yield is greater from woods of higher density. The results are
summarized in table 5. Note that the percentage of summerwood (4) always had the
highest R value and thus accounted for more of the variation in the original data
than any other measure of density. Nevertheless, it can also still be said that
woods of higher specific gravity can be expected to have higher percentage yields
of pulp. Obviously, increases in specific gravity may come from appropriate
changes in cell dimensions or from an increase in the quantity of summerwood.

For the low kappa number pulps, no morphological factor or factors could be associ-
ated with total yield percentage. Gladstone et al. (1970) working with small bomb
cooks found the yield differences in pulps prepared to a higher degree of purity
to be very small. Therefore, the variation in the data coming from our larger
3,000-gram cooks very likely was sufficiently large to mask any morphological

associations, even where they truly exist. Siuce in the high kappa number pulps
the percent of summerwood has a greater effect in the core wood than in the outerS~ wood (see fig. 2, and compare the slope model 1.2 with that of model 1.4 in table 5),

one could suggest that the total yield of high kappa number pulp from loblolly pine
is a nonlinear function of percent summerwood. A rapid rise in total yield
(slope - 0.48) occurred in the summer•iood percentages of the cores and a lesser
rise (slope - 0.19) in the percentages for the outer wood. This evidence suggests
that, upon providing for the level of polysaccharide originally present and the
nonlinear response of the variables, the R value for a model could be greatly
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Table 1. The range and averages for springwood and summerwood fiber
morphology measured with the radial side of the macerated
fiber facing up. (Excluding young trees)

Springwood Fiber Morphology

Core Outer

Low Avg. High Low Avg. High

Cell Wall, pm. 4.56 4.85 5.12 4.65 5.02 5.48

Cell Lumen, pm. 35.29 37.52 42.26 39.05 43.47 48.05

Cell Diameter, um. 44.92 47.21 51.76 49.84 53.50 57.67

Tracheid Length, mm. 2.86 3.15 3.33 3.69 4.23 4.70

Summerwood Fiber Morphology

Core Outer

Low Avg, High Low Avg. High.

Cell Wall, 11m. 9.18 11,13 11.91 10.53 12.30 13.41

Cell Lumen, pm. 14,69 17.78 20.99 14,30 17.58 22,31

Cell Diameter, 11m. 35,65 40.03 42.18 37.46 42,17 44.64

Tracheid Length, mm. 3,j5 3.44 3.87 3.87 4.37 4.89
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Table 2. Morphological averages of 16 selected Coastal Plain and Piedmont
trees (Excluding the young trees)

High Low Long Short
Density Density Fiber Fiber

CTIPl-' Mature Wood 0.58 0.47 0.54 0.51

Unextracted Sp. Gr. Core 0.44 0.40 0o43 o.41
Outer 0.51 0.45 0.49 0.47

Extracted Sp. Gr. Core 0.43 0.38 0.41 0.40Outer 0.51 0.44 0.48 0.46

Tree Cell Wall, im. Core 6.87 6.29 6.69 6.47
Outer 8.42 7°65 8.24 7.83

Spring Cell Wall, 1am. Core 4.97 4.72 4.88 4.81
Outer 5.17 4.97 4.99 5.05

Summer Cell Wall, km. Core 11.22 11.03 11.17 11.08
Outer 12.31 12,28 12.54 12.05

Tree Cell Lumen, um. Core 30.51 33.66 31.31 32.86
Outer 30.53 35.22 32-30 33.25

Spring Cell Lumenim. Core 36.51 38-53 36.94 38-10
Outer 41.89 45.03 43M97 42.96

Summer Cell Lumen, km. Core 16.75 18.81 17.16 18.39
Outer 16.53 18.63 16.51 18,53

Tree Cell Diameter, km. Core 44,25 46.25 44.69 45.81
Outer 47.16 50.52 48.78 48.91

Spring Cell Diameter, km. Core 46.46 47.98 46.69 47,75
Outer 52.22 54.77 53.94 53.05

Summer Cell Diameter, i'm. Core 39.18 40 87 39.50 40.55
Outer 41.14 43.19 41 71 42.62

CTIPl-/ Fiber Length, mm. 15-year ring 3.62 3.66 3o91 3.37
30-year ring 4.53 4,42 4.91 3.97

Tree Fiber Length, mm. Core 3.23 3.23 3.22 3.23
Outer 4.28 4.28 4.47 409

Spring Fiber Length, mm. Core 3.16 3.13 3.12 3.17
Outer 4.25 4,20 4,43 4.02

Summer Fiber Length, mm. CorF 3,41 3.47 3 48 3.40
Outer 4.34 4.39 4.53 4.19

1/
Breast high values from Cooperative TrI'e Improvement Program
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Figure 2.--The influence of the st. merwood percent on the total yield
S~oL sulfate pulps made at constant active alkali. (Average kappa
; number 68. Line fitted .:rom model No. 1.11.)
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Figure 3.--The influence of unextracted specific gravity on apparent
density of high kappa number pulps at 50ct millimeters CSF. (All
trees included: Line fitted from model 2.2a.)
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improved over that of model 1.7. From a statistical standpoint, use of this model
resulted in a highly significant R value but it may nevertheless be an insufficient
or an incorrect equation.I

The addition of other dentity measures to the model added relatively little to the
reduction in variation. When all the trees were treated together. the addition 3f

no other variable to the model containing summerwood percentage increased the R va. e
beyonC the 0.6 level; the "t" value oZ the added variable was never statistically
significant.

The percent of summerwood therefore seems to be the morphological feature of prime
importance in establishing the percent total yield to be expected from a given lot
of wood.

Of the many regressions set up and tested on the basis of morphological models
established by Barefoot et al. (1964, 1966), those involving measures of density
seemed to be the most consistent predictors of the pulp and paper properties
observed in this study. Some of the regressions of the properties on specific
gravity, cell wall thickness, and tracheid length for both high kappa number and
low kappa number pulps are given in tables 6 and 7. Generally speaking, the trends
for either 500- or 300-millimeter CSF and high or low kappa number pulps are the
same for any given property. However, the low kappa number pulps and 300-millimeter
CSF pulps have lower "t" and R values, probably because of the smaller overall
ranges of values resulting from paper fibers being brought to a more uniform and
similar condition (Parham, 1968; and Barefoot et al., 1970).

Figures 3 to 7 indicate the relationships of the unextracted specific gravity or
cell wall thickness to five pulp and paper properties. From these graphs, it can
be seen that as the specific gravity increases, or average cell wall thickness
in .reasev, the apparent density of handsheets decreases, burst factor decreases,
and tear factor increases. The models for breaking length and beating time shown
in tables 6 and 7 indic.ate that, as the measures of density increase, the time for
beating to a given freenrss level decreases and at a given freernoss level the
breaking length, paralleling the reaction of burst factor, also is decreased.
Models 2.3c and 2.7c of table 6 and 3.3c of tp,"le 7 are included to examine the
effect of tracheid length. For tear factor, the original tracheid length seems
to have no influence; for burst factor, when combined with cell wall thickness, in
models 2.3c and 3.3c, an increasee tracheid length seems to have a beneficial
effe.-t on burst strength. However, if figure 4 is examined critically, it can
also be seen that the longer fibered outer wood and the shorter fibered core wood
probably account for these regression relationships. At the same cell wall thick-
ness, say 7.0 microns, the "longer fibered" outer wood has a higher burst (and
breaking length) than the "shorter fibered" core wood. Now the question may be
raised: Are the differences in burst the result of tracheid length or a difference
in the physical or chemical nature of the core and outer cell walls? We don't
know. The paper with 'he highest burst and breaking length came from the thin
walled, easily collapsed, better bonded core wood fibers; the paper with the
highest tear factor came from the trees with the thickest cell walls. Figure 8
is a summary graph of the effect of the unextracted specific gravity on the five
properties mentioned.
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(BT) - beating time - R = 0.46, model 2.1a.
(AD) = apparent density - R = 0.77, model 2.2a.
(BF) = burst factor - R = 0.73, model 2.3a.
(TF) = tear factor - R 0.85, model 2.4a.
(BL) - breaking length - R = 0.84, .model 2.5a.
(TY) = total yield - R = 0.49, mode. 1.17.
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Burst factor is usually the property of most concern of kraft mills; tear factor
is usually of secondary importance. Presumably, therefore, the morphological
factors improving burst are of most significance to these mills. For foresters grow-
ing wood for these mills, the goal is likely to be either the optimum volume or
pounds of wood per year. By planting trees having fast growth rates of high specific
gravity wood, the foresters could expect to have the best of both these ennditions.
To demonstrate that the mills can probably optimize tear and obtain adequate tensile
strength, figures 9 and 10 are included. These figures relate the relative develop-
ment of tear and breaking length during the refining of four fractions having wood
of high to low specific gravity. These graphs indicate that, with wood of higher
specific gravity, the mills could maintain a higher tear strength while developing
increased tensile strengths by longer refining times. The highest tear values
cannot be obtained with wood of low specific gravity, but higher tensile strengths
of any wood can be developed further by processing. Therefore, there must be a
tradeoff point at which wood of higher specific gravity might be advantageously
introduced into the stream of r,'.' material. Since burst factor follows the same
patterns as breaking length, the graphs of figures 9 and 10 can also be figuratively
translated into tear-burst comparisons.

Having so strongly implied that, of the morphologicol features considered, density
or cell wall thickness largely determines the Froperties of the handsheets examined,
the next immediate questions are: Why does not tracheid length influence tear
factor? Why do not the tracheids of initially longer lengths result in paper
fibers of longer length and therefore cause an improvement in tear strength as com-
pared to that of paper made from shorter tracheids? The answer to these questione
also influences the interpretation of the FL component of nodels 2.3c and 3.3c
concerning burst. However, these results to be discussed noi aze preliminary and
subject to the procedural methods used in obtaining the data.

When the average paper fiber length was regressed on cell wall thickness and
tracheid length for each beating time, as given in table 8, a very consistent
pattern of responses was discovered. Though for each beating time a test of the
hypothesis, 0 = 0, was not always statistically significant, the intercept for
cell wall thickness decreased markedly, and the slope gradually changed from
positive at 5 minutes to essentially zero between 65 and 95 minutes and was
negative from 95 minutes on. The tests of the statistical significance of these
slopes were not decisive but all the patterned information given in table 8
suggest a real cause at work and our data, for each beating time, was Jus' insuf-
ficent to show statistical significance. The uniformity of these responses can
easily be seen in figures 11 and 12.

When the data were grouped by including together the data for the first three
beating times for one regression and the las,ý two times for another, and using
beating time as an additional independent variable, the slope for tracheid length
was positive for the first three combined times and negative for the final two
combined times. In each of these, a test of the hypothesis, 3 = 0, was statisti-
cally significant at the 5% level. We recognize these are not strictly legitimate
tests but we were trying co develop a model not to test one.

When all the data for all beating times were considered together the effect of tree
tracheid length was washed out ard the test of its influence was, therefore,
statistically insignificant.
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The results suggest interactions between beating time and the tracheid lengths.
Before attempting to make those analyses however, a test for parallelism, table 9,
was set up as suggested by Williams (1959) with the result that the regression
lines for each beating time (for TTL of table 8) did appear to be nonparallel. It
could be argued that the regressions for 5, 20, and 35 minutes contributed most to
the test, but a graph of the slopes, as in figure 13, where those for both
tracheid length and cell wall thickness are shown, does indeed suggest a continuity
of change in the slopes as beating time progresses.

On the basis of these implications and the evidence of figuie 8, an argument can
be made for formulating a model:

APFL = 0 + b1 BT + b2 TTL + b3 CW

where b = C + C BT + C BT2 + C BT3
A 0 1 2 3

and b3 = do + d BT

Combining and simplifying:

APFL = f0 + f BT + f2 TTL + f3 BT • TTL + f4 BT2  TTL + f5

3
BT . TTL + f6 CW + f7 BT * CW

Submitting the data to this analysis and letting BT - beati, time X.01 (merely
to reduce the size of the numbers) resulted in:

APFL, mm. = 0.88 + 1.91 BT - 0.44 TTL - 0.48 BT * TTL - 0.30 BI • TTL

+ 0.18 BT3 TTL + 0.11 CW

All "t" values for the test of significance for each slope were greater than those
at the 5% level for 72 degrees of freedom; the interaction BT , CW was found to be
statistically insignificant in an analysis of the full model and was therefore
droppc&. With an R value of 0.92, this latter model accounted for 84% of the
variatioA, Ln the original data. The interactions of beatir,6 time (process) and
original tracheid length therefore seem to be of utmost importance.
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-able 9. Analysis of variar-e for test of parallelism for tree

tracheid length regression of table 8

Degrees
of Sum of

Source Freedom Sqdares M.S. F

Single regression I 0.067

Difference of regression 5 .544 0.1088 4.46

Combined residual 66 1.613 .0244

Total within groups 72 2.Z24

SContribuTion to Different Regression

Hegressior Sum of Squares

Min.

5 0.239

20 .215

35 .080

65 .020

95 .016

125 .041

TOTAL 0.I

Single combined regression .067

Difference of regress'on ?.544
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I Corte (1954) has also considered this problem thoroughly for cutting- and squeezing-
refiners. He has presented means of predicting fiber lengths in paper where
certain probability functicns are well known for each beater. On the basis oL the
evidence just presented, however, it would seem rcasonable to assume that Corte's
probability functions would be heavily influenced by the morphology of the cells
being processed.

The interesting positive coefficient for BT is not unknown to the Valley beater
inasmuch as some of our other beater curves fr-- paper fiber length definitely show

$ such responses. Semke* confirmed that he too had seen Valley beater curves for a
* southern pine in which, for a period of about 20 minutes, tne average fiber length

increased before a decrease in length was noted. Also, as a coniferous sulphate
pulp was refined, Nadelman et al. (1955) sampled the pulp and nozed an increase in
the fiber length during some early stages of beating. At 747 CSF, their average
length was 2.74 millimeters, at 400 CSF 2.84 millimeters, and at 200 CSF

* 1.99 millimeters.

It therefore appears that tracheid length, if properly considered, may indeed have
an effect on tear strength through its influence on paper fiber lengths. In the
early stages of beating the initially longer tracheids would presumably result in
longer paper fibers but at the latter stages, shorter ones. We would like to rerun
these experiments and test this hypothesis--and perhaps develop sosme reasons for,
and understanding of, what actually is occurring in our Valley beater during
refining.

Having established some of the implications of the morphology of loblolly pine on
papermaking of kraft pulps--and by virture of Wangaard et al. (1966) and Dinwoodie
(1965), extension to all other southern pines is not an unreasonable prospect--
this symposium would no doubt be interested in the correlation of some of our
morphological features to the age and growth rate of our trees.

Some of the correlations among 22 of the trees for growth rate, age, specific
gravity, and wood yields are giuen in table 10. One of our older trees was
omitted from analysis be..ause moisture content determinations were not made and
therefore weight yields of wood were not °--ailable. For the data forminp t'`e
basis of table 10, there are obviously ma nore correlations which cou 1 :1-:e
been included, i.e., the correlation of rings per inch x age, which was ;.j9 for
these 22 -rees. Of those reported, we selected those variables of greatest
interest. I xamined individually, most of these correlati-is lend themselves to
ready biological explanations. for example as a tree becimes older, fewer rings per
inch are usually produced but the tracheids ate longer and cell walls slightly
thicker. There the positive correlations for rings per inch to tracheid length
and cell wall thickness follow biological expectations. Likewise, within the age
span for our trees, it is not surprising that as the trees become older more
pounds of wood per year and more volume of wood per year were produced. What may
be unexpected is that the specific gravity of the tree does not appear to be
related to these latte~r values. The low correlations, 0.01 and -0.02, seem to
indicate the independence of these production parameters with specific gravity.

*Semke, Kirk. 1968. Personal communication, Riegel Paper Company,
Riegelwood, N.C.
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Table 10. Some of the linear correlations, R, among the growth propertiesof 22 loblolly p~ne trees pulped for kraft papermaking studies

Variables - Number of Observations - 22 Whole Tree Values

Rings/in. 'A sp. gr.-L/ Rings/in. X lbs./yr. Rincs/in. X cu. ft./yr.

0.51 0.09 -0.07

Age X sp. gr. Age X lbs./yr Age X cu. ft./yr.

0.33 0.64 0.55

Unextracted-/ Extracted- Sp. gr. X lbs./yr. Sp. gr. X cu. ft./yr.
sp. gr. sp. gr.

0.99 0.01 -0.22

Variables - Number of Observalions = 52 Zone Values

Sp. gr. X % summer. Sp. gr. X tracheld length Sp. gr. X cell wall
thick.

0.88 0.56 0.86

% summer- X rings/in. % summer. X tracheid % summer. X cell wall
length thick.

0.67 0.68 0,95

Rings/in. X sp. gr. Rings/in. X tracheid Rings/in. X cell wall
length thick.

0.65 0.63 0.74

Cell wal! thick. Cell wall thick. Cell wall thick.
X tracheid length X rings/in. X (tracheid length/cell

d fameterH

0.74 0.63 0.95

Chip moisture content Ch;p moisture content Chip moisture conteni
X sp. gr. X tracheid length X cell wall thick.

-0.44 -).09 -0.24

--Spe(-ific gravily for ,his table is the Unexliacted Specific GraviWy: Except
tor U.S.G. X E.S.G., R = '.99.
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bAn examination of figures 14 to 16 gives an overall view of the data making up the
Sbase for these correlation values. Had the young trees been axcluded from thesecorrelation analyses, no doubt a weak negative relationship between wood production

and specific gravity (shown as extracted specific gravity in these graphs) would
have been noted, a relationship well established in many of our minds. Yet if you
examine these data about any given growth rate, it seems that high and low specific
gravity trees could be found with high rates of growth.

Again excluding the young trees, the plotted data of figures 15 and 16 still
suggest that, on the average, conditions which favor rapid wood production also
may lead to lower specific gravity. Fertilization studies, similar to Posey's
(1965), lend credence to believing that accolerating growth does cause a decrease
in cell wall thickness, for example, and hence a lower specific gravity might
result. In loblolly pine, even if cell walls are thiuner, if proportionately more
summerwood is produced per unit volume, then the specific gravity of the wood coulu
be higher than wood having thicker cell walls.

A multiple regression from the data of the 22 trees of specific gravity on age
and cubic feet per year gave:

SG = 0.433 + 0.002 Age - 0.099 ft. 3/yr.

with F values of 8.09 and 6.38 respectively L~or a test of significance for the two
slope,. From this multiple regression it would appear that at any given age, an
increase in the produccion rate of wood would lead to a lower specific gravity;
in contrast to the implications of the previously noted low simple correlations
of specific gravity to production rate.

Figures 17 and 18 give the scatter of data about the regression lines for cell
wall thickness and tracheid length (fiber length) when regressed on rings per inch.
Both graphs follow the biological time sequence of increasing age. As the age of
the tree increases, usually the rings per inch increase and likewise the tracheids
are longer and, with more summerwood, thicker walled. The relationship between
the plotted points and the lines indicate however that a levelirg-off in thickness
and length may have occurred when the rings per inch reached 12 to 18; i.e., old
trees. That relationship, of course, is also well accepted.

The trees used in ti.is study were exceptional specimens, relatively free of
compression wood, knots, and pitch. Nevertheless, it seems that the important
elements to consider for pulpmaking and papermaking, regardless of growth rates,
are the characteristics of the individual cells. Of these morphological qualities,
the thickness of the cell wall seems to be a dominant one, and certainly, the
amount of summerwood influences the average cell wall thickness. As an easily
determined measure of these qualities, the specific gravity is an overall parameter
which seems frequently to cover adequately the impact of the morphological nature
ot the wood.
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Implications

This study has demonstrated a relatively high correlation between certain character-
istics of loblolly pine wood and the paper properties that are derived after kraft
cooking followed by refining. Considering the many processing steps including
chipping, blowing, screening, washi:tg, and refining, the relatively high levels of
correlation determined in this study accent the substantial influence of naturally
occurring wood and fiber differences, in one tree species, upon pulp quality.

High correlations of fiber morphology properties with the total yield were not
established by this study. Since the sulfate process is one involving partial
solution of carbohydrates and lignin compounds of varying molecular weights in an
alkaline media, chemical properties might be expected to predominate in yield
relationships rather thau morphological characteristics. Pulping with constant
effective alkali did result in a statistically significant correlatiot of yields
with the percent summerwood.

When the digestions were carried out to produce low-yield pulps at a constant
degree of lignin purity or constant kappa number, pulping to the lower residual
lignin levels insured a substantial removal of nonresistant carbohydrate- across
the fiber walls and associated middle lamella areas. Higher portions of the
residual pulp was alpha-cellulose and since differences in alpha-cellulose content
between trees are relatively small, compared to differences in otner wood compo-
nents, low-yield pulps from various trees would result in relatively small
differences in total yields.

With the relationships developed within this investigation, a knowledge of the
fiber morphological properties should aid the forest tree geneticist in developing
the type of growing stock the paper industry will require in the future. It
should indicate, within the framework of the trees selected for this study, that
wood density variations appear more important than changes in tree fiber length.
It also points out the prominence of the varying cell wall thickness on paper
properties and points to the direction of using more mature wood or producing
thick-wallad juvenile wood if high tear strength or high bulk is desired in the
end product. The use of relatively young-growth trees, with low summerwood
volumes, is desired if papers of high burst and tensile strengths are preferred
The particular type of loblolly pine wood sought will depend on the long-range
needs of a particular company's products.

Long-range plans to substantially shift wood properties from the average values
being used today may not be necessary or desirable. Being jle to process a more!
uniform raw material would certainly be most desirable to reduce process variation
and to operate more efficiently.

To the forest manager, the knowledge of the relationship between wood properties
and paper properties should allow him to place emphasis on those cultural
practices which will result in pulpwood better alined with the paper products
being manufactured by his company. In harvesting both natural stands and
ieforested areas, the character of wood, as it matures, should also serve as a
guide to the establishmen+ of cutting cycles, the degree of thinning, and the
density of residual stands.
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Since most mills are in a position of having to accept a mixture of wood offered
in their procurement area, for the short run, an inplant method of pulpwood
separation or chip separation plan probably would be attractive from a practical
sense. Little attention has been paid to day-to-day chip supplies other than
sampling to determine moisture content and chip size. The results presented here
would indicate the additional determination of wood density might be helpful to
explain changes in pulp and paper strength properties during otherwise normal

operation. When the wood supply is made up of regular round 1( ., sawmill slabs
and edging and veneer cores, segregation in separate chip piles .ppears possible.
Later reclamation for specific pulp strength properties might then be feasible.
Veneer cores made up of core wood might be used to produce papers where high burst
and tensile properties are desired. The chips from slabs and edgings, being
principally outer wood, would be suitable where high tear bulk and rigidity
properties are desirable in the final sheet.

In a mill manufacturing essentially a single grade of paper or paperboard, the
segregation of chips might form the basis of differentLal refining. Cooks made
from the different chio sources would be refined to maximize the specific strength
properties desired.

If acceleration of growth, through fertilization or other means, causes a change
in cell wall parameters then all of the foregoing comments would apply -o the
" it"new" wood. Obviously, the mills would need to modify their processing in order
to adapt to this "new" wood.
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Gordon--There are two or three other matters that we have time for at this time.
I wo-ld like to ask Professor Burkart if he would come forward for a 5-minute
presentation he talked to ýw about before. I indicated that, if there were time
at the end of today's progrz-, he might speak about Irrigation of the forest and
various species with particular effluents. Mr. Burkart.

Leonard Burkart from Steven F. Austin State University

The question came up about the possible use o& pulpmlll efflue ts for irriqation.
We've been doing microstudies on this matter over the last 5 ur 6 years. And we
have found a number of things. One, the tree3 themselves are quite. tolerant to
pu!pmill effluent. We have worked with hardwoods and we've worked with some exotic
hardwoods, eucalypts in particular, which seem to grow fairly we!: in our semiarid
southwestern part ot the state; we've worked with pines; we've woried with the
shrubs and those plants that are of 'mo.e concern to the biologists, the qdme
manager; and this sort of thing. Most of the plants are fair;y tolerant.

The big problem with pulpmill effluent is the high sodium-ion content. And this
sodium-ion content, even in extremely high concentrations in parts per millicr,, had
little if any effect on these trees and shrubs and even on the flora and fauna, the
micro-organism type, for our studies which ran for at least 2 years. Now beyond
that, we haven't been able to conduct studies because our time has been limited.

On the other side of the coin and of greatest concern, unless you have soil- tnat
are extremely sandy, the high sodium-ion content tends to disperse the soil a.ld
plug it up. Liming has a temporary opening effect. And if you're in an area
where you have high rainfa;i, there seems to be enough natural rain to leach cut
some of the sodium ions. But on the high-clay soils, and we're very wealthy with
high-clay soils in our part of the country, the sodium seems to replace the other
elements--particularly the microelements on the clay exchange. Before long you
have little if anything but sodium. As the exchange is saturated, the sodium
itself begins to leach out and get into the ground water table.

What we have found, if we separate the effluent into different categories, is that
most of the sodium ihn comes from the bleach plant effluent, at least so far as the
kraft pkulp is concerned. By separating the bleach kraft effluent from the remaining
effluent and treating 4hem separately, a large percentage has a sodium-ion con.ent.
Put it this way, most of the water from the papermill has a sodium-ion content low
enough that the soils will tolerate i-, and the leaching effect is not deleter;•us.

We have done some work where we separated these effluents from different parts of
the mill and, by recycling and this sort of thing, are hoping to cut down on the
total sodium ion that gets into the effluent. If this is possible, it could mean
many millions of gallons would be available for pulping.

Now there's one other thing to be kept in mind. A board mill in our part of the
country is using a 200-acre irrigation field to dispose of its effluent. The first
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problem they ran into was that everything went anaerobic because the fines tended
to plug up the soil, even on the low-sodium content. Then they had a high BOD content
of untreated material, and It went anaerobic.

This was in an Irrigation field. We put the effluent into the forest where we had
the root systems keeping the soil open and permitting more percolation, and we didn't
run Into that. But we're fine'.,ig that hir-i BOD actually can serve as a fertilizer
for the microflora and microfauna and also for the macrofauna of the forest. It's a
good possibility, but we must get rid of this high sodium-ion content before it can
be practiced on most soils. The sandy soils might permit the percolation down through
but the effect on the giound water table could be deleterious. We don't know.

?????--Could you define your use of the word "tole'ant.'' Do you mean the forests
accept it or is It beneficial?

Burkart--There was no difference of statlsticE significance between the controls
where we used less water and where we used the high level. We took the extraction
water, which has the highest amount of sodium ion and used it directly, and we used
the acid water from chlorination directly. There was no significant difference.
One was up :lose to a pH of 8-1/2 to 9 and one was down around the acid side. Now
we had no check on the effect on wood. This was just on tne seedlings that grow in
pots, with +he effect pretty much the same in each case. And then we had some
irrigation out to check the effect or the natural forest.

?????--I have the impression that most of the technical problems had to do with
growth acceleration and are beginning to be handled and understood. But what is
the priority between growing a lot of fiber and growing quality fiber? I wonder
if before we y2  tonight if you could make some comment on that.

Sheets??--The question, as I understand it, is what effect from a business point of
view does growth acceleration have on the end use of the forest? That is rather
complicated because it has been pointed out before today that no one fiber charac-
teristic is suitable for all grades of papers. Southern pine as it now exists is
a very good oroduct for making linerbcard or container board. It is a terrible
fiber to use for making thin papers or high-quality printing papers. And that is
largely because of the summerwood content and the characteristics of the summerwood
fiber.

If you are in the paper business and you are manufacturing only thin papers or only
high-grade printing papers, you are not much interested in growing southern pine.
When you think that there are many mills in the South who are producing pulp from
the southern pine and they are planting pine almost on a crop basis today, this
becomes important fron a future point of view. Now if somewhere we could find a
tree that has the characteristics of a northern spruce but would grow down South
like the slash pine, it would be wonderful. I brought up this question 15 or
20 years ago. But when you talk to the foresters about this, they say it would be
great. But, supposing you did find such a tree, would it be resistant to disease and
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all of this? So there are other factors involved. I do think, as long as we are
growing more trees as a crop every year, the characteristics of the fiber that come
from this crop are extremely important. We need as much research work and background
information as possible, it seems to me, to do the best possible job in the future
years.

Shoulders, Forest Service--If I plant a crop of trees today, what assurance do I
have that we will still want the same characteristics in them 25 years from now
when we get ready to harvest?

Burkart--l can't give you absolute assurance. When you look at what has happened
in printing papers over the last 70 years, the trend is certainly toward lighter
printing papers. These are thin papers; when you're t•lking about the very
lightweight business forms, i;'s important that you have fibers that will make
pinhole-free papers.

Sheets??--I think there is a possibility that plastics are going to fulfill a need
In thin papers and for very high-grade printing papers. But these are trends that
have to be followed. If you were to asK what particular tree would have the
greatest overall use, I don't claim to know that much about it, but I would still
say a northern spruce. If I had to plant just one tree, iT would be a northern
spruce-type fiber.

Zobel--Since the question of economics was asked, I miqht as well tell you about
some work that we've been doing with eight or 10 comr.iniez. !t's rather simple.
Suppose you want to rate the proper time to harvwT to get the maximum return on
your investment. I won't give you the exact figures because they are classified.
But if you took it on volume alone it might be 15 years. If you add the yields and
the wood quality that you get out of it, that ups it to around 20 tc 24 yeors. If
you add to that the size of tree and the cost of harvesting, that pushes it several
years more. And if you carry it all the way through to the papermill, as we have,
right down to the making of paper, that adds more years. If we judge when trees
should be cut based on volume alone--and ignore the kind of wood in these trees--
we are going to make some horrible economic errors. For example, with 15-year-old
trees and 30-year-old trees, having an equal volume of wood, one will yive you
15% more paper than the other. Yet this has been ignored pretty widely in the
industry. If we don't take the wood into account in assessing our forestry operation,
we're going to make some awful mistakes.

?????--Recently at a Lake States Tree Improvement Conference, one of the top!cs was
what can genetics do for the papermaker. One of the things we came up with was to
go for volume production and a uniform raw material. The papermakers indicated that
if they had a uniform produci, they could get proper cooking times, liquor-to-wood
ratios, and things like this to optimize their cooking conditions. They could
improve vield aid do a lot of things this way with a large volume of wood and a
uniform raw material.

Gordon--How far have we gone in answering the question that was asked?

Wahlgren--Lyle, let me raise a couple of points. Isn't this one of the purposes of
the symposium? We're all motivated by one thing in the ror-too-distant future--the
increasing demand for wood and wood fiber products. At our present rate of growing
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trees we just won't meet it. So one of the avenues open, in addition to genetics

and tree !mprovement, is this idea of culturing techniques. The culturing
technique that you apply is going to be dictated by the economic situation. From
what we've talked about so fer today, the situation doesn't look too bad, as far
as pulp and paper ;s concerned, with regard to type of properties and so on of this
rapidly grown materiai. I think we'll pursue this in greater depth tomorrow with
the panel discussion.

Gordon--We'll have a wrapup then on this specific aspect tomorrow.
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VOLUMES, WOOD PROPERTIES, AND FIBER DIMENSIONS

OF FAST- AND SLOW-GROWN SPRUCE PINE

by

FLOYD G. MANWILLER-

Abstract

In fast-grown etems of Pinus glabra Walt. tracheids averaged 0.2 mm. longer
and had radial diameters 4 pm. larger than in slow-grown stems. Radial and
t~ngentlal -4ismeters of latewood were 2 pm. larger in fast- than in slow-
grown stns:; la earlywood, radial trachied diameter was 2 Um. larger in fast-
grown stems. Specific gravity, longitudinal shrinkage, and microtensile
strength did not differ with growth rate in either tissue. Fast-grown trees
had more earlywood--and therefore a lower specific gravity--than slow-grown
trees. Weights and vol-:'es of stemwood, earlywood, latewood, and bark were
100% to 400% greater in fast-grown trees than in slow-grown. The gains in
weights and volumes were more pronounced in 30-year-old trees than in younger
or older ones.

Introduction

The southern pines are notably fast-growing species, and the -fforts of
geneticists and silviculturists promise to accelerate their growth rate
considerably. It appears useful, then, to consider the effect that fast
growth has on the properties most important in their utili7ation.

The literature contains substantial information derived from regional samples
of several species, but there are few or no data representing an entire
species. It was the purpose of the study here reported to -rovide such data
for the commercial range of spruce pine (Pinus glabra Walt.). This species
was selected because its range (fig. 1) is restricted enough to be sampled
at low cost. And, though srruce pine is of commercial importance in several
States, the literature contains little information on it.

Procedure

From natural stands throughout the major commercial range, /2 trees were cut
in such a manner as to provide 24 statistically representative fast- and slow-
grown stems in three age classes. Age classes were nominally .5, 30, and
45 years, but averaged 18.5, 30, and 46.5 years.

l4cod scientist, USDA Forest Service, Southern Forest Experiment Station,
Pineville, La.
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Each dot represents an average of 2,000,000 cubic feet.
Dashed line indicates natura! s.

Figure l.--Range and volumes cl spruce pine (after Sternitzke
and Nelson, 1970).
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Within each ag. class half of the trees were slow grown (more than 6 rings per

inch) and half were fast grown (less than 6 rings per inch). Six trees, one of

each age and growth rate category were cut at eoch of 12 locations (fig. 2).

Growth rate and age were determined at butt height of 0.75 foot, and all trees

had at least one 8-foot length between this point and a 4-4nch top outside

bark.

To obtain stem averages for fiber dimensions the wood was sampled in proportior

to its occurrence in the stem. The weighting, by volume, was accomplished by

removing two opposed 300 pie-shaped wedges at 8-foot intervals up the stem.

The wedges, measuring I inch along the grain, were chipped and the chips

combined. After thorough mixing, a subsample was macerated with equal parts

of glacial acetic acid and 6% hydrogen peroxide. Lengths of 150 fibers from

each tree were measured with an ampliscope. Transverse dimensions were deter-

mined on 100 macerated fibers with a microscope equipped with a micrometer

eyepiece. Mean fibril angle of the S2 layer was measured by polarization;

this method (Preston, 1952) macerr.ced fibers are glued to a slide and slice,

longitudinally, and the major extinction position is determined for the s!n ie

wall remaining.

Earlywood and latewood samples were obtained from nine points within each s'em,

three at each of three heights (butt, 4-in. top, and approximately halfway

between) for a total of 1,296 sampling points. At each height an annual ring

was selected at one-sixth, three-sixths, and five-sixths of the count from the

pith to bark. Earlywood and late.ood portions of the ring at each sampling

point were excised and macerated. Fiber length and fibril angle were Taaaured

as previously described on 20 fibers of each tissue type at each sampli.ng point.

Also, at each sampling point transverse fiber dimensions were measured with a

dual-linear micrometer and specific gravity was calculated (Smith, 1'65).

Samples were water-swollen when measured. Dimension averages were obtaired

by making four traverses in the radial direction, with earlywood and latewood

tallied separately. In the tangen•lal direction four passes of 50 cells each
were made within each tissue type, with only diameter measured.

Weights and volumes of wood and bark were derived from measurements Ot 8-foot

intervals up the stew.. Stumpwood was excluded. For determination of volumes,

each 8-foot log was considered to be a truncated cone. The radius at each end
of a log was the mean of eight radcl, Mean bark thickness was derived from a

measurement at each of the eight radii. For both wood and bark, log volumes

were added to obtain stem volume.

Earlywood and latewood volumes were computed by first determining the percent

of latewood at one radius on each end of the log. Latewood was computed by

an equation (Miller and Malac, 1956) which recognizes that a latewood band

near the bark contributes more to area than does one of equal width near the
pith:

2E(r x) - Ex2

Percent of latewood = (i00)
R2
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Figure 2.--Sample locations.
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where

r = distance from pith to end of the annual ring0

x = width of ring's latewood
R = wedge radius

The percentages for the two log ends were averaged and multiplied by log wood volume
to arrive at log latewood volume. Earlywood volume was computed as the difference
between stemwood and latewood volumes.

Total ovendry stemwooO weight was computed from stem volume and stem specific gravity
(green volume and ovendry weight). The latter was obtained from 30* wedges, 1/2-inch
thick, taken at the 8-foot intervals.

Bark specific gravity (green volume and ovendry weight) was measured on the two 30*
wedges used for fiber determinations.

A tree average specific gravity was not available for converting earlywood and late-
wood volumes to weights. However, earlywood specific gravities calculated frow the
dual-linear micrometer measurements were found to be relatively uniform. They were
highest at the butt and highest near the pith at all levels, but there were no
differences among age classes or between growth rates. Therefore, the average of
all 648 earlywood samples (0.376, based on green volume and ovendry weight) was used
to convert earlywood volume to weight. Latewood weight was taken to be the• difference between stem weight and that of earlywood.

Microtensile strength specimens were obtained from the annual ring selected at each
of the positions within a stem. Radial wafers approximately 300 pm. thick were cut
from saturated blocks with a power microtome. Earlywood and latewood specimens were
cut from each wafer with a pair of microtome knives spaced to yield strips 100
to 500 pm. in width. A pair of notecard tabs was glued with epoxy to each end of
the specimens; gage length was 1/2 inch. The specimens were then pulled to failure
with a universal testing machine.

Longitudinal shrinkage specimens were also obtained from the wafers cut with the
microtome. The radial dimension varied with width of the tissue. Swollen and
ovendry lengths were measured to 0.1 Jim. on a dual-linear micrometer. Three specimens
were measured at each sampling point.

Results and Discussion

As table 1 sh 4s, tracheids of slow-grown trees (av. 9.0 rings per in.) averaged
3.5 mm. in l-ngth while those of fast-grown trees (av. 4.9 rings) averaged 3.7 mm.
Iracheid radial diameter averaged 41.9 p'a. in slow-grown trees and 45.9 Pm. in
fast-grown. There were no significant differences (0.05 level) between growth rates
for wall thickness, lumen diameter, or fibril angle.

When unweighted earlywood and latewood tissues were considered separately, tracheids
of fast-grown wood again were laiger in diameter. Those of latewood were larger in
both radial and tangential dimensions--25.3 Om. vs. L3.3 pm. and 29.4 pm. vs. 27.5 ým.,

L-5



Table l.--Fiber dimensions in whole wood,_earlywood, and latewood

of 72 fast- and slow-g.own spruce pines-

2 3 ~ 3
Property and growth rate :Whole wood- :Earlywood- :Latewood-

------------------- ---------------- -----.----

Tracheid length, mm. : * : NS NS
Slow . 3.5 : 3.1 : 3.5
Fest : 3.7 : 3.2 3.6

Radial diamete.;, Um. * : * : *
Slow 41.9 : 36.4 23.3
Fast : 45.9 38.4 25.3

Tangential wall thickness, pm. : NS : NS : NS
Slow : 5.7 : 3.4 : 5.8
Fast : 5.9 3.6 : 6.0

Lumen radial diameter, pm. NS * : *
Slow : 30.5 : 29.5 : 11.7
Fast : 34.1 : 31.2 : 13.2

Tangential diameter, Pm. . NS
Slow -- . 29.2 : 27.5

Fast -- 30.8 : 29.4

Fibril angle, degrees NS * : NS
Slo, : 35.1 37.5 : 34.2
Fast . 36.6 : 39.0 : 35.2

-*7alues tabulated below an asterisk differed significantly at the

0.05 leveýl; values that did not differ statistically are
labeled NS.

2-All measurements made on macerated fibers sampled with intensity
proportionate to volume in stem. Sample comprised of wedges
removed at 8-ft. intervdls along stem to a 4-in. top.

3
-ýSampling was at 9 locations within each stem; i.e., at 3 radial

positions at each of 3 heights. Fiber length and fibril angle
measured on macerated fibers; transverse dimeninnj measured on
surfaces of water-swollen blocks.
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respectively. In eatlywood, only the radial diameter was signif~cantly larger

(38.4 lm. in fast-grown wood and 36.4 jim. in slow-grown). Wall thickness and fiber

length did not differ with growth rate in either tissue. Fibril angle differed only

in earlywood, where it averaged 1.50 greater in tracheids from fast-grown trees,

Stem earlywood volume was 69.2% in slow-grown trees and 74.6% in fast-grown. in

both tissue types, the number of cells in a radial file was negatively correlated

with rings per iich. Earlywood tracheids averaged 715.5 per -eirg An slow-glown trees

and 116.5 in fast-grown; in latewood the numbers were 35.2 aitd 47.2. Earlywood cell

count averaged 63.7% of total cell count in slow-grown trees and 68.2% in fast-grown.

As determined from the nine sampling points in each tree, annual ring width averaged
0.14 inch in slow-grown trees and 0.22 inch in fast-gro~wn.

Though fast-grown tracheids in both tissues were lirger in diameter and dis.played no
change in wall thickness, there was no significant reduction ir Ppecific gravity.
For earlywood, extractive-free apecifto, gravity averaged 0.379 irm siow-grow. trees
and 0.373 in fast-grown. In latewood, the values were 0.699 and 0.o33.

P Stem specific graviLy strongly refl-cts the large proportion of e ly-•oo ii fast-
grown trees. Extractive-free specific gravity ayeraged 0.432 in s±Lw-grown trees
but only C.395 in fast-grown. For unextracted wood the viluc• were 0,442 and 1.408.

Stem bark of slow-grown trees averaged 0.19 inch in thickaaess ',,.d had a -pecific
gravity of 0.387. Fast-growont trees had 0.22-inch-thick batk aTd specific gravity
of 0.361.

Longitudinal shrin1age did not differ betweea growth rates. Shrln;iage from green
to ovendry condition averaged 0.50% for slow-grown eaylyw-,od and 0.49% for fast-grown.
In latewood, it avwraged 0.27% and 0.26%.

Growth rate 'ad no effect when specimens were tes:ed in zensici. Maximum stress in
earlywood averagr;d 8,490 p.s.i. in siow-gruwn wool and 7,080 p.s.i. in fast-grown;
modulus of elasticity averaged 319,380 p.s.i. and 492,510 p.s.i. In latewod,
maximum stress averaged 19,020 p.s.i. in slow-grown wood ant 19,340 p.s.i. in fast-
grown, while modulus of elasticity averaged 1.102,500 p.a.i. and 1,105,360 p.s.i.
These strength values are 2onsiderably l(wer than thins typically obtained frGn
ASTM standard specimens, but other reaeaicheeo (Saiamcu 1966; Biblis 196c) have
obtained similar results. kt least part of the diffeiencic s caused by •;el! Xill
deformation inducea during microtomy,

Green volumes and ovendry weights of wood and bark are presented in table 2. In
the 15-year age class, slew-grown and fast-grown stems dc not diffcr at the- O.0C level
of significance. For the 30- and 45-yeai age clas-cs, hoec:,e.-, the .Tv.'rea.ed yield
from rapidly grown trees is dramatic. Thirty-year--oid o.st-growk trees coitaineae as
much wood as the older slow-grown tree3, although averaginc 20 yeart younner.
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Earlywood content consistently increased proportionately more in volume and
weight than did other stem components. In the 30-year age class, the slow-
grown trees contained 3.6 cubic feet of earlywood, while the fast-grown trees
had 16.9 cubic feet--a gain of 369%. Corresponding increases were 226% in
latewood, and 320% in whole wood volume.

Gains were smaller in the 45-year age class, but the fast-grown trees in this
group contained double the volume and weight of 30-year-old, fast-grown trees.
The least increase in the 45-year class was in amount of bark: 50.5 pounds in
slow-grown trees and 114 pounds in fast-grown--a gain of 126%.
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Maeglin, FPL--Did you have uniform growth rate on these samples?

Manwiller--We tried very hard to get z uniform growth rate; within the biological
variation you get, it was pretty uniform.

Echols, Berkeiey--I was Interested in your sampling technique. What criteria did
you use for selecting your fast- and slow-grown samples, were they in plantations
or natural stands?

ManwitHer--All natural stands

Echols--How do you account for the fast growth in some and slow growth in others?
Is this competition and just happened that way, or what?

Manwiller--It just happened this way. They don't plant spruce pine down there, it
comes in naturally when it's oýaned up. Actual!- I think ii that part of the South
",ou will find these increasing somewhat in total volume. We went into these natural
stands ant' just hunTed until we found eithsr fast- or slow-grown trees.

Kellogg, Canadiai FPL--l was amazed that you were able to detect a difference in
fibril angle of 1-1/2*. This must be an extremely uniform material.

Manwiller--We had a lot of samples. There were 1,296 sampling points plus we
measured 150 fibers at eacrý sa-,,piing point. There was a fair amount of variability,
I'll guarantee that.
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WOOD PROPERTIES OF YOUNG LOBLOLLY AND SLASH PINES-

by

B. J. ZOBELX
3R. C. KELLISON:-

D. G. KIRK4

Abstract

The trend of southern forestry is to decrease agq of harvest fGr several reasons.
This trend toward greater use of young wood and topwood so alters the type of wood
received by the processing plant that an understanding of the differences between
young wood and mature wood must be mastered if plant operation is to be efficient.

Juvenile or young wood is located within a core of about 10 annual rings within
the merchantable bole of the tree. It is characterized by having lower wood
specific gravity, higher moisture content, shorter tracheids, greater lumen
diameter, and thinner cell walls than mature wood. It has pulp and paper properties
that are lower in cellulose yields, greater in burst and fold, and lower in tearing
strength and opacity than mature wood. It is more costly to process, and tall oil
and turpentine yields are less than those obtained from mature wood. Topwood of
merchantable bolts has properties similar to Juvenile wood except that the
tracheids are considerably longer and that it contains more ýnots and associated
compression wood than does wood from young trees.

Reducing the amount of Juvenile wood in a tree has prompted such suggestions as
planting at close spacing with frequent thinnings at older ages. This is biologi-
cally and economically impractical because Juvenile wood is relaZ-. to number of
rings from the pith, not to width of ring or distance from pith. Breeding for
Juvenile wood that has properties more similar to mature wood is a distinct
possibility, as shown by a number of tests.

The wood-using industry must become cognizant of the effects of juvenile wood.
The unique characteristics of the wood will have an effect on rotation age of the
forest, and they will affect the yield and quality of the product and the effici-
ency of the processing plant utilizing the wood. To ignore any or all of the
characteristics will favor the competitor who has taken them into consideration.

4aper No. 3602 of the Journal Series of the North Carolina State University
Agriculture Experiment Station, Raleigh.

2
-Professor, Forest Genetics, School of Natural Resources, North Carolina State

University, Raleigh.
3-:Associate director, Cooperative Programs, North Carolina State University, Raleigh.
4!Group leader, Pulping Research, Hammermill Paper Company, Erie, Pa.
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Introduction--The Supply

The trend of pine forestry in the Southeast is toward shorter rotations. The
causes for thi3 trend are (1) financial pressures to obtain rapid returns on the
investment; (2) forced harva-t of young plantations to maintain a ccntinuing
supply o. "ellulose for mills where wood shortages are experienced for various
reasans; ýj) rapid liquidation of soil bank plantations and thinning young, over-
dense plantations; and (4) the interest in using juvenile pine wood for special
products because of its unique characteristics.

Perhaps the largest present source of juvenile wood is from thinnings of young
plantations. Many millions of acres were planted to pine by the soil bank, TVA,
and other organizations at close spacings, sometimes as close as 3 by 3 feet but
usually 5 by 5 feet to 6 by f feet. With the growth rate extant in the Southeast,
these plantaticns are nnw badly in need of silvicultural treatment, which has
resulted in t!Ainprng on a large scale, often using special harvesting machinery.
Because of this, young wood makes up an increasing proportion of the total wood
supply each year.

Another considerable source of young wood is from tops of large trees which have
been utilized for plywood or sawtimber. Despite its greater percentage of knots
u•ud compression wood, tcpwood essentially has juvenile fiber characteristics.
More complete timber utilization, particularly by the oulpwood and chip-n-saw
lumber cperations, will resiilt in an increasing volume of small-diameter tops for
pulpwood usage. Ytmerous organizations are now using tops telow the classical
4-inch "merchantable" diameter limit and the trend is gaining momentum. Although
not large Ix, total volume, a considerable amount of juvenile wood from plywood
core- is used ircclly.

On a global scale, perhaps the greatest usage of young wood will be from the exten-
sive tropical and subtropical conifer plantations. These grow so rapidly that often
a size criterion for harvesting results in utilization of trees that are essentially
all juvenile wood. This source of young wood will expand rapidly as millions of
acres of recently established plantations reach a merchantable size. The often
cited benefit of very rapid growth and young harvest age in tropical areas can be
negated by rejection of the wood produced. Mary thousands oZ acres of plantations
that 4re merchantable already are not being utilized. For whatever the reason, it
is clear that young wood is going to be used in increasing amounts, and we need to
know its yield, qualities, and product characteristics if major problems in
forestry and product acceptability are to be avoided. This paper reports on wood
qualities and pulping characteristics of young southern pine from "Just merchantable"
to trees 15 yeara of age as well as for bmall-diameter wood from tops of young and
old trees. A short treatment on alteration of wood properties and the effects that
intensive forest management will have on wood qualities is also given.
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Prevalence of Juvenile Wood

The preseuca of Juvenile wood wichin a tree is recognized and its importance
generally accepted (Dadswell, 1957; Paul, 1957; Zobel et al., 1959; Zo'lu, 1961;
Rendle, 1960; Hallock, 1968). Many authors (Larson, 1962; Cooper, 1960; Paul, 1960;
to name a few) feel that Juvenile wood is essentially "crown foimed" and is the
resultant :P physiological factors associated with actively growing meristems.
However, Zobel (1961) pointed out that Juvenile wood is not produced for a longer
time in southern pine trees with persistent live crowns than in those that have
lost their lower limbs by natural pruning, Others such as Paul (1960) proposed
that fast growth is essential for juven4l, wood formation. This concept is not
generally accepted because Juvenile woo,& is related to number of growth rings from
the pith, not to width of ring or distance from the pith (Rendle, 1959). The most
logical explanation for formation of this wood is that it is related to physio-
logical aging of the cambium. We find for loblolly pine that the period of Juvenile
wood production is approximately sevex rings from the pith; Hallock (1968) reports
6 years for basal bolts, five rings f(r the upper bolts. For operational purposes
and ease of sampling, Juvenile wood .. LI lobiolly pine is often defined as the first
10 rings from the pith. It is ohbious that tie Juvenile period lasts longer for
some characteristics than for others. For exani-ple, Rendle (1959) feels that
juvenility for specific gravity lasts fewer years than it does for tracheid length.

The percentage Juvenile wcod varies greatly among stands, depending on their age
and method rZ meisurement. For example, 47% of the volume of a,, 18-year-old stand
in North Carolina was juveni.e, based on visual separation (7 rings from the pith)
whereas a 15-year-old stand in South f ,rolina containea 76% by weight and 85% by
volume Juvenil% voo" when 10 rings im the pith was used as the cri.terion of
juvenility. In stands younger than about 10 years, essentially -.i1 the wood is
juvunile.

Controlling Juvenile Wood

The possiblity of controlliLb, tba percentage of juvenile wood is often raised.
Suggestions such as those of Paul (1960) to obtain slow growth by planting at
close spacings with frequent thinnings -t older agns are neither economically
feasible nor biologically useful; it is ring age, not ring width, that causes wood
ro be formed with Juvenile characteristics. Breeding for a smaller juvenile core as
suggested by Rendle (1959) and Schmidt and Smith (1961) bolds some promise; we
noticed years ago that an occasional tree had juvenil. wood wilh specific gravities
as high as 0.60 and did not have the typical change irom pith to bark. To test
for the inheritance of such high-gravity Juvenile wood, we sampled 800 trees in

one study.- Forty trees, each havinh relatively high- and relatively low-gravity
wood with sma.l changes from pith to bark were located, anc seed collected frcm
tbem was used to establish progeny tests. Aiter 5 years in the field the progeny
from parents with high-gravity Juvenile wood (0.492) had a tree specific gravity
of 0.33P .hiie those foom the low-gravity parents (0.40C) had a specific gravity

-In cooperation w.tt International Paper Company, Geurgetown, S.C., ,.s part of the
North carolina State-Industry Tree improvem.nt Cooperative.
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of 0.316. This difference among progenies from high- and low-density parents
appears to be increasing with age and will certainly be larger than the 1.5 p.c.f.
(pounds per cubic foot) evident at age 5.

In a study of progeny from slash pine seed orchards of Union Camp Cirporation in
Georgia, the 3-year-old family with the highest specific p:avity (0.411) produced
wood that weighed 4.4 p.c.f. more than the low-gravity f mily (0.346). This large
difference among the 50 families represented, combined uith the relatively good
heritability of specific gravity, bodes well for the production of strains of trees
with high or low juvenile wood specific gravity, as the need indicates.

In theitr comprehensive study of the effect of wood on pulp properties, Ellwood
et al. (1969) state, "Topwood prcduced the lowest yield, then juvenile wood, then
mature wood. Interestingly, some few juvenile wood fracticns produved higher
yields than some mature woods of the same or higher summerwood content. This
indicates the possibility of genetic selection for relatively higl,-.yicld jIvenile
wood."

Characteristics of Young Trees

In the southern pines, juvenlAe wood generally has the following characteristics

(covered by the previously cited authors and a host of others such as Meylan, 3968;
Gilmore and Pearson, 1969):

a. Low specific gravity, with short, thin-wnlled cells resulting in low pulp
yields and weak solid wood products. Pulp yields may be 10% to 15% below those
from older wood and the paper produced has qualities that differ from paper from

normal wood (Zobel et al., 1971).

b. Low cellulose yields, high hemicellulose yields (Zobel et al., 1966; Gladstone
et al., 1970). Holocellulose yields are about 3% less, and alpha-cellulose about
7% less in juvenile wocd than in mature wood.

c. High percentage compression wood resulting in poorer strength, difficult
bleaching, and high lignin content.

d. Large fibril angle with high longitudinal shtinkage, making solid wood products
so uastable that there has been discrimination against the use of southern pine
lumber. The low strength proparties of sawn products from juvenile wood can be
magnn.fied when mass manufacturing methods such as gang saws are employed.

e. Greater spiral gra• that also makes for instability of sawn products.

Similar juvenile characteristics of wood near the tree center have been reported
for other conifers such as Pinus caribaea in Australia (Schmidt and Smith, 1961)
and for Douglas-fir (Wellwood and Smith, 1962). However, patterns of development
may greatly differ among species; for example, there is a high-gravity zone near
the pith in Sitka spruce, which drops for about 10 growth rings followed by the
regular juvenile pattern (Wood and Bryan, 1960).
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Specific-Gravity--Whole Trees

Because of the differing gravities related to geographic source, no blanket
statement can be made about the weighted wood density of the merchantable volume
.o a tree that will always be correct; however, in general, whole tree values-

of O-year-old lbloliy pine are about 25 p.c-f. (dry wood) compared to 31 p.c.f.
for 30-year-old trees.

Members of the North Carolina State Cooperative have determined whole tree values
on several thousand young trees; results have been summarized in table 1. The
increase in specific gravity with age is significant. For ease of comparison,
whole tree values for 25-year-old loblolly pine from the same general ai•a have
been shown; note the decreasing difference in wood density as ages approac.' 25.

It is sssential to know the change in specific gravity with stand age if realistic
decisions on harvesting age or wood procurement are to be made. Two progeny
plantations thinned at 7.5 years and again at 11 years of age will illustrate
Lhis. The change ig specific gravity was considerable, amoun ing to 2.8 p.c.f.

for one plantation, 2.3 p.c.f. for the other (table 2). Such zhanges markedly
affect pulp yield per unit volume; an average cord will have a dry fiber weight
of about 290 pounds more at 11 years than it did at 7.5 years, based upon specific
gravity and content of solid wood per cord. In addition, paper quality will bi
affected, primarily due to thinner cell walls but also because of shorter
tracheids, higher hemicellulose content, and greater lignin percentage in the
younger trees.

Slash pine shows a similar pattern of change of gravity with age as does loblolly
pine. Note the large change between the li-year and 18-year age group and the
small change between the 18-year and 31-year age group for slash pine from the
Gulf Coast (table 3). Results from another study of slash showed the same trend
in south Georgia (table 4).

A large number of trees were harvested from plantations in the Piedmont of
Sotuth Carolina. Shown in table 5 are portions of the values for the young age
classes calculated from the regression equation. Data for two older age classes
were included for comparison.

Specific Gravity--Top Bolts
and Unmerchantable Tops

In the South it is standard to utilize the tree stem to a 4-inch top. Some
industries are attempting closer utili7-tion, tc a 2- or even -4.i -h diameter.
The question immediately raised relateL to the wood Droperties of such small-
diameter material and the qualities for pulp and paper from such wood.

Several irvestigations of topwood have shown that, aside from difficulties of
harvesting and hakidling the small, limby, and often crooked bolts, wood from

6--Merchantable volume is usually limitea to a 4-inch-diameter top.
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Table l.-Wood weight of young loblolly pine
aged 3 to 15 years, compared to
25-year-old trees. Values are

1all weighted trree values-

Age : Number of : Specific gravity: Density
: trees sampled :

-----------------------------------.------
P.c.f.

YOUNG STANDS

3.0 : 1,177 : 035 : 21.9
5.0 : 2,175 .36 : 22.5
7.5 : 1,447 : .38 : 24.0

10.0 927 : .39 : 24.5
11.0 : 710 : .40 25.0
14.0: 30 : .42 : 26.2
15.0 207 : .42 : 26.2

25-YEAR-OLD STANDS

25.0 -- .44 : 27.5

1
-!-To a 4-in. top diameter.

Table 2.--Specific gravity changes from 7,5 to 11 years of age
wiLnin 2 plantations

Plantation : Specific : Specifi. : Increase in
: gravity, : gravity, : 5.5 years
: 1966 : 1971

P.c.f.

Excellent site-I

(South Carolina Coastal Plain): 0.39 : 0.43 : 2.8

Good site-2
(South Carolina Coastal Plain): .39 .42 : 2.3

1-rom a progeny test of Westvaco Corporation, Georgetown, S.C.
Based on 320 trees in 1966, 128 trees in 1971 from 8 families.

-!From a progeay test of International Paper Company, Georgetown, S.C.
Based on 640 trees in 1966, 256 treee in 1971 from 16 families.
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Table 3.--Specific Fravit; cf slash pine
from differe-.it aged stands

in the Guli Coast-1

Average g : Weighted total tree values

Specific gravity Density
-------- ----------------------

: P.c.f.

11 0.414 : 25.7
18 .471 29.4
31 .505 31.5

1
--From a study by Container Corporation,

Brewton, Ala. (Adapted after Zobel
et al., 1971.)

Table 4.--Specific gravity of siaeh pine 12 and 17 years of age

and the wood formed during the interim-

: Whole tree, : Wood formed durtng : Whole tree,

: 12-year-old : 12- to 17-year period : 17-year-old-.--------•---- ..----------.------------

Specific gravity 0.42 0.49 0.45

Density (p.c.f.) 26.2 30.6 28.1

1-From a study by International Paper Company, Bainbridge, Ga.

(Adapted from Collicott et al., 1968.)
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Table 5.-Dry wood weight table for young loblolly pine
in the Piedmont of South Carolina, with
comparisons for the 25- and 35-year age

classes-

Age • Specific gravity Weight per cubic foot inside bark

Ovendry Green
------- ----------- -------.--------

10 : 0.385 : 24.0 60.1
11 : .391 : 24.4 60.0
12 : .396 24.7 : 59.8
13 : .400 25.0 : 59.7

14: .405 25.3 59.5
15 : .409 25.5 : 59.3
25 : .438 27.4 57.0
35 : .458 : 28.6 54.6

1 From a study by U.S. Plywood-Champion. (Adapted after
Zobel et al., 1971.)
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the tops of merchantable trees is useful, although it has low yields and other
defects common to juvenile wood. Even though tracheid length is greater than for
normal juvenile wood from the base of the tree, topwood, whole young trees, and
juvenile wood of older trees gave very similar pulp (Barefoot et al., 1970;
Ellwood et al., 1969). Because of the size and number of knots with their
associated compression wood, a higher proportion of "abnormal" wood is found in
topwood than in the lower portion of the merchantable bole. According to
von Wedel et al. (1968), approximately 8% of the bole of young trees consists of
knots and associated compression wood, whereas up to 14% was found in their tops
(table 6). In older, open-grown trees with large limbs, knots and compression
wood can be much more prevalent, approaching 40% or more of the topwood volume.

Specific gravity of topwood above the 4-inch merchantable diameter limit has been
found to average 25 p.c.f. in 17-year-old slash pine in southwest Georgia
(Collicott et al., 1968). Other studies have been summarized in table 7; although
the specific gravity values fluctuate for the two species, they are all low.
Generally the topwood portion of the tree normally used for pulpwood (near the
4-in.-diameter limit) has 10% to 15% less dry weight per cubic foot of green wood
than does the basal portion of the tree.

As an illustration of the density of wood formed at the top of the tree compared
to wood from basal bolts, one study on twenty-four 15-year-old trees in the
Piedmont of the Carolinas by Catawba Timber Company showed the following:

Seventh Bolt Basal Bolt Weighted Whole Tree Value

Specific Density Specific Density Specific Density
gravity (p.c.f.) gravity (p.c.f.) gravity (p.c.f.)

0.40 25.0 0.48 30.0 0.45 28.1

Tb2re is some question about how important topwood is, based upon how much of it
is produced. For example, it was found that in a 12-year-old stand of slash pine
tLe nonmerchantable topwood added about 5% to the total weight harvested, whereas
in 17-year-old trees this dropped to 4% (Collicott et al., 1968).

Other Wood Qualities

Abundant data are available for a number of wood properties of young trees for
characteristics other than specific gravity. However, emphasis in this paper has
been on specific gravity, due to the overriding importance of cell wall thickness
in determining yield and quality of pulp and paper (Barefoot et al., 1970),
Therefore, only limited mention will be made of other wood qualities of young
trees and how they relate to older trees.

Moisture content can be calculated on the basis of dry weight, green weight, or
volume. We have chosen dry weight (which can be easily converted to green weight,
appendix table 4, Zobel et al., 1968) because it indicates the weight of water
present per unit dry weight of wood. For example, a moisture percent of 137
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Table 6.--Knotwood and associated compression wood in the last
merchantable bolt (to a 4-in. top) and the bolts
above and below this position in young loblolly

1

Knot volume : Compression : Knot plus

: wood volume : compression wood

: Pct. : Pct. Pct.

1 bolt below : 2.3 : 8.9 : 11.2

Last 4-inch bolt : 2.3 : 9.5 : 11.8

1st bolt above : 2.6 : 11.5 : 14.1

l-After von Wedel et al., 1967.

Table 7.--Generalized wood density of the "nor.merchantable"
woo.'d above a 4-inch top for loblolly and

I
slash pines-:-

Group : Specific gravity : Density : Number of
- -- : trees sampled

------------ --------------------------.-----------
P.c.f.

Loblolly pine :
Young trees : 0.36 : 22.5 : 130
Older trees : .42 : 26.2 : 109

Slash pine
Young trees : .40 : 25.0 170
Older trees : .37 23.1 36

1-Adapted from Zcbel et al., 1971.
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(based on dry weigst) indicates that there is 1.37 pounds of water associatecý with
every pound of dry wood. Moisture cortent and specific gravity are usually
inver3ely related, a facZ c" great importance when logs are bought by green weight
(Zobel et al., 1968). This is illustrated by the subtotals i:, table b.

Moisture content is especially inportmic when buying wocd from young tieas. In
industry the opinion is sometimes exprebsed that a fair transaction has taken place
when wood is purchased by green weight. But young trees have more moisture than
do olde, ones and often there is a large disparity of actual wood due to age.
Comparison of an 18-year-old stand with a 30-year-old stand in :be same area is
shown in table 9.

There is a similar trend with tree size; a cord of 6-inch DBH tcees had 1,680 pounds
of dry wood compared to 2,200 pounds per cord of 10-inch trees. The total green
weight of a cord of the 6-inch and 10-inch trees were quite similar despite the
greater actual wood volume in cords from larger diameter bolts; the 520-pound
difference Ln dry weight was offset by greater moisture content in the wood of
smaller (younger) trees.

Moisture content increases from base to top of tree and is grettec in juvenile than
in mature wood, as illustrated in table 10. Tracheids are short in young trees
(see table 9), averaging 2.5 to 3.0 millimeters in trees younger than 15 years
compared to 3.5 to 4.5 millimeters for 30-year-old trees. Based on 340 loblolly
pines 5 years of age in South Carolina, the average tracheid lengL,. was 2.27 milli-
meters whereas 11-year-old trees in the same area averaged 2.85 millimeters. Such
length differences have an effect on paper properties, especially when combined
with the thin cell walls found in wood of young trees. The trend for short
tracheids in juvenile wood is the same for loblolly and slash pine, as shown below
(also see table 11).

Tracheid Lengths
Juvenile wood Mature wood

(Mm.) (Mm.)

Loblolly 2.56 ).41

Slash pine 2.60 3.50

In a study of 581 loblolly pines in the South Carolina Coastal Plain, tracheid
length was 4.5 millimeters for the 30th ring and 3.50 for the seventh ring; for
Piedmont trees, tracheid length for the seventh ring averaged 3.26 millimeters.
An important point is that Liacheid length varies by mother tree families, as
does specific gravity and moisture content, and can differ as much as 0.5 millimeiar,
giving opportunity for improving tracheid lengths if such is desired (table 8).

Cell wall thickness and cell diameter vary by tree age and location within the tree.
Note the values of the ll-yeai-old trees as compared to topwood from mature tiees
and wature wood of mature trfs (table 11). The young trees and topwood have
similar specific gravity b,- topwood has longer cells with thicker cell walls.
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Table 8.--Wood properties of U1-year-old loblolly pipe trees

grown in south Georgia-

Family :Specific gravity :Moisture content Tracheid length

1 0.41 137 3.04
2 .40 138 3.16
3 .40 141 3.00
4 .40 152 2.60
5 .40 159 2.77

6 .39 145 2.77
7 .39 140 2.90
8 .39 155 2.92
9 .39 147 2.76
10 .39 145 2.70

Sub-Av. .40 146 2.86

67 :36 165 2.95
68 .36 151 2.91
69 .35 : 179 2.93
70 .35 : 170 2.82

71 .ýi 184 2.73
72 .5 181 2.67
73 *.)5: 181 2.91
74 .35 185 2.93
75 .35 187 2.75
76 .35 192 2.79

Sub-Av. .35 178 2.84

--rhe study (from the Cooperative Heritability Study with
International Paper Company) is based on 38o' Lrees from
75 families. Only the 20 famil!es with tbh highest and lowest
specific gravities are shown in the tablv. Relationship of
specific gravity with moisture content and lack of relation-
ship with tracheid length are illustrated, along with inherent
family differences.
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Table 9.--Green and dry weight of loblolly

pine 18 and 30 years oi aIe-

Age : Green weight : Dry weight
: per 100 cubic feet : per 100 cubic feet

-------------- -----------------------------------
Yr. :

18 : 6,230 2,696

30 : 5,880 2,759

-After Zobel et al., 1971.

Table 10.--Moisture content of 25 15-year-old loblolly

pine by juvenile and mature wood arid bolt
location

Bolt No. Juvenile wood : Mature wood
moisture content moisture content

--------------------------- *---------- ------.----------

Pct. Pct.

1 (base of tree) : 103 97

2 125 116

3 134 121

4 139 129

5 : 145 134

6 . 149 . 137

7 149 . 143

8 (top of tree) 178 --
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___
Table ll.--Wood qualities of ll-year-old loblolly pine compared

to older trees and topwood of mature trees1

2 :3
Wood property : 11-year-old :Mature trees :Mature trees-

: trees :(topwood only):(merchantable
:: : wood)

-.--------.-- ---------.--- --- ---

r Specific gravity : 0.42 : 0.41 0.48

Density (pQc.f.) : 26.2 : 25.6 30.0

Tracheid length

(mm.) 2.98 : 3.59 4.28

Cell wall thickness
(microns) 3.88 : 6.72 8.04

Lump.n size
(microns) 42.25 32.47 : 32.78

Cell d__ameter_ : :__
(microns) : 50.01 : 45.91 : 48.86

-From 36 11-year-old trees, International Paper Company,
6 trees for topwood and 16 trees for mature wood from the
study by Ellwood et al. (1969).

-7Average for the top A' 3-foot bolts, with a mean diameter of
5 in.

-juvenile wood excluded.
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in general, based on many studies, tracheid lengths of mature trees r"erage about
1.5 millimeters longer than for young trees, wall thickness about 3 microns greater,
lumen diameter about 5 microns less, and overall cell diameter about the same
(Zobel et al., 1961). The major factors that will affect the final product are
the wall thickness and cell length; cell length is important for only certain

products while wall thickness is important in nearly all products.

Utilization of Young Wood

A number of studies on the utility of young wood and topwood in southe.n pines have
been made by the pulp and paper industrie;; similar tests have been made il other
species (Bublitz, 1971). Unfortunately, most of them are classified and thus
results cannot be directly cited in this paper. Since there appears to be a
general pattern, however, broad trends can be discussed.

The lower pulp yields of young wood and higher costs of harvesting small trees are
very important economic considerations and their effect is felt from the stump to
the final paper product. Approximately 2,000 pounds of liy wood were obtained per
cord from 15-year-old loblolly pine trees, while 2,400 pounds were obtained from25-year-old trees; a similar trend is evident in pulp yields from younger trees.

Additional econo-ic considerations are that trees that averaged only 5 inches in
diameter cost nearly $10 per cord more to harvest than did those 10 inches in
diameter; 0.1 more cords per hourf could be harvested per man from 10-inch rather
than 5-inch DBH trees. One specific laboratory i.raft pulping study made by
Hammermill Paper Company on 12-year-old plantation-grown loblolly pine in central
Alabama well illustrates the wood and pulp and paper qualities of young trees as
affected by specific gravity as well as their relationship to the normal mill
timber supply (table 12).

The pulping and bleaching conditions and ciiemical applications based on wood were
identical for all four cases, producing very similar degrees of cooking and
bleaching. The differences in moiscure content, yield ba,ed on dry wood, and
specific gravity were used to calculate comparative yiela of pulp based both on
green weight and green volume. If one assumes that a mill is limited in production
by its digester volume, which is frequently the case, then pulp .•.duction rates
should be proportionai to yield per green wood volume, as shown in table 12.
Manufacturing costs other than raw material costs would vary inversely with the
production rate. The cost of cooking and bleaching chemicals per ton of pulp
would increase very slightly for juvenile wood bece-ise of slightly lower yields
based on dry wood.

Physical properties related more specifically ,o development of fiber-to-fiber
bonding (mullen, tensile, fold) tend to be higher for juvenile than for mature
wood. Within the juvenile wood classes these properties are higher for the lower
density samples because of the greater conformability of the thin-walled fibers.
As expected, tear, which depends heavily on fiber length and fiber strength, and
opacity and caliper, both of which depend on fiber stiffnesc, all show behav4 :
trends opposite to the bonding properties just mentioned. It should be noteu that
the extreme high-density juvenile wood, although denser than mature wood, does
not measure up (or down) to mature wood in physical properties of the resultant
pulp.
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Table 12.-Wood tad pulp characteristics and yields from pulping hih-,
interme(diate-, and low-density juveuile loblollh %ne

wood, coSpared with mill-run chips-

Mill chips : Juvendle wood
--- - ---------. ---------

Low I : Average 1 : High I
: : density- : density- : denslty-

--- ------------ -----------------. ------~----. -----.----

Specific gravity : 0.44 : z '.419 0.477
Moisture, pet. ef dry wood • 119 : 142 : 119 : 112
K number : 27.5 : 26.5 : 28.3 : 28.4
Rejects, pct. of dry wood : 0.45 : 0.23 : 0.i1 : 0.42
Crude yield, pct. of di; wood : 47.5 : 44.2 : 45.; : 47.1
Crude yield pct. of vet wood : 21.7 : 18.3 : 20.9 : 22.2
Pounds pulp per cu. ft.

green wood . 13.0 : 10.0 : 11.5 : 14.0
Estimated mill production,

p':t. of normal 1 100 : 76 91 : 107
Bleached brIghtness . 88.6 : 88.0 : 89.3 88.3
C.E.D. viscosity, cp. 22.4 : 29.2 : 30.0 : 25.8

At 750 ml. Schoppr.r-Riegler-2

freeness:
Tensile, Kg./in. : 15.01 : 16.88 16.80 15.87
Mullen (burst) . 60 : 3 : 69 : 70
Tear, g. : 120 88 : 96 : 109
Fold, M I.T. : 1,540 2,340 : 2,150 : 1,970
Opacity : 67.3 62.0 62.0 64.2
Caliper 5.8 : 5.1 5.4 : 5.4

-Based on 6 trees in epth of the density classes.
2 g. 2-Pulp beaten in Valley beater tests on 75 g./t. sheets.
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It was concluded from this study that juvenile wood will produce .lp
considerably different from mature wood, but whether it is better or' worse depends
on the intended product. In any case, a cost penalty is imposed. It is also
obvious that considerable potential exists f-'• improv,.ment of juvenile wood pulps
if genetic or -Itural manipulation can s'infican.ly alter its specific gravity.

Prom the preced7•z study and others, somr, conclusions can be drawn :egarding
pulping juvelile wood. It can be compared to older trees as follows:

1. Gross yields are from 10% to 15Z less per unit volume or unit green weight
compared to older trees. Additionally, cellulose yields will be less. Gladetone
et al. (1970) states, "A redrction of rotation age in loblolly pine will increase
the proportion of juvenile wood received in the u!!ll. Pulping of wood produced
at low rotation ages will result not only in well-documented losses of yield per

unit volume of dry wood, but also in losses per untt weight of dry wood. It is
estimated that the 1-tter yield loss could be as hýgh as 1.2% on a pilp basis for
a reduction in rotation ages from 30 to 20 years." Yields will drop more
drastically :.v lower ages If harvestability are approached; magnitude of possible
effects is ýhowi in table 12.

2. Mullen (burst) and fold of paper from young trees is good because of better
S~bonding, but tearing strength is lower than from older trees. Opacity is lower

than from standard pulp; paper smoothness is good from juvenile wood, with high

apparent density.

3. ThE consumption of chemical rer ton of pulp is increased slightly and about
a 10% 4rnz'ase in other manufacturing costs is realized. Maximum production is
curtailed if digester capacity 1i limiting.

4. More tall oil and turpentine per cord will be obtained from older trees,
especially after heartwood formation has started.

5. With some manufacturing adjustments, pulp from young trees is usable for many
pioducts made from regular pine. Its use results in marginal strengths for some
and in exceptionally good properties for ithers.

It is fortunate that pulp and paper from young trees do have utility because the
,upply of such wood is increasing at a rrpid rate. When a mill uses 5% to 10%
juvenile wood, little attention is paid to it; but when it approaches 50%, as it
has in scveral mills in the South, utility of fibers from young, fast-grown pines
becomes of major importance. With adjustments in cooking and manufacturing
processes, quality of paper and yields can be consilerably enhanced over that
reported in some earl), studiev where standard coooi and manufacturing methods were
used.

There has been a reluctance in the pulp and paper industry to e-.gregate and use
young wood to its best advantage. Until the basic differences between young aiid
old wood and pulp qualities are known and corrected, serious and costly errors
will continue to be made. In one mill, for example, it was found that wood from
young thinnings was undesirable for the product manufactured. So rather than
pulping the young and old wood separately and then blending the fibers to produce
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a desired paper, the chips were blended together and pulpcd together. The
resultant mixture made satiefactory paper but at a loss of efficiency and high
cost; it was like cooking steaks from a yearling and from an old bull in the same
oven and expecting both of them to come out done to a turn. If young wood is to
be handled in large volume we now know enough of its fiber and pulping character-
istics to warrant special handling if any semblance of efficiency is to be
obtained. In many parts of the Southeast it will be those mills that learn to use
young wood to its fulle&L, exploiting its advantages and minimizing its
disadvantages, that will prosper.
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Gordon--You talked about some of those papers for which the juvenile wood is
wonderful. Would you just give us a little bit of further detail on that and tell
us what a few of those are?

Zobel--l'll turn to an expert who knows all the answers.

Lawrence, Champion Papers--I'm supposed to make these comments on the panel a
little later. nut in brief, these are the same type of papers th- • George Sheets
mentioned yesteiday--mainly thin papers, business form papers, papers for coating,
which need a flat surface and good formation. Very roughly, I would say printing
publication business form papers are the ones this type of fiber is ideally suited
for.

Dawson, Forest Service--In your trees ages 3 to 5 for those 3,300 trees sampled,
approximately how great was the range in the specific gravity and in the pounds
per cubic foot?

Zobel--That's a real good question. When your trees are younger, the range is
relatively small; as they get older, the range spreads out. But we did this for
50 some families and found a range, from family to family, of 5 pounds per cubic
foot in 3-year-old material. So already at that young stage some families are
very high and some are very low.

Larson, Forest Service--Do the trees with high juvenile specific gravity tend to
be located in any particular region, or were they well scattered?

Zobe&--They were completely scaltered at random. You never know when you're going
to find one and you can't predict it.
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Bei;send, Iowa State--Did you use proximity to the living crown at the time the wood
was formed to make this identification of juvenile wood?

Zobel--Oh, definitely not. We picked trees that were well pruneo and other trees
that were open grown, and the open-grown trees do not continva to produce juvenile
wood. They go about to 10 years, then slip over into mature wood. There is a
relationship; certainly juvenile wood is formed in relation to the crown. But iT
won't continue forever. The number of rings from the pith is a key thing here.
I don't know whether it is an aging process or what, but the tree just doesn't
continue to produce juvenile wood. Yesterday somebody mentioned that, when you
put fertilizer on, it extends the juvenile period. We're finding the same thing.
It tends to extend the juvenile period but it isn't because the crown is there.

Often we put fertilizer on trees after the crown has been shed, and we see the
crown in the top of the tree and no side branches.

Berklund, Nekoosa Edwards--From what you said, some of the southern mills may be
in for some trouble in the future with the pressure on short rotations. Now
looking way into the future, what is the answer? Is this to accept the lower
yield using these woods which are forced maybe by higher taxes, sufficiency in
logging and planting, etc?

Zobel--The lower yields may not be so low if they change the manufacturing process
for the kind of wood that is coming in. In one mill I know, half of their furnish
this year came from II-, 12-, and 13-year-old plantations. We can grow these
things very rapidly. For one company, we grew trees 10 to 14 inches in diameter
in 10 years and harvested them.

Isebrands, Forest Service--You mentioned that certain families have better
characteristics than others. Do you look into the possibility that some families
have higher incidence of reaction wood?

Zobel--Yes, and I think there is a very definite relationship. Some families tend
to have a lot of reaction wood or compression wood, others have a little bit. But
one family where the tree is leaning a little bit produces a lot of reaction wood,
and another family where the tree is leaning a great deal essentially produces no
reaction wood. So the response to this physical force which produces reaction wood
is quite different from family to family. We found a rather h*gh h.ritability of
compression wood formation.

Bengtson, TVA--Bruce, I hope I misunderstood you when you said that you didn't
think the crown was involved in the fertilizer response and in wood quality. In
my experience, I don't think there has ever been a case where there was a response
to fertilizers where there was nct an obvious effect on the crown. This was not
necessarily a lengthening of the crown, but certainly there was an ef ect on it.

Zobel--You misunderstood me. What I said is that, when we fertilize, it doesn't
make the tree hold its crown down. It prunes off naturally. Certainly there is
an effect on crown; it greens up, thickens up, and all this.

Hearon, Boise Cascade--You mentioned that you had no carryover from father to son
on the high-density juvenile wood. Then why do some of the trees have high-density
juvenile wood?
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I
Zobel--No, we have a great carryover from father to son. That's what I was trying
to-Tow on one of these tables. The high-gravity fathers and mothers produce
high-gravity children, so to speak. So we do have a group theory. It is rather
strongly controlled geneticallf.

Hearon--Well, why do some trees have high-density children and some trees don't?

Zobel--l dv,,Ot know, they grow just intermixed. Of course, I'm a geneticist so

yo-uknow what my explanation would be. But anything that you do to change the
growth pattern of a tree is going to change the root. And so you can't just say
it's due to genetics because some trees grow in slightly different environments
that have an effect. But the parentage is very important.

Burkhart, SFA--Is there a possibility that the high gravity juvenile wood has a
higher percentage of latewood than the lower gravity juvenile wood?

Zobel--Yes, definitely it does. You can see it visually. I didn't measure but
when you take the sample it immediately hits you that here is juvenile wood with
big broad bands of summerwood.

Burkhart--And this evidently then is a genetic characteristic?

Zobel--Oh, definitely.
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THE THREE-RINGS-PER-INCH DENSE SOUTHERN PINE-SHOULD IT BE DEVELOPED?

by

PETER KOCH-

Abstract

The three-rings-per-inch dense southern pine could be utilized for many of the
purposes to which present-day timber is put. Difficulties might be encountered
in uses where strength is important, and some product spezifications would have
to be revised. Until such a tree can be developed the following objective is
proposed for southern pine silviculturists: Over large areas, grow the maximum
possible dry tonnage per acre per year, and grow it on the fewest possible straight
stems of uniform size, taper, and spacing.

The southern pines are the most important group of softwood timber species in the
United States. Further, their importance is increasing. It is estimated that by
the year 2000, 51% of the softwood used in t.is country will come from the South.
These pines occupy about 20% of the 509 million acres of commercial forest land in
the United States.

Currently, southern pineries furnish raw material for about 15% of the softwood
plywood manufactured in the United States, 23% of the particleboard, 25% of the
softwood lumber, 36% of the fiberboard, almost 40% of the market dissolving pulp,
41% of the groundwood pulp, a major share of the kraft pulp, over 75% of the poles,
and nearly 100% of the turpentine and rosin.

Some of the commodities are also important in international markets. In 1968 the
kraft mills of the South produced approximately 25% of the total pulps and 45% of
the kraft pulps required in the world; the southern pines provided wood for about
77% of this pulp. They additionally supply about one-half the world's naval stores
and three-fourths of the crude tall oil pioduced outside the Sino-Soviet bloc.

Since the southern pines are a major source of wood products in the United States,
it is useful to consider the rate at which they grow and to assess the effects that
accelerated growth might have on their utilization. In the opinion of many
foresters, the bulk of the southern pine lands are capable of growing in excess of
a cord per acre annually. Through genetic selection and intensive cultivation,
yields in some plantations will likely be substantially increased by the year 2000--
perhaps to three cords per acre or even more. Under favorable conditions, such as
those found in certain parts of South Africa, Swaziland, Australia, New Zealand, and

-Chief wood scientist, Southern Forest Experiment Station, USDA Forest Service,
Alexandria Forestry Center, Pineville, La.

N-1



Brazil, loblolly and slah pine plantations have produced as much as five cords per
acre per year during the initial rotation.

Six rings per inch is perhaps a fairly usual growth rate for southern pine in the
United States today. Let us then inquire into the effect on utilization were this
growth rate to be doubled so tLwit wood of the future would average only three rings
per inch, wiLh growth so regulated that ring width would be constant at one-third
inch from pith to ring 30. Further, leL :• assume that such fast-grown wood will
occur in a range of specific gravities fiom about 0.4 to 0.6 (basis of green volume
and ovendry weight), j,:±• as it does now. Under this assumption, entire stems
would average about 0.5 _n grzqity; but diameter inside bark would be 6.7 inches

at age 10 years, 13.3 inches at 20 years, and 20 inches at 30 years.

The following discussion briefly summarizes the likely effects of such growth rate
and specific gravity on the properties of poles, timbers, lumber, laminated wocd,
plywood, particleboard, fiberboard, and pulp and paper. It omits any consideration
of the economic effect that would result from doubling wood production by harvesting
two crops of trees during the time span now required for a single crop. Obviously,
though, many patterns of distribution would be altered by such a twofold e':pansion
in volume.

Poles

Ready availability under :standardized grading rules, straightness, little taper,
high strength, absence of damaging spiral grain, and ease of drying and treating,
all contribute to the videspread use of southern pine poles in the United States.
Most southern pine utility poles are sold in length classes from 30 to 50 feet;
diameters at the butt, therefore, generally range from about 9 to 20 inches. At
three rings per inch, such poles would show 14 to 30 rings at the butt.

Pole specifications are published by the American Standards Association; poles are
grouped into classes according to the load (applied laterally at the top) required
to break them. The specifications require that the outer wood zone at the butt
must shcw at least six rings per inch, although poles having four rings per inch
are acceptable if they contain 50% or more latewood. Obviously, the grading rules
would require revision if poles with three rings per inch were to be marketed.

Although the straightness and taper of southern pine stems should not be adversely
affected by rapid growth, it is likely that fast-grown small poles would have
inferior strength. For example, a 30-foot class 9 pole measuring about 7 inches in
diameter at the butt would show only 10 or 11 growth rings; such a pole would be
comprised almost entirely of juvenile wood and would, therefore, be relatively weak.
Poles 14 inches and larger in diameter would show more than 20 rings at the butt;
if the mature outer wood had at least 50% latewood, such poles should have
adequate strength.

No data are published that correlate grain spiiality with rings per inch; in tais
country the outer wood of fast-grown southern pines appears to have little viral

grain. The effect of ring width on the permeability of the wood is also in doubt,
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but the data so far available indicate that wood showing three rings per inch can
be dried and treated readily. Fast-grova southern pines in pole sizes contain
less heartwood, and should therefore be more easily treated, than slow-grown trees
of the same diameter.

Timbers

By current rules of the Southern Pine Inspection Bureau, timbers for structural use
(i.e., stress-rated) must average on one end or the other not less than four annual
rings per inch. Use of timbers showing only three rings per inch would require
revision of this specification. If latewood content could be maintained at 50% or
more, fast-grown wood should be usable in most structures. Many timbers contain
boxed heart, however; such pieces, if 7 inches square or smaller, would lontain
virtually no wood older than 10 years and, therefore, could not be expected to

show a high latewood content.

Like poles, timbers having three rings per inch should b, easily treated; boring and
machining should not be unduly difficult.

Lumber

Southern pine wood finds wide use as nonstress-raced framir3, structural, and finish
lumber. For most framing wirposes that do not require stress-rated lumber,
fast-grown wood can serve adequately. Under present grading rules, however, woAd
having less than four rings per inch is excluded from the important structural
grade of No. I Common dimension lumber. It is possible that these rules could
be revised to permit inclusion of faster grown wood having a sufficient
percentage of latewood. For structural lumber, the wide rings in themselves
become objectionable only if earlywood is placed so that it is highly stressed or
in such a manner that mechanical connectors rely only on eariywood for holding
power. Compression wood can be particularly damaging, however, in boards or planks
showing only a few rings.

Users of cleav finish lumber prefer slow-grown wood. Lumber with three rings per
inch has a bold took that mcat consumers find somewhat objectionable. Fast-grown
wood is difficult to machine into complex patterns (e.g., finger joints), and wide
bands of latewood receive nails with difficulty and are prone to split. Wher
painted, fast-grown dense southern pine frequently develops raised grain that is
visible through the coating; moieover, paint retention is notably poor.

Because of the widespread adoption of the chipping headrig in the South, a
significant portion of ali southern pine lumber is now cut from logs measuring
7 to 12 inches in diameter. Larger logs are converted into veneer for plywood, and
smaller logs are chipped for pulp. Since fast-grown logs 7 to 12 inches in diameter
show only 10 to 18 rings, it is evident that much of the lumber will contain pith-
associated wood. Such wood may warp excessively unless it is dried under mechanical
restraint.
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Not all uses for southern pine are best served by slow-grown wood, however. For
example, steam bending is best occomplished with fast-grown, low-density wood. As
another example, wooden boxes aii niost easily nailed if the wood has wide rings and
is low in density.

Laminated Wood

Systems have been developed for placinF wood in laminated berams so that tha strongest
wood is in the outermost, most bighly ,;tressed laminae. These systems permit
ar-Plete utilization of batches of luwoer o' variable strength. If selective
place, ent of laminae is to achieve maximum effect, however, a portion of the lumber
should bave a modulus of elasticity in excef,s of 3 million p.s.i., and a tensile
strength of more than 10,000 p.s.i. Such high strength values are infrequently
reported for lumber showing only three rings per inch.

Plywood

Southern plie veneer bolts must have a certain minimum density in order that the
veneer cut from them will be comparable in strength to Douglas-fir veneer. If
latewood content sufficient for this density is attainable in bolts showing three
rings per inch, the veneer will display wide patches of latewood as well as wide
pRtcl.es of earlywood. Veneer from dense fast-grown bolts tends to be rougher, less
uniiorm, and much more 4!fficult to glue into plywood than veneer cut from
siow-grow-n bolts. The gluing problems arise mainly because latewood-to-latewood
bonds are difficult to achieve with normal spreads of phenol-formaldehyde resins.

In southern pine plywood given exterior exposure, face checking is most severe,
delamination most rapid, and paint failures occur soonest if veneers are cut from
ia-t-gr-'c- dense bolts.

Particleboard

Particleboard properties are stro-gly correlated with the density of wood from which
the particles are derived; low-density wood is generally preferred. Board
properties are also close- -elatea to the specific surface of component particles
(i.e., surface area per unit wel.ght) and with the variation in specific surface
among particles. Fast-grown dense wood yields particles with a very wide range
in specific surface. It is likely, however, that manufacturers would find no
serious problems in producing board from wood with three rings per inch; most woul.
prefer wood averaging 0.4 specific gravity over wood of 0.5 gravity.
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Fiberboard

McMillin2 has shown the effects of gross wood characteristics on priperties of
fiberboards made from loblolly pine refiner groundwood. With high-density boards,
stress at prcvortional limit in bending and modulus of elasticity were positively
correlated with rings per inch, i.e., fast-grown wood yielded somewhaz weaker
bo3-rds. Also, nedium- and high-density boards from fast-grown wood had less
iL.mensional stability parallel to the surface than boards from slow-grown wood;
:or medium-density board only, fast-grown wood yielded boards with less dimensional
stability perpendicular to the grain.

McMillin concluded that most of the fiberboard properties he measured were improved
by use of fibers refined from dense wood containing a low percentage of latewood.
He forced stratiliction of samples from the core, middle, and outer portions of the
tree stem so that wooQ of high and low specific gravity and of slow and fast growth
was considered at each Oositicn. Because of this forced stratification, the
correlation between lateiood content and unextracted specific gravity was low
(R2 = 0.66) as compared to that in entire stems. Thus, proportion of latewood

exhibited a range of values at all levels of chip specific gravity.

The data showed that fiber prepired from corewood of high unextracted specific
gravity yielded boards of superior strength. Dense veneer cores therefore would
appear o be a desirable raw material from a strength standpoint. In contrast,
fiber refined from slabs and edgings of low density would be expected to yield
boards of inferior strength.

Pulp and Paper

The large body of literature relating pulp properties to fiber morphology leaves me
with the impression, perhaps oversimplified, that pulp and paper makers will continue
to use southern pine wood in whatever form it is grown as long as it is available
In uniform, lar ý quantities, and at a reasonable price. In short, three-rings-per-
i-icn, dense so .ern pine would probably be acceptable to most manufacturers. In

_971, most pulp company foresters appear to be primarily concerned with growing the
maximum possible dry tonnage of wood per acre per year.

Discussi'on

A major objective of the Southern Forest Experiment Station's utilization project
in Pineville, La., is stated as follows:

22-McMillin, C. W. Fiberboards from loblolly pine refiner groundwood: Effects of
gross wood characteristics and board density. Forest Prod. J. 18(8): 51-59. 1968.
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"By 1980 to invent processes that will double the 1963 product tonnage economically
recoverable from each southern pine tree."

This obJective is probably attainable.

One might frame an equally specific objective for geneticists and silviculturists
working on intensive plantation culture of southern pine:

"To develop seed sources and silvicultural techniques that will yield plantations

of southern pine trees averaging three rings per inch and 0.5 specific gravity (on
the basis of green volume aad ovendry weight, unextracted)."

From the preceding text it is evident that this objective is debatable in forests
managed for solid wood products. In part, choice of objective must rest on this
zountry's requirements for poles, timbers, lumber, laminated wood, plywood,
particleboard, fiberboard, and pulp and paper. Since many economists forecast an
increasing demand far timber products, as well as a decreasing land base from which
wood can be harvested, it is my opinion that geneticists and silviculturists should
press forward vigcrously to develop southern pine plantations in which stems average
0,5 Lu speLt.fic gravity and show a uniform ring width of one-third inch from pith
thrzugh ri-. 30. Even the most optimistic geneticist will probably concede that
attainment of this goal will require numerous generations of tree breeding in
addition to much basic research on manipilation of ring width and density.

Until the three-rings-per-inch, dense southern pine tree is a reality, I propose
an interim, and more general, objective for southern geneticists and silviculturists:

"Over large areas, grow the maximum possible dry tonnage per acre per year, and grow
it on the fewest possible straight stems of uniform size, taper, and spacing."

This interim objective would do more than increase the tonnage of pine production.
Since uniformly spaced, large straight stems of equal size and taper can be logged
and processed more readily than smaller crooked stems of random size, taper, and
spacing, the cost of conversion would be reduced and the competitive position of
pine wood would be enhanced.

The interim objective is applicable equally to unthinned stands grown on short
rotations for pulpwood and to thinned plantations managed for longer rotations to
yield saw logs and veneex bolts. In both cases, stands would be manipulated
primarily to yield high tonnages, but with recognition that harvesting and processing
costs are prsitively correlated with the number of stems per acre.
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Comparison of three- and six-rings-per-inch growth rates.
Cross sections are from moderetely dense loblolly pine
logs with fairly uniform ring spacing from pith to bark.
The section at left shows 31 rings and that at right 57.
Both logs measured 20 inches in diameter inside bark.
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MacKinnon, Crown Zellerb~ck--Is there a possibi,ity that, with stress drying, we
can get some chip-r. _w mateiial out of the first or second t'Innings in the interim
system?

Koch--Yes, we are pushing ahead and investing a lot of money in an attempt to
commercialize a continuous dryer that operates on a high-temperature restraint
system. From our experiments we get virtually 100% straight wood out of that
system. Whether we can make it commercially, I dcn't know, but we're going to try.

Gordon--We have a few minutes so I wonder 'f anyone would like to comment with
regard to any of the papers this morning?

Bromley, American Pulpwood Association--Most of the papers presented seem to
dismiss the possible impact of site or soil productivity. Does this mean that soil
productivity does not have an Impact on these wooo characteristics, and if it doesn't,
has this been dismissed scientifically? Because this isn't brought out. Are the
6- ana 10-inch trees that were just compared from the same site? Or could this be
really a difference between site conditions? Any of you who have been presenting
papers can answer this question, I suppose, as to why site seems not to be covered
in these discussions.

Zobel--We never take trees from different sites. They're always on the same site,
the same stocking, the same age. But we've made extensive studies with
In`3rnational Paper Company and four or five others. Within the normal site range,
say between 75- and 85-foot sites, there is very little effect on wood and the
effect of stocking is very little. These have been not only investigated widely,
but they have been sort of dismissed. If you go from a 60-foot to a 120-foot site,
definitelv there is an effect, but within normal operations the effect on wood is
very Ii 'le from site to site or with normal stocking. If you go to 8 by 8, 8 by
10, or 10 by 10 there is no effect on wood properties. Now if you go from a 3 by 3
to a 12 by 12, there is an effect.

Ourkhart, SFA--We've done a considerable amount of work on the effect of environ-
mental manipL.ations on the ratios of holocellulose and alphacellulose to lignin.
We do find there is a decided effect on these ratios due to site characteristics
or between suppressed trees and dominant trees on the same site. It can amount to
as much as 4% or 5% ralio of alphacellulose or holocellulose to lignin. So there
is an effect of site, at teast in Texas. Some of the srudies that we're doing
seem to indicate that some of this can be alleviated by manipu!ation of the site.

?????--Which site conditions give you the better alphacellulose percentage? The
better sites, the more moist sites, cr Vhat conditions?

Burkhart--No, it's just the opposite. The dry sites and suppressed conditions
gi',e the higher ratios of alphacellulose and holocellulose to lignin than under
the better conditions. We have a couple of projects going that may give us an
indication of why, but it's +oo early tc say.
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Thor, University of Tennessee--i'm glad this matter of site was brought up. I
think we have ignored it to a large extent. Personally, I've worked with site
effects on the wood properties of one hardwood and two pine. Contrary to somu
opinions expressed, I do find some fairly decent relaticrnships. This is up to
son'ithing like 20% to 30% of variation in the impcr-ant characteristics like
specific gravity or tracheid or fiber lengTh, or w)-tever it is. The reason so
little work is done in this field is that it is dif cult to quantify what you
are observing; maybe you worked with 15 to 20 d~fferer,t soil and site characteristics.
Most of these data are not parametric and do not have normal distribution. When
you try to analyze it, yOL seem to viiate every statistical principle, and so it
is a very tricky thing to do. Maybe this is the main -eason that so little is dorw,
with it--it is too frustrnting to try 'o analyTe it afterwards and make biological
sense out of it. You can pick up a few things, for example, a trend lowards
somewhat higher specific gravity with better moisture-holding capacity over the
site. When you take these data and ýry to treat themn so you can forecast what

Ssamples would do on another site, it doesn't work at all. It is not a very
promising thing to pursue if you want to keep your sanity.

SUMMARY

Gordon--We're going to have a brief summary of the symposium at this time presented
by Dr. Carl Ostrom, presently Director of Timber Management Research for the
U.S. Forest Service in Washington, D.C. He received his B.S. from Penn State and
his M.S. and Ph. D. from Yale University. His career ;n the Forest Service began
at the Rocky Mountain Forest Experiment Station, and from there to the Southeastern
Station, to his present position as Director of Timber Management Research in the
U.S. Forest Service. Dr. Ostrom, it's a pleasure to have you here to bring this
summary to us.
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SYMPOSIUM SUMMARY: EFFECT OF GROWTH ACCELERATION ON WOOD PROPERTIES

by

CARL E. 1STROM!

Although all of the papers in this symposium relate to the effect of growth
acceleration on wood properties, they deal more specificelly with the following
three questions:

1. What are the special properties of juvenile wood and topwood in southern pine?

2. What are the effects of fertilization, thinning, and irrigation on the wood
of important softwoods and hardwoods?

3. What is the relation of wood structure to pulping characteristics and to the
quality of paper and solid wood products?

Properties of Juvenile Wood and Topwood

Zobel, Kellison, and Kirk have effectively presented the reasons why we may be
faced with utilizing more and more juvenile wood and topwood whether we like it
or not. These reasons relate not only to the great increase in softwood plantations
in the tropics and subtropics, but also to the public pressure to reduce forest
residues.

Juvenile wood of loblolly and slash pines has lower specific gravity, higher
moisture content, shorter tracheids, greater cell lumen diameter, and thinner cell
walls than mceure wood. It yields less cellulose, and produces papers with greater
bursting strength and fold, but lower tearing strength and opacity. Juvenile
wood produces a lower yield of extractive and is more costly to process. Use of
juvenile wood results in marginal strength for some paper products, but in very
good properties for others.

Topwood has P. higher moisture content, longer tracheids, and more knots and
compression wood than juvenile wocd in the bole.

Breeding trees to produce juvenile wood with properties more like those of mature
wood is a distinct possibility in view of the degree of natural variation among
progeny groups in wood characteristics and in their gradient within the bole.

4irector, Division of Timber Management Research, Forest Service, U.S. Department
of Agricult,-e, Washington, D.C.
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Effects of Fertilization, Thinning, and Irrigation

In the studies rerorted here, fertilization, thinning, or irrigation in various
combinations usually increased growth rate, provided that one of the other factors
involved (nutrients, growing space, or moisture) was not limiting. Single
treatments were generally much less effective than combinations of fertilization
with thinning or irrigation.

The overall effect of growth-acceleration treatments in pines was to halt or
reverse the normal decline in growth rate and the normal increase in wood specific
gravity toward the outside of the bole. In order to detect these trend reversals,
one should have data for the periods before and after treatment for treated and
untreated trees.

For the period after treatment only, softwoods having accelerated growth generally
had more earlywood and lower specific gravity. In Douglas-fir, the density of
earlywood increased and that of the latewood decreased, resulting in more uniformity
within the ring.

In second-growth ponderosa pine, the natural trend toward more uniform density of
wood with advancing age was reversed by thinning, with or without fertilization.
The X-ray technique was very effective in revealing density distribution within

and among rings.

In spruce pine, the most consistent features of wood of fast-growing trees were
greater tracheid diameter, larger proportion of thin-walled earlywood fibers, and
lower specific gravity (9%) than in slow-growing trees of the same age.

Spiral grain, which tends to be greater in juvenile wood, waa less in irrigated
than nonirrigated young slash pine.

In second-growth Douglas-fir, Siddiqui and coworkers got a 3% higher yield of pulp
(wood basis) from fertilized than from unfertilized trees, which helped to offset
10% lower wood specific gravity.

Tracheid length was relatively unaffected by growth acceleration in conifers, but
in sycamore and aspen fiber length was somewhat greater in thinned or irrigated
trees than in controls.

Fertilization had no effect on wood density in young sycamore and aspen, but
fertilization plus irrigation resulted in reduced wood density of aspen. In older
trees of furniture woods, Mitchell observed a slight increase in wood density
associated with an increase in growth rate from fertilization.

Growth acceleration did not affect the proportion of different cell types in the
wood of aspen or sycamore.
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Relation of Wood Structure to Properties of the Product

Horn's study of 12 western conifers indicated that the denser woods make papers
that are lower in elasticity, bursting strength, and tensile strength. Increased
fibril angle provides more stretch in the paper. Horn proposed the use of a ratio
of fibe: length to wall thickness that is positively correlated with elasticity and
tensile strength.

Barefoot and coworkers with loblolly pine found that denser wood provides greater
tear strength and bulk, but lower burst and tensile strength, as in Horn's work
with the western softwoods. Pulp yields were positively correlated with
percentage of latewood. The original tracheid length in the tre-3 had only a
secondary effect to that of the associated cell wall thickness or specific gravity
of the wood.

Mitchell reported no adverse effect of fertilization on properties that affect
pulping in red oak, yellow-poplar, and white ash.

Only two papers dealt with the relation of growth acceleration to the properties
of solid wood products. Fertilization which accelerated growth in red oak,
yellow-poplar, and white ash had no effect on their machining properties. Koch poses
the possibility of maintaining a growth rate of three rings per inch in southern
pine on a 30-year rotation. He concludes that these fast-grown pines with wide

bands of earlywood and latewood would have the following attributes:

1. Low paint retention and poor gluing characteristics.

2. Reduced machinability and reduced attractiveness for clear finish lumber.

3. Probably inadequate strength if harvested early for small poles or small
squared cimbers.

4. Adequate strength for large members.

5. Good steam bending.

He concludes that this growth rate objective is debatable in forests managed for
solid wood products.

Recommendations

From among the conference papers, the following recommendations emerge:

The differences in wood characteristics and processing costs that result from
growing conditions are great enough to warrant adjustments in forest management
practice.

The wost effective adjustment is to grow softwoods to an age that will subordinate
the proportion of juvenile wood, except for special types of papers for which
juvenile wood is superior.
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Cultural treatments that accelerate growth rate will tend in the softwoods to halt
the normal trend toward denser wood in the older rings.

Relative uniformity of wood properties over the life span of the tree is highly
desirable for most uses and should be one of the objectives of the timber
management regime.

On very deficient soils, the deficient nutrient should be supplied promptly, and
the response in growth rate should greatly overshadow measurable effects on wood
properties.

More attenticn should be given to sampling of specific gravity as well as moisture
cuntent of the raw material. Juvenile and older wood should be sorted when feasible
(for example, when they arrive as veneer cores or as slabs and edgings).

Present knowledge of natural variation and inheritance of wood characteristics
suggests that breeding for the control of wood density and related properties will
be successful.

One recommended objective that considers all products is to manage southern pines
in a way that will maximize the dry tonnage per acre r•n the fewest number of uniform
stems of high quality. This seems like a desirable objective provided it results in
a rotation long enough to reduce conversion costs in the woods and iv1 the mill and
to wuarantee the tree sizes and wood properties needed for the intended use.

Relation of Growth Acceleration to National Objectives

There are two further aspects of growth acceleration that relate to long-range
national objectives. The first is tite viewpoint that forest culture or
silviculture is concerned with the growing of forests for any combination of uses.
This viewpoint is essential on public lands and highly desirable on private lands.
Fortunately, the techniques that provide growth acceleration can also be applied
in ways that will enhance other forest values such as wildlife. This is especially
true of stand density control thrcugh thinning. The point is that growth acceleration
practices ,.ay have effects on other resource values that could considerably exceed
their effects on wood properties.

A second long-range objective of intensive culture should be to meet a higher
proportion of future product needs on the best timber-growing lands. In this way
we can offset the trend to take other forest lands out of production be'ause of
high scenic and recreational values, or because of environmental impacts of
harvesting on unstable soils, shallow soils, or other sensitive areas.

This does not mean that timber-growing should be pulled out of areas where it is
a desirable part of multiresource management, for careful timber removal is the one
operation through which more wildlife, watershed, range, and recreation objectives
can be accomplished than through any other single treatment. But the pressures
for timber harvest in unsuitable or questionable situations can be greatly reduced
by growth acceleration on the most productive lands. thus we can help to solve on
our best timber lands some of the severe environmental problems we are encountering
elsewhere. This whole spectrum of problems is well served by your research on the
natuie of 4ood produced by growth acceleration in productive forest areas.
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PANEL DISCUSSION

I Gordon--This morning's program will be concluded with a panel discussion on the
impact of accelerated growth to the pulp and paper maker. I'd like to introduce
,nose members of the panel who have not participated before and, therefore, I will
skip over Harold Mitchell and Bruce Zobel and introduce the other four members.

First is Monty Hearon who received his B.S. and M.S. in chemistry from the
University of Denver and his Ph. D. from MIT. Following that in his career he
worked in research and development in cellulose esters with Eastman Kodak and for
a number of years with Crown Zellerbach where he was in research and development
and also in chemical products derivation. Additionally he was an assistant
professor at MIT, recently he has been in consulting, and currently he is with the
Boise Cascade Corporation where he is assistant to the senior vice president.

Phalti Lawrence is a native of North Carolina and a graduate of North Carolina
State University in chemical engineering. He's been associated with Champion
Papers, now U.S. Ply-Champion, for 4 years in various technical functions, most of
these in research and development. Presently he is research associate and manager
of pulp and paper making research and development for Champion at Hamilton, Ohio.

Hans van Buijtenen is a native of Holland. He received his 3.S. degree at the
Agricultural College, his M.S. degree from the University of Czlifornia at Berkeley,
and his Ph. D. degree from Texas A&M. His first work after receiving his Ph. D.
was at the Institute of Paper Chemistry and then followed a number of assignments,
including work at the Northeastern Forest Experiment Station. At present he is
with the Texas Forest Service at Texas A&M where he is in charge of the tree
improvement program.

Bob Zahner is at the School of Natural Resources at the University of Michigan.
Bob received his Ph. D. in 1953 from Duke University. From 1953-59 he was at i1he
Southern Forest Experiment Station and I see a note here that Harold Mitchell hired
him. While there he was in research in tree, soil, and water relationships; since
then he has served as professor of forest botany at the University of Michigan
from 1959 to the present. In teaching and in research he's been involved with
tree physiology and forest ecclogy, especially in wood formation of pine and upland
hardwood.

Gentlemen, we will turn the discussion of this over to you. Harold Mitchell will
be the spokesman and chairman of our' panel.

Mitchell--The panel's job is to attempt to come up with some conclusions in regard
to what we know and what we don't know, where the weak spots are, what kind of
research is needed in the future, and pinpoint this sort of thing. Each panel
member, except me, is prepared to make a 5-minute presentation expressing their
views on this subject. Let's start with Dr. Hearon.

HEARON--I'm an organic chemist and as a forester I probably planted about two trees
in my life; the few in my backyard don't look very well. So, having established
my credentials as a nonauthority on growing trees well, I'll plunge fearlessly
ahead and tell you how to grow them. Seems to me that growing trees is, in a sense,
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like growing annual crops. You need sunshine but there isn't very much you can do
about that other than plant your trees in the right location. Trees need nutrients
and the largest nutrient as far as I know is carbon dioxide; we're providing this
by being alive and by driv;ng two or three automobiles per family, so that's all
right. The other nutrients are these so-called fertilizers--nitrogen, phosphorous,
potassium, magnesium, calcium, boron, zinc, and iron. Then there is water. In
Portland we don't really have a water problem because it rains all the time during
the winter. Finally, and in a sense the most important, is what kind of tree you
have. I don't mean necessarily the species, but rather the tree that is going to
grow fast or big, and be good or bad from the point of view of the kind of wood it
makes. So it looks as if a number of things can be done to improve the growth of
trees.

In the papers that were given, I was a little surprised there were few statements
about how the fertilization was done. It seems to me that it could be extremely
important whether the fertilizer is put on from the air, sprinkled on the ground,
or as a liquid sprayed on trees, and whether it is a slow-release fertilizer or a
fast-release fertilizer. I suspect little was said about that, partly because of
lack of time to go into those details. But I'm not Eure that you can correlate
these things unless you know exactly how the fertilization was done.

Another point that occurred to me was that little was said about the condition of
the soil, as far as nutrients are concerned, before you fertilize. If the soil
already is loaded with these various nutrients, I would suspect that additional
nutrients are not going to do very much good. On the other hand, if they're very
scarce in these, the effect would be quite noticeable. Work done in the forestry
department in some of my previous associations would indicate that fertilization
was beneficial only if there was a deficiency of these nutrients in the soil; they
always tested the soil before they started putting on fertilizer. It would also
seem to me that condition of the ground would be extremely important because the
plants with shallow roots would take up a nutrient, perhaps preferentially, from
the trees. But often this was not mentioned as a factor.

Now I realize that these problems are extremely complex and thus research on them
is very difficult. You have unknown factors and many of them are difficult to
control, so the only way in which you can really get results that are meaningful
is take very large replications of trees. If you try to analyze on a single tree
or on a few, you can come to probably erroneous conclusions.

As far as the economics of fertilization are concerned, it seems to me that the
biggest problem is trying to figure out the value of pulpwood in 20 or 25 years.
You can figure out pretty well the material cost for putting on fertilizer or
irrigating; you can get the labor costs, and so forth. But what will be the value
of that wood when you harvest it? In making any kind of economic analysis, you
should be very sure of the present value of the aialysis because you're putting
the money on doing the work today and you won't get it back for 20 or 25 years.
And the value of that money 20 or 25 years from now is going to be a lot less than
it looks like on paper.

From the point of view of the papermaker, I'm inclined to agree that if you give
a papermaker a reasonably satisfactory raw material, and keep it uniform, he has
the tools and the knowledge to use it. He has many, many things he can control--
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the pulping, bleaching, refining, opt-ration of the paper machine, what additives
are used, and what mechanical devices are employed to modify the paper. All of
these things give the papermaker a lot of latitude in the kind of properties he
can get out of his final product from a fairly wide variation in raw material.
There are many, many examples of this. As George Sheets pointed out, if you were
going to pick the ideal wood, I suppose Canadian black spruce would be perfect.
On the other hand, when people started using western hemlock out on the west coast,
they didn't think it would be any good at all. Today they think it's great. They
first thought they couldn't possibly use Douglas-fir with those big, stiff fibers.
Today there is more Douglas-fir pulp than anything else on the west coast. And so
it goes. We learn as we go along. Given a reasonable raw material, I have a lot
of confidence the papermaker and the pulpman will be able to utilize it.

Final!y, to me the most important area for further work is in changir$ 'ne kind of
trees we are going to grow. I only hope we'll have a little time lter to discuss
this aspect.

Mitchell--Thank you. As soon as we have the formal presentations up here, we're
going to throw open the discus-ion. Now so we don't get all industry viewpoints,
I will next call on Dr. van Buijtenen.

VAN BUIJTENEN--Thank you. My interest in this subject stems from my interest in
tree improvement. It comes from several angles, including pine tree improvement,
where we are establishing about 350 acres of seed orchard. We're also very much
involved in hardwoods, working with five or six different species. And probably
more than anything else is a project of the TAPPI Forest Biology Committee that
l've been involved with for the last couple of years. We're trying to evaluate the

whole process using a systems approach. We start with the pollen grain and end
with the finished product. Of course, we can take it only one product at a time,
following a case study approach. What we're trying to see is where genetics can
be affected and what the economics would be. We also need to know what role
intensive silviculture could play and what the role of the mill is. Should we
continue to just grow wood anyway we can and let them worry about what to do with
it, or should we try to grow wood they would be reasonably happy with?

In considering some of the bigger gaps in the information we need, I think one was
pointed out by Gene Shoulders yesterday. That is, how well can we size up the
future? By and large, we assume that our present objectives are going to hold
about 40 to 50 years. This, of course, may not be true at all. The future is
going to be different than it is now and it is going to be different from the way
we think it is going to be. I think the one crucial question is where we are now
on this exponential curve; we may be at ýhe portion that's curving, where the change
is increasing, or we may be fairly well on our way on the straight-line portion
already. But somewhere along the line we're going to hit the leveling-off point.
I don't believe things can keep changing as fast as they have.

All of us in research have to set priorities and we work on a very narrow section
usually. We see only our own specialty. This is why systcms approach is so
important--to put the information we have into one overall picture. Some of the
things we are doing mal not be relevant to the overall picturo and we may be leaving
big holes in oiher places.
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How do handsheet properties rblate to pulpmill-run paper? As far as I can tell,
nobody has a good handle on it. Most of oar research data are based on handsheet
properties. How do you translate this into the quality of machine-run paper?
Then, what is the value of quality? If your quality changes up or down, how can
you put a dollar value on that? We have some approaches to solving this, but
there just is really very little information around.

Mitchell--Thank you. Next I think I'll call on Dr. Zahner.

ZAHNER--Thank you, Mitch. Whether or not we like to grow trees bigger and faster
is no longer a question. We are doing it, and foresters all over this country are
pretty well facing up to this challenge. I've been goiny to soil science and other
kinds of meetings for the last 20 years and it seems that 75% to 90% of the papers
have to do with how to accelerate growth. It takes a symposium like this to
evaluate what this accelerated growth is doing for wood properties and for the
forest industry.

In combination with fertilizer, water often becomes very important. In fact,
fertilizer is usually useless on dry sites without water. But the practical
importance of irrigating large areas may not be apparent for perhaps the next
30 years. Iki 'act we probably will see less availability of water in the sense
of irrigation for accelerating growth. We might just be using the forest as a
filter to get rid of effuents--but not increaring growth. But I don't think we
are going to use irrigation to increase yield of a crop on any very large scale
in this country. It is interesting academically to see the influence of irrigation
or wood properties, but I don't bel;ev that we're going to get into this on our
upland sites in large arpas.

The one accelerating treatment that does have prormise is fertilizers. And we've
already proved that, in certain sites on the wet acid soils of the soufheastern
coastal plains where phosphorous becomes limiting, a very inexpensive treatment will
give us a two- and three-fold increase in growth. It turns a nonprcductive site
into a productive one. In the Pacific Norihwest you can increase the Douglas-fir
productivity 15% to 20% by applications of fertilizer on certain sites at certain
ages. I believe that the coming decades will see a large, judicial use of
fertilizers on an applied scale. If the forest manager can increase growth by 15%
by using fertilizers on say a 5-year rotation, this can become a practical and
economical thing to do. We are not, however, going to dump fertilizers on al! of
our soils all over this country. A great many soils will not respond to fertilizers;
a few soils will respond very well; and a wide range of soils between may or may
not respond economically. Soil surveys will come into more use as we get into
widespread use of fertilizers.

Mitchell--Thank you, Bob. Next I'll call on Dr. Lawrence. He's always good for
some fine comments.

LAWRENCE--I'd like to talk auout the desires of the paper industry as to the types
of fibers. I know that Bruce Zobel and some of our other friends h,,3 been frustrated
by their inability to get a simple, clean-cut definition of what 3r itn in the w~y
of fibers. We haven't been evasive, we just don't know for sure. Because conditions
change, the paper industry has learned to use what is available. I think our
papermakers sometimes surprise themselves by overcomfing handicaps or adapting available
fibers to the needs and [he products.
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There are two vory general types of papers made, which I would distinguish for this
discussion as the brown papers and the white papers. In general, the brown papers
are the linerboards, the bag krafts, ard those types which essentially require
strength and, for competitive reasons, economy of manufacture. They are genera' y
much thicker than the white papers. 'he white papers are generally business and
production papers and they require some characteristics utterly unimportant in most
brown papers. For one thing, they are generally much thinner. Uses of white papers,
particularly in publications, require that they be of lighter weight as postage
rates go up. Even though the weight is decreased, the customer expects the strength
and the opacity to be maintained at the prevailing level.

Some things unique in the white paper category, which do not bother the maker of the
brown papers a great deal, are uniformity, flatness, smoothness, and opacity. You
want al' the strength you can get, but it's not as critical as it is with brown
papers. But these other characteristics are very important.

Formation or uniformity is a particularly criticai factor in white papers, and is
influenced strongly by fiber length. The tendency to form clots or clumps in the
papermaking process varies roughly as the cube of the fiber length. A long fiber
may be d~saovantageous or objectionable in making many grades of white papers. In
some of our own productions, we have on occasion limited the percent input of
slabwood chips simply because they have longer fiber lengths and give formation
problems. Thinner- walls and, generally speaking, narrower fibers and more fibers
per gram, help meet the qualification requirements of white papers.

I'm dwelling on this because our production is almost entirely white papers. So
we're perhaps more conscious than average of some of these requirements. Thpse
differences do not need be tremendously great to effect an improvement.

Some time back we made a study comparing slow-growth and fast-growth loblolly pine.
The differences were altogether the result of natural growth. We used nine samples
representing a spread from 5 to 12 inches in diameter, 12 to 49 years in age, and
growTh rate from 2 to 10 rings per inch. Our results were not unlike some that
have been reported. Only a couple of things showed up as being statistically
significant in correlating with growth rate. One was the shorter fiber length,
like a reduction from 2.5 to 2.1 average length for all tracheids present including
short and broken tracheids. Another statistically significant factor was a reduced

tearing strength with increased growth rate. Other correlations which showed up
but did not quite qualify as being significant were lower wall thickness (reduction
from 5.3 to 4.3 microns), a reduction in the length-width ratio (65 to 45), dnd an
increase in the width-to-wall thickness ratio (8 to 10-1/2). We did not happen to
get the L/T ratio which was discussed yesterday. There was no significant correla-
tion with growth rate, fiber vidth, percent springwood, pulp yield, wood density,
or viscosity. Now these characteri~tics I've just mentioned are in the wrong
direction for the most part for brown papers, but they are in the desired direction
for making white papers. So perhaps you can understand why sometimes you get
seemingly contradictory answers in interpretation because different people have
different objectives.

One final comment on the economic side. This discussion for the past 2 days has
been exiremely interesting but somewhere along the line we have a joint responsibility
to reduce it to fairly simple terms, such as hoy much is it going to cost us per
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acre or per ton of wood produced, and what benefits in turn will we realize from
this. Indications are that the benefits will more than offset the penalties where
fertilization is considered or justified, But I think we're going to have to get
some hard nuibers on which to imp ement programs that we've been talking about.

Mitchell--I have -a~ea Brut.e till last because you can always depend on him to stir
things up and to provoke some audience questions and participation.

ZOBEL--I'm going to take a radical and somewhat overpositive position, Decause you
never get action unless you do. And I'm going to talk only on southern p;r- pulpwood
application for mill use. Now anything we do to change the growing conditi of
trees is going to change the wood! Some of you misunderstood when I answereu
Bill Bromley about the effect of site. What I had answered is, in small site ;hanges
we have not found a maior effect on wood. But we're bedding and doing very Intensive
site preparation. No one knows what this is doing *K the wood. We have a big study
going with Brunswick Pulp and Paper Company now. They have 16 years of studies on
different kinds of site preparation and we're working with them to find o_7 what
does this do to wood ard wood prope, tiE,.

I don't think we're talking about fast growth at all in this symposium. I thinK we're
talking about the use of toung wood. Even if you want to believe ÷•ere is a

relationship between fast growth and wood properties, this is minor compared 0 the
effects you get when you're forced into using younger wood. This trend for using
younger wood is definitely in the industry. In the center of the tree you have wide
rings. In the center of the tree you have low specific gravity. But that doesn't
mean that wide rings make low specific gravity. And this is the sort of thinking
many people have had. And it is at the base of a lot of overemphasis on fast growth.
Fast growth is important because we can harvest the trees younger. This to me is
the real key point.

Now when I first came to the South I found a publiction that showed the specific
gravity of loblolly was 0.43, for slash it was 0.52, and for longleaf it was 0.56.
And our companies were using this to decide which species to plant. But when I
looked at the results, the loblolly had been 12 years old, the slash 22, and rhe
longleaf 40 years old. If you compare these trees at the same age, the differences
are very, very minor. We've done this on a large scale and these sp3cies differences
just don't exist. So what do our companies do? They plant large acreages o` slash
pine out of the range with the feeling that, because it's high density in nr,rth
Florida, it's going to be high density when grown in North Carolina sandhi;Is. It
isn't. It's no higher density in the sandhills than loblolly lrDwn in the sandhills.
This kind of thinking has created quite a lot of difficulty in tie industr'1 .

I do want to comment about the future. A number of our companies, particularly
Continental Can, has stressed that the future in forestry is not in growing fibers,
it is in growing cellulose. Many of us feel that we're going to be working with
reconstituted cellulose, and the fiber form in which it occurs is really not very
important. With companies like Continental Can the whole push is to get the maximum
tons of cellulose per acre and not pay much attention to the exact form in which it
comes, whether in thick walls or thin walis or whatever. Now maybe this is wlId but
that's the way I feel about the future trend.
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The question came up about getting both good growth and good specific gravity. Yes
we can get both; if we're careful we can breed strains that are both fast growing
and of high specific gravity. It requires some care, because if you're careless you
might improve one to the detriment of the other. We have a monograph that is coming
out from this heritability study with International Paper Company, covering 10 or
12 years of intensive basic research. In that work we found that the two important
things to increase tonnage yield per acre are height growth (the best indicator of
volume improvement) and specific gravity. And these two characteristics should be
emphasi 4 ed if you're trying to improve tonnage yield per acre.

Now cne last blast on growth. Don't get mesmerized by the statisticians. We did

a stuu,, in Texas, a very extensive one on the effect of growth rate on specific
gravity. The results were based on several thousand trees. The correlation was
negative, the r value was -0.15, it had three beautiful little stars up there meaning
that it was statistically significant. But whaý ooes it mean? It just means that
2-1/2% of the specific gravity is accounted for or related to growth rate, and
there's 97-1/1% floating around that you have to work with. What difference does

it make if the relationship isn't big enough to have some real value?

Mitchell--Thank you, Bruce. Now did that provoke some discussion out there?

Staebler, Weyerhaeuser--Until the panel talked, I thought there had been too much
reference to present-cay technology. Everything is referenced to what we know and
what we can do now arid then this related to accelerated growth. A number of people
on the panel brought out the shortsightedness of looking at only present-day

conditions. One of my bosses prods me and tells me that it is not enough to look
alone at change, you must also look at the change in change. in considering that,
I decided this conference might have been held at the Forest Products Lab 20 or
25 years ago. And we might have been addressing exactly the same question that
we're talking about at this sympnsium. Paper No. I could have been called the
"Possibilities for Removing Bark from Slkbwood to Permit Conversion to Chips," and
that might have been given by Peter Koch's father. Arid the second paper would be
"Can the Southern Pinery Support a Kraft Paper Industry?" and we would have brought
in somebody from the Forest Service to give that paper. And this is not really a
joke because I took forest economics under Sam Dana at the University of Michigan
in 1939 and at that time we were discussing whether the South could support a sixth
kraft pulpmil!. The next paper on this program 20 or 25 years ago could have been
"How Can Wj Use Wood With Six Rings Per Inch?" ard you, Mitch, might have given that
one yourself. And the last paper to cap it all would be "The End of Virgin Southern
Pine Is i• Sight--Will There Be A Use For Second-Growth?" And that would have been
given by Bruce Zobel's dad.

Mitchell--Who's next?

Koch--I'm a little concerned that there isn't more emphasis on the solid wood uses
of southern pine. As we 'ook through the couthern pine region today we can't
escape the fact that veneer is more val'- .e than lumber and lumber is more valuable
than knips. And it seems to me that companies enjoying the most competitive
positions are those who aivert those portions of the tree to their highest value.
Conclusions that might be applicable 1o pulp cump- es are not necessarily applicable
to people who divert parts of the tree to their h nest use. We don't know about
the change in the future, out it seems likely th veneer will continue to be more
valuable than lumber, and lumber will continue be more valuable than pulp chips.
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Hildebrand--Mead Corporation--I would like to know more on The many conditions that
exist--site conditions, site quality, etc.--the variab'es are so great. Do we know
enough answers to fertilize on a comemrcial scale? Some companies are at this
already.

Mitchell--The question is, what variables affect growth, how do we evaluate them,
and determine fertilizer needs? Speaking from my own experience on hardwoods, I
think we can determine from foliar analysi: whether or not there are deficiencies
of phosphorous, potassium, or nitrogen, not the rare elements. We have done enough
to know what the level, say of nitrogen, should be in the leaves in the working
range. We've tried that out in a number of places. For instance, we put in some
fertilized plots on a nati-al stand of black walnut in southwesl Wisconsin. And we
did leaf •',,,lysis on these trees. In one case the trees were growing in a cove site,
on deep rich soil. There the leaf analysis showed that the nitrogen content of those
particular trees was quite high and it would be doubtful if they would benefit by
nitrogen. On another site where the soil was thinner and poorer, the nitrogen
content of leaves was down in the area of 1.5%. You coula ?redict ahead of time
about how much more nitrogen this second area needed. Then we wer.c ahead and put
it on and proved our point. On the poorest site, we got a tremendous stimulation on
the growth rate of walnut. Now wnether Til; is economically feasible or not, let
me give you some perspective. Walnut sells for about $800 a thousand in I-inch
boards right now. When you can double the diameter growth raTe of an 8-inch walnut
tree, you're making money. Even if you had to spend $10 a tree to put it on, you
couldn't miss.

Zahner--I'd like to relate this to what Bruce Zobel said. I think that accelerated
growth in the future does mean young growth--maximizing biomass production per acre.
This will be done with very short rota ions, close spacing, and these kinds of
things that Toresters are working with now to accelerate growth. And fertilizers
will be added if necessary. There are literally thousands of papers on the subject
to cover most species, most ages of species, and most soils in the country. I
think the science is far enough along today that I can say, yes, we do havo some
preTty good recommendations in things that are going to be used immediately and in
the near future. I would like to call on George Bengston who is a superexpert.

B o--I think your summary was excellent, Bob. I think there are two provincE-
in the United States where, if I were betTing my own money on fertilization, I'd
be quite happy to do it. These are the acid soils of the lower coastal plain of
the southeastern United States where responses to phosphate fertilization are
quite consistent. Researchers mainly at the University of Florida have developed
a system of predicting on a basis ot buth soil and tissue tests whether a soil is
responsive to phosphate fertilization or not. I don't think that there is any
chance that a person can go wrong in applying phosphate fertilizers to these sites.
By the same token, I don't think we've reached the point of maximum efficiency of
fertilization on these sites. In the Pacific Northwest on Douglas-fir there is a
bit more room for questioning as to the best sites to fertilize, but the responses
are sufficiently consistent and the means of diagriosrng the deficiencies are
sufficiently good that we are going to go forward at a fairly rapid clip. But there
is a lot of middle ground. The folks in North Carolina are beginning to work
intensively on the piedmont sites, but +here's a question about economic feasibility
of fertilizing in these areas. Soils are responsive but the economics are questionable.
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Ii
F I think we're going forward at a fairly rapid clip. Probably within 10 years or so
4 we can say with reasonable assurity that response will be economically feasible in

other areas.

It must be recognized that perhaps there is a difference in what is economically
•edsible on industry lands and what is economically feasible on the lands of private

owners. It has been pointed out in Sweden and by some pulp and paper company people
nin his country that, if one is operating on a sustained yield basis and can

predict that fertilizers will increase the yield by say 10%, one can go ahead then
and cut an additional 10% and recover his money from fertilization immediately
without having to stick on the business of compound interest. The private landowner
doesn'thave this advantage.

Mitchell--We're supposed to arrive at some conclusions here. So I'm going to try
some myself and see if we can get some unanimity of opinion. I wou;d conclude from
everything that has been said that more and more fertilizer is going to be used in
this country to stimulate the growth of forest trees on sites that research has
shown will have an adequate response to sufficiently cover the cost and justify the
application. This presumes research will have been done to guide such applications.
It presumes also that either soil analysis or foliar analysis shows which element
is deficient and you that have a good idea of how much is needed to achieve the
necessary results. Tnat's something I could conclude from what's been said here.
Anybody want to argue witn it?

Zahner--We must be prepared for adverse comment, or at least some resistance, from
environmentalists on the overuse of chemicals on forest land. A lot of pressure
is now being brought upon agricultural uses of chemical fertilizers. Perhaps,

some of you Know that Illinois State legislature is now considering a bill to
restrict the use of nitrate fertilizers in agricultural lands because they feel
these fertilizers are being overused and are getting into the waters. I think
we are on safer ground because forests are good systems to lock up any nutrients
that are adderi. The nutrients stay in the cycle, on the site, and are included
in the productivity of the site. Now certainly the applications will not be annual,
probably 5- or 10-year intervals. The forest ecosystem is ar excel!ent place
because of the organic matter that is present and because of the rapid uptake
ot nutrients to lock these on the site and keep them in the system and cycling
and being usee in the biomass production. If we are careful and don't go overboard,
we'll be safe from the criticisms of people who believe that we shouln't use
fertilizers on forest lands.

Mitchell--In the first presentation by Dr. kearon, he asked what's happening to the
underbrush and underco\er and a nice thought occurred to me. On those fertilized
plots at Black Rock Forest, about a month after they were fertilized, I remember
tie ground cover was luxurious. The dogwood blossomed all over the place from the
added nitrogen. A few weeks later I noticed that all the deer in the Hudson
Highlands seemed to be gnawing on these fertilized plots. And they were so attracted
to this lush vegetation that they gnawed every plot down to nothing. The plots were
square and rhe borders looked as straight as a chalk line. Anything outside the
plot that wasn't fertilizec, the deer wouldn't toucn, but everything in was gnawed
right down to the ground. Now something attracteo them to that. So when you
fertilize you also fatten wildlife and make them more prolific and everyKiing, and
th at's -inother good reason to ferti lize.
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van Buiitenen--I am happy to see that Bruce agrees that we are going to have wood
that will be lighter and have shorter fibers, unless we do something about It by
breeding. I do believe that the quality difference may be a whole lot more
important than Bruce was Indicating. Out of the TAPPI study It looks as If, even
for a simple product like linerboard, the cost Involved In compensating for quality
losses or the potential gain that you can get for gain in quality are of the same
order of magnitude. They are of the same order of magnitude as the kind of gains
we get In dollar terms, in volume, and In yield differences. This means two things.
It means when everything is working for us, like it would be In the case of white
papers, we get an extra bo.ius. When things start running against us, we really
have to watch our P's and Q's so we don't wipe out all we are gaining In yields by
a loss in quality. We just can't blindly start increasing yield without paying
attention to quality.

I Think we have almost come to the end of the line as far as the usefulness of
surveying the different trees within a species or different species Is concerned.
To get any further, we will probably have to go to mathematical models or synthetic
models of paper. I think some of this has been done. There Is a very good model
for tear factor; for instance, I think the tensile strength Is not as good. It Is
the kind of thing I think can be done, although it may be quite difficult to do.
But to get any further we have to get a much more fundamental understanding of
rating properties of a sheet of paper.

?????--I have a comment on the fertilization area. Two points perhaps haven't
been brought up. On timing, obviously, trees respond differently at different
stages of growth. If you were considering short-rotation harvesting at 15 or
18 years, and you knew you had response for 5 years after fertilization, there are
some obvious times when you could apply your fertilizer, get your beneficial effects,
and get your money back In a hurry.

Also, there is considerable difference between species and within species, and
hybrids respond differently than some of the parents. So there Is a possibility of
genetic Improvement.

?????--I think we have pretty well covered irrigation and fertilization. I wonder
..'hether a new symposium couldn't be held someti.,e on genetic development as related
to quality. I would suspect that would be a 2-day discussion.

Hearon--When we talk about genetics we are often talking about going out and picking
the seeds from the largest trees, growing those, and picking the seeds from the
largest trees and growing those. This is an important activity and a good approach.
But to me it is not a real basic genetic study. There is relatively little work
done to try to get mutants of tree. that would have some good properties for lumber,
plywood, or napermaking. You could take seeds and try to change them by ultraviolet
radiation, u treatment with dimethyl-su!fate, or something else. But the point
is to try to make changes that could be reproduced and come out with some beneficial
effect. When you change the genetic code you don't know whether you are going to
get something better or worse. But you are going to get some kind of a change.
This is long-range research. It isn't the kind that Industry people like to do for
several reasons, one of them being that they will never end up in any kind of
proprietary position. So this kind of research is either going to have to be done
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by academic institutions supported by industry, through one of the industry-
supported organizations, or by the Government. It's going to be expensive and it's
going to be slow. But I think in the long run this is going to pay off conceivably
more than simply growing more trees per acre and using juvenile wood. If you wantedS~to dream a little bit, suppose you are able to change the genetic code so you could

grow trees that had 6% to 8% lignin in them. You could tear down all the smelly
kraft mills, run that stuff through a steaming defibrator, and right through thebleach plant. This would be a tremendous impact on the paper industry. Or suppose
you could end up with a wood that had a 75% alpha-cellulose content. These are

tremendous things that could be done and I think relativepy little work is beingf done in this area.

Mitchell--Quite a bit of the kind of research you are asking for is going on.
Maybe the reason you haven't heard much about it is that it hasn't been eminently
successful. But quite a bit of it is in progress in Government and in the
universities.

Auchter, FPL--First, you said the papermaker didn't specify what properties he wants.
I think this is correct, not necessarily because he doesn't know but because he's
afraid he'll be charged too much money if he spells out what fiber he wants.
Secondly, correlation of handsheet properties to paper properties. I'm sure that
any papermaker here will say that, for his own operation, he can correlate handsheet
properties to the paper that come off of his machine.

The third item, Hans, is about trying to create a mathematical model without using
fundamental properties. You're talking about tear. What is tear? Can you describe
it to me? How many things go into a tear property? What is burst? How many things
go into burst property? As long as the paper industry continues working with the
multitude of empirical tests you aren't going to develop a mathematical model. So
my cohort over there has been working for some years on fundamental properties of
paper structure, which are much more important than the things you're trying to
solve with a mathematical model.

Mitcnell--I'm having trouble getting very specific conclubions. I'm getting a lot
of comments and good ideas from which we may be able to distill some conclusions
later on but maybe this isn't what Gus wanted. Would it be fair to conclude from
the papers that were presented here, and especially Carl Ostrom's summary, that
the fertilizer work reported had no horrible effects on wood properties that would
lead us to question the whoJe idea of growth acceleration? Would that be a fair
statement? I have seen no data that would discourage me from using fertilizer
properly.

?????--I agree. I think that foresters, soil scientists, and fertilizer technicians
have got the green light in terms of going on--at least for pulp and paper. Five
companies are already doing it. So it's a sort of an accomplished fact, isn't it?

Mitchell--I would like to try another conclusion. So far as gaps in information
are concerned I think there are weaknesses in research and information on hardwoods,
on western conifers, and on trees for which the highest use is lumber, plywood,
and other products, both h.-dvoods and softwoods. Now I know what +he emphasis is
in this symposium. But i think there is a dearth of informL+'in on the effect of
fertilizer on hardwoods, especially hardwoods for lumber that goes into furniture,
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hardwood plywood, millwork, and that sort of thing. I also think there's a dearth
of information in research on western conifers. We had two good papers but,
compared to southern pine, it seems that western conifers aren't getting much
attention. And one recommendation might be that whoever is filthy rich, and doesn't
know what to do with his money, get some of it behind research on these weak areas.

Crews, Colorado State University--I have a question here that at first glance may
not relate to what we've been talking about, but in a long run it may. This has to
do with nutrient depletion. At the Church hearings on clearcutting last summer,
testimony was presented relating to nutrient depletion. And I think Mr. Bromley and
Mr. Staebler will agree with me that the reaction to this testimony was eyebrow-
raising to say the least. Following this testimony senators were throwing around
words like "incredible," "amazing," "shocking." I would like to ask the people on
the panel or people in this room about current research under way resulting from
nutrient depletion.

Zahner--As briefly as I can summarize, everytime any crop is removed from any soil,
there is a nutrient depletion. The agriculturists have b p ioing Tnis for
thousands and thousands of years. And there nr sn't been the concern raised about
nutrient depletion from agricultural use of land. With the future of growth
acceleration, particularly young growth, and maximizing biomass production in short
rotations, we're getting into the tMA category as agriculturists have been. I
believe we can justify nutrient depletion un accelerated growth sites and plots
and areas just as agriculturists do. We can justify the fact that the country
required the fiber and, whether we are depleting the nutrients or not, this is the
best way we have devised to furnish it. We add the nutrients back into the soil
through artificial fertilization. This is an accepted agricultural practice and I
think that we have to work on that same base here with accelerated growth. I
believe that if we are careful in preserving aesthetic values, this question will
riot be raised again. Many of the problems that result from clearcutting are due
to the logging practices and roadbuilding that result in soil slippage, erosion,
and all these things. Arid these are probably more important than the nutrient
losses. I believe we are on safe ground where we are going to grow wood rapidly.
We're not going to grow this on scenic mountain slopes with frequent harvesting.
I think we are going to grow our rapid-growing crops with short rotations and maximum
biomasq oroduction in the flatter soils. Certainly, in the southeastern coastal
plain, the question of nutrient depletion is not likely to be raised very seriously
because the agricultural practices down there have been depleting the soil nutrients
for hundreds of years.

Bromley--l'a like to accept Dr. Zahner's calm assurance that we don't have to worry
about nutrient depletion but I'm still concerned. When 1 see sycamore or other
species grown with successive generatfon, I hope that we are establishing some
research to assure us on this point in the future. The experiences of your
foresters definitely was that more culture will eventually deplete the soil. 1
dcnlt know whether this is true, but this is what the records show. I feel that
we should first of all go back to those records and find out whether there is
really any basis in fact. And we should be able to put this thing to rest in tne
next generation of forestry. I'm sure you didn't mean that we shouldn't be
studying this?
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Zahner--No. It is an accepted fact that nutrients are depleted following the
harvesting of any crops. The nutrient cycle is disrupted, and leaching takes a
very strong loss of nutrients from any site from which the vegetation is harvested.
"These are well-known facts. Agronomists have accepted that for years and have

worked around it by adding nutrients to replace those that leach away. There is
a problem here, yes. But we have to approach it, much as agronomists have done, on
a sustained yield basis of adding to the site to replace that lost both by leaching
and by removing the crop. And this can be done in a number of ways--not only by
adding arificiil fertilizers but all sorts of organic matter. Maybe we can get
rid of some of our sewage effluents, manures, and other things to help build the
soil and keep it at a sustained level.

Mitchell--i'm sorry but I was instruc-ed to stop this meeting because people have
trains to catch, luncheon dates, and so forth. I want to thank the panel for their
comments and the audience for all this fine discussion we've had. Thank you.
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