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RESUME

Biomass data on stump, roots and stump-root system are glven,

The percentage stumpwood (standard basis) is a function of stump helght, specles,
tree taper, dbh and extent of root removal. Because of a lack of standard
definition, no average values for percentage stumps can be given. Root biomass
is a function of wood species, dbh and height, type and compaction of soil, and
availability of water and nutrient. Root biomass may also be a function of

stand density, wind throw and dominance. More consistent data are available

for combined stump-root system than for either component alone. A number of
standard values for a utilizable stump-root system are close to 20%: this is
assumed to be fiber which can be recovered in the practical extraction of complete
trees; in the case of trees 5-6 inches dbh or greater, this value probably
includes few roots less than l-inch diameter.

Compared with pulp from boles, pulp from stump-root systems is equal
or slightly lower in pulp yield (2-3% based on wood), 5-10% lower in tear factor
and 10-20% lower in burst factor and breaking length. For a given wood species,
a marketable pulp not appreciably different in yield and quality to comparable
bole pulp could be produced from stump-root systems, either pulped with boles
or pulp admized with bole pulp after the digester.

Stump-root systems are little used as a source of raw material for
pulp and paper manufacture, in spite of the massive amount of such material
available (say 20% of the world's wood fiber supply) and despite the high
quality of pulp which can be obtained. The reasons lie in the large number of
processing problems which have not yet been satisfactorily solved. The most
efficient means of extracting stump-root systems is by pushing trees over and
uprooting stumps, preferably with a vibratory action. Stump-root systems can
be cleaned most efficiently by this method of extraction combined with cleaning
by means of an impact or vibration hammer; the roots are most effectively
removed with a vibration chisel. More efficient means of transporting complete
trees to a mill than those presently available need to be developed. No
satisfactory methods have been developed for barking and chipping the components
of stump~root systems.

Few studies have been made on the micro- and macro—ecological effect
of complete-tree utilization, and a number of massive problem areas remain to
be explored, including: Effect on the nutrient cycle; effect on subsequent
growth; soil erosion; effect on natural or artificial regeneration; reduction

in fire hazard; long-range effect upon mean global temperatures.



COMPLETE TREE UTILIZATION ~- An Analysis of the Literature

PART V: Stump, Roots and Stump-Root System

INTRODUCTION

The preceding sections of the present review have included:

PART 1: Unmerchantable Top of Bole (32);

PART 1I1: Foliage (33);

PART 11I: Branches (34):

PART 1IV: Crown and Slash (35).

In the present sectlon, stumps and roots are considered as separate
components and as a single stump-root system., It is important that the biomass
and pulping characteristics of the roots and stumps be determined separately,
since there might be cases where the stump and not the roots would be used as
a raw material for pulp manufactuzed(a)

STUMP BIOMASS

Data on stump bilomass would be expected to be inconsistent and
difficult to interpret, since the stump is the most difficult tree component
to define; definition is dependent upon stump height and the extent to which
the roots have been removed.

Percentage Stump as a Function of DBH ~- Standard Basis

Table 1 gives data on percentage stump for various values of dbh on

. b . '
a standard basis< >, The stump as a percentage of tree bole would not be

expected to vary greatly with dbh and, in general, the results shown in Table 1

(a)

As discussed 1n a later section, probably the single most serious
problem barring the use of the stump-rvoot system as a source of fiber at
the present time is the presence of stones, which make chipping prohibitively
costly (43). The use of a stump auger might minimize, if not eliminate,
the problem of stone inclusions in the stump-voot intersections. It would
not reduce the problem of sand and rocks buried within the stump itself.
Appendix I gives the nomenclature used in the complete~tree utilization series.

in all ceses, "standard basis™ rvefers to the component (oven dry and bark
free) as a percentage by weight of full tree bole (oven dry and bark free).
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confirm this. This is particularly true where stump biomass for a number of
wood species has been determined as a part of a single study involving the

use of standard procedures, as in the extensive studies of H. Young. Although
the range in stump biomass would appear to be wide - from 5% for Abies balsamea
(80) to 34% for Pinus caribaea (66) at 8-inches dbh - some part of this
variation may be the result of differences in how the roots were removed, or

to what extent, and to variables affecting root biomass but not included as
part of the biomass studies.

Percentage Stumps as a Function of DBH - Green and Bark-on Basis

The small variation in percentage stumps over a range of dbh for a
given wood species is clearly shown in Table 2, which gives Young's values for
percentage stumps for a number of Maine species growing under uniform conditions.
In this case, the difference between species is not marked, ranging from 8 to

14% at 8 inches dbh.
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TABLE 1

Stumps as a Percentage by Weight of Full Tree Boles and as
a Function of DBH

Stumps: Oven dry and bark free
Full Tree Bole: Oven dry and bark free

Reference Wood Species No. of trees Stumps as a % of Full Tree Boles
sampled
Diameter breast height (inches)

6 8 10 12 14

80 tbies balsamea™ 23 A 5 6 6 6
78 Picea rubensi 25 9 9 9 10 10
66 Pinus cam’baeaz 1 - 27 - - -
66 Pinus ea:mlbaeaB 1 - 34 - - -
66 Pinus pczlustmisz 1 - 22 - - -
80 Pinus strobusl 27 9 10 11 12 12
15 Thuja occidentalis 1 21 10 13 15 18 -
17 Thuja pZicata4 8 - 22 19 13 -
80 Tsuga canadensis . 28 8 9 10 11 13
17 Tsuga hevterophylla4 8 11 12 13 13 -
37 Tsuga heterophyllas 2 - 2.8 - - 6.8
75,79 Acer rubrumi 20 7 8 9 10 11
80 Betula papym’f’eral 17 15 17 16 15 14
80 Populus sp. 1 14 8 9 10 11 -

Stump height: 6 inches above ground level

dhh  8.25 inches; stump height 4 inches above ground level

dbh 8.5 inches; stump height 4 inches above ground level

Stump height: 12 inches above ground level

dbh 8.5 inches and 14.2 inches, respectively; stump height 12 inches
ahove eround level

LB ) DO b



TABLE 2

Stumps as a Percentage by Weight of Full Tree Boles
and as a Function of DBH —= Green and Bark-on Basis

Reference Wood species No. of trees Stump as a % of Full Tree Boles
sampled

Diameter breast height (inches)
6 8 10 12 14
77 Abies balsamea 23 8 9 10 11 -
78 Picea rubens 25 8 9 9 9 9
80 Pinus strobus 27 10 11 12 13 14
15 Thuja oceidentalis 21 12 14 15 17 -
80 Tsuga canadensis 28 . 8 9 10 11 12
80 Acer rubrum 20 8 8 9 9 9
80 Betula papyrifera 17 12 13 13 13 -
80 Populus sp. 14 7 8 9 10 -

1. Stump height: 6 inches above ground; dbh taken at a height of 4.5 feet
above ground.

The amount of recoverable stumps as a volume percentage of
merchantable bole is given in a Finnish study (43) as 2.9 and 4-6% for Pinus sp.,
' 2.4% for Picea sp. and 3.3% for Betula sp. Since data are not available for
the percentage bark or for the specific gravity of wood and bark, or the
percentage moisture of wood and bark for bole and stump, volume measurements

on green wood cannot be converted to the standard basis.



ROQT BIOMASS

Introduction

Only a limited aumber of studies have been made on root biomass,
but many of these concern biogeocoenosis (68) or to total ground-cover
biomass (41) and cannot be related directly to complete-tree utilization.
The limited work in this area is understandable, since root biomass studies
are difficult to carry out(c) and, until fairly recently, there has been
1ittle need for or interest in the use of roots, particularly as a source of
fiber.

Percentage Roots as a Function of dbh — Standard Basis

Somewhat unexpectedly, the 1imited data available on percentage roots
(Table 3, coniferous species; Table 4, deciduous species) either show a fairly
consistent increase with increasing dbh or show 1ittle change with dbh. This
trend is evident for Abies balsamea, Picea rubens, pPinus strobus, Thuja-
oceidentalis, T. plicata, Tsuga canadensis, T. heterophylla, Populus, Acer

pubrum and Betula papyrifera.

(c) As commented by Harper (23): "The estimate of roots is always an
ecologist's nightmare." One problem which arises with respect to root
biomass is the nature of the method of dividing and weighing the root
system. There are three levels of complexity in root biomass studies :

-~ determination of all roots, including root hairs - difficult
in the extreme;

- determination of all roots down to the root hairs ~ difficult;

~ determination of those roots which remain with the stump when a
tree is pushed over, pulled over, pulled up, or otherwise
rooted out of the ground. Thils method of defining roots is
neither elegant nor precise, but it does have two advantages:
it is the least costly method of determining root blomass;
it represents the way in which, in all probability, most
roots can be recovered for use, and from a practical, use-
potential point of view, would give the most meaningful data.



TABLE 3

Roots as a Percentage by Weight of Full Tree Bole
and as a Function of DBH - Coniferous Species

Roots: Oven dry and bark free
Full tree bole: Oven dry and bark free

Reference Wood Species No. of trees Roots as a % of Full Tree Bole
sampled :
Diameter breast height (inches)
6 8 10 12 14
, 1,2
80 Abies kalsamea 23 20 21 23 24 26
. 3
4,5 Picea glauca 2 56 - - - -
78 P. rubens 1 - 25 22 25 30 33 37
66 Pinus caribaea 4 1 - 7 - - -
66 P. caribaea ® 1 - 8 - - -
66 P. palustris ¢ ' 1 - 3 - - -
80 P. strobusz 27 16 i7 18 19 21
15 Thuja occidentalis® 21 12 14 16 18 -
17 7, pZicata6 8 - 20 21 19 -
80 Tsuga canadensis’ 28 17 20 23 26 28
17 T. heterophylla 6 8 12 16 20 24 -
37 T. heterophy22a6 2 - 23.0 - - 16.2
1. Stump height: 6 inches above ground level

2. Roots: bark on
3. Stump: ground level
Roots: may not be bark free
4, dbh: 8.25 inches
5. dbh: 8.5 inches
6. Stump: 12 inches above ground level



TABLE 4

Roots as a Percentage by Weight of Full Tree Bole
and as a Function of DBH - Deciduous Species

Roots: Oven dry and bark free
Full tree bole: Oven dry and bark free

Reference  Wood Species No. of trees Roots as a % of Full Tree Bole
samp led
' Diameter breast height (inches)
& 3 10 12 14
75,79 Acer rubrumz 20 12 13 14 i5 17
4,5 Betula papyriférag 7 47 - - - -
, 1 ‘
80 B. papyrifera 17 35 33 28 24 19
80 Populus spoi 14 14 16 19 22 -

Stump: 6 inches above ground level
. Stump: ground level
Roots: may not be bark free (not specified)

Bt

Percentage Roots for Trees of Various Ages ~ Oven~dry and Bark—on Basis

Table 5 gives data on the percentage roots for trees of various
ages (oven-dry and bark~on basis). For Pinus sylvestris and Pseudotsuga
menziesii there is a marked decrease in percentage roots with increasing
age; for Pinus densiflora there is evidence of a slight increase, and for
Picea abiesthere is no marked trend. The range of root biomass as a percentage
of full tree boles is quite large within species (from 7 to 110% for Pseudotsuga
menziesit) and between species. As noted above for stumps, some part of this
variation is most probably due to differences in methods of root removal:
most of the difference probably results from variations in factors affecting
root bilomass, such as nutrvient and water supply, stand density, dominance,

tree helght, and unknown factors.



TABLE 5

Roots as a Percentage by Weight of Full Tree Boles
and as a Function of Tree Age

Roots: Oven dry and bark on
Full Tree Bole: Oven dry and bark on

Reference Wood Species No. of trees Age Roots as % of Notes
(years) full tree bole

69  Cryptomeria japonica 25,000/ha 5 36 Stump ht. probably
, ground level
53  Picea abies 24 29 Stump ht. not
38 34 specified
60 33
93 26
29 Pinus contorta 85 100 ave. 19 Stump ht: 12 inches
var. latifolia Top: 4 inches diam.
24 P, densiflora 6" dbh 32 Stump ht. assumed to
8" dbh 33 be ground level
Assumed to be 10" dbh 34
incr. in age 12" dbh 35
53 P. sylvestris 3,640/ha 23 63 Stump ht. not
4,260/ha 33 30 specified
760/ha 55 35
53  Pseudotsuga menziesii 1,151/ha 30 110 Stump ht. not
1,636/ha 32 89 specified
1,151/ha 38 14
1,157/ha 52 7
54 P. menztesit - - 17 Stump ht. not specifie
53 P. menziesit 648/ha 38 13 "
53  Nothofagus truncata 490/ha 110 17 "
54 Pilcea sp. ‘ - 37 "
54 - Pinus sp. - 26 "
54  Betula sp. - 24 "
54  Fagus sp. - 32 "
54  Quercus sp. - 22 "
54 Tropical mixed species - 12 "
12 General - 151 Vol. % of merchantabl
bole
61  Fagus sylvatica  Height = 59 ft. 46 19.6 ) Assumed to be wt.% of
Height = 84 ft. 85 19.7 ) above ground tree
) components

7. Defined as utilizable wood
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The values given in Tables 5 and 6 are of interest in that they

show the range of percentage roots for a number of wood species.

These data,

together with other values recorded for percentage roots, would indicate that

the range of percentage roots is wide, although far less extreme than for

other components such as foliage (33) or branches (34).

TABLE 6

Roots as a Percentage by Weight of Full Tree Bole

Roots: Oven dry and Bark on;

Bole: Oven dry and Bark free
Reference Wood Species Tree age Dbh Tree height Roots as % of
(years) (inches) {feet) Full Tree Bolez
59 Abies alba® 40 .. e 26.4
59 Larix decidua2 40 craee e 38.0
59 Picea excelsaz 40 cesen e 28.6
59 Pinus sylvestris® 100 e, 20.7
100 cooas cenen 31.9
59 Fagus sylvaticag 1o L. L 10.7
41 Fagus sp. 165 13 59 95
170 15 98 73
230 17 78 84
41 Quercus sp. 60 5 33 33
160 9 43 52
41 Quercus sp. 220 18 69 97
41 Quercus and Fraxinus 165 15 43 64

sp.

I. Stump height not specified, but trees assumed to be cut at ground level,

2. One tree for each species.
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Percentage Roots for Young Trees - Oven-dry and bark-on basis

Young's data for percentage roots (oven-dry and bark-on basis)
for young trees (Table 7) shows a uniform decrease in percent roots with
increasing tree height for a number of species. One of the outstanding
characteristics of these data is the uniformity of root percentage for the
species studied, with the narrow range (for a 25~foot high tree) from 30
to 42%. Although these data are included in the root biomass section of
the present report, they should probably be considered as applicable to the
stump-root system, since any distinctive features of stumps and roots would
disappear for small trees. The results afe also characterized by a narrow
range for root biomass between species at a given tree height (25 to 34%)
for 30-foot trees (omitting the high value of 40% for Acer rubrum) .

Percentage Roots - Green Basis

The data in Table 8 show the percentage roots on a green basis.
Because these values were obtained under uniform conditions and by a uniform
technique, and possibly because they represent biomass from a uniform forest
area, they show a marked regularity in trend. An examination of percentage
roots as shown in Table 7 (in relation to tree height) and Table 8 (in relation
to dbh) for the same wood species would suggest that the biomass of the roots
(compared to that of the bole) is not a simple, linear one. Up to a dbh of
approximately 4 inches (tree height 35 feet), there is a strong inverse
relationship between percent roots and dbh; in the dbh range from 4 to
approximately 10 inches there is a slight inverse relationship, with the
percentage roots remaining relatively constant, and for large trees, the

percent roots begin to decrease with increasing dbh.
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TABLE 7

Roots as a Percentage by Weight of Full Tree Bole
and as a Function of Tree Height

Roots: Oven dry and bark on
Full Tree Bole: Oven dry and bark on
Reference: 74

Wood species No. of trees Roots as a % of full tree bole

sampled
" Tree height in feet

1 3 5 7 10 15 20 25 30 35
bies balsamea 14 369 164 110 85 65 47 38 32 28 25
teea rubens 40 235 124 93 79 64 51 43 38 34 31
inusg strobus i0 113 73 56 49 43 36 32 29 27 25
huja occidentalis 34 272 124 85 68 53 41 33 29 25 23
suga canadenstis 9 850 240 157 114 82 56 43 35 29 25
cer rubrum 40 125 87 73 65 58 50 46 42 40 38
etula papyrifera 10 100 69 52 47 41 36 32 30 28 26
opulus tremiloides 6 350 108 82 68 55 43 37 32 29 27

otes: DBH range, 1 to 4 inches
Stump height, not specified, assumed to be ground level



- 12 -

TABLE 8

Roots as a Percentage by Weight of Full Tree Bole
and as a Function of DBH

Roots: Green and bark on
Full Tree Bole: Green and bark on

Reference Wood species No. of trees Roots as a % of Full Tree BoleZ
sampled
Diameter breast height (inches)
6 8§ . 10 12 14
77  Abies balsamea 23 24 36 53 41 -
78 Picea rubens 25 29 35 37.5 37 32
80 Pinus strobus 27 20 23 23 22 21.5
15 Thuja ocecidentalis 21 21.5 22 22.5 23 -
80 Teuga eanadensis 28 21.5 24 26 28  30.5
80 Acer rubrum 20 26 34 37.2  36.8 32.5
80 Betula papyrifera 17 36 37 26 24 -
80 Populus sp. 14 19.5 23 24 24 -

; 7. Includes all size roots

As noted above, the data given in Table 7 for the percentage roots
(oven~-dry and bark—on basis) probably refer to stump-root system, since for
young trees cut at ground level and underground parts, even if called roots
only, should compare closely with the stump-root system. This would be
confirmed by taking the percentage stump-root system for the largest trees
in the first series (Table 7) and comparing them with the small diameter trees
from the second series (Table lO).d The results of this comparison are shown

in Table 9.
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TABLE 9

Percentage by Weight of Roots or Stump—Root System
for 35-Foot Trees 6 Inches dbh

Wood species 35-foot heightz 6-inch dbh Reference
Reference: 74 standard basis
Abtes balsamea 25 23.5 80
Picea rubens 31 30 78
Pinus strobus 25 24 ' 80
Thuja occeidentalis 23 22 15
Tsuga canadenstis 25 24.5 80
Acer rubrum 38 18 79,75
Betula papyrifera 26 50 80
Populus tremuloides 27 21 80

1. Roots, oven-—dry and bark—on
Full tree bole, oven-dry and bark-on.

There is a nice coincidence between the two sets of values for
conifers, but no apparent connection between the two sets of values for
hardwoods.

Factors Affecting Root Biomass

It is apparent from the data discussed above that percentage roots
on a standard basis is a function of wood species and upon some combination
of tree height, age and dbh. Of all tree components, roots are also most
sensitive to soil conditions, including nutrient supply, soil density, and
moisture availability (68). For example, root biomass as a percentage of
bole plus branches {(oven~dry and bark-on basis) was found to be 26.7% for
Quercus sp. (48-55 years) growing on sandy loam; 11.1%7 for growth on a heavy,

dense clay-loam soil (68).
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In one study (73) omn Pinus radiata, the following relationship

was reported between the biomass of roots and branches:
Root weight/0.69 = branch weight

To the extent that this relationshib is valid, all of the factors which
affect percentage branches on a standard basis (34) would also affect
percentage roots; these factors would include stand density, site index,
wind-throw and dominance, in addition to the factors noted above, and quite
possibly to factors which are presently unknown.

No systematic studies have been found which relate percentage roots
on a standard basis to the various factors governing root growth. As a part
of the development of the complete-tree utilization concept and its application,

a great deal of research needs to be done in this area.

STUMP-ROOT SYSTEM

Introduction

Until recently (75, 80) there has been limited need for, or interest
in, the use of stumps and roots as a source of fibergd) The use of root-—stump
systems as a raw material for pulp or fiberboard manufacture involves a number

of critical questions relating to:

1. Extraction of trees from the ground;

2. Freeing roots and stumps of dirt and stones;

3. Transporting root-stump systems OT their comporents;

4, The most effective method and place for separating stump-root

systems from boles, and of separating roots from the stumps;
5. Debarking both stumps and roots;
6. Chipping both stumps and roots;

(d) The quantity of stumps available, or the use of stumps as a source of naval
stores, has not been considered in the present review.



7. The extent to which complete-tree utilization will change
the need for forest fertilization, and the effect which forest
fertilization way have on component biomass ratios;

8. The amount of stumps and roots which might be available as a
source of fiber in terms of various wood species, growth
conditions, etc.

9. The quality of pulp obtainable by conventional pulping processes
from stump-root systems, alone or in admixture with branches,
unmerchantable tops and tree boles;

10. The quality of product obtainable by mixing pulps obtained
separately from various tree components;

11. The effect of complete-tree utilization on land erosion,
reforestation, silviculture, fire hazard, the oxygen-carbon
dioxide balance, and mean global temperature.

The following review covers the biomass of stump-root systems, the
quality of pulp obtained from them and problems relating to processing. From
a practical point of view, most interest is likely to center on extraction
and utilization of stump-root systems. In the use of components other than
boles as a source of fiber, it is most likely that below-ground tree components
would be treated as units, roots and stumps separated and barked and chipped
separately, but probably pulped together. The question of whether stumps and
roots should be pulped together with boles, or whether the pulps should be
blended after pulping, would have to be resolved for each individual circum—
stance.

Biomass

Percentage Stump—-Root System = Standard Basis

With reference to complete-tree utilization as a means of increasing
fiber resources of the world, Table 10 gives data with a high level of long-
range practical importance. This importance arises from several factors:

- The introduction of unmerchantable tops of boles to the mainstream
of fiber use would add something of the order of 5-~10% to fiber
resources, depending on tree species, tree diameters, heights,
ages, etc., and in practice would be expected to provide roughly
5% of additional fiber. The yield and quality of this fiber would
be high.
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- The use of branches would add of the order of 10-20% of fiber,
with an average possibly as high as 15% in practice with
increasing use of shorter rotation cycles. DBecause of the
generally lower quality of pulp prepared from branches compared
with pulp from boles, branches would not be expected to add
more than possibly 10% to the effective or usable fiber supply.

- The limited data available would indicate that stump-root systems
would give a quality of fiber not appreciably different from that
of boles, and in an amount higher than that of branches and (e)
unmerchantable tops combined; that is, of the order of 20% .

The standard values shown in Table 10 for percentage stump-root
system are appreciably higher than the 20% discussed above as potential yield
of fiber from stump-root systems. However, many of the values shown in Table
10 include roots smaller than 1-inch diameter. Biomass values for stump-root
systems with this material removed would be substantially lower. In addition,
some allowance should be made for losses in extraction of stump-root systems
in practice.

As shown by the data given in Table 7, the trend towards decreasing
percentage stump-root system with decreasing dbh shown in Table 10 must
reverse at a dbh somewhere between 4L and 6 inches for the species studied and
under conditions of biomass determination; since below 4-inch dbh, the
percentage stump-root system rises quite rapidly with decreasing tree height

(and decreasing dbh), so that the percentage stump-root system for a 1-foot-

high Abies balsamea is between 300 and 400% of the bole, this value is higher,

even if allowance is made for the high percentage bark on the roots.

(e) This does not include roots less than 1-inch in diameter. As in the
consideration of branches as a potential source of raw material for
pulping, roots less than l-inch in diameter are not considered suitable
as a potential source of wood fiber for pulping. The exclusion of this
material is based on extreme difficulty in processing with present
technology and equipment available; the quality of pulp obtainable from
small roots, either by the conventional pulping process O by modificat-
ions of such processes, has not been studied.
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TABLE 10

Oven dry and bark free
Oven dry and bark free

Stump-Root System as a Percentage by Weight of Full
Tree Bole and as a Function of DBH

Reference Wood Species No. of trees Stump-root system as a % of
sampled full tree bole
Diameter breast height (inches)

6 8 i0 12 14

80 Abies baZsameaZ’Z 23 24 26 28 30 32

3 A. balsamea5 190 51 52 54 - -

78 Picea rubensz 25 30 34 39 43 47

66 Pinus caribaea4 1 - 35 - - -

66 P caribaea5 1 - 42 - - -

66 P. paZustri34 1 - 24 - - -

80  P. strobus’ 27 24 27 29 31 33

15 Thugja occidentalisz‘ 21 22 27 31 36 -

17 7. plicatd’ 8 - 41 40 32 -

80 Tsuga canadensisz 28 25 29 33 37 41

17 T, heterophylla® 8 23 28 33 37 -
37 7. heterophylla6 2

75,79 Acer rubrum’ 20 18 21 23 25 28

80 Betula papyriféraz 17 50 50 44 39 33

80 Populus sp. 1 14 21 25 29 33 -

Dy Uy N W Do

Stump height: & inches above ground level

Stump and roots:
Stump~vool system:

Bbh: 8.25 inches - stump: 4 inches above ground
4 inches above ground

bark on
bark on

Dbh: 8.5 inches ~ stump:

Stump: 12 inches above ground level
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TABLE 11

Stump-Root System as a Percentage by Weight of Full Tree Bole
and as a Function of Tree Age

Stump~root system: Oven dry and bark on
Full tree bole: Oven dry and bark on

Reference Wood Species Tree age Stump-root system Stump-root system
in years as 7% of full tree as % of full tree
bole bole plus canopy
52 Pinus sylvestrisg 3 100 40
7 334 82
11 201 69
14 123 45
17 78.5 36
20 52.0 27
23 63.0 A
31 34.0 28
35 45.0 37
55 - 35.0 29
52 P, syZvestrisz 11 48 27
14 62 45
29 P. contorta var. latifolia’’? 100 21.4 -
55 Betula verrucosa5 24 35.4 -
42 44,2 -
55 37 -

Notes: One tree for each age

1. Regenerated; canopy defined as cones, branches and foliage
2. Stump height: 12 inches above ground level

3. Stump height: not specified
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Percentage Stump-Root System -~ Oven—-dry and Bark-on Basis

The trend of increasing pefcentage stumpmroot system with
decreasing age or tree height or tree diameter is shown for Pinus sylvestris
in Table 11.

Biomass values given in Table 12 represent a general overall view
of biomass of stump-root systems. The values given indicate that, in general,
the percentage stump-root system lies between 20 and 30% (7) for northern
forests, and is appreclably lower for equatorial forests generally, with the
exception of mengrove forests which would be expected to be high because of
combined aerial-underground root system.

Percentage Stump—Root System ~ Green and Bark-on Basis

Table 13 gives a summary of the results of extensive field trials
on extraction, cleaning, separation and transport of stump-root systems of
Pinus sylvestris. The figures shown are based on the weights of hundreds
of trees. Since the percentage moisture in stump-root systems would not be
expected to differ appreciably from that of comparable boles(f), the percent-
age stump-root system shown would be roughly the same on an oven-dry, bark-on
basis as on a standard basis. Because of the method of extraction (with a
buildozer blade), there would probably be few roots less than l-inch diameter
removed from the ground. The percentage bark on stumps and on larger roots
would not be expected to be appreciably greater than that on boles(g), whereas
bark on small roots would be expected to be appreciably greater(h>. Conversion
factors necessary to convert the data in Table 13 to a standard basis are not

available.

(f) 1In studies (31) on Tsuga heterophylla (8.5 inches dbh, stump height 12
inches), percentage moisture in boles was 43, and in the stump-root system
was 46.9.

(g) In the same study (37), the bark on the stump~root system was 12.9% and on
the bole 11.17%.

(h) 1In the same study (37), the bark on roots between 1-Z inches in diameter
was 26.57, on roots 2-3 inches diameter 21.9%, and on roots greater than
3-inch diameter, 13.6%.



TABLE 12

Stump-Root System as a Percentage by Weight of Full Tree Bole

Stump-root system: Oven dry and bark on
Full tree bole: Oven dry and bark on

Reference Wood Species Stump-Root Systems as a % of full
tree boles

7 Larix europaeaz 39 (estimate)
7 Picea abiesz 25 "
24 "
23 "
7 Pinus syZvestrisl 32 :
7 Pseudotsuga mengiesii’ 24 "
16 Alnus rugosa 79.5 7 years old, one tree
7 Betula verrucosaj _ 27 {estimate)
7 Fagus sylvaticaz 38 :
25 "
7 Populus davidianaz 30 i
7 P, tremuloidesl 34 "
7 Quercus roburz 27 "
16 Salix babiana 91 12 years old, one tree
16 Vaceinium corymbosum 67.7 15 years old, one tree
7 Equatorial forest, Congoz’z 15
7 Seven evergreen gymnospermsl’z 25
7 Ten deciduous angiospermsz’g 28
7 " Eighteen cold temperate forestsz’2 27
7 Two equatorial forestsZ’Z 16
6 Tropical forest2 19-23

Notes: No. of trees, DBH, and stump height not specified.

1. Values assumed to be based on below-ground components as a percentage
of full tree bole plus branches.,
Montane and gallery forests - 237% Mangrove forests (aerial and
undergrountd roots) - 50% Sgvanna - up to 42% (estimate)

- e memte FEB N2 AF thao hiAmaaa .
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TABLE 13

Stump~Root System as a Percentage by Weight of Full Tree Bole

Stump=Root System: Green and Bark on
Full Tree Bole: Green and Bark on

Reference Wood species Stump-Root System as a
% of Full Tree Bole

44 Pinus sylvestrisg 22.4%

40 p, syZvestri33 22.0 trial no.
22,6 " "
23.5 111 1
22°8 1A} i
21,9 v

U W N
[y

1. Each trial involved extraction of complete trees for full working
shifts, and the values shown represent averages from weighing
hundreds of trees. The stump-~root systems were probably removed
from boles close to the roots, and the values shown are somewhat
less than would be obtained for a l1-foot stump.

ds Percentage calculated as a part of bole (bole assumed to mean full
tree bole).

3. Assumed to be stump-root system as a percent of the full tree bole.

In the extraction of Tsuga heterophylla trees by the same method
(pushing over and uprooting with a bulldozer blade), the average stump-root
system on a green basis was found to be 267 (Table 19). Correcting from a
1-foot stump to ground level, this value would be reduced by something of
the order of 20%, which would give a wvalue for % stump-root system in close
agreement with the results obtained in the extensive field studies on Pinus

sylvestris (40).

Table 14 gives the percentage stump-root systems for a number of
Maine species studied by H. Young.
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TABLE 14

Stump-Root System as a Percentage by Weight of Full Tree Bole

Roots: Green and bark on

Stump: Green and bark on

Full Tree Bole: Green and bark on

Standard basis values in brackets (oven dry and bark free)

Reference Wood species No. of trees Stump-Root System as a % Full Tree
sampled Bole
Diameter breast height (inches)
6 8 10 12 14
77,80 Abies balsamea 23 32 45 63 52 -

(24) (26) (28) (30) (32)

78 Picea rubens 25 37 44 47 46 41
(30) (34) (39) (43) (47)

80 Pinus strobus 27 30 34 35 35 35
(24) en 29) 31 (33)

15 Thuja occidentalis 21 33 36 38 40 -
(22)  (@27) (1)  (36) -

80 Tsuga canadensis 28 30 33 36 39 43
(25)  (29) (33) (@37 (4D

80 Acer rubrum 20 34 42 46 46 42
(18)  (21)  (23) (25) (28)

20 Betula papyrifera 17 48 50 39 37 -
(50) (50) (44) (39)  (33)

80 Populus sp. 14 26 31 33 34 -
(21)  (25) (29) (33) -

Note: Stump height = 6 inches above ground

Percentage Bark on Stumps

Few data are available on the percentage bark on tree stumps (Table 15).
The values obtained by H. Young (79) in his studies on Maine species show no
consistent variation in relationship to percentage bark on boles, sometimes being

lower (Abies balsamea, Tsuga canadensis), sometimes higher (T'suga heterophylla,
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4eer rubrum and Betula papyrifera) and sometimes showing no trend with

increasing dbh (Picea rubens, Populus sp.).
TABLE 15
Weight Percentage of Bark on Stumps

Stump barks: Oven dry
Stump fiber: Oven dry

Reference Wood species % Bark om Stump % Bark on Full
Tree Bole
79 Abiles balsamea 10.3 7.3
79 Picea rubens 6.5 6.8
79 Pinus strobus 10.3 9.2
79 Tsuga canadensis 6.5 6.1
37 T. heterophyllal 1.1 12.3
11.1 13.6
10.0 20.4
79 Acer rubrum 7.4 8.1
79 Betula papyrifera 7.4 8.4
79 Populus sp. 10 10.2

Notes: Stump height: 6 inches above ground unless otherwise specified
Number of trees measured: one for each species

1, Stump heights: 12 inches above ground level.
Respective dbh: 18.0, 14.2 and 8.5 inches

Percentage Bark on Roots

As with the stump few firm data are available on percentage bark
on roots, as a function of various growth factors of trees. Table 16 gives
values for percentage bark on roots for several wood species. It is noted
that, as with branches, percentage of bark in general increases with decreasing

rant aize .
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TABLE 16

Weight Percentage of Bark on Roots

Roots: Oven dry and bark free
Root bark: Oven dry

Reference Wood species Bark as % of Roots

4" 1-4"

79 Abies balsamea : 8.6 12.0

79 Picea rubens 8.0 12.5

79 Pinus strobus 8.5 7.6

79 Tsuga canadensts 8.6 10.8

37 . heterophylla’ 14.9°% 26.5

13.6 ' 23.4

13.6 21.9

79 Acer rubrum 6.1 10.5

79 Betula papyrifera 7.9 - 11.2

79 Populus sp. 9.1 : 14.0
Notes: Stump height = 6 inches above ground level

Number of trees measured: one for each species
1. Respective dbh: 18", 14.2" and 8.5"
2. Roots greater than 3" diameter

3. Roots between 2-3" diameter
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A detailed study was made in the Vancouver Forest Products
Laboratéry on the biomass (37) and pulping characteristics (36) of all
major components for three Tsuga heterophylla trees, selected on a basis
of high, medium and low specific gravity.

Table 17 gives the percentage stump-root system on the standard
basis for a stump height of 12-inches above ground and at ground level,
The difference in the two sets of valﬁes indicates the importance of

specifying stump height in biomass studies.
TABLE 17

Percentage Stump-Root System by Weight for Variable Stump
Heights - Standard Basis

Species: Tsuga heterophylla
Reference: 37

Percehtage of StumpFRoot System - Standard Basis
dbh in inches

Stump height 8.5 14.2 18 Average
12 inches above ground 25.8 23.3 28.1 25.7
At ground level 22,5 15.5 20.9 19.6
Percentage Stump-Root System -~ Miscellanmeous Values

Table 18 gives various miscellaneous values for root and stump

biomass.
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TABLE 18

Stump-Root System Biomass - Miscellaneous Values

Wood species

Percentage

Assumed basis

R ]

Comment

14

iz

31

43

43

58

10,68

17

Various {(Canadian)

Pinus sp.

U.S. forests (Maine)

Abies veitehii

Pleea
Pinus

Sp.

sp. (Finland)

Picea
Pinus

SD.

sp. (U.5.5.R.)

General (western
U.5.5.R.)

General

Quercus sp. (25 yr.)

icea sp. (25 yr.)

Larix sibirica {25 vyr.)

QUuercus sp.

Pinus contorta var.
latifolia
Pleea glauca 1

E

Abies lasiocarpaj

Picea abies
{(Scandinavian)

27 of merchantablez bole

(by volume)

15% of industrialz wood

Stump~root system =
25% of whole tree

Roots = 30% of total
biomass of stem and branches

15-22%
15-22%
20%
Dbh (inches) A
0 - 1.3 62
1.3 - 2.5 35
2.5 - 5.0 30
Above 5.0 22
20.9%
32.0%
24,5
Quality class %4
i 52.4
It 30.6
111 30.6
v 72.6

Foliage weight approx. 3
times greater than root wt.

Foliage wt. approx twice
that of root weight

Stump-root system = 40% by
wt. of merchantable bole
Stump = 10% by wt. of
merchantable bole

Roots » 1" § = 25% by wt, of
merchantable bole

Roots < 1" § = 5% by wt. of

warnrhantahie hale

Green volume,
bark on

Green volume,
bark on

Green weights,
bark on

Green weights,
bark on

8 e %o o0

6o e 0 6@

Green and bark
on
7%
113

Oven~dry, bark

O11
i

o8

it

Volume 7% of merchant-
able bole

Volume ¥ of merchant-
able bole

Volume ¥ of merchant-
able bole

Roots as % of above-
ground components
¥

77

Roots as 7 of full
tree bole

131

T

¥

Detailed study of
root—-growth relation’
ship

Oven-dry, bark-

free
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This percentage was calculated from the amount of sound wood contained in the

stump above the point of root swelling, and does not represent the total volume

of the stump from ground level.

Assumed to contain some roots.

Average of three values from three natural stands.
Assumed to be total root system including root hairs.

An important question arises with respect to much biomass data
available in technical literature on various tree components. In biomass
studies, the problem always arises as to whether the ﬁurpose of the study
is best served to "....learn a lot about a little, or a little about a lot"
(60). A pulp manufacturer, wishing to consider use of stump-root systems as
a source of raﬁ material for pulp, will wish to know how much material is
practically available in forest areas from which the raw material for a given
mill is drawn. If detailled biomaés determinations (standard-basis values)
are made on a few trees selected as being representative, then the answers
representing a "lot about a little" may be precise, but they may also be
highly inaccurate. If, on the other hand, a very large number of randomly
selected trees are studied for stump-root biomass on a basis of green volumes,
with bark on, simply because such data are relatively easy to obtain, then
the answers may be highly accurate, in that they do represent true average
values for what is being measured. Unfortunately, the wrong thing may be
measured, with no means available for relating the values obtained to the
values actually required. The point is illustrated in Table 19, which shows
the difference between standard values and green, bark-on values for the

biomass of stumps, roots and stump—root systems.
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TABLE 19

Percentage Roots, Stump and Stump-Root System - Three Bases of Reporting

Species: Tsuga heterophylla
Reference: 37
Stump Height: 12 inches above ground.

Dbh Basis of reporting Weight % of Full Tree Bole
{Inches) % Stump % Roots Z Stump-Root System
18.0 Standard 5.8 20.9 26.7
Oven dry, bark on 6.0 22.2 28.2
Green, bark on 6.3 23.6 29.9
14.2 Standard 6.8 16.2 23.0
Oven dry, bark on 6.7 16.6 : 23.3
Green, bark on 5.8 14.7 20.5
8.5 Standard 2.8 23.0 25.8
Oven dry, bark on 2.7 23.1 25.8
Green, bark on 2.8 25.5 28.3
Summary

Since, of all tree components, the stump is least clearly defined, it is
not possible to give an average standard value, or a reasonably narrow range of
standard values, for percentage stump. Roots are perhaps more clearly defined than
the stump as a tree component, but biomass data while more plentiful, are considered
to be only slightly more meaningful as an index of recoverable fiber. Biomass data
on stump~root systems, on the other hand, are likely to be much more reliable, since
most of the difficulties arising from definition or extent of stump and root
separation disappear. The various values given in the technical literature would
indicate that for Picea, Pinus, Tsuga, and possibly Abies species, the percentage

roots which can be recovered in practice today ranges from 15 to 25% on a standard
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basis,~—where stump-root systems are extracted from the ground by uprooting
with a tractor blade, and where stand density is high, the dbh is 4-6 inches
or higher, the soil is fairly loose and uncompacted, nutrient and moisture
are not abnormally low, and wind-throw is not excessively high.
UTILIZATION OF STUMPS AND ROOTS

Stumps and roots have long beén used for fuel and as a source of
extractives (i). Although extracted stump chips have been used for pulp
manufacture, the amount of stump-wood fiber recovered has been miniwculely
small compared with the massive amounts of such material available. Tables
20, 21 and 22 give selected literature references on the utilization of stumps,

roots and stump-root systems.

(1) Neither of these uses for stumps and roots have been reviewed in the
present report. An excellent specific and general bibliography of
background material on naval stores is included in a review of naval
stores in terms of extraction, composition and properties (65).
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TABLE 20
Utilization of Stump-Root System -- Kraft Pulp
Reference Wood species Comment
44 Pinus sp. Desirable raw material for kraft pulp
1 Picea sp. Quality of stump pulp lower than that of
Pinus sp. bole pulp
20 P. palustris High burst factor and low tear compared
with bole pulp
79,80 Abies balsamea Some pulps obtained are generally
Picea rubens comparable to bole pulp in quality, while
Acer rubrum others have good pulping potential.
Pinus strobus
Tsuga canadensis
Betula papyrifera
Populus sp.
49 Pinus sp. Roots and stumpwood, pulped with bole
wood, gave high quality pulps
66 P. caribaea Good quality of pulp, lower yield
P. palustris
38 Picea rubens Low yield of acceptable chips; pulp
comparable to bole pulp
76 Acer rubrum Low quality compared with bole pulp
Betula papyrifera
15 Thuja occidentalis Strength lower than bole pulp
36 Tsuga heterophylla Pulp comparable in yield and quality to
bole pulp
48 Picea sp. Tensile strength of pulp decreased by
Pinus sp. 10~207% as compared with bole pulp
45 Pinus sp. In no case is pulp yield greater than 377




TABLE 21

Utilization of Stump-Root System
- Other Types of Pulp

Reference Wood species Pulp use Comment
21 Pinus sylvestris Sulphite Yield and quality of pulp not
affected when 20-507 of stump
pulp added to mill-run pulp.

8 Kauri Soda Pulping of branches and stumps
together gives 33-43% pulp yield;
pulp is difficult to bleach, but
has excellent strength and quality

79,80 Abies balsamea Sulphite Pulps obtained are generally
Plcea rubens and nitric comparable to bole pulp in quality
Acer rubrum acid {Picea rubens); other species have
Pinus strobus the potential of good pulps
Tsuga canadensis
Betula papyrifera
Populus sp.
46 Pilcea rubens Nitric acid Pulp comparable to bole pulps
TABLE 22
Utilization of Stump-Root System
- Miscellaneous
Reference Wood species Use Comment
71 General Silverchemicals, Review of foliage extraction and
vitamins, fodder stump utilization in the Soviet
Union
63 General Production of Roots used with other residues
ammonia for the production of ammonia
fertilizers
9 General Pulp, paper, CTU - increase in fiber resources
other fiber prod. '

77 Abies balsamea Fiber source CTU - increase in fiber resources

12 General Pulp and con~ FAO study on the extraction of
version to stumps and conversion to various
chemicals products

57 General Pulp fiber Stumpwood extracted to yield

turpentine and then pulped
79,80 Abies balsamea Pulp fiber CTU - additional fiber source

Picea rubens
Acer rubrum

Pinus strobus
Tsuga canadensis
Betula papyrifera
Prnitlug so.



TABLE 22 (Continued)

Reference Wood species Use Comment
44 Pinus sp. Tall oil, rosin, Desirable raw material for
turpentine extraction and kraft pulp
50,56 Pinus sp. Pulp and paper Stumps extracted and then pulped
Picea sp.
78 Acer rubrum Pulp fiber CTU ~ additional fiber source
Picea rubens v
77 Abies balsamea Pulp fiber CTU - additional fiber source
64 General Rosin Utilization of stumps from logging
areas
28 Pinus sp. Tar~cil phenols Study to improve the yield of tar-
' oil dry distillation products from
roots
26 General Fiberboard Stumpwood used if root portion is

small and mixture of species used

42 General Pulp chips Chief difficulty in using stumps
for pulpwood has been to find a
machine not readily damaged by
stones and sand

72 Pinus sp. Pulp chips Review of bark and chip separation
19 General Pulp chips Review of bark and chip separation
at the harvesting site
47 Pinus sp. Rosin, turpentine, Three separation systems are
pinewcod tar described for utilization
2 Pinus sp. Essential oils Review of oil extraction process
39 Pilcea glauca Pulp chips Represents a potential source of
P. glauca var. fiber
albertiana
Pinus contorta var.
latifolia

Abies balsamea
A. lasiocarpa
Populus balsamifera

21 Pinus sp. Pulp chips Use of rosin in processing
syntheiic rubber

27 Pinug sp. Pulp chips Kraft pulps suitable for manu-
facture of wrapping paper

30 General Pulp chips Chipping of stumpwood with a
conventional chipper produced 5%
screening wastes

67 Pinus sp. Rosin . Use of fresh instead of seasoned
stumps indicated as best for extract-
ion

81 General Fiber Uprooting of whole tree recuires

less power than uprooting stumps

51 General Rosin Use of electro-hydraulic effect for
the extraction of rosin from stump-
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A number of studies have reported that the strength of kraft pulps
from either stumps or roots are similar to that of the comparable bole pulp(J).
In a study of pulping characteristics of various components of Tsuga heterophylla

at the Vancouver Forest Products Laboratory (36), the results shown in Table 23

were found.

TABLE 23
vield and Quality of Kraft Pulps from Tsuga heterophylla Tree Componentsz

Relative Percentages for:

Components
Unscreened pulp  Tear Burst Breaking
yield? factoré factor? length2
Merchantable bole 100 100 100 100
Stump 96 92 86 87
Roots 98 99 82 85
Stump-root system 98 ' 97 83 85

1. All pulps cooked to 18-22 permanganate number and all yield values
corrected to 20 permanganate number (36).

2. All values compared to merchantable bole, the values for which are
taken as 100.

(j) It has not been possible to reduce much of the literature pulping data
on tree bole, stumps, roots and other components to a common basis from
the literature data because of differences in pulping techniques, methods
of pulp evaluation, and methods of reporting.
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In a recent study of fibers from stump-root systems of Picea abies
(17a), morphological characteristics (Table’24) and pulping characteristics
(Table 25) were determined.
TABLE 24

Characteristics of Fibers from Stump-Root System of
Picea abies!

Characteristic Tree component
Merchantable Stump Roots more Roots 3 -
bole than 25 mm. 25 mm. diam.
diam.
Specific gravity of wood (g/cm>) 0.43 0.42 0.54 0.34
Fiber length (mm - weighted average) 3.07 2.16 2.29 3.34
Compressed fiber width (u) 56 51 50 56
2 x Wall thickness (n) 4,0 3.6 4.9 4.0
Wt. per unit length of fiber (mg./m.) 0.25 0.22 0.28 0.26
Zero - span tensile 22.0 18.5 19.8 12.2

1. Three trees of 7-12" dbh, 100-120 years old.

TABLE 25

Properties of Kraft Pulps from Stump-Root System
of Picea abiegl

(A1l values shown for kraft pulps at 30 Kappa number,
beaten in a PFI mill to 9,000 m. breaking length)

Characteristic Tree component
Merchantable Stump Roots more Roote from

bole than 25 mm. 3-25 mm.

diam. diam.

Degrees Schopper - Riegler 20 18 32 57
CSF (approx.) 600 630 400 160
Tear factor 205 165 165 150
Burst factor 76 74 68 73
Double folds, number 6,060 4,600 5,200 5,000
Refiner revolutions (PFI mill) 5,600 4,500 7,260 14,700
Bulk (cm.>/g) 1.35 1.25 1.30 1.10

1. Three trees of 7-12" dbh, 100~120 years old.
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For a number of young hardwood species in Maine(k) (Alnus, Betula,
Populus tremuloides, Acer, Prunus and Salix species) the yield and quality
of pulp from the stump-root system compared with pulp from the comparable
bole, was highly variable:
Percentage value for pulp from the

unbarked root-stump system compared

h isti .
Pulp characteristic with values from comparable unbarked

bole = 100%
Pulp yield 70 - 110
Breaking length (m) 70 - 90
Burst factor ‘ 70 - 90
Tear factor 90 - 120
[Yield and strength of 90 - 100

complete tree - bark on]

The beating characteristics of pulp from stumps and roots is
sufficiently similar to that of pulp from bole that no serious difficulties
would be expected in the processing of pulp from the stump Or roots, or in the
quality characteristics of products derived from this fiber, either in pure
fiber furnishes or in blends of stump, root and bole fiber.

It is noted from Tables 20 and 21 that most of the studies on the
pulping of stumps and roots have been carried out on coniferous species. The
very limited data available on the pulping characteristics of stumps and roots
from deciduous species (i.e. Ref. 76) would indicate that the general principles
outlined above would be applicable to deciduous root or stump pulp; one
exception might be pulp yield, which might be lower for pulp from deciduous

roots than for pulp from coniferous roots.

(k)

Private communication from H.E. Young relating to his "puckerbrush' studies.
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EXTRACTION AND PROCESSING OF TREE COMPONENTS
Only a limited amount of reseérch has been done on the extraction
and processing of complete trees, per se. The following section outlines
the results of several studies which have a direct bearing on complete-tree
utilization.

Introduction

There are a number of problem areas relating to the processing of
complete trees for pulp manufacture. These areas concern the extraction of
complete trees, skidding, cleaning, transporting, barking and chipping the
various components, for the purpose of delivering the desired component to a
processing unit in the desired form:

- clean logs to a plywood plant, sawmill, or pulp mill;

- clean chips to a pulp mill;

- debris chips, barked or unbarked, to wood hydrolysis, composition board,
cement board plant, etc.;

- comminuted wood to a composition board plant, chemical or extraction plant;

~ delivery of foliage to a chemical extraction plant.

in the following section, complete-tree utilization is considered
in terms of preparing the components for use,

Complete~Tree Extraction

0f the methods studied for complete-tree extraction, lifting,
pushing, pulling or blasting, pushing the trees over with a tractor blade has
proved the most efficient.

Tn a detailed review of stump extraction sponsored by the FAO (12),
the various methods of extracting stumps have been reviewed in considerable
detail, with the type of equipment used, power requirements, and production

rates for various methods. Four general categories of removal are considered:
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1. Vertical force only;

2. Horizontal force only;

3. Combination of vertical and horizontal forces;

4, Internal force (blasting).

As applied to complete-tree extraction, no method has been
developed as yet for lifting whole trees out of the ground because of severe
damage to the butt end of the trees, and because of the lack of control,
resulting in hang-ups and damage to other trees.

Extraction by Pulling Up the Trees

With a sufficiently powerful crawler tractor, capacity can be high
by this method -~ 180 to 200 trees per shift (12) - but the safety hazard is

high.

Studies on the Extraétion of Complete Trees by Pushing or Pulling Over

In Poland, Hungary, Italy, East Germany and Russia, this method has
proven itself to be unsatisfactory and inefficient.

Dynamometric measurements on the extraction of whole trees were
carried out in the Warsaw Forest Research Imstitute (10, 11). The torque
required for uprooting Pinus sylvestris and Betula verrucosa on sandy soil
under summer conditions is shown in Table 26.

TABLE 26

Torque Required for Uprooting Pine and Birch

Trees - References 10 and 11
Dbh (cm.) Torgue in 1,000 Kg.
Pine Birch
Less than 25 7 7
26-30 10 i1
31-40 16 17

41-50 20 -




In a detailed study of the extraction of stump-root systems and of
complete trees in Finland (43), it was found that efficiency was low in pulling
out trees compared with pushing them over. In the extraction of 43 Picea sp.
in rocky ground, the time required was: |

For cable transfer........... 6.2 minutes
For rigging c.ooosseessosscso 4.2 minutes
For pulling the tree down.... 3.7 minutes
For disengaging the choker... 2.8 minutes

For Pinus sp. on rocky ground, the average time required to remove
the choker from the extracted tree was 10 minutes. The time required for
pushing trees down with a HD-6 tractor was 2.4 minutes for trees less than
14 inches dbh and 3.1 minutes for trees greater than 14 inches dbhm)°

In general, removal of complete trees was found to have considerable
advantages over felling trees and extracting stump-root systems, in part
because of reduced power extraction because of lever action of the trees
themselves and, in part, because of greater ease in skidding and hauling.

Another possibility in complete~trze utilization would be tree
felling followed by extraction of the stump and some part of the root system
by means of an auger, such as the Capacetti (18) or Levaceppi (25).

The choker height at which a tree of given dbh can be overthrown

by a winch with a drawbar pull of 3.000 kg. is shown in Table 27.

W

The tractor blade force against th

@ bole at three feet above ground level
was sufficient to damage trees at the

contact point to a depth of one inch.
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TABLE 27
Choker Height for Overthrowing Pine and Birch Trees

References 10 and 11

Choker ht. from Diameter Class at 1.3 m. ht.
ground (m) . (diam. in cm.)
Pine Birch
2 Less than 23 Less than 24
3 24-28 ¢ 24-27
4 29-33 28-32
5 . 34-39 33-~37
6 40-45 38-43

At a fixed choker height of 3 m., the drawbar pull required to

uproot pine and birch trees is shown in Table 28.

TABLE 28

Drawbar Force Required to Uproot Pine and Birch Trees
(choker height 3.0 m. above ground)

References 10 and 11
Force in 1000 kg. required for :

Dbh (cm.) Pine Birch
Overthrowing Extraction Overthrowing Extraction

Less than 26 2.5 1 2.5 2.0
26-30 3.5 2 3.5 3.3
31-40 5.3 3 : 5.5 5.3

41-50 6.5 3.5




Table 29 shows the force required to extract complete pine trees
under summer conditions by pushing them over and pulling them out, as a
function of dbh (40).
TABLE 29

Force Required to Extract Pine Trees by Pushing Over
and Pulling Outl

Dbh {(cm.) Max. Moment of Force in Force Necessary to Extract
extraction of pine frees pine trees by pulling them
by pushing them over out

(Metric tons) {Metric tons)
20 2.8 0.7
.24 5.4 1.4
28 7.4 1.9
32 9.4 2.4
36 10.8 2.7
40 19.4 4.8
44 26.0 -
48 23.2 -
52 25.6 -
56 27.5 -
60 32.9 -

1. . . .o
Trees extracted with a C~80 tractor (Russian manufacture) with
bulldozer blade attachment.

2°Choker set at 1.5-3.0 meters above ground along the tree bole.

The values shown in Table 29 are for pine in the over-mature
forests of Karelia. Compared with the values shown in Table 29, the
maximum forces required under various conditions are:

Complete spruce ifrees, summer conditionS.....oo.. 40% less

Complete birch trees, summer conditions ......... 33% less
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Large pine trees, winter conditions.....l.,5 times more
Small pine trees, winter conditions..... 2.5 times more

In Table 30 a comparison is given (40) of the productivity

resulting from the use of five different methods of extracting and preliminary

processing of complete pine trees

I.

II.

III.

IV.

(m) .

Tractor TD-40 with cable winch, choker set at 1.5-3.0 meters above ground
on the bole, complete-tree skidded to working platform where crown is
removed;

The same, but roots are removed with a chain saw at the working platform;
The same, but roots are removed with a chain saw at the felling site, and
roots and the remainder of trees are skidded séparately to the working
platform;

Trees extracted‘by cable and winch with a loader-skidder and whole trees
carried from the felling site;

Trees extracted by being pushed over with a bulldozer blade attached to a
TD-80 crawler tractor, and stump-root systems removed from the ground with

a bulldozer blade.
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TABLE 30

Productivity of Extraction and Preliminary
Processing of Complete Pine Trees

Characteristic Process method studied
I 11 111 Iv Y
Time spent in tree extraction 2.5 2.5 3.5 4.2 0.9

(minutes per cubic meter)

Time required for skidding a 6.7 9.6 18.5 6.6 5.0
distance of 100 meters {(minutes
per cubic meter)

Total time spent in extraction 9.2 12.2 22.0 10.8 5.9
and skidding {(minutes per cubic

meter)

Average load per trip (cubic 1.37 1.37 1.95 2.02 3.07
meters)

Estimate of productivity per 50.0  38.0  21.0 43.0 78.0

machine-shift (cubic meters of
clean wood):

Bole 41.0 31.0 7.0 35.0 64.0
Roots 9.0 7.0 4.0 8.0 14.0
Notes: Two-man crew operating in all cases

The average volume of the full bole is given as 0.6 to 0.8
cubic meters.

As shown in Table 30, the most efficient method of whole tree
extraction was found to be the use of a bulldozer blade on a crawler tractor,
pushing trees over with the blade and use of the blade or special prongs to
tease out the stump-root systens.

Cleaning Stump-Rool Systems

Cleaning roots will be one of the more serious problems in
practical complete-tree logging and utilization, particularly for pulp use.

In a Finnish study (43), stump-root system in the extraction of Pinus sp.
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from stony ground contained approximately 507 of the total weight in
earth, sand and stones. In a study of five méthods of cleaning stump-root
systems of Pinus sp., the times in Table 31 were found.
TABLE 31
Cleaning Stump-Root Systems in Complete-Tree Utilization
Reference: 40

Method Time required to clean
one root-stump system

By Hard Impact:

with or without bole attached; component 1.1-1.6 minutes, bole removed
raised to 2-4 meters and dropped 3-8 times on
to a hard surface

Hydraulic:

roots (bole separated) subjected to a water 2-7.6 minutes
jet at 6 atmospheres pressure

Alr Jet:

roots (separated from bole) blasted with air 20-60 minutes
at 7 atmospheres pressure

Vibration Shock:

vibration hammer CM-3010, force of 3 tons. 0.05-0.28 minutes
Full trees(a), in both frozen and unfrozen
conditions, used on trees up to 40 cm. diameter.

(a)This method is used successfully under both summer and winter conditions and
on trees up to 40 cm. diameter.

It is apparent from the data in Table 31 that the vibration-hammer
method is many times more efficient than any of the other methods tried in
cleaning stump-root systems. The problem of cleaning stump-root systems can
be reduced appreciably by the use of vibration during extraction (3); in
addition to removal of debris around the roots, the power requirements in

extraction are reduced by approximately one third.
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Skidding and Loading

Only limited studies have been made on skidding complete trees,
compared with studies on tree-lengih skidding and loading but, in gemeral,
it was found in one study that conventional skidding equipment could be used,
with some increase in hazard (40). No particular difficulty was encountered
with the unloading and loading of complete trees, compared with tree-length
logs, although with some equipment the productivity was reduced.

This is an area in which further study and research and development
and field trials are required.

Transportation

Because of the bulk factor of the complete tree roots {(which cannot
be left to hang over the back of a logging truck), as is the case in tree-length
logging, the capacity of a haul will be substantially reduced (to 1/2 or 1/3 of
normal load) where conventional logging trucks are used. The problem is mainly
one of properly designing logging trucks for complete-tree transport, and
considerable research and development work is needed in this area. A number
of problems will have to be solved in this area before complete-tree extraction,
cleaning and transport can be reduced in cost to be competitive with conventional
logging production, on a basis of unit weight of usable fiber delivered to the
point of use. Where fiber is in short supply substantially increased costs
could be borne, since the additional cost of added fiber would be equated in part
against the profit on products produced and not on wood costs alone.

A number of problems will have to be solved. These problems include:
- The type of truck design best suited to complete-tree hauling;
~ Cleaning stump~root systems at or close to felling sites, so that the dirt,

stones and debris do not have to be hauled;

- Road design and construction which will permit complete-tree (or tree-

length) hauling.



- 45 -

In a study of ghe economics of complete—tree utilizatiom, it was
found that, with the use of conventional equipment, the cost of logging
complete trees was less than the costlof tree-length logging (40). However,
the delivered cost of usable fiber to the point of use (in this case, a
railroad siding), was approximately 25% higher for complete-tree logging than
for tree-length logging, the higher cost in the former case being due to the
substantially higher hauling costs.

Removal of Roots from Stumps

In one study (40), the most efficient method of removing roots from
stump cores was found to be by means of a pneumatic drill equipped with a
chisel. Production rate was 4.5 cubic meters per man shift. Presumably this
cost could be very substantially reduced by the development of in-line equipment
for removing roots. Considerable research and development is required in this
area.
Barking

Documentation of problems encountered in attempting to debark roots
and stumps has not been included in the present review; most of the reports
on tree-component pulping studied make some reference (43) to the difficulty
of removing bark, particularly from stumps. Bark inclusion is likely to be
high in roots and, to the extent that this is true, it may be necessary in
pulping chips from stumps to develop more efficient methods for separating
bark and chips. Because of the wide variation in stump geometry, particularly
of the below-ground part, it may be necessary to develop several methods of
barking, chipping and bark-chip separation, or to use the stump-root system
in the manufacture of types of products where contamination is least damaging

to quality, as in the manufacture of corrugating medium.
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Chipping

Most reports of studies on attempted processing and utilization
of stump-root systems refer to difficulty in chipping (43) or to the poor
quality of chips obtained by the use of conventional chippers (42)(n>.
Where chips for pulping are prepared from stumps, the problem is two fold.
Because of the geometry of tree stumps, they tend to bounce around in a
conventional chipper spout and, like short blocks, give a low percentage of
acceptable chips compared with the percentage of acceptable chips from
comparable boles. The percentage of over—sized chips is high and, if these
are sent to a re-thipper, the percentage of fine material becomes excessively
high. In addition, conventional chippers are designed to remove chips at a
specific angle to the wood grain and, where the wood grain is approximately
parallel to the walls of a chipper spout, acceptable chips are obtained with
a maximum retention of fiber length. In the case of stumps, however, and

particularly in below-ground components, fiber orientation can be at every

H

possible angle with respect to the original bole direction.. Consequently,
many of the chips are cut at right angles to the grain, and chip length is,
say, 1/8 inch rather than the desired 3/4 inch. The strength of pulp from
these chips will be 30-40% lower than the strength from a chip 3/4 inch in
grain length.
The best means of comminuting stumps for pulping found to date has

been use of a hog or crusher (42) which simply breaks stumps into variable~
sized chunks. This method of wood subdivision is far from satisfactory,

since it means an appreciable loss of the strength ipherent in stump fibers.

AY

(n}Some of the apparently inconsistent results reported in the literature for
the quality of pulp from stump wood may be due to poor chip quality rather
than to the inherent pulping potential of the raw material. Consequently,
it is considered desirable to use hand-cut chips in all pulping studies on
tree components, particularly stump-root systems.
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Considerable research and development will have to be dome in both barking
and chipping of stumps and roots in order to realize the yeild and strength
inherent in the faw material for pulp production. An entirely new principle

of removing bark and of subdividing stumps is required(o).

Summary

An assessment of studies made on the extraction and processing of
complete trees for pulping Would indicate that the following procedures offer
the greatest promise in terms of low cost and high efficiency:

Extraction of Trees from the Ground

The trees are pushed over with a protected bulldozer blade or pusher bar,
the pressure being applied approximately three feet above ground level.
A felled tree is then removed from the ground by means of vibrating root
prongs on bulldozer blade or pusher bar.

Cleaning Stump-Root Systems

Stump-root systems are freed of rocks, sand and earth with an impact or
vibration hammer, either at the felling site or after skidding complete
trees to an upper landing.

Complete~Tree Transport

No satisfactory equipment has been developed for transport of complete
trees. In the use of conventional logging trucks to transport complete
trees, the load was decreased by approximately 50% (40) compared with
transport of tree~length logs.

Separation of Tree Components

Separation of complete trees will ultimately involve a series of

processing steps, which would include:

(o)

One possibility for comminuting stumps might be to soak stumps in
cooking liquor until they are sufficiently soft to separate readily
into pieces small enough to feed to a digester. Another possibility
would be to develop a process for cooking stumps without subdivision.
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~ Separation of stump~root systems from boles by means of saws;
- Delimbing above-ground parts of trees, as with an iris-type, in-line
delimber;
- Separation of foliage from branches;
—~ Removal of roots from stump-root systems. Thus far the most effective
means of doing this has been found to be with a vibration chisel (40).
Debarking
Processing equipment will have to be developed for remowal of bark
from stumps. Roots can be debarked in a Cambio-type barker, but there is no
operating experience for so doing. Use of roots in conventional pulping
processes will require considerable research and development work.
Chipping
There is no satisfactory method for chipping stumps other than
present use of a hog. UNew principles and processing equipment will have to be

developed before the full potential of stumps as a raw material for pulp

manufacture can be realized. ZLarge roots can probably be chipped in a conventional

chipper, but new types of chippers will have to be developed for small-diameter

material.
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APPENDIX T

NOMENCLATURE

General
It is important that a uniform and consistent nomenclature be used
in reporting biomass or component biomass studies, and that a standard
nomenclature be adbpted for reporting logging practice. Reference may be made,
for example, to tree-length logging (that is, logging all of a tree above the
stump, where full-bole logging is intended. 1In the present review the following
nomenclature has, in general, been used:

Complete tree - includes all the component parts, twigs, top, leaves,

needles, cones, branches, roots, stump, bole and bark.
Tree length - complete tree minus the stump and roots, but including
leaves, needles, branches, cones and top.

Full tree bole - the trunk or bole or a tree, from the stump to the

tip, minus all leaves, needles, branches, cones and twigs.

Long-length logs - tree bole from the stump to the bottom of the

unmerchantable top of bole, or to some length appreciably greater
than has been standard practice.

Tree Components

Any classification of tree components must be, to a considerable

(p)

extent, arbitrary , since it may be difficult or impossible to define. Unmerch-

antable top of a bole is that part of a tree defined by the top diameter to which

) One extreme difficulty in analyzing data on biomass or tree component studies
arises from the fact that the components cannot be rigidly defined, and from
the fact that a common nomenclature and a common procedure for selecting and
measuring the components are not used. For example, much of the Russian
literature on the biomass of foliage available from various wood species
presents data in terms of foliage plus all twigs or branches less than 0.6 mm.
diameter. From a practical point of view this is a realistic classification,
since the amount of chemicals extractible.or derivable from twigs up to 0.6 mm.
in diameter is sufficiently high to warrant processing, but it does pose a
problem in comparing these data with other data in which foliage is differently
defined.
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a bole is cut for a given wood species by local logging practices. Similarly,
a merchantable bole may be defined as that part of a tree from a distance
normally varying from O to 1 foot above ground level to a top diameter varying
from 2 to 8 incﬁes.

TREE COMPONENT CLASSIFICATION

In the complete-tree utilization studies of the Department of Fisheries
and Forestry, the following classification of tree components has been used.

Unmerchantable top of bole = bottom diameter of the unmerchantable top of

bole is defined by local logging practice, and may vary from as high as

6 to 8 inches (in British Columbia) to 2 inches or less (in Finland).
This is a relatively minor point, since tﬁe percentage involved would
normally be quite small, but in pulping studies the unmerchantable top

of bole less than 1 inch in diameter should be included with the branches
less than 1 inch in diameter, not only because this part of trees would
be expected to give a similar type of pulp, but also because tops less
than 1 inch in diameter would have the same problems in barking, chipping
and handling.

Branches 1 inch in diameter or greater - normally free of needles, shoots,

cones, and needle-bearing twigs. These branches can be considered as a
potential source of raw material for pulp fiber.

Branches less than 1 inch in diameter -~ not suitable for pulping(q).

Foliage — all needles, leaves, shoots, cones, flowers and twigs.

Bole - that part of the tree extending from the stump to the bottom of the
unmerchantable top.

Stumps ~ from the bottom of the merchantable bole to those sections where

the roots can be removed conveniently.
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Roots less than 1 inch in diameter ~ cannot be used for pulping(q).

Roots 1 inch in diameter or greater - can be considered as a source of
raw material for pulp fiber.

Bark.

(q)

This should be considered as a tentative assumption. In a recent
communication, Harold E. Young notes that he has recently pulped alder,
grey birch, aspen and pin cherry ranging in age from 6 to 20 years, and
has found that the yield of pulp from the unbarked branches, bole and
roots has averaged 41%. Professor Young points out that the long bast
fibers in young bark may be an asset in pulping this material.
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CHECK LIST OF SPECIES CITED BY TABLE AND PAGE

Name Table No. Page No.
Abies sp. 28
A. alba 6 9

A. baleamea

A. lasiocarpa
A. veitchit
Acer sp.

A. rubrum

Alnus sp.
A. rugosa
Angiosperms
Betula sp.

B. papyrifera

B. verrucosa

Canadian sp.

Cryptomeria japonica

Equatorial forests

Fagus sp.
F. gylvatica
Fraxinus sp.

General

1, 2, 3, 7, 8, 9, 10,
14, 15, 16, 20, 21,
22, 22

18, 22

18

1, 2, 4, 7, 8, 9, 10,
14, 15, 16, 20, 21, 22

12
12

5

i, 2, 4, 7, 8, 9, 10,
14, 15, 16, 20, 21, 22
11, 12

18

5

5, 18, 22, 22

2, 3, 4, 5, 6, 11, 12

13, 16, 17, 22, 23,
24, 30, 31, 32

32

26

35

3, 4, 5, 7, 10, 11, 12,
13, 17, 22, 23, 24, 30,
31, 32

35

20

20

4, 8, 35

3, 4, 5, 7, 11, 12, 13,
17, 22, 23, 24, 30, 31
18, 20, 37

26

8

8, 26, 31, 32
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Name Table No. Page No.

Gymnosperms 12 20

Kauri 21 31

Larix decidua 6 9

L. europaea 12 20

L. sibirica 18 26

Mangrove forests 12

Nothofagus truncata 5 8

Picea sp.

iU

o

SERICII

abies

excelsa

glauca

albertiana

glauca var.

rubens

Pinus sp.

F

v v M

caritbaea

contorta var.
latifolia
denéiflora
palustris
radiata

strobus

5, 18, 20, 22

5, 12, 18, 24, 25
6

3, 18, 22

22

1, 2,3, 7, 8, 9, 10,

14, 15, 16, 20, 21,
22

5, 18, 20, 22, 22

1, 3, 10, 20

5, 11,18, 22

5

1,3, 10, 20

1, 2, 3, 7, 8, 9, 10,
14, 15, 16, 20, 21,
22

4, 8, 26, 28, 32. 38

7, 8, 20, 26, 34

9

6, 26, 32

32

3, 4, 5, 6, 11, 12, 13,

17, 20, 23, 24, 30, 31,
32, 34, 35, 36

4, 8, 26, 28, 30, 32, 38,
40, 43

2, 3, 6, 17, 30

8, 18, 26, 32

7, 8
3, 6, 17, 30
14

3, 4, 5, 6, 11, 12, 13,
17, 22, 23, 24, 30, 31
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Table No.

Page No.

P. sylvestris

Populus sp.

P. balsamifera
P. davidiana
P. tremuloides
Prunus sp.

Pseudotsuga menziesii

Quercus sp.
Q. robur
Salix sp.
S. babilana

Thuja oceidentalis

7. plicata

Tsuga sp.

7. canadensis

T. heterophylla

Vacinnium corymbosum

5, 6, 11, 12, 13, 21

1, 2, 4, 8, 10, 14,
15, 16, 20, 21. 22
22
12

7, 9, 12

.5, 6, 18

12

12
1929 39 79 89 99 10’
14, 20

1, 3, 10

1, 2,3,7,8,9, 10,
14, 15, 16, 20, 21,
22

1, 3, 10, 15, 16, 17,
19, 20, 23

12

8, 9, 18, 19, 20, 21, 31,

37

3, 4, 5, 7, 12, 17, 22,
23, 30, 31
32

20

9, 13, 20, 35
35

7, 8, 20

8, 9, 13, 26
20
35
20
3, 4, 5, 6, 11, 12, 13,
17, 22, 30

3, 5, 6, 17

28

3, 4, 5, 6, 11, 12, 13,
17, 22, 23, 24, 30, 31

3, 4, 5, 6, 11, 12, 13,
17, 22, 23, 24, 30, 33

20



100

11.

12.

13.

149
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