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"Knots and the Desirability of Pruning." 

Introduction: 

There is at the present more than one-fourth of the ent- 

ire land area of the United States still in forests or suit- 

able for timber production. In farm woodlots and other small 

holdings alone there are 185 million acres of timber land. (12) 

The proper use of this vast acreage is very important to the 

Nations prosperity, in that these woodlots furnish a source 

of wealth and employment to thousands of farmers. A large 

proportion of this woodland is now producing only knotty sec- 

ond-growth; theref or it is important that woodland owners 

know the effect of knots on the quality of lumber being pro- 

duced on their lands and the ways they can use to avoid this, 

to obtain the maximum amount of clear wood. The clear lum- 

ber now produced in American sawmills is being cut mainly 

from virgin-growth trees several hundred years old. Many of 

these trees were sawlog size before they produced any clear 

lumber at all. As will be seen later even in densely stocked 

stands the death and disintegration of side branches is very 

slow, dead branches may persist on a tree longer than a man's 

life. 

Within the recently few years the Forest Products Labor- 

atory has made a detailed study of knots in timber trees and 

the ways of obtaining clear lumber in small second-growth 

woodlots. This research by the Forest Products Laboratory 

should be very benefical to farm wood-lot owners, timber 

growers and foresters in pointing out the desirability of art- 
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ifical pruning and silivicultural ways of improving the qual- 

ity of lumber taken from these second-growth stands. The study 

at the present is only the first step in the general problem 

of pruning to reduce the knotiness oT lumber cut from short 

rotation second-growth timber. More definite information is 

neede at the 'present on pruning costs and methods, and other 

pruning problems such as the time of year to prune, the rei- 

ationship of the size of branch pruned and the time required 

to occuled, and to what extent pruning :hould be carried on 

in a given stand of timber. 

The purpose of this thesis is two fold, Firt to show 

the effect of knots on the strength properties of wood. Thus 

forming a basis for grading lumber under the American Lumber 

Standard. Also to f amilarize the reader with the different 

types of knots, what causes them, and how they are studied 

for research. Second to show how the tiniber of the future 

namely the second-growth can be made to produce the clear 

lumber that is now gotten mainly from the old virgin stands 

of the last forest frontier. 

As was stated before so very little is known as yet on 

large scale pruning that no definite conclusions can be rea- 

ched as yet. We know that when our large old growth timber 

has been cut that our main source of clear lumber will be 

gone and the only way to improve this condition will be to 

artifically prune the second-growth forests. This may seem 

highly unlogical at the present, but in the near future, un- 

logical thoughts will change to logical realities. The data 
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that is contained in this thesis on pruning i scattered and 

varies, little experiments in pruning have been done in the 

southern pines, more in the northeast mainly in eastern white 

pine, a little in western white pine in Idaho, and very little 

in the Douglas fir or Ponderosa pine regions. Therefore the 

material presented here covers the whole United States, with 

nothing too definite about any of it. A paper written on this 

subject twenty years from now would, I believe have a much 

larger scope and more definite conclusions to reach. 

With this in mind we will first look into the causes ot 

knots and how they are studied for research. A knot as defin- 

ed by the dictionary is," Any swelling in the tissues of a pl- 

antm as the node, of a grass; hence the hard, irregular lump 

formed at the base point of insertion of a branch in a tree 

trunk, also a cross section of this in the surface of wood.TT 

To make a clearer definition of a knot it may be summarized 

as a portion or a branch that has become embodied in the bole 

of the tree.(l) Branches are an important part of a tree and 

every genus of tree has a different form of branching. In gen- 

eral the coniferous trees have their branches in whorls, each 

set of whorls being initiated at the base of the terminal bud 

of the next season while the hardwoods usually have alternate 

branching and knots maybe found at any place, along the main 

bole of the tree. Knots as found in lumber are the results of 

a branch or limb having died, broken off and over grown with 

clear wood, or a live branch having been pruned and grown over 

to produce clear lumber on the outside with knotty lumber near- 
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er the center of the bole. In making a research study of knot 

formation, causes and effects by the Forest Products La'oora- 

atory the following ethod was derived. The first step in the 

study was to saw the trunks of the trees to be studied into 

billets eight to ten inches long, sawing only in the clear 

wood between the branches. Next these billets were sawed rad- 

ially on a band saw, the cuts being made to bisect all the 

knots and knot scars shovm on the outside of the trunk, fur- 

ther cuts were made nearer the center of the trunk at right 

angles to the radius, exposing the knots that had completely 

overgrown. These knots were also bisected longitudinally. The 

complte record of whole trees were recorded. The information 

recorded from each tree studied included the following, the 

height above the tump of each successive branch whorl, the 

number and size of knots at each branch whorl, the sge and 

size of the limbs forming the knots, dead, the length of time 

for the dead stubs or limbs remained on the tree, the length 

of the overgrown dead portion of limbs, and the amount of pit- 

ch or bark around the knots. (12) 

In one study made by the Forest Products Laboratory in 

second-growth it was found that under equal forest conditions 

branches on the tolerant species remained greener longer 

and produced larger intergrown knots than did the branches 

of the more intolerEnt species. There was however no differ- 

ence between the length of time the dead branches persisted 

on either tolerant or intolerant trees. The average diameter 

of knots in successive higher whorls above the ground to a 
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height of twenty feet was found to increase in all the species 

studied. No definite correlation between dianeter and length 

of dead knots could be found in this study. 

There are two main types of knots namely - encased knots 

and intergrown knots. The encased knots are also known as 

dead or black knots, while the intergrovrn knots are live knots 

that is the lumber was cut from the bole of the tree while the 

knot was still alive; they are sometimes called live knots. In 

encased knots the annual growth ring of the knot is not inter- 

grown with the surrounding wood, and may result in a loose 

knot or a knot hole, when the board is seasoned. While in in- 

tergrown with the surrounding wood (as the name implies), so 

that a tight knot is formed when the board is seasoned. (5) In 

this connection though it should be stated that with intergrown 

knots because they are hard and dense a larger amount of shrink- 

age takes place in the knot than in the surrounding wood, this 

sets up a stress in the knot and may cause it to crack. 

Other types of knots include round knots, caused by a 

knot's face sawn oval or round in appearance. Spike knots are 

branches or limbs sam lengthwise, they usually cause a loose 

knot or check badly when seasoned. 

In grading lumber by the Jrnerican Lumber Grading Standard 

the c clears ' are mostly free of all knots, the B and btr, 

are knot free while the C and D clears will only allow small 

pin knots. In the grading of " Commons!? number one and two 

common are graded on the basis of no waste thereby eliminating 

the size and also the number of knots permitted in these grades. 
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The grades of number threes, fours, and five common allowing 

for a limited amount of waste respectably, allow also a few 

knot holes. 

Shop lumber is graded on the basis of the percentage of 

clear door cuttings that can be gotten from the lumber, this 

is also greatly limited by the number and placenent of the 

knots. The number and size of the knots are also determined 

by the species that are used for the specific purpose. Lu- 
ber itself is graded mainly on appearance, and appearance is 

affected sorne what by knots, construction material is graded 

on the basis cf strength properties. Here again knots are a 

important factor in determing the different grades. A fsctor 

that comes up here that may seem untrue is that knot holes 

are a strong as tight knots in the bending strength of a 

beam or ntringer. The reason for this is that knot holes 

are accompanied ty less cross grain than are intergrown knots 

and therefore do not effect the bending strength anymore than 

a tight knot. The veakening effct of knot: is greater on 

the tensile rather than the compression strength of the wood. 

In structural beams simply supported, the knots on the lower 

side are in tensión while the upper knots are in compression 

and the knots in the middle are in horizontal shear. It is 

the lower knots in a beam with a load on it that effect the 

strength of the beam. The knots in compression have very lit- 

tle effect on the strength properties of the beams, as d.o th 

neutral knots, having horizontal shear. Knots have little 

effect on the stiffness of a beam. In short or intermediate 

columns the reduction in strength caused by knots is direct- 
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ly proportionsl to the size of the knot, although large knots 

hav' a higher roortiona1 effect on the strength than do the 

smaller knots. Knots in round material such as poleE: and pii- 

ing have less effect on the strength than do knots in sawed tim- 

bers. (i) From observations made of trees and poles broken by 

high winds or broken by felling and by tests made on round pie- 

ces failure often occured between the knots rather than right 

at the knots. 

While dimension material is graded on a slightly differ- 

entbasis than construction material, knots are again one of 

the main factors entering Lnto the basis for grading. The 

best grade of dimension or the nuiber on dimension is graded 

partly by the size of knots in relation to the size of the 

piece. In the lower grades of dimension, number two and three 

dimension admit larg, coarse, unsound knots, with a few knots 

holes found in the lower grad.e of number three dimension. 

Now that we know the effect of different knots and knots 

sizes on the various lumber grades and the strength properties 

of construction material, the question of how knot sizes are 

determined for the basis of grading, should be answered. As 

was stated before when a knot on the top or bottom face of 

beam or stringer occupies a given portion of the width the 

strength is then reduced in approximately that proportion. 

Therefore to get a basis for grading such knots, the size of 

the knot is taken as the width between line., enclosing the 

knot and parallel to the sides of the piece. Knots found on 

the narrow face of plank and joist are only measured when the 



the piece is "boxed heart" or when the piece is side cut with 

edged grain on the wide faces. 

Because of the differing uses between beams and stringers 

and joist and plank there is a difference between the inesure- 

ment and limitation of the rnots on the v.Tide faces. In the 

measurerneït of knots for beams and striners the smallest dim- 

ension of the knot on the wide face is sufficient to show the 

effect of the knot on the strength. While in measuring knots 

for joist snd plank the reduction of the eífActive width of 

the piece is afforded by the average diameter of the knot. The 

largest size of knot rermissib1e along the center of the wide 

faces of joist and plank is determined by the effect on the 

bending strength when the piece is used flatwise. 7hen deter- 

mining the size of knot permissible for the edge of either 

joist or plank the effect is considered when the piece is used 

on edge, the height of the piece being assumed to be reduced 

by an equal amount to the size of the knot permitted at the edge 

of the face. (i) 

In determining the size of knot in posts and timbers the 

average diameter of the imot is used as the measure of the re- 

duction of the effective cross section of the piece. In this 

case the size of the knot permitted is the same regardless of 

the knot's position in the piece. Since an increase in the 

size of knots .ncreases the deviations in grain direction, the 

knot sizes beyond a certain point are only permitted to incr- 

ease in proportion to the square root of the width of the face, 

otherwise within these limits the permitted sizes are directly 

proportional to the width of the face of the piece. Knot in 
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groups and clusters are prohibited because the individual knot 

sizes are not a good measure of the deviation of grain and their 

resulting effect on the Etrength of the piece. In connection 

wih this, knot holes and holes caused bj other means than knots 

are measured and limited as provided for knots, as explained 

before knot holes are just as string as tight knots, and are 

consenuently measured and graded on the same tasis. 

In limiting the size of knots on narrow faces, the size 

of knots on the narrow faces may he increased proportionately 

from the size nermitted in the middle one-third of the length 

to twice that size at the ends. While limiting the size of 

knots on the wide faces, the knot size may increase proportion- 

ately from the size per:nitted at the edge of the face to the 

size permitted along the center line. This limitation applies 

to both beams and stringers and plank an joists. The limiita- 

tionsis different on posts and timbers, on any face the size 

of the knot is t.ken as - the sum of it's largest and smallest 

diameter and the size of a spike knot is taken as half of the 

sum of its length and greatest width.(l) Also no two knots of 

maximum permissible size are allowed in the same six inches of 

length on any face. 

From the studies made by the Forest Products Lorstory 

in the various Tines, several factors under the head of silyic- 

ulture were found. The theory that the denser the stand the 

uicker the natural pruning would start is quite wrong. It is 

true that in the denser stands the lower limbs die earlier 

than if in the open, hut the dead branches remain on the tree 

so long after they are dead and all the time are foriTiing dead 



loose knots In the lumber to be cut. It was found in dense 

eastern white pine plantations dead branches and stubs remain- 

ed on trees 60 to 80 years.(3) Siliviculturally it was found 

that where more than 50 of the live crown was prined the gr- 

owth rate was greatly reduced both in height and diameter. In 

some species such as eastern white pine and the red pines which 

branch only at the terminal nodes, the number of knots there- 

fore depends primarily on the quality of the site, the density 

of the stand, and other external factors that influence the an- 

nual height of the trees.(2) In other words a tree that has 

many branches per whorl may contain fewer knots in the long 

run than a slower growing tree, and a fewer branches per whorl 

for any given length of bole. In eastern white pine and red 

pine the number of knots per whorl in the first twenty feet of 

the trunk is usually less than in the rest of the trunk. The 

maximum diameter of any knot is limited by the length of time 

the branch forming it remained alive, and the rate of growth 

made by the branch; the length of a knot depends on a number 

of factors mainly on where the branch broke off, close to the 

trunk or some distance from it. The length of the intergrown 

portion of any branch within the trunk of a tree is influenced 

mainly by the tolerance of the tree species, shading from the 

side, and other conditions external to the tree that influences 

the rate of growth. In sparsely stocked stands the tolerance 

of the species does not at first play an important part and the 

lower branches often remain alive for many years, until the 

surrounding trees have closed in and shaded the lower rarichès. 



11 

The associated trees in a stand and the density of their fol- 

iage may play an important part in the time that the side br- 

anches of the less tolerant species remain alive. A tree that 

grows rapidly when young will have a larger volume of trunk 

occupied by live knots than a more slower grown tree. Condi- 

tions causing slow grown trees are also usually conductive to 

the early death of the lower side brandhes, therefore in slow 

grown trees the live portion is shorter and the tot&l volume 

of wood containg nots is much smaller. Persistance of dead 

branches to remain on the trees is due primarily to the resist- 

ance of the wood to decay, pitchnes, size of dead branch, ani- 

aunt of heart wood, dryness of the dead branch; while the fac- 

tors that influence the dead branches to drop are fire, and 

climatic conditions such as temperature, wind, snow and rain(l2) 

While a dead limb or stub still protrudes through the bark 

of a tree trunk the formation of clear lumber is delayed. In 

slow growing trees the persistance of dead branches to remain 

on the tree are not so serious as in faster growing trees, from 

the standpoint of volume of knotty wood. For example if a dead 

branch remained on a slow growing tree for 25 years that only 

grew two inches in radius there would only be two inches of knot- 

ty wood, but on a tree that grew six inches in 25 yers there 

would be nine times that amount in volume of knotty material 

in the faster growing tree. The Forest Products Laboratory 

have found that with a mixture of both hardwood and conifers 

natural pruning was been hastened. In studying lumber obtain- 

ed from a mixed forest a higher percentage of clears was found 
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than in a pure stand, also the encased portions of knots were 

shorter. Hardwoods mixed with pines influence natural prun- 

ing at least two ways-- 

1. Provide heavier shade for the side branches of the 

pines. 

2. Under the denser shade of hardwoods the moisture con.- 

tent of the dead branches remain higher, thus creating 

a more favorable condition for decay. (12) 

Other factors influencing the persistance of dead branches to 

remain on the tree may in the case of the small branches be 

that they become so dry that the moisture content is too low 

to support the growth of wood destroying fungi. Also when 

dead branches of near by trees intermingle the breaking away 

from the trunk maybe delayed and even after breaking the br- 

anch maybe supported so that several more years are required 

before the branch is completely oliminated. 

No that it has ben:.shòwi that natural pruning is un- 

realable and very impractical for growing timber on short 

rotation, I believe we are resdy to look into the phase of 

artifical pruning. We know by now that clear lumber is only 

formed on the outside of a tree trunk, outside of the knotty 

core area. The clear lumber that is now taken from our for- 

ests is taken primarily from the larger old virgin-grown 

trees, that started natural pruning at an age even greater 

than some second-growth stands are now being cut on. In 

some eastern white pine it has been found through research 

that no clear lumber will be formed on trees lese than 80 
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years old. Such an age would be very impractical when con- 

sidering that all the clear wood would have to be put on 

after that age. In our coming second-growth stands a much 

shorter rotation will have to be used than we have in the 

old virgin growth, due to economic pressure and demand for 

lumber material. The only way out will be through artif- 

icial pruning. It should be stated right here though that 

artificial pruning is only justified where the value of 

the product will be raised sufficiently to more than off - 

set the cost of pruning, carried over a period, the length 

or the ròtation at say 4% interest. Artificial pruning can 

be and expensive undertaking and therefore only the best 

stands and the best trees within the stands should be pruned. 

The trees within a stand to be pruned are picked on their 

position within the crown canopy of the stand. It is a safe 

practice in picking the tree to be rruned to select the dom- 

inant and co-dominant trees. It has been found in white 

pine plantations that between 150 and 200 trees should be 

primed per acre. By careful selection of the trees only the 

crop tree will be pruned that will make the timber crop at 

the end of the rotation, and no loss will incurred by pruning 

trees that will be dead or undersized at the end of the rot- 

ation. 

The pruning done in Europe is done with three chief ob- 

jectives in mind. (2) 

1. To increase the value of the pruned tree. 

2. Free younger growth from overtopping trees. 
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3. Stimulate the expansion of the upper part of the tree 

crown. 

Up to now in this country the pruning has been done with the 

one thought in mind to increase the value of the pruned tree, 

these other two factors might well 'be regarded when estab- 

lished a pruning operation in a stand. It might be found in 

some stands that some of the younger trees are more healthy 

and have a better chance of making the optimum lumber prod- 

uction by the end of the rotation than do some of the older 

trees. A thinning process can usually be carried on while 

the pruning is being done, a will be seen later, this makes 

both operations cheaper and leaves a stand ready for real 

lumber production. If these operations were carried out to- 

gether the crowns of the remaining trees would have more 

room to expand in, allowing for an increase in the growth 

rate. Normal artificial pruning of a tree has a beneficial 

effect on the bole form, and reduces the excessive amount of 

taper. 

As to the artificial pruning, there are at the present 

three types of pruning offered. 

1. To prune only live limbs. 

2. Prune dead limbs. 

3. Prune both live and dead limbs. 

In pruning only live limbs a safe rule to follow is prune 

only those branches which do nor receive direct sunlight. 

This rule has been found to mean the live limbs up to but 

not including the live branches that interlace with the br- 

anches of the other trees. In no case should more than 5O 
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of the live crown '0e pruned, as the growth rate is greatly 

reduced when more than 50% is pruned. Ls we know live limbs 

pruned when grown over produce solid tight knots. ifl prun- 

ing dead branches all the dead branches should be pruned 

as they are not good to the tree and will only form loose 

knots or knot holes when the lumber is cut. In some dense 

stands at the first pruning it may be Dractical to prune 

both dead and live branches, depending on whether the total 

height to be pruned is done in one pruning or more. further 

insight will be given to this later. 

for the actual job of pruning there any number of tools 

that can be used such as - axes- machetes - bill hooks - 

knives - chisels- shears- clubs and many types of saws. 

Tools that have a single sharp cuttng edge such as axes, 

and machetes are fast hut do not do the best job of pruning. 

They also require a certain degree of skill in their use, 

or otherwise the pruned stubs are long and do not gro over 

soon, or the bark is bruised and makes for the entrance of 

decay. Knives, chisels and bill hooks are of little use in 

that they require ressure in their use that is hard to ap- 

ply were working off a ladder. However there is a new prun- 

ing tool out that require: pressure, and what experiments 

that have been done with it show favorably with shears and 

saws. The tool prunes the limbs by force of impact. Limbs 

up to one inch in daimeter and from six to seventeen feet 

off the ground are pruned. The tool consists of a blade, 

having a flat, parallel side faces with a formed equal con- 



16 

cave recesses in opposition edges. Each edge is ground for 

form a sharp cutting edge which can easily be resharpened, 

the blade can easily be attached to any length of handle de- 

sired. A limb is cut y impact, first on the lower half of 

the limb is cut then the upper half of the limb is cut thr- 

ough this is obtained by the concave cutting edges that make 

up the blade. An important advantage of this tool is that 

the lower side of a branch is cut first and when the limb 

falls no stub or torn bark is left. This tool has been pat- 

ented so it must have some good qualities about it. 

A new prunir shear has just recently been patented 

that has equaled the work done with a saw. The older types 

of pruning shears were heavy and awkard to handle, having 

only one sharp cutting edge, the blade had a tendency to 

creep out on the branch when it was being cut off. This new 

pruning shear has a 5O increase over the size of a branch 

that could be cut with the older types. This pruner has an 

overall length of 20 inches and wèighs 2 pounds and will 

make a smoother cut than a saw on branches up to l.- inches. 

(6) This same tool is being made into a pole hear for pr- 

uning a full log length. This tool may in the future be 

better for high pruning than the pole saw or ladder and 

saw. There is such a variety or pruning saws that only a 

few will be described. Up to the present the pruning saw has 

been doing the best and slightly the fastest job of pruning. 

From tests made with pruning saws a saw with a slightly cur- 

ved, narrow blade 14 inches long, with o to 8 teeth per 
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inch and a pistol grip were found to be the best. They were 

easier to start and manipulate than the larger saws, 22 to 

26 inches long with less than 5 teeth per inch. The saw 

best suited Thr use as a pole saw was found to be a curved 

stiff, narrow blade, with 8 teeth per inch. It is cheaper 

to make polesaws by buying the handsaw and attach the saw 

to the pole on the job. When ordering handsaws for pole 

attachnient it is necessary to specify that plates and bolts 

be included for attachment to the noies. If ladders and 

handsaws are to be used and the ladders are handmade they 

should not be made from 2"x4" s as they are too heavy, th- 

ere is a new ladder out now that is made from 2x2!Ts which 

is light and strong. An attachment to the top of a ladder 

has been devised to keep the ladder from slipping on the 

tree. It has been bent to fit the tree bole, and spikes 

that hold the ladder in place against the tree. 

The Forest Products Laboratory have been working on a 

portable power pruner but no definite conclusions have 

been reached as yet. The unit that has been devised consists 

of small circular saw, with a flexible shaft driven by a 

small portable gasoline engine. The whole unit only weighs 

60 pounds and at the present can be purchased for only $150. 

A height of 14 feet can be pruned and fast, good job is done. 

Heavier units consisting of a small gasoline engine and a 

generator or air compressor have been considered, such a un- 

it would weigh about 240 pounds and would be pulled through 

the woods by light tractor. Using a electrical outfit more 

than one saw could be used at a time and one-half an acre 
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could be pruned at one setup. hese nruners can also be us- 

ed for topping Celled trees, cutting under brush, as well 

as trimming roadside trees and orchards. (4) 

Other types of rruners include the Whitman Stub Gouger 

made of i- inch pipe welded on to a piece of spring steel. 

Used in breaking off dead branch stubs. Also there is a 

Bebo pruning club a wooden club with a strip of metal on it 

to keep it from wearing out, used in breaking off dead stubs, 

within reach from the ground. On the illarnette Forest here 

in Oregon CCC boys are pruning 50 year old trees knocking 

off live and dead branches 1.7 inches in diameter. (il) 

From the various experiments made in different pecies 

of timber trees throughout the United States the following 

brief descriptions were taken as to the prunin[ practices 

used, and what results were obtained if any. in one prun- 

ing experiment carried on in the Southern Pine that has tak- 

en over old fieds the trees were not dense enough to afford 

a ny natural pruning. In the past there has been a price 

range of 17 between B and btr. and no. 2 common long leaf 

pine, th number and grouping of the knots were tb main 

factor in the rade determination. Such a spread in price 

would more than pay for a job of artificial pruning. For 

actual comparison three factors were tested in getting the 

data for different pruning devises. One the man ho pruned 

the tree, two the time to the nearest one-hundreth , with 

a ston watch, and three the basal area and whether the br- 

anch was alive or dead. The results show that pruning to a 
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height of B feet a good handsaw as described before was fast 

and did a better job than a axe. Using a axe fo pruning 

required more skill and most of the men did a btter job and 

faster work with handsaw. or high pruning, comparing 

polesaws and ladders and handsaws the time varied dth the 

size of the tree and nen handling each. For efficient lad- 

der and handsaw work the tree must be 5 inches or larger in 

diameter, while nruning to height of 17 feet or riore the 

length of the pole is so great it is awkward to handle and 

the work is very fatigueing. On the averags it was shown 

that two equally good men, one with a ladder and handsaw, 

and one with a pole saw the pole saw was the faster on ned- 

ium sized trees and Truned to only one log length. (8) It 

is however easier to find .en to work with ladder and hand- 

saw thn using a polewaw. A rough estimate gotten from this 

experiment as to the total time of pruning in man-hours 50 

oould be added to the actual time of pruning in low prun- 

ing or o1e pruning for walking from one tree to another. In 

using ladder and handsaw a 60% increase should be used. 

Another interesting pruning research wasdone in hard- 

woods in Donnecticut. Here again the hardwoods have taken 

over old abandoned fields, the iardwoods are valuable for 

saw timber being mainly white oak, black oak, and black wal- 

nut, but not densley stocked. The branches in hardwoods are 

considerable larger than those found in conifers. From stud- 

ies made in healing and time required in sawing,no branches 

over 2 inches in diameter would be profitable to cut. This 
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then means that either more than one pruning would need to 

be done in successive years or stands with sufficient den- 

sity only should be pruned, that would produce only those 

lower sized branches. Up to 12 feet the rate of time in 

pruning seemed to be fairly uniform, but above 12 feet this 

rate of time rapidly increased. (o) 

In another experiment rruning was combined with thin- 

ning and all was done in one operation. Tools used were a 

heavy pruning shear, and a curved saw with a long handle. 

The thinnings were made with a axe, and the two jobs were 

found to work together by sing four men crews. One man 

going ahead and using the pruning shears to height of 8 feet 

followed by a man with a 10 foot polesaw, ollowing behind 

was the ax eman who did the thinning, and lopped and piled 

the 'rush. It was soon found that the man with the prun- 

ing shears could pune by the middle of the afte'noon enough 

trees to last the rest of the crew all day, and since the 

axeman could not keep up with the pruners, the first man 

was used the rest of the day for brush Filing with thc axe- 

man. No tool can be set up as the only pruning tool to be 

used. Conditions change as to the size and character of br- 

anches to be removed, the density of the stand, terrian and 

the labor. Local experiments should be done before any de- 

finite type of tool is chosen for pruning inthat locslity. 

Since we living in the Douglas Fir region and all 

are interested in Douglas fir improvement, the following 

detailed study of pruning in ouglas fir is set up. (io) 
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The smaller crop trees up to 2 inches in .B.H. should be 

pruned of all the dead branches only. All the other trees 

to be pruned as high as would be practical to do so. For a 

good economic practice the rest of the trees should be pr- 

uned to a height of 8 feet or any height between 12 and 18 

feet, however if pruning to a height of 18 feet and by re- 

moving a few morc' limbs a 20 foot clear log couLd be sec- 

ured it would be profitable to do so. At the present and 

probably in the future extra long lengths of clear lumber 

bring a premium price on the lumber market. 

Pruning a tree with the bark more thLn ? inch thick, 

with a handsaw the cut should be made into the outer bark 

to a point just outside of the inner bark, not through the 

cambium or the stub will not grow over. When using a pole- 

saw for pruning, flush pruning will be advisabl9 as it is 

difficult to cut into the bark with a pòlesaw without get- 

ting to deep. In live limb pruning the cut should be made 

through the. limb collor thus eliminating a enlargrnent of the 

knot at the point where it grows over. All the small stubs 

protruding from the bole should be carefully removed, as the 

careful work on the branches will be eliminated by a few sm- 

all stubs left on the trunk. 

While quality of work should not be sacrificed for speed 

a certain medium should exist as tó quality and quanity of 

work done. A foreman of a pruning crew should watch the 

time element and see that his crew is relative efficient af- 

ter the men have become accustomed to the tools and methode 
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of pruning. The following has been found to be the best cr- 

ew organization for pruning and thinning in Douglas fir and 

has been adapted by the United States Forest Service. 

1. Foreman - a man who is technically trained, his dut- 

ies are to train, direct and coordinate the work of his crew 

and record the daily progress of the work accomplished. 

2. Compasman - usually a CCC enrollee who has been pre- 

viously trained by the foreman in the use of a compass, in 

laying out the strips to be worked. 

3. Leader - A CCC enrollee trained by the foreman to 

pick out the crop trees and to designate the amount of work 

to be done on each tree. The leader is also responsible to 

teach the technique of pruning and thinning to others of the 

crew. 

4. Pruner - A CCC enrollee who has been trained to do 

the work in both high and low pruning with the maximum eff- 

iciency. 

5. Thinner .- A CCC enrollee who has been trained to do 

the work of thinning with the maximum quality and speed of 

work. 

This set up of course varies as to the number of men needed 

for each job and should be decided by the foreman in the 

fïeld. 

In the actual field work the foreman heads as many crews 

has he can handle. The compassman starts out first, and lays 

out and. marks the strip to be worked. The leader then starts 

out with different colored cloth streamers, applying a cert- 
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am color to each tree that is to be given a certain type of 

work. When the leader has marked enough trees in advance of 

the crew to last all day he then returns to the crew to sup- 

ervise the work. The runers and thinners then follow along 

and apply the required treatment to each tree and gathers up 

the streamers. In case of large crews this organization 

would not be practical and in such case each pruner and th- 

inner would have to know what was to be done on each tree. 

The slash should be scattered over the ground and when 

possible should be thrown into openings away from the liber- 

ation trees. Where branches or trees lay off the gound more 

than two feet they should be loDped off. 

Pruning lower branches in Douglas fir is only practical 

in young stands of reproduction. Douglas fir is very slow to 

prune itself even in dense stands, the lower limbs remain on 

the tree a long time after the limb has died. At the present 

very little is known about pruning in Douglas fir, much less 

than in some sections of the eastern forest species. From 

what is know about Douglas fir pruning the following can be 

advanced and probably will be improved upon as more of this 

work is done in the Douglas fir area. 

1. Only prune in densely stocked, even aged stands on 

the better sites, in which the dominant and òo-dominant trees 

are from 6 to 12 inches DB.H. Never prune Douglas tir open 

grown stands. 

2. Prune only the croe trees, about 100 trees per acre 

this is a 20' x 20' spacIng. 
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3. In most cases only remove the dead branches. If al- 

ive limbs are removed in dense stands only remove those 

limbs up to but not including the limps that interlace with 

the crowns of the younger trees. If open stands are pruned, 

where the limbs extend nearly to the ground, but do not inter- 

lace remove more than one-fourth of them. 

4. Where trees are of sufficient height and the above 

factors permit, it is practical to prune Douglas fir to at 

least a 18 foot log and even higher if not much more work is 

reiuired. Up to 24 feet have been pruned with extra long 

polesaws. In recent pruning carried on in the Willamette 

National Forest CCC boys with the use of climbers have been 

priming to a height of 4 to 50 year stands. With cheap lab- 

or this might be practical, but for a private company to 

hire men would not be profitable. 

In concluding it may be said that due to our decreasing 

virgin forests and our dependence on the second-growth of the 

future for our sources of lumber, it will be necessary for 

some stand improvement namely pruning and thinning. Clear 

lumber will always, as far as we can look ahead at the pres- 

ent, cammand a premium, and a long rotation would be necess- 

ary for the production of clear lumber, some steps must be 

taken for artificial pruning. We know that knots have some 

effect on the appearance and therefore are a factor in the 

grading of lumber. Knots also effect the strength propert- 

ies of wood not so much in some types of construction tim- 

bers as in others. Construction timbers will still be need- 
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ed after our virgin-growth stands are depleted, maybe even 

more so than are used at the present. More and more timber 

connectors are being used all the time and more wood is be- 

ing used for donstruction work than in the past. We must 

have clear, stong ;ood for construction work. For the pres- 

ent all live can say is that large scale pruning maybe prac- 

tical on all the stands j'istifying the expense, by putting 

on added clear growth. As more experiments and faster tools 

are designed, such as a cheap portable power pruner, it may 

become practical to prune stands that we at the present 

would not even think of prunhig. 
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- Appendix - 

Section. Page 

Strength Ratio for stress in extreme fiber 

bending. 26. 

Strength Ratio for stress in extreme fiber 

bending. 27. 

Average time required to prune open grown 

Long Leaf Pine. 28. 

Branch size, and longevity in Western White 

Pine. 29. 

Time for dead branches to fall and occlude. 29. 

Time required to cut branches of various 

diameter from different species of Hardwoods. 30. 

Time for pruning 25 trees by ladder and handsaw and 

by polesaw in hardwoods. 31. 



StrengtI Ratios for Stress in extreme Fiber in bending 

corresponding to various combinations of size of knot and 
width of face. 

Size of Strength tio when nominal width of face is_ 
Knot 2" 3" 4" 5" 6" 8" n 10" 12" I 4" I' 

Inches P?rcent percent 

90 93 95 96 96 97 97 97 98 98 

3/8 83 89 92 93 94 95 94 96 96 97 

77 85 88 91 92 93 92 35 95 95 

5/8 71 81 85 88 90 93 91 93 94 94 

65 76 82 86 88 90 89 92 92 93 

7?8 58 72 79 83 86 88 88 90 91 91 

I 52 68 76 81 84 86 86 89 89 90 

I 1/8 64 73 78 82 84 84 87 88 89 

I 1/4 60 70 76 80 83 83 86 87 88 

I 3/8 56 67 73 78 81 81 84 85 86 

i 1/2 51 63 70 76 79 80 83 84 85 

I 5/2 60 68 74 77 78 81 83 84 

I 3/4 57 66 71 75 76 80 81 83 

I 7/8 54 63 69 73 75 78 80 81 

2 51 61 67 72 74 77 79 80 



Size of 
Knot 

Inches 

-,1 
I:-, 4 

' 2 

2 3/4 

3 

V4 
z 
'-'2 

4 

4 

41 
'±4 

41 

A3 
'±4 

5 

z1 
'-'4 

'-'2 

Strength Ratio for stress in extreme Liber bending 

corresponding to various combinations of size ofkìot 
and width of fa:e. (I). 

Strength Ratio when nominal width of face is 
5" 6" 8 " IO" 12" ITT 16" 18" 20" 22 " 

Percent 

56 63 68 71 74 76 77 Sb 88 87 

59 64 68 71 7 75 83 84 85 

55 61 65 68 70 72 82 82 83 

51 62 65 68 70 80 81 82 

50 59 62 65 67 78 79 80 

55 59 62 65 76 79 79 

52 56 59 62 75 76 77 

53 s? 60 73 74 76 

50 4 57 71 73 74 

51 54 70 71 73 

52 68 70 71 

66 68 70 

65 66 68 

63 65 66 -.2 



Average TLie Requiied to Prune Open Grown Longlear Pines, 
Su,,iarized iy the Diameter of the Tree b the Section. (1) 

For all n and tonis. Height above ground oJ bection Pruned in I'et. D.B.H. O 8 7 12 8 12 12 17 8 17 17 2 O 17 7 17 Inches Average time in man hours 

3 .008 .014 .009 .023 .033 .O3 .041 .03 

4 .008 .019 .014 .02 .042 .042 .050 .033 

5 .009 .024 .018 .033 .054 .066 .063 .063 

6 .010 .028 .022 043 .O7 .100 .077 .078 

7 ,OIO .032 .032 .O8 .079 .134 .089 .097 

8 .OIO .036 .026 .076 .092 .184 .102 .120 

Fastest Men with Fatest Tools 

3 .007 .009 .007 .014 .020 .029 .027 .028 

4 .007 .012 .011 .016 .02s .0'5 .035 .033 

5 .008 .015 .014 .020 .033 .055 .041 .041 

6 .008 .018 .018 .026 .041 .083 .49 .050 

7 .008 .020 .021 .034 .048 .112 .056 .060 

8 .009 .023 .02T .044 .056 .143 .065 .073 

OD 



Branch Size, Branch Longevity and Length of Red Knots at 

Different Heights above ground Western White Pine. (7). 

Height of Ave. Max. Age of tree Aver, age Ave. length 
Branch Dia. of when Branch of branch of 

above Branch Died at time of Red Knot 
Ground Death 
Feet Inches Year Years Inches 

0 20 0.35 38 20 2.8 

21 40 0.60 59 29 .3.3 

41 60 0.75 77 34 3.4 

Wt. Ave. 0159 60 28 3.2 

Branch sizes, time for branches to rail from boles,and 

Occlude, and length of Black Knots at different heights 

above ground. (7L 

Height of Ave. Max. Dia. No. of years Ave length 
Branches of needed for dead of 

above ground Dead Branches branches to occ Black Knots 
lude fall. 

Feet Inches Years Inches 

0 20 0.35 77 2.6 

21 41 0.60 56 2.8 

41 61 0.75 78 2.7 

Wt.ave. 0.59 72 2.7 



Time Required to cut Branches of various Diaieter from 
different Species of Hardwoods. (9). 

Dia, of 
Branches 

Inches 

.05 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

(3.0 

6.5 

7.0 

White Oak 
No.of Ave. 
Limbs Time 

Sec. 

36 4.5 

68 9.3 

37 16.3 

37 26.1 

18 26.2 

26 68.8 

13 80.5 

25 94.3 

9 101.0 

3 135 

I 500 

2 182 

0 000 

2 450 

Black ak 
No.of Ave. 
Linbs Time 

Sec. 

86 3.9 

11% 9.5 

45 13.8 

43 27.3 

14 42.3 

35 82.6 

6 13o.5 

19 137.6 

2 306 

6 227 

2 210 

I 240 

0 000 

7 407 

Maple Species 
No.of Ave. 
Limbs Time 

Sec. 

13 3.5 

20 7.5 

IS 21.8 

31 2s.9 

9 36.4 

14 78.7 

2 138 

9 139.7 

2 121 

0 000 

I 180 

Totql of all 
No.of Ave. 
Limbs Time 

Sec. 

195 3.6 

251 9.6 

139 150 

155 26.7 

47 33.3 

83 73.4 

23 106.4 

54 116.6 

12 133.0 

IO 213 

4 290 

3 203 

0 000 

9 414 

o 



Comtartive Time for Pruning 25 Trees by Ladder and Handsaw 

and by Polesa'a in Hardwoods. (9). 

Handsaw and Ladder 
Total Time to Prune I hr. 18 min. 52 sec. 

Time consumed in pruning I hr. 8 min. 13 sec. 

Time consumed in traveling IO min. 33 sec. 

Aveage distance between trees Ib feet. 

Average time to travel bewteen trees 25 xec. 

Average time to prune per tree 2 min. 44 sec. 

Average time in pruning and travel per tree 3 min. 9 sec. 

Average branches per tree 11.8 

Total number of branches per tree 295 

Average time to prune per branch 14 sec. 

Average diameter of branches .88 inch. 

POlesaw 
49 min. 2 sec. 

43 min. 2i sec. 

5 min. 41 sec. 

15 feet. 

13 sec. 

I min. 44 sec. 

I min. 58 sec. 

18.5 

464 

_5 PC. 

.85 inch. 
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FIGURE 4.-Typical spike knots in six species of conifers: A, Northern white pine; B, red pine; C, loblolly pine; B, shortleaf pine; E, slash pine; F, lonleaf pine. 
477200_38__2 



FI1uRE 29-Power-driven pruning saw unser development at the Forest Products Laboratory. 


