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AN EXPERIMENT ON THE EFFECT OF ROOT

PRUNING ON PLANTED CONIFEROUS STOCK

Throughout literature on planting methods and practises

may be found statements concerning root and top pruning of

stock which is to be planted. Top pruning has as its objective

the lessening of the laef -surface and, thus, a lowering of the

transpiration rate of the plant. This problem, however, is con-

cerned with the effect of root pruning on the growth and survi-

val of the plants.

According to Toumey and Korstian (8 ) root pruning may

be practised when the roots have been severely injured, when the

tap root is unusually long, and when there are abnormally devel-

oped side roots, Baker (I) states that root pruning is sometimes

practised when the root systems of the plants mutilated, scrap-

ped, and barked, thus offering a first class entrance for root

rot fungi. No definite extent of root pruning is given in any

reference that was consulted. There is a justifiable reason for

this in that under varying conditions of site, age of stock,

species, and size of roots and tops there would be a correspond-

ing variation in the severity of the pruning that could be used.

In other words, local conditions would be the controlling factor

and in no case would it be advisable for definike figures to be

given. Experiments to determine to what extent pruning might go

must be made for each specific case when pruning is to be prac-

tised.

Such is the reason for this experiment. In this particu-

lar instance the objectives of the experiment are as follows:



(1) To determine the(effect on survival and on the

growth of both roots and tops of 2-0 western yellow

pine stmck of various degrees of root pruning.

(2) To determine the same for 2-2 Austrian pine stock.

Only one type of pruning wEs done on this species,

(3) To determine the effect of slit planting as opposed

to hole planting on the survival and growth.

The observations will have to be carried on for several

years before final conclusions can be drawn. This paper has is

its objective merely a description of the set up of the experi-

ment and general comments on the present attitude toward root

pruning .and slit planting.



Discussion and Review of Literature

Before taking up the effect on the plant of root pruning

it might be well to give briefly the general structure and func-

tions of roots. From the base of each root where it is attached

to the stem or to another root it tapers gradually towards the

free end or root tip. It is at the end of the root that growth

in length, water absorption, and most of the primary develop-

ment of the tissues takes place. The root tip is made up of four

regions which perform the above functions. These regions are the

root cap which is a protective structure, the growing point which

consists of meristem tissue in which actual cell division is go-

ing on, the region of elongation immediately behind the growing

point where the cells undergo very rapid growth in length, and

the region of root hairs where the root is clothed with a dense

growth of root hairs which are tubular outgrowths of the epider-

mal cells. The root hairs are the principal water absorbing a-

gencies of the plant. Some-absorption also takes place in the

part of the root back of this region.

Back of the root tip in the case of trees growth in

thickness of the root occurs, due to the activity of the cam-

bium and cork cambium. Secondary roots arise from the region

back of the root tio and are outgrowths of the central cylinder

or stele of the root which was formed in the region of the foot

hairs. (3)

Roots also serve mechanically as supporting organs, but

in the problem at hand this function is unimportant.



The foregoing description of a typical root forms the

basis of the followingAdiscussion on the theoretical effect of

pruning on the plant. According to Baker (U) long experience

has shown that success in planting depends on the use of stock

with a well developed fibrous root system. Such a system gives

more absorptive surface for an equal mass of roots, and also

gives a distribution of the roots through a much greater volume

of soil. During the critipal period following planting a much

greater absorption of water is possible than would be were the

root system small or made up of a single long tap root. Trans-

planting of stock in the nursery has as ohe of its chief objec-

tives the development of a fibrous root system and a retarding

Of the growth of the tops. Apparently the disturbing of the roots

in the transplanting process stimulates the growth of many fine

lateral roots. This disturb6ace may be the tearing off of the

root tips on the existing roots, th-is throwing much of the grow-

ing energy to the development of new roots rather than the con-

tinued growth of the original roots. Pruning of the roots is al-

so practised at times prior to transplanting. (8 )

Root pruning of seedlings in )lace is done in cases wher e

certain species have to be left in the beds longer than one year.

Such pruning has as its objective the slowing down of root growth

(downward), the development of a wider spreading fibrous root

system, and the slowing down of the top growth. This latter ob-

jective is the result of a temporary diminishing of the absorptive

surfaces of the roots.

This pruning in the nursery is followed by a pariod when



the plants are growing under ideal conditions. In the field

planting root pruning, if practised, would presumably have the

same effect as it does in the nursery. However, it is riot done

for the same reasons. In most instances pruning before field

planting would have two objectives which are closely related to

each other. In the first place a large root system requires a

larger hole regardless of the method by which it 'is made. If

the hole is not large enough to allow the roots to be fully ex-

tended many of them will be doubled back. To prevent this doub-

ling up of the roots pruning may be done to rediice the size of

the root system and make it suitable for the size of the hole.

In the second place, given two holes of the same size and one

plant with a large root system which the holes are big enough

to take without any distortion, and another plant with a smaller

root system, the latter will be much easier to plant because the

roots will not be so apt to catch on the sides of the hole.

In instances where the roots are liable to be distorted

by too small planting holes it is questionable as to whether the

distortion would be more harmful to the young trees than would

be the root pruning. There are so many variable factors involved

in such a problem that no general statement can be made. Some

of these factors are the site conditions, the weather during the

particular season, the degree to which the roots were distorted

from their natural position or the severity of the root pruning,

and the condition of the planting stock. On favorable sites it

is highly probable that neither the distortion nor the pruning

would have damaging results.



The following paragraphs contain the comments of various

workers on the effect of the distortion of the roots incurred by

poor planting precedures and of root pruning.

Toumey and Korstian ( ) state that while it is desir=

able to give the root system its natural position when planted,

economic planting does not permit this to be observed too close-

ly. Toumey's investigations with 2-0 white pine on loose, sandy

soil in Connecticut showed very little difference in the growth

of plants set in holes with their roots spread out normally and

those set with the roots crowded together in a vertical plane

(i.e. slit planted). This same reference gives Moller's results

with Scotch pine on sandy soil in Prussia as indicating the same

conclusion. Slit planting which crowds the roots in to a narrow

vertical plane has proven successful on loose, sandy soils, but

has been time and again a failure on heavy, compact soils. Ac-

cording to these workers the larger the stock, other conditions

being equal, the greater the hecessity for spreading the roots

so that they assume their natural position. Pruning should not

be resorted to in forest planting unless it is absolutely neces-

sary. The use of too shallow a hole which causes the roots to

be bent to one side is given as one,;of the frequent defects in

planting technique leading to the death of the treos. Although

the authors do not say so, it is probable that the bending of

the roots has little to do with the death of the trees. The most

likely explanation is that the soil dried out to a depth below

the root system before the latter had a chance to resume its

normal growth downward. This, of course, refers to those species



which naturally develop -a more or less deep root system rather

than a shallow, spreading one.

Toumey (7 ) has demonstrated the inherent tendency in

each species of tree to develop a type of root system peculiar

to itself. This type .of root system is closely correlated with

the particular site conditions under which the species naturally

grows. For example, Pinus lambertiana which is native to the

mountains of California where dry summers subject the surface

soil to drying to a considerablU depth has a long tap root which

will grow 22 to 30 inches in the first season. Then this species

was planted in Connecticut where there was plenty of moisture

in the surface soil at all times the same type of root develop-

ed in the fihrst season. Acer rubrum, on the other hand, which

is found naturally both in swamps and on high, dry uplands de-

velops a root system in accordance with the moisture available.

In the wet situations a short tap root and wide spreading later-

als develop while on the drier sites a deep tap root and short

laterals develop. In another experiment by this worker large

rocks were placed a few inches below the surface and directly

under a red oak seeds The long tap root which this species nat-

urally produces grew downward to this obstruction. Here it curv-

ed out along the surface of the rock and continued in this plane

to the egge where it again turned downward. This would seem to

indicate that although a young plant of a species which had a

long tap root was placed in too shallow a hole, the downward

growth of the root would not be prevented provided Che tip was

not injured.



Cheyney (2) made an experiment in Minnesota to determine

the effect of the distortion of the roots upon growth. The roots

of the plants were rolled into compact balls and the planting

done with a spacing of 6 inches in rows 2 feet aoart. The con-

trol plants were in alternate rows with the test plants and had

their roots spread in the most aporoved fashion. Table I gives

the results of this experiment at the end of four years.

TABLE I

Results of Cheyney's planting exieriment in Minnesota.

Planting No. f He ight gro iFYInp
Species method trees Ma. Mm. Ave.

W. pine Roots balled 24 57" 2" 46.8"
. spre ad 10 59" 41" 48.5"

Arbor vitae " balled 48 63" 20" 35.7"
" spread 24 60" 23" 42.0"

Bl. spruce " balled 13 58" 22" 34.6"
" spread 6 38" 24" 28.3"

Total Roots balled 85 38.7"
" spread 40 41.5"

At the end of the four years the plants were dug up and

the roots insoected. It was found that the balls into which the

roots had been rolled at the time of planting were still visible

but side roots had grown out so extensively that the root sys-

tems varied little in appearance from those of the control plants.

The effect of wedge or slit planting on the subsequent

development of the root system is a problem which is unsettled

and which seems to depend on the soil type more than on any

other factor. In this type of planting the sides of the hole

are made compact by the action of the planting bar. With a heavy

soil this makes it very difficult for the roots tovmake normal
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growth". Turner (6 ) cites as ai example of the effect of com-

Pact layers of soil in shaping root systems the known fact that

in the nursery where western yellow pine are transpalnted by the

trencher method, the root systems invariably develop only in the

olane corresponding to the longitudinal axi-s of the trench. In

an experimental planting by the same author this species was

planted by the "'mound" or "cone"e and the "side-hole" methods.

An examination of the root systems after four years showed that

in the latter method the growth of the roots had been away from

-the side of the hole toward the looser soil.

Whether or not this effect on the growth and shaping of

the roots is permanent is unknown. Turner is of the opinion that

any distortion imparted to the roots at the time od planting Is

retained for an indefinite period, possibly for the life of the

tree. He is also of the opinion that the extension of the roots

is probably controlled as much by the initial direction as by

differences in soil texture. There are, some facts which tend to

disprove thid latter idea, however. One of these is the inherent

tendencies of the roots of the different species to develop in

a specific way. Another is illustrated by Cheyney's experiment

which has been given. A third is the result of extensive obser-

vations by Munch in Germany on the effect of oblique planting.

In this method of planting a slit is made in the ground with a

mattock at an angle sloping away from the worker. The plant is

inserted in the opening and the slit closed by tramping on the

clod of earth raiseo by the mattaock. The roots are thits given

a start in a direction other than they would have were the plant

placed vertically in the soil. Munch dug up some of these trees
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18 years after they were planted. In cases where the oblique

planting was done in soil which had the same amount of cultiva-

tion as that in which the control plants wre set, there were no

apparent differences in the root systems. There was no differ.

ence in the height growth of the sgems either. These plants were

pines,1 and 2 years old when set out. (4)

References will be made to other literature when the

design of the experiment is discussed.



Description of the Experimental Plot

Location: The plot for this experiment is located in

Stinchfield Woods, a oroperty of the University of Michigan

which is located in Sections 11, 12, and 14 of R.4 E., T.l S.,

M.P.M. This tract is in Dexter Township of Washtemaw County,

Michigan. The plot on which the plantings were -made is in Lot

8 of the Woods (see map, page- 12). It is 66 by 108 feet with

the four corners marked by 3" by *$" black and white stakes which

project about one foot out of the ground. The subdivisions of

the Qlot have their corners marked by 2"1 by 21 unpainted stakes

with the exception of the boundary between divisions 6 and 7.

Here the markings are small, round limbs driven into the ground

and surrounded by several large stones. (See map, page ).

Soil: The soil which is Bellefontaine sandy loam is de-

scribed in the "Soil Survey of Washtenaw County" (9 ) as follows:

"The plow soil, to a depth of 6 or 7 inches, is grayish-brown

friable, or loosely coherent, sandy loam or fine sandy loam.

This is underlain, to a depth ranging from lb to 30 inches by

pale yellow sandy loam. Beneath and extending to a deptl ranging

from 3 to 4 feet, the soil material is somewhat red, is sandy,

and in places is coarse gravelly, or cobbly, but contains suffi-

cient clay to render the mass coherent and compact. The substra-

tum, or parent drift material is a confused mass of sand, sandy

clay, gravel, and boulders.

"The virgin soil contains only a small quantity of or-

ganic matter but sufficienb to impart a light brown timt to the

cultivated soil. The organic matter,or humus, is not so durable
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as in the heavier soils. The surface soil is loose and pervious,

but the subsurface soil contains sufficient clay and the struc-

ture is sufficiently tight to check the free downward movement

of water. The soil is only moderately retentive, but holds suf-

ficient moisture to carry crops through ordinury periods of dry

weather. The surface soil generally exhibits medium acidity, but

below a depth of 2 or 3 feet the reaction is less acid, and the

substratum commonly contains sufficient calcium carbonate to ef-

fervesce with acid or to give an alkaline reaction'

Topography: The elevation of the plot is about 1000

feet. The aspect is to the southeast, with the northwestern

corner sloping steeply and the remainder of the plot being of

a gentle slope.

Cover: The cover on the area was originally an oak-

hickory forest. At present the land immediately surrounding the

experimental plot has an open stand of second-growth oak and

hickory. The plot itself is on land which was clear cut in the

winter of 1936-37. A fairly heavy cover of grass had developed

on the area due to the open nature of the stand.

Weather: The weather of the past is of little value

to this problem, so nothing will be given on it. Later,in the

interpreting of the data collected from the plot the weather

from th e time of planting to that date will have to be taken

into account.



Design of the Experiment

The plot was divided into the subdivisions shown by the

map on Page 15. The entire plot was furrowed in preparation for

the plantirfg, the furrows being spaced between 2 and 3 feet apart

as near as was possible using a tractor and plow. Several stumps

interfered with an exact, regular spacing.

Table II gives in condensed form the make-up of each

subdivision of the plot.

TABLE II

plot planted at Stinchfield Woods onMake-up of an experimental
May 1st and 8th, 1937.

Subdivision
No. Species Age

1

2

3

4

5

6

7

Austrian
pine

W. yellow
pine

Austrian
pine

W. yellow
pine

2-2

2-2

2-0

2-0

2-0

2-2

2-0

Condition Method
of of

roots planting

Unpruned Center
hole

pruned Slit
to 6"

Unpruned Slit

Pruned Slit
to 6"
Pruned Slit
to 4"1
Pruned Center
to 6" hole

Unpruned "1

3.8

5.1

2.9.

2.85

4.16

5.1

2.9

184

199

256

237

269

100

99

Top-root No.of
ratio olants

Total number of plants 1341

If a 2 by 2ef-ot spacing as originally planned for had

been carried out, the number of plants in subdivisions 1, 2, 3,

4, and 5 would have been approximately equal. The discrepancies

which occurred were probably due to psychological reasons. The

larger plants of the Austrian pine caused the planting crew to
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place the trees a little farther apart than the proposed 2 feet.

There were three men doing the work and each one did about an

equal amount of planting so as to equalize any differences in the

final oonclusions which might result from the personal factor.

The pruning was done with a large knife or cleaver. As

many trees as could be grasped in one hand were pruned with a

single stroke of the instrument.

A commonly used expression for the relation of the roots

to the top is the top-root ratio. This ratio is obtained by di-

viding the weight of the top by the weight of the roots. The

green weight may be used (.). In this instance the roots were

allowed to dry, after being taken from the water in which the

plants were brought from the field, only until all visible traces

of water were gone before weighing. Generally speaking, the

lower the ratio the greater will be the absorptive surface of

the root system in relation to the transpiring surface of the

top. According to Baker (/) this ratio is not so important, but

under severe climatir conditions the trend is for an increasing

survival percentage with a decreasing ratio. Show (4S) -says that

in California among Plants with root systems of the same weight

the highest survival is found with those which have the lowest

ratios.

In this experiment no effort was made to secure an aver-

age top-root ratio which would stand up as accurate when put to

a statistical analysis. All that was sought was an indication

of the change in the ratio which root pruning caused. An inspec-

tion of the values in column 6 of Table II will show that prun-
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ing the Austrian pine transplant roots to a length of 6 inches

definitely increases the ratio. In the case of western yellow

pine seedlings pruned to a 4 inch length there is also a defi-

nite increase in the ratio over that of the unpruned plants.

However, pruning the roots of the western yellow pine to 6 inches

does not show an increased ratio. Undoubtedly, had more plants

been weighed the ratio vould have been increased rather than de-

creased. Nevertheless, the result obtained indicates that prun-

ing to 6 inches did not materially affect the relation between

the tops and roots as regards weight. The absorptive capacity

of these pruned toots would be decreased to considerable extent

in all probability. In the event that a drought occurred soon

after planting, the pruned roots would be left in the dried out

top soil sooner than the unpruned ones, and, as a result, the

plants would be less likely to survive. Figures I and II show

the typical differences between the root systems of the pruned

and unpruned planks. Regarding the western yellow pine, one can

readily see that the pruning to 6 inches would not cause much

difference in the weight of the roots. However, the depth to

which the roots reach into the grournd is reduced by about 4

inches above the depth to which the roots of the unpruned roots

will reach.

Where drought conditions are common the planting of trees

Fith roots so short that they will not reach below the dried out

layers of soil is impossible. In southern California it is be-

lieved impossible to plant successfully with ordinary stock with

absorbing rootlets no deeper than 5 to 8 inches (S~).
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Western yellow pine 2-0 stock with the roots unpruned, pruned to
6 inches, and pruned to 4 inches. The squares are 2 inches on a
side.

The speed with which planting can be done with the plant-

ing bar has been the reason for the adoption of this method of

planting. As previously stated one of the objectives of this ex-

periment is to determine the survival and growth of trees plant-

ed in this way as> opposed to the same for trees planted in a

hole large enough to let the roots assume their natural posi-

tion (i.e. the so called c-enter hole method). It must be remem-

bered that the cost of planting by the various methods must be
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calculated on the basis of cost per surviving tree, and not on

the basis of which method gives the highest survival percentage.

Of course, the number of surviving trees must be large enough

to give a satisfactory stocking of the abea. The greater speed

of the slit method has given the lowest cost per surviving tree

and as the method has given satisfactory stocking on light soils

it is gener ally used on such soils. The results of this experi-

ment may be used to check on the above statements.

In another part of this paper the easier planting of

FIGURE II
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pruned to 6Austrian pine 2-2 stock with the roots unpruned and
inches. The squares are 2 inches on a side.
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small rooted stock by the slit method was exdlained. This. fact

was illustrated in the planting of this experimental plot as

the subdivisions which were planted with pruned stock were done

much faster than the others.

The use of the slit method to plant the 2-2 Austrian pine

stock is rather unusual, as it is generally considered inadvis-

able to use this method with such large stock (8 ). It was done

to see if such a practise would be successful under the exist-

ing conditions. As cibbles with 10 inch blades were used it

would have been very difficult to plant unpruned stock of thi's

type as the roots would have been far too large for the hole

made by the bar. Figure II shows the roots before pruning to be

well over 12 inches long. The lateral roots would have also

caused trouble in getting the plant into the hole. After prun-

ing it was rather easy to use the slit method with this stock.

The set-up ofithe different subdivisions may be given

in another way than that given in Table II. Table III gives the

conditions on the subdivisions and suggests a way in which the

results may be compared.

TABLE III

Austrian Pine

( Pruned roots
---------------------- ( Slit planted

Control,subdiv. 1 ( ( Subdiv. 2
Hole planted
Roots unprruned ( ( Prined roots

( --------- ( Hole planted
Subdiv. 6
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TABLE III (continued)

Western Yellow Pine

Roots pruned to 6"
(---( Slit planted

Control,subdiv. 7 ( Controlsubdiv. 3 ( ( Subdiv. 4
Bole planted ( Slit planted (
Roots unpruned ( Roots unpruned ( ( Roots pruned to 4"

(--( Slit planted
Subdiv. 5

The dates of planting given on the map on page 15 are

there for future reference. The stock used on May 8th had been

heeled in during the week elapsing from May 1st to the 8th.

This might be of interest in the-interpretation of data.

Although the future compilation of data from the plot

will not be dictated in this paper, some suggestions will be

made along this line. Survival counts will be the first data

that can be ceilected. Later growth data may be gathered. This

will have to be measured from the ground line as no top meas-

urements were taken at the time of plant ing. By averaging indi-

vidual measurements differences due tm the variations in size

and condition of the stock at the time of planting can be re-

duced to minor importance. Examinations of the development of

the root systems as a resuly of the varying conditions under

which the stock was planted will be made from time to time.
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Summary

1. This experiment to determine the effect of root

pruning and slit planting on growth and survival of 2-2 Aus-

trian pine and 2.0 western yellow pine was started May 1, 1937

at Stinchfield Woods.

2. Austrian pine was planted by the center hole method-

with normal roots and with roots pruned to 6 inches, and by the

slit method with pruned roots.

3. Western yellow pine was planted with unprtned toots

by the slit and by the center hole methods, with roots pruned

to 6 inches by the slit metnhod, and with roots pruned to 4

inches by the same method.

4. Observations on the plot will be carried on for xxxw

several years to collect data on survival, height growth, and

root development.
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