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THE GROWTH OF SHELTERBELTS
IN I07A

INTRODUCTION

- (leneral

Prior t5 their westward migration during the middle
of the Nineteenth Century, the early settlers established
their homes in the timbered areas along the streams and
rivers, primarily for the wood, fuel, and protection afforded
by these natural forests. The discovery of gold in 1848
brought about a weatward migration of the people for the next
few decades. Many who started for California were atbracted
by the agricultural possibilities offered on the fertile
plains of the Cantral States. The adoption of the Homestead
Act 1in 1862 increased the possibilities for successful farm-
ing to such a great extent that many families moved to the
wind~-swept prairies of Iowa and the adjoining states,

The neod of shelter from the cold nortlmest winds in
the winter and the dry desiccating south winds in the sunmer
made the farmers realize more and more the great necessity

of tree planting in order to}protect their homes from these
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destructive and unpleasant winds. To protect their farmsteads,
many farmers planted fast growing, short lived, and inferior
species. Consequently, one may observe these old dying, de-
caying, and valueless shelters on the majority of Iowa farms,
HeCutchen (21) found that 86.6 per cent of the farms 4in Story
County, Iowa were without adequate protection, wimarily due
to the fact that there is such a large percentage of old and
decadent treea'of inferior species.

Many farmers are beginning to roalize the value}of
a good shelterbelt to the farm, not only as a windbreak, but
&8 a means of producing their own farm timbers, posts and
fuel, To purchase imported materials of this type entails
gquite an unnecessary expense for transportatim, 4if 1t is
possible for the farmer to produce them on his farm. Thus,
though the primary consideration for the shelterbelt is to
Provide maximum shelter, the ability of a species to produce
fuel, posts or some other usable material demands no small
amount of consideration in choosing which species to plant
in a shelterbelt.

To choose a species which will furnish both maximum
protection from the wind and maximum production in usable
wood 18 no easy task, as each specles has its own advantages
as well as disadvantages. One species may make an i1deal wind-
break, but be of little value for posts or fuel, and cmnvéfse-

1y, mnother specles may produce good posts but be of little
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value as a shelter tree or as a fuel wood,

In this thesis two species have been studied. Tt is
hoped by the author that this thesis will be of some vnlue
for determining which of these two species 13 the better for
shelterbelt plantings. The specles sslected for this study

are Norway spruce {Picea excelsa Link) and hardy catalpa

(Catalpa speciosa Varder), These spocies weare selected for

this study because of the extent to which they have been
planted and to get a comparison of a coniferous and a decid-

uous spocies.

Objectives

This thesis is chiefly a discussion of the growth of
catalpa and Norway spruce shelterbelts in Iowa. Because the
accuracy of the results of any experiment depends entirely
upon the precision with which the data have been collected,
a limited space has been assigned to a discussion of the
methods used in collectigg the data. Also, a field study is
ossentially the first step in the actual examination of a
problem of this type.

Because the height growth of the trees in a shelter-
belt has a direct bearing on the age at which a windbreak

becomes an effective shelter, the primary objective of this

thesis is to study those factors which tend to affect the
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height growth. The factors which appear to have an effect on
the height growth are treated separately, and graphs are drawn
for eaéh factor for both catalpa and Horway spruce. Thesse
factors include the following:

1. Soil and growth in height.

2. The size of the shelterbelt (number of rows)

. and height growth.
3+ The variation in height growth in the d4if-
ferent rows,

Becausge farmors who contemplate planting shelterbelts
are beginning to realize moro and more the possibility of sup-
plying their own noeds for timbers, posts, and fuel, the
secondary objective of th;s thesis 1s the presentation of
yield tables for the two s'ecies studied. These tables were
prepafed in order that the farmer may have come idea as to
the amount of wood products obtainable from his land. In
addition‘to a brief discussion of the construction and use of
the yield tables, the graphical illustrations usad in cone
structing the yield tables are presented. Because the collect-
ed data contalned the necessary figures, the apparent offect

of spacing on basal area and helght growth was sought as a

third objective.



LITERATURE REVIEY

. Growth on Shelterbelts

Because the growth study of shelterbelts is the prima-
ry objective of this thesis, it may be of some value to review
somo of the literature pertaining to growth on other planta-
tions. It must be noted that there is n limited amount of
literature available as to growth of Norway Sprucé in America
since it 1s an exotiec species. On the other hand, & wealth

of material is availableAregarding'growth of catalpa planta-

tiénSo

Height and diameter

S8cott (30) reports that catalpa in a plantation in Teb-
ster County, Iowa is excoeptionally good. He says, "the stems
are very straight and clear of limbs for a helght of 20 to 25
feet." Scott published the following figuréa for five ¢atalpa

Plantations in Yowa:

s Plot : s AV, ht. s
County 3 _No. : Age : dom. trees : Aver, d.b.h,
Webster : l : 28 : about 407 6"
Mahaska 2 : 28 : about 40 . 7w
Mahansgka 3 : 28 : about 40' . "
Iowa 3 4 : 25 : about 25¢ . -
Iowa H S

24 :about 45-501: A
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Hall (14) has studied the growth of catalpa quite ex-

tensively on four large plantations in Kansas,

The Hunger

plantation which is located in Greenwood County had an average

height of 20.4 feet and an average diameter of 3.8 Inches at

13 years of age. On the Farlington Forest and the Hunnewell

Plantation, both of which are located near Farlington, Kansas,

hel ght growth was measured at three Year intervals and was

as féllowsz

Age : Helght In feot
: Farlington : HunnewelX

3 : 800 H L0

6 : 15,5 H 16.5
9 H 21.0 : 22.0
12 26,0 : 25,5
15 : 29,7 H 27.0
18 3340 : 29,56
21 34,5 : e

Belyea (4) in a study of

the height growth of six

specles in a plantation in 1908 to 1910 found the following

height figures for Norway spruce. The spacing of the treecs

was 6 x 6 feet and they were measured each year in April,

ge : Ht, in ft, : Age : Ht, in Ft.: Age : Ht, In €.
1: 0.8 : 6 3 O ¢ 11 : 19,3
2 : 1.0 s 7 = 8.2 : 12 : 20.6

= 2.5 : 8 15,0 : 13 : 21.7

4 4,6 s 9 16, : 14 : 22,7

53 : 6.8 H 10 HE 18.0 : 15 . 23.5

Schlich (27), from abstracts of British and Continen~

tal European yleld tables gave the following hei ght

growth
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figures for Norway spruce:

Helght 1n feet
Tmﬁﬂfﬁ TSI

Age ty :
10 12 : 9 . ———
20 : 31 : 22 . .
30 : 51 H 36.5 b4 -
40 : 66 : 49 H 31
50 80 : 60 : 40
60 - 91 H 68 H 47,5
70 100 : 75 : 53

That veriation in soil has a_direct_bearing on the ef-
fectvo: tree growth 1s generally conceded by ggveral investi-
gatoré. Scott (29, 30) seys tﬁat catalpa would grow neither
on the 1light, loose soll located on one of the plantations ‘
thnt he studied, nor would 1t.make satisfactory growth in gumbo
and poorly drained soils.

Hall (14) states, "whers the soil is deep and rich the
trees (catalps) have formed straight long stems with few side
branchoes. On poor soils they'ére low, crooked and much branch-
ed. In the Farlington Forast returns on the best soils are
aluost five times that on the poorast."' In one_lz year old |
plantation growing on light sandy soil, he found that the ave
araée d.b.h. was 2.2 inches and the éverage-helght wnsvls feet ,
- while on deep rich soil'thé average d.b.h. was 3.6 inches and
the average helght was 20 feet,

That there is a very noticeable difference in heipght
growth in the different xvﬁs is shpwn‘by a series of messure~

ments taken by Hall (14) on catalpa plantations in Kansas. He
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says, "the offect on unequal exposure to the wind is evidenced
by the difference in height growth on the edge of the planta-
tions where exposurs is the greatest, and on the interior
where it is the least. The effect of exposure is noticeable
for 100 feet into the plantation.™ On the Hunger Plantation
which 1s fairly representative of the conditions that he found,
Hall says, "fhe first row on the south showed an average |
height of put_nine feet, tho tenth row 14 feet, and the twen-
tieth 21 feet,"

The effect of the size of the plantation on the héiéht
growth of the trees is very intercsting. Bates (2) in his
studies with cottonwood in both groves arnd shelterbelts found
the following differqnces when the quality of the situation

was the same:

~ Helght In Teoat

Aga : Grove : Row Or narrow balf
% t 22,0 : 1660

10 : 39,0 : 26,6

16 : 52,4 : 35.7

20 H 62.0 H 45.7

25 : 69,3 55.8

30 : 75.5 ¢ 65.9

36 : 81,1 : 7660

40 : B86.,2 ¢ 86,1

Opinions as to the effect or‘epaéing on growth 1nlshel-
terbelts and forest plantations are quite varinble. Scott (30)
in his studies with catalpa says, "comparing the plantings
originally 4x4 feot end 4x8 feet, the thinner plantings have
gilven the best results., Ten rows, 4x4 feet, 117 feet long,
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contained 251 trees, having 85 good posts. Ten rows, 8x4 feet,
117 feet long grew 228 trees, having 280 good posts. The trees
in the widar rowa'hRVeAgreater average height and diameter.”
Schiffel (26) says that incronsed growing space in spruce is
conducive to better height and diametor growth in young stands.,
He further states, "stands of smaller number of trees, othor
factors being the éama, will have tallepr heights, larger '
avafggé diameter, but smaller total basal area and volume."
Ee recommends a spacing of 1.75 to 2 meters in planting svruce.
A more recent study as to the effesct Qf_spgoing on growth 1is
being carried on near Mandan, North Dakota, The traes ware
planted in 1918 and Wilson (35) has glven a fow rasults which

have been thus far obtained for green ash; they are:

T AV. Wt in P V. dam. In 1o

Spacing : 1922 : 1928 s 1922+ 1928
4x4 H .2 : 10.1 H d.4 H 202
4x8 . 6.2 H 10.9 . 1.8 - 2.8

Diameters were taken at ground level,

Chapman (8) says, "the relation betweon height growth
and site quality is largely independent of ono of the factors
which influences diameter growth of the trees, namely, density
of stand. Although in some specles, especially hardwoods
with deliquescent stems, total height attained is less for
open grown trees than for crowded trees, this ie not always
the casc and rate of height growth is usually retained,"

On the other hand, Kasa (17) quotes the opinions of
the following investigators as to the effect of epacing on
height growth. He says that Noo}, Jost and Warming found
that shoot growth is increased by diminished light, which 1is
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brought about by closer spacing. Further he states that Hayr
concludes that wider spacing does not give hest height growth
but that sn increase in density favors height growth, Also
Hall (14) in experimenting with catalpa plantations spaced
4x4 foet and 6x4 feet seems to profer the closer spaclng.

He says that closer spacing, though the trees would not be as
large in diameter, makes for taller, straighter tresas and
hence better fence posts. Haslund (15) says, ”1n open stands

heights are shorter and foms less,"

Yielad

Because yileld is essentially growth in volume per unit
area, the actual ylelds of a few plantationsg arg 11 sted here.
Scott (30), in his studies of five catalpa plentations 4in

Iowa, gives the following yields in rosts per acre:

Age - years : Posts per acre
28 : 2114
28 H 2265
28 H 5663
25 H 1796
24 : 1723

Hall (14) on the three plantations that he studied in Ksnsas
found an averace yield of 1771 posts per acre on the 13 year
0ld Munger plantation, 3614 posts per acre on the 20 year old
Farlington Forest, and 3501 posts per acre on twe 18 year old

Hunnewell Plantation. Because Norway spmuce has been intro-
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duced into this country from Europo, no yleld tables are avall-
able which give its growth in this country., Hence, the ylelds
given here are based on measurements taken in Great Britatn

and Ireland, and are as follows:

:_Volume under bark = Cubig Taot por acle
Age : Quallty I Quality 111 QuaI?E vV
%3 : 3,55% : 2,1%6‘ : —-J:g:
40 5,250 : 3,680 s 1,670
80 : 6,760 : 4,930 : 2,820
60 : 8,020 H 5,910 H 3,700
70 8,960 : 6,730 H 4,400

After Schiich (27)

History of Yield Tables

The first yield tables were probably used in Germany
a8 early as the first of the Eighteenth Century. These tables
' ﬁere merely records of'measuremants on an area, and in many
cases no periodic measurements were taken; instead the time
between measurements varied considerably. However, these
empirical records were used in predicting future yields for
the next rotation. It was not until nearly a cehtury lator
that Hossfeld (1823) conceived the idea of measuring sample
plots periodically, and tabulating these measurements. Schlich
(27) says, "the first normal yleld tables, based on the aver-
age trees of an index stand, were published by Huber (1824)
and, in the same year by Hundeshagen."

Although periodic measurements of permanent sample
plots gives absolute certainty that all data of the yield

table are derived from the same sito, the fact that nearly s
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century would be .nesdad to collect the data made the above
-method of little practical value. Thus, periodic measursements
on a8 serics of nl~tes of différent ages followed to save timae,
At oﬁée the necesslty of site classification was realized in
order that the plots of corresponding site qualities but of
different ages could be linked together into a continuous
series. The factors used as site indicators were either
volume (10), number of troes (28), basal area, or height of
the dominant trees. A. .

| Until yleld tables, prepared as indicated above, became
avallable, others for immediate use became necessary. Conse-
quently the i1dea of measuring of fully-stocked sample plots
representing all ages and site classes was conceived. Several
me thods of making Yield tables from datas collected in this man-
ner have been devised. Prbbably the first of these was the in-
dicating wood method discovered by Huber (1847) and described
here by Schlich (27).

"He calculated the mean tree of a normal, nmature wooed,
analyzed it and searched for younger normal woods, the mean’
trees of which possessed the same dimension as the mean tree
of the mature wood had at the same age."

In 1851 Franz Baur presented a method of constructing
yield tables which has been used quite extensively throughout
Europe and America. His method 1s based on single measurements

of fully stocked plots of all ages and sites. For each factor
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{(volume, height, basal area and number of tress) the measure-
ments are plotted as ordinates on the corresponding ages as
abscissae. After these points are plotted, maxirum and minimum
curves are drawn for each factor, The area confined within
theéé curves 18 divided into as many gzones as site qualities
theat are desired. A mean curve is then drawn through each
'zona, and the meen curve for that quality Ia_obtained. From
these mean éurveg the tables for each factor are prepared for
succesasive yoars.

In 1926 Bruce (7) introduced a method of preparing
timber-yield tables vhich like Baur's method 1s based on
measurements of a large number of fully stocked plots of all
ages and sites. "The conventional conception of site classes
was completely abandoned, and instead each plot‘nas assigned
a aife-index number; this number was the height which the
average dominant tree would (or had attained) at 50 yéars,
read to the nearest foot by interpolation from anamorphie
graphs.” The plots were rejected primarily on the basis of
basal area; the curves of which were also made by anamorphic
graphs -- the plots being grouped in ten-foot site-index
clasges and an anaﬁorphlc graph was made for each site-index
class, Ahamorphosis was used in making the graphs for each
of the other factors. Each of these asnamorphic graphs was
repiotted on a system of regular horizontal coordinates and

the conventional curves thus formed were used in making the
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tables for each factor. Bruce concludes, "the chief advantages
of the method are the free use of a number of the conceptions
of modern ptatlsticel %technique and the careful cross checking
of all results obtalned. This, it is feolt, should produce a
gatisfactory yield tmble at a minimum expense, because the
greatest accuracy possible is obtained from a small numbor of
plots.” |

Because it ﬁas evident that the lines of the anamor-
phosed graphs by Bruce had the same ratio at the same age,
Reineke (25) irmedintely saw that it was possible to express
the average curve of any of these factors (site, basal area,
averages d.b.n., and volume) as a percontage of any other curve
of the same scries. He says, "this attribute of anamorphically
constructed series of curves (of course having a common origin)
parmits the expression in the form of alinement charts, the -
use of which elinminates the lavorious anamorphic plotting of
the data and the balwmcing of a curve for each site-index
class, results in 1ncreased eccuracy, and makos interpolation
and checking easier.” ‘ |

A method has more recently been dovised by Bull and is
known as the "polymorphic method.” The method has not been
published in detail but it differs from Bruce's method in that
ssveral graduating curves were used instead of one in determin-
ing the site-index. Bull (16) says, "these curves more

nearly portray the trend of height growth on a1l sites znd for
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a1l ages within the linits of the curves than do ananorphic
curves,”

Effect of Shelterbelts

As to the shelterbelt itself

That the effectiveness of a sholterbelt depends upon
the species of the treaes planted, the density of planting and
the height of trée is qulte obvious, TXach of these factors
which influence the protective value of the shelterbelt have
been quite widely studied by~B&tés (2) in the Hiddle Testern
Stafes.

Probably the d;st wldely studied and most important
fa'c‘toz; 1s helght growth. Bates (2) says that if other factors
dré,the same, the taller shelterbelt will protect more area
on the leeward side than will a shorter ona; Also, that the
protection offered by a shelterbelt varies from 10 to 20 feot
for each foot 1n height, depending on the velocity of the wind.
He states, "The arca protected is proportional to the hoight,
and the distance to which the protection i1s felt increases
with increased wind velocity," ,

The effectiveness of different hpeoias differs greatly;
this is espoecially true of hardwoods snd coniferous species.
Bates (2) has investigated a number of species and has found

that the area protected as well as the amount of protection
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variea as the denpity of the windbreak. The more dense coni-
ferous spocies are more effective in bresking the wind, because
they rotain thelr leaves the year round, while the hroad~leaved
trees are most highly effective only during the time the lcaves
are present. The following figures show the dif ference in Nro=-

tective value of a coniferous and broad-leanved specles:

“Wind : Wind at five times the helght of belt
veloclty @ on leeward sido in per cont of open
Mle. per nDr.: wWhite plne : Cottonwood
5 : 20 H 70
10 3 23 H 59
15 : 26 s 556
20 H 30 : 51
¥rom Bates (2)
v Trenk (33) says, "The wind follows several chmnels

when it strikes a tree barrier, and two of these are directly
assoclated with density ~- leakage of some wind betweem lenves,
- and the passage of some wind under the branches near the grourd,
The greater the extent to which these channels can be ston-

ped up, the more the wind will be diverted upward, and the

more efficient will the windbreak become,"

As to thg surroundings

Bates (2) has performed & serles of experiments as to
the effect of the windbreask upon several factors, which are
‘elther harmful or helpful to crops that may be affscted by the
windbreek. He considers the shading of crops by windbreaks

to be most imrortant. He says, "#he light absorbed by the

trees and cut off from the crops adjacent to them is propor-
tional to the density of the crowns, which varies with dif-
feront species., Of greater importance than the difference
between the various species in their shading effact is the dif-
ference between orientations. The amount of light used by the
trees In north-south rows 1s considerably in excess of that taken
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up by the trees in a row whose orlentation is east-west, and
this shading is not only greater in volumse, but greater in
extent.”

The extent to which the roots extended into the Pfields
was next studled by Bates in order to determine to what extent
the trees competed with the crops for soil molsture. He found
that white pine had the least extensive root systom, which was
followed by cottonwood, green ash, osage orange, Scotch pine
and Austrian pine in the order named. |

The effeét of windbreaks upon reducing evaporstion and
thus concerving the moisture in the soil was also studied by
Bates. He found that a windbresk decreased the evaporation,
and in extreme cases 70 per cent of the moisture ordinarily
losat by evaporation was saved.

Bates furthor states, "The effect of a windbreak upon
tempefaturds in the zone of it= influence 1s much greater than
is comonly suppozed.”™ He says that if other conditions are
the same, the maximum and the minimum tenperatures of each
day at some point protected by a windbreak exceed the maxinum
and ninimum temperatures in the open.

That windbreaks have some offect upon crops is shown
by the following figures taken by Bates (2) on the north side

of a twenty foot osage orange hedge in western Kansas:
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Distance: Height::Dlstance : licight:: Distance : Height
from of :: from : of :: from : of
hedge : corn :: hedge : corn :: hedge : corn
Feot : Feet :: reet  :: Feet :: reet T lect

9 s 6,10 2 49 : 5.85 :3 89 s 4,35
19 : 5.80 :: 59 M 4|88 e 99 4 4.95
29 T 6.55 :: 69 s 4.60 :: 150 : 4.65
39 : 6,15 :: 79 : 4,62 = 200 s 4.65

Bates further says, "A similar cornfield was located
on the north side of 8 densc, mixed :rove in Nebraska. The
grove, which was about 38 feet high, formed a complete barrier
to the winde. Tho effects were even more marked. Late in June
the sverage height of the corn in the first eighteen rows next
to the windbreak was 4} feet, while beyond this it was only
gbout 2% feet. At harvesting the weight of the corn at the
point of greatest protection was sbout oighteen bushels per
acre groeater than in the open, or 59 bushels per acre as
against 41. From this point outward the gain diminished, and
at . 10 times the height of the grove 1t amounted to about
six bushels per acre. The net gain for the aentire area out
to 10~height, including the strip damaged by shading, snd cal-
culating for a windbreak one mile long, was 423.86 bushels,
or 9.22 bushels per acre; that 1s, as much com as cculd be
grown on an area as long as the windbreak and as wide as twice
the height of the trees. <« i # It will, thercfore, be seen
that the benefit to corn, in this case, pald for all of the
ground needaed .for an efficient windbreak, so that the timber
valuo of the trees was a clear gain to the farmer.,"

Trenk (33) says that if 20 per cent of the area of the
Plains country were devoted to windbreak planting, the remain-
ing 80 por cent will still produce as much as if the vhole had

been devoted to cropse.
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THE INVESTIGATION
Fleld Study %_

The data used in this thesis were eollected in the fall
of 1932 and conslsted of 91 sample plotsq 47 or‘which were
Norway spruce and 44 of which were catalﬁa. A fairly good dis-
tribution of age classcs for each 8pecie;~Was obtained, but
thore was not a very widae variation 1n’s££e~1ndox. Table X
shows the distribution by sge and slte~index classas of the
shelterbelts forming the basis for the study.

The plots which wore measured are located in Central
Iowa and the distribution in the various counties is as fol-

lows:

Rumber of plots

County % Catalpa : Spruce : lotal
Story : 32 s 29 61
Polk 3 7 H 10 : 17
Boone : 4 : 8 : 12
Gresne H 1 : 0 s 1
“Total s 4% : 47 oI

The plots varied in size from 0.017 acres to 0,110
acres and all were rectangular in shape. |

The measurements were recordaed on field sheets; one
of which is shown in Figure 1. In tables II and III the data
for each plot are 1isteg.
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Because all of the plots studied were plantations plant-
ed in straight evenly spaced rows, the distance between the
rows times the number of rows measured was considored the width
of the plot, The length of the plots was moasured with a 50
foot steel tape. Thus, it was not necessary to use a compass
in running the boundaries of the plot as is the usual procedure;
however, a compass was used to make the ends of the plot at
right engles to the rows.

All living treocs on the plots were calipered snd re-
corded by inch diameter classes and 3 crown classes (dominant,
intormediate, suppressed). Total heights wore measured on all
plots. On the catalpa plots, merchantable heights to a four
inch top were measured on representative trees throughout each
plbt. Heights (total and merchantable) were measured with a
Demeritt hypsometer (9). It is believed that with careful
measurement falrly accurate results can bs obtained with this
hypsometer. The heights were recorded by rows.

Age determinations woere made by counting the annuel
rings on increment borings eight inches above the mean ground
level. In a few cases, however, the actual age of the shelter~
belt was known by the farmer, msking it unneceasary to take
borings. Age counts were made on trees of each crown class,
and the average age of these trees was then taken as £he age
of the stand. In but a very few cases did the age vary more

than two years above or below the average age. It did not
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seem necegsary to add to the ages obtalned, the years required
to reach the height of the increment boring (elght inches)
because in the case of Norway spruce transplant seedlings
whibh are usually elght inches or more in height are ordinarily
planted, and in the case of catalpa the specles usually grows
more than eight inches the first year.

For each shelterbelt in which measurements were taken,
a description of the condition of the stend was recorded. The
following items were includoad in the description: 1location
(relative), soll ground cover, underbrush, slope, aspect,
spacing, size of shelterbelt, history of the stand, and rela-
tive locatlon and actual distance of the bulldings which the
stand protected.

In addition to the above measurements, it was necesasary
to measure a few trees on the Norway spruce plots for the pur-
pose of preparing a volume table. This involved measuring the
diameter outside bark of a few trees at elght foot intervals

above the stump (12 inches),.
Office Work

As previously stated, this thesis has three objectives,
Each of these was studiod separately and is presented in this
aectioﬁ. The first objective was studying of the factors
geoming to have an effect on height growth, and will be cover-

ed under the heading "Height growth.™ The second objective of
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this thesis was the presentation of yleld tables for Norway
spuuce and catalpa., The construction and use, as well as

the tables themselves, will be presented under the heading
"Yield tables."™ The third and last objective was the effect
of spacing upon basal area and height growth and is discuseed

under the heading "Effect of spacing.”

Height growth

Because the helight of a shelterbelt directly influences
the protection of fered, the factors which scemed to have an
effect on height grovth were studied first. These factors
are soil, size of the ahalierbelt, spacing and height growth
in difforent rows.

The apparent effect of soil upon the height growth of
both Norway spruce and catalpa 1s shown by the graphs in Figure
2., All of the plots moasured were of two soll series, namely,
Carrington and Clarion. The number of plots of each soil

sories aro as follows:

Number of plots

Soil sories : Spruce : (atalpa
Carrington : a7 s 222
Clarion : 10 : 16

In constructing the curves in Figure 2 the average
height of the plot was used. DBocause of the small number of

plots taken on Clarion soils, it might scem that it would be
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Aifficult to fit & curve with such meager data. However, the
hoight growth on the Clarion soils was more consi stent than
was the height growth on Carrington solls, and in neither case
did the nverage deviation exceed 2,11 feet. For catalpa the
average deviation on Carrington soil was 2,11 while on Clarion
soll it was 2,00 feet., 1In the case of spruce, the average
deviation on the Carrington soil was 1.73 and on Clarion soil
1t was only 1.51 feet.

The second factor studied which seemed to have an ef-
fect on helght growth was the difference in size of the shelter-
belt. The plze of the ahelteibalts studl od varied from one
to six rows for spruce and from two to twolve rows for catalpa.
The plots for each species were segregated into two groups -«
four rows or less and over four rows for catalpa; two rows
or less and over two rows for Norway spruce. The frequency of

plote in each of these groups 1s as followa:

Catalpa Humber of plots
4 rows snd less 13
5 rows and over 31

~ Norway spruce
2 rows and less 23
S rows and over 24
The graphs drawn to show the apparent effect of the size of
the shelterbelt upon height growth are deplicted in Figure 3.
A third factor which apparently has some effect on
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helght growth of the trees 1s the differonce in aversge height
a8 to the different rowa, The troe helghts, which were tallied
by rows, wers avernged by rows, The average height of the south
row of each plot wans plotted on age, and the other rows of each
plot were averaged snd plotted on apge, and are called middle

rows in the graphs in Figure 4,

¥Ylold tables

The construction of the yleld tables In this thesis
followed the methods outlined by Reineke (25). In this method
each factor of the yield table is based on an averape curve
for that factor. These curves show the trend of average domin-
ant height, total stand basal arog, aversage treeo basal nres,
and cubic~foot volume with reapect_to age. The conventional
curvesvare derived from these average curves, because the
conventional curves at any age can be expressed as percentages
of the average curve value at the same age.

In this study the average height of a plot was not
determined in the usual manner. The numerlcal averape was
taken as the average of the plot, because the dniformity of
height growth made 1t impossible to prepare satlsfactory
curves of helight on d.b.h:

For Norway spruce the 'yield 1s expressed in cubice~
feet of unpeeled wood. |

However, before a yiéld table coulldl be prepared for



1 3 00 & ¢ i 34 1
1] am » meSwn R ases 3
18 ne 4 Ka KEd a5 2508 HERRED y
U Sesnas - +{- " ERRESE .
4 gt - Bl o Rt o o 14 1 - . -
1 T 1 T HH- - - SHEEESRRES
? ) 3 = YRESEEE
- -t g - - +-4-4-
= i EREREREEEY : RS8N B & ABREBOEN

S

) It
' 8

EEEESE 8 Hhess o 4
B 0 S oun a L |-
o e
1
e o Wi i 7
tr SREREnl aRED IS s e
FENREEEE SRNERRNUNY q3

%)

:

.
o §
~

TH

2

L

34

»

NN ANUBEN  SUW RS I T
1R SDARES Tt T qun 1
N RBNE N W] | SERUBEEE 1 I ) B8
- B ] T g o i
o o] Hrﬂ .
- o - ne
Jue
-4y
sumune mus
. _ +4
8 ues
4 B g

%
1 1]
i L BRI W DN W B 5
L] ]
" Wk 8
¥ o
o
e 6%
T
1T 1]
0001 20
-
1

i mEaE
wanasey
B H
N SEERNSEE ynaEEa o

unE
_vlml B LY - 42441140 HH
48 A
smoy 3 o i
sasn e . 1) % nE Be
£ = (1 3 ] s
13 <1\ H e _ n s
4 < e )
- b 4 L . 3 4
e i | K"
R o Rt aa = s =
8 N = 2
T 1 AW HA.
S HH 3as £t HHH L
MERENEEE N 1 1 B 88
1 T

Form E-7




w35~
NHorway spruce, 1t was necessary to construct & cublic foot volume
table for this species. The volume table was made mocording
to the method described by Brown (5) and is shown in Figure 5,
- The ylold table was then constructed according to Reineke.
The average height curve used in the construction of the site
classification chart 1s shown in Figurs 6. The average curve
of stand basal srea is shown in Pigure 7 and the percentage
curve used for graduating the site index axis for stand basal
arge 18 shown in Figure 8. Figure 9 shows the average curve
for tree hasal areca while Pigure 8 shows the site index
- graduating curve for tree basél erea. In Fipgure 16 is drawn
the average curve of yleld psr acre snd Plguwre 8 shows the site
index graduating curve for this factor. A composite alinement
chart for site classificstlion, stand basal area and tree
basal area 1s presented in Figure 1l and the alinement chart
for yield per sacre is found in Pigure 12,

For catalpa the yleld 1s expressed in linear feet
and posts four inches and over. Before a yleld table for
catalpa was constructed, a merchantable height alinement
chart (merchantable to a four inch top diameter) was made
and is shown In Figure 13. The method used in constructing
this chert was as follows:

(1) The trees were classified into one inch, five
foot helght classes,

(2) The everage d.b.h., total height, and merchantable



Alinement Chart Volume Table for Spruce
Unpeeled Total Stem Volume - Cubic Feet
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helght were found for each total d.b.h. class regardless of
helght.
(3) The average total height, and merchantable height
were found for each total height class regardless of d.h.h.
| (4) ﬂn‘logarithmic paper average mercheantable height
obtained in step (8) was plottéd on avarage d.b.h.
’ (5) Average merchantable height obtalned in step (3)
was plotted on average tota)l height (3).
(6) Curve obtained in step (4) was used as graduating
curve for d.b.h. axis,.
(7) curvé,obtainad in step (5) was used as graduating
curve for height axis. _
(8) Herchantable height axis was set up midway between
the d.b.h. and height axis.
| (9) The points for the graduating curve for merchan-
table height were located as follows: using the average fig-
ures found in step (2), the intersection on the merchantable
height axis, obtained by laying a stralght edge through the
average d.b.h. and total height, is taken as the morchantable
height of that class, and with this polnt as an ordinste, it
is plotted on the correspondinp nmorchantable height as an
absclssa.
(10) An average curve is drawn through the poinﬁs
obtained in step (9) and this curve is used as the graduating

curve for the merchentable height axis,.
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Stand Basal Area, and Tree Basal Area

Alinement Chart for Site Classification,
Age - Years
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Alinement Chart Yield Table for Spruce
Unpeeled Total Stem Volume - Cubic Feet
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As has-boen stated before, the vield tahle for catalpa
was constructed in the manner described by Reineke. The avere-
~age height curve used in the conatruction of the site clas-
sification alinement chart is shown in Figure 6, The average
curve of stand basal area 1s shown in Figure'14_and the vere
centage curve used for graduating the site index a#is for stard
basal area is shown in Figure 15. Figure 16 shows ths average
curve for tree basal area while Figure 15 shows the site index
graduating curve for tree basal area. In Pigure 17 the average
curve of yleld in lincar feot per acre is drawn, while Pipure
15 shows the site index gradusting curve for this factor,
Figure 1B shous the average curve of ﬁiold in seven foot posts
per acre and, in Figure 19 the site index graduating curve for
tﬁis factor is drawvn. A comrosite alinement chart for site
classification, stand basal zrea, and tree basal area is pre-
sented in Figure 20. The alinemont chart for yileld in linear
feot per acre 1s prescnted in Figuro 21, while the chart for
yield in seven foot posts per acre is found in Flgure 22,

The instructions for the use of the yleld tables pre-
gented in this thesis are found in Table IV,
Effect of Spacing

Two factors which might be affected by spacing are
height growth and basal nrea. These two factors were studied

separately in this thesls.
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Table IV

- Instructions for Using Alinement Chart

Yield Tables

sHold:Hold: :Malti-
For s Age: 81 :Read: ply
: On=-: on=-: -~= 3 by
Spruce, for : : ] 2
1. Site classification (Fig. 11) : : : :
hold age on A, hold ht. of aver, : : : H
dom, on X, and read site index on : : s :
At. P e en P we 1 -
2. Height of average dominant (Fig. 11): A A" : X ; --
3. Average d.b.h., inches (Fig. 11) 2+ C 3 0t 3 Xt : we
4, Tree basal area, square feet H H H H
v (Fig. 11) s C H c‘ H X b4 00001
5., Basal ares, square feet por acre H H H H
(Fig. 11) ¢t B : Bt : X : =
6. Volume, cubic fest unneelad per H H : :
acro {Figure 12) t A A X : ~-
Catalpa, for : H : :
l, Site classification (Fig. 20) hold H : H
age on A,. wld ht, of aver. dom. on : ] H H
1/10 X, and read site indoex on A? $ we P em e -
2. Ht. of aver. dor. (Fig. 20) b4 A b At H x H 0.1
3. Aversge d.b.h., inches (Pig. 20) : C :$CY X' 2 w-
4. Tree basal area, sqg. ft. (Fig. 20) : C : €' : X : 0,001
5. Basal area, s8ge. fte. per a, (Fige 20): B : Bt 1 X 3 ==
6e Linear feet per acre (Fig. 21) t A : At : X : o=
7. Seven foot posts per A. (Pig. 22) t A 2 AV $ X 2 ==
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To study the effect of spacing on height rrowth, the
plots were divided into two groups for each spocies, depending
upon the gpacing. In Norway spruce there were 30 plots with
a svpacing of 8x8 feet or less, and 17 plots with a spncing
of more than 8x8 feet. In catalpa 19 plots had a spacing of
6x4 feet or leas, and 25 plots had a spacing of more than
6x6 feet. Por each diviaion (based on spacing) for each
specles, the average height of each plot was plotted on the
age of the plot. Curves were then drawn and balanced for
egch division for both catzlpa and Norway spruce. The curves
for Yorway spruce are shomn in Figure 235, and Figure 24 shows
the curves for catalpa. |

In dstermining whether or not spacing hed any effect
upon the tdal or stand basal area, a corrolation coefficient
" for each factor was detormined %o see whether or not there was
any corrolation between apacing and basal area. Thoe method
used in comsuting the correlation coefficlemt 1z described
by Wallace snd Snedecor (34)., The formula used in the computa-

tion 1is:

EAX - (zA) My

r - ——
V £a? - (za) My \/ZX° - (£X) My
The symbol A was given to tie numbers designating the

specing. Thus, a spacing of 6x6 feet has 36 square feot to
the tree, 7x7 feet has 49 square feet, and s0 on. The symbol
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X was given to the numbers representing basal area., The basal

area, X, is to be thought of as dependont upon the spacing, A.
The following correlation coefiicients were detemined

by the above formulas

r .
: Tree basal : Jtand basal
Species 2 area : aresa
. Ne. spruce : 0.224 s 0.234
Catalps t: =0,001 : 0.080
Results -

The résults discussed here are, as nearly &s possible,
- an interpretation 5r the graphs and computations which have
beeh broﬁght ébout in analyzing the dat=, The Eesults are
divided Into the séme three dlvisions that were used undér the
heading "Office Work." They are Helght growth, Yileld tables,
and Effect:of.spacing.

Height growth

The factors studied which secm to have an effect upon
height growth ars solls, size of shelterbelts, and posltion
of the trecs in the shelterbslt. O0f these three factors the
first seems to have the most effect upon height growth and
the latter apparently very little.

As wvell be noticed in Pigure 2, Carrington socil seems
to be more favordble to height growth of both species than
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does Clarion soil., This hotlceable decrease in height growth
on Clerion so04ils is probably due Lo the high lime content of
this soil. In oxtreme casses the lime coantent of Clarion soil
has boen found to be as high as 50 per cent. According to
Stevenson (32) a high lime content will cause the soil nutrients
to become unavailable to the plant. IXf this {s so, it scoms
that the growth of the plant would be affected and it nmight
even cause death on goils where the lime content was extremely
high.

Clarion soil is a drift soil and occurs on the hrow of
gentle slopes and along the tops of the low glacial ridges where
the underlying lime soil has been exposed. The soil down to
about 80 inches has a very low acidity and is basic from 20
inches downward, Carrington loam on the other hamd occurs
along gentle slones in rolling to flat country. The uprer 40
inches of this soil is of medium acidity and is usually basle
from 40 inches downward.

The second factor which has apmarently affectsed tha
haigﬁt growth of both specles i3 the size of the shelterbelt,
Figure 3 shows that for both catalpa and Norway spruce, the
shelterbelts with the greater number of rows have, on the
average, attained greater height than have those with a lesser
number of rows, Hall (14) says that exposure to the winds
w1ll greatly reduce growth in height., It i1s obvious that on

a narroweYy shelterbelt a larger per cent of the trees would be



.62
exposed to the winds than would thoe trees on a wider shelter-
belt. Consequently, it would seem that a narrow shelterbelt
would tend to be shorter in height than a wider one. Also, in
a wide shelterbelt a larger percentage of the trecs i1s competing
for light thsn in a narrow one, because in & narrow shelterbelt
there is a larger per cent of the tre~s on the edges of tho
sholterbelt which receive ample 1light from the sldes. Thus,
the fact that a larger per cent of the trees on a wide shelter-
belt Is competing for lignt than on a nurrow one might make
competition for light a factor influencing height growth on
different sized shelterbelts,

It is interesting to note that in Figure 3 the dirf-
ference in height growth of the catalpa as af fected by tho =mize
of the shelterbelt 1ls greater than the differonce in Norway
spruce. Also, the catalpa shelterbelts varied from 2 to 12
rovs while those for Norway spruce only varied from 2 to ¥,

The factor which appeared to have the least effect
upon height is the position of the trees in the shelterbelt.
The curves in Figure 4 show that in the younger ages for
both species the south rov is very little shorter than the
others, vhile in the older aged sheltoerbelts tho south rows
are consldoerably shorter than tho average of the other rows,
This difference in height might be caused by el ther exposure
of the south rowas to the dry socuth winds or by the lack of
competition for light. It night be stated “ere than in addi-
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tlon to being shorter in height the trees of the south rows
of the shelterbelts were probably more branchy, more poorly
shaped and crooked, tut had a lsrger average d.b.h. than did
the trees of the other rows, This was especially noticeabls
in the case of cat:ilpa.

1% will be noticed in exanining Figure 6 that the
average helght on the catelpa plantations is greater in the
younger age classes than is the average height for Worway
spruce at the same age. Further, the averape hel ght for Nor-
way spruce is greater than the avarage helpght for Catalpa
in the oldor age clnssqsg Thus, though the catalpa winde
breaks possibly protect a larger area when they are young,
the Norway spruce windbresks will ultimately protect a larger
area and probably make & more satisfactory windbreak. Horway
spruce vwindbreaks apparently not only reach a greater height
and protect more area then do catalpa windbrealzgs, but the fact
that the crown is longer and more dense and that the leaves
are retained during the winter makes the Horwey spruce wind-

break the more impenetrable barrier of the two species.

Yield tables

Upon glancing at the yleld tables, it will be ﬁoted
that the site index clasees for the two spocles differ; that
ig, the site index classes for Horway spruce are 20, 30, and

40 and those for catalpa are 30, 40, and 40, The original
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data foll into these classes when the plots were classified
ag to site., The site classification age was 30 years, The
average site index for catalpa at age %0 was 36,1, while for
Norway spruce it was 31.7. Thus the average site index of
catalpa fallg into the 40-fooft site index class and the average
site index for lorway spruce falls in the 30-foot site index
class.

Table V shows the yields per acre for both species
end Table VI shows the mean annual increment per acre. TFronm
Table VI 1t may be seen that maximum yleld per scre is obtain-
ed at age 40 far Norway spruce, While for catalpa the mekimum
yield per acre occurs at age 20, Thus, catalps may be growvn
on & shorter rotation than Norway spruce snd & maxlimum vield
in posts be obtained. However, 1f the total stem volume for
catalpa was used, the length of the rotation would probably
be decreased more.

In addition to the fact that catalpa can be grown on
a shorter rotation than Norway spruce, the value of catélpa
for fenca‘poats may make it a more desiwable “"crop” for the
farmer. In addition to the posts cuf from a eatalpa planta-
tion, a consideorable smount of fuel may be obtalned from the
limbs and tops. Since catalpa sprouts vigorously, this‘would

do away with buying seedlings after each cutting,
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‘fabla V

Yisld in Cuble ?eet por Acre -
Horway spruce

Site index

e 40

Age 20 : 30 . 40
20 3 660 : 890 ¢ 1110
26 = 1190 : 1630 . 2040
30 : 1930 : 2650 3 3300
3bH 3 2650 H 3600 : 4500
40 3 3110 : 4250 : 5300
45 : 3320 H 4500 : 5650
50 3450 : 4750 : 5800

¥ield 4in Saven Foot Posts pear Acre -~
Catalpa
. Site indax
_Age 30 T 40 : 50
10 : 980 : 1090 T 1340
15 : 1780 : 2060 : 2500

. 20 ¢ 2420 s 2780 : 3400
25 : 200 s 3300 H 4050

30 3120 : 3550 : 4350
35 ¢ 3250 s 3750 s 4600
40 3380 : 3900 | : 4700




liean Annual Increment - Cublc Peet per Acre

Table VI

Norway spruce

3 Slte index
Age @ 20 : 50 : 40
20 T33.0 3 47,5 B5eD
25 ¢ 47 .6 : 65,2 : 8l.6
35 HN 75.7 - 102.8 : 128-5
40 7.7 : 106,.2 : 132.5
45 73.7 : 100,.0 3 125.5
50 69,0 H 95,0 H 118.0

Hean Ainual Increment - Seven Foot Posts

per Acre <~ Catalpa
H Site index
Age 3 >0 s 40 : o0
10 ¢ - 95,0 @ 109.0 s 134,0
15 118.6 : 136.6 H l66.6
20 121.0 : 139.0 : 170,0
25 116.0 : 132,0 : 162,0
5‘0 . 10400 . 1180:5 : 145.0
35 ¢ 92,8 : 107.1 : 131.4
40 - 84.5 : 97.5 : 117,.,5
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Effact of sEacing

That spacing has an effect upon height ;rowth seoms
quite evident from the graphs in Figures 23 and 24, In the
case of both Horway spruce and catalpa it will be noticed
that the narrower spacing is conducive to better heipght prowth
in the younger age classes. The closer spacing causes the
crowns to come together soonor and probably the competition
for light brought about by the crowding of the crowns makes
for better helight growth. The crowns in the wider spaced
windbreaks, on the other hand, do not close until a few years
after the closer spnced ones; congsequently rapid growth in
height is possibly delayed untll the crowns do begin to compete
for the light.

Further, the graphs of both species show that where
there i1s a wider spacing khe height growth finslly becomes
greater in the older age claasses. This is probably due to
the stagnation of the trees in the plantations of narrower
spacing, and though stagnation may occur to a certain extent
in the wider spaced shelterbelts the degree to which the
growth is reduced is not so great. Thus, it might be sald
that wider spaced shelterbelts tend to have slower early
height growth than do plantations of narrower spacing,‘but due
to stagnation the height of narrow spasced windbreaks 1s less
in the older age classes than the height of plantations of
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wider spacing. Consequently, an expariment which might give
some interesting results could be carried out to determine
the best smacing for obtaining a maximum height growth and a
maximum yleld per unit area.

That spancing has apparently little effect upon the
basal area of the species studied seoms quite evident from the
correlation coefficlients obtained. However, in the case of
Norway spruce plantations, there seoms to be a closer relation-
ship between spacing and basal area than for catalpa. This re-
1lationship is so small according to the coeffiecients, however,
that it does not seem probable that a closer spacing or wider
spacing, unless run into extremes, would increase or decrease
the basal srea per unit area enough to make the alinoment
chart for basal area invalid. It 1s quite obvious that if
the stand basal area does not increase with an increase in
the number of trees per unit area, the average or tree bassnl
area will become less., Consequently, one might conclude that
wider spacing makes for larger average dlameter, and narrower
spacing makes for smaller average dliamefer, but in both cases
the total or atand basal area per unit area will remain ahout

the same.



CONCLUSIONS

Owing to the fact that the data secured as the basis
of this thesis are confined to rather restricted site condi-
tions, the conclusions here presented may not be applicable
over a wide are’. Since the baslc data are rather meager
the factuml basis for conclusions is also less desirable than
might be hoped for. After examining and analyzing the data
secured, the writer feels that the following conclusions may
be justified.

(1) Clarion soil (calcareous) seems to be less favor-
able to the growth of the specles studled than doas Carrington
soil (non-calcareous). The trees on the Clarion soils were
shorter in height, smaller in diameter, and more crooked and
misshapen than were the trees on the Carrington soils.

(2) On the wider shelterbelts the average height for
both species studied was greater than the avorage height of
the trees on the narrow shelterbelts at the same age.

(3) Trees located in the south rows of the shelterbelts
studied tended to have a larger avorage dlameter but were short-
oer than were the trees in the coenter or on the north side of
the shelterbelt.

(4) In the younger shelterbelts studied the catalpa
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geendd to grow faster in helght than did the Norwey spruce,
but after about age 3b the height of Norway spruce exceeded
that of the céitalpa shelterbelts,

(5) In Central Iowa catalpa can be grown on a shorter
rotation than Norway spruce on the basis of maximum avsrage
volume growth,

(6) close spacing in the case of both species studled
appeared to produce taller trees early in life and shorter trees
later in life than in the case of wider spaced plantations,.

{(7) The data seems to si:ow that spacing may cause as
much as five feet difference in height orowth of catelpa and
three feet difference for Norway spruce. This would cause
the site index to vary for the different spacings. Consequent-
1y in using HReineke's method of yield table comstruction, this
would involve the preparation of separate site index charts
for all different spacings before a yield table could be ap-
plied upon plentations.,

(8) The fact that the wider spaced catalpa and Norway
gpruce shelterbelts attalned a greater height in the older
age classes seems to show that narrow spaced plantings should
be thinned for maximum wood production but not necessarily for
wind protection.
| (9) In this study spacing seemed to have little effact
upon total or stand basal area of either species., (losely

spaced shelterbelts, on the average, had about the same total
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basal area as did the widely spaced ones.

(10) If spacing has 1little effect upon total basal area,
it is obvious that the averajge or tree basal area will be
greater on widely specbd_ plantings and smaller on narrowly
spaced plantings.

(11) The fact that the spacing, on the specles studied,
has little effect upon total basal area makes the stand basal
area alinement charts usable for any apacing.

(12) That Norway spruce is the most valuable of the
two specles studied for furnishing maximum protection from
the wind is quite evident. Howover, its value as a farm pro-
duct is probably not as great as is that of catalp=a.

(13) As a windbroeak, lorway spruce does not become a
vary effective one until 1t has reached the age o) about 20
'to 25 years, while catalpa vill reach a good height and make
a fair windbreak somewhat earllier in 1ife,

{14) The fact that catalpa can be grown on a much
shorter sconomlc rotation than can Horway spruce will make
for a quicker return to the farmer. BSince catalpa sprouts vig-
orously, it would not be necessary to replant after cutting
as would be the case with Norway spruce.

(15) Norway spruce is apparently valuable for plant-
1ng in Central Iowa only where the primary consideration is
protection from the wind. Catalpa 1s apparently more valuable

where a fast growing specles 1s desired to give guick but
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partial and temporary protection and a maximum yield.
(16) In some instances it may be desirable to have
both maximum protection from the wind and maximum ylsld. 1In

such a case, a combinatlion of these two specles could be usged.
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SUMMARY

Before the actual investigative work of this thesis
was presented, certain introductory mcasuras scemed essential,

The nead of shelterbelis and thelr value to the farm
hone is briefly discussed in the introduction proper. Further,
there 18 a'limited discussion upon the nead of shelterbelis
which will furnish usable wood products as well as furnish
adeqﬁate protection from the winds. Hention is mede of the
spocies studied. A brief outline of the objectives 1s prescented.

‘ In order to famillarlize the reader with other similar
investigations, a resume’ of the growth on other plantations is
given. An historical background of the evolution of yleld
tables is presented. A brief discusslon of the effect of the
shelterbelt upon the surroundings is included.

In the investigation a general discussion of the fleld
study 1s given. Tne stps in the office work brought about in
studying the objectives of this thesis are presented, as are
the graphs and charts which were used in analyzing the data.

The resulte are discussed and interpreted as nearly as possible..

In the conclusions a series of numbered statements
are proesented which summarize the deductions madas throughout

the course of the investigation.
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