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Alinement Chart for Posts
per Acre for Catalpa
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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
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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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