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Alinement Chart for Linear 
Feet per Acre - Catalpa 
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Allnement Chart fo r Posts 
per Acre tor Catalpa 
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Table IV 

Instructions for Using Al1nement Chart 

Y1eld Tables 

:Hola:HoId: :Multi-
: Age: SI :Read: ply 
: on-: on-: --: by 
• • 

Spruco, for : 
1. Site clnss1fication (Fig. 11) : 

hold ago on A, hold ht. or aver. : 
dome on X, and read site index on : 

• • 
• • · • · · • • 

• • 
• · • • 
• · : 

• • 
• ,. 
· • 
• • 
• • 

At. : -~ : ~~ : -~ : --2. Height ot average dominant (Fig. 11): A 
3. Avernge d.b.h.~ inches (Fig. 11) . : C 
4. Tree basal area, square feet : 

(Fig. 11) : C 
5. Basal area, square feet per acre : 

(Fig.11) : B 
6. volume~ cubic feet unpeolod per : 

acro . (Figure 12) : A 
• • 

Catalpa. for : 
1. Site classification (Fig •. 20) hold : 

a&o on A •. l-old ht. of aver. dome on : 

: A' : X · • 
: O' : XI : 
: • • • • 

---
: 0' : X : 0.001 
• • • • 
: BI : X 
• • • • 
: A' : X 
• • 
• · • • 
• • 

• · • · · · · '" 

• • 
• · • • 
• · • • 
• • 
• · • • -- : -- : 

--
--

--1/10 X. and read site index on At : -- : 
2. Bt. ot aver. doc. (Fig. 20) : A : At : X : 0.1 
3. Average d.b.h. t inches (Fig. 20) : C : Ct : Xl : --
4. Troe basal area. sq. ft. (Fig. 20) : C : 0 ' : X : 0.001 
6. Basal area. sq. ft. per a. (FiS. 20): B : Sf : X 
6. Linear teet per acre (Fig. 21) : A : At : X 
7. Seven toot posts per A. (Fig. 22) : A : At : X 

• • 
• • 
• · 

----
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To study the effect of spacing on height r,rowth, the 

plots were d1 vided into t\'~ groups tor each spocies, dopending 

upon the spacing. In Norway spruce thero ware ao plots with 

a spacing of 8%8 feet or lose, and 17 plots ~ith a sp~cing 

of more than 8x8 feet. In cat alpa 19 plots had El spn clng :)f 

6x4 feet or leas, and 25 plots had a spac iog ot more than 

6x6 feet. For each division (based on spacing) for each 

spe"eies, the averago hoight o:f each plot was plotted on the 

age or the plot. Curves were then drawn nnd balP..nced for 

each d1 vision for bo th cntnlpa and Norway spruce. The curves 

for !forway spruco are shooYl in Figure 23, and Figure 24 shows 

tho curves tor cat alps. .. 

In determining whether or not sp acing had any effect 

upon the tdal or stand basal area, a cor roln t10n ooeff1cien t 

tor each factor Tins detormined to see whether or not there was 

any corrolation betuaen spacing and basal nrea. Tho method 

used in com.';uting the correlation coefficient ia d~scribed 

by Wallace and Snedocor (34). The formula used in the computa­

tion is: 

£AX -

r --
The s:rmbo1 A was given to ti1.6 nWilbera designating the 

Spi c1ng.. Thus. a spacing of 6x6 feet has 36 squn m teot to 

the tree, 7x.7 teet ha.s 49 squAre feat, and SO on. The s,mbol 
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X was given to the numbers representing basal area. The basal 

area. X, 1s to be thought or as dependent upon tho spacing. A. 

The followIng correlation coefric1mts wero determined 

by til e a boy e formula: 

r 
• Tree basal • Stand basal • • 

Seocies • area • area • · N. spruco • 0.224 • 0.234 • • 
Catalpa •• -0.001 • 0.080 • • · 

Results 

The results discussed here are. as nearly a. s po ss ible. 

an interpretation ot the graphs and computat1ons wh1ch have 

been brO'olght about in analyzing the datf.!. The result s are 

diVided into the same three div1sions that were used under the 

heading "Office Work. tt They are lle1.t;ht growth. Y1eld tables. 

and Effect of spac1ng. 

Height growth 

Tho faetors studied which seom to havo an effect upon 

height growth are soils. size ot shelterbelts. and position 

of the trecs 1n the shelterbolt. ot these three factors the 

first seems to have the mo at effect upon hoight growth nnd 

the latter apparently very little. 

As well be noticed in Figure 2. Carrington 8011 seems 

to be more favorable to he1d1t growth or both species than 
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does Clarion soil. This notlceable deorease ln heigh t r;rowth 

on Clarion eol1s is probably due to the hlgh limo cont~nt of 

this soil. In extreme cases the lime ccntmt of"ClD rion so11 

has beon found to be as high as 50 per cent. According to 

stevenson (32) a high lime oontent will cnuse the soll nutrients 

to become unavailable to the plant. If this is so,. it seoms 

that the gro\-:th of the plant would be affected and it rn:'ght 

even CQuse death on soils where tho lime conton t was extremely 

high. 

Clarion soil is a drift soi I nnd occurs on the brow ot 

gentle slopes and slong tho tops of the low Blaolal ridges \7here 

the underlying lime 80il has boen exposed. The solI dO\7n to 

about 90 lnaheshns a very low aoldity and is basie from 20 

inches dovm\"lard. Carrington lORm on the othor ham occurs 

along gentle slopes in rolling to flat country. The upper 40 

inches of this soll is of medium n cidt ty and is usually basic 

from 40 inches downward. 

The second factor which has ap':)aron tly a treated the 

height growth of both species is tho siza of the shelterbelt. 

Figure Z shows toot f"or both catalpa and rlorway spruee~ the 

she1terbelts wlth the greater number of rows have, on the 

average, atta1ned greater he1ght than have those with a lesser 

nwnber of ro'r! s. Ha.ll (14) says that oxposure to the wi nd s 

,,111 greatly reduoe growth in height. It is obViouB thnt on 

a narrower shelterbelt a lnrgor per cent of the trees ,.,.ould be 
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exposed to tho winds than would tho trees on a widor sheltar­

belt. COnsequently. it r.ould seem that a narrow shelterbelt 

would teud to be shorter in heieht than a. wider one. Also. In 

a wide shelterbalt a lurger percentage of the trees 1s competing 

for li6ht than in a no.rrow ono, beoause in a narro-:r shelterbelt 

there is a larger per cent of the trens on the edges of tho 

sholtorbelt which receive ample light ~rom the sides. Thus, 

the fnct that a larger per cant or the trees on a wide' shel ter­

bolt is competing tor light than on a nnrrow one might make 

competit1on for liGht a factor influencinc height growth on 

dlffarent sized shelterbelts. 

It 1s interesting to note that in Figure 3 the dif";' 

ference in height growth of tho catalpa us lLf feoted by tho :size 

or the shel terbel t is greater than the difference in No!,~·tay 

spruce. Also, the catalpa shelterbolts varied from 2 to 12 

rows While those tor Nor\'my spruce only Varied from 2 to ? 

The factor which appeared to have the least effect 

upon height is the position of tho trees 1n the shelterbelt. 

The curves 1n Figure 4 show that 1n the younger ages for 

both speoies the south ron 1s very little shorter thnn the 

others, v:h11e in the older aged shelterbelt 8 tho south ro.'1 S 

are considorably aborter than the average of the other rows. 

lhis difference in height m1ght be callsod by ei ther exponure 

or the south rows to the dry south winds or by the lack of 

compet1tion for light. It night be stated \'Iera than in nddl-



tlon to baing shC)rtar in height the treos of t~ south rows 

of the shel terbelt a wore probnbly more branchy, more poorly 

shaped and crooked, but had a lDrger average d.b.h. than dId 

the trecs of the other rows. This was ospecially noticeable 

in the case of cat::lpa. 

I t wIll be noticed 1n exarn.ining Figure 6 that the 

average heiGht on the catnlpa plantatIons is grenter in the 

younger nge classes than is the nVQruge heIght for 1roI'\"1ay 

spruce at the same age. Further~ the averago hoi ght for nor­

way spruce 1s grenter thnn the av!~ra.£;G heir,ht for Catalpa 

in the oldor nge cln saes. Thus, thouGh the cntnlpa. ,vind­

breaks possibly protect R larger area 'Nhen they are young. 

the 1for\'1f1Y spruce w1nc1.bI'eaks w111 ultimately pro teet a larger 

area and probably make a more satt sfactory wIndbreak. norway 

spruce Windbreaks apparentlY' not only reach a £<rea~er height 

tlnd protect more- area than do catalpa ",1ndbrenl:s" but the tact 

that the cron.'n 1s longer and mora denso nnd thnt the leaves 

are retain.ad durInG the winter makes the lforwtf1 spruce wind­

broak the more impenetrable barrier at the two species. 

Yield tables 

Upon 6lnncing at the yield tables, it will be noted 

that tho site index clnsses for tho two species dlf£er; that 

is, the site index claos8s for norway 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 clRsson whnn tho plots wore olassified 

as to ai te. The si to classification ago '."as 30 yearR. The 

averaee site .indox f"or catalpa at age 30 "as 36.1. wh1le for 

Nor~1ay spruce it was 31.7. Thus the nverasa site 1.ndex of 

catalpa taIls into tho 40-.foot 5i to 11ldex cln.es and the avprage 

aite index tor !lorway spruce falls in tho 3D-foot 81 to index 

class. 

Table V Sh~lS the yields per ncre for both species 

and Table VI shows the mean annual increment per ncre. From 

Table VI it may be seen that mrucimUI!1 yield per a ere is obtain­

ed at aee 40 tar Nor~ay spruoe, while for oatRlpa the ma~lmurn 

yield per acre occurs at age 20. Thus. catalps may l'·e r;rmrn 

on a shorter rotation than norway spruce and n !'l'laxllUUm yield 

in posts be obtained. However, if' the total flten volume for 

cntalpa lias used. the length of tho rotation would probnbly 

be decr.eased nore. 

In addition to the .fact that catalpa can be graxn on 

a sh:Jrter rotation thn."l Uor~'I'nY' spruce" the value of catalpa 

.for fence posts may make it a more desirable "crop" for tho 

farmer. In addi tion to the posts cut from a catalpa planta­

tion_ a cona1dorahle runount of tuel may be obtained from t:'9 

limbs and tops. Since catnlpa sprouts vi gorously_ thi s ""~uld 

do away "ith buyinG seedlings after each cutting_ 
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'tabl;, V 

Yield in Cubic Feat per Acre -
Norway spruce 

• site index • Aga • 20 • :5d ! 40 • · : 660 • a9'6 .. 1116 " .. • 
25 • 1190 • 1630 .. 2040 • • · 30 .. 1930 • 2650 • 3300 · .. • 
~l' • 2650 • 3600 · 4500 ~) • .. • 
40 · 3110 .. 4250 • 5300· • · • 
45 · 3320 : 4500 • 5650 · • 
50 · 3450 .. 4750 : 5900 · · 

Yield in Saven Poot Posts par.' Acre -
Cn.talpn 

• site inn~1: · AGe .. 30 .. 40 · 50 .• • · gSo 1090 • 1346 10 · • · · • · 15 • 1780 .. 2050 • 2500 • • • 
20 • 2420 .. 2'780 • 3400 · • · 25 · 2900 • 3300 • 4050 • .. • 
30 .. 312> .. 3550 • 4350· · • · 35 • 3250 • 3750 • 4600 • • • 
40 .. ~;80 .. 3900 • 4700 · .. · 
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Table VI 

Yean Annual Increment - Cubic Feat per Acre 
llor.ay spru ce 

" S1te index .. 
· 20 . 30 : 40 · " 
" 33.0 .. 44.5 .. 6b.5 · • .. .. 47~6 .. 65.2 .. 81.6 .. " .. 
· 62.1 .. 88.3 " 110.0 .. " .. 
". '15.7 .. 102.8 · 128.5 " .. • .. '77.7 .. 106.2 " 132.5 .. .. .. .. 73.7 " ImO.O " 125.5 .. " • .. 69.0 .. 95.0 .. 118.0 • .. .. 

Mean A:mual Increment - Seven Foot Posts 
per Acre - Catalpa 

S:tte rno6x .. .. .. 3(} .. 40 · 50 .. .. .. .. . gS.O .. 109.0 • 134.0 " .. " .. 118.6 .. 136.6 .. 166.6 .. .. .. 
.. 121.0 .. 139~0 .. 170.0 .. " .. .. 116.0 .. 132.0 .. 162.0 • .. .. .. 104.0 .. 118.3 .. 145.0 " " .. .. 92.8 .. 107.1 .. 131.4 .. .. .. .. 84.5 .. 97.5 .. 117.5 .. .. · 
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ihat spncing has an effect upon height {~rowth seems 

quite eVident f'rom the grllphs in Figures 23 and 24. In the 

case of both norway spruce and oatalpa it will be no ti. ced 

that the narrower spacing 1s conduci va to better height ~rowth 

in the younger age clAsses. The closer spacing causes the 

crowns to come together sooner and probably the competition 

.for light brought about by the crowding of the crowns makes 

tor hetter height growth. Tho crowns in tho wider spaced 

windbreaks. on the othor hand. do not close until n fow years 

after the closer spnced ones; consequently rapid growth in 

height is possibly delayed until the or~ns do begin to compete 

tor the light. 

Further, the graphs at both species show thnt where 

there 1s n wider spacing Ilhe height growth :finally becomes 

grenter in the older age classes. This is probably due to 

the stagnntion of the trees in the plantations of narrower 

spaclng~ and though stagnnt10n may oocur 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 ~aid 

that wider spaced shelterbelts tend to have slower early 

height growth than do plantatIons of nnrrow~r spacing, but due 

to stagnation the heIght of narrow spaced windbreaks 1s less 

in the older age classes than the height of plantations ot 
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wider spacing. Consequently. an exporimen t which m1 p}1t B1 ve 

some intereBting results could be carried out to determine 

the best spam.ne for obtaining a maximum height growth and a 

maximum yield per unit area. 

That spacing hus apparently little effect upon the 

basal area of the species studied seoms quite evident from the 

correlation coefficients obtained. However, in the case ot 

Norway spruce plantations, there seoms to be a closer relation­

ship between spa cing' and basal area than for catalpa. This re­

lationship 15 so small according to the coefficients, however, 

tha. t it does not seem probable that a closer spa. c1ng or Wider 

spacing, unless run into extremes, would increase or decrease 

the basal a.rea per unit area enough to make the alinoment 

chart tor basal area invalid. It is quite obvious that it 

the stand basal area does not increase with an increase in 

the number of trees per unit area, the average or tree basal 

area will become less. Consequently. one might conclude that 

wider spacing makes for larger avorage diameter, and narrower 

spacing makos for smaller average diameter, but in both cases 

tho total or stand basal area per unit araa will remain about 

the same. 
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CONCLUSIONS 

O'IVing to the fact that the data secured as the basis 

of this thesis are confined to rather restr1 ctad site condi­

tions, the conclusions here presented may not be applicable 

over a wide area. Since the basic data are rather menger 

the factual basis for conclusions is also less desirable than 

might be hoped tor. After examining and analyzing the datn 

sccured. the writer :feels that the following conclusions may 

be justified. 

(1) Clarion soil (calcareous) seems to be less favor­

able to the growth at the species studied than does Cnrrington 

80il (non-calcareous). nle trees on the Clarion soils were 

shorter in height. smaller 1n diameter, and more crooked and 

misshapen thnn were the trees on the Carnnr,ton salls. 

(2) On the wider shelterbelts the average height tor 

both species studied was greater than the nvorage height of 

the trees on the narrow sheltorbelts at the same age. 

(3) Trees located 1n the south rows of the shelterbelts 

studied tended to have a larger avorage dinmotar but wore short­

er than were the trees in the center or on the north siae ot 

the ehelterbelt. 

(4) In the younger shelterbelts studied the catalpa 
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seemdd to grow faster in height than did the Norway spruce, 

but niter about aC;e 35 the height of Norway spruce exoeed'ed 

that of the catalpa shelterbolts. 

(5) In Central Iowa oatalpa can be gro\vn on n shorter 

rotation than Norway spruoe on the basis of maximut!J average 

volume growth. 

(6) Close spacing in the oase 01' both speoies studied 

appeared to produce taller trees early in life and shorter trees 

later in life than in the case of \'1ider spaced plan tations. 

(7) The data seems to 11;1OW that spacing may cause as 

Eluch as five feet di.fference in height c:rowth of catalpa and 

three teet di fforence for Norway spruce. This would cause 

the site index to vary for the dlfforent spacings. Consequent­

ly in using Heineke's method of yield table cmstruotion, this 

would involve the preparation of separate site index charts 

for all differont spacings before a yIeld table could be ap­

plied upon plantations. 

(8) rrhe fact that thp. widor spaced catalpa and Norway 

Ipruce shelterbelts attained a erenter he1ght 1n the older 

age classes seams to show that narrow spaced plnnt1nr,s should 

be thinned for maximum wood production but not necessarily for 

wind protection. 

(9) In this study spacing seemed to have little effect 

upon total or stand basal nrea ot either species. Closely 

spaced shelterbelta. on the average. had about the same total 



-71-

basal area as did the widely spaced Ones. 

(10) If spacing has little effect upon total basnl area. 

it 1s obvious that the average or tree basal area will be 

greater on widely spne"ed_: plantinGs and smaller on narrowly 

spaced plantings. 

(11) The f'act that the spacing, on the speci ss studied. 

has little effect upon total basal area makes- the stand basRl 

arca alinement charts usable for any spacing. 

(12) That Norway spruce is the most valuable of tho 

two species studiod for furnishing maxll:!lUlI1 protection from 

the wind is quite evident. Uowovor, its value as a farm pro­

duct is probably not as great as is that of catalpa. 

(13) As a ?1indbI'eak. !lorway spruce does not become a 

vary effective one until it MS reached tho age on about 20 

to 25 years. while catalpa ','ill reach a good height nnd make 

a fair windbreak somewhat earli er in life. 

(14) The tact that catalpa can be grown on a much 

shorter economic rotation than Catl l10rway spruce wll1 make 

for a quicker return to the farmer. Since catalpa sprouts vig­

orously, it would not be necessary to roplant after cutting 

as would be the case with Norway spruce. 

(15) Norway spruce ls apparently valuable rorplant­

ing in Central Iowa only whore the primary considoration 1s 

protectIon from the wind. catalpa is apparently more valuable 

where a fast growing species 1s desirad to give quick but 



partial and temporary proteotiQn and a maximum yield. 

(16) In some instances it may be desirable to have 

both maximum proteotion from the wind and nlb:dmum yield. In 

such a case. a oombina tion of those t't70 species could be used. 



SUMMARY 

Before the actual investigative work or this thesis 

was proaented9 certain introductory m08sures soemed essential. 

Tho need of shelterbalbs and their vnlue to the fRrrn 

home ia br1 a£ly dl scus sed 1n the introduction pro per. Further, 

there is a: limited discusslon upon the need of ahelterbelts 

which Will furnish usable Vlood products as well sa rurnlsh 

adequate proteotion from the winds. Mention is made of the 

species studied. A brier outline of the objectives is presented. 

In or'der to familiarize the reader with othor similar 

lnvestign tions,. a resume' of the growth on other plant n tiona 1s 

given. An historical background of the evolution of yiold 

tables is presented. A brief discussion 01: the effect of the 

sheltorbelt upon the surroundings 1s included. 

In the investigation a general disayssion of the field 

study is g1 ven. T'ne stEps 1n the office work brought about in 

studying the objectives of this thesis are presented, as are 

the graphs and c hnrts which were used in analyzing the data. 

The results are discussed and interpreted aa nearly 8spossible. 

In the conclusions a 80ries of numbered statements 

are presented which summarize the deductIons ronda throughout 

the course of the investigation. 
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