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INFLUENCE OF SITE CONDITIONS ON
FORM AND GROWTH OF WHITE
0AK IN SOUTHERN IOWA

I, INTRODUCTION

At the time this investigation was started, the 8State Conservation
Commission had recently scquired several thousand acres of southern lowa
forest lend, and was confronted with the problem of drawing up management
plans for the units. Such plans, however, required definite information
concerning these forests which was not aveilasble., The Jowa Agricultural
Experiment Station, in cooperation with the Forestry Department of Iowa
Stete College, was celled upon to set up s number of projects, of which
this study was one, in order to secure a more complete knowledze of these
areas, |

The purpose outlined for this particular problem was to determine
the résponaea in form and growth of white oak pole stands to different

site conditions or site factors.



- II. HISTORICAL

A Teview of the literature concerning this subject reveals that a num=
ber ‘or studies have been made in the eastern herdwood region desling with
tha influsnce of one or two factors on growth of herdwood species, In the
Central étatea.-hoiover. investigations of this kind have been somewhat
limited, Few studies have embraced all of fhe main site fectors and their
influsnce on growth 1n‘oﬁo 1nveatigation," The magnitude and difﬁdulty of
‘such a problem have probably limited any aétivity in this respect, The
infomation ﬂ_mt these reports have rurniuhed proves valuable as 2 basis
for the part of this peper dealing with growth, . '
| In regard to tree form, relatively little work has been done in this
country in determining the influence of the various factors of site on
form, Most of the studies along this line have been: carried on by numerous

investigators in the highly developed forests of European countries,

Ae. Bite Indicators

In 1921 a committea of six membera of the Booiety of American Toresters
(23) considered the following as possible indicators or the qnality of
forest sites. _
i., Height growth of main} stand trees.

2. Vegetative indicators,
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3+ Analyses of soil and climatic factorss

4. Composition of the existing or originel forestis

8, Actual messurement of volume gi'owtho

64 ¥Yorn factor,

7« Color and development of foliage,
. The committee hed the following comments about some of the more impore

tant indicatorse

1+ Hoeight as site indicator, they said, waa the simplest and
most convenient, was falrly good, -but was not elways accurate and
should not be used on juvenile stangla under twenty years of age,
2, Analysis of the physical factors of soil and climate and
comparison with similar sites whose productive capacity was known
to be under some conditiona a8 accurete a method as could be de-
vised,

v 3, Vegetative indicators often give a good line on the pro~
duetivity of the utog

The. oommittu recommendsds

: l. The adoption of a standard method of classifying forest ,
'8ites, on the basis of the aoctusl mean annual growth in cubic volume
at approximately the age of culmination of mean volume growth for
typical well-stocked natural stends of the species present or to be
grcvm on the sito-

e 'I.‘hoy also racomonded height growth of the main stand for
determining site guality,

A further consideration of the suitebility of these site indicators
is included in the following discussion, ‘
1. Height growth of mein stand trees. Although the committee
recommended the height growih as an indicator of site quality, no definite

study has been made to evaluate it as such, The fact, howsver, that
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forestas in general have accepted height growth as a dbasis for site index
claseification and various tables of growth and yield show that in most
cases it hae proven applicaﬁlo. "

2, Vegetative indicators, In Europe Cajander (9) end other
investigators have determmined site quality by .the use of the subsidiary
vegetative cover, Ths work slong this line in the United Stetes has been
limited to & few studies, one of which was made by Hazard (16} on White
Pine in southern New Hampshire, She found that indicator types may be
used to dctémina thé natural fertilify aﬁd silvicultural treatment of
white pine areas, .

_ Se Analyses of s0il and climatic factorh. The theory beﬁind
this S:ﬁdic;tor is fhat if a given site, as measured by physical and chemi-
cal ‘aoil c@cteﬁstica andv the c¢limatic conditic;ns, will brbduca a"ccxw
tain yleld, then any other site with the seme species and site properties
should produce the same amownt, No information is available to s\;bstan-
tiate this claime

4; cmnpéaition of the existing or original forest, Whether or
not the composition of # stand influences the quality of any given site is
8 problem yet to bo» solved, iluch discussion has been carried on concern=-
ing this point, most of which would indicate composition does indicate the
quality of site. No definite proof of :khiu contention, however, is avajle
&ble, | . _ | |

5. Actusl messurement of volume growth, It 418 ldgiéal to assume

that the volune of a stand on & site should indicata fhe prodﬁ&tivify of
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that habitat. Volume is one 1pdiéator that ﬁeasures the sum of ell fac-
tg;s; Bates {5) feels that it is the most katisfactory. Others feel tha£
height growth is better, No 1nveatigation of the matter has been made, 80
no definite ccnclusion ¢an be reached.: |
A'G. Form factor. The'use of form factor as an indicator brings
up much of the discussion concerning the measurement of tree form. Bruce
and Schumacher (7} think that there is no factor yet discovered that will
express accurately tree form, Chase (19), however, feels that form quo-
tient is satisfactory for the bole of forms., Claughton (11) reports that
Jonson found that é large tree is desveloped exactly as & small tree provid-
ing both have the same form quotient, He also says that Schiffel found
that height tapers according to & fixéd law, It is obvious, therefore,
vthaf no definite evidence is availsble which indicates conclusively that
the site quality is indieated by the form facotor.
7+ Color and development of foliage, Although these have been
suggested as a site quality indicator, very little has been done to prove
thelr value as such. |
It is apparent from this discussion thet although seven site indica-
tors are listed, the ones most adaptable to modern day needs are, primarily,
the actuel measurement of the volume growth and the height growth of the
main stand trees, Undoubtedly the use of vegetative indicators will in-
crease as more information concerning them is made available, but at the
present time they are not commonly used. In view of the fect that height

growth of the main stand trees has proven satisfactory as ean indicator of
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site quality, the investigator has used it in this study for that purpose,

Be Influence of Site Conditions on Form and Growth

1. Physical cheracteristics of ¢ il,

P I e e

Texturs.

"Auten {4) in his soil study of the Mont Alto State Forest in Pennsyl~-
‘venie, found that volune growth seemed to be somewhat independent of the
801l texture of this drea. Haig {(44) reported that in his studies he found
a correlation between colloidal content and increment, Auten (3) con-
cluded that compactness of the soil was detrimental to growth of walnut.
In his study of yellow poplar (2}, he could find no definite correlation
between texture and growth, Rusaell (26) writes fhat a g0il mey at one
time be in a good crumbly state, very suitable to plant growth, and at
another time very sticky, lumpy end quite unsultable.

Humus,

Weaver and Clements (33) define humus e&s comprising the more or less
decayed organic portion of the soil, consisting mostly, but not entirely,
of vegetable matter, dark in color, light in weight, end more or less in-
timately mixed with the other soil components,

The source of humus hag besn studied for over a hundred years, with
many of the investigetors endeavoring to make humic bodies by laboratory
methods, DuToit, as reported by Russell (26), contends thet humus is

formed frem lignin at the ratio of two and one-half parts of lignin to one



part of humus,

Wakaman (30) states that forest humus varies in chemicel composition
wnder different conditions depending upon surface vegetation, climate, soil
structwre and microblal activities. Humus of different horizons differsin
chemieal compositions
o Auten (4). in reviewing the work of various investigators, found that
the humus of deciduous timber shows & higher pH then that of coniferous
timber, mized humus of hardwoods end conifers being lower than either pure
coniferous or hardwood humus, Nemec and Evapil (22) sssert that under a
deficient onrgeniupply, humus is reduced to 1ntemedia1y products with an
acid reaction, . ‘

| According %o Weksman (30) forest humus is characterized by Spécirid
decoﬁposition PTOCOSBES, which aff‘ect‘ the veéetative grmrth of the forseat,
Coniferous humus and litter decompose. slowly leaving lignins to accumulate,
The organic mat rasultiné is acid in reaci:ion, low in nitrogen, slow in de-
comnosition and 1s easily leached, The broad lesf plant residue i{s at-
tacked by numerous fungi, bacteria and 1nvertebrate§, which decompose the
celluloss, hemicelluloses and lignins, The resulting humus is high in
bases, is less acid in resction and is higher in protein,.

Waksman (30) summarizes the literature concerning the importance of
humus in tree growth by ssying that some investigators claim humus is highly
important because of its physical, chemical and biological properties, while
otﬁern 'tmm: .tha't the best humus is one that 18 never formed, These two

views have developed from observations on two distinct types of humus, one
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being the incorporated soil humus as found in mull soils, and the other
the 1little decomposed humus which forms the forest floor of the raw humus
soils, Romell {25) found that a cover of leaf litter, moss or similar
material prevents the soil from becoming sealed by fine particles due to
torrentisl rains, a8 iz the case in bars soilé. A sezled s0il has poor
aerations

The first investigations of forest humus were made by P, E, MBller,
writes Russell (26), on humus types in Danish forests. In beech forests
he found two types which he called mull and torf, Mull was free from acid,
contained from 8 per cent to 10 per cent completely disintegmted organic
nmatter and most 1ntimately mningled with the mineral matter, Torf was acid
and contained about 30 per cent of organic matter not completely disinte~
gratei! or mixed, Torf was so tough and compact that rein water could not
penetrate 1t readily. It was not fayorable to young tree growth. - Mull
was formed by earthworms and other similar animals, while furgi gave rise -
to torf,

Auten (2) states that organic matter influences. the growth rate of
yellow poplar in a cumulative manner as it grows in amount, but its pres-
ence is largely & result end not & cause, Iu & study of. black walnut vand
black locuat, Auten {3) found no correlation betwsen organic carbon and
tree growth, | |
Profile.

In his study of yellow poplar, Auten (2) found no apparent correlation
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betwean total depth of the A horizon and plent growth, The same was true
of the B horizon, Failure o detect a correlation was probably due. to the
immature soll profiles,. In his study of black locust and black walnut,
Auten (3) did not find a correlation betwsen the depth of the B horizon and
growth, .He did, however, find that growth hed a definmlte correlation with
the plestielty, compactness and texture of the subsoil, Porous structure
and good oxidation were associated with good growth. Russell (26) reports
that soil profile influsnces the moisture relationships and the resction
of the soll, .

Rater Relationships. - }

., —Auten {2) found the moisture content of the soil to be the limiting.
factor in the growth of yellow poplar., He further concluded thet soil
moistﬁ;'e appearsd to be the principal factor limiting the satisfactory re-
generation and rebabilitetion of grazed woollend which have reached the ad-
vanced stages of decadence,

Coile (12) dimcovered a marked relationskip between water-holding
capacity of the B horizon end the site index, He found mo well defined
correlation detween site index and any other physical characteristic or
components of any one horigon, Heig (14) reports e definite correlation
between the site index and colloidsl content of the A horizon.

_ Hickock et al {17) found no correlation betwsen subsoil snd site
index, nor did they find any correlation between site index snd clay and
8ilt content sbove twenty to twenty-five per cent in the A horizon. How=

ever, a positive correlation seemed to exist between the moisturs
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equivalent of the A horizon and the site index., Harding (15) saserts that
there is a fairly conatent relationship between moistiure equivalent and
various moisture properties of the soil. Diller (13) reports thet al-
though the amount of water available for plant growth cannot be determined
from the moisture equivalent alone, it 1s considered the best single velue
for interpreting the moisture properties of the soil.

Aspect,

,~Touney (29) writes that aspect influences forest growth chiefly
through its effect on temperature and soll moisture. The effect of aspect
on soll temperature is so promounced that trees often are grown far north
of their natural range on southern slopes, and far south of their natural
' range on northern slopes. Larsen (20) found in his studies in Ideho that
the moiature content of the southweat slope during the sumier was dangerous-
ly iow as compared to that of the northeast alqpe.

Auten (2) in his work with yellow poplar in the Central States, found
the aspect of a site in its influence on moisture to be of great importance.
This influence was clearly apparent in the'changés of forest types or com-
position which occur on every forested area. He a@lso found aspect, in its
relation to moisture, to have & marked influence on the avérage annual
height growth. He included the north.BIOpes, east élopes and bottoms as
moist sites favoring & high growth rate, and' the south siopas, ‘gast slopes

and ridge tops as dry sites caﬁsing a slower growth rate,



Degree of Slope. .

Russell ( 26) reports that slope influences the tempereture in that

cool air tends to drain to the. bottomlands below, E{egver end Clemsnts (32)
state that the kteepness of slope influences water content, The pi'incipal
effect of slops iz in controlling run-off and drainage.| Toumey (29) writes
that trees on a steep hillside tend to bave & greater radial growth on the
downhill side, and the pith is nearer the bark on the uphill side. In his
@hﬁation, rpr this phenomemm he infers that the compression of the tissue
on the downhill side 1is a stimulus for accelerated diameter growth on that
side, Bauer {6) asserts that slope is a condition produscing eccentric growth

to an extent that is proportionsl to 1ts steepness,

2, Chemical Properties of the soil,

Nitrogen Content.
Holman and Robbins (18) write that next to hydrogen and oxygen, nitro=-

' gen is needed in the largest éuantitiea. Auten (3), however, ssys that due
to the small amount of nitrogen required, he could £ind mo correlation bee
tween growth of black locust and black walnut and total nitrogen content
of the soil, Nemec and Xvapil (23) report no relationship betwsen nitrogen
and soil typs. They also found that pime stands with an undergrowth of
beech have a higher nitrTogen content than those without, |

. Toumsy (29) says that the decomposition of forest litter retuwrns from
twenty~-sever to forty-five pounds of organic nitrogen per acre per years

Auten (4) stetes that Zon found that black locust seed in pure sand increased
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the nitrogen content from 0024 grams to +092 grams (33 times) between
Mey 1 and September 10,

Jenny {19} found that & correlation exists between the mean annuel
tenperature and the average totsl nitrogen cohitent of upland prairie and
timber soils, and of the terrace and bottomland soils, The nitrogen con~
tent of the soils was found to decrease sxponsntislly with an incresge in
temperature, In general, for évery 10 degrees centigrade decline in meanl
annual tmpérature, the average nitrogen content of the soil was found to
increase two or three times, Walker and Brown (31) say that in Iowa the
temperature snd humidity are more or less uniformj therefors, the dif-
forences in phosphorus, nitrogen and carbon are dus to topography, tex-
ture and type of vegotation.’

Boil 6¥aniaml.

The soils of tho forest are populated by & great variety of micro-
organisms, The growth and survival of the forest vegetation are directly
related to these organimms and their relative numbers, Toumey (29) writes
that the essential conditions for their existence not only include the
presence of sir and water, suitable temperature and the absence of toxie
materials, but also require an adequate supply of pnorgy-producing Tood.
Russell {26) concludes that the organic matter affords energy to numerous
mioro=-orgeniams, |

The most importent class of organiens is that which acts indirecily
on the forest vegetation, These oi-ganim do not live in contact with

the roots, and their relative number determines, to a large measurs, the
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degree of availability of nutrients in the scils An example given by
Toumey {29} is the Azotobacter, which changes the nitrogen from non-availe
gble to an available forme Russell (26) states that the number of bac-
teria fluctuates throughout the yesr, azs the amount of energy material
avajiladble fluctuates, He found that & pH from 6.8 to 7,0 seemed to be the
moat favorabls for baoteria,

McDougall (21) found that in many plants, including oaks, fungi are
habitually associamted with the roots, Weaver end Clements (32) write that
a myeorrhiia ig a structmwcon'xposed of root and fungus, Xctotrophic
mycorrhizas have their mycelium on the outside of the root and between the
cells, Endotrophic have their mycelium within the root. Many imrestigv-
tors consider the relationship of the fungus to higher plants one of para-
sitism, which is true in some cases, On acid soils, where nitrogen exists
in the form of organic compounds, coniferous trees with mycorrhliza on the
roots show the best growth, The mycorrhiza meke the nitroge;z readily
ayailable to the trees, Towmey (29) says that Melin's experiments showed .
that mycorrhiza bearing roots were capable of absorbing nitrogenous compounds
more readily. ﬁ‘mney (29) reports that Moller found that mycorrhiza do not
appear to have the power to fix free nitrogens Other investigators foumd
this to be true,. | | '

Phosphorus -
| In e study of the affect of nutrient deficiency on the growth of long~

leaf pine seedlings, Pessin {24) reports that & shortage of phosphorus did
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not produce any external evidence of injury. The total dry weight o: the
plant was redused, however, and shorter tap roots resulted, Auten (),
found that smell smounts of the phosphorus in the soluble form are no in-
dication of low gite quelity, As little as three pounds per acre were
found on the better sites of walnut end black locust, No correlation was |
noted between phosphorus end growthe In his study of yellow poplar, Auten
(2) failed to find any correlation between phosphorus end growth of yele
low poplar, Welker and Brown {31) discovered a definite and consistent
correlation between texture end phosphorus, Serdy loams hed the lowest
amount while the amounts increased in order through fine sandy loam, loam,
8ilt loams and silty ecley loams,

Potaasiuvm.

Auten (2) found no relationship between potassium and growth of yel-
low poplsar, In some cases maximum growth occurred on soils too low in
potassiun to give a test, Pessin (24) showed that a potassium deficiency

~resulted in a atunted, sickly plént with poor survival in pine seedling
studies,
Caleium, | _

“Pessin (24) found that a deficiency of caleium in seedlings resulted
in high mortality, delicate weal needles and very little growth after
two months, Auten {2) ssys that the smount of replaceable calcium in the
s0il did not seen to influence growth in the least as far as ﬁhe gtatise-
tical snalysis could disclose, Yellow poplar can grow on an acid soil, .

gather lime, 2nd deposit it in the 1itter thus building up the calcium



content of the’ surface soil,. ‘

- Holman and Robbins {18} report that caleium apparently stimulates -
ro;:t development, ‘A deficiency of culeium retards transportation of carboe
hydrates and their utilization. Toumey (2’9) statea the caleium improves
the physical cohdition of the ®0il and neutralizes acidity, thereby improving
fortilitys
Aciaity,

- Wilde {33), in a diascussion of pH, gave the following ranges of pH
and their influence on plent growth,

1, Soils of pH lesas than 3,7 will not support nommally developed
forests.

24 pH 3.7 = 4,5 supports acidophilous conifers, dbirch and aspen,
| 3s PH 4,5 « 5,5 18 adspted to some deciduous trees and most

conifers. The low availability.of putrient is the reason for low
grovth.

4, pH 5.5 = 6,9 13 characterized by high activity of micro=
organisms, energetic hwmification, friable atructure, good aera-
tion and high yield of wood, As it spproaches neutrality, some
conifers become susceptible to fungous atteck,

5. pH 7.1 - 8,0 supports largely the stands of aouthern hardwoods.

6¢ pH 8,1 = B,5 13 toxic to forest trees.

7. Over pH 8,5 the soil is mproducuve 80 far as forests are
concomed.

uldg (35) rurther statea that the xmfavorable influence of alkaline
soils npon the roreat treos is duo either to toﬁ.city or OH-i.ona or to an
excess of caloim or magunesium carbonatas, causing a 1ack or available 1ron
{chlorosis),
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Nemec and Kvapil (22) report that open stands have a lofrar acidity.
In addition, soils of mixed stands usually have a lower ecidity than core
responding layers of the closed hgrdwood and conifer stands, They say
that soil ecidity increases with decreasing air capacity,

Auten (B)'shond no correlation between pH apnd walnut growth,

In reviewing the literature on soil acidity, Auten {4) found that
© Breal said that soil acidity prevents the formation of nitretes except in
amall amounts which were taken up rapidly by the plants; hence no nitrates
were found in acid soils,

Russell (26) sums up the ideas of s0il acidity with the following
pointst |

1, Soils contain two groups of acids.
a, Organic acids, mainly humic scid.

be Inorganic ecids of the clay complex, probably
alumino-silic ecids. o

. 8+ Acid so0ils are characterized by three properties.
8. Deficiency of replaceable calcium,
b, Presence of hydrogen ions.

¢. Tendency to contain soluble aluminum and iron salts,

3, Precipitation and temperature,
fgurns {8), in a study of the influence of rainfall on tree growth,
found that the moisture content of the soil s influenced by precipitation

wes one of the chief factors favorable to plant growth, Russell (26) re-
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ports thet yleld rises as the water incresses up to a certein point, and
then falls off bpeause the excess of water reduces the air supply for the
roots, Adems (1) found that the amount snd distribution of .rainfall had
considérable influence on height growth, He elso found that higher mean
moﬁthly-temperatures end greater rainfall in the early part of the growing
season gave & much greater diameter growt%ig’ﬁdans discredited the impor-
‘tance of light as a limiting fector in growth on the theory that even under
éense canopies & sufficient smount of light i3 found to carry on photo~
synthesis. Schubert {27) found, through & statistical analysis of his
data, that about half the area increment of pine wes due to precipitation
during - the dry summer months,

. Weaver.and Clements {32) state that the temperature has more or less
to do‘uifh nearly every function of the plant, - With a decrease in tempera-
ture to & certain minimnn, growth is retarded; at & lower temperature, cell
diviaion and photosynthzsia*are chacked, and, at a 8till lower temperaturs,

respiration ceases and death ensuaa.
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11X, EXPERIMENTAL

A+ Methods of Procedure

1. Field methods.

m data which ‘are presented in this thesis were gathored on the re-
}caﬁtly acquired state forest lends in Lee, Lucas and Monroe Counties in
Iqwa._ ﬂ;neteen plots were teken in all, anh these were =20 located that
each represented tjpical southern Iowa pole siends of white oek {Quercus
alba L.}, duplicate sample 'plots being selected to iepreaent each distinet
site coﬁdit;lon such as asﬁecf, aiopo. ‘aoil texture, pH, precinitation and
o_thar‘climat:lc and edaphic factorss, After some dirficulty at the qfart,
satiéfactory duplicate representativo piots were oventually sécured which
it waa hoped would express influences or the more 1nportant or perhaps
the eontmning or lmiting site faetora. o

In ulecting the plota it was, at tirst, noceaaary to exerciu per-
eonal Judgmont, especially in trying to find the duplicates. In the final
‘analyais. however, the nelection of these duplicatea resulted not fron
personal judgment but from the mechanically measured factors es they were
found in the field, .

! These plots were chogen and Located more for the express purpose of

finding esuses among the site factors contributing toward better growth,
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nore satisfactory. tree form and healthy forest development rather than to
determine actuai growth, form and yield, For these reasons & statistical
method was of no conseguence in their selection. Furthermore, pole stands
were chosen because these represent the oldest age cl&aseavof timber which
now oceur in unbroken more or leas normal forest conditions. 014 virgin
atands have long since been removed, 80 that only individual trees or
broken remnants now reﬁain. Another reason for choosing the pole stands
for this study is that these now represent the most important commercial
forests in the region.

The Lee County pléts, nine in number, were established on en eighty
acre tract supporting & well-stocked second growth white osk pole stand,
The topography of this area is & alightly rolling upland dissected by sev-
eral m, but deep, drainage-ways that formed dendritic patterns through-
out the area., The tract had been lightly grazed, but an abundance of res
production indicated that little damsge hed been done. Ground fires had
occurred from tims to time throughout the arsa, but very few trees bore any
severe fire scars, |

In Lucas County, an effort was made to locate five plots in a stand
of timber heving site conditions similar to those found on the Lee County
tracts, The forest chosen consisted of a wall-stockéd seventy-two scres of
second-growth white oak ~§oles. A rolling upland dissected by several large
dreinsge-ways characterized the topography. Little demage by grazing or

Tire was found on the ares,
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The Monroe County plots were chogsen to repressnt the influence of
heavy grazing end fire on form and growth, With this in mind, the samples
were situated on the Curtis Tract of the State Forest land located in the
northwest corner of Monroe County,twenty-five miles northeast of the Lucas
County plotss During the past few yeurs this erea had been: heavily grazed
and frequently burned. Four of the plots were located on heavily burned
or grazed sites while the fifth plot was established as a check on a site
neither heavily burred or grazede In laying out the individual plots, the
first step was to esteblish a corner and then run the boundaries out from
that point, For this purpose the Forest Service staff compass, the acbney
hand-level and the trailer tape were used in plots which were either sguare
or rectangular, thus simplifying the taking of measurements on the sample
aroa;l The plots varied in size from ome-tenth to one-gquarter of an acre
dspending upon the topography end density of stocking, -When obtaining the
plot boundaries, the trees that fell just outside were marked in order to
prevent the possidbility of measuring trees not on the plots,

The next step in the procedurs was to measure and record the species
and diemeters at breast height with a steel diemeter tape. Diemeter neasure-
ments were recorded to the nearest inch,

| Fron the above-measm'ements the average diemafer of the trees was then
dotermined end three trees were chosen for samples, The trees selected
were dominant, single stems, healthy zppearing, of about everage diameter
and of average height of the .dominant trees. The average height of the

main body trees wes checked from time to time by measuring the height of
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ten dominant trees and obtaining the mean,

Ve
4

The three sample trees chosen were then felled, leaving a stump height
of six inches in e&ch case. Individusl measurements of each tree were then
taken of the width of the crown and the crown length to the closest tenth
of an inch by means of a fifty tooj: stee]l tape, The tree was then limbed
and the stem marked off in four-foot sections starting at stump height
and extending to a point on the tree where no more sections could be cut
without going under two and a half inches., In a similar manner, the tree
was then measured to determine its total height. The mid point, located
at one~half the tree height plus two and & quarter feet, was then located
end marked for cutting. After the atem was thus marked off, the tree was
bucked into four-foot lengths, The mid point on the stem was also cut
80 that a measurement could be made at that point. Measurements of the
end sections were then teken, starting at stump height and repeating at
the top of each sectlion until the tip was reached, The first neasurements
taken on the cross section were the diameters inside and outside bark®,
obtained with & steel ruler gradusted in hundredths of an inch, Perpendic~
ular diameters aversged gave the true diemeter. In taking these diameter
measurenents the ruler was placed to measure the widest and the narrowest
parts of the cross gection in order to obtain a better average, After

the mean diasmeter wes determined, the zero point of the ruler was held on the

¥ Herecafter diameter inside bark and diameter outside bark will be
designated by D.i.b. and D.o.b., respectively. All diemeter measure~
ments referred to were taken at 4.5 feet above the ground level,



éith and the-étﬁer »eﬁd of the raler waé svnmg around until the aversge
radiuvs was found. A line was then drawn fiom 'the cénfer to the bark albng
this averagse radiué_. star'ting at the cemter, every ten years growth was
mérked off by pencil narks, 'The totai number of rings at the .section was
deternined at the same time. With the growth marked off, the next step
was to measure the distance of each of these marks from the pith, In
other fords,.ths growth in ten years, twenty yesrs, th:lrty years, etc., was
recorded, ' ‘ '

The age of the tree v'uas considered to be eﬁual to the number of an~
nual rings at stump hﬁight plus one ieér recessary to grow the six inches,
The form guotient of each tree' was dateﬁined by dividing the diémeter ine
stde bark at the mid point by the D.i.bs

After completing the detailed 1nve'stigaticns' of the three trees,
other importaxit factors of site were then meusured, Slope measurements
were obtained by means of the abney hend-level, ahd converted to per cent
slope at 100 feet, . | ‘

The aépect was -detefuined by the use of a Forest Service étarf com~
pass, and recorﬁed t0 the closest of the eight common pbi.x;ta of the com-
pass such as north, northsast, east, etc. |

Obaemtiona on the soil type and on the diﬂ'érent horizoils were made
by digging & pit twmty fnches deep and observing the character of the
different horizons, The depth of humus and 1itter was also observed and
measured with the steel ruler at the ssme tim., o

Soil ssmples were taken for the A horizon of each plot, In addition
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B horizon samples were taken on sbout half the plots, with et least one
for each site, The'reaaon that B horigon samples were not taken for each
plot was that there was little difference between the subsoil in similar
plots on ths same s0il type. A veriation was expected between different
sites on the ssme s0il typs, 80 samples were teken for such cases, The A
bhorizon sample teken was a composite of five samples from the center and
the four corner sections of the plots The subsoil was taken at the
center of the plot by digging & pit in order that a sample could be taken
at twenty inches. The samples, as gathered, were placed in two~quart Mason
jars end promptly sealed, Esch jar was appropriately marked to prevent
any mixing of the semples,

The topography of the piot wag limited to its relative position on
the siopo. such as ridge top, upper slope, mid slope, 1mrerv slope and bot-~
tom,

From the tally of the trees on the plot by species, records were ob~-
tained of the foreat composition es well as the density, The latter factor
was expressed by the total number of trees per acre and their average D.0.b,

The origin of the sample trees, whether seedling or sprout, was deter-
nined by observing the condition of the stem at ground level, If this was
rounded and somewhat bulged, it indicated e spront; Stumps wers cut open
occaaionally to check this observation. £11 o the s=mple trees proved to
be of spronf origin.

Grazing demsge wes studied by means of the condition of forest repro-
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duetion and the state of the vegetation presents A knowledge of the ap-
proximete number of stock grazing fhe ares wag also obtained from the local
farmors, |

The fire demage was estimated by oﬁsarving the extent of fire scars
on the trees, The character of‘the vegotation was also indicative of the
amount of fire damage, |

Total heights of standing irees wers determined by use of a trailer
tape andAan Abney hand-level,

2. Laboratory methods.
The firast determmination in the study of the physical and chemical

characteristios of the soll was the mechanical analysis, This was carriod'
on by means of the standard Bouyoucos hydromater method,

In finding the moisture equivalent, the csntrifuge method was used,

The hygroscopic coefficient was detoﬁained by placing about five grams
of oven dry soil 1ﬁ a clemp watch glass and placing both in a saturated
atmosphers for forty-eight hours. At the end of the time the sample wes
removed and weighed to determine the amount of moisture sbsorbed, This
moisture which is equal to the hygroscopic coefficient of the particular
801l was recorded in terms of per cent of its dry weight, The chamber used
to produce & saturated atmosphere in this method was a desiccstor using
water inastead of a drying sgent. Before placing the sample in iha chember,
the dessicator was allowed to stand in en incubator at constant yoom tem~

perature for twenty-four hours so that the atmosphere would have sufficient
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}timo to boeomeb saturated, ‘I'hia method vwas checked by mning-triplicatu
in the same chambor, anrd by plactng aimilar soil samplos in different
chembers., In all cases a good check uas ohtainod. In additlon, samples '
were weighed uvery twelva hours for over two hundred hours to got the
trend of the samount absorbed. It was found that during the whole perlod
‘tha sample continued to ebsord more and more water, but that after forty-
'eight h;)m a plateau was always reaéhad {on the curvﬁ) indicating an al-
moat ;:agligible subsequent gain, From 'these results, it was concluded that
rorty-eight hours wag the most satisfactory and most accurate time t0 make
the maasuremnts.

The vd.lting per eant of tha s0il was measured by planting a sunflower
seed.in a given quantity of soil and ntanng it until 1t became e healthy
plent ébout £1fteen inches high, At that time the watering was stopped and
the plant allovreﬁ to tiltu mn the plant. wilted, the aou trcm around the
roota was removed snd ominod for 1ts mointure contmt at permanent wilting.
Pomanent vd.lting is that ulting fron uhich the plant caxmot recover by
boing placed in a saturated atmosphers. |

The water-holding capacity for each aample was measured by ﬁlling a
}ne].ve inch cylinder of known taight to a depth of eight inches with scil,
'Glaaa mol was placed over the perrorations in the botton of the cylindor
to prevent the soll from going through, and yet parmit the free passage of
watar. The eylinder and soil waro then weighed together to got the weight
‘or the soil. which was dotexmined by subtracting the cylinder 'neight from
the vtotal weight,



‘39«-

The cylinder was then placed in a crock of water to completely sature
ste the s0il, The water in the crock was kept at ebout the same level as
the soils After twenty-four hours, the oylinders were removed and allowed
to drain for one hundred and twenty-five hours, at which time it was removed
end welghed, - The difference in the weight of the dry soil end the wet soil
indicated the amount of water the s0oll could hold egainst gravity. The
sount of water held was expressed in $omus of per cent of the weight of
the dry soil. This per cent was known as the water-holding eapacity.

The volue-weight ratio was meesured by dstermining the weight of 500
0.0s Of 2 mesh soil, This was done by filling & 500 c.ce graduate with
20 mesh soil and then dsternining the weight of the soil.

| The chemical properties iere neasured in the rollov}ing manner:
. 1+ The pH was dafemined eloétrdnotrically by'the.quinlwdrone
electrode, | ’ | | ‘

2. ATotal nitrogen was measured by the Kjaldahl method.

3o 'l‘otal carbon was detamined by the dry combustion method and
multzpliod by the factor .27 and 1.‘724 to get the organic matter in the
soil. |

4. Totel phosphorus was calculated by means of the modified magnea-
1um nitrate method, ' | |
'8, _Q_r_f_;_i_g_g methods.

The average annual height growth of the trees wes determined by di-

viding the total height growth of each tree by the sge, The mean height
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growth for each plot was determined by totaling the average annual height
growths of the three trees and dividing by three.

The mean annual dismeter growth was determined by dividing the D.i.b.
by the sge of the tree, The aversge for the plot was then determined in
a manner similar to height growth,

The average amnual cubice foot yolume growth was determined by ploiting
the velues on form 588A and determining the mean volume of sample treea on
the plot. The average volume was then divided by the average sge to deter-
niine the mean annual cubic foot volume growth.,

The average annual height g;-owth during the last ten years was deter-
mined from a cutve of height over age. The height growth during the past
ten years was determined from the curve and divided by ten to get the
ayerage annual héight growth for that Iperiod. The average annual height
growth for the last twenty years was determined in the same way except
twenty years was considered instead of ten,

The average annual diameter growth was obtained by determining the
growth for the last ten years from the stem anslysis data and dividing by
ten,

Taper curves were drawn with average height plotted over the average
radius to give a pieture of how the average form of the trees appeared on
a given plot, |

The volume per acre for each plot waes determined by constructing a
local volume .table, indicated by figure 1, from tree data taken throughout

the region. Part of these data were obtained from Professor C, M. Genaux
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and Mr, J. G. Kuenzel, who were making a forest study on the ssme aresz,
After the volume teble was constructed, the total volume of =ll the trees

on each plot was calculated and converted to & per acre dbasis,



IV, RESULTS

A+ Presentation of Data

The results of this study fall ;nto four'diatinct groupst first, the
conditions of the trees, commonly krown asg the stend condit;ons; second,
the physical characteristics of the site; third, the chemicgl propexrties
of the soll; fourth, the climatic conditions of the area, In ﬁhe following
‘discussion, each group 1s considered separately and is folloyed by the
correlation of the various site conditions with the characteristics of tis.

stand,

1. Stand conditlions.

The foreets of southorn Iowa have suffered greatly due to mismansge=~
ment durinzg the past seventy-five years., Heavy cutting and uncontrolled
burning have reduced extensive virgin forests to scatiered patches of in-
ferior second-growth timber, It was in these scattered patches of second-
growth that this investigation was carried on,

The plots used in this study and their location are indicated by the
sanpling roster in Table I, The detziled stand conditions found in the
white ogk pole stands of southern Iowa aie recorded in Tables II and IIX,.
Table II shows the aversge conditions by plots while Teble III gives the

averages found for each of the three counties studied. The growth rates
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TABLE I
Sample Plot Roster

b}

Plot - County Location
2 Monroe NW/NE Sec. 30; T 73N, R 19W
3 Yonroe SK/NW Sec. 20; T 73K, R 19%W
4 Monroe NW/SW Secs 20; T 73N, R 19W
5 Monroe _ SW/NW Sec. 193 T 73N, R 19¥W
6 Monroe SW/KW secs 19; T 73N, R 19W
7 . Lee SE/NE Sec, 165 T 67N; R 7W
. 8 Lee 4 SE/NE Secs 165 T 67N; R W
9 Lee SW/N# Sec. 15; T 67N; R 7W
10 Lee . SW/MW Sec. 15 T 67N; R 7W
n Lse SW/IW Sece 15; T 67N; R 7W
12 Leo SW/NW Sec. 155 T 67M; R 7W
13 Leo SW/NW Sec. 15; T 67N; R 7%
14  Lee SW/N® Sec. 15; T 67N; R 78
15 . Lee . SW/XW Sec. 153 T 67N; R 7W
16 Lucas SE/NE Sec, 63 T 71MN; R 27%
17 Lucas SE/N¥ Sec. 6; T 71N; R 23
18 Lucas SW/NE Sec. 63 T 71N R 23W
19 Lucas . SE/NR Sec. 63 T 71N; R 23w
20 Lucsas SE/IW Sec. 63 T 71N} R £3W
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of the wvarious stands are i1llustrated graphiceally by f.';gures 2 through 7.

In view of the extensive date on stand conditions, énly e few of
the more significent characteristics warrant further considerstion. Per-
haps one of ‘the best indicators of rast mismanagemént of the forests is
the low cubic volume per acre, Standsiwith volumes as low as 776,8 cuble
feet per acre indicate poor treatment, while other stands running as high
as 2,141,6 cubic feet pér acre are indicative of e more desirable land
managenent.,

It will be observed in Table II that most of the plots have a high
pércentage of white oak in respect to the other species. This is because
the plotis were located purposely in white osk stends. The high proportion
of white cak is therefore not‘ truly representative of all hardwood stands
in this region. Three of the plots contain less than fifty per cent white
oak, In these, the white osk mekes up most of the main body of the stand
and the bulk of the volume, but & large number of saplings and small trees
of other specles ngtmlly reduceSthe proportion of the white oszk in fela-

tion to the other species,

2. Physical characteristics of the site.

The physicel characteristics of site are numerous, hence the follow~-
ing discussion will be limited to the presentation of the data, The
significance of the data will be discussed later in the paper,

A physical characteristic that Auten {2) found importent in his
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study of yellow poplar is the aspect as indiceted in Tuble IV, Aspect,:
as previously defined, i1s the relation of the glope of the land to the
points of the compass, In locating the plots, an effort was made to have
each'espect represented by at least two plots. The influence of aspect
is ohly indirect through 1ts effect on moisture content of the soil,

It is observed in Table IV that the degree of slope of the plots varies
from thirty-four per cent to a draw with practically no grade whatsoever,
and that the Lee County plots are characterized by steeper slopes than
those located on the.other areaés Lee County plots zverzge out to 2 15
per cent slope., Those in Lucas County average 1l per cent and thosg in
Monroe County 10 per cent,

All forest soils of southern Iows, as a rule, have a relatively thin
gurface soil renging from one=half to three inches in depths This is shown
in Table V., In addition, the depth to the tight clay horizon, which varies .
from seven to eighteen inches, is much less under forest than under open
conditionas There heve been many theories as to the cause of this condi-
tion, but there has never been advanced sufficient evidence to explain the
phenomena satisfactorily.s

A study of the texture of the soils brings out the rather interesting
fact that a large smount of clay occurs in many of the ssmplea of the A
hor{zon, as indicated in Table VI, The results of this onslysis indicate
many of the Lindley and Clarion solls have clay percentages varying from

17.3 to 41.8 in the A horizon, Many of these are over 30 psr cent, making
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TAELR IV

Aspect, Slope Per Cent and Position on Slope

Plot Aspect Slope Per Cent Location on Slope

2 South S Ridge Top

3 East 6 Ridge Top

4 East 186 Upper Slope

5 North 10 Upper Slope

6 Forth 15 Hiddle Slope

7 Kortheast 7 Upper Slops

8 West 34 Middle Slope

9 South 5 Ridge Top
10 South HA R Middle Slope
11 East 18 ¥iddle Slope
12 North 2 Ridge Top
13 South 13 ¥iddle Slope
14 North 24 Upper Slope
5 Bottom of Draw 0 Bottom of Draw
16 West 9 Upper Slope
1?7 Vest 15 Middle Slope
8 South 6 Middle Slope
19 North 18 Ridge Top
20 East 10 Upper Slope
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TAELE V

Depth of Litter, A Horizon, B Horizon and Volume Weight

—yan

Volume ¥t. Litter A Horizon B Horizon
Plot . . [(Grams per 500 cc} . (inches) _ {inches) : (inches)
2 417 ' «E5 75 15,0
3 519 .75 1.50 | 10.0
4 431 : «75 «30 ' 18.0
S 582 «350 3400 6.0
6 - 586 225 1.00 7490
7 452 1.00 - 3,00 17.0
8 518 1,00 1,00 3.0
9 411 1,00 2400 10,9
10 457 .75 ‘ 2,00 1040
11 465 1,50 ’ 3,00 " 640
13 399 | 1,00 2,00 17,0
13 - 444 1.00 - 100 ) 11.0
1l 419 ’ 2,00 1.50 8,C
15 - 438 : 24,00 1.50 18.0
16 410 ' ‘ 1.00 «75 " 7.0
17 ' 489 i +75 £.00 10,0
18 275 1,00 1.10 6.5
19 430 ' v 1,00 1.50 10,0

20 462 1,50 2,00 ' 12,0
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Mech=nioal Analysis, Texture and Soil Series
Send  Silt Clay . Texturs = Soil
Plot  Horizon (%) (H (%) __ Class _ Series
- A 28,1 = 41.4 30,5 ~ Clay  Clinton “ecc- -
, B o - ot _ el
3 A 2662 42,3 31.5 Clay Clinton
B 24,2 5.0 70.8 Clay ,
4 A 42,2 29.6 = 28.2 Clay loem Clinton ‘
_ B 80,3 4,0 18,7 Sand .
5 A 24,5 3643 39.2 Clay Lindley /¢
B 24;5 2503 50.2 Clay 3
6 A 54,5 17.4 28,1 Sendy loam Lindley /
— B - -~ ‘ - .
7 A 43,3 5.2 31.5 . Clay Marion
B 45.5 19,0 35,8 013y .
8 A 5548 27.2 173 . Sandy loam Lindley
B - L] - .
9 A 23.5 36,0 40.5 Clay Lindley
B L2 ] -ad —— .
10 A 83,8 19,0 275 Ssndy loam Lindley
B -—an . - ——— .
11 A 5l.5 18.0 30ed Sandy losm Lindley
B hah - e
iz A 23.5 35.5 41.0 Claey Lindley
B - —an -an
13 A 31.5 3440 34,5 Clesy Lindley
B - e i .
14 A 34.8 0.0 35.2 Clay Lindley
B 54,5 18,0 47.5 Cley
15 A 51.8 20.0 £8.5 Sandy loam Lindley
B 56.2 16.0 27.8 Sandy losam
16 A 22.2 36.0 41.8 Clay Lindley
—_— B ——— - —
7 A 52,2 19.6 28.2 Sandy loam Lindley
18 A 3642 32,0 3l.8 Clay Lindley
B - - -
19 A 32.2 34.0 33.8 Glay Lindley
B 55-2 12,0 52'8 Clay
20 A 49.2 . 23.0 27.8 Cley lozm Lindley
B 49.6 10.0. 40,4 Cl.y




the s0il class & clay, ?his is an unusual type for Iowe, dbecuuse Lindley
and clinton‘clqy soil have never bean reported in eny part of the state in
large enough quantit;es to be mappeds It is apparent, therefore, that the
plote high in clay in the A horizon are exceptional rather th:n the ususl
cages., This high clay content of the A horizon is the most slgnificant
part of this texture data and indicates thot umder forest conditions there
is 2 tendency toward a higher clay content. Almost all of the subsoil sam=-
ples are high in clay due to the accunulation of colloidal materizls through
leaching of the finer particles from the horizons above,

iable ViI, illustrating the moisture relationships of the soil, shows
somewhat of a correlation between the water-holding capesecity znd the‘clay
content of the soil. An incrsase in clay snd silt usually results in in-
creased water-holding capacity, Plot 16, with & clay content of 41.8 per
cent, has & water-holding capacity of 56,4 28 compared to plot 8 with a
clay content of 17.3 per cent e2nd a water-holding capacity of 39.3. This
relationship has exceptions, but in geiéiél such is found to be the case.
A further study shows & relationship between the wiltinz point and the sand
content, Plot 8, with a sand content of 55,5 per cent, has & wilting point
of 4.87, while plot 16 hes a wilting point of 7.59 with & sand content of
22,2 per cents This indicates that as the emount of send increases, the
wilting point is lowered. Briggs and Shantz and other workers have found
definite relationships between the moisture eguivslent, hygroscopic coeffi~
cient and wilting point. Whereas the rolationship between the hﬁgroscopie

coefficieht and the wilting point appromches the accepted ratio of .68,
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TABLE VIX

, 'Hoiature Relntionships

Water-hold Moisture Equi~ = Hygroscoplc Coef- ¥Wilting Point

Plot ing (%) valent (%) _ficient (%) (%)
2 54,2 20,17 5,96 Be49
3 5106 - 23‘16 6024 'llo 16 ‘
4 44,8 18,65 5,08 8,01 °
5 46.9 19.78 5.14 7.67 L
6 37.9 15,47 5.2 8.52
7 49,3 16,38 3.83 6483 '
8 39,3 . 13,22 3,57 4,87
9 54,2 19,50 5,48 8.85
10 46,2 17,57 5,83 , 7.71
11 46,4 23,16 5,18 9,78
13 51.8 23,29 . 8,72 7.43
14 = 53.6 22,14 5.50 6.98
18 59.8 . 16.33 , 5.75 5.50 -
16 56.4 20,39 6.88 7.59
8 . 75.0 22,40 A . 6.69 8.28
19 62.4 17,58 5,51 -

20 48.8 ) 14.27 4,81 4,47
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the relationship between moistﬁre equivalent and wiltiﬁg point is over
2,00 as compared with the generally accepted 1.84, The difference is
due perhaps to the fact that the accepted values epply onltho agricul-
tural soils, while in this study forest soils are involved.

The total organic matter for all the plots 1s recorded in Table VIII.
A study‘of these data for each area rgveals that the Monrce plots haée a
mean of 8,92 per cent, the Lucas plots a meaﬁ of 5,95 per cent, and the
Lée plots an averasge of 5;80 per cent, The cause of the low content of
organic matter in the solls of the Lee County plots, which have the most
favorable stand conditions, warrants further consideration. The average
thickness of the litter layer for each of the ereas, asg indicated in fable
V, 18 1.25 inches, 1,05 inches and .50 inches for Lee, Lucas and Monroe Coun-
ties, respectively., This situation is just reverse to that of the emount
of orgenic matter as mentioned above. It is apparent, therefore, that the
higher percentage of organic matter in the Monroe plots is due to a more
rapid decomposition of the accumulated ledf litter on the surface, An
explanation of the differences found on the Lee and Monroe areas might
be partially made by the fact that the Lee.stands bave 991 trees per
acre, while only 625 trees to the acre are found in the Monroe standa,
This greater density of the former atands undoubfedly plays a large part
in the rate of decomposition of the litter. This layer under the Monroe

stands is more exposed to the sun, to the wind and other factors that in=-



TABLE VIIX

Total Organic Mattar

. Pounds per
© Plot - Per Cent Acre (2,000,000 1bs.)

2 8407 121,400
3 6420 124,000
4 10,90 238,000
5 9.33 190, 600
6 11,93 238,600
7 5.36 107,200
8 4,58 . 91,600

9 5.0l - 100,200
0 658 131,600

11 8,08 121,600
1 6,74 ’ : 1344800
13 5.16 103,200
14 L 7,36 147,200
15 5.34 106,800
16 4495 - 99,000
17 4,69 93,800
18 B.44 168,800
19 © 5420 - 104,000
20 6,37 127,400

Average by Counties

Yonroe 8.92 %
Lucas 5,93 %
Lee 5.,80 %
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fluence the rate of decomposition of orgenic matter., The fact that four
of the five Monroe plots have been subjected to heavy grazing, while ell
of the Lee‘ a“aex;tds have been but lightly grezed, might indicate eancther
reason why the former plois have 2 thin layer of litter but a high con-
tent of orgenic matter in the szoil, The trampling sotion of the stock on
the litter might well aid in a more rapid disintegrati;on of the leaves and
twigs of which the layer consistes The differences betwsen the Lucas and
Monroe areas ars probébly due to the heav;er grazing on the later stands,
The Lee and Lucas plots show a difference in trees per acre of 591 trees
in Lucas County end 991 trees in Lee Cmmty{ This great difference in
stand density is undoubtedly & major factor expleining the more mpiii de-

oomposition of the litter on the former erea,

3. Chenical propertiss of the soil.

Chemical properties of .the vazfious soils are essehtial to the growth
and development of the trees. h‘erfy cell is & composiite of meny chemical
substances which are absorbed i;i-om the soil gnd the'air. The chemical
properties considered in the following discuaéion are'nitrogen and phosphorus
content of the soil and the hydmgen-ion: concentration. Other properties
not mentioned in this study are also essential to tree growth, but time did
not'bemit e detajiled study of these factors.

The Jitrogen content of the soil is considersd ore of the more impor-
tant chemicsl properties in plant growth, Holman and Robbins (18) wﬂte

that nitrogen is one of the chemical substances needed in abundance in
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plant growth. Table IX shows that under the forest conditions studied,.
the nitrogen content is very highs. An zverage of sll the plots revecls
a total nitrogen of 5,580 pounds per scre in the surfece soils A further
analysis of the data shows that the Lee, Lucas and Honroe ploté have an
average nitrogen content of ,2774 per cent, .2795 per cent and ,2814 per
cent respeetively.’ Referring bdack to the sversge orgenic matter content
of the thres areas in Table VIII, it is interesting to note that 2 defin-
ite relationship exista‘between the nitrogen and organic matter content .
of the soils The Monroe County plots show the highest nitrogen as well
as the highest orgzanic matter content in the so0il. It is apparent from
these observations that the presehcc of nitrogen in the soil is due,
partiglly at least, to the organic matter in. the s0il, Organic matter
aids the production of nitrogen indirectly by furnishing food to the nitro-
g;néfiiihg midrd—organiéms, and difectly through the action of the leaves
in fixing nitrogen. Auten (4) asserts thet rsinfell is another source of
pitrogen in the soil, The aﬁount of nitrogen in the soil is important
in deteminine its affect on plant form and growth, Ir‘there is a deficiency
or excess, the growth and form will be inferior to thome sites having opti- _
nun amounts. It is not expected that the sited atudied will show the
effect or‘tbo much or too little nitrogen. | |

The total phosphorus content of the soii, recorded in Table X, is also
important in influencing tree growth. It is not found 1nsﬁ§ large aﬁounfa

a8s nitrogen since the average phosphorus content is only about 20 per cent



TAELE IX

Total Nitrogen

. N . . - i
. Pounda per Acre

Plot ' Per Cent {2,000,000 1bs)
3 » 3556 7,112
& 2497 4,994
5 .2522 5,044
6 o2499 ' 4,998
7 .2461 4,922
8 .1878 3,756
9 +2278 4,558

10 <2751 5,502
1 42551 - 5,102
12 : 3421 6,842
13 « 3281 6,436
14 . | <3578 7,156
15 2831 5,662
16 ' 2816 5,632
17 - .2189 4,378
18 +3971 7,942
19 . | 2673 5,346

20 +2326 4,652

Averege by Counties

Monroe 2814 %
Lucas 2785 %
Lee 2774 %
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TAELE X

Total Phosphorus

— op—
ra—— ae—

"

i

“Pounds per Aore

Plot Per Cent {£,000,000 1bs.)
2 40588 1,176
3 0722 1,444
& 0556 1,112
5 0489 . 978
6 0596 1,192
7 .« 0537 1,074
8 0508 1,116
9 .« 0455 910
10 -«0487 974
1l -« 0447 8Y%4

12 «0537 1,074
13 0591 1,182
14 0572 1,144
1% 40556 1,112
16 0517 1,034
17 0517 1,054
18 «0482 - 984
18 -, 0517 1,034
20 -« 0426 . 852

Averasge by Counties

Monroe - 40590 %
Lee 00521 %

Lucas «0494 &
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of the nitrogen found, This relationship does not indicate a depletsd
phosphorus supply, or a limiting condition for plant growth. Auten (2),
in his study of yellow poplar, found that a high phosphorus content did
not indicete & faster growth rate, but his results did convince him that
a good growth could not take plece on & soil exceedingly low in phosphorus,
Averages for the three areas reveal that again the Monroe plots have the
grestest smount of the chemical substance under consideration. Thess
plots have an average phosphorus content of ,0590 per cent, while the Lee'
nd Lucas plots have ,0521 snd ,0494 per cent respectively. Since all of
these percentoges are favorable to tree growth and form, a close correla-
tion between the phosphorus content end these two characteristics of tree
development will not be so evident.

The hydrogen-ion concentration of &ll the soil samples is recorded
in Table XI. The data reveal that the soils of the forests studied are
definitely acid, This is particularly true in the B horizon which ranges
in pH from 4.27 to 5.07. The A horizon, however, shows a more favorsble
condition., This horizon is characterized by pH values varying from 5,5
to 6.7, which are generally considered highly favorable to the growth of
deciduous trees, Wilde (33) asserts that 2 pH of 5.5 to 6,9 is character-
ized by high activity of micro-organisms, energetic humification, fria-
ble structure, good seration and a high yield of wood. The low pH of
the B horizon, and the slightly higher pH of the A horizon in forest soils,
is & condition that prevails throughout this region, In view of the fact

that egricultural soils usually have a slightly acid A horizon and more
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TAELE XT

Hydrog_en-ion Concentration

A Horizo B Horizon

Plot pH: ' pH
2 5.98 -
3 B.73 4,27
4 5,85 4.80
8 5.60 4,57
6 5.54 4,57
7 5.49 © 4,50
8 5.89 —
9 5.59 ’ ) -

ll 6.74 hatad
14 4 6469 ’ 4,89
15 | . 5,77 5,07
17 S.92 ‘ 4,49
18 5.68 -
‘19 6.40 4,43

e 6.02 4,54
Aversge by Countieas
Lee 6.1 %

Lucas 6l %
Monrose 3.7 %
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alkaline subsurface and subsoils, the question somstimes arises as to
whether the acid condition resulted in 2 forest cover or the forest cover
caused the acid condition. The investigator hes found virgin forest and
prairie sites on the same s0il type which are similar to the ceses mentioned
above, The virgin forest soil had an almost neutral pH in the A horizon,
but became very scid in the B end C horizons. The virgin preirie site,
however, was almost neutral in the A horizon snd became more alkaline in
the lower horizons, These observations lead the investigator to believe
that the forests ere &t least iﬁdirectly responsible for the acid condi- - ._
tion of the so0il on wﬁich they grow. The acidity itself is dué, at least:%
in part, to the adsorptioh of the bases by the colloids, &nd the aécumu;a-
tion of organlic acids. The significant fact about acidity in this study

is that the pH falues of the A horizons fall within the range most favor-

able to deciduous tree growth.

4, Climatic conditions,

The climatic conditions of the aréas, a8 indicated by Table XII,
wore measured at United States Weather Bureau Stations located at Bona-
parte, Chariton and Indienola, The climatic conditions for Lucas and Mon-
roe County plots were tsken from the seme station since they were both
within twenty-five miles of each other ard about the same distance from
the weather ststion &t Indianola, The Chariton station was about 17 miles
from both areas, but only incomplete data on precipitation could be cbtained

from this source. The Lee plots were within 18 miles of the Bonaparte
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TAELE XXII

Climatic Conditions

?Avg..&nn. iJﬂwg'.kiea:n iAvg.Ann. EAvg.Length

Tract Precip, ' Ann,Temp, Snowfall Gre Season
Les - : 33,52% . 51,0 F. 18,9 168 deys’
Lucas 82,407 50,0 Fo - 28,0 165 days
Monroe 32,407 | 50,0 F, 28,0" 165 days

# Data from Bonaparte and Chariton Weather Stations.

% Data from Bonaperte and Indianole Weather Stations.
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station., The table skows that a noticeeble difference is found in the
amounf of snowfell on the three areas. The Lee area had but 18,9 inches
of snowfall per yeer as compared with 28.0 inches for the other tracts,
A further anslysis of the date revea;s that total prgéipitation in Lee
County exceeds that of the other countles by l.l inches, This smount is.
not significant in itself, dbut when the amount of anowfall in Lee County
is considered, it is apparent that a greater percentagé of the total pre-
cipitation falls &3 rain., The averzge length of the growing season of
the areas varies only three days which is hardly enough difference to have

warked influence on plant growth,

B. Correlation of Site ¥actors with Stand Conditions

To evaluate the influence of individuzl site fectors on form and
growth of white oék would require sn extensive study for each of the fac-
tors found. Extremes and means for each factor would have to be studied
carefully before any exact evaluation could be made, In such & study, pH,
for exmmple, would have to be considered throughout its entire range.

Since this would necessitate years of study, and since most site factors in
eouthern Jowa are present in neither too amall nor too large amounts to be
limiting, no effort was made toward & trus evaluation of each factor,
Rather, correlations were obtained between characteristics of site and
stand and expressed statistically by mears of the correletion index squared,

graphically by means of curves end methematically by the use of tables.
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1. Correlation of physical characteristics of the site with stand condi-

tlons.
It has been said that in tree growth the physical characteristics of
the =301l are more important than the chemicel properties, (29) The truth
or fallacy of such & statement shbuld be partially determined by the discus-
sion that follows.
In view of the findings of Auten (2) which disclose thet aspect was
closely correlated with height growth of yellow popler in the Centrel
States Reglon, an attempt was made to establish this correlation with white
oek, A study of Table XIIX and the graph in figure 8, shows an excellex:
correlation between aspect and the average annusl height growth. If is
generally accepted that the north and east slopes are cooler and more
moist than the south and west slopes because of the desiccating action of
the sun and prevailing summer winds on the latter two slbpes. For this
reason, it has been said that inecreased growth can be expected on the
nore moist slopes. In this study, only Lee County plots were used so that
as many limiting factors as possible might be eliminated, It is true,
however, that where particular factors such as grazing and fire demege are
not too severe, a correlation with aspect is found on the other areas
studied, as well as on the Lee Tracté. The data disclose that the north and
east slopes have about the same growth with everage annual height growths
6r 1,133 feet and 1,130 respectively, while the south slopes have an asverage

growth of 1.010 feet end the west slopes ,780 feet,
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~ Ianfluence of Aspect on Average Annual Height Growth

Avg. Ann, ,

Plot - Ht, Growth Aspect

7 1.16! Ng*
14 1,14 K

11 = 1,13 E
12 1,100 N

13 1,03 s
9 1,01 s

10 ' .99 8

8 ‘ 78 ¥

Averages of Aspects

Rorth 1.133
Eaat : 1.130
South 1,010
West 0,780

* NE Aspect is included in aversges ss N Aspect.



-59-

M

et

| 0V 0 L O

| ) 25 T 7 S G L O 0 T 1 2 1 O

| ) O T s i o ) T 2 0 ) 5 5 0 i = 5 O e O O

Fige 8




-0~

Althovgh slope is generally considered to influence both form and
growth, no correlation could be found on the plots studied, Tables II
and IV present data which indicate that some plots with steep slopes
have a better growth than other plots with = more moderate grade., Plots
9 and 14 reveal this relationship. Tpe former plot, with a slope of &
per cent hss an average annual height growth of 1,01, while the latter sam~-
ple has a alope of 24 per cent and a growth rate of l.14 feet. The
reverse 18 also found in plots 8 and 15, which disclose a slope of 34 per
cent and O per cent and an average annunl height growth of .78 feet
and 1,42 feet respectively. It is spparent thut while degree of slope
may influence the stand somewhat, the other factors overshadow its effect.
A similar situntion is true when the slope is compared with tree form, as
is evidenced by the deta for the same plots in Tables II and IV,

A high correlation is noted between age and the average annusl height
growth of the stands. Table XIV shows but one exception to this in a study
of the Lee County plots, plot li. which, due to its more favorable eastern
aspect eand the faet that it is but one year older than the plots it sur-
passes, has & higher growth rate., One year of difference is not sufficient
to expect much difference in the growth rate. Figures 9, 10 and 11 show
graphically the definite correlstion between sge and growth, A statisticsal
analysis of this sasme data revezls e 50,16 per cent corrélation between the
average annual volume growth in cubic feet and age, a correlation of 87.96

per cent between sge and the everage annual D.i.b. growth and a 91.41 per
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TAELE XIV

Age in Relation to Average Annual Height Growth

——— ——

Avge Anne R
Plot. - Ht. Growth Age

Lee County Plots

15 l.42" .29
7 1.16" 34
14 1.14" 37
11 1.13" 40
12 1.10" 39
13 1.03" 39
9 1.,01" 39
10 + 997 43
8 " »7B% 59
Monroe County Plots
6 92 " 40
-4 75 ™ 44
5 #7285 ® 48
2 «590 * 88
3 «570 9 62

I
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cent correlztion with the average snnusl height growth. Age has & 30,42
ver cent correlation with form quotient. Such correlstions are indicative
that age_plays en 1mportant part in both form and growbh of the stands.
The influence of the position of the stands on the slope in regard '
to fornm and growth of white oak is disclosed in Table XV by plots 12, 14
and 15 of Lee County, A study of the three plots, located within a few |
hundred yards of esch other, 1ndicates that the ridga top location gives
the slowest growth rate and the bottom the fastest, ‘I'he ridge top plot
revesled en aversge annual height growth of 1,10 feet as compared with
1.14 on the upper slope snd l.42 oxi the hottom, Plots 5, ldocated on the
upper slope and plot 6, 150 feet below on the middle slope in Monroce
County, indicate further that the middle slope gives a faster growth rate
then the upper, thus completing the corrslation. Plot B, as recorded in
Table XV, has an aversge annual height growth of .73 feet in -contrast to
+92 feet for plot 6. The explenation of this relationship can be con~
fined to the more favorable moisture conditions and the better protection
from the adverse weather conditions that exist on the lower sites. In

regard to form, plots 12, 14 and 15 with form quotients of .701, .685 and
L

+652 respectively, would indjcate that the bottom had the poorest form >
while the ridge top had the best, This is just reverse to thse produc~ o
tivity of the site, BSuch a relationship does not alwsys hold tfue since

rlot 5 on an uppsr slope had a form quotient of ,632, while plot 6 on the
same hillside, but on the middle of the slope, had & form quotient of

#8135,
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TABLE XV

Influence of the Location of the Plots on the Slope on Form end
Average Annual Helght Growth

_ : Location Avg. Ann, Form

Plot County on Ht, Growth Quo-
Slope (feet) tient

12 Lee Ridge top 1,10 <701
14 Lee Upper slope l.14 + 685
15 Lee Bottom l.42 o652

5 Honroe Upper slope 725 + 658

6 ~ Monroe Middle of slope «920 +B15
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Various 1nvestigationa by Coile (12), Auten {3) and others have been
made in correlating fhe depths of the wvarious horizons with growth, A
study of the horizona in this 1nveatigation reveals no correlation between
'the depth of the A horizon and form or growth of white osk, and only a-
small correlation of 5.74 per ceﬁt between tﬁe average annuzl height growth
and the dépth of the B.horizoﬁ. No correlation 1§ @iacofored befﬁeen the
depth of the horizons and tree form. Any correlation that exists, other
than that mentioned, is so smell that it is overshadowed by other.factora.

A study of the moisture reletionships of the 3911 shows no cprrela-
tion between water-holding capacity and form or growth, In sone cases,
plots with a high water-holdinz capacity, as 1ndicatedvby Teble XVI, show '
8 muéﬁ slower growth rats thanbother plots with a loﬁer moiéture-holding
capacity, while in other cases the reverss is true, For example, plot 12
with & water-holding capaeity'of 64.1 has an averzge annual height growth
of 1,10 feet, while plof 7, with a water-holding capacity of 49.3, hes a
height growth of 1,16 feet. In contrast, plot 1%, with a height growth
of 1,42 fest, has & water-holding capacity of 59.8, while plot 8, with a
growth of .78 fest, has & water-holding cazacity of 39,3, An analysis of
the moisture equivelent, which i8 often roferred to as the best expression
of water relationships, discloses m 28.17 per cent correlation with the
»annnal height growth, end & 3.37 per cent correlation with the form quotient.
A further study of the data in Table XVI shows no close correlation between
7form or growkh and the hyzroscopic coefficient or wilting point of the

goll. Plot 12 with & hygroscopic coefficient of 6,45 has sbout the sene
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The Influence of Moisture Relationships on Growth end Form -
Fom Vater Hygroscop~

"Plot Avg. Ann,  Quo-  Holding  Wilting ic Coef- - Moisture
Ht., Growth _tient Capacity  Point ficient - Eguivaslent

15 1427 »652°  59.84 5.50 5.78 16,33
»7»_‘ ©1.16' 785 49,3% 6.83  35.83 16,38

14 | 1.14§ | 4688 ss.eg 6,98 5,50 . 22,14
. 118 .09 46.4¢ e 5418 23,16
12 Lo o701 64s1 7406 s._45 | © 16.88. N
: 1_’3 - 103t 673 51.B¢  7.43 5472 23.29
_“9 - 1.,0:_1'.‘ +765 54,24 8485 B.48 19,50

10 W99t L662  46.2¢ T 5.83 17.57

8 W78 774 39,34 4,87 3.57 - 13,22
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growth rate es plot 7, with a kygrogcopic coefficiont of.3.85. The wilting
point shows & similer relationship with growth.

cial or neutral .in 1ts affect on forest stand snd site éonditions. The
ganera;'bﬁinion held by most investigators is that heavy grazing has a de-
cided detrimental affect on the stand and site while light grazirng does
but 1ittle éamage. To test thishclaim, two plots were so located in Mon-
ToR county'éé 0 have one plot héavily graéed and thé_other lightiy

grazed, Thése aamplés 8re repreéented by ﬁicts 2 und 3y recordadiin Table
XViI. The two plots'were situatéd on the sane soil_éype and the éame ridge
about one«hélf nile épart. It 15 noted thét_plot 2 has a southern aspect
while that of plot 3 is eastern. Although 1t is to be expected that the
east slope éhould préduce the taétest growfh rate, tﬁe small_SIOpé per=-
centages found should limit the resulting differences to & relatively small
amount, From Table XVII it is evident that number 3, the lightly grazed
plot, has a greater average snnual volume growth and a more.fertile soil
then plot 2,  This latter factor illustrates thet heuvy grazing dcpletes
the total nitrégen in t+he s0il 16 per cont and the toisl phosphorus 18,5
per cent through the redustion of organic matter and leef litter, Although
the average ennual hsight growth, &s well 28 the average annual dismeter
growth, appears to be higher on the hesvily grazed plot, & study of the
average annusl height growth for the past ten years, as‘indicated in
figure 2, reflects the influence of the grazing damage that has ococurred

during this same ten year period. X¥igure £ reveals the height growth on
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plot 2 to be lower than that of plot 3 for the past ten iears. It is fur-
thexr noted that the number of trees and the volume per acre i1s greatly re-
duced on the grazed plot, This is due to the inability of reproduction
to become established, and for ssplings to develop normslly,

A study of the influence of heavy burninz on growth znd form of white
osk, as made by a comparison of plois 3 andlé recorded in Table XVIII, re-
veals that a situation similer to that found under heavy grazing preveils.
Heavy burning has reduced the total nitrogen &nd phosphorus content of the
soil even more then the grazinge It is noted that the burned stapd hes s
slizhtly faster ennual growth rate than that of the check plote This is
undoubtedly due to the fact that plot 4 is located on the upper slope and
has en a2ge of 44 years =s compared to a ridge top locatioﬁ and an age of
62 years for plot 3. 1In addition, plot 4 has the more travorable texture
and moisture relationship in the scil, but a less fertile soil as messured
by chemical properties. Although the datas indicate plot 4 to be the bet-
ter site, a further consideration of ths height growth during the past
ten years, when heavy burning was most severe, shows that fire damage has
reduced the height growth rate to less than that found on thé unburned plot,
end that the number of trees and volwme per acre are also greatly diminished,
Ths aveiaga annugl increment of 34.5 cu. ft. in unburned plot 3A1n compari-
son with 17,7 cu. £t, in plot 4, is, perheps, the best measure of how heavy
burning has influsnced the stands, It shpuld be further noted that the
burned plot has a nitrogen and phosphorus content of 2497 pef gent and

+0556 per cent, while the check plot has a nitrogen content of 3556 per
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- cent and a phosphorus content of ,0722 per cent, These date indicate that
heavy bﬁrning reduces the number of trees in the stand, the growth rate,

and the nitrogeh ané phosphorus content of the soil,

8, Correlation of chenical properties of the soil with stand conditions.

In the following discussion it will be noted that little correlation
is found betweén chemical properties and growth or form., This situation,
ag previously ﬁentioned. is not due to the fact that chemiecal progértiea
are non-essential, but rather that in sll cases studied they were present
in aufficient quentities as to have little limiting affect on stand condie
tions,

A statistical enalysis of the chemical properties of the A horizonm,
recorded in Tables IX, X and XI, was made through the use of the correla-
tion index squared, This analysis rsveuls the following correlationst

1, A zero correlation is found between pH and both average
annual height growth and the form quotient,

2., A zero correlation is gisclosed between total nitrogen content
and the average esnnual height growth, No correlation is Tound betweeﬁ
form quotient and total nitrogen.

3, A& 3,37 per cent correlation is noted between the averasge
annual height growth and total phosphorus comtent, but phosphorus end form
éuotient show no correlation,

4, The total organic matter shows a 4,7 per cent correlation with

the averags annunl héight growth, and no correlation with the form quotient,
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- From this discussion, therefore, it 1s obvious thet in this study
the physical characteristics of the soil show a much better correlation :

with growth than do the chemicel properties.

3. Corralation of climatic conditions with stand conditions,

The study had been under way but a short 4ime when it vs"as observed
that a distinct difference in growth existed between the Lee and Luces
County plots. It was found that the Lee County plots had, in general, a
much faster growth rate. This relationship is presented in Table III and
-in figures 2 through 7, Plot 8 in Les County and plot 17 in Lucas were
chosen to explain this differeﬁce because of the high degree of similarity
evidenced between the two, The comparative conditions of the two plots
are presented in Teble XIX,. where it is shown that the Lee County plot
has a much faster growth rate, but little differcnce in form and site con-
. ditionss Differences in soil conditions relaste only to slope and the mois-
ture relationships of the soil, both of which are unfaverable to the Lee
Commty plots, The increased growth rate must therefore be dues to causes
other then soil conditionss A study of the climatic conditions for both
sites, as found in Table XII, indicates a greater amount of precipitation,
a higher mesn snnual temperature, less snowfall and & slightly longer |
growing season than is found on the other areas, The slight differences
of one degree in ths temperature and three days in the length of growing
season are hardly enough to explain the differences in growth, Although

the Lee County plot has only 1,1 inches more precipitation than the Lucas



b
0

8 cm.H_

80c0° - 8Lt 9°% 68°¢ 6°81 =]
4Tc0° 6813° L% 36°g o°gz y°2e 4T 8son]
{%) () (%) ~{sogyout)  (EOUouy O] »
*IOH Y Ul “°JI0of °y ug I839°R Bd TTeJM0Ug -8} 1dT00Ig 08Iy,
snxoudsoug uedoxltN  otundig *any *3Ay 1830 *2Ay
. " - weoT o
891 0°18 40*9 Lv°s "83*et g°6e 31T A9TpUTT Ve  3EeR g 097
. waoT :
goT 0°0¢ 28°% 4S5°e AS*PT ¥'6¥ 3718 AeTpuil 8T  3I®6p AT swomq]
{sAsp) uoe {o) (%) {%) (%) 3uerma Y CXEET ) . (%) joed
-gos Juisord Jo  dwo] qutod *Jo0) o1 « by Buyprog edLy 1108 edo1g -8Y ' 308
YaBueT a¥ewIcAy *Jay  JuraTin -doosoxBAy  eanysto) J0%38BN 4 ,
~ SUOT3TPUO) €378
68 vuL® 901" 84° 940°  0O¥T 28  £0°9 g #9017
89 694° ubsT® 9G* ¥vo* 283T ¢g*&e 1 ™ 4T swng
*xD (3083} ("agmo)  °y  (3097) .
o3y jusTIOoNy *q 1 a *ID *3H °Iph *Top  xed  *3m@ (saqout) 3081y,
WIOF  CUUY*BAYy  cuuy Ay cuny*BAy - oA *3ay *H'g°q *AAv

BUOTY TDUO] pPuUBlg
4T pue g 8307d WY SUWOTFIPUOD PUBIS PUB €318

XIX I'TavVL

bt e et e e VA b, S i St . S TP e i M A et Pl P e 7oA. 8- o b e b i 2 A S e e oY A 4 A P = o e Sttt = 2 e




-76=~

plot, the fact that only 18.9 inches falls as snow a&s compared to 28,0
inches in Lucas County mekes 1t significent because a greater percentagé
of the precipitation falls as rain throughout the growing season. It is
apparent, thererore; that o definite correlation between precipitation
during the growing season and the rate of growth is found in southern
Jowa., To say that precipitation is the only factor causing the differ-
ence in growth rate would be incorrect, but it can be said that it is one
of the important factors influencing growth in that region. No correla=-
tion enuld be found, however, between precipitation and tree form of the

stand,



Ve SUGLLARY AND CORCLUSIONS

Several investigations, sponsored by the Forestiry bepartment of Iowa
State College in cooperation with the Iowa Agricultursl Experirent Sta-
tion, were carried on during the sumier of 1937 on recently acquirsd State
Forest lsnds in Bouth central and southeastern Iowa, These étudies. of.
which this was one, were carried on to supply a need for more deteiled
information of the forest conditlons of southern lows, The object of this
particular investigation was to trace the influsnce of site conditions on
tree form and growth of white osk, .fhis naturally included a detailed
gtudy of the physical and che@ical characteristics of the soil from the
various sites, end the collection of data on form and growth, In securing
this information, the investigator, with the 2id of three members of the
Civilian Conservation Corps, went into the forests and located cnd measured
sample plots, Soil samples téken were sralyzed by stendard methods in the
soils laboratory of Iowa State College,

The conciusions drawn from this study are arranged in the order of
their importance to tree form and growth, and are discussed as followal

1. The forests of south central and southesstern Iowa in general
have suffered greatly from exploitation, heavy burning. excessive grazing
and mismansgement. The stands have been cut 30 heavily with little regard

for a future stand that only a sound forestry program, faithfully carried
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out, will ever return these forests to & normal condition.’

2, The growth and tree form of the white ouk pole stands in
southern Iowa are affected by the interaction of many variable factors.
The influsnce of each of these factors is not slways appafent, however,
es iittle correlation czn be expected unless a factor is deficient or in ex~
cess of the needs of the foreat, Nevertheless, certain correlations are
possible in this study.

S+ The highest correletiohs found in this investigation exist
between the age of the stanﬁ and the aversge annual height end diameter
growth, Statistical studies of the data reveal a 91.4 per cent correla-
tion between age snd height growth, agd‘a correletion of 87,96 per cent
with diemeter growth. A correlation éf 30.47 per cénf is further revealed
between ege and form éuntient of the trees,

4. A high correlation exists between aspect and tree growth.
Apparently the moist north and esat slopes support & much faster growth
rate then the drier south &nd west slopes.

5, The smount of precipitation during 'the growing season shows
a definlte influence on the growth rate of white cak in southern lowe,

6. In genersl, it is found that moisture relationships do not
correlate closely with form or growth, however, an analysis of the data
revesls a good correletion between the height growth :znd moisture equiva-
lent.

7« It is apparent from the data presented that the ridge tops
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are the least produotive, the bottoms most productive, snd the uvper
slopes sldwer in growth thén the middle slopes. This situation is due
mainly to the relative ﬁoisture conditions of the soil of the four posi-
tiona, - |

8. Aithough no correlation is found between the total organic
matter of the soil end the form quotient of the tree, & 4.7 per cent cor—
relation exigts between the organic matter and the average annual height
growth, : ‘

9. A amall correlation is indicated between the total phosphorus
content and the average annunl height, however, none is found with form
quotisnt,

10. A slight correlation is traced between the thickness of the
B horizon end the average annusl height growth,

11, The favorable pH and nitrogen content of the surface soils
are respbhsible for the ractjthat both show 2 zero correlation with tree
form and groﬁth.

12. It 1s obvious from the above conclusions that the physicel
proﬁerties show a much better correlation with tree form and growth than
do the chemlecal properties of the site.

18. Further results indicate that heavy grazing and burning on
forest site# deplete the nitrogen and phoschorus content of the soll, and

the volume, the number of trees and the aversge annual increment per acre,
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VIII. APPENDIX

Sprout stand of mixed oaks in southern Iowa
showing thrifty character of stand relatively free
from fire scars and branch stub decay.

Plgte II

Typical white oak pole stand of southeastern
Iowa. The Lee County plots were located in stands
such as theses
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Plate III

A clump of 14 year old white oak
sprouts in southeastern Iowa

Plate IV

Characteristic ridge top stand of mixed oaks
in southeastern Iowa.



