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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
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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.



