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cent correlation with the average annual height growth. Age has a 30.42 

per cent correlation 1f1th fo:r.m quotient. Such correlations are indicative 

that age plays en important part in both :torm and growJlh of the standse 

The influence of the position of the stands on the slope in regard 

to form and growth 01' white osk is disclosed in Table XV by plots 12, 14 

and 15 ot Lee County. A study of ~he three plots, located within a. few 

hundred yards of each other, ind1c~teB that the ridge top location gives 

the slowest growth rate and the bottom the fastest. The ridge top plot 

revealed an average annual height growth ot 1.10 teet as co~pared with 

1.14 on the upper slope and 1.42 on the bottom. Plots 5" looated on the 

ll1'per slope and plot 6, 150 feet below on the middle slope in Monroe 

County, indicate further that the middle slope gives a faster growth rate 

than the upper, thus completing the correlation. ,Plot n. a.s recorded in 

Table xv. ha~ an average annual height growth of .73 teet in cOlltrast to 

.92 feet tor plot 6. The explanation ot this relationship can be con-

fined to the more favorable moisture cond1 tiona and the better Itrotect10n 

from the adverse weather conditions that exist on the lower sitos. In 

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

.652 respectively, would indicate that the bottom bad the poorest fol'm. 

while the ridge top had the beet. This is just reverse to the produc-

tivlt,r of the site. Such a relationship does not el~8 hold true since 

plot 5 on an upper slope had a form quotient ot .652, while plot 6 on the 

same hillSide, but on the middle of the slope, had a form quotient of 

.815. 

1/ 

(I 



Plot 

12 

14 

1& 

5 

6 

Influence 01' the Location of the Plots on the Slope on Form end 
Average Annual Hal sht Growth 

Locution ATg. Ann. Form 
County on Ht. Growth Q.oo-

Slope (feet) tient 

Lee Ridge top 1.10 .701 

Lee Upper slope 1.14 .685 

Lee Bottom 1.42 .652 

Monroe Upper slope .725 .652 

Monroe Middle 01' slope .920 .815 



Various investigations by Coile (12). Auten (3) and others have been 

made in correlating the depths 01' the various horizons with growth. A 

study 01' the horizons in this investigation reveals no correlation between 

the depthot theA horizon and tom or growth 01' white o~. and only a· 

small correlation 01' 5.74 per cent between the average annual height growth 

and the depth of the B.horizon. No correlation is ~iBcovered be~een the 

depth of the horizons and tree form. AD:! correlation tlwt exists. other . , 

than that ment10ned, 1s so small that it is overshadowed by other, tactors. 

A study of the moisture relatIonships of the so11 shows no correla-

tion bet1reen water-holding capacity and form or growth. In some caaes, 
, . 

plots with a high water-holdiDg capacity, a8 indicated by Table XVI, show 

a much slO1l'er growth rate than other plots with a lower moisture-holding 

capacity, while 1n other cases the reverse 1s true. Fore:mmp1e, plot 12 

wi th a water-holdillg capac1 ty at 64.1 has an average annual height growth 

ot 1.10 teet. while plot 7. with a water-hold1ng capacity 01' 49.3, has a 

height growth 01' 1.16 feet. In contrast, plot 15, with a. height growth 

01' 1.42 feet, has a water-holdina capacity of 59.8, while plot 8, with a 

growth of .78 teet, has a water-holding capacity of 39.3. An analysis of 

the moisture equivalent, which 1s often reterred to as the best expression 

ot water relationships, discloses a 28.17 per cent correlation With the 

annual height growth, and a 3.37 per cent correlation with the for.m quotient. 

A turther study ot the data in Table XVI shows no close correlat1on between 

torm or groWth and the hygroscopiC coefficient or wilting point of the 

soU. Plot 12 with a hygroscopic coefficient 01' 6.45 bas about the same 
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TABLE m· 

The Influence of Moisture Relationships on Growth. end Fol'm 

EoI'm. wator 1!ygroscop-
P1o~ A'Yg. Ann. Quo- Holding W11t1ns io Coot~ .. MOisture 

Ht. Growth tient Capacity Point flclent l29-u1 valent 

15 1.42' .652 . 59.a~ 5.50 5.7CS 16.35 

7 1.16 , .7~ 49.3~ 6.83 3.83 16.38 

14 1.~4· .685 55.6~ 6.98 5.50 22.14 

U 1.13- .709 46.4~ 9.78 5.18 23.16 

12 1.10' .701 ~4.1~ '1.06 6.45 16.88. 

13 1.03t .673 51.5~ 7.43 5.72 23.29 

9 1.01t .765 54.2~ 8.85 5.48 i9.5O 

10 .99' .662 . 46.2" 7.71 5.83 17.57 

8 .78' .774 39.3~ 4.87 3.57 13.:;2 

• 



growth rate es plot 7. with a hygroscopic coetfIc1ent of 5.83. The wiltIng 

point shows a similar rel~t1onShip vdth growth • 

. .. , The,ilue,SUon often, arises as to whether grazing 1s harm1'ul. benef1-

cial or neutral .in its artect on forest stand and s1 te cond1 tiona. The 

gene~ opinion held by most investigators 1s that heal'Y grazing bas a de­

cided detrimental affect on the stand and s1te while light grazing does 
... • ., 4 

but little damage. To test this claim, two plots were so located1n Mon-

roe COlDlty" a8 to have one plot heavily grazed und the other lightly 

grazed. These samples are represented by plots 2 und 3. recorded in Table 
. 

XVII. The two plots were Situated on the same soil type and the same ridge 

about one-halt mile apart.. It is noted that, plot 2 has a southern aspect 

while that of plot 3 lseastern. Although it 18 to be expected that the 

east slope should produce the fastest growth rate, the sm&.l.l.slope per- . 

centages found should limit the resultlngd1tferenc8s to a relatively small 

amount. PTOm Table lVII it is evident that number 3. thellghtly grazed 

plot, has a greater average annual volume growth end a more fertile soil 

than plot 2. This latter factor illustrates that he~V1 grazing depletes 

the total nitrogen in the s011 16 per cent and the total phosphorus 18.5 

per cent tbro~h the reduction of organic matter and leet lItter. Although 

the average annual height growth, as well as the average annual dismGter 
.. 

growth, appears to be higher on the heavily grazed plot. a study Of the 

average annual height growth for the past ten years, as inciicated in 

:f1gure 2, reflects the influence of the graz1Dg damage that has ocourred 

during this same ten year period. Figure 2 reveals the height growth on 
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plot 2 to be lower than that of plot 5 tor the peat ten years. It 1s fur­

ther noted that the number of trees and the volume per aore 1s greatly re­

duced on the grazed plot. This 1s due to the inabi11 ty of' reproduction 

to become established, and tor sapllnss to develop nomally. 

A stuay of the Infl uence ot heavy burning on growth and torm of wh1 te 

oak, as made by a comparison of plots 3 and" recorded in Table XVIII. re­

veals that a situation similar to that found under heavy grazing prevo11a. 

Heavy burning haa reduced the total n1 trogen and phosphorus content of the 

so11 even more than the graz1Dg. It is noted that the burned stand has a 

slightly taster annml growth :rate than that of the check plot. Th1s 1s 

undo ubtedly due to the taot that plot 4 is looated on the upper slope and 

has en age ot 44 years as compared to a ridge top location and an age ot 

62 years for plot 3. In add! tion, plot 4 has the more ravorable texture 

and moisture relationship in the soil, but a less fertile soil as measured 

by chemioal properties. Although the data indioate plot" to be' the bet-

ter s1te. a further consideration of the height growth during the past 

ten years, when heaVY' burning was most severe; shows that fire damage has 

reduoed the height growth rate 10 less than that found on the unburned plot, 

end that the number of trees and volume per aore are also greatly d1mini.hed. 

The average annw inoranent of 34.5 ou. ft. in unburned plot 3 In compari­

son ~th 17.7 cu. ft. in plot 4. Is, perhaps. the best measure of how heavy 

burning has influenced the stands. It should be further noted that the 

burned plot bas e. nitrogen and phosphorus content of .2497 per oent and 

.0556 per oent, 1Ib.11e the oheck plot has a nitrogen oontent of .3556 pel' 
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cent and a phosphorus content ot .0722 per cont. These date 1ndicate tbat 

heavy burning reduces the number of trees in the stand, the growth rat~. 

and the nitrogen and phosphorus content ot the 80il. 

2. Correlation.2! chemical. properties 2! !!!! .!2!!.!.!:!a stand condi tiona. 

In the follOWing discussion it will be noted that little correlation 

i8 found between chemical properties and growth or torm. This Situation, 

as previously mentioned. 1s not due to the fact that chemical properties 

are non-essent1al. but rather that in all cases studied they were present 

in sufficient quantittes as to have little limiting affeot on stand condi­

tions. 

A statistical analysts ot the chemical properties of the A horizon, 

recorded in Tables IX, X and lI. was made through the use 01' the correla­

tion index squared. This analysis reveals the following correlational 

1. A zero correlation is found between pH and both average 

annual height growth and tho for.m quotient. 

2. A zero correlation is ~iaclosed between total nitrogen content 

and the average annual height .growth. No correlation is found between 

torm quotient and total nitrogen. 

3. A 3.37 per cent correlation is noted between the average 

annual height growth and total phosphorus content. but phosphorus end fo~ 

quotient show no correlation. 

4 •. The total organic matter shows a 4.7 per cent correlation With 

the average annual height growth, and no correlation with the form quotient. 



From this at ccussion, therefore. it 1s obvious the.t in this study 

the p~etcal characteristIcs of the eoil show e much better correlation 

With growth thnn do the chmical properties. 

3.Correlatlon of climatic conditions with stand conditions. -- ---------
The study had boon under way but a short time when 1 t \VaS observed 

that a distinct difference in growth existed between the. Lee and Lucas 

County plots. It was found that the Lee County plots bad. in general, a 

much faster growth rate. This relationship is presented 1n Table III and 

in figures 2 through 7. Plot a in Lee County and plot 17 1n Lucas were 

chosen. to explain this M:Uerence becnuse 01' the h1gh degree of simUari ty 

evidenced between the two. The com.parative conditions of the two ploto 

are presented in Table nx .. , where 1 t is shown that the Lee County plot 

haa a much faster growth rate, but little difference 1n fol'!ll and a1 tecon­

d1t1ons. D1fferences in soil cond! tiona relate only tQ elope and the moia-

ture relationships of the sol1., both of' whi.ch are unfavorable to tho Lee 

County plots. The increased growth rate must therefore be due to causes 

other than soil conditions. A studyot the climatic conditions for both 

Sites, as fOund in Table XII, indicates a greater amount ot precipitation. 

a higher mes.n annual temperature, le8s snowfall and e. slightly longer 

gro1f1ng se.e.son than 1s found on the other areas. ,The sUght differences 

01' one degree 1n the temperature and three days in the length 01' growing 

Beason are h8rdly eno~h to explain the differences in growth. Although 

the Lee County plot has only 1.1 ,inches more precipi tat10n than the Lucu 
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plot. the fact that only 18.9 inches falls as snow 8S compared to 28.0 

inches in Lucas County makes it significant because a greater percentage 

of the precipitatIon falls as ra1n throughout the growing season. It 1s ? I-I . .. 

apparent, therefore, that u definite correlation between precipitation 

during the groWing season and the rate ot growth is found in southern 

Iowa. To say that preclpi tatlon is the only factor caUSing the differ-

enoe 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 o~uld b~ found, however, between precipitation and tree form of the 

stand. 
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V. S'lUMARY AND COl~CLUSIONS 

Several investIgatIons,' sponsored by the Forestr,y Department of Iowa 

State College in co':)peration with the Iowa Agrlcul tural ExperIment Sta­

tIon. were carried on during the summer of 1937 on recently acquired State 

Forest lends in south central and southeastern Iowa. These studies, ot 

which this was one, were carried on to supply a need for more detailed 

information of the forest conditione of southern lown. The object of this 

particular investigation was to trace the influence of site conditions on 

tree form and growth of whl te osk. This naturally included a detailed 

8tu~ of thepbrsical and chemical characteristiCS ot the soil trom the 

var10utJ s1 tes. end the collection ot data on tom arid growth. In securing 

this intoma:tion, the investigator, with the aid of three members of the 

CiVilian Conservation Corps, went into' the forests and located ~Jld measured 

sample plots. Boil samples taken were analyzed by standard methods in the 

soils laboratory of Iowa State College. 

The conclusions drawn f'rom. this study' are arranged in the order ot 

their importance to tree torm and growth, end are discussed as tollowse 

1. The forests ot south central and eoutheastern Iowa in general 

have .uttered greatly from exploitation, heavy burning, excessive graz1Dg 

and m1smanegement. The stands have been cut so heavily with 11 ttle regard 

for a tuture stand that only e. sound forestry program, faithfully carried 



out. Will ever return these forests to a normal condition. 

2. The growth and tree form of the white ouk pole stands in 

southern Iowa are affected by the interaction ot many variable factors. 

The influence of each of these factors is not always apparent, however, 

as little correlat1on can be expected unless a factor is deficient or in ex­

cess of the needs of the forest. Nevertheless, certain correlations are 

poss1ble 1n this study. 

S. The highest correlations found in this investigation exist 

between ,the age of the stand and the average annual height end diameter 

growth. Statistical studies of the data reveal a 91.4 per cent correla­

tion between age and height growth, and a correl&tion of 87.96 per cent 

with diameter growth. A correlation of 30.47 per cent is further revealed 

between ege and form quotient of the trees. 

4. A high correlat10n exists between aspect and tree growth. 

Apparently the moist north and east slopes support a much faster growth 

rate than the drier south end west slopes. 

5. The amount of precipitation during 'the growing season shows 

a. defin1 te intl uence on the growth rate of will te oak in southern Iowa. 

6. In general, 1 t 1s found that m01sture relationships do not 

correlate c108el1 with form or growth, however, an analysis of the data 

reveals a good correlation between the height growth cnd moisture equiva­

lent. 

7. It 1s apparent from the data presented that the ridge tops 



are the least produotive, the bottoms most productlve, and the "U,pper 

slope. slower in growth than the middle slopes. This. sl tuatlon 1s due 

mainly to the relatlve moisture conditlons of the 8011 ot the four posl­

tlons. 

8. Although no correlation 1s found between the total organic 

matter ot the B011 and the torm quot1ent ot the tree, a 4.7 per cent cor­

relation e:nets between the orgon1c matter and the average annual height 

growth. 

9. A small correlation 18 ind1cated between the total phosphorus 

content and the average annmJ. height, however, none 1s found With torm. 

quotient. 

10. A slight correlation ls traced between the thickness ot the 

B horizon and the average annual height growth. 

ll. The favorable pH and nitrogen content ot the surface s011s 

are responslble for the tact that both shaw a zero correlation with tree 

form and growth. 

12. It ls obvious 1'rom the above conclusions that the physlcal. 

properties show a much better correlat10n with tree tom. and growth than 

do the chem1cal p~opertles of the slte. 

1'. Further results Indlcate that heavy graZing and burning on 

fbreat 81 tes deplete the n1 trogen and phos:~,horU8 content ot the soll, and 

the volume, the number ot trees and the average annual increment per acre. 
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VIII. APPENDI X 

Plate I 

Sprout stand of' mix ed oaks in southern Iowa 
showing thrifty character or stand relatively f'ree 
from f'ire scars and branch stub decay. 

Plate II 

Typioal white oak pole stand of southeastern 
Iowa. ~he Lee County plots were located in stands 
suoh as these. 
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Pla.te III 

A olump of 14 yea.r old white oak 
sprouts in southeastern Iowa 

Plate IV 

Characteristic ridge top stand of mixed oaks 
in southeastern Iowa. 


