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CHARLES W. REIMER ABSTRACT

The study was undertaken to learn more about the ac­

tivity of the cambium of sugar maple (Acer saccharum Marsh), 

and also to determine what effect environmental factors might 

have on trees growing in a relatively undisturbed climax—type 

forest.

One hundred sugar maple trees were selected for radial 

growth studies in Ingham County, Michigan. Measurements cov­

ered a period of two growing seasons and were taken weekly 

with a dial gauge dendrometer. Three size classes were chosen 

viz., 10— to 15-inch DBH (diameter at breast height), 15— to 20- 

inch DBH, and over-20-inch DBH.

Soil moisture at various stations in the woodlot was 

measured with an electrical resistance unit. Blocks were 

buried at the twelve—inch and thirty-six-inch levels. Soil tem­

perature was taken at these same stations with a soil thermom­

eter. Other environmental data were secured from a weather 

station located just outside of the woodlot.

All three size classes showed the same general pattern 

of growth. Growth began the week ending May 5, 1949, and 

again the week ending May 11, 1950. It appeared that the
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temperature of the soil and air was important in determining 

the time of initiation of radial growth at breast height. Since 

solar radiation and total hours of sunlight also increased con­

siderably at the same time when first radial increases were 

recorded, it is possible that some component of light might 

also have had an important threshhold value controlling to some 

extent the initiation of cambial activity.

Two periods of marked recession of the growth rate

were recorded, both in 1949 and 1950. Of the environmental

data considered, the indication was that, in terms of "extrinsic**

control of the growth rate, total hours of sunshine were possibly 

both directly, and in part indirectly, responsible for the occur­

rence of these recessions. It is also possible, however, that 

1'intrinsic*1 factors controlled more directly the character of 

the growth pattern. In this investigation it was not possible 

to determine which of these two factor complexes was more 

important or what their interrelation might have been.

There was no definite time of cessation of cambial ac­

tivity. In general, there was very little enlargement recorded 

after the first week in September.
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CHARLES W. REIMER ABSTRACT

Trees exposed to various borders of the forest were 

measured along four radii. There was no consistent pattern 

of eccentric growth demonstrated by trees exposed to any one 

borde r .

Total growth for 1950 was less than for 1949. This was 

attributed to one or a combination of three major factors: (1) 

seed production in 1950, no seed production of consequence in 

1949; (2) fewer hours of sunshine in 1950; (3) cooler air and 

soil temperatures in 1950.

Soil moisture within the woodlot was, apparently, not 

critical at any time during the growing seasons under consider­

ation. Available moisture near the south and west edges of the 

woodlot dropped to a critical level during the last few weeks of 

the enlargement period for all trees.
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INTRODUCTION

The cambium of deciduous trees in this area is active 

at best only about one—half of the calendar year and many time 

over a much shorter period. During this time the rate of en­

largement of the stem varies considerably during different part 

of the growing season, indicating an uneven production and ma­

turation of cells.

Since the development of the 11 Zuwachsuhr11 (Pfister, 

1880), it has been possible to measure this increase in thick­

ness in the living tree and also the fluctuations in the rate of 

increase. The increases obtained from such measurements are 

due mostly to the activity of the cambium and should be some 

indication of the way in which the entire tree is reacting to 

its environment. Previous investigations have shown this to be 

the case for certain trees affected by certain environmental 

factors.

Unfortunately, most investigations of this type have been 

carried out on coniferous species and until quite recently there 

were but few major contributions to the subject of growth and 

enlargement of deciduous woody stems. There have also been



2

but few studies of stem enlargement of trees growing in an un­

disturbed climax-type forest. Observations have usually been 

limited to trees situated in parks, on campuses, yards, or those 

not within their natural range of distribution.

In the present study, specimens of sugar maple were 

selected which were growing in a relatively undisturbed stand 

of beech (Fagus grandifolia) and maple. It was possible to find 

only three other growth studies on this species involving en­

largement of the stem. These investigations dealt with indi­

vidual trees and environmental conditions at the site itself were 

not considered.

It seemed desirable not only to know more of the charac­

ter and magnitude of growth but also some of the environmental 

factors at the site which might influence this growth pattern. 

Therefore, in addition to radial—growth measurements, several 

environmental factors were measured in an attempt to deter­

mine any possible correlative relationships. The ultimate pur­

pose of this investigation, then, is to add something to our 

present knowledge of factors which influence growth of this 

forest species.



REVIEW OF PREVIOUS WORK ON TREE GROWTH 

Earlier Investigations and Techniques

It is most difficult to move backward through history in 

an attempt to find the exact beginning of man's interest in the 

phenomenon of periodic growth in woody stems. The original 

stimulus probably stemmed from observations of the ends of 

cut or wind-thrown trees. McMurrick (1930) in his account of 

Leonardo daVinci stated that he (daVinci) was not only aware 

of tree rings but went so far as to give interpretations re­

garding their presence and relative thickness. It is also said 

of Carl von Linne (from Erlandsson, 1936) that he too was 

quite aware of tree rings and also suggested relationships be­

tween them and climatic factors.

From the literature available it would seem that most 

of the early interest in this subject was confined to the Euro­

pean continent. Erlandsson (1936) has presented one of the 

best accounts of this early work in Europe.

By the 19th century interest in tree growth had increased 

considerably. The main area of inquiry was still in Europe but



work began to come from botanists in the United States. Glock 

(1941) reviewed some of the work of these American investiga­

tors, in addition to that of the more important investigators in 

Europe. He said:

Actually dozens of references could be cited to early 
work on growth layers but they would quickly become repe­
titious and wearisome. All in all, the publications contain 
a curious mixture of inference and interpretation, and here 
and there a thread of sound botanical investigation.

It does seem clear, however, that even before the inven­

tion of instruments for measuring radial increase in the living 

tree and even before special techniques were devised for mak­

ing very careful measurements of tree rings from cut sections, 

scientists were aware of the possibilities of relationship between 

the deposition of woody material and the external environment. 

Rainfall was usually the factor suggested as being of prime im­

portance.

Toward the end of the 19th century, instruments were 

devised for measuring the periodic increase in living tree 

trunks. In 1879, according to MacDougal (1936), Kaiser con­

structed a special type of caliper which was claimed to be ca­

pable of measurements down to 0.01 mm. At about the same 

time another instrument (Zuwachsuhr) was constructed by



Pfister (Boehmerle, 1883) which consisted of a metal band en­

circling the tree having one end attached to a compound lever 

pointing to a scale. All sorts of modifications were made fol­

lowing this principle. Friedrich (1905) elaborated on the instru­

ment made by Pfister, constructing what he termed a "Zu- 

wachsautograph.11 A revolving drum was employed to which 

was attached a marking device. This allowed for continuous 

readings over periods of several days. Friedrich even went 

so far as to assemble a radial growth instrument connected to 

a bell in his office. The bell would ring when tension was put 

on the connector as a result of increase of the circumference 

of the attached tree. An apparatus for measuring increase in 

stem size which makes use of induced electrical currents is 

mentioned by MacDougal (1938). Polansky (1930) has presented 

a good review of the types of instruments used up to 1930.

One of the great pioneers of growth studies by use of 

instruments is D. T. MacDougal. In 1918 MacDougal produced 

a precision instrument mounted on a "floating fram e" which 

was termed a dendrograph. By use of special materials with 

a low coefficient of expansion e r ro rs  due to such expansion or 

contraction were minimized. One of the serious objections to
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the use of the German instruments was that this factor was not 

taken into consideration. MacDougal also designed a second type 

of measuring apparatus. This one, called a dendrometer, mea­

sures the increase in radius of a stem in contrast to diametral 

measurements obtained by use of the dendrograph. The den­

drometer is likewise mounted to the tree but has no arrange­

ment for a recording drum (although modifications are possible 

for such use). Measurements must be made at desirable inter­

vals from a pointer moving over a scale. Both instruments are 

described and illustrated by MacDougal (1936, 1938). Friesner 

(1941, 1942, 1946) made use of these instruments in his orig­

inal investigations in Indiana and Maine.

In 1932 Reinike described a precision dendrometer ap­

paratus in which measurements are made with a micrometer. 

Byram and Doolittle (1950) gave an illustration of this instru­

ment, which they also used. This instrument has found rather 

wide acceptance among foresters interested in radial growth. 

Recently, still another type of measuring device has been pre­

sented by Daubenmire (1945). This is also referred to as a 

dendrometer. It is not necessary to attach the instrument itself 

to the tree. Being of such a size that it fits easily in one hand,
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it can thus be used in measuring several trees in a matter of 

minutes. The dendrometer has been used with considerable 

success and represents one of the best methods yet devised to 

measure radial increases in the field, especially when a quan­

tity of measurements are desirable. Daubenmire and Deters 

(1947), and Daubenmire (1949, 1950), have studied the radial 

enlargement of several different types of trees, using this in­

strument.

Although measurement of radial increase was greatly 

aided by the use of instruments attached to the living tree, their 

invention and use by no means replaced techniques which in­

volved direct measurements of rings and tissues within each 

ring. In general, all of the techniques for measuring cambial 

activity are mutually complimentary, and in some cases it 

would seem profitable to measure radial increase both by in­

strument and by observation of histological sections.

Observations and correlations of radial increase with 

environmental conditions falls into two categories: (1) long­

term, and (2) short-term correlations. In the former, growth 

is compared from year to year with similar groupings of cli­

matic components. The method usually employed is that of
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measuring tree-ring widths from cut slabs, cut wedges or cores 

taken by an increment borer. Douglass (1936) gives an excel­

lent review of these methods. Sometimes calipers or a mea- 

suring tape are used for determining yearly stem size increase.

Short-term correlations deal primarily with the cambial 

activity during the course of a single season. Several methods 

are possible, only two of which need be mentioned here. A 

series of cores can be taken from different parts of the same 

tree or from other trees at selected intervals of the growing 

season. The tissues are then prepared for observation and 

measurement according to the nature of the study. The diffi­

culties of correlation become apparent upon realization that 

the sections for comparison have come from different trees. 

Even when taken from the same tree it must be recognized 

that the growth pattern and rate quite possibly varies in dif­

ferent parts of the stem (Jost, 1892; Friesner, 1940; Harmon, 

1942). Within limits, however, this method can be very useful. 

Jost (1892), and Hanson and Brenke (1926), used such a tech­

nique .

The dendrometer and dendrograph are also used for 

short-time observations although they are by no means



restricted to such use. With the exception of the extensive work 

of MacDougal (1936), who did maintain his dendrographs in oper­

ation for several years, most other studies have been for periods 

of 1 or 2 seasons of growth.

Concepts 

Long-term Correlations

About 1860, Keuchler and Furras (dock, 1941) published 

results of tree-ring analyses done in the southwestern part of 

the United States. The former (Keuchler) maintained that 

"broad rings indicate wet years and thin rings that can scarcely 

be distinguished with the naked eye denote dry years" (Glock, 

1941, p. 650). F u rra s1 work contradicted this in that it pre­

sented proof that rings in that part of the country are not nec­

essarily annual. Bogue (Lodewick, 1930) showed a relationship 

between rainfall and ring width of oak in Michigan, especially 

when there was an abnormally heavy or light annual precipi­

tation. According to Robbins (1921), the ring width of oaks in 

Missouri varied inversely as the sum of mean temperatures for 

May and June. There was a direct correlation with the growth 

and March-to- June rainfall. Ante vs (1928) found rainfall
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correlations best (75% agreement) when it comes at a time when 

available water is on the “ dry limit.“ Lyon (1936) found highest 

rainfall-growth correlations in New England with suppressed 

trees of hemlock and next highest with codominant trees. The 

general trend of correlation was greater when rainfall for the 

period from April to August was used.

Diller (1936) reported on the growth rings of beech in 

northern Indiana. He concluded that growth usually varies in­

versely with the June temperature, and in most cases directly 

with June precipitation. Kleine, Potzger and Friesner (1936) 

stated: “ Precipitation plays the primary role of limiting fac­

tor in annual ring growth.11 They found direct correlation be­

tween annual—ring width of oak and the average rainfall of June, 

July and August; an inverse correlation with temperature for 

the same period. Fuller (1938) reported correlation between 

annual—ring widths of red oak and rainfall in Illinois for 44 

out of 66 years. He cited examples of certain trees which seem 

to show no correlation with rainfall in any combination of months 

taken. In many cases, however, rainfall correlations were very 

good, especially in dry years. Somewhat the same results were
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reported by Hansen (1941) for conifers in arid habitats of Wash­

ington.

Douglass (1936) correlated the occurrence of sun spots 

with tree-growth cycles. He said: “ The possibility must not

be overlooked, however, that under certain conditions there 

may be a direct relation between solar activity and tree growth 

rather than an indirect relation through rainfall or some other 

climatic factor as intermediary.11 Lodewick (1930) had stated 

that the effect of sun spots appear to be through their influence 

on rainfall.

Avery and co—workers (1940) in New England made ob­

servations on hemlock trees felled by the hurricane of 1938 

and found little or no correlation between growth and either 

rainfall or temperature. They found annual-ring widths de­

creased with increasing distance from the center, but state that 

this does not indicate that less wood is formed; the greater 

circumference more than compensates for the narrow rings, 

they say. Lyon (1943) made a similar study on hemlock and 

white pine. He reported very good correlation between rain­

fall and ring width using years of maximum and minimum growth 

rates for correlation. Evidences of lag and cumulative effects
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were also noticed. Importance of microclimate is noted by- 

reference to the impossibility of cross dating of trees from 

Boston with those of New Hampshire. Of this he said, 11. . . 

each area has its own dates for local drouth and abundance 

effects . . .M

From time to time voices were raised against this gen­

eral trend of correlation of tree growth with but few factors, 

especially against those papers in which rainfall alone was iso­

lated as the correlating factor of prime importance. Sampson 

(1940) wrote a brief article on 11 The Dendrochronology Enigma1 * 

in which he minimized the importance of tree-ring studies and 

the importance placed on interpretations thereof. In the same 

journal and appended to his article is one by Chapman (1940) 

in rebuttal to the conclusions of Sampson.

Then, in 1941, a review of the entire subject of * *Growth 

Rings and Climate11 was presented by Glock (1941). He ex­

pressed surprise at such correlations involving only rainfall 

in relation to tree—ring widths by saying:

A careful reading of the work having to do strictly 
with the comparison of width of growth layers and rainfall 
is apt to convey the impression that the fundamentals of 
plant anatomy and physiology either have been neglected 
or have not been investigated.
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. . . studies simply emphasize what very few stu­
dents will deny; the great importance of water to plant 
life. To go farther than this at present is to lose sight 
of the fact that the deposition of cellulose is a complicated 
process.

Some of the many factors involved in the growth process are 

then listed by him. Just how studies could be made to include 

this myriad of factors is not clear from this review. As a 

conclusion to the review (covering 203 references) Glock sug­

gested:

It seems abundantly clear first, that rainfall and 
temperature are of great importance to tree growth, sec­
ond, that under a certain combination of interacting factors 
. . . rainfall and temperature have such an influence on 
physiological processes as to bring about a degree of sim­
ilarity at times in the fluctuations of tree growth and rain­
fall or temperature, and third, that correlations even if 
they were of a high degree, do not permit the derivation 
of past or future rainfall.

An understanding of plant physiology and anatomy 
brought about by judicious experimentation under the strict 
discipline of the botanist may ultimately reveal the cri­
teria by which growth layers and their cellular structure 
will yield a picture of the soil moisture regime and per­
haps thereby indirectly, a picture of rainfall type.

In speaking of the "factor complex" Friesner (1941) 

explained: "Of the environmental factors, light, temperature,

and available water are perhaps the most important. In our 

area . . . temperature and light are more often adequate with 

available water becoming the limiting factor." Thus, reason
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is given by him for greater attention to one factor in the com­

plex.

Correlations seem most satisfactory from semiarid re­

gions and from sites well drained and with light soil, although 

recently Lyon (1949) published the results of an investigation on 

rings of white pine growing in a bog. He concluded: 11 White 

pine trees growing in a bog that is subject to rise and fall of 

water level in response to local rainfall and temperature fac­

tors, are found to show, during years of unsuppressed growth, 

essentially the same sequences of narrow and wide rings as 

trees growing on nearby upland soil.'*

A great amount of work on tree rings has come from the 

Tree Ring Laboratory in Tucson, Arizona. Their work indi­

cates that when carefully applied, tree rings can be an index 

of time lapse and can also show correlations with rainfall for 

certain periods. Schulman (1940) recorded 412 references on 

tree-ring analysis and suggested sources for more than 2,000 

more references on the general subject. His paper appeared 

in the Tree Ring Bulletin, a publication organ for the Tree 

Ring Laboratory. For other references and review of con­

cepts of tree rings and their analysis, the reader is referred



15

to Kleine, Potzger and Friesner (1936), Glock (1941, 1950), 

Douglass (1936, 1937), and Friesner and Friesner (1941).

From the work done in this connection it would seem that 

most long-term analyses have been made correlating rainfall and 

temperature with tree-ring widths. The growth-rainfall corre­

lations seem not to fit any particular pattern except in localized 

areas and on certain selected sites where water relationships 

are not continuously favorable. The specimens most frequently 

chosen were those which were deemed particularly ^sensitive11 

to availability of water (viz., oaks, hemlock, and pine). Tem­

perature correlations seem to vary also with the locality. Some 

workers found no correlation between growth and increase or 

decrease in temperature for certain selected periods. Others 

found an inverse correlation with temperature during certain 

parts of the year. Still others found periods of direct correla­

tion. In the light of these findings the importance of the plants1 

microecology becomes more apparent.

Short-term Correlations

In this type of correlation emphasis has been placed on 

the factors which might influence the growth in width of a woody
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stem over periods of hours or days in a growing season. Re­

sults of such studies should throw some light on results of long­

term correlations. Problems of primary concern to the investi­

gators in this field are: (1) factors influencing the inception of

growth, (2) factors influencing the amount, character and length 

of growth, (3) factors influencing the cessation of growth.

One of the very early investigators into the subject of 

seasonal radial growth in woody plants was Hartig (1885). This 

investigator found in the Norway spruce and European larch that 

50 to 75 percent of the growth for the season was completed 

(at a height of 27 meters) on June 9, whereas only 18 to 35 

percent of the total growth for the season was completed at a 

height of 1.5 meters from the ground. In isolated trees the 

percentage appeared about the same throughout. As far as the 

course of growth is concerned he reported that the European 

larch began growth on April 25 and terminated growth on July 

1. The awakening of cambial activity, he said, is dependent 

upon temperature, and that soil temperature, insolation, and 

thickness of the bark were influencing factors.

Jost (1892) studied the course of growth by felling trees 

(larch, pine, oak and maple) every 14 days and measuring the
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amount of wood accretion. His primary concern was the re ­

lationship between axial and radial growth. He found axial 

growth well under way before radial growth began and that the 

latter lasted longer than the form er.  .Using calipers (Kluppen) 

Bohmerle (190 5) showed that artificially watering a stand of 

Scotch pine (in Austria) increases the amount of “ Zuwachs."

The same year F riedrich  (1905), using a 11 Zuwachsautograph,11 

found: M. . . es steht wohl e rs t  recht ausser  Zweifel dasz die

jeweilige F ruh jahrs—und Sommerwitterung auf das Wachstum der 

Bourne Einflusz ubtM; showing again the importance of rainfall 

on growth.

In the United States Brown (1912) described results  of 

anatomical observations on Pinus rigida specimens. He found 

no appreciable difference in awakening of the cambium on the 

north and south sides of trees studied. He stated:

. . .  a number of peculiarities already noted by 
others are prevalent in mature specimens [of P. rigidal . 
These are: (a) lessened density on the south side of trees,
(b) irregulari ty  of cambial awakening in closely neighboring 
parts of the same section, (c) successive formation of new 
elements before previous ones have reached their maximum 
size, and (d) double rings . . . .

In anatomical measurements of the cambium Knudson 

(1913) said that the resting cambium of larch included 6 rows



of cells, the entire section measuring 34 microns. Brown (1915) 

also reported on minute observations of stem sections made on 

white pine. He recorded two optimal—growth periods within a 

single season; one in the spring, which he associated with the 

utilization of the stored food in the trunk; the other in July and 

August, which he said is due to the utilization of photo synthetic 

products of the current season. Brown noted that Mischke r e ­

corded two similar optima in pine but sought to correlate them 

with specific rainfall conditions during the period in which his 

material was collected. Jost is also cited by Brown as having 

found two such periods in all but three specimens examined; 

further that maximal growth occurred at very different times 

in different species although growing under " s im i la r11 climatic 

and soil conditions. Brown's conclusion to this was:

Undoubtedly this periodicity of growth is connected 
with the periodic change in the type of wood formed, the 
well known transition from spring to summer or autumn 
wood. The spring wood has the wide lumen and thin wall 
which is associated with rapid extension,

About the initiation of cambial activity Brown said that 

the displacement of intercellular air  spaces in the rays in the 

neighborhood of the ring by water may bear a causal relation­

ship to this renewal of activity. As far as cessation of activity



19

is concerned he advanced the possibility that an accumulation 

of excess foods may be the cause **. . . but the fact that, with 

a wet and warm summer, both longitudinal and radial growth 

may be res ta r ted ,  adds support to the view that the governing 

factor is, ra ther,  a lack of m o is tu re .11 Whether this 1'lack of 

m oisture11 re fe rs  to the actual lack in the soil or to a possible 

lack of ability of the plant to take in water is not stated.

Describing the charac te r  of growth of the box elder in 

Utah, Korstian (1920) found that growth began in the trunk on 

May 19, about three weeks after the leaves unfolded. At a 

later date MacDougal (1936, 1938), F r ie sn e r  (1941, 1943), and 

Reimer (1949) found the same relationship between the unfold­

ing of leaves and cambial initiation to be true in other deciduous 

species. This is not true, however, for all deciduous species 

(e.g., ash) (MacDougal, 1936). Korstian found no direct  co rre la ­

tion between the 11 m arch  of diametral growth11 and current tem­

peratures;  this in contrast  to the findings of Hartig (1896).

Using a Mac Doug al-type dendrograph, Lodewick (1925) 

found that cambial activity in Fraxinus am ericana began f i rs t  

on the south side of observed t rees ,  but after all the cambium 

was activated 11. . . growth p rogresses  more rapidly on the
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north side.11 A re s t  period of about ten days was recorded 

from June 9 to 19. Several days of precipitation immediately 

preceded this cessation of cambial activity so that the causative 

factor could not have been soil moisture. He concluded that it 

probably was temperature.

Hanson and Brenke (1926) made anatomical studies of the 

wood of Acer saccharinum (L.) and Fraxinus campestris  (Britt.) 

in Nebraska. Fourteen sections were taken during the season, 

each from a different tree  of the same species, to determine the 

rate of growth. The width of the cambial layer was used as an 

index; the wider the layer the more rapidly new cells were be­

ing formed. Growth began in the ash about April 15 and in the 

silver maple between April 20 and 27. Growth ceased in the 

former by September 14 and in the la t ter  by August 15. There 

was a slight increase in the maple, resuming about September 

14 and terminating about October 14. As for environmental cor­

relations, they found no correlation between cambial activity 

and precipitation; a direct  correlation between cambial activity 

and temperature increase in the spring until it reached about 

60 degrees Fahrenheit, after which there seemed to be an in­

verse correlation.
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Priestly  (1930) discussed the character of cambial ac­

tivity. Of the initiation of growth he said:

The resumption of cambial activity in each growing 
season is a somewhat elusive phenomenon, beginning in one 
region it gradually spreads to others, and similarly its 
fluctuations and cessations of activity are not simultaneous 
throughout the whole of the tree.

This brings to mind the differences in percentage of growth

completion in various parts of the same tree as reported by

Hartig (1885).

Of the phloem Pries tly  stated: “ It is not at all clear

that there is any marked cessation of activities of growth and 

differentiation during the winter." As more recent works 

(Daubenmire, 1946, 1947, 1950; F rie sner ,  1941, 1942; Mac­

Dougal, 1936, 1938) indicate, evidence points to the possible 

fact that, at least in areas having a winter season, no activity 

of enlargement is discernible. In warmer climates this may 

well be the case.

Lodewick (1930) took cores from specimens of the long— 

leaf pine in Florida. The site was seven miles from the Gulf 

of Mexico where the annual rainfall is ^approximately 60 inches, 

the greater amount coming in July and August. Rainfall data 

were taken from a ranger station 4—1/2 miles from the site.
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He concluded that precipitation from about the middle of June 

to the middle of October has the grea test  effect on the produc­

tion of summerwood with a qualitative correlation of 91 p e r ­

cent. "Springwood formation is almost a constant irrespective 

of rainfall. The summer wood,, on the other hand, appears to 

vary more directly with the ra infa ll .11 Mention is made of 

“ other fac to rs11 which exert, o r  might exert, influence on 

springwood production.

As to vigor and radial enlargement, Lodewick said that 

the departure of the curves of various vigor c lasses from the 

general curve is usually in amount ra ther  than in direction.

A correlation was attempted between crown volume and average 

diameter but met with failure. He stated: "So little agreement

was found, even among sim ilar crown shapes, that it was deemed 

unnecessary to make more accurate volume computations."

P earson  (1937), on the other hand, maintained: “ Trees

with undersized crowns or, more specifically, t rees  having a 

small leaf surface, are known to grow at a slower rate than 

those with large full crowns.11 Bordoux (1946) maintained that 

growth of upper—story t rees  had no direct  relation to either
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crown space or crown volume but did corre la te  with surface 

area of the crown.

MacDougal (193 3) reported on the relation of leaf su r­

face to the amount of wood produced. The conclusions were that 

the amount of wood produced by a unit leaf a rea  in an old and 

large tree was less  than in a young tree .  f,It seems reasonable 

to assume that much more energy is used in lifting water and 

in translocation of photo synthetic products in such t rees .  No 

available information gives grounds for any conclusions as to 

le s se r  efficiency of leaves on old or large t r e e s ."

Kienholz (1934) observed the same phenomenon of two 

maxima in growth rate , as found by Brown (1915). His work 

was on conifers. Growth began on May 12 and reached a f i r s t  

maximum on June 2, decreasing slightly, increasing to a second 

maximum on July 9. Growth ceased on October 1. He found 

no correlation between the maximum, minimum, or mean air  

tem peratures and the average weekly growth rate nor between 

relative humidity and the growth rate. F ro m  this he further 

concluded that not environmental factors but internal factors 

were responsible for the double maximum, thereby agreeing 

essentially with P r ie s t ly  (1930), and Brown (1915). The two
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maxima are said by him to correspond with the formation of 

springwood and summer wood, respectively. Kienholz said that 

Stevens recorded a somewhat similar phenomenon for roots; 

i.e., a f i rs t  maximum of enlargement came in roots on June 

8 and a second maximum on October 4. A somewhat similar 

result was recently reported by Morrow (1950) for the roots 

of sugar maple.

In 1936 results  of some very detailed and extensive stud­

ies were finally reported on by MacDougal (1936). This worker 

had attached dendrographs to several kinds of trees  both native 

and introduced into Arizona. He kept records of growth on these 

species over periods of several years. Complete records of 

growth of Pinus radiata are presented covering the years be­

tween 1918 and 1934. Many other data on both coniferous and 

deciduous trees  are presented covering observations over periods 

of one to several years.  Only some of the pertinent conclusions 

will be presented here.

MacDougal believed that the initiation of growth in Acer 

macrophyllum was determined by rising temperature but that 

the termination of wood formation was due to other factors.

In this case it is not moisture, as the soil around 
the roots was "w et1* at all times. Cessation of growth
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took place under favorable tem pera tures  and about 20 days 
before any deterioration of leaf green was visible. It is 
probable that a chemical analysis of the leaves would un­
cover the decisive factors.

His results  on the Monterey pine showed a termination of dia­

metral growth coincident with a soil—moisture deficiency leading 

him to the conclusion that this was the causative factor. As a 

final statement on A. macrophyllum he said: “ The annual lay­

ers  of this maple would, therefore, not constitute a record  of 

precipitation o r  of soil moisture conditions.11

This investigator maintained that radial growth may be 

continuous throughout all seasons. He presented data from 

Monterey pine and Monterey cypress to support this. Accord­

ing to him continuous growth was also reported from Africa 

and Java.

He maintained also that the rhythmic action of trees  

was imposed by the environment and should not be taken as an 

inherited condition.

In tem pera ture experiments MacDougal (1936) artificially 

heated t rees  for 15 days and they showed no response, but he 

said this merely shows that other factors are responsible, in 

addition to co rrec t  temperature,  for cambial initiation. A state­

ment concerning environmental factors was given by him:
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The balance between water supply and transpiration 
and tem perature of growing cell m asses  are the dominating 
conditions in both radial and terminal growth. Conventional 
meteorological sta tistics as wind direction and velocity, 
cloudiness, sunshine, relative humidity, precipitation, evap­
oration from the soil, a ir  tem perature ,  are of value only 
as they affect transpiration and the tem perature of cell 
mas se s .

Two years la te r  MacDougal (1938) presented a book on 

tree growth in which he described and discussed the growth of 

numerous deciduous and coniferous t rees .  Reference up to 

1938 pertinent to the growth of these part icu lar  t rees  are in­

cluded. In the genus Acer he discussed growth data for: A.

saccharum. A. saccharinum, A. negundo. A. pseudoplatanus. A. 

macrophyllum, A. rubrum. and A. cam pes tre .

The A. saccharum described was growing in the New 

York Botanical Garden. Diametral increase began on May 12, 

1920, at about the time when leaves had reached full expansion. 

It was not until June 4, however, that the increase became 

"positive and rap id ."  About July 1 the growth rate was at 

its highest and around the f i r s t  of August growth ceased. The 

only environmental condition measured was the temperature of 

the cambium. This tem perature was between 15 and 20 degrees 

Centigrade at the time diametral  increase became "posit ive ."
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F rie sne r  (1941) published the f i rs t  results  of a series 

of investigations employing a dendrometer. The original study 

was of Fagus grandifolia in Indiana. Growth in the beech began 

about the Middle of May and ceased about July 15. The three 

trees studied all showed the “ grand period1* of growth. F riesner  

listed the three “ most important factors controlling wood forma­

tion which are variable on the same site from season to season 

and from day to day“ as: temperature,  evaporation rate, and

water. He said light may become a limiting factor “ if tem­

perature and available water are at their optimum.**

Using the dendrographic method, five species of decidu­

ous trees were studied by the same author (1942b). Representa­

tives of the following species wer-e selected: Fagus grandifolia.

Ulmus am ericana. Ulmus fulva, Acer saccharum, and Quercus alba. 

The exact environment was not discussed but it appears that these 

trees were not growing in environmentally undisturbed areas .  All 

four species (F. grandifolia had been previously reported on) were 

said by him to exhibit the "grand period** of growth. In another of 

his presentations (1943) he mentioned that IJ. americana did not ex­

hibit this *'grand period" character.  A recent communication with 

Dr. F rie sner  c lears up the point. The idea was correctly stated
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in his paper of 1943 when he explained that LT. am ericana showed 

no resemblance to ' ‘grand per iod11 growth. Daubenmire (1947) 

made no distinction, including this species in with those showing 

“ grand per iod"  curves.  In A. saccharum  radial  increase  began 

on May 12 and was completed by the end of July, according to 

F r ie sn e r  (1942b). Two peaks of growth rate were observed 

(week ending June 9 and week ending June 30), bringing to mind 

this phenomenon as reported  by Brown (1915), Kienholz (1934), 

and others. Such a pattern  was also reported  for Ulmus. He 

stated that external conditions are  important in determining ini­

tiation, time of peak rate ,  amount, and cessation of growth, but 

that the growth rhythms occur independent of definable rhythms 

in the external environment. The daily rhythm of rate of root 

elongation also has been attributed to internal causes by F r i e s ­

ner (1919).

In 1946 F r ie sn e r  and Waldon (1946) published resu lts  of 

five seasons* growth of Pinus strobus in Maine. They found the 

time of initiation of radial  enlargement varied from April 15 

to May 26; time of cessation from September 18 to November 1. 

Tem perature ,  according to them, appeared to be the most im­

portant factor in controlling the time of initiation of radial
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enlargement, the cri tical temperature being 50 degrees Fahren­

heit. Rainfall correlations were “ fair*1 when average annual 

rainfall data were used. Results by Daubenmire (1949) on the 

same species in Idaho indicate that temperature might not be 

the important factor in growth initiation, at least in that area.

Growth of trees at different altitudes was studied by 

Daubenmire (1946). In this study 32 coniferous trees (four 

species) were used. Cambial activity was retarded at higher 

elevations and late summer shrinkage was much less at higher 

altitudes than at lower. Investigation into the relation of day— 

length and temperature to the initiation of cambial activity were 

made by him (Daubenmire, 1949). He concluded that the begin­

ning of diametral growth had no close relationship to maximum 

or minimum air  temperatures, or even to soil temperature at 

20 centimeters depth. Further, he said: "In most instances

growth begins at a rather well defined period suggestive of 

photoperiodism.11 According to him low temperatures cannot 

stop cambial activity unless the temperature drops to frost 

levels.

Daubenmire and Deters (1947) made comparative studies 

of deciduous and evergreen trees in Idaho. The trees selected
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were a par t  of the arboretum on the campus of the University 

of Idaho. The character of cumulative seasonal growth was 

compared and contrasted. All of the species began growth at 

approximately the same time in both years studied (with the ex­

ception of Robinia pseudo acacia, which began approximately 2 

months before all others). Early in the season the evergreen 

trees grew more rapidly than the deciduous trees but the situa­

tion was reversed  la ter  in the season. Their results  cast some 

doubt on the concept that growth begins ea r l ie r  in ring-porous 

trees than in diffuse—porous trees  (Friesner,  1942). The initia­

tion dates for Ulmus. Quercus and Fagus were practically the 

same. Cumulative growth curves are presented for each of the 

17 species studied. Different trees  showed varying responses 

to the summer drought. The growing season began before the 

end of the frost  season and terminated TIwell in advance11 of 

the f i rs t  frost  in autumn.

In another paper Daubenmire (1950) found negative cor­

relation between photoperiod and the beginning of cambial activity. 

He expressed the idea in one publication (1949) that differences 

in response of cambiums of the same species may possibly be 

due to genetic differences "among the species and ecotypes11
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studied. Daubenmire (1950) published results  of such a study 

on P. ponderosa races.  There appeared but “ little difference11 

among the populations despite the fact that there was Mcon­

siderable variation*1 within a population. Daylength seemed to 

have no influence upon the growing season and cambial activity 

duration was not related to population or race groupings. He 

said:

Daylength either does not determine the beginning of 
cambial activity or on this habitat other conditions masked 
the influence of daylength. Since the results  of earl ie r  
studies . . . also furnish negative evidence of photoperiodic 
control over inception of cambial activity, the former of the 
two possibilities mentioned above appears to be correct .

Study of a single specimen of shortleaf pine (Pinus 

echinata) by Byram and Doolittle (1950), using a dendrometer, 

revealed that the greatest  amount of growth came in the spring 

when there was only a slight amount of correlation with rain­

fall. A “ definitely positive effect*1 was recorded for these two 

factors during the summer.

Because no soil—moisture data were taken by them their 

statements on soil moisture must be taken as hypotheses. They 

stated it was likely that soil moisture began to be a limiting 

factor in June; that “ for the period July 9 to August 8 . . . 

the limiting effect of the moisture supply on growth has become
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apparent.11 It is difficult to in terpre t  two statements from their 

paper. They stated:

During the spring period of rapid growth, the three 
most important growth factors (light, moisture, and tem per­
ature) have their  optimum values, and growth is at a max­
imum.

In summary they said:

Thus, in spring, temperature,  sunshine and certain 
inherent charac te r is t ic s  of the tree  are limiting factors 
relative to growth.

If the f i r s t  statement is true then only the 1'inherent charac te r­

is t ic s"  could be listed as limiting in the spring. If the la t ter  

is true, then only moisture is at an optimum during the spring.

Summary of Major Concepts

As a whole these sho r t- te rm  correlations have been very 

helpful in sorting out some of the major problems involved in 

the evaluation of cambial activity. The question of initiation 

of cambial activity seems to be not yet solved. Some investi­

gators say that tem perature must be at a certain level for cell 

division to begin. MacDougal (1936) found 8 degrees Centigrade 

as a minimum internal tem perature for cambial initiation in 

pine, although he says this may not be a direct correlation at 

all. F r ie sn e r  and Waldon (1946) said the cri t ical  air  temperature
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was 50 degrees Fahrenheit  fo r pine in Maine. F o r  ash, Hansen 

and Brenke (1926) found cambial activity to begin as the 

temperature rose above 52 degrees Fahrenheit and for m a­

ple it began as the tem pera ture  of the air  reached 60 de­

grees Fahrenheit.  Hartig (1896) co rre la ted  " r i s e  in tem­

perature*' with initiation of cambial activity in conifers. 

Daubenmire found no relationship between inception of growth 

and either a i r  o r  soil tem pera ture .  This study included 

sugar maple and other deciduous and evergreen t rees  in 

Idaho. He suggested that photoperiod was more likely r e ­

sponsible for cambial initiation (1949) but la te r  (1950) gave 

evidence that it was not.

As for other internal fac tors Soding (1936) maintained 

that growth proceeds basipetally by production of hormones 

in the immature buds which, after translocation to secondary 

t issues would incite them to activity and production of hor­

mones. This would set up a sequence expressed  by the 

author as: "  Wuchstoff—Wachstum-Wuchstoff— Wachstum."

MacDougal (1936) also mentioned the possibility of hor­

mones as being at leas t  part ial ly  responsible for cambial
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initiation. Soding (1936) and la te r  F ra s e r  (1949) introduced 

growth-promoting substances into the stem of woody plants and 

found that cambial growth was incited at a point immediately 

below the application. Avery ejt al. (19 37) advanced the **prob— 

ability11 that growth hormones in shoots of Aesculus and Malus 

were instrumental in stimulating cambial activity. The subject 

of plant growth substances is discussed by Went and Thimann 

(1937) and by Skoog and others (1950). It is seen that most 

work has been ca rr ied  out with herbaceous plants.

Environmental relationships during the growing season 

are also quite complex. The concepts presented by investiga­

tors of this phase of growth reflect results  of studies on a few 

species (notable exceptions are MacDougal [1936, 1938], Dauben­

mire [1947, 1949a, 1949b]), few specimens and localized areas .  

Even so, it is doubtful if over—all concepts could be formulated 

which would hold for all species in all habitats. Whatever the 

case may be, some of these ideas are  presented in summary.

There is some agreement that rainfall exerts an influence 

on the la t ter  part  of the seasons* growth (Lodewick, 1930 [coni­

fers]; F r ie sner ,  1942 [deciduous trees]; Byram and Doolittle,

1950 [conifer]). This agreement is usually assumed to operate
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through the influence of rainfall on soil moisture, with the a s ­

sumption that, with lessened rainfall, soil moisture will go 

down to the cri t ica l  level. No work correlating soil moisture 

with radial growth at a particu la r site has been found which will 

either substantiate o r  deny this. Hanson and Brenke (1926), on 

the other hand, found no relationship between precipitation and 

seasonal radial increases .  MacDougal and Shreve (1924) said 

that for P. radiata, growth over short periods of time showed 

negative correlation with rainfall.

Air tem perature is said to be directly corre lated with 

the early course of growth (MacDougal, 1936; Hanson and Brenke, 

1926) and inversely corre la ted  with la te r  growth (Hanson and 

Brenke, 1926). However, Kienholz (1934) found no correlation 

between maximum, minimum or mean a ir  temperature and weekly 

growth rate of pine.

Atansiu (1949) presented an interesting hypothesis, which, 

even though it was gleaned from study of herbaceous plants, 

could operate in relation to the woody plant. He said:

Eine negative klimatische Wasserbilanz im April 
und Anfang Mai begiinstigt den sich stark in Minimum be— 
findlichen W&rmefaktor und dadurch das Wachstum; Ende 
Mai, Juni ist eine positive klimatische Wasserbilanz ftir 
das Pflanzenwachstum giinstiger.
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This indicates that a negative water balance in spring is de­

sirable as it allows for a higher soil temperature, a more im­

portant factor at this time.

Light and atmospheric humidity can be important and 

limiting to growth (Friesner,  1-941). Kienholz. (1934) found no 

relationship between diametral growth of pine and relative hu­

midity.

Cessation of growth has been attributed for certain spe­

cies to the lack of water (Friesner,  1941; P riestly ,  1930; Mac­

Dougal, 1936). Mitchell (1936) reports that Pelargonium leaves 

showed retarded carbon fixation above 30 degrees Centigrade 

in either moist or dry air . Klebs (1917), Berthold (1904), and 

Lakon (1912) (see Priestly ,  1930) thought that cambial activity 

might stop because of the excess of organic materials or be­

cause of the lack of inorganic salts. The latter  could be asso­

ciated with the lack of moisture in the soil.

Less is known of the internal mechanism involved in the 

cessation of growth but it seems possible from the results of 

Soding (1936), Went and Thimann (1937), Skoog et a l . (1950), 

and many other workers in the field of plant hormones, that 

dwindling hormone production may slow and finally cease
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cambial activity. Further  studies on radial growth can add 

much to the concepts already presented, especially as they op­

erate in the same species in their various microhabitats.

Asymmetric Growth

Two papers written in the 19th century are worthy of 

mention in this connection. Mer (1889) formulated two causes 

for eccentric growth, viz.: (1) factors affecting the manufac­

ture of organic products (slope, proximity to other trees,  ex­

posure, fertility of the soil), (2) factors influencing cambial 

activity (mechanical s t re s s  caused by wind, gravity, “ trauma­

tism*1). He said that t rees  growing on a slope exhibit greater 

growth of the trunk on the uphill side, and that competition on 

some one side of a tree means that radial increase will be 

“ shorte r"  on that side. Hartig (189b) studied eccentric growth 

by the somewhat unique method of observing the distribution of 

" re d  wood11 in the spruce (Fichte). "Red wood,11 according 

to the author, is usually formed only when some s tress  or 

strain is put on the stem. One tree observed growing along 

the west edge of the forest  showed greatest  " r e d  wood" on
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the east side. His conclusion was that the mechanical or sway­

ing effects of the wind caused eccentric growth.

Grossenbacher (1915) mentioned that the real cause of 

*‘zonation" is thought to be inherent, though the environment in­

duces its manifestation. In the sem i-arid  areas of the south­

west, Douglass (1936) shows that slope is important to eccentric 

growth in western pine, the uphill side being favored because 

the moisture reaches that side first .  This is in agreement with 

Mer (1889).

Lode wick (1930) took cores from four cardinal points of 

several pine trees growing on essentially level sites. The ob­

ject of the investigation was to determine whether the south and 

west sides showed greater growth than the north and east sides 

because of longer periods of insolation. He found 11. . . growth 

along the north and west radii was greater than the other two 

radii . . . though examination of 12 trees that had recently 

been cut . . . gave no evidence of consistent elongation of any 

one axis." As to crown and number of branches arising from 

one side, he said:

Whether or not exposure at breast  height directly 
under the greatest photo synthetic area will show [these] 
xylem increments depends upon the straightness of the 
grain through the intervening bole.
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In t rees  studied there is no consistent decrease in 
diameter on the side of least  crown, development when m ea­
surements are made at b re a s t  height, in fact according to 
the data . . . an increase  in diam eter was more often the 
c a se .

F r ie sn e r  (1940) studied asym m etr ica l  growth of Quercus 

velutina and, in d isagreem ent with Mer (1889), said that compe­

tition ’’exerts  no demonstrable independent effect11 on eccentric 

growth as long as it is only ” a p a r t  of a complex of other va r i­

able fac to rs .11 He found average growth immediately above 

main roots always g rea te r  than above a reas  where there are 

no roots. F rom  his data there is at least  some indication that 

the uphill side of the tree  is favored, although half of the t rees  

showing this response were also those having the g rea tes t  num­

ber of roots on the uphill side.

Harmon (1942) found that the "g en t le11 slope had but 

little effect on asym m etrica l  growth, but that on " s te e p 11 slopes 

growth was g rea te r  on the uphill side. In disagreeing with 

F r ie sn e r  (1940) he stated: "Competition, when not offset by

other factors,  exerts a demonstrable influence on asym metrical  

growth in that growth on the competition side is less  . . . ."

It is thus seen that five factors are  discussed as being 

at leas t  part ia l ly  responsible for asym m etrica l  growth. They
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are: (1) slope, (2) position of main roots, (3) competition, (4)

wind action, and (5) character of the grain.

Obviously many other environmental factors are opera­

tive in radial growth of trees. To review the work on these 

factors alone would be to go beyond the scope of this paper.

For the person interested in literature on such factors the author 

suggests material and bibliographies presented by the following 

authors: Meyer and Anderson (1939), Curtis and Clark (1949),

Miller (1938), Weaver and Clements (1938), Oosting (1948), 

Daubenmire (1947). For a review of soil water relationships 

the reader is referred to Kramer (1949 [over 650 ref.]).



METHODS AND MATERIALS

Description of the Area 

Site Location

The specimens under consideration in this study are 

situated in Toumey Woodlot located on the campus of Michigan 

State College in East Lansing, Michigan. In the northwestern 

part of Ingham County, the woodlot lies approximately 2 miles 

southeast of the Natural Science Building, midway between Mt. 

Hope and Bennett Roads. The eastern edge of the area borders 

on Hagadorn Road.

Vegetation and Land Use Data

At the time of settlement in Ingham County (approxi­

mately 100 years ago) the area was covered almost exclusively 

by hardwood forest. Species listed as being a part  of this cov­

erage included: Quercus rubra var. borealis (red oak), Q. alba

(white oak), Q. velutina (black oak), Carya sp. (hickory), Fagus 

gran difolia (beech), Acer saccharum (sugar maple), Fraxinus 

sp. (ash), Tilia americana (American linden or basswood), Ulmus
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sp. (elm), Acer rub rum (red maple), Acer sac char inum (silver 

maple), Q. bicolor (swamp white oak), Juglans nigra (walnut), 

Juglans cinerea (butternut), Prunus serotina (black cherry), 

Platanus occidentalis (sycamore), Populus deltoides (cottonwood), 

Celtis occidentalis (hackberry), and Liriodendron tulipifera (tulip 

tree). The l is t  does not include those species charac te r is t ic  of 

wet peaty swamps. Such a reas  were very infrequent throughout 

the county.

As a resu lt  of settlement the p resen t  hardwood coverage 

has been reduced to about 15 percent (Veatch, 1941). Most of 

the a rea  included in this 15 percent has been cut over, pastured 

or otherwise disturbed by man. Much of the remaining area 

(85%) is utilized in cultivation of various cerea l  crops, vege­

tables and forage crops (timothy hay, alfalfa, clover). Orchards 

are also to be found throughout the area ,  and in a few areas  

intensive muck farming is practiced. Dairying represen ts  one 

of the g rea tes t  sources of income from farm s in the county.

The State Capitol of Michigan, Lansing, occupies a con­

siderable p a r t  of the northwest corner  of the county. Other 

la rge r  cities in the county include East  Lansing, Mason and 

Williams ton.
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Climatic Features

The climate of Ingham County is characterized as 11 ra ­

ther mild11 in summer and ’’fairly cold” in winter. P recip i­

tation during the year is fairly evenly distributed, with an an­

nual fall of about 31 inches. Veatch (1941), in a discussion of 

the rainfall, said:

Although the rainfall shows considerable annual and 
seasonal variation and marked differences exist in the mois­
ture holding capacity of the soils receiving the same amount 
of precipitation, general crop failures due to a deficiency 
or an excess of water have never occurred.

The average frost—free season is about 160 days, from 

about May 3 to October 10. The longest growing season re ­

corded was in 1932, when it extended 194 days. The shortest 

was in 1929, when the growing season lasted but 122 days.

Frost  has been recorded as early as September 8 in the fall 

(1883) and as late as May 28 in the spring (1902).

The county has a mean annual temperature of 46.9 de­

grees Fahrenheit, a mean winter temperature of 24.2 degrees 

Fahrenheit and a mean summer temperature of 68.6 degrees 

Fahrenheit.

Winds are westerly and are seldom of such force as to 

cause any widespread crop or property damage.
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P rim ary  local differences in climate are only those gov­

erned by slope and depression. Since there is little difference 

in altitude throughout the county and there are no large bodies 

of water immediately present, wide variation would not be ex­

pected.

Physical Features (Ingham County)

Physiography

Of the physiography of Ingham County, Veatch (1941) said:

The relief as a whole is smooth or gently undulating, 
although some parts are choppy and comparatively hilly.
The secondary topographic features are those common to 
the moraines, till plains, outwash plains, and old glacial 
drainage valleys of this section. . . . As streams are not 
numerous, stream dissection is comparatively slight. The 
extreme difference in elevation between the highest and low­
est points in the county is less than 300 feet and local dif­
ferences between the levels of swamps, lakes or stream 
valleys and the adjacent higher land generally do not exceed 
100 feet. Most of the slopes are short, smooth" and rounded, 
rather than angular. They are related to constructional 
features of glacial origin rather than to subsequent stream 
dissection or geological erosion.

Drainage

Most of the county drainage is controlled by the Grand 

River Drainage Basin, which empties into Lake Michigan at
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Grand Haven, Michigan. The immediate a rea  of the college 

campus and surrounding te r r i to ry  is drained by the Red Cedar 

River, a tr ibu tary  of the Grand River..

Both the physiography and the drainage in the county rep ­

resent fea tures resulting p r im ar i ly  from  the action of glacial 

ice. During the Cary substange of the Wisconsin glaciation, the 

Saginaw lobe, by readvances and re t re a ts ,  formed a se r ies  of 

L — shaped moraine fea tures  spreading north and east  through the 

central p a r t  of the Lower Peninsula. Some of these moraines 

(Kalamazoo, Charlotte, Lansing, Grand Ledge) a re  present, in 

part, throughout the county and are  p r im ar i ly  responsible for 

its p resen t relief .  These fea tures are  not always sharply de­

fined and it is sometimes difficult to mark the exact boundaries 

of a single moraine.

Soils

Soils in Ingham County are  of several  kinds. Veatch 

(1941) divided them on the basis of drainage and texture into 

seven groups. They are: (1) well—drained clayey soils, (2)

imperfectly and poorly drained clayey soils, (3) well—drained 

loamy and sandy soils, (4) well—drained very  sandy soils, (5)
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poorly drained sandy soils, (6) alluvial soils, and (7) organic 

soils. Under these categories he listed and described 34 soil 

type s .

Physical Features  (Site)

Tourney Woodlot is situated on a part  of one of the p re ­

viously mentioned L —shaped moraines, the Lansing Moraine. 

Approaches to the area,  highest in the immediate vicinity, are 

very gradual (B slopes) on all sides but the southeast (Figures 

1, 2, and 3). Here the approach is dissected in a southeast- 

northwest direction into one or two rolling mounds dropping 

off about twenty feet on either side (Figures 4 and 5).

Within the woods there are  three areas  which could be 

classified as 1'physiographically d iffe ren t. ' ' These will be 

called: (1) lowland, (2) slope, and (3) upland. The much la rge r

portion of the woodlot lies on the upland where the amount of 

slope never exceeds 2 to 3—1/2 percent. The study was con­

ducted on this upland area.  At its widest points the woodlot 

measures about 1,200 feet by 700 feet.

In this forested upland area  the soil type encountered 

was Hillsdale sandy loam, charac ter is t ic  of category 3 of the
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Figure 1. View of Tourney Woodlot taken from the 
north looking south. Disturbed a rea  is 
to the extreme right.



F i g u r e  2 View of Tourney Woodlot taken from the 
northwest looking southeast. Disturbed 
area is right of center.



Figure 3. View of Tourney Woodlot taken from the 
south, looking north.



Figure 4. View of southeast edge of Tourney Wood­
lot looking northwest.



Figure 5. View of east—southeast edge of Tourney 
Woodlot looking west—northwest.
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Veatch (1941) classification. He described this type as fol­

lows:

A representative area of this soil consists of a 
plow layer of grayish—brown sandy loam or light loam, 
underlain by a 10— to 20—inch layer of pale yellow friable 
sandy loam, which grades into a layer of yellow or yellow­
ish-brown sandy fine—granular friable clay loam ranging 
from 18 to 24 inches in thickness. The substratum con­
sists either of pervious sandy clay, which is moderately 
stoney and gravelly in places, or of separate layers and 
pockets of sand, clay, and gravel.

The content of humus is not high, in either the 
virgin or the cultivated soil but is sufficient to impart a 
light—brown color. Although the subsurface layer contains 
sufficient fine material  to make it moderately retentive of 
moisture, it is permeable and penetrable to a depth of 
several feet. In most places the reaction is medium or 
strongly acid from the surface to a depth ranging from 36 
to 4 8 inches. The material below this depth gives an al­
kaline reaction but either contains more sandstone frag­
ments and less limestone or contains less calcareous clay 
than the associated Miami and Bellefontaine soils.

Hillsdale sandy loam has the common textural vari­
ations of practically all of the soils in the county. The 
texture is sandier and the underlying material more p e r ­
vious in places where this soil grades into the Coloma and 
Bellefontaine soils, and the content of clay is higher where 
it grades into Miami loam. Clay spots appear on some 
eroded slopes. In many places the surface soil is fine 
sandy loam; and small spots, in which the soil consists 
of a covering of sand or sandy loam over clay, as heavy 
as that underlying Miami loam, are also included with the 
Hillsdale soil. The distinction between the Hillsdale soil 
and the less gravelly areas of the Bellefontaine soils is 
not sharp, and this distinction probably is of small prac­
tical importance, as the smoother and less gravelly areas 
of both soils have similar agricultural value.
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Analysis of Vegetation (Site)

The brief description of the woodlot which follows is 

based on quantitative data obtained from  a 1 /8 —acre  — quadrat 

study (made in the upland portion) and on observations of the 

woodlot f lo ra  made over the period covered  by the study. A 

more complete re p o r t  of the quantitative aspects of this wood­

lot is to appear in a publication of the F o re s t ry  Department, 

Michigan State College, in the near  future.

The crown cover of the t ree s  in this a re a  is approx­

imately 90 to 95 fee t  from  the fo re s t  floor and, with the ex­

ception of a few •'blowdown11 exposures (Figure 7), is e ssen ­

tially a continuous canopy.

Of the woody species tabulated in the 1 /8—acre  — quadrat 

study, two stand out as being the m ost important as regards 

both basal  a rea  and number of stems p resen t .  They are  Acer 

saccharum and Fagus grandifolia. The overwhelming predom i­

nance of Acer and Fagus over the other woody species recorded 

is evident from  the figures in Table I. The total number of stems 

for these two species rep resen ts  over 97 percent of all stems 

(over one inch) encountered in the 1/8—acre  plot. F igures 6 and 

7 show the general  a re a  in which the quadrat study was made.
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Figure 6. View of Tourney Woodlot in the undis­
turbed section. Picture taken facing 
south.
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Figure 7. View of Tourney Woodlot in the undis­
turbed section showing increased num­
ber of small stems in the vicinity of a 
"blowdown." P icture taken facing north.
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TABLE I. Quantitative data from a 1/8—acre plot located in 
the upland area  of Tourney Woodlot.

Species
Stems 
1 to 3 
Inches

Stems 
4 to 10 
Inc he s

St ems 
10 to 20 
Inches

Stems 
Over 20 
Inc he s

Total
No.

Stems

Basal 
Area 

(sq. ft.)

Acer
saccharum 227 25 10 5 267 35.472

Fagus
grandifolia 33 17 5 7 62 31.427

Tilia
am ericana 1 1 2 4.587

Ulmus
am ericana 3 1 1 5 1.644

Prunus
virginiana 1 1 .022

Ostrya
virginiana 1 1 .067
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Quercus rubra  var. borea lis  has been observed in v a r i ­

ous pa r ts  of the woodlot but did not occur in the a rea  selected 

for quantitative study. Shrubs seen in the woodlot included: 

Sambucus pubens and, in the west end, Zanthoxylum am ericanum .

Herbaceous plants found in the spring include: E ry thro-

nium ame r icanum , Claytonia virginiana, Uvularia grandiflora, 

Trillium grandiflorum, T. recurvatum, Pentaria  laciniata. Ra­

nunculus abortivas, A risaem a triphyllum , and Galium sp. Vari­

ous species of Viola were also present.

In the early  par t  of the summer Phlox divaricata ap­

peared  at the extreme south edge of the woodlot. Two species 

were found in fairly great  abundance in the early  fall. They 

are Viola canadensis and Epifagus virginiana.

Again it must be emphasized that this l is t  is not com­

plete, being based on the 1 /8—a c re —quadrat study and on obser­

vations and identifications made in the field. It is seen, how­

ever, that on the basis of the features mentioned, the woodlot 

could be charac ter ized  generally as a beech—maple—type forest  

(Weaver and Clements, 1938, pp. 510 — 512).
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T rees  Selected for Study

One hundred specimens of sugar maple (A. saccharum) 

were selected in the upland portion of Tourney Woodlot (Figure 

8). Selection was on the basis of size (DBH) and, as much as 

possible, on the basis of being free from disease,  having a 

clean straight bole and a healthy crown not excessively sup­

pressed .

Results of a population study on these same trees 

(Reimer, 1950) indicate that there are  very few *‘hybridization11 

forms (Dansereau and Desm arais,  1947). Only one tree  studied 

(No. 46) had cha rac te r is t ic s  “ typical11 of the black maple (A. 

nigrum Michx). The remaining specimens from which leaf col­

lections could be made all possessed  more or less  “ typical1* 

sugar maple fea tu res .  A subsequent investigation (Reimer,

1951b) substantiates this conclusion for the upland specimens.

Three a rb i t ra ry  size c lasses  were established. They 

are: (a) Size Class I — trees  with a DBH from 10 to 15 inches,

(b) Size Class II — trees  with a DBH of from 15 to 20 inches, 

and (c) Size Class III — trees  with a DBH of over 20 inches. 

Nearly all of Size Class III included t rees  having DBH m easure­

ments between 20 and 25 inches, however, a few had a la rge r  DBH 

(Table II).



A B C D E F G H I J  K L
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Figure 8. Tourney 
Woodlot (Upland).

bO feet
Numbers and letters are quadrat desig­
nations est. by Forestry Dept., M, S. C.Field



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 6

17

60

II. Approximate tree diameters for 1949 before growth 
began (measurements in inches with calipers at 
b reas t  height).

N-S E-W _  N-S E-W

10 10-1/2 18 10 12

11 12 19 9-3/4 12

9-3/4 10-1/4 20 11 12-1/4

11-3/4 12-3/4 21 12-3/4 13-1/2

13-3/4 13 22 12-1/2 13

13-1/4 13 23 13 13-1/2

10 10-3/4 24 13-1/4 14

14-1/2 14-1/2 25 12 12-1/2

13-1/4 13-1/2 26 10-3/4 10

12 12-1/4 27 12-1/2 11-1/2

13-1/2 13-1/2 28 10 9-3/4

10-1/2 11 29 8-1/2 9-1/4

13-1/2 13-3/4 30 9-1/2 10

11-1/2 11 31 21-3/4 22

12-3/4 12-1/2 32 19-1/4 20

12-1/2 12-1/2 33 17 18

13 11-3/4 34 19 19



35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

T A B L E  II ( C o n t i n u e d )

N-S E-W _  N-S

19-1/2 21 53 21

14 15 54 22-1/2

22-1/4 22-3/4 55 1 9

18-3/4 19 56 24

16 17-1/4 57 18

18-3/4 18-1/2 58 14

18-3/4 18-3/4 59 13-1/4

21-1/2 24 60 19

19-3/4 20 61 24

18 17 62 25

13 14 63 25

17-1/4 16 64 27

22 22 65 30

19-3/4 19-1/2 66 33

22 20-1/4 67 24

22-1/4 23-1/4 68 16-1/2

22 25 69 30-1/2

21 19-1/2 70 32



71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

T A B L E  II ( C o n t i n u e d )

N-S E-W _  N-S

19 15-1/2 86 16

15-1/2 17 87 17

24 27 88 18

25 25 89 14-1/2

27 28 90 17-1/2

24 23 91 24-1/2

25 21-1/2 92 26

21-1/2 20 93 24-1/2

22-1/2 22 94 17

19-1/2 18-1/2 95 10-1/2

16-3/4 17 96 30

16 18 97 32

15-1/2 15 98 20

18 17-1/2 99 10-3/4

14 12-1/2 100 22-1/4
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The res tric t ions placed on the t rees  selected did not 

leave much choice as to location. Nevertheless, a fairly good 

coverage of the upland a rea  was possible (Figures 9 and 10). 

Twelve of these 100 trees  are growing in the extreme western 

part  of the upland area.  This part  had been previously p a r­

tially cut and grazed and is only now beginning to show some 

signs of understory development. Here the fores t  floor is com­

posed mostly of g rasses  with the exception of the section im­

mediately adjacent to the undisturbed part.  The remaining 88 

t rees  are  to be considered as a part  of this undisturbed up­

land forest.

Ninety of the 100 trees  were measured along one radius 

(west). Measurement of any one cardinal point would be open 

to some cri t ic ism  so this choice was more or less arb itrary .

If any reasons need be given for this selection, they might be 

the following: (1) Readings were taken in all cases, except

on rainy days, in the morning hours when the few penetrating 

rays of the sun entered the canopy from an easterly direction.

In this manner the screws mounted to the trees  had a mini­

mum chance for possible expansion due to radiation from the 

sun. (2) It was more convenient to enter the woodlot from the
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west side. This meant that by having the screw s and tags on 

the west side, location was facilitated during the f i r s t  few weeks 

of recording.

Ten t rees  were m easured  along four radii.  T rees  91 

(Figure 11), 92 (Figures 12 and 14), 93 (Figures 13 and 14),

94 (Figures 15a and 15b), and 95 (Figure 16) had crowns fo rm ­

ing a par t  of the south edge of the stand. These t ree s  were 

used for observation of any possible , ,edgen effect on radial 

increase .  F o r  the same reason t ree s  96 (F igures 17a and 

17b), with an east  exposure, and 99 (Figure 19), with a west 

exposure, were selected. T rees  97 and 98 (Figure 18) are  

growing immediately adjacent to a "blowdown11 and have par ts  

of their  crowns exposed to d irec t  afternoon sunlight. It was 

the object in this case to determine if there be any effects 

on radial  growth of the " p a r t ia l  r e l e a s e "  from  competition 

(Stevens and Spurr, 1949). The crown of tree  100 is a p a r t  

of the closed canopy and this tree  was selected in o rde r  to 

determine the rad ia l—growth pattern  in a situation where no 

par t icu la r  exposure was evidenced. F igure 20 shows the loca­

tion of this tree .
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Figure 12. North, side of tree  92.



Figure  13. North side of t ree  93.



F igure 14. T rees  92 and 93 as seen f rom west. 
P ic tu re  taken facing east.



Figure 15a. Tree 94 as seen from 
southwest. Picture taken fac­
ing northeast.

Figure 15b. Tree 94 as seen from  
northwest. Picture taken fac­
ing southeast.



Figure 16. Tree 95 as seen from southwest.
Picture taken facing northeast.



Figure 17a. West side of tree 96. Figure 17b. West side of tree 96 
showing upper branches.
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Figure 18. Trees 97 and 98 as seen from south.
Picture taken facing north. Blowdown 
is just left of center.
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Figure 19. South side of tree 99.



Figure 20. Tree 100 as seen from southwest.
Picture taken facing northeast.
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Measurement of Radial Increase

A precision dendrometer of the type described (Dauben- 

mire, 1945) and used by Daubenmire (1946, 1947, 1949, 1950) 

was employed in this investigation. The advantages of this 

instrument over the one described by Reinike (1932) are dis­

cussed by Daubenmire (1945, 1949).

One modification in technique was made by this investi­

gator. Instead of using a thin, flat piece of metal glued or 

otherwise affixed to the bark, a small 3/8—inch screw was se­

cured into the bark just far  enough to present a f irm  base for 

the arm  of the dial gauge. In the opinion of the writer,  the 

thickness of bark in the specimens studied was more than ade­

quate to allow for anchorage of the 11 recording sc rew 11 and at 

the same time to separate it from the secondary meristematic 

tis sue s .

The instrument itself records increases down to 0.001 

inch and it is even possible to interpolate down to 0.000 5 inch 

with reasonable success (Daubenmire, 1945). This, ordinarily, 

is not necessary  unless most precise  data are desired. When 

data are taken weekly or biweekly, accuracy down to 0.001 inch
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is all that is required. Even at this level of measurement the 

e rro r  is quite small.

On March 27 and 28, 1949, three brass  wood screws 

and one 3/8—inch "recording*1 screw were placed in each of 

90 trees on the west side. Twelve brass  wood screws and four 

1'recording11 screws were placed in each of 10 trees, three 

large and one small, at each of four sides (viz., north, south, 

east, west). Accordingly, 130 radii were prepared for measure­

ment. The screws were stopped in such a position that the 

screwdriver slots were vertically displaced. Thus, it was not 

difficult to determine if any of the screws had been altered.

In a few cases squirrels and other arborescents in climbing 

the tree would dislocate the recording screw. This would have

to be reset  and the reading for that week was lost.

Initial recordings were not made until the week ending 

April 4, 1949. Readings were taken every week thereafter 

during the growing season. The last reading of 1949 was taken 

October 14. Readings were interrupted during the winter and 

resumed again the f i rs t  week of April, 1950. The last reading

of 1950 was taken September 16, 1950.
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Occasionally it became necessa ry  to rese t  the instrument 

as a result  of radial increases .  This was done by measuring 

two trees  before resetting the gauge and then remeasuring the 

same trees  after the resetting. In all cases the numerical 

amount to be added to the readings was the same for the two 

trees checked. As an added check a block of seasoned wood 

with correctly  placed measuring screws was kept in the labora­

tory under relatively uniform conditions. The instrument was 

checked periodically with the original reading taken on this block. 

No discrepancies over 0.0005 were recorded.

Environmental Factors  Measured in the Woodlot

Within the woodlot two environmental factors were mea­

sured soil moisture and soil tem perature .  Soil moisture mea­

surements were made with an electrical  resistance unit of the 

type described by Bouyoucos and Mick (1940, 1947). The instru­

ment operates on the principle of the Wheatstone bridge. P la s te r  

of P a r is  blocks are buried to desired  depths and for recordings, 

leads from these blocks can be connected to the portable instru­

ment. The particu lar instrument used was equipped with e a r ­

phones for determining the ‘'null11 point. A la ter  modification
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has an tIelectric eye11 for visual readings. Resistances are 

given in ohms.

An a rb i t ra ry  limit of 75,000 ohms resistance “ has proved 

practical as an indicator of the maximum forces against which 

plants can obtain moisture from the soil" (Bouyoucos and Mick, 

1947). This, then, represen ts the lower limits (in resistance 

units) of permanent wilting. A res istance of 600 ohms, also 

a rb it ra r i ly  selected (based on the principle of the fall of the 

resistance curve to a minimum constant level), represen ts ap­

proximately the point of resistance at which the soil is begin­

ning to lose water in response to gravitational forces.  This 

resistance,  then, represen ts  the moisture equivalent of the soil. 

The entire range of res is tances can be conveniently transfe rred  

into percentages and these are  re fe r red  to as percentages of 

"available w a te r ."

There may be some question as to the necessity of cali­

bration of the resistance blocks for the particu lar  soil in which 

they are placed. Of this Bouyoucos and Mick (1948) have said:

It is emphasized, however, that calibration is not 
necessary  to the use of the standard block resistance as 
an indicator of the force with which moisture is held by 
the soil, or as an indicator of the approximate volume and 
m ass relationships, that is, the amount of available water 
present in the soil.
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The only exception is made in the case of soils with a high 

soil concentration. F o r  the other soils they maintained that 

" for any given res is tance ,  different soils hold water with ap­

proximately the same fo rc e ."

Year—around weather conditions seem not to have any 

great effect on the buried res is tance  blocks in upland a reas .  

"Under Michigan weather conditions, p las te r  of P a r i s  blocks 

have functioned satisfactorily  in well drained soil profiles for 

more than five years'* (Bouyoucos and Mick, 1948).

In June, 1949, thirteen soil—moisture stations were e s ­

tablished throughout the upland a rea  of Tourney Woodlot. At 

these stations blocks were buried at 1—foot and 3—foot depths. 

These depths were suggested by Dr. Bouyoucos of the Soils 

Department at Michigan State College. They also seemed re a ­

sonable in the light of field observations of "blowdown" trees  

in the woods. F igures  21a, 21b, 21c, 22, and 23a show the 

exposed roots of these t r e e s .  F ro m  the position of the roots 

it appears that most of the sm alle r  ones are  concentrated at 

about the 4— to 14—inch level. Some of the la rg e r  roots are  

seen to penetrate fa r th e r  down into the soil. F igure 23b also



F i g u r e  2 1 a .  B l o w d o w n  A  s h o w i n g  e x p o s e d  r o o t s
S i d e  v i e w  l o o k i n g  s o u t h .

Figure 21b. Blowdown A showing exposed roots
View looking northeast.
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Figure 21c. Blowdown A showing exposed roots.
Side view looking north.
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Figure 22. Blowdown B showing exposed roots. 
Side view looking northeast.

A



F i g u r e  2 3 a .  B l o w d o w n  C s h o w i n g  e x p o s e d  r o o t s .
S i d e  v i e w  l o o k i n g  e a s t .

Figure 23b. Blowdown C showing depth of hole
formed as result  of dislodgment of 
roo ts .
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shows that the depth of the hole from which the roots were dis­

lodged was about 17 to 20 inches.

Biswell (1935) described the root habitat of sugar maple 

saplings (8, 10 and 16 years old) growing on a gentle slope in

the clay soil of Nebraska. He said:

Although taproots were 1 to 1.8 inches in diameter 
. . . they at once gave rise  to such large la tera ls  that 
their  size was quickly reduced.

Their course was not vertically downward. All 
grew obliquely downward in part  and the greatest  depth of 
penetration was three feet.

He then presented a diagram of the root system which 

revealed that most of the roots were at about the one—foot 

level, with a secondary grouping at the two—foot level. He 

found but sparce development of small rootlets.

Stations 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 12 had two 

blocks at each of two depths, one—foot and th ree—foot. Stations 

11 and 13 had but one block at each depth. Along the south 

edge, two remaining blocks were placed so that one was at the 

very edge of the woods while the second one was buried about 

twenty feet outside the woodlot in a g ra s s—covered meadow.

Both blocks were buried to a depth of one foot.
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A post—hole digger was used to remove the soil to the 

desired depth. As each bit of soil was removed it was placed 

on a waterproof canvas next to the previously removed soil. 

When the th ree—foot level was reached the moistened block was 

placed in a recess  made in the side of the hole and then su r­

rounded with soil from the adjacent area .  In this manner the 

layers of soil above the block were relatively undisturbed, thus 

giving a better picture of the water regime at that level. The 

hole was then filled to the one—foot level and this process of 

setting the block was repeated.

The top soil layers  were replaced, allowing only the 

wire leaders to extend above the surface of the ground (Figure 

24). It would seem from the profiles that the blocks at the 

one—foot level were situated in the lower portion of the A 

horizon while the blocks at three feet were in the lower por­

tion of the B horizon.

After a period of about three weeks, readings were be­

gun at these thirteen stations (July 14), so that for the f i r s t  

season's growth only a part  of the soil moisture figures for 

the woodlot itself were available. Data for the entire growing
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Figure 24. Wire leaders leading to soil mois­
ture blocks. Metal ends plug into 
recording unit.
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season of 1950, however, were obtained. Weekly readings were 

made at the same time as were the dendrometer readings.

Soil—temperature data were taken weekly at the various 

stations established for soil-moisture readings. Thus, there 

were thirteen regular stations. Soil temperature was also re ­

corded in the two areas at the south end of the woodlot. These 

two areas had but one block each buried at the one—foot level 

and have been previously located and described.

A soil thermometer, Type No. 1264, manufactured by the 

Wm. Welch Company, Chicago, Illinois, was used. This type 

of thermometer allowed for measurements of soil temperature 

at about the three—inch level. The thermometer was plunged 

into the ground upon arrival at a particular station. After soil- 

moisture readings were taken and recorded (about 5 minutes), 

the reading on the soil thermometer was recorded.

Other Environmental Factors

In addition to soil-moisture and soil—temperature data 

taken in the woodlot, other climatological data were secured 

from the hydrologic station located on the campus of Michigan 

State College about 300 yards to the west of Tourney Woodlot.
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The following data were secured from this station: daily soil

temperature at the three-inch level (measured with a hygro— 

thermograph), daily soil moisture at the one— and three—foot 

levels (measured with an electric resistance unit), daily solar 

radiation (measured with an Eppley pyroheliometer [Crabb,

1950]), daily evaporation (open-pan method), daily precipitation 

(measured from rain gauge).

Unfortunately it became necessary to utilize climatologi— 

cal data from the Lansing weather bureau. The available fig­

ures for air  temperature (measured with a thermograph), amount 

of cloudiness (arbitrary scale 1 to 10; measured with sunshine 

recorder), and total hours of sunshine, were taken from their 

repo r ts .

All of these data were converted into weekly figures to 

facilitate correlation with other measured data taken from the 

woodlot. Perm ission for the use of the Hydrologic Station data 

was given by the Michigan Hydrologic Research Station, Soil 

Conservation Service, USDA, in cooperation with the Michigan 

Agricultural Experiment Station, under the direction of G. A. 

Crabb, J r .  For a view of the hydrologic station and for a
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discussion of the use of the pyroheliometer, the reader  is r e ­

fe rred  to the publication by Crabb (1950).



OBSERVATIONS AND RESULTS

Introduction

It is appropriate at this time to clarify the author's 

meaning of the te rm  flradial growth." Throughout the paper 

reference is made to the " rad ia l  growth" of certain speci­

mens or certain groupings of specimens. On a s tr ic t  basis 

this te rm  is entirely too general and almost completely in­

correct .  The objection would lie in the specific use of the 

term  "growth" ra ther  than in the use of the te rm  " ra d ia l"  

which should be fairly definite.

At least  three phases are recognized, viz., cell form a­

tion, cell enlargement, cell maturation, in the "growing proc­

e s s 1' of living t issues.  Cell rehydration has also been con­

sidered as "grow th" (MacDougal, 1936). In addition to these 

various processes  peculiar to "growth" in living t issues,  

shrinkage and distention of nonliving parts  would, in the case 

of the stem, affect any radial measurement taken. With all of 

these p rocesses  occurring simultaneously it would indeed be
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most difficult to separate out the effect on enlargement of any 

one process .

As can be seen, certain  aspects of growth are to be 

associated almost exclusively with the water regime of the 

plant, others only partly  associated with this and partly asso­

ciated with carbon fixation and subsequent physiochemical proc­

esses.

In spite of this it does seem reasonable that increase in 

any phase, or any combination of phases of growth mentioned 

(with the exception of swelling of nonliving tissues) is a fairly 

good index of the rate of metabolism of the t issues at the mea­

sured level. The use of the term  “ growth1 * for such an increase 

caused by any or all of the above-mentioned growth “ phases11 

would still not be far from correct ,  even though in a more 

general sense.

Students of cambial—activity phenomena determined by 

the dendrometer, are forced to use the increase figures ob­

tained as an index of the actual formation, distention and ma­

turation of cells, keeping in mind that, at certain times, in­

c reases  and decreases caused by factors other than the ac­

tivity of the secondary m eris tem s and adjacent living tissues,
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might influence in some way the interpretation of the r e ­

sults .

Radial growth, then, re fe rs  here to any increase  reco rd ­

able on the instrument used; the collective resu lt  of any one or 

all of the aspects previously mentioned. It is realized  that 

with p resen t techniques it is impossible to determine the vol­

ume changes in nonliving elements during the growing season, 

but assumed that unless extreme water shortage ensues, their 

changes will not materially  affect the curve of seasonal growth.

Radial Increase in Trees Measured 
Along One Radius

Early Spring Measurements to Determine the 
Date of Growth Initiation

At the beginning of m easurem ents in Tourney Woodlot 

an a rb i t ra ry  initial or zero point had to be established in order 

to determine subsequent increases .  Because of this, it might 

be said that some increase  in the radius, possibly due to 

growth, occurred  previous to this time. It has been shown, 

however, that for several  species of deciduous t rees ,  radial 

increase does not become measurable until after  the leaves 

are one—half to th ree—fourths developed (F r ie sne r ,  1941, 1942;
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Reimer, 1949). Reimer (1949) also reported that axial growth 

was practically completed before radial enlargement began. 

Acer saccharum was one of the five species studied by him.

No such leaf and shoot development was apparent in Tourney 

Woodlot until about the f irs t  of May.

The following dates for Minception of growth" have been 

recorded on a dendrometer for Acer saccharum:

Investigator
Date 

(week ending)
Location

Stout, A. B. 
Friesner,  R. C. 
Reimer, C. W.

May 12, 1920 
May 12, 1941 
June 10, 1947

N. Y. Bot. Gard. 
Indianapolis, Ind. 
Indianapolis, Ind.

Work by Daubenmire (194 7) listed the date of "attainment of 

10% of net annual increment" for sugar maple as being May 

16, 1944, and May 17, 1945 (Moscow, Idaho). Initiation must 

have preceded these dates by several days. In view of these 

data it seems safe to assume that radial growth had not begun 

before the time of the f i rs t  readings in 1949.

The relative amounts of rehydration and growth occur­

ring the week ending May 5, 1949, could not be determined.

But in 1950 (Tables VI—A, VI—B, VI—C) it will be noted that the

firs t  week of increase not only brought all figures back to their
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highest point reached the previous year, but in most cases the 

increase was much more than could be accounted for by re -  

hydration of nonliving tissues.

Description of Growth for 1949

Figures 25, 26, and 27 indicate that sometime during 

the week ending May 5, 1949, radial increases averaging around 

0.006 to 0.007 inch occurred. Just how much of this rep re ­

sented activity of living t issues cannot be said but it is prob­

able that cambial activity was at least  partially responsible for 

the increase. All three size classes showed increase during 

this week.

For a period of three weeks after initial radial increase 

there was a halting fluctuation in the growth curve for 1949 

(Figures 25, 26, and 27), followed by a very sharp surge of 

growth rate lasting for two weeks. This la t te r  growth could 

be called the f irs t  major peak of increase rate. It does not 

represent the highest peak of increase.

Growth for the week ending June 16 was considerably 

less than for the previous week and represents the f irs t  major 

drop in growth rate after growth was well under way.
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A second and more extended peak of growth rate was 

evident between June 23 and July 21. The following week 

(ending July 28) the growth rate decreased, marking the second 

major recession during the greater par t  of the growing season.

A third recession of growth rate during the week end­

ing August 18 divided the remainder of the growing season into 

two other periods of g reater increase. The f i rs t  included the 

weeks ending August 4 and August 11 and the second came 

during the week ending August 25.

On the basis of the figures recorded it is somewhat dif­

ficult to say exactly when growth ceased. The last rather con­

spicuous increase came the week ending September 2. Two 

weeks later a slight average increase was recorded and even 

on September 30 some increase was evident, although it was 

below 0.001 inch. On October 13 all increases had ceased 

with the possible exception of one or two trees  which still 

showed small increases.  Some trees showed no radial growth 

beyond the week ending August 25.

In general it can be said that the growing season for 

sugar maple in 1949 extended from about May 5 to about Sep­

tember 2, a period of 18 weeks. Peak rate of growth came



101

the week ending July 7 for Size Class II trees and June 30 for 

Size Class I and III trees .

Description of Growth for 1950

In 1950 a positive increase which could be interpreted 

as due at least partly to growth was not recorded until the week 

ending May 11. The increase averaged between 0.009 and 0.011

inch. All three size classes responded during the same week

(Figures 25, 26, and 27).

After the f i rs t  week of increase, the rate of growth,

with the exception of one week, climbed steadily up to the week

ending June 10. The second week (ending May 18) showed a 

slightly le s se r  amount of increase over that of May 11. The 

f irs t  peak rate of growth, then, was reached the week ending 

June 10. The weeks ending June 17 and June 24 produced suc­

cessively smaller increases.  This marked the f irs t  major re ­

cession of rate for 1950.

The f i r s t  three weeks in July increases were again 

larger,  making for a second peak rate of increase. The second 

major recession in growth rate was recorded the week ending 

July 22.
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This was followed by a third peak rate of cambial ac­

tivity (weeks ending July 29 and August 5). From this week, 

rate of increase was steadily less for each succeeding week.

The last increase of any consequence was the one end­

ing August 19, but increases were recorded for various trees 

up to the time of the last readings on September 16. As in 

1949, the time of cessation of radial growth varied consider­

ably with the tree. In one case (tree 44), the last increase 

was recorded the week ending July 29. Most of the others 

continued growth enlargement at least until August 19.

Thus, for 1950, radial growth extended generally from 

about May 11 until about September 2, a total of 17 weeks.

The peak rate of increase for all size classes occurred the 

week ending June 10.

Comparison of Environmental Factors with Increase 
Measured Along a Single Radius

Initiation

It has been previously mentioned that the first  increase 

which can be interpreted as growth in 1949 came sometime 

during the week ending May 5. In 1950 the f irs t  increase was
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apparent for the week ending May 11.* In both years at these 

respective times there was a coincident increase in air  tem per­

ature above 50 to 51 degrees Fahrenheit (Figures 28 and 29).

At no time previous to this was the weekly mean air  temper­

ature this high. The increase in mean weekly a ir  temperature 

for the week ending May 5, 1949, was from 51 to 66 degrees 

Fahrenheit. During the week ending May 11, 1950, the mean 

weekly air  temperature increased from 48 to 54 degrees Fahren­

heit. Soil temperatures also showed a significant increase for 

these same periods (Figures 30 and 31).

Total solar radiation and total hours of sunshine are 

plotted in Figures 32, 33, 34, and 35. Solar radiation during 

the week of f irs t  radial increase also increases in both years 

above 3,000 Langley units. Yet, during the week ending April 

14, 1949, solar radiation was considerably above this value and 

no growth was in evidence. Likewise, total hours of sunshine 

for the week ending April 14, 1949, was about as great as it was 

for the week ending May 5, 1949, when radial growth commenced.

Because of the fact that the curves for all three size 
classes were quite similar there was no necessity of comparing 
each of these groups with the environmental data. In all cases 
of comparison. Size Class II was utilized.
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Period of Increase to F irs t  Peak Rate

1 9 4 9

This season the trend of increase rate was generally 

upward from the time of growth initiation until the week ending 

June 9. The exact period under consideration in this section 

extended from May 12 to June 9.

The increases for May 12, May 19, and May 26 marked 

a definite break or change in direction of growth rate (previ­

ously described). It is of importance to note that coincident 

with this three-week fluctuation which held the rate of increase 

at a low level, there was also a corresponding change in air 

and soil temperatures (Figures 28 and 30). The slight increase 

in growth rate registered the week ending May 19 came at a 

time when the temperature of the air  increased sharply from 

5 5 to 65 degrees Fahrenheit. Soil temperatures at the hydro- 

logic station increased that week from 58 to 62 degrees Fahren­

heit.

The following week (ending May 26) growth rate de­

creased rather sharply. Mean weekly air temperature for the 

same week dropped from 65 to 53 degrees Fahrenheit (Figure
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28). Soil tem pera tures  also declined from 62 to 54 degrees 

Fahrenheit (Figure 30).

During this ’’plateau period” other factors seem not to 

show definite corre lations.  The week ending May 19 was one 

in which heavy precipitation was recorded (Figure 36), along 

with a sharp decrease in the number of hours of sunshine 

(Figure 34), an increase in cloudiness (Figure 37), and a de­

crease  in solar radiation (Figure 32). Under these conditions 

radial increase  rate was grea te r  than either the previous or 

the succeeding week. Evaporation did decrease the week end­

ing May 26, and was the single factor other than tem perature 

which showed correspondence to the growth fluctuation (Figure 

36). Figure 38 shows the P /E  value for this same period.

The week ending June 2 showed a very conspicuous in­

crease  in rate of radial growth. This was followed by a week 

(ending June 9) of even g rea te r  activity. During these two 

weeks, the air  temperature climbed steadily to 64 degrees 

Fahrenheit. Both weekly mean averages were above 60 degrees 

(Figure 28). Soil tem perature at the hydrologic station also 

advanced to 63 degrees Fahrenheit (Figure 30).
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Light conditions were also much more favorable at this 

time, as is seen from Figures 32, 34, and 37. Practically no 

rainfall was recorded for this period and evaporation increased 

with the trend of radial increase (Figure 36). Soil moisture 

at the hydrologic station showed a marked decrease the week 

ending June 9, the week of a peak growth rate (Figure 29).

1950

The week ending May 11 was the firs t  week of radial 

increase for 1950. The trend of increase rate from this date 

was likewise upward and extended until the week ending June 

10. This covers a period of five weeks, in comparison with 

a period of six weeks in 1949.

During this five—week period only one weekly reading 

was less than the previous week's reading. This was the read­

ing taken the third week of May (ending May 18) (Figures 25,

26, and 27). Appearing the firs t  week after initial increase, 

it is of doubtful significance.

Air temperatures, which had been increasing steadily, 

increased again this week from 54 to 58 degrees Fahrenheit 

(Figure 29). Soil temperature in the woodlot remained constant
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at 55 degrees Fahrenheit (Figure 31). Other factors showed no 

serious fluctuations of importance. The entire period of in­

crease in growth rate was marked by a general increase in 

intensity and duration of sunlight (Figures 33 and 35), a steady 

increase in evaporation (Figure 39) and a moderate amount of 

precipitation (Figure 39). The precipitation-evaporation ratio 

is compared with growth in Figure 40. No significant relation­

ship is indicated.

Soil moisture figures were obtained for this period of 

1950 in the woodlot, and are thus of greater importance than 

the figures taken from the hydrologic station. Figure 41 indi­

cates that even though there was a decrease in available mois­

ture at the hydrologic station for the weeks during which the 

peak rate of growth was noted, the moisture within the wood­

lot at the 12—inch and 36—inch levels remained fairly constant 

between 80 and 90 percent available moisture.

F i r s t  Major Decline in Growth Rate

1949

This decline is noted the week ending June 16 and is 

found in all three size classes (Figures 25, 26, and 27). Soil
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moisture at the hydrologic station fell below 20 percent avail­

able moisture at that time (Figure 42), but the comparison of 

soil moisture in the woodlot for 1950 with that at the hydrologic 

station (Figure 41) must be kept in mind in any interpretation 

of this decline in 1949.

This was a week of heavy precipitation (Figure 36) which 

undoubtedly influenced the light conditions also. Figures 32 and 

34 indicate a severe drop in solar radiation and total hours of 

sunshine. Evaporation also decreased at this time (Figure 36), 

while air and soil temperatures continued a steady rise (Figures 

28 and 30).

1950

The rate of growth showed a two-week period of decline 

this year, whereas in 1949 it lasted for a single week. Growth 

rate declined steadily for the weeks ending June 17 and June 

23. Both solar radiation (Figure 33) and total hours of sun­

shine (Figure 35) showed a corresponding two—week steady de­

cline. As would be expected, cloudiness increased (Figure 43).

The f i rs t  week of decline in growth rate also showed 

an 8-degree depression of soil temperature in Tourney Woodlot,
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followed, however, by a 12—degree—Fahrenheit increase to 65 

degrees Fahrenheit (Figure 31). Air tem peratures (Figure 29) 

remained steady and below 70 degrees Fahrenheit for the two- 

week period. Soil moisture in the woodlot was also relatively 

unaffected, although the hydrologic station data showed that 

there was a significant drop in available moisture (Figure 41). 

Evaporation decreased the week ending June 17 but increased 

again during the week of growth decline (Figure 39).

Second Period  of Increased Cambial Activity

1949

This second period of increased activity extended from 

the week ending June 2 3 to the week ending July 21 (Figures 

25, 26, and 27). Increase for the week ending July 8 was the 

largest  weekly increase recorded for the season in the case of 

Size Class II trees .  Class I and Class III trees  reached the 

seasonal peak rate one week ea r l ie r  (June 30). Actually there 

was very little difference in the magnitude of growth recorded 

on June 30 and July 7 for Class II t rees  (Figure 26).

During this entire period air  tem perature continued to 

climb steadily until it reached a weekly mean of 80 degrees
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Fahrenheit the week of July 1 to July 7 (Figure 28). Evapora­

tion showed an increase up to June 30 and remained the same 

for the following week (Figure 36). Amount of solar radiation 

(Figure 32) and hours of sunshine (Figure 34) increased sharply 

the week ending June 23, and then began a steady decline for 

three weeks, up to July 14. Cloudiness increased to 6 and re ­

mained high for two weeks (Figure 37). Little rainfall was 

recorded up to the week of peak growth rate (Figure 36).

The two weeks of growth after the week ending July 7 

set a gradual rate for evantual decline to zero of the growth 

rate. Evaporation (Figure 36), air  and soil temperatures (Fig­

ures 28 and 30), also declined for the week ending July 14, 

whereas solar radiation (Figure 32) and total hours of sunshine 

(Figure 34) both had begun a steady decline by July 7.

The week ending July 14 was one of heavy precipitation 

(Figure 36). Soil temperature in the woodlot for the week read­

ing taken July 14 showed an average temperature of 66 degrees 

Fahrenheit with an increase by July 22 to 68 degrees Fahren­

heit (Figure 30).

Up to July 21, none of the factors considered showed an 

extreme variation in direction with the exception of air temper­

ature (Figure 28) and soil temperature (Figure 30).
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1950

This period of increased growth activity extended but 

three weeks, from July 1 readings to the week ending July 15.

A secondary peak rate was recorded the week ending July 8 

for all three size classes.  Thus there is a close correspon­

dence with the time of peak rate of increase for 1949, although 

in 1950 this does not represent the highest weekly recording 

for the season (Figures 25, 26, and 27).

The light factor seemed to bear a more direct relation­

ship with this period of activity than any of the other factors. 

Solar radiation (Figure 33) and total hours of sunshine (Figure 

35) showed fluctuations in the same direction as the weekly 

growth pattern. Cloudiness decreased correspondingly (Figure 

43). Other factors showed very little fluctuation during this 

time.

Soil moisture at the hydrologic station began a steep de­

cline from the week ending July 1 through the week ending July 

15, but only a slight variation is to be noted in the soil mois­

ture figures taken from stations in the woodlot (Figure 41).

Soil moisture at the 12-inch level dropped to 69 percent available
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moisture, and at the three-foot level moisture declined to about 

80 percent available moisture.

Second Major Decline in Growth Rate

1949

Radial increase for the week ending July 28 was markedly 

less than for the previous period of growth. This is well marked 

in all three size classes. For the f i rs t  time evaporation rate 

was inverse to the growth rate. Figure 36 shows that there 

was an increase in evaporation for this week.

Also worthy of note is the rise in mean weekly air tem­

perature to 77 degrees Fahrenheit (Figure 28). Figure 30 shows 

that soil temperatures also increased noticeably this week. So­

lar radiation (Figure 32) and total hours of sunshine (Figure 34) 

increased to relatively high levels. Soil moisture in the woods 

began a steady decline at this time (Figure 42).

1950

The second sharp decline in growth rate for this season 

occurred the week ending July 22. Figures 33 and 35 reveal
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that so lar radiation and total hours of sunlight decreased sharply 

this same week. Cloudiness increased  considerably (Figure 43).

Evaporation dropped to the lowest level for the season 

at this time, coincident with a heavy precipitation (Figure 39). 

Other factors were not appreciably different, with the exception 

of an increase  in available m oisture at the 12—inch level from 

71 to 86 percent (Figure 41).

Third P e r io d  of Increased Cambial Activity

1949

For two weeks following the decline recorded  for the 

week ending July 28, rad ial  growth increased  again. Both air  

temperature (Figure 28) and evaporation (Figure 36) dropped 

appreciably the f i r s t  of these two weeks. During the second 

week they both increased  about as much as was the decrease  

of the previous week. A slight decrease in growth rate oc­

curred  this second week.

Solar radiation (Figure 32) and total hours of sunshine 

(Figure 34) decreased  considerably for the f i r s t  of these two 

weeks. During the week ending August 11 these two factors 

showed another increase .



130

1 95 0

Figures 25, 26, and 27 show a two—week period of in­

crease quite similar to the one described for 1949. However, 

instead of a smaller increase for the second week (which would 

be the week ending August 12), the rate remained the same as 

that of August 5.

Solar radiation (Figure 33) and total hours of sunshine 

(Figure 35) showed the same fluctuation as seen for this cor­

responding period in 1949. Both of these factors increased 

the week ending August 5 and decreased the following week 

(August 12). Cloudiness again showed a reverse  fluctuation 

(Figure 43). It should also be noted that evaporation increased 

considerably for these two weeks (Figure 39).

F urther  Decline and Cessation of Growth

1949

Measurements for the third week of August (week ending 

August 18) (Figures 25, 26, and 27) indicate that radial growth 

practically stopped that week. This represented a sharp decline 

over the previous week's increase.
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This was the only interruption in a steady decline to 

zero of the rate of growth. It appeared in all size c lasses  

and in practically all of the individual t rees .

Mean air  tem pera ture for this week (Figure 28) was 

above 70 degrees Fahrenheit and was even higher the week p re ­

vious to this. Evaporation (Figure 36) declined considerably 

this week. Soil moisture, which had been showing a steady 

decline, decreased further to just slightly above 50 percent 

available moisture in the woodlot (Figure 42).

The ‘' r e co v e ry 11 from  this recess  came at a time when 

evaporation (Figure 36) increased and mean weekly a ir  tem ­

perature (Figure 28) decreased to 68 degrees Fahrenheit.  Soil 

moisture in the woodlot (Figure 42) did not decrease appreciably 

from the previous week.

Cessation of growth varied considerably from  tree  to 

tree. Some specimens appeared to have ceased growing a full 

month sooner than others.  No environmental factors showed 

specific fluctuations to conform with this variation. In general, 

however, solar radiation (Figure 32) and total hours of sunshine 

(Figure 34) decreased to a very low level from  about the middle 

of August to the middle of September. Air tem perature (Figure
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28) and soil temperature (Figure 30) both receded to around the 

60-degree-Fahrenheit mark. Soil moisture dropped in some 

parts of the woodlot to below the wilting coefficient (Figure 

42), yet in other parts, the lowest percentage reached was not 

below 90 percent available moisture (Table VI).

1950

There was a steady uninterrupted decline of growth rate 

from August 5 until no further appreciable increase was reg­

istered (September 16).

Solar radiation (Figure 33) and total hours of sunshine 

(Figure 35) declined to a very low level over this period. 

Evaporation also decreased up to the week ending September 2 

(Figure 39). From August 5 to August 19, soil moisture in the 

woodlot at the 12-inch level dropped from 86 to 60 percent 

available moisture (September 2) (Figure 41).

Again this season the time of cessation varied with the 

tree and showed no specific tendencies.
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Seasonal Aspects 

A Comparison of the Two Seasons of Growth

Figures 44 and 45 show the "grand period" nature of 

the growth curve for sugar maple previously mentioned by 

F riesner  (1942). It is to be noted that the total radial increase 

of both seasons was less  for Size Class III t rees  and grea test  

for Size Class II t rees .  To in terpret  this it will be necessary  

to keep in mind the volume relationships, age relationships, 

vigor and relative position in the crown cover of the trees  in 

these three c lasses .

One of the important features of the two years of growth 

is that during the portion of the season when growth was at 

its greates t  rate, the curve for 1950 was conspicuously lower 

than that for 1949. An examination of totals for the season 

(Table III) reveals that growth was less  for 1950. In term s 

of linear increase only, the growing season, 1949, produced 

about 3 inches (2.928 inches) more wood, collectively, from 90 

trees,  than in 1950, or an average of about 0.033 inch per tree . 

Such an increase would require from  one to two weeks of

I
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TABLE III. Comparison of environmental and growth data for 
1949 and 1950.

Factor
May 5 to 
Sept. 15, 

1949

May 4 to 
Sept. 15, 

1950

Rainfall (inches) 12.03 19.10

Evaporation (inches) 
(open pan)

33.87 28.27

Solar Radiation (Langley units) 54,985.5 62,751.8

Sunshine (hours and minutes) 1,471:53 1,409:06

Cloudy, 8—10 (days) 42 41

Clear, 0—3 (days) 48 44

Air Temperature (degrees F.) 
(Max.-sum)

10,493 10,187

Air Temperature (degrees F.) 
(Min.-sum)

7,561 7,216

Growth of
Total

Linear
Increase

Total
Linear

Increase

Size Class I (30 trees) (inches) 7.417

Size Class II (30 trees) (inches) 7.755

Size Class III (30 trees) (inches) 6.632

6.412

6.893

5.571
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cambial activity functioning during the height of the growing 

season.

Another str iking feature of these two seasons of growth 

is that the pa t te rn  is quite s im ila r .  Both seasons have, during 

the period of g rea te s t  activity, two periods of m arked recess ion  

in the growth ra te  (F igures 25, 26 and 27). The trend  during 

the beginning weeks and fo r  the la s t  few weeks was, re sp ec ­

tively, toward increased  and decreased  activity. There were 

minor fluctuations tending to halt or acce le ra te  these trends.  

These fea tures  were,  again, apparent in all three size c la s se s .

Comparison of Environmental Data Totals for 1949 
and 1950 with Growth Totals

Table III shows in a comparative manner various of the 

environmental data for 1949 and 1950. It is significant to note 

f i r s t  that there  is a g rea t  deal of difference between rainfall 

for the two y ea rs .  Much more ra in  fell from  May 4 to Sep­

tem ber 15, 1950, than for a comparable period in 1949. Less  

growth was recorded, however, in 1950.

Hours of sunshine were less  for 1950. If the 11 deficient* ‘ 

amount were equally distr ibuted  throughout the season, it would 

mean a difference of a lmost 30 minutes every day.
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Solar radiation showed a reverse relationship, that is, 

during 1949 less radiation was recorded for this period than in 

1950.

Maximum and minimum temperatures likewise showed 

a smaller summation for 1950 than for 1949. If equal portions 

of this difference were allotted to each day of the growing sea­

son, it would mean a difference of nearly 2.5 degrees Fahren­

heit for both maximum and minimum temperatures.

With these data it must be added that in 1950 there was 

a very heavy seed production apparent throughout the woodlot.

In 1949 very little flowering was noted; in fact, the author at­

tempted to secure flower specimens in the spring of 1949 and 

was able to find only 3 trees in flower. In 1950, on the con­

trary, collections could be made almost at will from any place 

in the woodlot.

Other Growth Investigations of Sugar 
Maple Compared with Present Study

Figure 46 compares growth rates of sugar maple ob­

tained in other investigations with the growth rate obtained in 

the present study. The other two investigations were carried 

out in Indiana in 1941 and 1947. Growth data presented by
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Friesner  (1942) show two sharp recessions dividing the increase 

rate into two periods. These periods correspond well with the 

curve obtained in this investigation. The course of increase 

measured by Reimer (1949) shows an extremely late time of 

growth initiation and acceleration. In spite of this there is 

some similarity with the pattern obtained by F rie sner .  It must 

be added here that in the studies by F rie sner  (1942) and Reimer 

(1949), only one specimen was used. However, the recessions 

were of such a magnitude as to warrant some comparison with 

the present study.

Growth ceased in 1941 in the two trees  measured by 

F riesner  around the f i rs t  of August. In 1947 there was a 

slight period of “ postseasonal" activity, if it may be called 

such, which appeared about the same time as the last period 

of growth increase for 1949 in Tourney Woodlot.

The publication of MacDougal (1938) cited results  of 

investigations by Dr. A. B. Stout on a sugar maple tree  growing 

in the New York Botanical Garden in 1920:

Diametral increase became positive and rapid at 
cambium temperatures of 15—20° C., about June 4th. En­
largement was at an end by July 1.
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In the same publication results of microscopic exam­

inations by Lodewick on sugar maple are given:

The activity of the cambium on the outer face be­
gins at the same time as on the inner face, and took place
by May 9. . . . Growth appeared to be at its highest rate 
about July 1st, and to come to an end about August 1 when 
the fruits were turning brown, although slight activity could 
be found in parts of the cambium during the month.

Both of these observations conform in general to the data

plotted in Figure 46.

It is also clear from this figure that radial increase in 

Tourney Woodlot extended over a considerably longer period than 

reported for the trees studied in Indiana and New York. For 

1949, the growing period extended over a period of approxi­

mately 18 weeks in the woodlot studied. In 1950, 17 weeks of 

active growth was recorded. Some trees still registered small

increases after 22 weeks, but hydration of previously formed

cells might be the factor involved instead of any generative 

activity on the part of the cambium (Daubenmire, 1947).

Reimer (1949) and F riesner  (1942) both reported a grow­

ing period of 12 weeks for sugar maple. Daubenmire (1947) 

presented cumulative growth curves for sugar maple which indi­

cate that the "grand period*1 extended from sometime in the 

early part  of May to the early part  of August. A very gradual
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increase is noted in his growth curve for sugar maple extend­

ing up through December. This, he said, was to be interpreted 

partially as a rehydration of shrunken t issues and partially to 

a belated hydration of cells produced in the summer. If this 

period is excluded, the season of growth recorded by him would 

not extend over a period greater than 13 or 14 weeks at the 

most. Likewise, Lodewick's observations (MacDougal, 1938) 

would cover a period of about 14 or 15 weeks if the "slight 

activity" in August were included.

Comparative Results of Tree Growth in Various
P a r ts  of the Woodlot

Trees from various parts of the woodlot were selected 

for comparative examination of growth patterns. The increases 

were computed using the amount of increase for each individual 

group during the f i rs t  week of enlargement as a zero point.

For that reason, both curves began on the same point regard­

less of whether one group showed more or less  initial growth 

than the other. In this manner each group is being compared 

with its own set "pace ,"  thereby minimizing the e r ro r  due to 

differences in diameter of the trees .  The only points of
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importance are those points where the curves separate, come 

together, or cross .

Figures 47 and 48 compare growth of groups D and F. 

Group D is located inside the woods. Group F is located in 

the west part  of the woods between the undisturbed section and 

the furthermost selected trees in the disturbed section. It is 

noted that for both seasons one period of growth showed se r i­

ous differences in fluctuation. This occurred  about the f i rs t  

of July in both cases.  At that time group D (inside the wood­

lot) showed an extreme positive fluctuation in growth rate* 

Group F trees ,  on the contrary, showed a decrease in growth— 

rate fluctuation.

Soil—moisture data which were available for that period 

of 1950 (Table X) showed a decrease of over 40 percent be­

tween July 1 and July 15 around group F trees (Station 2). 

Moisture availability decreased from 100 percent to about 95 

percent in the vicinity of group D trees  (Table VIII). Soil 

temperature showed no significant trends for this period (Fig­

ure 31).

Other growth fluctuations were noted in this group com­

parison but were not of an extreme nature. Figures 49 and 50
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compare group C trees  with, group F t rees .  Group C is in the 

disturbed area  quite close to group F. No such pattern as found 

in the f i r s t  comparison is noted here.  Actually, these two 

growth curves are quite s im ilar,  and serious differences in 

fluctuation are not apparent during either season.

Figures 51 and 52 compare groups K and L, both within

the main par t  of the woods. The growth—fluctuation patterns 

are essentially the same except that the curves separate some­

what about the f i rs t  of June in both 1949 and 1950. None of 

the external fac tors measured  correlate  with this.

F igures 53 and 54 compare group R with group T. Fig­

ures 55 and 56 compare group R with group P, and Figures 57 

and 58 introduce group S in comparison with the same group 

R. Group R is located about 40 feet in from the southwest 

edge. Groups P, T, and S are inside the woodlot.

In these three groups of comparisons a divergence of 

curve R appeared the week ending July 7, 1949, and extended

to the week ending July 21, 1949. Again, results  of soil mois­

ture data (Table VIII) reveal a very considerable drop (to 59% 

available moisture at the 12-inch level) in the vicinity of group 

R (Station 3). The drop was not appreciable for the areas
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around the other three groups (Stations 9, 10, 11, and 13). The 

available moisture did decrease at these stations, but did not 

fall below 80 percent. For 1950 these same groups did not 

show any serious fluctuation differences. Minor fluctuations 

did occur but were not of such an extent as to be correlated 

in this study.

It is of interest to compare these findings as a whole 

with the information given in Figures 59, 00, and 61, which 

show the trend of available moisture at the “ edge1* stations 

and the stations located well within the woodlot. From about 

the time of peak rate of growth in July, the two curves of 

available moisture separate; the curve representing the Medge,! 

stations dropped appreciably each week until it approached the 

wilting coefficient by the end of August. This was generally 

true for both years. Some stations in the ,ledge,f area reached 

the wilting coefficient by the week ending August 25, 1949, and 

remained there for the remainder of the period during which 

readings were taken.

At Station 3 (Table VIII), soil moisture on August 4,

1949, at a depth of 12 inches, was about 12 percent available 

moisture. Although moisture percentages were generally higher
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in 1950, the wilting coefficient was reached by Station 2 and 

Station 3 on August 26 at a depth of 12 inches (Table X).

Soil temperatures were also consistently higher by from 2 to 

5 degrees in these stations (Tables XII and XIV). Figures 62 

and 63 compare soil temperatures in Toumey Woodlot at the 

"edge" and at the “ inside1' stations. It is seen that although 

the trend of soil temperatures is quite similar, the 11 edge** sta­

tions showed slightly higher temperatures than found on the 

11 inside11 of the woodlot.

Increase in Trees Measured Along Four Radii

Tree 91

Figure 64 indicates the total amount of radial growth 

for 1949 and 1950 in each of four directions (viz., north, south, 

east, west). This is the case with all trees discussed in this 

section. Eccentric growth was not much in evidence in this 

tree, but growth tended to be less on the south side. This is 

more evident for 1950. In each of the two years there was a 

slightly greater amount of seasonal growth along the east radius. 

Figures 65 and 66 show this to be the trend for both seasons.

At none of the  fo u r  p e r io d s  did  the  r a d i a l  i n c r e a s e  along the
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south radius exceed that of the other radii, with the exception 

of the f irs t  period of 1949, and here the increase along the 

north radius was but very slightly less.

Tree 92

For both years this tree showed eccentric growth in a 

north—south direction (Figure 67). This was much more pro­

nounced in 1949, when growth was greater.  There was p rac ­

tically no difference in the east—west growth during the two 

years. Figures 68 and 69 show that there were also few dif­

ferences in magnitude of growth during four selected periods 

of each season.

Tree 93

This tree is growing just east of tree 92 (Figure 14) 

and showed smaller seasonal increases along the north radius 

than along the other three. Figure 70 indicates that growth on 

the north side was less during the entire season. During the 

f i rs t  few weeks of both seasons the increases along the south 

and east radii were greater.  During the period from May 18 

to July 1, increase was greater along the west radius in 1950,
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but from July 1 to August 12, the south radius exhibited a 

greater amount. During these same two periods in 1949 the 

west radius showed grea te r  increases.  Figures 71 and 72 show 

the seasonal distribution of growth for this tree .

Tree 94

Figure 73 shows that practically no eccentric growth 

was in evidence for this specimen in 1949. In 1950, a consid­

erable decrease along all four radii was noted. There was 

even a tendency for less growth on the north side. The same 

situation found for tree 93 is present here. F o r  the period 

from May 18 to July 1, 1950, greatest  increase was recorded

along the west radius. F rom  July 1 to August 12, 1950, the 

south radius showed the greatest  amount of increase (Figures 

74 and 75). The north radius showed smaller increases over 

the entire season.

Tree 95

Another south edge tree , this one showed a smaller 

amount of increase on the north side for both years (Figure 

76), with a tendency for g reater growth in a south and east
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direction. The small amount of increase during the period 

from July 1 to August 12, 1950, on the north side made for 

less total growth in 1950 (Figure 78). In 1949, the north 

radius was consistently less than the other three (Figure 77).

Tree 9 6

Located with an east exposure, this tree exhibited ec­

centric growth for both years, but not in the same manner. 

Growth for the year 1949 was greater along the east radius.

The least  amount was recorded along the west radius. In 

1950, however, growth was about the same in every direction 

except along the south radius, which was the shortest radius 

of increase for that year (Figure 79). These features appeared 

throughout their respective seasons as seen from Figures 80 

and 81.

Tree 97

This tree is located just east of a "blowdown11 area in 

the north part  of the woods. During 1949 an extremely small 

amount of increase was recorded for the east radius and a 

large amount of increase was recorded for the west, north and
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south radii. In 1950 the increases were practically the same 

on all four sides of the trunk (Figure 82). Figures 83 and 84 

show the seasonal nature of this growth. The fi rst  period of 

growth indicates a greater increase along the south and east 

radii.

Tree 98

Growing just north of tree 97 (Figure 18), this tree was 

in the vicinity of the same •'blowdown11 but was a little farther 

removed from the area than was tree 97. For both years in­

creases along the east-west axis were conspicuously greater 

than along the north—south axis (Figure 85). This was true for 

all portions of the year tabulated (Figures 86 and 87).

Tree 99

This was the only tree measured having a west exposure 

of leaves and branches (Figure 19). The exposure is not com­

plete but is of such a nature as to receive direct sunlight in 

the afternoon hours. A relatively large amount of increase 

was recorded for 1949 and 1950 along all radii (Figure 88).

The greatest increase, however, was along the west radius.



1 8 6

 1949
 1950

Inches

. 1 0 0

.050 

.000

.050 

. 1 0 0

L I ± X J
.100 .050 .000 .050

Inches
. 1 0 0

Figure 82. Total seasonal growth as measured along 
four radii. Tree 97.



Inche s 187

1 4(1—

12C-

1 0 0 “

08u -

. 0 6 0  -

.040 -

.020 -

8

4/7-5/12 5/19-6/30 7/7-8/18 8/25-10/13

F ig u r e  83. G ro w th  a c c u m u la t io n  o v e r  s p e c i f i e d  s e a s o n a l  pe r iods .
T r e e  97. 1949.



188

I n c h e s  

. 0 8 0

. 0 6 0

.0 4 0  -

.020  -

§
5 / 2 5 - 7 / 7

N

4 / 6 - 5 / 1 8 7 / 8 - 8 / 1 2
"

8 / 1 9 - 9 /1 6

W

F i g u r e  8 4 .  G r o w t h  a c c u m u l a t i o n  o v e r  s p e c i f i e d  s e a s o n a l  p e r i o d s .  
T r e e  9 7 .  1 9 5 0 .



189

1 9 4 9  
 1 9 5 0 N

I n c h e s  

. 1 0 0

. 0 5 0

.000

. 0 5 0

. 1 0 0

L JL J. J
. 1 0 0  . 0 5 0  . 0 0 0  . 0 5 0

I n c h e  s
.100

F i g u r e  8 5 .  T o t a l  s e a s o n a l  g r o w t h  a s  m e a s u r e d  a l o n g  f o u r  r a d i i ,  
T r e e  9 8 .



I n c h e  s
. 1 40

190

.120

. 100

.0 8 0  -

. 0 6 0  -

. 0 4 0  -

.020  -

4 / 7 - 5 / 1 2 5 / 1 9 - 6 / 3 0 7 / 7 - 8 / 1 8
N/"

8 / 2 5 - 1 0 / 1 3

F ig u re  86. G ro w th  a c c u m u la t io n  o v e r  sp e c i f ie d  s e a so n a l  p e r io d s
T r e e  98. 1949.



191

I n c h e s

. 0 6 0  -

. 0 4 0  -

.020  -

4 / 6 - 5 / 1 8 5 / 2 5 - 7 / 7 7 / 8 - 8 / 1 2
V

8 / 1 9 - 9 / 1 6

F ig u r e  87. G ro w th  a c c u m u la t io n  o v e r  s p e c i f ie d  s e a s o n a l  p e r io d s
T r e e  98. 1950.



N

1949
1950

W

1

Inches 

.100

o050

E -4 .000

.050

.100

.100 .050 .000 .050
Inches

.100

1
9
2



19 3

DBH measurements with calipers (Table II) indicate that ec­

centric growth has been occurring in an east—west plane for 

some time. Each portion of the season shows this same ten­

dency (Figures 89 and 90).

The initial weeks of growth for 1949 and 1950 indicate 

that there was no greater growth on the south and east sides, 

as was found for those trees  with south and east exposures.

The greater early season increase occurred in tree 99 along 

the west radius.

Tree 100

Located within the woodlot and a part  of a closed canopy 

(Figure 20), this large tree showed some tendencies toward 

greater growth in 1949 along the north and east radii. For 

1950, increases were practically the same on all sides (Figure 

91). There was no indication of an early season surge of growth 

on the south and east sides over the other two radii (Figures 

92 and 93).
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General Considerations

Trees growing along the extreme south edge of the 

woodlot (trees 91, 92, 93, 94, and 95), exhibited a much greater 

amount of branching from the south, southeast and southwest 

sides of the trunk than from the points on the opposite side 

of the tree. This can be seen in Figures 11, 12, 13, 14, 15a, 

15b, and 16.. It is well to rem ember this, especially in rela­

tionship to the quite varied growth patterns shown by these 

trees.

A similar situation applies to trees 96 and 99- The 

former (Figure 17a) has a predominance of branches entering 

the stem from an easterly  direction; the la t ter  has no branch­

ing extending from the east  side of the trunk except at the very 

crown (Figure 19), yet the east side of tree 99 showed the sec­

ond greatest  increase of the four sides measured.

Figures 64, 67, 70, 73, 76, 79, 82, 85, 88, and 91 all 

indicate a le s se r  amount of growth for 1950 than for 1949. In 

some cases this reduced an eccentric growth pattern to an al­

most entirely symmetrical pattern (tree 97). In other cases 

the pattern of eccentric growth was changed, growth being un­

equal in another direction (tree 96). In tree 94, a relatively
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symmetrical  growth pattern  for 1949 was changed to an asym­

m etrical  pattern for 1950. In t rees  93 and 99, the pattern  was 

affected only insofar as the diamond representing growth for 

1950 was sm aller .

Comparative Observations on Data from the 
Hydrologic Station and Data Taken 

in Tourney Woodlot

It was possible in 1950 to secure an entire season’s 

m easurem ents of soil moisture in Tourney Woodlot. Compar­

ing the resu lts  obtained in the woodlot with the figures secured 

from readings taken at the hydrologic station (Figures 41 and 

42), it is apparent that serious differences occurred  throughout 

the season. Soil moisture at the hydrologic station (12—inch 

level) was never above that of the woodlot. It is true that the 

blocks buried at the hydrologic station were in Conover loam 

while the blocks buried in Tourney Woodlot were in Hillsdale 

sandy loam; yet both of these soils, being in the same soil 

se r ie s ,  do not differ to any great  extent from each other.

Conover loam is probably a little heavier than Hillsdale sandy

loam. Blocks at the hydrologic station were situated in an open

field another difference to be taken into account.
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Both locations showed a general trend of moisture de­

cline in August but "plateaus"  were apparent in the woodlot 

which did not appear in the hydrologic station data (Figures 

41 and 42). Data from the ' ‘edge11 stations conformed more 

satisfactorily with the hydrologic station data for both 1949 and 

1950, yet even here the dips in the former were not as severe 

and recovery was to a higher degree than in the latter  case 

(Figures 59, 60 and 61).

Figures 29 and 30 show the soil temperatures from 

these two locations. In general, the soil temperature of the 

woodlot was consistently below that of the hydrologic station 

except during the early part of the 1950 season when the re ­

verse was true. This would not be too surprising in the light 

of previous investigations on temperature relationships within 

a wooded area (Wolfe et̂  a l . , 1943).

Other Observations on Soil Moisture

Because the soil moisture readings at the three—foot 

level showed less fluctuation than those at the one—foot level, 

comparisons of these readings with the radial growth were not
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deemed necessary. The curve of soil-moisture availability at 

the three—foot level is presented in Figures 59b and 61.

Single readings were selected out of the data on soil

moisture at the hydrologic station and plotted against the weekly 

average of daily readings taken from the same location. The 

dates selected from the data corresponded with the day of mois­

ture readings taken in the woodlot. Results are presented in 

Figures 94 and 95. The indication is that there is a very 

slight difference in the curve of available moisture; that single 

readings at seven-day intervals presented about the same pic­

ture of the available water as did continuous daily readings.

Mention has been made by Morrow (1950) that most of 

the absorbing roots are in the upper part  of the "m antle ."

Using this as a basis, Morrow limited his study of the roots

of sugar maple to the upper one inch of soil.

The author realizes the possibility that this might be 

the most " c r i t ic a l"  area  for water and mineral absorption 

and further that the moisture at the depths measured might 

have had little or no relationship to the water regime of the 

plant. Yet on the basis of Figures 21a, 21b, 21c, 22, 23a and 

23b, and also on the basis of observations made while burying



‘ercent of
Available
Moisture

80

60

averages of daily 
readings

40

single reading on sam^ 
day as taken in wood-\ 
lot 1

20

7 14 21 28 5 12 19 26 2 9 16 23 30 7 14 21 28 4 11 18 25 2
April May June July August Sept.

Figure 94. Soil moisture at the hydrologic station. Single weekly readings compared with 
weekly averages of daily readings. 1949.

2
0
3



Percent of
Available
Moisture

single reading on same day 
as taken in woodlot

Averages of 
daily readings

20  -

13 20 27 4 11 18 25 2 10 17 24 1 8 15 22 29 5 12 19 26 2
April May June July August Sept.

Figure 95. Soil moisture at the hydrologic station. Single weekly readings compared 
with weekly averages of daily readings. 1950.



2 0 5

the soil blocks, it seems quite possible that in Hillsdale sandy 

loam a good share of both secondary and small absorbing roots 

are present throughout the f irs t  10 to 14 inches of soil.

The extention of la rger  roots below this depth in this 

particular soil would indicate that some kind of root activity 

occurs well into the B horizon. A generally high amount of 

soil water in both the one- and three-foot levels, together with 

a soil whose texture is fine granular and friable sandy to clay 

loam sometimes mixed with a little gravel, would allow for 

such penetration.

Soil moisture observations by F rie sner  and Ek (1944) 

in an Acer-Quercus- Fagus community in Indiana indicate a 

much more rigorous habitat in the 12-inch level than found in 

Tourney Woodlot. During the entire growing season they found 

that 1'growth water11 never exceeded 20 percent at the 12—inch 

level. Further, in the 6—inch level and at the surface increas­

ingly greater amounts of available water were recorded. It 

would be easier to find cause for concentration of absorbing 

roots in the very top levels under these circumstances and 

correlations might be good here.
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Even if the same condition held for the absorbing roots 

of sugar maple in Tourney Woodlot; i.e., that they are concen­

trated at or near the surface, it would seem that from the re ­

sults of F r ie sn e r  and Ek (1944), and Cundiff (1949), that an 

even higher amount of available moisture would be present in 

the soil of Tourney Woodlot at the surface.

This would mean that at this top level soil moisture 

would be very close to 90 to 100 percent available moisture 

for the entire growing season. This would indicate no more 

than the results from the 12-inch level indicates.

A final observation should be made on the soil moisture 

stations established at the south border of the woodlot, stations 

20A and 20AA. The former was buried at the 12—inch level 

at the very edge under the shade of a tree forming the boun­

dary between the woods and the adjoining field. Block 20AA 

(12—inch depth) was placed outside of the edge in the open 

field. Tables VIII and X show clearly that the wilting coef­

ficient was reached f i rs t  at Station 20A. In fact, moisture 

conditions were much better in the field than at this edge 

station for nearly every period during which readings were 

taken.
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Back Dating of Environmental Data

Figures 96 and 97 show the growth rate fluctuations 

exhibited by Size Class II trees  in comparison with soil tem ­

pera ture ,  soil moisture, solar radiation, precipitation and evap­

oration. In this comparison the weekly periods for the environ­

mental data have been calculated such that they ended 48 hours 

before the conclusion of the weekly period for growth. Thus, 

the environmental data have been back dated in an attempt to 

determine whether or not this might be a more desirable period 

for comparison of these factors with the growth rate. The re ­

sults, as presented by Figures 96 and 97, seem not to be as 

satisfactory for comparison as the results plotted for the same 

period of time (Figures 30, 32, 36 and 42).
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DISCUSSION

Introductory Remarks

From the work presented in the past concerning radial 

increase in trees,  it is evident that there is a difference of 

opinion as to the relative value to be placed on " internal"  an 

"■external11 factors, as to whether they do or do not influence 

periodicity of growth. MacDougal (1936) said:

. . . once awakened, cambium illustrates a funda­
mental capacity to operate unceasingly without pause or 
rhythm and at a rate modified only by external conditions 
and food supply.

In a later paper (1938) he cites evidence of a maple 

showing continuous leafage and cambial activity:

The capacity for continuous leafage is more com­
pletely illustrated by observations of Coster (1927) on 
Japanese maple introduced into Java. Three trees in 1°2 
and 1926 displayed leafy twigs continuously, and all had 
active cambium in some branches at all times. Spring 
wood was being formed on some branches, and summer \* 
on others, in May 1926. The seasonal layers were incon 
pie te in places and not always clearly separable. The la' 
e rs  were closed with the formation of radially compresse 
fiber—tracheids. The tracheary vessels of the summer oi 
late wood were sm aller than those of the spring wood, 
which were disposed in a ring.
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Evidence has already been presented indicating that 

Priestly  (1930) was not convinced that growth activity came to 

a halt even during the winter.

On the other hand, F r ie sne r  (1942) commented:

External conditions, without doubt, play important 
roles in determining the time of initiation, time of peak 
rate and time of cessation of growth and amount of growth, 
but the growth rhythm occurs independently of definable 
rhythms in the external environment. They are most likely 
due to internal physiological conditions, such as available 
hormones, and other growth substances to other activities.

Rhythmic action of protoplasm has been reported for 

tissues under uniform—controlled conditions (Friesner,  1921), 

an action controlled undoubtedly by the physiologic-genetic re ­

lationships within the cells involved. Recently, Robbins (1950) 

concluded that roots of sugar maple probably undergo a cycle 

of activity internally controlled but influenced by the environ­

ment.

Even in the example given by MacDougal (1938), it was 

indicated that the cambium throughout the tree as a whole did 

not function continuously. Also, the fact that some twigs were 

forming springwood while others were forming summerwood 

could indicate that these different meristematic regions could 

have been in varying stages of a particular cycle. By this
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token, the cycle of cambial activity would vary according to the 

location in the tree  but the cycle itself would be essentially the 

sam e.

Based on p resen t information it seems more reasonable 

to explain the type of growth (i.e., grand period) illustrated in 

Figures 44 and 45 on the basis of some internal mechanism, 

altered by the environment only insofar as expressed by F r ie s ­

ner (1942).

It is even possible to entertain thoughts of an " in tr in— 

sic control’1 over growth as it fluctuates throughout the weeks 

of the growing season, and in any interpretation of growth phe­

nomena under field conditions it seems unwise to exclude this 

possibility.

On the other hand, it is not at all difficult to recognize 

that a serious consideration of the environmental factors and 

their fluctuations could lead to a very satisfactory explanation 

of growth 1' i r re g u la r i t ie s ,11 if they are  such, in the growth pat­

tern.

Of these possibilities Skoog and Tsui (1951) said:

. . . our findings suggest that both organ formation
and subsequent development are  brought about by quantita­
tive changes in amounts and interactions between nutrients
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and growth factors which are essential for growth of all 
cells, so that the pattern of development is determined by 
the relative supplies through synthesis, transport, and ac­
cumulation of these materials at particular loci. On this 
basis, the morphogenetic capacities of a given cell or tis­
sue are limited not only by its genetical potentialities for 
synthesis but more often by its morphological environment, 
that is, by its particular position in the structurally com­
plex plant body. This concept demands that normal growth 
of cells must lead to a unified general pattern of develop­
ment in all plants of comparable genetic constitution but it 
permits infinite variation in details.

The questions would then be: What period of time in growth

constitutes the “ general pa tte rn"?  Which fluctuations repre­

sent "variations in detail"?

Radial Growth Fluctuations Throughout 
the Growing Season

Growth Initiation

It appears that the initiation and early course of growth 

is controlled primarily by the external environment. In both 

years of measurement radial growth began at a time when the 

mean weekly air temperatures exceeded 51 degrees Fahrenheit. 

Soil temperature in 1950 reached 48 degrees on May 11 in the 

woodlot. For both years the soil temperature averages at the 

hydrologic station exceeded the 50—degree mark on the week of

first  enlargement.
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It may be that a "threshhold" temperature slightly un­

der 50 degrees Fahrenheit for both a ir  and soil temperatures

within the woodlot is a requirement critical for growth initia­

tion. F rie sner  and Walden (1946) said:

Temperature appears to be the most important lim­
iting factor in controlling the time of initiation of radial 
enlargement. This varied from a few days before to as
many days after the mean daily air  temperature was con­
tinuously (or nearly so) above 50 degrees F.

Their study was conducted on two trees of Pinus strobus in

Maine, but this condition appears to be essentially true for the

sugar maples under study here.

Daubenmire (1949) found that temperature showed no 

effective control over cambial initiation in 17 species of trees 

studied in Idaho. Among these was sugar maple. He stated 

that the heat requirements were "sa tisfied11 earlier  than are 

pho toper iodic requirements and that this alone did not stimu­

late cambial activity. The idea was advanced by him that there 

is possibly an interaction of these two factors, although in a 

later paper he stated that his original work (1949) showed 

"negative evidence of photoperiodic control over inception of 

cambial activity,11' an apparently contradictory statement.
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Nevertheless, such a sim ilar interrelation seems quite 

possible in the ' ' l ig h t11 of these investigations. Figure 34 indi­

cates that the total number of sunlight hours would not be suf­

ficient to explain the initiation of cambial activity in 1949, but 

associated with tem pera ture  this would be possible. The re la ­

tionship could also be applied to the data for 1950 (Figure 35).

In the s tr ic t  sense this would not be considered as 

photo(light)-period, but as "sunlight period ."  It is possible, 

that, in addition to the co r rec t  degree of temperature,  sunlight 

also has a " th reshhold"  value as related to cambial initiation, 

and that they both must be exceeded before the cambium be­

comes active.

In 1949, the "p la teau"  (Figures 25, 26 and 27) exhibited 

as a resu lt  of successively low amounts of increase is believed 

to be corre la ted  with the sharp tem perature fluctuations during 

that same period. This is in disagreement with the findings of 

Daubenmire (1949):

Subsequent to the date of beginning of growth, tem­
pera tu res  fell much lower at times, but growth continued 
unabated; the quiescent periods in late May, 1945, were 
without relation to temperature.

In 1950, tem pera tures increased steadily and no such "plateau"

was noted. The slight "d ip"  in rate of growth during the second



216

week of cambial activity could have little significance and was 

therefore not considered as a 1'plateau."

Thus, it is probable that cambial activity, in the sense 

of cell divisions, and enlargements of new cells, did proceed 

from a lower rate during the f i r s t  week to a higher rate the 

second week. This means an almost uninterrupted increase in 

growth rate (at b reas t  height) occurred  for 1950 up to the time 

of the f i r s t  peak rate.

Period of Greates t  Metabolic Activity

In te rm s of " in t r in s ic "  control of the growth pattern

(weekly increase intervals), it could be assumed that the re la­

tionship suggested by Skoog and Tsui (1951) between nutrients, 

growth factors and genetic potentialities operated in such a man­

ner as to p resen t periods of g rea te r  and le s se r  "equilibrium."

It is possible that the concentration of sugars and amino acids, 

the rate of formation of which is also at leas t  partially con­

trolled through a gene—enzyme complex, finally reached such

a level as to actually block rate of production of a whole chain 

of chemical substances down to the level of the genes. When
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this obstruction was removed, growth would again proceed at 

accelerated rates until the same event occurred.

It might be thought that whatever substance produced 

by the genes, assuming there are genes for this function, which 

is specific for growth or the production of growth substances, 

was produced at a M sigmoid11 rate, the curve of production 

tapering off due to certain inhibitory action of its own products. 

A series of the "sigmoid" rates throughout the growing season 

would still not alter the seasonal nature of the growth rate (i.e., 

grand period).

Evidence for the genetic control of growth—factor produc­

tion has been reported by Tatum (1951) and others.

The same mechanism might have been in operation here 

as was reported by Ishibe for P in us densiflora in Japan (Mac- 

Dougal, 1938). There, two maxima and two minima of growth 

rates were recorded, correlative with the presence and absence 

of starch reserves.  He maintained that a check to cambial ac­

tivity favored accumulation of starches. It could thus have been 

that, regardless of the exact rate of manufacture of sugars, 

periods were reached in which growth proceeded at such a rate
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as to deplete s tarch  rese rves ,  thereby causing the observed 

fluctuations.

Korstian (1921) has reported (Acer negundo):

It will be noted that the m arch of diametral growth 
is interrupted by r e s t  periods of short duration. These 
re s t  periods are held to be essential  for the maintenance 
of the proper health and optimum efficiency of the vital 
activities of the tree .

A consideration of the nature (not the magnitude) of 

the curves in Figure 46 indicates that the growth exhibited in 

the specimens studied here conforms to a high degree with 

growth as reported  by F r ie sn e r  (1942). Two peaks of growth 

rate occurred  at about the same period of time. Further peaks

of growth rate were evident for the study here in Michigan-----

peaks which might have occurred  in Indiana had the external 

conditions been conducive to a longer period of growth.

The curve representing observations by Reimer (1949) 

(Figure 46) shows a much la te r  beginning of activity, but it, 

too, reveals two general periods of increased activity. Cambium 

measured in all three investigations was at b reas t  height.

If this general hypothesis is followed, the environment 

would be important principally in regulating the time of initia­

tion and possibly the early course of growth, the duration of
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growth, and the total amount of growth. After metabolic ac­

tivities are  set into motion, the general character of the growth 

pattern would then be governed by periods of internal "equil­

ib r ia .1' This agrees in most respects with the contention of 

F r ie sn e r  (1942). Intrinsic control of growth rate was considered 

as highly possible by Kienholz (1934).

This point of view needs some further serious investi­

gation under more controlled conditions and over a period of 

several years ,  especially so in the light of data and conclu­

sions of other investigators (Kienholz, 1934; Korstian, 1921; 

Ishibe and MacDougal, 1938; F r ie sn e r ,  1942).

If the 11 environmentalistic11 point of view is taken, the 

contention would be that control of the metabolic mechanism 

operates within a range of "genetic tolerance"  and that external 

factors exert  p r im ary  dominance throughout the season. It 

then becomes necessa ry  to find satisfactory explanation for the 

occasional recessions in rate of radial growth.

The recessions of g rea tes t  concern at this point are 

those occurring during the period in which the bulk of increase 

was registered .  F o r  both years this period was between the 

f i rs t  of June and about the middle of August.
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Two major recessions were noted (Figures 25, 26, and 

27). For both seasons the factor which showed best co rre la ­

tion was the light factor, although this is not to be considered 

as a simple d irec t  relationship at all t imes.  In 1949 the total 

number of sunshine hours dropped from 90 to 55 during the week 

of f i rs t  recession  of growth activity (Figure 34). For 1950, the 

decrease was from 97 to 63 hours (Figure 35). There was a 

previous recession in the number of hours of sunshine for 1950, 

for the week ending June 2. It might be asked: Why did the

rate of increase not show some response to this drop if the 

light factor seems of importance for the f i r s t  recession?

This can only be explained on the basis that the last 

day of the period ending June 2, which included light data up 

to the day of radial recordings, was one during which the sun 

appeared only 58 minutes. This low reading projected the time 

curve for sunlight hours 10 to 15 hours lower than it wcxild have 

gone if the seven—day period for total sunshine had been calcu­

lated one day back. The effects of such a low light duration 

would very probably not have affected growth for that week.

All other periods of low sunlight hours were checked, 

and in no other case did the las t  day of the seven—day period
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have an unusually low number of sunlight hours. In other words, 

the remaining weeks showed fewer hours of sunshine because of 

lower recordings during the early or middle parts of the week.

Solar radiation showed a sharp decrease for this same 

week (Figures 32 and 33). It is possible that radiation was the 

factor of real importance; yet for many plants light intensity 

is said to be at a supra—optimal value much of the time. More 

will be said of this in the interpretation of the two seasons of 

growth compared as entities.

The second recession in growth rate appeared the weeks 

ending July 28, 1949, and July 22, 1950. In terms of the en­

vironment as the controlling complex, this recession can be 

best explained for the two years on different bases.

Figures 32 and 34 show that solar radiation and total 

hours of sunshine increased appreciably the weeks ending 

July 21 and July 28, 1949. Figure 28 indicates an increase 

of mean air  temperature to 77 degrees Fahrenheit during the 

week ending July 28. Soil temperatures increased in the wood- 

lot to 72 degrees Fahrenheit for this period (Figure 30). Evap­

oration also increased at this time (Figure 36). It thus appears 

that a steady increase of light and temperature could have brought
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about a tem porary  water deficit in the plant as a result  of the 

transpiration rate exceeding the rate of water absorption from 

the soil.

The situation for the following week (August 4, 1949) 

tends to support this possibility, for each of these conditions 

were reve rsed  and the growth rate increased considerably.

The second recess ion  in 1950 was possibly related to 

several  fac tors .  This was a week (ending July 22) of very high 

precipitation and low evaporation, in addition to an extreme de­

crease  in both solar radiation and total hours of sunshine.

These fac tors ,  by their  cumulative effects, would p resen t very 

poor conditions for maximum growth at this time.

To say with certainty just  which one was more impor­

tant would be very difficult and in all probability none is all 

important, but it does seem likely that light again played a 

very conspicuous p a r t  as it is re la ted  both to photo synthetic 

activity and to the fluctuations of the other environmental fac­

tor s .

It is undoubtedly true that the ultimate response of the 

cambium to these factors of the environment would be controlled 

by the genetic capability of the plant to act in this direction,
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as mentioned by Skoog and Tsui (1951). But the environment 

would " t r ig g e r 11 such a mechanism, whereas if the point of 

view of " in t r in s ic 11 control is followed, the response elicited 

by the cambium would be more directly " tr iggered"  and guided 

by the internal balance; the physiological-genetic relationships. 

These la t te r  would be in operation over a range of environ­

mental conditions not sufficiently extreme to produce such re ­

sponses. The fluctuations in growth rate at the period of great­

est activity of the cambium can be due, then, (1) either to an 

internal cycle of events or, (2) may be caused more directly 

by the fluctuations in the external environment. On the basis 

of the correlations mentioned regarding growth and the environ­

ment, evidence is strong in favor of the more immediate con­

trol of certain of these environmental factors over the growth 

rate, but as stated by Snedecor, "The mere existence of cor­

relation is no proof of d irect  relationship" (Loomis and Shull, 

1937).

Growth Cessation

No satisfactory explanation can be found for the near 

cessation of growth the week ending August 18, 1949 (Figures
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25, 26, and 27). Possibly soil moisture decrease for that week 

was effective in producing this result.  This, however, seems 

unlikely in that, although the available moisture averaged from 

all stations decreased from 80 to 68 percent, moisture at the 

stations well within the woods increased slightly to above 95 

percent available moisture. All t ree s ,  both those growing at 

the edge and those growing inside the woods, showed this ex­

treme decrease in growth rate.

Air and soil tem pera tures  (Figures 28 and 30) were 

about 70 degrees or slightly above, and had been even slightly 

higher the week before. This might have favored lignification 

of xylem elements (Hansen and Brenke, 1926) and retardation 

of cell divisions, but if this were true it would be very diffi­

cult to explain why growth increased each week from June 

23, 1949, to July 7, 1949, when a ir  tem peratures increased from

74 to 80 degrees Fahrenheit.

The only other explanation seems to be that this rep re ­

sented another recession  caused by certain ' 1 in trinsic11 factors 

previously suggested.

Final cessation of growth at b reas t  height varied con­

siderably with the individual specimen and seemed to conform
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to no definite external condition. F r a s e r  (1952) reported this 

same variation in time of growth cessation for trees  growing in 

Canada. Trees growing immediately adjacent to each other 

ceased enlargement of the stem at different times (Tables IV 

and V). Daubenmire (1950) mentioned that, 11. . . termination 

of cambial activity is strongly determined by autogenous forces 

. . ."  which could also have been the case here.

F rom  the data presented, one possibility regarding growth 

cessation seems worth discussion. Even though these trees  

are very closely related genetically, it is reasonable to assume 

that they vary in their ability to metabolize under minimum 

light conditions. F igures 34 and 35 indicate that rapid decrease 

to below 50 hours of sunshine a week occurred around September 

2, 1949, and 1950. Could it have been that sunlight below a 

certain minimum was inhibitory to some part  of the chain of 

requirements established as requisite for cell production and 

maturation? Data presented here allow for no such conclusion 

but they also do not indicate that this could not have been the 

case. To know the light quality over this period of waning 

activity and also the behavior of cambium in other parts of 

the tree might give some more definite leads toward the yet 

unanswered question of why growth ceases .
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A Comparison of Growth Studies

It would indeed be interesting and of no little practical 

importance to be able to say one of the following (1) the en­

vironment of lower Michigan, (2) the particular population of 

maples in Tourney Woodlot and possibly the entire area, (3)

both factors (1 and 2) allowed for longer periods of cambial

activity for sugar maple and also for generally greater radial 

increases in this area than reported for other areas. If the 

results in Figure 46 could be so used it would certainly sug­

gest such a conclusion. However, in some cases of growth 

studies on sugar maple the details of the habitat are not avail­

able. In all cases the number of samples were not the same 

nor were studies carried  on during the same seasons. Also 

the relative taxonomic position of the specimens studied was 

not determined, at least along the lines presented by Dansereau 

and Desmarais (1947).

Therefore, such statements will have to remain without 

authority or conclusive basis until such a time as the coopera­

tion of several investigators can be secured to carry  out simul­

taneous population—growth studies in various parts of the ecologic 

range of Acer saccharum—like specimens. Transplant studies
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seem completely out of the question unless very young seed­

lings or saplings were utilized.

Comparison of two seasons1 growth by the same speci­

mens can be made with g rea te r  safety. It appears that the 

total amount of growth for the season is under the more direct 

control of external factors.  The following account is a consid­

eration of some of these factors.

That the total amount of rainfall (during the growing sea­

son) did not directly influence the amount of growth for 1949 

or 1950 is seen from the fact that more precipitation occurred 

in 1950, the year when less  growth was recorded (Table III).

Total solar radiation was grea te r  for 1950. It does not 

seem that solar radiation had a depressing effect on the amount 

of wood produced. If this were the case, when the depressing 

effect was less  (Figure 3 3) (weeks ending June 24 and July 

22), growth should have increased, but exactly the opposite 

was the case. A more likely explanation is that the total hours 

of sunshine in 1950 were sufficiently less  to affect materially 

the amount of carbon fixation. It is also possible that light 

quality was affected to such an extent by more cloudy weather 

in 1950 that had an adverse effect on some metabolic phase.



228

This would be in agreement with Stalfelt (as cited by Shirley, 

1945), who found that on cloudy days photosynthesis was pos­

sibly affected by temperature and light.

Air temperature averaged over 2 degrees a day lower 

for 1950 than for 1949, indicating a generally cooler summer. 

This alone should favor growth if the results of Hansen and 

Brenke (1926) are applicable to sugar maple under these con­

ditions. However, the beneficial effects which might have oc­

curred because of lower temperatures might also be offset by 

too low temperatures at night. The importance of minimum 

temperatures for many biological phenomena has been empha­

sized by Daubenmire (1947) and Cain (1944).

The last reasonable possibility apparent to the author for 

explaining a smaller amount of growth for 1950 is the previ­

ously mentioned fruit production, occurring on nearly all of 

the trees that year. Sufficient quantities of protoplasmic ma­

terials may have been diverted to this activity to the general 

detriment of the somatic activities in the plant.

The writer is inclined to believe that all three (light, 

temperature and seed production) factors probably played some 

part in the decreased cambial activity for 1950.
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Growth in Various P a r ts  of the Woodlot

Results of groups of trees  studied which were located 

in various parts of the woodlot reveal that, in general, each 

of the groups compared exhibited a very similar pattern of 

fluctuations. In almost every case, fluctuations were in the 

same direction, if not of exactly the same magnitude.

Some differences did occur, however, in the response 

of the cambium on a relative basis. The most striking of these 

variations occurred  between groups D and F (Figure 47). Be­

tween June 23 and July 7, 1949, positive growth fluctuations 

were recorded for group D at the same time that negative 

growth fluctuations were recorded for group F. Also in 1950 

the same situation was found between July 1 and July 15 (Fig­

ure 48). During this period in 1950, soil moisture dropped in 

the vicinity of group F trees from 79 to about 37 percent avail­

able moisture. Near group D trees soil moisture decreased to 

about 95 percent available moisture (Table X).

It is thus possible that the explanation to this difference 

lies not in the fact that there was positive fluctuation in the 

growth of group D trees but that there was not such positive 

fluctuation in group F trees, the reason for the latter  being
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the decrease  to a relatively low percentage of available moisture 

around these t rees .

Group R t ree s  showed this same type of response in 

relation to groups P, S, and T for the weeks ending July 7 

and July 14, 1949 (Figures 53, 55 and 57). While the la t te r  

groups showed the same or slightly g rea te r  ra tes  of increase,  

group R showed a decrease  over the previous weeks of growth. 

Unfortunately it is not possible to compare soil moisture data 

with this, since readings were not available at that time. It 

does seem possible, however, that soil moisture at the periphery 

(area of groups R and F) might have played an important role 

in causing this response as it apparently did in 1950.

As previously mentioned, there were other cases where 

lines of fluctuation converged or separated somewhat, indicative 

of some fluctuation in external conditions at a particu lar  site, 

but with the information at hand it is not possible to in terpret  

the s e mino r  de viation s .

The striking s im ilar i ty  of the compared curves empha­

sizes the cyclic nature of the growth pattern  and again it must 

be stated that this points to a very uniform fluctuation of cam— 

bial activity due either to the changing complex of the environment
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or the changing 1' intrinsic*1 equilibrium; and very possibly to 

some interassociation of the two. Further evidence that light 

was very possibly of great  importance during the major period 

of cambial activity is seen in these same figures. The steep­

ness of the decrease in growth rate of the trees in the inside 

of the woodlot (center and north portions) for the week ending 

June 16, 1949, is some indication that some factor of light was

probably operative in producing this decrease. Both solar radi­

ation and total hours of sunshine decreased sharply this week. 

The ' ‘edge11 trees ,  in some cases,  showed a slight decrease 

in their rate over the previous week but it is never very steep 

and in some cases there was no decrease at all in their rate 

over the previous week. This relationship is true for the two 

major periods of decline in 1950 (Figures 49, 50, 53 and 54).

It is probable then, that on the basis of environmental 

control, light was deficient to some extent in all parts  of the 

woods, but the deficiencies were felt greatest  in the center and 

north sections of the woodlot, where the compensation point is 

undoubtedly reached sooner on cloudy afternoons and later on 

cloudy mornings due to the shading effects of other trees .



2 3 2

In contrast  to this behavior, the second period of decline 

in 1949 was evident in all groups compared. The decrease in 

individual rate is just  about as sharp in each of the two habitats. 

This would also add support to the explanation given in a p re ­

vious section for this decrease .

Trees Measured Along f o u r  Radii

Trees measured along four radii which were growing 

along the south edge of the woodlot showed no over—all similar 

pattern of development. Tree 92 produced the most eccentric 

growth pattern. On the basis of this study no definite conclu­

sion can be drawn regarding this response. A more thorough 

study into the microenvironment surrounding this particular tree 

might produce more satisfactory results .

At least  it can be said that the mere fact that trees 

are situated on the south edge of the woodlot does not indicate 

that there will be a definite type of seasonal growth pattern 

peculiar to this exposure location. This can probably be said 

also of the other edge t rees  studied in this woodlot {east and 

west exposures), but because only one specimen was studied in 

each of these two exposures, such a conclusion cannot be drawn.
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Tree 96 grew leas t  on the west side in 1949, and least 

on the south side in 1950, very probably indicating again local 

fluctuations in the microclimate.

Tree 99 seemed not to have such a varying habitat, 

producing more wood along the west radius in both years. 

Measurements of the trunk indicate that this might have been 

a condition of long standing. No other definite conclusions can 

be .made regarding the growth exhibited by this tree .

It is likewise not possible to say with certainty whether 

or not t rees  97 and 98 were materially influenced in their growth 

by their  proximity to the llblowdown" area  (Figure 18). If 

so, the resu lt  was apparent in the case of tree 97 only for the 

1949 season. Growth at b reast  height for 1950 was essentially 

symmetrical.

Trees growing along the south edge of the woodlot pro­

duced less increase along the north radius during the f i rs t  few 

weeks of growth than along any one of the other three measured 

radii. In no case was the g rea te r  amount of growth found on 

the north side for these f i rs t  few weeks of increase. This 

effect was not apparent in those t rees  measured along four 

radii which were located well within the woodlot.
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The effects of direct sunlight upon temperatures along 

the south edge was probably of greater important among the 

environmental factors as it affected stem metabolism, trans­

location, and also production of growth substances in the axial 

meristems.

In reference to all ten trees measured along four radii, 

it must be said that the reasons for the presence or absence 

of eccentric growth was of a more complex nature than revealed 

by this study. The presence of one type of exposure did not 

give rise to any one type of response as far as the cambium at 

breast  height is concerned. The number of branches arising 

from each side of the tree seems to give no indication of how 

the cambium on that side, at about five feet above the ground, 

will generate tissues. A comparison of the photographs of trees 

92 (Figure 12), 94 (Figures 15a and 15b), 96 (Figures 17a and 

17b), and 99 (Figure 19), with their respective growth responses, 

bears this out (Figures 67, 73, 79, and 88).

A closer approximation of the causes for such responses 

would have to take into consideration the five factors previously 

mentioned as being of primary importance to eccentric growth;
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viz., (1) slope, (2) position of main roots, (3) competition, (4) 

wind action, (5) character of the grain.

Further Remarks About Environmental Factors

Before the soil-moisture data were available in any 

quantity, it was thought that the periods of rainfall had some 

effect upon the surges of radial increase.  This possibility was 

advanced by the author in a preliminary paper given before the 

Michigan Academy of Science in 1951 (Reimer, 1951a). Now 

that all the data are available and here presented, he wishes to 

go on record as believing that: (1) provided the midseason

rhythms which were measured were controlled by environmental 

factors, periods of rainfall were not directly influencial in af­

fecting growth fluctuations of sugar maples growing in Tourney 

Woodlot; (2) rainfall appeared to be sufficient during the growing 

season to maintain ample supplies of soil moisture for growth 

within the undisturbed section of the woodlot; (3) even though 

rainfall may have affected the amount of growth of trees grow­

ing near the south and west edges of this woodlot, over—all cor­

relations were not possible between growth fluctuations occur­

ring during the major period of growth and precipitation or soil
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moisture fluctuations for this same period; (4) the presence of 

cloudy weather (which frequently means precipitation) seemed 

more important to growth fluctuations as it interfered with the 

amount of sunlight hours for photosynthesis; or (5) the absence 

of cloudy weather may have allowed for too much sunlight and 

too high temperatures which would temporarily have caused 

higher evaporation and subsequently an increase of transpiration 

over the "ability" of the plant to absorb moisture from the soil.

It thus appears that soil moisture was at a noncritical 

level of availability (on both relative and absolute growth terms) 

during the growing season on the inside portions of the woodlot. 

It does appear, however, that the lack of sufficient amounts of 

available moisture (from about mid-July until growth stops in 

September) near the south and west edges of the woodlot pos­

sibly affected the amount of growth of the trees in that area 

adversely.

Many workers maintain that soil moisture has practically 

no effect on growth until it has reached approximately the 50 

percent level of availability. F u rr  and Reeve (1945) said that 

plants undergo a water deficit from about the 50 percent level 

of availability down to the wilting coefficient. Kramer (1944)
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cited work done in Oregon on fruit t ree s  in which fruits were 

reduced in size at a soil moisture availability of 70 percent.

K ram er,  himself, rem arked:

F rom  the standpoint of energy involved in movement 
of water from soil to plant, there can be little doubt that 
soil moisture becomes less  and less  readily available as 
the moisture content decreases  from field capacity to the 
permanent wilting percentage. . . .  In another sense, how­
ever, at leas t  in light soils, soil moisture may be p rac ­
tically as readily available to the plant at moisture contents 
just  above the wilting percentage as at field capacity . . . 
as the soil moisture content of the soil and the moisture 
content of the plant decrease ,  the osmotic p re ssu re  and the 
diffusion p re s su re  deficit within the plant increase ,  while 
the increase  of a few atmospheres in the diffusion p r e s ­
sure deficit of the roots may supply the increased  energy 
gradient necessa ry  to maintain a high level of absorption, 
it does not appreciably reduce transp iration .

Soil moisture was below the 70 percent availability 

mark at the 12—inch depth just  one time in 1949 (reading of 

September 16) on the inside of the woodlot and did not fall 

below 80 percent available m oisture at these locations at any 

time during the growing season of 1950 (Figures 59a and 60).

It is also believed that the 12—inch level is, in Tourney Woodlot, 

a depth at which at leas t  a relatively g rea t  number of absorb­

ing roots are located, and therefore ,  soil—moisture readings at 

this level rep resen t  a reasonable picture of the soil moisture 

regime for the sugar maples growing in this woodlot.
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Soil moisture data gathered from the single block buried 

in the open field to the south of the woodlot (Tables VIII and X) 

showed in most cases more available moisture than the block 

buried under one of the south border trees. Although conclu­

sions cannot be drawn from such a small sample, it is at least 

suggestive that moisture conditions at the very south edge of 

the forest might be much more rigorous than in the field. This 

seems reasonable on the basis that the vegetation at this forest 

edge presents not a straight more or less flat surface for 

transpiration and evaporation as is the case with any selected 

area in the field or in the closed canopy woodlot portion, but 

presents a curved surface much more extensive per equal ground 

area than an equal ground area  surface exposed in the field or 

woodlot.

Finally, environmental data calculated for seven-day in­

tervals ending two days before the radial increase readings 

were taken (Figures 96 and 97) present no better correlations 

than data plotted for the exact week period ending on the day 

of recording of radial increases,  indicating that back dating of 

such data was, in this case, of little value.



SUMMARY AND CONCLUSIONS

1. Radial growth of 100 trees of sugar maple (Acer 

saccharum Marsh) was measured with a dendrometer at weekly 

intervals during the growing seasons 1949 and 1950. The study 

was carr ied  out in Tourney Woodlot, located on the campus of 

Michigan State College in East Lansing, Michigan. Soil mois­

ture and soil temperature were also recorded at weekly inter­

vals over this same period. Other environmental data were se­

cured from a weather station located just outside the woodlot, 

and also from the weather station at Capitol City Airport at 

Lansing.

2. The initiation of cambial activity at breast  height 

appeared, from this study, to be related to the increase in air 

and soil temperatures to the vicinity of the 50—degree—Fahren­

heit mark. Data suggest that some component of light (possibly 

total hours of sunshine) had a threshhold value which had to be 

exceeded at the same time.
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3. Early course of growth fluctuated, in 1949, with sharp 

variations in a i r  and soil tem pera tures ,  suggestive of an in te r­

relation between these two factors.

4. During the period of g rea tes t  metabolic activity, two 

deflections in the growth rate were noted. Both occurred  at 

about the same time in successive years .  This would allow 

for an explanation on the basis of 1'in t r in s ic11 factors (a cycle

of internal unbalance). On the other hand, certain environmental 

conditions at these times appeared to change sufficiently to have 

been the p r im ary  causes for the le s se r  amounts of growth. On 

the basis of this study it could not be stated which of the two 

was of more immediate importance or whether the two could 

be separated.

5. The number of sunshine hours appeared of g rea ter 

possible importance in affecting the decreases  in growth rate 

during the period of g rea tes t  metabolic activity than any of the 

other measured environmental factors,  although a simple and 

direct  effect is not to be implied in all cases.  The possibilities 

for indirect effect have been given in each particu lar  case dis­

cussed.
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6. One cannot discard the possibility that a sharp de­

crease in solar radiation, disregarding intensity, might have 

been one of the most important factors affecting radial increase. 

Three of the four sharp recessions of the growth rate fell at 

the same time as a sharp deflection in solar radiation was in 

evidence.

7. Growth ceased in a nonuniform fashion, in contrast 

to growth initiation. No definite conclusions are made con­

cerning the causes for cessation, although some suggestions 

are made.

8. Growth fluctuation in various parts of the woodlot, 

compared among trees of the same size class, showed very 

similar increase and decrease periods. Where variation was 

extreme, an explanation for the difference was suggested on the 

basis of less available moisture near the south and west edges 

of the woodlot. It was not possible to compare minor fluctua­

tion differences. It was suggested that they too were possibly 

due to some microclimatic fluctuations, but these were not r e ­

vealed in this study.
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9. The magnitude of growth was less for 1950 than 

for 1949. This is attributed to one, or a combination, of the 

following factorsr (1) seed production in 1950, no appreciable 

seed production in 1949; (2) fewer hours of sunshine during the 

growing season in 1950; (3) lower a ir  and soil temperatures 

for the 1950 growing season.

10. Growth continued for about 18 weeks in 1949 and 

about 17 weeks in 1950, probably the longest period of radial 

growth recorded for this species by a dendrometer in the east­

ern part  of the United States.

11. Trees measured along four radii showed, in nearly 

all cases, some eccentric growth, but this could not be defi­

nitely correlated with any of the factors considered in the study. 

It does indicate, though, that an "edge11 exposure does not nec­

essari ly  mean better growth conditions on either (1) the side 

" f re e "  from root competition of the forest, or (2) the side 

"pro tected" from the " r ig o ro u s"  environment presented by

t h e  c l e a r i n g .
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12. Exposure of trees  97 and 98 to an opening in the 

canopy produced no particularly consistent response by the cam­

bium of those trees .

13. Periods of rainfall during the growing season did 

not correlate with growth fluctuations which occurred during 

the period of greates t  cambial activity.

14. It is possible that periods of rainfall and cloudiness 

were more important as they decreased the amount of sunlight 

hours for photosynthesis.

15. The amount of available water in the soil was never 

at a 1'c r i t ica l11 level on the inside of the woodlot at the 12—inch 

and the 36—inch levels and was l,c r i t ica l lt at the edges of the 

woods (south and west) at these depths only during the latter  

parts of the growing season for all trees .

16. Total growth of t rees  near the south and west edges 

of the woodlot was possibly affected by this decrease in soil 

moisture, but the total growth of trees well within the woodlot 

seemed to bear no such relationship.



B IB LIOG RAP H Y

Anderson, Edgar, and Leslie Hubricht. The American sugar 
maples I; Phylogenetic relationships, as deduced from 
a study of leaf variation. Bot. Gaz. 100: 312-323. 1938.

Antevs, E. Die Jahresringe der Holzgew&chse und die Bedeu- 
tung derselben als Klimatischen Indikator. P rogressus 
Rei Botanicae. Band V_: 285—386. 1917.

Atanasiu, N. Beziehungen zwischen klimatischen Wachstums 
und Pflanzenertrag. Zeitschr. Pflanzenna.hr. Dung. u. 
Bodenk. Abt. A. und IJ: 83—89. 1950.

Atkins, W. R. G. The measurement of daylight in relation to 
plant growth. Empire Jour. For.  11: 42-52. 1932.

Auchter, E. C. Is there normally a cross transfer of foods, 
water and mineral nutrients in woody plants? Mary­
land Agric. Exp. Sta. Bui. 257. 1923.

Avery, G. S., J r . ,  ejt al. Production and distribution of growth 
hormone in shoots of Aesculus and Malus and its prob­
able role in stimulating cambial activity. Amer. Jour. 
Bot. 24: 51-58. 1937.

_________________, H. B. Creighton and C. W. Hock. Annual rings
in hemlock and their  relation to environmental factors. 
Amer. Jour. Bot. 27: 825—831. 1940.

Beadle, G. W. Chapt. 11. Chemical genetics. L. C. Dunn, ed.
Genetics in the twentieth century, New York: The Mac­
Millan Company. 1951.

Biswell, H. H. Effects of the environment upon the root habi­
tats of certain deciduous forest  trees .  Bot. Gaz. 96: 
676-708. 1935.



2 4 5

Bohmerle, K. Dis Pfisterische Zuwachsuhr. Centralbl. fiir 
das Ges. Forstw. 9: 83-93. 1883.

 ______________. Bewasserungsversuche im Walde. Centralbl.
fiir das Ges. Forstw. Heft 4 XXXI Jahrgang: 145—172. 
1905.

Bordoux, Eric. Relations entre le developpement de la cime 
et I1 accroissement chez le pin sylvestre. Contribution 
a l'etude de l 'eclaircie.  Ecole Polytechnique Federale 
Ziiruck. 1946.

Bouyoucos, G. J. An investigation of soil temperature and
some of the most important factors influencing it. Mich. 
Agric. Exp. Sta. Tech. Bull. No. 17. 1913.

, and H. A. Mick. An electrical resistance
method for the continuous measurement of soil moisture 
under field conditions. Mich. Agric. Exp. Sta. Tech. 
Bull. No. 172. 1940.

_______________________. A comparison of electric resistance units
for making a continuous measurement of soil moisture 
under field conditions. Plant Physiol. 23; 532-543. 1948.

Boyer, T. C. Some gross correlations between growth enlarge­
ment and the solute and water relations of plants, with 
special emphasis on the relation of turgor pressure to 
distention of cells. Plant Physiol. 25: 420—432. 1950.

Braun, E. L. Notes on root behavior of certain trees and
shrubs of the Illinoian till plain of south-western Ohio. 
Ohio Jour. Sci. 36; 141—146. 1936.

Braun-Blanquet, J. Translated by; G. D. Fuller and H. S.
Conard. Plant sociology. New York and London: Mc­
Graw-Hill Book Co. 1932.

Brown, H. P. Growth studies in forest trees. Bot. Gaz. 54;
386-402. 1912.



246

 _____________. Growth studies in forest trees. Bot. Gaz. 59:
197-240. 1915.

Byram, G. M. and Warren Doolittle. A year of growth for 
shortleaf pine. Ecol. 31: 27—35. 1950.

Cain, Stanley, Foundations of plant geography. New York and 
London: Harper and Bros. 1944.

Cannon, W. A. Soil temperature and plant growth. Plant 
World. 20: 361-363. 1917.

Studies on roots. Carnegis Inst. Wast. Year 
Book. 25: 317-325. 1926.

Chapman, H. H. Comments. Jour. For. 38; 968. 1940.

Coile, T. S. The effect of rainfall and temperature on the an­
nual radial growth of pine in the southern United States. 
Ecol. Mono. 6i 533—562. 1936.

Conard, H. S. Tree growth in the vicinity of Grinnell, Iowa. 
Jour. For. 16: 100—116. 1918.

Conrad, J. P ., and F. J. Veihmeyer. Root development and 
soil moisture. Hildgardia 4: 113—134. 1929.

Cook, D. B. Five seasons growth of conifers. Ecol. 2̂ 2: 285- 
296. 1941.

Crabb, G. A., J r .  Solar radiation investigations in Michigan. 
Mich. Agric. Exp. Sta. Tech. Bull. No. 222. 1950.

Craib, I. J. Some aspects of soil moisture in the forest.
Yale Univ. Sch. For. Bull. No. 25. 1929.

Cundiff, Mary F. A study in soil moisture acidity and evapora­
tion in an upland woods at Turkey Run State Park. But. 
Univ. Bot. Stud. 9: 108-123. 1949-



2 4 7

Curtis, O. F., and D. G. Clark. An introduction to plant physi­
ology. 1st edition. New York: McGraw-Hill Book Co.

Daubenmire, R. F. The relation of certain ecological factors 
to the inhibition of forest floor herbs under hemlock.
But. Univ. Bot. Stud. 1_: 61-76. 1931.

 __________________An improved type precision dendrometer.
Ecol. 26: 97-98. 1945.

_________________________. Radial growth of trees at different altitudes.
Bot. Gaz. 107. No. 4: 462-467. 1946.

________________________ , and M. E. Deters. Comparative studies of
growth, in deciduous and evergreen trees. Bot. Gaz.
109: 1-12. 1947.

________________________ . Plants and environment. New York: John
Wiley and Sons. 1947.

________________________ . Relation of temperature and day length to
the inception of tree growth in spring. Bot. Gaz. 110: 
464-475. 1949.

________________________ . A comparison of season of cambial growth
in different geographic races of Pinus ponderosa. Bot. 
Gaz. 112: 182-188. 1950.

Diller, O. D. Relation of temperature and precipitation to the 
growth of beech in Indiana. Ecol. 16: 72—81. 1935.

Douglass, A. E. Climatic cycles and tree growth. Carnegie 
Inst. Wash. Pub. 289. 3: 1936.

Duncan, W. H. Root systems of woody plants of old fields in 
Indiana. Ecol. 16: 554—567. 1935.

Erlandsson, S. Dendrochronological studies. Geog. Annaler.
18. 1936.

i



2 4 8

Fowells, H. A. The period of seasonal growth of ponderosa 
pine and associated  species. Jour. F or. 39: 601-608. 
1 9 4 1 .

F ra se r ,  D. A. Production of spring wood with beta-indole 
acetic acid (Heteroauxin). Nature. 164; 542. 1949.

_______________ , written communication. 1952.

F riedrick , J. Zuwachsautograph. Central bl. fiir das Ges. 
Forstw . 22: 456-461. 1905.

F rie sn er , R. C. Daily rhythms of cell division and elongation 
in certa in  roots. Am er. Jour. Bot. 7 j  380—407. 1920.

 , and J. E. Potzger. Contrasts in certain  phys­
ical_factors in Fagus- Acer and Q uereus-C arya commun­
ities in Brown and Bartholomew Counties, Indiana. But. 
Univ. Bot. Stud. 4: 1 — 12. 1937.

______________________. Indiana as a c ritica l botanical area. P roc .
Ind. Acad. Sci. 46: 28—45. 1937.

___________________i . A study of asym m etrical growth from  stump
sections of Q. velutina. But. Univ. Bot^ Stud. 197— 
206. 1940.

______________________. A pre lim inary  study of growth in the beech,
Fagus grandifolia, by the dendographic method. But. 
Univ. Bot. Stud. 5; 85—94. 1941.

______________________, and Gladys M. F r ie sn e r .  Relation of annual
ring formation to rainfall as illustra ted  by six species 
of t re e s  from  M arshall County, Indiana. But. Univ. Bot. 
Stud. 5: 95-112. 1941.

____________________Vertical growth in four species of pines in
Indiana. J3: 145—159- 1942a.

_______________________t Dendrometer studies of five species of broad—
leaf tree s  in Indiana. But. Univ. Bot. Stud. j>: 160—172. 
1942b.



249

____________. Some aspects of tree growth. Proc. Ind.
Acad. Sci. 52: 36-44. 1943.

 _________________, and C. M. Ek. Microclimatic factors and spe­
cies distribution in Shenk*s Woods, Howard County, In­
diana. But. Univ. Bot. Stud. 6; 87-101. 1944.

 ___________________, and G. Walden. A five year dendrometer rec­
ord in two trees  of Pinus strobus. But. Univ. Bot.
Stud. 8: 1-23. 1946.

 ____________________. Growth-rainfall trend coefficients shown by
six species of hardwoods in Brown County, Indiana. But.
Univ. Bot. Stud. 9 :  159—166. 1950.

Fuller, G. D. Growth rings of the oak as related to precipita­
tion. 111. St. Acad. Sci. Trans. 31: 102-104. 1938.

Furr, J. L. and J. O. Reeve. The range of soil moisture per­
centages through which plants undergo permanent wilting 
in some soils from semi—arid irrigated areas. Jour.
Agr. Res. 7_1_: 149-170. 1945.

Geiger, Rudolf. Translated by M. N, Stewart et al. The cli­
mate near the ground. Cambridge, Mass.: Harvard
University P re ss .  1950.

Gilbert, B. E. Interrelation of relative day length and tem­
perature. Bot. Gaz. 84: 1-14. 1926.

Glock, W. S. Growth rings and climate. Bot. Rev. l y  649- 
713. 1941.

____________ . Tree growth and rainfall, a study of correlation
and methods. Smithsonian Miscellaneous Collections.
Pub. No. 4016. 3 (No. 18). 1950.

Goldthwait, L. and C. J. Lyon. Secondary growth of white pine
in relation to its water supply. Ecol. 18: 406—415. 1937.



250

Graham, S. A. Developing forests  res is tan t to insect injury. 
Scientific Monthly. 73: 235—244. 1951.

Grossenbacker, J. G. The periodicity and distribution of radial 
growth in trees  and their relation to the development of 
annual rings. T rans. Wise. Acad. Sci. 18: 1-77. 1915.

Gustafson, F. G. Influence of light upon tree growth. Jour. 
For. 41_: 212-213. 1943.

Hanson, H. C. and B. Brenke. Seasonal development of growth 
layers in Fraxinus cam pestris  and Acer saccharinum . 
Bot. Gaz. 82: 286-305. 1926.

Harmon, M. A study of some growth factors affecting asym ­
m etrical growth in trees . But. Univ. Bot. Stud. 5̂: 134—
144. 1942.

Harper, R. M. A new seasonal precipitation factor of in terest. 
Science. 48; 208-211. 1918.

Hartig, R. Das Holz der deutschen Nadelwaldbaume. pp. 35- 
38. 1885.

Das Holz der Fichte. F o rs t .  Naturw. Zeit. 5: 96—
109. cont. 157-169. 1896.

Hartmann, F. Untersuchungen liber Ursachen und GesetzmSLs— 
sigkeit exzentrischen Dickenwachstums bei Nadelund 
Laubbaume. F ors tw iss. Centralbl. 54: 497—516. cont. 
547—566. cont. 581 — 590. cont. 622—634. 1932.

Hendrickson, A. H. and F . J. Veihmeyer. Influence of dry soil 
on root extension. P lant Physiol. 6̂: 567 — 576. 1931.

Jost, L. Beobachtungen iiber den zeitlichen Verlauf des secun- 
daren Dickenwachstums der B&ume. Ber. der Deut. Bot. 
Ges. H): 587-605. 1892.

Kienholz, R. Leader, needle, cambial and root growth of ce r­
tain conifers and their in terrelation. Bot. Gaz. 96? 7 3— 
92. 1934.



251

Kittredge, J., J r .  F o res t and water aspects which have re ­
ceived little attention. Jour. For. 34: 417-419. 1936.

Klebs, G. Uber das Verhhltnis von Wachstum und Ruhe bei den 
Pflanzen. Biol. Zbl. 37: 373-415. 1917.

Kleine, A., John E. Potzger, and R. C. F riesner. The effect 
of precipitation and temperature on annular ring growth 
in four species of Quercus. But. Univ. Bot. Stud. _3i 
199-205. 1936.

Knudson, L. Initiation of cambial activity in the American 
larch. Bull. Torr. Bot. Club. 40: 271-293. 1913.

Korstian, C. F. Diametral growth in box elder and blue spruce. 
Bot. Gaz. 7U 454-461. 1921.

Kramer, P. J. Soil moisture in relation to plant growth. Bot.
Rev. 10: 525-559. 1944.

_________________Plant and soil water relationships. New York,
Toronto, London: McGraw-Hill Book Co. 1949.

Lodewick, J. E. Growth studies in forest trees . Experiments 
with the dendrograph on Fraxinus am ericana. Bot. Gaz. 
79: 311-323. 1925.

______________________. Season activity of the cambium of some north­
eastern  trees . N. Y. State Coll. For. l f ^ Za). 1928.

______________________. Effect of certain climatic factors on the growth
of longleaf pine in western Florida. Jour. Agric. Res.
41: 349-363. 1931.

Lyon, C. J. Tree ring widths as an index of physiological 
dryness in New England. Ecol. 17: 457—478. 1936.

_______________. Tree growth beside a rain gauge and thermometer.
Ecol. 21: 425-427. 1940.

_______________. Inter—cor relations between growth rates of conifers
in northern New England. Tree-Ring Bull. X(No. 3): 24- 
26. 1941.

4



2 5 2

______________. Water supply and the growth ra tes  of conifers
around Boston. Ecol. J24(No. 3): 329-344. 1943.

Hemlock chronology in New England. Tree-Ring 
Bull. l_3(No. 1): 2-4. 1946.

Secondary growth of white pine in bog and upland. 
Ecol. 30: 549-552. 1949.

MacDougal, D. T. F acto rs  affecting the seasonal activities 
of plants. P lant World. JjO: 217-237. 190 7.

_________________________ . Relation of leaf surface to wood formation
in pine tree s .  P roc . Amer. Phil. Soc. 72: 325—332.
1933.

_________________________ . Studies in tree growth by the dendrographic
method. Carnegie Inst. Wash. Pub. No. 462. 1936.

__________________________. Tree growth. Leiden, Holland: Chronica
Botanica Company. 1938.

McMurrick, J. P . Leonardo da Vinci, the anatomist. Carnegie 
Inst. Wash. Pub. No. 411: 247. 1930.

Mer, E. Recherches sur les causes d 'excen tric ite1 de la moelle 
dans le sapins. Rev. Eaux et F o re ts . Ser. 2: 461—471, 
cont. 523—530, cont. 652—672. 1888.

Meyer, B. S., and D. B. Anderson. Plant Physiology. New 
York: D. Van Nostrand Co., Inc. 1939.

Miller, C. W. The effect of precipitation on annular ring growth 
in three species of trees  from Brown County, Indiana.
But. Univ. Bot. Stud. 9̂: 167—175. 1950.

Miller, E. C. Plant Physiology. New York: McGraw-Hill
Book Co. 1938.

Mitchell, J. W. Effect of atmospheric humidity on rate of
carbon fixation by plants. Bot. Gaz. 98: 87—104. 1936.



Morris, R. F. The effects of flowering on the foliage production 
and growth of balsam  fir . F o res t Chron. 27(1): 40-57. 
1951.

Morrow, R. R. Periodicity  of growth of sugar maple surface 
layer roots. Jour. F or. 48( 12): 875—881. 1950.

Murneek, A. E. Length of day and tem perature effects in 
Rudbeckia. Bot. Gaz. 102: 269—279. 1940.

Oosting, H. J. The study of plant communities. San Francisco, 
California: W. H. F reem an  and Co. 1948.

Pearson, G. A. F ac to rs  influencing the growth of trees . C ar­
negie Inst. Wash. Pub. No. 486: 65—68. 1937.

Polansky, D. Auximetry. Bull. d. O 'Ecole Superieure d1 Agro­
nomic Brno. ID 16. 1930.

Potzger, J. E. M icroclimate and a notable case of its influence 
on a ridge in central Indiana. Ecol. 20: 29—36. 1939.

P riestly , J. H. The seasonal activity of the cambium. New 
Phytol. 29: 316-354. 1930.

Reimer, C. W. Growth corre la tions in five species of deciduous 
tree s .  But. Univ. Bot. Stud. 9.: 43-59. 1949.

_____________________. A pre lim inary  repo rt on variability in a popu­
lation of sugar maples. Unpublished paper presented
at the 54th annual meeting of the Mich. Acad. Sci.
March, 1950.

 _______________. Correlation between certain  environmental
factors and diam etral growth of sugar maple. Unpub­
lished paper presented  at the 55th annual meeting of 
the Mich. Acad. Sci. March, 1951a.

____________________;. A prelim inary  study of the possible effect of
topography on the distribution of sugar and black maples 
and their intermediate form s. Unpublished paper given at 
the 67th annual meeting of the Ind. Acad. Sci. November, 
1951. A bstract to appear in: P roc . Ind. Acad. Sci. 61. 1951b.



2 5 4

Reinike, L. H. A precision dendrometer. Jour. For. 30; 692- 
699. 1932.

Robbins, W. J. Precipitation and the growth of oaks at Colum­
bia, Missouri. Uni. Mo. Agric. Exp. Sta. Res. Bui. No. 
44. 1921.

Sampson, A. W. The dendrochronology enigma. Jour. For. 38: 
966-968. 1940.

Schulman, E. A bibliography of tree ring analysis. Tree Ring 
Bull. 6: 1-12, cont. 27-39. 1940.

Shirley, H. L. Light as an ecological factor and its m easure­
ment. Bot. Rev. 11; 497-532. 1945.

Shreve, F. Rainfall as a determinant of soil moisture. Plant 
World. F7: 9-26. 1914.

Singer, C. A history of biology. New York: Henry Schuman.
1950.

Skoog, F., and Cheng Tsui. Growth substances and the forma­
tion of buds in plant tissues. 263—285. Skoog, F., ed. 
Plant growth substances. University of Wisconsin P ress .
1951.

____________. Plant growth substances. University of Wisconsin
P re ss .  1951.

Snedecor, G. W. Statistical methods. 383—416. Loomis, W. E.
and G. A. Shull. Methods in plant physiology. New York: 
McGraw-Hill Book Co. 1937.

Soding, H.. Uber den Einfluss von Wuchstoff auf das Dicken— 
wachstums der BcLume. Ber. der Deut. Bot. Ges. 54: 
291-304. 1936.

Stevens, E. P. and S. H. Spurr. The immediate response of 
red pine to thinning and pruning. Proc. Soc. of Am.
For. Meeting. Minneapolis, Minn. 353—369. 1947.



2 5 5

Tatum, E. L. Genetic aspects of growth responses in fungi. 
447—461. Skoog, F ., ed. P lant Growth Substances. 
University of Wisconsin P re s s .  1951.

Thornthwaite, C. W. The m oisture factor in climate. Am. 
Geophys. Un. T rans. 27: 41-48. 1927.

Veatch, J. O., et a l . Soil survey of Ingham County, Michigan. 
USDA Bur. of P lant Ind. Ser. 1933, No. 36. March, 
1 9 4 1 .

Weaver, J. E. The ecological relations of roots. Carnegie 
Inst. Wash. Pub, No. 286. 1929.

___________________, and F. E. Clements. Plant Ecology. New York
and London: McGraw-Hill Book Co. 1938.

Went, F. W., and K. V. Thimann. Phytohormones. New York:
MacMillan Company. 1937. C350 pp.

Westveld, R. H. The relation of certa in  soil charac teris tics
to fo res t growth and composition in the northern hard­
wood fo res t of northern Michigan. Agric. Exp. Sta. 
Mich. State College of Agric. and App. Sci. Tech. Bull. 
No. 135. 1933.

Whalley, B arbara  E. Increase in the girth  of the cambium in
Thuja occidentalis. Can. Jour. Res. C28: 331 — 340. 1930.

Wilson, G. B., and E. R. Boothroyd. Temperature induced dif­
ferential contraction in the somatic chromosomes of 
Trillium  erectum  L. Can. Jour. Res. 22: 105—119. 1944.

Wolfe, J ., and R. Wareham, and H» T. Scofield. The m icro­
clim ates of a small valley in central Ohio. Trans. Amer. 
Geophys. Un. 154—166. 1943.



A P P E N D I X

A. Data recorded within Tourney Woodlot 

(See text for Table I, p. 56; Table II, p 

60; Table III, p. 136.)

B. Data recorded at weather bureau stations
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TABLE IV—A. Weekly 
Class I

radial
(10-15

increases (in inches) 
inches DBH) trees .

for Size 
1949.

No.
Week Ending T otals 

to 
5-124-7 4-14 4-21 4-28 5-15 5-12

1 .001 .000 .000 .000 .015 .009 .025
2 .000 .000 .000 .000 .013 .010 .023
3 .000 .000 .000 .000 .007 .005 .012
4 .000 .000 .000 .000 .010 .006 .016
5 .000 .000 .000 .000 .011 .010 .021
6 .000 .000 .000 .000 .013 .011 .024
7 .001 .000 .000 .000 .010 .006 .017
8 .002 .000 .000 .000 .006 .008 .016
9 .000 .000 .000 .000 .006 .008 .014

10 .000 .000 .000 .000 .000 .005 .005
11 .000 .001 .000 .000 .005 .003 .009
12 .000 .000 .000 .000 .010 .009 .019
13 .000 .000 .000 .000 .005 .005 .010
14 .000 .000 .000 .000 .008 .007 .015
15 .000 .000 .000 .000 .003 .005 .008
16 .000 .000 .000 .000 .006 .007 .013
17 .000 .001 .000 .000 .007 .003 .011
18 .001 .000 .000 .000 .012 .012 .025
19 .000 -.001 .000 .000 .007 .008 .014
20 .000 .000 .000 .000 .007 .007 .014
21 .000 .000 .000 .000 .007 .008 .015
22 .001 .000 .000 .000 .009 .007 .017
23 .000 .000 .000 .000 .013 .009 .022
24 .000 .000 .000 .000 .006 .005 .011
25 .001 .000 .000 .001 .015 .013 .030
26 .000 .000 .000 .000 .008 .008 .016
27 .000 .000 .000 .000 .000 .003 .003
28 .000 .000 .000 .000 .011 .008 .019
29 .000 .000 .000 .000 .002 .005 .007
30 .001 .000 .000 .000 .005 .004 .010

Total .008 .001 .000 .001 .237 .214

'  • .0003 .000 .000 .000 .0079 .0071
Mean
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T A B L E  I V - A  ( C o n t i n u e d )

No.
Week Ending T otals

5-19 
to

6-30
5-19 5-26 6-2 6-9 6-16 6-23 6-30

1 .017 .008 .003 .020 .016 .018 .025 .107
2 .014 .006 .023 .025 .035 .017 .033 .153
3 .004 ,002 .017 .016 .011 .014 .020 .084
4 .005 .005 .015 .017 .017 .022 .031 .112
5 .014 .009 .026 .024 .021 .022 .021 .137
6 .016 .011 .024 .035 .024 .024 .029 .163
7 .011 .009 .024 .028 .012 .022 .026 .132
8 .012 .008 .020 .022 .020 .021 .022 .125
9 .006 .004 .015 .012 .009 .012 .014 .072

10 .005 .000 .016 .010 .006 .008 .009 .054
11 .005 .004 .015 .011 .013 .015 .019 .082
12 .013 .007 .021 .015 .014 .015 .017 .102
13 .009 .003 .023 .021 .018 .018 .010 .102
14 .010 .004 .014 .013 .012 .012 .023 .088
15 .010 .009 .022 .019 .015 .015 .021 .111
16 .009 .005 .023 .018 .014 .015 .025 .109
17 .005 .004 .014 .013 .011 .013 .018 .078
18 .012 .006 .020 .021 .014 .030 .022 .125
19 .012 .003 .022 .022 .015 .017 .023 .114
20 .013 .006 .022 .025 .021 .027 .025 .139
21 .007 .002 .017 .017 .017 .030 .024 .114
22 .016 .009 .019 .023 .018 .031 .022 .138
23 .013 .006 .021 .026 .020 .026 .027 .139
24 .010 .004 .016 .015 .013 .017 .020 .095
25 .016 .008 .023 .029 .020 .022 .028 .146
26 .008 .004 .018 .014 .008 .010 .018 .080
27 -.002 -.003 .005 .002 .000 .000 .002 .004
28 .013 .007 .021 .022 .023 .033 .013 .132
29 .009 .006 .024 .026 .012 .012 .019 .108
30 .007 .005 .020 .022 .011 .011 .021 .097

Total .315 .161 .563 .583 .460 .549 .627

Arith. >0105 0Q5 #Q19 #Q19 >Q15 Q 1 8  Q Z l
Mean
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T A B L E  I V - A  ( C o n t i n u e d )

No.
Week Ending T otals 

7-7

7-7 7-14 7-21 7-28 8-4 8-11 8-18 to
8-18

1 .017 .017 .017 .007 .017 .012 -.007 .080
2 .026 .021 .015 .011 .020 .025 -.001 .117
3 .020 .014 .010 .004 .013 .005 -.009 .057
4 .024 .020 .014 .006 .011 .004 -.011 .068
5 .025 .016 .004 .012 .025 .008 .000 .090
6 .024 .029 .030 .018 .024 .022 .004 .151
7 .031 .026 .024 .020 .023 .021 .004 .149
8 .019 .017 .018 .013 .021 .023 .002 .113
9 .010 .011 .008 .003 .010 .009 .000 .051

10 .006 .012 .014 .014 .023 .026 .007 .102
11 .023 .018 .016 .012 .018 .016 .000 .101
12 .019 .021 .021 .009 .018 .012 .000 .100
13 .019 .033 .015 .013 .028 .027 .003 .138
14 .021 .019 .014 .012 .019 .018 .000 .103
15 .019 .016 .021 .016 .018 .018 .002 .110
16 .024 .021 .027 .015 .022 .019 .000 .128
17 .017 .016 .016 .009 .016 .015 -.001 .088
18 .022 .020 .016 .014 .019 .017 .000 .108
19 .017 .014 .013 .011 .015 .013 .003 .086
20 .012 .022 .029 .013 .019 .016 .000 .111
21 .022 .020 .018 .011 .020 .020 .003 .114
22 .023 .037 .008 .005 .023 .024 .001 .121
23 .022 .019 .009 .015 .025 .019 .000 .109
24 .022 .022 .023 .015 .021 .018 .002 .123
25 .029 .026 .024 .017 .027 .025 .006 .154
26 .020 .018 .018 .015 .024 .024 .005 .124
27 .000 .000 .002 -.002 .004 .000 -.005 -.001
28 .007 .024 .036 .022 .026 .023 .006 .144
29 .016 .018 .022 .016 .028 .020 -.002 .118
30 .013 .019 .006 .006 .020 .017 .002 .083

Total .569 .586 .508 .352 .597 .516 .014

Arith.
Mean

.0190 .0195 .017 .012 .020 .017 .0005
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T A B L E  I V —A  ( C o n t i n u e d )

No.
Week Ending T otals 

8-25 
to 

10-13

Season
Total8-25 9-2 9-16 9-30 10-13

I .004 .003 .000 .000 -.002 .005 .217
2 .006 .003 .000 .000 .000 .009 .302
3 .001 .004 .000 .000 .000 .00 5 .158
4 .004 .003 .000 .000 .000 .007 .203
5 .007 .009 .000 .000 .000 .016 .264
6 .012 .016 .000 .000 .000 .028 .366
7 .012 .008 .000 .000 .000 .020 .318
8 .019 .006 .000 .000 .000 .025 .279
9 .001 .004 .000 .000 -.003 .002 .135

10 .016 .011 .000 .000 .000 .027 .188
11 .010 .006 .000 .000 .000 .016 .208
12 .011 .004 .001 .000 .000 .016 .237
13 .015 .014 .004 .003 -.001 .025 .275
14 .013 .007 .001 .000 .000 .021 .227
15 .026 .010 .003 .000 .000 .039 .268
16 .017 .008 .007 .000 .000 .032 .282
17 .014 .006 .002 .000 -.002 .020 .197
18 .013 .003 .000 .003 .000 .019 .277
19 .012 .006 .001 .000 .000 .019 .233
20 .006 .002 .000 ,000 .000 .008 .272
21 .014 .007 .001 .000 -.001 .021 .264
22 .009 .003 .007 .000 .000 .019 .295
23 .013 .007 .001 .000 .000 .021 .291
24 .012 .005 .000 .000 .000 .017 .246
25 .018 .011 .000 .000 .001 .030 .360
26 .016 .007 .002 .000 .000 .025 .245
27 .003 .000 .000 .000 .000 .003 .009
28 .017 .010 .007 .000 .000 .034 .329
29 .014 ,007 .004 .000 .000 .025 .258
30 .015 .007 .002 .000 .000 .024 .214

Total .350 .197 .043 .006 -.009 7.417

A nth . #0117 .0066 .0014 .0002 .0003
Mean
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T A B L E  I V - B .  W e e k l y  r a d i a l  i n c r e a s e s  ( i n  i n c h e s )  f o r  S i z e
C l a s s  II  ( 1 5 - 2 0  i n c h e s  D B H )  t r e e s .  1 9 4 9 .

No.
Week Ending Totals

4-7 4-14 4-21 4-28 5-5 5-12
to

5-12

32 .000 .000 .000 .000 . 0 1 1 .004 .015
33 .000 .000 .000 .000 .010 .007 .017
34 .001 .000 .000 .000 .003 .004 .008
36 .000 .000 .000 .000 .008 .010 .018
38 .000 .000 .000 .000 .004 .004 .008
39 .000 .001 .000 .000 .004 .007 .012
40 .000 .000 .000 .000 .005 .006 . 0 1 1
41 .000 .000 .000 .000 .006 .004 .010
43 .000 .001 .000 .000 .008 .003 .012
44 .000 .000 .000 .000 .003 .004 .007
45 .000 .001 .000 .000 .003 .003 .007
46 .001 .000 .000 .000 .009 .006 .016
57 .000 .000 .000 .000 .002 .003 .005
58 .000 .000 .000 .000 .006 .007 .013
59 .000 .000 .000 .000 .010 .012 .022
60 .000 .000 .000 .000 .006 .008 .014
68 .000 .000 .000 .000 .005 .005 .010
71 .003 .000 .000 .000 .005 .004 .012
72 .000 .000 .000 -.001 . 0 1 1 . 0 1 1 .021
80 .000 .000 .000 .000 .003 .006 .009
81 .000 .001 .000 .000 .008 .009 .018
82 .001 .000 .000 .000 .013 .008 .022
83 .000 .000 .000 .000 .007 . 0 1 1 .018
84 .000 .000 .000 .000 .008 .008 .016
85 .000 .000 .000 .000 .009 .009 .018
86 .000 .000 .000 .000 . 0 1 1 .007 .018
87 .000 .000 . 0 0 0 .000 .006 .005 . 0 1 1
88 ,000 .000 .000 .000 .015 .008 .023
89 -.001 .000 .000 .001 . 0 1 1 .007 .018
90 -.001 -.001 .000 .000 .006 .007 . 0 1 1

Total .004 .003 .000 .000 .216 .197

Arith.
Mean

.0001 .0001 .000 .000 .007 .007
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T A B L E  I V —B  ( C o n t i n u e d )

No.
Week Ending Totals

5-19

5-19 5-26 6-2 6-9 6— 16 6-23 6-30
to

6-30

32 .008 .007 .016 .020 .010 .012 .014 .087
33 .010 .002 .018 .023 .016 .030 .028 .127
34 .001 .001 .014 .016 .014 .018 .019 .083
36 .009 .006 .021 .023 .014 .013 .018 .104
38 .007 .007 .022 .022 .016 .028 .028 .130
39 .010 .005 .017 .017 .011 .028 .025 .113
40 .009 .004 .017 .015 .015 .020 .024 .104
41 .003 .000 .012 .015 .011 .015 .009 .065
43 .003 .002 .017 .022 .011 .018 .020 .093
44 .004 -.001 .014 .012 .006 .009 .012 .056
45 .002 .000 .013 .009 .007 .008 .009 .048
46 .005 .008 .020 .021 .024 .025 .0 30 .133
57 .006 .004 .018 .016 .012 .010 .016 .082
58 .008 .007 .019 .019 .008 .010 .015 .086
59 .007 .009 .021 .020 .014 .016 .023 .110
60 .009 .008 .026 .025 .017 .015 .020 .120
68 .010 .002 .018 .014 .011 .010 .011 .076
71 .005 .003 .020 .022 .018 .019 .024 .111
72 .012 .006 .016 .017 .021 .022 .036 .130
80 .001 .000 .018 .021 .022 .023 .026 .111
81 .013 .010 .020 .019 .020 .024 .026 .132
82 .010 .008 .022 .024 .014 .015 .024 .117
83 .014 .009 .022 .038 .019 .023 .028 .153
84 .014 .009 .023 .024 .020 .026 .028 .144
85 .011 .006 .021 .021 .019 .025 .026 .129
86 .013 .010 .026 .026 .024 .037 .031 .167
87 .007 .007 .019 .017 .015 .020 .026 .111
88 .008 .007 .022 .028 .019 .023 .0 30 .137
89 .008 .006 .021 .024 .020 .02 3 .023 .125
90 .010 .002 .021 .015 .017 .020 .025 .110

Total .237 .154 .574 .605 .465 .585 .674

Arith.
Mean

.0079 .0051 .0191 .0202 .0155 .0195 .0225
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T A B L E  IV  —B  ( C o n t i n u e d )

No.
Week Ending T otals

7-7 
to

8-18
7-7 7-14 7-21 7-28 8-4 8-11 8-18

32 .017 .015 .014 .009 .019 .016 .000 .090
33 .026 .026 .025 .019 .023 .023 .002 .144
34 .015 .020 .020 .016 .018 .019 .004 .112
36 .022 .018 *016 .012 .020 .019 .002 .109
38 .028 .021 .017 .014 .018 .020 .002 .120
39 .024 .024 .023 .015 .020 .017 .001 .124
40 .019 .021 .016 .011 .018 .016 -.001 .102
41 .022 .009 .011 .012 .023 .020 .009 .100
43 .021 .020 .016 .011 .020 .014 .002 .104
44 .011 .011 .011 .007 .010 .007 -.005 .052
45 .008 .014 .013 .008 .016 .013 -.001 .071
46 .022 .021 .017 .012 .024 .024 .000 .120
57 .016 ,019 .012 .005 .011 .007 -.008 .062
58 .019 .019 .017 .015 .020 .017 .002 .109
59 .023 .019 .023 .026 .035 .028 .007 .161
60 .019 .025 .025 .013 .021 .010 .000 .113
68 .025 .022 .025 .013 .021 .013 -.003 .116
71 .022 .024 .033 .023 .024 .021 .005 .152
72 .032 .026 .014 .019 .030 .028 .008 .157
80 .033 .030 .021 .019 .033 .027 .005 .168
81 .024 .022 .015 .010 .019 .014 .000 .104
82 .028 .025 .022 .015 .016 .022 .000 .128
83 .025 .026 .025 .017 .023 .026 .003 .145
84 .029 .020 .024 .006 .035 .029 .000 .143
85 .022 .015 .016 .007 .017 .009 -.006 .080
86 .029 .024 .023 .012 .012 .017 -.002 .115
87 .025 .019 .020 .009 .016 .013 -.003 .099
88 .033 .029 .027 .016 .021 .031 .005 .162
89 .021 .018 .018 .010 .015 .009 -.003 .088
90 .027 .021 .016 .009 .011 .007 ■̂4oo•I .090

Total .687 .623 .575 .390 .609 .536 .024

Arith. Q23 Q21 Q 1 9  013 0 2 Q  01g .0008
Mean



32
33
34
36
38
39
40
41
43
44
45
46
57
58
59
60
68
71
72
80
81
82
83
84
85
86
87
88
89
90

at a

T A B L E  I V —B  ( C o n t i n u e d )

Week Ending Totals
6 8-25

8-25 9-2 9-16 9-30 10-13
to

10-1

.014 .009 .000 .000 .000 .023

.011 .008 .000 .000 .000 .019

.011 .010 .000 .000 .004 .025

.023 .005 .000 .000 .000 .028

.013 .006 .001 .000 .000 .020

.010 .007 .002 .000 .000 .019

.012 .006 .000 .000 .000 .018

.024 .014 .005 .003 .000 .046

.008 .000 .002 .000 .000 .010

.005 .000 .000 .000 .000 .005

.008 .002 .000 .000 .000 .010

.009 .006 .000 .000 .000 .015

.005 .003 .000 .000 -.001 .007

.015 .003 .000 .000 .000 .018

.023 .013 .000 .010 .000 .046

.018 .015 .003 .005 .000 .041

.012 .005 .000 .000 .000 .017

.014 .007 .002 .000 .000 .023

.020 .012 .010 ,000 .000 .042

.018 .010 .003 .000 .000 .031

.008 .006 -.001 .000 .000 .013

.012 .003 .00 7 .008 .000 .030

.009 .007 .000 .000 -.002 .014

.009 .011 .002 .000 .000 .022

.002 .004 .000 .000 .000 .006

.005 .005 .000 .000 -.002 .008

.004 .003 .000 .000 .000 .007

.006 .009 .003 .000 .000 .018

.007 .001 .000 .000 .000 .008

.006 .000 .000 .003 -.003 .006

.341 .190 .039 .029 -.004

.011 .006 .001 .001 .000
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T A B L E  I V - C .  W e e k l y  r a d i a l  i n c r e a s e s  ( i n  i n c h e s )  f o r  S i z e
C l a s s  III ( o v e r  2 0  i n c h e s  D B H )  t r e e s .  1 9 4 9 .

No.
Week Ending Totals

to
5-124-7 4-14 4-21 4-28 5-5 5-12

31 .000 .000 .000 .000 .003 .005 .008
35 .000 .000 .000 .000 .006 .005 .011
37 .000 .000 .000 .000 .007 .006 .013
42 .000 .000 .000 .000 .013 .005 .018
47 .000 .000 .000 .000 .005 .007 .012
48 .000 .000 .000 .000 .009 .006 .015
49 .000 .000 .000 .000 .004 .002 .006
50 .000 .000 .000 .000 .008 .009 .017
51 .000 -.001 .000 .000 .000 .002 .001
52 .000 .000 .000 .000 .006 .005 ,011
53 .001 .000 .000 .000 .007 .006 .014
54 .001 .000 .000 .000 .003 .004 .008
55 .000 .001 .000 .000 .003 .002 .006
56 ,000 -.001 .000 .000 .011 .012 .022
61 .000 .000 .000 .000 .008 .007 .015
62 .000 .000 .000 .000 .012 .006 .018
63 .000 .000 .000 .000 .002 .007 .009
64 .000 .000 .000 .000 .004 .006 .010
65 .000 .000 .000 .000 .007 .007 .014
66 .000 .000 .000 .000 .008 .010 .018
67 -.001 .000 .000 .000 .010 .008 .017
69 .000 .000 .000 .000 .000 .001 .001
70 .000 .000 .000 .000 .003 .006 .009
73 ,000 .000 .000 .000 ,009 .009 .018
74 -.002 .001 .001 .000 .005 .008 .013
75 .000 .001 .000 .000 .011 .005 .017
76 .000 .000 .000 -.001 .001 .003 .003
77 .000 -.001 .000 -.001 .004 .009 .011
78 -.001 -.002 .000 .000 .004 .009 .010
79 ,000 .000 .000 .000 .006 .006 .012

Total -.002 -.002 .001 -.002 .179 .183

* .000 .000 .000 .000 .006 .006
M e a n
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T A B L E  I V - C  ( C o n t i n u e d )

No.
Week Ending Totals

5-19

5-19 5-26 6-2 6-9 6-16 6-23 6-30
to

6-30

31 .008 .003 .015 .013 .013 .012 .015 .079
35 .006 .005 .017 .021 .024 .020 .028 .121
37 .006 .005 .015 .012 .013 .011 .015 .077
42 .009 .007 .018 .022 .024 .028 .036 .144
47 .005 .007 .018 .020 .0 11 .012 .020 .093
48 .015 .006 .018 .015 .025 .022 .033 .134
49 .004 -.002 .013 .010 .008 .011 .010 .054
50 .009 .005 .019 .019 .018 .020 .021 .111
51 -.002 .001 .017 .018 .007 .013 .012 .066
52 .011 .003 .022 .023 .023 .029 .037 .148
53 .013 .004 .018 .021 .019 .021 .026 .122
54 .007 .002 .008 .027 .012 .013 .040 .109
55 .007 .004 .009 .012 .008 .008 .006 .054
56 .023 .011 .026 .024 .025 .026 .029 .164
61 .008 .006 .024 .025 .020 .024 .031 .138
62 .011 .009 .019 .021 .019 .020 .021 .120
63 .005 .006 .018 .019 .014 .015 .021 .098
64 .010 .007 .022 .021 .012 .015 .015 .102
65 .005 .006 .016 .019 .014 .014 .021 .095
66 .014 .008 .018 .017 .013 .014 .026 .110
67 .009 .007 .018 .018 .013 .018 .023 .106

69 .000 -.002 .008 .010 .008 .010 .008 .042
70 .001 .005 .015 .018 .017 .018 .026 .100
73 .008 .008 .017 .018 .014 .015 .024 .104
74 .008 .003 .020 .018 .022 .027 .035 .133
75 .011 .002 .016 .014 .018 .019 .021 .101
76 .005 .001 .015 .016 .009 .011 .010 .067
77 .015 .005 .022 .024 .025 .030 .029 .150
78 .018 .010 .025 .023 .024 .028 .028 .156

79 .008 .000 .017 .016 .018 .018 .015 .092

Total .257 .142 .523 .554 .490 .542 .682

Arith.
Mean

.0086 .0047 .0174 .0185 .0163 .018 .0227
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T A B L E  I V - C  ( C o n t i n u e d )

No.
Week Ending Totals

7-7

7-7 7-14 7-21 7-28 8-4 8-11 8-18 to
8-18

31 .009 .009 .003 -.003 .005 .002 .000 .025
35 .025 .021 .020 .011 .019 .016 .001 .112
37 .014 .015 .009 .004 .015 .010 -.004 .063
42 .034 .030 .024 .024 .035 .036 .005 .188
47 .027 .021 .017 .006 .016 .011 -.002 .096
48 .029 .023 .018 .012 .023 .021 .006 .132
49 .005 .00 8 .007 .002 .005 .002 -.009 .020
50 .016 .014 * o i—>

.
Ul .007 .018 .015 .000 .085

51 .010 .011 .009 .005 .014 .010 -.005 .054
52 .032 .026 .020 .015 .021 .020 .002 .136
53 .025 .020 .022 .014 .016 .013 .001 .111
54 .015 .027 .015 .015 .020 .021 .002 .115
55 .002 .001 .023 .007 .015 .002 -.006 .044
56 .029 .028 .021 .014 .026 .021 .002 .141
61 .027 .023 .015 .010 .024 .015 .000 .114
62 .020 .015 .014 .008 .012 .009 -.005 .073
63 .019 .016 .013 .005 .011 .006 -.007 .063
64 .017 .019 .015 .01 1 .016 .009 -.003 .084
65 .021 .015 .013 .007 .012 .013 .000 .081
66 .029 .024 .018 .014 .0 16 .017 .000 .118
67 .021 .019 .014 .010 .015 .012 -.001 .090
69 .003 .006 .003 -.003 .005 .001 -.010 .005
70 .023 .018 .018 .010 .013 .011 -.003 .090
73 .025 .019 .017 .009 .019 .012 .006 .107
74 .029 .026 .023 .017 .015 .022 .003 .135
75 .022 .016 .014 .012 .017 .015 .001 .097
76 .010 .010 .013 .007 .016 .013 .002 .071
77 .024 .023 .020 .011 .021 .020 .005 .124
78 .016 .025 .015 .011 .013 .007 -.004 .083
79 .016 .013 .010 .006 .009 .002 -.005 .051

Total .594 .541 .458 .278 .482 .384 -.028

Arith.
Mean

.0198 .018 .0152 .0093 .016 .0128 .0009
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T A B L E  I V —C ( C o n t i n u e d )

No.
Week Ending Totals

8-25
to

10-13

Season
Totals8-25 9-2 9-16 9-30 10-13

31 -.007 .002 .000 .000 .000 -.005 .107
35 .011 .006 .001 .000 .000 .018 .262
37 .007 .003 .000 .000 .000 .010 .163
42 .026 .016 .013 .000 .000 .055 .405
47 .012 .006 .001 .001 .000 .020 .221
48 .010 .005 .002 .003 -.003 .017 .298
49 .007 .002 .000 .000 .000 .009 .089
50 .009 .002 .000 .003 -.003 .011 .224
51 .005 .002 .001 .000 .000 .008 .129
52 .013 .009 .004 .003 -.003 .026 .321
53 .014 .005 .001 .001 .000 .021 .268
54 .011 .006 .000 .001 -.001 .017 .249
55 .003 .000 .000 .002 -.003 .002 .106
56 .011 .004 .000 .003 -.003 .015 .342
61 .008 .002 .000 .000 .000 .010 .277
62 .007 .000 .000 .000 .000 .007 .218
63 .004 .002 .000 .000 -.002 .004 .174
64 .006 .004 .000 .000 -.001 .009 .205
65 .009 .005 .000 .000 .000 .014 .204
66 ,010 .006 .000 .000 .000 .016 .262
67 .006 .000 .000 .000 .000 .006 .219
69 .005 .000 .000 .000 .000 .005 .053
70 .007 .002 .000 .000 -.002 .007 .206
73 .000 .003 .000 .000 .000 .003 .232
74 .012 .005 .002 .000 .000 .019 .300
75 .008 .004 .001 .003 .000 .016 .231
76 .008 .004 .000 .003 -.002 .013 .154
77 .011 .006 .000 .003 -.002 .018 .303
78 .004 .001 .000 .003 -.003 .005 .254

79 .001 .001 -.001 .003 -.003 .001 .156

Total .238 .113 .025 .032 -.031 6.632

008 .004 .0009 .001 .001
M e a n



2 6 9

T A B L E  V .  W e e k l y  r a d i a l  i n c r e a s e s  ( i n  i n c h e s )  o f  t r e e s  m e a ­
s u r e d  a l o n g  f o u r  r a d i i .  1 9 4 9 .

No.
Week Ending Totals

to
5-124-7 4-14 4-21 4-28 5-5 5-12

9 IN .000 -.001 .000 .000 .009 .008 .016

9 IS .000 .000 .000 .000 .009 .008 .017

91E .001 -.001 .001 .000 .010 .007 .017

91W .003 .000 .000 .000 .010 .010 .023

92N .000 .000 .000 .000 .006 .006 .012

92S .000 .000 .000 .000 .009 .005 .014

92E .000 .000 .000 .000 .000 .001 .001

92W .000 .000 -.001 .000 .003 .003 .005

93N .001 .000 .000 .000 .004 .004 .009

93S .000 .000 .000 .000 .006 .005 .011

93E .000 .000 .000 .000 .006 .007 .013

93W .000 .000 .000 .000 .003 .007 .010

94N .001 .000 .000 .000 .002 .004 .007

94S .000 .000 .000 .000 .009 .004 .013

94E -.001 .000 .000 .000 .007 .006 .012

94 W .001 .000 .000 .000 .008 .004 .013

95N .000 .000 .000 .000 .003 .004 .007

95S .000 .000 .000 .000 .008 .005 .013

95E .000 .000 .000 .001 .003 .003 .007

95 W .000 .000 .000 .000 .007 .004 .011



2 7 0

T A B L E  V ( C o n t i n u e d )

Week Ending Totals
N o. ----------— to

4-7 4-14 4-21 4-28 5-5 5-12 5-12

96N .000 .000 .000

9 6 s  .00 1  . 0 0 0  . 0 0 0

96E .001 .000 .000

96W .000 .000 .000

97N .003 .000 .000

97S .000 .000 .000

97E -.002 .000 .000

97 W .000 .000 .000

98N .000 .000 .000

98S .000 .000 .000

98E .000 .000 .000

98W .000 .000 .000

99N .000 -.002 .000

99S .000 .000 .000

99E .000 .000 .000

99W .000 .000 .000

100N .000 .000 .000

100S .000 .000 .000

100E .000 .000 .000

100W .000 -.001 .001

000 .002 .005 .00 7

000 .011 .011 .023

000 .016 .009 .026

000 .006 .008 .014

000 .00 3 .004 .010

000 .005 .001 .006

000 .000 .002 .000

000 .000 .004 .004

.000 .003 .004 .007

.000 .003 .004 .007

.000 .008 .008 .016

.000 .002 .005 .007

.000 .004 .004 .006

.003 .007 .005 .015

.000 .006 .006 .012

.000 .009 .008 .017

.000 .005 .005 .010

.001 .000 .004 .005

.002 .006 .007 .015

.000 .002 .006 .008



2 71

T A B L E  V ( C o n t i n u e d )

Week Ending Totals
___________________________________________Z___________________________ 5-19No.--------------------------------------------------------------------------------------------------------------
5-19 5-26 6-2 6-9 6-16 6-23 6-30 , to

6-30

91N .007 .007

9 IS .009 .007

9 IE .009 .00 5

91W .013 .008

92N .005 .004

92S .005 .005

92E .000 .000

92W -.004 .003

93N .001 .007

93S .011 .006

93E .004 .006

93W .008 .008

94N .008 .006

94S .005 .004

94E .010 .007

94 W .009 .007

95N .003 .004

95S .008 .006

95E .004 .005

95W .009 .005

.017 .015 .011

.014 .011 .004

.014 .018 .020

.017 .014 .019

.014 .011 .021

.016 .014 .015

.007 .006 .007

.011 .008 .008

.015 .012 .012

.022 .016 .013

.019 .017 .019

.024 .020 .018

.016 .014 .018

.016 .015 .022

.018 .017 .021

.017 .019 .022

.013 .011 .015

.016 .017 .021

.016 .012 .019

.018 .018 .013

024 .023 .104

022 .014 .081

022 .024 .112

018 .022 .111

.023 .0 34 .112

.022 .025 .102

.011 .008 .039

.008 .008 .042

.019 .024 .090

.037 .031 .136

.025 .034 .124

.026 .034 .138

021 .029 .112

026 .033 .121

025 .030 .128

027 .030 .131

012 .020 .078

024 .033 .125

021 .027 .104

022 .025 .110



2 7 2

T A B L E  V ( C o n t i n u e d )

No. --------------------------
5-19 5-26

9 6 N . 0 1 2 . 0 0 8

9 6 s .014 . 0 0 6

9 6 E . 0 0 9 . 0 0 6

9 6  W . 0 0 9 . 0 0 8

97N .002 .001

97S .000 .000

97E -.002 .007

97W .000 .000

98N .005 .000

98S .000 -.001

98E .013 .008

98W .006 .002

99N .011 .007

99S .013 .008

99E .017 .007

99W .018 .005

100N .005 .006

100S .001 .004

100E .004 .006

100W .005 .004

Week Ending

6—2 6—9 6—16

.017 .015 .013

.015 .013 .012

.020 .018 .012

.017 .013 .013

.013 .012 .011

.011 .012 .013

.000 .006 .008

.013 .014 .011

.011 .008 .011

.010 .009 .006

.020 .023 .0 14

.017 .018 .017

.024 .024 .015

.019 .024 .015

.022 .026 .023

.022 .032 .025

.018 .020 .012

.018 .015 .012

.020 .018 .015

.018 .017 .004

Totals
5-19

018 .018 .101

016 .019 .095

,020 .014 .099

017 .016 .092

012 .014 .065

016 .016 .068

006 .006 .031

017 .017 .072

014 .011 .060

008 .008 .040

018 .021 .117

019 .019 .098

022 .019 .122

019 .026 .124

035 .038 .168

029 .040 .171

015 .030 .106

012 .021 .083

023 .025 .111

022 .023 .093



273

T A B L E  V (Continued)

Week Ending
N o .  ------------------------------------------------------------------------------------------

7-7 7-14 7-21 7-28 8-4 8-11 8-18

91N .022 .018 .012 .011 .016 .011 -.002 .088

9 IS .014 .010 .004 .005 .010 .005 -.006 .042

9 IE .025 .020 .018 .007 .011 .012 -.008 .087

91W .020 .007 .008 .018 .013 .010 -.006 .070

92N .015 .016 .012 .009 .013 .009 -.004 .070

92S .021 .015 .009 .008 .013 .005 .000 .071

92E .002 .00 3 .003 -.001 .002 .001 -.001 .009

92 W .005 .006 .005 .000 .004 .001 -.007 .014

93N .020 .020 .012 .009 .016 .014 -.006 .085

93S .029 .024 .015 .010 .016 .013 -.003 .104

93E .033 .030 .024 .007 .020 .013 -.002 .125

93 W .033 .030 .021 .015 .019 .016 .000 .134

94N .024 .025 .014 .008 .014 .012 .001 .098

94S .025 .010 .015 .010 .018 .011 -.002 .087

94E .021 .014 .015 .015 .012 .014 .000 .091

94 W .024 .024 .018 .009 .019 .013 -.001 .106

95N .017 .014 .007 .005 .004 .003

•■Ho•1 .039

95S .030 .025 .015 .011 .010 .012 -.003 .100

95E .021 .017 .011 .007 .012 .006 -.007 .067

95 W .031 .023 .019 .009 .012 .007 -.006 .095

Totals
7-7 
to

8-18



274

T A B L E  V (Continued)

No.
Week Ending Totals

7-7 
to

8-18
7-7 7-14 7-21 7-28 8-4 8-11 8-18

96N .016 .014 .011 .006 .010 .007 -.005 .059

96S .017 .015 .010 .004 .011 .007 -.003 .061

96E .015 .022 .021 .007 .012 .010 -.005 .082

96 W .013 .013 .009 .005 .008 .005 -.008 .025

97N .010 .009 .009 .004 .008 .007 -.008 .039

97S .013 .013 .011 .004 .0 11 .006 -.005 .053

97E .003 .003 .003 -.003 .003 .001 -.009 .001

97W .012 .010 .010 .006 .008 .004 -.004 .046

98N .011 .016 .015 .012 .013 .006 -.005 .068

98S .010 .012 .013 .009 .014 .010 -.006 .062

98E .021 .025 .024 .016 .025 .018 .001 .130

98W .020 .022 .021 .013 .024 .017 .000 .117

99N .026 .028 .028 .017 .023 .021 .001 .144

99S .031 .028 .024 .012 .016 .017 .000 .128

99E .027 .020 .024 .010 .017 .020 .000 .118

99 W .046 .043 .039 .030 .040 .033 .016 .247

100N .031 .025 .023 .017 .020 .015 .001 .132

100S .019 .016 .015 .010 .014 .010 .000 .084

100E .020 .020 .016 .014 .020 .020 .000 .110

100W .020 .017 .015 .006 .015 .015 .001 .089



2 7 5

T A B L E  V ( C o n t i n u e d )

w , rp , TotalsWeek Ending
8-25 Season

No.
8-25 9-2 9-16 9-30 10-13 Xq ° 1 3  Totals

9 IN .009 .002 .000 .000 .000 .011 .219

9 IS .004 .002 .000 .000 .000 .006 .146

91E .005 .002 .000 .000 .000 .007 .223

91W .002 .003 .000 .002 .000 .007 .211

92N .007 .001 .000 .000 .000 .008 .202

92S .005 .001 .002 .000 .000 .008 .195

92E .002 .002 .000 .000 .000 .004 .053

92W .004 .003 .000 .000

oo
•1 .006 .067

93N .000 .003 .001 .000 .000 .004 .188

93S .009 .003 .000 .000 .000 .012 .263

93E .009 .004 .000 .000 .000 .013 .275

93W .009 .004 .001 .000 .000 .014 .296

94N .007 .004 .002 .000 .000 .013 .230

94S .008 .005 1 t o
 

o
 

1—> .000 .000 .012 .233

94E .011 .004 .001 .000 .000 .016 .247

94 W .001 .004 .000 .000 .000 .005 .255

95N .003 .002 .000 .001 .000 .006 .130

95S -.002 .003 .000 .000 .000 .001 .239

95E .004 .001 .001 .000 .000 .006 .184

95W .004 .001 .000 .000 .001 .006 .222



2 7 6

T A B L E  V ( C o n t i n u e d )

Week Ending
Totals

8-25 Season
J N O .

8-25 9-2 9-16 9-30 10-13
to

10-13
Totals

96N .004 .002 .000 .000 .000 .006 .173

96S .005 .002 .000 .000 .000 .007 .186

96E .005 .002 .000 .000 .000 .007 .214

96 W .003 .002 .000 .000 .000 .005 .136

97N .005 .002 .000 - .0 0 2 .000 .005 .119

97S .007 .001 .000 .000 .000 .008 .135

97E .006 - .001 .000 .000 .000 .005 .037

97W .006 .001 .000 .000 .000 .007 .129

98N .005 .005 .000 .000 .000 .010 .145

98S .006 .000 .000 .000 .000 .006 .115

98E .015 .005 .000 .000 .000 .020 .283

98W .011 .002 .000 .000 .000 .013 .235

99N .010 .004 .000 .000 .000 .014 .286

99S .007 .003 .000 .000 .000 .010 .277

99E .002 .003 .000 .000 .000 .00 5 .303

99 W .013 .010 -.003 .000 .000 .020 .455

100N .011 .009 .001 .000 .000 .021 .269

100S .007 .005 .004 .000 .000 .016 .188

100E .014 .008 .000 .000 .000 .022 .258

100W .013 .006 .001 .000 .000 .020 .210



2 7 7

T A B L E  V I - A .  W e e k l y  r a d i a l  i n c r e a s e s  ( i n  i n c h e s )  f o r  S i z e
C l a s s  I ( 1 0 —15 i n c h e s  D B H )  t r e e s .  1 9 5 0 .

No.
Week Ending T otals 

to 
5-184-6 4-13 4-20 4-27 5-4 5-11 5-18

1 .000 -.001 -.002 -.002 .000 .011 .012 .018
2 1 • o

 
o

 
1—• - .002 .001 -.002 .002 .014 .015 .027

3 .002 -.002 -.001 -.002 — .002 .013 .008 .020
4 .002 -.003 -.001 -.002 .000 .008 .007 .011
5 .002 -.006 .000 .000 -.001 .010 .007 .012
6 -.002 -.002 -.001 .000 .000 .015 .016 .026
7 .002 -.002 .000 -.001 .000 .012 .018 .029
8 .003 -.002 -.001 .000 .000 .004 .005 .009
9 .000 -.003 -.002 -.001 .000 .008 .005 .007

10 .004 -.002 -.002 -.002 -.002 .018 .014 .028
11 .004 -.003 -.003 -.002 -.002 .012 .006 .012
12 .004 -.004 -.002 .001 -.003 .005 .004 .005
1 3 -.002 .000 -.002 -.001 -.001 .005 .007 .006
14 .002 -.00 3 .000 -.002 -.003 .010 .013 .017
15 .002 -.003 -.001 -.001 -.002 .008 .005 .008
16 .001 -.002 -.001 -.002 -.004 .013 .008 .013
17 -.004 .000 .000 .000 -.002 .007 .008 .009
18 .000 -.001 -.001 -.002 -.002 .011 .006 .011
19 -.002 .000 -.001 .000 -.001 .013 .011 .020
20 .002 -.003 .000 -.001 -.002 .015 .014 .025
21 -.001 -.001 .000 -.002 -.003 .012 .007 .012
22 -.004 -.002 -.001 -.001 .000 .013 .008 .013
23 .001 -.002 .000 -.002 -.002 .011 .015 .021
24 -.001 -.002 .001 .000 -.002 .006 .008 .010
25 .004 -.003

1—1 
oo•1 -.001 -.002 .012 .016 .023

26 -.001 -.001 .000 -.001 -.004 .015 .013 .021
27 .007 -.003 .000 -.004 .000 .000
28 .001 -.002 .000 -.001 -.001 .015 .013 .025
29 .002 -.004 -.002 -.001 -.002 .010 .005 .008
30 .004 .000 -.001 -.001 -.002 .006 .006 .012

Total .031 -.064 -.024 -.036 -.042 .312 .280

A  f U
' . 0 0 1  - . 0 0 2  - . 0 0 1  - . 0 0 1  - . 0 0 1  . 0 1 0  . 0 0 9

M e a n



2 7 8

T A B L E  V I - A  ( C o n t i n u e d )

No.
Week Ending Totals

5-25

5-25 6-2 6-10 6-17 6-24 7-1
to

7-1

1 .017 .023 .022 .014 .010 .016 .102
2 .017 .019 ,019 .023 .019 .026 .122
3 . 0 1 1 . 0 1 1 . 0 1 1 .008 .006 . 0 1 1 .058
4 .010 .015 .019 . 0 1 1 . 0 1 1 .013 .079
5 .012 .013 .022 .018 .013 .017 .095
6 .017 .023 .024 .022 . 0 1 6 .026 .128
7 .021 .022 .022 .021 .017 .023 .126
8 .015 .022 .024 .014 .013 .015 .103
9 . 0 1 1 .014 .012 .010 .006 .005 .058

10 .022 .020 .029 .021 .019 .022 .133
11 .008 .016 .018 .014 .012 .013 .081
12 .008 .016 .020 .017 .013 .008 .082
13 .015 .014 .018 . 0 1 1 .013 .014 .085
14 .010 .016 .018 .016 .012 .018 .090
15 .018 .028 .027 .020 .010 .016 .119
16 .009 .013 .016 .010 .013 .017 .078
17 .010 .014 .014 .010 . 0 1 1 .009 .068
18 .017 .023 .026 .016 .017 .018 .117
19 .020 .023 .022 .012 .016 .019 .112
20 .015 .023 .023 .023 .018 .019 .121
21 .010 .018 .022 .017 .017 .017 .101
22 .015 .021 .018 .021 .009 .029 .113
23 .013 .018 .023 .020 .015 .021 .110
24 .010 .019 .026 .019 .020 .021 .115
25 .016 .024 .022 .020 .012 .020 .114
26 .020 .019 .013 .009 .010 .009 .080
27 .013 .014 .00 8 .006 .009 .008 .058
28 .017 .022 .025 .020 .016 .021 .121
29 .009 .017 .026 .020 .017 .008 .097
30 .009 .012 .015 .012 . 0 1 1 .010 .069

Total .415 .552 .604 .475 .401 .489

Arith.
Mean

.014 .016 .0175 .016 .013 .016



T A B L E  V I - A  ( C o n t i n u e d )

2 7 9

No.
Week Ending Totals

7-8

7-8 7-15 7-22 7-29 8-5 8-12 to
8-12

1 .016 .017 .008 .015 .014 .010 .080
2 .020 .020 .011 .021 .022 .013 .107
3 .011 .012 .004 .009 .004 .004 .044
4 .013 .013 .011 .009 .012 .009 .067
5 .015 .018 .012 .013 .020 .011 .089
6 .017 .018 .012 .012 .022 .011 .092
7 .023 .028 .015 .017 .018 .014 .115
8 .019 .018 .017 .021 .020 .013 .108
9 .010 .007 .006 .009 .008 .010 .050

10 .023 .022 .010 .017 .017 .016 .105
1 1 .010 .015 .009 .014 .018 .018 .084
12 .013 .014 .007 .010 .008 .005 .057
13 .021 .021 .015 .012 .013 .011 .093
14 .017 .016 .011 .017 .021 .014 .096
15 .019 .012 .010 .015 .016 .014 .086
16 .020 .016 .007 .013 .013 .010 .079
17 .016 .015 .006 .012 .010 .011 .070
18 .034 .007 .015 .019 .019 .014 .108
19 .021 .019 .013 .014 .012 .009 .088
20 .020 .014 .008 .020 .014 .013 .089
21 .021 .010 .013 .015 .015 .013 .087
22 .017 .019 .016 .016 .021 .012 .101
23 .028 .021 .009 .014 .014 .014 .100
24 .024 .024 .018 .019 .020 .014 .119
25 .017 .018 .020 .018 .020 .021 .114
26 .018 .019 .018 .020 .019 .016 .110
27 .016 .015 .008 .016 .015 .015 .085
28 .018 .012 .008 .008 .003 .010 .059
29 .010 .010 .008 .011 .009 .007 .055
30 .015 .018 .007 .018 .010 .013 .081

Total .542 .488 .332 .444 .447 .365

Arith.
Mean

.018 .016 .011 .015 .015 .012



2 8 0

T A B L E  V I —A  ( C o n t i n u e d )

No.
8-19

Week

8-26

Ending

9-2 9-16

Totals
8-19
to

9-16

Season
Totals

1 -.001 .000 .002 .000 .001 .201
2 .006 .000 .007 -.002 .011 .267
3 .000 .000 .002 .000 .002 .124
4 .000 .002 .000 .000 .002 .159
5 .011 .000 .003 -.001 .013 .209
6 .007 .000 .000 .000 .007 .253
7 .011 .005 .000 .001 .017 .287
8 .015 .003 .000 .002 .020 .240
9 .004 .000 .000 .000 .004 .119

10 .011 .005 .008 .001 .025 .291
11 .014 .002 .010 .003 .029 .206
12 .000 -.002 .000 .000 -.002 .142
13 .007 -.001 .000 -.002 .004 .188
14 .016 .005 .000 -.001 .020 .223
15 .017 .000 .000 .000 .017 .230
16 .016 .002 .005 .000 .023 .193
17 .007 .000 .003 .000 .010 .157
18 .015 .000 .000 -.001 .014 .250
19 .005 .007 .000 .000 .012 .232
20 .001 .000 .000 .000 .001 .236
21 .010 .003 .000 .000 .013 .213
22 .017 .003 .010 .002 .032 .259
23 .013 .001 .000 .000 .014 .245
24 .015 .003 .000 .000 .018 .262
25 .018 .007 .000 .000 .025 .276
26 .017 .004 .000 .000 .021 .232
27 .015 .002 .005 .000 .022 .165
28 .019 .000 .000 -.001 .019 .224

29 .000 .000 .000 .000 .000 .160
30 .008 -.001 .000 .000 .007 .169

Total .294 .050 .055 .001 6.412

Oio .002 .002 .000
M e a n



281

T A B L E  V I —B .  W e e k l y  r a d i a l  i n c r e a s e s  ( i n  i n c h e s )  f o r  S i z e
C l a s s  II  ( 1 5 —2 0  i n c h e s  D B H )  t r e e s .  1 9 5 0 .

No.
Week Ending Totals

to
5-184—6 4-13 4-20 4-27 5-4 5-11 5-18

32 .001 -.002 -.002 -.001 .000 .012 .015 .023
33 .002 -.002 .000 -.003 -.001 .018 .012 .026
34 .003 -.003 -.001 -.002 .002 .011 .012 .022
36 -.002 -.002 -.001 -.002 -.001 .009 .004 .005
38 .003 -.003 .000 -.002 -.002 .009 .005 .010
39 .002 -.004 .000 -.001 -.001 .008 .007 .011
40 .002 -.003 -.002 .000 -.001 .009 .009 .014
41 .003 -.002 -.002 -.001 .000 .016 .017 .031
43 -.001 -.002 -.001 -.001 -.002 .014 .011 .018
44 -.001 -.001 -.001 -.002 .000 .001 .005 .001
45 -.002 -.002 .000 -.001 -.001 .006 .004 .004
46 -.001 .000 -.002 .000 -.001 .010 .008 .014
57 .001 -.002 -.003 -.002 .000 .009 .009 .012
58 -.001 -.002 -.002 -.002 .000 .010 .007 .010

59 .003 -.002 -.001 -.002 -.001 .014 .012 .023
60 .004 -.005 .000 -.002 -.002 .013 .009 .017
68 .000 -.003 -.003 -.003 .000 .013 .009 .013
71 .001 -.002 -.001 -.001 -.001 .010 .009 .015
72 .000 -.002 -.001 -.003 .000 .016 .015 .025
80 .000 -.001 -.004 -.001 -.002 .012 .008 .012
81 .000 -.003 -.001 -.001 -.002 .011 .007 .011
82 .004 .000 -.002 -.001 -.002 .021 .012 .032
83 .001 -.003 -.001 -.002 -.003 .017 .014 .023
84 .002 -.006 .000 -.002 .000 .004 .010 .008
85 .001 -.002 -.001 -.002 -.001 .012 .014 .021
86 -.002

—ioo•i -.001 -.002 -.002 .015 .015 .022

87 .002 -.003 -.001 -*00 3 .000 .012 .008 .015

88 -.002 .000 .002 -.003 .003 .010 .022 .032

89 -.003 -.001 .000 -.002 -.001 .014 .007 .014

90 -.006 -.002 .000 .000 .000 .014 .008 .014

Total .014 — .066 -.032 -.049 -.022 .350 .304

Arith. 0Q0 _ o o z  _.001 -.002 -.001 .012 .010
Mean



2 8 2

T A B L E  V I —B  ( C o n t i n u e d )

No.
Week Ending Totals

5-25
to

7-1
5-25 6-2 6-10 6-17 6-24 7-1

32 .020 .024 .021 .015 .014 .011 .105
33 .022 .028 .029 .017 .015 .014 .125
34 .018 .016 .018 .016 .015 .007 .090
36 .012 .020 .026 .013 .011 .010 .092
38 .010 .019 .032 .024 .017 .023 .125
39 .013 .020 .022 .018 .014 .017 .104
40 .017 .019 .019 .013 .015 .015 .098
41 .024 .028 .026 .008 .015 .022 .123
43 .018 .013 .011 .010 .011 .011 .074
44 .002 .004 .008 .008 .010 .008 .040
45 .003 .013 .016 .011 .012 .011 .066
46 .012 .015 .020 .018 .015 .018 .098
57 .012 .013 .021 .014 *012 .013 .085
58 .017 .021 .024 .019 .014 .018 .113
59 .019 .020 .019 .011 .012 .014 .095
60 .012 .016 .022 .022 .019 .026 .117
68 .012 .017 .021 .012 .013 .017 .092
71 .013 .016 .017 .014 .014 .019 .093
72 .017 .018 .022 .019 .014 .018 .108
80 .008 .026 .024 .022 .015 .024 .119
81 .014 .020 .020 .019 .013 .018 .104
82 .023 .028 .029 .018 .015 .017 .130
83 .023 .022 .023 .019 .015 .026 .128
84 .010 .031 .021 ,007 .011 .016 .096
85 .016 .021 .020 .015 .011 .014 .097
86 .026 .027 .025 .024 .016 .020 .138
87 .012 .014 .019 .014 .011 .015 .085
88 .037 .034 .029 .033 .020 .030 .183
89 .012 .017 .020 .019 .015 .018 .101
90 .013 .010 .017 .014 .014 .019 .087

Total .467 .590 .641 .486 .418 .509

. 0 1 6  . 0 1 7  . 0 1 9  . 0 1 6  . 0 1 4  . 0 1 7
M e a n



2 8 3

T A B L E  V I —B  ( C o n t i n u e d )

No.
Week Ending Totals

7-8 
to

8-12
7-8 7-15 7-22 7-29 8-5 8-12

32 .013 .006 .004 .001 .007 • 031p
33 .013 .012 .015 .010 .013 .014 .077
34 .018 .019 .014 .022 .011 .015 .099
36 .016 .009 .013 .011 .013 .013 .075
38 .027 .020 .021 .020 .019 .017 .124
39 .019 .021 .019 .019 .021 .013 .112
40 .018 .018 .015 .016 .014 .019 .100
41 .023 .025 .018 .029 .032 .028 .155
43 .012 .010 .005 .004 .002 .002 .035
44 .010 .010 .002 .005 .000 .000 .027
45 .014 .011 .006 .011 .011 .011 .064
46 .021 .020 .013 .019 .018 .012 .103
57 .016 .014 .005 .012 .008 .008 .063
58 .013 .018 .009 .018 .020 .015 .093
59 .020 .019 .016 .021 .010 .017 .103
60 .026 .024 .017 .024 .023 .013 .127
68 .018 .022 .008 .018 .011 .014 .091
71 .023 .017 .008 .016 .021 .018 .103
72 .021 .018 .026 .014 .023 .009 .110
80 .024 .020 .017 .024 .018 .017 .120
81 .018 .017 .015 .018 .023 .012 .103
82 .028 .022 .019 .024 .030 .021 .144
83 .029 .027 .020 .018 .023 .017 .134
84 .016 .015 .018 .020 .025 .015 .109
85 .012 .014 .004 .011 .010 .008 .059
86 .024 .024 .017 .016 .022 .014 .117
87 .017 .017 .011 .014 .013 .010 .082
88 .015 .013 .014 .025 .025 .020 .112
89 .018 .021 .013 .012 .017 .011 .092
90 .020 .014 .009 .023 .022 .016 .104

Total .562 .517 .387p .498 .499 .406

Arith. Q19 01? Q13 Q17 01? .0135
Mean



2 8 4

T A B L E  V I —B  ( C o n t i n u e d )

No.
Week Ending T o tal s

8-19
to

9-16

Season
Totals8-19 8-26 9-2 9-16

32 .015 .000 .008 .000 .023 .182
33 .010 .002 .008 .000 .020 .248
34 .018 .004 .000 .000 .022 .233
36 .004 .000 .002 .000 .006 .178
38 .012 .004 .000 .000 .016 .275
39 .014 .001 .004 -.001 .018 .245
40 .010 .009 .000 .000 .019 .231
41 .025 .000 .000 .000 .025 .334
43 .000 .000 -.007 .003 -.004 .123
44 .000 -.001 .000 .000 -.001 .067
45 .010 .000 .000 -.002 .008 .142
46 .000 -.001 .000 .000 -.001 .214
57 .001 .000 .000 .000 .001 .161
58 .016 .002 .000 .000 .018 .234
59 .013 .008 .000 .000 .021 .242
60 .022 .001 .000 .001 .024 .285
68 .011 .002 .000 .000 .013 .209
71 .017 .003 .000 .001 .021 .232
72 .009 .005 .002 .000 .016 .259
80 .015 .000 .000 .000 .015 .266
81 .015 .001 .000 -.002 .014 .232
82 .018 .008 .001 .000 .027 .333
83 .018 .006 .002 .000 .026 .311
84 .019 -.001 .000 .000 .018 .231
85 .000 -.002 .000 .000 -.002 .175
86 .013 .000 .000 .000 .013 .290
87 -.001 .000 .000 .000 -.001 .181
88 .018 .001 .006 -.003 .022 .349
89 .007 .000 .001 .000 .008 .215
90 .014 .006 .000 .000 .020 .225

Total .343 .058 .027 -.003 6.902

*  .011  .002  .001  .000
M e a n



2 8 5

T A B L E  V I - C .  W e e k l y  r a d i a l  i n c r e a s e s  ( i n  i n c h e s )  f o r  S i z e
C l a s s  III ( o v e r  2 0  i n c h e s  D B H )  t r e e s .  1 9 5 0 .

No.
Week Ending Totals

to
5-184—6 4 -1 3 4-2 0 4 -2 7 5-4 5-11 5-18

31 .001 - .0 0 1 - .0 0 2 .000 - .0 0 2 .007 .005 .008
35 .002 - .0 0 2 - .0 0 3 .000 - .0 0 5 .013 .010 .015
37 - .00 1 - .0 0 2 .000 - .0 0 2 .000 .013 .004 .012
42 .004 - .0 0 3 .000 .000 - .001 ,00 8 .018 .026
47 .000 - .0 0 1 .000 - .0 0 2 .000 .032 .009 .039
48 - .0 0 3 - .0 0 1 .000 - .0 01 .001 .011 .010 .017
49 - .0 0 5 .000

p«*4

oo•1 .000 - .0 0 1 .005 .002 .000
50 .002 - .0 0 2 .000 - .0 0 2 - .001 .011 .007 .015
51 .000 - .0 0 1 - .0 0 2 - .0 0 2 .001 .006 .004 .006
52 .001 - .0 0 4 .000 - .0 0 1 .000 .010 .005 .011
53 - .0 0 3 .000 - .0 0 3 - .0 0 2 - .0 0 1 .003 .008 .002
54 .002 - .0 0 2 .001 - .0 0 3 - .0 0 3 .007 .005 .007
55 - .0 0 2 - .0 0 2 - .0 0 2 - .0 0 2 .001 .005 ,004 .002
56 - .0 0 4 - .0 01 - .0 0 1 - .0 01 .000 .012 .012 .017
61 - .0 0 1 - .0 0 1 - .00 1 - .0 0 2 .000 .006 .011 .012
62 .001 - .0 0 4 .001 - .0 0 2 - .0 0 3 .013 . .005 .011
63 - .0 0 4 - .0 0 2 .000 - .0 0 2 .000 .009 .007 .008
64 .000 - .0 0 3 - .0 0 3 - .0 0 2 .000 .012 .006 .010
65 - .0 0 2 - .0 0 2 - .0 01 - .0 0 2 .000 .011 .004 .008
66 - .0 0 2 - .0 0 2 - .001 - .0 0 2 .000 .009 .008 • .010
67 - .0 0 2 - .001 .000 - .0 0 2 - .0 0 2 .012 .012 .017
69 .001 - .0 0 2 - .0 0 2 - .0 0 2 - .0 01 .006 .001 .001
70 - .0 0 4 .000 .000 - .0 0 1 .000 .007 .005 .007
73 .000 - .0 0 1 - .0 0 1 - .0 0 2 - .001 .012 .009 .016
74 .010 - .0 0 2 - .0 0 2 .000 - .0 0 2 .002 .007 .011
75 - .0 0 7 .000 - .001 - .0 0 2 .002 .003 .009 .004
76 - .0 0 3 - .0 0 2 .000 - .0 0 1 .000 .011 .006 .011
77 - .0 0 3 - .00 1 - .00 1 .000 .000 .00 8 .009 .012
78 - .0 0 4 1 • o o - . 0 0 2 - .0 01 .000 .012 .006 .010
79 - .0 0 5

oo01 .000 .000 .000 .011 .008 .013

Total - .3 0 1 - .0 4 7 - .0 2 7 - .0 41 - .0 1 8 .285 .216

A nth . _ Q01 _„002 -.001 -.001 -.001 .010 .007
Me an



2 8 6

T A B L E  V I —C ( C o n t i n u e d )

No.
Week Ending Totals

5-25
to

7-1
5-25 6-2 6-10 6-17 6-24 7-1

31 .007 . 0 1 1 .014 .012 .010 .013 .067
35 .016 .024 .024 .019 .013 .018 .114
37 .006 .010 . 0 1 2 .007 .004 .008 .047
42 .034 .036 .032 .023 .016 .024 .165
47 .018 .017 .017 . 0 1 1 .004 .015 .082
48 .017 .021 .020 .017 .014 .017 .106
49 .005 .009 .008 .010 .010 .015 .057
50 . 0 1 1 .010 .015 .017 .015 .018 .086
51 . 0 1 1 .008 .008 .006 .006 .004 .045
52 .012 .022 .030 .026 .019 .018 .127
53 . 0 1 1 .017 .022 .022 .017 .014 .103
54 .006 .014 .010 .010 .016 .019 .075
55 .007 .005 .005 . 0 1 1 .001 .003 .032
56 .021 .023 .021 .020 .016 .018 .119
61 .016 .020 .025 .026 .022 .025 .134
62 .009 .010 .019 .017 . 0 1 1 .016 .082
63 .009 .015 .015 .008 .009 ,007 .063
64 .014 .015 .016 .012 .009 . 0 1 1 .077
65 .006 .008 .012 .009 .010 .010 .055
66 .020 .021 .021 .014 .011 . 0 1 1 .098
67 .013 .018 .020 .015 . 0 1 2 .015 .093
69 .002 .006 .008 .008 .008 .009 .041
70 .003 .006 .014 .012 . 0 1 1 .017 .063
73 .009 .015 .020 .020 .017 .023 .104
74 . 0 1 2 .016 .020 .017 .017 .020 .102
75 .009 .014 .002 .004 .015 . 0 1 1 .055
76 .008 .015 .020 .014 .012 ,009 .078
77 .015 .018 .017 .021 .021 .023 .115
78 .014 .020 .017 .015 .014 .013 .093

79 .015 .018 .015 .013 .010 .012 .083

Total .356 .462 .499 .419 .370 .436

0 1 2  . 0 1 3 5  . 0 1 5  . 0 1 4  . 0 1 2  . 0 1 4 5
M e a n



2 8 7

T A B L E  V I —C ( C o n t i n u e d )

No.
Week Ending Totals

7-8

7-8 7-15 7-22 7-29 8-5 8-12 to
8-12

31 .013 .013 .004 .006 .003 .004 .043
35 .017 .023 .010 .015 .010 .007 .082
37 .017 .013 .009 .010 .013 .012 .074
42 .033 .026 .029 .010 .045 .022 .165
47 .020 .015 .000 .015 .010 .008 .068
48 .022 .019 .015 .014 .015 .010 .095
49 .017 .020 .011 .012 .011 .006 .077
50 .019 .014 .009 .015 .010 .010 .077
51 .012 .012 .009 .012 .009 .014 .068
52 .023 .020 .012 .017 .019 .009 .100
53 .004 .005 .009 .021 .019 .017 .075
54 .020 .011 .006 .018 .019 .014 .088
55 .000 .004 -.003 .000 .002 .001 .004
56 .014 .018 .016 .015 .023 .020 .106
61 .024 .022 .019 .021 .019 .016 .121
62 .016 .012 .010 .009 .006 .007 .060
63 .008 .008 .001 .005 .003 .003 .028
64 .014 .012 .010 .008 .007 .006 .057
65 .014 .013 .010 .011 .012 .010 .070
66 .014 .019 .012 .012 .012 .007 .076
67 .015 .018 .012 .016 .020 .016 .097
69 .009 .005 -.001 .005 .001 .002 .021
70 .020 .021 .016 .018 .021 .015 .111
73 .022 .017 .008 .016 .012 .012 .087
74 .023 .021 .020 .018 .023 .018 .123
75 .015 .015 .013 .016 .024 .011 .094
76 .009 .013 .007 .008 .006 .007 .048
77 .019 .025 .009 .019 .023 .022 .117
78 .017 .016 .012 .013 .015 .008 .081
79 .014 .012 .007 .010 .008 .003 .054

Total .484 .462 .301 .385 .420 .317

Arith.
M e a n .012 .015 .010 .013 .014 .011



31
35
37
42
47
48
49
50
51
52
53
54
55
56
61
62
63
64
65
66
67
69
70
73
74
75
76
77
78
79

ota

2 8 8

T A B L E  V I - C  ( C o n t i n u e d )

Totals
Week Ending

n  Season

8-19 8-26 9-2 9-16 to
9-16

Total

.000 .000 .000 .000 .000 .118

.005 .002 .009 .001 .017 .228

.009 -.001 .002 .000 .010 .143

.028 .000 .000 .001 .029 .385

.002 .000 .000 .000 .002 .191

.010 -.002 .000 .000 .008 .226

.000 .000 .000 .000 .000 .134

.005 .000 .000 .000 .005 .183

.001 .000 .000 .000 .001 .120

.008 .004 .000 -.001 .011 .249

.015 .011 .001 .002 .029 .209

.010 .000 .001 .000 .011 .181

.001 .000 .000 .000 .001 .039

.015 .014 .006 .001 .036 .278

.012 .001 .002 .000 .015 .282

.003 .000 .003 .002 .008 .161

.000 .000 .000 .000 .000 .099

.001 .000 .001 .000 .002 .146

.000 -.002 .001 .000 -.001 .132

.002 .000 .003 .000 .005 .189

.015 -.001 .002 .001 .017 .224

.000 -.001 .000 .000 -.001 .062

.013 .003 ,007 -.002 .021 .202

.006 ,000 .000 .000 .006 .213

.010 .002 .000 .000 .012 .248

.012 .008 .000 .002 .022 .175

.004 .000 -.008 .004 .000 .137

.020 .013 .000 .002 .035 .279

.001 .000 .002 .000 .003 .187

.001 .000 .000 .000 .001 .151

.199 .051 .032 .013 5.571

. 0 0 7  . 0 0 2  . 0 0 1  . 0 0 0

(



2 8 9

T A B L E  V I I .  W e e k l y  r a d i a l  i n c r e a s e s  ( i n  i n c h e s )  o f  t r e e s
m e a s u r e d  a l o n g  f o u r  r a d i i .  1 9 5 0 .

No.
Week Ending Totals

to
5-184-6 4-13 4-20 4-27 5-4 5-11 5-18

91N -.003

Oo•l .000 -.002 -.002 .015 .005 .012

91S -.005 -.001 .000 .000 -.002 .010 .004 .006

91E .002 -.002 .000 -.002 -.001 .013 .010 .020

91W .000 -.003 .000 .000 -.004 .008 .006 .007

92N -.004 -.001 .001 -.002 -.002 .007 .003 .001

92S -.002 .000 -.001 -.001 .000 .010 .004 .010

92E .000 -.001 -.002 -.003 -.002 .004 .001 -.003

92W -.001 -.001 .000 -.002 -.002 .005 -.001

93N -.001 -.003 -.001

oo•i -.003 .013 .004 .008

93S .000 -.002 .000 -.003 -.003 .014 .005 .011

93E .002 -.002 -.002 -.002 -.002 .009 .011 .014

93W .000 -.001 -.001 -.001 -.002 .004 .009 .008

94N -.001 -.001 -.001 -.002 -.003 .014 .002 .008

94S .002 -.002 .007 -.002 -.004 .007 .009 .017

94E -.001 -.001 -.001 -.002 -.001 .014 .007 .015

94 W .001 -.002 -.001 -.002 -.002 .013 .004 .011

95N .000 -.001 -.002 .000 -.001 .008 .004 .008

95S .000

oo•r -.001 -.003 .000 .011 .007 .015

95E .000 -.002 -.001 -.002 -.001 .012 .005 .011

95 W .002 -.002 .000 -.002 -.003 .012 .008 .015

*  m e c h a n i c a l  f a i l u r e



2 9 0

T A B L E  V II  ( C o n t i n u e d )

No.
Week Ending Totals

to
5-184—6 4-13 4-20 4-27 5-4 5-11 5-18

96N .000 -.001 .000 -.002 -.002 .010 .003 .008

96S -.004 .000 .000 -.001 .000 .009 .005 .009

96E .001 .005 .000 -.002 -.003 .007 .009 .017

96W -.001 -.003 .000 -.002 -.001 .012 .006 .011

97N .001 -.002 -.001 -.002 .000 .008 .002 .006

97S .001 -.001 .000 -.002 -.003 .010 .005 .010

97E .000 -.003 .000 -.002 -.003 .007 .006 .005

97W -.003 -.001 .000 -.002 -.002 .009 .002 .003

98N -.001 -.002 .000 -.002 -.002 .00 5 .004 .002

98S -.001 -.002 -.002 .000 -.003 .013 .006 .011

98E .001 -.002 -.002 -.001 -.003 .012 .012 .017

98 W -.001 -.001 -.002 -.001 -.003 .012 .013 .017

99N .003 -.001 -.002 -.002 -.003 .011 .009 .015

99S -.001 .000 -.002 .000 -.002 .011 .005 .011

99E .002 -.001 -.002 -.001 -.002 .010 .007 .013

99W .000 -.003 -.001 -.002 -.002 .005 .018 .015

100N .000 -.001 -.001 -.002 -.001 .014 .012 .021

100S .002 -.002 -.002 -.002 -.002 .015 .009 .018

100E .002 -.002 .001 -.003 .002 .006 .007 .013

100W .000 -.002 -.001 -.002 -.002 .011 .008 .012



2 9 1

T A B L E  VII ( C o n t i n u e d )

No.
Week Ending Totals

5-25
to

7-1
5-25 6-2 6-10 6-17 6-24 7-1

9 IN .006 .016 .022 .017 .013 .020 .094

91S .009 .010 .013 .011 .005 .007 .055

91E .016 .019 .018 .014 .011 .015 .093

91W .013 .014 .019 .014 .009 .019 .088

92N .009 .006 .013 .012 .008 .012 .060

92S .003 .008 .011 .008 .007 .016 .053

92E .006 .005 .006 .007 .006 .005 .035

92W .002 .006 .004 .008 .004 .008 .032

93N .010 .0 11 .018 .015 .008 .013 .075

93S .013 .017 .025 .015 .012 .023 .105

93E .018 .024 .022 .019 .008 .031 .122

93W .016 .015 .020 .020 .010 .038 .129

94N .003 .012 .016 .011 .010 .010 .062

94S .009 .017 .019 .014 .012 .018 .089

94E .014 .020 .015 .015 .014 .011 .089

94 W .010 .015 .018 .017 .015 .023 .098

95N .021 .022 .021 .017 .010 .012 .103

95S .016 .024 .021 .017 .012 .013 .103

95E .012 .022 .021 .018 .009 .016 .098

95W .013 .021 .020 .016 .015 .021 .106



2 9 2

T A B L E  VII  ( C o n t i n u e d )

Week Ending
No. ---------------------------------------------------------------------

5-25 6-2 6-10 6-17 6-24 7-1

96N .012 .018 .018 .013 .010 .010 .081

96S .010 .015 .018 .015 .008 .009 .075

96E .018 .023 .019 .014 .010 .011 .095

96 W .016 .022 .023 .020 .010 .0 14 .105

97N .003 .005 .010 .007 .007 .008 .040

97S .002 .006 .004 .005 .007 .004 .028

97E .000 .005 .008 .006 .008 .008 .035

97 W .001 .007 .010 .008 .011 .009 .046

98N .012 .010 .011 .009 .010 .007 .059

98S .008 .010 .014 .014 .010 .011 .067

98E .024 .024 .023 .019 .013 .010 .113

98 W .015 .019 .013 .012 .013 .011 .083

99N .020 .027 .032 .031 .016 .022 .148

99S .015 .025 .030 .022 .016 .020 .128

99E .016 .032 .031 .027 .019 .023 .148

99W .025 .037 .042 .044 .024 .016 .188

100N .014 .020 .023 .015 .013 .016 .101

100S .011 .015 .019 .014 .010 .012 .081

100E .017 .019 .022 .015 .012 .011 .096

100W .017 .019 .018 .014 .011 .011 .090



2 9 3

T A B L E  V II  ( C o n t i n u e d )

Week Ending
No. ----------------------------------------------------------------------------------------------------

7-8 7-15 7-22 7-29 8-5 8-12

91N .015 .016 .014 .015 .014 .014 .088

91S *013 .002 .004 .005 .005 .005 .034

91E .015 .013 .012 .012 .015 .010 .077

91W .012 .010 .018 .011 .012 .012 .075

92N .012 .011 .009 .010 .006 .007 .055

92S .010 .010 .014 .006 .009 .005 .054

92E .009 .006 .003 .006 .003 .002 .029

92 W .011 .011 .005 .007 .005 .003 .042

93N .015 .014 .009 .009 .012 .012 .071

93S .024 .019 .015 .018 .018 .016 .110

93E .015 .020 .015 .011 .016 .015 .092

93 W .017 .025 .014 .021 .010 .005 .092

94N .013 .010 .005 .008 .005 .005 .046

94S .019 .014 .010 .017 .011 .010 .081

94E .017 .016 .007 .009 .008 .004 .061

94 W .019 .016 .009 .013 .005 .005 .067

95N .011 .011 .005 .009 .005 .006 .047

95S .017 .012 .011 .010 .013 .008 .071

95E .014 .012 .009 .010 .008 .009 .062

95W .020 .020 .021 .016 .014 .001 .092



2 9 4

T A B L E  VII ( C o n t i n u e d )

No.
Week Ending T otals

7-8 
to

8-12
7-8 7-15 7-22 7-29 8-5 8-12

96N .014 .011 .008 .009 .014 .010 .065

96S .008 .006 * .005 .005 .003 .027

96E .010 .009 .007 .010 .014 .010 .060

96 W .012 .009 .009 .009 .012 .008 .059

97N .010 .008 .003 .005 .002 .003 .031

97S .011 .007 .006 .008 .004 .007 ,043

97E .011 .009 .000 .006 .003 .002 .031

97W .013 .007 .004 .007 .004 .005 .040

98N .008 .014 .002 .008 .005 .002 .039

98S .014 .011 .004 .008 .005 .004 .046

98E .018 .020 .012 .021 .017 .015 .103

98W .019 .017 .013 .016 .020 .012 .097

99N .024 .023 .017 .012 .002 .018 .096

99S .030 .020 .017 .019 .023 .009 .118

99E .015 .021 .016 .019 .019 .010 .100

99 W .019 .026 .014 .025 .023 .027 .134

100N .017 .024 .015 .017 .009 .006 .088

100S .013 .017 .008 .010 .011 .010 .069

100E .016 .017 .011 .012 .016 .009 .081

100W .017 .019 .014 .015 .017 .008 .090

* m e c h a n ic a l  f a i lu r e

I



2 9 5

T A B L E  VII ( C o n t i n u e d )

No.
8-19

Week

8-26

Ending

9-2 9-16

Totals
8-19
to

9-16

Season
Totals

9 IN .014 .001 .003 .000 .018 .212

9 IS .001 .000 .000 .000 .001 .096

91E .000 .000 .006 -.001 .005 .195

91W .001 .000 .000 .000 .001 .171

92N . . .  * . — * .000 .000 .000 .116

92S .002 .000 -.006 .003 -.001 .116

92E .000 .000 .000 .000 .000 .061

92 W .000 -.002 -.001 .000 -.003 .070

93N .008 -.002 .002 .000 .008 .162

93S .010 -.001 .010 .002 .021 .247

93E .016 -.001 .008 -.002 .021 .249

9 3 W .016 -.006 .004 .001 .015 .244

94N .005 .000 .001 .000 .006 .122

94S .002 .000 .008 .001 .011 .198

94E .004 -.001 .000 .000 .003 .168

94W .001 .000 .000 .000 .001 .177

95N .000 .000 .000 .000 .000 .158

95S .001 .000 .000 .000 .001 .190

95E .000 -.001 .000 .000 -.001 .170

95 W .002 .000 .006 .001 .009 .222

* m e c h a n ic a l fa i lu re



T A B L E  V II  ( C o n t i n u e d )

2 9 6

No.
8-19

Week

8-26

Ending

9-2 9-16

Totals
8-19 

to
9-16

Season
Totals

96N .008 .004 .004 .001 .017 .171

96S .000 -.003 .000 .000 -.003 .108

96E .012 .001 .005 .000 .018 .190

96 W .006 -.004 .003 .000 .005 .180

97N .000 -.002 .000 .000 -.002 .077

97S .000 -.001 .000 .001 .000 .081

97E .000 .000 .001 .000 .001 .072

97 W .000 -.007 .003 .002 -.002 .087

98N .000 -.007 .000 .003 -.004 .096

98S .001 .002 .000 .000 .003 .127

98E .012 .000 .000 .000 .012 .245

98W .013 -.001 .000 .000 .012 .209

99N .011 .005 .000 .000 .016 .275

99S .012 .000 .000 .000 .012 .269

99E .010 .003 .000 .000 .013 .274

99 W .033 .012 .015 .005 .065 .402

100N .005 .000 .000 .000 .005 .215

100S .004 .000 .000 .000 .004 .172

100E .000 .000 .000 .000 .002 .192

100W .000 .001 .000 ,000 .001 .193



2 9 7

TABLE VIII.. Percentage available m oisture at stations in
Tourney Woodlot. 1949.

Date

Station

I (av. 2) II (av. 2) III (av. 2)

A B A B A B

7-14 93% 93% 88% 90% 7 8% 83%
7-21 91 93 79 85 59 78
7-28 91 93 47 70 31 69
8-4 82 85 18 38 12 37
8-11 73 67 18 38 19 16
8-18 65 66 14 10 7 10
8-25 32 52 1 2 0 0
9-2 23 45 0 0 0 0
9-16 10 27 0 0 0 0
9-30 9 11 0 0 0 0

Station

Date IV (av . 2) V (av. 2) VI (av. 2)

A B A B A B

7-14 97% 100% 94% 93% 100% 99%
7-21 91 97 89 94 100 99
7-28 80 99 95 92 100 99
8-4 62 93 36 84 100 99
8-11 51 77 34 66 100 100
8-18 60 86 31 50 100 100
8-25 42 60 7 27 97 99
9-2 42 43 3 16 95 97
9-16 39 20 0 0 95 97
9-30 40 1 3 1 1 91 93



2 9 8

T A B L E  V III  ( C o n t i n u e d )

Date

Station

VII (av. 2) VIII (av. 2) IX (av. 2) X (av. 2)

A B A B A B A B

7-14 100% 86% 93% 93% 95% 87% 95% 92%
7-21 100 86 96 93 95 87 92 91
7-28 100 86 96 96 93 86 92 87
8-4 100 86 91 94 91 85 87 84
8-11 100 91 93 94 95 87 89 83
8-18 100 91 96 96 95 85 91 73
8-25 99 86 82 89 85 80 60 51
9-2 97 86 76 83 85 79 51 34
9-16 95 84 66 64 76 72 57 14
9-30 93 84 60 50 77 67 47 8

Station

Date XI (ay. 1) XII (av. 2) XIII (av. 1) XX

A B A B A B A AA

7-14 95% 100% 87% 91% 100% 100% 41% 95%
7-21 89 100 77 90 100 100 35 91
7-28 77 100 35 88 100 100 19 85
8-4 87 100 9 73 100 100 7 17
8-11 87 100 8 48 100 100 5 29
8-18 87 100 2 26 100 100 3 69
8-25 55 95 0 6 99 100 0 19
9-2 41 91 0 4 95 100 0 15
9-16 33 75 0 1 91 100 0 15
9-30 29 57 0 0 91 91 0 21



2 9 9

T A B L E  I X .  A r i t h m e t i c  m e a n s .  1 9 4 9 .

Stations

Date
t»Edg
(av.

e 11 
6)

•ilnside'1 
(av. 7)

All
(13)

A B A B A B

7-14 89% 92% 97% 93% 93% 93%
7-21 81 89 96 94 89 92
7-28 63 85 94 93 80 90
8-4 36 68 93 93 67 81
8-11 34 52 95 94 67 74
8-18 30 41 96 92 65 69
8-25 13 23 82 86 51 57
9-2 11 18 79 81 47 52
9-16 8 8 73 72 43 43
9-30 8 4 70 64 41 37



3 0 0

TABLE X. Percentage available m oisture at stations in 
Tourney Woodlot. 1950.

Date

Station

I (av. 2) II (av. 2) III (av. 2)

A B A B A B

4—6 68% 71% 71% 81% 85% 100%
4-13 68 72 71 78 78 90
4-20 71 72 74 80 81 100
4-27 71 69 74 85 86 100
5-4 74 75 78 82 84 92
5-11 74 75 78 82 82 90
5-18 74 75 78 81 82 89
5-25 76 76 81 81 83 87
6-1 80 87 87 97 100 92
6-10 81 80 86 87 86 86
6-17 80 82 85 86 82 86
6-24 82 81 81 82 81 86
7-1 81 82 79 81 72 84
7-8 79 82 62 75 42 78
7-15 72 81 37 58 23 75
7-22 81 81 80 78 71 70
7-29 82 82 78 72 58 65
8-5 85 86 80 64 59 49
8-12 82 86 59 46 24 32
8-19 70 83 18 19 2 13
8-26 53 77 0 16 0 8
9-2 87 81 81 13 78 5
9-16 82 83 26 13 47 5



301

T A B L E  X  ( C o n t i n u e d )

Station

Date IV (av. 2) V (av. 2) VI (av. 2)

A B A B A B

4-6 73% 68% 73% 85% 74% 7 3%
4-13 71 71 73 70 74 73
4-20 74 74 74 83 78 70
4-27 68 85 82 87 78 77
5-4 75 76 80 72 82 77
5-11 79 77 80 72 85 80
5-18 79 74 80 73 85 80
5-25 83 80 81 71 86 82
6-1 89 100 86 97 89 86
6-10 87 82 83 78 91 86
6-17 87 82 85 77 87 88
6-24 86 89 83 77 95 91
7-1 82 82 74 75 87 86
7-8 78 82 57 75 87 88
7-15 60 80 29 74 91 95
7-22 86 85 78 72 91 95
7-29 91 73 82 70 91 93
8-5 86 84 80 66 91 93
8-12 81 80 76 60 87 91
8-19 52 73 34 57 85 88
8-26 38 56 90 50 93 95
9-2 86 65 83 81 93 95
9-16 72 60 78 78 87 91



3 0 2

T A B L E  X  ( C o n t i n u e d )

Station

Date VII (av. 2) VIII (av. 2) IX (av. 2) X (av. 2)

A B A B A B A B

4-6 77% 71% 7 3% 7 3% 74% 74% 81% 90%
4-13 76 71 73 72 74 74 75 90
4-20 77 73 73 76 76 74 79 90
4-27 78 73 74 76 73 75 83 93
5-4 83 73 81 77 75 75 85 95
5-11 82 74 80 77 83 77 82 82
5-18 83 74 82 77 83 77 85 82
5-25 86 76 83 80 84 75 85 85
6-1 90 80 85 90 87 88 95 97
6-10 83 80 86 82 91 82 91 90
6-17 88 80 85 84 89 82 87 88
6-24 91 80 87 83 93 81 95 95
7-1 88 82 86 84 89 81 89 84
7-8 88 82 86 84 89 80 87 85
7-15 91 83 89 90 88 83 81 82
7-22 91 85 89 88 93 82 91 93
7-29 93 85 89 90 93 82 91 86
8-5 89 85 89 86 93 82 95 92
8-12 89 85 86 88 89 81 89 88
8-19 83 81 83 88 83 77 79 82
8-26 97 85 91 93 100 89 76 80
9-2 93 85 87 93 95 86 91 100
9-16 89 85 89 95 89 86 87 97



3 0 3

T A B L E  X  ( C o n t i n u e d )

Date

Station

XI (av. 1) XII (av. 2) XIII (av. 1) XX

A B A B A B A AA

4-6 80% 95% 89% 91% 82% 80% 80% 85%
4-13 78 91 89 91 82 80 78 74
4-20 80 85 93 95 85 80 75 91
4-27 82 95 95 95 87 91 82 87
5-4 85 74 97 91 91 82 85 95
5-11 82 78 100 100 91 82 78 91
5-18 85 73 84 100 91 82 78 91
5-25 85 73 97 100 95 82 78 91
6-1 91 95 100 100 100 100 87 100
6-10 91 80 91 100 100 87 80 100
6-17 87 80 86 95 100 91 78 95
6-24 91 80 90 100 100 85 75 95
7-1 87 78 85 84 100 85 64 87
7-8 91 80 78 82 100 87 37 69
7-15 85 75 55 81 95 85 12 29
7-22 87 100 77 79 100 95 62 87
7-29 91 82 74 77 100 91 30 85
8-5 95 85 73 77 100 95 29 87
8-12 87 82 46 77 100 87 8 78
8-19 82 78 12 71 95 87 0 33
8-26 78 75 5 59 91 85 0 27
9-2 91 100 75 41 100 100 74 85
9-16 87 100 70 41 100 100 67 80



3 0 4

T A B L E  X I .  A r i t h m e t i c  m e a n s .  1 9 5 0 .

Date

Stations

“ Edg
(av.

e*1
6)

* 1 Inside *1 
(av. 7)

All
(13)

A B A B A B

4-6 76% 83% 7 7% 79% 77% 81%
4-13 75 79 76 79 75 79
4-20 78 84 78 78 78 81
4-27 79 87 79 83 79 85
5-4 81 81 83 79 82 80
5-11 82 83 84 79 83 80
5-18 79 82 85 78 82 80
5-25 83 82 86 79 85 81
6-1 90 95 91 91 91 93
6-10 86 85 90 84 88 85
6-17 84 85 89 85 87 85
6-24 84 86 93 85 89 85
7-1 79 81 89 83 84 82
7-8 66 79 90 84 79 81
7-15 46 75 89 83 69 80
7-22 79 77 92 91 86 85

7-29 77 73 93 87 86 81
8-5 77 71 93 88 86 80
8-12 61 63 90 86 76 76

8-19 31 53 84 83 60 69
8-26 31 44 89 86 62 67
9-2 82 48 93 94 88 73
9-16 62 47 90 93 77 72



3 0 5

TABLE XII. Soil tem perature recorded at stations in Tourney
Woodlot (at 3—inch level, in degrees Fahrenheit).
1949.

Date
Station

I II III IV V VI VII VIII

7--14 66 67 68 68 64 66 65 64
7--21 70 71 70 70 67 68 66 66
7--28 70 75 72 74 74 72 70 69
8--4 64 67 68 68 65 65 64 66
8--11 68 69 69 70 65 67 65 65
8--18 68 70 70 70 67 68 67 67
8--25 67 72 72 71 68 69 70 68
9--2 56 58 56 60 55 57 56 56
9--16 56 58 60 60 58 57 58 58
9--30 45 49 49 50 49 50 50 50

Date
Station

IX X XI XII XIII XXA XXAA

7-14 64 67 66 68 67 68 76
7-21 65 65 66 70 67 72 72
7-28 70 72 71 73 71 74 76
8-4 66 64 64 68 65 69 72
8-11 66 67 65 70 67 70 76
8-18 67 68 67 70 68 71 74
8-25 66 68 73 73 70 74 79
9-2 57 56 56 56 57 55 64
9-16 58 58 60 59 58 60 62
9-30 50 50 49 51 50 50 54



3 0 6

TABLE XIII. Arithmetic mean soil temperature recorded at
stations in Tourney Woodlot (at 3—inch level, in 
degrees Fahrenheit). 1949.

Stations

Date
“ Edge11 1’Inside1' All
(av. 6) (av. 7) (av. 13)

7-14 401 67 459 66 460 66
7-21 418 70 463 66 881 68
7-28 438 73 495 71 933 72
8-4 400 67 454 65 854 66
8-11 411 68 462 66 873 67
8-18 415 69 472 67 887 68
8-25 423 70 484 69 907 70
9-2 341 57 395 56 7 36 57
9-16 351 58 407 58 758 58
9-30 293 49 349 50 642 49



3 0 7

TABLE XIV. Soil temperature recorded at stations in Tourney
Woodlot (at 3-inch level, in degrees Fahrenheit).
1950.

Station
Date

I II III IV V VI VII VII]

4-6 31 37 39 38 34 35 35 34
4-13 33 36 38 34 35 34 36 35
4-20 42 46 42 41 41 40 40 40
4-27 40 44 45 42 40 43 41 41
5-4 54 63 63 58 56 58 55 57
5-11 56 56 58 56 53 55 54 55
5-18 54 58 57 58 53 51 53 53
5-25 56 57 58 58 55 55 55 54
6-2 55 56 57 57 55 54 55 54
6-10 60 63 63 62 59 59 60 59
6-17 53 54 53 56 53 53 54 54
6-24 64 65 68 66 65 63 64 63
7-1 62 64 65 64 62 61 62 62
7-8 62 66 66 62 65 61 61 61
7-15 62 63 63 61 62 61 60 62
7-22 62 65 66 64 63 63 64 62
7-29 66 69 66 67 65 65 66 65
8-5 62 64 65 64 62 62 62 62
8-12 60 61 61 62 60 60 60 60

8-19 61 62 62 63 63 62 61 62
8-26 61 62 62 62 64 62 61 62
9-2 60 61 60 61 62 60 60 61
9-16 58 59 59 60 61 59 59 59



49
42
46
44
64
57
64
61
62
72
58
74
68
78
74
72
70
72
66
70
69
64
63

T A B L E  X I V  ( C o n t i n u e d )

Station

IX X XI XII XIII XXA

34 36 36 36 37 39
34 36 33 35 35 36
40 41 41 44 41 44
42 42 42 44 41 45
58 56 56 59 62 66
54 55 54 56 53 58
53 52 53 62 52 57
55 54 55 58 55 58
54 55 56 57 55 56
59 59 60 64 60 61
53 52 52 54 54 53
63 63 64 70 64 66
61 61 62 66 62 65
62 62 62 66 60 64
61 61 62 66 60 62
62 63 63 68 62 64
64 65 65 69 64 68
62 62 62 65 62 62
60 60 60 61 60 60
62 61 61 64 61 62
62 62 61 63 61 61
61 60 61 62 60 61
59 59 58 61 60 59



3 0 9

TABLE XV. Arithmetic mean soil temperature recorded at
stations in Tourney Woodlot (at 3-inch level, in 
degrees Fahrenheit). 1950.

Stations
Date

"Edg
(av.

e ' 1
6)

1 'Inside1' 
(av. 7)

All 
(av. 13)

4-6 215 36 247 35 462 36
4-13 211 35 243 35 454 35
4-20 256 43 283 40 539 41
4-27 255 42 292 42 547 42
5-4 353 59 402 57 755 58
5-11 335 56 325 46 715 55
5-18 342 57 367 52 709 55
5-25 342 57 383 55 725 56
6-2 337 56 383 55 720 55
6-10 371 62 416 59 787 61
6-17 323 54 372 53 695 53
6-24 398 66 444 63 842 65
7-1 383 64 431 62 814 63
7-8 387 64 429 61 816 63
7-15 377 63 427 61 804 62
7-22 388 65 439 63 827 64
7-29 402 67 454 65 856 66

i00 382 64 434 62 816 63
8-12 365 61 420 60 785 60

8-19 375 62 430 61 805 62
8-26 374 62 441 63 815 63
9-2 366 61 423 60 789 61
9-16 358 60 413 59 771 59



3 10

T A B L E  X V I .  D i f f e r e n c e  in  w e e k l y  g r o w t h  r a t e  o f  g r o u p  C
t r e e s .  1 9 4 9 .

T ree
Week (beginning with week ending 5-12)

1 2 3 4 5 6

76 .002 .004 -.004 .014 .001 -.007
77 .005 . 0 1 1 -.010 .017 .002 .001
78 .004 .014 -.008 .015 -.002 .001

Total . 0 1 1 .029 -.022 .046 .001 -.005

Arith.
Mean

.004 .010 -.007 .015 .000 -.002

Week (beginning with week ending 5-12)
Tree

7 8 9 10 11 12

76 .002 -.001 .000 .000 .003 -.006
77 .005 -.001 -.005 -.001 -.003 -.009
78 .004 .000 -.012 .009 -.010 -.004

Total . 0 1 1 -.002 -.017 .008 -.010 -.019

Arith.
Mean

.004 -.001 -.006 .003 -.003 -.006

Tree
Week (beginning with week ending 5—12)

13 14 15 16 17 18

76 .009 -.003 - . 0 1 1 .006 -.004 -.004
77 .010 -.001 -.015 .006 -.005 -.005
78 .002 -.006 - . 0 1 1 .008 -.003 -.003

Total .021 -.010 -.037 .020 -.012 -.012

Arith.
Mean

.007 -.003 -.012 .007 -.004 -.004



3 1 1

T A B L E  X V I I .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  C
t r e e s .  1 9 5 0 .

Tree
Week (beginning with week ending 5—18)

1 2 3 4 5 6

76 -.005 .002 .007 .005 -.006 -.002
77 .001 .006 .003 -.001 .004 .000
78 -.006 .008 .006 -.003 -.002 -.001

Total -.010 .016 .016 .001 -.004 -.003

Arith.
Mean

-.003 .005 .005 .000 -.001 -.001

Week (beginning with week ending 5—18)
Tree

7 8 9 10 11

76 .003 .000 .004 -.006 .001
77 .002 -.004 .006 -.016 .010
78 —.00 1 .004 -.00 1 -.004 .001

Total - .002 .000 .009 -.026 .012

Arith.
Mean

— .001 .000 .003 -.009 .004

Tree
Week (beginning with week ending 5—18)

12 13 14 1 5 16

76 _ .002 .001 -.003 -.004 -.008
77 .004 -.001 -.002 -.007 -.013
78 .002 -.007 -.007 -.001 .002

Total .004 -.007 -.012 -.012 -.019

Arith.
Mean

.001 -.002 -.004 -.004 -.006



3 1 2

TABLE XVIII. Differences in weekly growth rate of group D
trees.  1949.

Tree
Week (beginning with week ending 5-12)

1 2 3 4 5 6

35 -.001 .001 -.001 .012 .004 .003
65 .000 -.002 .001 .010 .003 -.005
66 .002 .004 -.006 .010 -.001 -.004

Total .001 .003 -.006 .032 .006 -.006

Arith.
Mean

.000 .001 -.002 .011 .002 -.002

Tree
Week (beginning with week ending 5-12)

7 8 9 10 11 12

35 -.004 .008 .010 -.004 -.001 -.009
65 .000 .007 .000 -.006 -.002 -.006
66 .001 .012 .003 -.005 -.006 -.004

Total -.003 .027 .013 -.015 -.009 -.019

Arith.
Mean

-.001 .009 .004 -.005 -.003 -.006

Tree
Week (beginning with week ending 5—12)

13 14 15 16 18

35 .008 -.003 -.015 .010 -.005 -.005
65 .005 .001 -.013 .009 -.004 -.005
66 .002 .001 -.017 .010 -.004 -.006

Total .015 -.001 -.045 .029 -.013 -.016

. 0 0 5  . 0 0 0  - . 0 1 5  . 0 1 0  - . 0 0 4  - . 0 0 5
M e a n



3 1 3

T A B L E  X I X .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  D
t r e e s .  1 9 5 0 .

Tree
Week (beginning with week ending 5-18)

1 2 3 4 5 6

35 -.003 .006 .008 .000 -.005 -.006
65 -.007 .002 .002 .004 -.003 .001
66 -.001 .012 .001 .000 -.007 -.003

Total -.011 .020 .011 .004 -.015 -.008

Arith.
Mean

-.004 .007 .004 .001 -.005 -.003

T ree
Week (beginning with week ending 5— 18)

7 8 9 10 11

35 .004 -.001 .006 -.013 .005
65 .000 .004 -.001 -.003 .001
66 .000 .003 .005 -.007 .000

Total .005 .006 .010 -.023 .006

Arith.
Mean

.002 .002 .003 -.008 .002

Tree
Week (beginning with week ending 5— 1 8)

12 13 14 15 16

35 —. .005 -.003 — *002 -.003 .007
65 .001 -.002 -.010 -.002 .003
66 .000 -.005 -.005 -.002 .003

Total —.004 -.010 -.017 -.007 .013

Arith.
Mean

—.001 -.003 -.006 -.002 .004



3 1 4

T A B L E  X X .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  F
t r e e s .  1 9 4 9 .

Tree
Week (beginning with week ending 5—12)

1 2 3 4 5 6

56 .001 .011 -.012 .015 -.002 .001
61 -.001 .001 -.002 .018 .001 -.005
79 .000 .002 -.008 .017 -.001 .002

Total .000 .014 -.022 .050 -.002 -.002

Arith.
Mean

.000 .005 -.007 .017 -.001 -.001

Tree
Week (beginning with week ending 5—12)

7 8 9 10 11 12

56 .003 .003 .000 -.001 -.007 -.007
61 .004 .007 -.004 -.004 -.008 -.005
79 .000 -.003 .001 -.003 -.003 -.004

Total .005 .007 -.003 -.008 -.018 -.016

Arith.
Mean

.002 .002 -.001 -.003 -.006 -.005

Tree
Week (beginning with week ending 5—12)

13 14 15 16 17 18

56 .012 -.005 -.019 .009 -.007 -.004
61 .014 -.009 -.015 .008 -.006 -.002
79 .003 -.007 ^.007 .006 .000 -.002

Total .029 -.021 -.041 .023 -.013 -.008

Arith.
Mean

.010 -.007 -.014 .008 -.004 -.003



3 1 5

T A B L E  X X I .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  F
t r e e s .  1 9 5 0 .

Tree
Week (b• eginning with week ending 5- 18)

1 2 3 4 5 6

56 .000 .009 .002 -.002 -.001 -.004
61 .005 .005 .004 .005 .001 -.004
79 -.003 .007 .003 -.003 -.002 -.003

Total .002 .021 .009 .000 -.002 - . 0 1 1

Arith.
Mean

.001 .007 .003 .000 -.001 -.004

Tree
Week (beginning with week ending 5-18)

7 8 9 10 11

56 .002 -.004 .004 -.002 -.001
61 .003 -.001 -.002 -.003 .002
79 .002 .002 -.002 -.005 .003

Total .007 -.003 .000 -.010 .004

Arith.
Mean

.002 -.001 .000 -.003 .001

T ree
Week (beginning with week ending 5-18)

12 13 14 15 16

56 .008 -.003 -.005 -.001 -.008
61 .002 -.003 -.004 - . 0 1 1 .001

79 .002 -.005 -.002 -.001 .000

Total .004 - . 0 1 1 - . 0 1 1 -.013 -.007

Arith.
Mean

.001 -.004 -.004 -.004 -.002



31b

T A B L E  X X I I .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  K
t r e e s .  1 9 4 9 .

Tree
Week (beginning with week ending 5-12)

1 2 3 4 5 6

85 .000 .002 -.005 .015 .000 -.002
87

oo
•1 .002 .000 .012 -.002 -.002

89 -.004 .001 -.002 .015 .003 -.004
90 .00 1 .003 -.008 .019 -.006 .002

Total -.004 .008 -.015 .046 -.008 -.006

Arith.
Mean

-.001 .002 -.004 .011 -.002 -.001

T ree
Week (beginning with week ending 5—12)

7 8 9 10 11 12

85 .006 .001 -.004 -.007 .001 -.009
87 .005 .006 -.001 -.006 .001 -.011
89 .003 .000 -.002 -.003 .000 -.00 8
90 .003 .005 .002 -.006 -.005 -.007

Total .0 17 .012 -.005 -.022 -.003 -.035

Arith.
Mean

.004 .003

•—ioo
•1 -.005 -.001 -.009



T A B L E  X X I I  ( C o n t i n u e d )

3 1 7

Tree
Week (beginning with week ending 5-12)

13 14 15 16 17

85 .010 -.008 -.0 15 .008 .002
87 .007 -.003 -.016 .007 -.001
89 .005 -.006 -.012 .010 -.006
90 .002 -.004 -.008 .007 -.006

Total .024 -.021 -.051 .032 -.011

Arith.
Mean

.006 -.005 -.013 .008 -.003



3 1 8

TABLE XXIII. Differences in weekly growth rate of group K
tree s .  1950.

Tree
Week (beginning with week ending 5-18)

1 2 3 4 5 6

85 .002 .002 .005 -.001 -.005 -.004
87 -.004 .004 .002 .005 -.005 -.003
89 -.007 .005 .005 .003 -.001 -.004
90 -.006 .005 -.003 .007 -.003 .000

Total -.015 .016 .009 .014 -.014 -.011

Arith.
Mean

-.004 .004 .002 .003 -.003 -.003

Tree
Week (beginning with week ending 5—18)

7 8 9 10 11

85 .003 -.002 .002 -.010 .007
87 .004 .002 .000 -.006 .003
89 .003 .000 .003 -.008 -.001
90 .005 .001 -.006 -.005 .014

Total .015 .001 -.001 -.029 .023

.004 .000 .000 -.007 .006
mean



3 1 9

T A B L E  X X I I I  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-18)

12 13 14 15 16

85 -.001 -.002 -.008 -.002 .002
87 -.001 -.003 -.011 .001 .000
89 .005 -.006 -.004 -.007 .001
90 -.001 -.006 .002 -.008 -.006

Total .002 -.017 -.021 -.016 -.003

Arith.
Mean

.000 -.004 -.005 -.004 -.001



3 2 0

T A B L E  X X I V .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  L
t r e e s .  1 9 4 9 .

T ree
Week (beginning with week ending 5-12)

1 2 3 4 5 6

33 -.003 .003 -.008 .016 .005 -.007
34 .001 -.003 .000 .013 .002 -.002
82 -.005 .002 -.002 .014 .002 -.010
83 .004 .003 -.005 .013 .016 -.019
84 .000 .006 -.005 -014 .001 -.004
86 -.004 .006 -.003 .016 .000 -.002

T otal -.007 .017 -.023 .086 .026 -.044

Arith.
Mean

-.001 .003 -.004 .014 .004 -.007

Tree
Week (beginning with week ending 5—12)

7 8 9 10 11 12

33 .014 -.002 -.002 .000 -.001 -.006
34 .004 .001 -.004 .005 .000 -.004
82 .001 .009 .004 -.003 -.003 -.007
83 .004 .005 -.003 .001 -.001 -.008
84 .006 .002 .001 -.009 .004 -.018
86 .013 -.006 -.002 -.005 -.001 -.011

Total .042 .009 -.006 -.011 -.002 -.054

Arith.
Mean

.007 .001 -.001 -.002 .000 -.009



3 21

T A B L E  X X I V  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-12)

13 14 15 16 17

33 .004 .000 -.021 .009 -.003
34 .002 .001 -.015 .007 -.001
82 .001 .006 -.022 .012 -.009
83 .006 .003 -.023 .006 -.002
84 .029 -.006 -.029 .009 .002
86 .000 .005 -.019 .007 .000

Total .042 .009 -.129 .050 -.013

Arith.
Mean

.007 .001 -.021 .008 -.002



3 2 2

T A B L E  X X V .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  L
t r e e s .  1 9 5 0 .

T ree
Week (beginning with week ending 5-18)

1 2 3 4 5 6

33 -.006 .010 .006 .001 -.012 -.002
34 .001 .006 -.002 .002 -.002 -.001
82 -.009 . 0 1 1 .005 .001 - . 0 1 1 -.003
83 -.003 .009 -.001 .001 -.004 -.004
84 .006 .000 .021 -.010 -.014 .004
86 .000 . 0 1 1 .001 -.002 -.001 -.008

Total - . 0 1 1 .047 .030 -.007 -.044 -.014

Arith.
Mean

-.002 .008 .005 -.001 -.007 -.002

Tree
Week (beginning with week ending 5—18)

7 8 9 10 11

33 _ .001 -.001 -.001 .003 -.005
34 — .008 . 0 1 1 .001 -.005 .008
82 .002 . 0 1 1 -.006 -.003 .005
83 . 0 1 1 .003 -.002 -.007 -.002
84 .005 .000 -.001 .003 .002
86 .004 .004 .000 -.007 -.001

Total .013 .028 -.009 -.016 .007

Arith.
Mean

.002 .005 -.001 -.003 .001



3 2 3

T A B L E  X X V  ( C o n t i n u e d )

T ree
Week (beginning with week ending 5-18)

12 13 14 15 16

33 .003 .001 -.004 -.008 .006
34 -.011 .004 .003 -.014 -.004
82 .006 -.009 -.003 -.010 -.007
83 .005 -.006 .001 -.012 -.004
84 .005 -.010 .004 -.020 .001
86 .006 -.008 -.001 -.013 .000

Total .014 -.028 .000 -.077 -.008

Arith.
Mean

.002 -.005 .000 -.013 -.001



3 2 4

T A B L E  X X V I .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  P
t r e e s .  1 9 4 9 .

Tree
Week (beginning with week ending 5—12)

1 2 3 4 5 6

12 -.001 .004 .008 .004 -.003 -.004
13 .002 .007 -.001 .004 -.007 .002
14 .003 -.003 .006 .002 -.002 -.004
15 -.003 .013 .010 -.001 -.007 -.010

Total .001 .021 .023 .009 -.019 -.016

Arith.
Mean

.000 .007 .007 .002 -.005 -.004

T ree
Week (beginning with week ending 5—12)

7 8 9 10 11 12

12 -.005 .005 .00 1 -.007 .003 -.002
13 .001 .007 .000 -.006 -.003 .001
14 .006 -.001 -.001 -.005 .006 .004
15 .006 .003 -.007 -.002 .005 .001

Total .008 .014 -.007 -.020 .011 .004

Mean
.003 -.002 -.005 .003 .001



3 2 5

T A B L E  X X V I  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-12)

13 14 15 16 17

12 -.003 -.005 -.002 .002 .000
13 -.002 -.004 -.008 .001 -.002
14 -.007 .002 -.011 -.005 -.001
15 -.002 .003 -.017 .000 .000

Total -.014 -.004 -.0 38 -.002 -.003

Arith.
Mean

-.003 -.001 -.009 .000 -.001



3 2 6

TABLE XXVII. Differences in weekly growth rate of group P
trees.  1950.

Tree
Week (beginning with week ending 5-18)

1 2 3 4 5 6

12 -.001 .004 -.006 .014 -.006 -.001
13 .000 .004 -.006 .020 -.002 -.003
14 -.001 .003 -.006 .010 -.001 -.001
15 .002 .005 -.001 .013 -.003 -.004

Total .000 .016 -.019 .057 -.012 -.009

Arith.
Mean

.000 .004 -.005 .014 -.003 -.002

Tree
Week (beginning with week ending 5-18)

7 8 9 10 11 12

12 .001 .002 .002 .002 .000 -.012
13 .000 -.008 .009 .014 -.018 -.002
14 .000 .011 -.002 -.002 -.005 -.002
15 .000 .006 -.002 -.003 .005 -.005

Total .001 .011 .007 .011 -.018 -.021

Arith.
Me an

.000 .003 .002 .003 -.004 -.005



3 2 7

T A B L E  X X V I I  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-18)

13 14 15 16 17

12 .009 -.006 -.012 .011 -.007
13 .015 -.001 -.024 .012 -.001
14 .007 -.001 -.018 .013 -.006
15 .002 .000 -.016 .024 -.016

Total .033 -.008 -.070 .060 -.030

Arith.
Mean

.008 -.002 -.017 .015 -.007



3 2 8

TABLE XXVIII. Differences in weekly growth rate of group R
trees .  1949.

Tree
Week (beginning with week ending 5—12)

1 2 3 4 5 6

1 -.006 .008 -.009 -.005 .017 -.004
2 -.003 .004 -.008 .017 .002 .010
3 -.002 -.001 -.002 .015 -.001 -.005
4 -.004 -.001 .000 .010 .002 .000

Total -.015 .010 -.019 .037 .020 .001

Arith.
Mean

-.004 .002 -.005 .009 .005 .000

Tree
Week (beginning with week ending 5—12)

7 8 9 10 11 12

1 .002 .007 -.008 .000 .000 -.010
2 -.018 .016 -.007 -.005 -.006 -.004
3 .003 .006 .000 -.006 -.004 -.006
4 .005 .009 -.007 -.004 -.006 -.008

Total -.008 .038 -.022 -.015 -.016 -.028

A  f* i fVi
— .002 .009 -.005 -.004 -.004 -.007

Mean



3 2 9

T A B L E  X X V I I I  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-12)

13 14 15 16 17

I .010 -.005 -.019 .011 -.001
2 .009 .005 -.026 .007 -.003
3 .009 -.008 -.014 .010 .003
4 .005 -.007 -.015 .015 -.001

Total .033 -.015 -.074 .043 -.002

Arith.
Mean

.008 -.004 -.018 .011 .000



3 3 0

T A B L E  X X I X ,  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  R
t r e e s .  1 9 5 0 .

T ree
Week (beginning with week ending 5—18)

1 2 3 4 5 6

1 .001 .005 .006 -.001 -.008 -.004
2 .001 .002 .002 .000 .004 -.004
3 -.005 .003 .000 .000 -.003 -.002
4 -.001 .003 .005 .004 -.008 .000

Total -.004 .013 .013 .003 -.015 1 • o
 

>—>
 

o

Arith.
Mean

-.001 .003 .003 .001 -.004 -.002

Tree
Week (beginning with week ending 5—18)

7 8 9 10 11

1 .006 .000 .001 -.009 .007
2 .007 -.006 .000 -.009 .010
3 .005 .000 .001 .008 .005
4 .002 .000 ,000 -.002 -.002

Total ,020 -.006 .002 -.012 .020

Arith.
Mean

.005 -.001 .000 -.003 .005
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T A B L E  XXIX (Continued)

Tree
Week (beginning with week ending 5-18)

12 13 14 15 16

1 -.001 -.004 -.011 .001 .002
2 .001 -.009 -.007 -.006 .007
3 -.005 .000 -.004 .000 .002
4 .003 -.003 -.009 .002 -.002

Total -.002 -.016 -.0 31 -.003 .009

Arith.
Mean

.000 -.004 -.008 -.001 .002
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T A B L E  XXX. D i f f e r e n c e s  in w eek ly  g ro w th  r a t e  of g ro u p  S
t r e e s .  1949.

Tree
Week (beginning with week ending 5-12)

1 2 3 4 5 6

5 -.001 .004 -.005 .017 -.002 -.003
6 -.002 .005 -.005 .013 .011 - . 0 1 1
7 -.004 .005 -.002 .015 .004 -.016
9 .002 -.002 -.002 .011 -.003 -.003

Total -.005 .012 -.014 .056 .010 -.033

Arith,
Mean

-.001 .003 -.003 .014 .002 -.008

Tree
Week (beginning with week ending 5-12)

7 8 9 10 11 12

5 .001 -.001 .004 -.009 -.012 .008
6 .000 .005 -.005 .005 .001 -.012
7 .010 .004 .005 -.005 -.002 -.004

9 .003 .002 -.004 .001 -.003 -.005

Total .014 .010 .000 -.008 -.016 -.013

  .003 .002 .000 -.002 -.004 -.003
Mean



3 3 3

T A B L E  X X X  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-12)

13 14 15 16 17

5 .013 -.017 -.008 .007 .002
6 .006 -.002 -.018 .008 .004
7 .003 -.002 -.017 .008 -.004
9 .007 -.001 -.009 .001 .003

Total .029 -.022 -.052 .024 .005

Arith.
Mean

.007 -.005 -.013 .006 .001



3 3 4

TABLE XXXI. Differences in wee kly growth rate of groip S
tree s . 1950.

Tree
Week (beg inning with week ending 5- 18)

1 2 3 4 5 6

5' -.003 .005 .001 .009 -.004 -.005
6 .001 .001 .006 .001 -.002 -.006
7 .006 .003 .001 .000 -.00 1 -.004
9 -.003 .006 .003 -.002 -.002 -.004

Total .001 .015 .011 .008 -.009 -.019

Arith.
Mean

.000 .004 .003 .002 -.002 -.005

Tree
Week (beginning with week ending 5-18)

7 8 9 10 11

5 .004 -.002 .003 -.006 .001
6 .010 -.009 .001 ~.00o .000
7 .006 .000 .005 -.013 .002
9 -.001 .005 -.003 -.001 .003

Total .019 -.006 .006 -.02b .00o

Arith.
Mean

.005 -.001 .001 - .006 .001



3 3 5

T A B L E  X X X I  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-18)

12 1 3 14 15 16

5 .007 -,009 .000 - . 0 1 1 .003
6 .010 - . 0 1 1 -.004 -.007 .000
7 .001 -.004 -.003 -.006 -.005
9 -.001 .002 -.006 -.004 .000

Total .017 -.022 -.013 -.028 -.002

Arith.
Mean

.004 -.005 -.003 -.007 .000



3 3 6

T A B L E  X X X I I .  D i f f e r e n c e s  i n  w e e k l y  g r o w t h  r a t e  o f  g r o u p  T
t r e e s .  1 9 4 9 .

Tree
Week (beginning with week ending 5—12)

1 2 3 4 5 6

16 .001 .002 -.004 .018 -.005 -.004
17 -.004 .002 -.001 .010 -.00 1 -.002
29 .003 .004 -.003 .018 .002 -.014
30 -.001 .003 -.002 .015 .002 - . 0 1 1

Total -.001 . 0 1 1 -.010 .061 -.002 -.031

Arith.
Mean

.000 .003 -.002 .015 .000 -.008

Tree
Week (beginning with week ending 5—12)

7 8 9 10 11 12

16 .001 .010 -.001 -.003 .006 -.012
17 .002 .005 -.001 -.001 .000 -.007
29 .000 .007 -.003 .002 .004 -.006
30 .000 .010 -.008 .006 -.013 .000

Total .003 .032 -.013 .004 -.003 -.025

~  * .001 .008 -.003 .001 -.001 -.006
Mean



3 3 7

T A B L E  X X X I I  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5-12)

13 14 15 16 17

16 .007 -.003 -.019 .017 -.009
1.7 .007 -.001 1 « o O' .015 -.008
29 .012 -.008 -.022 .016 -.007
30 .014 -.003 -.015 .013 -.008

Total .040 -.015 -.072 .061 -.032

Arith.
Mean

.010 -.004 -.018 .015 -.008



3 3 8

TABLE XXXIII. Differences in we ekly growth rate of group T
tree s. 1950.

Tree
Week (beginning with week ending 5—18)

1 2 3 4 5 6

16 -.005 .001 .004 .003 -.006 .003
17 .001 .002 .004 .000 -.004 .001
29 -.005 .004 .008 .009 -.006 .003
30 .000 .003 .003 .003 -.003 .001

Total -.009 .010 .019 .015 -.019 .000

Arith.
Mean

-.002 .002 .005 .004 -.005 .000

Tree
Week (beginning with week ending 5—18)

7 8 9 10 11

16 .004 .003 -.004 -.009 .006
17 -.002 .007 -.001 -.009 .006

29 -.009 .002 .000 -.002 .003
30 -.001 .005 .003 -.011 ,011

Total -.008 .017 -.002 -.031 .026

Arith.
Mean

-.002 .004 .000 -.008 .006



3 3 9

T A B L E  X X X I I I  ( C o n t i n u e d )

Tree
Week (beginning with week ending 5—18)

12 13 14 15 16

16 .000 -.003 .006 -.014 .003
17 -.002 .001 -.004 -.007 .003
29 -.002 -.002 -.007 .000 .000
30 -.008 .003 -.005 -.009 .001

Total -.012 -.001 -.010 -.030 .007

Arith.
Mean

-.003 .000 -.002 — .007 .002



3 4 0

APPENDIX B

TABLE XXXIV. Total weekly rainfall as measured at the hy—
drologic station near Tourney Woodlot. 1949.

Week Ending Total in Inches

4-7 .01
4-14 ;45
4-21 .89
5-5 .15
5-12 .00
5-19 2.34
5-26 .18
6 - 2  .00
6-9 .03
6-16 2.31
6-23 .00
6-30 .00
7-7 .15
7-14 1.77
7-21 .05
7-28 .59
8-4 .59
8 - 1 1  1 . 2 2
8-18 .53
8-25 .00
9-1 .82
9 - 8  .68
9-15 -61
9-22 .98
9-29 -08

10-6 1.18
10-13 1.04



3 4 1

TABLE XXXV. Total weekly rainfall as measured at the hy—
drologic station near Toumey Woodlot. 1950.

Week Ending Total in Inches

4-6 1.62
4-13 .53
4-20 .19
4-27 2.43
5-4 ,01
5-11 .15
5-18 .02
5-25 1.19
6-2 2.23
6-10 .45
6-17 .81
6-24 .95
7-1 .39
7-8 T race
7-15 .68
7-22 3.07

7-29 .62
8-5 .96
8-12 .32

8-19 .00
8-26 1.19
9-2 2.98
9-16 3.08



3 4 2

TABLE XXXVI. Evaporation in inches as measured at the
hydrologic station near Tourney Woodlot. 1949.

Week Ending Total Arithmetic Mean

4-7 .92 .13
4-14 1.62 .23
4-21 1.08 .15
4-28 1.90 .27
5-5 2.12 .30
5-12 1.92 .27
5-19 1.87 .27
5-26 1.33 .19
6-2 2.07 .30
6-9 2.14 .31
6-16 1.65 .24
6-23 1.59 .23
6-30 2.14 .31
7-7 2.13 .30
7-14 1.44 .21
7-21 1.65 .24
8-4 1.43 .20
8-11 1.79 .26
8-18 1.29 .18
8-25 1.41 .20

9-1 1.12 .16

9-8 1.32 .19
9-15 1.09 .16

9-22 1.13 .16

9-29 1.08 .15

10-6 1.07 .15

10-13 1.01 .14



3 4 3

T A B L E  X X X V I I .  E v a p o r a t i o n  i n  i n c h e s  a s  m e a s u r e d  a t  the
hydrologic station near Toumey Woodlot. 
1950-.

Week Ending Total Arithmetic Mean

4-6 .47 .08
4-13 .75 .11
4-20 1.01 .14
4-27 .90 .13
5-4 1.06 .15
5-11 1.43 .20
5-18 1.64 .23
5-25 1.49 .21
6-2 1.99 .25
6-10 2.16 .27
6-17 1.45 .21
6-24 1.92 .27
7-1 1.67 .24
7-8 1.78 .26

7-15 1.77 .25
7-22 .07 .01

7-29 .82 .12
8-5 1.19 .17

8-12 1.97 .28

8-19 1.55 .22
8-26 1.51 .22

9-2 .09 .01
9-16 1.96 .14



3 4 4

TABLE XXXVIII.. The ratio of precipitation to evaporation
(P/E value) for 1949- Figures taken from 
data of the hydrologic station.

Week Ending P /E  Value in Percent

4-14 .28
4-21 .82
4-28 .21
5-5 .07
5-12 .00
5-19 1.25
5-26 .14
6-2 .00
6-9 .60
6-16 .73
6-23 .00
6-30 .00
7-7 .07
7-14 1.05

7-21 .03
7-28 .31
8-4 .41

8-11 .70
8-18 -41

8-25 .00

9-1 .73

9-15 .64



3 4 5

TABLE XXXIX. The ratio of precipitation to evaporation
(P/E value) for 1950. Figures taken from 
data of the hydrologic station.

Week Ending P /E  Value in Percent

4-13 .71
4-20 .19
4-27 .27
5-4 .01
5-11 .10
5-18 .01
5-25 .80
6-2 1.12
6-10 .31
6-17 .55
6-24 .49
7-1 .23
7-8 . .00
7-15 .38
7-22 44.00
7-29 .76
8-5 .81
8-12 .16

8-19 .00
8-26 .79
9-2 32.50



3 4 6

T A B L E  X L .  S o i l  m o i s t u r e  a s  r e c o r d e d  a t  t h e  h y d r o l o g i c  s t a ­
t i o n  n e a r  T o u r n e y  W o o d l o t .  1 9 4 9 .

Week
Ending

Re sistance 
(in ohms)

Weekly Av­
erage of 

Daily Totals 
(in ohms)*

Percent
Available
Moisture

Single Reading 
(in percent) 

Taken at Date 
Indicated

4-7 4,885 814 79 78
4-14 5,160 860 77 78
4-21 4,955 826 79 77
4-28 4,125 825 79 80
5-5 3,335 834 78 78
5-12 5,250 875 76 76
5-19 5,545 924 75 74
5-26 4,885 814 79 79
6-2 5,200 867 77 79
6-9 17,310 2,885 41 23
6-16 75,920 12,653 16 52
6-23 6,020 1,003 72 73
6-30 6,450 1,075 71 74
7-7 5,780 963 73 73
7-14 6,020 1,003 72 73

7-21 4,830 966 73 73
7-28 6,315 1,052 71 69
8-4 7,325 1,254 67 63

8-11 10,630 1,772 55 48

8-18 19,700 3,283 36 36

8-25 145,675 24,279 9 1

9-2 556,750 92,792 0 3

* s o m e  d a i l y  r e a d i n g s  n o t  a v a i l a b l e



3 4 7

T A B L E  X L I .  S o i l  m o i s t u r e  a s  r e c o r d e d ,  a t  t h e  h y d r o l o g i c  s t a ­
t i o n  n e a r  T o u r n e y  W o o d l o t .  1 9 5 0 .

Week
Ending

Resistance 
(in ohms)

Weekly Av­
erage of 

Daily Totals 
(in ohms)*

Pe rcent 
Available 
Moi sture

Single Reading 
(in percent) 

Taken at Date 
Indicated

4-6 4,525 754 81 82
4-13 4,625 771 80 81
4-20 4,650 775 80 81
4-27 4,490 748 81 81
5-4 4,810 802 79 79
5-11 4,920 820 79 78
5-18 5,520 920 75 73
5-25 6,820 1,137 69 65
6-2 8,165 1,633 57 53
6-10 10,920 1,560 59 63
6-17 10,805 1,801 55 48
6-24 24,000 4,000 34 28
7-1 60,050 10,008 18 17
7-8 89,375 14,896 15 12

7-15 135,375 22,562 9 12
7-22 85,325 14,221 15 33

7-29 12,480 2,080 49 57

8-5 8,860 1,477 61 63

8-12 10,290 1,715 56 49

8-19 128,350 21,392 9 9
8-26 151,000 25,167 9 8

9-2 62,550 10,425 18 41

* s o m e  d a i l y  r e a d i n g s  n o t  a v a i l a b l e .



3 4 8

T A B L E  X L I I .  S o i l  t e m p e r a t u r e  a s  r e c o r d e d  a t  t h e  h y d r o l o g i c
s t a t i o n  n e a r  T o u m e y  W o o d l o t .  1 9 4 9 .

Week Ending
Total 

(in degrees 
F ahrenheit)

Weekly Average of 
Daily Totals 

(in degrees Fahrenheit)

4-7 271 39
4-14 296 42
4-21 272 39
4-28 330 47
5-5 445 64
5-12 403 58
5-19 436 62
5-26 379 54
6-2 397 57

6-9 441 63
6—16 465 66
6-23 484 69
6-30 435 62
7-7 529 76
7-14 494 71
7-21 487 70
7-28 530 76
8-4 490 70
8-11 501 72
8-18 488 70

8-25 450 64

9-2 510 73
9-16 814 58*

* two—week average



3 4 9

T A B L E  X L I I I .  S o i l  t e m p e r a t u r e  a s  r e c o r d e d  a t  t h e  h y d r o l o g i c
s t a t i o n  n e a r  T o u m e y  W o o d l o t -  1 9 5 0 .

Week Ending
Total 

(in degrees 
Fahrenheit)

Weekly Average of 
Daily Totals 

(in degrees Fahrenheit)

4-6 239 34
4-13 233 33
4-20 273 39
4-27 271 39
5-4 291 42
5-11 335 48
5-18 365 52
5-25 386 55
6-2 471 59
6-10 488 61
6-17 435 62
6-24 433 62
7-1 450 64
7-8 455 65
7-15 475 68
7-22 461 66
7-29 461 66
8-5 461 66
8-12 442 63
8-19 445 64
8-26 444 66
9-2 208* 69

* t h r e e  r e a d i n g s



3 5 0

T A B L E  X L I V . A i r  t e m p e r a t u r e  ( i n  d e g r e e s  F a h r e n h e i t )  a s
r e c o r d e d  a t  C a p i t o l  C i t y  A i r p o r t ,  L a n s i n g ,
M i c h i g a n .  1 9 4 9 .

Week Ending
Summation 

T empe rature

Weekly Average of 
Daily Totals 

(in degrees Fahrenheit)

4-7 286 41
4-14 338 48
4-21 291 41
4-28 357 51
5-5 464 66
5-12 387 55
5-19 455 64
5-26 370 53
6-2 427 61
6-9 446 64
6—16 501 72
6-23 516 74
6-30 546 79
7-7 559 80
7-14 491 70
7-21 505 72
7-28 538 77
8-4 475 68
8-11 538 77
8-18 502 72
8-25 476 68

9-2 462 66
9-16 830 60
9-30 772 55



3 5 1

T A B L E  X L V .  A i r  t e m p e r a t u r e  ( i n  d e g r e e s  F a h r e n h e i t )  a s
r e c o r d e d  a t  C a p i t o l  C i t y  A i r p o r t ,  L a n s i n g ,
M i c h i g a n .  1 9 5 0 .

Week Ending
Summation 

T empe rature

Weekly Average of 
Daily Totals 

(in degrees Fahrenheit)

3-30 257 37
4-6 259 37
4-13 236 34
4-20 317 45
4-27 302 43
5-4 335 48
5-11 378 54
5-18 405 58
5-25 448 64
6-2 492 62
6-10 532 66
6-17 461 66
6-24 467 67
7-1 457 65
7-8 467 67
7-15 489 70
7-22 475 68

7-29 494 71
8-5 477 68
8-12 473 68

8-19 477 68
8-26 458 65

9-2 477 68



3 5 2

TABLE XLVI. Total solar radiation as recorded at the hy —
drologic station adjacent to Toumey Woodlot.
1949.

Total Radiation in Gram-calories 
Week Ending P er  Square Centimeter

(Langley units)

4-7 2,418.0
4-14 3,387.6
4-21 2,542.0
4-28 2,912.4
5-5 3,206.6
5-12 3,112.2
5-19 2,444.5
5-26 2,668.9
6-2 2,502.5
6-9 3,808.1
6—16 2,236.2
6-23 2,908.3
6-30 2,921.9
7-7 2,808.5
7-14 2,702.9
7-21 3,119.2
7-28 3,207.9
8-4 2,655.9
8-11 2,779.1
8-18 2,523.4
8-25 2,964.1
9-1 1,655.1
9-8 1.949.7
9-15 1,810.5
9-22 1,607.1

9-29 2,003.6
10-6 1,555.8



3 53

T A B L E  X L V I I .  T o t a l  s o l a r  r a d i a t i o n  a s  r e c o r d e d  a t  t h e  h y —
drologic station adjacent to Toumey Woodlot.
1950.

Week Ending
Total Radiation in Gram-calories 

P er  Square Centimeter 
(Langley units)

4-6 1,472.8
4-13 1,682.3
4-20 2,427.1
4-27 1,953.5
5-4 2,554.3
5-11 3,026.8
5-18 3,434.2
5-25 3,538.5
6-2 3,084.9*
6-10 3,850.7*
6-17 3,251.5
6-24 2,966.1
7-1 3,672.4
7-8 3,733.9
7-15 4,004.4
7-22 2,823.4

7-29 3,526.9
8-5 2,999.8
8-12 3,456.6

8-19 3,137.3
8-26 2,99.6.9
9-2 1,745.7
9-16 1,978.9*

* daily average x 7



3 5 4

T A B L E  X L .V I I I . T o t a l  a m o u n t  o f  s u n s h i n e  a s  m e a s u r e d  a t
C a p i t o l  C i t y  A i r p o r t ,  L a n s i n g ,  M i c h i g a n .  1 9 4 9 -

Week Ending Hours and Minutes

4-7 48:02
4-14 78:48
4-21 55:56
4-28 70:29
5-5 80:34
5-12 70:45
5-19 60:37
5-26 63:50
6-2 87:03
6-9 90:24
6— 16 55:11
6-23 84:19
6-30 77:47
7-7 72:41
7-14 70:53
7-21 83:02
7-28 88:52
8-4 61:05
8-11 78:12
8-18 72:52
8-25 90:33
9-2 49:00
9-16 45:58*

* daily average x 7



3 5 5

T A B L E  X L I X .  T o t a l  a m o u n t  o f  s u n s h i n e  a s  m e a s u r e d  a t
C a p i t o l  C i t y  A i r p o r t ,  L a n s i n g ,  M i c h i g a n .  1 9 5 0 .

Week Ending Hours and Minutes

5-4 51:44
5-11 65:50
5-18 80:14
5-25 81:16
6-2 72:27*
6-10 97:05*
6-17 77:18
6-24 63:18
7-1 79:28
7-8 84:55
7-15 92:47
7-22 58:57

7-29 88:28
8-5 67:20
8-12 86:12

8-19 70:12
8-26 66r38
9-2 37:15
9-16 44:22*
9-30 48:68*

* d a i l y  a v e r a g e  x  7
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TABLE L. Amount of cloudiness as recorded at Capitol City 
Airport, Lansing, Michigan. Degrees of cloudi­
ness recorded on a scale of zero to ten. 1949.

Week Ending Total Weekly Average of
Daily Totals

4-7 34 5.0
4-14 22 3.0
4-21 35 5.0
4-28 38 5.0
5-5 28 4.0
5-12 33 4.5
5-19 53 7.5
5-26 46 6.5
6-2 31 4.0
6-9 25 3.5
6—16 47 6.5
6-23 36 5.0
6-30 42 6.0
7-7 41 6.0
7-14 45 6.0
7-21 31 4.0
7-28 27 4.0
8-4 43 6.0
8-11 26 3.5
8-18 24 3.0

8-25 11 1.5
9-2 39* 6.5

* average of six
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T A B L E  L I .  A m o u n t  o f  c l o u d i n e s s  a s  r e c o r d e d  a t  C a p i t o l  C i t y
A i r p o r t ,  L a n s i n g ,  M i c h i g a n .  D e g r e e s  o f  c l o u d i ­
n e s s  r e c o r d e d  o n  a  s c a l e  o f  z e r o  to  t e n .  1 9 5 0 .

Week Ending Total Weekly Average of
Daily Totals

4-6 57 8.0
4-13 65 9.0
4-20 49 7.0
4-27 61 8.5
5-4 52 7.0
5-11 47 6.5
5-18 37 5.0
5-25 28 4.0
6-2 54 6.5
6-10 35 4.5
6-17 43 .6.0
6-24 47 6.5
7-1 31 4.0
7-8 34 5.0
7-15 22 3.0
7-22 45 6.5

7-29 30 4.0
8-5 40 5.5
8-12 24 3.0

8-19 32 4.5
8-26 33 4.5
9-2 61 8.5
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TABLE LII. Available soil moisture as recorded at the hy­
drologic station near Toumey Woodlot. Data is 
back dated from the time of radial growth in­
crement readings by 48 hours. 1949.

Week Ending
Resistance 
(in ohms)

Weekly Average of 
Daily Totals 
(in ohms)3*'

Pe rcent 
Available 
Moi sture

4-12 5,140 857 77
5-19 4,925 821 79
4-26 5,020 837 78
5-3 2,470 823 79
5-10 5,150 858 77
5-17 5,420 903 76
5-24 5,161 860 77
5-31 5,015 836 78
6-7 7,815 1,302 63
6-14 83,500 13,917 15
6-21 7,780 1,297 65
6-28 7,445 1,241 66
7-5 4,725 945 75
7-12 6,075 1,012 73
7-19 4,835 967 74
7-26 6,045 1,007 73
8-2 6,970 1,162 68

8-9 8.900 1,483 61
8-16 16,430 2,738 42
8-23 44,000 7,333 23
8-30 464,750 77,458 0

* s o m e  d a i l y  r e a d i n g s  n o t  a v a i l a b l e
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TABLE LIII. Total precipitation as recorded at the hydrologic
station near Toumey Woodlot. Data is back 
dated from the time of radial growth increment 
readings by 48 hours. 1949

Week Ending Inches

4-12 .01
4-19 1.34
4-26 .40
5-3 .15
5-10 .00
5-17 .03
5-24 2.48
5-31 .01
6-7 .03
6-14 1.20
6-21 1.11
6-28 .000
7-5 .000
7-12 1.14
7-19 .79
7-26 .53
8-2 .69
8-9 .60
8-16 1.15
8-23 .000
8-30 .55
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TABLE LIV. Evaporation (open pan) as recorded at the hy­
drologic station near Tourney Woodlot. Data is 
back dated from the time of radial growth in­
crement readings by 48 hours. 1949.

Week Ending Inches

4-12 1.36
4-19 1.04
4-26 2.01
5-3 1.97
5-10 1.98
5-17 1.98
5-24 1.39
5-31 1.72
6-7 2.32
6-14 2.22
6-21 1.38
6-28 2.18
7-5 2.24

(1.61)
7-12 1.38
7-19 1.44
7-26 1.78
8-2 1.58

8-9 1.59
8-16 1.60
8-23 1.31
8-30 1.33

(1.26)
9-14 2.52
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TABLE LV. Soil temperature as recorded at the hydrologic
station near Tourney Woodlot. Data is back 
dated from the time of radial growth increment 
readings by 48 hours. 1949.

-mmT , „  Weekly Summation in
Week Ending ^ „

Degrees Fahrenheit

4-12 282
4-19 284
4-26 315
5-3 401
5-10 441
5-17 408
5-24 412
5-31 372
6-7 445
6-14 457
6-21 488
6-28 497
7-5 525
7-12 497
7-19 482
7-26 498
8-2 497

8-9 489
8-16 496
8-23 457
8-30 472
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TABLE LVI. Total solar radiation as recorded at the hydro-
logic station near Tourney Woodlot. Data is back 
dated from the time of radial growth increment 
readings by 48 hours. 1949.

Total Radiation in Grams 
Week Ending P er  Square Centimeter

(Langley units)

4-12 3,013.8
4-19 2,375.1
4-26 2,823.3
5-3 3,452.9
5-10 3,056.3
5-17 2,944.8
5-24 2,405.7
5-31 3,212.3
6-7 3,685.8
6-14 3,264.0
6-21 1,968.2
6-28 3,150.4
7-5 3,248.1
7-12 2,416.6
7-19 3,267.0
7-26 2,865.2
8-2 2,600.3
8-9 2,976.7
8-16 2,567.3
8-23 2,884.6
8-30 1,670.1


