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INTRODUCTION 

A. Historrothexp e r i. ment. 

The experiments on the methods of 1antin besan in 

1932 when T. J. Starker, Professor of Forestry, Oregon 

State College, and A. '. cIntire, then research forest- 

er for Pennsylvania State Colleße, argued the pros and cons 

of puddled seed1ins for piantine. Tests were first begun 

at Fennsylvania State College which consisted of planting 

1600 Norway pine (Finus resinosa s. ) 3-O seedlings by 8 

different methods. It suffered considerable damage from 

rabbits which made its value ineligible for a basis of 

planting technique. Later the plantation was destroyed by 

frost heaving and the project has since been abandoned. 

In the fall of 1932 and the spring of 1933, the test 

was repeated twice using Ponderosa pine (Finus ponderosa 

Law.) stock. These plantations were located on the :c- 

Donald Forest, Oregon State College, seven miles north 

of Corvallis, on highway 99-1. The object of the test was 

to determine if there would be any preferable method of 

field planting forest stock and, in part, to determine the 

amount of root exposure the seedlings would withstand. 

B. Planting Procedure. 

The trees to be planted were carefully graded as to 

size and condition with special attention given to the root 

systems. They were planted four feet apart in rows spaced 
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at eight feet. (Careul1y supervised student labor was 

used.) ach row contained 50 trees, and each method of 

planting was repeated four times for both fall and srinß 

planting. The methods were repeated in series so any 

small inequalities in site would tend to be balanced. 

Fall Plantinß. 

The sod was stripped from plantinß spots on October 

20, 1932. 

All trees were planted October 2o, 1932. 

l-1 Pinus ponderosa stock raised at the Clarke c- 

Nary nursery was used. 

Tenperature 670 F. 

rows. 

Relative Humidity 82fc. 

All planting was started on the south end of the 

It was a partially cloudy day, anc rain fell the 

niNht of October 30, 1932. 

Ttie north end of the rows are labelled with alum- 

mum tags indicating the method used on that row. 

Lath are nubered on the south end of rows. 

Spring Planting. 

Sod striping and planting all took place on the 

afternoon of April 10, 1933. 

Temperature 530 F. 

i-?elative Humidity 56%. 

Two days before planting it had snowed 2 inches on 
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the area. It was cloudy when planting, thus the expos- 

ure of 15 minutes, 30 minutes and 60 minutes was not too 

severe. 

A li.ht rain fell the night following planting. 

The mthod of p1antin was recorded on lath at the 

south end of each row; aluminum ta.s were substituted on 

April 18, 1933. 

All planting was started on the south end of each 

rosi. 

Iethods Used in Planting. 

Row 1. Cone planting. Theoretically, by building 

up a small cone of good earth in the bottom of the plant- 

ing hole and spreading the roots over this cone, excellent 

results should be obtained. In the Pennsylvania test, 3-0 

Norway pine seedlings were used and having a well-defined 

main root, did not lend themselves well to this method. 

The 0reon grown stock was 1-1 Fondrosa pine and had a 

more fibrous and branching root system. At the best, this 

was a slow and expensive method of planting. 

Row 2. Puddled planting. A preparation of earth and 

water was used in this series making up a quantity about 

the consistency of thick cream and keeping the plants in 

the mixture during the progress of planting. Careful 

mattock planting was used in placing the seedlings in the 

ground. Tourney says ttFd,ljfly is not necessary and usually 

does ¡flore harm than good." 
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ow 3. bunched. OEreat stress has been placed on 

the duty of a tree planter in getting the roots down 

straight and in a natural position. bowever, Ciieyney 

in :innesota made a limited test to determine the pur- 

poseful bunching of roots and found littÏe difference 

in results. In this series, the roots were bent back one 

half their length and inserted in a spade-made slit. he 

root depth was therefore decreased one-half compared to 

that of the regularly planted stock. 

Row 4. Slit paanting. These trees were planted by 

the slit method. A heavy steel dibble or straight spade 

was used to make the slit and the roots were inserted to 

their natural depth. Care was used in closing the bottom 

of the slit so as not to leave an air pocket. The roots 

were comparatively well distributed over the surface of 

the slit. 

Rows 5-6-7. 15, 30, and 60 minute exposure. Planted 

in this order was a series of three sets of plants, the 

first being exposed to the sun 15 minutes, the second 30 

minutes, and those of row 7, 60 minutes. Tiime plants were 

spread out on the ground so that the roots were directly 

exposed to the sun's rays. A thermometer placed between 

the roots recorded the maximum temperature. 

The fall planted Oregon stock was exposed to a max- 

imum temperature 01' 67° F. and a relative humidity of 

The spring planted stock was affected by a temp- 
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erature of 530 F. and a relative humidity of 82%. 

All these trees were wrapped in moist burlap at the 

end of their exposed period and planted in a workmanlike 

manner with mattocks. 

Row 8. iattock planting. Carefully prepared matt- 

ock planting, with no special treatment of the stock, was 

used in these rows. 

The Oregon fall planting occurred October 28, 1932, 

and a small amount of rain fell the night of October 30. 

Two days before the Oregon spring planting, April 10, 

1933, a snow of 2 inches covered the ground and during 

the planting day the weather was cloudy, and conditions 

were generally good for planting. 

DESCRIPTION OF THE PLANTED AREA 

A. Geographical. 

The plantation lies in forty number eight, section 

36, Township 11 South, Range 5 West, iillamette Meridian 

in the Peavy Arboretum. 

The area is easily accessible from the town of Cor- 

vallis by taking U.S. highway 99-SV north for 7 miles to 

the present site of the Arboretum Civil Conservation Corps 

camp. At tnis point, the gravel road to the Clarke-go- 

Nary nursery leads to the area which lies seven-tenths 

of a mile from the highway. Cars can be parked at the gate 

at this point and the plantation lies a hundred feet to 

the north of the point. 



The area is more or less 3.43 acres. Its surface 

nowhere exceeds 25 percent slope and will average app- 

roxirriately 2 percent, having an average aspect of north- 

east. The elevation ranges from 330 to 43u feet a°ove 

mean sea level. 

B. Silvicultural Description. 

Soil. The soil throu1aout the plantation is of the 

Aikin-Clay type and is of the same type as the soil found 

in the remainder o.f the Peavy Arboretum. This soil is 

generally considered good for the growth of conifers, ex- 

pecially Douglas fir and hite fir. 

The pH value of this soil is 6.0 to 6.3 being deter- 

mined by tests carried on by the Soils Department of the 

School 01 Agriculture, Creon State College. 

Several tests of the soil in different portions of 

the plantation were made with soil auger. The following 

statistics show trie depth oi layers A and B in vaious 

tests. 

Exposure Layer Depth of Soil 
(inches) 

1rorth A 24 
Do B 14 

Northeast A 21 
Do B 4 

Southeast A 20 
Do B 7 

Southwest A 23 
Do B 11 
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The soil taking the area as a unit is medium to 

poorly drained. The soll is neavy,and there is oniy a 

thin layer of humus and litter, so there is some tend- 

ency for erosion during the rainy season. The surface 

of the soil cakes and hardens during the hot summer mon- 

ths so that moisture absorbent qualities are inhibited. 

Competition from other Species. Oregon white oak 

(Quercus garryana), Oregon maple (Acer macrophyllum) and 

blackberry vines (.ubus spp.) are the main competing 

species for soil moisture on this area. On the south- 

eastern and eastern sides there is some comçetition for 

light from oak and maples which have sprouted from stumps. 

There is also a snag girdling experiment being carr- 

led on throughout this area, and two of said snags have 

been wind thrown and have crushed several pine saplings. 

These pine will eventually die unless these snags are 

removed. 

Elotic Factors. While working on the area, it was 

noted that several of the smaller pine saplings have been 

damaged due to the fact that rabbits have nibbled upon 

the lower branches and needles. 

Several oak and maple stumps and the blackberry 

bushes offer favorable cover for rabbits and gophers. 

It is possible and probable that man has caused some 

damage to the pine, as numerous silviculture classes 

have made growth studies in previous years, and boys from 



the C.C.C. camp located three-rourths miles east on the 

main hithway have well worn aths tnrouh the plantation. 

C. Statistical Description. 

In the past a standard sheet (see index) has been 

used each year for the recordinß of ßrowth and survival 

data of the area. It has been customary for tLie junior 

silviculture class to spend one laboratory period of four 

hours annually to compile this data. 

Procedure for obtaining the necessary annual measure- 

ments is as follows: 

The instructor goes over the procedure generally and 

usually measures some trees for an example. A yard stick 

is used, and inches are the basis of measurements; current 

annual height growth is measured from the top of the high- 

est whorl of branches to the top of tie terminal oud. Tot- 

al length is measured from the ground line to the same 

point. .uality of the leader (current annual height growth) 

is judged asto color, size,and general condition. This is 

explained to tlìe students by the instructor. 

The procedure used in obtaining these measurements 

is to assign two men to a row under normal circumstances, 

one doing the measurements and tue other tallying the res- 

ults on the regular forms. Under this system it is estim- 

ated that approximately fifty man-hours of labor are used 

to measure the entire area. 

The data of each sheet is averaged by the crew who 



took it and as a whole the data is filed with the instr- 

uctor under the file name of "Ponderosa Fine P±antin 

ethods". This measuring was initiated in 1935 and is 

complete up to 1939, inclusive, with the exception of 

data on spring planting in 1937, which has been lost. 

OBJECTIVES OF THESIS 

The objectives of this thesis may be stated and 

expatiated as follows: 

1. To compile scattered data into a single paer. 

During the last five years these papers lieve been in 

the hands of different professors and ifl a general stite 

of disorganization. It is our aim to bring these papers 

and statistics together under one file, so that they are 

easily accessible at all time. 

2. To determine by statistical methods the results 

of planting this area by the different methods and to 

analyze the results of each. 

To date no analysis or conclusions have been con- 

structed from the data collected in previous years. This 

entire thesis wili be directly based upon these figures 

which have collected since the year 1935. At this time, 

it is estimated that the trees in the plantation have made 

sufficient growth to coprehensively draw conclusions and 

to offer recommendations. 

3. To conduct a silvicultural survey of the area. 
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As far as existent records indicate, very few if 

any studies have been made to determine the silvicultural 

aspects of the area, with the exception of a few Inad- 

equate observations made rior to the planting in 1932-33. 

It is evident that silvicultur3l aspects play a leading 

role in the condition of the growing stock. This survey 

is intended to be more of an extensive than of an inten- 

sive nature. 

4. To provide a basis and recommendations for future 

research on this roject. 

It is our opinion that past data from this project 

has been insufflcient as far as quality and quantity are 

concerned. 

The final results of 01 this project, which can re 

obtained within the next decade, can be no mote accurate 

than the data upon which it is based; therefore it will 

be our objective to outline new procedures for obtaining 

data upon a basis of the best quality in the optimum time. 

5. To determine the relative merits of the eight 

methods of planting based upon survival and growth char- 

acteristics. 

It was the original intent that the results of these 

different methods of planting b3 interpreted by the rel- 

ative percentage survival of trees planted under each 

method, and the growth characteristics of each. 

We will base our thesis on the same criterion, but 
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will not hold trils policy as indefeasible, in the event 

that more efficient criteria are ascertained. 

PROCEDURE 

A. Field Work. 

1. Survey of the area. 

Ti'e beßinnin point for the survey was tied into the 

1/16 corner section 36, Township li South, Range 5 ,est, 

Willarnette ieridian. A staff co:nass, a two-chain trail- 

er tape was used in determining the direction and dist- 

ance, while one abney was used by the head chainman in 

deterrninin differences in eievation. A rough map was 

made out in the field and final copies made in the office. 

2. of leader lengths and total heights 

of Ponderosa pine. 

Two pieces of lumber i by 2 inches by eight feet, 

were graduated into one-half inch divisions. Two men 

measured the total heights in addition to the leader 

lengths of all the trees, and the other man recorded the 

data. 

3. Silvicultural analysis. 

(a) Soil analyses. A soil auger was used to de- 

termine the soll depth and type of soil. Samples from 

four dirferent points of the plantation were obtained and 

the depths of the A and E layers were recorded. 

The pH value of tìe soil was obtained from data 

collected by the Soils Department of the School of Agricul- 

ture. 
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(b) Biotic factors. Each sap1in was examined 

to determine any deleterious effects that might be due to 

rabbits feeding upon needles and branches and any other 

effects such as broken leaders and by men who collected 

data in previous years. 

B. Ofice 

1. Prepartion of data. 

Data from previous yearst measurements of the pine in 

this plantation was recovered from Frofessors il. F. Mc- 

Culloch and T. J. 3tarker, School of Forestry, Corvallis, 

Ore:on. 

Each years data including our measurements for the 

year 1939 are compiled into one complete table entitled 

ttStatistical Analysis of Ponderosa Pine Planting Studyti. 

The average measurements oi each type of planting 

for both tall and spring planting were then compiled and 

the total average heights by years were plotted in order 

to better determine the correlation between types of 

planting and the average rate of growth and heights for 

the past five years. Ttiere are two graphs for spring and 

fall planting in this part of the thesis. 

2. Description of present improvements. 

The only evidence of improvement on the area are 

stakes at the heid of each row (north end). vTost of tiese 

still remain intact. It was suggested to supplement these 

with new and more durable stakes, but this project was 

critized because improvements of this sort are too attract- 



13 

ive to marauders. Trie present stakes are in a state of 

decay but have ben placed in positions where their ident- 

ification is easy. 

No cultural improvements, as vine and brush eradi- 
fication, have been done altriouh several portions of the 
area are in need of work of this ciaaracter. Rodents could 

be controlled and eliminated almost completely by simple 

application of poison within the area. 

3. Determination of statistical methods. 

To date trie only attempt at a statistical survey on 

this project was by I'Ir. Harry A. Fowells, California For- 

est Experiment Station, Berkeley, Caliiornia, to wnom the 

annual forms have been sent br statistical analysis. 3o 

lar, no results have been gain6. from this source, so it 
was up to us to determine some way to compare trie differ- 
ent 1anting methods and reach some ioicaI and mathem- 

atical correct recuits. 
An idea was conceived to form an index, w1cn proved 

inadequate later and was abandoned. The description of 

this index is as follows: 

Tne basic assumption was triat all environmental fact- 
ors, viz., site, woula affect growth proportionteiy trie 

saine. Trie index was the relationship of current annual 

growth (leader lenßth) to the total growth. 

: 

Site 
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The above graph will explain how we thought site 

would affect the growth of seedlings. Let X equal the 

current annual growth and I the total growth. OTBE, this 

growth would vary but would at all time X:Y would be the 

same. 

Assuming this to be true, the value of using this 

index would be that deviations from this index would be 

because of planting methods. If a tree were planted by a 

poor method, the index would be below the average for the 

plantation or any one method selected as a basis of corn- 

parison. A method that was entirely satisfactory would 

produce an index higher than the average. The time it 

took for a seedling to overcome defects could also be seen 

i_n this system. 

This statistical procedure was tried on several rows 

and it was found that there was very little correlation of 

the indices. The procedure was definitely faulty, although 

the exact cause for this failure was not derived. 

The second method of statistical procedure was work- 

ed out on an entirely different basis and found to work 

to a satisfactory degree of accuracy. Its application is 

explained in the following section. 

4. Application of statistical methods. 

The statistical methods determined in the previous 

paragraph resulted in our eliminating several poor samples 

in every type of planting and row. The graphs showing tot- 

al heights of trees in inches over age in years were used 



15 

so that the reader might better picture the comparative 

results of the different types of planting. 

Total height in inches instead of leader length in 

inches was used as the dependent variable oecause it is 

considered that the total height will give the reaults of 

the last five years ¿rowth and will ¿ive us a better sample 

of growing conditions and vigor than if we were able to 

base our conclusions on only one year's growth. 

CONCLU SI ONS 

A. 5eason Planting. 

Although results indicate that there was no difference 

in survival of either spring and fall planting, we feel that 

the conditions of planting and trie mild winter tend to mm- 

umize the differences there might have been in the fall and 

spring plantings. 

Fall planting produced higher survival than spring 

planting ünder the following methods: slit, 15 minute, 

30 minute, 60 minute and lower survival in cone and m&t- 

tock. e conclude that there is no oirelation between 

the season of planting and the survival, we believe that 

certain biotic factors have contributed more to the mortality 

than the season of planting. 

B, Row Planting. 

Fall planting. The greatest survival of trees in 

the fall planting method by rows (originally 50 trees 

planted per row) were the puddled (4d), 'nd silt ('-fc) meth- 

ods with ittle difference in mattock(46), cone(46), 15 mm- 
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ute(46), O mlnute(46); 60 minute(34) si-iowed the small- 

est number of surviving trees. 

Spring plantinß. In the spring planting the sur- 

vivai was in the following order: bunched(48), mattock 

(4b), puddled(48), cone(47.5), slit(44.2), l5minute(43.5), 

30 rninute(42.8) and. 60 minute(36.5). 

ethods of planting cannot be considered as the 

single function as other factors such as competition and 

rabbit damage must be considered in arriving at any con- 

clusions in percentage of mortality. 

C. 3-rowth Height over Age Years. 

Tne puddled method in both fall and spring planting 

was consistently high while the sixty minute showed. the 

least total height growth. 

The remainder of the averaged rows planted by the 

vrrious methods varied in each case of fall and spring 

planting, as in the fall planting the mattock method show- 

ed a lovier average height growth than the method of plant- 

ing by exposing the roots for 15 minutes while in the 

spring planting the mattock method rated third in average 

height growth. 

There is as much variation in height in the individ- 

ual rows because of site differentiation as there is be- 

tween the different methods of planting. As there is no 

known statistical method of eliminating these site factors, 

the results of field data must be limited to sonie extent 

in accuracy. 
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The soil analysis of tLÍS area shows that triera is 

no correlation between soil depth and average height 

growth. 

On this area the differences in site may be attrib- 

uted almost entirely to the drainage of the soil, as 

otLer soil characteristics as pH value, texture, depth, 

tilth are of a more or less homogeneous nature. 

D. G-eneral Conclusions. 

It is believed that the detrimental effects on the 

planting stock due to the methods of planting influence 

their growth only up to an age of (10-12) years at which 

time new roots will be formed, and the root system of all 

the trees will be of approximately the same condition. 

Under normal growin. conditions in the forest, the results 

of different methocs of planting can be seen through sur- 

vivai, which would largely be the result of the ability of 

of the trees to withstand competition during their infancy, 

and costs which would naturally be determined by the princ- 

iple of the best survival at the least cost; for example, 

although the puddled and cone methods appear to ¿ive the 

best growth and survival, the extra time involved ir the 

planting procedure would possibly eliminate these methods 

because of the economic considerations. 

In a project of this type, all environmental factors 

as site, competition and etc., should be kept at a constant 

in order to safely conclude that the greatest differences 

in growth are ttie direct results of methods of planting. 
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On the present plantation these factors vary so greatly 

on different portions of the area that in many cases 

differences in growth caused by methods of planting are 

greatly subordinated. 

1.EC OIENDAT I ONZ 

The following recommendtions are offered: 

1. In order to secure greater accuracy in the ob- 

taming of field data, every tenth tree in each row 

should be visibly marked so as to facilitate survival 

countinß and specific trees could be found with greater 

ease. 

2. In addition to the gathering of annual growth and 

survival data, it is recommended that approximately 20 

man-hours of work be spent in the eradication of vines and 

brush which are at present influencing the results of the 

project in a harmful fashion. 

:3. it is recommended that 1Í future annual surveYs/ 

of the area are desired, it would be advantaeous to a3/- 

ocate a part of one silviculture class (prior to the sur- 

vey) to the teaching of students the importance of care- 

ful measurements and persuade them to subscribe to the 

principle that the results of the experiment can be no 

more accurate than the results of their measurements. 

4. It is our opinion that the results are not as acc- 

urate as they were anticipated to be. The main reason is 



19 

that there are so many varying factors of sufficient mag- 

nitude to affect the growth of trees that differences in 

growth between rows cannot be attributed to methods of 

planting alone; therefore if sufiicient significance be 

placed upon this project, we recommend project 

be repeated upon another area in the I'cDonald Forest where 

all these environmental factors are believed to be uniform 

enoua so that any differences in height growth may be 

attributed directly to methods of planting. This area 

upon which the experiment may be repeated would be in the 

grasslands north of the Jackson Place. Qn this area, site, 

aspect, soil conditions, and biotic factors are practically 

uniform. 

BIBLIO3RAPHY 

Due to the fact that there were no reference books 

used in the preparation of this thesis, no bibliography 

is listed. Conclusions and recommendations were arrived 

at through personal observations of the area. 
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STATISTICAL AI'ALYSIS OF PONDEROSA 

PINE PLANTING STUDY 

i 935 

Fall Spring 

Row Ave. Ave, o. Row Ave. Ave. No. 
1'o. Ht. L.L. of No. Ht. L.L. of 

(in,) (in.) Trees (in.) (in.) Trees 

Cone 

1 18.7 8.54 49 * 33 21.97 9.38 47 

9 19.8 7.24 46 * 41 21.65 8.98 46 
17 20.6 8.1 46 * 49 22.96 8.96 49 
25 21.3 9.4 * 57 25.31 10.68 

Tot. 80.4 33.28 188 * Tot. 91.89 38.0 190 
Ave. 20.1 8.32 47 * Ave. 22.72 9.50 47.5 

Puddi ed 

2 23.3 9.30 49 * 34 21.84 8.82 44 
10 20.8 8.2 48 * 42 19.73 8.18 49 
18 21.2 8.9 50 * 50 21.89 10.32 49 
26 20.4 8.96 46 * 58 23.6 11.17 48 

* 

Tot. 85.7 35.36 193 Tot. 86.46 38.49 190 
Ave. 21.4 8.34 48 * Ave. 21.1 9.62 47.5 

Buncd 

3 19.9 7.04 48 * 35 18.01 7.29 48 
11 20.2 8.13 48 * 43 18.92 7.68 49 
19 22.7 9.84 49 * 51 20.59 8.74 47 
27 19.7 8.06 49 * 

9 21.64 10.14 49 ___ ___ - * --- 
Tot. 82,5 33.07 194 * Tot. 79.16 33.85 193 
Ave, 20,6 8.27 48.5 * Ave. 19.79 8.46 48 

slit 

4 20.4 8.66 48 * 36 18.8 8.62 46 
12 20.5 8.56 49 44 1.7 8.23 42 
20 19.3 8.39 48 * 52 20,9 7.89 42 
28 21.0 9.28 47 * 60 19.9 8.74 49 

_______ - * -- 
Tot. 81.2 34.89 192 * Tot. 73 33.48 179 
Ave. 20,3 2,72 48 

* Ave. 19.6 8.37 45 



1935 (cont.) 

Fall Spring 

23 

Row Ave. Ave. No. Row Ave. Ave. No. 
No. Ht. L.L of. No. Ht. L.L. of' 

(in.) (in.) Trees (in.) (in.) Trees 
* 

15 flnute Exposure 

5 19.6 8.29 45 37 16.2 7.14 42 
13 18.8 7.64 47 45 12.8 6.86 43 
21 16.0 6.53 45 53 18.3 8.28 43 
29 18.6 8.57 50 61 19.1 9.51 46 - * 

Tot. 73.0 31.03 187 Tot. 66.4 31.79 174 
Ave. 18.25 7.76 47 Ave. 16.6 7.95 43.5 

30 inute Ere 
6 16.6 7.12 48 38 15.1 5.61 41 
14 14.4 6.53 48 46 16.95 6.87 41 
22 16.9 6.67 41 54 15.94 7.12 46 
30 17.3 6.80 45 62 19.12 9.23 

* 

Tot. 65.2 27,12 182 * Tot. 67.11 28.83 171 
Ave. 1.3 6.78 45.5 * Ave. 16.50 7.21 43 

60 Ninute Expo sure 

7 17.1 7.47 46 * 39 13.2 4.87 38 
15 15.36 6.31 44 * 47 13.7 5.94 32 
23 16.01 5.94 28 * .16.4 6.58 40 
31 14.67 38 

: 
63 18.8 8.69 

Tot. 63.14 25.10 157 * Tot. 62.1 26.08 149 
Ave. 15.78 6.27 39 * Ave. 15.5 6.52 37 

Nattock 

8 19.22 8.17 45 * 40 19.5 8.41 50 
16 20.74 8.26 49 * 48 20.4 8.73 50 
24 18.47 7.51 50 * 56 23.5 10.53 47 
32 18.02 6.57 47 * 64 21.7 10.40 50 

* 

Tot. 76.45 30.51 191 * Tot. 85.1 38.09 197 
Ave. 19.11 7.63 48 * Ave. sl.3 9.52 49 
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STATISTICAL ANALYSIS OF PONDEROSA 

FINE PLANTI:G STUDY 

1936 

Fall Strin 
Row Av e . Av e No . Row Av e . Av e . No. 
No. Ht. L.L. of No. Ht. L.L. of 

(In.) (in.) Trees * (in) (in.) Trees 
* 

Cone 

i 26.1 8.59 49 * 33 30.39 9.02 47 
9 26.7 6.44 46 * 41 27.38 7.77 46 
17 28.7 7.5 45 * 49 30.67 8.04 
25 __L_ 47 * 57 9.413 46 

* 
Tot. 110.0 30.84 187 * Tot. 123.64 34.26 186 
Ave. 27. 7.71 47 * Ave. 30.91 8.56 46.5 

Puddled 

2 32.8 9.63 49 34 29.88 8.45 42 
lo 28.6 9.74 48 * 42 27.25 7.75 49 
18 29.7 8.27 50 * 50 29.37 8.84 47 
26 28.8 8,84 45 * 58 34.14 10.09 48 

* 

Tot. 119.9 36.48 192 * Tot. 120.64 35.13 186 
Ave. 29.9 9.12 4 * Ave. 30.16 8.78 46.5 

Buncied 

3 26.3 8.1 4 * 35 24.8 6.87 46 li 26.7 8.3 48 * 43 25.94 7.56 49 
19 30.1 8.0 47 * 51 28.55 8.43 49 
27 28.7 8.2 48 * 5 32.09 10.81 49 

* 

Tot. 111.8 32.6 191 * Tot. 111.38 33.67 193 
Ave. 27.9 8.15 48 * Ave. 27.84 8.42 48 

Si i t 
4 2.7 8.54 47 * 26.9 8.4 46 
12 27.9 8.3 48 * 44 26.2 6.81 42 
20 27.1 7.83 48 * 52 27.7 7.8 41 
28 31.5 60 28.6 9.18 2 

: 

Tot. 115.2 34.09 193 * Tot. 109.4 32.19 178 
Ave. 28.8 8.52 48 * Ave. 27.3 8.05 44.5 



1936 (cont.) 

Fall Spring 

Row Ave. Ave. No. Row Ave. Ave. No. 
Io. Ht. L.L. of No. Ht. L.L. of 

(in.) (in.) Trees (in.) (in.) Trees 

15 iinuteExtosure 

5 29.5 8.5 44 * 37 24,6 '7.44 41 
13 28.6 8.54 47 45 19.01 .28 43 
21 20.8 6.4 46 * 53 22.97 7.65 43 
29 2.6 8.59 49 61 27.50 9.34 46 - - - 

* 

Tot. 105.5 32.03 186 * Tot. 94.08 30.71 173 
Ave. 26.4 8.01 46.5 * Ave. 23,51 768 43 

.2 rr mute Expp sure 

6 24.4 7.85 49 * 38 20.9 6.19 42 
14 29.9 9.5 47 * 45 22.6 7.34 44 
22 25,1 7.34 42 * 54 23.24 7.80 47 
30 25.1 8.22 48 * 

* 
62 28.8 9.60 44 

Tot. 105.4 32,91 186 * Tot. 95.54 30.93 177 
Ave. 26.3 8.23 46.5 * Ave. 23.E8 7.73 44 

60 rinute Exposure 

7 25.2 8.2 46 * 39 17.2 5.26 39 
15 23.3 7.74 44 * 47 19.8 5.7 33 
23 21.6 6.1 28 * 55 23.67 7.04 40 
31 ____ 40 * 63 27.8 9.4 39 

* 

Tot. 70.1 22.04 158 * Tot. 88.47 27,40 151 
Ave. 23.4 7.35 39.5 * Ave. 22.12 6.85 38 

Wa t toc k 

8 27.6 7.8 45 * 40 26.9 8.06 50 
16 29.2 11 46 * 48 27.14 7.10 50 
24 24.6 6.92 50 * 56 32.7 9.64 46 
32 20.9 6.98 46 * 64 31.9 10.20 47 

* 

Tot. 102.2 29.81 187 * Tot. 11.24 35.00 193 
Ave. 25.5 7.45 47 * Ave. 29.81 8.75 48 



STATISTICAL AALYSIS OF PONDEROSA 

FINE PLANTING STUDY 

1937 

Fall Fall 

26 

Row Ave. Ave. No. Row Ave. Ave. No. 
NO. Ht. L.L. of No. Ht. L.L. of 

(in.) (in.) Trees * (in.) (in,) Tres 
* 

Cone -f 15 MInuté Excosure 

1 39.4 13.4 49 5 41.3 12.9 '44 

9 38.1 11.1 46 13 41.2 14.2 47 
17 43.6 14.4 44 * 

21 32.6 11.4 43 
25 42.5 14.1 46 29 39.9 12.94 49 

Tot. 163.6 53.0 185 Tot. 155.0 51.44 183 
Ave. 40.9 13.2 46 

: 
Ave. 38.7 12.83 46 

PucdIed 30 Ninute Exnosure -------- * 

2 46.9 15.4 49 6 35.2 12.53 49 
lo 41.6 14.9 48 14 34.8 12.6 47 

40.8 14.5 50 22 34,2 11.9 42 
26 41.6 13.1 45 30 35.1 11.9 49 

Tot. 170.9 57.9 192 4F 
Tot. 139.3 48.93 l7 

Ave. 42.7 14.5 48 
: 

Ave. 34.8 12.23 47 

: 
Minuture 

3 38.8 12.6 46 7 35,4 12.01 47 
11 38.5 13.3 48 " 15 34.5 11,54 44 
19 42.6 14.3 47 " 23 38.9 15.35 28 
27 38.2 12.0 31 30.4 10.15 39 

Tot. 158.1 52.2 190 Tot. 139.2 49.05 158 
Ave. 39.5 13.05 47.5 Ave. 34.8 12.26 39.5 

: Nattock 

4 42.8 14.25 47 : 8 37.3 13.0 45 
12 42.2 14.2 47 16 42.1 13.3 46 
20 39.2 12.6 47 , 2k 34,9 11.4 50 
28 41.1 15.46 49 j 32 36.3 

Tot. 165.3 56.51 190 Tot. 150,6 49,6 188 
Ave. 41.3 14.13 47.5 * Ave. 37.6 12.4 47 
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STATISTICAL ANALYSIS OF PONDOSA 

PINE PLANTING1 STUDY 

Fall 1938 Spring 

Row Ave. Ave, No. * Row Ave. Ave. No. 
No. Ht. L.L. of No. Ht. L.L. of 

(in.) (in.) Trees (in.) (in.) Trees 

Cone 

i 54 16 49 * 33 43 14 47 
9 50 15 46 * 41 56 16 48 
17 55 17 44 * 4 57 16 47 
25 i. * 57 64 18 48 

* 

Tot. 214 64 185 * Tot. 220 64 190 
Ave. 53.5 16 46.2 * Ave. 55 16 47.5 

* 

Pud ( ] ed 

2 61 14 49 34 55 15 45 
10 5f5 17 48 * 42 55 15 49 
18 56 17 49 * 50 56 15 49 
26 47*58 

* 

Tot. 226 64 193 * Tot. 231 63 191 
Ave. 56.5 16 48 * Ave. 57.8 15.7 48 

Bunched 

3 53 15 46 * 35 46 11 47 
11 52 16 48 * 43 52 15 49 
19 56 16 47 * 1 55 15 47 
27 52 J5 49 *9 18 49 

* 

Tot. 213 62 190 * Tot. 216 59 182 
Ave. 53.3 15.5 47.5 * Ave. 54 14.7 45.5 

Si i t 

4 55 16 47 * 36 51 12 46 
12 58 17 48 * 44 53 15 41 
20 52 1. 48 * 52 16 41 
28 60 Q *60 58 

* 

Tot 225 66 193 * Tot. 217 60 176 
Ave. 56.2 16.5 48 * Ave. 54.2 15 44 
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1q38 (cont.) 

Fall Spring 

Row Ave. Ave. No. Row Ave. Ave. No. 
No. Ht. L.L. of No. Ht. L.L. of 

(in.) (in.) Trees (in.) (in.) Trees 

15 inute Exposure 

s 59 16 45 * 37 45 13 41 
13 56 16 46 * 45 41 13 44 
21 43 13 44 * 53 49 15 42 
29 *61 2 .i_. .2 

* 
Tot. 211 61 184 * Tot. 220 61 172 
Ave. 52.7 15.2 46 * Ave. 55 15.2 43 

30 inute Exposure 

6 49 15 48 * 38 42 13 43 
14 46 17 '4 * 4 47 15 41 
22 44 13 41 * 4 48 14 4 
30 51 19 *52 58 18 43 

* 

Tot. 64 185 * Tot. 197 60 172 
Ave. 47.5 16 45 *Ave. 49.3 15 43 

60 !Tinute Exposure 

7 48 15 46 * 39 36 11 38 

15 48 16 44 * 47 38 12 33 
23 49 13 28 * 55 44 14 40 
31 42 12 40 *63 56 18 39 

* 

Tot. 187 56 158 * Tot. 174 55 150 
Ave. 46.8 14 39.5 * Ave. 43.5 13.7 37.5 

Na t took 

8 52 15 46 * 40 54 13 50 
16 58 16 46 * 48 55 16 50 
24 47 14 50 * 56 62 17 47 
32 46 *64 61 17 47 

* 

Tot. 203 58 187 * Tot. 232 63 194 
Ave. 50.9 14.5 47 * Ave. 58 15.7 48.5 



Row 
. 

1 

9 
17 
25 

To t. 
Ave. 

2 

10 
18 
26 

Tot. 
Ave. 

STATISTICAL ANALYSIS OF PONDEROSA 

PINE PINTING STUDY 

1939 

Fall 

Ave. Ave. 
Ht. L.L. 
(in.) (in.) 

66.8 
61.5 
66.9 
67.4 

262.6 
65.5 

76.7 
70.6 
69.6 
66 5 

283.4 
70.85 

3 64.7 
11 64.0 
19 68.0 
27 64.4 

Tot. 261.1 
Ave. 65.3 

11 
10 
12.3 
12.4 

45.7 
11.42 

13.6 
11.0 
12 2 

11.8 

48 6 

11.9 

10.7 
10 4 
11.3 
12 8 

4 5.2 
11.3 

NO. Row Ave 
of No. Ht. 

Trees (in. 

Cone 

49 * 33 67.7 
45 * 41 69.3 
44 * 4; 69.9 
z -;57 65.5 

185 * Tot. 27.4 
46 * Ave. 6.1 

Pud i ed 

49 * 34 68.1 
48 * 42 66.2 
49 * 50 67.3 
46 *58 79.0 

* 

192 * Tot. 280.6 
48 * Ave. 70.1 

Bunched 

46 * 35 579 
48 * 43 61.3 
47 * 51 65.5 
49 * 59 80.6 

* 

190 * Tot. 265.3 
47 * Ave. 66.3 

4 68.5 10.2 47 
12 69.5 11.0 48 
20 62.6 10.2 48 
28 74.0 13.3 48 

Tot. 274,6 44.7 191 
Ave. 68.6 11.2 48 

Si i t 

* 36 62.3 
* 44 63.1 
* 52 64.4 
* 60 72.0 
* 
* Tot. 261.8 
* Ave. 65.4 

Sp ring 

Ave. 
L. L. 
(in.) 

12.5 
13 
13.4 
13.9 

52 P. 

13.2 

12.7 
12.0 
12.2 
14.9 

51 8 

12.95 

11.2 
11.3 
12.2 
15.0 

49.7 
12.4 

13.7 
11.0 
12.9 
14.9 

52.2 
13.1 

29 

No. 
of 
Trees 

47 
47 
48 
48 

190 
47 5 

44 
49 
49 
49 

191 
48 

49 
49 
47 
48 

193 
48 

46 
41 
40 
50 

177 
44 



1939 (corit.) 

Fall Spring 

Row Ave. Ave. No. Raw Ave. Ave. o. 
No. Ht. L.L. of NO. Ht. L.L. of 

(in.) (in.) Trees * (in.) (in.) Trees 

15 rinute Exposure 

5 67.8 11.1 45 * 37 573 11.46 42 
13 68.7 10.7 47 * 4 49.1 9.94 44 
21 54.1 9.4 44 * 53 61.0 12.0 42 
29 68.0 13.1 * 

* 
61 74.5 16.5 

Tot. 258.6 44.3 185 * Tot. 241.9 48.9 174 
Ave. 64 11.07 46 * Ave. 60.5 12.5 43 

30 inute Exposure 

6 59.3 9.5 48 * 38 51.7 9.98 42 
14 55.5 9.6 48 * 46 61.7 11.8 41 
22 57.0 9.5 39 * 524. 56.7 11.3 46 
30 61.4 13.5 49 * 62 72.4 14.9 42 

* 

Tot. 233.2 42.1 184 * Tot. 242.5 47.98 171 
Ave. 5.3 10.5 46 * Ave. 60.6 12.0 43 

60 inute Exosure 

7 61.2 10.3 47 * 39 45.3 9.0 37 
15 60.7 11.2 44 * 47 48.3 9.92 31 
23 51.0 10.8 28 * 55 58.3 11.9 40 
31 55.4 12.8 38 * 63 69.1 14.5 38 

* 

Tot. 228.3 45.1 157 * Tot. 221.0 45.3 146 
Ave. 57.1 11.3 39 3 Ave. 55.2 11.3 36 

Wa t toc k 

8 67.1 11.1 44 * 40 61.0 11.0 50 
16 67.3 11.8 46 * 48 67.2 12.0 49 
24 56.8 9.4 50 * 56 79.0 14.2 47 
32 63.1 13.9 * 

* 
64 73.7 13.9 

Tot. 254.3 46.2 186 *Tot 280.9 51.1 193 
Ave. 63.6 11.5 46.5 * Ave. 70.2 12.8 48 
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PAdT II 

eter:in«ion of the Specific Gravity 

of Ponderosa Fine Occurring Naturally 

in the Upper 7i1lamette Valley 
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Introducti on. 

The purpose Df this thesis is to scientifically deter- 

mine the specific ravìty of Fonderosa pine of a diameter 

of 12 inches and 1arer grown in the i11amette valley. 

:suming strength properties of woods to vary proportion- 

ately to the specific gravity, characteristics of Fond- 

erosa pine in this region may oe compared with those grow- 

1n under drier, more adverse environments. 

This investißation was undertaken with the saacity 

that the conclusion reacued would indicate the necessity 

for more detailed studies of this wood as to physical and 

mechanical properties. If Ponderosa pine which can be 

planted upon the poorer sites in the Til1amette valley and 

may attain a larger diameter and greater height in a short- 

er lenoth of time and still compare favorably as to streng- 

th and figure qualities with Ponderosa pine grown in East- 

ern Oregon, a new field for timber growers and managers 

may be opened. 

Probably the only previous study related to this in- 

vestigation was that made by ivallace Anderson, O.S.C. '39, 

and. whose objective was to study the western yellow pine 

as found in the illamette valley with a purpose of deter- 

mining its possible migratory means, its growth rate, re- 

production, and soil type upon which it was found. 

quoting Mr. Anderson a brief review is made upon the 
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above points: 

The onlr plausible means of migration is that the 

flood waters of the tributaries of the V[illumette river 

carried the orLinl seeds to their present location. 

3ince pure forests are found on the headwaters of this 

river, and floods occur durinß the fall, winter and early 

spring; coupledwith the fact that the seeds germinate the 

spring following dissemination, this theory seems to Lit 

the cse better than any other. 

Reproduction varies from one extreme to the other. 

Stands of saplings, poles and larger trees are quite un- 

even-aged. The reasons for this state could be either 

a washing away of seeds after dissemination, failure to ex- 

tend a deep enough tap root to withstand the dry sumier, or 

a wet, cold period during germination. 

The most common soil types found where Ponderosa pine 

grows are Willamette silty clay loam and Camas gravelly 

loam, the best growth occurring on the former. The other 

soil types include the Chehalis, Dayton, and apato silty 

clay barns, Newberg loam, and .Ohchalis fine sandy loam. 

A loamy subsoil seems to be the favorite soll. 

G-rowth stuies in diameter male by Anderson indicate 

that more depended upon the site occupied by the trees 

which were bored. Some of the trees growin in the open 

made fast early growth, and others, slower growth as they 

grew older; those growing in fsirly dense stands made a 
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slow early growth, but as they attained a dominant po- 

sition in the stand, greater annual growtu was the result. 

.ethod of Frocedure and Source of Data. 

Investitive data was obtained from a grove of Pond- 

erosa pine located near the 7illamette river and was 

miles southeast oi Corvallis, Oregon. 

Increment borings were oDtained from 200 trees, 12 

inches and larger at breast high. A few of the borings 

were obtained at heights of ±0 to 110 feet. The three 
men (co-workers upon this thesis) made all of the borings. 
The cores were wrapped in paper and the diameter recorded 
on each core. 

It is estimated that 2b man hours were needed to 
make all of the borings. 

To determine the specific gravity of eacth core, 

t was necessary to dry said cores in a small electric 
heated oven furnished by the Toad Products Department of 

the SchooJ.. of Forestrj. 
The temperature of tiìe oven was regulated between 

850 C. and 1050 C., anc the cores were left in the oven for 
two d.ys. Trie next step necessitated the weighing of the 
cores upon scales also furnisied by the Sc.001 of Forestry; 
the cores were then dipped in meed paraffin or wax and 

then weighed again, the weights being recorded for each 

time. The wax wa-s necess:ry to prevent the cores from ab- 

soroing water when the tests were made to determine the 



weignts in water. 

A burette tube graduated in centimeters was then part- 
ially filled with water. The heitit o the water was re- 

corded without the insertion of the core, and taíng each 

core individually, they were submersed in the tuce,and the 

reading in centimeters was again recorded. After ti-'is work 

was completed it was fairly smi e o compute the specific 

gravity of eacn core. 

The following formulae was the method used in the de- 

termination of' the various seciÍ1c gravities obtained: 

1. weight of wood with wax minus weight of' wood equals the 

weigrit of wax. 

2. Specific gravity of wax equals .u9. 

5. Specific gravity oi water (1.00) over specific gravity 

of wax (.u9) equals (1.12) volume of a hram of wax. 

'-. Veignt times the vo±ume of wax equais the weight of 

water displaced by the entire mass of' wax on core. 

5. Weight of water displaced oy wood and wax submerged 

minus the weigrit of' water displaced by wax equals the 

weight of water displaced by wood alone. 

6. vieight of wood in air over the weight of water dispiaced 

oy wood equals the specific gravity of' wood. 

Sampling Procedure. 

Increment borings were ten Irom 200 trees 12 inches 

D.B.H. and up. It is believed this is suflicient sampling 

to lorm definite conclusions as to the average specific 
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gravity of the wood. 

Due to ti.e fact that forty of the cores 

were burned quite badly in the drying oven it was deemed 

inadvisable to include these in the tests. 

The specific gravities obtined from tests on each 

core were then averaged and the standard deviation deter- 

mined. Miy sample whose secific gravity deviated from 

the average deiation by two times the standard deviation 

was considered a bad sample and discarded. 

After throwing out the bad samples, an averae of the 

rrnaining samples was determined and this ligure was the 

final average specific gravity for all of the samples. 

+ c 

The results in a sum arized orm show that following 

specific gravities taien from different portions of the 

trees sampled are: 

Average Specific Gravity taken at D.B.H. .572 

Average Specific Gravity taKen at 20 ft. .462 

Average Specific Gravity at 7 in. top iam. .376 

Total Specific Gravity 1.410 

Average Specific Gravity .47 

From the average specific gravitj of the average tree, 

the bending qualities, compressional strengths, hardness, 

and other physical proerties may be determined by form- 

ulae found in any Wood Handbook. 



Conclusions. 

he results of the average 

for the Fonderosa pine grown in 

.07 greater than Ponderosa pine 

Lountain s. 

There are three reasons ad' 

in specific gravities, namely: 

1. 3eventy-five percent of 

40 

specific gravity of .47 

the iliamette valley is 

grown east of the Cascade 

ianced for this difíerence 

the increment borings were 

taken from the butt log (or at D.B.H.); although these were 

averaged as one unit, the resulting average specific gray- 

ity can be no more accurate than the average specific gray- 

ities of the remaining 25 percent of the borings taken at 

the end of tiLe first 20 foot log and at the top diameter 

of seven inches. 

2. A considerable number of the samples were taken 

from bull pine, 12 to 16 inches D.B.H. and this would show 

a higher specific gravity. 

3. It is thought that due to different site and dim- 

atic factors in the htillamette valley, tnat Ponderosa pine 

shows a higher specific gravity than east of the Casctde 

ountains, just as Douglas fir in the hillamette valley has 

a .08 higher specific gravity than Douglas fir grown in the 

Rocky ountains. 

As the Ponderosa pine shows a .07 higher specific gray- 

ity than Eastern Oregon grown Fondeosa pine, there is the 

possibility of 1anting Pondarosa pine on sandy and grav- 

elly sites and denuded hillsides, using a shorter cutting 
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cycle than those used in Eastern Cregon, and producin 

a much stronger wood. The poor sites which can be plant- 
ed with Ponderosa pine will ¿row merchantable timber in a 

much shorter time than if planted with Douglas fir. 
If the wood did not prove to be of the desired quiit- 

ies for structural and shop lumber, there is the possibi- 
lity of opening a new field in the \Villamette valley; name- 

ly that of box manufacture for local use. 

Re corninenda t i. ons. 

The followin recommendations are offered: 
1. Further research upon the strength quùlities of the 

wood by actually sawing lu:ber from the trees and running 
tests in the School of Forestry testing machine. 

pine. 

2. Tests for durability of lillamette grown Ponderosa 

3. Determination of workability and finish to see how 

it compares with Ponderosa pine grown east of the Cascade 

ounta ins. 
4. Planting studies to determine sites best favorable 

for the growth of Ponderosa pine. From this a determination 
of the amount of land in the Willamette valley that could 
be planted from an economic and silvicultural standpoint. 

5. growth studies to determine economic, technical and 

financial rotations. 
6. study to determine tiow it withstands coriipetition 

with other conifers and hardwoods. 
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7. A beetle survey in present Fonderosa pine stands 

in the Willamette valley to determine the deree of in- 

festation and from this see if it would be economically 

possible to control this factor. 
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Part II 

APPENDIX 
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PON.L)EROSA PINE TYPE FROM 

WhICH SAMPLES WERE TAXEN 

Fi.2 
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WOOD CO SAMPLES iJEJ) 

IN SPECulO GRAVITY TEbTS 

Fig,3 




