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Tukî *8 t a a t . . . . . . . . . . . . ........   38

Coiralatioiis trae h al# t and the
aaivimnaixtal ir a r L a h le a .......* ............ 39

Seleetim of v ir la b lM .....•••••.•«*«••. 39
liiMar aregr^iaim. . . . . 39

DISC03SI(»I AKD GCM:1.{IS£Ĉ . . . 46
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Chapt«r I  

INTRODUCTIOi

With increasing aiqjhaeis being placed on intMusive forest 

management, the problem o f adequately evaluating environmental vari~  

ables o f a s ite  as to their effect on tree growth becomes evident. 

Maiy atteo^its have been made to solve th is problem but results have 

been lim ited. Consequently, there is  a continued striv ing fo r ac-

curate s ite  evaluation so that good estimates o f fixture timber yields 

can be made. Auten (1945) mentions that differences between site  

qualities have long been recognised among foresters and these d l f -  

ferwices have been expressed by site-index curves. However, these 

curves are only useable idiexre thex^ is  standing timber. What about 

aband<»xed crop land, cut-over and p a rtia lly  cut tixsberlands, or land 

s\q>porting very young stands or very old decadent stands?

The Problem

Gaines (1949) notes several oases idiere s ite  index has 

l i t t le  or no relation  to the ease with which natural regeneration 

is  e stab lish ^ . He states that the growth o f trees in  early years 

smnetimes shows l i t t le  or no xrelation to their subsequent growth, 

thereby rendering valueless hel^it-over age curves necessary in de- 

tezmining s ite  index in young stands. Site index lim itations and 

the need fo r supplementary or perhaps entirely  new c rite ria  fo r s ite
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eTaluatlon must b « recognized.

In the Central Roolgr Mountain Region ineu f^eien t work 

has be«a done in  determining s ite  quality fo r  oiu* indigenous tree  

species, especially  in  lodgepole pine, Pinta contorts Doiigl. TroK»U  

(1954) stated that lodgepole pine, a species o f the cooler elevations 

o f the Rocky Komtains, is  quite suitable fo r pulpwood. Smithers 

(195?) foiad that lodgepole pine yielded hi|di quantities o f ce llu -

lose volume, an advantageous feature o f a pul̂ pwood species, es-

pecia lly  <m the "aediuBi" and "good” s ite . Since indications are 

that pulp production in  th is regitai w ill  be a rea lity  in  the not 

too distant future, more accurate s ite  evaluations are necessary 

i f  lodgepole pine is  to be properly managed.

Where pure evenage stands o f lodgepole pine reproduction 

under 25 years o f age are present or where reproduction is  absent, 

no re lia b le  s ite  quality c lassifleation  scheme is  available. Present 

information indicates that a very h i^  percentage o f the average 

to ta l h e i^ t  growth in  mature stands o f lodgepole pine has occurred 

hy the time the trees have reached 60 years o f age.

The pre^blem is  to determine site-growth relaticwiships in  

various stands o f lodgepole pine and to eventvially develop methods 

fo r predicting the s ite  productive capacity fo r the land. Study o f 

site-growth relationships in  pure evenage stands o f Juvenile lo d ^ -  

pole pine may produce the needed inforoaiti(»i fo r solving th is pres-

sing problem and, eoassquantly, zosult in  optimum developmont o f 

forest manageiaont.

Scope and ObJactivea
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The \iltijnate goal in  th is study is  to see i f  there are 

sign ificant correlations between forest growth and associated en- 

vironoumtal factors. Saiithers (1956) states that assessing the 

productive capacity o f forest lands in  texns o f s ite  quality is  

without doubt aam o f the most d iffic u lt  problems facing forest re> 

search workers at present. Sidsstantial gains toward a method o f 

s ite  quality e lassifieation  in  lodgepole pine can be noted by 

Smithers and his associates in  Canada, but these findings are not 

cocq>letely applicable to the Central Rocky ^fountain region. Coile 

( 1952)  states that s o il properties idiich may be sign ifican tly  cor-

related with forest growth in  one region may not be sign ificantly  

correlated in  another region becaiaie o f d ifferen t taree species, 

climate, length o f growing season, length o f day, or action o f other 

lim iting s o il factors.

This study atta in ed  to bring to U ^ t  isqxsrtant relation-

ships betwe«i tree growth and environmnital factors by measuring 

certain iaqportant fatetors. By reviewing previous ireseareh, from 

fie ld  observatlim , and from saaggestlozui made by forestry persom el, 

specific  factors w ill be investigated. From these sources the fo l-

lowing questions seem to be most important: (1 ) w ill the percent 

slope and slope position influence growth o f lodgepole pizw; (2 ) 

how w ill preoipitati<m and aspect a ffect development o f lodgepole 

pinei and (3 ) how do the physical s o il properties and the s o il mois-

ture regime influence tree growth?

Considering th is study basic to the research necessary 

fo r developing woiicable s ite  quality c lassification , aspect and



preeipitatioii were eliminated ae variablee lim iting the study 

to one aapect within a uniform maeroelimate,

the major objeetivea o f th is study are as follows t

1. To determine relationships o f slope percent and slope 
position to flo^ression o f doninance in  lodgepole pine.

2. To determine any sign ifieant eorrelations with physical 
s o il properties and the so il moisture regime to growth 
o f lodgepole |dne.

3. To in fe r from the resulting data practical
dations fo r  future projects and fol* development o f 
site  quality c lassification .

Definition o f Terms

The foUowixig definiticms w ill apply:

Codcmdnant trees -  Trees with croims fozmlng the 

general leve l o f the crown cover and receiving fu l l  

llg iit from above^ but oocaparatively l i t t le  from the 

side^ usually with medium sized ozcwns more or less  

crowded on the side.

Dominant trees Trees with crowns extending above 

the general leve l o f the crown cover and receiving 

fu l l  l l ^ t  from above and partly from the aide; la r -

ger than the average trees in  the stand, and with 

crowns w ell developed but possibly someidiat cz'owded 

on the sides.

Juvenlla trees -  Trees twenty years o f age or less. 

Site index -  An expression o f forest s ite  quality  

based (m the h e i^ t  o f the dominant stand at an ar-

b it ra r ily  (dioaen age.



Site awHty -  A deeig^tlcm o f the relative produc-

tive capacity o f a site with refermee to the species 

eo^Ioyedi the voltsae or the average h ei^ t of dojainant 

and eodcadnant trees at a given age is  usually used 

as a standard for elassificati<m*

Stem analysis -  The tseasummt of stated cross see- 

tim s o f a tree to detenaine its  groMth and develop- 

m»nt at d i f fe r ^  periods of its  life .  syn. tree 

analysis.



Chapter I I  

BEVIEtf OF UTERATUKE

The influanee o f asiviroomantal factors on the growth o f 

trees is  em tim ially reeelTlng greater recognition in  forest manage- 

nent planning. Studies eoneezned with evaluating these factors in  

lodgepole pine stands^ however, are inadequate. Literature pertain-

ing to the important variables o f aspect, s o il, and topography has 

been reviewed and w ill be grouped under the headings: (1 ) the in - 

flumuse o f aspect, (2 ) the importance o f topography, (3 ) s o il in - 

fl\ience8 on various tree species, and (4 ) s o il influences on lodge- 

pole pine.

The Influence o f Aspect

The relationship o f aspect to tree growth is  o f major 

concezn. Some researchers have observed ii^ r t a n t  correlations. 

Auten (1937a) found that yellow poplar on moist sites (north aiwi 

east slopes, bottcmis and coves) grew at a sign ifican tly  faster rate 

than dry sites (south and west slopes and rid ges). Dwight (1912) 

noted that the south and west aspects in  the Rocky Mountain Reserve 

were the d rie r s ite s . Iidiibited tree development could generally 

be anticipated on these s ite s . Dwight suggested that the influence 

o f aspect on the character o f the stand was eaqpressed th rou^ it s  ' 

influence on factors governing the character o f reproduction.
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MeArdla and M ^ r  (19?0) found that aapeet iiaa an isqwr- 

tant factor In ragulating tha produetlvity o f foreat a lto s. Thogr 

found that Douglaa-fir growth was groater <»i north facing slopoa 

than on aouth facing slopes. lx>cko (1941) atressed that direction  

o f slope affected ava ilab ility  o f moisture^ nitrogen, and essential 

cheBiieal elements to plants by th* greater activ ity  o f s o il organisms 

on north slopes than on those facing south. Hort<m (1 9 5 ^ ) > in  his 

studies with lodgepols pine, noted d ifferent leader growth rates o f 

saplings according to aspect o f s ite . He observed that the longest 

texminal growth occurred on south aspects and under leve l terrain  

conditions. Andersem (1959) worked with lodgepols pine on north and 

east slopes in  Colorado. He fotmd that the east aspect provided 

sign ifican tly  better growth as indicated by s ite  Index than did the 

north aspect. Smith and Bajzak (1961) could not find aspect and 

shi^pe o f contours sign ifican tly  associated with s ite  index o f Doug- 

la s - f i r ,  western red cedar, or western hemlock.

Stms researchers have found that the best tree growth 

occurred on north aspects, and others have stated that the south 

aspect provided the greatest tree growth. A lthou^ the investigators 

disagree <si which is  the beet aspect, the e<»uiensus seems to be 

that aspect is  an iagiortant influancing factor tree or stand 

growth rates.

The Importance of Topoi

Any information eoneeming topographic influence on tree 

growth is of special value in the Rocky Mountain region due to the 

limited research that has been undertaken in this region. Several
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r«seaaxh«rs haw  fotmd data at^pporiing th « signifleanee of tc^graphy  

from th a ir studies ia  other regloM . Turner (1937) foisid slope and 

aspect in  Arkansas to be h l^ ly  influeiitual In tfate detenaining o f 

low s ite  value o f mountain so ils  with slopes greater than Auben

(1945) and Locke (1941) found that topogzaphie p o s lt i« i, slope, or 

aspect masr be related to s ite  quality cmily in  areas o f ro llin g  topo- 

gnqihy. SULth and Bajsak (1961) found s ite  index to be h ip e s t  on 

middle slopes with water seepage and lowest on high slopes and swanq> 

areas. Their studies also showed that s ite  index decreased rapidly  

idien slopes were greater than 20^. Metz (1950), as mmtioned by 

Coile (1952), determined that h e i ^  growth in  lo b lo lly  pine in-

creased with decreasing surface drainage. Gaiser (1950) found that 

mean s ite  index o f lo b lo lly  pine was higher on land o f poor surface 

drainage than on land o f good surface drainage. Surface drainage 

is  d irectly  related to ground cover and steepness o f topography.

Coile (19f^) found ibaA the re lative  topographic position  

and the distance from the s o il surface to the water table both in - 

flusnce water siq^ply to the s o il aa .̂ to  ths tree roote. Thus, he
V

maintained that tire re lative  topographie positicsi was Indirectly  

related to forest productivity.' Hs found that subsurface irrigation  

resulting frem seepage on mountain slopes and fluctuating water 

table in  the a llu v ia l flood plain  o f streams were izqx>rtant factors 

in  prod\!»tivlty that may 6s indspsndsnt o f "above s o il"  p ro file  

features.

Smith and Bajzak (1961) correlated better s ite  quality  

to concave curvature o f land p ro file  and contour.



No dofixiito, eloarwciit, individtial correlation appears 

evident between topography osd tree growth. The effect o f topo-

graphy on water penetration and development o f iUie M i l  seems to be 

the c r it ic a l factor in  determining the relationship o f topography 

to tree growth.

A
S o il InflttwacM on Various Tree Species

I t  is  w ell understood that the s o il plays a major ro le  

in  overa ll s ite  prodiietivlty. Auten (1936) found close correlations 

between growth o f black locust and black walnut and those properties 

o f the subsoil comprising p lastic ity , eoiqpactness, and structure, 

idiich influence drainage and aeration. Coile (1952) correlated in-

creasing forest growth to increasing d ^ h s  to mottling. Cooper 

(19A2), frcai h is studies in  the lo b lo lly  pine region, found best 

tree growth occurring on plots showing the smallest degree o f erosion. 

Stxidies ccaidueted Hicoek et. a l. (1931) showed no relation  be-

tween the acidity o f any t o i l  horiscm and eite  indeac o f red pine.

They found increasing s ite  index correlated to increasing percent 

s i l t  plus clay up to 25% in  the A horison. The best eonrelatiM  

was shown between increasing s ite  index and increasing nitrogen 

C(»itsnt o f ths A horison.

Storie and Wieslander (1949) determined that growth o f 

conifers in  Californ ia appsared to be governed lay s o il depth and 

texture chazecterisities, s o il penassbillty, chemical funopertice, 

drainage, and runoff. Tarrant (1949) concluded that ths nutrient 

content o f the so ils  appeared to be too h i^  to lim it Douglae-fir
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groirth, and th^retora the s o i l 's  p h ^ ie a l ehaisotexlsties should 

receive study. ¥Ude (1% 6) pointed out that optianaii groirth ot 

idiite pine was confined to the heavier so ils  with a "fa ir "  content 

o f ooisture and available nutrients. W ilde, ^ u l ,  and Hikola (1951) 

cocQxared growth data with s o il analysis, lliey detenained that ae« 

olian  sand and moss peat so ils  with a ''defleleney" o f absorbing eo l« 

lo ldes, a lack o f nutrients, and an iiqpeded drainage were associated 

with land o f questionable value fo r  timber production on a ccnanereial 

basis.

Many investigators have found important correlations be-

tween forest growyi sad specific  s o il properties. Auten (1937b) 

found that 60^ o f the variation in  h e i ^  o f yellow pedlar was ex-

plained by the age o f the t r « »  and d^pth o f the A^ s o il horizon.

Hs showed that the depth o f ozganie matter penetzwtlon in  the sur-

face s o il h o ri«u i, taken ae the integratim i o f meteorological and 

b io leg lea l factors o f s it s , offered a valuable index to s ite  quality  

eva lu a ti^  fo r yellow poplar. Auten (1945) also determined in  hia 

studies that d ^ h  to " t i ^ t  subsoH" and thickness o f the organically  

enriched A i horizon was d irectly  correlated wiih s ite  index. Chemi-

ca l analysis o f the s o il in  question rsvealsd no relation  between • 

s ite  index and calcium, magnesium, phosphorous, potassltaa, or pH.

Coile (1935) observed s ite  index o f shortleaf pine to  be related  

to ^ e  texture-depth index o f a s o il p ro file , and la te r Coile (1946) 

fo\»d the s o il characteristics o f depth or thickness o f the A horison 

to be sign ifican tly  related to aite  index in  ahortleaf and lo b lo lly
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')l

pioes.

Crosslegr (1951) *tatad that Cajandar (1926) ralatod high 

« i t «  quality to tba prosaoeo o f ealeium and nitratoa in  Seoteh plno 

and bireh atanda. Haig (1 ^ 9 ) found aavoral iio|>ortant eorrelaticma 

through hia atudiaa. Ha datarsdnad that eoUoid eontant and a ilt  

plua clay eoxtant both irara favorably eorralatad with aita  quality, 

and that valuaa fo r  tha A horiztm a o il appaarad aiq)arior to aiad lar 

valuaa fo r  tha othar horiaona. Ha alao fo\md that tha organic iaat« 

ta r eontaat within tha range o f 2 to 10 pare«it and a o il reaction 

oaaatirad in  pH valuaa had only naglig ib la  influanea on a ita  quality*

Autan (19A5)» Coila (1948), H ill ,  Am at, and Bond (1948), 

Luts and Obandlar (1944), Faaraon (1931) Tarrant (1949), and Turner 

(1937) a l l  noted that a o il depth, uiaaaurad either fo r tha entire 

p ro fila  or fo r  apaeifie horiaona, waa found to  be or baliavad to 

be cloaaly related to a ita  quality* Luta and Chajadlar (1946) atatad 

that in  email ragioBB o f unifom  climate parent m aterial ia  probably 

tha moat important aingla factor in  datermining tha character and 

productivity o f ao ila . &aith and Bajaak (1961) found that a o il with 

rapid permeability rapraaantad tha h igh «it a ita  quality*

Hilgard (1930) pointed out that atuntad native tree growth 

in  Roclqr Mountain Eaglon waa not due ao much to lack o f plant 

’’food” in  tha a o il aa to unfavorable physical conditions. Shallow- 

naaa end eoctrama haavinMa o f tha a o il ware azocmg tha most ccmmsn 

conditiona. H ill, Am at, and Bond (1948) found tlmt cm Douglas- . 

f i r  aitaa a o il depths leas than 30 inehM ware aaaociated with a 

lower aita  index value. Hofioaim (1949)> as d tad  by Coila (1952),
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prvsaxted data showing that stand dm slty , organic inattsr content 

o f the s\irface s o il, and th « prodiict o f the depth o f the A horison 

and organic laatter content inflnsnccd height growth o f pondsrosa 

pine.

Holtbgr (1947) found in  a localized area in southeast 

Washington that the s o il textm a 6 inches beneath the stirfaee was 

a f a i r l j  re liab le  indicator o f s ite  qualitj' fo r ponderosa pine. 

Enudsen (1950) in  h is studies cited b j  Coils (1952) wrote that the 

(rnljr s o il property foisid to be correlated with s ite  indsK o f slash  

pine was the nature o f the subsoil as reflected in  it s  ish ib ition a l 

water values.

lAitz aisl Chandler (1946) try  to designate significant 

factors o f the s o il affecting plant growth. Valjsari ( l ^ i l )  found 

that s ite  quality in  Finland ijiyjorves with increases o f nitrogen 

and calcium in  the upper s o il horizons, lutz and Chandler (1946) 

stated that struetuxw is  <me o f the most important i% s io a l pro» 

perties o f s o il. They noted that texture or any other single s o il 

characteristic seldos determines s ite  quality. During years o f 

low precipitation, growth was best cn so ils  vith the deepest A 

horiz(»is. lliese authors present several generalities concerning 

the relation  o f texture to s ite  quality:

1. Loam so ils  are generally more favorable than coarse 
sands or heavy clays.

2. Deep coarse sands usually s\q:port poor forest stands.

3. Layers o f fine textured m aterial in  lower horizons 
may eonpensate fo r coarse-texbured surface layers.

4. Vezy heavy clay so ils  my inh ibit regeneration and 
subsequent grmrU:.
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5« Books or stones in  he&yjr so ils  2007 be a decided ad-
vantage by causing increased tee^ierature and p «u rtra - 
tioQ o f water and M r. Quantities o f rock up to about 

o f the s o il voltaw mâ  be desirable* .

In the Pacific northwest ttoiraie and MiQrer (1930) observed 

that the oost rapid growth and iha largest y ields o f O ouglas-flr 

occurred on d e ^ , well<Hlralned sandy loam so ils . Homt (1952) found 

s ite  index o f spruce in  Maine to decrease as the to ta l depth o f the 

A horison increased and as the tadbibitlcmal water valiw o f the A 

horlson increased. Fearscm (1931) re lates the best growth o f forest 

types in  the Southwest to sanify and gravelly  s o ils , placing texture 

ahead o f chemical cocqxjsition, especially in  the growth o f seedlings. 

Touscy (1947)  stated that there m s no direct relation  between s ite -  

class o f Scotch pine and amotmts o f chemical nutrients in  the s o il. 

From investigation o f various sites he found a progressive increase 

in the amount o f fin e  particles from the poorest to the beet sites  

and concluded that the physical character o f the s o il, especially  

the water-retaining capacity, was o f particu lar in^rtance in  de-

termining s ite  quality*

Ttumer (1937) found s o il features infliwneing available  

water seemingly to be more in flu en tia l than any others in  deter-

mining the rate o f growth o f lo b lo lly  pine in  the southeestem states* 

Io\Big et* a l. (1950)  found that as ths s ite  index in  white pine 

stands decreased the d<q;>th o f the A horison and the percent stmncs 

in  the B horiacm increased.

S o il Moisture

investigators fe e l the crucial factor in  tree growth
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is  th « s o il moisture rsgimo. Batss (1927) stressed that s o il mois-

ture oceupies the position o f prime iiqx>rtanoe as a eoBtroUable 

factor o f tree garonth ia  forestry. Cheyney (1942) pointed out that 

s o il soistxire eocerted a direet influence on tree growth mainly through 

the water holding capacity o f the s o il. Smith and Bajaak (1961) 

found that the optimum moisture regime ie  asaoeiated with h i# ea t  

aYerage s ite  index and concluded that iAm best indicator o f s ite  

index among individual variablee was the moisture regime. Lutz 

and Chandler (1946) noted that e ite  quality usually inproved idiere 

^ e r e  was increasing amcnexts o f available s o il moisture. WUde 

(1958) pointed oxxt that the groisxd water table located at a su it - 

atxle depth, auch as four fee t, provided an abundant siiq;)ply o f m ois-' 

txire tdiieh was h igh ^  benefic ia l to tree growth.

Ihe various studies msnticxosd above t«od to indicate that 

the factors o f s o il texture, depth o f surface s o il, s o il moisture 

(mainly expressed as the water holding capacity o f a s o i l ) ,  and 

pM sibly  the organic matter content o f the surface s o il are strongly 

cozrelated to resulting s ite  quality. These variables, therefore, 

•hoxQd be included in  any futxure projects cemdueted to dertexmlne 

s its  quality evaluation.

So il ^  Lodaopole Pine

Studies in  lodgspole pine growth are not as numsrous and 

sxtm sive as those having been conducted in  some other tree species. 

A large portion o f the lodgepole pine research is  being undertaken 

in  Canada. The Canadian Department o f Mines and fissources (1949)
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published a bu lletin  which stated lodgepole pine made it s  best growth 

in  deep, laoist, well-drained loam as pure e v e n -a ^  stands.

Horton (1958b) noted that the laost unproductive sites fo r  

lodgepole pine lay at the two extremes o f moisture ecoditions, the 

very dzy s ite  and the very wet s ite . On each o f these sites res-

tric tiv e  rooting could be noticed with evident slow stem growth.

Illingworth and Arlidgs (I960) delineated specifie forest 

typwi. Ihe most important type was fotawi on a "fresh" but w e ll- 

drained s ite . Ih is type was o f main concern as i t  supported the 

best stands o f pine in  the Northern Boeky Mountain Regian. The 

various s ite  types in  descending order o f productivity followed a 

moist\ure gradient from mesic to xezle.

InvM tigators involved with tree growth stress the im-

portance o f the s o il. Kerr (1913) mentions that he found yellow  

pine and lodgepole pine making th eir best growth on sandy or gravelly  

s o il. Mason (1915a) noted tiiiat lodgepole pine is  not exacting in  

it s  s o il requirements thou^ i t  does best <m deep, "fresh ", w e ll- 

drained agricu ltural land. He also states limestone so ils  are iqit 

to be too dry to enable the tree to make nonnal growth. Mason (1915h) 

also states that the tree is  not fastidious as to s o il i f  there is  

enou|^ moisture present. Anderson (1959) did not find a single  

indepmadoot factor to be sii^aificantly related to s ite  index, but 

he did find that on a north aspect the iad^pmdent variables o f 

available moisture at an 18 inch s o il depth, percent slope, and 

available moistiire capacity at a two to four inch s o il depth were 

the most isymrtant in  influencing s ite  quality.

Preston (1942) found the nimiber o f eetotrophic mycorrhisae
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oa the "more s te rile  s ite " fo r  any age is^pproadmately double

that on the better s ite , indicatiog a strong Imrerse correlation  

between the nvBxiber o f ngreorzMsae and s o il fe r t i lit y , Smithers 

(1956) deseribed forest s ite  quality as the sm  to ta l e ffM t o f a 

number o f factors tdideh infliMnee forest growth capacity. These 

factors included s o il variation , moisture eonditiooas, and elixfsatie 

factors. Tarrant (1953) stated lodgepole pine was beat adapted 

to sites with a stea<l^ stqiply o f moisture. Thompscm (1929) had 

noticed that a roc!sy s ite  with shallow s o il was in  many places very 

restrie tive  to growth. Gaithers (1956) indicated that as the "fin e - 

tcQctured s o il layer" became ^tiallower the height growth o f lodge- 

pole pine decreased.

Frtmi the few site  quality investigations involving lodge- 

pole pine title factors o f s o il tsKture and plant available moisture 

appear to  be o f pa^or significance. Studies with other tree species 

have resulted in sim ilar relationships. Baqthasis must be placed 

on these two variables fo r s its  quality evaluation besides stressing 

ths need fo r  more eoeprehensive investigation. Ihe following pro-

ject attempts to in itia te  or jurovide a basis fo r  laore eoD^ir^misive 

investigation.
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Chapter H I

HSTHODS AND MATERIALS

Field woric vaa carried out dxudng the aunsaer o f 1961.

The laboratoxy and sta tia tiea l analyaia were eocy>leted diudng the 

f a l l  and winter o f 1961-62.

Pyeliminary Planning

The two variahles o f aspect and climate were not invee- 

tigated. The study was lim ited to an east aspect} thus^ differences 

in  tree h e i^ t  due to indigenous conditions o f various aspects were 

not involved. V ariab ility  in  tree developMnt caused bv climatic 

variations w ill be reduced to the minimiaa by delineating an area 

o f unifozia macroelimatie conditions. These coiditions presumedly 

eodLsted because the study area was lim ited to 1000 feet in  length 

and 300 feet in  width.

Variables. A fter considering a l l  possible tree grow^-envortm- 

nmit interactions and sKcluding certain factors by reducing their 

v a riab ility  (in  order to lim it etmfouading), the follow ing factors 

wexe dtiosen fo r study:

Percent slope 

Slope position

Depth o f solum (depth o f s o il to C horizon)

Percent exposed rock at the s o il surface
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pH fo r A and C horizons

S o il moisture pereentages (1/3 and 15 atmosphere tenslcms) 

fo r A and C horlztms

Percentages o f sand, s i l t ,  and clay In A and C hozdzoris 

Bulk densities (weight o f oven dry solVvolome so il oe~ 

et^led ) in  A and C horizons 

Potential plant .available moisture (bulk density times

percwt moisture times s o il depth) in  A and C horizons 

Percmxt rook greater than 5 millimeters in  the s o il p ro file  

to a depth o f 12 inches into the C horizon 

The methods fo r coUeeting these varlablee w ill be covered 

w der the fie M  procedures.

Experimental Design. Specific c rite ria  was used fo r  

selecting the study area. This criterion  is  as foUowst (1 ) the 

stand must be eos^aed o f pure evenaged lodgepole pine 15~20 years 

old , (2 ) slope dlrectlcm must be between the amalth readings o f 

60 to 120 degrees, (3 ) the topography must be such that three ad-

jacent plots each 0.75 chains square eotOd be siqjerimposed on the 

same slope position, (4 ) a slope must be o f su ffic ien t length to  

permit establishment o f plots f ix  slope poslti< »s with a minimum 

distance o f 0.75 chains between p lo ts, and (5 ) the horizontal d l -  

msnslcuis must not exceed 15 chains in  lengUi and 5 chains in  width.

A stra tified  random sampling design was employed with the 

s ix  posltl<M3S each representing a treatment and each o f the three 

plots per position representing replications. An additional p o sl- 

ticn  on the ridge was included but d\ie to the small area available
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onljr <me plot eould be establiJihed. on tfale position.

Pfjscription Stmty Area

liOcatiCTa. Ibe studar area is  adjacent to the Scmth Fork 

o f Panhandle Crei^ (see figure 1 ). The location is  the northneet 

portim  o f the southeast Seeti<m 5# Tounship 10 North, Range 

74 West, 6th Principal Ilaridian BouMer baseline. I t  is  about 

8 nUes northuest o f Redfeather Lakes, Colozedo.

The Panhandle Creek drainage o f North Central Colorado 

enccanpaeaes approxiaiately 12,000 acres as stated bgr Black et. a l. 

(1959)* The drainage is  alxaost entireiy tiabered* The wei^em  

h a lf o f the drainage is  national forest land and the eastern h a lf 

is  a cluackerboard pattern o f privat^<«atic»ial forest OMnerrdiip. 

Aiipraodjaatelsr 1,000 acres o f forested land uas burned in  1939 vith  

reproduction becoiBing established 3<-5 years a fte r the bum. Many 

charred trees are s t i l l  standing with several located on the stxidy 

area. As a resu lt o f the f ir e  a layer o f charcoal <uie>half to 

three inches in thickness covers the s o i l 's  sxirfaee.

Climate. Loug cold winters and cool simtaers p revail. 

Weather Bureau sta tistic s  frcia Red Feather Lakes, Colorado idiow 

maadna-TOinlaa mean ranges fo r  Hay o f 30.6° > 55*6° F and a July range 

o f 43*9‘’~ 76.6^F with a mean annual taoqperature o f 36*1‘*F, U.S.

Dept, o f CoBBieree (1953}• Mean precipitation figures fo r the spring 

joonths show A p ril and Hay receiving the h ii^est amounts, 3*06 and 

2.5B inches respectively. July receives a mean prM ip itatian  o f 

1.44 inches. Tearly precipitaticm averages 18.55 inches with mean
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. Fort
Collins

Figure !•  Stuigr area location is  outlined in black on 
the Seale: One ineh equals two a ile s j
approximately*
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azmiial m oicfall totalisig 331*7 inohss* A characteristic featiire 

o f the e lin atlc  c (»d it l< »s  Is  the oeeuzrtmee o f aixaost da lly  thun-

der stonas during late spring and throughout the susaaer laoinths.

The Redfeather Lakes statical is  located at an elevatim  

o f 6,227 fee t, aî proKijnately 750 feet lower than Idle study area. 

Reeoguising th is altitude difference and a distance o f 8 o lle s , 

i t  is  probably quite safe to assume that man ten^ratures w ill  

be s u b t ly  lower, snowfall s u b t ly  greater, and yearly p rec lp i- 

ta t lm  values s ligh tly  hl/^er.

Topography. Hie Panhandle Creek watershed ranges in  e le - 

Yation from 6,500 feet at the eastern eactreme to about 10,000 feet 

on the western edge. Tem dn is  very steep and most o f the area 

is  inaeeessible by ear. Elevation o f the study area reaches about 

9,150 feet on the ridge top with it s  lower extrema around 9,000 

feet. The area has an east aspect with an average azimuth reading 

o f IDO degrees, an average fo r the 19 p lots.

S o ils . So ils on the study area are developing on the 

S ilver Pliaae granite fonoatlcm. Lovering and Goddard (1950). ,

This formation is  somsidiat fin er textured and is  a younger batlu>- 

l i ih  than the Pikes Peak granite, a more abundant formation. Host 

o f the S ilve r Plume granite is  pinkish gray in  color, mediutit>grained 

s u b t ly  porpiiyritle b io tite  granite, couqposed cdiiefly o f pink and 

gray feldspars, smok^ quartz and b io tite  with muscovite being 

present in  some fac ies. Hie percentage o f b io tite  varies from 

place to place. S o il development appears s ligh t. Hie s o il could 

be c lassified  in  the azonal s o il category. There does not appear
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to  bo any axoaa o f impeded water drainage. The presence o f w illows, 

RjtiiY spp., at several locatiana does tend to indicate an abundant 

st)^ply o f water.

Vegetation. Vegetaticai found in  the study area can be 

divided into two grotpit ( l )  associated tree species and (2 ) lower 

vegetation. Ihose tree species besides lodgepole pine found <m 

the study airea were std>alpine f i r  (Abies lasiooarpa (Hook) H utt.}, 

cosason juoiper (Juniperus coarounis L . ) ,  quaking aspen (Populus 

tresmloides K i ^ . ) ,  and at slope bottom adjacent to the creek a 

few uattire Sngelmann spruce (Picea engelmanoli Parxy). These trees 

were scattered tdnrou^out the study area. Aspen was the most 

nmasrous and often occurred in  small pure stands. The lesser vege-

tation varied from place to place aikd was never dense. The more 

obvious genera and species noted were Arctostaphylos ura-u rsi Adans.,

Berbecis repens L ., §Jbus

Buhamsl., Careoc spp., Rosa spp., Vaccinium spp., and a few grasses.

The number o f lodgepole pine trees per acre varisd fnsa 

trees to 3300 trees. This represented spacing from apinm i- 

nately 8.5 feet by 8.5 feet down to 3*5 fM t by feet. Plots 

having few trees generally had trees q ^ t s  evenly spaced. The 

ground cover (le sse r vegetation on an observati«mal basis ) varied 

from 5 percent near the ridge top to abo\it 60 percent near the 

bottom o f the slope (see figures 2,3, and 4 fo r views o f stur^ 

area, absolute top position and bottom position ).

Imlurious Agmats. The presence o f dwarflBistletoe (A r- 

ceuthobium amerjeanum N utt.) and a stem rust (Cronartium spp.)



Figure 2. View o f study area from oi^posite r id ^ .  Plots were 
located on l^ e  slope seen d irectly  in  the eeoter o f 
the pictvare.

CJ
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Flgore 3. Looking north from •outhem
eoctrcrae o f abooluto top pooltlon.

Figure 4* Looking north from eouthem 
extreew of bott<aa poeitlon.
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were noted, but only, sli^t infection aeemed evident. There ep> 

peered to be a li ^ t  infeetaticm of the stand by the lodgepole pine 

terminal weevil (Pissodee tenainalis Hopk). In general, the stand 

as a idiole was relatively free of disease and injurious Insects.

Field Procedures

The plots wex^ established by using a s ta ff ccaspABB, two 

chain tape, and an Abney Hand leve l. Wood stakes were used to maxdi 

plot boundaries and plot centers. Each position was aligned as 

accurately as possible to ccnfoim to the topographic r e lie f. Re-

sulting plot arrangement is  shown in  Figure 5* The plots are drawn 

to scale with distances between positi<ais repz^smting actual ground 

measuremrats but not correcting fo r percent slope (p erc «it slope 

readings were recorded).

Collection o f Tree Samples. Selection o f trees representing 

s ite  productivity was one of the most c rit ic a l points o f the entire 

study. The follow ing c rite ria  were tised to select those trees idiich 

sould best represent s ite  quality: (1 ) trees must be incliided in  

d<^inant or eod<miinant h e i^ t  classes, (2 ) trees must be free o f 

disease and insect damage, (3 ) trees must be o f good foxm (excur- 

rcoit with no unusval shape), and (4 ) tree spaeixig must be within 

the range o f 3 feet ty 3 feet to 6 feet by 6 feet (to  a llev iate  

the influence o f spacing on growth.)

I t  was decided to randomiy select from these qualified  

trees, 4 trees per p lot. The average h e i^ t  o f these four trees 

was prestoned to be the best estimate o f s ite  quality fo r  the p lot.
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1 Slope Position

Absolute  Top

X

D

Upper Llidd le

Lower M iddle

Lower

1 inch** 2 chains

F ig u re  5. F ie ld  p lo t la jo u t.
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Mann, Hottmer, and Clwaant'a (1947) tablss o f random nuidiozv ware 

used fo r  making the eeleetlone. Selected trees were cut at groinri 

leT el, limbed, axid returned to the laboratory (see i^gures 6 and 

7 .)

Collection o f S o il Saaples. S o il sauries were taken from 

a p it dug at the center o f each plot (see figures 8 and 9 ). The 

s o il p ro file  was thus exposed, fa c ilita tin g  the description o f the 

s o il horizons. Procedures outlined in  the So il Surrey Manual by 

the S o il Surrey S ta ff (1951) wore followed fo r describing the hori« 

z<His. In the fie ld  a weak B horizon was described and e<msidered 

to be a transition zone to the C horizonj thtis, an A-C so il p ro file  

was evaluated. Sauples o f the s o il horizons fo r each plot were 

taken and brou^t to the laboratory fo r xaore detailed tests.

Bulk density measurensnts were made in  the fie ld  <m the 

A and C horizons, l&idisturbed so il wa« removed from the specified  

horiz<m and placed in  paper sacks. 8y using a Volonemeasure (an 

instrument sold So lltest Im , o f Chicago, 111.), the volume 

that the undistrubed s o il had oce\qpied was detenoined. The ex-

cavated s o il was taken back to the laboratoxy fo r drying and fo r  

removal o f rock m aterial greater tiian 20m in  diameter. Bulk den-

s ity  readings represented the weight o f oven dry s o il less than 

2bb i in diameter over the voluse th is so il had ocet^tied before it  

had been distiixbed.

Qualitative Observation. Several other izportant factors 

were measured each p lot. The rise  in  feet per chain on each 

plot wae determined wiUi a t<^graphie Abney. The percent eoqpoaed
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Figur* 6. Grouod-line tree etunq;) a fter  
oirttlng. This was taken cn 
the bottom positicaXj^ note 
ground cover.

Figure 7* Trixamed trees taken from study 
area.



Pigur« 9, S o il p it cDtpoaixig th « s o il 
p ro fila  cn the absolute top 
pMitioQ*

23

Figure 9* S o il p it e^wsing the s o il
p ro file  cm the bottom position.
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ro«k per plot was esttniatadl coanparisxg the amount o f V«n square 

(o r greater) eoqx>sed roek surfaces to (Starts represoiting specific  

percent area coverage. The actual slope d irectim  fo r each plot 

was measured with a s ta ff cce^^ass and recorded. The average slope 

direction fo r the 19 plots was about S 80 S.

jafesialssr. tecgiMSi,

Tree Measurements. Standard stem analjsis techniques fo r  

developing tree height over tree age growth curves were followed. 

There was some s l i ^ t  variaticn in  th is lanocedure. The usual method 

fo r determining the actual age o f the tree fo r a particu lar cross 

section is  to count a l l  the axmv&l growth rings <»i each cross section 

and subtract th is number from the age o f the tree. In the present 

study one-half year was svibtracted from the age calculated in th is  

manner before plotting on the graph. The inner-most growth ring, 

frtmi which th is one-half year was subtracted, does not represent 

the precise point at which h e i^ t  and diameter inermnent are in it i-

ated or cease fo r  a particu lar growing seas<»a. Therefore, giving 

th is inner growth ring an age o f cme^mlf year results in  more 

accurate heied^t over age growth curves. A ll cross section measure-

ments were made at one foot intervals along the stem starting frm. 

the ground lin e .

Diameter measurements were recorded fo r ground leve l and 

were detezmined fo r one-half the tre e 's  h e l^ t . Ifeasurements vere 

made to the nearest one hundreth o f an inch. Ihese diameters were 

obtained to determine idiether any correlation existed between tree 

form and slope position. Tree form was expresssd by a form factor
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that waa fovaad by dividing the tree diameter at h a lf the h e i^ t  

o f the tree the diameter at grotsid leve l.

S o il Teets. Meehanieal a n a lg ia  o f ao ila  the hydrometer 

method aa deacribed by- BotQroiiooa (1936) eaa followed. F ifty  grama 

(oven dry weight) o f a o ll leaa than 2ia& in  diameter from each hori-

zon were teated. A 10ml aolution o f Calgim and d ia tlU ed  water, 

in  the proportion o f 6 l grama Calgoa per 20Qml d ia tilled  water, 

waa added to the 50 gzm  a o il aaBQ>le. Ih ia mixture was allowed 

to atand fo r a 12 hour period thua pezmltting auffloient time fo r  

the ao il to alake and to aoak. Each aample waa atirred fo r five  

miniitea in  the diaperaing evqp reecamended by Bouyoueoa (1936).

The hydroiaater readinga were eorreeted fo r  tes^ratu re  in  the uaual 

manner.

S o il reaetion (pH^ waa meaaured with a Beckman pH meter.

A a o il to water ratio  o f one to one by weight waa uaed.

S o il moiature teata were made in  the Colorado State Uhl- 

veraity Agrtniomy Departmant laboratory during the late  sxmiaer o f 

1961. Ihe quantity o f water held by ao ila  between the fie ld  eaimeity, 

(approximately 1/3 barooetrie tenaion), and the permanent w ilting  

point, (approxiaately 15 baztmMtrie tenaicn), repreaenta the avail-

able water eapaeity o f a a o il. Available water ia  that water idileh 

can be extracted from the a o il by liv in g  planta, Maaaureraant o f 

fie ld  capacity and w ilting point followed the procedure deacribed 

by Bifdrarda (1949)* F ield eapaeity waa obtained by aaturating 

about 25 gram o f a o il curtained in  a rubber band about cne-balf 

Inch h i^  fo r a period o f 12 houra and then placing the aaoq>le rq>on
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a porous oeramle plato* Tho plate was then placed in a pressure 

oooker in idiieh a ir  pressure oould be accurately adjusted and 

measured* A pressure d ifferen tia l of one-third atmosphere was 

then applied across the plate until the so il moisture obtained 

an equilibrium with the porous plate as determined by cessation 

of flow* Thifl took about 24 hours* Soil moisture was then de-

termined in the oonTentional manner by oven drying at 106 C*

The w ilting point was obtained by following essentially  

'.he same procedure* Instead of using a ceramic plate and pressure 

cooker* the saturated so il samples were put on a pressure membrane 

and placed within a pressure ce ll* Fifteen atmospheres of pressure 

(about 220 pounds per square inch) were applied across the membrane 

and equilibrium moisture peroen'tage determined*

The awailable water determined in preceding paragraphs 

was weighted (standard procedure) for use in multiple regressions* 

The sTailable water (percent moisture) was multiplied by the ap-

propriate bulk density readings and by the appropriate so il depth* 

The actual depth of 'tiie A horlson (in  this case the solum)was 

used* but a constant depth of twelTe inches was u s ^  on each plot 

for the C horlson because the depth to substratum or parent rook 

could not be determined*

O ffice Procedures

After completing a l l  the fie ld  and laboratory measurements* 

the tree growth cunres were drawn* ^  construct in f growth ourres 

for each indiridual tree* appropriate ages and h e is t s  oould be 

read directly from these curves and an average growth curve oould 

be drawn* Tree heights by one-foot increments were plotted over
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age fo r the eurve. Tbe average age fo r each h e i^ t  was deteznined 

arithm etically. Figure 3X) showa the average tree groNth curve fo r  

plot number f .  . Straight lines were drawn between points with l i t t le  

loss o f accuracy because o f the short distance between intervals 

on the tree stean. Average tree h e is t s  fo r  e a ^  plot were zead 

from these graphs at s ix  d ifferen t points s present, three, s ix , 

nine, twelve, and fifteen  years in  the past.
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Chapter IV 

ANAmZS OF DATA

Any epeeiflo aite-%ree growth relatleMteipa datezBdxMid 

from the data rnuat mtinly be lim ited to the atudy area. S tatis-

t ic a l analysis o f the data appeared to be the most fru it fu l ap-

proach fo r  detexminlng site -tree  growth eorrelaticfis.

CorTelatiops between Tree Develoiiaspt and Topographic Petition

Before presenting any relationships the meaning o f slope 

position must be further c la rifie d . In the methods chapter several 

positions were described. These positions reprwMnted an in it ia l 

a tteo ^  to stra tify  the w t ire  area into three parts, the lower 

slope area, the middle slope area, and the tapper slope area. How-

ever, because o f the topogzephic r e lie f, seven positions were de-

fined. Ibese positions represanted Beffnents o f the st\xiy area

and were named according to their approodmate physical location
5

on the slope. Figure 2 shows the arrangwnsnt. o f positions and 

the method o f numbering and naming the position from the top o f 

the ridge to the slope bottom. Each position contained 12 trees. 

Before any s ta tis t ic a l tests were made three average tree h e is ts  

fo r  each position were read from ai^ro|udata tree growth curves. 

Position one contained only <me plot but 12 representative trees 

had been chosen and these trees had been randomly placed into 3
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groups, ftw forest occupying the study area was a purs e v sn a ^  

stand o f lodgspole pins. Individual trsss ranged in  ags from 18-

20 years. %e average age o f the stand was 18.9 years. A com-

parison o f tree heights on each position according to respective 

ageSf 18, 19, or 20 years, disclosed that h e i ^  differences were 

not d irectly  related to age. Tree height data foisid in  Appendix 

A was used in  the in it ia l analysis.

Analysis o f Variance Tests. An average h e i^ t  difference 

o f 1.5 to  2.0 feet between positicsui mL^t be asstmad to represent 

an izaportant variatixm. Diffezenees o f th is amount or greater 

were found between the sevezal slope positions. Significance o f 

these differences was tested by the analysis o f variance. An 

analysis o f variance test was made with slope positicms considered 

as treatmoats and with three groups o f four trees each considered 

as a repUeation. A s ta tis tic a lly  sign ificant difference in  height 

was found betweeoi positicms at the 99^ le v e l, but no sigp ifieant 

difference in  height %ras evident between repUcatlxms (aee table  

1 ). Sighty-four trees were used in th is analysis. On ths basis 

o f th is finding a sim ilar analysis o f variance teet was run Just 

tising the average tree height* • A sign ificant difference in  tiree 

height at the 99$̂  leve l was found between poeitions, but no e ig - 

nificant difference in  tree height waa found between replieationa 

at the 99 or 95^ leve l (aee table 2 ).

In order to study the growth and develcpaumt o f the treea 

throu^out th e ir l i f e ,  tree h e is t s  read from the growth curves 

fo r the average treea in  paat years were tested by analysis o f
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TABIE l,~ANAi;SSIS OF VARIANCE FOR TESTING INDITOHAL TREE HEIGHTS 
____________BI POSITIOM AND BI EEPUCATIOil*______________________________

Source o f Variation Degrees
o f

Freedom

Suns
o f

Souares

Mean
Squares

”F'* Ratio

Total G3 289.40 mm mm

Between tree gcov̂ ta 20 177.46 -

Replications 2 0.29 0.15 1
Positions 6 153.35 25.56 12.91»*
Interaction 12 23.82 1.98 1.11

Residual -  ^ ..... - 111.94 _ l i Z § ___ -

4(Thi» the f ir s t  analysis and involves %  trem  eoUeeted 
hxssi the stix^  ajrea.

««si03 ifieaB t at 99% leve l (6/L2)

TABXE 2.-^ANALISIS OP YARIAKCS f(SL TESTING AVSRA(̂  TREE HEIGHTS 
____________m  PIXg BI PC^mOKS AND BY HEPUCATIONS*_____________

Source o f Variation Degrees
o f

Freedoa

Sud s
o f

Souares

Nssn
Squares

"F" Ratio

Total 20 44.26 mm

Replication 2 0.07 0.04 1
Positicai 6 38.30 6.38 13.02«*

Residual 12 ___ ....P.f4S?.,.... -

«This the seocasi analysis and involves 21 avera^  trees 
from the stedy area.

»*S ign if leant at the 99^ leve l (6/12)
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varianeo. A separate analysis was made fo r  each o f the fiv e  three* 

year intervals in  the tre e 's  l i f e .  Figure 10 shows the growth curve 

fo r  p lot ntatd̂ er fiv e . Average tree h e is t s  by p<»iiti<m fo r 1958, 

three years ago, were tested by analysis o f vazdanee and a s ig o ifi*  

cant difference in  tree hei|^t between positicais at the 99̂  leve l 

was evident* This was repeated fo r average tree h e is t s  in 1955* 

1952, 1949* and 1946. S ta tistica lly  sign ificant differences in  

tree height were detenidned between positions during each o f these 

years at the 95̂  leve l.

Tukagr's Test. Since sign ifieant differences were found 

in  tree height between positions, Tuh^ 's test as given in  Snede* 

oor ( 1957)  was employed to determine between lAiich positions th is  

diffezenee occurred. Of the 21 possible differeiM es 8 sign ificant 

differences were noted. S ta tistica l difference at the %  leve l 

(fa ls e  conclusion 5 times out o f 100) existed between position  

one and positions two, four, fiv e , s ix , and seven and also between 

positixm seven and positions two, three, and four (see table 3) .

TABIfl 3 .—RBSULTS OF TUKET'S TEST AS MM)IFIBD BY SNECECQR____________

Positim  Hsan of
I (= ) -1..,......a_____ 2_____ L ...________ 5 ______7

y ^ . 1 5  ^10.98 •-11.31 i - l l . i 8  --12.35 .—13.78i 3 i  y  y  y  y

7 13.78 4.63* 2.80» 2.47» 2.10S 1.43 1.14
5 12.64 3.49» 1.66 1.33 0.96 0.29 mm -
6 12.35 3.20» 1.37 1.04 0.77 - -  _ •

4 11.68 2 .S * 0.70 0.37 - - - -

2 11.31 2.16* 0.33 - - - - -

10.98 1.83 - - - - -
1 ___ - mm - - mm -

error o f the mean, S 9, and a factor Q) is  sign ificant at 
the 5% leve l
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Correlatiotui baturecn Tre« Height ajad the aiY im aaw ital VariahXea

The resulte o f the tests Just ooEqpleted izidleate that 

height differences do exist between positions. Sefveral specific  

enviroDisental variables cause these d iffe r«ic e s  to occur.

Selection o f Variables. The ten variables listed  in  the 

pluvious chapter were considered fo r possible correlations to tree 

height developetrah. Ihe acEXb step was to set aside those vazdabies 

iqdioatlng no apparmt relationship to tree growth. Scatter d ia - 

grans were drawn to analyze re latiaud ilps. The independrat factor 

(environnantal variab les) was plotted cm the abcissa or x axis 

idd le the dependent factor (tree height) was plotted on the or-

dinate or 7 ax is. Of the ten d ifferen t variables s ix  o f them in-

dependently expressed a defin ite linear relationship) to tree height* 

Two other variables appeared to have a relationrtiip o f lesser mag-

nitude. The s ix  variables were: slope position^ percent exposed 

rock at the s o i l 's  surface, elevation change per chain, potential 

plant available water in  the C horizon, bulk density o f the C hori-

zon, and the average percent s i l t  plus clay fo r  the im ofile.

Each o f ^ e  variables had been plotted as an indepmident 

factor but due to interactions between the variables these graphs 

did not denote th eir tzue influence. A very strong interrelation-

ship between the variables does ex ist, but each variable s t i l l  

does have it s  own independent e ffect.

Multiple Linear Regressicm. Ih iltip le linear regressicms 

were used in  attempting to evaluate relationships and influences 

o f the s ix  environmental variables. To iiurare a more valid  re -
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gresslon and permit eq\ial w e i^ tin g  o f one s o il eaoaple to an average 

tree delineated by four trees, only foxur o f the twelve treea rep> 

res«ating position one were used. Ihe regressions were calculated 

on an IBM 1620 ecmqputer, Minetem plots each containing represen-

tative sanqples o f the s ix  variahles associated with an average tree 

h e i^ t  were tested, Basic data can be found in  kppmiix. B. Six  

B iiltip ls linear regzwssions were run. The f ir s t  regression, tree 

h e i ^  in  I96I ,  is  o f major concern and most o f the discussion w ill  

be coneenied with i t .  The other five  regressions each used the 

same enviroaaaental factors. The only difference was that each 

depaodent y variable represented the average tree h e i^ t  per plot 

fo r the specific year<1946, 1949, 1952, 1955, 1958, or I96I )  that 

was tested. Appendix B shows the actual factor headings as t h ^  

were applied in  the regressicms.

The resu lts o f the regression involving the s ix  variables 

and the tree heights fo r I96I  produced slgo ifiean t information (see 

Appendix C ). The "F” ratio  fo r the I96I  regression was 6.53 with 

6 and 12 degrees o f freodooi. This was sign ificant at the 99^ leve l.

"R*' square, the coefficient o f determination, was ealeiilated as 

0.7655, or stated another w ^  76.55^ v a riab ility  o f ^ e  tree h e i^ t  

was aeeoisited fo r by the s ix  variables. Ihe re lative icQx>rtance 

o f each o f the s ix  variables in  relation  to y can p a rtia lly  be 

determined coaparing th eir regression coeffie isn ts. To avoid 

unequal variation in  x  'Uui standard p artia l regression coefficients 

were calculated as stated in  Snedeoor (1957)• The variables were 

then ranked according to their re lative contributicm to the regression.
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Th« variables were ranked as follow s: ( l )  slope position, (2) per- 

emit ea^sed rook, (3)  Fottmtial plant available water (4)  elevation  

change per chain (5) bulk density and (6)  average percent s i lt  pltui 

clay.

S ta tistica l significance o f the regression coefficients 

was tested by checking the calculated ”t '‘ valtw from the regressixm  

in  a '̂t*’ tab le , at the 95$̂ le ve l and with 12 degrees o f freedom, 

and the result was that only one coefficient was foistd to be s ig -  

nificazxt. This coefficient was fo r  variable slope position.

A c(aifidenee in terval fo r  th is coefficient was calculated.

Confidence Interval «  + t95 yvariance coefflelcBit

C I  »  + 2.179 /m rlanee coefficient 

C I  “  + 0.37871

Eegression Coefficient fo r *2 + C I  ■* 0.38793 ±  0.37871

Answers fo r the coo^leted regressions can be fotaid in  

Ai^pendix C.

The f ir s t  four variables in  the ranking s t i l l  ecmtribute 

sign ifican tly  to 12ie regressicm wh«a the la st two variables are 

removed. The sums o f squares due to regression fo r  the variables 

o f average s i lt  plus elay and bulk density were detezmlaed. An 

analysis o f variance test was calculated to see i f  these two vari-

ables in  ccsdsination contributed sign ifican tly  to tree height vari-

ation in  the f ir s t  regression (see table 4) .  *'F" was found to be

less than one. This was not siga ifican tly  d iffe rm t at the 93% 

le ve l. Neoct the sumo o f squares due to regressirax fo r average 

s i l t  plus elay and bulk density (X4 and X5) were svdstracted frcsa



TAB1£ 4 .—a n a l y s is  OF 7ABIAHCE TAH£ TESTING THE EFFECT OF THE 
7ARIABIES OF AVERAGE PERCENT SILT PLUS CUX AND BUIE 

____________DENSITT (»i m e  GROWTH FOR THE BECglBSaiCM_____________

Sourc« Degratts Su m  lf««a
o f o f Squaroe

Freadfltt Souaree___________

"F" Ratio

Sums o f Squares due to,
Regresslcai -  Tree Heiglit 
with Average Percent S ilt  
plus Cl«Qr and Bulk Dm sity 2

Residual 16

Total_______________________________18

3.302 1.631 

27.733 1.733 

31.036 *

<1

TABIE 5.-WUKALISIS OF VARIANCE TABLE TESTING THE INFLUENCE OF THE 
VARIABIES x i ,  X2 , x^, and x^ INDSPENBENT OF 3Ĉ  and X5 

____________<m 3*

Source Degrees
o f

Freedom

Sums
o f

Sauares

Mean
Sqtiares

"F" Ratio

Sums o f Squares due to 
Regression -  jr with 
Xi, Xjj, X j, and X6 6 23.758 3.960 6.529

7  with 3̂  and X5 2 3.302 1.651 -

y with x i ,  X2 , and X6 4 20.457 5.114 8.432«*

Residuals 12 7.278 0.607 -

Total 18 31.036 ..
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th9 s ix  vazlable um ltiple regressions, 1961. This resulted in  an 

analysis o f variance including the f ir s t  four variables Xi, 

x^, and x^» ”F" was foiawl to be 8.43. This was sta tis tic a lly

sigp lflean t at the 99% leve l (see table 5)*

A predieticai equation can be developed from the sm ltiple 

regression.

1961 Regressicaa f  *=* constant + b l x l  + b2 x2 -  b3 x3
- f b 4 x 4 - b 5 x 5 - b 6 x 6

y »  12,241 + .019 x l  + .388 x2 -  .060 x3 
+ .003 x4 -  .182 x5 -  .991306

The predicted tree h e i^ t  f  was calculated fo r each p lot. 

Data from Appendix B was used in  th is calexilation. Spobols used 

in  the prediction equation are c la rified  in  Appendices B and C. 

lHa.9 average deviatim  was calculated from these values fo r  the en> 

t ire  study area. The average deviaticm is  equal to the nuasrical 

sum o f individual differences between actual tree h e is t s  and pre> 

dieted tree h e is t s  over the sum o f the predicted tree h e is t s  

times 100 to convert to a peremxt. The average deviaticn was 3,9^  

with a range o f 0.08 perc«it to 11.17 percent.

Results o f multiple regression fo r specific past tree h e is t s  

can be found in  Appendix C. The "P** ratio  fo r each regression was 

c h ^ e d  in  Snedecor (1957). The "F” ratios fo r regressions in  1952, 

1955* 1958, and 1961 were sign ificant at the 99^ leve l while 1946 

and 1949 were sigp ifieant at the 95^ leve l. The coeffieients o f 

determination 1946~1958 were .616, .660, .747* •7$5» and .802} an 

increasing trend with increasing age.

Prediction equati^u fo r the 1946-1956 regressions fo llow :
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1958 Regression y »  8,500 ♦ .001 ^ ,428 Xg -  ,048 Xj

/  i009 x^ f  ,994 Xg -  1,065 Xg 

1955 Regression y | 6.566 -  ,005 x^ 4 .598 Xg -  .041 Xg

1 ,001 X4 ♦ ,696 Xg -  .677 Xg 

1952 Regression y g 2,600 -  .004 x^ 4 ,294 X£ -  .017 xg

4 ,029 x^ 4 ,712 Xg -  ,460 Xg 

1949 Regression y c .042 -  1.109 x^ 4 ,198 Xg -  .005 Xg

4 ,058 x^ 4 1,211 Xg ■* ,510 Xg 

1946 Regression y s •> ,527 •  ,005 x^ 4 .062 x^ •  .001 x^

4 ,026 x^ 4 .298 Xg • .155 Xg

. The predioted tree heights y was osleu]»ted for each plot. 

Data trm  Appendix B was used in the ealeulation. The axerage de* 

▼iation was then determined for each regression. They were 1958 * 

4,55^, 1955 -  6.19^, 1952 -  10.219C, 1949 -  9.62^ and 1946 -  12.08^.

As stated before only six  variables appeared to have o lear- 

ottt relationships to height growth for the present but two other 

variables did show a slight relationship. On this basis, and hoping 

to improve the ooeffioient of determination, the two ^ r ia b le s  

of depth of the solum (new x^} and potential plant available water 

in the A horison (new Xg) replaced the bulk density and the average 

s i l t  plus olay. Ranking by the standard partial regression 00* 

efficient indicated idtioh variables contributed most significantly  

to the regression equation, Variables x^ and Xg in the original 

regression contributed the least and were then replaced by the 

two new variables. The ration, R square, and the system of
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ranking 1;̂  order o f inportanee were, fo r a l l  praetleal purpoaee, 

the saBie as the orig in a l regression.
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positicms 2, and 3j tiia middla pozticm included positlona 4 and 

51 the bottom portion included positions 6 and 7* S ta tistica l d if -

ferences betWHm positicms laainiy foUoired these three groupings.

The anal/sis o f Tarianee tests showed that specific vari-

ations in  tree h e is t s  occiurred between ridge top and slope bottom. 

Ttdcey's test pointed out between idiioh specific  slope positions 

tree height differmoees were s ta tis t ic a lly  sign ificant. Position 

one was s ta tis tic a lly  d ifferen t in  tree height from Positions two, 

four, fiv e , s ix , and seven. Position sev «i was s ta tis tic a lly  d if -

ferent in  tjree h e i| ^  frcm positions one, two, three and four.

Tree Heii^t and the aaivlroanwgtal Variables

S ix o f the ten variables meastared in  the fie ld  appeared 

to be related to tree height. These s ix  factom  weret

1. Slope position

2. Percent eoqposed rock

3. Potential plant available water in  the C horison

4. Elevation change per chain

5. Bulk density in  G horison

6. Average percent s i l t  plus clay fo r  the p ro file

These variables, resmesented by x 's ,  were used in  multiple 

lin ear regressions with tree heights represented by y. These s ix  

factoze eontzdbuted sign ifican tly  in  a l l  s ix  regressions.

Interpreting the 1961 Regressiem

The "F" test fo r  th is regression was sign ificant at the 

99^ le v e l, thus enphasislng that these s ix  factors contributed
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Hignifieofitljr to the regreesim . The eoeffielent o f detem ination 

indicated that 75$ o f the tree h e l^ t  v a r la b illt j was aeeomted fo r  

b j these variables. Ihe i»edletlcci equation aeeoaoted fo r a vexy 

hl|^ peremtage o f the aetiial tree height. IM s can be seen bfjr the 

TSX7  ^  average deviation idd.di was less than 4 percent* This 

percentage vales Is  w ell within H a lts  used in  the fie ld  o f forestzy  

fo r aeeeitable volume tables and s ite  index curves.

Slope Position. Slope position was found to be the most 

important factor influnawing t ie s  h e i^ t  differences. A fter cheek-

ing the *’t ” ^u are  values fo r each variable (1/12), slope position  

was the only variable found to  be sign ifican tly  related to the re-

gression idien emsiderod independaxtly. Decreasing s ite  quality  

was c learly  evident when observing several d ifferen t positions.

A defin ite  increase in  height occurred Aram the top poeitlm  to 

elope bottom. Lunt (1999) obeexved that ^ e  better e lte  fo r red 

pine was on the lower elope tftiere e o il w m  deeper. S o il is  generally 

deeper on the bottom position than on the top poeitlone.

Percent Exposed Rock. The percmofc eoqposed rock was rated 

as being eeeond in  importance. The influence o f th is factor semned 

to  be related to decreasing tree height when viewing the eeatter 

diagram. In th» fie ld  an observable d irect correlaticm  o f in -

creasing percent expoeed rock to  a decreasing tree height could 

be eeen. Thompeon (1929) had noted restricted growth on rocky 

s lic e  with shallow s o il. Excessive rockiness le  c learly  evident 

on the ebeoluie top poeltion.
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Pot«atia l Plant Available Moieture. Potential plant avail>  

able moisture in  the C horiaotn was o f th ird laqportance but is  pro« 

bably o f greater significance during years lacking su ffic ien t spring 

and suBBser rain  f a l l .  Tourney (1947)* irom observaticai o f Scotch 

pine, fe lt  that the water retaining capacity was particu larly  im> 

portant in  determining s ite  quality.

Elevatioa Change Per Oxain. Ihe variable o f fourth im~ 

portance was the elevaticm change in  feet per chain. This is  ac-

tu a lly  two-thirds the value o f percent slope readings. The average 

influence o f the elevation change per <diain reflected an apparent 

increase in  h e i^ t  with th is increasing elevation. Tunxer (1 ^ 7 ) 

noted that slope was hiidxly in flu sn e la l in  determining low site  

values o f mountain so ils  wiUx slopes greater than 40^.

Bulk D «isity  and Average Percent S ilt  Plus Clay. Ihe 

la st two variables o f bulk density and average percent s i lt  plxm 

clay did contribute to the overall regression, but by sta tis tic a lly  

removing them from i^e  regression, l i t t le  was lo st. Tbe ”F" ratio  

fo r  the two variables was ncm-signifieant at the 95% le ve l. A fter 

these two variables were removed the other foior vaJriLables s t i l l  

contributed sign ifican tly  to l^e  regressicui. Ii2hat th is actually  

means is  that the f ir s t  four variables influanee s ite  quality ap-

preciably and that slope positicsi is  s t i l l  the most jjqportant factor. 

Haig (1929), Coile (1935)» Coils (1948), and Hieock, et. a l. (1931) 

a l l  had shown s i l t  plus clay alone or in  a ratio  to  be an iiqportant 

factor influencing s ite  quality. S ilt  plus clay in  th is study was
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related to  a ite  q o a li^  but ia  a imidi laasar dogrm than uhat ]in^vl~ 

oua atudlaa indleata. S o il davaX^paiaet on tha attidjr araa la  alight 

ccaqparad to a o il daaalopwnt in  othco' araaa. Whara a o ll devaloinant 

ia  oore praootaicad s i lt  plua elagr larobably playa a  greater ro la in  

a ita  quality.

Ey raplaoing the la st two earlablaa o f built dm sity and 

average pereeaat a l lt  plua clay with the n«£t two auppoaedly inpor>- 

tant varlablea^ depth o f aolwi and potential plant avallabla water 

in  tha k horizon, no change in  tha ragreaaion af^aarad av ld «it.

'These two variablaa larobably influence tha ragrMSion to tha same 

extent aa did the two deleted variables. For a l l  practioal pur* 

poses l i t t le  eoghasls w ill be plaead <m these two new variables 

o f depth o f aolun and potential plant available water in  the A 

horizcn.

isL iM rl-aS g

Tha ragraasiona fo r 1946*1953 indicate that aomathing is  

lacking in  tha prediction o f tree haiabta. Thm analysis o f varL* 

anca "P** ratio  fo r  each regreaaion thom that the s ix  variables 

contribute e ign ifloaatly  to the rê ŝ ’esaiona, but ^ ila  ia  not tha 

entire picture. In  each preceding ragresalon tha v a riab ility  ac* 

eomted fo r  by tha a ix  variablaa deoraasas. A fter dataznining tha 

pradleticai aqm tlon, tha average davLatlons ware noticeably larger 

than fo r  tha 1961 ragresalon indiesting that tha aqustlona are 

not nearly aa accurate an estimate o f tree hal^xt. The larger 

average davlatloaa indicate that tha dmignated variablaa do not



5 1

predict tree height aa accuratelj in  past years as they do at present.

A lter ranking the variables fo r each regression, the most 

inqportant variable in  each regression was s t i l l  slope position.

The order o f iji^rtance fo r  each o f the other factors varies from 

one regression to the next, see Appendix C (the largest number in  

the loss o f sums o f square fo r deleted variables is  represented 

by the most important variab le )*

The variable o f climate (held constant and not measured) 

could be, and probably is ,  the factor contributing most sign ificantly  

to variations in  tree h e i^ t  U irou^  the influence o f mierocUinatic 

e m a d iil^ . Variations in  tes^ ra tu re , preoipitaticm , and even 

humidity are very c r it ic a l factors during e a rlie r years o f growth.

Inyironmental Variables and S ite CRiality

On the basis o f fie ld  observation, analysis o f variance 

tests and multiple regressitma, several eonclxisicms have been drawn. 

Tree growth on the study aro& is  appreciably infliienced by the s ix  

ttivircnusental factors o f slope positicm, percent esqposed rook, e le-

vation change per chain, potential plant available moisture in  the 

C horison, bulk d «is ity  in  the C horizon, and the avera^  percent 

s i lt  plus clay in  the C horizcm. Bulk density and the average 

s i lt  pl\is clay contribute to prediction o f tree h e is t s  b;ut are 

o f least inqportanee. Most mî Ediasis can be placed upon slope 

positicm, percent composed rock, elevation change per chain and 

potential plant available water, Ihese four variables do con-

tribute considerably to s ite  quality evaluati(»ui as expressed by 

tree height.
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Poslticai o f slope was found to be the most c r it ic a l factor 

in  the study. D lfferm ces in  tree h e i| ^  are most d irectly  affected  

th is variable. Tree hel^^t dlffereaees between slope positions 

resu lt from a direct Interaction o f the other onvlxonmental variables. 

Because extreme ranges within soitte o f the «ivlrMunental variables 

stay be noted under some olrounstanees, s ite  evaluation o f lodge- 

pole pine should not be so lely  dependent tqpon slops position. A ll  

s ix  variables omst be taken into conslderatl<xi.

Evidence obtained from additional s ta tis tic a l analysis 

and fie ld  work tend to Indicate that tree h e l^ t  differences at 

ea rlie r ages In ^ e  tre e 's  development are not as strongly dependent 

iipcm the s ix  variables. Other variables may be o f greater leqior- 

tance. Mieroclimatle conditions o f tcBqperaturej humidity, evapora-

tion , and ra in fa ll associated with specific  slope positions, may 

influence tree growth in  the e a rlie r stages.

Suggestions fo r Further Study

Site quality e la ss lflc a tlo a  projects shotild benefit ap-

preciably frm. th is study. The s ix  variables used in  the multiple 

regressions showed excellent relationships to tree growth as can 

be seen fxtNa the aecturaey o f the prediction eq\iatlon, especially  

fo r  the 1961 regresslcoi. Reducing the nusber o f variables from 

s ix  to four was another iny>rovement. These four varlidales o f (1 ) 

slope position, (2 ) percent ecxpoeed rock, (3 ) elevation

per chain, and (U ) potential plant available water should now be 

the baals fo r more intensive study. Ry sU |^tly  xaodlf^lng eo llec -
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t ire  t«ehnlqu08, xaeasuriog procedure*, and by C3q;»nding the project, 

A site  quality elss8 ificati<»i schecie is  c learly  foreseeable.

!Ihe variables evaluated in  th is study restated in  these 

recooxnendati<»is:

1. Delineate a study area tdtere mox% than one aspect can 

be evaluated.

2. Detemlne the in flu «tees o f microeliiaatic ccmditions 

o f ta s^ ra tu re , precipitation, and htaaidity on the 

growth o f Juvenile lodgepole pine.

3* Measure spec ifica lly  the environmental variables o f 

percent slope, slope position, potential plant avail-

able moisture in the s o il p ro file , percent exposed 

surface rock, and the average s i lt  plus clay per 

horison.
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Chapter YI 

SUlfifAKT

Thlf study was oonduotad to detornino signlfleant oor- 

relations between the. growth of juTenile lodgepole pine and as* 

sooiated enwironaental factors. Field research was conducted 

during the suicmer o f 1081 on the South Fork of Panhandle Creek 

in Nox^h Central Colorado. A pure ewenaged stand o f lodgepole 

pine 18 to 20 years of age was used for the investigation.

The study area was stratified  into seven slope positions 

with twelve dominant and oodorainant trees cut within each position. 

A st«a  analysis was conducted on each tree with subsequent de-

velopment of growth curves. Ten environmental factors associated 

with the sample trees were measured. Scatter diagrams, analysis 

of variance tests, and multiple linear regressions were employed 

for aralysing the data during the f a l l  and winter of 1961-1962.

Of the ten variables measured, six of them were selected 

for use in multiple linear regressions. These six  variables were 

slope position, percent exposed rook, potential plant available 

moisture in the C horlson. elevation change per chain, bulk density, 

and percent s i l t  plus clay in the so il p ro file . Multiple linear 

regressions were run for the years 1946. 1949. 1962. 1955. 1958. 

and 1961. Although a l l  six  variables were correlated with tree 

height, bulk density and the average percent s i l t  plus clay were



5 5

o f loaot inportanoo.

Throu^out tho entire sttdy the variable o f slope position  

was found to be the most isyportant variable influencing the growth 

o f lodgepole pine. Tree h e i^ t  differences in  lodgepole pine are 

d irectly  correlated with th is variable.
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AH>E(1DIZ A

INDIVIDUAL TREE HBIGHTS BY PLOT AHD BI POSITiqi

Plot NiBBber 
and Position

Tree
Heii^t
Feet

Plot Nuo^r 
and Position

Tree
H e i^ t
Feet

Plot Ntad>er 
and Position

Tree
Heic^l
Feet

la  -  1 8.43 6 —3 13.00 3 3 - 5 11.20
la  > 1 8.54 6 - 3 10.45 1 3 - 5 13.05
la  -  1 10.80 6 - 3 9.73 1 5 - 5 12.57
la  -  1 10.30 6 - 3 11.10 1 3 - 5 14.01

lb  -  1 9.33 7 - 3 10.50 1 4 - 6 12.23
lb  -  1 9.15 7 - 3 10.53 3 4 - 6 11.24
Ib  -  1 9.27 7 - 3 13.81 1 4 - 6 13.40
lb  -  1 9.25 7 - 3 11,75 3 4 - 6 33.01

le  -  1 8.39 8 - 4 33.16 1 5 - 6 11.40
Ic -  1 8.67 8 - 4 33.36 1 5 - 6 11.73
Ic -  1 9.31 8 - 4 11.97 1 5 - 6 13.00
Ic •  1 8.54 8 — 4 12.09 1 5 - 6 13.08

2 - 2 32.95 9 - 4 12.30 1 6 - 6 10,38
2 - 2 11.89 9 - 4 13.09 1 6 - 6 11.69
2 - 2 9.90 9 - 4 9.53 1 6 - 6 13.49
2 - 2 10.07 9 - 4 9.87 16 -  6 13.51

3 - 2 9.89 1 0 - 4 11.11 1 7 - 7 11.45
3 - 2 10.41 1 0 - 4 11.90 1 7 - 7 14.80
3 - 2 10.93 1 0 - 4 9.90 1 7 - 7 13.34
3 - 2 11.89 1 0 - 4 11.83 1 7 - 7 11.20

4 - 2 11.78 1 1 - 5 11.57 1 8 - 7 14.41
4 - 2 12. 26 1 1 - 5 13.58 1 8 - 7 15.32
4 - 2 12.89 1 1 - 5 13.65 1 8 - 7 11.30
4 - 2 10,90 1 1 - 5 11,68 1 8 - 7 18.47

5 - 3 11.40 1 2 - 5 9.79 1 9 - 7 14.40
5 - 3 9.55 1 2 - 5 14.19 1 9 - 7 33.61
5 - 3 9.58 1 2 - 5 12.38 1 9 - 7 13.57
5 - 3 10.42 1 2 - 5 13.98 1 9 - 7 13.71



APPENDIX B

DATA CQIJJCTED DURING SlPafHl 1961 AND USED IM MULTIPLE IltEBAR BECSESSIONS

Eaviromaental Variables Tree Helifeta used in  Beapective Eegreaslopg

Plot Slevation Slope Sxpoeed Average Bulk Potential
Change per Position Rock S ilt  plus Density Plant A va il-
Chain

F irst* Second Ih ird  Fourth F ifth  Sixth

Clay able water 1961 1958 1955 1952 1949 1946
x l x2 ___33_____ xk 3^ x6 T y T y y_ _y_

No. Feet Position Percent Percent wt/vol Inches Feet F€Mt Feet Feet Feet Feet

1 1 1 40 34.68 0.84 0.46 8.91 6.82 5.08 3.44 2.26 0.93
2 5 2 15 37.45 1.29 1.24 11.20 8.98 6.80 4.52 2.85 1.19
3 5 2 15 35.57 1.23 1.27 10.78 8.79 6.62 3.90 2.26 0.88
4 5 2 10 45.58 1.01 0.92 11.90 9.28 6.80 4.52 2.52 1.02
5 11 3 25 42.94 1.13 1.37 10.24 8.18 5.90 4.27 2.76 1.05
6 9 3 ID 48.93 1.50 2.16 11.07 9.10 7.14 5.10 3.28 1.30
7 11 3 15 26.45 1.31 0.87 11.68 9.50 7.28 4.70 2.73 1.05
8 16 4 30 45.92 0.96 0.88 12.64 10.35 8.00 5.76 3J48 1.45
9 18 4 25 a .4 9 1.24 0.98 11.19 8.86 6.48 4.31 2.66 1.10

10 21 4 25 43.95 1.02 0.95 11.18 8,70 6.30 4.40 2.75 1.28
11 31 5 25 34.61 1.30 0.80 12.61 10.15 7.45 4.92 2.85 0.93
12 30 5 25 40.32 1.19 1.05 12.58 10.10 7.70 4.84 2.64 0.94
23 28 5 20 37.08 1.10 1.21 12.71 10.16 8.10 5.50 3.36 1.30
24 21 6 7 49.98 1.30 1.37 12.47 10.79 8.72 6.54 4.48 2.00
15 24 6 7 52.64 1.21 1.40 12.30 10.00 7.75 5.42 3.55 1.46
16 22 6 10 38.76 1.20 1.58 12.22 9.8k 7.58 5.06 2.80 1.04
17 8 7 2 50.18 1.24 1.70 12.65 10.40 8.16 5.60 3.32 1.62
IS 6 7 2 47.60 1.17 1.32 14.88 12.44 9.60 6.46 3.94 1.50
19 6 7 1 34.70 1.26 0.75 13.82 11.90 9.52 6.26 4.00 1.28

^Average trM  h e is t s  o f four trees measured in  1961. 
most io ^ rtan t regression.

This is  the

C-.
fC
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KESULTS OF IHE SIX MULTIPLE UMAR BEGBESSKaiS
1946 -  1961

(j 3

Variable Ho.l
1961

Ho.2
1958

No,3
1955

N0.4
1952

No. 5 
1949

No. 6 
1946

Conataiit 2/ 12.241 8.300 6.366 2.600 .0A2 -.237

EegreasW
Coaffleiant 2/ x l ,019 .001 -.003 -.004 - 1.109 -.005

x2 .388 .428 .398 .294 .198 .062
30 *.060 —.048 -.041 -.017 -.003 -.001
X4 .003 .009 .001 .029 .038 .026
x5 -.182 .994 .696 .712 1,211 .928

-.991 -1.063 -.677 -.460 -.510 -.133

Suoa o f Square
Due to Regreseii^ - 23.758 23.553 18.966 9.747 4.393 .914

Residual Subib
o f Square 7.278 5.812 4.877 3.302 2.263 .570

Varlaztee o f
C o e fflc i«it  2/ x l .001 .001 .001 .001 .000 ,000

x2 .030 .024 .020 .014 .009 .002
x3 .001 .001 .001 .001 .001 .000
x4 .002 .001 .001 .001 .001 .000
x5 4.256 3.340 2.852 1.931 1 .3 ^ .333

_S6 .695 .555 .466 .315 .216 .054

Lose ia  Stans o f 
Squares fo r De:>
leted Variable 4/ x l .254 .001 .006 .015 .089 .016

x2 3.022 3.685 3.181 1.739 .784 .078
a3 1.748 1.107 .829 .145 .005 .000
x4 .003 .032 .000 .324 .542 .258
x5 .005 .141 .069 .072 .209 .013
x6 .858 .986 .400 .190 .227 ,015

**T" Square x l .420 .001 .015 .054 .473 .346
x2 4.982 7.607 7.828 6.317 4.158 1.164
33 2.882 2.286 2.039 .534 .027 .004
x4 .004 .067 .000 1.177 2.871 5.439
x5 .008 .290 .170 .263 1.111 .267
x6 1.141 2.037 .985 .688 1.202 .324



APPENDIX C <• Ccmeltidad

N o .l
1961

No. 2 
1958

No.3
1955

No.4
1952

No. 5 
1949

No.6
1946

Variance .606 .406 .275 .188 .047

"F" Ratio 6.529 8.104 7.778 5.903 3.883 3.209

Coeffieient o f
Determination ^ .766 .802 .795 .747 .660 .616

3/ This reprssents a in  ths prsdictiim  equatlcn

2/ This represents b in  the poredlctim e<|uati(»i

^  T l» square root o f th is times t  at 9SK le v e l with 12 Degrees
Freedom gives the eonfldmoee in terval fo r  the regression eoeffLeient

y  These values are sim ilar to the "Beta" ooeffieient, Ihe vaziablMi 
can be ranked aeeording to th e ir ijqportanee

y  This value m ultiplied by 100 gives the percent v a riab ility  ac-
counted fo r  by the s ix  variables in  the equatioi



Abstract of Thesis

GROWTH OF JtIVENIU tODGEPOLE 
PINE IN RELATION TO SOIL ANO SLOPE

The thesis is concerned with determining site-tree growth 

relationships that exist In pure evens^e Juvmlle stands of lodge- 

pole pine. The study is a basis for devel<H>ing methods that will 

wentually predict site productivity.

A pure evenaged stand of io<^pole pine 18 to 20 years 

In agfi was chosen for study. Research was limited to an east 

aspect in this stand. The study area was subdivided Into seven 

positicms. Twelve dominant or codominant trees were cut on each 

position and each tree was subjected to a stem analysis. Three 

soil pits were dug on each position and soil samples collected 

from each horizon. A mechanical analysis of the soil was conducted, 

and soil moisture capacities for each horizon were determined.

A total of ten envirorvnental variables were measured 

and of this nimdber six variables were foimd to be highly cor

related to the tree height. The six variables were slope position, 

percent exposed rock, potential plant available water In the C 

horizon, bulk density in the C horizon, average percmt si l t  

plus clay in the soil profile, and elevation change per chain, 

^ ly s i s  of variance tests end imiftiple regressions were applied 

to the data. Six multiple regressions using tree heights in I9k6, 

1952, 1955, 1958, and 1961 as the dependent varlabtes were 

analyzed.

Position of slope was found to be the most critical fac-



tor In the study. Olfferwices In tree height were most directly 

effected by this variable.

Evidence obtalrntd from additional statistical malysis 

and field work Indicated that tree height differences at earlier 

stages In the tree's development are not as stroi^ly dependent 

tqxKi the six variables. Other variables may be of greater impor

tance. Hlcrocllmatlc conditions of temperature, humidity, 

evaporation and rainfall associated with specific slope positions, 

may Influence tree growth In the earlier stages.
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