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ABSTRACT

Ëroruth reÊponse tc, f ert i I izat ion and th inn ing

treatment* c,S matuRe bìack spr=uce (Picea E-Ê.LLS.!-ê)

Ì^rere investiqated in twe sites irr Nc,rthern l"lanitoba. t]ne

site neår Sipiurresk Lal<e had plots treated in the spring o{

1?óü t'.rith uarious levelE of urÊå and supen triplephoephate

fentilieer. The othen studr site neåF the tsL*Jn of [,JanlesE

had s.imi I an f ent i I isat ion treatments pl us extra pl ets

tneated r+i th unËå {ert i I izer and th inned to 6l 7. o{ the in

oniginal s.tem numher. The latter site, however, had

fenti I izen treatmentç appl ied in the fal I 19ó8. Analysis o{

data det*rmined r¡c'lunre chançie between tneatments, r'ing

increment pesF¡orrse, and stand structune chångeË, The beEt

:ign i{ icant Ërc,hrth rËEpÕnse occurr'ed ir¡ the Sip ir+esk spr'ing

appìicatic,n o{ 28tJ ltg,1ha. of urea. Fall appìica.tion of

+entil izer' u..rithsut thinrr ing shot¡red porr results.. The

th inn ing t,rti th {ert i l izat ion treatments at l*larr l sËs, hct,;euen,

had good qroruth r'el=Ftc,nse, r*rith beet r'eepcïrrEË being a

combination eif thinninç a.nd Ê4 l<ç,zha af unea, The

app I í cat i an o{ phosphorus i n the {or'm o+ euF Ér

tripìephosphate had only a madeEt in{luence on growth

peÊF clnËÊ . ThF most impor'tan t chångÊ i n stand str'uc ture wå,Ê.

an increased in the msrtality of tneeg in onÊ o{ the l¡JanlesE

fer'tilízation tr.eatments. The å.rÍrGUñt of tnee montality in

all of the $ipir,,ueek tneatments wene found to be similan,
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C}IAPTER fhIE

INTRODUCTI $.I

L I Backoround

In 1976 ¡t waE eEtimated that Canada would hanvest

about 127 mill ion cubic metnes of t¡ood annuallyr and that by

the yiían 2000 this Femoval t¡ould increase to about 215

mi I I i on cubi c metnes (Stanton r l?7ó> - Sl owl v, because of

this intensive hanvesting, the Etocks of merchantable wood

i n Canada are dwi ndl i ng. Simi I an pnobl emE have occunred i n

Sweden, and have been overcome by seyenal fonest management

pnect ices. Sweden'E most succeEsful management techn i que

haE been forest fent i I i zat i on (Holmen , l9á9) .

In Canada two methodE åPe being investigated to see ¡f

they can incnease the menchantable EupPlies of tuood. These

methods ane fent i I i zat i on and th i nn i ng. Exper iments wi th

nitnogen and nitnogen./phosphonuE f entil izers have resul ted

in Eubstantial incneeseE in gnowth fon many species of young

tnees (Stanton, l?76). However, the usÊ of fentil izens as a

means of incneasing rield in Eemi-matune fonest has been

delayed by the simple pnocedure of cutting down more tnees

(Stanton, l?76>. Sevenal pnognåm5 o{ fonest fertilization

began in Canada anound L?é2. The langest fertilization

tnials were in Bnitish Columbia, whene 25r000 hectanes of

Dougl as-f i n (Pseudotsuoa menz i esi i ) forest had been

fentil ized r¡ith urea by the end of l?7A (Pang and
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McCul I ough r 1982) .

Little commercial thinning is pnacticed in Canada'

There have , howeuer , been deue I opmemts i n pre-commenc i al

th i nn i ng, somet imes refened to as spac i ng (Stanton r l?76) .

Most pFe-commencial thinning occunE in sites whene the tnees

are between twenty to thinty veårg old. It is at thiE age

that nutn i ent, moi stune, and I i ght nesourceE become I imi t i ng

to gnowth becauEe of overcrourding. Competition {or these

nesounces cåUEeE the gradual demiEe of .weak individuals in

the forest communi t)'. Thinning causes the nemoual of thEse

weak on suppnessed tneeE befone competition {on resounceg

occurs, and therefone incneases the amounts of nutnients

available for the trees that åPe left. The remoual of

suppnessed trees oven dominantE is con¡rnonly refered to as

'Eelective thinning'.

In l"lanitoba, the Depantment of Natural Resounces has

expnessed intenest in the posÉibiìity of incneasing

menchantable yields of blacl( spnuce (Picea maniana)

in the boreal fonest (Rowe, l?72) bv the application of

fentilizers, or by implementing selectiue thinning. AE a

nesponse to this need the Canadian Fonestry Senvice

establ i Ehed two demonstrat i on aneaÊ i n Nonthern Man i toba i n

l?68 (Nairn, l?70) . The f inEt demonstnat ion nean Sip iuresk

Lake, appnoximatety ll.2 kilometens southeast of l¡.labowden

(Figure l), waE establ ished in the early spning 1?ó8r and

contained ni trogen/phosphorus fenti I ization tnials' The

fertilizers at the Sipiwesl( site were applied duning the
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I ast weel( o{ May. The second demonEtrat i on r apPPox imate I y

4.8 l(ilometens south of l,rlanless (Figune l), contained both

thinning and ni tnogen./phosphorus ferti I ization trials. The

fentiì izens in these plots weFe appl ied duning the peniod

0ctoben 15-18, 1P68. In both aneas ni tnogen was appl ied in

the fonm of unee, and phosphonuÊ åE tniple superphosphate.

Aften f¡fteen years of gnowth the black spruce that

sunvíued in the ttlanless and Sipiwesk demonstnation plots

urere examined fon groulth nesponse due.to thinning and./or

fenti I ization. Duning the spring of lP83 samPl ing of data

from these demonstnations was undertaken by a cnew of five

(r^lhich ine luded myself) Canadian ForÊstny Senvice t¡orkerg.

The Eåmpl ing was designed and organized by myself. The

sampt ing tool( eight days to complete, and includeÅvanious

measuFements o{ diameten at bneaEt height (DBH)r heightr and

ring incnement growth of if,* treated black sPPUce. Frorn the

fall of 1983 to the spring of 1?84 the collected samples

uúere funther analyzed fon gnowth responses in the labonatony

at the Univensity of trlinnipeg. Conclusions åE to the gnoulth

neEponses within the treatmentE were finished bY the summer

of l?84 aften computen analvseE of the collected data.

I .2 Obiect i vee

Many reEeanchers believe that fertilization and/or

thinning ma¡r be used to incnease the merchantable yields o{

wood in the Canadian boneal forest (Steward et al., l9d8;
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ånd Stanton'- l?7ô>. Studies similan to the [^Janless and

Sipiuresl( demonstrations have concluded that fertil ization

and/on thinning can incneaEe yields (Krauser l?73; [^leetman

and Algatrr l?74¡ hleetman, 1775¡ Gagnon et ål . r l?7ói

Mornison et al., 1976 and L?77; Van Cleve et ål.r I?76¡

Kingston et al.r l?78; Mornison and Fosterr l?7?; Van

Nostnand, I?79; Knauser t98l; Morrison et al.r l?81;

Steinbnennenr l?81; Barclat et å1. r l7A2; and Knause et

al., 19BA). Hotuever, the amount of increase in the

menchantabl e vol ume i E contnol I ed by'the rate of

fertilization¡ txpe of soil, PPevåiling cìimater and other

env i ronmental I imi t i ng factonE that may cause or rel i eue

growth stness (Kozl owsk i r l?7?> .

The purpose of th i s Etudv i s to i nueEt i gate the growth

response of the black spruce in the Sipiwesk and [^Janless

demonstnation aneas to fentil ization and selective thinning.

Also, to acquine infonmation on si te condi tionE and relate

this data to the obsenved gnowth nesponse. This site

i nfonmat i on may then be used to detenmi ne fert i I i zat i on on

thinning nates in other similan eite locations in Northern

Manitoba. Specific obiectives include: l) detenmining the

volume change between tneatments with the aid of DBH

meeËunements and a uolume/DBH curuer 2) determining the

incnement gnowth change in the n¡n95 aften treatment as

companed to the incnement gnowth pnion to tneatmentr 3)

identify changee in the stand structure cauBe by the

tneatments, and 4) determining if the time of appì ication
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chenges the nesulting volume incnease fon identical

tneatments (Wanless, fall application¡ Sipiweskr spring

appl i cat i on) .

1.3

The Sipiwesk fentilization demonstnation site is

located in section 15, township ó8, range 7t along the nonth

side of the Sipit^resk Lake noad. This anea is å dry upland

si te wi th a wel I dnai ned tnth i c Gray Luv i sol soi I deuel oped

on lacuEtnine clay. The soil has a well-deueloped Ae and Bt

honizons and a thin onganic sunface horizon. The pH uras

measuned in the field just beìow the soil surface at 5.2

(Nai rn, l?7t) . The fonest stand i n 1968 consi sted of

?0 7, black spruce, 7 Z tnembl ing åspen (Pooulus

tremuloides)r and 3'/. iacl( pine (PinuE

banksi ana) (Nan i n, 1970) . The stand was of f i re on i gi n

with the åue¡åge åge of the black spnuce being appnoximately

70 years in 1968.

The t^JanlesE demonstnation is located in section 31 t

township 5?, range 26, aìong the east side of highuraz 10.

The demor¡stration is located on an impenfectl>' dnained

Gleyed Solonetzic Ëra)¿ Luvisol soil developed on glacial

t¡ll. These soils have the Properties specified fon the

Luvisolic onden, but diffen by having eithen distinct

mottl es i ndi cat i ue oÍ gl exi ng wi th i n 50 cm of the mi neral

surface or prominent mottles at depths of 50-100 cm (Canada
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Soi I Sunvey Commi ttee , l?78). The soi I had a nel at i vel y

thin LFH laven and a pH of about 5.4 just below the soil

surface (Nainn, l?7Ûl.. The stand in t9ó8 consisted of 63 7.

black spnucer 
"A'/, 

iack pine, and 7 7. trembl ing aspen

(Nainn, l?70). The trees wene of fire onigin wi th an

àverage age of the btack spruce being aPPnoximatelv 73 vears

i n t?ó8.

1 ,4 L i terature Reu i ew

1,4.1 Fonest Nutnient CYcl ino

,/

In onden to undenstand fertilization in foreEt

ecosystems ¡t is best to finst neview the literatune on

forest nutrient cycl ing. Nutrients circulate in a fonest

ecos),stem in a cyclical pattern similan to what is shown in

Figune 2. Patterns of nutrient cinculation almost alwa)¿E

contai n f i ve impontant recogn i zabl e comPonentE. These

components are the atmospheric inputr weathening inputr soil

nutnient store, organic crcl ing and store, and leaching loEs

(Trudgill, l?77). The main facton which controls the

functioning of each of these components is cl imate (t{eetman

and Timmer , t?é7; and hleben and Van Clever l?84). Cl imate

fuels the catalysts u,hich control the nate at which e

component functions. Climate is especially impontant to

onganic cycl ing, because pnecipi tation and tempenatune

control effectiueìy the åmount of phytomass that can
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Figure 2. Maior components of the nutrient cycle (repninted
from Cunlin, 1970).
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accumul ate through foneEt gnowth.

Each nutrient has uariations in its absolute

quån t i t i es, rate of tnansfen , and me thod of transfen .

ÞifferenceE between ane due to their specific natures, their

physiochemical pnopeFties, and the r¡ay they aPe used in that

particular ecosystem under investigation. In nutnient

cycl ing there aFe g maior elements (hxdnogen, calcium,

màgneE¡ Um, potassi um, carbon, oxygen r n i tnogen r phosphonus,

and sulphur), and l0 minor elements (iron, maganeÉer bonon,

mol ybdenum, coppen, z i nc, chl on i ne, éol bal t, sodi um and

silicon). This study is pnimarily inteneEted in the ttrro

maion elements nitnogen and phosphorrusr becauEe these

nutnients wene used in the fentilization expeniments.

The accumu I at i on o{ nu tr i en ts i n trees genenal I y

incneases wi th biomass pnoduction. Nutnient diEtribution

patterns in the tree usually åre in the orden of fol iage )

banl( ) bole ) nootE (cunlin, 1970). Howeuen, this is å

genenal ized statement of nutrient distribution ås a urhole.

Individual nutrients Euch ås nitnogenr calciumr phosphorUg

and potassi um may have qu i te di fferent sequent i al pattenns

(Curlin, l?7O>. Switzer and Nelson <l?7?) found that the

quantity of nutnients inuolved in åccumulation within the

plant system vanies r¡ith its annual c)¿cle of growth. They

also found that the nutnients gneatest in demand ane those

pnesent in the greatest guantitv r¡ithin the plant. The

measunement of nutnient åccumulationr eËpecially in the

fol iage, is important in fonest fenti I ization because the
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meåsunements måy determine nutrient deficiencieE in the Eoil

(Steward and Suuanr 1968; Pidt^rinn)', l?82; and Timmen, l?79>.

TheEe def i c i enc i es may then be nemoved thnough the addi t i on

of the appnopriate nutnientE b>' fentil ization.

Nutnient retunn to the foreet floon may occur fnom

thnee fonest ecoE),stem pnocesges. Finstlyr nutnients may be

neturned to the forest floon through fol ian leaching.

SecondlX, nutientE may be neturned by the decomposition of

fol i age, bnanches, noots, and stems. Fi nal I yr nutr i ents may

be added to the f orest ecosystem by ongan isms r¡h ich åne abl e

to accumu I ate nu t i en ts f rom the atmosphere r nocl( weathen i ng,

on some othen process. Al ban ( 1?82) ,.f ound that nu tn i en t

åccumulation rates vany urith stand å9e¡ and that fon most

stands maximum nate of accumulation is at 20 to 30 yeå,rE.

He also discouered that the amountE of nutnients which

accumulate Éeems to be directly related to the àmount of

I i tterfal I .

Pl ants ut i I i ze Eoi I nutn i ents for gnowth and

development. Soil nutrients can be stored in the fonm of

cations on aE Eolutes in the soi I water (Tnudgi I I r t?77).

Cation nutrients ane usually held on by cla)'-humus

complexes, and ane not neadily lost in the Eoil system by

leaching. Nutrients held in soil solutionr howeven, cån be

quite readily loet by leaching. PlantE in most cases

neceive their nutnient Pequinements fnom the Eoil solutiont

which is later neplenished by the various nutnient inputs.

The science of nutrient czcling is still ¡'oung and
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full of many pnoblems in undenstanding the vaniouE

pnocesseË. The following Points hrill summarize Ëofne of the

probl ems:

(1). Assessing the soil nutrient regime is d¡fficult

to detenmi ne because the nutr i t i onal nequ i rementE for many

of the various tnee species is not yet l(not¡n (Fosten and

Honnison, lP80).

(2), Leaf (l?â7) has suggested that Feseanchers haue

not developed adequate extractants.and procedunes to meagure

the auailable soil nutrients'
(3). The heterogeneity o+ foreEt Eoils and the complex

nooting syEtems of trees cåuses problems hr¡th respect to

selecting samples of soil for anal)¡sis (Fosten and Monrison,

1980),

(4). Fonests haue a ver)' long I ifer and thenefone ¡t

i s not poss i bl e to measure the past nu tn i en t reg i mes.

(5) . The cycl e of nutr i ents between forest trees and

soi I is usuål ly very close, and any ralease of nutnients

from any component of the c),cle may add considerable minenal

nutnition (Miller et ål.r l?7?). Nitrogen and phosphonus

åpe good examples of tight cycl ing nutnients which a¡*e

generålly neleased uery graduallr fnom slot¡l/ decomposing

humus. Howeuer, å fonest f ire uuill release these nutnientE

very quict(lX upon bunning the humuE layen of fonest soils.
(ó). Uptal(e of sorne nunients (phosphorus) into trees

must be fac i I i tated by mycorrh i zal åEsoc i at i ons wi th the

tnee. This type of symbiosis is ver), d¡++icult to meåsunÊ
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( Foster and Monn i son r I 980 ) .

<7>, It is veny hard to measune the important role of

mosses in the nutnition of tnees (l^leetman and Timmen, lgé7¡

l¡leetman, l9ég¡ and FostEr and Mornison, l?80). Mosses can

i ntercept nutr i ents {nom nai nfal I and dust, and offer these

nutnients to advantageous rooting s),stemE. This iE

espec i al I y true of shal I ow noot i ng tree spec i es such as

bl acl( spnuce.

I .4.2 Ni troqen C-cl e

In most boneal forest ecosystems the nutnient which

moEt I imits the gnot^rth of tnees has been f ound to be

n i trogen (Fosten and Morn i son r l?80). Ni tnogen i s avai I abl e

and stoned in the soil in many formE (Figune 3). Nitrogen

income in å forest ecoE),stem is derived fnom organic matter

decomposition, nonsymbiotic and s>,mbiotic nitnogen f ixation,

and amrnonium and n itrate sal ts brought down by

prec i p i tat i on. Loss of n i tnogen can occur because oi

leaching and uolatilization. In this study nitnogen is
added to the forest-soil internal nutnient cycle by the

appl ication of uneå f entil izen. The f ol lowing review wil I

summanize the maion findings on nitnogen transforrnations in

the fonest floon and soil t^rith and urithout fertilization.

Much of the nitnogen in soils is immobilized in

compl ex ongan i c mol ecul es, and i s not avai I abl e fon pl ant

nutnition or may be lost thnough leaching and volatilization
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(Bnady, l?74; and Keene),, 1980). Centain microonganisms,

however, can minenalize this onganic nitnogen into inorganic

fonmE, which then can be used by plants. In fonest

ecosystems some authons..have noted that very I ittle

irrrnobil ization occuns af ter urea-N was added to a btack

spruce foreEt (Robenge and Knowles, l?óó). Othen data,

hotleuen, suggest that there can be an increase in the

immobilization of exchangeable ämmonium urhen unea fentilizen

is added (Salonius, l?72>. This in,cpease in immobilization,

though, is probably nelated to a lar{e increase in pH which

had not been obsenved in the Roberge and Knowles study.

Sal on i us (l?72> al so found that ¡ f y?u fert i I i ze wi th

åmmonium salts instead of urea the amount of nitnogen lost
to immobi I ization wi I I be neduced because ¡ t does not naise

the pH of fonest soilE.

Mineral izat ion usual I ), increaEes uri th unea

fert i I i zat i on, because of the accel enated decomposi t i on of

litter due to the addition of nitnogen. Researchens have

di scouened that wi th the addi t i on of ureå substant i al

increases in the numbers of soil flora and {auna occur

(Roberge et al., 1970). TheEe opgånisms are nesponsible fon

the ne I ease of sevenal nu tr i en t e I emen ts thnough

mi nenal i zat i on, i ncl udi ng n i trogen, phosphonus, and sul phun

(Brady, l?74> ,

Nitnif ication iE a pnocess of enz),mic oxidation which

chemically changes ammonium Ealts into nitnites, and

nitnites into nitrates (Brady, l?74). It is brought about
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by spÊc¡ål punpose bactenia, like nitnif iersr trrhich liue in

the soi l. In fonest soi ls the onganic and uppen mineral

layens are not conducive to autotrophic nitnification
(Keeney, 1980). Rice and Pancholy <t?72> found that the

numbers of nitnif iens decreases t¡tith the Euccessional

movement of ecosystemE to cl imax. They hypothesized that

many soils unden climax vegetation ane low in nitnate, due

to an-inhibition of nitrification by climax plant species.

Many wonl(ers haue discovered I ¡ttle. on no nitnif ication in

samples of non-N-tneated forest soils (Roberge and Knowles,

196é; He i lman , l?74; l"lahendråppa, l?78; and l4ahendrappa and

Salonius, 1982). However, the addi tion of urea, which

cauEeE ån increase in soil pHr genenallx increases the

nitrification rate fon å short peniod of time (Heilman,

L?74 ¡ Otchere-Boateng and Bal I ard, l?78; Mahendråppa, l?78¡

Mahendnappa and Salonius, 1982; Pang and Ì4cCullough, l?82;

and Nxbong, 1P83). Otchere-Boateng and Balland (I?7Ð> found

that ni trate concentnations peaked at least 3 months aften

fentil ization with urea at the nate of 448 l(g./N./ha. Other

reseanchens have concluded that in forest ecosystems

temperatune and pnecipitation, in concent, pegulate the

âmount of microbial activity in the forest floor, and

therefore nutient tnansfonmation and c),cl ing (t^Jeetman and

Timmen, l?67 ¡ Cowl ing and l'4acleån, l?81 ¡ and l¡leben and Van

Cl eve, I ?84) .

Uery little infonmation iE availabìe on the amount of

denitrification, the pnoduction of nitnogen dioxide and
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gaseous oxides of nitrogen, tarh¡ch might occur* in forest

soils (Keene),, l?80). Denitrification usually takes place

i n anox i c, warm, neutnal soi I s that contai n pl enty of

soluble organic matten.. Forest soils do contain soluble

onganic matten, but arÊ not, genenally, neutral in pH on

anoxic, and contain little nitrate fon denitnification.

Significant amounts oi nitnogen åne lost in

unea-tneated fonest soils by way of ammonia volatilization
(Holmen , l9é?; Bal(en , l?7O ¡ [^Jatk ins et al , , l?7?i

Mahendnappa and Ogden, l?73; Nommik, l?73¡ Keeney, l?80; and

Craig and l.rlol lum, 1982), Meximum nates of arnmonia

volatil ization have been obserued 3 ,to 4 days af ter urea

fert i I i zer appl i cat i on (Mahendråppå and Ogden, l?73) .

Howeuen, sudden increases r¡rene al so obsenued in the såme

study on seueral occasions during the next 3ó days

immediately after rainfal l. Nommik (l?73) found gneatest

an¡mon i a I osses occunred dur i ng the spn i ng and summer mon ths.

Cnaig and [^lollum (1982), however, found that volatilization
of ammonia fnom urea appeared to depend mone on moisture in
the soil, and time and åmount of pnecipitation aften

fentilization application, then on season of application.
Othen neseanch has included ain movement as å facton that

may increase ammonia loss (t¡latkinE et ål ., l?72).

Mahendnappa and 0gden (1973b) believe that volatilized

ammonia may not be entinely lost to the atmosphere, because

some soils have been found to abEonb considenable quåntitieE

of ammonia fnom the ain. Some reseanchens suggest that
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åmmon¡um nitnate should be appl ied instead of ureå to neduce

volatilization losE (Holmen, l?6?; Braastat et å1., l?74i

and l.rleetman and AlgåF¡ l?74) r otr that you add ammonium

chloride with the unea to buffer uolatilization neâctions

(t^latk ins et al , r l?72) ,

Ni tnogen may be added to foneEt ecosysteme by

symbiotic and nonEymbiotic nitrogen fixation (Bnadyl L?74;

and KeenÊy, 1?80). Bormann et al. (t?77) found that

nonsymbiotic ni trogen fixation may þe'impontant in some

fonested ecoeyEtemÉ. Symbiotic nitnogen f ixation, hor,uever,

tends to be minimal, except in foreEt Etands whene alder is

cornmon (Keeney, 1980). The atmosphere input of nitrogen

fnom precipitation is often equal to the nitnogÊn lost
through leaching (Bormann et al .r l?77>. Th¡s mal(es all
other inputs of nitnogen å net gain to the forest ecosystem.

1 .4.3 Phosphorus C:zc I e

Phosphorus iE conEidEned to be the second most

important nutrient in plant gnowth (Bnady, l?74). This

nutrient is extremely important in plant metabol ic plant

pr'ocesses and functions, Euch as cel I division, f lor,rirening

and fruiting, noot deuelopment and seed formation (Bnadyr

L?7Ð. Phosphonus exists in the soil in both organic and

inorganic forms. In its inorganic fonm ¡t is ueually bonded

to othen elements lil(e calcium, inon, and aluminum. There

are three main ttpes of onganic phosphonus found in plant
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struc tunes and deca/ i ng I i t ter . These txpes of organ i c

phosphonus ane phytin and phxtin derivatiueg, nucleic acids,

and phosphol i p i ds (Bnady, l?74). Inongan i c phosporus

availability is langely determined by soil pHr decomposition

l evel of organ i c matten, and mi croorgan i sm act i u i ty.

Onganic phosphonus, in Bome casesr can be dinectly absonbed

by the plant, howeven, in other cåÉes the organic molecule

which houses the element muEt be decomposed in onder to

faci I i tate absonption.

Reseanch haE shown that phosphonus def i c i enc i es i n the

soil may cause å neduction in the gno,trth rate of

nitrite-oxidizers upon nitnogen fentri I ization (Punchase,

l?74>. A lack of these organisms wouìd I imit the åmount of

n i tn i f i cat i on that coul d occur. Othen neEeanch has shown

that the addi tion of phosphonus fenti I izen reduces the

åmount of nitnogen leached in forest soils (Kelly and

Hendenson, l?78; and Mehendnappar l?7A).. This neduction in

leaching is caused by the incneaEed availability of calcium

fon incorponation into insoluble calcium ammonium phosphate.

Mahendnappa <l?78> has shown that the addition of phosphonus

increases opgånic matten decomposition. However, the nate

of decompositicrn caused by phosphoruE iE not as great aE

r¡ith nitrogen.

| .4.4 Fert i I i zat i on and Brourth

Thene åne basically thnee advantages to using uneå as
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a sounce of ni tnogen (GaEEen, l?64>. Firstlyr urea has å

very high nitrogen content (452 N), r¡hich lessens tnansport

and spreading costs. Secondl>¡, uneå is veny soluble and

becomes inconponated into the soil very quicl(ly. Finallt,
hydnolysis of unea in fonest Eoils almost always incneases

pHr and thus increaEes the soilE cation exchange capacitx
(Gonzalez and Plamendon, l?78>. Unea, howeuen, also has

sclme -diEadvantages ås å f ent i I izen. such di saduantages as

the presence of toxic buiret as an impunitt in processing,

damage to germinating seeds and ),oung plants due to ammonia

toxicitx, and loss of nitnogen ås åmrnonia gas when surface

appl ied (Gasser , l?é4) 
,,,

Nitnogen in the fonm of unea has been used in fonest

fenti I ization in canada since lg62 (stanton, l?zÐ. Many of
the studieE that have used ureå to increase growth have

shown good resul ts to fert i I i zat i on (Tnuong and Gagnon,

1?75¡ t^leetman, l?75¡ Van tleve and Zasada, lg7á¡ Hornison

and Foster, I?7?; Van NoEtnand, l?7?¡ Knause, l?gl; Monnison

et al., l?81; and Knause et al., lgBZ). Convensely, though,

somÊ studieE have shown onl), a small nesponse to urea
fertilization (Gagnon et al., l?76; and Mornison et å1.,
l?76). one conclusion that has become euident iE that the

fentilization studies haue not detenmined proper application
nates fon a specific anolth increase on the many soil types

of the canadian boneal foneEt (Bal{en, l?zz; and Knause et

ål.r t982). This inabilitv to prescnibe application nateE

mav be due to the complexities in establ ishing uvhat are the
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nutn¡ent quåntities within forest eoils, and what âne the

nut i t i onal nequ i nements of the van i ous boneal tree spec i es,

This problem ,howevenr rìå/ be reduced thnough fol ian

anal ys i s ( Steurand and _Swan , 1968; and T immen , l?Z?> .

unea fert i ì i zat i on can al so cause changes i n stand

structune. The most obv i ous change i s i ncreased mortal i ty
(Barclav et al.r lPBz¡ and Knause et al., lgg2). Mo¡tality
må)¡ be caused by incneaEed competition, or ammonia toxicity.
Hot¡euer, the dec I i ne that occurs i n the number of stems per

hectane does not usually cause e decnease in total volume

when compared to control. The net increase in volume due to
ureå fertilization usuallr compenEat_es for the volume lost
due to death. The tnees that usual I y di e åne those that are

quite small in nelation to the othen membens in the stand.

Another studv inuoluing Douglas-f in investigated whether

upeå {ertilization cåuses changes in the distribution of

area increment ouer the tnee'E bole (Mitchell and Kellogg,
l?72) ' Their results concluded that fentirization did not

significantly affect tnee fonm in the codominant and

intermediate tree classes. Hot^reuer, the dominant tree claes
displaved growth nesponse in the centnar third of the stem

that wa,s sign if icantl y I ess than the contnol .

Phosphonus fertil izen has been used in Canadian

fonestr)'fon many yeare. In å study that examined triple
supenphosphate, ground nock phosphate, and basic slag on the

gnowth of sitka spruce (Picea Eitchensis),

supenphosphate wås found to be most effective (Dickson,
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l?71). Howeven, the use of phosphonus i s usual I y moEt

effect i ve i n foneEted ecosystems wh i ch I ack avai I abl e

phosphorus, I ike tnees gFrlwing on deep ombrogenous peat

(Dickson, l97I).. In E)/stems which contain auailable

phosphorus for gnowth, the addition of tniple supenphosphate

may not incneage the growth of the fertil ized treeE

(Mornison et ål.r t97ó; Morrison et â1,, l?77¡ Morrison and

Fosten, 1979; Van Nostnand, l?7?; Knause, l?81; Monnison et

al. r l98l ¡ Steinbnennen, ltgl ¡ Krause et ä1., l?82¡ and

l'4ahendnappa and Sal on i us, t P82) . Monn i son and Fosten <l?7?)

actually found that too much phosphonus neduced growth.

Howeven, other reseanchens haue repolted gnowth rÊeponses to

single appl ications of phosphonus (Knause, 1773; and Van

Nostnand and Bhune r l?73> .

I .4.5 Th inn inq and 6ro¡¡th

Th i nn i ng i ncneases the gnowth response of tnees by

removing a pårticular pepcentage of the membens in a stand

causing a neduction in intnaspecific competition. This
neduc t i on i n tree numbers pnov i des mone nu tr i en ts fon the

Femai n i ng tnees thnough re-di etr i but i on. Researchens have

al so found that th i nn i ng can cåuÉe othen changes i n the

stand. In pant i cul an, th i nn i ng cåuseE improved moi stune

content of the soi I E, i ncneased I i ght penetnat i on, and

betten soil temperature regimes (Van Ëleve and Zasada,

l?76>. In most cåEee the gnowth reponse to thinning is
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r'apid, incneasing uolume incnements on ån individual tnee

basiE. Best nesults, howeuenr seem to be produced with a

combined effect of thinning and fertilization ([,rleetman,

1975; Van Cl eve and Zas-adar l?7é; and Barcl ay et al . , 1982).

Growth nesponEe to th is t),Fe of tneatment is usual I ), v isibl e

fon quite å few yeansr because of the neduction in

competition,
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CHAPTER Tt^Jt)

HETHODS

2.1 Reseanch Desion and Treatments

The design of the Sipitrresk fertil ization demonstration
consisted of 20 plots in a nandomized blocl( (see Fneese,

l?é7 for i nformat i on on bl ock desi gn pl ots) . The bl ock

contained five fenti I ization tneatments each being
repl icated foun times (Figure 4). Each plot consisted of a

tneated aFee 24.4 x 24.4 metres, which was sunnounded by a g

metne buffen zclne to pnotect the pl:j* from contamination.
Figure 5 displays a trpical view of the black EpFuce stand.
The study äFea, tlhere the tneeE wepe exåmined fon responser
consisted of a inner study plot measuring lZ.Z x lZ.Z
metreE. Befone fentilization, all the living tnees in the
plot u,ere measuned fon DBH t¡ith a metal DBH measuring tape
(Fi gura ó) . Fent i I i zens were spnead evÊnl y wi th å heavy

duty cyclone seeden.

The design of the t^Janless fentilization demonEtration

consiEted of 28 plots in a randomized blocl( (Figune z>.
Eight extna plots wene constructed in this block in onden to
select 20 treatment plots because of fnequently occunning
openings in the stand. The size of the plots and treatment
åmounts were exactly the såme ås the Sipiwesk demonstration.
The l"lanleEs thinning and fertilization demonstnation

consisted of one block of ó plots. Treatments (thinned,
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F i gure 5. Typ i ca l v i er¡ of the l¡lan ì ess bl acl( spruce stand,
The treeg in this pictune arP appnoximateìv 10 cm in
d i ame ter at breast he i gh t .
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Figune é. DBH meaEunement procedune.
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thinned + 84 kg./ha N, and thinned + lé8 kg,zha N) were

nepl icated twice in a random pattenn in plots of the såme

size as the fertilization tneatments. ,In the thinning plotE

stem number was neduced by 4l y. (Nainn, 1970). The

construction and initial measurements of all the plots were

penfonmed unden the supenvision of L. Nairn, fonest reseanch

off icen fon the Canadian Forestn), Seruice. Initi.rl DBH

mgasunements {or all Wanless plots hrene done in the falt of

t?óB iuEt prior to tneatment. The Sipiwesl( plot DBH

mÊasunements wene done in the spnl'ng of lPó8 pnior to

treatmen t .

2.2 Data Col I ect i on and Preparat i on

2.2.1 Sioiwesk

During the peniod June 4 to 6, 1983 the ferti I ization
plotE at sipiwesl( u,ere reuisited fon the collection of data

to detenmine grorarth reÊporrse. From the time of initail
fentilization to measunement, l5 yeans of gror^rth had taken

place. The firEt senies of nemeesurements included the DBH

measuremen t of al I bl acl( spruce tnees i n the van i ous

tneatment plots. Thege measurements wene made with a metal

tape at the pFeEcn i bed he i gh t of I .3 me tnes (Me tn i c

Êomm i ss i on Sec tor Comm i t tee 8. I -Forestny , l?Zé>. For the

second series of measunements 5 sample trees were cut down

in each plot at both fentilization demonstnations. These
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trees were then measuned fon height to the neanest l0th o{ a

metre (Figune 8), and sectioned with a chainsaw at every 1.3

metnes until the cnown was neached, At these cuts

ct*oss-sections approximately 3 cm thicl( whene cut out for

anal),sis of incnement response to treatment along the tnee's

bole, and fon the calculation of the tpee's total volume

(Figune ?). Each section was coded urith the necessany plot,

treatment, and height up bole datar using a felt tip manken.

2.2.2 l.Jan I ess

During the peniod between May 3l and June 3, l?83 the
!

fentil ization and thinning plots at the [^lanless site wene

revisi ted for the col lection ol data. Fnom the time of

initial tneatment to meåsurementr l4 years of gnowth had

taken place. The meåsuFements urene exactly the såme as that

done at Si p iwesk. Howevan r obv i ous changes i n the

undergnowth were appanent in some of the tneatments. The

mosses usally found in the tneatment plots were absent in

the 280 l{g./ha N and and ló8 l(g/ha N + l12 kg,/ha P tneatments

(Figune 10). t^Jhat Femâined on the fonest floon of these

plots was the dead aerial leaf pants of the mosses, which

were sl owl y decomposi ng.

2. 3 Þle thode of Anal ys i s

2.3 .l Vol ume./DBH Ëunue
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Figure 8. Height measunement of e felled trÊe.



3t

FigurE 9, Ëutting of tnee cr.oså-Eectione for use
I abonatony to detenmi ne n i ng i ncnement neÉponÊe
anå, I yses.
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vol ume
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Figure 10.
the fcrreEt

ThiE picture
floor in the

displays the absence of mc'sseË on
2B0N treatment plot at l¡lanlees.
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A volume./DBH curve had to be constructed in onden to

detenmine the volume of a tnee from a DBH mgasurement. Five

trees in each fentilization treatment plot in both Sipiwesk

and hjanless were selected fon the measunement of raw data

{or the curve. Each tnee was cut dot¡n by chainsaw and then

measuned for height and DBH. Volume measunement nequired

the cnoEE-Bectioning of the bole at 1.3 metre intenuals.

The numben of cross-sections h¡ene detenmined by the height

of the tree, and ease of cutting thnough smallen portions of

the bole with the chainsaw. Volume detenmination of the

sampled trees LrtÊne obtained thnough mathematical

man i pul at i on. Th i s man i pul at i on ut*¿ di ameten measunements

obtained in the laboratony fnom the sections cut fnom the

fetted trees, and the ouerall tnee height measunement in the

fol I owi ng equat i on !

( t (Al )/4
(A2+ I ) /41

2(An )./41

3. r43?27

+ (Al +t),/4)2 x 3. t4t5¡?27 x 5t .l8l 102) + (t (A2>/4 +

' * 3. t4l 5?2? x 5l .181 102)

x 3.143?27 x 5l.l8lltz] +

+ + tt(An-l),/4 +

(.1./3Í. (An),/2)2 x

x H) = VOLUT'4E in cubic inches

l¡lherei A = diameter of section fnom the bole in inches (Al

and A2 iE the diameter of the finst sectionr A3 is the

d i ame ter oi the Eecond measunemen t at 2. ó me tres he i gh t t

etc. , and An i s the I ast sect i on measurement) . Al was gi ven

the same value as 42, because no diameten meåEunements wene
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taken at the tnee base. This meaEunement, howevenr should

be qu i te åccunate because of cons i stency; 5l . I 8l I 02 = the

distance in inches between the section cuts; H = the

measunement difference between the tnee height and the

he i ght of the I aEt sect i on cut; and 3.1415P27 = P¡ . Th i s

equåtion u,aË conÉtnucted from a synthesis of måny other

formulae used to determine tnee volume (Husch et al., l?72¡

Event, t?76; Barclay et al.r l9B2; Eventr 1983¡ and Singht

1?84), and should contain less estimate ennon then a

genenel i zEd equat i on (Meng , l?7?, .

The volume meåsunements fnom this formula wene

regressed against the field DBH data using the SPSS computer

pnognåm "bivariate connelation anatys¡s" (Nie et al., l?75).

Both vaniables wene entened into negnession nomall¡¡ and

tnanEfonmÊd. The transfonmation that was penfonmed was that

of å log l0 function, Sepanate models ulere made fon each

location 5o aE to provide the most accunate model estimate

of vol ume.

2.3.2 Treatmen t Vol ume Cal cu I at i ons

Vol ume cal cu I at i ons fon al I the tneatmen ts i n each of

the tulo demonstrationE were acco'mpl iEhed urith the wolume./DBH

modelE created in the pnior section. These models only

nequine field DBH meaEunements for total uolume estimates.

Actual caìculations urene done with the help of à

m i crocompu ter , Cal cu I at i ons hrene done fon the yearÉ 1 ?ó8
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and 1983 to detenmine the gnowth nesponse of the vanious

treatments. Plot volume estimates were calculated for all

tnees in the plot, and only those trees that had e DBH

measunement greaten than ó.35 cm. The latter calculation

r^Jås penf onmed i n orden to exc I ude smal I stems that usual I y

perish r¡ith the development of the stand. Tests of

si gn i f i cance u,ene penfonmed on the cal cul ated uol umes for

eách plot using the Student's t-test (Fneeser l?é7). This

test detenmines the statistical difference between the

tneatment means as calculated fnom the foun repl ications.

Companisons betuueen treatments wene then made to see ¡+

there r¡ras å diffenence in growth feEponse. talculations

wene also made to determine the percentage of montal ity fnom

1?ó8 to l?83, and thein statiEtical significance between

tneatmentE.

2.3.3 Rino Increment ReEoonse

The tree sec t ions L{eFe tal(en to a I abonatony at the

University of t'Jinnipeg urhere they wene pnepaned fon ning

i ncremen t anal ys i s. The sec t i ons wene f i nst nou tered to

pnouide better definition of the nings. The routen line nån

through the centre of the Eection at apFnoximately the

åuenåge diameten of the section. This router I ine was then

sanded with a f ile, and oiled to bning out the gnain.

Measurements wene penfonmed with a microscoper ttrhich

measuned the nings to ån accurâcy o+ l,/t0 of a mil I imetre.
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Rings hrene measuned in 5 year incnementE fon consistencyt

and ease of measunement, The Sipiwesk Eections had

incnement measunements 5 yeans befone fentilization, and 15

ypåpÉ after fertilization. The hlanless eections had

incnement measunements 5 years befoner and only 1CI yeåFg

aften fentilization. These plots had only expenienced 14

yeåns of gnowth since tneatment because of thein fall

application. AnalyEis of the t^lanless thinned and fertilized

treatments was not possible because no sàmpìes wene taken at

thiE demonstration due to time nestnaints.

Response of the tnee nings to tneatment were measuned

by the rel at i ve compan i son of the.rS-yean i ncnement n i ng

gnowth prior to fentilization to the increment ning growth

l-5, ó-10 and 11-15 veens aften fertilization. The

incnement ring gnowth was calculated by the addi tion of the

measuned sampleE divided by the numben of samples. The

number of measured såmPles uanied because of poon ning

def inition in Eorne of the sections. Measunements of

responEe tr,ere detenmined in pencentage incnease ouer the

i ncremen t per i od pn i or to tneatmen t . Equal grotuth reÉPonse

to the prior increment peniod would measune 100 '¿'. The

responÉe trtas measuned at 7 different bole positions in orden

to detenmine ¡f growth nesponse urås equal at different

he i ghts on the stem. The he i ght of the 7 bol e posi t i ons

wpne, 1.3, ?.61 3.9, 5.2r ó.5r 7.8, and ?.1 metnes.

Statistical significance of the increment nesponse

between tneatments was not measured fon the following
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reason. The collecting of såmples which would be

statistically comparable inuolves a much mone pnecise means

of increment measunement. ÞiEcussions with scientists at

the Nonthenn Fonest Reseanch Centre concluded that this

would involve incnement measunements based on a minimum of 4

axes, because of the common innegularities in the incnement

of the yearly ringÉ. This type of EamPl ing would have been

fan to time consuming for the benef it it r¡ould yield.

Thenefone, the Eections urÊne analyzed as deEcribed by

compaF i ng gnowth i ncnemen tE to an equal i ncremen t pn i on to

tneatment.

2.3.4 Stand Charac ten i st i c Chanoes

sevenal calculations wePe pen{onmed to measure the

changes in stand DBH aften fertilization. Simple statistics

(Fneese, l?67>, such as meånÉ, standard deuiation, and

variance, rdene calculated fon plot DBH measurementg in all

the tneatments i n the two demonstnat i ons' These simpl e

calculations were done with the help of a micnocomputen.

Stat i Et i cal formu I ae wene taken fnom the book " El emen tary

Statistical Methods fon Fonestens" (FreeEe, l?67>. To test

the differences in the meågured uariance fnom l?éB to l?gg

fon the treatments å Fmax-test was performed (Sokal and

Rohlfr l?óP). The test determines whethen the vaniances o{

the sampl es åne si 9n i f i cantl y hetenogeneouË.

Ëhanges in the cumulative percent of trees in specific
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DBH classes befone and after fertilization fon contnol and

280N treatments wene also analyzed for both demonstnations.

Th i s anal ysi s i nuol ued the cal cul at i on of the cumul at i ve

pencent change in the tnee numbens in the DBH classeE fnom

l9ó8 to 1983. The anal ys i E t¡as perf onmed on the tneatmen t

leuel to increase åccunacy. Ptot anal)¡sis would haue been

fruitless and cnude, because of lot¡ sample numbens. The DBH

classes selected wene, 0-2.54 cms (l), 2.55-5,08 cms (2),

5.09-7.ó2 cms (3)' ?.é3-10.1ó cme (4), 10.17-l?,7O cms (5)t

12.71-15.24 cms ( ó) r 15,25-1 7 .78 cms ( 7) r l? .7?-2O.32 cms

( 8) , 20 .3.2-22.Aó cms ( P) r and 22.87-25.4CI cms ( 10 ) .
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C}IAPTER THREE

RESULTS

3, I Vol ume./DBH Curve

The Sipiwesk volume/DBH cunue t¡as based on 100

samples. The best regnession was that of log tnansfonmed

volume and log tnansformed DBH data. The calculated

cornelation coefficient was .?858¡ with a significance

betten than .01 (Fi-eure tl). The Êquation fon the line of

the best +¡t h,as:

Log l0

l¡lhene t

= 2.95?42 +

= 2.05?42,

2.338?0

andþ=

(Log l0 X).

2.33890 ,

Y

a

The t^JanlesE volume./DBH curve was baEed on 9? samples.

One sample wàs omitted fnom anal)'sis because of missing

cnoss-sec t i ons. The beEt negness i on urlas r aga in r that of I og

transfonmed volume and log transfonmed DBH data. The

calculated cornelation coeff icient t¡as .?7ê3r tlith

significance betten than ,01 (Figune 12). The equåtion fon

the I ine of the best f¡t wåE¡

Log 10

hlhene ¡

= 2.08844 +

= 2.CIË844,

2.3091 ó

andþ=

(Log l0 X).

2.3091 ó.

Y

a

The slopes of the regnession I ines fon the two sites
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åre almost i dent i cal . Th i s pnobabl y

in theirsi tes do not di ffer gneatl r

3.2 Tneatment Volume Calculations

Uolume calculations fon all the tneatments wene done

t^rith a micnocomputer using the uolume./DBH models. Fon

Sipiwesl( the equation fon calculating tnee volume wås:

VOLUME (Y) It4.óé213 x DBH (X)2'338e0

Table I surnmanizes the uolume cal.culations for Sipiuresk, fon

all the trees in each plot. This table pnesents data on

uolume estimates fon 1968 and 1?83, volume change fnom 1P68

to 1?83, pencent incnease in volumE, and percent montality.

Variabillty between similan tneatment plots in the nelative

percent incnease in volume fnom l?ó8 to t983 is noticeable.

This vaniabiìity is pnobablr the result of the small sample

si ze (Freese, l9ó2) , or dynami c changes u,i th i n the stand due

to montality. Hotrreuen, the averåge of the four neplications

may be a mone precise estimate of the uolume change. The

h i ghest auenage change i n uol ume occunned i n the 2B0N

tneatment, gaining 50.15 cubic metnes of wood pen hectane

over l5 yeans. The ì ouirest aveFage change i n vol ume occunred

in the contnol (0N), gaining only 29.26 cubic metneE per

hectane of wood oven l5 yeåFs. Figure l3 represents the

avenåge percent change in volume fon the tneatments fnom

i ndi cates that the

growth potent i al .
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Table l. Volume calculations for Sipiwesk fentilization
plots, All trees in the plot are included (for naw data see
Appendices 3 and 4),

VOLUME RESPONSE

Treatment Plot
I 9ó8

(m3lha)
t 983

Pencen t Percen t
Change Incnease Mortal i ty

ON 3
6
l3
19

l?á.2é
217.?3
23ó.08
239.71

227.76
23?.74
276.?t
26?,58

31.50
2l .81
4t .84
22.87

I é.0
10 .0
17.3
9.5

35. s

3ó, ó
32.0

40 ,0

AVERAÊES
STD. DEV. +/.

?22.50
l?.?2

251 .7ó
22.14

2?.26
8.8é

13.2.1"
4.0

3ó.0
3.3

84N 5
I
ll
lé

294.O?
2?2.4?
2â8.8?
168.81

3l 5. ó0
31 8.20
327.55
208.48

21.51
25.7t
58.73
39.67

7.3
8.8

2l .8
23.5

27.4
39. I
34. I
24.2

AVERAËES
STD. DEV. +/.

25ó,05
59.30

292.46
56.22

3ó.41
I ó.7?

15.4.t"
8.2

31 ,0
é.3

I ó8N 2
?
t2
20

26t.21
I 97.05
232.O7
I 52. ó8

263.?4
227 . 12
28ó.0ó
I 98.75

2.73
3t,70
53.9?
3ó.07

1.0
15,3
23.3
30 .2

42,8
43.3
33.7
41 .0

AVERAÊES
STD. DEV

203. t 0
4ð.76

249.97
38.73

30 .87
2t.24

17.5
12.5

40 .2
4.4

2g0N 4
l0
l5
l8

27á.22
194. l6
I Bó .01
2r 0 .90

302.?4
271 .At
234.80
258.33

26.72
77.64
44.7?
47.43

l0 .4
40 .0
26.2
22.5

3?. d
34.9
32,8
35.3

AUERAGES
STD. DEV

216.82
4CI .93

2é6.?7
28.44

50.15
20.?3

24.9 ab

12.2
35.7
2.9

I 68N
+

l l2P

I
7
l4
T7

t?a.24
200.1?
241 .?3
r 35.08

258.39
230 .33
28ó. I 0
I 59. ó0

ó0,15
30.14
44.t7
24.52

30 .3
15, 1

18,3
t8.l

15. l
5l .l
46.2
32.4

AVERAGES
STD. DEV

t P3.8ó
44.06

233. ól
54.33

3?.73
1s.92

20 .5 "b
6.7

42.9
ló.r

Note: connesponding letters indicate signif icant (5 z)
differences between meånE of tneatments (Student's t-teEt).
I a = 0N; þ = 84N; c = ló8Nl¡ d = 2g0Ni and e = ló8N + ll2P].
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I ?ég to I P83 gnåph i cal I y, The h i ghest åveråge percen t

chanþe occups in the 2B0N treatment at 24.8 Y"" This change

is åFF,noximately B8 2; greater than the uolume change

experienced by the control (13'2 )4). In general, it is

obu ious f rom th is gr*åph that the addi t ion o{ f ent i I izen

cåuseÉ a proFortional increase in stand ualume.

Statistical l:', the Student's t*teet anal)'eis

detenmined that thera wÊFe di+ferenceÉ hetr¡een the meånÉ of

serreral of the tneatments at the E'/, leuel fc'n pencent

incneaEe in uoì ume (Tab,l e I ) . Spec if ical I vr the 0N a.nd Ë4N

treatment meane uJÊre found to be s.tatiEtically di++enent

{rom the mÊåns of the 2Ë0N and 1ógN + llZP treatments.

This result concludes that thene t¡råË å positive grou.tth

r'esponËe due to {ertilization. There wer'e, hot'-reuÊr'r nû

stat i st i cal di ++erence beth,een the percent mortal i t/ me&ns

o+ the tree.tments.

It is. clear {rom the r'åw data (Appendices 3 and 4)

that most af the tnees belc,r^r 6,35 cmÊ diameter periehed

af ter l5 yeår-s o{ gr'owth. These tr'ees mè.}'be disguising the

tnue change in volume due to treatment and perhaps should be

excluded. A neuJ eeries af calcul.xtions u¡as perfsr'med and

shor¡ls s. much qneaten increase in voìume 4or all treatmente

(Tabìe '¿> , Th is vol unre charrçe, hor¡revÉn r .i E Eimi I ar' ta that

shown in Table l. tJhat is intenesting is that the auer'åge

pencent martality {sr'the tr'eatnrentE ig åpÈnc,ximately the

Eåme, unl ike the valueg çiven in Table 1. Figure 14 depicts

the percent uolume chanqe {rom 19,å8 to IPB:?. Here, like in
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Table 2" Uolume calsulations for Sipit^resk {ertiìization
plote. Only trees urith diametens greaten than é.35 cm årc
included in these calculations (for naw data see Appendices
3 and 4),

UOLUME RESPONSE

Traatment Pl ot
I F68

(m3/ha)
I 983

Percen t Percen t
Change IncreaËe Montal i tY

0r.t
é
13
IP

t s7. 85
207.4t
?l 3.9ó
230.2t

225.25
235.2?
?d6,40
257.0ó

37.40
27. Ë2
52.44
2d. Ë5

19.9
13.4
?4.5
LL.7

14"ü
tB"4
ó.5

18.9

AUERAGËS
STÞ. ÞEV. +/-

?tF, Ëé
17.53

245. ?8
I P.0?

3ó, l8
I l.g7

17,4d"
5.9

I 4.5
E2

g4N 5
Ê
l1
Lé,

2s5,28
774.84
251.48
1 óé.80

310.p?
313.56
3r8.1é
2ûd. ó8

73.64
38.68
ó6.68
39. B8

9.0
t4.l
ô¿ E

18,9
15.7
r0,Ê
12. ü

AVERAGES
STD. DEV. +/-

?44 . è1
53.7é

3Ë7.33
53. Ë5

42.72
tt.L.}

lg,4d"
trr"¿

1 4,4
3.7

I 68N z
e
l?
2t

?48.42
t87.4t
?t3.24
I 38.95

259. P4
224.44
?78. tr5
I??.t2

11.52
37,43
á7.81
53.07

4.6
20"0
z.?.3,
38.2

18. ?
15.4
7. t)

1ú .3

AVERA6ES
STÞ. Ë'EV

I 97.51
46,ß2

238.71
3É. 17

41,20 23.0
r 4.3

12.7
EA

28rN 4
t0
l5
IB

237 . r3
taa (f,q
L a a .\J.J

1 75.88
I 92. Ë5

SCrl .55
2ó1.51
2?8. é3
?44.90

44 .4?
Ë3. óó
3?..75
52.05

17.3
47.O
3ü .0
27.t

15.9
ü.8

r 5.2
I é.4

AVERAGES
STD. DEV. +/.

2t0 .93
38 .23

25F. I 5
3t .??

58.22
17 .37

3û,3"b
t2.4

11.9
7.?

I ó8N
+

1lzF

I
7
t4
t7

l8'¿.74
I 88.45
221 .1 5
131.97

25ó. Cr3

27g'.7t
?a2. I ê
I 58, é4

73 "2?
40.?5
ét.0t
26.67

40.1
2t .4
27,4
?4.2

4.3
19.4

17.3

AVERA6ES
$TD. ÞE\i. +/-

181.0Ë
3d.85

231,38
53. 18

50 .30
20 .84

27.3"b
9.1

12.5
6.?

Notc¡ CorrFriponding lettens indicate signi{icant (5:1)
d ¡ f+erenceE be tureen meånÊ of tneatmen ts ( Studen t's t-test ) .
I a = 0N¡ þ æ 84N; c = 1é8N¡ d = UB0N¡ and e = t6ËN .¡ ll?P].
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Figure l3n the hi-ehest averagÊ percent change in volume

occuFE in the 2gtN treatment at 30.3 Í. This chanEe is

åppnox imate I y 74 '/, grea.ten than the vol ume change

experienced by the control. Statistícallrr Table ? iE

identical to Taþle I ehou.ring the Eame signi{icant (5 Z)

d i ++erÊnces be tt^leen the pencen t i ncrease meåns r and no

statistical dif+erenceË betr,{een moFtality meånË Sor the

tneatmpnts.

The equðt i on f on cal cu t at i ng tnee r¡ol umÊ f or hlan ì ess

t^tåg !

VOLUI"IE (Y) t2.?.]¡F;ã7 x DBH (X)''to"tu

Table 3 Ëummånizes the vslume calculations for' the t¡Janless

f ent i I izat ion pl ote. V¿.r iabi I ity betr¡een simi I ar treatment

ptots in the nelative change o{ volume from 19é8 to l?93 iE

again notieeable. The higl'rest euer'age per'cent change in

volume, unl il{e the Sipiwesk plotø, occurr'ed in the ldBN

tneatmen t at 1é.0 '/,, Th i e i ncreaÉe r houreven r does not

dif f en that much with the control treatmsnt ( 15,0 /.> . The

Iowes.t pencent increase in uolume h,ås in the ?80N treatment

(4.3 7), t¡hich iE completelz the opposite to the Sipiwesk

demonetration. 6naphically displayed {Figune l5) thene doee

not seem to he åny åFtpneciable increaEe in uoìume due to

fentilization.

Stat i st i cat ì y, the Studen t'e t-test anal rs i e

detenmined that there ur,ePe di{ferences between the mcåns of
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Table 3, Vúlume calculations fon l¡lanìess fertilization
plots. All trees in the pìot atre included ({or raw data see
Appendices 5 and é).

VOLUMË REËPONSE

Treatment Pl et
I 9ó8

(m3lha)
r 9Ë3

, Percen t Percen t
Chanqe Incncase Montal i ty

ü¡'l 7
10
l4
24

21J.7
rg"2ÊË
15,4

33.3
34.8
ãÕ?

31 .9

t73.û7
t 8P.0é
??5.83
219.â6

2û8. 85
223.5r
238. I 7
253. I I

35.78
34.45
lä"34
33,8?

AUERAGËS
STD. DEV. +/-

20 1 .83
24.?9

230 . F3
t 9.0ó

?P. 10
11.20

15.$d"
6.7

3-4.7b
?.9

84N 6
I
I
?

2:2e.7á
1Ê0"4ó
t?l . á2
I 4?. ?0

?7Cr , é3
20?.73
23û .32
I 43. t4

49. Ë7
2?.27
38.70
-S. Bé

3.?.6
1 6,?.
?.o.?
-4.ó

20.t
23.?
6.7

30 .0I

AUERâGES
STD. DËV" +/-

1 85, ó?
2?,2?

21 3.43
tñ 4a
JJ. sf,¡

27.74
24.t9

t 3.6d
t2.4

2t .7 acde

1û ,2

I dBt'l 5
?3
?q
28

129.25
93.94

226.rJl
t48.79

I é9.64
F9.3ó

?46.86
t7É.78

39.3?
5.42

?C' , BE
27.79

3Cr .5
5.8
9,7

tg.é

?5"0
5?.9
1â -1

3ó.8

AUERAGEg
ËTD. DEV

I 49.55
55.93

17:l.9r
¿r0 .31

23.36
I 4.20

1é.td
tt.t

37,1b
1L .7

280N 13
19
2f)
27

20 t .54
198. 10
?7.33

t57.22

t?e,.79
20P. 15
I t0 .0é
t72.7 t

-2.73
11.Ê5
2.73

t 5.49

-L,4
ó,0
2.8

l0 ,0

5l .5
â,) ã

4t' .0
?7 "4

A\JERAGES
sTD. t)EV. +/-

1 é3.55
4g.52

I 70 .38
49.41

ó.83
8.34

4,3abc€
4.8

39. 1b
It.3

I é8N
+

IrzP

I
r2
15
?é

tF0,é6
2é8.54
t 4P, .49
1 óCI .43

2t7.65
2?3.58
t é5.25
194. I I

lr.9?
25.04
t 6.7é
23. é8

á.3
9.3

t l.3
t4.7

3?,5
25.0
3ó.0
34 .6

AVËRA6ES
STÞ. DEV. +/.

I ?2.03
54 .01

21r.4ü
5ó. Ê8

t?.37
é,I I

l0 .4"d
3.5

33.8 b

ê.?

Note: Êorreeponding letters indicate significant (5 U)
dif{enencËs betr¡een meanË o{ treatrnents (9tudent'E t-test),
t a = 0N; þ = 84N¡ c E tó$N; d = 2g0N¡ and e E l6BN + l12PJ.
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several o+ the tneatments at the 3 f' leuel for pencent

incnease in volume (Table 3). Specificallr, the 280N

treatment mean was {ound to be statistical lv different fnom

the meåns of the 0N,84N, 1éBN and 1ó8N + 112P tneatments.

The lógN + 112P tneatment mean was also found to be

stat i st i cal I y di fferent fnom the mean of the 0N treatment.

Both of theEe resul ts indicate that the appl ication of

fertilizer to the 2B0N and 1éBN + l12P tneatments cä'use a

signif icant decrease in the percent increaEe in volume t¡hen

companed to the contnol ' There wePe also EtatiEtical

differences between the percent mortal i ty meanE of the

treatments. Spec i f i cal I X, the mean of the 84N tneatment waE

significantly lower than the means of the other tneatments.

Table 4, which excludes some of the enFon due to

mortal itr¡ displays nelatiuely similar nesul tE aE Table 3.

Fnom thiE table lt is quite appanent that the 280N tneatment

caused increase tnee montal i ty r¡i th stems whose diametens

were gneaten than ó.35 cm. Fi gure ló di spl ays the percent

uolume change from lPéB to 1983 for tnees with diameterE

greaten than ó.35 cm. This graph is almost identical to the

gFaph in Figune 15.

Table 4 had Eeveral statistical d¡ffeFences fnom Table

3. Firstlyr there was no statistical diffenence between the

meanË of the 0N and lé8N + ll?P treatments in pencent

increase in volume. SecondlTr the tneatment that wå.5

statistically di++erent {rom the othen tneatments in percent

mortal ity had changed. In this table the meån of the 2B0N



52

Table 4. Volume calculations for WanlesE ferti I ization
plots. 0nly treeE with diametens gneater than ó.35 cm are
included in these calculations (fon naw data see Appendices
5 and é>.

VOLUME RESPOùISE

Tneatment Plot
I 9ó8

(m3.zha)
I ?83

Pencen t Pencen t
Change Increase Mortal i tY

ON 7
t0
t4
24

1 54,5ó
,.77.14
2r4.4?
285.46

t99.4ê
210.P5
237.t5
249.72

44.?s
33,81
18.73
44.2é

2?.A
l?,1
8.é

2l .5

0.0
7.1

21 .l
ó.5

AVERAGES
STD. DEV. +/-

t 88.90
29.65

224.3?
23. t4

35.42
12.?4

L?.6',t
8.4

g.7d
8.9

84N 0
0
0
êI

6
I
?
2

2l 0 .03
té4.é?
I 83.7ó
t43.7r

2ó5.83
20a.ê4
228.56
r40.42

55. B0
38. ?5
44. g0

-3.2?

26.é
23.7
?,4.4
-2.3

0
0
0
7I

AVERAGES
STD, DEV. +/-

I 75.55
24.21

20?.61
5.2.73

34.0ó
25,8,é

I g. l,r
13.7

4.2d
8.4

I é8N 5
23
25
2g

I 20 .48
I 39.90
14t.00
F8 36

t67.t4
t é4 .17
t 73. sl
P6.88

4é.66
24.27
32.81
8.52

39.7

4
7

0.0
18.8
0.0
9.3

4t7
23

?

AUERAGES
STD. DEV

t22.44
24.3?

I 50 .50
35.97

28.Oê
15.97

22.3d
t 2.3

6. gd

8.9

280N t3
t9
20
27

181.81
l gg .,6p
93. 12

I 46. 88

196.94
205.05
?9.7?

I ó8.31

15, 13
14.3ó
3.67

2t.43

8.3
7.5
ó.1

t4.ó

2t .l
20 .0
20 .8
9.1

AVERAGES
STD. DEV. +/-

153. t 3
44.2ã

167.?7
48.30

14.\4
é.48

g, l abco

3.8
I 7 . 9"b""
5.8

I óeN
+

I tzP

t
t2
l5
26

I 75.82
2ãA.?7
I 39.90
r4â.é7

t 99.39
28?.47
t 64 .23
t78.26

?3.57
30 ,50
24.33
3l .59

t 3.4
1l ,8
17.4
2l .5

17.2
t2.3
I I .4
0.0

AVERAGES
STD. DEV

l 80 .34
54. ó?

207.84
5é.31

27.50
4. l3

t 6.0d
4.3

l0 .2d
7.?

Note: Conresponding letters indicate signi{icant (5 Z)
differences between means of treatments (Student's t-test).
I a = gNi þ = 84N; c = ldBN; d = 280N¡ and e = ló8N + 1l2Pl.
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Figure 1d. Average change in volume fnom 1?é8 to l9B3 for
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diametens gneaten than ,á.35 cm åne included in this graph.
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treatment in percent mortal ity u,as signif icantly higher than

the means of the other tneatments.

TaÞl e 5 Eummar i zes the vol ume caì cul at i ons fer the

llanlesE thinning and fentilization tneatments. It is

obvious from this table that there wae little diffenence

bett¡een diffenent fertilizer tneatments t¡ith nespect to

thinning. The highest averåge Percent change in volume

occucred in the th inned + 84N tneatmen t <27.3 '1,>. The

lor¡est aUepåge percent change in volume occunred in thinned

+ 0N treatment (24.5 Z), l¡lhen gnaphed (Figune 17) with the

control r.eËponse from Table 3r the thinned + 84N tneatment

shows a 83 Z gain in uolume over the control. Howeven, the

addition of Ê4 kg./ha of N with thinning onlr increaseE the

net volume over thinning alone by 2t'/.. Thene weFe no

stat i si cal di fferences between meanE for percent i ncrease i n

volume oF percent mortal i ty.

3.3 Rinq Incnement Response

The purFose of the r i ng incnemen t anal )'s iF was to

measure incnement change as a Fesponse to fentil izen

treatments. Ring increment anal)'Eis wå5 penformed only on

the Si p iwesk fent i I i zat i on data, because of nestrai nts i n

time. Figures 18 to 24 displax the reÉponse of the tnee

rings to treatment in 5 year incnements at 7 bote positions

relative to the 5 year growth incnement prion te

fertilization. Minimum reEponËe usually occurned in the 0N
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Table 5. Volume calculations fon t^lanlesE thinning and
fentilization plots. All treeE in the plot are included
(fon naw data see Appendices 7 and 8).

VOLUME RESPCH{SE

Tneatment Pl ot
I ?óB

(m3.zha)
t 983

Pencent Pencent
Change Increase Mortal i tY

THINNED
+0N

t43.73
t99.2?

171.93
246. t?

2A.20
5s.97

19. é
2?.4

ll.5
6.7

2
4

AVERAGES
STD. DEV. +/-

t ó6.98
32.A7

209.Oé
52.51

42.08
19. é4

24.3
7.3

?
3

I
4

THINNED
+ 84N

t85.tl
177.83

2?3.33
239.?9

38,24
ét.t6

20.7
34.4

10 .3
7.3

.5

á

AVERAGES
STD. DEV. +/-

I 8l .47
5. 14

231.17
11.06

4?.70
I é.21

27 .3
9.7

8.9
2.0

THINNED
+ lé8N

I 94. ?l
I 18.01

2l é .9ê
I ó5.88

2?.O5
47.87

11.3
40.ó

2Ê
3

é
I5

AVERAGES
STD. DEV

I 5ó.46
54.38

l?1 .42
3é. t2

34.?6
18.2é

25. ó
2t.7

L é.2
r 7.5

Note ¡ Conrespondi ng I etters
d i f f enences be tt¡e'en meåns of
ta=0N¡b=84Ñ¡c=168N¡

i ndi cate si gn i f i cant (5 Z)
tneatments (Student's t-test) .

d = 280Ni and e = 1681.1 + l12Pl .
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Figure 17. Auerage change in uolume from 1?óB to lg8g fon
the t¡lanless thinning and fertilization tneatments. Includedin this graph is the aueFage change in volume for the
control (flN) fnom Table 3.
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Figure 18. sipiwesk ning increment gnot^rth Fesponse at
1.3 metne bole position (see Appendix I {or naw data).
S-year increment periods rÁeFe meaEuned nelatiue te the
5-)¡ear gnowth i ncremen t pn i on to tneatmen t .
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Veans FlFter Fentili=afinn

ffi1-5 rì-18 11-15

EB
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11ËP

TREFITI'IENTS (kgrha)

Figune 19. Sipiwesk ning ir¡cnement grotarth nesponse at
2.ó metne bole position (see Appendix I for raw data).
S-year i ncnemen t per i ods weFe meaÊured ne I at i ue to the
S-yean gnotrrth i ncremen t pr ion to tneatmen t.
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Veers HFter Fentilization
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Figure 20. Sipiwesk ning incnement gnouuth nesponse at
3.9 metre bole position (see Appendix I for Faw data).
S-year increment penisds urere meaÉuFed relative to the
S-year gnowth increment prion to treatment.
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Figune 2l . Sipiuresl( ring incnement growth response at
5.2 metre bole position (see Appendix P fon natv data).
S-year i ncnemen t per i ods wene measured re I at i ve to the
S-yean gnowth i ncFemen t pr i on to treatmen t .
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'r'esns HFter Fentilization

1-5 Ê-1¡¡ 11-15
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TREFITI-IENTS kgrhaì

Fi gun e ?2. Si p iwesk r i ng i ncrement gnowth responÉe at
é.5 metre bole position (see Appendix P fon naw data).
5-year i ncnemen t per i ods weFe measured re I at i ve to the
S-year growth i ncremen t pn i on to tneatmen t .
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1'ears llFter Fenfili=sfi,rn

ffi1-5 Ë-18 11-15
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TREFITI'IEþITS kgzhsì

Figure 23. Sipiwesl( ring increment growth FeÉpGnEe at
7.8 metre bole position (see Appendix ? for naw data).
5-year i ncremen t per i ods wene measured ne I at i ve to the
S-yean gnor,rrth i ncnemen t pr i on to tneatmen t .
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Tesrs HFter Fentili=ation
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Figure ?4. Sipiwesl( ring incnement growth resFonse at
?.L metre bole position (see Appendix ? fon naw data).
S-year i ncremen t per i ods wene meaÉured re I at i ue to the
S-year gnowth i ncremen t pr i on to treatmen t .
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end 84N treatmentE in all graphs. Maximum resFonee tends to

occun in the 280N and 1ó8N + LLZP treatments. The graphs in

these f igunes alEo show that the growth Fesponse t^rith

tneatment tends to decreage steadily after the first 5 yean

i ncremen t .

Figunes 25 to 2? diEplay the ef{ect of tneatment an

area increment oven 7 positionË on the bole. The increment

measurement pneserrted in these graphs is fon the f irst 5

yeårs of gnowth aften tneatment as compared to the prior 5

yeaFs before treatment. The gnaphs show a steady

pnognession of increased gnowth wi th tneatment. Maximum

increment (Figure 27> occurred t¡ith the 280N treatment.

Mi n imum i ncrement occurred wi th the control (0N) tneatment

(Fi gure 24> .

3.4 Stand Character i st i c Chanqes

Tables ó,7, and B present simple statistics fon all
the treatments in the two demonstnations. The most

intenesting feature o{ the Sipiwesk data (Table ó) is the

chanç¡e in vaniance and standard deviation from 1968 to l?83

in the uarious treatments. Tneatments such as 0N, 84N, and

l68N + I l2P shot¡ a decnease in van i ance and standard

dev i at i on t¡ i th t ime . Tre atmen ts such es I ó8N and 2B0N show

å net gain in variance and Etandand deuiation, which may

indicate a positiue growth response. Howeuen, these

di++erenceE are small, and may be due to Etatistical chance.
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15t3

1.3 e.Ë 3.S 5.Ë Ê.5 ?tfI .rJ s.1

HEIËHT UF BEILE (metresJ

Figure 25. Sipiuresl( contnol (0N) tneatment growth neÉponËe
at the 7 bole positions (see ApFendix ? for nau, data), The
increment meåsurement preeented in this gråph is for the
f i rst 5 yeåns af ten treatmen t .
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15r¡

1Ê5

1.3 e.Ë 5.Ê raeC..J 7ü s.1

HEIr-ìHT UF EDLE [rnetnes]

Figune 2ê. Sipiwesk g4N tneatment gnowth nesponse at the 7
bole positions (see Appendix ? fon naw data). The incnement
meaEunement pnesented in thiE gnaph is {or the finst 5 years
aften tneatment.
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151:t

1.3 2.Ê 3.9 5.? Ë.5 7tfI ..J s.1

HEITSHT UP BEILE (mefnesl

Figune 27. Sipiuresk lé8N tneatment gror,trth response at the 7
bole positions (see Appendix ? fon naw data). The incnement
measurement presented in this gnaph is for the first 5 years
af ten treatmen t .
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1ä5

1.3 5.2 Ê.5 ?.8 9.1

HEIISHT UP B0LE (rnefnes)

Figune 28. Sipiuresk 280N treatment growth nesponEe at the 7

bole positions (see Appendix P fon naw data). The increment
measunement presented in this graph is for the first 5 yeans
after tneatment.
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.'l

1e

1.3 e.Ë :{.9 5.Ë Ë.5 r.s 9.1

HEITSHT UP Br:lLE (nretresJ

Figune 2?, Sip iwesl( 1éBN + 112P' treatment growth FesFonee
at the 7 bole positions (Eee Appendix I {on nar¡ data). The
incnement measunament Fnesented in this graph is for the
f irst 5 years after tneatment.
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Tabl e 6. Simpl e stat ist ical f eatunes of the Sip iwesk
fertil ization tneatments (nat¡ data Appendices 3 and 4).

Treatment Yean Sampl es Mean
DBH
cm

Uar i ånce Standand
Þeviation

Ave r age
Tnee
Age *

ON I 9é8
I 983

334
213

8. 10
t 1.02

| é.ã?7
I 6.0ó4

4.O74
4.008 74.7

84N I 9ó8
I 983

334
?,24

8.76
11.óé

I 6.451
I 4.9ót

4.0sé
3.868 73.4

I óBN I 9óB
I 983

332
200

7.77
11.12

17. ?01
18.01 I

4.231
4.?44 77.3

2g0N I 968
I 989

344
22t

7.80
10 .90

t7.t8t
20.37é

4. 145
4.5t 4 7I.6

tó8N +
r l2P

19,å8
I ?83

323
t7?

7.é2
I 1.. ó8

t 7.28?
I 5.39s

4. 159
3.?24 7t.6

* Auenåge age h,äs measured from the 20 felled tneeE fon each
tneatment. The measurement took place 1.3 metnes fnom
gnound leuel. ThuE the averages presented here at*e pnobablx
l0-15 yeens too young.

Note: Thene were¿no stat i st i cal
measuned vanianc'e fnom 19óB to
(Fmax-test).

d i f+erenceg
1983 fon the

<5 7,> in
treatments



7L

Tabl e 7. Simpl e stat iEt icaì f eatures of the trlanl ess
fentilization treatments (naw data Appendices 5 and ó).

Treatment Yean Sampl es Mean
DBH
cm

Var i ance Standand
Deviation

Avenage
Tnee
Age *

ON I 968
t 993

309
282

g.t4
rt,l0

I 3. s23
I 0 .024

3.718
3.ré6 75.4

84N l ?68
t P83

?45
L?2

8,83
10 .84

t3. é46
rr.499

3. ê94
3.391 79.t

I ó8N I 9és
t 983

2"é
145

8.08
11.23

15.31I
I I .903

3.914
3.450 73.4

2BON I 96Ë
I 983

234
153

8. 19
10 .9ó

12.237
9.841

3.501
3, 137 7é.O

lé8N +

tr2P
I ?68
I 983

30ó
2t6

8.25
l0 .63

I 0 .589
8.703

3.254
2.950 77.6

* Avenege age was' meagured from the 2E felled trees for each
tneatment. The meaEurement took place 1.3 metnes from
ground level. ThuE the auenages Fr*eËented here are probablf
10-15 yeang too young.

Note r Thene h,eFe no stat istcal
uaniance from l?.é8 to 1?83 fon

dif+erenceE (3 /) in measuned
the tneatments (Fmax-test).
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Tabl e B,
th inF ingg).

Simple statiEtical {eatures
and fentil ization plots (ratrt

of the t^Jan I ess
data Érppend i ces 7 and

Treatmen t Yean Samp I es l'4e en
ÞBH
cm

Var i ånce S t andan d
Þer,¡ iat ion

TH I NNET)
+üN

1 FdB
I ?83

11.s5
t? ç?

(f . ¿.¡/ ¡
i'J Jhh¡ 4 ¡ s¡gu

2. Ë7ó
3.515

7t
d5

TH I I'lNEt)
+ B4N

t 9óË
I tÒ,5

I û ,,$4
12.31

ó.533
ó.548

ñ Ê8 1¿. ÈJJc)

2.559
F2
g4

TH I NÌ'lE[)
+ 1ógt'.l

I ?éË
I pB3

I t .3Ct
aõÊt
.t *] ¡ *J¡'

7.19Ë
9.23é

4. OOJ
3"û3P

ó8
JJ

tlc'te: ''Ihere wene no stat ist ical d if f er'encPs
measured vaniance 4rom lFó8 ts lFÊ3 for the
(Fmax-test).

(3 '/.) í n
t r'e.s tme n t e
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The Fmax-teet indicated that there were no statistical

di++enences <3 7.> in measured vaniance from t9ó8 to l?83 for

the treatments.

Tabl e 7 presents the simpl e stat i st i cal cal cul at i ons

ol the t¡lanl eEs f ert i I izat ion tneatments. In th is tabl e

eveFy tneatment shot¡s a decl ine in vaniance and Etandard

deuiation. StatiEtically the Fmax-test indicated that thene

wene no differences in the uariance of the tneatments.

Tabl e I exh i bi ts the simpl e stat i st i cal {eatuneE of

the hlanless thinning and fertilization tneatments. In this

table all treatments Ehor¡ e net increase in uariance and

standard deviation. This incnease is ËurPFising since the

smal I tnees ta¡ene nemoved. These van i ance i ncreaÉes t

howeuen, weFe not statistically d¡+ferent.

Figunes 30 to 33 displa¡' the change in the cumulatiue

percent of tree E'' in spec i f i c ÞBH cl asses before and aften

ferti I ization for contnol and 280N tneatments for both

Sipiwesk and [^lanless. By companing FiguneE 30 and 3t c¡ne

can see that the Sipiwesl( 2g0N treatment shot¡s a net gain in

tree numbers in the 5, 6, and 7 DBH claEses when compared to

the control. ThiE same featune, howeven, is not evident in

compar i ng the con trol and 280N treatmen ts i n t¡lan I ess

(Figunes 32 and 33). trlhat is euident at l¡lanless is that

thene is e net reduction in tree numberE in DBH classee 4

and 6r and only a modest incnease in DBH class 5.
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n 13S3

[] 19n-B

1 ? Ð Lf E
+J 6 7 B I 1s

DBH CLIISS

Fi gure 30. Cumul at i ve percent change i n tnee numbers {nom
l9¿8 to 1?83 fon specific DBH classes. This gnaph displavs
the change in the control (0N) treatment at Sipiutesk (for
raw data Ëee Appendices 3 and 4),
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n 1983

E lsËË

1 ? J + É
J 6 7 I g 1s

DBH ËLIISS

Fi qune 3l , Cumul at i ve percent change i n tree numbers from
l9ó8 to 1P83 fon specific DBH clässes. This graph displays
the change in the 280N tneatment at Sipiwesl( (fon raw data
see Appendices 3 and 4).
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E 19ËB

1 ¿. lf + E
J 6 7

DBH CLHSS

F i gure 32. Cumu I at i ue pencen t change i n
19é8 to t?83 for specific DBH cìasses.
the change in the contnol (0N) treatment
data see Appendices 5 and ó).
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n 19$3

E 1sË8

r+ t
J 6 7 ct s 1B

DBH ËLHSS

F i gune 33. Cumu I at i ue percen t change i n tree numbers {nom
L?69 to 1P83 fon spec i f i c DBFI cl asEeE. Th i s graph di spl ays
the change in the 2g0N treatment at t¡lanlesE (fon raw data
see Appendices 5 and ó)'
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CI#PTER FOUR

ÞI SCUSSI ${

4.1 Uol ume,/ H Curup

Êsth the S i p itrresk and l¡lan ì ess ual ume/ÞBH cunves

(Figures t1 and 1?) express an exponential relationship

betr^reen tree flFH and tc,tal uolume. lnlor'e Épecif icallyr å

I i nean i ncrease i n the tnee'B ÞBH cåu5e ån ÈxpoRen t i al

increace in itc vslume iHusch et al. tF72). Êoth models

haue exceìlent conrelation uçith ÞBH and voiume {Sipir,tresk r =

.?8S8, and tJanl esg r' = .?7&3J. These mc,del s may be used bv

{onesters in l'4anitoba for'detemining the r,rolume o{ bìack

EFruce indiu idual s and st*ndc. Simi I a.n i t ies in the sl ope o{

the reçtression I ine of the two modelE indicate that the tt+o

etandç ghow almoEt identical gror,''rth r'est'ÚnÉe to their

part icul ar siteç. Visua.l ì y t-rhen wc,r'k ing in th* two etands

¡t 14åË. har'd to determine panticular Eite di++erencPs'

4.2 7

Thp results obtained fnom the fer'tilization o{ the

Sipir,uesk plote sPe uery

voìumes o{ timber cå,n b'e

fentilizer'. The ?BON

found to signi +¡cårrtly

ú¡\rÉr control (Table. 1).

pr'omising, The¡'

increased b'y the

and tógN + ltZp

indicate

a.dditisn

that

of

tneatmen ts were

incneaee the per'cent change in vslume

However, th i s study was unabl e to
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de term i ne stat i st i cal I y wh i ch one of these treatments had

gnowth cesponse. Fi gure 34 pnou i des a gnaph i cthe best

display

contnol,

neeul ts

caused a

control .

of the percent change in volume, relative to the

wi th the uar i ouE tneatments. From th i s gnaph best

seemed to be obtained t¡ith the 28llN treatmentr which

88 Z increase in wood volume incnement oven the

The I dBN treatmen t caused a 3? '¿, i ncrease i n

vol ume over 15 yeans. The addi t ion of ILZ kg./ha of P t¡i th

the l68N tneatment incneased volume anothen 2? f,. The 84N

tneatmen t produced the I or¡est vol ume i ncneaee oueP the

control (17'¿,>, and was found not to be statisticall¡¡

di ffenent fnom the contnol (Tabl e I ) .

Direct comparisons between this Etudy and other

fertilization studies ana d¡+ficult because of differences

in the Etudy species, age of the treated trees, soil trpe,

pnevailing clima('e, and means of volume estimation. Sevenal

studies, howeverr ffia). pnouide a standard {on companison.

Knause et al . (1982) examined the fentiìizen ¡*esponse in 5

bl acl( spt Uce stands f nom l-lan i toba and Sasl(atchewan, wh ich

included a wide range of tnee age and site conditions.

Thein moEt Euccessf ul gnou,lth resPonse hras a ZCI I increase in

volume increment over the control using ?'24 ltglha of unea N.

The time fon t*esponse, howeuer, was only 5 years aB companed

to 15 years for this study. Mahendrappa and Salonius (l?82)

measuned growth nesponse to tneatments in 10 year' basal årea

incnements before and aften fentilization. In thein study

the appt ication of 33ó kg,/ha urea N caused å 2å 7' increase
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in basal anea increment GVer control. Many othen Etudies

use similar meåns of meåsurement of response (Mornison et

ål ., t?76¡ L977; and 1981). These measuFements,

none the I ess, do not g i ve any i nd i cat i on of the percen t

increase in volume because of treatment.

Percent incFease in uolume was meaEuned in a study by

Bancl ay et al . ( 1F82) , terh ich invol ved the f ent i I izat ion of

Douglas-f in. Unea fertilizens u,ePe applied in this study at

the nates of t, ?24, and 448 l(g/ha of urea N. Gnot+th

neÊponÉe was measuned fon ? years. The net gain in volume

for the 224N tneatment waç 41 '¿, t^Jh¡le the 448N tneatment

caused å LLO'1, incnease in uolume ouen contnol . I+ these

neËponses can be assumed I inean the pencent incFease in

uolume fon a 2B0N tneatment would be aboul åg'¿, which is

quite Eimilar to the nesults obtained in this stud)',

Some resealchers have noted that uneå ferti I ization,

eE'pecially åt hiqh nates of applicationr caUEes increased

montality in the stand (Knauser l?81; and Banclav et al.'

1982). Kingston et al. (1978), howeven, have obsenved

highest mortal ity ¡n thein fertil ization trials of iack pine

i n the con tnoì . These con trad i c tony reEU I ts may Þe

explained by the particulan Eoil-fentilizen resFonËer stand

stnuc tune d i fferences be tween p I ots, or by some h i dden

fac ton such as i nsec t on di seaEe i nfeEtat i on .

The [,Janless demonstnation displayed a poot' resPonse to

fertilization (Table 3 and 4). StatiEticallv none of the

tneatments displayed ån increase in percent volume oueF the
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control . One cause of this poor neEponse ta,aÉ the increase

in mortal ity of tnees w¡th diameters greaten than 6.35 cm in

the 280N tneatment plots (Table 4). The percent mortal i ty

in these plots was found to be statiEtically (3'1,> di+ferent

fnom the montal i ty i n the othen pl ots (Student's t-test).

The montal ity in this treatment was doubìe the mortal ity in

the control. The other fertilization plats (especially

1éBN, and té8N + 112P), hot'rrever, did not show the Eame

i ncneaEe i n mon tal i tY.

Poor growth response may al so be caused by the same

facton that ki I led manv of the mogses in the heavi lv

fertilized plots. The moÉÉ die-hack in the fertilized plots

may haue been caused by ammonia toxicity (GasEer, I9é4>.

Because the f ert i I izers h,el*e appl ied in the I ate f al I the

usual immediate release of ammonia 9ås to the atmosphere

could have been leduced by a blanket of Énow. This would

then nesult in a concentration of ammonia at the soil

sunface, which r¡¡ould haue poieoned the gnound vegetation and

surface soil onganismE. The removal of these two impontant

organisms may haue then affected the pattenn of nutrient

cycl ing by incneasing nutnient loss ånd reducing nutrient

stores. Some neÊeanch has suggested that mosses pl ay an

impontant nole in fonest nutnition Þy intercepting nutrients

from rain{all (ldeetman and Timmer, l?47; lrleetmanr l?68; and

Fosten and Morr i son, 198t) . Soi I ongan i sms Euch as

mycorrh i zae form important assoc i at i ons uli th tnee nootst

t¡h ich f ac i I i tates the uptake of important nutn ients. Gi I I
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ånd Lavender (1983) have found that urea fenti I ization can

cauÉe significant changes in total numbens of mycorrhizae.

They noted that a reduction in the numbers of these soil

ongan i sms, because of uFea fent i I i zat i on r caused pn imary

noot montal i ty i n the h i ghen uegetat i on that the soi I

supponted.

Several studies have shown that thinningr alone ol* in

combination t^rith fentilizens, can cause substantial

increas:es in tnee gnor.uth (l¡leetman, 1P75¡ Steinbnennen, l98t;

and Barclay et al., 1P82). In thiE study similar neEults

wepe {ound (Table 5). Thinning, at a rate of 4A 7- trees

nemoued, wi th no fert i I i zati on caused an i ncnease i n tnee

uolume, relative to control , of ê3y.. In combination t¡ith

fentil ization (84 kg,/ha N)r th¡nning nesulted in ån incnease

of A3'1. The thinning + l6BN treatment did not incnease

vol ume as much aá th i nn i ng + B4N. Stat i st i cal l yr however,

the differences between the means of the treatments were not

significant, and thenefore indicate that the fall

application of fer'tilizer did not incnease the gnouuth

Fesponse over th i nn i ng al one.

4.3 Rintr Increment Resoonse

The ning incnement analysis was perfonmed to determine

increment change due to tneatment, time length of the

tneatmen t'E af f ec t , and t¡he ther the gnot^lth resFonÉe occurE

evenly at different heights along the bole. Genenallyr the
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treatmentE indicate thene was an increase in gnowth neportEe

wi th the I evel of f ent i I izat ion. Hot¡ever r th ¡s neÉul t coul d

not be statiEtically analvzed. In Figunes lB to 24 all

fentilization tneatments shor¡ a decnease in the gnowth

respcnse in S-year incrementE with time. This nesult wag

expected because many ËtudieE have found that ferti I izens

are generallr absent from the soils in which they were

appl ied aften one yean (Morrison and Fosterr l?77;

i4ahendrappar 1979; Mahendnappa and Salonius, l?82; and Pang

and McCul I ough , I?eZ) .

Figures 25 to 2? displar the effect of treatment on

a¡.eå incnement ouen 7 posit.i ons on the bole. The results

from this anal>,siE ar.e quite diffenent fnom other similar

nesearch (M¡ tchel t and Kel I ogg , 197?>. Mi tchel I and Kel I ogg

<l?72> Etudied the distribution of ning gnowth increment at

é points up the átem of Dougtas-fin trees 5 yeans aften unea

fentilization. Thein results indicated that thene u,ag no

change in the tree fonm because of fertil ization. They

feund that the gnottth incnement of the nings -Qene!*ally

decneased the h i gher up the stem one uren t un t i I -the crown

ul,as reachedr even r¡hen the trees wene fentilized. The

Si p iwesk study nesul ts do di spl ar the simi I ar reduct i on i n

gnowth response trrith incneasing height in the csntnol .

Howeuen, in the fentilized treatments the data indicated an

increasing growth reËponse uuith amount of f ertil izer

applied, and a general ìeveling of grot,rth FeËponse in the

last 5 to é bole posi tions, These resul ts greatly differ
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rd¡th the nesul ts oÞtained by Mitchel I and Kel ìogg. One

reåBon for this difference may be that black spruce react

diffenently to fertilization than do Douglas-fir.

None the I ess, the Fesu I ts presen ted here i nd i cate that vol ume

increment gnowth, because of fentilizationr does not onlv

occun in the f irst fet¡ metres of stem, but equallr up the

Etem to a he i gh t of 9. 1 me tres.

4.4 Stand CharacteriEtic Chanqes

The data presented in Tables 6r7, and I offen no

cl an i f i cat i on of the gnowth_ nesponse resul ts al ready

obtai ned. I t was hxpothesi zed that di fferenceE i n van i ance

of plot DBHs fnom 1968 to 1?83 måv occun due to

fentilization. The Fmax-test, however, indicated that thene

hrere no stat i st i éal di fferenceE i n the measuFed van i anceE

fnom l968 to 1983 fon the tneatments.

Gagnon et al. (197ó) studied the growth response

fol lottring fentil iz'en appl ication of 35 yean old white

spruce. In thein analysiE they measuned the cun_l-ulatiue

percent change in number of tnee stemE in particulan DBH

classes in l9é?, and control and fentil ized tnees 1ü veans

laten. Thein analysis indicated that the cumulative pencent

of tneeE decreased in all DBH claEees {on both control and

fenti I ized tneatments. The fenti I ized treatmentr howevert

showed a çrneaten decrease in cumulative percent of trees for

al I DBH classes when compared to the control. This resul t
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indicated a movement of more tnees into higher DBH classes

ås a nesult of fentilization.

Similan analysis wae penformed in this study for the

Sipitaresl( and t^Janless control and 280N treatments. The

Sipituesl( 280N treatment (Figure 3l) shc¡t¡ed a net gain in

tnee numbens in the 5rór and 7 DBH classes when companed to

the control (Figure 30). The hlanless 280N treatment (Figure

33) when companed to the contnol (Figune 32) showE a net

neduction in ÞBH clasEes 4 and d, and only a small increase

i n cl ass 5, These resul ts i ndi cate the di +feFence i n growth

response beturreen the two demonstrations. The Sipiulesl(

analysis shot¡s a positive growth response, t¡hile the t^Janless

anal ysi E showE a negat i ve growth response. The posi t i ue

Fesponse in the Sipiuresk analysis indicates the movement of

more individual trees into highen ÞBH classes. The negatiue

nesul t i n the Waól ess anal yEi s pnobabl r i ndi cates

stagnation, on no mouement of individuals into highen DBH

classes. Both of these resul ts åne concunnent wi th the

resul ts obtai ned i n the other anal yses.
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CHAPTER FIVE

Sl..ltlARY Af.lD Cü{CLUSI ü.lS

5. 1 Surmary

The Furpose of this thesis has been to detenmine the

gnowth nesponse of mature bl ack Épruce to th i nn i ng and

{ertilization treatments in Northenn Manitoba. Analysis of

col I ec ted data de term i ned, vol ume change be tween tneatmen ts,

ning increment response, stand Etnuctune changes, and the

hest t ime for treatment appl i cat i on. Al I anal yses pnov i ded

i nformat i on on the effect i veness of the tneatments. Th i s

infonmation can not¡ be used in the implementation of these

forest management techniques in similar sites in Nonthern

Man i toba,

Ferti I izati'on treatment volume calculations indicated

pnomi si ng nesul ts. The Si p iwesk spr i ng appl i cat i on

indicated best growth response with the 280 Rq/ha of urea N

tneatment. Incneases in uolume in this tneatment wene A87,

higher than the control . The lrlanless fall fentilizer

appl ication had poor nesul ts, which ma), be caused by the

timing of the application. The [^Janless thinning and

fert i I i zat i on demonstrat i on, howeuen, showed pFomi si ng

results. Thinning in combination ttrith 84 kg./ha urea N

FeEUlted in a 83'1, increase in gnowth over the control .

However, statistical analysis t¡ras unable to detect a

significant growth response due iust to the fertilizer in
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the thinning and fertilization combination tneatments,

The ning increment l*esponse analysiE measured the Eame

vaniable as the treatment uolume calculations, Results,

howeven, hrene å, I ittle less rigonous because of the method

used to oÞtain =amples. Nonetheless, this analyEiE

determined that again the best grorarth response was in the

280N tneatment at Sipiuresk. The ning incnement analysis

also determined the distnibution of ning gnot^tth incnement at

7 positions up the bole of the black sppuce. These nesults

indicated an increasing gnowth responÊe at all bole

posi t i onE wi th the amount of fert i I i zen appl i ed.

The analysis of stand chanactenistic changes meaEuned

several Etat i Et i cal features of the popul at i on of bl ack

Epnuce in the uaniouE tneatments. The featunes measuned in

th i s anal ysi s were mean, standard dev i at i on, and uan i ance of

the tnee ÞBHs i n 'al I the treatmen ts. Genenal I y, th i s

analyEis pnovided infenmation on the change of these

chanac ter i st i cs from I ?éB to t 983.

A final analysis was performed to meåEure the

cumulative pencent change in numben of stems by ÞBH class

before and after fenti I ization. AnalyEis indicated a net

gain in tree numbers af ter tS yeaFÉ in the Sipitaresl( 280N

treatment in three DBH classes when compared to control.

The l¡lanleEs 280N tneatment t¡hen compared to the contnol

showed a net neduction after 14 yeårs in two DBH classes,

and only a small increase in one cìaEs.



89

5.2 Êcnql_usi_an_å

The appl icetion of upÊå. {ertil izer to Nonthenn

I'lan i toba matune bì ack spruce cån incneaEe gnowth peÉpone,

Best application time from the r'eeults in this study was in

the spring. The fal I appl ication of ureå fer'ti I izen cauEed

a poËr grorrJth res-pönsÊ . The add i t i on nf ËupBn

triplephosphate to the ureå did not åpt,neciably incnease

gr'or"rth response. It må)'tre cc'ntrluded that the particulan

soi I s of tlre study sì tes å,ra not I acl( ing in th is nutn ient,

Thinning t.rae also faund to be å r,r,Er)'of irrcr'easing gror,,;th

FesponÊe. Hor.,reuen, the addi t ion of ureà wi th th inn ing did

not çreatly increase çnotrrth reEpclnse. This lack o{ resFtnce

rnay be caueed hy the same factare that reduced nesponÉe in

the {all applícatisn al the fertilizer's.

The impact of tErtilizerE end thinning on groutth

r'pspc,nee pequines 4ur'ther' s.tudy, Tl-re r'esults pr'esented her'e

only prouide infanmation on one tnee species and tr,lo siteE,

l"1any c,ther tree species and eitee exist in l4anitc,ba, åFrd

shou I d be i nuest i çrated fon the usefu I ness ai these

management practices in incr'easing gotr.tth neEpon6e.

l'1y analysie ËuFponts tlre hrpothesiE that fertilization

rr' thinning cån be used tû incr'ease tree uolumes. Har*leuer'r

centain data suggeete that caution must be tal<en in

application natee, and time of treatment. t¡lhat is needed i's

incneased raÉÊanch into fentilization and thinning to

eetabì ish management pr'osrammes Gn å more scientific basis.
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Appendix 1. Sipiwesk uolume and DBH data fon Voìume/DBH
cupve (vc'lume = incheE cubed, DBH = inches *).

Tree # ÞBH Vol ume Tr'ee S DBH Uol ume

I
nL
.f

4
J

6
7
I
a

10
ll
t?.
13
t4
t5
Tá
l7
IB
1?
2D
2L
2?
?3
?4
23
26

28
2?
30
31
3?
ð1f

34
35
3é
37
38

40
41
4?
43
44
45
4ó
47

6.?
4.8

6.6
4,8

5.9
4.3
5,3
7.Ê
4.7
E
.J.*f

é.4
4.9

6.1
5.é
6.4
6.1
6.7
4.7
4.?
aâ

5.ú
d.0
6.3
4.8

5.1
7,4
5.ó
4.3
ó.3
ó. (l

10503.1
4840 .0
8714.3
7373.?
3704.5
6227.3

15103.1
4386.8
7455.4
?291.7
4729.6

I I 5s6.4
4??3.2
e2?4 .8
é709.9
9444.?
7243.4

I 0567,3
4t72.4
4?26.3

13016.5
5250 .4
s037. I
a5?7.4
4638.7
¿{il.t
3r 04.2
d3?5.2
851 8.7
4701.1

I 2443.3
ó1 44.0
3023. s
8025.7
6é[7.8
â343.?
951 S.4
6496.3
5323. I
?764.4

t ?323.2
é800.9

| 1777 .5
70t8. ó
s059.2

I 444?.5
I 4254.5

5l
52
qã

54
JJ

5é
t-Jf

58
59
ó0
dl
62
ó3
64

6ê
67
é8
á7
70
7t
72
73
74
73
76
77
78
1A
BO
81
82
83
84
-tÊG!¡

86
E7
8B
o7
PO

?t
?2
7ga

?4
7ur

?6
97

5.ó
â.7
4.7
4.ê
5.1
á.9
E õ¿.7
É1

5.9
4.4
6.2
¡JO

ó.0
5.6
7.ó
7.O
3.4
4.4
5.3

8.4
6.?
5.ó

8.2
6.6
5.0

7358.7
62?7.7
?92t.4
403?.8
38?7.6
483ó.7

10éËcr . t
7851.3
ó573.3
73?7 . L

3408.5
g0éó.5
2â?t .3
6602.6
7Ct25 . I

L 1822.2
t t?âå .4
?ltt,7
3648.5
ó09é.4

I 3592.5
7?67.4

r5?72.O
10204.4
6é3F. F

20678.2
8532. t

I 8599. g
t 49?à .7
I 4933. I

?500 .3
3591.4
7556.3

14173.0
an11 ?r
I LLI .J

?2?4.?
4923. é
3402.8
ja12 n

4?27.6
?678.0
a377.?

21 751 . ,5
74?2.5
2l Ê2.0

11343.?
4tr4t.5

27 á.2
5.4
4.3

8.1
5.8
â.7

e.l
6.1

9.0

P.0

6.2
7.?
ó.0
ó.5
4.?
4.2
4.1
4.7
ó.8
6.1
7...f

5.9
3.2
ö.f
4.7

ËE.J.*J

á,2
5.ó
çJ¡sl

6.9
8.Ë
5.7
7.t
5.é
6.1
7.8
7A
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48
49
5t

4.8
tñJ.7
6./

ó.0
J.7
7.9

7470.5
74?5.6

I t744 .6 100

ññ--¡ õJ7 LL.,)

â7tâ.7
??42 .4

* Data r¿.las tnansformed to metnic in computen.
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Appendix 2. [,*lanl ess vol ume and DBH data f or Vol ume./DBH cunue
(volume = inchee cubed, DBH = inches *).

Tree fr DBH Vol ume Tnee il DBH Vol ume

t
5
L

g
2
4
I
t
3
g
3
5
3
ó
4
7
û
I
g
_¿.
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0
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6
6
0
?
*J
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I
Ê
-J

2
7
3
6
6
5
0
I
3
4
TJ

I
I
4
I

I
2
3
4
Ê
AJ

6
7
I
7

l0
tl
t?
t3
14
t5
16
t7
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l9
2t
2t
.¿.Ã.
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23
2é
?7
?8

30
31
32
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ãE

3é
FJ1

3g
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4l
42
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46
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5.
4.
â.
!r.
6,
a

6.
â.
E

E

é.
ó.
é.
E

I

4.
Ê

E

4.
4.
Ê

LJ'

E

7.
é,
6.
6.
ó.
1

4.
G

I

6,
EJ.

4.

7.
â.
4.
4.
ê.
4,
é.
J.

5.

474é.?
3844.7
é988.8
óé05. P
71 19.5

L4??4.?
892é. Ê
87?6.3
5438.2
734?.7
8573.2
?7P6.3
9440 .9
681 5.2
830 I .2
432?.8
5t59.8
4325. I
4?78.é
421 5. ?
551 9.4
4984.5
581 t .0
5450 .0
é884.3

LT7=1 .2
87?7 .6
9003.5
7782.4

I 0B?7.8
10543.3

41 28.5
521 I .8
8?27.5
72P0 . B
6402,5
4573.7
ó81 9.9

I I 055.2
7Ë93.5
3550 .4
340ó. I
8605. I
51 P7.4

tü?2ó.8
5P73.7
33?2.6

5t
32
53
54
55
56
57
58
59
ó0
ét
é2
d3
ó4
65
6ê
¿aua
ó8
6?
7A
7t
7?
73
74
73
7ó
77
78
7?
BO

8t
B2
s3
g4
Ê5
Bó
B7
88
89
PO

?l
?2
7ga

94
?5
?6
?7

¿Ê
ó.5

4.5
6.8
7.t
5.3

5.4
É1

3.4
EA

7.8

5.8
6.8

7.5
4.3
7.9
E 4
!r,tf

ó.0
é.1
6.9
5.3
5.9
6.1
4.6
6.2

47á4.ã
10138. ?
t 1731.4
ó3ó8. I
8??6.á
8708.0
é378.8
5505.4
ê324.4

I 0578. ?
d4l l . t
7055.2

13170.1
44éL.L
8191.0
6882. B
703É.4

1'0599. I
51 95. ?

I 02ó5.6
I t74l .6
7é73.O

I I 6Ë8.4
I 3é23. I
3746,?

t 4245. I
ã4?2.2
7134.7
8298. ?

1111û.4
5P83.4
89t 4. I
7937.4
41 89. I
-TEõ -tJ,tL.f

7407.7
5P5ó.9
844ó.9
292-¿, é
?3ó3.4

10842.0
7493.7
449'¿.O

r0241,5
??êt.t
4777 .6
4122.4

E'çr¡ I

7.t

5.0
ó.1
5.P

ó.8
5. tt

7.0
ó.t
7.2

EñJ.O

5.6
6.4
4.0
é.2
7,O
E -

ÃÊ
I.LJ

6.4
ó,ó
4.7
4.5



IOI

4B
47
5û

4.8
é.?

tã

4.5
ó.0

89?5.2
3950 .3
8r P8. I

98
??

4l 49.5
I tu?6.2

* Data t¡as tnans{onmed to me tn i c i n compu ter .
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ApFendix B. plot ÞBH measunements fon Sipit^resk t9ó8 (measuned

in inches).

pìot Numben I (ldBN + 112P)
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Plot Number l5 (280N)
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Appendi x 4. Pl of DBH measupements {or Si p iwesk l9B3 (meaEuned
in inches).

Plot Numben I (1óBN + ll2P)
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Il0

Append i x 5. Pl of DBH measuFemen ts {on [^Jan ì eEs 19óB (measuned
in ir¡ches) .

Plot Numben I (ldgN + ll2P)
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Plot Number 26 (lóBN + l12P)
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Appendix é. Plot DBH meåEUr-ementE {on t^JanleEs l?83 (measuned
in irrches) .
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Appendix 7. Plot DBH meåsunements forferti I ization demonstnatisn at t¡lanless
inches) .
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Append i x B. Pl of DBH meåsunemen tE fon th i nn i ng and
f ert i I izat ion demonstnat ion at l¡Janl ess l?83 (measurements in
inches) .
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Appendix ?. Sip it^resk 5 yaår r ing increment treatment
nesponse cal cul at i ons for / bol e posi t i ons. Response was
calculated relative to the 5 year period pnior to treatment,
and is presented hene as e percent (100 Z = identical gnowth
to 5 year per i od pr i or to treatmen t ) .

Bol e
Posi t i on

Trea tmen t Years After Ferti I ization
l-5 ó-10 I 1-15

I .3 metreg ON
84N
t d8N
280N
1ó8N + I lzP

1t7.7
l0P. I
129,3
t 3é.4
r 32.9

?7.O
BB.5
?t .7

t 08.4
ll4.l

84.2
69.5
72.?
7? .4
94.7

2.é metres ON
B4N
I 68N
280N
1é8N + 1tZP

1CI1.8
rt4,?
r23.?
123. I
125.?

79.7
7?.3
84.2
93.?
92.3

76.5
ê6.6
73.3
79.8
?2.6

3.9 metreE ON
84N
I 68N
2BCIN
16gN + I lZP

100 .8
104.4
121 .7
125.0
L?1 .7

77.8

83.5
?4.8
95.5

é?.3
64 .6
70 .0
72,3
aê.7

74.8

5.2 me tnes ON
84N
I 68N
280N
ló8N + 1lZP

?7.?
t 05.0
r23.2
128. I
124.3

74.7
7t.4
82.5
??.2
?r.4

70 .0
64.4
69.1
73.6
82,7

ó.5 metnes ON
Ë4N
I 68N
280N
168N + ll2P

74.?
t 02.8
122. I
125.5
128.2

72.8
68.7
7?.4
9t.6
8ó.0

72.3
5é.6
70.1
é9.5
79 .1

7.8 metnes ON
s4N
I ó8N
280N
léËN + ll2P

88. g
102.3
1t?.?
125. B
1 18.3

,áó.3
é8.0
78.2
88.8
83.9

63.8
37 .2
68.7
é6. CI

73.9

ON
84N
I 6BN
280N
1ó8N + llzP

8ó. ?
t 03.4
121 .0
120.4
I 15.0

ó3.0
63.4
78.6
82.?
78.?

5é

é4.
62.
é9.

?
0
?
4
7

54.
9.1 metnes




