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Eight fertilization treatments were applied in May 1987 to two suqar 

maple stands in the Lower Laurentlans of Quebec, one located in the 

Entrelacs area and the other located in the St-Hlppolyte area. ThlS was 

followed by soil and foliar sampling and decllne evaluation in mid-summer 

1987 and foliar sampling and decline evaluatlon ln mld-summer 1988. 

Although the complete range of decline was ln eVl.dence at both 

sites, trees selected for sampling purposes on average showed eVldence of 

light to moderate decline. Foliar nutnent status was found to be poor 

at both sites, with Ca, Mg, K and P at or very near to deflclency levels 

although foliar molar rat~os for Ca/K, Ca/Mg and Ca/Al were weIl withln 

their respective critlcal ranges. 

Fertillzatlon had sl.gnifl.cant effects on several elemental 

concentrations of the soil and follage at the Entrelacs slte. Effects in 

general showed an increase ln base cation concentratl.ons when those 

elements were supplied in hlgh enough quanti ties in the fertillzers. 

Fertilizatlon had no signlficant effect on decllne levels, perhaps due to 

the relatively short duratlon of this p~oject or to the tree havinq had 

a critical degree of damage from which no revitallzation would have been 

possible. 

Positive correlations were obtained between soil B horlzon levels 

and foliar Ca, Mg and K and between soil FH horizon levels and foliar K 
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and Al when analyses were carried uut on data obtained from Entrelacs and 

St-Hippolyte. This indicated that the fertilization treatments did have 

an effect on both the soil and foliag~ and that the nutrient status of 

the soil did influence the nutrient status of the foliage. When the 

control plots only were analysed for the two sites, the only element that 

gave a signiflcant negative correlation to tree decline level was foliar 

Mg. 
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RESUME 

M.Sc. Heather A. Spankie Ressources 
Renouvelables 

Huit traitements de fertllisation ont été applIqués au mois de mal 

1987 dans d~ux érablières situées dans les Basses LaurentIdes au Québec, 

soi t dans la région d'Entrelacs et danf, la région de St -Hlppolyte. 

L'échantillonnage du sol, des feuIlles ainsl que l'évaluation vIsuelle du 

degré de dépérissement ont été effectufs vers le mllleu de l'été 1987. 

L'échantillonnage des feUIlles et l'évaluatIon visuelle du dépérlssement 

ont été répetés à l'été 1988. 

Les arbres aux deux stations montraient des nIveaux très varIés de 

dépérissement. Cependant, seuls les arbres montrant des degrés de 

dépérissement léger à modéré ont été sélectionnés pour l'~tude. Le statut 

nutritIf des feuilles s'avérait pauvre en Ca, Mg, K et P et ce, mème SI 

les rat lOS molalres Ca/K, Ca/Mg et Ca/Al du feulilage étalent bIen en-deça 

de leur llmlte crItIque. 

La fertllIsatlon a eu des effets signIficatIfs sur les 

concentratlons en éléments nutritifs du sol et du feuillaqe à la statIon 

d'Entrelacs. On a observé ces effets par une augmentatIon de la 

concentration de~ cations basiques lorsque ces éléments étalent fournls 

en quantl té sufflsante par les fertll1sants. La. fertllisation n'a eu 

aucun effet slgnlficatIf sur les degrés de dépérlssement. Cela peut étr~ 

dû au fait que le proJet atait de trop courte durée ou que certaIns arbres 

avaient attelnt un degré de dépérissement tel que la reVltallsation 

n'était plus pOSSIble. 
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En comblnant les données d'Entrelacs et de St-HipPolyte, des 

corrélatlons posltlves ont été obtenues entre les niveaux de Ca, Mg et K 

du feuillage et ceux de l'horlzon mlnéral B du sol ainsi qu'entre les 

niveaux de K et d'Al des feUllles et ceux de l'horizon FH. CeCl démontre 

que l~s traltements de fertillsatlon ont eu un effet signlflcatif sur le 

sol et le feulilage et que la fertlllté du sol a effectlvement lnfluencé 

le statut nutrltlf des feuliles. Lorsque seules les parcelles témolns 

sont utlilsees pour l'analyse, seule la concentration en Mg des feuliles 

est corrélée negatlvement avec le degré de dépérlssement. 
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PREFACE 

The purpose of this study was to examine the influence oÏ 

fertilization on soil nutrient concentrations, follar nutrient 

concentrations and decline levels ln a sugar maple stand located in the 

Entrelacs area of the Lower Laurentlans of Quebec. The relationshlp 

between follar and SOlI nutrient concentratlons and decl1ne was aiso 

assessed uSlng data collected from the Entrelacs area as weIl as the St-

HipPolyte are~, also located ln the Lower Laurentians. The flrst sectlon 

of this theSlS proVldes a general IntroductIon to the study and Its 

objectIves. Chapter One lS a reVlew of the Iiterature concerning recent 

forest decllne. Chapter Two deals with the E>ffects of fertlllZatlon 

treatments on solI and fobar nutrient concentratIons and sugar maple 

decline 1.n the Entrelacs area. Chapter Three IS concerned Wl th the 

1 assessment of possIble reiationships among SOlI and fobar nutnent 

concentrations and decl1.ne in the Entrelacs and St-H1.ppolyte areas. These 

two latter chapters are presented ln paper format and are followed by an 

overall summary of the pro)ect ln Chapter Four. The Append1.x con taIns 

complete follar and s01.1 data sets for both the Entrelacs and St-HIppolyte 

areas under study. 
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INTRODUCTION 

Forest decline is far from being a modern-day occurrence. Some 

fo~ests of Europe experienced decllne more th an 200 years ago while in 

North America declining trees were a phenomenon nearly 100 years ago. 

Parts of Mexico, Hawaii, Papua-New Guinea, New Ze~land and Australia have 

also been affected by declining forests in the past (Dessureault 1986). 

These declines have lnvolved many different species over the years with 

only one or two species in a particular region being affected at a 

specifie time. This can he contrasted with the new type of forest decllne 

which has been taking place within the past ten years particularly ln 

central Europe and northeastern North America. Recently, development of 

decline symptoms has heen rapid and several speCles at the same tiffie over 

an extended area have been affected. While in Europe and northeastern 

United States the majority of trees affected have been conlferous, forest 

decline in Canada appears to be more severely af f€'ctlng the declduous 

trees, especlally the sugar maple (Acer saccharum Marsh.) stands located 

throughout their entire range in Quebec (Lachance 1985) ann the sugar 

maple of northeastern Ontario (McLaughlin et al. 1985). 

There have been numerous theories proposed to explain the 

occurrences of de~lining forests but none has been unanlmously accepted 

by researchers as totally satisfactory. Current theories which have 

merited attention recently regarding the possible cause (s) of decline 

include the multiple-stress hypothesis, the climate hypothesis, gaseous 

pollutant effects, the excess nl trogen hypothesis and the acid 

deposition/soil acidification/nutrlent imbalance theory. Interestingly, 
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one factor which forms an integral part of each theory is common to all 

five theories. Nutrient deficiencies or imbalances in the soil or foliage 

appear to be pervasive where declines occur. Fertilization to improve or 

correct such nutrient deficlencies or imbalances has been shown by some 

researchers to have positive effects on nutrient concentrations in the 

past (Hader and Thompson 1969; Zoettl and Huetti 198~). 

In this study several fertilizers were applied, composed mainly of 

various comblnations of basic cations which in the past have been found 

to be at deficiency leveis in declining sites. The fertilizer treatments 

were used in order to study: 

a) the effects of fertilizer treatments on the nutrient status 

of the soil and of the foliage in a declining sugar maple 

stand; and 

b) the effects of fertilizer treatments on the decline levels of 

the trees as evidenced by visual examination. 

Poor avaliability of sOlI nutrients has often been Iinked to foliar 

deficiencies which in turn lS demonstrated by poor tree health (Hader and 

Thompson 1969; Huettl and Wlsniewski 1987; Bernier and Brazeau 1988a). 

Predictions possibly could be made therefore of deficient nutrients in the 

foliage by examination of the soil alone if there is a strong relationship 

between sOlI and foliar nutrient status. Alsa it may be of interest to 

know if a specifIe element is correlated to decline so that the deficiency 

(or exces~) may possibly be carrected thraugh fertilization. Therefore, 

other aspects of this study included: 

a) the ~xamination of the relationship(s) between foliar and soil 

nutrient concentrations in sugar maple stands; and 
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b) the examination of the relationship(s) between decline levels 

of the tree and foliar nutrient concentrations. 

The following section, Chapter 1, reviews the current literature on 

forest decline and nutrient imbalances. Chapter 2 discusses the effects 

of various fertilizer treatments on foliar nutrient concentrations, soil 

nutrient concentrations and tree decline level~ in a s~qar maple stand. 

Chapter 3 deals with the relationships between foliar and soil nutrient 

concentrations and tree decline levels and Chapter 4 gives an overall 

summary of the study. 
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1. REVIEV OF LITERATURE 

1.1 INTRODUCTION 

Declines have been dcfined as comp1ex diseases WhlCh interact ta 

produce an effect that no single agent can do alone. ThIS effect is 

evidenced by a progressive 10ss of Vlgor and wea}:ening of the tree 

together with increased susceptibility to secondary b1ot1C and abiotic 

stresses. Dieback of portIons of the canopy can follow and ultimate1y 

death of the tree can result (Manion 1985; McLaugh1in 1985). 

Declines have been observed for at 1east two hundred years ln Europe 

and near1y a hundred years in North America (Dessureault 1986) but forest 

damage was not as systematIc and widespread nor as intensive as It has 

been seen recently (Prinz 1987). The fact that the decl1nes are affecting 

conifers and declduous trees growlng under a wlde range of 5011, sIte and 

c1imatic conditIons ln bath Europe and North America has led researchers 

to classify these recent decllnes as a "new type" of forest decllne or 

"Waldsterben" meaning forest 1eath (Schutt and Cowllng 1985) WhlCh 1S not 

due to natura1 and s11vlcultural factors alone (Krause et al. 1986). 

More specific symptoms assoclated w1th decllning coniferous trees 

inc1ude diameter growth reduction, needle d1scoloratlon, premature 

senescence of. oider needles, crown thlnning, decreased root/shoot ratios, 

adventitious branching and eventual death. Deciduous trees experlence 

many of the same symptoms as we1l as smaller and pa1er leaves, premature 

fall colorlng, abscission of green leaves and shoots, the dY1ng back of 

branches from the outermost twigs inwards, a loosenlng of the b~rk on the 
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smaller branches and perhaps on the trunk and, with suçar maple, a slower 

rate of taphole closure. An important non-visual symptom which has been 

observed 10 dec11n1nq stands through foliar, root and/or soil analyses is 

nutrient 1mbalanccs in the system (Schutt and Cowling 1985; Gaqnon 1988). 

Krause et al. (1986), Nllsson and DUlnker (1987) and Pltelka and 

Raynal (1989) present comprehenslve reVlews on the background and extent 

of new forest dec110e 10 Europe and North America. In Europe, from White 

fu (Ab1es i!lba Mll1.) 10 the 1970's ta spruce (~1cea spp), pine (Pinus 

spp), European beech (Fagus sylvat1ca) and oak (Quercus spp) throughout 

the 1980's, the declines seem to be gettlng progresslvely worse (Schutt 

and Cowhng 1985). In é:!astern Ur.1ted States red spruce (Plcea rubens 

Sarg.). several plne species (Slccama et al. 1982) and sugar maple are 

affected, wlth sugar maple decllne being detected ln Mlchlgan ln the late 

1950'5 (Kessler 1963). Sugar maple is also undergolng decllne ln Quebec 

and OntarlO (P1telka and Raynal 1989). Slnce the late 1970'5 sugar maple 

decline has lncreased to the pOlnt where it is now present throughout its 

range in Quebec (Lachance 1985). 

1.2 CAUSES OF DECLINE 

Although the effects of decline can easlly be seen, the cause(s) is 

(are) still under debate. For any explanation offered for the present 

dechne syndrome Prinz (1983) (as clted by Krause et al. 1986) has 

postulated three crlterla WhlCh must be met before its acceptance: 

1. It must be possible to relate specifie symptoms of injury to 

the causal factor ln question; 
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2. Temporal development of injury must coinclde wlth temporal 

develorment of the causal factor in question, includlnq 

accumulation effects and delayed action of the factor; and 

3. Spatial distrIbution of injury must largely coincide Wl th 

spatial distrIbution of the factor in questlon. 

The following discussion wIll examine the five maJor hypotheses 

currently proposed in the literature regarding the causal factor(s) for 

this new type of forest decline. These hypotheses tend ta overlap ln some 

way with one another, but each considers a different mechanism ta be the 

dLiving force behind the decline. 

1. 2.1 The Multiple-Stress Hypothesis 

The multlple-stress hypothesis, which is qui te widely accepted 

(Dessureault 1985; Roy et al. 1985), rostulates that the new declines are 

not just caused by one factor but by competltlonal, physlcal cl1mate, 

biotic pathogen and chemical stresses WhlCh can occur at the sa~e time or 

one after another in any order. They can be either lonq-term or short

term and elther increase or decrease with age of the forest stand. They 

can act independently, additively, synerçustlcally or antagonlstlcally 

(Cowling 1985). Manlon (1981) groups these various stresses ln ta three 

sets of factors malntaining that at least one factor from each set must 

appear in order for decline to occur: 

a) Predisposing factors those that are generally static or 

nonchanging such as climate, soil moisture, genotype of host, soil 

nutrients, air pollutants; 
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b) Inci ting factors - those that are short i:1 duration and may be 

physical or biological in nature such as insect defoliators, early frost, 

drought, salt spray, air pollutants, mechanical injury; and 

c) Contrlbut~ng factors - thosc that produce notice able symptoms and 

signs on the weakene~ hast and are often blamed for the tI~e's death such 

as bark beetles, canker funqi, vjruses, (oot-decay fungi and competition 

(HcLaughlln 1985; Krause et al. 1986; Rehfuess 1987). 

The areas with the most severe sugar maple decline in Quebec could 

be considered ta have margInal cJ.~mate and poor soils as predisposing 

factors (Hendershot and Jones 1989), drought and/or spring thaws in the 

early 1~ao's as inciting factors (Roy et al. 1985), and flnally shaestring " . 
< 
1 

root rot (Armillaria mellea) as a contributlng factor (Lachance 1985). i 

1. 2.2 The Climate Hypothesis 
( 

Climate can be looked at in terms of an overall global warming trend 

or in terms of short-term climatic episodes, such as summer droughts, 

early spring thaws or late frosts, WhICh have been previously classified 

as inciting factor.:> but which some consider to be more like primary 

causes. Regarding global warming, Slnee the mld-1800's the temperature 

has increased by about 0.5°C and lS expected to increase an additional 

O.5°C by the year 2000, this being at least ln part due to increasing 

concentrations of C02 in the atmosphere. Warffilng may enhance forest 

growth because of an increase in growing season but other detrimental 

effects could also take place b~cause of phYSIological processes such as 

photosynthesis, transpIration, respiration and reproduction carabilities 
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being affected. Decomposition and pathogen and pest ranges may also be 

altered (Hepting 1963; Smith 1985). Auclair (1981) related the onset of 

widespread crown dieback in 1925, 1937 and 1981 on some northern hardwood 

species in ea,tern Canada to episodes of rapid iucrease ln global 

temperature and theorized that long-term global warming and associated 

variability in weather is a primary factor inciting forest decline in the 

northern hardwoods of eastern Canada and the northeastern United Stat~s. 

Manion (1981) also related the birch (Betula spp) dleback between 1930 and 

1950 ln northeastern North America to an increase in average summer 

temperatures of 1°C over a 10-20 year peri0d. He ~onsidered this lncre~se 

a predisposing factor. 

Short-term climate events such as drought and frost damage have been 

shown to be lmportant inci ting factors in decllne. In Europe the 

experience of dry summers of 1916, 1980, 1982 and 1983 coincldlng wlth a 

considerabl~ increase ln the development of forest decline has led many 

to belleve that cllmate does have a trlggerlng or synchronlzing role to 

play (Johnson and Siccama 1983; Schutt and Cowllng 1985; Smlth 1985; 

Krause et al. 1986; Prinz 1981; Rehfuess 1987). From 1964 to 1966 the 

United States experienced the most severe drought ln the northeast in the 

past 250 years (LeBlanc et al. 1987). Johnson and Siccama (1983) 

suggested that subsequent growth reductlons in red spruce represented the 

initiation of dieback and decllne ln these trees. Scots plne (Pinus 

sylvestris L.), red pine (Pinus resinosa Alt.) and Norway spruce (Plcea 

abies (L.) Karst.) all exhibl ted periods of dimlnished growth as well 

during the decades after 1960 with decreases in growth belng larqer in 

those groups assumed to be more susceptlble to aCldic deposition effects 
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(LeBlanc et al. 1987). But HcLaughlin (1985) argued against drought as 

a primary causal agent, stating that initiatIon of the downward growth 

trend occurred prior to the driest years (1964 and 1965) in many northeast 

sites and occurred at some southern sites where droughts were not apparent 

or where droughts could not be obviously correlated to the onsp,t of growth 

reductions. 

Quebec has experienced unusual weather events in the 1980'9 which 

Roy et al. (1985) suggest could be a probable factor in sugar maple 

de cline • In the winter of 1979-80 then was li ttle snow cover on the 

soil, possibly resultlng in deep frost penetration which would seriously 

injure the root system (Lachance 1985). Another damaging climatic event 

occurred in June 1980 when a late frost s~verely damaged maple in early 

leaf over an area of 1300 km2 (Hendershot an0 Jones 1989). In early 1981 

l 
a thaw took place where for 25 days (February 15-March 2, March 5-13) 

maximum daily air temperatures exceeded OOC. Sapflow and premature bud-

break resul ted on sorne trees. Physiological changes that probably 

resulted included rehydration of tissues and subsequent decrease in frost 

resiJtance. The freeZlng temperatures of March 3 and March 14-17 which 

followed this thaw, together with the little amount of snow cover once 

again, probably resul~ed in severe frost damage and mortality to the roots 

(Auclair 1!)87). In May 1982 there was a drought at early leê:tf period 

followed by another drought in July oi that year (Roy et al. 1985). These 

inciting factors could all have had a devastating effect on the trees. 

11 

l 



1.2.3 Gaseous Pollutants 

The major gaseous pollutants that are considered by some to ba 

primary factors in forest decline are sul~hur dioxide and ozone. 

Sulphur dioxide is more lmportant on a regional scale as one of the 

precursor pollutants leading to the formation of acid rain, but it is also 

capable of causing more direct damage to forests for distances of over 100 

km from major point: sources (Linzon 1986). For example, in the Ore 

Mountains of northeastern Bavaria and the northern mountalns of 

Czechoslovakia where about 30,000 ha of spruce forests have been kliled, 

classical sulphur dioxide damage to the follage was considered the most 

prominent stress factor, disturblng main)i the photosynthesis and 

transpiration of the trees. Frost shocks were also considered to 

contribute to the decline of these forests (Rehfuess 1987). However, 

Krause et al. (1986) have stated that in general in Europe, where sulphur 

dioxide concentrations have been decreasing Slnce 1970, there lS ne1ther 

the necessary spatial nor temporal correlation between areas of forest 

decline and sulphur dloxide concentrations. As Johnson and Siccama (1983) 

pointed out, red pine growing on exposed ridges of the Green Mountains ln 

the United States showed no abnormal growth or mortallty and since red 

pine is a very sensltive speC1es to sulphur dioxide lt should therefore 

be a good indicator of the effects of sulphur dioxide pollution. 

Ozone, which is found in higher concentrations in areas of greater 

altitudes (500 to 1500 ~ above sea level), has been increasing steadily 

in concentrations since 1967 in many parts of Europe (Krause et al. 1986). 

Ozone can cause cell membranes and cuticular waxes to deteriorate, making 
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them more permeable to cations. Leaching of essential nutrients lS ev en 

more enhanced ln combination wlth acid rain and foq (Prlnz 1987). This 

can lead to a decrease ln net photosynthesis wIth :;ubsequent poorer 

development of the root system and follar d~cline s~mptoms which can in 

turn Increase the tree' s susceptlbili ty to other ~tress factors (Schutt 

and Cowllng 1985). Pnnz (1987) and Krause et al. (1986) believe that 

temporal and spatIal development of forest decllne can be relat.o!d to 

distribution and formation of 03 in the atmosphere, leadlng them to 

conclude that ozone 1S the mlJor contributing factor of aIl air pollutants 

involved. Sorne res~archers do not believe, however, tt~ 0zone hYP0thesis 

adequately explalns many symptoms seen on, for example, decJ Inlng red 

spruce stands ln the northeastern United States. AIso, '>inee conduclve 

condItIons to forming ozone would be more frequent in the southern than 

northern Appalachians but mortality is prevalent ln the north and not the 

south, Johnson and Slccama (1983) suggest it would be surprising 1f ozone 

were thè leadlng cause of decllne. Much more detailed knowl edgE: is 

necessary of aIl facets of weather conditIons and events that could have 

any bearlng on secondary air pollutants ln order to make a strong link 

between aIr pollutants and for~st decline (Manion 1985). 

In southern Quebec, relatlvely low levels of ozone exist, seasonal 

mean values be1ng between 20 ppb and 40 p~b (Schemenauer and Anlauf 1987), 

and the conc~ntrations of sulphur dlOxidE: ln amblent aIr are probably weIl 

below the phytotoXlclty thresholds except for lsolated em1ssion sources 

which are of negl1gibl.o! Importance to the region as a whole (Bernier and 

Brazeau 1986). Therefore aIr pollutants, although possibly contributing, 

are probably not maJor fact0rs relating to the serious decline of sugar 
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maple, a species which has been classified as "tolerant" to both sulphur 

dioxide and ozone (Davis and Gerhold 1976, as ci ted by Kozlowski and 

Constantinidou 1986). 

1. 2.4 The Excess Nitrogen Hypothesis 

The excess nitrogen or "ammonium hypothesis" postulates that ever

increasing amolmts of nitrogen compounds in wet and dry deposition are 

contributing to declining forests (Nihlgard 1985). Several mechanisms may 

be involved: 

a) Nitrogen may be taken up in the form of ammonia, ammonium and 

nitrous oxides by the leaves through dry and wet deposition. Durlng the 

natural metabolism of nitrogen, ammonium is oxidized and nitrate reduced 

to ammonia before assimilation to amines, amides, amino aClds and protelns 

takes place (Raven and Smith 1976). This process results in soluble 

carbohydrates being consumed. Volume production of the tree is stimulated 

to produce more carbohydrates ln order to utilize the additional nitrogen. 

The production of assimilation waste products is also therefore increased 

and toxic concentrations of an increasing amount of waste substances in 

the leaves may be reached when they cannot be exuded in dry periods. The 

tree may then just "shed" the leaves: 

b) Decreased amounts of soluble carbohydrates caused bl lncreased 

amounts of leaf nitrog~n wlll res~lt in decreased root growth, changes in 

root/shoot ratios and decreases in frost hardiness, for conifers in 

particular. Friedland et al. (1984), studyinq wi.nter damage to foliaqe 

as a factor in red spruce decline in the Appalachians sugqc:!sted that 
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nltrogen supplled (37-44 kg N ha-lyr-l) to the foliage and/or soil induced 

growth later in the season and delayed cuticularization of the epidermis. 

This. along with lncomplete starch to sugar converSIons, caused the plants 

ta be more susceptible to damage from early frost or dessication; 

c) Leaf damage such as decreased leaf resistance, leaf chlorosis, 

necrOS1S and turgor loss can take place after direct uptake of ammonium. 

The uptake wIll, ln turn, cause cations such as K or Mg to be exchanged; 

d) Excess ni trogen may a1so stlmulate fungal diseases as well as insect 

attacks and algal growth on leaf surfaces; 

e) Excess nltrogen will cause initial increased growth, resulting ln 

a greater dema~d for other nutrlents and water. In low fertil1ty sOlls 

defic1encies of other essentlal nutrients can result. Hohren et al. 

(1986) concluded when studying Douglas flr (Pseudotsuga menzlesli (Mirb.) 

Franco) ln the Netherlands that the inc{p.ased nitrogen avallability due 

to atmospher1c nltrogen input resu1ted in the development of phosphorus 

deficiency; 

f) A hiqh deposit10n of ammonium and nitrate may cause an Increase in 

the rate of nitrification, resulting in a more acidic 5011 environment 

wi th subsequent Increases of leaching of base cations and Al 

solubiliza~lon; 

g) Soil leaching of Mg, Ca and K is increased due to soi1 

aCld1flcat1on, and h1gh ammonium concentrat10ns in the soil suppresses Mg 

uptake, potent1ally caus1ng a deficiency in Mg which lS necessary ln the 

formation of chlorophyll and for prote in synthesls; 

h) Mycorrhlzal activ1ty, which lS very important in phosphorus nutr1-

tlon for the tree, may be adversely affected. Mycorrhizal root infection 
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has been reduced ln sorne nltrate-rich soi1s, and the decreased supply of 

carbohydrates being exuded from the roots due to their increased consump

tian because of excess ammonium may also lnhibit actIvIty (Nihlgard 1985) . 

Although the excess nitrogen hypothesls can expialn decline in many 

areas receiving large deposltion, such as the Netheriands where deposltlon 

can exceed 50 kg N ha- 1 yr- J • sorne consider the Iink not too strong in 

areas of decline at higher altltudes ln central and southern Germany where 

deposltion rates are less than 25 kg N ha- t yr- I (Blank et al. 1988). 

1.2.5 Acid Deposition, Soil Acidification and Nutrient Imbalances 

A final hypothesis on the cause of the present forest decline lS the 

soil acidification and nutnent imbalance theory. The natural 

acidification of sorne forest soils is accelerated when the input of 

acidity ln the forest ecosystem exceeds the buffering capaclty of the sail 

and when catlon losses due to leachlng are not sufficiently replaced by 

cation weathering of prlmary mlnerais (John50n et al. 1982). Durlng thls 

period of aCldlflcation and depending on varlOUS soil chemlcal properties, 

replacement on the exchange sites wlth H+ and Ap t ions and subsequent 

leaching of nutrlent catIons such as Ca. Mg, K and Na wIll take place 

causing a potentlai nutrient defIclency situatlon for the trees 

(Huttermann and Ulnch 1984; Johnson et al. 1985). Huettl (1986a) and 

Zoettl and Huettl (1986) conslder thls deficient nutrlent supply as the 

dominant predisposing stress factor for the new type of forest decIIne. 

Acid deposition and nutrient Imbalances have been suggested as the reasons 

for changes ln the rates of K, Ca and Mg cycling in deciduous forests of 
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Tennessee (Johnson et al. 1985). Hauhs aùd Dise (1989) reported as weIl 

that Ca and Mg depletion ln the soil at Lange Bramke in West Germany was 

caused by aCld deposltion and that soil aCldlfication was involved ln the 

Mg deficiency symptoms seen since 1982 in about one-third of the tree 

population ln the area. ThlS mechanlsm also has been used ta explain why 

decllnlng sugar maple forests in Quebec have shown low foliar 

concentratlons of K, Ca, Mg and ln sorne cases P (Bernier and Brazeau 

1988bc; Gagnon 1988) as weIl as a major decrease in exchangeable cations 

in the sOlI of K, Mg and Ca over the past 17 years (Gagnon et al. 1986). 

Acid depositlon can also cause increased foliar leaching. Using 

acidified artlficial ffilst wlth sugar maple seedllngs, Wood and Bormann 

(1975) demonstrated that follar losses of K, Mg and Ca Increased as the 

acidity of the art1f1cial mlst was ra1sed. Although leach1ng w1lI involve 

an exchange of Ht from the acidic deposition w1th cations such as Ca, Mg 

or K from the follage, the total H+ load ta the soil will not be 

decreased. The amount buffered in the crown canopy lS released thraugh the 

root system ta the SOlI when the base catlons that were previously leached 

from the follage are replaced by base cations from the soil solution. In 

th1s "'Iay, electroneutrall ty in the tree is malntalned. It 1S also 

mainta1ned dur1ng ion uptake by the tree. Slnce trees will often take up 

more catlons than anlons, espec1ally in aCld sOlls where cond1tions for 

reduced n1tr1flcat10n eXlst, there will be an addit10nal proton flux fram 

the root ta the 5011 WhlCh, comb1ned wlth the proton flux resulting from 

canopy buffering, will acidlfy the rh1zosphere (Ulrich 1983; Matzner and 

Ulrich 1985). 
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Aluminum :oncentration in the soil solutlon will be lncreased as pH 

decreases and may reach the point where lt is damaging or even toxie to 

the roots (Ullleh et al. 1980; Godbold et al. 1988). Also, whlle studylng 

spruce trees in North America and Europe, JosllD et al. (1988) found that 

sites with hlgher levels of plant-available Al supported trees wlth 

correspondingly lower follar levels of Ca and Mg provldlng elreumstantial 

evidence that Al may be lnterfering wlth Ca and Mg uptake and transport. 

This has been shawn ta accur in other studies ln Europe as weIl 

(Huttermann and Ulrich 1984; Gadbold et al. 1988). Law foliar levels of 

Mg in particular have been evident in rnany speeies ill declining forests 

in Germany and this has been relatcd to acid deposltlOn (Zech et al. 

1985) . Rehfuess (1987) found that sorne ozone-darnaged spruee trees had 

extreme Ca and Mg deflclencles while growing on sites wlth a potentlal for 

adequate amounts of aVallable Mg. He concluded that the ozone-darnaged 

needles, wh en subjected to acid rnists, allowed mu ch leachlng to occur. 

In additlon, aCld depos1tlon could accelerate l~ach1ny uf Mg from the sOlI 

and increase Al solub111zatlon resultlng in negative root uptake effects 

on Mg. As base cat10ns are lost from the system, nutrlent imbalances may 

result and subsequently affect the roots. For example, adequate Ca is 

needed to maintain the selecl1ve ion uptake processes in roots. 

Deficiency ln Ca ~r Mg can result ln damaged roots and may be expressed 

in above-ground symptoms (Epstein 1961; Meyer et al. 1985). Also, 

increased Al concentration ln the soil and less Ca due ta leach1ng lasses 

decreases the Ca/Al molar ratio. It is belleved that thlS ratlo, whleh 

sho\lld be greater than one (Rost-Siebert 1983 as Clted by Eldhuset et al 

1987) 1 and not the absolute arnounts of Ca or Al is the Important factor 
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for the manifestation of Al-toxicity since even at low pH values and high 

Al-concentrations a hlgh Ca-concentration can counteract the detrimental 

effect of Al ions (Huttermann and Ulrlch 1984; Godbold et al. 1988). 

The aCldlficatlon-nutrient imbalance theory has received crlticlsm 

however. Rehfuess (1987) found much spruce decline in the hlgh altitudes 

of the calcareous Alps and felt that sOlI aCldification could not be a 

stress factor under conditions where Ca and Mg were plentlful but 

available K and Mn were lacklng in the 5011. Eldhuset et al. (1987) in 

experlmentlng wlth Norway spruce, European bi ch \Betula pendula Roth.) 

and Scots plne seedllngs wlth nutrlent solutlons found that the Ca/Al 

ratio ln the root medIum was probably not ln Itself important but rather 

that a sufflclent amount of Ca ln relation to plant requirement must be 

avallable to the roots. They suggested that Al was not an important factor 

in connectlon wlth forest dleback in Europe. Other experiments have shown 

that decllnlng red spruce in northeastern Unlted States could have low 

«500 ppm) Al concentrations ln the fine roots and healthy spruce roots 

could have hlgh Al concentratlons (>2000 ppm) (Johnson and Slccama 1983). 

The Ca/Al ratlos followed a similar pattern. Zoettl and Huettl (1986) 

when examlnlng Norway spruce in the southern Black Forest Reg10n observed 

31gnlf1cant differences in the Ca and Mg needle contents of healthy and 

decllnlng trees but no signiflcant dlfferences ln the Al content in either 

the needles or roots and no differences ln root growth. 

Of the several hypotheses tha t have been d1scussed, no single 

hypothesis has yet been fully accepted to explain the new forest declines 

in evidence ln Europe and North America. However, there is a factor 

common to aIl forest decline areas and that 15 nutrient deficiencies or 
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imbalances for which fertilization may possibly be used as a me ans ta 

restore nutrients ta the def1cient sail or ta correct the present 

imbalances. Th1S would not deal with the cause of the decllne, Wh1Ch may 

never be known, but it may be an effective means to treat at least the 

symptoms. 

1.3 FERTILIZATION TO CORRECT NUTRIENT DEFICIENCIES 

Because a deficient nutrient suppl y is considered by sorne ta be the 

dominant predisposing stress factor for the new type of forest decl1ne it 

is hypotheslZed that fertilization could be a useful tool to possibly 

mitigate tins dec1ine (Huettl 1986b; Zoettl and Huettl 1986; Huettl and 

Wisniewski 1987). "D1agnost1c fertilizer tnals" were conducted in 

southwestern Germany at different sltes wlth different deficiency 
T 
! symptoms, parent mater1als and sOlls. Analyses of needle and root tlssue 

and so11s were done 1 the atmosphenc depositlon load was taken into 

account and when the nutrient deficiencies were "diagnosed" appropnate 

fert111zer treatments were glven to the stands. Results after application 

showed a substantial visible and chemical improvement even after only one 

year (Huettl 1986b; Huectl and Wisn1ewskl 1987). Matzner et al. (1983) 

in studYlng the effects of N-K fertllizatlon and liming on the fluxes of 

chemlcal elements for a beech and spruce stand ln Germany stated that the 

addition of easily soluble-salt fert1l1zers would cause an aCld1f1cation 

push leading ta high concentrations of Al ln the sOll and subsequent root 

stress due to Al-toxici ty. They concluded liming should be used ta 

improve the chemical state of the soil before add1tions of soluble-salt 
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f~rti1izer or at least liming should be used in conjunction with a low 

dose salt fertilizer. They also found an increase in the Ca/Al ratio and 

concluded that the beneficial effects of limlng of aCld forest soils 

outweigh those belng possibly detrimental. Ulrich et al. (1980) also 

stated that large scale liming IS recommended for forest protection as an 

intermediate measure If a site is subJected ta substantial dry deposition 

of S02. However Tomllnson (1987) cautloned that Ca in hlgh concentrations 

in the sOlI solution can act antagonlstically to K, inhibiting its uptake 

by the roots and causing a K deficlency in the tree. 

Mader and Thompson (1969) also used fertilizer as a means to improve 

low follar N levels in declinlng sugar maple in northeastern United States 

durlng the mld-1960's. After fertllizlng at the rate of 224 kg N ha-I, 

N levels Increased resultlng ln improved foliage color and condition 1 

leading ta the concluslon that foliar nitrogen deficiencies were a 

crltical factor in sugar maple decllne. Drouqht, they thought, could also 

be a maJor factor in the decline. With increased emlssions of nltrous 

oxides since that tlme, however, insufflclent nltrogen nutrition is 

generally Dot a problem, ln central Europe especlally. On the contrary, 

atmospheric Dl trogen overfertilization is consldered more a problem as was 

previously dlscussed. 

Hendershot et al. (1989) also found that fertilization resulted in 

positive responses from declinlng sugar maple trees in Quebec after 

initial follar analyses indicated they vere 101'1 ln base cation nutrients. 

They attrlbuted thlS response to a relatlonship between forest decline and 

nutrient deflciencles or Imbalances. 
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Although fertilizatlon may not help the tree once a crltlcal degree 

of damage has occurred, i t has helped follage return to a green color 

after being yellow and improved height growth, lateral shoot elongatlOn 

as weIl as the quallty of foliar wax. AIso, healthy and viqorous stands 

are less llkely to succumb to secondary pathogens (Huettl and Wlsnlewski 

1987) • 

1.4 CONCLUSION 

The impacts of many of the stresses that declining trees are 

sUbjected to are often related to the nutritlonal status of the stand -

frost susceptlbillty and N, decrease ln photosynthesls and Mg, possible 

root necrosis and Ca and Al, lncreased transpiration and K. This 

situation may posslbly be Improved lf nutrient 1mbalances did not exist 

in the system to exacerbate the effects of other stresses such as those 

imposed by acidic deposltlon, cllmate or blotlc attacks. 

It has been shown that trees suffering from nutrlent deficlencles 

attempt to compensate through increased nutrle~t uptake by roots. This 

reaction can occur only if the root system .s still functlonal and if 

sufficient nutrient elements are supplled in a plant-avallable form 

(Huettl and Wisniewski 1987). Fertillzation may be able to prolong the 

lite of the trees IIp untll the tlme where the as-yet-unknown cause of 

decllne can be determined, and the most appropriate steps ln preservlng 

these forests taken. 
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CHAPTER no 

EFFECTS OF FERTILIZATION ON SOIL MUTRIENT 

CONCENTRATIONS, FOLIAR RUTRIENT CONCENTRATIONS 

AND DECLINE LEVELS 
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2. 

2.1 

EFFECTS OF FERTILIZATION OH SOIL MUTRIENT 
CONCENTRATIOHS. FOLIAR MUTRIENT CONCENTRATIONS 

AND DECLINE LEVELS 

INTRODUCTION 

Deciduous for~sts in Quebec, especially those in the Appalachian 

Uplands but dso including those in the Lower Laurentlans, have been 

showing symptoms of severe decline Slnce the early 1980's. ThlS situation 

is of great concern because the dominant species of this forest, sugar 

maple, i5 particularly affected. It has been determined that the present 

decline is not only decreasing the volume of wood fihre in recent years 

(Carrier 1986) but aiso threatening the maple syrup industry which 

generates annuai revenues of approxlmately S40 million in Quebec to 

sugarbush owners who, in most cases, depend on thlS extra lncome to make 

their farm a viable op~ration (Robitaille 1986). 

There is yet to be a concensus reached on the exact causes of the 

present decline. However, many researchers have concluded that 

disturbances in mineraI nutrition appear to he lnvoived (Mader and 

Thompson 1969; Carrier 1986; Zoetti and Huetti 1986; Bernier and Brazeau 

1988a;1988b;198grJ. Although oüly considered a palliative solution, 

fertilizatlon has been used with sorne success in the past as a tool to 

mitigate forest decline in central Europe <Zoettl and Huetti 1986; Huetti 

and Wisniewski 1987) and to alter or improve nutritional status of 

declining maple stands in northeastern North America (Mader and Thompson 

1969; Hendershot and Jones 1989; Hendershot et al. 1989). This may have 

heen accomplished either directly throuqh an lncreased supply of the 
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deficient nutrients to the trees or indirectly through the creation of a 

more favourable milieu in which mineralization could be increased 

resulting in a qreater availability of nutrients for the trees. 

In this study, then, fertilizers were applied in order to study 

their effects on soil nutrient concentrations, foliar nutrient 

concentrations and decline levels of sugar maple trees. It is important 

to note here that although foliar nutrient concentrations are often 

directly linked to tree health, research has shown that in many cases 

after fertilization a "dilution effect" will take place whereby, because 

the biomass of the tree has been increased, the concentrations of certain 

nutrients within the foliage may actually decrease (Jarrell and Beverly 

1981). Visual examination of the tree regarding decline levei is 

therefore necessary to preclude t~is possibility of a dilution effect and 

give, together with soil and foliar analysis, a more accurate portrayal 

of the state of the tree decline. 

2.2 KATERIALS AND METHODS 

2.2.1 Study Area 

The study was conducted in the Entrelacs area of the Lower 

Laurentians of Quebec (approximately 110 km northeast of Montreal) in part 

of a managed sugarbush which was dominated by 100-130 year old sugar maple 

but also included sorne American beech (ragus gr~ndifolia Ehrh.) and yellow 

birch (Betula alleghaniensis Britton). These speCles are typical of those 

found in the Great Lakes - St. Lawrence forest region of Canada in which 

the site is located. Soils in the area were derived from glacial tiii and 
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had a mor type of humus. They were predominantly humo-ferric or ferro

humic podzols (Canada Soil Survey Committee 1978) and were well- to 

imperfectly-drained. Some poorly drained organic soils were aiso found in 

depressions. The site was Iocated on an easterly facing slope and 

contained some rock outcrops. 

While the complete range of decline levels from a normal, healthy 

tree to a dead tree could be seen, in general the site was one of moderate 

decline with the vest majcrity of sugar maple showing evidence of some 

decline. 

2.2.2 Plot Establishment 

In May 1987, 24 sample plots (20 m x 20 m) were established with 

buffer strips of at least 5 m left between plots. One of eight 

treatments, replicated three times, was then assigned randomly ta each 

plot (Table 2.1). Fertilizer was applied by hand to quadrants of the 

plots to ensure uniformity of application. Eight sugar maple trees (dying 

or small trees excluded) per plot, located at least 3 m inside the plot 

bounnaries, were tagged and measured for diameter at breast height 

(average diameter = 25.5 cm). 

2.2.J Soil Sampling and Analyses 

In July 1987, each plot was divided into four equal sections and a 

composite of four samples collected from each section for bath the organic 
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;\ Table 2.1. List of treatments applied to Entrelacs site (3 replicates) ~ 

J 
Treatment Fertilizer Rate Element Rate ~ 
1. Control 1 

'1 
1 

2. K2 S04 400 kg ha- 1 166 kg ha- 1 K 'J 
~ 
! 
1 

3. CaCOJ 400 kg ha- 1 160 kg ha- 1 Ca ~ 
1 
~ 

4. Ca,Mg(COJb 400 kg ha- 1 87 kg ha- 1 Ca 
53 kg ha- 1 Mg 

5. K2 S04 + (400+400) kg ha- 1 166 kg ha- 1 K 
CaCOJ 160 kg ha- 1 Ca 

6. K2 SO" + (400+400) kg ha- 1 166 kg ha- 1 K 
Ca,Mg(C03)2 87 kg ha- 1 Ca 

53 kg ha- 1 Mg 

7. (NH4 ) 2 S04 400 kg ha- 1 80 kg ha- I N 

8. 4-4-8 400 kg ha- 1 16 kg ha- I N 
7 kg ha- 1 P 

( 27 kg ha- 1 K 
48 kg ha- 1 Ca ~ 
16 kg ha- 1 Mg 

, 

FH horizcn (4-7 cm thick with L layer removed and not sampled) and the 

top 15-20 cm of the mineraI B horizon. Air dried soil samples were sieved 

(2 mm) and subsamples extracted (in duplicate) uSlng 0.1 M BaCl2 

(Hendershot and Duquette 1986). Exchangeable cations were determined 

using atomic absorptIon spectrophotometry (AAS) with an air/acetylene gas 

mixture for Ca, Mg, K, Na, Fe and Mn determination and with a nitrous 

oxide/acetylene gas mixture for Al determination, and cation exchange 

capaclties calculated. Quality control samples were routinely analysed to 

ensure reliabillty of laboratory procedures. Soil pH was determined in 
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water with a ratio of soil to water cf 1:2 for the mineraI soils and 1:10 

for the organic soils. 

2.2.4 Foliar Sampling and Analyses 

Because foliar nutrient composition varies over the growing season, 

leaf sampling must take place when trees are subJect to the least am0unt 

of variability in foliar nutrient concentratlons. For temperate declduous 

trees such as sugar maple the month of August has been recommended for 

sampllng (Leaf 1973; Lea et al. 1979; Mornson 1985). It is thought, 

however, this period of stability throughout August may be shortened if 

the tree is subject to nutrient or air pollutlon stresses. In such cases 

late July or early August would be the better period of tlme to sample 

before leaf growth has ceased with !ts subsequent changing of fohar 

nutrient concentrations (Bernler and Brazeau 1988a). Therefore leaf 

sampling took place ln early August 1987 and late July 1988. Four of the 

eight tagged trees in each plot were sampled. Since it has been suqgested 

that once a tree has reached a certain level of decllne fertllizatlon may 

not have a positlve impact on that tree (Huettl and Wisniewskl 1987), 

severely decllning trees were not sampled. Two branches were cut from 

different sections of the lower one-thlrd of the crown of the tree in an 

attempt to reduce variatlons in foliar concentrations caused by crown 

position (Morrlson 1985). Fifteen leaves from each branch were comblned, 

placed in a paper bag and oven-drled at 65°C for 24 hours. The leaves wer~ 

then ground (petIoles removed) and dupllcate subsamples aCld-peroxlde 

digested for chemical analysls (Thomas et al. 1967). Concentrations of 
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foliar elements were determined as follows: N and P by using a Technicon 

autoanalyser; K, Ca, Mg, Fe, Mn and Zn by AAS using an air/acetylene gas 

mixture; Al by AAS using a graphite furnace with argon gas. Malar ratios 

of Ca/K, Ca/Mg and Ca/Al were calculated. Quality control samples were 

routinely analysed ta ensure reliability of laboratory procedures. 

2.2.5 Tree Evaluation 

Visual evaluations of the tagged trees in relation to decline 

symptoms were performed in early August 1987 and late July 1988. In both 

years, a ratlng was assigned ta each tree based on a scale developed by 

Mader and Thompson (1969) which follows: 

1. Normal trees. Follage full size and rich in color. No dead 

twigs or branches. 

2. Foliage abnormally small, curled, thin, yellowish, or 

otherwise weak in appearance, but not conspicuously sa. No 

dead tWlgs or branches. 

3. A tree slmilar to 2, except that it has a number of dead, that 

is, bare twigs in the top of the crown. Such bare twigs number 

less than 25% of the crown and perhaps are ln a dying state, 

and hence represent one of th~ early symptoms of dleback. 

3.5. Same as 3 except the number of bare twigs will be greater than 

25% but less than half the crown. 

4. Trees wi th dead branches for no apparent reason but such 

branches to constitute less than half the crown. A "branch" 

should be at least three or four feet long and there should 
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be two or three dead branches before the tree is placed in 

this class. 

5. Tree~ with over half the crown dead. 

6. Crown dead except for small adventitious branches usually to 

be found at the base of the crown. 

In 1988 more specifie criteria which gave a more accurate portrayal 

of the state of declIne were added to the visual examination Incorporating 

some of the procedures developed by a Canada-USA task force on hardwood 

decline (Millers and Lachance 1988). These Included estImates of: 

1. Branch dieback - percentage of crown volume that has died from 

the outside in; 

2. Foliage transparency - percent age of skyllght vIsible through 

the foliated portIon of the branches when lookIng upwards from 

near the trunk; and 

3. Foliage discoloration - percent age of the fallage that is 

discolored, e.g. pale green, yellow, brown leaves. 

When using this evaluation scheme, trees were asslgned a decline 

index (DI), the mean of these three critena, with a rating of 0 

representing a perfectly healthy looking tree and 100 representing a dead 

tree. 

2.2.6 Statistical Analyses 

Soil data 

The experiment was conducted as a completely randomized design and 

the mean (four samples) data of each plot were analysed using the general 
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linear model (GLM) and analysls of variance (ANOVA) programs of SAS 

software (SAS Institute !nc. 1979). Single degree of freedom contrasts 

were used according to the procedures of Steel and Torrie (1980) to detect 

treatment differences when analysis of variance indicated significant 

(p ( 0.05) treatment effects. 

Foliar data 

The foliar data were statistically analysed in a similar manner as 

the sOlI data except for the inclusion of a year effect (1987 and 1988) 

in the model statement. Thus, the foliar data analysis was conducted 

using a factorlal model. 

Decline data 

The data collected (1987 and 1988) using the Mader and Thompson 

scale were analysed in a slmilar manner as the foliar data, while the 

decline index data (1988) were analysed using the same procedures as for 

the soil parameters. 

2.3 RESULTS AND DISCUSSION 

2.3.1 Overall Site Evaluation 

It is assumed that the unfertilized control plots represent the 

natural nutrltional and decline status of the site. 

Evaluation of tree decline for the control plots indicated that 

levels ranged from 2 to 4 wi th a mean of 3.2 by using the Mader and 

31 

1 
~ 

l 
i 
j 
1 
1 

,~ 
i 
\ 



Thompson scale and from 2 ta 33 with a mean of 10 by using the decline 

index parameters. The site, therefore, was one of light to moderate 

decline with the average level being evidenced by trees havlng a number 

of dead twigs at the top of the crown numbering approxlmately 25% of the 

total crown area. 

Soil analyses of the FH and B horizons indlcated that the pH values, 

while acidic, were not abnormally low for soils of thi& region (Tables 2.2 

and 2.3). (Complete data sets for both the SOlI LH and B hor1zons are 

given in Appendix Tables A.1 and A.2, respect1vely.) CalClum values for 

bath horizons (15.34 and 1.46 cmol(+}kg- 1 for FH and B horizons, 

respect1vely) were generally higher than those found by Bernier and 

Brazeau (1988c) at Slm11ar sltes ln the Lower Laurent1ans (10.56 and 0.22 

cmol(+)kg- t for H and Bhf horizons, respect1vely). Th1S was reflected by 

the higher proportion of Ca on the exchange sites (Tables 2.2 and 2.3). 

However, Mg and K were not abundant ln either SOlI horizon. Low Mg values 

were not surprislng as soils ln the Lower Laurentians at elevatlons above 

200 mare predominantly derlved from Mg-poor granite and syenlte (Raymond 

et al. 1976 as clted by Bernier and Brazeau 1988c). Since surface mineral 

soils in New York were considered Mg-deflcient when they measured 0.12-

0.22 cmol(+)kg- 1 (Stone 1953), Mg values of 0.12 cmol(+}kg- t ln the B 

horizon (Table 2.3) would be consldered quite low. Potassium values of 

0.86 and 0.07 cmol(+}kg- 1 for the FH and B horlzons, respectlvely, were 

also much lower than K concentrations reported for other K-deficlent sites 

in the Lower Laurentians (1.51 and 0.11 cmol(+}kg- I for the H and Bhf 

horizons, respectively) (Bernier and Brazeau 1988c). 
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Table 2.2. Influence of treatments on selected sail chemical properties of FH horizons 
at Entrelacs 

pH Ca Mg K Al CEC %Ca %Mg %K %AI 
Treatment H20+ ----------- cmol(+) kg- 1 

---------- ------- of CEC --------

1. Control 4.49 15.34 1.53 0.86 5.54 24.19 64.1 6.4 3.6 22.0 
(0.14) (1.25) (0.15) (O.10) (3.09) (2.04) (9.2) (1.0) (0.7) (11. 2) 

2.K2S04 4.54 16.44 1.59 1.34 3.46 23.94 68.6 6.7 5.8 14.1 
(0.35) (1.48 ) (0.26) (0.50) (1.76) (2.01) (3.5) (1. 0) (2.4) (6.8) 

3.CaC03 4.73 20.68 1. 96 0.95 2.30 26.93 76.4 7.5 3.7 8.5 
(0.37) (5.76) (0.30) (0.11) (0.79) (6.76) (2.2) (1. 3) (1.3) (1. 3) 

4.Ca,Mg(C03)2 4.33 17.53 2.62 1.10 2.03 24.10 '72.9 11.0 4.6 8.1 
(0.01) (1.62) (0.11) (0.03) (1.33) (0.38) (4.7) (0.7) (0.1 ) (4.8) 

5.K2S04 + 4.43 24.85 2.13 1.45 1. 95 31.16 79.7 6.9 4.7 6.3 
CaC03 (0.35) (1. 85) (0.04) (0.37) (1. 02) (2.10) (2.4) (0.4) (1. 2) (2.9) 

6.K2S04 + 4.36 18.20 2.97 1.50 2.45 26.03 69.9 11.4 5.8 9.5 
Ca,Mg(C03)2 (0.14) (1. 48) (1.17) (0.23) (1.61) (0.67) (14.4) (4.2) (0.8) (6.5) 

7. (NH4 hS04 4.33 18.02 1. 76 1.02 3.71 25.64 69.4 6.9 4.1 15.2 
(0.39) (5.47) (0.63) (0.19) (2.24) (4.21) <11.6) (1. 9) (0.1) (11. 4) 

8.4-4-8 4.27 18.76 2.37 1.18 1.61 24.84 74.9 9.6 4.9 6.9 
(0.07) (4.72) (0.48) (0.06) (0.41) (4.72) (4.7) (0.3) (1.1) (2.9) 

+ soil-water ratlo, 1:10 
Note: Standard deviations of means are given in parentheses 
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Table 2.3. Influence of treatments on selected soil chem1cal properties of B horizons 
at Entrelacs 

pH Ca Mg K Al CEC %Ca %Mg %K %Al 
Treatment 820+ ----------- cmol(+) kg- t 

---------- ------- of CEC --------

1. Control 5.01 1.46 0.12 0.07 3.55 5.34 25.4 2.1 1.3 68.7 
(0.08) (0.46) (0.04 ) (0.02) (0.11) (0.53 ) (5.9) (0.6) (0.3) (6.1) 

2 .K2 504 5.02 1.43 0.15 a .U 3.34 5.24 27.6 2.8 2.4 63.4 
(0.16) (0.50) (0.06) (0.02) (0.56) (0.50) (9.4) (1.0) (0.5) (12.1) 

3. CaC03 5.07 1. 32 0.15 0.07 3.24 4.94 28.1 3.1 1.4 64.2 
(0.16) (0.57) (0.06 ) (0.01) (1.41) (1.07) (13.1) (1. 3) (0.4) (15.0) 

4.Ca,Mg(COa)2 4.97 1.16 0.11 0.06 3.69 5.17 22.8 2.1 1.3 71.2 
(0.11) (0.10) (0.02) (0.02) (0.87) (0.98) (3.1 ) (0.6) (0.7) (3.7) 

5 .K2 504 + 4.94 1.66 0.16 0.13 3.88 6.02 27.8 2.6 2.1 64.5 
CaC03 (0.19) (0.25) (0.05) (0.01) (1. 21) (0.93) (8.1) (1.1) (0.4) (10.7) 

6.K2504 + 4.96 1.10 0.10 0.11 3.93 5.42 19.6 1.9 2.0 73.4 
Ca,Mg(C03)2 (0.05) (0.36) (0.02) (0.01) (0.39) (0.76) (4.0) (0.2 j (0.3) (4.5) 

7. (NH4 ) 2 S04 4.82 1.63 0.17 0.10 3.76 5.80 28.6 3.0 1.8 64.3 
(0.18) (0.12) (0.O2) (0.04) (1.19) (1.19) (7.2) (0.8) (0.9) (8.1) 

8.4-4-8 4.85 1.11 0.11 0.07 4.64 6.10 17.4 1.7 1.1 77 .1 
(0.08) (0.52) (0.04) (0.01) (0.93) (1. 59) (3.7) (0.2) (0.1) (4.2) 

+ soil-water ratio, 1:2 
Note: Standard deviations of means are given in parentheses 



Percentage of Al on the exchange sites was also quite high for the 

B horizon (68.7% - Table 2.3) resulting in a low base saturation of the 

soil. Increasing acidlfication due to acidlc deposition would increase 

the amount of Al and H on the exchange complex and promote the leaching 

of base cations such as K and Mg from the soil profile. Because of the 

poor buffering capacity of the soil the catlons leached from the profIle 

are not easily replaced. ThlS has been the suggested mechanism responsible 

for the lowerJng of pH and drop in exchangeable base cation levels in the 

sail that have been taklng place in many are as of Quebec over the past 

twenty years (Gagnon et al. 1986). 

Analyses of the foliar nutrlent data indicated that there were no 

signiflcant year*treatment interactions and therefore the 1987 and 1988 

foliar data were comblned for each treatment. (A complete data set of 

foliar elemental concentratlons for 1987 and 1988 lS glven in Ap~endix 

Tables A.3A and A.3B, respectively.) Control concentrations of Mg and K 

were bath below the published range for those elements (Table 2.4). 

However, when comparisons were made to the crltlcal IlIDlt values for sugar 

maple, Mg, K and P were at the crltical level with Ca only Sllghtly above 

the critical llmit. The low levels of Mg and K reflected the soil 

nutrient status where both elements were seen previously to have been at 

low levels perhaps due to base catIon leaching, and/or low parent material 

concentration. 

Nitrogen concentrations were at the upper limit of reported values. 

Increased N availablilty in the soil due to atmospheric nitrogen input can 

cause increased growth Initially. However, this may result in a greater 

demand for other nutrlents and water which cannot always be met due to 
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Table 2.4. Influence of treatments on foliar concentrations at Entrelacs, 
published ranges and critical limits for each element 

Treatment 

1. Control 

2. K2 S04 

3. CaC03 

4. Ca,Mg(C03)2 

5. K2 S04 + 
CaCOa 

6. K2 S04 + 
Ca,Mg(C03)2 

7. (NH4 ) 2 S04 

8. 4-4-8 

Published 
Range+ 

Critical Limlt++ 

Ca Mg 
----------------

7.14 
(0.91) 

8.16 
(2.04 ) 

8.64 
(1. 32) 

7.16 
(0.28) 

8.62 
(2.31) 

6.66 
(1.81) 

8.06 
(0.92) 

6.92 
(1.14) 

6.0-
14.3 

7.0 

0.90 
(0.07) 

1.08 
(0.23) 

0.99 
(0.07) 

1.01 
(0.16) 

1.17 
(0.09) 

0.98 
(0.15) 

1.11 
(0.07) 

0.98 
(0.14) 

1.1-
1.8 

0.9 

K 
mg g-1 

6.04 
(0.66) 

7.92 
(1.02) 

5.82 
(1.51) 

5.16 
(0.75) 

8.26 
(0.84) 

8.51 
(0.82) 

6.19 
(1. 53) 

6.21 
(0.92) 

8.0-
10.1 

6.0 

+ adapted from Bernier and Brazeau 1988a 

N P 
----------------

22.27 
(3.55) 

20.72 
(2.30) 

19.21 
(1.81) 

19.61 
(1.37) 

21. 35 
(2.66) 

20.49 
(1. 20) 

22.48 
(3.87) 

20.09 
(1.19) 

16.6-
22.8 

15.0 

1.01 
(0.04) 

1.03 
(0.09) 

0.98 
(0.07) 

0.98 
(0.11) 

1.02 
(0.07) 

1.02 
(0.09) 

1.12 
(0.06) 

1. 01 
(0.08) 

1.0 
2.4 

1.0 

Al 
ug g-t 

35.68 
(8.26) 

35.12 
(4.82) 

27.11 
(3.48) 

25.84 
(3.19) 

28.71 
(5.90) 

28.48 
(4.20) 

34.30 
(5.23) 

28.21 
(5.90) 

60.0 

+t adapted from Hendershot and Lalande 1988. It should be noted that 
these values are not necessarily correct or absolute. 

Note: Standard devlations of means are given in parentheses 
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the short supply in the soil. This greater demand then may have been 

partly responsible for the nutrient deficiencies seen. The high N foliar 

concentratIOns found may also be indicative of direct leaf uptake of 

atmospheric ammonlum. ThlS can result in leaf damage such as decreased 

leaf resistance, chlorosls, necrOS1S and turgor loss which can in turn 

lead to leachlng of susceptible mobIle cations such as K and Mg. This 

mechanism may partially explaln the very low values of K and Mg but high 

values of N found in the follage. 

Even though N was abundant, P was at the cri tical leveI. It has 

been suggested that excess N ln the tree or excess nitrate in the soil can 

adversely affect ectomycorrhizal associations, and thus P nutrition of the 

tree (Nlhlgard 1985'. Although sugar maple trees form endomycorrhizae, 

it is possible that excess N may also adversely affect these associations. 

Molar ratios are also often used ln foliar analysis to determine if 

proper nutrient balances eXlst. However, the molar ratios of Ca/K, Ca/Mg 

and CalAI all fell weIl wi th in the range considered acceptable (Table 

2.5'. For thls site, then, specIfie Indlvidual elements at the absolut~ 

crlticai level of concentration were found to exist rather than nutrient 

Imbalances. This was an important observation as sufflclency in 

concentration of each element lS vital for the proper health and 

functionlng of the tree. 

2.3.2 Fertilization Effects on Soils 

Fertil1zation significantly affected the concentration of Mg and K 

as weIl as the % Mg of the CEC in the FH horizon (Table 2.6). Allother 
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Table 2.5. Foliar molar 

Treatment 

1. Control 

2. K2S04 

3. CaC03 

4. Ca,Mg(COa h 

5. K2S04 + 
CaCOa 

6. K2S04 + 
Ca, Mg (C03 ) 2 

7. (NH4 h S04 

8. 4-4-8 

Critical Range+ 

ratios and 

Ca/K 

1.15 
(0.09) 

0.99 
(0.18) 

1.50 
(0.27) 

1.37 
(0.15) 

1.02 
(0.28) 

0.76 
(0.15) 

1.32 
(0.27) 

1.09 
(0.09) 

0.5-
2.0 

critical 

+ adapted from Hendershot and Lalande 1988 

ranges 

Ca/Mg 

4.89 
(0.87) 

4.61 
(0.87) 

5.32 
(0.87) 

4.39 
(O.64) 

4.47 
( 1.04) 

4.10 
(0.83) 

4.43 
(0.61) 

4.33 
(0.69) 

2.5-
8.0 

for Entrelacs (n=6) 

Ca/Al 

143 
(47) 

163 
(58) 

221 
( 58) 

189 
(23) 

212 
(72) 

160 
(40) 

161 
(26) 

172 
(48) 

>100 

Note: Standard deviations of means are given in parentheses 
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measured rH horizon soil parameters were not significantly affected by 

fertilization. 

Table 2.6. Partial analysis of variance of FH soil parameters 

Paramet~!: DF MS F Value 

Mg (cmol(+) kg- 1 ) 7 0.78 2.86* 

% Mg of CEC 7 12.46 3.84* 

K (cmol(+) kg- 1 ) 7 0.17 2.65* 

* significant at the .05 level 

Application of dolomitic limestone (Treatments 4 and 6) 

significantly increased Mg concentration and % Mg of CEC in the FH horizon 

compl'!t'ed to the appropriate con troIs (Treatments 1 and 2) and those 

treatments containing calcitic limestone (Treatments 3 and 5) (Tables 2.2 

and 2.7). However, this effect was not observed in the B horizon, where 

Mg concentrations or % Mg of CEe were not significantly affected by 

treatment (Appendix Table A.2). This may lndicate that in the relatively 

short perlod of time between fertilization and soil sampling in this study 

the majorlty of the applied dolomite has remained in the upper horizons 

of the profile. 
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Table 2.7. Influence of treatments on significant FH horizon soil 
parameters 

Parameter Contrast t MS F Value 

Mg (cmol(+) kg- 1 ) 4,6 vs 1,2 4.58 16.77** 
4,6 vs 3,5 1. 69 6.19* 

1 vs 8 1.08 3.94 

% Mg of 4,6 vs 1,2 63.89 19.71** 
CEC 4,6 vs 3,5 47.68 14.71** 

1 vs 8 15.30 4.72* 

K (cmol( +) kg- 1 ) 2,5,6 vs 1,3,4 0.96 15.32** 

t single degree of freedom contrast 
*,** significant ~t the 0.05 and 0.01 levels 

Note: Contrast numbers correspond to treatment numbers as follows: 
l.Control2.K2S04 3.CaC03 4.Ca,Mg(C03)2 5.K2S04+CaC03 6.K2S04+Ca,Mg(CO:d2 
7.(NH4)2S04 8. 4-4-8 

The other Mg-containing treatment, 4-4-8, also tended to lncrease 

the Mg concentration in the FH horizon relative to the control (p=0.065) 

(Treatment 8 vs 1, Table 2.2). As would be expected wlth such an lncrease 

in Mg concentration, there was a correspondlng significant increase in the 

% Mg of CEe (Table 2.7). 

Application of treatments WhlCh contalned K (Treatments 2, 5 anG 6) 

significantly lncreased K concentration in the FH horlzon compared to the 

appropriate controls (Treatments 1, 3 and 4) (Tables 2.2 and 2.7). 

Potassium was also applied ln the 4-4-8 fertilizer (Treatment 8) but only 

at a rate of 27 kg ha- 1 compared t.o 166 kg ha- 1 K for the other K-

contalning fertilizers. This may account for the slightly elevated level 
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of K for the 4-4-8 treatment when compared to other non-K containing 

treatments (Treatments 1, 3 and 4, Table 2.2), but this difference was not 

significant. 

The data indicated that those treatments containing the highest 

rates of Ca fertilizers (Treatments 3 and 5) tended to increase the Ca 

levels in the FH horizon (Table 2.2). However, due to the variable nature 

of the Ca concentratlons in the soil, the overall treatment effect was 

only significant at the 0.101 level. 

Although no treatments significantly reduced the concentration of 

Al or % Al on the exchange sltes, the general trend in the FH horizon was 

for Al to decrease when base cations were applied (Table 2.2). The lack 

of significant results for this possibly May be due to the high 

variabili ty associated with Al. A greater number of samples would be 

required lf a better estimate of Al i5 to be obtalned. 

For the B horizon soil parameters, the only signlficant treatment 

effect was found for K concentration (p = 0.004). When single degree of 

freedom contrasts were used to test treatment effects it was found that 

applicatlon of K2S04-containing treatments (Treatments 2, 5 and 6) 

signlficantly lncreased the K concentration (p = 0.001) compared to 

appropriate controls (Treatments 1, 3 and 4, Table 2.3), indicating that 

K May have moved down the soil profile, unlike Mg or Ca. In the case of 

the 4-4-8 treatment, although as mentloned before the amount of K in this 

treatment (27 kg ha- 1 ) May have slightly elevated the value in the FH 

horizon, in the B horizon the K concentration was the same as for those 

treatments containing no K additions (Table 2.3). The 2levated ': 

concentrations for those treatments receiving higher rates of K 
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(Treatments 2, 5 and 6) tended (p = 0.059) to correspond to an elevation 

in the amount of K on the exchange sites. 

2.3.3 Fertilization Effects on Foliage 

Fertilization significantly affected the foliar concentrations of 

Ca, ~g, K, N and Al (Tables 2.4 and 2.8). Molar ratios of Ca/K, Ca/Mg and 

Ca/Al were also aIl significantly affected by at least one treatment but 

aIl ratios for every treatment were weIl wlthin the critlcal range (Tables 

2.5 and 2.8). 

Year effect was significant for Ca, K, N, P and Al concentrations 

~ith lower me an values for Ca, K, N and P and higher mean values for Al 

in 1988 when compared with those of 1987 (Table 2.8, Appendlx Tables A.3A 

and A.3B). It lS unlikely that these differences could be attributed ta 

the well-known within-season variations in nutrient concentrations as 

trees were sampled at approximately the same time of year in both years. 

Nor could laboratory error be the cause as quality control checks were 

used in aIl laboratory analyses for both years. Fertilization as weIl was 

probably not a factor in the differences in concentration levels from the 

fertilized year (1987) to the second year (1988) JS the control plots aiso 

experienced a decrea~e in nutrlent concentratlon of Ca, K, N and P and an 

increase in Al. Perhaps climatic differences from one year to the next 

have played a role in the varlation in nutrient concentration. In any 

event for purposes of analysis samples of both years were combined since 

there were no significant year*treatment interactions. 
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Table 2.8. Partial analysis of variance table for foliar concentrations 
and molar ratios 

Element Source DF MS F Value 

Ca Year 1 39.024 36.68** 
Treatment 7 3.734 3.51** 
Treatment*Year 7 2.129 2.00 

Mg Year 1 0.007 0.38 
Tr(tatment 7 0.045 2.51* 
Treatment*Year 7 0.019 1.05 

l, K Year 1 11.291 11. 81** 

~ 
Treatment 7 9.645 10.09** 
Treatment*Year 7 0.362 0.38 

N Vear 1 105.910 32.96** , 
Treatment 7 8.438 2.63* 
Treatment*Year 7 4.450 1.38 

p Year 1 0.041 6.65* 
Treatment 7 0.011 1. 70 

"-l' 
f Treatment*Year 7 0.002 0.38 

~ 
1\ 

Al Year 1 188.417 7.88** 
Treatment 7 92.857 3.88** 
Treatment*Year 7 26.937 1.13 

r 
1 ------------------------------------------------------------------------

Ca/K Year 1 0.058 1.49 
Treatment 7 0.340 8.73** 
Treatment*Year 7 0.041 1.06 

" , 

Ca/Mg Year 1 17.521 69.93** 
Treatment 7 0.860 3.43** 
Treatment*Year 7 0.127 0.51 

Ca/Al Year 1 41132.546 29.03** 
Treatment 7 4445.472 3.14* 
Treatment*Year 7 1357.883 0.96 

*, ** significant at the 0.05 and 0.01 levels, respectively 
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Application of calcitic limestone (Treatments 3 and 5) significantIy 

increased Ca concentration compared to dolomitic Iimestone {Treatments 4 

and 6} (Tables 2.4 and 2.9). ThIS was expected as the Ca contained in the 

calcitic Iimestone (160 kg ha- 1 Ca) was much hlgher than that contained 

in the dolomitic limestone (87 kg ha- 1 Ca). ApplIcatlon of calcitic 

limestone by itself (Treatment 3) and with added KZS04 (Treatment 5) alsa 

significant:1y increased Ca concentratlon when compared ta the control 

treatment (Treatment 1) and the K2S04 treatment by itself (Treatment 4). 

It is interestlng, however, that the latter two treatments had no 

signiflcant difference from the dolomitic llmestone treatments with 

respect to increasing the Ca foliar concentration. This indicates that the 

higher rates of Ca application are required tu observe signlficant 

increases in follar concentrations. 

Application of dolomitlc limestone (Treatments 4 and 6) did not 

result in significantly different foliar Mg values. As mentioned 

p~eviously, the Mg appeared to remain ln the FH horlzon yet the uptake did 

not increase. This may lmply that Mg uptake occurs mainly from the B 

horizon. If this were the case th en for these two treatments, a very high 

percent age of the cation exchange capaclty was occupied by Al - 71.2% for 

the Ca,Mg(CO~)2 treatment and 73.4% for the K2S04 + Ca,Mg(Cû3)2 treatment 

(Table 2.3). It is known that aluminum saturation percentages of 65-70' 

are often a,sociated wlth Mg nutritional problems because hlgh levels of 

exchangeable aluminum in aCld soils can Impair plant uptake of Mg (Tlsdale 

et al. 1985) and perhaps thlS may have accounted ln part for no 

significant lncreases ln foliar Mg concentration due to dolomitic 

limestone appllcation. 
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1 . Table 2.9. Influence of treatments on significant foliar nutrient 
concentratl0ns 

Element Contrast+ MS F Value 

Ca 3,5 vs 4,6 17.75 16.68"'* 
3,5 vs 1,2 5.80 5.45* 

Mg 1 vs 2 0.10 5.31* 
1 vs 5 0.22 12.18"'* 
1 vs 7 0.14 7.72** 

K 2,5,6 vs 1,3,4 58.91 61. 61** 

N 7 vs 8 17.18 5.35* 
1 vs 8 14.28 4.44* 
1 vs 3 28.09 8.74"'* 
1 vs 4 21.23 6.61* 

Al 1 vs 3,4,5,6 318.24 13.31** 
1 vs 8 167.40 7.00* 

+ single degree of freedom contrast 
*,** significant at the 0.05 and 0.01 levels, respectlvely 

Note: Contrast numbers correspond to treatment numbers as follows: 
1.Control 2.K2S04 3.CaC03 4.Ca,Mg(C03lz 5.K2S04+CaC03 6.KzS04+Ca,Mg(C03h 
7.(NH4)zS04 8. 4-4-8 

However, application of three non-Mg contalning treatments 

(Treatments 2, 5 and 7) significantly lncreased Mg concentratlons compared 

to the control (Treatment 1) (Tables 2.4 and 2.9). Al though not 

significantly different, the highest Mg concentrations ln the B horizon 

were found for these three fertlllzer treatments (Table 2.3). Perhaps the 

relatively abundant K and NH4 cations from the fertilizers displaced sorne 

of the Mg on the exchange sites of the FH horlzon, thus making Mg more 
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available for uptake by the roots and thereby Increasing foliar Mg 

concentratlons. Leaching processes in the sail profile may also have been 

takinq place,leading ta a higher concentration of Mg ln the B horIzon. 

ApplicatIon of K-contnning fertllizers (Treatments 2, 5 and 6) 

significantly Increased follar K concentratIons when compared to 

treatments without K additions (Trea tments 1, 3 a,ld 4) (Tables 2.4 and 2.9) 

and corresponds to the SOlI analyses whereby K-contaln1ng fertlllzers 

increased sail K (Tables 2.2,2.3 and 2.7). There was no slgnlficant 

difference regardlng K concentratIon between the control (Treatment 1) and 

the 4-4-8 treatment (Treatment 8), the only other treatment to have 

contained K, but since the 4-4-8 fertillzer rate was only 27 kg ha- t K 

compared to 166 kg ha- 1 K for the K2S04 fertlllzers, it lS not surprising 

there was no effect. 

It has been reported that there is an antagonism between Ca and K 

such that when Ca is in good supply ln the SOlI it may act 

antagonlstlcally toward K, restralnlng its uptake by the roots and thereby 

promotlng a nutrlent deficiency in the tree (Tomllnson 1969; Tlsdale et 

al. 1985). In those treatments where Ca was applled wlthout K (Treatments 

3 and 4) there was a reduction ln f~llar K concentratIons relatIve to the 

control (Treatment 1) (Table 2.4) although not slgniflcant. 

The two N-containlng treatments that were applled, the (NH.d2S04 

fertilizer (Treatment 7) Wl th 80 kg ha- 1 N and the 4-4-8 fertlllzer 

(Treatment 8) with only 16 kg ha- 1 N, gave slqnlficantly dIfferent values 

for N from each 0ther and, as expected, the N concentration due to the 

(NH4)2S04 treatment was higher although not slgnIflcantly dlfferent from 

that of the control treatment (Tables 2.4 and 2.9). These latter two 
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treatments, re;ulting in higher N concentrations than aIl other 

treatments, produced values which were at the uppermost levels of the 

published foliar N range for sugar maple. This elevated nutrit10nal status 

of N for both the control and (NH4) 2 S04 treatments may reflect an 

unhealthy nutritional status in the tree. Excess nltrogen in the foliage 

has been shown to stlmulate fungal diseases, insect attacks and algal 

growth on leaf surfaces and to cause decreases in frost hardiness 

(Nihlgard 1985) aU of WhlCh could manifest itself by demonstrating 

symptoms of dleback. Treatments which contalned more of a balance of basic 

cations, however, resulted ln lower N concentrations and the 4-4-8, the 

CaC03 and the Ca,Mg(C03)Z treatments (Treatments 8, 3 and 4) s1gnificantly 

decreased the fchar N concentrations when compared to those of the 

control (Tables 2.4 and 2.9). 

There were no treatment effects observed on foliar P concentration 

including the only treatment which did contain sorne P, the 4-4-8 treatment 

(Treatment 8, Table 2.8). Most of the follar concentrations were either 

below or at the critical limit indicating that P nutrition may be a 

problem (Table 2.4). 

Aluminum foliar concentrations were slgnificantly higher for the 

control treatment (Treatment 1) in comparison with all those treatments 

which contalned sorne liming Ingredient ('rreatments 3, 4, 5, 6 and 8) 

(Tables 2.4 and 2.9). This was reflected in the FH horizon where the 

highest Al levels wete found for the control treatment (1) and those 

treatments WhICh contalned no liming materials (Treatments 2 and 7) (Table 

2.2). The B horizon, however, showed no similar pattern regarding 

treatments (Table 2.3). Although pH did not appear ta be influenced by 
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the addition of liming materials, perhaps Al concentration in the solution 

was reduced thereby causing uptake by the roots to decrease somewhat. This 

may then have been reflected in the lowering of the foliar Al content for 

those lime-containing treatments. In al! treatment cases, though, the 

Ca/Al molar rat lOS were weIl above the crltical mlnlffium value of 100, with 

the control treatment being closest to the minimum at a value of 143 

(Tabie 2.5). 

2.3.4 Fertilization Effects on Decline Levels 

Decline level values obtained over two years following the Mader and 

Thompson procedure outlined in Sect ion 2.2.5 were found to have no 

significant differences from each other due to any treatment. Analysis of 

the Decline Index data WhlCh lncorporated branch dleback, foliage 

transparency and foliage discoloration from the 1988 season gave the same 

result. This was not surprislng as it is reasonable to assume that a qUlte 

general visual examlnatlon of a tree over the space of two years may not 

reveal any subtle changes in the health of the tree which may be taklng 

place over that time period. It was because of this reasoning that the 

Mader and Thompson scale was "improved upon" for the second year of visual 

examinatlon as it was considered n1t specifie tnough ln descrlbinq the 

extent of decline. Al though more parameters were used for the second 

season, the Decline Index probably still gave too general a portrayal of 

the state of decline. Trees would have had ta experience a falrly radical 

change in dieback condltlon in arder for comparlsons made from one year 

to the next to have shown a difference. 
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Although there were no significant treatment effects then in 

decline, trends may posslbly be looked at ~y comparing fertilizer effects. 

Decline levels found according to the Mader and Thompson sc ale for 

each treatment and each year were on average of light ta moderate severity 

(Figure 2.1). For Treatments 1 through 4 the decllne values remained about 

the same between 1987 and 1988, neither improvlng nor deteriorating to a 

great extent. Whlle Treatment 5 seems to have resulted ln an increase in 

decline level, for Treatments 6, 7 and 8 decllne seems to have lmproved 

somewhat from 1987 to 1988. This is interestlng because as mentioned 

before, the follar concentratlon values on average decreased from 1987 to 

1988. The dilution effect described in sectIon 2.1 May explaln the 

apparent decrease ln decline with decrease 10 nutrient concentrations. 

~lth treatments 2, 7 and 8 the decllne levels for 1988 indlcated 

lmprovement over that of the control plot for that year. However, 

treatment 2 did not seem to lmprove the decllne from one year to the next. 

AIso, treatment 6, although not lmprovlng in decllne level when compared 

to control, had a hlgher lnltlal decllne level in 1987. 

Dechne Index values for 1988 for each treatment ranged for the 

selected trees from 10.7% to 14%, indicating agaln a llght ta moderate 

level of decllne (Figure 2.2). Although change ln decllne from one year 

ta another could not be examlned using the Decline Index, lt did serve as 

conflrmation of the Mader and Thompson levels as the decline index values 

ln the second year reflected the levels of decline found by the Mader and 

Thompson scale for that year. 

It is dlfficult ta interpret the decline results with respect to 

fertillzation effect since decline level itself is not a very precise 
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measurement. To better understand what improvement, lf any, was taking 

place after a treatment had been applled, decline levels should have been 

obtained on aIl trees prior to fertllization and visual evaluations made 

for a period of tlme longer than two years. Decllne levels of trees in 

treated plots would not then be compared to the decline levels of control 

treatm,"'nts but to the level of decline wlthln the speClfic fertilized 

treatment. Perhaps by extending the period of tlme ln WhlCh the trees were 

evaluated, the differences ln decllne levels would also become more 

apparent. Analyses showed that there was no significant difference on 

decline level due to any tredtment but perhaps, because of the foregoing 

reasons, thls concluslon may be a bit premature. 

2.4 CONCLUSION 

r .. The study area was one ln which sugar maple trees, from a Vlsual 

examinatlon, were only moderately affected by decllne. However, when 

chemlcal soil and follar analyses were carrled out nutrlent deflclencies 

were qui te apparent. Soil Mg and K in both the FH and B honzons werc 

found to be at very low levels in comparlson to concentratlons seen at 

other sites of sugar maple stands ln the Lower Laurentlans. Simllarly, 

foliar Mg, K and P concentratlons were found to be at crltlcal levels and 

foliar Ca was only Sllghtly abcve the crltlcal level, lndicating 

nutritional deflclencles ln the forest ecosystem. 

Fertillzation could replenlsh sorne of the deficient nutrients ln the 

soil to a certaln extent and subsequently improve sorne of the follar 

deficiencies as weIl. But lt has been seen that not aIl fertilizers had 

52 



r 

r-
i' 

l 

L 

i 

T 
" 

a positive effect on those foliar nutrient levels. Not only was rate of 

application an important factor to consider but also combinations of 

elements withln the fertilizers. There are antagonlsms which develop when 

too much of one element {e.g. Ca} will outcompete another element (e.g. 

K) for toot uptake and this may have been demonstrated with the liming 

treatrnents of CaC03 and Ca,Mg{C03)2. Elements behaved ln different ways 

in the sOlI as weIl where Kwas seen to move down the 5011 prof lIe after 

application whereas Mg tended to rernain in the upper LH horizon. Soil 

variabill ty has accounted in part for sorne degree of uncertainty wi th 

respect to the lnterpretation of sorne results. As discussed previously 

in relation to decline levels, had sarnpllng of the SOlI as weIl as the 

leav~s taken place before fertllization, perhaps a more accurate port rayaI 

of fertillzatlon effects on soils and foliage could have been made. 

The results of part of this research were inconcluslve insofar as 

deterrnining a fertilizatlon treatrnent that would brlng about a significant 

difference in the decline levels of sugar maple. However, it can be 

concluded that slgnlflcant dlfferences in nutrient levels in both 5011 and 

foliage dld occur with the application of certain fertilizers. Sorne 

appeared to be somewhat detrimental to overall nutrient balance of the 

tree such as the CaC03 and Ca, Mg (C03) 2 treatments which resulted in a 

slight lowering of the K concentration ln particular to levels below the 

critlcal llmlt. However, aIl other treatrnents, while not vi~ual1y 

improving decllne level slgnificantly, did appear to have a positive 

effect on the base catlon nutrient levels in the foliage when compared to 

the critlcal levels that existed for Ca, Mg and K exhibited by the control 

treatrnent plots. 
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The research carried out at the study site took place over a period 

of time of only two years. What may be necessary to determine the long

term impact of fertilization on decline and nutrlent levels is to continue 

the examination, evaluation and analysls of the soil, foliage and tree 

decline levels for the next few years to ascertain which, if any, 

fertilization treatments may improve sugar maple decline. 
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CHAPTER THREE 

CORRELATIONS BETVEEN SOIL AND FOLIAR 

CONCENTRATIONS AND BETVEEN FOLIAR COBCENTRATIONS 

AND DECLINE LEVELS 
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3.1 

CORRELATIONS BETVEEN SOIL AND rOLIAR 
CONCENTRATIONS AND BETWEEN rOLIAR 
CONCENTRATIONS AND DECLINE LEVELS 

INTRODUCTION 

The nutrltional status of the soil has often served ta reflect that 

of the foliage. Bath sail fertility and foliar nutrlent concentration have 

also been shown in the past to have a relationship wi th the state of 

decline of the sugar maple (Mader and Thompson 1969; Gagnon et al. 1986; 

Bernier and Brazeau 1988a; 1988c). In order to better predict specifie 

deficiencies in the foliage from sampling the soil lt lS necessary to know 

if a strong co{relatlon exists between the concentratlon of that element 

in the leaves, soil mlneral horlzon (B) and sail organic horizon (FH) of 

sugar maple stands. Al sa , it would be a useful tool to know lf strong 

correlations existed between specifie elements and the state of decllne 

of the tree. In this way predictions could be made as to the 

susceptibility of an area to decl1ne and preventlve measures such as 

fertilization taken to possibly lnhiblt the onset or continuatlon of 

decline. 

In this study the relatlOnships between sail fertil1 ty, follar 

nutrient concentrations and decline of the sugar maple were examined. 
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3.2 MATERIALS ABD KETBODS 

3.2.1 Study Area 

This study was eonducted at two sites in the Lower Laurentian~ of 

Quebee. Site 1, previously described in Section 2.2.1, was located in the 

Entrelacs area. Site 2 was loeated in the St-Hippolyte area 80 km north 

of Montreal and formed part of the 14 km 2 comprising the Station de 

Biologie de l'Un~versité de Montréal. This unmanaged site, also loeated 

in the Great Lakes - St. Lawrence forest region of Canada, was dominated 

by 80-100 year old sugar maple but included sorne Amelican beech. Soils at 

Site 2 were also derlved from glaclal till, havlng a mor type humus, were 

predomlnantly humo-ferne or ferro-humlc podzols (Canada Soil Survey 

Committee 1978) and were well- to imperfectly-dralned. The LH Horizon 

averaged 4-6 em in thIckness and organic sol1s were found in a few 

depresslonal areas. The southwesterly facing sIte was located in a 

sllghtly sloplng area and decline levels eneompassed the complete range 

but, as a t Si te 1, SI te 2 was one of modera te decline with most trees 

showing some evidence of diebaek. 

3.2.2 Plot Establishment 

Methods regarding plot establishment at Site 1 were described in 

Section 2.2.2. In May 1987 at the St-Hippolyte site, eight sample plots 

(15 m x 15 m) were established with buffer strips of at least 5 m left 

between plots. Elght fertilizer treatments as set out in Table 2.1 were 
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assiqned randomly to the plots. Fertilizer was applied by hand to the soil 

surface of each plot as at Site 1 ensuring uniformitv of applicatlon. When 

possible a total of eight sugar maple trees (dying or !';mall trees 

excluded) per plot, each located at least 3 m inside the plot boundaries, 

were tagged and measured for diam~ter at breast height (average dlameter 

= 26.5 cm). 

3.2.3 Sail Sampling, Foliar Sampling and Tree Evaluation 

These procedures were all carried out in the same manner for the 

eight plots at SIte 2 as for the 24 plots at Site 1 and were described ln 

detail in Sections 2.2.3 to 2.2.5, InclusIve. For SIte 1, complete data 

sets for the 5011 LH and B horizons and 1987 and 1988 follar 

concentratIons are presented in AppendIx Tables A.1, A.2, A.3A and A.3B, 

respectlvely. SIte 2 data sets for the 5011 LH and B horIzons and 1987 

and 1988 foliar concentratIons are given in Appendlx Tables A.4, A.5, A.6A 

and A.6B, respectlvely. 

3.2.4 Statistical Analyses 

In determinlng lf relationships existed between Ca, Mg, K and Al ln 

soil Mineral honzons (B), soil organlc honzons (FH) and follage, plot 

means were determlned for organlc soil elements, mlneral sOlI elements and 

foliar elements from a total of four values per parameter per plot. Slnce 

5011 sampling was done for one year only, the 1987 data were used for all 

parameters analysed. .. h~n the data of two Sl tes were comblned thls 
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resulted in a total of 32 plot values for each soil LH, soil Band foliar 

sample - 24 from Site 1 and 8 from Site 2. The data could be combined for 

analysis of Ca, Mg and K as values between sItes were very similar. 

However, for Al, only SIte 1 data were used (a total of 24 plot values). 

A prellmlnary analysls lndlcated that the average Si te 2 foliar Al 

concentratIon was qUlte a blt hlgher than that of Site 1 and that 

correlatIon coeffIcients were of the OpposIte slgn, thus combining the two 

sites ln this case ellminated siqnlf1cant correlations. SAS software 

using the Pearson Correlation CoeffIcIent procedure was employed to 

determine If correlatIons between soil FH values, sOlI B values and leaf 

concentratIons of Ca, Mg, K and Al were significant (p < 0.05) (SAS 

Institute Inc. 1979). 

In determining a possible relatlonshlp between decllne and foliar 

nutrlent concentrations, only the data obtained from the sampled trees of 

the control plots were used as fobar nutrient concentratIons after 

fertilization may have been altered wlthout causlng a change in decllne 

status in the relatlvely short tlme penod of thlS study. The decline 

level for each tree was related to that tree's follar nutrient 

concentratIon values. Data for two years from the control plots of Site 

1 (24 samples) and Site 2 (8 samples) were comblned and correlatIons were 

determined between the Madé! and Thompson decllne levels and each foliar 

nutrlent concentratIon using the Pearson CorrelatIon Coefficient 

procedure. Analysls of the decllne Index data, uSlng percent ages of 

branch dieback, dlscoloration and transparency as parameters was also 

performed lu an attempt to deterrnin~ If a relatlonshlp existed between 

thls measure of decl1ne and fobar concentrations. The decline index 
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analysis was based on only 16 samples since this parameter ,las only 

measured in 1988. 

3.3 RESULTS AND DISCUSSION 

3.3.1 Soil and Foliar Correlations 

Potassium, Ca, Mg and Al follar levels were all correlated to levels 

of those elements in the sOlI although only one partul correlation 

coefficIent exceeded 0.5 (Table 3.1). Calcium and Mg levels ln the leaves 

were posltlvely correlated to B honzon levels but not sigrnficantly 

correlated to FH horIzon levels. ThIS result lS somewhat surprlslng Slnce 

lt is expected that the maJority of nutrlent uptake would occur from the 

FH horIzon and thus follar nutrlent levels should be correlated to the 

5011 levels ln the FH horlzon. ThIS lack of correlatIon may be due to 

foliar nutrlent concentratIons not beIn:] truly IndIcatIve of nutrlent 

uptake, i.e. posslble dllutlon effects. ThlS flndlng could also reflect 

sorne other condItIon ln the FH horIzon affectlng nutrlent absorptlon othér 

than thé absolute concentratlon of that nutrlent. Alumlnum follar le~els 

were posltively correlated to the Al levels ln the LH horIzon. Thls may 

suggest that ln this horIzon Al is more avallablE for plant uptake thus 

competlng wlth base catlon uptake. Perhaps the roots themselves have been 

damaged to a pOInt where uptake or transport of base catlons has been 

interfered wlth (EpsteIn 1961; Meyer et al. 1985). However, the POSItIve 

correlation between SOlI B honzon and follar levels at Sltes 1 and 2 

seems to indicate that the roots of the sugar maple were ln a functlonal 
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Table 3.1. Partial correlation coefficients between foliar and sail 
concentrations of Ca, Mg, K (Sites 1 and 2) and Al (Site 1) 

Foliar Ca Sail B Ca Soil FH Ca 

Foliar Ca 1.00 0.49** 0.26 

Soil B Ca 1.00 0.36* 

Foliar Mg Sail B Mg Sail FH Mg 

Foliar Hg 1.00 0.41* -0.12 

Soil B Mg 1.00 -0.14 

Foliar K Sail B K Soil FH K 

Foliar K 1.00 0.57** 0.45** 

Soil B K 1.00 0.51** 

Foliar Al Soil B Al Soil FH Al 

Foliar Al 1.00 0.04 0.48* 

SOlI B Al 1.00 -0.43* 

* ** significant at the 0.05 and 0.01 levels, respectively 
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state to absorb or transport available soil nutrients. Potasslum follar 

levels were positively correlated to both the rH and B horizon levels wlth 

the hlghest correlatlon occurrlng with the B horlzon. 

To an extent these results reflected the flndings of Mader and 

Thompson (1969) concerning Ca and Mg. They concluded that follar nutrIent 

levels in general appear ta reflect those avallable ln the sail proflle. 

3.3.2 Follar and Decllne Correlations 

The combined foliar and decline data from the control plots of SItes 

1 and 2 are presented ln Table 3.2. It should be emphaslzed that the 

project was initlally set up so that trees exhlblting extremely severe 

decllne symptoms would not be selected. The range of decllne levels, 

therefore, lS falrly narrow. 

Calclum, Mg, K and PaIl had mean values at or very close to thelr 

respective cntlcal limlts (Table 3.2). The trees selected had decline 

levels ranging from level 2, characterlzed by dlscolored or small leaves 

being eVldent, to level 4, charactenzed by trees haVlng dead branches 

constltutlng less than half the crown, wlth the mean level of decllne 

being evidenced by trees haVlng dead tWlgs at the top of the crawn 

accountlng for less than 25% of the crown (level 3). When decllne Index 

parameters were u~ed decllne was also seen ta be llght to moderate ln 

severlty (Table 3.2). So It would seem that even though the SItes were 

at very critical levels nutritlonally, thelr level of decllne was still 

only moderate. ThIS may be a bIt mlsleadlng, however, ln that a level of 

moderate decline throughout most of SI tes 1 and 2 could lead ln a 
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relatively short period of time ta a more severe level of decline owing 

to the very poor nutrient status of the areas. The short two-year duration 

of this pro]ect unfortunately can only allow speculation. 

Table 3.2. Mean foliar elemental concentrations and decline level of 
sugar maple for samples taken from control plots of two sites 
for two years (n=32) 

Vanable 

Ca 

Mg 

K 

N 

p 

Al 

Decline Level 
Mader & Thompson 

Decllne Index t t 

7.11 mg g-l 
(1. 52) 

0.93 
(0.19) 

6.16 
(1. 2~) 

21.56 
(3.72) 

1.02 
(0.13) 

34.12 ug g-l 
(9.92) 

3.06 
(0.77) 

8.23 
(3.87) 

4.16-10.69 

0.59-1. 34 

4.08-8.87 

16.90-31. 22 

0.81-1.29 

23.06-70.50 

2-4 

1.67-16.67 

adapted from Hendershot and Lalande 1988 
tt used ln 1988 only (n=16) 
Note: Standard deviations are given in parentheses 

Critlcal Limi t+ 

7.0 

0.9 

6.0 

15.0 

1.0 

Analysis of the decllne index data lndlcated that there were no 

slgnlficant correlatlons between decline and foliar concentrations (Table 

3.3). This may have been due, however, to the small sample size that was 
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used. When the Mader and Thompson scale was used the only foliar element 

significantly correlated with decline was Mg (Table 3.3). Since the range 

of decline levels was fairly narrow, this correlat1on (r=-.40, p=0.022) 

may have been even more pronounced had suqar maple trees encompassing a 

greater range of decline levels been sampled. 

Table 3.3. Partial correlat10n coeffic1ents between follar elemental 
, concentrations and sugar maple decline for tue control plots 

~ of Sites 1 and 2 for two years (n=32) 

[ 
t Mg K N P Al DEC· DIH , 

f 
Ca 0.52** 0.30 0.44** 0.32 -0.05 -0.05 -0.19 

Mg -0.00 -0.20 0.14 0.21 -0.40* -0.23 t 
~, , 
r K 0.30 0.38* -0.23 0.18 -0.07 

1 
1 N 0.44** -0.24 0.08 -0.00 [ 

; 

P -0.13 -0.14 -0.34 

Al -0.01 -0.04 

* ** signiflcant at the 0.05 and 0.01 levels, respectively , 
t based on Mader and Thompson scale 
tt based on Decline lndex parameters (n=16) 

This decline correlatIon lS interest1ng as Bern1er and Brazeau 

(1988c) found acute Mg def1ciency symptoms occurring in severely decl1n1nq 

sugar maple at various sltes ln the Lower Laurentians of southeastern 

Quebec. Because the forest is detnmentally affected by a severe Mg 

deficiency, 1t was thought that there may be a d1rect relat1onsh1p between 

64 

" 

1 



\ 

tree dleback and Mg deflClency. There have been many studies done in 

c~ntral Europe where lack of Mg has been Impllcated in the recent for~st 

declines of that area (Zech et al. 1985; Huettl 1986). Mader and Thompson 

(1969) as weIl found that reduced growth of sugar maple and an Increase 

ln decllne level were assoclated wIth low Mg as weIl as low N levels in 

the fol1age. These observat10ns were made in declining sugar maple stands 

of western Massachusetts w1th sOlI also developed from glacial till. 

ACldlC deposl tlon and resulting base cation leaching has been 

suggested by many researchers to be the underlying cause of Mg 

deficiencles ln areas such as the Lower Laurentlans of Quebec (BernIer and 

Brazeau 1988c), the Lange Bramke basIn are a in west Germany (Hauhs and 

Dise 1989) and northeastern Bavaria (Zech et al. 1985). The study areas 

ln questlon in the Lower Laurentlans were located on nutrient deficient 

so11s WhlCh recel ved a fauly hlgh Input of aCld deposi t10n. Decline 

symptoms, although not severe, were ln evidence and stat1stlcal analyses 

demonstrated a negat1ve correlation between fol1ar Mg and decllne. These 

factors cons1dered, 1t may be suggested that here, as ln Europe, acidic 

depos1tlon has been accelerat1ng base catIon leaching losses leading to 

acute nutrient deflcIen-:1es Wlthin the forest ecosystem followed by 

decl1ne symptoms ln the sugar maple trees. 

Although Bern1er and Brazeau (1988b) found that sugar maple decline 

was negatlvely correlated to K ln the Quebec Appalachians, in this study 

It was found that Mg was negat1iely correlated to decllne. This indicates 

that the nutr1ent(s) most closely assoclated with decline are site 

speClflc. 
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3.4 CONCLUSION 

Foliar base cation nutrient levels correlated to B horizon leveis 

aithough Kwas also correlated to the FH horizon levels while Al foliar 

concentrations were correlated to the FH horIzon only. The data suggests 

that there was a posslble interaction occurring between the Al and the 

base cation uptake ln the FH honzon. Although some follar nutnent 

concentratIons were correlated wIth some sOll levels the high~st 

correlation found was 0.54 for K between the fol1ar concentrat10n and the 

level in the B horlzon lnd1cat1ng that many other factors are affecting 

nutrient uptake other than Just the element 1tself. 

Foliar concentrat10n and decllne level relatlonships indIcated that 

only Mg was negatlvely correlated to decl1ne for these sItes, which might 

be attrlbutable to the low Mg content of the parent material coupled wIth 

leach1ng due to aCld1c Inputs. Fol1ar analys1s demonstrated that Ca, Mg, 

K and P were at theIr crltlcal IlmIts lndicatlng that the sole add1t1on 

of Mg may not be adequate to allevlate nutrltlonal 1mbalances at these 

sites. It JS suggested that the prevalent follar Mg deficlency together 

w1th the other deficienCles ln Ca, K and P ln the follage may be play1ng 

a sign1ficant role ln the current sugar maple decllDe belng exper1enced 

in the study areas. 
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4. SUIOIARY 

...... 

Foliar nutrient status was found to be poor at both sites in this 

study. Foliar elements such as Ca, Mg, K and P were found to be at or 

very near to deficiency levels. Although the decline Ieveis were in 

general not severe for most trees at this point in time. thlS had to be 

considered in light of the sampling method empIoyed at the onset of the 

project. Trees that were visibly severely damaged were not considered for 

the purposes of the experiment. This may have undervalued the overall 

:evel of decline for the two sites. 

Fertilization was shown to have signlficant effects both in 

elemental concentrations of the soil and follage. Effects in generai 

showed an increase in base cation concentratlons when those elements were 

supplied in high enough quantities. Although there was no slgniflcant 

effect on the decline levels following treatment by fertillzation, this 

may in part be due to the short duration of thls partlcular project. For 

example, in the cases where a tree lS rated at Ievei 4 of decline one year 

(i.e. containing large dead branches in the crown) it is not concelvable 

that, even with perhaps an increase ln healthy foliage due to 

fertilization, those de ad branches wlii have disappeared from the crown. 

Therefore the tree rating would have remained the same ln both years. 

Another possibllity of why there was no significant effect on some tree 

decline levels foilowing fertilization cou Id be perhaps because no 

revitalization was even possible due to a critical degree of damage having 

been reached in the tree prior to fertilizatlon (Huettl and Wisnlewski 
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1987). It is known that sometimes deficlency symptoms can develop slowly 

ln a tree with the tree not exhibiting dieback symptoms until an element 

has been deflcient for sorne time. It follows that when elemenls are 

increased to a pOInt where they are no longer deficient, the amount of 

dieback that eXlsts may not dlsappear in one or two seasons. Therefore 

actual dlfferences in decllne levels due to fertllization treatments over 

a relatlvely short perlod of tlme IS qUlte dlfflcult to measure. 

PositIve correlatIons were obtained between sOlI B horizon levels 

and follar concentratIons of Ca, Mg and K and between sOlI FH horizon 

levels and folè~~ concentrations of K and Al which lndicated once again 

that the fertlllzatlon treatments did have an effect on bath the soil and 

foliage and that the nutnent status of the soil dld influence the 

nutrlent status of the follage. The only element that gave a siqniflcant 

negatlve correlatIon to tree decllne levei was foliar Mg. 

This study Indicated that the sites examined formed part of a forest 

ecosystem experlenclng llght to moderate sugar maple decllne but acute 

nutrlent deÏlcIenCl€s. These dehclenCles could be somewhat allevla ted 

through varlOUS fertlllzatlon applIcations thereby enabllng the trees to 

better wlthstand other biotic or ablotic st~~sses. However, fertIllzation 

15 Just a tool to temporarily overcome nutritionai deficiencles brought 

about by sorne cause or causes. Many researchers have suggested acidic 

deposltlon as the underlYlng cause of the new forest decline that is being 

experienced in rnany parts of the world. Observations have shown in the 

Lower Laurentlans of Quebec that declining sugar maple with deficient 

foliar nutnent levels are growlng on aCldlC nutnent-poor soils which 

recelve fnrly heavy aCldic deposltjon. These facts suggest that the 
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aCIdification and nutrient imbalance theory of suqar maple decline may be 

applicable to thls situation. If such is the case then fertlliza~lon may 

be instrumental in slowinq or stoppinq the decllne tahng place and 

restoring the tree to health. But unless this fertlllzatlon 1s carrled out 

on a regular basis the symptoms œay only be temporarily alleviated whlle 

the actual cause of nutrlent deflciencies in the forest ecosystem 

continues. 
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~able 1.1. !987 so!1 ml::al propertles of rH HorIZons of Entrelacs for 8 treataents 1::4) and partHl mlySlS of variance 

Plot pH 

!reatmt 

: .Cont~ol 
:0 
22 

3 
4 

23 

Il 

4.Ca.!q(COlil 6 

U:SJ, • 
CaCOl 

10 
15 

l' " j8 
24 

UzSO, + 
CUqlCOll1 13 

16 

7.(KH,:z50, 14 

8.H-8 

Treatmt 5S 

F Val ue' 

19 
;1 

17 

4.60 
(.5J 

4,33 

4.]7 
4. ~ 5 
U1 

4.31 
5.02 
4.86 

4.34 
U2 
4.34 

4.14 
4.82 
4.34 

4.46 
4.41 
UO 

4. ~ Î 
4.19 
4.04 

4.35 
4.25 
4,22 

Ca !g l Fe Kn Al CEC \Ca \Kg 

----------------------- clol(fi iq-l ------------------------- ------------ of CEe -----------

11.98 
lU! 
16.7 J 

16.30 
11.01 
17.98 

16.23 
18.61 
11.19 

19.22 
Il.40 
15,98 

~ \ 1 0.97 
!.la 0.79 
: .67 0.81 

1.73 :.90 
1.;9 0.95 
1.:6 1.18 

:.91 :.07 
1.69 o.n 
:.28 0.86 

1.IS 1.1l 
2.14 1.08 
:.14 l.OS 

22.'6 1.09 U5 
l5.:: 2.1l 1.13 
26.l8 2.17 :.86 

! 8.18 
16.64 
10 .18 

!1.05 
22.80 
19,21 

:3.90 
10.06 
iJ.l2 

4.27 
:.00 1.26 
2.61 :.52 

1.0. 0.81 
:.00 1.23 
2.1! 0.99 

UI 1.24 
1.48 1.12 
2.79 1.19 

0.07 0.11 
Q.:6 O.ll 
C.il 0.10 

O.H O.ll 
0.18 U5 
0.12 O.ll 

0.08 0.21 
0.16 l.Ol 
O.: 1 ~. 01 

0.11 0.11 
0.08 0.14 
0.12 C.ll 

0,86 
0.:5 
0.67 

1.01 
0.96 
0.61 

0.34 
1.21 
0.84 

3.95 
9.11 
J.57 

.43 
4.4' 
4,48 

1.49 
1.1E 
J.06 

22.46 
Z6.44 
2l. 6 6 

:2.55 
22.92 
25.26 

21.: 4 
25.01 
34041 

67.15 
5US 
71.46 

71.60 
64.70 
69.4l 

'6.03 
74.33 
'8.')8 

b.S8 
5.13 
1.08 

US 
5.66 
6091 

8.96 
6.82 
6.60 

0.74 1.13 :5.03 76.63 10.36 
O.~4 1.39 ~3.:9 74.50 Il.7J 
0.57 :.:6 2l.99 57.62 10.8l 

U8 
2.98 
US 

S. 5; 
4.11 
4.54 

4,99 
l. . 2 

1.49 

16.99 
lUO 
14 .2l 

US 
19092 
15.92 

Ul 
6.22 

13.57 

U2 0.17 0.41 !.9i 2U: 79.0l \25 4.69 6.58 
8.98 
3.!9 

0.23 0.0: 0.85 :.38 32.89 17.54 5,47 1.41 
o n~ O.Oi 0.l5 0. 04 J1.7S 8u! :.94 U~ 

0.11 O.! 5 
C.40 0.10 
0.15 0.17 

0.11 0.08 
O.:J 0.11 
O.: 2 0.18 

J.51 1.40 25.56 59.1: 15.04 
0.11 U: 25.:8 fUi 7.90 
~.53 1.65 26.24 74.52 10.10 

1.29 6.20 2U! IUO 
0.69 3.06 3l.0~ 15.23 
0.65 :.81 25.26 75.91 

4098 
6.72 
8.85 

0.10 ~.:O 0.77 2.06 20.01 59.71 9.23 
9.88 
9.52 

0.12 0.11 0.53 1.52 25.01 16.08 
0.14 0.10 0.65 1.26 29.47 78.8) 

5.45 5.l0 
4,96 17.04 
U6 U6 

Ll3 28026 
4.11 9.87 
l.98 7,48 

6.17 
4.48 
4.15 

10.14 
6.26 
4,41 

180.762 U60 1.160 0.032 0.010 0.4l1 35.511 119.884 516.2l5 87.212 14.345 611.116 

:.12 2.86* :.55' 1.07 0.5l 0.94 1.70 1.38 1.93 3.84* 1.48 1.81 

--------------
1 Slqnltmnt at the 0.05 level 
, degrees of free~ol are; for treatlent and 16 for the error 

79 



Table 1.2. 1987 SOli chellcal propertm of B Homons of Entrelacs for 8 treatmts ln:4! and pUlla: analySlS 01 mmce 

-----------------------------------------------------------------------

Treatmt 

l.Control 

4.CaJqlC011: 

5.[2504 • 
CaCOI 

U2SJ4 + 
Ca.Kg(CCII; 

S.H-S 

Plot 

Il 
:2 

2J 

1: 

6 
10 
15 

! 2 
:3 
14 

1J 
16 

li 

17 

pH 

5.09 
4,94 
5. OC, 

4,96 
5.20 
4.91 

U9 
I.1S 
5.14 

5. 09 
U8 
4.96 

U5 
5.16 
u: 

4097 
5.00 
4. 0 1 

U9 
4.84 
4,63 

U3 
4.16 
U5 

Ca !q Fe !n 11 CEC \Ca \Bq \I \lI 

--------------------- clol (+ 1 kg- l ----------------------- --------- of CEC -----------

1.68 
0.91 
1.18 

0.88 
l.84 
1.57 

O. :9 
!.24 
1.9J 

1. ~] 
:.21 
: ,)4 

:.62 
!.91 
l.H 

US 
!.lI 
LlO 

1.14 
1.51 
:. 64 

0.65 
1. 68 
LOI 

0.10 
0.09 
0.16 

0.09 
0,10 
0.15 

0.10 
0.14 
0.21 

0.09 
0.:2 
0.12 

a.:4 
U1 
0.12 

U9 
Q.1; 
O.!O 

O.I~ 

O.: 5 
J .1' 

0.01 
0.15 
0.10 

0.06 
0.05 
U9 

0.14 
0.1 J 

0.11 

o .Oé 
0.07 
0.07 

0.05 
Ut 
0.08 

0, :: 
0.12 
O. i4 

O.: 1 
0.10 
0.1 ! 

0.14 
0.07 
0.10 

0.06 
0.08 
0.06 

U6 
U4 
0.04 

O. J 1 
0.05 
0.04 

0.03 
U5 
J.C6 

0.05 
0.05 
0.01 

0.06 
0.06 
O.O~ 

0.04 
0.:6 
0.04 

0.04 
U4 
0.04 

0.01 
U: 
0.03 

0.07 
0.04 
O. :0 

0.14 
0.02 
~ • Q4 

o .OS 
U4 
0.01 

0.11 
Ul 
0.1] 

0.01 
C.09 
0.09 

0.01 
0.03 
~.1 J 

o. os 
0.1 ' 
U9 

0.0 7 

0.03 
0.01 

0.02 
J.:l 
0.03 

U~ 

U1 
0.0: 

0.01 
C.OI 
0.0: 

~. 0: 
0.:3 
O.Oi 

C.J~ 

0.01 
Ul 

J.02 
O.Oi 
U: 

3.70 
1.52 
],44 

4.84 
2.19 

1.14 
! .?] 
4.Jl 

2.60 
J. 69 
4,98 

Ul 
US 
4.41 

5.11 
4. ~ 3 
5.57 

4.i7 

U\ 
1.02 
6.! a 

4.51 
\ '. ... '.1 

4. 74 
5.58 
7.09 

:' .61 1.75 1.03 
11.51 1.90 l.ll 
29.84 :.1b 1.61 

18.l5 :.88 2.93 
l1.0l J.°I ~.41 
:US :.53 l.97 

1).:9 U2 0.99 
l:.4' U6 1.31 
]8.(( 4.:: :.48 

:L:3 :.74 ~.~O 

:9.;4 :.84 C.?~ 

JU9 1.8l :.09 

lUO U! :.H 
n.:J L91 ')''1 

::.14 :.81 2.]] 

ji.O~ :.89 ;.]1 
;:.4' 1.!1 l.H 
:1.]8 :.74 :.30 

lU' J.94 1.9: 
H . 42 ~ 174 ~ . ~ ~ 
2l.82 1.31 :.J5 

:!.\J :.43 l.1~ 

~1.07 1.90 ~.O~ 

66.4) 
15.6) 
6U8 

74.46 
10. \0 
51.11 

S1.ll 
SUl 
:1.82 

'0.76 
11.16 
67.82 

'0.] ; 
:2.: 1 
'0. !I 

78 .:1 
6" .16 
; 2. 98 

1:.14 
56.81 
10.9; 

ai.08 
11. '0 
"1. ;7 

,--------------------------------------------

Treamnt SS :.0:1 0.014 O.OH 0.004 0.008 o.J:S !.911 L72: lLW 5.860 ur 149.::0 

F val ue' U4 1.12 1.61 11 0.51 UJ O.ÎI U~ O.:! 0.95 :.;3 1.\! J.Jî 

---------------------------------------------------------------

Il slqnlflcant at the 0.0: lml 
• deqrees of freedol are 7 for treatlent and 16 :or tce error 
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t Table A.3A. 1987 foliar elemental concentrations of Entrelacs for 8 treatments (n=4) 

Plot 
Treatment 

1.Control 9 
20 
22 

2.Kz S04 3 
4 

23 

3.CaC03 2 
8 

11 

4.Ca, Mg (COa) 2 6 
10 
15 

5. K2 S04 + 12 
CaC03 18 

24 

6 .K2 504 + 1 
Ca,Mg(C03)2 13 

16 

7. (NH4 b S04 14 
19 
21 

8.4-4-8 5 
7 

17 

OVERALL MEAN FOR 
ALL TREATMENT S 

Ca Mg K N P Fe Mn Zn Al 
------------------------ mg g-l ---------------------- ug g-l 

8.59 0.91 1.03 21.89 1.04 0.05 1.36 0.02 27.24 
7.48 0.88 5.88 25.78 1.06 0.05 0.76 0.01 32.65 
7.60 0.78 6.36 27.47 1.02 0.04 0.90 0.02 29.58 

8.65 0.98 7.92 20.78 1.05 0.04 1.20 0.02 35.27 
9.51 O. ge 9.45 20.28 0.94 0.04 0.74 0.02 27.43 

10.11 1. 30 8.43 25.09 1.15 0.06 0.66 0.03 32.19 

7.41 0.89 5.57 19.05 1.07 0.03 1.19 0.02 32.54 
10.35 0.96 6.03 20.71 1.02 0.04 0.81 0.02 22.34 
10.01 0.98 8.19 21.78 1.02 0.05 0.49 0.02 26.78 

6.96 0.96 4.87 20.10 1.03 0.03 1.28 0.02 21. 26 
7.27 0.97 6.09 21. 39 1.05 0.05 1.00 0.02 27.38 
7.10 0.79 4.59 18.91 0.89 0.05 1.24 0.01 25.22 

10.52 1.10 9.01 21. 62 0.99 0.05 1. 37 0.03 28.27 
11.92 1. 33 7.90 20.90 1.11 0.04 0.52 0.02 26.93 

8.67 1.23 9.35 26.29 1.11 0.05 0.94 0.03 24.35 

7.13 0.83 8.61 20.43 1.04 0.04 1.31 0.03 27.72 
9.10 1. 23 9.39 21.132 1.04 0.05 1.22 0.03 31. 67 
8.34 1.06 9.33 21. 66 1.12 0.04 1.26 0.02 28.85 

9.79 1.11 8.06 21. 37 1.23 0.05 1.00 0.02 37.08 
8.05 0.99 6.26 28.33 1.06 0.07 0.86 0.02 31. 57 
7.63 1.09 5.07 25.98 1.12 0.05 1. 35 0.02 29.77 

7.40 0.89 6.29 20.90 0.91 0.04 1.34 0.02 27.36 
8.06 1. 21 7.77 20.85 1.12 0.04 1.02 0.02 27.59 
8.05 0.92 6.40 20.87 1.00 0.04 0.80 0.02 21.77 

8.57 1.02 7.25 22.26 1.05 0.05 1.03 0.02 28.45 
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Table A.3B. 1988 foliar elemental concentrations of Entrelacs for 8 treatments 
(n=4) 

Plot Ca Mg K N P Al 
Treatment --------------- mg g-l --------------- uq g-l 

1. Control 9 6.35 1.01 6.06 19.24 0.96 32.62 
20 6.30 0.92 5.01 19.37 1.03 46.85 
22 6.50 0.89 5.87 19.85 0.96 45.13 

2. K2 S04 3 5.11 0.80 6.36 19.03 1.00 39.11 
4 6.15 1.00 7.58 18.64 0.93 40.76 

23 9.40 1.40 7.77 20.47 1.11 35.96 

3. CaC03 2 7.09 0.99 3.65 17.12 0.90 27.58 
8 8.40 1.08 5.02 lï.42 0.90 24.77 

11 8.60 1.05 6.44 19.16 0.99 28.66 

4. Ca,Mg(C03)2 6 6.91 1.18 4.34 20.18 1.07 30.68 
10 7.66 1.20 6.07 19.72 1.05 26.46 
15 7.04 0.94 4.98 17.34 0.79 24.02 

5. K2S04 + 12 7.10 1.11 7.66 20.89 0.99 28.10 
CaC03 18 7.93 1.11 7.16 18.40 0.95 24.40 

24 5.55 1.14 8.48 20.01 0.96 40.23 

6. K2 S04 + 1 4.63 0.82 8.24 18.56 0.88 33.97 
Ca,Mg(COa)2 13 5.55 0.98 7.16 19.88 0.93 21. 79 

16 5.22 0.97 8.30 20.59 1.09 26.89 

7. (NH4 ) 2 S04 14 7.79 1.12 7.29 18.73 1.10 31.11 
19 8.06 1. 20 6.59 21.45 1.13 32 .61 
21 7.05 1.17 3.84 19.01 1.05 43.68 

8. 4-4-8 5 6.64 1.03 6.14 20.09 0.99 36.62 
7 6.24 1.02 5.55 19.99 1.07 33.47 

17 5.14 0.80 5.07 17.81 0.94 22.44 

OVERALL MEAN FOR 6.77 1.04 6.28 19.29 0.99 32.41 
ALL TREATMENTS 

82 



4 

.... 
v. Table U. 1987 .oil chelical propertie. of rH Horizons of St-Hippolyte for 8 treltlents ln:41 

pB Ca Kg ( ra fa ID 11 CEe 'Ca Ug U Ul 

Treatmt ----------------------- cloll.1 kg- t 
------------------------- ------------ of CEC ---------------

1.Control tH 14,84 1.61 0.92 0.09 0.18 0.69 2.03 20.36 72.11 7.80 4051 1Ua 
(4.101 (0.541 (0.241 lO .041 lO.06) lO .26) 0.351 1&.12) 16.081 lUO) lo.s51 n.721 

2.11 S04 &.64 14.04 l.42 1.34 0.11 0.14 1.15 4,62 22.81 61.13 6.27 5.85 19.85 
(2.021 10.111 (O.U) 10.051 (0.021 10.281 11.99) 13 .291 16.641 10.(9) n .111 16.211 

3. CaCOz 4.33 18.40 1. 98 0.91 0.06 0.23 0.39 1.81 23. 77 17.25 8.35 3.81 7.14 
(2.631 (0.231 10,15) 10.031 10.011 10.071 10,(61 12.15 ) 12.83) 10.14) 10.34) (2.&01 

tCa,KgICOz )1 tu 12.14 1.70 0.11 0.07 0.2l 0.66 4,68 20.17 59.81 8.66 3.54 2:1'~ 
12.75) (0.161 (0.121 10.05) (0.06) 10.(4) n.30) 13.55) (Ull ( 2.001 (0.111 15.34) 

5.12504 t U4 22.85 1.19 1.85 0.11 0.10 0.86 2.18 30.33 75.22 5.93 6.13 9.27 
CaCO, 13.82) 10.16) (0.491 10.05) 10.06) (0.66) 13 .62) (2.29) 19.91) 10.79) 11.69) 112.09) 

"t 
6.[,S04 t 4054 11.03 1.U 1.11 0.06 0.09 0.96 2.64 23.73 71.19 7.69 4.72 11.17 

Ca ,Bg(COlls (US) (0.50) (0.21l (0.05) 10.041 (0.30) n.2&1 (4.141 15.(9) lO.80) 10.69) 15.821 

7. IIB4) IS04 U8 21.02 1.63 1.20 0.07 0.10 1.54 1.35 26.90 78.04 6.07 4044 5.07 
11.63) (0.081 10,18) 10.03) (0.021 10.511 (0.41) a.m (2.211 l0.45) (0.62) 11.141 

8.4-4-8 4,31 17.29 1.82 1.16 0.11 0.12 0.95 2.03 23,47 73.45 7.78 4.89 8.83 
(2.98) (0.32) (O.ll! (0.03) lO.021 l0.28) (0.80) D.W (2.98) 11.251 n.021 11.99) 

lote: Standard devlatloDs of leans are 9ifen ln parentheses. 
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· t Table 1.5. 1987 soil cheaical properties of B Borizons of St-Hippolyte for 8 treataents !n=') 

pB Ca Kg l la Fe Ku 11 CEC 'Ca Ug U Ul 

Tmtmt ----------------------- clol! +) kg-' ------------------------- ------------ of CEC ---------------

I.Control 1.02 0.76 0.06 O.O( 0.03 0.03 0.02 3.06 4.00 18.98 1.5l 1.11 7U8 
!0.15) !Ml) !0.02) !O .02) to.o1) !0.02) ! O. 55) (0.75) !O .57) !Ut) 10.U) !1.15I 

2.[,SOf 5.05 1.18 0.08 0.08 0.02 0.02 0.03 2.58 3.98 29.87 2.15 1.84 6Ul 
!0.21) !0.02) !0.02) 10.OU !O .OU 10.Ol) !0.38) (O .37) !5.69) !O .10) !O.W !U() 

J.CiCO. 4,92 1.29 0.11 0.06 0.02 0.08 0.01 4.01 5.58 22.52 1.88 0.99 72.65 
!0.54) 10.05) (0.02) !O .01) !O .06) !0.01l !1.03) (1.68) (US) !O.ll) !0.02) 0.86) 

tca,Kg(CO,)1 5.00 0.7( 0.07 0.G5 0.02 0.03 0.03 2.91 3.85 19.15 1.88 1.40 75.6l 
!0.16) !0.01) !0.01l !0.011 lUI) 10.02 ) (0.28) (0.(3) Il.97) !0.06) !0.18) ILW 

5.IIS04 + te6 1.08 0.11 0.11 0.02 0.06 0.02 3.27 U8 22.67 2.23 2.32 70.55 
CaCO, 10.39) 10.04) 10.041 10.01) (o.ot) !0.01) (0.73 ) (1.18) (3.84) (0.37) !0.80) (5.01) 

! 6.I1S04 + 4.97 I.U 0.13 0.09 0.02 0.05 0.02 2.50 U( 3UO 3.G3 2.H 58.06 
Ca,Kg!COIl! 10.U) (O.O() !0.021 10.00 !0.02) 10.0l) !0.931 (1.19) 111.11) !0.69) 10.76) U2.00) 

7. Ille) 1 S04 te2 1.41 0.12 US 0.04 0.07 0.03 3.37 5.19 27.05 2.25 2. 78 65.39 
!U1) !0.03) !0.071 !O .02) !0.06) !0.011 !0.681 (1.201 12.33) !0.17) Il. 23) 0.501 

8,4-H U( 1.87 O.U 0.07 0.03 0.06 o.ol 2.88 5.07 lUl 2.68 1.2& 57.48 
10.92) 10.051 10.0() 10.00 !0.04) 10.011 !1.13) !1. 72) 114.04) !0.28) !O .38) U1.50) 

lote: Stndard demtions of aem are qim in parentheses. 



..... Table A.6A. 19R7 foliar elemental concentrations of St-Hippolyte for 8 
treatments (n=4) 

Ca Mg K N P Al 
Treatment --------------- mg g-l --------------- uq g-l 

1. Control 7.88 1.00 7.06 20.39 1.04 31.28 
(2.69) (0.30) (1. 30} (2.08) (0.15) (6.14) 

2. K2 S04 lO.46 1.05 9.93 24.79 0.85 22.70 
(2.86) (0.20) (0.66) (3.79) (0.14) (4.85) 

3. CaC03 8.96 0.94 7.37 21.59 0.98 37.51 
(1.13) (0.30) (2.34) (1. 86) (0.18) (15.06) 

4. Ca,Hq(C03)z 8.54 0.90 6.85 21.18 1.06 37.32 
(0.83) (0.12) (1. 65) (1.53) (0.14) (4.64) 

1 5. K2 S04 + CaC03 9.87 1.00 8.31 20.71 0.87 40.77 
(2.04) (0.27) (0.36) (1.11) (0.06) (10.21) 

6. K2 S04 + Ca,Mg(C03)2 10.91 1.04 7.97 20.33 0.91 40.00 
(2.92) (0.24) (1. 29) (1.09) (0.03) (8.55) 

7. (NH4l2S04 8.33 0.93 7.73 22.34 1.06 43.24 
(1.37) (0.15) (0.58) (1. 90) (0.16) (8.31) 

8. 4-4-8 8.96 1.08 7.53 22.99 1.06 45.77 
(0.92) (0.14) (1. 06) (1. 62) (0.14) (6.16) 

Note: Standard deviations are given in parentheses. 
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( Table A. 6B. 1988 foHar elemental concentrations of St-Hippolyte for 8 
treatments (n=4) 

Ca Mg K N P Al 
Treatment --------------- mg g-l --------------- ug g-l 

1. Control 6.20 1.03 6.04 18.51 1.07 27.63 
(1.62) (0.32) (0.91) (1.55) (0.17) (3.92) 

2. K2S04 5.89 1.06 9.39 19.47 0.95 30.63 
(1.24) (0.22) (1. 07) (1.65) (0.18) (5.34) 

3. CaC03 6.67 1.02 6.11 19.04 0.95 39.97 
(0.58) (0.14) (1. 56) (0.94) (0.04) (13.72) 

4. Ca 1 Mg (C03 ) 2 6.72 1.07 7.76 18.99 1.21 32.73 
«0.75) (0.12) (2.66) (1.34) (0.09) (8.68) 

5. K2S04 + CaC03 5.38 0.92 8.18 17.37 0.90 25.50 
(1.02) (0.09) (1.12) (1.01> (0.03) (2.52) 

6. K2S04 + Ca 1 Kg (C03 h 7.11 1.04 7.34 16.96 0.85 23.81 
(0.70) (0.18) (1. 27) (1.91> (0.09) (4.39) 

7. (NH4) 2 S04 6.02 0.97 9.00 19.36 1.20 23.67 
(0.32) (0.15) (2.39) (1. 96) (0.19) (3.52 ) 

8. 4-4-8 8.03 1.08 8.13 20.32 1.21 23.53 
(0.90 ) (0.15) (0.95) (0.79) (0.08) (3.02) 

Note: Standard deviations are given in parenthelJes. 
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