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ABSTRACT 

A Severn chlorosis that developed in 1977, some 10 years after white spruce 

(Picea glauca [Hoench] Voss) were planted at Limestone Lake, Ontario, was related to 

severe drought periods in 1975 and 1976. In these two years unusually dry conditions 

prevailed during May, when precipitation was only 17« and 13S of normal. After a return 

to normal moisture conditions, the chloratic trees regained their green color, although 

some chlorosis remained. Ncne of the most severely chlorotic trees in 1977 had died by 
1980 Heavy mortality of fine feeder roots, probably resulting from the water deficit, 

was directly related to nitrogen deficiency in the needles. Fertilizing of affected 
trees in 1977 did not improve needle color or N-content of needles over controls, an in 

dication that there was no N deficiency in the soil. Above-average incidence of Arm.i-

llsria root rot, excessively deforced roots, unsuitable send provenance, frost killing 

of new shoots, aphid-like damage, brown spots of unknown cause in the inner bark, and 

some nematode species, may also have contributed to the chlorosis. 

En 1977, une grave chlorose attaquait les rtpinettes blanches (Picea 

[Moench] Voss) plantees au lac Limestone (Ontario) quelque dix ans auparavant; la situ 

ation a ete attribute a 1'intense secheresse des annees 1975-1976. Au cours de ces deux 

annees, le mois de mai avait ete particul iercoient sec, les precipitations n'ayant ete 

que de 17 et de 135 du volume habitual. Au retour des conditions normales d'humidity, 

les arbrns ont repris leur couleur verte, bien que la maladie ait laisse encore des 

traces. Aucun des arbres les plus toucher, en 1977 n'ntait mort en 1980. La perte d'un 

grand nmbre rie radicellcs. sans doute a cai.se de la secheresse, a ete directement 

attribuflbls h une carence en azote dans les aiguilles. La fertilisation des arbres 

malades en 1977 n'a pas entralne une amelioration de la eouleur ni une augmentation de 

la teneur en azote des aiguilles, apres comparaison avec le groupe temoin. Co resultat 

montre qu1il y avait suffisanment d1azote dans le sol. D'autres facteurs ont pu con-

tribue a la propagation de cefcte naladie: I1incidence plus elevee que la normale du 

pourridie-aqaric, la deformation excessive dns racines, un mauvais choix dans la proven 

ance des graines, le gel des nouvelles pousses, les dommages causes par les pucerons, la 

presence (de cause inconnue) de taches brunns dans l'ecorce interne et certaines especes 

de n^matodes. 
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INTRODUCTION 

A genera I 

fall of W77 

glauca IMoench! 

1 i ng 500 ha in 

Lirrestone Lake 

(2+2 and 3+0) 

spring of 1967 

dorira i n f ai lure 

stock. 

chlorosis was found in the 

n two white spruce (Picea 

Vos-s) plantations total-

northwestern Ontario, near 

(Fig. 1). Nursery stock 

had been planted in the 

and sone in-planting was 

spots in 1970 with simllar 

In October 1977, the trees ranged 

from 1 to 2 m in height, and many were 

uniformly chlorotic. Some were obviously 

yellower than others, but mortality was 

sparse. There were a few dark green trees 

scattered over one of the plantations 

(Gretel Creek), none of which developed 

chlorosis. These were iarger (4-6 m tal I) 

white spruce of natural origin. 

The sites were sandy loams and clay 

loarre with lirestone outcrops. The area 

was CUt over prior to 19-10 and fires In 

1940 and 1948 relieved much of the organic 

layer. Heavy growths of grassy, herb 

aceous species and shrubs were reduced 

with an aerial application of brush-kill 

(2,4-D and 2,4,9-T) in 1969 over parts of 

tie plantations and hand cleaning was con 

ducted on parts of them in 1976 and 1977. 

METHODS 

In October I9772 the trees were 

divided into four classes: (D no chloro 

sis-green (2.5 G 5/2)5 needles, long 

leader [not reduced); (2) lltfrt chlorosis 

—unhealthy, lightly yellow green (5 GY 

2The chlorosis was first considered severe 

by Mr. G.T. Karek, Forest Managenent 

Supervisor, Ontario Ministry of Natural 

Resources, Niplgon In August, 1977. 

According to Munsell color charts (Anon. 

6/4), reduced leader; (3) moderate chloro 

sis—unhealthy , distinctly yellc- green 

(2.5 GY 6/4), reduced leader; (4) heavy 

chlorosis—unhealthy, yellow [5 Y 8/6), 

much reduced leader; (5) dead, needles 

reddish brown (2.5 YR 5/8). Ten trees of 

each of the four classes of living trees 

were puI led out on each of the two affect 

ed plantations (Gretel Creek and Cedar 

Mountain), for a total of 80 trees. Total 

height and height increment over the last 

five years were measured. The main roots 

of each tree were examined in detail for 

signs of Armlllaria mallea (Vahl ex Fr.) 

Kurnn,. infection: rrvcelial fans beneath 

the bark, and yellow stringy decay in root 

wood. Roots were also examined for de-

fornetion. Each stem was examined by cut 

ting longitudinally into the bark from 

ground level to approxirately 40 cm above 

the ground, for irregular, resinous brewn 

spots (approx. 1 to 10 mm across), and for 

smaller (approx. 0.5 to 1 mm in diam.) 

circular brown spots, possibly caused by 

aphids (aphid-like damage), both in the 

middle cortex tissues. Each of the above 

factors was rated for severity on a scale 

of 1 to 5 as follows: (1) none; (2) I-

25J; (3) 26-50?; (4) 51-75?; (5) 76-100* 

of roots or stem cross-sect Iona1 area 

affected. Other root or stem damage such 

as Hylobius spp. tunnels, bark beetle exit 

holes, frost damage, root rot of unknown 

cause, and necrotic bark areas or resln-

osis were also noted. Representative de 

cayed and stained root's were taken to the 

laboratory in Sault Ste. Marie for cultur-

Ing and identification of causal fungi. 

tn each of four successive years be 

ginning In 1977, samples of feeder roots 

were taken to the laboratory in Sault 

Ste. Marie from each of two trees In each 

chlorosis class from each plantation, for 

determination of proportions that were 

healthy, unhealthy or dead. Samples were 

always taken in October. Feeder roots 
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wore considered hea[thy [f they were 

smooth and plump, and if a mycorrhizal 

mantle was present; they were unhealthy If 

they were shrivelled, dark bro*n or black, 

even if the cortex was still white as 

visaed under the microscope. If the 

cortex was brown or black the feeder root 

was considered dead. 

Precipitation records from a nearby 

weather station at Careron FalIs4 operated 

by the Atmospheric Environment Service, 
Department of the Environment, Winnipeg! 
Manitoba, were obtained from B.J. Stocks, 

Fire Research Officer at the Great Lakes 
Forest Research Centre. 

Physical and chemical soil properties 

were described from a soil pit in the 

Cedar Mountain Plantation. Standard tech 

niques were used to determine nacro-

nutrients In current needles of 10 trees 

of each chlorosis class in each of four 

years (1977-1980 inclusive). 

Soil and root samples from each of 

two chlorotic trees on each plantation 
were sent to Dr. R.V. Anderson, Biosystem-

atics Research Institute, Ottawa, for 

nematode ana lyses In 1978 and 1979. 

To determine the future condition of 

chlorotic trees, 10 trees in each chlor 

osis class, including those with no chlor 

osis (Ciass 1), were marked in each plant 

ation in October, 1977. Height incremant 

was recorded on each tree back to 1973 on 

the Gretel Creek plot and to 1972 at Cedar 

Mountain. The same trees were again rated 

for chlorosis and height increments were 

measured in October of each year up to and 

including October, 1979 at Cedar Mountain, 

and to October, 1980 at Gretel Creek. 

RESULTS 

Progress of the Chlorosis 

Examination of the chlorotic trees in 
1978 revealed continued heavy chlorosis in 
May and June. However, In October, 1976, 

chlorosis had decreased noticeably since 
the previews year, even on the older 
needles. The average chlorosis rating of 

chlorotic trees rated in 1977 decreased 
from 3.0 to 2.5 on both plantations over 

the 12-month period (Table 1). Chlorosis 
ratings again Increased in 1979, especial 

ly In Class 2. Trees remained at about 
this level of chlorosis [n October I960. 

It Is noteworthy that sorte of the green 
trees (Ciass 1) ,„ 1977 were somewhat 

chlorotic In 1979 and 1980. All 20 trees 

with the most severe chlorosis (Class 4) 
in 1977 were stiI I at ive In 1980. 

Tree Grcwth 

Height Increment in 1973 was quite 

uniform for all trees within each planta 

tion (Fig. 2a,b). Beginning in 1976 there 

was a general downward trend In height In 

crement In both plantations and these re 

ductions were greatest in the trees that 
were most chlorotic (Class 4) in 1977. |n 

1978, when the chlorosis generally 'began 
to improve, average height Increments of 

trees in all classes except Class 4 im 
proved. It was noted that trees destined 

to be chlorotic (Classes 2-4) in 1977 be 
gan growing more slowly than green (Class 

1) trees as early as 1971 at Gretel Creek 
and 1973 at Cedar Mountain. 

About 16 km from the further of the two 

plantations {Cedar Mountain). 

Drought Conditions 

Precipitation records at nearby 
Cameron Falls indicated belc-average pre 
cipitation for the two growing seasons be 
tween May, 1975 and October, 1976 (Fig 
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Table 1. Average Chang, I, chlorosis rating of 10 trees in each chlorosis class over a 

four-year period. ______ 

FolI ago 

Condition 

Green 

Light chlorosis 

Hod. chl oros is 

Heavy chlorosis 

Avg of chlorotic 

trees 

1977 

Gretel Creek 

197S 1979 1980 1977 

Cedar Mountain 

1978 1979 

Average chlorosis rating 

1.0a 

2.0 

3.0 

4.0 

3.0 

1.0 

1.7 

2.3 

3.5 

2.5 

1.1 

1.8 

2.5 

3.7 

2.7 

1.2 

1.7 

2.3 

3.8 

2.6 

1.0 

2.0 

3.0 

4.0 

3.0 

1.0 

1.4 

2.5 

3.6 

2.5 

1.2 

1.7 

3.0 

3.5 

2.7 

19S0 

1.2 

2.0 

2.8 

3.2 

2.7 

were Initially (1977, selected in these classos (see text for rating criterl a,. 

3). For the two 6-month summer periods 

beginning Hay, 1975 and May, 1976, this 

area received, respectively, only B7? and 

70? of normal rainfall, levels considered 

very lew for the entire growing season. 

During both summers, July, August, and 

September monthly rainfall averages ranged 

between 51? and 77? of normal, and aver 

ages during the critical Hay period when 

new feeder roots would normally be forming 

were only I?* and 13? of normal in each of 

these two years (Table 2). June rainfall 

was better, at 141? and 121$ of normal. 

Following the two very dry growing 

seasons of 1975 and 1976, nearby Careron 

Falls recorded a wet summer in 1977, when 

118? of normal precipitation was received 

in the period from May to October, in 

clusive. In 1978 the dry conditions re 

turned when only 80? of normal precipita 

tion fell during the Hay to October period 

and only 75? of normal precipitation fell 

during the entire year. Precipitation In 

the area was average In 1979; In 1980, May 

and June were very dry whilo precipitation 

was above average from July to October. 

ArmiIlaria Root Rot 

ArmlIlaria root rot, diagnosed on the 

basis of rnycelial fans on the cambium, 

rhlzoirorphs on or in the bark, yellow 

Stringy decay in the root wood, heavy 

reslnosis In the root col lar area, and 

cultures from representative roots, was 

present in the roots of 53$ and 20$ of alI 

chlorotic trees at Cedar Hountai n and 

Gretal Creek, respectively, In 1977 {Table 

3), At Cedar Mountain 80? of the trees in 

the most severe chlorosis class (4) were 

attacked by A. meilea and infected trees 

had an average severity rating of 4.3 on a 

1 to 5 scale (Table 3) where the rating of 

5 Indicates 75-100? of roots or root col 

lar gi rdl ed and ki I led by A. n»I lea mycel 

ium. Apparently eight out of 10 trees 

sampled In chlorosis Class 4 would have 

died from the A. mollea attack. Similar 

ly, five and three out of the 10 trees 

oach In chlorosis classes 3 and 2 with 

averago severity ratings of 3.0 and 4.0, 

respectively, would probably also have 

died from A. uel lea. One green tree in 

the Cedar Mountain plantation was lightly 
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GRETEL CREEK CHLOROSIS PLOT 

CEDAR MOUNTAIN CHLOROSIS PLOT 

THUNDER 

BAY* 

LAKE SUPERIOR 

Figure 1. White spruce chlorosis study. Limestone Lake, Ontario. 



40 ■ 

30 -

Gretel Creek 

1972 
1980 

2a and 2b. Average annual height grc*th of 10 white spruce trees \n each of 

Zr chlorosis classes ^ text for class descriptions) fro, .972 to >980 at 
Limestone Lake, Ontario, 
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Table 2. Monthly percentage of normal precipitation at Cameron Falls, Ontario weather 

station.a 

aBased or records from Atmospheric Environment Service, Department of the Environment, 

Wi nnlpeg, Manitoba. 

attacked by A. ma flea. At Gretel Creek, 

50? and \0% of trees In chlorosis classes 

4 and 3, respectively, were attacked by 

A. nellea, which itself could have caused 

the chlorosis. Lightly ehlorotic and 

green trees wore not attacked. The pat 

tern of A. BBllea attack in both planta 

tions i ndi cated that root rot by th i s 

fungus is more prevalent In the trees with 

the most severe chlorosis; however, there 

are some severely ehlorotic trees with no 

A. me I lea attack, especial ly at Gretel 

Creek. One tree in chlorosis class 3 in 

the Cedar Mountain plantation was heavily 

attacked by Polyporus tomentosus Fr. , a 

comncn root-rotting fungus in spruce trees 

older than 25 years (Whitney 1977). 

Root Deformation 

Averages of 53? and 80^ of root sys 

tems of ehlorotic trees exami nod at 

Gretel Creek and Cedar Mountain, respect 

ively, were deformed (Table 3), most like 

ly at the time of planting. Root deforma 

tion was much more severe at Cedar Mount-

ai n than at Gretel Creek but not all 

ehlorotic trees had deformed roots. 

Brown Spots 

I rregular, resi nous brown spots of 

various shapes and sizes (up to approx. 1 

cm across) were found in the ml ddle bark 

of basal stem portions (chiefly) of 43? of 

the trees at Gretel Creek and 91% of those 

at Cedar Mountain (Table 3). These spots 

were as abundant i n green, non-ch lorot i c 

trees as in chl orotIc trees at Gretel 

Creek, but were slightly less prevalent in 

green trees than i n chlorotIc trees at 

Cedar Mountain. The cause of the brewn 

spots is unknown, but exami nation by A.H. 

Rose, an entomologist at the Great Lakes 



Table 3. Proportion of trees affected and intensity of Armtllarla root rot, root 

deformation, aphid-like damage, and brown spots in 10-year-old planted white 

spruce at Limestone Lake in October, 1977. 

10 1.0 30 2.0 1.0 

10 10 2.0 50 2.6 30 2.5 

70 

90 

2.0 

2.0 

aSee text 

tPercentage of trees having this defect 

cDamago rating. (1) none; (2) 1-25?; (3) 26-50?; (4) 51-752; (5) 76-100J of roots or 

stem surface affected. 

Forest Research Centre, of non-chIorot i c 

white spruce of comparable agB from the 

Kirkwood Management Unit, Thessalon, 

Ontario, revealed similar Irregular, resi 

nous spots in the middle bark, except that 

they were clear Instead of brown. 

Smaller circular brown spots, about 

0.5 mm in diameter, were quite prevalent 

in the same tissues as the larger irregu 

lar spots above. These smaller spots were 

not resinous and were considered possibly 

to be punctures nvade by aphids. Smaller 

brown spots were seldom found in non-

ch I orot ic trees (30? of trees at Cedar 

Mountain and 0% at Gretel Creek). A.H. 

Rose could not confirm these small brcwn 

spots as being made by aphids. 

Feeder Roots 

Between 70? and 95? of recoverable 

feeder roots were dead or unhealthy on 
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representative chlorotic trees in October, 

1977, the time of most severe chlorosis 

(Table 4). High proportions (75-8O5S) of 

feeder roots were also dead or unhealthy 

on green trees in the affected planta 

tions. Feeder roots of trees in a nearly 

unaffected white spruce plantation were 

almost all healthy with only 6% dead or 

unhealthy (Table 4). In October, 197B 

average proportions of feeder rants that 

were dead or unhealthy had dropped to leas 

than 50™ in all chlorotic trees and only 

15K of feeder roots were dead or unhealthy 

on green trees at Cedar Mountain. Propor 

tions of feeder roots dead nr unheallny 

again increased in succeeding years, aver 

aging nearly 50% on chlorotic trees in 

both plantations in 1979 and 51S and 64S 

at Gretel Creek and Cedar Mountain, re 

spectively, in 1980. 

Soil Characteristics 

Soils in the Cedar Mountain planta 

tion were characterized by red, acid, 

loamy textured mineral horizons over cal 

careous parent materials derived from 

dnlamitic limestone (Siblcy formation) 

(Table 5). Prolific rooting was confined 

to the shallow organic surface horizon. 

Physical properties (Table 6) indi 

cated typical clay enrichment in the B 

horizons. The pH increased with depth, to 

the carbonate-rich CU horizon. The soil 

was relatively low in organic matter; how 

ever, the cation exchange capacity was 

moderately high because of the clay-rich 

horizons. 

The nutrient status was generally low 

for N and P (Table 7) in comparison with 

that of other soils in the area', Calcium 

and Hg levels were higher, presumably be 

cause of dolomitic parent materials. The 

5Timmer, V.R. 1981. Unpublished data. 

eluviated A-horizon exhibited relatively 

lower nutrient levels than the B-horizons, 

because of leaching. 

Macro-nutrient concentrations in cur 

rent needles from the same trees measured 

over a four-year period indicate that the 

status of P, K, Ca, and Mg was not affect 

ed by the chlorotic condition (Fig. 

4a,b). However, the severity of chlorosis 

was associated with decreasing N levels. 

Differences in N-levels between chlorosis 

classes decreased each year from 1977 to 

1900, confirming the field observations 

that the trees were recovering. Even 

trees with the severest chlorosis (Class 

4) had increased H concentrations in 197B 

in comparison with 1977, 

Correlations of nutrient concentra 

tions in current needles (Table 8) tend to 

confirm that the degree of chlorosis was 

related to tree N status rather than to 

the other macro-nutrients. Mean annual 

height growth was closely related to foli 

ar N. Nitrogen and P uptake were also 

negatively related to feeder root mortali 

ty. The higher r-values for feeder root 

mortality suggest that height growth and 

chlorosis were secondary effects when com 

pared with feeder root mortality. 

Nematodes 

Nematode species and nunbers of each 

were determined by Dr. R.V. Anderson, Bio-

systematics Research Institute, Ottawa, in 

the base of two chlorotic trees, one each 

from classes 3 and 4, from each plantation 

on 31 October 1978 and on 17 August 1979. 

Several species of nematodes were found 

and Dr. Anderson indicated that the 1978 

samples from Gretel Creek contained suf 

ficient Hemieycliophora minor Wu (sheath 

nematode) to be possibly contributing to 

the syrrptoms. He further indicated that 

Cephalenchus emarginatus (Cobb), Qello 
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Table 4. Proportions of feodar roots dead or unhealthy on representativea trees In each 

chlorosis class In two white spruce plantations over a four-year period. 

aAbout 500 feeder roots from each of two different trees In each plantation were counted 

In October of each year. 

bSee text. 

Tab I e 5. General I zed prof i le descr iptIon of an Orthi c Gray Luvlsol at the Cedar 

Mountain plantation, Limestone Lake, Ontario. 

Horizon Depth (c) Description 

L-H 4-0 Semi-decomposed organic material; abundant very fine to medium 

roots; abrupt smooth boundary; pH 5.7 

Ae 0-11 Reddish brown (5 YR 5/3 m); loam; weak subangular blocky; very 

friable; few fine roots; clear wavy boundary; 6-15 cm thick; pH 

4.9 

Btl 1 1-25 Red (2.5 YR 4/6 m); c lay loam; weak to moderate f I ne subangular 

blocky; friable; few fine roots; clear wavy boundary; 18-33 cm 

thick, pH 5.3 

Bt2 25-26 Reddish brown (2.5 YR 4/4m); clay; moderate fine subangular 

blocky; friable; few roots; gradual wavy boundary; 38-50 cm thick; 

pH 5.6 

36-48 Dark reddish brown (2.5 YR 3/4 m); clay loam; medium subangular to 

angul ar blocky; f Irm to very f Inn; very few roots; cl ear wavy 

boundary; pH 7.5 

Ck 48+ Reddish brown (2.5 YR 4/4 m); loam; medium angular blocky; very 

firm; no roots; smooth boundary; pH 7.8 
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Table 6. Physical and chemical properties of soi 

Lirnestore Lake, Ontario. 

profile at the Cedar Mountain site, 

Table 7. Nutrient status of mineral soil horizons at the Cedar Mountain site, Limestone 

Lake, Ontario. 

aSemi-m!cro Kjeldahl procedure 

Medium Strength 3ray method 

cExtractod with 1 N ammonium acetate. 

Table 8. Simple correlations (r) between nutrient concentration of current-year needles 

and chlorosis intensity, annual height incremsnt and feeder root mortality for 

1977, 1978 and 1979 (n = 12). 

N K Mg 

"Signlf leant at \% level. 
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and Geraert, a known parasite of spruce, 

was Tound in low nunbers in the 1979 

samples. 

DISCUSSION AND CONCLUSIONS 

The chlorosis that was general 

throughout the two plantations in 1977 and 

early 1978 decreased considerably in late 

1978. In 1979 chlorosis increased slight 

ly and it remained close to the 1979 level 

in 198C, though not necessarily on the 

same trees. Height increment improved in 

1978 and continued at a fairly steady rate 

in 1979 and 1960. 

Although there were several factors 

affecting the health of the trees, such as 

an abnormally heavy attack of ArBillaria 

mellea, deformed roots, and frost drmage 

on many new shoots in 1977 and 19fiu, the 

only factor consistently associated with 

the severe chlorosis of 1977 was heavy 

feeder root mortality. An average of 83% 

of feeder roots were dead or unhealthy on 

chlorotic trees in 1977, while only 44?i 

were dead on the significantly improved 

trees in 1978. It appeared that the high 

er nunbers of living feeder roots in 1978 

were associated with N assimilation, re 

duction of the chlorotic condition and im 

proved growth. 

Although total H was low in the soil 

at Cedar Mountain (in comparison with 

other nearby soils), there was apparently 

sufficient available N for the foliage 

level to increase when feeder roots again 

became functional. The negative correla 

tion of N in current-year needles with the 

percentage of dead feeder roots further 

suggests the malfunctioning feeder roots 

as a major factor in the chlorosis syn 

drome. 

Unusually high feeder root mortality 

has been associated with other diseases 

such as lit tie leaf disease of shortleaf 

pine (Pinus echinata Mill.) (Jackson 

1945). In littleleaf disease, affected 

trees did not assimilate some nutrients, 

especially nitrogen, in quantities consid 

ered normal for healthy trees (Copeland 

1952). Tanz (1979), investigating the 

same white spruce chlorosis at t imestone 

Lake, found N concentrations improved to 

near normal end chlorosis much less pro 

nounced in both treated and control trees 

following N application in early 1978. 

This indicated that the soil was not defi 

cient in N, but that as a result of mor 

tality of feeder roots, the trees were un 

able to assimilate N, a condition similar 

to that reported by Roth et al. (1948) in 

littleleaf disease. 

While a chief cause of rootlet mor 

tality in littleleaf disease is apparent 

ly Phytophthora cinnanoni Rands, the main 

cause of this mortality in white spruce 

chlorosis appears to be lack of moisture. 

Lack of soil moisture and nutrient defi 

ciencies were apparently important factors 

in deteriorating white spruce plantations 

in Quebec (Paine 1960). Precipitation in 

the Limestone Lake area was much below 

normal in the growing seasons of 1975 and 

1976 and this was especially so in the 

early part of the growing season (May) 

when roots would be regenerating. 

Extreme drought conditions prevailed 

at nearby Cameron Falls from 1 May to 5 

June 1975 and from 1 May to 12 June 1976. 

The May 1975 rainfall, 17K of normal, was 

lower for that month at Cameron Falls than 

at any other weather station in Ontario, 

and although June rainfall was above 

normal, the monthly averages for the other 

growing season months did not exceed 77S 

of normal in either of the two years. The 

occurrence of two extremely dry spring and 

summer periods in successive years must be 

very unusual and this was probably the 

factor contributing most to feeder root 
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death, and i ridi rectly to the chlorosis. 

Demands on the meagre moisture supplies by 

an abundance of grasses, small shrubs and 

herbs, and the lack of reserves In the 

well drained sites, would tend to aggra 

vate the effects of drought. An Initial 

effect of drought In the treos was reduced 

height increment. As the drought extended 

into the second year (1976), feeder roots 

apparently became desiccated and died, re 

sulting In very poor nutrient absorption, 

especially of N, and chlorotic foliage. 

Even in green trees (Class 1), high pro 

portions of feeder roots were affected, an 

indication that the condition affecting 

them (drought) was general, and that these 

trees mi ght eventual ly have become chlor 

otic as wel I, had the drought conditions 

persisted. Only a few roots were found in 

soil horizons below the humus, the bulk of 

fine feeder roots being in the latter lay 

er. When the humus became dry from the 

severe drought, insufftcient mo Isture was 

present to maintain these vital feeding 

roots In a vi able state. Zobel and 

Goddard (1955) also indicated drought as 

the main factor causing poor survival of 

Florida provenances of loblolly pine 

(PInus taeda L.) in a droughty area In 

Texas. 

Root regeneration of white spruce 

folI owlng sustai red drought conditions i s 

apparently slew when moisture conditions 

return to normal [Day and MacGl I I Ivray 

1975), as occurred in 1977. Apparently 

during th is period of very h I gh feeder 

root mortality with little or no replace 

ment, nutrient absorption was so low that 

the foliage became chlorotic. The return 

to normal moisture conditions In 1977 

eventual ly resulted In regeneration of 

feeder roots, a decrease in chlorosis, and 

an improvement in tree growth In 1978. A 

similar recovery was noted by Denyer and 

Ri ley (1964) i n drought-affected black 

spruce (Picea oarlana [B.S.P.I Mill.) and 

white spruce when moisture conditions re 

turned to above normal following two years 

of severe drought in forested areas i n 

Saskatchewan. They also noted heavy feed 

er root mortality In affected trees. It 

has been observed that drought symptoms 

develop in trees only after several years 

of accumulated moisture deficits, and that 

a number of wet years are required to re 

store averago tree grewth fol lew I ng the 

drought [HoNoway 1954, Gass 1977). 

Other stress factors such as Armi -

Ilarla root rot, root deformation from 

faulty stock or planting techniques, late 

spring frosts, and perhaps aphid and nema-

tode paras it I sm, when combined with the 

very poor feeder roots, may also have con 

tributed to the chlorosis, to reduced 

leader growth and to some mortality. 

Twenty-six percent of the 80 trees 

Initially examined for defects on the two 

plantations were attacked to varying de 

grees by A. nelloa; most of these trees 

woul d probably have died from the root 

rot before roach Ing maturity. The very 

high proportion of trees attacked by this 

root parasite could be due to the previous 

severe drought conditions (Boyce I96i). 

The few natural white spruce in the 

Gretel Creek plantation, all of which re 

mained non-chlorotic oven at the height of 

the chlorosis In 1977, may have been 

better adapted (more deep ly rooted) to 

this site than the planted trees. Al 

though the provenance of the planted troes 

was not known, the presence of Iimestono 

ecotypes In white spruce (Telch and Hoist 

1974) suggests that the planted trees may 

have been from a provenance I ess compat-

I bla with this s ite. 

It was noted that the Increases In 

average chlorosis ratings In 1979 and I960 

were colncident with Increases in feeder 

root mortality. This suggests that the 

ml Id ye I lew i ng frequently observed in 
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white spruce foliage, especially in the 

autumn, may be caused by interference in 

nutrient absorption because of feeder root 

mortality. 
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