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THE MYCORRHIZAE OF CORYLUS AND JUGLANS 

Introduction 

The following represents a survey study dealing with 

the ectotrophic nrycorrhizae of the cultivated filbert 

(Corylus avellana, L.) and the endotrophic mycorrhizae of 

the rootstock of the cultivated Persian or English walnut 

(Juglans hindsii, Sarg.). 

The vast literature on inycorrhizae contains only a 

few references to the rnycorrhizae of Corylus and Juglans 

and these apparently only mention occurrence. The subject 

of mycorrhizae cannot be adequately reviewed here (k). 

In the study of mycorrhizae, there is apparently a 

definite trend toward acquiring data regarding the physio- 

logical functions of mycorrhizae. To indicate this, the 

following work may be briefly mentioned. 

Hatch (1) indicates a relation between soil quality 

and the production of ectotrophic mycorrhizae of certain 

pines. 

Mitchell, Finn and Rosendahi (3) substantiate Hatchts 

work. 

(*) The world's literature upon the subject of myco- 
rrhizae has been made available by Dr. A. P. Kelley in 
"The Literature of Mycorrhizae", a manuscript, as yet un- 
published, a copy of which is held by the United States 
Department of Agriculture Library, Washington, D. C. The 
writer was fortunate to obtain a copy on loan through 
cooperation of the Oregon State College Library. 
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Knudsen (2) indicates the role of endotrophic myco- 

rrhizae in the provision of food materials to certain 

species of orchid seedlings. 

Features observed in the stud7 will be given as 

observations followed by brief discussion in which the 

various observations are presented as evidence of physio- 

logical function. 

It is realized, of course, that many concepts here- 

with presented may be subsequently modified with further 

studies. 
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Methods 

Root samples were collected from the upper two feet 

of soil in twelve different walnut (Juglans) orchards and 

nine different filbert (Corylus) orchards in the Willamette 

Valley, Oregon. 

Collections and microscopic examinations were made at 

various intervals during the years of 1935 and 1936 and 

again in 1939. Field observations were made intermittent- 

ly from 1935 until 1942. 

Microscopic detail was obtained from thousands of 

prepared sections. The usual histological procedure was, 

in general, used: 

After the material was thoroughly washed, fixation 

was made in formalin-acetic-alcohol. Dehydration was 

accomplished with a graded series of dioxan to butyl aleo- 

hoi and thence to paraffin (plus small amount of paraffin 

oil). Sections were cut eight to ten microns thick and 

stained in Delafield's haematoxylin. 
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Subject Material 

A. Features of the Root System of Corylus from Macroscopic 

Examination 

The general appearance of the mycorrhizal roots 

of Corylus is illustrated in Plate I. 

1. Frequency of Occurrence of Mycorrhizae 

Observations: In the upper soil (0-2 feet) oÍ' the 

orchards examined, the roots of Corylus are predom- 

inately mycorrhizal. 

Long roots (non-mycotrophic) are infrequently 

produced. 

Discussion: Long roots apparently offer the chief 

means of root extension and later apparently serve 

as the main trunk roots. 

2. Specificity of Root Character to Mycorrhizae Forma- 

t ion 

Observations: Lateral growth from non-mycotrophic 

roots is transformed to mycorrhizae. 

Long or non-mycotrophic roots are most often pro- 

duced from the termini of larger roots. 

Discussion: It appears that production of mycorrhizae 

is dependent in part, at least, upon the character of 

the roots. The use of the word tltransformedtt j the 

above is probably inaccurate since lateral growth may 

be highly specific to the formation of mycorrhizae. 
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3. Periods of Mycorrhizal Growth 

Observations: Mycorrhizal growth occurs chiefly in 

the spring and to a lesser extent in the fall after 

the first rains. 

Discussion: From the above it is apparent that any 

mycorrhizal root may be capable of growth for at 

least one year and perhaps longer. This may be, 

however, no indication of the length of function of 

the mycorrhizae. 

4. Form of Myeorrhizal Growth 

Observations: Mycorrhizal growth is distributed 

along the non-mycotrophic trunk or parent roots. 

Mycorrhizal roots are excessively branched and 

possess two distinct and extreme types of branching. 

In compact ßoils concentrated branching results in 

mats or clumps of mycorrhizae. Loose soils allow a 

dispersed type of branching. 

Discussion: The above indicates that more factors 

than the relations of plant and fungus are concerned 

in the structure of mycorrhizae. 

B. Study of the Ectotrophic Mycorrhizae of Corylus from 

Microscopic Examination 

The microscopic appearance of Corylus mycorrhizae 

is shown in A of Plate III, and Plate IV. 



1. Life History of the Mycorrhizal Condition 

Observations: Initial association OCCUTS in young 

[!I 

laterals arising from mycorrhizal or long roots 

where intercellular penetration of the outer cortex 

is apparenUy begun by fungoua hyphae. When mature, 

the mycorrhizae consist of the typically modified 

root structure covered by the mantle and having its 

outer cortical cells contained in the Hartig net. 

In completed association, the mantle has largely 

decayed and. cork formation has occurred in the cor- 

tex. 

Discussion: The relationship of fungus and plant Is 

unknown but it is probably changing from the begin- 

fling to the end of association. 

2. The Effects and Characteristics of Association 

a. The Fungous Constituent of the Mycorrhizae 

Observations: The mantle is composed. of cells, 

resembling, in most cases, the tissue of the 

higher Basiodiomycetes. 

The cells of the Hartig net vary In appear- 

ance from the mantle cells. 

The mantle occasionally possesses setae pro- 

jecting from the exterior of the mantle. 

The mantle varies in staining reactions and 

in cell structure. 
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The amount of fungous hyphae projecting from 

the mantle into the soil varies. 

Discussion: Apparently there are at least three 

specialized tissues of the fuiigous constituent 

of the association. Fungous hyphaeattached to 

the exterior probably have a direct relation to 

the soil. The mantle tissue may be a center of 

fungous metabolism, while the function of the 

Hartig net is in a more direct relation to the 

plant. The variance in staining reactions and 

cell structure of the mantle, and the occasional 

possession of setae indicate the possibility of 

different fungi in association and, of course, 

indicate differences in fungus-plant relation. 

The variance in the amount of hyphae attached 

to the mantle exterior would make hazardous any 

speculation regarding increase or decrease of 

absorbing surface when compared to roots which 

possess only root hairs. It would also appear 

unwise to compare root hair surface area with 

that of fungous hyphae when their relative 

efficiency per unit area is unknown. 

b. The Plant Constituent of the Mycorrhizae 

Observations: The outer cells of the cortex, 

containing the Hartig net, are radially elon- 

gated. 



A characteristic precipitate occurs between 

the plant cells containing the Hartig net and 

the mantle (see Plate IV, a). 

Cell contents of the cortex are seemingly high 

in the amount of protoplasmic material. 

The vascular cylinder is of normal appearance. 

Discussion: The outermost cells of the cortex, 

surrounded on its four radiai sides by the Hartig 

net, are evidently different in function from the 

inner cortical cells. From the apparent high 

protoplasmic content of the cortical cells may 

be presumed a high metabolic activity. (These 

cells have the appearance of cells of meristem- 

atic tissue.) 

The presence of a ttprecipitatefl between the 

mantle and. outer cortical cells may be an in- 

compatibility response. 

The normal appearance of the vascular cylinder 

provides evidence of one root function which is 

not directly affected. 

The plant constituent of mycorrhizae can hard- 

ly be assumed to have the saine functions as a 

"root hair" root. The fungus in mycotrophy un- 

doubtedly acquires manufactured foods from the 

root, which fact would add at least one func- 

tion to the others of its organization. 



3. Discussion of the Difficulties of Determining the 

Role of Ectotrophic Iviycorrhizae 

The complexity of the soil environment and the 

intimate relation of the fungus with it probably 

makes a complete explanation of the role of ecto- 

trophic mycorrhizae impossible. 

To illustrate this point: 

Supposing that a fungus is in ectotrophic assoc- 

iation with a plant in a natural soil habitat whose 

mycorrhizosphere contains organisms (bacteria, 

fungi, etc.) C, D, E, F, etc. and colloidal systems 

N and. solutions M, etc. Supposing also that we wish 

to know the effect of the fungus on the plant and 

we are able to attain the ultimate in technique by 

eliminating the fungus from the plant and its natural 

soil habitat without harming the plant or altering 

the soil environment. We may then compare the con- 

trols with the plant and environment minus the fun- 

gus. If the plant minus the fungus plus the remain- 

der of the natural soil environment is less healthy 

than the plant plus the fungus plus the remainder of' 

the environment, we may then say that under these 

conditions the fungus is of benefit to the plant. 

However, we may not with accuracy state that the 

fungus is of benefit to the plant by any one direct 

reason, for among other reasons, the beneficial effect 
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of the fungus may be indirect and the fungus itself 

actually detrimental. Stated in another way, the 

benefit of the fungus to the plant may be considered 

as an algebraïc sunimation resulting in a positive 

(beneficial) effect.. 

Another difficulty in determining the role of 

ectotrophic mycorrhizae lies in the probability that 

solution for one inycorrhizal condition is inaccurate 

when applied to other cases of this type of myco- 

trophy. The variance in plant and fungus character 

'or, in another sense, the varying speed of the 

processes of evolution of the relationship may have 

produced widely different results. 

C. Features of the Root System of Juglans from Macroscopic 

Examination 

The general appearance of the rnycorrhizal roots 

of Juglans is illustrated in Plate II. 

1. Frequency of Occurrence of Mycorrhizae 

Observations: In the upper soil (O-2 feet) of the 

orchards examined, the roots of Juglans are commonly 

mycorrhizal. 

Long roots (non-mycotrophic) are quite frequently 

produced. 

The amount of rnycorrhizal formation is correlated 

with the quality of the soil, apparently in a direct 

relation. 



Discussion: 
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Just as in the ectotrophic mycorrhizae 

of Cor-ylus, long roots apparently offer the chief 

means of root extension and later apparently serve 

as trunk roots. 

Since association is irregular and dependent 

upon soil character, the question of obligate rela- 

tion constitutes a controversial question. 

2. Specificity of Root Character to Mycorrhizae Forma- 

t ion 

Observations: Lateral growth from the mycorrhizae 

or non-xnycotrophic roots is usually transformed to 

mycorrhizae. 

Young laterals are more often Inyco- 

rrhizae in poor than in good soils. 

Discussion: Root and soil character are apparently 

two factors in mycorrhizae formation. 

3. Periods of Mycorrhizal Growth 

Observations: Mycorrhizal growth occurs chiefly 

during a period in the spring. 

Discussion: The production of new growth from myco- 

rrhizae is seemingly an uncertain indication of 

either the length of functional life or of the 

ability of the mycorrhizae to branch, since assoc- 

iation areas are quite irregular and intermittent 

in occurrence. 
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4. Form of Mycorrhizal Growth 

Observations: Mycorrhizal roots are decidedly 

clubbed and shortened if association occurs at an 

early stage in their development. 

If association occurs at a later stage, or is 

less complete, they are of greater length but club- 

bed and distorted at the points of association. 

Discussion: Association apparently occurs early 

enough to affect the meristems or possibly produces 

a new meristem. This latter possibility is doubt- 

ful, however, since the association tissue does not 

appear gall-like. 

D. Study of the Endotrophic Mycorrhizae of Juglans from 

Microscopic Examination. 

The microscopic appearance of Juglans mycorrhizae 

is shown in B of Plate III, and Plate V. 

1. Life History of the Mycorrhizal Condition 

Observations: The beginning of association occurs 

in young laterals emerging from the parent root, or 

may occur after emergence during the early growth 

period. The manner of fungus entry was not observed 

in thousands of sections. 

In the first stages of association, intracellular 

hyphae are coiled in the middle cortex. 

In the later stages, the hyphae have disintegrat- 

ed, leaving typical tree-like bodies in the cell 



cavities and oil-like drops in the exterior cortex. 

Discussion: Lack of observed entry points of the 
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fungus indicates little or no direct contact or rela- 

tion with the soil. Lack of entry points also sug- 

gests possible carrying over of mycotrophy in an un- 

known form or location. 

It is very evident that relations between plant 

and fungus must be in a constant state of change. 

2. The Effects and Characteristics ofAssociation 

a. The Fungous Constituent of the Mycorrhizae 

Observations: The fungus hyphae are large, non- 

septate and characteristically coiled. 

There is a minimum of cell wall penetration by 

fungus hyphae in comparison to the quantity of 

fungus hyphae within the cell. 

The fungous disintegration products are highly 

stainable with Delafield's haematoxylin. 

Discussion: Lack of septation and the large 

size of the hyphae indicate that the fungus in 

association is a Phycomycete. 

The characteristic coiling, and the size of 

hyphae indicate abundant nutrient and water 

supply and a continuance of a plentiful supply 

of both over a period of time. This would in- 

dicate that the fungous metabolism is not typic- 

ally destructive, although this action might be 
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delayed and the cell contents killed later, as 

is evidenced by the very abnormal cell contents 

in the late stages. The apparent lack of cell 

wall penetration by the hyphae possibly indi- 

cates a lack of enzîmes specific to this func- 

tion and this fact also implies lack of highly 

destructive qualities. 

The disintegration products stained by Dela- 

field's haematoxylin point to the possibility of 

carbohydrates. It is unknown what part of these 

disintegration products are fungal. 

b. The Plant Constituent of the Mycorrhizae 

Observations: Points of association are regions 

of moderate radial hypertrophy and longitudinal 

hypotrophy. 

The region of association in the middle cortex 

is quite definite. 

Cork formation is apparently prevented in 

associated roots. 

Root hair production is prevented in the 

large majority of cases of mycorrhizae formation. 

Oil-like products are characteristically pro- 

duced in the outer cortex in the later stages of 

association. 

Discussion: The definite region of association 

implies a differentiation of tissue in the cor- 
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tex. Whether this differentiation is a natural 

feature of the cortex or due to the formation 

of rnycorrhizae is, of course, unknown. 

Radial hypertrophy is doubtless an effect on 

the meristeni, which may possibly tend to derive 

its excess growth in part from a pronounced 

hypotrophy of longitudinally directed growth. 

Normal suberization of root cells ±n cork 

formation is apparently prevented by associa- 

tion, and, of course, implies a change of fune- 

tion in cortical regions. 

The presence of oil-like products in the outer 

cortex indicates, definitely, only a probable 

change in function of this region. To interpret 

the significance of these oil-like products and 

disintegration bodies would seem to need a vast 

amount of study. 

3. Discussion of the Difficulties of Determining the 

Role of Endotrophic Mycorrhizae 

The 9within the plant" nature of endotrophie myco- 

rrhlzae does not apparently offer the same complica- 

tions with the soil environment as does the ecto- 

trophic type. However, the chief difficulty in the 

study of the role of endotrophic inycorrhizae has been 

the difficulty of isolation and culture of these 

apparently highly specific fungi. Here, it seems, 
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lies an endless problem for an advanced study of 

technique and the physiology of fungi in culture. 

The inaccuracy of predicting similar relations 

between two different sets of plant-fungus associa- 

tions was mentioned previously in the corresponding 

discussion regarding ectotrophic mycorrhizae and 

applies here. 
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Suimnary 

The writer has presented a survey study regarding 

the root and xnycorrhizal features of Corylus avellana, L. 

and Juglans hindsii, Sarg. 

The subject material consists of observations from 

macro- and microscopic examination of the above, follow- 

ed by discussion. 

The discussion proposes interpretation of the ob- 

servations upon a physiological basis. Each interpreta- 

tion is offered as an introduction to further study, 

rather than as an explanation. 

The observations and discussions have been condensed 

to comply with the Ttsurveytt purpose of the study. Since 

observations are diverse and the corresponding discussions 

are already condensed, an attempt to offer a sununary re- 

garding detail will not be made. 
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Plate I 

This plate illustrates the appearance 

of the ectotrophic nrycorrhizal roots 

of Corylus avellana, L. X 5. 
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Plate II 

This plate illustrates the appearance 

of the endotrophic mycorrhizal roots 

of Juglans hindsii, Sarg. X 5. 
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Plate III 

A of this plate presents a photornicro- 

graph of a portion of a longitudinal 

section of an ectotrophic mycorrhiza 

of Corylus avellana, L. Compare with 

Plate IV. 

B of this plate presents a photomicro- 

graph of a portion of a longitudinal 

section of an endotrophic rnycorrhiza 

of Juglans hindsii, Sarg. Compare 

with Plate V. 
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Plate IV 

The top figure repesents an outline 

diagram of a longitudinal section of an 

ectotrophic mycorrhiza of Corylus avel- 

lana, L. indicating the position of the 

section enlarged in sernidiagrammatic 

form below. 

The titles in the border indicate the 

various regions of the mycorrhizal 

structure. The blackened region, denot- 

ed by t'a", represents a characteristic 

precipitate described on page 8. 

The enlarged semidiagrain is drawn to 

scale. The enlargement is approximate- 

ly 200 diameters. 
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Plate V 

The top figure represents an outline 

diagram of a longitudinal section of an 

endotrophic nycorrhiza of Juglans hindsii, 

Sarg., indicating the position of the 

sections enlarged in semidiagrammatic 

form below. 

Section A, nearest the mycorrhizal tip, 

illustrates an early stage of mycotrophy. 

Section B, farthest from the mycorrhizal 

tip, illustrates a late stage in myco- 

trophy. 

The enlarged semidiagram is drawn to 

scale. The enlargement is approximate- 

ly 300 diameters. 
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