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Summary
The morphology and anatomy of the ectotrophic mycorrhizas
o f silver beech (Nothofagus menziesii) are described. Their
structure is similar to that of mycorrhizas of Fagus sylvatica.
The endophyte or endophytes of silver beech are not restricted
to soils in which beech trees are growing or have recently
grown. Keeping soil in an air-dry condition for seven months
did not eliminate its infectivity.
A relationship between light intensity and degree o f mycorrhiznl infection was demonstrated in silver beech.
Myccorrhizal and non-mycorrhizal plants of silver beech and
Pinus radiata were grown in a similar series of media. Under
infertile conditions, silver beech showed no benefit from the
association but growth of Pinus radiata was increased thereby.
In fertile media mycorrhizal beech and pine p1nnt.s grew us
well as non-mycorrhizal plants.

Introduction
Considering the importance of silver beech (Nothofagus menziesii)
in New Zealand forestry there is a surprising lack of knowledge
concerning its mycorrhizal associations. Descriptions of the morphology and anatomy of the mycorrhizas have not been published
nor has any attempt been made to assess their significance in the
establishment and subsequent growth of the tree.
Occurrence of the mycorrhizas
Most of the short roots of solitary trees o r forest stands of silver
beech are converted to ectotrophic mycorrhizas except in limited zones
of the root system where the production of fine roots is inhibited, e.g.,
in dry clay banks. T h e mycorrhizas are present at all seasons. They
occur with similar frequency in humus and mineral layers of soil but
become larger and more profuse in rotting wood. This has also been
noted in birch (Betula pubescens) by Dimbley ( 1952).
Morphology and Anatomy
T h e mycorrhizas resemble those of Fagus sylvatica and can be
classified, as in that species (Harley, l 9 3 7 ) , according to their
morphology.
.$

Soil Bureau Expxirnental Station, Eastern Hutt Rd., Lower Hutt, N.Z.
The work reported was carried out at the Dept. of Botany, University
of Otago. N.Z.
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(1) Loose-weft (Fig. 1 ) . There is a thin mantle with many hyphae
radiating from its surface either singly o r in rhizomorphs. Branching
of the root is not intensified. Mycorrhizas are similar in length and
diameter to uninfected rootlets. This type is found in surface humus
layers.
(2) Simple. There is a thick mantle with no, o r only few, hyphae
radiating from its surface (Fig. 3b). Branching is simple but more
intensive than in the loose-weft type. The mycorrhizas are shorter
and thicker than uninfected rootlets. This is the common mycorrhiza
in all soils.
( 3 ) Racemose (Pyramidal). There is a thick mantle with no
radiating hyphae. Branching is intensified and strictly racemose. The
mycorrhizas are short and thick. This type is found in raw surface
humus.
(4) Intensified-racemose (Fig. 2 ) . In this type of mycorrhiza
branching is most intensified. Several racemose mycorrhizas originate
close together on the mother root. This differs from the Gabelmykorrhizen of Pin~.rs,which has coralloid branching, in being raccrnosely
branched.
CO~OL~V
T h e colour of the mycorrhizas is normally glistening o r matt
white, but some yellow mycorrhizas have been observed. The latter

Fig. I .

A loose-weft mycorrhiza. Fungal hyphae and rhizomorphs
radiating from the surface. ( x 2 . )
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were found in a forest in which the only yellow-fleshed agaric noted
in two seasons was Cortincrrins species. The most plentilul palc
coloured agarics in these two years were Cortitinri~rs and Inocyhc
species.
Ancrtorny of the n~ycorrhizrrs
Non-mycorrhizal roots of silver beech (Fig. 3a) consist of a
tetrarch or pentarch stele, a pericycle of one or two layers, endodermis, three or four layers of cortical cells, and an epidermis composed of isodiametric cells carrying abundant root hairs. The
hypodermal layer consists of thin-walled, clear cells while the inner
layers of the cortex consist of thick-wallecl cells, the contents of most
of which do not stain with crystal violet. A mycorrhizal root (Fig. 3b)
differs from this in having a fungus mantle and a well developed
hyphal net (Hartig net) confined to the radial walls of the epidermal
cells which are approximately doubled in area through n~dial
elongation. This cellular elongation and the presence of a fungal
mantle greatly increases the diameter of mycorrhizal roots compared
with non-mycorrhizal roots (Fig. 3). There are never any root hairs,
and usually the contents of all the thick-walled cells can bc stained
with crystal violet.
( a ) The mantle. In thickness varying, according to the typc of
mycorrhiza, from 1 6 p to 40p and composed of six to twclve layers
of hyphae, the mantle completely envelopes the root apex but has no
intimate connection with the epidermal cells in this region. This
absence of internal mycelium at the root apex appears to be normal

Fig. 2.

An intensified racemose mycorrhiza. (x24 .)
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in mycorrhizas and has been reported for species with ectotrophic
(How, 1942) and with endotrophic (Brook, 1952) infections. The
root cap immediately beneath the mantle at the apex consists of one
o r two layers of small cells with inconspicuous nuclei. These cells
become separated, crushed, and finally incorporated in the inner
layers of the mantle in regions distant from the apex. When silver
beech plants were transferred from sterile to infected soil, mycorrhiza
were observed in which the mantle was absent from the proximal
portions of the short roots (Fig. 4 ) . Hatch (1937) describes the
occurrence of similar mycorrhiza in Pinus when short roots became
infected some months after their initiation. Masui (1927) had
previously noted these structures in Pinus densiflora and supposed
they were characteristic of mycorrhiza formed by Polyporus leucomelas on this tree species.
(b) Hartig net. This is formed from the mantle hyphae which, as
the root ages, intrude between the cells of the epidermis. This agrees
with the development in Fafi~.rs(Clowes, 1950). The net has never

Fig. 3a. T.S. non-mycorrhizal root. ( ~ 1 7 0 . )
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been found to extend beyond the radial walls of the epidermal layer
and is only one hypha in thickness. A wall cut sagittally shows the net
to be actually a solid layer of opposed branched hyphae described as
palmettes by Mangin (1910).
Intercellular infection occurs only in the short absorbing roots. The
mother root carrying these short roots is enveloped in the same
common mantle, but even after this root has attained several centimeters in length, penetration is slight, and the epidermal cells show
no elongation.
(c) Intracellular infection. The occurrence of intracellular infection
has been the subject of some controversy since Frank stated that in
ectotrophic mycorrhiza in general, all hyphae are intercellular. Several
authors have since described intracellular infections in conifers and
cupulifers (e.g., Masui, 1927; Melin, 1921; Clowes, 1951) . It appears
that some intracellular infection is to be expected in most ectotrophic

Fig. 3b. T.S. "simple" mycorrhizal root. ( ~ 1 7 0 . )
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Fig. 4.

A mycorrhiza which has developed sonie months after
initiation of the short root. (x10.)

Fig. 5 .

Intracellular infection. A hypha has penetrated a cell-wall
restriction. ( ~ 3 3 0 . )

mycorrhizas and in silver beech intracellular hyphae occur infrequently
in both epidermal and cortical cells. Infection, however, is never heavy
in any cell, but does increase as the root ages. The intracellular
hyphae arise from the Hartig net and usually no collar (buchsen) is
formed about them. I n several cases examined, short haustoria-like
projections of the cell-wall had formed but occasionally hyphae had
ruptured this restriction (Fig. 5 ) . Kelley (1950, p. 133) has quoted
several papers describing a similar feature, which has also been
recorded by Masui (1927) for Pinus den.tiflora infected with Boletus
hovinuc.
Infection in scedlings becomcs apparent at the time thc first pair
of adult leaves are fully expanded. The mantle dcvelops first on the
mother root but hyphae do not penetrate between its cells. All
absorbing roots borne by it develop without breaking thc mantlc
which extends to accommodate their elongation. The mother root and
all its absorption roots are thus enveloped in a common cxtcnsivc
mantle. Penetration of the absorption roots by hyphae to form the
Hartig net occurs simultaneously with the first appearance of protoxylcm vessels in the rootlet.

EXPERIMENTAL
Merlzoclr. All seeds of both silvcr beech and Pinnc rudiu~uwcrc
surface-sterilised with a solution of bleaching powder prepared
immediately before use by filtering a suspension of IOgm. of the
powder in 140rnl. tap-water. Secds were shakcn in the solution tor
3-14 hours. They were then sown wlthout subscquent washing in
autoclaved potting soil.
Media were sterilised by autoclavmg at 20lbs./sq. in. for 2-3 hours.
T h e Mitscherlich-type pots, prepared from glass bottles, were
sterilised by autoclaving before use. Pots were placcd in flamed metal
trays o n the glasshouse bench. Mycorrhizal and non-mycorrhizal
plants occupied separate but adjacent trays which were periodically
changed in position. Plants within treatments were distributed at
random.
I. Distribution of silver bccch endophytcs.
This test was designed to discovcr the natural distribution of fungi
able to form mycorrhizas with silver beech. Soils from the localities
listed were collected, coarse-sieved, and potted with all the prccautions against contamination normally taken when working with
sterilised soil.
Two seedlings at the cotyledon stage were transplanted from
autoclaved potting soil to each pot. Four pots placed in a single,
sterilised tray were used for each soil tested. Freshly distilled water

54

N.Z. JOUKNAL OF FOKESTKY

was added as required and pots were dismantled after nine months.
Distance
Vegetation
from beech
( mi1e.s)
6
Flower garden
1 . Otago Museum garden
f
Podocarp forest
2. Bethune's Gully, Dunedin ( A )
f
Podocarp forest
3. Bethune's Gully, Dunedin (B)
2
Snow-tussock grassland
4. Flagstaff, Dunedin
..-30
Grass pasture
5 . Inchclutha, Sth. Otago"
....
6. Waipori:: ::
---.
-.
Nil
Silver beech forcst
7. Check (Autoclaved soil) ..-.
:
Area subject to flooding by Clutha river, whosc catchment includcs
silver beech forests.
"" Stored for seven months in an air-dried condition.
Loculity

----

-

Resultr. 70-80 per cent. of short roots on plants grown in soils
4, 5 , and 6 were converted to well-developed mycorrhizas, while in
all other soils tested, mycorrh~zaswere not formed. Plants in soils
2 and 3 however, had stunted root systems so that the negative results
obtained for these soils secmed of doubtful reliability. Accordingly
a further test was made with a similar sample of bcttcr potting
qualities, part of which was treated with Krilium soil conditioner.
Good root growth was obtained in this soil especially with the
addition of Krilium, but even after 1 1 months no mycorrhizas had
appeared. Sixteen plants were raised in this test, each in a separate
pot. In these tests soils 1, 2, 3, and 7 all servcd as chccks indicating
that the fungus was not carried over by the test seedlings and did
not spread between pots under the conditions of thc experiment.
11. Effects of shading on niycorrhizal infectim in silver Eecch
In this experiment mycorrhizal and non-n~ycorrhizal plants were
subjected to varying degrccs of shading t y growing them under
varying thicknesses of cloth. Each pot containcd 500gm. of acidwashed sterilised quartz sand with which was incorporated IOgm.
(dry weight) of formalin-sterilised becch leavcs, and was watered
with the following nutricnt solution, all drainage being returned:
NaH ~ P 0 1 . 2 H 2 0 0.235gm.
NHINO:
0.667gm.
C a C I :!
0.297gm.
0.222gm.
MgS01.7H 0
K.:SOt
0.076gm.
Distilled water
1000mI.
Seedlings were transplanted as soon as they could be handled into
autoclaved potting soil and to soil from mature stands of beech,
these treatments providing non-mycorrhizal and mycorrhizal seedlings
respectively. They remained in these soils for three months before
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being transferred to the experimental pots. Shading treatments began
one month later and the experiment was dismantled after 16 months.
Results are given in Table 1.

TABLE 1 .
Increase in stem length and number of leaves, and % short roots
converted to rnycorrhizas o f silver beech grown in sand-beech leaves
medium under varying intensities o f daylight.
(Values are the mean of 4 replicates).
C/c short roots
% increase in
94 increase in
Light intcnsity
converted to
length of leading
number of
as % of full
daylight
mycorrhizas
shoot (cm.)
leaves
Myc.

93

45

280

Non-niyc.

0

108

510

Myc.

2

Non-myc.

0

100

20

Fig. 6.

Silver beech seedlings growing in media B (Expt. 3 ) . 5, 6:
largest and smallest mycorrhizal plants. 7, 8: largest and
smallest non mycorrhizal plants. (XI/9.)
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Table I shows that the inc~denceof infection decreascd markedly
as the light intensity was decreascd from 100% to 20% of full
daylight. A t the lowest light intensity ( 1 % ) none of the plants
survived; otherwise there was no obviouf effcct of shading on growth.
Thus n o evidence was obtained that the prescnce of the fungus might
overcome the effects of shading by supplcmenting the carbohydrate
supply of the host.
Non-mycorrhizal plants devcloped a markedly greater number of
leaves than did mycorrhizal plants irrespective of the shading treatment. This suggests an inhibitory effect of infection on growth of
silver beech under the conditions of the cxpcrimcnt. Howevcr, it
should be noted that infection had little influence on growth in
length of the leading shoots. Dry weight determinations were not
made since some of the plants wcre requircd for a furthcr experiment.
111. T h e growth of mycorrhizal and non-mycorrhizal plants of Pinu.,
radiata and silver beech in soils of varying fertility.
The composition of the media used in this experiment (Tablc 2)
was designcd to give a wide variation in nutritional and physical
properties which would be likely to exert marked differential effects
on growth.

TABLE 2.
Con~positiono f tnedici used in Expt. 3. Parts by weight (ovcn-dry).
Medium
A
R
C

Soil

Clay

Sand

1

-

5

-

2

I

16
I6

The soil uscd was Clutha sandy loam, an alluvial soil with pH
6.0, base exchange capacity of 8in.e.%, and a base saturation'of
70-80%. F o r use with silver teech it was sterilised by irrigation
with 1:49 formalin solution at the rate of 21. per cu. ft. and for
P. radiata it was sterilised with chloropicrin at the rate of 8mI. per
cu. ft. T h e clay which had a base exchange capacity of 13m.e.%
had been acid treated, washed in 4% formalin, and filter-pressed
before storage. Before use it was oven-dried and milled. The sand was
washed with tap-water, autoclaved, and oven-dried. The various
media were mixed by hand in flamed trays.
Mycorrhizal and non-mycorrhizal plants of silver beech (obtained
as in the previous experiment) were transplanted into the experimental
pots seven months after germination and harvested after a further
twelve months. Mycorrhizal and non-mycorrhizal plants of P. radiatu
were obtained by transferring seedlings soon after germination to
either autoclaved potting soil o r soil from a P. radiata nursery. These
were transplanted into the experimental pots four months after
germination and were harvested five months later.
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Sterilisation by formalin was inadequate since some infection by
mycorrhizal fungi occurred in the uninoculated silver beech block.
No extraneous infection occurred in the P. radiata block.
Results are given in Table 3.
TABLE 3.
Dry weight and level o f nzycorrhizal infection o f silvlr beech and
P. radiata grown in media o f varying fertility.
Medium

Plant

No. of plants

Mean dry weight
km.1

Mycorrhizal
infection
light

Myc.

4

1.774

Nonmyc.

4

2.03 1

-

blyc.

4

1.214

heavy

Nonmyc.

4

2.387

-

Myc.

4

1.857

moderate

Nonmyc.

4

1.930

-

Myc.

4

1.08 1

heavy

Nonmyc.

3

0.508

slight

Myc.

4

1.322

heavy

Nonmyc.

4

1.022

-

Myc.

I

0.280

hew y

Nonrnyc.

3

0.277

-

Pinus
A

Beech

Pinus
B

Beech

Pinus
C
Beech

In the medium A the mean dry weight of mycorrhizal plants ot
silver beech was lower than that of uninoculated plants, but this
difference was reversed in medium B (Fig. 6 ) . In the mcdium of
lowest fertility growth was barely sustained by either the mycorrhizal
or non-mycorrhizal plants of silver beech (indeed three of the latter
were dead by the end of the experiment), or by the non-mycorrhizal
plants of P. radiata. Mycorrhizal plants of P. radiata in this medium,
however, increased rapidly in height (Graphs 1-3). This is the only
treatment in which the initial size difference between mycorrhizal and
non-mycorrhizal plants of P. radiata was reversed at the end of the
experiment. In the other two media the presence of mycorrhiza failed
to show any stimulus to growth of P. radiata.
~ h e r e a ; the incidence of mycorrhizal formation in P. radintcl
varied inversely to the fertility of the medium, in silver beech the
incidence of mycorrhizal formation was uniformly high.

-

-
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-

TIME (Weeks)
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NON-MYCORRHIZAL

H MYCORRHIZAL

Graphs 1-3. Growth rate of Pinus rarliccta in soils of varying fertility.
(Expt. 3.)

Problems in mycorrhizal associations can bc broadly classified into
three groups:
(a) Investigations into the factors necessary for mycorrhizal
formation.
(b) The significance of the associations to the host plant.
(c) The significance of the associations to the mycorrhizal fungus.
The experimental work presented here bears only upon (a) and (b).
(a) Although trees of silver beech which lack mycorrhizas have
not been found in the field it is apparent from Expt. 1 that natural
soils exist in which mycorrhizas do not immediately form. For this
the simplest explanation is that their flora includes no suitable fungus
but other inhibitory causes may of course operate. On the other hand
it is clear that fungi capable of forming mycorrhizas with silver
beech are not confined to the immediate vicinity of beech forests, and
that soil even after seven months air-dry storage can be a potent
source of infection. No clear evidence of air-borne infection has
been obtained. The situation is, therefore, not comparable with that
claimed by Robertson (1954) to exist in Pinus sylvestris. Robertson
considered that the survival and spread of mycorrhizal fungi associated
with this species was mainly by way of the living root systems. He was
so confident that in their absence infection came only from air-borne
basidiospores that he disregarded the possibility that the immersion
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of his pots in unsterilised garden
soil could provide an additional
source of infection.
Although the evidence is scant, the intensity of mycorrhizal infection
in silver beech would not appear to be affected by levels of soil
fertility in the same way as it is in Pinus radiata and other conifers
(Melin, 1953). Thus in Expt. 3 the beeches remained heavily infected
in two soils sufficiently fertile to lower the degree of infection in the
pines. However, the effect of shading silver beech (Expt. 2) closely
paralleled that which Bjorkman (1949) obtained through shading
pine and spruce seedlings. I n both species reductions in light intensity
lead to reductions in the degree of infection. Harley (1939) has
recorded experiments indicating that shading produced no reduction
in mycorrhizal infection of Fagus. However, even the controls in his
experiment were only lightly infected.":
( b ) T h e mycorrhizal association in silver beech, in the few
experiments reported here, appeared to have no outstanding physiological significance for the higher plant. I n Expt. 2 there was no
evidence that under reduced light intensities the fungus supplemented
the carbohydrate supply of the host from organic matter in the
medium. Rather did the results seem to indicate, as Bjorkman (1944,
1949) has claimed for conifers, that infection is dependent upon an
excess of carbohydrate being available in the host roots. In Expt. 3,
a soil with a low level of fertility which clearly differentiated the
growth of mycorrhizal and non-mycorrhizal Pinus radiata did not
produce a corresponding difference with silver beech. Consistent with
this result is that obtained when P:'%as supplied to mycorrhizal and
non-mycorrhizal plants of both Pinus radiata and silver beech grown
under similar conditions in that although mycorrhizal P. radiata plants
showed a marked superiority over non-mycorrhizal plants in the
uptake of P:%%o such difference could be shown for silver beech
(Morrison, 1954).
Thus ugeneralisations based uoon the behaviour of ~L i n emvcorrhizas
cannot always be applied directly to silver beech. A wider range of
experiments will be necessary to establish whether o r not there are
special circumstances in which consistent differences exist between
the growth rates of mycorrhizal and non-mycorrhizal plants of this
species.
I a m indebted to the Research Fund of the University of New
Zealand for financial aid, and to Professor G. T. S. Baylis and Dr.
G. P. Harris for their helpful criticism and advice. Mr. K. W.
Allison's help in seed collection is also gratefully acknowledged.

:

A paper by J. L. Harley and J. S. Waid (Plant and Soil 7, 96, 1955)
seen after this manuscript was submitted, shows that mycorrhizal
infection in Fagus seedlings is educed under lowered light intensities.

60

N.Z. .JOURNAL OF FOHES'I'HY

REFERENCES
( 1 ) Bjorkman, E., 1944. Thc effect of strangulation on the formation of mycorrhizae in pine. Svensk. Bot. I'idskr., 38, l .
( 2 ) Bjorkman, E., 1949. The ecological significance of thc
mycorrhizal association in forest trees. Svensk. Bot. Tidskr.,
43, 223.

(3) Brook, P. J., 1952. Mycorrhiza of Perntttya nzacrostignza. New
Phytol., 51, 388.
(4) Clowes, F. A. L., 1951. The structure of mycorrhizal roots of
Fagus sylvatica. New Phytol., 50, 1.
(5) Dimbleby, G. W., 1952. The root sap of birch on a podzol.
Plant and Soil, 4,141.
(6) Harley, J. L., 1937. Ecological observations on the mycorrhiza
of beech (Prelimmary note). Jour. Ecol., 25, 421.
(7) Harley, J. L., 1939. The early growth of beech seedlings under
natural and experimental conditions. Jour. Ecol., 27, 384.
(8) Hatch, A. B., 1937. The physical basis of mycotrophy in Pinus.
Black Rock For. Bull. No. 6.
(9) How, J. W., 1942. The mycorrhizal relations of Larch. 111.
Mycorrhiza formation in nature. Ann. Bot., N.S. 21, 103.
( 10) Kelley, A. P., 1950. Mycotrophy in plants. Chronica Botanica
Co., Waltham, Mass.
(1 1) Mangin, L., 1910. Introduction a I'Ctude des rnycorrhizes des
arbres forestiers. Nouv. Arch. Mus. Hist. Nat. Paris, 5, 213.
(12) Masui, K., 1927. A study of the ectotrophic mycorrhizas of
woody plants. Mem. Coll. Sci. Kyoto Imp. Univ. scr. B, 3, 149.
(13) Melin, E., 1921. On the mycorrhizas of Pinus sylvestris and
Picea abies. Jour. Ecol., 9 , 254.
(14) Melin, E., 1953. Physiology of mycorrhizal relations in plants.
Ann. Rev. Plant Physiol., 4,325.
(15) Morrison, T. M., 1954. Uptake of phosphorus-32 by mycorrhizal
plants. Nature, 174,606.
(16) Robertson, N. F., 1954. Studies on the mycorrhiza of Pinus
sylvestris. I. The pattern of development of mycorrhizal roots
and its significance for experimental studies: New Phytol.,
53. 253.

