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THE USUAL ENDOPHYTE

When forming external mycelium the endophyte consists of coarse
yellow-brown hyphae with finer colourless branches (Fig. 1). The yellow
hyphae are up to 20 fi diameter with thick walls, and are non-septate.
The branches are about 2-5 n in diameter with much thinner walls, and
regularly become septate as they age. Where one springs from a main
hypha there is a conspicuous angular projection. They are relatively short-
lived, sparsely branched, and seldom grow to more than 0-1 mm long. The
coarse hyphae creep along the surface of the roots, anastomosing where they
meet and sending side branches into the epidermis. Penetration may occur
anywhere except at the growing root tips. There is normally no constriction on
passing through a cell wall. Within the epidermal cell the hypha may dilate
before continuing into the cortex. The first 3 or 4 layers are usually passed
through without being occupied. Deeper in the outer cortex, hyphae pass
from one cell to another longitudinally, forming coils inside the cells.
Laterals from them penetrate deeper still, where some intercellular mycelium
may also occur (Fig. 2). Inside cells, the diameter of the mycelium (c. 10 jj.)
is about half what it is in the intercellular spaces. The last one or two
layers surrounding the stele are usually free of fungus.

Vesicles on external mycelium are terminal to branches of the coarse
hyphae; inside the roots intercalary ones may also be found. Outside the
root and inside cells vesicles are usually spherical, and about 40 ft, in
diameter (Fig. 3). Intercellular vesicles are distorted to fit the spaces they
occupy and may then be much larger; one reached 217 X 42 JX. They are
not cut off from the rest of the hypha except when senescent. Vesicles at

FIG. 1—{External mycelium of R. populinus with coarse and fine hyphae. X 250.
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FIG. 2—L.S. cortex of G. littoralis root with intercellular hyphae of R. populinus.
X 250.

first contain granules, later oil globules, and ultimately become quite hyaline
except for a few strands of cytoplasm about the walls.

Inside cells, the complex haustoria, called arbuscles, arise from branches
of the longitudinally running hyphae. The branches coil and then branch
again dichotomously to form an irregular treelike mass of which the
ultimate twigs are less than 1 ̂  in diameter. The whole arbuscle, which
often looks like a granular mass of naked cytoplasm, may be as much as
50 jit in diameter (Fig. 4). Arbuscles obviously do not persist for long as
they are most often observed in degeneration, with branches broken down
and contents free in the cells as oily yellow-brown granules.

There is no zonation of either vesicles or arbuscles in the root. Both
can almost invariably be found wherever there is mycelium.

FIG. 3—Outer cortical cells of G. littoralis with coiling hyphae and a terminal
vesicle of R. popul/nus. X 500.
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FIG. 4—Arbuscle of R. populinus. X 1500.

THE FINE ENDOPHYTE

Occasionally another type of mycelium, smaller in all its parts except
the arbuscles, is found in place of that just described (Fig. 5). The hyphae
seldom exceed 3 /i diameter and there is no sharp distinction between coarser
and finer branches. Septa occur only in old empty hyphae. Inside the host
there is a tendency for hyphae to coil in the epidermis and to spread along
it before going deeper. There is a greater tendency for infection to be

FIG. 5—Cortical cells of G. littoralis. The central cell is occupied by hyphae, vesicles,
and disintegrated arbuscles of R. tennis. Elsewhere are hyphae and a vesicle
of R. populinus. X 550.
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concentrated in the mid-cortex, where the hyphae form a narrow band often
not more than 4 cells wide. Inside the host, vesicles are scarce. On the
external mycelium they are much smaller than in the usual endophyte—never
more than 9 j± diameter (Fig. 6). Conspicuous intercellular mycelium is
absent. A feature of this fungus is the stranding of hyphae in the cells
into ropes. The stumpy lateral projections are also characteristic (Fig. 7).

ATTEMPTS TO ISOLATE THE ENDOPHYTES IN CULTURE

Although phycomycetous endophytes have often been observed to grow
out into agar from pieces of mycorrhiza, the growth has usually proved
transient and has not continued if mycelium is separated from the root
fragment (Jones, 1924; Magrou, 1937; Butler, 1939; Neill, 1944; Stahl,
1949; McNabb, 1958; Mosse, 1959a, 1961).

FIG. 6—External mycelium of R. tennis with vesicles. X 650.

However, there are a few claims (Barrett, 1947, 1961; Hawker, 1962)
not only to have isolated vesicular arbuscular endophytes but also to have
resynthesised mycorrhizas from the cultures, so proving their identity. It
seemed, therefore, worth while making the attempt with Griselinia roots.

The roots were first brushed and washed in tap water, in some cases with a
jet and for many hours. They were then either washed further with many
changes of sterile water and centrifuging (Hopkins, 1954), or surface
sterilised with hypochlorite or with acid mercuric chloride for various
lengths of time. Each piece was then split longitudinally into 2—4 sections
each 2-5 mm in length and incubated on agar at 21°c.

The fine endophyte was never successfully grown on agar by any of
these methods. The coarse endophyte, on the other hand, grew out from
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FIG. 7—Collapsing arbuscle and stranded hyphae of R. tennis teased from a cell.
X 1000.

root pieces quite readily. Indeed some 80% of the total 327 root sections
cultured at various times, without chemical disinfection, produced mycelia
which agreed in character with this coarse endophyte. These were always
contaminated with other organisms (Fig. 8). Surface disinfection sometimes
was successful in eliminating the contaminants without killing the endophyte.
On occasions about 80% of sections treated for two minutes in 0 ' l% mer-
curic chloride plus a drop of detergent yielded this fungus, as often as
not unaccompanied by any other organisms. It could often be traced to
broken ends of intercellular hyphae, and occasionally to vesicles.

Growth in culture was much greater in contaminated than on clean plates.
On tap water agar, for example, uncontaminated hyphae seldom grew out
further than 3 mm from the root section, and growth stopped after about
10 days (Fig. 9). On contaminated plates growth rates of 2 mm a day were
not uncommon and growth frequently continued to a length of 3 cm. A
stimulation of the growth of phycomycetous endophytes by the presence of
bacteria or other fungi in cultures has also been recorded by both Neill
(1944) and Mosse (1959a).

TABLH 1—Growth of coarse aseptate hyphae from surface sterilised root sections of
G. Uttoralis placed on tap water (W) , soil extract (SE), potato extract (PE),
potato dextrose (PDA), and potato dextrose + hemp seed extract (PDA + )
agars, and incubated at 21°c for 21 days. Thirty sections per treatment.

Medium

No. of sections producing the mycelium
Length of longest hypha (cm)

14
2- H

SE

18

5

PE

12

2-1

PDA

7
1-5

PDA+

5

2-0
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FIG. 8—A coarse hypha of R populinus on agar accompanied by a fine septate mould.
X 50.

FIG. 9—Growth of R. populinus from a surface-sterile root segment. X 50.
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Nutrient agars (Table 1) were inferior to plain agar as supporters of
growth, but substituting soil extract for tap water in the plain agar not
only improved growth but also increased the proportion of successful cul-
tures. The soil extract was prepared by steeping 300 g of a poor soil in a
litre of water for a day, and then decanting. Similar stimulant effects of soil
extracts have been reported by Neill (1944), Stahl (1949), and Mosse
(1959a), but they also could not claim to have isolated the endophyte since
the mycelium was, in all cases, still in organic contact with the root fragment
from which it originated. The successful isolations made by Barrett (1947,
1961) depended on attracting the hyphae into pieces of sterilised hemp seed
which were then transferred to nutrient agar. This was tried with some of the
clean cultures of Griselinia endophyte, but the hyphae showed no inclination
to be attracted to the hemp seed. Neill (1944) also reported using similar
methods without success.

Cultures of endophyte were on one occasion attempted from some plants
in which the mycorrhizas appeared to be ineffective; growth of the host was
poor and the infection was light throughout the whole root system. As the
mycelium was almost free of vesicles, it seemed that it might be an unusual
fungus. There was a low success (16%) in obtaining growth from these
root fragments but the mycelium appeared to be the normal coarse endophyte.
Six months later, the growth of these plants improved. Infection proved to
be heavier and the mycelium had become vesicular. The endophyte then
grew from 70% of the pieces of the roots plated.

It has been remarked that none of these methods succeeded with roots
containing the fine endophyte. When sections of mycorrhiza containing
both kinds of mycelium were plated, only coarse mycelium grew out and
it was much less abundant than usual. This suggests, once again, that the
two fungi are distinct and that the fine endophyte will not grow out into
agar. The possibility remains that the fine endophyte may do so when
saprophytes are present, but, lacking a distinctive appearance such as is
possessed by the coarse mycelium, is not recognisable.

SYNTHESIS OF MYCORRHIZAS

Neither of the endophytes, then, was isolated in pure culture. Dr Barrett,
however, kindly sent cultures of a Rhizophagus that he has isolated from
carrot. As Hawker et al. (1957) have isolated Pythium from typical vesicular-
arbuscular mycorrhizas, attempts were made to synthesise Griselinia
mycorrhizas with Dr Barrett's Rhizophagus, and with isolates of Pythium
from damped-off peas and from roots of Coprosma robusta.

Seed was germinated in autoclaved vermiculite and the seedlings potted
up in a soil in which mycorrhizas are known to be necessary for growth.
Two or three pieces of the agar cultures of the fungi, a few millimetres
across, were put against the roots at planting and also renewed a few
months later. Two control series were provided. In one, pieces of uninocu-
lated agar and in the other pieces of infected Griselinia root were put by
the roots.
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Even after six months none of the plants was more than 4 cm high, which
in itself suggested that no mycorrhizas had been formed. Microscopic
examination indeed proved they had not, except that six of the ten check
plants which had had pieces of mycorrhiza placed by them had light
infections.

HOST RANGE AND IDENTITY OF ENDOPHYTES

The usual endophyte agrees quite closely with Dangeard's Rhizophagus
populinus (1896). The vesicular-arbuscular symbionts described by Jones
(1924), Butler (1939), Neill (1944), Skeppstedt (1952), Peuss (1958),
McNabb (1958), Mosse (1959b), and Nicolson (1959) are also all very
similar. The same or a very similar endophyte occurs extensively in the
native flora according to McNabb (1958). However, Gerdemann (1955),
Mosse (1956, 1962), Dowding (1959), and Gerdemann and Nicolson
(1962) have found large spores to be associated with the phycomycetous
symbionts they describe. Neither these nor sporocarps have been seen with
the Griselinia endophyte, nor were any recovered by wet-sieving (Gerde-
mann, 1955) from soils in which Griselinia was growing, including some
long-established pot cultures.

FIG. 10—Three plants of G. littoralis in poor partially sterilised soil which successively
resumed growth on becoming infected spontaneously by R. tennis. Non-
mycorrhizal plant at right. X 'Is.
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The fine endophyte was seen less often. McNabb (1958) does not
mention it in his survey of vesicular-arbuscular mycorrhizas in native species
and it does not agree with any published descriptions known to the author.
Structures of a size comparable with the vesicles of this fine endophyte have
been described from heath endophytes (Brook, 1952; Wolf, 1954) but
those fungi lack arbuscles. It is reasonable to consider it a species of
Rbizophagus since its arbuscles are indistinguishable from those of
R. populinus.

Rbizophagus tenuis SP. Nov.

R. populinus Dangeard affinis sed hyphibus gracilioribus (0-5-4-0 /j,
diam.) vesicibus minoribus (2-5-9-0^ diam.). In radicibus Griseliniae
littoralis, Dunedin, New Zealand. Typus in herbario Plant Diseases Division,
Auckland, P.D.D. 21626.

R. tenuis is as effective as R. populinus in promoting the growth of its
host. Fortuitous proof of this was provided when 3 of 16 Griselinia plants,
which had been intended as non-mycorrhizal checks in an experiment,
suddenly began vigorous growth (Fig. 10). Inspection showed that the
three had accidentally become infected, and that infection was with the fine
endophyte alone.
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