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The paper describes the morphological and anatomical features of mycorrhiza
of blue pine, spruce and deodar studied from different localitiesin the Western
Himalayas. Mycorrhizal roots exhibit ectotrophic infection which conforms
to Melin’s types A, D and DN. Cenococcum graniforme (Sow.) Ferd, and Winge
and Geastrum fimbriatum Fr. constitute mycorrhizal fungi of the three conifers
and Hysterangium sp. is mycorrhizal on spruce. The three conifers possess a
wide spectrum of fungi with which the hosts may enter into mycorrhizal
symbiosis. The mycorrhiza-forming fungi in culture and in nature are
described.

No detailed study has been made on the mycorrhiza of blue pine (Pinus
wallichiana A. B. Jackson), spruce (Picea smithiana (Wall.) Boiss.) and deodar
(Cedrus deodara (Roxb. ex Lambert) G. Don.), except for the record of ecto-
trophic mycorrhiza in these species by Bakshi (1957). These conifers, besides
chir (Pinus roxburghii Sargent) and fir (4bies pindrow Royle), constitute the
major indigenous species in the Western and Central Himalayas. These
conifers occur in mixed natural stands, generally in association with broad-
leaved species, principally oaks, which constitute silviculturally important
associates of conifers. Due to economic importance of deodar as timber, it is
planted widely in pure stands in its natural home by clear-felling virgin stands.
Blue pine and spruce are also planted to some extent. As mycorrhiza is
important in such cases, a survey was made in the conifer forests, both in the
natural and planted stands, to study the myecorrhiza in the three conifers,
the results of which are presented below.

LocaTioN orF STUDY AND STAND COMPOSITION
A. Himachal Pradesh State
1. Bashla block (alt. 3,200 m), Tikker Range, Pabber Valley For. Div.;

mixed stand of deodar, spruce and fir.
2. Samarkot block (alt. 3,100 m), Rohru Range, Pabber Valley For.

Div.; pure deodar.
3. Sheoli block (alt. 3,200 m), Bahli Range, Sarahan For. Div.; mixed

stand of spruce and fir.
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4. Municipal forests (alt. 2,500 m), Simla For. Div., Simla.; pure
deodar.

5. Tranda block (alt. 2,340 m), Nichar Range, Kinnaur For. Div.;
pure deodar.

B. Uttar Pradesh State

6. Municipal Garden, Binog and Tontu blocks (alt. 2,100 m), Mussoorie
Range, Yamuna For. Div.; pure deodar.

7. Mundali block (alt. 2,800-3,000 m), Bawar Range, Chakrata TFor.
Div.; mixed stand of deodar, spruce, fir and blue pine.

Saort RooTs

A. Morphology.—In all the three conifers, the root system is heterozoic,
distinguished into long and short roots, the latter becoming mycorrhizal. Short
roots are creamish, pinkish, brown or black, smooth or with loose weft of
hyphae. They are usually 1-2 mm long, 0-3-0-6 mm thick and are borne
racemosely on laterals as simple roots, sometimes with single dichotomy, as
in blue pine (Fig. 1) and spruce (Fig. 6), or in coralloid clusters, as in deodar
(Fig. 15). '

B. Anatomy and types.—Mycorrhizal roots exhibit ectotrophic in-
fection and possess mantle and Hartig net. The infections conform to Melin’s
types A, D and DN. Under type A different forms are distinguished based on
mantle structure and characters of the fungal symbionts. Short roots are
devoid of root, hairs and starch. Both mother roots and short roots are
mycorrhizal and possess diarch bundles. Structure and types including
forms of short roots are described below for the three conifers.

Type A

Form 1. Short roots, 0-4-0-7 mm thick, light brown, smooth or with
hyphae loose or in tufts. Mantle hyaline to pale or pale brown. Setae
absent.

Mantle hyphae hyaline or pale brown, usually clamped, thick-walled,
branched, smooth or incrusted, 1-5-3-5 p in diameter. Hartig net present in
the outermost two layers of the cortex.

(a) Mantle pseudoparenchymatous, 5-10 (-20) cell-layered, 24-50
(-85) p thick, as in blue pine (Fig. 2), deodar (Figs. 20, 21) and
spruce (Fig. 13).

Figs. 1-5. Blue pine. 1, long and short roots X 1-5. 2, type A, form 1 (a) X 230. 3,
type A, form 3 x 295, 4, type DN x380. 5, type A, form 2 X 295,

F1as, 6-10. Spruce, 6, long and short roots x 1-3. 7, & section of fruit body of Hyster-
angium sp. X 2. 8, a fruit body of Hysterangiwm growing in association with spruce short
roots. 9, type DN % 355. 10, type A, form 1 (b) x400.
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Fies, 11-14. Spruce. 11, type D X360, 12, type A, form 2 %315, 13, type AL form
a) x 350, 14, type A, form 1{¢) X 350,

Fies, 15-23. Deodar. 15. long and short roots x 14 16, tvpe A, form 2 X 72, 17,
type DN 400, 18 and 19, type A, form 3 X 350 and 240, 20 and 21, type A, form Ha) o 350,
22 and 23, type A, form 3 X 350,
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(b) Mantle loose, mycelial, 8-10 cell-layered, up to 27 p thick, as in
spruce (Fig. 10) and deodar.

(¢) Mantle meliaceous, 20-25 cell-layered, 41-51 p thick, as in spruce
(Fig. 14).

Form 2. Short roots, 0-5-0-6 mm thick, black, smooth. Mantle dark
brown to chestnut brown, pseudoparenchymatous, 5-8 cell-layered, 30-86 u
thick. Mantle hyphae dark brown to chestnut brown, clamped, thick-walled,
smooth or rarely with incrustations 5-8 p broad.

Cell of the mantle in the outer layer bright chocolate brown, 32-52 X
21-38 u, thick-walled, and light brown, 6-15x 3-6 u, thin-walled in the inner
layer, as in blue pine (Fig. 5), spruce (Fig. 12) and deodar (Fig. 16).

Form 3. Mantle pale or pale brown, generally with setae. Mantle
hyphae pale to pale brown, simple septate, smooth or with fine incrustations,
thick-walled, 2-5-4:5 (-7) p broad.

(a) Mantle pseudoparenchymatous or mycelial 8-10 (-25) cell-layered,
27-40 (-60) p thick with setae. Setae light brown, short cylindrie, thick-
walled, 10-20X 3-6-5 p, as in blue pine (Fig. 3), or short cylindrie, 10-15X
5-6 p, and also Jong bristle, 28-72 X 4-8 u, as in deodar (Figs. 22, 23 and 18-19).

Type D

Short roots, 0-8 mm thick, dark brown to black, smooth. Mantle compact,
without setae. Hyphae dark brown or black, simple septate, rarely incrusted,
slightly thick-walled, 3-6 u broad.

Mantle brownish black, pseudoparenchymatous, 5-6 cell-layered, 17-24 p
thick, as in spruce (Fig. 11).

Type DN

Short roots, 0-4-0-5 mm thick, enveloped by loose, radiating hyphae.
Mantle hyphae dark brown to black, simple septate, thick-walled, smooth or
with fine incrustations, 3-5-4-5 p broad. Mantle black or c¢hestnut brown to
dark sepia, compact, cells arranged in palisade layers, 5-6 cell-layered, 27-40 u
thick, as in blue pine (Fig. 4), spruce (Fig. 9) and deodar (Fig. 17).

The fungal component is identified as Cenococcum graniforme (Sow.)
Ferd. and Winge based on mantle structure and culture.

C. Fungal symbionts in cullure—Cultures isolated from mycorrhizal
roots of blue pine, spruce and deodar were compared with their respective
fungal symbionts as present in short roots to ensure that the cultures belonged
to mycorrhiza-forming fungi. These are described below except for C. grani-
forme which was isolated from all three conifers and described earlier (Bakshi
el al. 1966).
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1. Growth very slow. Mat white to pale, ecottony-woolly, becoming
felty. Hyphae hyaline, thin-walled, branched, septate with clamp connec-
tions, sometimes with inerustations on the walls and some swollen cells,
1-5-3-9 u broad. Isolated from spruce. Matches with fungal symbionts of
form 1 (a) (Fig. 2).

2. Growth very slow. Mat brown, cottony, on the inoculum only.
Hyphae light brown to brown, slightly thick to rather thick-walled, branched,
geptate with prominent clamp connections, 3-0-5-0 p broad. Isolated from
spruce. Matches with type A, form 2 (Fig. 12). _

3. Growth very slow. Mat white, becoming creamish to pale brown,
cottony, becoming felty on the inoculum, appressed beyond. Hyphae nearly
hyaline, thin-walled, frequently branched, septate with clamp connections,
2-2-3-4 p broad. Isolated from deodar. . Matches with type A, form 1 (a)
(Figs. 20-21).

4. Growth moderate. Mat white to cream-coloured, farinaceous, sub-
felty to farinaceous-felty with radiating hyphae up to the limit of growth.
Hypbae hyaline, sometimes yellowish-brown, hyphae found scattered, thin or
slightly thick-walled, branched, simple septate, 2-5-4-5 (-6:0) p broad.
Chlamydospores present, terminal or intercalary, 5:0-12:0 p in diameter.
Isolated from deodar. Matches with type A, form 3 (Figs. 18-19, 22-23).

MYCORREIZA-FORMING FUNGI IN NATURE

Several gasteromycetes belonging to genera Hysterangium, Scleroderma,
Hymeonogaster, Geastrum and Lycoperdon were found in the forests of the
three conifers. Of these, Hysterangium sp. grew in close association with
short roots in spruce and is considered mycorrhizal. The fruit bodies of
Geastrum fimbriatum Fr. grew close or in association with short roots of blue
pine and is considered mycorrhizal on the basis that typical brown clamped
hyphae found in mycorrhizal roots of blue pine, spruce and deodar enter
into hyphal composition in the fruit body of G. fimbriatum. Hysterangium
sp. and Geastrum fimbriatum Fr. are described below:

Hysterangium sp.—Plants subglobose, tuberculate to irregular, up to 2-2
cm diameter, shrunk and wrinkled when dry, white to ecream-coloured when
fresh, attached by usually one basal rhizomorph. Peridium indehiscent, very
thin, 250-400 p thick, white or cream-coloured, dingy brown on drying,
smooth. Gleba yellowish-green, grayish brown on drying, appearing compact,
cells minute, 3-4 per mm; columella branched, arising from base; tramal
plates 50 to 140 p thick, composed of gelatinized hyphae; basidiospores
nearly hyaline to light grayish-brown, with incrustations all over, ellipsoid,
10-0-18-0 X 5-9-7-0 (-8-8) u; hyphae nearly hyaline to pale brown, slightly
thick or thin-walled, often with incrustations on the walls, branched, septate
with clamp connections, 2:0-4-5 u broad.
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Partly buried in humus, in association or attached to short roots of
spruces ; Chakrata For. Div. .

Identified by Dr. D. M. Dring, Kew, as probably a new species of Hyster-
angium.

Geastrum fimbriatum Fr.—Plants globose, when expanded, 3-0-4-5 c¢m;
exoperidium splitting from the apex downwards to about the middle into 6-8
unequal stellate rays, which are expanded or revolute; fleshy layer ‘light
brownish olive’ to ‘brownish olive’, membraneous, thin, glabrous, dehiscing by
an apical stoma ; endoperidium sessile, up to 1-3 em diameter, globose, becoming
depressed; gleba ‘olive brown’; spores yellowish brown, globose, echinulate,
3-3-4'4 p in diameter. Hyphae in general (i) nearly hyaline to yellowish,
thick-walled, rarely branched, 1-8-2-2 (-4-0) p broad and (ii) yellowish brown
to dark brown, slightly thick to thick-walled, with prominent clamp connec-
tions or simple septate, sometimes heavily incrusted, 5:0-8:8 u broad.

On humus, growing close or in association with short roots of blue pine at
Mundali, Chakrata For. Div.

The identity was confirmed by Dr. D. M. Dring, Kew.

Discussion

In the three conifers, mycorrhiza is present in all habitats and localities
surveyed. Mycorrhiza is ectotrophic conforming to Melin’s types A, D and
DN. Several forms are distinguished in type A, as in chér pine (Bakshi and
Thapar 1966) based on mantle structure and characters of fungal symbionts.
Cenococcum graniforme possesses a wide host range and oceurs over the greater
part of the world and is thus unspecific (Trappe 1964). Besides the three
conifers under study, this fungus is recorded to be mycorrhizal in chér, fir and
chilgoza pine (Bakshi, Thapar and Balwant Singh 1966). Like chir pine, the
three conifers in this study possess a wide spectrum of fungi with which the
hosts may enter into mycorrhizal symbiosis.

The characters of the fungal symbionts on short roots are not usually
sufficiently diagnostic, either in the short roots or when isolated in culture, to
enable diagnosis of the fungal symbionts, except in case of Cenococcum
graniforme, which is easily identified from the characters of the mantle and
hyphae and also characters of the fungi in culture. The sporophores growing
in forests may belong to mycorrhiza-forming fungi if they occur in intimate
association with short roots, e.g. Hysterangium on spruce. Such fungi may
also be considered mycorrhiza-formers if the hyphae constituting the fruit
body compare with the hyphae on the short roots, as in Geastrum fimbriatum
whose hyphal composition in the fruit body is identical with the hyphae from
short roots of the three conifers. Synthesis between the higher and lower
symbionts into mycorrhiza is a definite proof that the latter is a myeorrhizal
fungus. Though this was not done, circumstantial evidences indicate that
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Hysterangium is the mycorrhizal fungus of spruce while Geastrum fimbriatum
is the mycorrhizal symbiont of blue pine, spruce and deodar, in addition to
Cenococcum graniforme which constitutes the lower symbiont for all the three
conifers.

It is said that mycorrhiza is necessary for the success of conifers, parti-
cularly on afforested land where introduction of mycorrhiza may be necessary
for success. The present-day plantings with conifers are carried out usually
on reforested land where the previous crop consisted of conifers. Therefore,
the mycorrhiza-forming fungi which were present in such sites eventually
develop mycorrhiza with roots of plants in the new-planted stands. The
introduetion of mycorrhiza may not, therefore, appear obligatory. Even if
such introduction is considered necessary, it is best done in the nursery either
by introduction of soil containing active roots from healthy stands of the
species, or interplanting seedlings containing myecorrhizal roots. In both
cases, the nursery seedlings will be fortified with mycorrhiza.
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