MORFHOLOGICAL SIMILARITY BETWEEN THE PHYTHIUM-
LIKE FUNGUS FOUND ASSOCIATED WITH DISEASED
SUGAR-CANE ROOTS IN HAWAII AND PORTO
RICO

By B. A. BOURXE,
Professor Plant Pathology, College of Agriculture and Mechanic Arts

The first pathologist in move than two decades since 1896 to
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FIG. 1.—Photomicrography of secondary rootlet of sug_éar cane near root ip
showing area of dark reddish-brown tissue found in cases of typical Py-
thiuwm root-rot. X 166,

claim that a fungus having characters resembling the genus Pythium
was 4 primary eause of that condition in sugay cane known as ‘‘root
digease” was Mr, C. W. Carpenter (1) of the Hawall Agrieultural
Experiment Station. In faet, the experviments he deseribed with
this fungus in 1919 leave little doubt that it is a vigorous parasite
under certain conditions in Hawaii and can he made to reproduce the
typical symptoms of root disease under carvefully econtrolled ex-
perimental conditions.
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Prof. Barle (3) has already pointed out that Dr. Treal in 1885
and Dr, Wakker in 1893 have both Tound Phythivm associated with
root discase in Java, but that the more conspieuous Margsming seems
to have attracted Dr. Wakker's attention as well as that of subsequent
investigators and no furtlher mention of the former fungus as being
associated with a cane disease has heen found in literature until that
of Carpenter previously mentioned.

FiG 2, — Photomicrograph of a longitudinal section
through a reddish-brown diseased portion of a pri-
mary cane veot affected with Pyihium root-rot. Note
the thick fype of mycelium seen in one of the epider-
mal cells in the center of the picture., X 170.

Here in Porto Rico the frst wmention of Pythinm as heing isolated
from ruots of sugar cane suffering from root disease was recorded
in 1920 by AMv. Matz (4) recently Pathologist of the Insudar Tx-
periment Station.  Although My, Matz’s experinlents leave little
doubt that Pythinm is a vigorous parvasite on eane roots under certain
conditions and can be made to induce rot in these under experi-
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mental conditions just the same as was shown hy Carpenter in
Tlawaii, yet it has mot been satisfactorily demonstrated that the
species present in Porto Rieo ean reproduce all the true symptoms
of root disease, including marked stunting of the cane such as is
claimed by Carpenter for the Hawaiian fungus. So far asis known,
Droculation experiments with Pythium sp. under Porto Riean con-
ditions have not yet been tried with the Lehaine varviety (probably
the same as the Bourbon, Otaheite and (‘afia Blanea) which is known
to he particularly susceptible and whieh was used by Carpenter in
liis inseulation experiments.

In the abscence of definite evidence, therefore, as fo whether
we have here a different species of Pythium or a different hiologieal
strain of the same species as is found in Hawaii, it would seem
desirable to present evidence relative to the morphological similarity
hetween the two fungi as they exist naturally in eane roots and
also in pure culture in the two countries. It is not the purpose of
this paper to discuss the life history of the speecies of Pythinum foumnd
here, sinee this would not elear the situation in the absence of simi-
lar studies with the ITawailan parasite. So far no detailed de-
seription or ficures of the Pythiwm found in Porto Rico have been
published, and the writer believes that in presenting certain results
recently obtained hy a -histological examination of roots of cane
affected with this fungus, together with certain observations of pure
cultures of the parasite, he will be throwing some light on the
siilarity between the organism found here and the one deseribed
from Hawail.t

Figure 1 represents a typical secondary rootlet of cane! af-
focted with Pythium root-rot. The dark reddish-hrown area toward
the central portion of the stele seemns to be quite charaeteristic and is
usually present a short distance back from the root tip, being
often easily visible to the naked eye. This typical appearance is
found also in tertiary wroots. The exact reason why the fungus

# Hince this paper was prepaved, the writer has seen a copy of Mr. Carpenter = sul-
sequent paper eatitled “Aorpholegical Studies of the Pynthivmlike Fungi Adssociated with
Root-rof in IMaweil”. DBuol. Exp. Sta. Haw. Sug. Pl Assoe. Bot. Ser, 3:39-65. 1921, and
aisn Dr. . M, Pitzpatriek's paper on “Generic Uoncepfs in {he Pythinceae and Blasiocla-
dincear’. Mycologin: 15 : 166-173. 1923, Not only is it abundantly clear that the Torte
Rican fungus is morphologically identical with the Hawaziian fype, but according to Dr.
Fitzpatrick it is veally a Nematogporanginm, the thicker type of globular, mycelium-iike
strueture found in the epidermal eclls (see figs. 3 and 4 present paper) being the true
sporangium or asexusl stage. . The latter author has suggested the name Nematosperangium

aphanidermalum {Edsen) comb. nov. for this fangus.
R 6450 variety was the one studied throughout for the purpose of writing this paper.
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reacts so peculiariy with the host tissue in the vegion of the young
rool where the distinet tissues of cortex and sfele ave beginning te
hecome differentiated is as yet not clearly understood. Similar
reddigh-brown lesions are also to be found on tender primary roots,
although these arve scatteved irregularly and may be quite large
{over a centimeter in length) owing to the gradual extension of the
fungus from the original point of entranee, and perhaps also to
the coalescence of individual lesions.

L i

FIG. 5.—Photomicrograph of longitudinal section of epidermal ce.ll of a pri-
mary root of stgar cane showing typical fine, cylindrical type of Pythium-
like mycelium ramifying throughout the inferior, : X 1,850.

IMgure 2 is a longitudinal seetion of a primary cane root showing
one of the epidermal cells invaded with the thicker type of Pythawm-
like mycelium, Tt iy interesting to unote that this type of myeelinn
i5 seldom found any deeper than the frst two layers of cells in the
root and most commonly just in the epidermal layer as shown.-in
fieures 2, 3, and 4. Rigures 3 and 4 show the typical globular and
characteristically shaped mycelinm of the Pythiwm-like fungus in-
habiting the epidermal cells of an affected primary voot. The writer
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especially desirves to draw attention fo the great similarity between
this myecelium and that figured by Carpenter in Hawaii. 1t is worth
mentioning, moreover, that this thicker mycelium stains quite easily
with safranin (1 per cent solution in 50 per cent ethyl aleohol)
whereas the finer type seen ramifying in the epidermal cell shown
in Figure 5 is so poorly stained with safranin that it could not
be recognized except with the greatest diffienlty. The iron-alum-

FIG. 6.-—~Photomicrograph of a living pure culture on corn meal of the Py-
thium-like fungus associated with cane root-rot. INote typiecal branch-
ing of mycelivm and abundant production of odgonia. X 165,

haematoxylin eytological stain was found  to be far superior for
staining both types of the Pythium-like thallus. Carpenter also
mentions and figures a similar type of fine eylindrical myeelium as
shown in Figure 5 inhabiting an epidermal cell. This type of
mycelium in addition to being found in epidermal cells has also been
seen by the writer inhabiting root hairs, and in fact numerous stained
sections show it to be present throughout the cortex and stele
tissues as well as at the origin or secondary roots. As a whole this
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type of thallus scems to predominate in the roots, but will easily
escape recognition unless suitably stained as metioned above.
Carpenter (1) mentions that the Pyithuwm-like fungus he ob-
tained in Hawaii produced odspores on rice enltures, while Harle (3)
in Porto Rico states that odspores were produced abundantly in Mr.
Matz’s enltures. Fig 6 shows how abundantly odgonia are found in
young pure culture of the Pythium-like fungus on corn meal isolated
by the writer. Tig. T shows some of these obgonia more highly

FIG, 7.—Photomicrograph of living culture of the Py-
thiwm-like fungus on corn meal. z, antheridium at-
tached to wall of ofigonium; g, olsphere or egg cell
X 943,

nragnified and in addition ene of them may be seen to have a typical
antheridium {3) firmly attached to its onter wall for the purpose
of fertilizing the oGsphere, or female egg cell (y) present within.
(Great similarity is here noted in the manner of fertilization of the
otisphere as fignred by Carpenter.

Fig. 8 shows the oospores formed after fertilization. At this
stage they have not yet been freed from the wall of the oégonminm
(¢) and in addition to being invested with a thick inner wall
(e}, they also are stavounded by a relatively thicker layer of prei-
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plasm (b)) which is seen in the preparation to bave taken the stain
with diffieulty. Anton De DBary (2) regards this periplasm layer in
the case of the genns Pyfldim as an ineonspicuous, sparingly
granular mass of protoplasm survounding the otspore, but which
cannot be seen to take part in the process of ity maturation. It is
possible that it may serve as a profective covering when the odspore
is liberated, or it may soon be dissolved away.

FIG, 8.—Photomiecrograph of stained preparation of { Pythium-like culture show-
ing two mature olspores. a, wall of olganiwm; d, periplasm layer; ¢,
inner wall of oiispore; d, probably the nucleus of the olspore. X 1,073.

As far as comparison of the fungi from the two countries is con-
cerned, rvelative to the size of mature ofpores as well as ofigonia at
the time of fertilization, this is hardly possible at present since the
average sizes of these structures caleulated from a large number have
not apparently been worked out fer the Hawaiian organism. Fup-
thermore, the writer has not grown his organism on rice cultures
as used by Carpenter, but on sterile corn meal as well as dextrose
potato agar, so that it is feaved that this difference in medinm would
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be a serious olijection if acewrate comparison in the size of these
organs was undertaken. HHowever, the similarity in size is indicated
by making use of the figuves of definite magnification given for the
Hawaiian organism.

A typical obspore figured by Carpenter on Plate 8, TFig. F.
shows the inner granular obspore, without the periplasm and
obgonimm wall, to be 15 microns in diameter. Both odspoves figured
by the writer in Fig. 8 have a diameter of 12.12 wnicrons without
the periplasm and obgonium wall. Thus there is only a difference
of about three microns, a variation easily possible in the same strain
on different media.

HSUMMARY

1. Histological investigation of roots of B. 6450 variety of eana
in Porto Rico suffering from Pilhium root-rot has demonstrated
thas this fungus as it exists in the tissues, hears a remarkable nor-
phological similarity to the Pythinm-like organism figured Dby
Carpenter from Hawaii in the rvoots of the Lahaina variety.

4. Irom-alum-haematorylin evtologieal stain has heen found very
suitable for staining hoth the thick and globular as well ag the fine
cvlindrieal types of Pythium-like thallus in cane roots. The latter
type of myeelium was found to be by far the most common in the
root ‘tissues examined, the former kind being confined mainly to
the cuter otte or two lavers of cells.

3. Pure cultures of the Pythinm-like Fungus on sterile eorn meal
produce ahundant obgonia having ofspheres which are apparently
fertilized in a similar manner to the Hawaiian organism.

4. Such comparison as has been possible shows that mature
oispores of the organism from the two countries are so shmilar in
size as to possibly come within the range of ordinary variation
within the species.

Department of Plant DPathology, College of Agrieulture and
Mechanic Arts, Mayagiiez, P. R.
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