Immunity of the Gramineae to Violet Root Rot

Caused by Helicobasidium mompa TANAKA
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Introduction

The violet root rot caused by Helicobasidium mompa Tanaka which has been well known
under the name of “Murasaki-monpa” disease among Japanese phytopathologist and growers is
one of the most important soil-borne diseases in Japan, Taiwan (Formosa) and Korea.
Helicobasidium mompa Tanaka was first described as a fungus affecting mulberry trees
(Morus alba L.) by N. Tanakal® in 1891. )

Helicobasidium mompa is an aggressively parasitic fungus which causes a destructive root
rot in woody and herbaceous plants, and it has now a known host range of more than 100
wild and cultivated species (116 1949)%.

Although the violet root rot has been investigated since 1891, comparatively few resistant
plants have been found. As early as 1895, Funazu® advocated the rotation of crops on diseased
soil, and he said: ‘“Maize, Italian millet and other members of the grass family do not die
from this cause, and consequently should be used in soil infested by the disease.” Then,
Mivake, (1917)®, Yasu (1927)1», Bokura (1934)1, Tocuivar (1938)11, Hiura (1939)® and others
noted, in their handbooks, that gramineous plants were immune or highly resistant to the
disease. On the contrary, Saccharum officinarum L., sugar cane (Sawapa 1919)7, and Pleioblastus
(Arundinaria) simoni Nakai, a bamboo grass (Suematsu 1930)®, belonging to the Gramineae,
have been listed as hosts of Helicobasidium mompa. -

Many species of the Gramineae have been generally considered to be immune or completely
resistant to the disease, but the nature of resistance still remains' obscure. Since 1946, the
author has made some efforts to study the nature of immunity of the gramineous plants to
the disease, and a brief note on this study has already been published in a preliminary report
(Itd 1952)%. While the results of this study are not wholly conclusive at this time, -the
purpose of this paper is to present data accumulated to date as an aid to other investigators
who may be studying this disease.

The author wishes to express his special appreciation to the late Emeritus: Professor Dr.
Hazime Yosui, of Kyushu Uni\}ersity, under whose direction this study was made, for advice
and criticism so willingly given. Thanks are due to Mr. Haruzo Ocanuka, of Tohoku Branch

of the Government Forest Experiment Station, for assistance in field works. '
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Field observations on Arundinaria chino (Fr. et SAv.) MAKINO

As pointed out by Suematsu (1930)®, sporophores of Helicobasidium mompa are frequently
formed on culms and leaf sheaths of bamboo grasses.

In November 1943, the author first found well-developed sporophores on Arundinaria chino
(Fr. et Sav.)Makino (Pleioblastus chino Maxino),a bamboo grass, in the field of the Government
Forest Experiment Station, Meguro, Tokyo (Plate 1, A). A number of sporophores of the
fungus were produced on culms and leaf sheaths of the same species in the forest of the
Station under moist conditions in 1948 (Plate 1, B). Typical purplish brown strands of the
fungus frequently got entangled on rhizomes of the bamboo grass, but that did not necessarily
prove that the fungus got nourishment from such rhizomes. Some parts of the root system,
especially fibrous roots, were blackened and killed by the fungus, but no visible symptoms of
the disease above ground or no remarkable retardation in growth were found in such plants
(Plate 1, C, D). However, roots of Sambucus racemosa L. subsp. sieboldiana Hara, Mallotus
japonica MiLier, Arc., and fleshy roots of snake-gourd, Trichosanthes cucumeroides (Ser). Maix ,
which were very suscepti‘ble to the disease were so completely rotted by the fungus that the
bark or skin could be easily removed from the central part (Plate 1, E).

From the field observations it may be said that Arundinaria chino, a bamboo grass, is

highly resistant to the violet root rot.

Inoculations in the field

In 1946 and 1947, the inoculation experiments were conducted in the field at Koma, Iwate
Prefecture. Precipitation, air and soil temperatures in the plots were recorded throughout
the experimental period.

Experiment-1 (1946)

Wooden-boxes (32X 32X 30cm) were filled with the field soil and steamed for one hour.
After cooling down, on May 20th, the fungus was inoculated to the soil in the boxes. The
inoculum was a pure culture of Helicobasidium mompa (Strain M-1) (Ito 1949)% grown on
steamed barks of paper mulberry (Broussonetia kazinoki Sies.) in 300 cc Erlenmayer flasks for
about 60 days at 20~25° C. The inoculum was removed from the flask and placed in the soil
approximately 1 cm deep from the surface. As checks, steamed barks of paper mulberry
which were not cultured with the fungus were used.

On May 27 th, seeds of the following plant species were sown in the boxes: Maize (Zea
mays L.), rice (an upland rice) (Oryza sativa L.), Italian millet (Setaria italica Beaur.), wheat
(Triticum sativum Lam.), oats (Avena sativa L.), Japanese barnyard millet (Echinochloa crus-galli
var. frumentaceae W.F, Wicnt), and soy bean (Glycine max MerriLL). According to the macro-
scopic observation all .of the gramineous plant species tested which had been inoculated with
the fungus were normal.in growth and fructification, and, there were no remarkable differ-
ences between the inoculated plant and the uninoculatd one (Plates 2~3). In soy bean, the
inoculated plant bearing yellowish green leaves was inferior to the uninoculated one in growth
and fructification - (Plate 4; A; B).

In the middle part of October, all plants tested were carefully excavated and examined.
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The gramineous plant species which bore no visible symptoms of the disease above the ground
were found to have purplish brown strands of the fungus on their roots, but showed no
distinct pathological changes. However, on the contrary, roots of soy bean inoculated were
heavily damaged, and a number of sclerotia of the causal fungus were produced on the surface
of the infected roots.

Experiment-2 (1947)

In the growing season of 1947, another inoculation test was made by the same procedure
as in the previous experiment. Plant species used in this experiment were as follows: Maize,
Italian millet, perso-millet (Panicum miliacewm L.), oats, Japanese barnyard millet, soy bean,
and sweet potato. »

Results obtained in the cases of the gramineous plants and soy bean are very accordant
with those in Experiment-1 (Plate 3, E, F). Some of the roots and the fleshy roots of sweet
potato inoculated were covered with networks of the rhizomorphs of the fungus and were
completely ‘rotted.

Results of the field inoculations made in 1946 and 1947 showed that the gramineous plants
were immune from the violet root rot, at least, at maturity under field conditions, whereas
soy bean and sweet potato which had been recorded as being very susceptible were heavily

affected by the disease.
Inoculation in vitro

Artificial inoculations with the fungus were made to very young seedlings growing under
aseptic conditions in vitro. The gramineous plant species used in the experiments were as
follows: Maize, rice, Italian millet, perso millet and Japanese barnyard millet.

Methods Seeds of the gramineous species were surface-sterilized by treatment with 80
per cent alcohol, mercuric chloride solution (0.1 per cent), washed several times in sterile
water, and then placed on sterile 2 per cent glucose agar in Petri dish. As soon as the
majority of seeds in any given lot had produced seedlings with primary roots (radicles) from
several mm long, all dishes were examined carefully for the presence of possible contami-
nating organisms. Contaminated plates were discarded; the remainder were inoculated by
placing near or on the roots of each seedling with a small piece of mycelium, taken from a
pure culture of the fungus (Strain M-1). The cultures were then placed on the desk in the
laboratory at room temperature (18~25°C). ‘

Results From the inoculated parts the mycelia of the fungus crept down or up on the
surface of root of the gramineous seedlings. Young primary roots inoculated became purplish
brown in color, being more or less withered and necrotic. Apical parts, especially root caps
and fibrous roots, were heavily affected by the fungus and became dark purplish brown in
color, slender and necrotic. The basal parts of the main roots became slightly discolored,
but they were not withered and necrotic at all (Plates 4~6, Figs. 1~2). Though mycelial
strands of the fungus were frequently formed on the surface of adult main roots of the
gramineous plants, no remarkable pathological change was observed in plant tissue beneath
the fungus mycelium.

From infected roots of the gramineous seedlings adequate material was preserved for
anatomical study.
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Fig. 1 Primary roots of maize seed- Fig. 2 Young seedlings of rice, perso millet and
lings inoculated with Helicobasidium Japanese barnyard millet inoculated with Helico-
mompa. basidium mompa.

A week after inoculation at room A week after inoculation at room temperature (18
temperature (18~25°C). X 2 ~25°C). X2
a, main root b, lateral root a, rice b, perso millet c, Japanese barnyard
h, hyphae of the fungus millet h, hyphae of the fungus -

Patho-anatomical observations

Materials and methods Variously infected primary roots of the young gramineous seed-
lings cultured under aseptic conditions i vitro were removed and fixed in chromo-acetic acid
solution (chromic acid 1 g., glacial acetic acid 1 cc., sterile water 100 cc.). All material was
embedded in paraffin by Zirkie’s (1930)1% n-butyl alcohol method and sectioned serially at 8~
10 p. Two staining techniques were empldyed; the Flemming’s triple stain, and Yosuu's
(1933)1® Sudan III-methyl green method for microchemical test.

Results In patho-histological characters, there were observed no remarkable differences
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among five species of the Gramineae examined, and maize, one of them, was chosen for
detailed observation.

The hypha of the fungus penetrates usually the suture of epidermal cell of the root. It
is not rare to observe the hypha actually piercing the epidermal wall. The original penetra-
tion from the outside may or may not be attended with constrictions of the hyphae at the
point of entrance. Fragments of the fungus hypha are frequently observed in the root hairs
developed from the epidermal cells (Fig. 3).

The hyphae which penetrated the epidermal cell develop intercellularly as well as from
cell to cell in the cortex. As penetration of the cortical cell wall is sometimes effected, a

pLs

Fig. 3 Penetration of hyphae of Helicobasidium mompa through
the epidermal cells of primary or lateral roots of maize
seedling (—I = 10p).

k, root hair
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Fig. 4 Hypae of Helicobasidium mompa in or near the cortical cells of
primary or lateral roots of maize seedling (——I = 10p).

marked constriction occurs in the penetrating hypha.

Shortly after or even before the entry of hypha into a cortical cell its wall becomes
thickened. In some cells the hyphae become aggregated much more than in others. The wall
of a cell thus filled with hyphae becomes greatly thickened, making it difficult for the hyphae
to pass from it to the next cell. In main and lateral young roots, the author has never seen
a case in which the hyphae have penetrated the other cortical cells beyond the thickened cell
wall even at the end of 18 days from the original penetration. In fibrous roots, however, the
fungus penetrates the epidermis, passes through the cortex and its progress is hindered by
the endodermis (Fig. 4).

The thickened cell wall of the cortex stained strongly with safranin shows wound gummy

reaction by Sudan III-methyl green staining. Plasmolysis, degeneration and wound-gummi-
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fication -occur in the cells infected as well as in those beyond the fungus hyphae.
In the gramineous plants, the hyphae of the fungus infect only young roots, and they are
unable to penetrate the well developed exodermis of adult roots.

Consideration and conclusion

Without any experimental proof it has been generally considered from field observations
that the Gramineae are immune or highly resistant to the violet root rot caused by Helico-
basidium mompa Tanaka, a polyxenic pathogen. Results of the field inoculations made by the
author showed that the gramineous plant species were immune from the disease at maturity
under field conditions, although mycelial strands of tflé fungus were observed on the surface of
their underground parts. As to the artificial inoculation in field and in vitro, the secondary
or permanent roots were completely free from the disease, but the primary roots were infected
by the fungus. Fibrous roots in.seedling stages were very readily affected by the disease.
These facts show that the causal fungus is unable to attack adult root systems, except fibrous
roots.

Hyphae of the fungus penetrated the epidermal cells of the primary root of the gramineous
plants, developed intercellularly, and penetrated adjacent cortical cells in the same manner as
reported in sweet potatoes and soy beans by Ito (1949)%. The wall of the cortical cell thus
filled with hyphae became greatly thickened and wound-gummified or lignified, making it very
difficult for the hyphae to pass from it to the next cell. In sweet potatoes, it seemed likely
that the advance of the parasite was checked, for no further development of the hyphae beyond
the barrier was noted (Ito 1949%, Suzuxi 1957%’). But, in the gramineous plants, the hyphae
in the cortical cell which had been completely enclosed by the thickened and wound-gummified
wall were probably unable to pass out of the cell. This may be due to the difference between
sweet potato and gramineous plant in quantity as well as in quality in the thickening of the
cell wall. Hyphae enclosed in the cell are probably pushed out and leave the diseased host
tissue.

The general immunity of the gramineous plants to the violet root rot is considered to be
due at least in part to the local necrosis by a hypersensitive reaction in the cortical cell of

primary roots of these plants, and, possibly, this restricts the infection to a limited part.
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Explanation of plates

Sporophore of Helicobasidium mompa on Arundinaria chino, a bamboo grass. X 0.5
f, sporophore of the fungus.
Ditto. X 0.8

C~D. Rhizomes and roots of Arundinaria chino tangled with mycelium of Helicobasidium

E.

Plate 2

mompa. X 0.8

Fleshy roots of snake-gourd, Trichosanthes cucumeroides, attacked by Helicobasidium
mompa. X 0.9

h, healthy fleshy root.

Artificial inoculation with Helicobasidium mompa to the gramineous plants in the field.

TEE oW

Plate 3

General view of inoculation test. Photo. June 13, 1946.
Ditto. Photo. September 3, 1946.

Maize inoculated with the fungus. Photo. September 3, 1946.
Maize uninoculated (control). Photo. September 3, 1946.
Rice inoculated with the fungus. Photo. September 3, 1946.
Rice uninoculated (control). Photo. September 3, 1946.

Field inoculations with Helicobasidium mompa to the gramineous plants.

W E OO W R

Plate 4

Plate 5
A.

. Italian millet inoculated with the fungus. Photo. September 3, 1946.
. Italian millet uninoculated (control). Photo. September 3, 1946.

. Oats inoculated with the fungus. Photo. September 3, 1946.

. Oats uninoculated (control). Photo. September 3, 1946.

. Perso millet inoculated with the fungus. Photo. October 23, 1947.

Perso millet uninoculated (control). Photo. October 23, 1947.

Field inoculation with Helicobasidium mompa to soy bean. Photo. September 3, 1946.

. Ditto. Uninoculated soy bean (control). Photo. September 3, 1946.

. Primary and lateral roots of maize seedlings inoculated with Helicobasidium mompa.

Five days after inoculation at 18~20°C. X 1

Primary roots (radicles) of maize seedling inoculated with Helicobasidium mompa. X 2
Four days after inoculation at 18~25°C.

h, uninoculated one (control)

. Primary and lateral roots of maize seedling inoculated with Helicobasidium mompa.

X 3.5
Eighteen days after inoculation at 18~25°C.

. Primary roots (radicles) of rice seedlings inoculated with Helicobasidium mompa. X 2

Four days after inoculation at 18~25°C.

h, uninoculated one (control).
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Plate 6

A. Primary roots (radicles) of perso millet seedling inoculated with Helicobasidium mompa.
X 1.2
Five days after inoculation at 18~25°C, ‘

B. Primary roots (radicles) of perso millet seedling inoculated with Helicobasidium mompa.
X 2
h, uninoculated one (control)

C. Primary roots (radicles) of Japanese barnyard millet seedling inoculated K with Helico-
basidium mompa. X 2 }
Four days after inoculation at 18~25°C.

h, uninoculated one (control).
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EBUPIRE Helicobasidium mompa Tanaka (ZRKHI7L S IPMLIBERHREO—2E LTALR TN S
DT, ZLOH, BICOIZARELS KUCEAMEHERL, TOFFEOHITZ 10U LIC KA TV %
(FFFR  1949),

AEERAREDERZ LB ERTTREL P ORONTE D, ARPEEMICR N oERIET
BLEREST, ZOHRDWEEL TABNS EBOoN T (BE 1895), LT, ZDHIFRKD
TRBHKEINZDOTH A0 (B 1917, £ 1927, MK 1934, #1938, 48 1939), i d
B X EHEEICL20DIIRRINITAET, EROCHRSINILOOTREV, —F, RARHCE
THbore (RE 1919) BXT4 47 GKIE 1930) HAMOFEEYE LTHT SNTH 258D
%, '

FEERARCHT 2 RARO Rt GRIEHIE) £ERICH 5 hicd 3 B THARE, BEHE
BRABRE X CEEREIC B 2 ATEBRRETE, X5 HERHIBRIC L > THIE - RORER
BB LT

=0 ba, TAARYT, AT AV NVIEELLDCHELTNDET A2 ORE JUEBICAED
FEABBUILELULEREIN, EFCRETFRTFOAERE2A52LEFLELEREDONS (Plate 1 A,
B, ZLT—RT3LCh, ¥ HRERBELKLBHRLTNZEICBEbNSA, VWELZ LWRER
ELMEHIRCOT, LA TR BETEE, GETE2=9 13, TAAHYIBLIATZAV YD
HTFHRABIC K > TREEELBINTERLTO 31 bbb od, +4OMTE - BIBIci3M%
REIPLEDONTIEIN S, MR CEBR) 202 %, BEAEEMAOLDKREDEDONE, 2L
MBREBEEEIREZEL, AROREELS T TV A ERPLhICEMENI: (Plate 1 C, D, E),

BISIC B0 T 2 MERTABOBEREA L ERRE L TATEERRETE - 7, BERARESE LT
BhrvEmaYy, 77, £, V7 Y, V), asFBLOFEDTHEH, TRICHBE LTEARIC
BRLLTO (B ww)&774%aﬁ4x%mbtc2@@@@%%&%%?5&,&a%$ﬁu
mfn%,%ﬁz,m&EZ%%bf,Eﬁﬁﬁ&%&ﬁfﬁmﬁib,%®ﬁm%§mﬁbénﬂﬁo
7z (Plate 2~3), X LHEBR THMTHICAEDOERRSP LT DT A LB LAICED LN
2o —H, KIRICEDLDTHRZMUDOY Y =4 B XUF 4 ZOMTHIZ, BEBRBELIBINTERL,
HARS XUEKBSIBOREICESBIERIN TV, £1 XOEBX TRBEENARICED, BEIEE
L, BESRRICID, WEEXEWPSHIEMBERLI (Plate 4 A, B),

FyEBIY, TY, FE, )7 bUBLTEIDOSECONT, TNSOEBEERTHICAREEAT
EET AL, HRESEDPOMNCUTHARERL, RIFEMOBVPRIIEBRICEUTEAZREL, Ch

19694F 4 A 23 H %3
(1D REBVE « BRERFL
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BESES S CNIGEOBMEERIERELL, BBRERETS 2, Tab5, BEMNTE ZCER (B
) RREEEER L TRIEREES 5, Lo LORESTREGZRD SN, R L <
BIATHCERRBEAERL, Lh->THHRIFEEE DS 5, ERIBICIIERRISZOREICIE S
TR LEBH B, BEEUTREIFED SN (Plate 4 C, Plate 5, 6, Fig. 1~2),

REORAFEGBRANDBAFT L X UZDHOHNE - MEHRERRIILEFESE S AR/NELOT Y ER
V2T b UL N, BARRYBORRMIEAT» SRAT S CENBEL, TrRIMaEE:
BEEEETECEbH 2. BAKSO LTHARDDPEORIZRML, EFEBRLLUETL, B0ER#E
LMK 72T LIRIBEALRD, ARSI SICRRETORBMIBICERAL, BALEKIIC, 503
BAREL > T O ORI ABICHET 2, COBAICRBEREIERCSLYZORIZNBL
BLAHET %, HROBAZ S FHEBMREREIBRLELIBEL, 47 7= Vi@4¥H T, Sudan M-
AFNTY) VRIBPEH B EGEET AL CREL) LcdbDTH %, hERS LCHARICENTRIEE
LMl ORBICER B SN, BARIBERBLL OO THEAMBC OMIRELBBL TS SIKHE
KEELILODRIELED ok, UL LERTROPBEERRICL, SOICHFETREN, BRICKRE
WIESERET LAMLLTIEET 248, ChbARTITCTEERD, PLBEREMAMSED, BAZ ST
e LU ChiGEET 2 REES AR C L, WEERET L2EWNBRICERSh2 2 L b5 3
(Fig. 3~4), AEEADBARYHEMICRON, T TRARMNZRINLERREEEL TRATS C
Ei34LiEn,

Yoz EBoh s, RAFEHEIARICERBHRLZODOTRIEL, YREARKEEORADHR
&0, M MBOBREE S OTCLRMALH»TH S, AROBEAMNRBRIUCEAT 5L DM
BREZECEREL, pokt (BRI LML) LU, BREEEMEENCEE SN TRIEEET 5 EHT
10, BEMEEAICE L oncBRiZZOMIEE & BICMLBINTER S 2, 5501320
TEEOEMELELBDEEDNG, TIbb, AEDBRAIID - e RAFO HIRMIL I —BO B
BRARCL, BEEZRFMNICEED S EBEN, CORBRBRAREIOARIC T 2 50 (GRik
k) O E bR >TVEEDEEZ LD,
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Appendex

Supplement to host plants of Helicobasidium mompa Tanaka

Host plant*
Author
Scientific name Japanese name :
Pinaceae .
1. Larix leptolepis Gorpon Karamatsu Ito (1959)%
2. Pinus taeda L. Téda-matsu Ito (1961)%
Palmae
3. Trachycarpus fortunei (Hoox) Shuro Funazu (1895)1
H. WenbL.
Crommelinaceae
4.  Commelira communis L. Tsuyukusa Suzuki & Apumiva (1963)®
Liliaceae
5. Asparagus officinalis L. Oranda-kijikakushi Suzuki & Asumiva (1963)®
(Asuparagasu)
Betulaceae
6. Alnus katoana Y anaciTA var. Kobano-yamahannoki | Sato (1962)7
microphylla Nakai
Polygonaceae
7. Rumex japonicus HourTuyn Gishigishi Suvzuki & Asumiva (1963)®
Leguminosae
8. Lespedeza cuneata G. Don. Medohagi Ito (1962)®
9. Medicago sativa L. Risan Suzuki & Asumiva (1963)®
10.  Trifolium repens L. Shiro-tsumekusa Suvzuki & Asumiya (1963)®
Rutaceae
11.  Phellodendron amurense Lurr. Kihada Ito (1960)%
Cucurbitaceae
12.  Trichosanthes cucumeroides Karasuuri Ito (1952)®
(Ser.) Maxim.
Compositae
13.  Sonchus brachyotis DC. Hachijona Suzuki & Asumiya (1963)®
14,  Sonchus oleraceus L. Nogeshi Suzuki & Asumiva (1963)®
15. Paraxacum officinale WEeBer Seiy6-tanpopo Suzuki & Asumiva (1963)®

% In using the scientific and Japanese names of the host plants the author chiefly followed
Onwi, J. (1965). Flora of Japan. Tokyo.
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