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Host Range of Polymyxa betae Keskin Strains in

Rhizomania-infested Soils of Sugar Beet Fields in Japan

Hideo ABE* and Tadao Ur**

Abstract

Host range of Polymyxa sp. isolated from various plants grown in rhizomania-infested
soils of three different localities in Hokkaido was compared. Among 108 species of plants
belonging to 23 families tested, 12 plants belonging to Chenopodiaceae, Amaranthaceae and
Portulacaceae were infected with the fungus. The other 20 families including Gramineae were
not infected. All isolates of Polymyxa sp. were identified as Polymyxa betae Keskin on the
basis of their host range and morphological characteristics. The host range of the isolates
was found to be limited to the family of the original host. Among the Chenopodiaceous
isolates, that from sugar beet did not infect Chenopodium album, and those from C. album
did not infect sugar beet. These P. befae isolates could be divided into several formae
speciales ; Amaranthus retvoflexus isolates were identified as P. befae Keskin f. sp. amaranthi
Barr, for the Portulaca oleracea isolates a new forma specialis P. betae Keskin f. sp. portulacae
was proposed. Although sugar beet isolates and C. album isolates should be divided into
different formae speciales, respectively, the classification of these isolates should await
comparison with the Canadian isolate from C. album. From these results it is suggested that
sugar beet isolates of P. belae which have a high infectivity to Befa vulgaris are associated
with the incidence of rhizomania of sugar beet whereas the other two formae speciales and
C. album isolates may not be involved.

(Received September 9, 1985)
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Introduction

Rhizomania of sugar beet (Beta vulgaris L. var. saccharifera), which is characterized
by the abnormal proliferation of rootlets as well as by the yellowing, wilting and stunt-
ing of leaves, was observed in Italy in the mid 1950’s?. It is now distributed in Europe,
Asia and USA, causing serious damage to roots and loss of yields. In Japan the dis-
ease was reported first by Masuda et «l.® in 1969 and since then it has spread through-
out Hokkaido.

Rhizomania is caused by the beet necrotic yellow vein virus (BNYVV)'® transmit-
ted®% by Polymyxa betae Keskin which belongs to the Plasmodiophorales. The host
range of the fungus is limited to Chenopodiaceous crops and weeds. However, the occur-
rence of P. befae has been reported in plants belonging to Amaranthaceae’®, and the
name P. betae f. sp. amaranthi was proposed?.

* Hokkaido Central Agricultural Experiment Station, Naganuma, Hokkaido 069-13, Japan b

RVARSE: et o
*¥ Faculty of Agriculture, Hokkaido University, Sapporo 060, Japan  dJbifik=paseis



Ann. Phytopath. Soc. Japan 52 (3). July, 1986 395

This paper reports the morphology and host range of P. betae isolated from plants
grown in several rhizomania-infested soils in Hokkaido.

Materials and Methods

Soil samples and test plants. Rhizomania-infested soils were collected in fields
located in Date, Tsubetsu and Shari in Hokkaido, where serious incidence of rhizomania
had been recorded. Each one liter of soil samples was mixed with two grams of chem-
ical fertilizer (N: 10%, P,O;s: 13%, K,0: 4%, MgO: 2% and H,;BO,: 0.05%) and one
gram of Hymexazol (Tachigaren, active ingredient 4%) to prevent damping-off caused
by Aphanomyces cochlioides. The seeds of various plants (23 different families) were
sown in soils placed in clay pots. The plants were grown in a greenhouse at about 20-
30 C for three months or more. Infection with Polymyxa was determined by the pre-
sence of resting spore clusters in the rootlets under a light microscope.

Isolation and multiplication of P. betae. Several pieces of rootlets about 5 mm
long containing only resting spores of Polymyxa were selected under a dissecting micros-
cope. The suspension which were ground in a mortar with a small amount of sterile wa-
ter, was taken on a glass slide, and resting spore clusters in the suspension were collected
by sucking into a glass capillary under a light microscope. About 100 resting spore
clusters were placed in the vicinity of the roots of healthy seedlings of the original
host plant which were grown in sterile soil. After two months, infected rootlets with a
large number of resting spores were thoroughly washed in running tap water and dried
in air. They were served as inocula in the following experiments.

Inoculation. About 0.3 g of dried rootlets containing resting spores were cut into
fragments about 1 mm long and mixed with steamed soil in a 12 ¢cm clay pot. Usually
one or two plants of each species were planted in a pot placed on a wire netting bed
in a greenhouse 20 cm apart to prevent the contamination. In most experiments two to
three pots were used for each plant.

Morphological observation. Morphology of Polymyxa sp. in the rootlets of the
inoculated plants was observed under a light microscope during the period from the
10 th to 60 th day after sowing. The rootlets were stained with lactophenol containing
0.1% cotton blue or 0.1% acid fuchsin.

Results

Infection of various plant species with Polymyxa sp.

One hundred and eight species of plants belonging to twenty three different families
were planted in rhizomania-infested soils collected from three different localities.
Twelve plants belonging to the Chenopodiaceae, Amaranthaceae and Portulacaceae fam-
ilies grown in Date and Tsubetsu soils were infected with Polymyxa sp. Amaranthaceous
and Portulacaceous plants grown in Shari soils were not infected (Table 1). In the
epidermis and cortex of the infected rootlets, resting spore clusters were produced
abundantly in sugar beet (Beta vulgaris L. var. saccharifera), swiss chard (B. vulgaris L:
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var. cicla) and B. wvulgaris L. var. rapa, moderately in Chenopodium album, C. wmurale,
Amaranthus retroflexus and Portulaca olevacea, and slightly in B. procumbens, spinach (Spi-
nacia oleracea), A. blitum and P. grandiflora.

Table 1. Infection of various plant species with Pol/ymyxa sp. grown in
rhizomania-infested soils of three different localities

Severity of infection of Polymyxa
Plant tested
Date soil Tsubetsu soil Shari soil

Chenopodiaceae

Sugar beet +++ + -+ A+

Swiss chard —+ -+ + -+ -+ +++

Beta vulgaris L. var rapa +++ +++ +++

B. procumbens . +

Spinach . + +

Chenopodium murale + ++ +

C. ficifolium ++ + 4+ +

C. album ++ ++ +++
Amaranthaceae

Amaranthus retroflexus ++ -+ —

A. blitum -+ + —
Portulacaceae

Portulaca oleracea ++ + 4+ —

P. grandiflora + + -

a) Severity of infection expressed by the abundance of resting spore clusters in rootlets;
++ + : Heavily infected, ++ : Moderate infection, + : Trace infection, — : No infection,
. : Not tested.

The other eighty seven species of plants were not infected with Polymyxa sp. They
were as follows : Chenopodiaceae [(Beta webbiana Mog., B. pattellaris Mog.). Amaran-
thaceae (Celosia argentea 1..). Compositae [Lactuca sativa L. (Head lettuce), Zinnia ele-
gans Jacq. (Zinnia), Tagetes erecta L. (Marigold), Chrysanthemum morifolium Ramat.
(Chrysanthemum), Cosmos bipinnatus Cav., Dahlia pinnata Cav. (Dahlia), Petasites japonicus
Mir. (Japanese butterbur), Chrysanthemum coronarium L. (Garland chrysanthemum),
Ageratum houstonianum Mill. (Mexican ageratum), Bellis perennis L. (English daisy), Son-
chus oleraceus L. (Common sow thistle), Taraxacum officinale Weber (Dendelion), Arte-
misia princeps Pamp. (Common mugwort), Breea sefosa Kitam. (Canada thistle), Sonchus
brachyotis DC. (Perennial sow thistle)). Cruciferae (Brassica campestris L. (Chinese cab-
bage), B. oleracea L. (Cabbage), Rorippa islandica Borbas (Marsh yellow cress), Erysimum
japonicum Makino]). Cucurbitaceae [Cucumis melo L. (Netted melon)). Gramineae (Oryza
sativa L. (Rice), Triticum aestivum L. (Wheat), Hordeum vulgare L. (Barley), Zea mays
L. (Corn), Panicum crus-galli var. frumentaceum Hook. (Japanese millet), Dactylis glom-
erata L. (Orchardgrass), Phleum pratense L. (Timothy), Bromus inermis Leyss. (Smooth
brome grass), Lolium multiflorum Lam. (Italian ryegrass), Setaria viridis Beauv. (Green
panicum), Poa annua L. (Annual poa)). Leguminosae (Glycine max (L.) Merr. (Soybean),
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Phaseolus vadiatus var. aurea Prain. (Adzuki bean), P. vulgaris L. (Kidney bean), Pisum
sativum L. (Pea), Trifolium pratense L. (Red clover), Trifolium repens L. (White clover),
Medicago sativa L. (Alfalfa)]. Plantaginaceae (Plantago asiatica L. (Broadleaved plantain)).
Polygonaceae (Rumex obtusifolius L. (Bitterdock), R. acetosa L. (Sour dock), Polygonum
lapathifolium L. (Pale-persicaria), P. nodosum Pers., P. nepalense Meisn., P. convolvulus L.,
P. aviculare L. (Pink-weed), Fagopyrum esculentum Moench. (Buckwheat)). Scrophularia-
ceae (Antirrhinum majus L. (Snapdragon)]. Solanaceae [Solanum tuberosum L. (Potato),
S. melongena L. (Eggplant), S. nigrum L. (Black nightshade), Lycopersicon esculentum Mill.
(Tomato), Petunia x hybride Vilm. (Petunia), Nicotiana tabacum L. (Tobacco), Physalis
alkekengi L. var. franchetii Mak. (Chinese lantern plant)). Begoniaceae (Begonia sp.
(Begonia)). Umbelliferae (Daucus carota L. (Carrot), Apium graveolens L. (Celery), Cryp-
totaenia japonica Hassk. (Japanese hornwort), Cnidium officinale Makino). Cactaceae (Opun-
tia sp. (Cactus)). Caryophyllaceae (Stellaria neglecta Weihe, Dianthus caryophyllus L.
(Carnation), D. chinensis L., D. superbus L.. Commelinaceae Commelina communis L.
(Asiatic dayflower)). Ranunculaceae (Aquilegia flabellata Sieb. et Zucc. (Fan columbine)).
Equisetaceae (Equisetum arvense L. (Field horsetail)). Labiatae (Perille ocymoides L.,
Salvia splendens Sello ex Ness (Scarlet sage), Elsholtzia ciliata Hylander., Mentha piperita
L. (Pepermint)). Liliaceae (Asparagus officinalis L. (Asparagus), Allium sativum L. (Gar-
lic), A. tuberosum Rottler (Chinese chive), A. cepa L. (Onion), Lilium sp. (Lily)). Cras-
sulaceae (Sedum alboroseum Baker). Aizoaceae (Tetragonia expansa Murr.).

From the results of host range tests, it was suggested that the fungi detected in the
three soil samples were P. betae.

Host range of Polymyxa sp.

The isolates of Polymyxa sp. isolated from seven different plants grown in Tsubetsu
soil were selected as the inocula, and fourteen plants listed in Table 2 were inoculated.

Table 2. Host range of Polymyxa sp. infecting the plants grown in Tsubetsu soil

Original host of Polymyza
Test plants - CFich T v
Sugar beet| Spinach | C.murale Folium C. album Flexus P. oleracea
Sugar beet +++2 | 4+ + -+ +++ — — _
Swiss chard +++ +++ ++ -+ ++ 4+ - — _
Spinach ++ ++ -+ + ++ ++ — —
C. murale +4++ + +++ +++ + + — —
C. capitatum ++ ++ + ++ + 4 — _
C. ficifolium ++ + ++ ++ + — _
C. quinoa - ++ + ++ ++ — —
C. album - ++ + ++ ++ — —
A. retroflexus - — — — - N _
A. blitum - - - - - +++ —
P. oleracea — — — — — — ot
P. grandiflora — - — - — _ 44+

a) Severity of infection expressed by the abundance of resting spore clusters in rootlets;
++ +: Heavily infected, ++: Moderate infection, +: Trace infection, —: No infection.
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The host range of the respective isolates was limited to the same family of the original
host : i.e. the isolates from sugar beet, spinach, C. ficifolium, C. murale and C. album
infected only Chenopodiaceous plants, those from Amaranthus retrvoflexus infected only
Amaranthaceous plants, and those from Portulaca oleracea infected only Portulacacecus
plants. Among the Chenopodiaceous isolates, there were some differences in host range.
The isolates from sugar beet infected Befe vulgaris such as sugar beet and swiss chard
and abundant resting spore clusters were produced in the rootlets, but C. album and C.
quinoa were not infected. The isolates from C. album severely infected C. album and C.
guinoa, but not sugar beet and swiss chard. And the isolates from spinach, C. murale
and C. ficifolium infected all the Chenopodiaceous plants tested.

The infectivity of Polymyxa sp. parasitizing Chenopodiaceous plants in the above ex-
periments was compared (Table 3, 4). The fungi in spinach, C. murale, C. capitatum and
C. ficifolium infected sugar beet and C. album. The resting spore clusters produced in
the infected rootlets were cross-inoculated to sugar beet and C. album (Table 3). The
infectivity of the isolates from sugar beet and C. elbum was restricted to the respective
host plants.

In the following experiments the infectivity of the isolates from sugar beet and C.
album was tested. These isolates could attack C. murale, C. capitatum, C. ficifolium and
spinach to produce resting spores. Moreover, if these resting spores were secondary in-
oculated to sugar beet and C. album, they could attack either sugar beet or C. album
depending on the original host plant (Table 4).

Table 3. Infectivity of P. betae isolated from spinach, Chenopodium murale,
C. capitatum and C. ficifolium to sugar beet and C. album

Inoculum 1st 2nd

Resting spore clusters

produced in inoculation inoculation®

R
Spinach
ST 19641 -

-
Chenopodium murale
(CM -T 19842) —

E
C. capitatum
(CC-T-19843) —

C. ficifolium
(CF-T-19849)

R

a) Resting spore clusters of P. betae propagated in lst inoculation were reinoculated
to sugar beet and C. album.
P ; infected.

[ );not infected.

b)
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Table 4. Infectivity of P. betae isolated from sugar beet and Chenopodium album
to spinach, C. murale, C. capitatum and C. ficifolium

Inoculum 1st 2nd

Resting spore clusters

produced in inoculation inoculation®

C. album

C. album
Sugar beet —

(TNS-F 198554) C. album

v

C. album

sugar beet

sugar beet
C. album —

(TNS F 198555) sugar beet

sugar beet

a) Resting spore clusters of P. betae propagated in 1 st inoculation were reinoculated
to sugar beet and C. album.
infected.

b) [ A
[:; not infected.

These results suggest that the host ranges of sugar beet isolates and C. album iso-
lates were different each other, though these isolates were able to infect spinach, C.
murale, C. capitatum and C. ficifolium.

The results obtained with the isolates from Tsubetsu soil were the same as those
with the isolates from Date and Shari soils.

Taxonomic comparison of Polymyxa sp.

The morphology of Polymyxa sp. isolated from Chenopodiaceous, Amaranthaceous and
Portulacaceous plants grown in rhizomania-infested soils in Hokkaido is as follows;
Sporangial plasmodia are lobed, elongated or irregular with small exit papillae, usually
becoming markedly elongated and enveloped by membranes at maturity (Plate I).
Zoosporangium is 5-20 pm in width, up to 100 pm in length forming many zoospores.
Cystogenous plasmodia are globular or ovoid, 8-42 um in diam., cleaving into cysts
(resting spores) and forming cystosori (resting spore cluster) at maturity. One to several
cystosori are formed in a cell and composed of 4 to more than 100 cysts, with a size
and shape comparable to those of the host cell: globular, irregular, flattened, elongated,
and sometimes composed of a linear series of cysts. Cysts which vary in size and shape,
are usually globular, polyhedral, or slightly angular, 2.8-10.0 pm in diam. (avg. 4.5+0.7
pm). In the sugar beet isolates a single primary zoospore is produced by the germina-
tion of a cyst, but in the other isolates zoospores have not yet been observed.

These morphological characteristics which do not enable to distinguish the fungi from
one another were identical with those of P. befae described by Keskin”. However, there
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are differences in the host range. Therefore, it is possible to separate the fungi into
several formae speciales. One of them was identical with P. betae Keskin f. sp. ama-
ranthi Barr, and a new forma specialis was proposed for the Portulaca oleracea isolate,
i.e. P. betae Keskin f. sp. portulacae (f. sp. nov.). Sugar beet isolates and C. album is-
olates should also be divided into different formae speciales. However, Barr? reported
that a Canadian isolate, P. betae f. sp. betae was highly infective to C. album, but not
to sugar beet except in one inoculation experiment. Therefore, the authors prefer
avoidance of assigning formae speciales to the sugar beet and C. album isolates, until
they are directly compared with the Canadian isolate.

P. betae Keskin f. sp. portulacae (f. sp. nov.)

The fungus which was isolated from Portulacaceous plants in Hokkaido, does not
grow on Chenopodiaceous and Amaranthaceous plants, and its host range is clearly re-
stricted to P. oleracea and P. grandiflora.

Herbarium material for holotype specimen has been deposited at the National Science
Museum in Japan (TNS-F-198553).

Discussion

Fungi have generally been defined taxonomically on the basis of their morphological
characteristics. However, in the Plasmodiophoraceae the use of the host range has
generally been emphasized in their classification, especially in Polymyxa spp. Polymyxa
betae cannot be readily distinguished from P. graminis on the basis of their morpholo-
gical characteristics, but the host range is clearly different from that of P. graminis and
restricted to the Chenopodiaceous plants®712.

Based on the morphological characteristics and host range, Polymyxa sp. isolated from
Chenopodiaceous plants grown in rhizomania-infested soils in Hokkaido belongs to P.
betae Keskin. However, sugar beet isolates and C. album isolates were clearly different
in their infectivity to Befe vulgaris and the genus Chenopodium. Sugar beet isolates did
not infect C. album and C. album isolates did not infect sugar beet.

On the other hand, it has been reported that European isolates of P. betae Keskin
infected sugar beet and C. album®™. In Canada, Barr (1979)® reported that the isolates
of Polymyxa sp. isolated from Chenopodium album and Amaranthus retvoflexus in Ontario
were identical with P. betae in their morphological characteristics, and the names of P.
betae f. sp. betae and P. betae f. sp. amaranthi were proposed due to the differences in
the host range. The former did not infect sugar beet except in only one case and it
was suggested that the European strain and the Canadian strain are different biotypes
of P. betae f. sp. betae?.

P. betae isolated from Chenopodiaceous plants in Hokkaido, as mentioned above, are
different from the European and Canadian strains in their infectivity to sugar beet and
C. album. Therefore, the sugar beet and C. album isolates of Hokkaido should be clas-
sified as different formae speciales. However, in this report the authors withhold
the assignment of formae speciales to these isolates, because they have not yet been
directly compared with the Canadian strain.

Spinach, C. murale, C. capitatum and C. ficifolium are common host plants for the
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sugar beet and C. album isolates.

The morphology and host range of P. betae f. sp. amaranthi from Hokkaido are similar
to those of the strains from Canada®.

The morphology of the Portulaca oleracea isolates was similar to that of P.betae
Keskin and their host range was restricted to Portulacaceous plants. Portulacaceae and
Chenopodiaceae are taxonomically close, as is the case for the Chenopodiaceae and Ama-
ranthaceae. Therefore, a new forma specialis of P. befae, i.e.; P. betae Keskin f. sp.
portulacae was proposed for these isolates.

On the basis of the results obtained it is suggested that sugar beet isolates of P.
betae which show a high infectivity to Befa wvulgaris are associated with the occurrence
of rhizomania of sugar beet whereas the other formae speciales and C. album isolates
may not be involved.

Further data on the association between these isolates of P. befae and beet necrotic
yellow vein virus will be reported elsewhere.
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LTWENEER 515,
Explanation of plate
Plate I
Fig. 1. Plasmodia of Polymyza betae in sugar beet root cells.
Fig. 2. Zoosporangia of P. betae in sugar beet root cells.
Fig. 3. Resting spore clusters of P. betae in sugar beet root cells.
Fig. 4. Zoospores released from zoosporangia of P. bétae in sugar beet root
cells.
Fig. 5. Zoosporangia of P. betae in Chencpodium album root cells.
Fig. 6. Zoosporangia of P. betae in Portulaca oleracea root cells.
Fig. 7. Resting spore clusters of P. betae in C. album root cells.
Fig. 8. Resting spore clusters of P. betae in P. oleracea root cells.

Bar in each Figure represents 50 pm.

Abbreviations
HW : host cell wall, p:plasmodium, zg:zoosporangium, ew :enveloping wall,
z:zoospore, f:flagellum, r:resting spore cluster.
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