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Introduction

In many studies on the process of race-specific resistance and the resistance of non-host
plants to plant pathogenic fungi, studies with light microscope has revealed the timing of
the cessation of fungal growth during resistant reactions and the relationship between
fungal development and host cell deathl. 6)'1‘0 investigate the specific processes involved in
these types of resistance may provide not only information about the way in which host-
parasite specificity is determined but also some promise for more precise and longlasting
control of plant pathogens in the future. Unfortunately, however, similar evidence is
remarkably scarce for several Pyricularia spp. infectignl.o Therefore, the object of the present
study is to search for significant and key responses of the rice plants against pathogens or
non-pathogens in their early infection.

Materials and Methods

Plants, Two cultivars of rice plants, Reishiko (Pi-£) and ,gxichi—asahi (Pi-a), were em-
ployed for this work, and were grown as described previously.

Fungi, Pyricularia oryzae (isolates Hoku 1 and Naga 87), P. griseca and Pyricularia spp.
from Italian ryegrass (Italian-isolate), ragi (ragi-isolate), hachiku (hachiku-isolate) and
madake (madake-isolate) were used. Pyricularia spp. are non~pathoge{gic on rice plants.
Conidia of all Pyricularia isolates were prepared as described previously.

Microscopical observations, Leaf-sheath inoculation method devised by 'I‘akahashi1 lwas used.
When inner surface of detached sheaths was inoculated with diluted conidial suspension
(ca. 5-10 conidia under X150 microscopic field) of P. orvzae, responses of invaded cells were
examined under microscope after 18-42 hr-inoculation at 28 C. Infected tissues were soaked
in 0.8 M KNO; solution prior to the microscopic examination in order to test for the
plasmolytic ability of the invaded cells and their neighbouring cells. On the other hand,

* This study was supported in part by a Crant-in-Aid from Ministry of Education, Science and Culture, Japan (No.,
56760034), and portion of an M. 8. thesis submitted to Tottorl University by the senior author.
*# Laboratory of Plant Pathology, Faculty of Agriculture, Shimane University, Matsue 690, Japan
*# Faculty of Agriculture, Nagoya University, Nagoya 464, Japan
ek Paculty of Agriculture, Tottori University, Tottori 680, Japan
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Fig. 1. Germination and appressorium formation of

P, oryzae on the leaves,
—@— : Germination(%).
—()— : Appressorium formation(25).
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Loss of plasmolytic ability (%)
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Fig.2. Time course in death of host cells
after inoculation, Incompatible cv, Reighiko
(—O~) and compatible cv, Aichi-asahi
(—@—) were inoculated with conidia of
P, oryzae (isolate Hoku 1), and were kept at
28 C.

: ¢v, Reishiko-isolate Hoku 1 (Incompatible).
: cv. Reishiko-isolate Naga 87 (Compatible),

: cv. Aichi-asahi-isolate Hoku 1 (Compatible), conidial germination and appres-
: cv. Aichi-asahi-isolate Naga 87 (Incompatible),

of P. oryzae. Germination and
appressorium formation at the inoc-
ulated site were observed. Results
are shown in Fig. 1. These races
had comparable percentages of

sorium formation, regardless of
cultivar-race combination ; rates of these
behaviors reached a plateau at 12 hr.

Relationship between infection behavior of
Pyricularia oryzae isolates and response of
rice cultivars

When leaf-sheaths of rice plants were
inoculated with race 007 (isolate Hoku 1),
the penetration pegs were formed 18 hr
after inoculation and began to penetrate the
cell wall of both the incompatible cultivar
(Reishiko) and the compatible cultivar (Aichi-~
asahi). Until this period, there were no
remarkable differences in infection behaviors
of the pathogen into the leaf-sheaths. The
primary hyphae beneath each appressoria
showed same value, 0.5 in the growth
index. At this stage, all the invaded or
their neighbouring host cells were keeping
the ability to plasmolyse when they were
soaked in 0.8 M KNOj; solution. As first
response of host cells 18 hr after inoculation,
however, plasma membrane became indis-
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tinctive only in the incompatible host
100f-  18hrp e 2hrg 42hr) cells heneath appressoria, but not in the
compatible host.

After 24 hr, index of fungal growth
was 0.5-1.0 in the incompatible cells,

50} - -
and was 0.5-4,0 in the compatible cells,
About 50 percent of the invaded cells
o of the incompatible host lost their
100 . plasmolytic ability (Fig. 2). On the

other hand, only 10 percent of those of
the compatible host lost their plasmo-
lytic ability. Results in Fig. 3 showed

Loss of plasmolytic ability (%)

50 -
that death-rate of the host cells was
proportional to the index of fungal
growth in the infected cells. Morpho-
0

051 2 3 4 051 2 3 4 5 6 7

Index of fungal growth in the host cells

Fig.3. Relationship between death of host cells and 100+ @ @ Lo
the index of fungal growth in the host cells g
during infection stages after inoculation, Incom- o
patible cv. Reishiko ([7}) and compatible cv, $ )
Aichi-asahi (Bg) were inoculated with conidia of g \\0?*'”
P, oryzae (isolate Hoku 1), and were kept at 28 o
C, Index of fungal growth in the host cells was § 5
determined by Takahashi’s method, 11 §
= 05
logical responses of such dead cells were fine 2 oL i ¢
. . m
granulation of host cytoplasm accompanying g
uncolor or slightly colored change. In the g
incompatible host, indistinctness of outline of g ©
plasma membrane was also observed at the 5
.. . =] 2-7
cells adjoining the invaded cells.
i g the i ed ce § /1,.,0
After 42 hr, infection hyphae were restricted g o
e . . N . = GO
within most of the primarily invaded cells in o / 1
the incompatible host, and, as shown in Figs. 3 o ol Ll ;
18 24 42 18 24 42

and 4, the index of fungal growth was almost . ; .
Time after inoculation (hr)

v i - i
the same value as that at 24 hr after inocula Fig.4, Time course of the fungal growth in

tion. In the compatible host, number of cells the host cells of differnt rice cultivars
having 0.5 value in the developmental index after inoculation, Incompatible cv, Reis-
hiko (Re) and compatible cv, Aichi-asahi
(Ai) were inoculated with conidia of
P, oryzae (isolate Hoku 1), and were
increased. Most of the invaded cells or their kept at 28 C, Index of fungal growth in
neighbouring cells lost their plasmolytic ability, the host cells was determined by Taka-
hashi’s method, 11)
—@— : Fungal growth index 0.5,
~—— : Fungal growth index 1,
occurred in many invaded cells, However, fungal —¢— : Fungal growth index 2~7,

rapidly decreased, and conversely, number of
cells with 2,0-7,0 in the developmental index

At this period, such pathological changes
as browning, decoloration and coagulation
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growth continued to develop further even in such damaged host cells. Indistinctness of
outline of plasma membrane tended to appear at the invaded or their neighbouring cells in
the compatible host rather than in the incompatible host, and, in such cells, plasma
streaming or Browian movement was observed clearly.

Table 1, Penetration and fungal growth of Pyricularia spp. in the sheath cells
of rice plants

Pyricularia sp. from

Cultivar P, oryzae™ P, grisea :

it;g;g s ragi madake hachiku
Reishiko 23m(0.7y  38(1.0) 19(0.8) 6(1.0 11(0.5) 14(0.5)
Aichi-asahi 34(6.0) — 240.5) 11(0.5) — 4(1.0)

Detached sheaths were inoculated with conidia of Pyricularia, and penetration and fungal growth
were observed 40—44 hr after inoculation,

a) Isolate Hoku 1 (race 007). b) Penetration (%). ¢) Average index of fungal growth,

d) Not observed,

Non-host interaction of rice plant cells with non-pathogenic Pyricularia spp.

Poor penetration and fungal growth occurred at the all infection sites in rice sheath
cells inoculated with non-pathogenic isolates of Pyricularia spp., and there was little differ-
ence in their penetration rates. After 40-44 hr, average penetration ranged 6 % (ragi-
isolate) to 38 % (P. grisea). Further the average and highest index values of fungal
growth from appressoria of all non-pathogenic Pyricularia spp. showed less than 0.8 and
2, respectively. All intercellular hyphae were located in the primarily infected cells (Table
1). In all combinations, during such non-host responses of rice plant, different cellular
changes appeared in rice sheath cells. As reported previously, most of the changes in non-
host interaction were very similar to those induced in the host interaction with the incom-
patible races of P. oryzae,

Discussion

Detailed microscopical observations showed that conidial germination and fungal
development on the leaf surface are not determinants of varietal resistance, and that the
growth of invading hyphae in the host cells was closely related to morphological changes
of the host cells, The same changes of the infected host cells were previously observed by

’l‘akahashli3 )and Ohata et al, “ Generally, in case of the compatible combination, the death of
the invaded cells occurred only at the latter period of infection (42 hr after inoculation)
when the pathogen had considerably colonized the suscept. In contrast to this, in case of
the incompatible combination, the invaded host cells quickly died, became granular and
turned brown soon (24 hr after inoculation) after the penetration of infection hyphae. From
these results, it was suggested that, although P. oryzae is not an obligate parasite, there
may be a kind of symbiotic phase in the early stages of compatible interaction, or that the
hypersensitive cell death of host plays an important role in blast resistance.

Recently, Arase et af) demonstrated that rice tissue of each cultivar possesses the cells
which differ in degree of the restrictive ability of fungal growth at the early infection with
an incompatible race of P, oryzae. It seems that differences in the degree of blast resistance
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among the rice cultivars largely depend on the rate of hypersensitive cell death, as Dollisé
reported in Phytophthora infestans-potato cell system.

The authors newly observed an initial event in the host-parasite interaction of rice blast,
It was an indistinctness phenomenon of host plasma membrane under microscope, which
occurred beneath or closely near the infction site in the incompatible host (from 18 hr after
inoculation) faster than in the compatible host (from 24 hr after inoculation). We reported
that an increse of electrolyte leakage from the incompatible host was observed faster than

in the compatible host until 12-22 hr after conidial inoculation. From these results, it was
suggested that membrane-damage of the incompatible host may occur at early infection.
The results of non-host responses presented here support the conclusion of a recent
studs;r that fungal development in infected rice cells was strongly inhibited in all combina-
tions, and that there is difference in resistance induced in a rice cultivar between host and

1)
non-host interactions. According to Heath, resistance was expressed at clearly defined
stages of fungal development, and the stages of parasitism were controlled by a series of

two-way switching-points. On the other hand, Mansfield e c?l. reported that the develop-
ment of resistant reactions of broad bean and tulip to non-pathogenic Botrytis species was
associated with less rapid penetration and the death of far fewer plant cells during the
early stages of infection. It is necessary that we should compare with role of hypersensitive
reaction in host and non-host interactions.

Summary

Host and non-host responses of rice plants against Pyricularia oryzae and other
Pyricularia spp. were observed microscopically. Conidia of P. oryzae germinated equally well,
and formed appressoria on the leaves of incompatible and compatible host. The appressoria
formed the penetration pegs and began to penetrate the host cell wall about 18 hr after
inoculation. Until this stage, invaded cells of both the incompatible cv. Reishiko and the
compatible cv. Aichi-asahi were alive. However, in the cv. Reishiko, the indistinctness of
plasma membrane under light microscope was observed in first invaded cells and appeared
to be an initial response of host cells to the pathogens. After 24 hr, most of the invaded
cells of the incompatible cultivar indicate slightly colored change, and already lost their
plasmolytic ability. Infection hyphae were restricted within the host cells which hypersensi-
tively died, and were inhibited to grow. On the other hand, in the compatible cv. Aichi-
asahi, most of invaded cells remained alive for much longer period and the hyphal growth
was observed to continue. After 42 hr, in the incompatible combination, the host changes
and fungal behavior were nearly the same as those at 24 hr after inoculation. In the
compatible combination, although such phenomena as browning, deplasmolysis of host cells
and the indistinctness of plasma membrane were observed, fungal growth in infected host
cells was not inhibited. On the other hand, in the case of non-host interaction with non~
pathogenic blast fungi, rice sheath cells of the cv. Reishiko died hypersensitively and
enclosed infection hyphae in the first penetrated cells.
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