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Abstract

The outbreak of leaf and panicle blast caused by Pyricularia oryzae decreased to 25 %,
(in greenhouse) and 50%; (in paddy field) on rice plants by soaking seeds in DL-alanine dode-
cylester hydrochloride solution (500 ppm). The second and the third generation of the rice
plant retained this chemically induced resistance to the disease. The blast severity reduced
to 399 in greenhouse test and 489 in field test (2nd generation), and 28 %; in greenhouse
test (3rd generation). When the chemical treatment was repeated on alternate generations
of the rice seeds, the induced protection effect of pr-alanine dodecylester hydrochloride
reached at high levels of 75% (original), 61% (2nd generation), 87% (3rd generation) and
979% (4th generation) of blast-preventive values. On the rice plant whose blast resistance
was chemically induced, conidia of P. oryzae germinated and formed appressoria, and then
its hyphae penetrated into the host tissues. However, the invading hyphae were restrained
in epidermal cells and adjoining cells without subsequent penetration.

(Received October 22, 1990)
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INTRODUCTION

It is known that resistance of plants to diseases is induced by double inoculation of viral
pathogens?. Initial inoculation with avirulent strains of Phytophthora infestans prevented
potato from tuber rot disease caused by subsequent inoculation with sporangia of virulent strains
of the pathogen®. Susceptible cucumbers to Colletotrichum lagenarium race 1 was systemically
protected from the disease by prior inoculation with the pathogen". Ishiba et al. demonstrated
that cucumber was protected from C. lagenarium by root soaking in a suspension of extract of
Fusarium oxysporum®, indicating that the pathogen does not participate in the resistance induc-
tion to plants, and that the disease resistance can be induced by chemicals.

We found that the blast lesions caused by Pyricularia oryzae were less numbers on the seed-
lings from seeds soaked in amino acid derivative solutions?. The best protection was obtained
using DL-alanine dodecylester hydrochloride.
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MATERIALS AND METHODS

Preparation of seedlings. Rice seeds (cultivar: Jukkoku, Nihonbare and Koshi-
hikari) were soaked in 500 ppm bDL-alanine dodecylester hydrochloride (1-dodecyloxycarbonyl
ethylammonium chloride) solution (treatment: T) or in distilled water (check: C) and incubated
at 30°C for 3 daysV. After rinsing with water, both the chemically treated and water-soaked
seeds.were sown and cultivated in a greenhouse or paddy field until harvest to obtain the second
generation seeds. The second generation seeds harvested from the T-seedlings were soaked
again either in 500 ppm pL-alanine ‘dodecylester hydrochloride (T-T) or distilled water (T-C)
to prepare T-T-seedlings and T-C-seedlings.

These procedures were repeated for preparing the 3rd (T-T-T, T-T-C, T-C-T and T-C-C).
and 4th (T-C-T-T, T-C-T-C- T-C-C-T and T-C-C-C) generation seedlings as shown in Fig. 1.

Greenhouse test. At the 4.5-leaf stage, these seedlings (50 seedlings per treatment)

~were inoculated with spore suspension (4 x 10* spore/ml) of rice blast fungus, Pyricularia oryzae
(isolate P2) by the method of Homma et al.9, and incubated in a moist chamber (Temp. 25°C,
R.H. 100%,) for 4 days. The number of lesions on the fifth leaf of the T-seedlings grown from
chemically treated seeds was compared with that of C-seedlings from water-soaked seeds®.

At the 7-leaf stage, the leaf sheaths of both T- and C-seedlings grown in a greenhouse were
stripped, and then a spore suspension of P. oryzae was inoculated on the inner surface of them.
The inoculated leaf sheaths were incubated in a moist chamber. On 100 spores for each treat-
ment, the spore germination, appressorial formation, appressorial penetration and elongation
of hyphae invading into the tissue of the T- and C-seedlings were observed through a light micro-
scope 2 and 4 days after inoculation.

Field test. Both the chemically treated (T, T-C) and water-soaked (C, C-C) seedlings
were planted in a paddy field, and then cultivated without application of any chemicals to control
the rice blast. At harvest time, about 200 panicles in each treatment were used for observation,
and the damage by the panicle blast on the plants (T- and T-C-plant) grown from chemically
treated seeds was compared with that on the plants (C- and C-C-plant) grown from water-soaked
seeds. These experiments were repeated 3 times on three cultivars, Jukkoku, Nihonbare and
Koshihikari.

RESULTS AND DISCUSSION

As shown in Fig. 1, on T-seedlings grown in the greenhouse, the number of rice blast lesions
was less than that on the C-seedlings with a preventive value of 75%,. Several experiments
were conducted for the confirmation of this phenomenon, and preventive values of 69, 77, 92,
98 and 98 %; were obtained. This chemically induced resistance in the T-seedlings was effective
without decrease in the 2nd (T-C) and the 3rd (T-C-C) generations of plants, and preventive
values were 617, (T-C) and 729 (T-C-C). On the other hand, the fourth generation seedling
(T-C-C-C) from seeds whose original-generation seed was treated with the chemical did not
show the protective effect against rice blast. .

When rice seeds in each generation were treated with the chemical, the preventive value
of 759% on the original generation seedlings (T) became 359 in the 2nd (T-T) and 289 in the
3rd (T-T-T) generation. ,

When rice seeds in alternate generations were treated with the chemical solution, the pro-
tective effect remained, without decrease, in all generations from the original to the 4th. These
seedlings showed 75 (T), 61 (T-C), 87 (T-C-T), and 97 %, (T-C-T-C) reduction in disease incidence
respectivelty.

As shown in Table 1, the damage by panicle blast on T-plants in the paddy field was less
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(Generation)

Original Seed
I
Treat.” No‘ne"‘
TV 759%(7.30, SD*0.75) (;l»"
. 1 —{(29.0.$D 1.10)——
2nd Generation T -seed C-seed
I
TrgaL None None
T-T 35%(25,0,SD 1.11) T-C61%¢(15.1,SD 0.90) C.:C
. : | | (384, 5D 1.06) —
3rd Generation T-T-seed T-C‘-seed C-Cseed
| \
Treat. None Tr?at. None None
T-T-T 28% T-T-C66%  T-C-T 87%(4.3,SD 0.68) T-C-C72%(9.2,SD 0,88} C-C-C
- - (23.7, 8D 1.13) (11.2,8D 0.99)—+ i (32.9,SD 1.07) ——
4th Generation T-C-T-seed T-C-C-seed C-C-C-seed
Treat. None Treat. Nope None
T'(‘}T-T 60% T-(II-TC 97% 1‘~C-C-'I‘ 60% T-G-CC 0% c-¢-C-C
{ 1%3 SD 1.01)*(1{1, SD 0.52) (12.3, SD ().96)*(45',8, SD 1‘25)*(45;7, SD 1.07)——
T-C-T-T-seed * T-C-T-C-seed T-C-C-T-seed T-C-C-C-seed C-C-C-C-seed
Fig. 1. Effect of seed soaking in DL-alanine dodecylester hydrochloride solution on blast dis-
ease of rice seedling (cv. Jukkoku) in greenhouse. At the 4.5-leaf stage, those seedlings
(50 seedlings per treatment) were inoculated with spore suspension (4% 10* spore/ml)
of Pyricularia oryzae (isolate P2), and incubated in a moist chamber (Temp. 25°C, R.H.
1009;) for 4 days. a) rice seeds soaked in 500 ppm of the chemical (Treat.) or in dis-
tilled water (None); b) seedlings from the seeds soaked in the chemical (T) or water
(C); o) preventive value; d) number of rice blast lesions/leaf; €) standard error.
Table 1. Effect of seed soaking in DL-alanine dodecylester hydrochloride solution on panicle
blast of rice in fields &
] Preventive value (%) on cultiver:
Generation - —
Jukkoku Nihonbare Koshihikari
Original (T) 31* 57** 67
Second (T-C) 67* 57%* 43

Check (C-C) 0 0 0

a) Seedlings from the seeds soaked in the chemical (T, T-C) or water (C-C) were planted in a paddy
field, and then cultivated without application of any chemicals to control the rice blast. At harvest
time, about 200 panicles in each treatment were used for observation.

b) *, the statistical difference at 109, level. **, the statistical difference at 5% level.

Table 2. Effect of seed soaking in DL-alanine dodecylester hydrochloride solution on the growth
stage of Pyricularia oryzae by rice sheath method &>

Gowth stage Inhibition (%)
Conidial germination 0.0
Appressorial formation 0.7
Appressorial penetration 8.7
Hyphal elongation in leaf sheath tissue 98.2

a) The inner surface of leaf sheaths of seedlings (7-leaf stage) from the seeds soaked in the chemical or

water was inoculated with the spore suspension of P. oryzae.

After incubation in the moist

chamber at 25°C for 2 or 4 days, about 100 spores for each treatment were observed.

than that on C-plants with preventive values of 31, 57 and 67%,. The chemically induced
resistance of the T-plants was persistent without decrease in the second (T-C) generation of the
plant in the paddy field. The T-C-plants showed 57, 67 and 43 % reduction in disease incidence.

As shown in Table 2, while spore germination and appressorial formation were not inhibited
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on the T-seedlings, the invaded hyphae were restricted in the first penetrated epidermal cells
or adjoining cells. No further growth of the invaded hyphae was observed, and small brown
spots were formed on sheaths of the T-seedlings for 4 days after inoculation. On the other
hand, on the C-seedlings from water-soaked seeds, there was no inhibition at any stages of the
fungal growth.

The present experimental results indicate an interesting fact that the chemical induces
resistance of rice plant against rice blast caused by P. oryzae, resulting in about 70 % disease con-
trol, and the chemically induced resistance is persistent without decrease, until the third gener-
ation, although the mechanism of the resistance persistence is not clear. While the rice blast
did not reduced on the first, second and third leaves of the seedlings from seeds soaked in the
chemical solution, the disease severity reduced on the 4th leaf or later leaves of the same seed-
lingsV. Those three leaves, 1st, 2nd and 3rd, had already differentiated in the rice seeds?, and
proved that the chemical was unable to induce the resistance in the leaves which had been dif-
ferentiated before the treatment. On the other hand, the resistance was induced not only in the
4th but also in flag leaves that differentiated after the treatment.

This phenomenon would suggest that the chemical induced the ‘“‘resistance™ in growing
point cells of the rice plant, and the “‘resistance™ was able to be persistent in the cells. Therefore,
it is thought that the seeds which differentiated from the ‘‘resistant™ cells also persist in the
“resistance.” However, more detailed studies will be needed to clarify the mechanisms of the
resistance persistence. ’
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