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Studies on the Relationship Between Chemical
Contents of Rice Plants and Resistance
to Rice Blast Disease
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Abstract

For the investigations on the mechanism of blast disease resistance in the rice variety “Tong-il”,
the chemical contents such as silicate, nitrogen and flavonoid in the leaf blades of the variety
were determined as compared to moderately susceptible variety “Pung-kwang”. A correlation
between disease severity of rice blast and the chemical contents in the variety “Pung-kwang”
were also studied.

The results showed that silicate and flavonoid contents were decreased inversely with application
of nitrogen fertilizer, and ncgative correlation between silicate and flavonoid contents and discase
severity in the field were obscrved. In the resistant variety "Tong-il”, these chemical contents and
silicified cells were significantly higher than in the variety “Pung-kwang”. From these results, it

seemed that the high contents of silicate and flavonoid in the leaf blades were related closely to

the resistance of the variety “Tong-il”.

Introduction

As known by many investigators, resistance to rice
blast disease is related with chemical contents in rice
plants. Adyanthya® and Miyake!® noted a higher
silicate content in the leaf blades of the resistant
variety than in those of susceptible. It was also
referred that increase in silicate application resulted
in blast resistance by accumulation of silicate content
in the rice plants. Akimoto® recported, it had a close
relations with SiO./N ratio which was influenced by
application of nitrogen and silicate fertilizer. While
physiological role of silicate related to blast resista-

nce has not been cleared, Volk et al'® suggested that

organo-silicon components of the cell wall might cx-
ert inhibiting effects to the activity of certain cnzy-
mes participating in blast invasion. Whereas Yoshi-
da?® concluded that it was attributable to preventing
host cells from fungal invasion by mechanical cffects
of the silicified cells formed on epidermal tissues by
accumulation of silicate in state of silicagel.
Meanwhile, it has been shown in many experiments
46,7,9,1518) that a correlation exist between the degree
of resistance and phenol level in various plants. In
the case of rice plant, Tamari'® found that the co-
ntent of polyphenol compounds in the leaves of Ind-
ica type rice varieties was good enough for inhibition

of blast spore germination. Recently, polyphcnols
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containing orthodihydroxy phenyl radical were hig-
her in leaves of resistant variety than those of sus-
ceptible was reported by Wakimoto and Yoshii'®.
Therefore, the present study was attempted to find
effect of fertilizer applications on the chemical con-
tents in the rice plant and to reveal mechanism of
blast resistance in the variety “Tong-il” in relation

to the chemical contents.

Materials and Methods

A leading rice variety “Pung-kwang” was transpla-
nted in 32 factorial design at the paddy field of Ki-
mpo where blast disease has habitually occurred.
Three levels of fertilizers were applied in 10, 15, 20
kg/ha of nitrogen and 0,300, 600kg/ha of silicate.
Nitrogen fertilizer was applied in three times during
the growing period in ratio of 4:3:3 and silicate was
treated as a basal fertilizer. For a comparative study
on the resistance, varieties “Pung-kwang” and “Tong-
il” were planted in both conditions of upland and
paddy field. The third leaf blade from the top of the
plant was used for determination of chemical conte-
nts and 10 hills of each treatment were sampled at
random at different growing stages. Every test was

carried out in three replicates.

1) Analysis of nitregen and silicate
contents in the rice plant

The sampled leaves were dried at 90°C overnight
and crushed finely in mortar and pestle. The crushed
were dried again for 2 hours at 60-70C and kept
in desiccator until they were put to use for chemical
analysis. Total nitrogen and silicate contents were
determined by Micro-kjeldahl and gravimetric method,

respectively.

2) Determination of flavoneid content in
the leaf blades

Two grams of chopped leaves were boiled with 20
mi of 70% methyl alcohol for 3 minutes. After ma-
cerate it again in a homogenizer, it was filtered
through filter p‘aper No. 2 and adjusted to 100ml
with 70% methyl alcohol. One ml of the filtrate were
mixed with 1ml of 70% methyl alcohol saturated

with Na,CO, and then the flavonoid content was

determined with Beckman Spectrophotometer adjusted

in a 400mu wavelength.

3) Blast disease severity of symptoms
in paddy field.

Infection percentage of the leaves was calculated
with the percent diseased leaves to total leaves obs-
erved. Neck blast index was indicated by following

formula.

Ax0.7+Bx0.5+Cx0.3

Neck blast index— DxNo. of spikes examined

A: Whole spikes damaged entirely
B: More than 70% damaged

C: More than 30% damaged

D: Healthy spikes wholly

4) Microscopy of silicified cells in leaf
blade

Leaf blade was cut in a piece lcm long. The 15
soaked in 70% ethyl

alcohol for 3 days or more to remove chlorophyll

pieces of each variety were

pigments, and stained in a beaker containing 20ml
of safranin-phenol reagent and then boiled it gently
for 1 minute. Silicified cells were examined under a

microscope with optimal magnification (Xx150).
Results

Rice plants grown at the low productive field
habitually brought about blast disease were affected
on nitrogen, silicate and flavonoid contents in the
rice plant by different level of fertilizer applications.
These chemical contents also appeared to be correlated
closely with resistance to blast disease.

Table 1 shows the chemical contents in rice plants
of various growth stages applied with different level
of fertilizers. Nitrogen content was increased in
proportion to application of nitrogen fertilizer rega-
rdless of the amount of silicate application. However
silicate content was decreased inversely by excess
application of nitrogen fertilizer, while it was incre-
ased proportionally with application of silicate ferti-
lizer. With advanced in age of the plants, it had a
tendency to be increased in silicate content constantly
until ear-forming stage, whereas it was rather decr-

eased in nitrogen content.



Table 1. Nitrogen and silicate contents of leaf blades at different levels of nitrogen and silicate
fertilizer applications in the variety “Pung-kwang’.

! July 13 July 29 | August 24 ‘ Combined
N-level* | - ; -
| Sip ’ Si, \ Si, Si, } Si, ] Si, | Sio | si, | si. | sio | Si, [ Si, | Total
Ni.rogen contents (%)
N, 406 3.90  3.82 2.62} 2.63 2.61: 2.01 1.85{ 1.98" 8.69 8. 38 8.41 2548
N, 4.44‘ 4.60  4.44] 3.03 284 2903 2 14: 2.08 2.08 9.61E 9.52 9.45 28.58
N, 4.48 4.06: 4.77  2.89  3.47 3.31‘ 2.33 2.11 2.22 9.70 9. 64 10.3oi 29, 64
] |
Total 19. 98! 12.56/  13.03] 854 894 g 85} 6. 48} 6.04 6.68 28.00 27.54 28.26' 83.70
Silicate contents (%)
N, | 503 459 504 260 4 B 4 61 4.71 . 52i 5.6: 12.45 14. 42i 15.260  42.13
N, | 359 372 406 351 3.9, 401 445 4.79 . 34| 11.54' 12, 42 13,41 3737
N, [ 3.450  3.20 3.8 3.23 3.80 364 4.28 456 4. 79, 10.96 11.65 12.31  34.92
Total ] 12. 09\ 11.60 12,980  9.43  12.02 38.49 40.98 114.42

12. 26I 13.44 i4. 87| 15.94 34.95 '

a: Date Sampled

b: Silicate fertilizer levels, Sip: 0, Sit 300kg/ha, Si,: 600kg/ha.

c: Nitrogen fertilizer levels, Ni: 10kg/ha, Ny 15kg/ha, Nj: 20kg/ha.
Leaf blades of 10 hills from each plot were sampled for analysis.

Table 2. SiO,/N ratios in the leaves of rice contents. Relationship between the chemical contents.

plants applied with different level of

in rice plant and blast disease is given in Table 4.
nitrogen and silicate in the variety

Positive correlations between both of leaf and neck
“Pung-Kwang,. .
blast and nitrogen contents were observed, whereas

Si-level Nitrogen level flavonoid and silicate contents were correlated with
i-leve
N, ! N, | N, Avg. blast disease negatively. Nitrogen content appeared

: negative correlation to flavonoid and silicate contents
Sig 1.42 1.20 1.13 1.25 ionifi 1

. significantly.
Si, 172 1.30 1.21 1.41 & Y
Siz 1.83 L4z | 1.20 1.48 Table 3. A comparison of nitrogen, silicate and
Ave. 1.66 .33 | 118 flavonoid contents in the plants of the rice

. L Lo variety “Pung-kwang”.
SIO./N ratio implies a great significance as a _

factor relevant to blast disease resistance rather Date sampled | Nitrogen® Silicate* | Flavonoid®
than absolute amount of silicate in the rice plant. Aug. 28 9 47 401 0.145
Table 2 illustrates results of the experiments in Sept. 6 2 91 4.30 0.165
which the ratio appeared to be enhanced with silicate Sept. 16 2. 08 4.92 0.352
application but reduced by excess nitrogen fertilizer Avg. 2.25 4.41 0.221

applied. The same value of SiO./N ratio between
Si0,><N, plot and Si;xN, plot was found and this
result implies that sufficient application of silicate
fertilizer will be able to raise capacity of nitrogen
application to a certain extent by means of increase
in silicate content of the rice plant and thus to be
improved in resistance to blast disease. Meanwhile,
Table 3 shows that the flavonoid contents were also

increased with age of the rice plant as well as silicate

a: Nitrogen and silicate contents{%s) were analyzed with
the leaf blades of 10 hills from each plot.

b: Flavonoid content (%) was determined with 3rd leaves
from the top of the rice plants.

In order to find factors pertinent to blast resistance
in variety “Tong-il”, the chemical contents analyzed
in various stages of growth as compared with those
of moderately susceptible variety “Pung-kwang” were

presented in Table 5. It was found that flavonoid and



Table 4. Correlation coefficients between rice
blast disease and chemical contents in the
rice plants of the variety “Pung-kwang”.

Items

l N-content: Si-content’ Flavonoid

Leaf blast (July 13)
Leaf blast (July 27)
Top leaf blast
Neck blast

Flavonoid content
in leaf blade

Silicate content in

leaf blade

0. 38 ’ — . 82+

0.78%%,  —0.33

0.44 | —0.30

0.72 | —0.50
—0. 72% 0. 80**
—0. 4%+

—0.618
—0. 833%*
- 0. 506
—0.382

** *: Refer statisticaly significant at 19 and 5% levels,

silicate contents were much higher in “Tong-il” than
in “Pung-kwang”, while nitrogen content was rather
The

contents in both varieties had a tendency to increase

higher in “Pung-kwang” than in “Tong-il".

gradually according as the rice plants were aged.
Particulary, the flag leaves of both varieties contained
the contents in large quantities but nitrogen content
was reduced.

In view of the fact that mechanism of plast resis-
tance by means of silicate content in rice plant is
closely related with the number of silicified cells for-

med in epidermal tissues, the silicified cells in the

respectively. leaves of both varieties were examined and the
Table 5. Chemical contents in the leaves of varieties “Tong-il” and “Pung-kwang”.
Nitrogen® Silicate® Flavonoid
Days
Tong-il Pung-kwang Tong-il Pung-kwang Tong-il Pung-kwang
35° 3.9 3.7 | 3.5 3.1 0.433 0.398
55 3.9 4.0 3.4 2.4 0.421 0. 396
75 3.9 4.2 3.6 2.5 0. 448 0. 392
95 2.8 3.9 3.7 2.6 0. 356 0. 399
115 2.6 4.2 3.8 3.6 0. 548 0. 488
F.L.c 2.4 3.9 4.6 4.2 — —_
a: Chemical contents (%) were determined by the same method as before.
b: Denotes days after sowing.
c: Flag leaves only were analyzed for determination of the chemical contents.
Table 6. Number of silicified cells at 5 leaf stage of varieties “Tong-iI* and “Pung-kwang”.
Tong-il Pung-kwang
Sample No.*
Youngest L.* 2nd L. J 3rd L. 4th L. Youngest L. ; ond L. J 3rd L. | 4th L.
1 0 0 80 1275 0 0 23 573
2 0 0 1713 1134 0 | 0 1 260
3 0 95 2366 1833 0 ' 0 115
4 0 693 2832 773 0 | 0 14
5 0 0 370 199 1 11 9
6 1 262 65 1521 0 1 95 10
7 0 498 4502 697 0 . 4 2168 12
8 0 263 351 1353 0 | 0 1 822
9 1 0 387 1173 0 ' 0 0 16
10 0 288 1693 1394 0 2 0 409
11 0 72 597 1365 0 0 1 0
12 0 63 676 1293 1 | 3 3 42
13 0 0 239 1411 0 i 0 54 0
14 0 98 359 178 0 ' 1 0 0
15 0 0 2465 1457 0 I 5 26 37
Avg. 0.2 155.5 1242. 1 1137.0 0.2 } 1.8 158.6 i54.6

a: Silicified cells were examined with a piece of 1cm long leaves. A total of 15 leaves were sampled from each variety.

b: Leaves from the

top of the rice plants.
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Fig. 1. Number of silicified cclls in the 3rd leaves
of the varieties “Tong-il” and “Pung-kwang”.

results are presented in table 6. In the youngest
leaves of both varieties silicified cells were scarecely
observed. Although large variance was found among
individuals, the lower leaves contained the more
silicified cells and large quantity of silicified cells were
observed in the resistant variety “Tong-il” (Fig. 2)

as compared to the susceptible variety “Pung-kwang”
(Fig. 3).

Fig. 2. Silicified cells formed on the epidermal
tissues of leaf blades in the variety Tong-il
grown at lowland.

Fig. 3. Silicified cells formed on the epidermal
tissues of leaf blades in the variety Pung-

kwang grown at lowland.

As shown in the figure 1, much more silicified
cells were formed in the rice plants grown at upland
soil containing higher level of silicate than at paddy
soil, and were formed in the variety “Tong-il " than
in the variety “Pung-kwang” through whole term of
growth. Silicified cells had a tendency to rise gradu-
ally in their number with advanced in age of the

plants in both varieties and made conspicuous increase

in the flag leaves.
Discussion

Although there are many reports, regarding disease
resistance are increased in proportion to silicate co-
ntent in certain cereal crops, such as barley, rye!®
and wheat?, the effect of silicate pertaining to dis-
ease resistance seems to be remarkable in rice plant
which prefer to absorb silicate in large amounts.
Results obtained in this experiment are in good ag-
reports (10-12, 19) that in-

fection by rice blast disease were

reement with the many
influenced with
application of nitrogen and silicate fertilizer. This
fact might be attributable to reduction of silicate
and flavonoid contents relevant to blast resistance by
excess application of nitrogen fertilizer and thus re-
sult in being susceptible to blast disease.

Yoshida et al 2 clarified

silicate in rice plant and its role in mechanical re-

the chemical form of

sistance to the blast disease. Silicate absorbed in rice
plant deposited mostly in the form of silica gel to

the epidermis, vascular system and sclerenchyma,

— 37 —



inasmuch as it is difficult being translocated in the
plant. The polymerized silicic acid also fills up inter-
stices of cellulose miscelles, making a silicate cellulose
membrane. No enzyme has known to participate in
the polymerization of silicic acid. The number of
silicified cells is larger in rice plants grown on water-
flooded soil than in plants grown on soil than in
plants grown on soil with-low moisture contents and
puncture resistance also increases with increasing soil
moisture . Even though the puncture resistance
seems not be attributed solely to the silicification of
rice leaves, the higher the puncture resistance of
tissues, the higher the resistance to blast disease.
Accordingly, it seems possible to assume that the
characteristics of blast resistance in the variety
“Tong-i1” is mainly attributed to a remarkable high
level of Si0 ,/N ratio, which is due to the high
silicate, and flavonoid contents in the plant as com-
pared to those in the plant as compared to those in
the variety “Pung-kwang”, Akai® pointed out, toug-
hness, silicification and total amount of silicic acid
deposited in the plant tissues increased in susceptible
variety with supply of silicate, but showed no de-
finite tendency in resistant variety. In this experiment,
however, the high silicification in the resistant variety
“Tong-il” was marked and more conspicuous when
the rice plant were grown at upland soil abundant in
silicate content (Fig. 1). The difference may be due
to the absorption capacity of the varieties. In parti-
cular that number of silicified cells were much higher
in the flag leaves of “Tong-il” implies a great signi-
ficance in resistance to neck blast of “Tong-il” in
view of the numerous reports® that number of silicified
cells in the flag leaf closely related with resistance to

neck blast.

Hypersensitive reaction in the variety “Tong-il”
has been observed in a very common form of defense
reaction to blast disease. This suggests a significance
of flavonoid content related to blast resistance in the
variety “Tong-il”". Ku'c® presented an experiment to
increase in disease resistance by infusing young apple
plants with phenylalanine. The increase in resistance
with increased amounts of phenol compounds which
were synthesized from the phenylalanine pool. It

seems probable to conclude that the higher level of

phenolic compounds in the resistant variety reflects
in fact a greater synthetic capacity for these substa-
nces. Meanwhile, Szweykowska® postulated that aro-
matic biosynthesis and nitrogen metabolism may stand
as a competing pathway. The results that nitrogen
fertilization decreased in flavonoid content give assent
to the hypothesis. These are also consistant with the
observation that application of nitrogen fertilizer in
large amounts tends to increase susceptibility of ce-
reals to rust disease and at the same time decrease
the total phenol level®. The same correlation was
apparent in the rice blast disease'.

Race specificity due to differences of geographic
distributions of the pathogenic races accounts for the
blast disease resistance in the variety “Tong-il” with
the evidence that “Tong-il” which is highly resistant
to blast disease In Korea were susceptible in the
Philippines®. However, plant could be improved
genetically inbreeding for blast resistant variety.
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Summary

Tests were made for investigation of resistance to
rice blast disease in relation with chemical contents
existing in the rice plant.

1. Silicate and flavonoid contents in the rice plant



wwere increased in proportion to silicate application
but decreased with nitrogen application.

2. Negative correlations between blast disease and
contents of silicate and flavonoid were found, whereas
blast disease was directly proportional to increase of
nitrogen application.

3. Silicate and flavonoid contents in the rice plant
was higher conspicuously in blast resistant variety
“Tong-il” than in susceptible variety “Pung-Kwang”.

4. Number of silicified cells in the leaf tissues was
higher remarkably in “Tong-il” than in “Pung-kwang”.

5. More silicified cells were formed in aged leaves
than in young leaves and increased with advanced
age of the plant.

6. It was known that the chemical contents were

one of the factors relevant to blast disease resistance

in the variety“Tong-il".
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