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Introduction 

In the Tohoku and other important rice 
growing districts in northern Japan the rice 
crop suffers cool-weather damage about every 
three years. In these cool-weather districts, 
therefore, the stability of rice crop depends 
on how to combat with cool-weather damage. 

3-Hydroxy-5-methyl-isoxazole (on the mar
ket with the trade name of Tachigaren ) is 
already known to promote growth of rice plant 
roots, enhance their physiological activity and 
facilitate healthy growth of seedlings. Re
cently attention has been focussed on its action 
of promoting rice ripening at low tempera
tures.1,2,3) This report reviews results of a 
large number of experiments conducted by 
the author and many others to confirm the 
function of Tachigaren to promote ripening 
of rice plants. 

Discovery and confirmation of 
the function 
In 1971 the cool-weather damage of growth 

delay type occurred. The heading of rice 
plants was delayed about 10 days. The 
weather was cool during the ripening period. 
In that year the cool-weather attacked rice 
plants not only in the northeastern parts of 
Japan but also in the mountaneous areas at 
the center of Japan. Unripened rice plants 
remained green and unharvested till late. 

It happened in that year that, in an attempt 
to make sure if Tachigaren which promotes 

growth of rice seedlings would prevent the 
outbreak of sheath blight, a farmer applied 
Tachigaren to rice plants at the heading stage 
which had been delayed one week as compared 
with a normal year. Rice plants in the neigh
boring fields were unripe, while he found out 
that the ears of his rice plants treated by 
Tachigaren were yellow ripe. He harvested 
his treated crop and found that the yield was 
more than 20% higher than that of the un
treated crop. 

To confirm the reproducibility of this 
result tests were performed by the author in 
a green house for three years from 1977 
through 1979. A rice variety "Nihonbare" was 
grown in pots, and at the heading stage a 1 :500 
dilution of Tachigaren liquid was applied to 
the rice plants. The pots were moved into a 
temperature-controlled green house kept at 
20°C during the day time and 13°C during 
the night to simulate the weather condition 
which causes cool-weather damage to rice 
plants. Under this condition the effect of 
Tachigaren on rice ripening was studied in 
detail. 

The observations obtained in three years are 
summari7.ed in Table 1. Grain fertility of rice 
grown in the control plot was reduced con
siderably due to the low temperatu1·e. In the 
treated plot with Tachigaren, on the other 
hand, the fertility was 6 to 11 % higher than 
that of the control plot. 

1) Position of rice grains on the panicle 
and grain ripening 

The time of blooming of glumous flowers is 

5-Methyl-
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Table 1. Effect of Tachigaren treatment on rice fertility under low temperature 
conditions 

Year Plot Fertile grains/ Sterile grains/ Total grains/ Fertility 
panicle panicle panicle rate (%) 

Control 51 12 64 84 
Treated 53 8 62 87 

1977 

Control 13 59 72 17 
Treated 23 58 81 28 

1978 

Control 33 25 58 57 
Treated 40 22 61 65 

1979 

Note: 1977 Three hills, each composed of two seedlings/ pot (1/2000 a). 
Three pots were assigned to each plot. 

1978 A hill composed of two seedlings/ pot (1/5000 a). 
Five pots were assigned to each plot. 

1979 Twenty seeds were sown roundly in a 1/ 5000 a. pot, and four pots 
were assigned to each plot. 

A 1 :500 dilution of Tachigaren liquid was sprayed over rice plants at the 
heading stage. Then all test plants were grown in a green house (20°0 
during the day time and 13°0 during the night). 

related to the position of glumous flowers on 
a panicle. There is a difference of about one 
week in blooming time between the glumous 
flower which blooms first and that which 
blooms last. Ripening of rice grains is associ
ated with the order of blooming. 

Fig. 1 indicates the relationship between 
weight of each grain and the position of each 
grain on a panicle, determined with rice plants 
grown under both natural (normal) condition 
and cool weather condition in a temperature
controlled green house kept at 20°C during 
the day time and at 13°C during the night. 

It is apparently shown in Fig. 1 that it 
is not all grains but only inferior grains 
that suffer physiological damage due to cool 
weather. The inferior grains are known to 
be located at definite positions of a panicle, 
and susceptible to adverse conditions. They 
usually bloom late. Under the cool weather, 
growth of inferior grains is remarkably de
layed so that they do not reach full-ripe even 
at the end of the growing season. Accord
ingly, in studying the effect of the chemical, 
examination of inferior grains can reveal 
more accurate information than the obser
vation of the whole ears. An example is given 
in Fig. 2, which demonstrates a remarkable 
effect of Tachigaren treatment on inferior 

grains. This result was obtained from the ex
periment undertaken in the paddy field of the 
National Institute of Agricultural Sciences in 
1980. As is clear from Fig. 2, the 2nd and 3rd 
grains (from the top) on the secondary rachis 
branch showed a remarkable effect of Tachi
garen on grain weight. This fact indicates 
that Tachigaren is effective to inferior grains 
that are particularly vulnerable to cool weather 
damage. 

2) Effect of Tachigaren on carbohydrate 
translocation to panicles 

To determine the effect of Tachigaren on 
carbohydrate translocation in rice plants, 
14C02 tracer studies were conducted with 
potted plants of var. Nihonbare. Tachiga
ren was applied at the heading stage. Im
mediately after the Tachigaren treatment, 
both treated and control plants were fed with 
HC02 to make them carry out uco2 assimi
lation. On the next day, the plants were 
moved into a green house kept at 20°C during 
the day time and 13°C dul'ing the night. The 
plants were sampled at 1 and 10 days after 
the application of Tachigaren and the distri
bution of 14C in ears was determined by auto
radiography ( Plate 1). 

Effect of Tachigaren on translocation of 
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Fig. 1. Relationship between weight 
of each grain and position of 
each g'l'ain on a panicle 

Note: Grain weight was measured 
4 weeks after heading. 
Each figure is the average 
weight in mg of grains on 
the same position of 20 
panicles. Upper figures in
dicate grain weight in the 
low temperature plot and 
lower figures that in the 
optimum temperature plot. 
Solid grains indicate that 
their ripening was retarded 
by low temperature. 

14C into ears was not detected 1 day after 
the treatment but after 10 days a clearly 
higher rate of HC translocation into grains 
on the lower halves of ears than in the control 
plot was recognized. This observation sug
gests that Tachigaren promotes the trans
location of carbohydrate to inferior grains in 
par ti cu la r. 
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Fig·. 2. Effect of Tachigaren on weight of 
different grains 

Note: A 1 :500 dilution of Tachigaren 
liquid was sprayed over rice 
plant (var. Nihonbare) at the 
heading stage. Grains on the 
4th primary rachis branches 
(from the top) of panicles 
emerged later in each hill were 
weighed. Upper fi gures indicate 
grain weight in the treated 
plot and lower figures grain 
weight in the control plot. 
Figures in parentheses indicate 
rntios of the former to the 
latter. 

Field tests in areas attacked by 
cool weather damage 
In 1980, rice plants in the northeastern 

part of Japan were severely damaged by 
cool weather. The Toyama Prefectural Agri
cultural Experiment Station located in this 
part undertook a field experiment with Tachi
garen. Young seedlings of var. Fujiminori 
were transplanted in a field at an altitude of 
about 640 m on May 18, and a 1 :500 dilution 
of Tachigaren was applied at the panicle-for
mation stage (July 22) and at the full head
ing time (August 19) at a rate of 150 l per 
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Table 2. Field test conducted by the To
yama Prefectural Agricultural 
Experiment Station (1980) 

10 a. The mean daily temperature during the 
period from heading to harvest was 17 .1 ° C, 
which was rather unfavorable for rice rip
ening. 

Plot Straw weight 
(kg/ a) 

Grain weight 
(kg/ a) The result of the field test is summarized 

in Table 2. Grain yield in the treated plot 
sprayed with Tachigaren was higher by about 
20 % than in the control plot. Although the 
yield itself did not differ appreciably between 
a single application of Tachigaren at the full 
heading stage and two applications at the 
panicle-formation stage and full heading stage, 

Control 

Sprayed at full head
ing stage 

Sprayed at panicle-formation 

75.8 

74. l 

stage and full heading 77. 9 
stage 

41. 0(100) 

50. 4(123) 

50. 5(124) 

Sprayed at panicle-formation a;:xx:xx:«~ 
stage and full heading stage -.1\A,I\A,'Yvl"-

Sprayecl at fu ll heading stage 

Control 
") '> < 
-·(mm) 

Fig. 3. Distribution of thickness of brown rice (Toyama Prefectural Agri. 
cultural Experiment Station, 1980) 

Treated Control Treated Control 

I day after 14 CO2 assimilat ion IO days after 14 CO2 assimilation 

Plate 1. Autoradiographs showing· translocation of MC-assimilates to the 
panicle 

Note : Rice plants (var. Nihonbare) were treated with Tachigaren 
at the heading stage (Aug. 26). On August 27, following· the 
assimilation of 14CO, the plants were transferred into a tempera
ture-controlled green house (20°C during· the daytime and 13°C 
during the nig·ht) . 
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Control 
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Sprayed at panicle-formation 
stage and heading stage 

Plate 2. Effect of Tachigaren on ripening of rice grown in a cold-water
irrigated field 
(Tohoku National Agricultural Experiment Station, 1980) 

an advantage of the application at the panicle
formation stage was reflected in the higher 
winnowed paddy weight in the plot with two 
applications of Tachigaren. 

In this field test a discovery of pal'ticular 
interest was made on thickness of brown rice. 
A larger portion of brown rice in the treated 
plot than rice in the control plot was found 
to belong to thick grain (2.1 to 2.2 mm thick) 
(Fig. 3). Furthermore, in a field test carried 
out by the National Tohoku Agricultural 
Experiment Station, the favorable effect of 
Tachigaren on rice grain development was 
clearly observed. As shown in Plate 2, its 
effect was apparently known even by gross 
inspection. 

A country-wide field test conducted 
from 1979 to 1981 

A large number of field tests were carried 
out by national and prefectural agricultural 
experiment stations for 3 years from 1979 
through 1981 as a trust project of the Japan 
Association for Advancement of Phytoregula
tors to determine the effect of Tachigaren 
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R ipcning percentage in the control plot 

Note : o: Treated at panicle-formatio1l--meiosis stage 

• : Treated at booting-heading stage 

Fig. 4. Relationship between rate of in
crease ( % ) of ripening percentage in 
the Tachiga1·en-treated plot and 
ripening percentage in the control 
plot (data compiled from the coun
try-wide field experiments conducted 
for 3 years) 



under diversified conditions. The results ob
tained in the field tests undertaken all over 
the country were compiled and analyzed in 
order to make a more accurate evaluation of 
the effect of this chemical on rice ripening. 

Fig. 4 shows the rate of increase in ripen
ing percentage caused by Tachigaren, plotted 
against the ripening percentage of the con
trol. As is evident from this figure, the lower 
the ripening percentage in the control plot, 
the higher was the rate of promotion of 
ripening in the treated plot, sprayed with 
Tachigaren. When the ripening percentage in 
the control plot was higher than 80%, Tachi
garen gave only a little effect. In other words, 
Tachigaren was not effective under favorable 
conditions which allowed 80% or higher rates 
of ripening, but it induced a substantial in
crease in ripening percentage under unfavora
ble conditions which caused 70% or lower 
rates of ripening in the control plot. 
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Fig. 5. 

in 40 days after heading (°C) 

o : Treated at panicJe.formation-meiosis stage 

• : Treated at booting-heading stage 

Relationship between the sum of 
daily temperatures for 40 days afte,: 
heading and the rate of increase ( o/,- ) 
of ripening percentag·e induced by 
Tachigaren treatment (data com, 
piled from the country-wide field ex
periments conducted for 3 years) 
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Fig. 5 shows the relationship between tem
peratures during the ripening period and the 
effect of Tachigaren to promote ripening. The 
effect of Tachigaren is not recognized when 
the temperature is high during the ripening 
period, but it is remarkable when the sum of 
average daily temperature for 40 days after 
heading is 800°C (average daily temp. 20°C) 
or less. In short, it can be said that Tachigaren 
exerts a marked effect on ripening at low 
temperatures causing retardation of ripening. 
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Note: 

Fig. 6. 

o : Treated at panicle·formation-meiosis stage 

• : Treated at booting-heading stage 

Relationship between the pt·oportion 
of thick grains to the total amount 
of gTains produced in the Tachi
g·aren-treated plot and ripening per
centage in the contt·ol plot (data 
compilea from the country-wide field 
experiments conducted for 3 years) 

As shown in Fig. 61 Tachigaren application 
increased the proportion ( % ) of thick grains 
to the total amount of grains produced. This 
effect was manifested irrespective of the ripen
ing percentage in the control plot but the 
degree of effectiveness appears to be high 
under the conditions that favor the ripening 
of rice. 

Summary 

On the basis of a large number of experi
ments conducted at many places in the coun-
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try, it was clarified that when the temperature 
is low during the ripening period, Tachigaren 
application is very effective in increasing rate 
of ripening and promoting grain development 
of rice. It is, therefore, desirable to apply 
Tachigaren at the full heading stage when an 
undesirably low temperature during the ripen
ing period is expected, or when the heading 
is delayed for one week or more due to a low 
temperature before heading. This chemical 
may also be appreciated in the regions where 
unripe or waste rice grain problems occur 
chronically. 
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