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Table { Effect of low temperature treatment on the yield of rice plant
) Yield (g/pot) Grain [Fully 1
ripene ie
Years Treatment Sum of | Leaf— ,Sheath Sum of r_a:'traw grains | index
weight | blades | +stem |ears 10 (gfpot)
No treatment 62.9 9.1 23.3 30.5 0.94 27.7 100
Low temperature in the
1967 panicle formation period 61.9 9.5 . 2.5 29.9] 0.93 26.8 97
Low temperature in the maximum ! t
number of tillers stage 57.4 10.2 I 27.3 i 19.9 0.53 17.7 64
No treatment 51.7 8.0 18.6 31.1 1.17 28.3 160
Low temperature in the
panicle formation period 54.4 8.7 20.5 26.2 0.90 24.2 86
1968 Low temperature in the
maximum number of tillers stage - 59.0 8.9 2127 28.9 0.96 . 26,8 95
Low temperature in the ‘
booting stage 54.5 8.6 21.4 24.5 0.82 | 22.2 78
No treatment 61.0 9.3 30.7 21.0 0.52 18.7 100
Low temperature in the :
panicle formation period 62.6 9.4 34.9 18.3 0.41 15.3 82
1969 Low temperature in the maximum
number of tillers stage 53.5 9.2 35.2 9.1 0.20 5.3 29
Low temperature in the
booting stage 61.5 10.6 41.8 9.1 0.17 6.1 32
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Fig. 4 Effect of low temperature treatment on the

yield constituting factors
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Table 2 — a Effects of low temperature on the contents of nitrogen fraction uptake by rice plant

(at 1968) as dry base %
Date of . | Total | Water | Amide | Other [Totwat|Amide--
sampl- Treatment Tf;?l P‘gte'" water | sol, | +NHg | sol, [sol.—N|NHs—N
. P (%) %) sol, |protein| —N - Prot, -~ N|Prot, - N
ng 7 ) 1-N(%)|-N(®B) (%) | (%) |x1w00 [x1000
July | o ; Whole’_ plant ‘ \
10 | No treatment ! 3.95!] 3.216, 0.735‘ 0.2251 0.114, 0.396'I 22.9 35.4
) Leaf-blade
No treatment 4.960 4.441 0.519 0.195 0.038 0.286] 11.7 8.6
Low temperature in the 4.996 4.335 0.661 0.225 0.065 0.371 15.3 15.0
panicle formation period
July Sh
20 - eath+stem
No treatment I a2.872 2,115 0.757 0.231 0.114 0.412 35.8 53.9
Low temperature in the 2.817 l.839I 0.978, 0.185 0.128] 0.665 53.2 69.7
panicle formation period | | | I
Leaf-blade
Il:lo treatment b el 3.317 2.962 0.355, 0.124{ 0.029  0.202] 12.0 9.7
ow temperature in the panicle
formation period 4.453 4.091 0.362{ 0.124; 0.030; 0.208 8.8 7.3
Low temperature in the
max, number of tillers stage 3.725 3.372) 0.353) 0.101 0.032 0.220) 10.5 9.5
July
29 Sheath +stem
No treatment b ) 1.556| 1.183 0.373 0.107 0.032 0.234] 31.5 27.0
Low temperature in the panicle i
formation period 2.393 1.874| 0.519; 0.135 0.049] 0.335] 27.7 .} 26.1
Low temperature in the
max, number of tillers stage ! 1.846 1.409] 0.437] 0.057 0.050 0.330| 31.0 35,5
Leaf-blade
No treatment 2.684| 2.327[ 0.357] 0.155 0,028 0.174 15.3 12.0
Low temperature in the panicle
formation period 2.817) 2.523] 0.294 0.154 0.027] 0.113 11.7 | 10.7
Low temperature in the
max, number of tillers stage 2,589, 2.268 0.321] 0.153 0.029 0.139 14.2 12.8
Low temperature in the
Aug booting stage 2.-1381 2.001 0.4377 0.141 0.039] 0.257] 21.8 19.5
8 Sheath-stem
No treatment 0.969 0.763] 0,206 0.093] 0.039; 0.074 27.0 51.1
Low temperaturejin the panicle
formation period 1.215]  0.935 0.280] 0.093 0.029( 0.158 29.9 31.0
Low temperature in the
max, number of tillers stage 0.904) 0.627} 0.277) 0.080] 0.032) 0.155 24.3 51.0
Low temperature in the
booting stage 0.986 0.735 0.251 0.087] 0.0331 0.131 34.1 44.9
B Leaf-blade
No treatment 2.439 2.100f 0,339 0.148 0.030] 0.161 16.1 14.3
Low temperature in the panicle
formation period 2.639 2.343| 0.296| 0.087] 0.032| 0.177] 12.6 | 13.7
Aug, .
19 | Low temperature in the 2.341| 2.075) o0.266] o0.128] 0.032] 0.106 12.8 | 15.4
max, number of tillers stage
Low temperature in the
booting stage 2.226 1.806] 0.420] 0.157 0.032, 0.231f 23.3 17.7
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Date of - T \ - Total | Water | Amide | Other Tot.wat JAmide +
) Treatment To;?l P'f'em water | sol, +NH3 sol, |sol,—N NH;-N
§zmp ) "0,) (%) sol, protein —N |Prot,-N|Prot, - N
e e °7 -N@)-N@)_(4 ) (%) |x100 |x 1000
. e _Sheath+stem |
No treatment ; . 0.742] 0.449 0. 2931 0.098 0.023 0.172] 65.3 51.2
Low temperature in the panicle )
formation period 0.826] 0.426] 0.400 0.089 0.028, 0.283] 93.9 65.7
Low temperature in the
max, nu‘:nber of tillers stage 0.692 0.344] 0.348; 0.09% 0.024  0.233| 101.2 69.8
Low temperature in the
Aug, booting stage 0.617 0.?57 0.260i 0.135 0.027 0.098] 72.8 75.6
19 Ear
No treatment . el 1.284 0.830, 0.454 0.069, 0.037; 0.348] 54.7 44.6
L;:,‘:m‘;;?;’:';;;’{;'" the panicle il 11000 o0.4400 0.092 0.0 o0.289] 40.0 | 53.6
Low temperature in the
max, nu‘x)nber of tillers stage 1.296/ 0.932] 0.364 0.092 0.048] 0.224] 39.1 51.5
Low temperature in the
. booting y stage 1.533 1.144 7MO .389 0.066| 0.063 0."2_61'.) 34.0 55.1
Table 2 — b Effect of low temperature on the contents of nitrogen fraction
uptake by rice plant i (at 1969) as dry base %
T T T I Ty "Water | Amide | Other |Totwat/Amide+
Date of Treatment T°;j" P'°‘;j'“ Water | "sol, | +NH, | sol, |sol.~N |NH—XN
is:mpl- (_6,) —o') —N(;‘é) protein| —N —N |Prot, - NiProt, -N
g R G -N@)|_(%) | (% Ix100 |x1000
July Whole plant
10 | No treatment | 3.954_ 3.098 0.856 0.160 0.131] 0.565 27.6 | 42.3
T Le-af-blade
No treatment ) 5,220, 4.710, 0.510] 0.134 0.055 0.321] 10.8 11.7
Low temperature in the panicle
July |_formation period 4.755 4.16: 0.591] 0.130] 0.193{ 0.268] 14.2 | 46.4
20 Sheath+stem
No treatment b . 2.877 2.150] 0,727 0.136) 0.139] 0.452] 33.8 64.7
Low temperature in the panicle
formation period | 2-6% 1.772] 0.873 0.141] 0.123 0.609 49.3 | 69.4
N ] Leaf-blade
No treatment \ 4.419] 3. 967| 0.452 0.123i 0.028, 0.301f 11.4 7.1
Low temperature in the panicle
formation period 5.036/ 4.569, 0.467) 0.105 0.042( 0.320 10.2 9.2
Low temperature in the
: max, number of tillers stage 4.027 3.4420  0.585 0.121 0.050 0.404! 17.0 17.4
Wl Sheathrstem
No treatment ) 2,348 1.716] 0.632 0.142 0.058] 0.432] 36.8 33.8
Low temperature in the panicle,
formation period 2.951 2.196 0.755 0.173 0.141 0.441| 34.4 64.2
Low temperature in the
max_ number of;tillers stage 2.145 1.452) 0.693 0.128 0.156| 0.405] 47.7 | 107.4
o o T T Leaf-blade T T
No treatment . 3.181|  2.790] 0.391] 0.122] 0.033] 0.236] 14.0 1.8
Low temperature in the panicle)
formation period 2.913 2.557)  0.356 0.100 0.035 0.221] 13.9 13.7
Low temperature in the
max, number of tillers stage 3.142 2.709 0.433 0.137 0.045 0.251] 16.0 16.6
Low temperature in the
Aug booting stage 2.7037 2.371 7 0.332 0.087 0.029] 0.216] 14.0 12.2
7 Sheath +stem ]
No treatment . 1.431 1.017] 0.144 0.149] 0.052] 0.203] 40.7 61.0
Low temperature in the panicle
formation period 1.3160  0.973] 0.337, 0.083f 0.041 0.213] 34.6 42.1
Low temperature in the
max, number of tillers stage 1.384 0.999 0.385 0.105 0.042] 0.2368 38.5 42.0
Low temperature in the
booting stage 1 1.332 1.055) 0,277 0.074 0.037 0.166| 26.3 35.1
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Table 3 Effect of low temperature on the contents of carbohydrate
composition uptake by rice plant (at 1968) as dry base %
Date of Treatment Reducing |Non reducing Total Crude
sampling sugar (%) |sugar (%) suger(%) | starch(%)
1 e " Whole plant " )
July 10 | No treatment j .._I 2.83 6.29 9.12 3.18
Leaf-blade
Eo treatnent ; . 1.53 4.67 6.20 1.37
.| Low temperature in the panicle
Jut formation period 2,17 6.72 8.89 2.06
uly 20 Sheath--stem
Eo treatment " . 2.17 3.14 5.31 5.57
ow temperature in the panicle
formation period L= 6.92 8.44 5.90
Loaf-blade
Eo treatment . : 1.68 4.87 6.55 2.24
ow temperature in the panicle
formation pericd 1.19 3.07 4.26 2.36
Low temperature in the maximum
number of tillers stage 2.13 7.98 10.11 2.74
July 29 Sheathd-stem
) Eo treatment ) : 2.63 3.32 5.95 5.02
ow temperature in the panicle
formation period 1.07 0.78 1.85 3.98
Low temperature in the maximum
number of tillers stage ‘ 2.38 8.36 10.74 4.56
Leaf-blade
Eo treatment b ! 2.10 2.77 4.87 2.25
ow temperature in the panicle
Liormation period 3.34 3.33 6.67 2.69
ow temperature in the maximum
number of tillers_ atage 3.65 4.09 7.74 2,15
o tiamparature In the 6.37 2.50 8.87 3.40
Aug. 8 Sheath+stem
fo treatment 0 5.78 5.05 10.83 4.49
ow temperature in the panicle
formation period 6.02 4.81 10.83 7.21
Low temperature in the maximum
number of tillers stage 6.47 4.74 .21 4.14
L:;t::';psi?;: ro in the 7.0 3.08 10.15 4.47
T Leaf-blade B
II:Io treatment . 1.75 4.86 6.61 3.20
ow temperature in the panicle
formation period 1.38 4.41 5.79 3.62
Low temperature in the maximum
number of tillers stage 1.55 4.62 6.17 3.06
L,;’;‘;t%:gmg‘;;agg“'e in the 1,53 5.86 7.39 2.96
Aug. 19 Sheath+-stem
Eo treatment 0 6.06 8.44 14.50 6.20
ow tomperature in the panicle
formation period 5.52 7.05 12.57 6.21
ow temperature in the maximum
number of tillers' stage 6.24 7.89 14.13 6.13
e tiamperature in the 5.31 7.35 12.66 7.72
Grain
{lo treatment ) ' 0.07 1.45 1.52 59.87
ow temperature in the panicle
Sept. 30 formation period 0.18 1.09 1.27 69.11
pt. Low temperature in the maximum .11 1.22 1.33 7
number of tillers stage . ’ . 2.08
o tiomperatiice In the 0.15 1.23 1.38 71.14
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{ 2): Low temperature in the panicle formation period
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(4); Low temperature in the booting stage

; Protein nitrogen
7] ; Non protein nitrogen

Remarks ; L is an abbreviation of leaf-blade

S-St is an abbreviation of sheath--stem

E is an abbreviation of ear

Fig. § Effect of low temperature on the composition of nitrogen uptake by rice plant
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Summary

In cold regions like Hokkaido, it is well
known that the decrease of rice grain yield
is due to the cool weather in summer. In
fact, the preceding phenomenon is one of the
most important factors that injures the rice
plants in these area.

Therefore, the authors studied that the
effects of low temperature treatment in each
growth stage, from the panicle formation
period to the booting stage, influence upon
the growth of rice plant, the yield and the
metabolism of protein and carbohydrate.

As for method of low temperature treat-.
ment for the rice plants, the phytotron were
used.

The results obtained in these experi-
ments are summarized as follows ;

1) The elongation of the plant height
and the increase in number of tillers were
extremely inhibited by the low temper-
ature treatment. But, it was recognized that
growth of the rice plants was promoted
rapidly when the rice plants were returned



RS HAHCI 5 2 HI%E 47

to normal weather conditions. This tendency
was especially prominent in the low temper-
ature plots in the panicle formation peri-
od, but was not clearly noticeable after
maximum number of tillers stage.

2) The treatment of low temperature in-
hibited remarkably the increase of plant
weight, but after the normal condition was
returned, the weight of rice plant in the
treated plots began to increase rapidly. The
final weight of leaf-blade and sheath +stem
in the treated plots was equal to that in the
control at the harvest-time.

Therefore, the ratio of the grain to the
straw in the treated plants was smaller than
that of the control, and the weight of the
fully ripened grains in the treated plots was
decreased. As a result, the percentage of
yield decreased 5 to 7095, compared with
that of the control, and the decrease of
yield in plots treated after the maximum
number of tillers stage was more marked
than that in plots treated in the panicle
formation period.

As for the effect of low temperature
for the yield constituting factors, the num.
ber of panicles per hill was decreased in
the panicle formation period by the treat.
ment, but was not decreased after the maxi-
mum number of tillers stage. The number
of spikelets per panicle was decreased in
the plots which were treated in the panicle
formation period and the maximum number
of tillers stage, the degree of decrease in
the plots which were treated the booting
stage were a few.

The percentage of ripened grains which
dominated sharply on the grain yield was
decreased remarkably in the plots treated
after the maximum number of tillers stage

3) The contents of total nitrogen and
protein nitrogen in the plant tissues were
decreased immediately after the low temper.
ature treatment.

On the contrary, the contents of total
soluble nitrogen (non protein nitrogen) and
amide-+ammonia nitrogen in non.protein
nitrogen faction iended to increase. Conse-
quently, the ratio of non-protein nitrogen
to protein nitrogen in treated plants was
higher than that of the control.

On the other hand, in case of return to
the normal temperature, the contents of to-
tal nitrogen and protein nitrogen in the
plant tissues were changed higher than that
of the control. This tendency was clearer in
the plants treated before the maximum num-
ber of tillers stage.

4) As for the effect of low temperature
treatment on the metabolism of carbohydrate
in rice plant, the contents of carbohydrate
in the plant tissues were increased by the
treatment, but these cotents became quickly
the same level as that of the control in
case of return to the normal condition.

Especially, the high contents of various
sugar under the treatment of low temper-
ature were recognized clearly in the leaf-
blade and sheath +stem of rice plant treated
before the maximum number of tillers and
the leaf-blade of treated plant in the boot-
ing stage.





