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The Influence of Irrigating Water Temperature on the Growth of
Paddy Rice in the Warmer District, Southern Kyushu

K. Ueki

(Crop Science Laboratory)
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Table 1. Effects of water-temperature lowering at the different

stages on the plant height and the number of tillers. 1952
I Plot
Item _ 1 2 3 4 ) 6 7 8 9 10 11 12
R o~ S - § S
. cm . sk ek P
Plant height? 106.6 105.9 111. 6 101.4 104.3 103.4 113.8 114.3 106.0 111.6 115.0 115.8
No. of tillers? 44.3 44.8 45.5 46.0 46.0 46.8 45. 3 45.5 44,5 42,5 45.5 44, 3
1953
T Plot
Ttem 1 2 3 4 5 6
- Tem .
Plant height? 108. 6 116.1 110.7 110.4 113.0 108.5
No. of tillers® 38.5 41.0 40.3 42,2 39.8 41.0

1) Measured at the heading period
2) Mea%med at the stage of the maximum number of tillers

i

ok Significant at S 504, 1% level against plot 6, respectively
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Table 2. Effects of water-temperature lowering at the different
stages on the leaf area.

1953
I Piot
Leaf age - 1 2 3 4 5 6
“17th leaf N Y am T e T T

(Flag leaf) 19.7¢cm 30.3 30.8 20.4 25.6 20.5
16th leaf 26.9 30.1 32.6 27.6 30.6 27. 4
15th leaf 29. 4 28.8 31.1 30. 4 31.3 30.9
14th leaf 30.7 31.0 31.3 31. 6 33.5 31.9
13th leaf 31. 4 31.9 34.3 30.8 34.7 31. 6
12th leaf 31.0 33.0 33.4 33.6 35.0 34.3

* Significant at 5 % level against plot 6
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Table 3. Comparison of the characters influencing to yield

1952
T Plot |
T | 1 2 3 4 5 6 7 8 9 10 11 12
Chalacter B B
cm " ook it * N
Length of main 88.1  84.8 89.9 83.7 848 853 9.6 922 8.9 90.6 945 o038
R cm sk ook ek o Hek ot
Length of panicle 19.1 187 211 189 181 18.0 21.3 21.9 187 20.5 2.5 21 ¢
Number of panicles 18.3 22.0 19.3 20.3 19.5 20.8 21.6 20.5 20.8 21.5 2.0 21.3
. W g s do sk Eke
vg:_gggtof grains 34.9 409 40.5 37.5 35.6 33.6 45.8 46.1 40.1 48.4 50.2 51 8
. . Ed g e gop E oo e
wpg:,g}l;(t)t‘)f top 50.2  53.6 65.2 53.6 52.5 5.0 75.7 73.5 66.0 64.5 746 76
SCT Dbe . g
“gg;gm of root pei 228 27,0 26.6 25.8 23.6 24.8 27.7 26.2 24.8 24.4 28.5 28.9
%
Grain/top ratio 69.7 767 62.0 70.1 68.1 75.9 61.5 62.6 60.6 75.5 67.2 68,1
i i g et ge ke
Wz;,gms"f 1,000 20.7 289 31.2 29.8 30,4 20.8 29.6 31.1 29.0 20.5 30.2 30.4
Number of grains S ok Aok *% *ik
of main stem 88.0 927 93.3 8.9 826 82.4108.3 95.6 97.8 103.6 1138 1208
1953
T Plot
1 2 3 4 5 6
Character . - e
. ; cm e o
Length of main stem 86.9 95. 5 88. 6 92.4 96.9 88.7
R ‘ ES cm B k Kk
Length of panicle ‘ 20.1 22.9 19.7 19.9 20.8 18.2
Number of panicles 22.0 21.5 22.0 22.0 21.5 22.0
3 et g gk ok 3k et
Weight of grains 42.8 56.6  49.2 522 550  40.7
per pot ‘ g e
s E ek et
Weight of top 497 60.4 57.8  60.0 57.0  54.4
per [’)Ot ! 0{,)
Grain/top ratio - 87.0 93.8 850 868  98.0 74.5
Weight of 1, 000 g X
grains 31.8 32.1 so.f 33.3 2?. 8 30.9
. stesge e s ook ke
Number of grains 104.3 112.3  101.5  97.0 131.0  77.8

of main stem

*, ** and *** ; Significant at 5 %, 1 % and 0.1 % level against plot 6, respectively
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Fig. 6. Effects of water-temperature

lowering at the different stages
on the grain yield.
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Table 4. Changes of the classified roots in per cent,

July Aug. Sept.

f Plot Sort e

15 25 2 9 17 26 4 11

) New root | 18.0% 50.4 223 13.8 128 7.5  — 1.4

Brown root | 8° 0 49.5 53.8 32.2 24.3 29.1 — 22.6

Stagnant water |, o | 0 13.8 540 63.4 63.6 —  76.0
| Total | 100.0 1000 1000 1000 1om0 100.0 100.0  100.0

| New root J 18.0% 50.3 328 8.9 2.1 93 1.3 4.0

: ' Brown root 82.0  49.7  67.2 42.9 42.1 416 266 8.3
Running water g oot | 0 0 0 25.1 368 491  62.1 627
. Total | 100.0 100.0  100.0 100.1 100.0 100.1 100.0 100.0

|
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Table 5. Changes of the percentage of each constituents.

i : ; Aug, Sept., Oct.
Part | Plot | ' ) )
| o142 30 7 16 27 6 13 30
. Leaf-and | A | 2 6% 1.74 1.47 1.52 1. 24 .04 0.88 0.72 0.5 0.54
Total - -stem B .09 L8l L6l 167 1.21 1.18 1.04 0.85 058 053
nitrogen | | 2
i . A .38 1.24 1 1. 02 03
Panicle .51 —  1.22 1.07 1.03
Leaf-and | A | 13.79 15.47 18.11 19,21 2131 23.99 2250 2187 2177 21.05
Crude stem B = 13.83 16,10 17.31 20.23 22.88 21.40 21.66 21.96 21. 05
starch Panicle | A 19.30 26.81 44.72 54.01 60.06
[ B | 17.65 23.45 45.95 57.62 64.10
Leaf-and A — 421 3.63 3.39 536 539 65 7.05 582 5 9
Total -stem B — 428 3.40 3.76 6.20 6.01 7.07 5.71 585 5 23
sugar j
. LA 0.99 3.18 —  1.36 1.7l
Panicle | p .84 223 — 162 0.99
Leaf-and | A | 11.43 13.01 12.21 13.45 11.40 10,41 11.95 11.38 11.20 10.55
Crude -stem B 11.82 13.71 13.21 12.18 11.36 10.99 11.90 12.42 10.59 10.79
ash Panicl | A 465 — 427 500 4.03
anicle | B 3.9 6.69 4.67 4.64 3.63

A : Stagnant water
B : Running water
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Fig. 14. Changes of the amount of total

nitrogen per hill.
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Table 6. Comparison of the characters influencing to yield in
each plot.
] 1
" Plant Length Length Weight Weight of Weight of Number Number of
Plot height of stem . of top grains 1, 000 of grains per
panicle per pot grains panicles  panicle
S cm em cm g N g g o T
Stagnant l 98.0 72.0 18.6 47.1 30.4 25.9 215 87.4
water
Running | e # * e -
water \\ 101. 5 77.8 19.4 50.2 38.2 25.6 22.9 101. 6
and R Sngmﬁcant at 5 %, and 1 %, respectively
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Effects of water temperature on the maximum number of

tillers and the percentage of productive tillers,
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Table 7. Composition of panicles per hill (1957).

T Plot | Stagnant
Sort ~~\\\\\ \‘ 1 3 5 7 9 11 13 15 water
Main stem | 3.0 30 30 30 30 30 30 3.0 3.0
1st tiller | 11.0 10.5 11.5 11.0 11.0 10.0 10.5 10.5 10.5
2nd tiller | 7.5 6.5 5.0 4.5 3.0 3.0 3.5 2.5 3.0

Total ~ 1.5 20.0 19.5 18.5 17.0 16.0 17.0 16.0 16.5
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Fig. 37. Changes of the number of tillers in each plot.
Table 9. Effects of water temperature on the percentage of tillers
showing the length more than 66 % of the tallest tiller
in height at 5 August,
T Treatment| Much-fertilizer Standard-fertilizer
. ) ~ Stagnant Running  Stagnant  Running
Variety water water water water
Shiranui | 81. 8% 70.8 67.0 71.6
Tachikara 70.3 71.8 71.5 73.7
Norin No. 18 | 77.8 72.9 82.3 8.6
| 90.3 76.5 81.0

Zuiho

76.5
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Table 10. Effects of water temperature on the coefficient of variance
of the tiller height in a hill,
o Treatment! Much fertilizer Standard fertilizer
Veviey | e Ramming  Sagnant  Runding
Shiranui * 21.91 24.05 23.55 30. 09
Tachikara 33. 43 31.17 28. 61 27.50
Norin No. 18 22.68 28. 81 22.28 24.91
Zuiho | 15. 71 23.63 26. 46 25, 24
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Fig. 38. Varietal difference of the effect of TIHIRAETIZ M 18 ST 20 & X BT 2

water temperature on the weight
of grains and number of panicles.
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Table 11. Varietal difference of the effects of stagnant and running water
irrigation methods on the yicld during the tillering period.

e Fertilizer !
e ‘ Much Standard
_ Varieties — . N —
| . .
Shi anu}{eally matunng type Stagnant ._ Running Stagnant . Running
Ir much tillering type water ~ water water ~ water
*1 {mxddle maturing type . 7 ” < ”
Tachnkara middle tillering type . ~ ==
middle maturing type ,
Norm No. 18{m1ddle tillering type < ’ i = 7
..~ {late maturing type —
Zulho{less tillering type : 7 7 = 7

#] « inclined to much tillering type *2: inclined to less tillering type
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Fig. 39. Changes of the plant height in each /%EJ':?WDWIMSZ}%ﬂaﬁ)ﬁt' MU T 111
plot. EOCHRIZ I 12 2T LT X 9L, LA 26°C, m
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Table 12. FEffects of water temperature on the percentage of tillers showing
the length more than 66% of the tallest tiller in height (measur-
ed at the stage of young panicle initiation),

Variety
1 Hoéyoku Reihé Sendai Norin No. 18 Zuih6
Plot !
32°C constant 72.8% 74.0 68. 3 74.4 72.8
Day 37°C night 26°C 60. 3 75.5 62.5 67.3 78.0
Day 26°C night 37° C k 76.2 76.1 72.9 85.5 75.0
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Fig. 40. Changes of the number of {tillers in each plot.
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Table 13. Effects of water temperature on the average length of stem and
the coefficient of variance of plant height in a hill.
Hoyoku Reihé Sendai Nérin No, 18 Zuihd

Plot Average Average Average Average Average
length c.v length c.v length c.v length c.v length c.v,

of stem of stem of stem of stem of stem
32°C constant 58.3cm 10.5 63.9 11.7 70.2  11.2 79.6 7.7 82.0 7.7
Day 37°C night 26C 55.5 11. 6 60. 8 8.2 63.5 16.3 71.8 12.5 72.9 12.6
Day 26°C night 37°C | 53.7 13.6 552 13.5 6.6 17.1 67.8 13.9 67.5 10.3
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Table 14. Air temperature and sunshine duration in different nine cultivation
period.
|
Plot 5 I 11 III v \' VI VII VIII IX
|
max, | 227°C 248 2.1 820 822 324 %06 /1 22 7
Air temp. {min. 12.8 16.6 19. 4 24.8 24.9 24.5 21.7 18.0 13.0
mean 17.7 20.6 23.0 28.0 28.0 28.1 25.8 22.5 17.5
Sunshine duration
per day 4,9hr 3.9 4,2 7.5 6.1 7.7 7.3 7.8 5.9
s, / JFYINE > UL K ol 223K ;Z;. 5 2
April May  June July  Aug. Sept. ()L 43 [K”i /&/qul["&&C BY Z),!,L)tél &liﬁ_xh{m@%@( €
: KU EDTHAH. WL DM ATRDO B E &b
T WV TN CHRINTRING 5, TTHROEE, T7DBbD
I o \l E ST S T O ORI ES A DD
Fig. 42. Cultivation period in each plot. TIrb L AKNTERNE, 75, EJTOXMRT, i, T

I~IX indicate plot number.
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Table 15. Analysis of variance of plant height.

Factor N l S. S. \ S.S/N | F
Day water temp. | 3 | 1, 445. 84 1 481,95 | 88.75%*F
Night water temp. 3 | 8,692.72 | 2,897.59 |  539.59%**
Cultivation period 8 | 15698.88 | 1, 962. 36 365. 43+
Day water temp.Xnight water temp. 9 ‘. 364. 94 « 40. 55 7. BB
Day water temp.Xcultivation period 24 ! 221.23 | 9.22 | 1.72%
Night water temp.> cultivation period 24 \‘ 1,383.05 | 57. 63 | 10, 73%#%
Error J‘ 60 l l —

. 72

#oww gnd *¥% o Significant at b

/[\//(//’

1 % and 0.1 %, respectively

386. 5. 37
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Fig. 43. Combination effects of day-and-night water temperature and
air temperature on the plant height,
« Gradient of linear regression.
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Table 16. Analysis of variance of number of tillers.

Factor N ] S.S. | SS/N F
Day water temp. 3 68. 58 ’ 22. 86 14, 38*x*
Night water temp. 3 ; 177.08 | 59.03 37.13%%*
Cultivation period 8 3 260.63 | 32.58 20. 49#%*
Day water temp. <night water temp. 9 ! 345.76 | 38. 42 24, 16%%%*
Day water temp. X cultivation period 24 45,19 | 1. 88 1.18
Night water temp. <cultivation period 24 66. 96 2.79 1. 75%
Error 72 144. 30 \ 1. 59 —
¥ % and *¥* : Significant at 5 %, 1 & and 0.1 %, respectively
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Fig. 45. Combination effects of day-and-night water temperature
and air temperature on the number of tillers.
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Summary

I. Relation between lowering of the day water temperature and the growth of late variety,
Zuiho

(1> The rice plants were cultivated in the pots immersed into the stagnant water in a
concrete tank. At the different stages during the growing period, several pots were transferred
into another tank supplied during daytime (from 9 a.m. to 5 p.m.) with the running water was
the temperature of which comparatively lower (maximum ; 25-29°C) than that of stagnant water
(maximum; 29-35°C): In the plants subjected to the lower tempered condition at panicle
developing period, the withering of the lower leaves was delayed and the length of stem and
panicle, the number of grains per panicle and the weight of grains per pot were significantly
superior to those cultivated under the warmer irrigating water throught the growing season.

Either during the tiller period or after the heading, both the growth and the yield were
not affected by the lower irrigation water.

(2> The growth of rice roots throughout the growing season put under the running wiih
lower day water temperature was compared with that under the reserved water with warmer
temperature. The roots were classified into three kinds on the basis of their age; new roots,
brown root and dark root, includng partly rotted ones in the later season.

At the first half of panicle developing period, both in the number and in the weight the
new roots under the lower condition exceeded those under warmer condition and the number
of the rotten roots remarkably increased in the ones put under the warmer condition at the
later half of the panicle developing period.

Of these three kinds of roots the comparisons of respiration rates were carried out at 30°C
by Warburg’s technique during the period after the maximum tillering, according to which
different rates were obtained. The growth rate of the new root increased to some extent,
reaching the peak at the panicle developing period then gradually decreased, while that of
brown roots remained approximately constant until the heading period, and those of the dark
roots decreased steadily down to the same period.

(3) The effects of the lower day water temperature brought forth by the running water
throughout the growing season on the contents of rice constituents, such as total nitrogen,
crude starch, total sugar and crude ash were compared with those of warmer one brought
forth by the stagnant water.

During the period after panicle initiation, the dry weights of root, leaf-and-stem and panicle
under lower condition exceeded those under the condition successively,

Until the middle period of ripening under lower temperature the percentage of total
nitrogen of leaf-and-stem was higher and that of crude starch was lower than that under
higher one. The amount of nitrogen per plant under lower temperature was larger before and
after the heading period in comparison with that under the warmer condition. A similar tendency
was also found with crude starch of leaf-and-stem and panicle observed at the ripening period.

II. Relation between water temperature and the growth of middle variety, No6rin No. 18

(1D In the paddy field, the effects of the lower day water temperature due to the conti-
nuous watering during tillering period on the growth on Noérin No. 18 were investigated.
Water temperature gradients occasioned by the difference in the distance between the inlet
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(mean ; ca. 21°C) and the outlet (mean; ca. 31°C) for irrigation water were ascertained.

As the water temperature increased, the number of tillers and panicles per hill decreased.
On the other hand, the number of grains per panicle and the weight of 1,000 grains decreased
in accordance with the lowering of the temperature, especially remarkable when it was below
ca. 25°C in the mean temperature. Therefore, the total number of panicles and the weight of
grains per hill showed the greatest value in the pots subjected to 25-26°C in the mean water
temperature and less than 30°C in the maximum water temperature, and they decreased when
put under the higher or the lower temperature than these. At the panicle initiation period,
the amount of nitrogen per hill showed the same tendency as above mentioned.

(2) Relation between water temperature and the young spike development was investigated.
Pots with rice plants were immersed in the water tank kept regualted to three constant temp-
eratures, namely, 26°C, 32°C, and 37°C during the period of the young panicle development. One
set was placed in the open air and the other in the greenhouse. In the outdoor the number of
differentiated spikelets not affected but the number of developed spikelets per panicle decreased
by the 32°C treatment and in both cases was occasioned of decreasing by 37°C treatment
more remarkably, compared with 26°C treatment. These bad effects were prompted in the
greenhouse, especially in the plants dealt with 37°C treatment, heading was not observed. At
the both 32°C and 37°C treatments the amount of roots reached the peak at the half of panicle
developing period and thereafter decreased, on the other hand, it increased until heading
date at 26°C. The number of rotten roots per plant remarkably increased in the high water
temperature plots, especially 37°C plots during the later half of panicle developing period.

In the paddy field, the effects of lowering water temperature brought forth by the continuous
watering during the panicle developing periop were investigated. The total number of deve-
loped spikelets per hill showed the greatest value in the pots subjected to ca. 26°C treatment in
the mean temperature and less than 32°C treatment in the maximum temperature.

(3) From the results of experiments, the following assumption may be made. Optimal
water temperature to tiller and young panicle development in the warmer district of Japan
lies at ca. 26°C in the mean temperature and at the temperature less than ca. 32°C in
maximum temperature.

[II. Varietal difference of the effects of water temperature on the number of the panicles

(1) In the paddy field, Shiranui (early var., much-tillering type), Tachikara, Norin No. 18
(middle var., mid-tillering type) and Zuihéd (late var., less-tillering type) were cultivated under
two different water conditions, viz., lower day water temperature due to the running water
(maximum ; 25-26°C) and warmer day water temperature due to the stagnant water (maximum ;
31-35°C) during the tillering period.

Tiller increase of plants under lower condition was carried out gradually during the early
stage of tillering period, but it exceeded that of plants put under the warmer condition after
the half of tillering period. So far, the intersecting dates of the two tillering lines were
ascertained to be same, irrespective of the kind of varieties. Therefore, it was assumed that
the longer the length of the period covering from transplanting to penicle initiation proper to
the varieties, the greater is the increase of the number of the panicles. On the other hand,
tiller increase was made various by the varying degrees of tillering ability peculiar to the
variety. Then, the number of panicles per hill of Zuihd, belonging to the less tillering type,
underlower condition, was not significantly superior to those under warmer condition.

From these experimental results, the following assumption may aptly be made. It was
only the group belonging to the middle varieties, Tachikara and Norin No. 18, that the
increase of the number of panicles due to lower day temperature could be expected.

(2) Water tanks were regulated to the three temperature conditions, namely, ‘32°C
constant; ‘day 37°C night 26°C, and ‘day 26°C night 37°C, during the tillering period. Hoéyoku
(early var., much-tillering type), Reiho, Sendai, Norin No. 18 (middle var., mid-tillering type)
and Zuiho (late var., less-tillering type) cultivated under the respective water condition.

The number of the tillers and panicles put under ‘day 26°C night 37°C, condition increased
remarkably, but the yield per hill was reduced to minimum on account of the remarkably
decline of the number of the spikelets. The process of the tiller increase under ‘day 37°C night
26°C, condition was similar to those put under lower day temperature above mentioned, viz.,
only at the group middle varieties, Sendai and Nérin No. 18 both the number of panicles and
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the yields increased.
IV. Effects of the day and night water temperatures on the vegetative growth in relation to
air temperature change accompanied with the shifting of cultivation period

Pots cultured rice plants, var. Nérin No. 18 were grouped in sixteen plots. Each plot was
subjected to the different combinations of day and night water temperatures, twenty days, in
the four water tanks regulated at 26°C, 30°C, 34°C, and 37°C, respectively. These tests were
conducted at nine different periods from April to November.

Plant height increased linearly as the air temperature increased, but those gradients were
kept smaller under the conditions of high water temperature, especially, when put the water
temperature higher than 34°C at night. Optimal water temperature for plant height lowered
with the increasing air temperature. Favourable effects of the daily wide range of water tempe-
rature on the number of the tillers were observed clearly, especially, at the period with optimal
air temperature (mean; 20-26°C) for the increasing of tillers. High air temperature was ascer-
tained to have effectiveness to widen the optimal water temperature range in which the num-
ber of the main stem’s leaves increases. Both effect of the air and water temperatures on the
weights of top and root, showed a similar tendency of the effects on the plant height,

From the results of the experiments, it was assumed that the optimal water temperature
for rice growth lowered inversely to the increasing of the air temperature,



