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Studies on the raising of the temperature of irrigation water

Report IV. On the effect of the irrigation of warm water

upon the temperature of water and soil of the paddy field

and on the air temperature near the water surface

Risuke YAKUWA

Instiute of Agricultural Meteorology,

Faculty of Agriculture, Hokkaido University
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Fig. 1. Location of experiment plots. 1~9 are warming pools.
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Table 1. The height angle of the
sun and its azimuth
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Fig. 3. Hourly variations of the water tempe-
rature in a water warming tank and
at observation points A and C.
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Fig. 4. Hourly variations of the water temperature in plots 1 and 2. At
8h 30w, 29 June water of 21.9°C and of 15.9°C was applied to
plots 1 and 2 respectively; again at 15h30w water of 32°C and of
26.0°C was applied.
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Fig. 5a. Geotherms in plot 1.
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Fig. 6. Distribution of the water temperature
of the surface.
At 15030 water of 32.0°C and 26.0°C
was applied to plots 1 and 2 respec-
tively.
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rature in a water warming tank and
at observation points A and C.
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Fig. 8. Hourly variations of water tempera-
ture in plots 1 and 2.
At 15020m water of 40.2°C and of
25.2°C was applied to plots 1 and
2 respectively.

8b 55 15 FToOMROAEY* RS- (B8RA),
100 iz 0.8°C oEsE M MOzl A%
137 < 15 el &) 34.1°C 57325, 1560200
W5 2 RICITiE Ak T 55 25.2°C ok a S L A0
©, 150 2555 161230 ¥ iz kiRis 5.1°C &1L <,
29°C =%k %% # 1Rz 40.2°C oRAEERL
D TKBEOTHREEIARTHEY 0 A FEL fEh T 160
0m im 2K & 0 % 4°C DERETRT

1Th 3~ L IXIZ 7 3.4°C EHE< % 555
FOBITI D LERRADL 280 22 1°C i Bo B
) 1h 8" OOETED TR &,

iR o b &

SRR EE KR & (SRR LR L0 B, Bl
BEE2 Kk 160 = 33°C v okt BkENEo
B OB TITE L < &< 16830™ iz i3 28.5°C %
TFOTW5, CHIERLE I Rick\ iz, 150 2
HEERELEESY 82.5°C T oty 16120m rim ki
BLicoT, HERERTIRELIEN R D,

RiICHI PRI OIREE R /5 729, 15, 17, 19, 23b
OB OEESME R T EEIROET KB,

EARHI DA 160 o iy, WREC KL 2%
ELRVDY HEkEo 1T ofliljx 5 Ll
KT 2K & o i< 2.6°C, 5em w4, 0.8°C &R
ThBo 190 1m s~ C d kDB ENTEFE © 10ecm ©
WRETEHIATV S,

LI_Eoin < BRoKROEE, KEDKESS X U
BT R & Iefdw 3 JITT 05, HEKIE & /KE KR
L HIUIRTRAE U< BRI B & LR
K L THB E LD, KB 3Tk
D LERAERE DD T EHEINELREMNTE D,

BRAEFER LABSO
EHKREEM

AEKEOBEL, ThicET s8Rz EEYs
FiEF o L 35 [Tk At Ehr iR EEL
EB72D8 HI HOPHEH 2®A T 16020m 451
Rizix 43°C ofks, 2K 21.7°C ok % B
HL, BRI s SRR KRl L CHIROREE
GHEGHN Lo ChERRTS L8 10 oL
ThBH, HBLAROESIR T0em 5Dk,

FTFRBERESA Y R, BEERIC 3\ ik
L 10cm o3t 2 ROKEIE IR L0 3 0.4°C
ERTE DD, FOMOEIITRCTRBAERERT
Hbo T HEEAION ] KMERER $F2KR L0
1.0°C b ERTh B WLABIEORCERES
L, 5,10em w3\~ Ti3fRA ERR E 2 Do L UE
PR AHEROKES L UKEBCIRELVENE
LB, 581 R CIREKOBE Y F I kiRl 33.6°C
o, MR 33.5°C Iz HL, #H2RDFN LD
#x 5.83°C, 1.0°C oER & 7% BKOBEBITES
Sem oOMiREch s LN WEO XL 0.7°C ¢4
%o K[EOEEDHZ R TS, KL lem izl
iz 2 R X b 3.4°C 154, 50ecm B ETLRK
DFBER LN 5o



NSk HEROKRo ERET R (E4da)

Temperature in °C Temperature in °C
24 26 26 27 28 20 30 31 32 33 24 25 26 21 28 2

[i} + — T —r 0 T = T T
£ 10 . 10
. E
B 2
8 -3

b 7 a. 150 Before irrigation) 20 N

C. 18h(After irrigation)
Temperature in °C .
24 2 . Temperature in “C

0 r LB 30 32 —t3 22 we 2
E
S -

10 £
£ ] 10

£

S
Fd 5
& £

20F ZOL

b. 17h(After irrigation)
d. 23b(After irrugation)

Fig. 9. Depth-temperature curve ]
At 15h20™ water of 40.2°C and 25.2°C was applied to plots 1 and 2 respectively.
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Table 2.  Frequency of irrigation and
temperature of irrigation water.

Hour 11125 13h45m 15015m 17LO0™

Water
temperature °C 32.5 29.9 26.9 23.2
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Fig. 11a. Isopleths of temperature of air water and soil in plot 1.
'  Warm water was applied at 11125, 13h4b™, 1515w and 17100 to plot 1.
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Summary

1. The experiment discussed in this paper
was a study on the effect of the irrigation of
warm water upon the temperature of water
and soil of paddy field and on the air tem-
perature near the water surface.

The experiment was carried out in the First
Farm of the Faculty of Agriculture, Hokkaido
University. .

2. Four water warming tanks of thin zinc
plates were used to warm irrigation water.
Each tank was 90x90x10cm in size and was
painted black. The tank was set so as to re-
ceive solar radiation at a right angle.

The hourly variations of the water temper-
ature in the tank are shown in Fig. 3.

Results ot observation of the water tem-
perature at observation points A and C (Fig.
1) are also reproduced in the same Figure.

Experiment 1

The arrangement of plots is as follows

(Fig. 1):

Plot 1. Water which had been warmed in
the water warming tank was applied to the
plot twice a day.

Plot 2. Water from warming pond 7 was
added to plot 2 directly at the same time as
to plot 1.

At 8130w 29 June, water of 21.9°C and of
15.9°C was applied to plots 1 and 2 (Fig. 1),
respectively and also at 15830m, 29 June
water of 32.0°C and 26.0°C added to plots 1
and 2 respectively.

As shown in Fig. 4 the water temperature
of plot 1 was higher than that of plot 2,
especially at 167, 29 June the water temper-
ature of plot 1 was 2.0°C higher than that
of plot 2.

Geotherms of plots 1 and 2 are shown in
Figures 5a and 5b.

Experiment 2

The experimental plots are shown in Fig. 1.

At 15120 27 July water of 40.2°C and of
25.2°C was added to plots 1 and 2 respee-
tively. As shown in Fig. 8 the fall of the
water temperature of plot 1, owing to the
warmer water applied to the plot, was very
slow compared to that of plot 2.

From Figures 10 and 11 it is obvious that
warm water applied to the plot affected not
only the temperature of water and soil but
also the temperature near the water surface.



