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Studies on the Consumptive Use of Irrigated
Water in Paddy Rice
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Summary

This experiment was conducted to find out the consumptive use of irrigated water for calcula-
tion of duty water in paddy rice. Tall statured Japonica rice varieties, Nongbaek (early), Jinheung
(medium) and Akibare (late), and short statured Tongil typed varieties, Josaeng Tongil(early),
Suweon 264(medium) and Suweon 258(late) were planted on the experimental farm of Kon-Kuk
University in 1979. The results obtained in this study.were as follows;

1. During the experimental period, the daily mean temperature was almost similar, the relative
humidity was higher as much as 2.8%, the amount of rain fall was 100mm less and the pan
evaporation was 70mm less compared with those of 30 years average, respectively.

2. The paddy soil was silty loam, which was suitable for the rice cultivation.

3. Varietal differences were find out for plant height, culm length, number of tillers, number
of panicles, heading date, matured grain ratio, 1000-grain weight and rough rice yield. This diff-
erence might be the cause of varietal difference of the consumptive use of irrigated water during
the rice growing period

4. The evapotranspiration was gradually increased after transplanting and showed the peak
from booting to heading stage of rice varieties. The average evapotranspiration through the whole
growing period was 5. 67—5. 80mm/day for tall statured Japonica varieties, and 5.99—6. 39mm/day
for short statured Tongil typed varieties.

5. The ratio of evapotranspiration to pan-evaporation through the whole growing period was
1.49—1.50 for Japonica varieties, and 1.60—1.66 for Tongil typed varies,

6. Average amount of percolation in paddy field was 3.52mm/day through the whole growing
‘period of rice plant.

7. K-value in Blaney & Criddle formula was 0.94—0. 98 for Japonica varieties and 1. 02—1. 08 for
Tongil typed varieties, and coefficient consumptive water use (Kc-value) was 0.95—1.02 for
Japonica varieties and 1.04—1.12 for Tongil typed varieties in this study. The modified coeffic-
ient for consumptive water use, which was calculated from data collected through the country inclu-

ding this study, was as follows;

June July August Sep. l

Period Average
M. | L E{M‘L E [ M| L |E M*

Modified value [ o.sc‘ 0.97[ 1.11‘ 1.27] 1.38[ 1.46] 1.51‘ 1.44] 1.27] 1.11‘ 1.238

*E: Early, M:Medium, L:Late
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Meteorological data during experimental period

Mean Temp. (°C)[R. Humidity(%) Prec?r);z;ion ‘Sun Shine (hr.) Pan e(v;g?)ratlon
Period - i
1979 , Aver, 1979 | Aver. 1979 ] Aver. 1979 I Aver 1979 | Aver.
E. 19.6 19.3 85 69 49.2 32.5 25.1 78.1 34.3
June M. 21.8 21.1 77 72 123. 4 49.4 48,2 73.5 39.5 147.2
L. 23.0 22.1 88 75 171.8 110.3 15.7 65.2 24,9
E. 23.8 23.3 80 80, 51.5 152.3 55.5 56.2 47.1
July M. 23.9 24.7 77 81 63.7 105.7 49.8 55.9 43.2 130. 2
L. 25.4 25.7 87 82 116. 5 149.9 30. 4 59.1 32.3
E. 25.6 26,1 84 79 133.3 62,2 45,5 63.7 33. 5
Aug (M 25,9 26.0 79 77 71.1 49.8 52.3 69.6 40. 2 140. 8
L. 24,4 24.3 72 78 7.2 82.4 64. 2 62,7 51.8
E. 21.2 22.2 71 76 10. 5 90. 3 65.7 63. 4 43.3
Sep. M. 20.8 20.3 77 72 32.0 36.2 47.5 72,6 33. 6 114.8
L. 17.9 18. 3J 69 71 3.1 13.5 59.6 69.4 36.5
Mean(Total) [ 2.77; 22, 78] 78. 8[ 76| 83, 3} 934.5| 4. 6} 65. 6‘ 460. 2[ 533.0
Table-2. Mechanical properties of paddy soil used
Ltem Texture(%) Consistency (%) Classification
6 oot 1L | L | BI J st, Hydro| Tri{ Uni S0 | SiE | Clay
Soil depth mm mm [mm | [meter angle| fied
0~10cm 22.75| 43.88] 31, 5’ 28.8| 22.0/ 6.81] 19.4/ 2.64] CL ‘ CL 42,7 30.3] 22.8
10~20cm 24,12| 42.13 33. O‘ 27.9) 20.9] 7.03| 18.6 2.65 »n " 37.9| 33.8 24.1
20~30cm 23,95 44.18] 31. ]' 27.3| 19.7| 7.60| 17.6 2.65 »n " 37.6| 35.5 24.0

*LL: Liquid limit, PL: Plastic limit, PI:

Plasticity index, SL: Shrinkage limit, CL; Clay loam
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Fig. 2. Variation of plaut height and number
of tillers per hill of six rice varieties

Table-3. Varietal variation of growth and yield of paddy rice

Variety Hoading | Culm, | Paniclel 2. ) prains | grain | grain | rice.
/hill /pan. | ratio wt. yield
cm cm 2% g| kg/10a
Nongbaek Aug. 6 96.1 20.9 14,7 97.5 88. 1 26.6 524
Japonica type Jinheung Aug., 22 96.9 23.3 14,7|  107.1 79.7 25.7 613
Akibare Aug. 28 72.9 21.4 17.1 88. 5 80.3 23.5 611
J. Tongil Aug. 6 61.0 21.6 15.3 96.1 75.0 26.1 626
Tongil type Suweon 264  |Aug. 14 60. 5 23.4 16.1 88.5 85.1 23.2 583
Suwoen 258 Sep. 1 60. 3 22,41 15.4 109.7 72.0 25.0 650
F-test — ek NS * NS| ks * sk *
LSD 5% - 4,6 NS 2.5 NS 9.7 1.3 109
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Table-4. Varietal differences of evapotranspiratinon and its

at each growth stage

rate to pan evaporation

(Unit mm/day)

Japonica type Tongil type
Period V | Nongbaek Jinheung Akibare J. Tongil |Suweon 244 | Suweon 258
ET [ET/V| ET [ET/V| ET iET/V ET jET/v ET [ET/V| ET |[ET/V
M. 3.9 3.75 0.99 3.64] 0.920 3.700 0.93 3.8 0.98 4.05 1.02] 3.7¢l 0.96
June 9 2.49) 4.300 1.73 415 1.67| 4.21] 1.69] 4.36 1.75 4.28 1.711 4.1el 1.e8
E. 4710 5.260 1,12 5.32) 1.13) 5.28) 1.12] 5.771 1.23 5.66 1.200 5.8/ 1.20
July M. 4.3 6711 1.55 6.64| 1.53 6.400 1.48) 7.3C 1.69 7.22 1.670 7.67 1.78
L. .23 5.62 .91 6.02 1.86 6.12| 1.89| 6.12] 1.89 6.34] 1.9¢ 6.42 1.98
E. 3.35 6.521 1.95 6.34 1.89| 6.48| 1.93| 7.58] 2.2¢) 8.1¢| 2.43 7.97 2.38
Aug. [y 4.02 7.520 1.87] 8.02) 1.99| 7.86 1.95 7.64l 1.90 8.60| 2.14 7.84 1.95
L. 518 664 1,28 7.620 1.47) 8.24f 1.59] 7.48] 1.44] 8.56| 1.65 8.35 1.6
Sep. /B 4.33 4.6l 1.0¢ 5.96 1.38 5.620 1.30] 5.23 1.20 6.65 1.53 6.54 1.5]
M. 3.3¢ = —| 3.920 1.1 42l 1220 | 436 1.29 .84 1,42

Mean (Total) ] 38.94

5.67' 1.49‘ 5.76[ 1.50’ 5.80’ 1.51} 5.99] l.60f

6.39‘ 1.66 lé.ssl 1.65

V: Pan evaporation ET: Evapotranspiration E.:
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Table-5. Varietal difference of percoration at each growth stage
(mm)
. Japonica type Tongil type Daily
Period Total P_ercora—
Nongbaek[ Jinheung [ Akibare | J. Tongil[ S. 264 | . 258 tion
M. 4.3 4.2 3.2 3.8 4.1 3.4 23.0 j 3.8
June -
L. 2.4 3.1 2.7 3.2 3.0 2.9 17.3 2.9
E. 3.0 3.7 4.0 3.6 3.8 4.1 22,2 3.7
July M, 4.0 3.5 3.5 3.7 3.5 4.0 22.2 3.7
L. 3.1 2.8 3.0 3.1 2.5 3.5 18.0 2.7
E. 2.7 2.6 a1 2.5 3.2 2.9 17.0 2.8
Aug. M. 2.6 3.2 2.8 2.9 3.5 3.1 18,0 3.0
L. 4.4 4.2 4.6 3.8 4.1 3.5 24.6 4.1
Sep. (B 4.2 4.5 4.1 3.6 3.9 3.5 23.8 4.0
M. — 3.7 4,0 — 4.1 3.2 15.0 3.8
Mean } 3,41 ) 3,55 3.50 235 | 857 | 3.41 | — | s
Table-6. K-values in Blaney & Criddle formula
Japonica type ' Tongil type
Period i 5 Sow
Nongbaekl ]inheung' Akibare ' Mean "ngeg?lg g\grfon l uzsgon } Mean
M. 0.62 0.60 0.62 0. 61 0.65 0.67 0.63 0.65
June §p 0.70 0. 67 0. 68 0.68 0.71 0.69 0.68 0. 69
E. 0.84 0.85 0.84 0.84 0.92 0.90 0.90 0.91
July M. 1.08 1.06 1.03 1.06 1.18 1.16 1.23 1.19
L. 0.89 0.93 0.95 0.92 0.95 0.99 1.00 0.98
E, . 1.05 1.02 1.04 1.04 1.22 1.31 1.28 1.27
Aug. { M. ] 1.23 1,32 1.29 1.28 1.25 1.4 1.28 1.31
L. P14 1.3 1.42 1.29 1.29 1.47 1.44 1.40
E. ] 0.91 1.16 1.10 1.12 1.02 1.29 1.27 1.19
Sep. . | — | o8 | o8 | o082 — | o8 | o9 | o84
Mean | 0.94 [ 0.97 ‘ 0.98 0.96 ( 1,02 ‘ 1.08 1.07 ‘ 1.06
7} 6 s 7 9] 2Mle] Az X
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Table-7. Consumption coefficients (Kc-value) of irrigating water in paddy field
\\\VYear 72 | 73 74 _ 76 77
ar. - - - B i
Period ™\ Tongil? g;néle"’ Tongil Jlgnheu'lTongi] ,J:_lngheu'[Tongil \Yushin' M. 23 l!nggheu"Tongil ‘ Yushin
E. — | o.87| o0.87 — — = =] —\ - = — —
June [y, 0,931 0.61| 0.81] 0.66( 0 86' 0.81 0.74| 0.78] 0.81] 1.13] 0.85| 0.94
L. 0.89 ] 0.74) 1.18| 1,05 1.03! .11 0.92| 0.88] 0.91] 1.07| 0.95| 0.94
(E. 0.86| 0.93( 1.18| 0.72 0.77] .40 1.48] 1.46 1.24\ 0.60 | 0.53| 0.55
July fyp. 0.85| 0.94] 1.11| o0.88| 0.87| 1.36| 1.35] 1.32] 1.33] 1.20| 1.24] 1.25
i
L. .23] 0.95| 1120 0.99| 1.09| 1.54] 1.42| 1.46 1.26. L41] 1.26| 1.30
E 0.83| 0.86| 0.89| 0.79 | 1.06| 1.17| 1151 1.13| 1.18¢ 1.36| 1.51| 1.5
Aug. Iy 1.8 1.177 1.40| 1.11| 1.50{ 0.95| 0.87| 0.90| 0.90} 1.65| 1.70| 1.80
L. 88| 112 39| noa| 1.47] 087 ] 0.69] 0.85| 0.741 1.58| 1.53| 1.46
i
E. 0.98 | 1.02| 1.07( 1.10| 101 1.24| 1.55| 1.45| 171 | lL.22| 1.22| 1.12
Sep. {M. 1.10 — — ! 25| 1.33] 127 1.56| 1.52 1.55| 1.00| 0.91 0.85
!
Mean l 1.14[ 0.92 1.10] 0.85] 1.10] 1.17 | 1.17] 1.18] RN I ERIARRY
7 | 79 - Round -
Mode |:
Total | Mean ing
Nong-{Jinheu| Akiba- J- value " 2q 0
M, 23’ S. 264 baek Ing re ‘Tongil‘ S. 264‘ S. 258 \ M
E. - — — — - = — — | 1.741 o.87 — —
June g 0.95| 0.93| 0.67| 0.65| 0.71] 0.721 0.73] 0.681 1597 | 0.80| 0.86| 0.86
L. 0.94] 0.93| 0.74] 0.71| 0.72 0.75| 0.73| 0.72117.31| 0.87| 0.97| 0.97
E. 0.53| 0.57| 0.86] 0.87| 0.86 0.94| 0:92| 0.92 ‘ 18.33 | 0.92| 0.87| 1.1
July Jyp, .24 1.30| 1.10| 1.08| 1.05 1.20| 1.18| 116l 2307 | 5 27| 127
L. 1.24| 1.34| 0.84| 0.90( 0.92] 0.92| 0.96| 0.97]25.09] 1.25]| 1.25] 1.38
E. .39 1.41| 1.o7| 1.02| 1ol 118 127 10622750 114 L21| 1.46
Aug. 1y, .70 ] .77 | 18| 1.27| 1.24] .20 1.36| 1.23] 26,741 1.34] 1,250 1.51
L. .52 1,38 114 1.31| 1.42] 1.29| 1.47| 1.44 | 25.59! 1,281 1,44 | 1.44
E. .28 118 nov| 129 1.220 1.13 0 1,43 1.41 ) 24,88 1,24 118 .27
Sep. {M. 1.06 | 0.92 —] 09| 102 —| 1.09] 0.95 17.38| 0.871 1.11| 1.1
Mean ] 1.18] 1.17] o.95] 1.01 } 1.02] 1.04‘ 1.12‘ 1.10] 13. 61 f 1.07[ 1.14] 1. 24
3% Data during 1972—1977 were cited from ORD report.
x> ERH 0.94, IRE 0.97, o}7vbeE]l 0.98, F4 92 OEER AR iR 938 A= @
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Fig. 3. Seasonal variation of consumptive coefficient of irrigating water
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Table-8. Comparison of standard and modified Kc value

Period June July August ' Sep.
Mean
Ke | M. ] L. E. j M. | L. | E. [ M| L | E | M
Standard 0.89 ‘ 0.91| 0.95| 0.99[ 106| 18| 30| 22| 1.11| 0.9 1.057
Modified 0.86' 0.97 1.1 1.27 1,38 1.46 1.51 1,44 1.27 1.11? 1.238
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