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Effect of Cold Water Iimigation on the Growth and Yield Characters of Rice
Varieties at Mid-mountains Area
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Abstract - This study was conducted to obtain the basic information on rice cold damage and relationship to be connected with cold
tolerance. The 20 rice varieties were screened to cold tolerance under low water temperature condition. The water gradient were con-
trolled to 17°C at the inlet and 21°C at outlet of screening field. In the relationship between cold water irrigation and growth of rice
varieties, effect on medium maturing cultivars were higher than early maturing cultivars. In relationship of shorting of culm length
and panicle exsertion, culm length and panicle exsertion showed positive correlation. Yield of cultivars and culm length and percent
of fertile grain showed positive correlation. However, heading date presented negative correlation. In the early maturing cultivars, ex-
cept 'Kumobyeo',all cultivars range of discoloration value (1-3) was resistant. In the medium maturing cultivars, 'Donghaebyeo’ was
resistant in both the seedling stage whereas 'Hwajinbyeo' was resistant only in tiller stage. Cold water irrigation reduced spikelet num-
ber per panicle and percent of filled grain. Unhulled rice yield was increased according to water temperature gradient from inlet to
outlet. There was varietal differences in head rice recovery by cold water treatment.
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Table 1. Meteorological observation at Hwaseo, Sangju city in 2000

Section Mean air temp. (C) Sunshine dur. (hrs.) Rainfall (mm)
Month Period 2000 '95-'99 2000 '95-'99 2000 '95-'99
First 8.2 6.6 98.7 75.0 7.5 49.1
4 Middle 10.6 10.3 89.9 91.6 42.0 16.1
Later 11.1 13.7 79.0 90.2 5.0 18.1
First 14.5 14.5 93.8 86.2 5.0 36.2
5 Middle 140 14.8 69.9 83.8 6.0 35.1
Later 17.6 15.3 101.3 102.6 445 134
First 18.1 17.7 91.8 88.3 26.0 36.2
6 Middle 21.3 194 102.5 92.2 0.0 49.3
Later 20.4 20.1 56.9 76.7 220.4 104.8
First 24.0 21.0 104.3 72.9 16.3 109.3
7 Middle 24.1 21.6 76.1 76.6 51.0 49.6
Later 23.8 23.9 95.0 82.3 260.7 55.8
First 23.7 24.8 84.9 78.2 38.5 95.0
8 Middle 24.4 23.3 85.4 82.9 60.0 152.9
Later 22.8 21.3 75.2 66.1 191.9 113.0
First 20.4 20.3 71.6 79.0 48.2 36.9
9 Middle 16.0 18.5 67.5 79.5 233.0 26.7
Later 16.5 16.0 77.3 69.1 1.0 73.4
First 157 13.8 74.6 76.0 3.0 16.3
10 Middle 10.3 11.9 79.4 73.6 0.0 18.1
Later 11.6 9.7 56.4 73.5 0.0 17.2
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Table 2. Delay of heading with cold water irrigation at different position in rice varieties

s . Heading date (month.day) Delay(c—a)
Division Cultivars Control (a) Out-let(b) In-let(c) (days)
Sobaegbyeo 8.02 8.04 8.22 20
Jinbuoelbyeo 7.31 8.06 8.18 18
Odaebyeo 8.07 8.13 8.25 18
Unbongbyeo 8.03 8.08 3.18 15
Kumobyeo 8.06 8.14 8.23 17
Jinbuchalbyeo 8.01 8.06 8.18 17
Jinbubyeo 7.31 8.07 8.16 16
Sinunbongbyeo 8.04 8.15 8.17 13
Early Sangjubyeo 8.06 8.10 8.16 10
mature Dunnaebyeo 8.03 8.08 8.20 17
Namweonbyeo 7.31 8.10 8.19 19
Sangsanbyeo 3.09 8.17 8.27 18
Sambaegbyeo 23.14 2.21 9.04 21
Samchenbyeo 8.01 8.09 8.18 17
Junghwabyeo 8.10 8.15 8.25 15
Undubyeo 7.23 7.29 8.07 15
Jinmibyeo 8.16 8.20 9.05 20
Mean 3.04 3.10 8.17 13
Hwaseungbyeo 8.16 8.27 9.07 22
Medium Hwajinbyeo 8.21 8.29 9.11 21
mature Donghaebyeo 8.17 8.27 9.03 17
Mean 8.18 8.28 9.07 20
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Table 3. Culm length to treated with cold water different positions to rice varieties

iy . Culm length (cm) a/d
Division Cultivars Inlet @ mid-let ® _ Out-let @0 __ Control (@ (%)
Sobaegbyeo 52.2 63.2 66.0 69.4 75.2

Jinbuoelbyeo 52.8 58.2 61.6 67.0 - 78.8

Odaebyeo 55.4 64.6 68.6 75.2 73.7

Unbongbyeo 55.8 60.4 64.0 75.2 74.2

Kumobyeo 53.8 59.2 63.8 76.0 70.8

Jinbuchalbyeo 67.0 75.2 80.0 38.8 75.5

Jinbubyeo 59.4 64.4 68.2 83.8 70.9

Sinunbongbyeo 50.6 57.6 61.6 75.4 67.1

Early Sangjubyeo 50.2 58.4 63.4 72.6 69.1
mature Dunnaebyeo 51.8 57.4 63.0 77.2 67.1
Namweonbyeo 59.2 65.2 69.4 86.2 68.7

Sangsanbyeo 48.0 60.0 63.4 76.2 63.0

Sambaegbyeo 42.6 50.6 59.0 70.2 60.7

Samchenbyeo 49.4 61.2 69.2 77.6 63.7

Junghwabyeo 58.2 69.2 74.6 87.4 66.6

Undubyeo 59.6 62.0 73.0 77.2 77.2

Jinmibyeo 45.4 62.6 68.4 76.6 59.3

Mean 53.6 61.7 66.9 77.2 69.4

Hwaseungbyeo 52.0 63.0 71.2 84.0 61.9

Medium Hwajinbyeo 49.6 65.8 73.6 86.4 57.4
mature Donghaebyeo 47.0 50.4 68.2 75.4 62.3
Mean 49.5 59.7 71.0 81.9 60.5
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Table 4. Panicle exsertion to treated with cold water different position to rice varieties

T

9%

r o

Division Cultivars Panicle exsertion (crm) d-a
In-let (a) mid-let (b) Out-let (c) Control (d) (cm)
Sobaeghyeo -1.4 -2.0 -2.6 -1.2 0.2
Jinbuoelbyeo -1.8 -2.2 -2.0 -1.8 0.0
Odaebyeo -1.0 3.2 1.0 4.2 5.2
Unbongbyeo -2.8 1.0 -0.2 3.4 6.2
Kumobyeo -2.8 1.2 1.8 5.8 8.6
Jinbuchalbyeo -0.2 0.6 2.2 6.4 6.6
Jinbubyeo -0.4 1.2 1.0 2.6 3.0
Sinunbongbyeo 2.4 -2.2 -0.2 2.2 4.6
Early Sangjubyeo -2.2 -0.2 0.4 3.2 5.4
mature Dunnaebyeo -1.0 1.0 -1.0 3.2 4.2
Namweonbyeo 0.0 0.4 0.6 3.6 3.6
Sangsanbyeo ~2.8 4.0 1.0 6.4 9.2
Sambaegbyeo -5.2 -1.0 1.6 4.6 9.8
Samchenbyeo -2.0 1.2 0.8 3.2 5.2
Junghwabyeo -1.2 4.0 3.8 3.8 5.0
Undubyeo -0.4 1.0 1.8 3.0 3.4
Jinmibyeo -3.2 -0.8 2.4 3.6 6.8
Mean -1.8 0.6 0.7 3.31 5.1
Hwaseungbyeo -4.4 -1.4 0.4 4.2 8.6
Medium Hwajinbyeo -6.6 -1.8 0.0 3.2 9.8
mature Donghaebyeo ~4.2 -0.8 -0.4 3.0 7.2
Mean -5.1 -1.3 0.0 3.5 3.6
Table 5. Panicle length to treated with cold water different positions to rice varieties
. ) Panicle length (cm) a/d
Division Cultivars In-let (@) mid-let (b) Out-let (c) Control (d) (%)
Sobaegbyeo 16.4 16.4 19.0 20.0 82.0
Jinbuoelbyeo 17.4 17.2 17.8 19.6 88.8
Odaebyeo 19.2 17.4 18.8 20.0 96.0
Unbongbyeo 16.4 16.0 17.6 19.2 5.4
Kumobyeo 18.8 17.4 19.0 20.2 93.1
Jinbuchalbyeo 17.2 16.0 17.0 19.2 89.6
Jinbubyeo 174 15.0 17.4 19.0 91.6
Sinunbongbyeo 18.0 15.2 15.8 18.4 97.8
Early Sangjubyeo 18.2 16.2 17.4 19.4 93.8
mature Dunnaebyeo 18.2 16.2 16.6 18.0 101.1
Namweonbyeo 17.6 17.2 18.6 20.0 88.0
Sangsanbyeo 17.8 17.8 17.6 20.2 38.1
Sambaegbyeo 16.8 14.8 17.6 194 86.6
Samchenbyeo 16.2 17.4 18.2 19.8 81.8
Junghwabyeo 19.0 16.2 16.8 18.2 104.4
Undubyeo 18.2 16.4 18.6 19.8 91.9
Jinmibyeo 18.4 16.4 19.0 19.2 95.8
Mean 17.72 16.4 17.8 194 91.2
Hwaseungbyeo 15.6 14.0 14.8 18.6 83.9
Medium Hwajinbyeo 14.4 13.8 154 18.2 79.1
mature Donghaebyeo 15.4 15.4 17.0 20.6 74.8
Mean 15.1 14.4 15.7 19.1 79.1
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Table 6. Number of panicles to treated with cold water different position to rice varieties

L . No. of panicle a/d
Division Cultivars -
In-let (a) mid-let (b) QOut-let (c) Control (d) (%)
Sobaegbyeo 17.6 16.6 13.6 16.0 110.0
Jinbuoelbyeo 17.2 15.4 12.6 15.2 113.2
Odaebyeo 18.6 17.6 15.0 15.6 119.2
Unbongbyeo 19.8 15.6 17.0 17.4 113.8
Kumobyeo 18.8 18.4 16.6 17.8 105.6
Jinbuchalbyeo 18.8 14.6 14.4 15.8 119.0
Jinbubyeo 15.0 16.2 16.2 16.6 90.4
Sinunbongbyeo 18.6 19.8 214 18.6 100.0
Early Sangjubyeo 17.2 16.2 18.4 174 98.9
mature Dunnaebyeo 16.0 146 19.8 16.2 98.8
Namweonbyeo 13.6 15.8 13.6 18.2 74.7
Sangsanbyeo 20.0 18.8 17.6 16.6 120.5
Sambaegbyeo 22.0 21.8 19.0 20.8 105.8
Samchenbyeo 18.0 16.6 19.0 16.8 107.1
Junghwabyeo 15.6 16.4 174 174 89.7
Undubyeo 17.8 14.2 16.6 13.8 129.0
Jinmibyeo 15.2 12.0 15.8 146 104.1
Mean 17.64 16.5 16.71 16.8 104.8
Hwaseungbyeo 22.6 21.0 22.0 184 122.8
Medium Hwajinbyeo 17.8 19.8 19.2 18.8 94.7
mature Donghaebyeo 17.0 18.2 16.0 13.6 125.0
Mean 19.1 19.67 19.07 16.9 113.0
Table 7. Number of spikelet per panicle to treated with cold water different positions to rice varieties
. . No. of Spikelet per panicle a/d
Division Cultivars
In-let (a) mid-let (b) Out-let (c) Control (d) (%)
Sobaegbyeo 115 105 108 120 95.7
Jinbuoelbyeo 128 105 84 104 123.0
Odaebyeo 89 128 124 129 69.0
Unbongbyeo 100 108 92 121 82.6
Kumobyeo 78 126 129 145 53.8
Jinbuchalbyeo 86 110 116 112 76.8
Jinbubyeo 107 116 96 109 98.2
Sinunbongbyeo 82 105 102 113 72.6
Early Sangjubyeo 99 132 133 150 66.0
mature ‘Dunnaebyeo 106 127 135 130 81.5
Namweonbyeo 97 122 110 133 72.9
Sangsanbyeo 120 149 133 168 71.4
Sambaegbyeo 79 113 128 116 68.1
Samchenbyeo 112 134 172 126 88.9
Junghwabyeo 138 128 139 153 90.2
Undubyeo 100 112 129 129 77.5
Jinmibyeo 97 102 105 132 73.5
Mean 102 119 120 129 79.1
Hwaseungbyeo 104 103 89 141 73.8
Midium Hwajinbyeo 103 114 122 134 76.9
mature Donghaebyeo 102 105 118 145 86.4
Mean 103 107 110 140 73.6
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Table 8. Spikelet fertility to treated with cold water different positions to rice varieties

Division Cultivars Spikelet fertility (%) a/d
In-let (a) mid-let (b) Out-let (c) Control (d) (%)

Sobaegbyeo 41.0 43.5 42,6 87.4 46.9

Jinbuoelbyeo 55.9 3.3 35.1 72.0 77.6

Odaebyeo 29.2 92.2 96.4 87.5 33.4

Unbongbyeo 60.8 74.9 60.9 90.9 66.9

Kumobyeo 28.4 22.7 39.7 90.7 31.3

Jinbuchalbyeo 72.5 32.6 72.4 94.6 76.6

Jinbubyeo 75.2 94.8 92.1 94.5 79.6

Sinunbongbyeo 33.1 46.7 53.7 93.3 35.5

Early Sangjubyeo 51.8 40.2 61.1 83.9 61.7

mature Dunnaebyeo 62.6 327 68.1 934 67.0
Namweonbyeo 15.5 41.2 61.6 97.0 16.0

Sangsanbyeo 8.8 94 18.9 83.0 10.6

Sambaegbyeo 0.0 8.9 35.9 78.9 0.0

Samchenbyeo 22.0 67.0 73.5 88.1 25.0

Junghwabyeo 35.5 72.9 72.9 77.0 46.1

Undubyeo 66.0 51.8 40.3 38.7 74.4

Jinmibyeo 26.3 4.9 13.3 93.2 28.2

Mean 40.1 46.5 55.21 87.89 45.8

Hwaseungbyeo 44.0 8.7 69.1 73.0 60.3

Medium Hwajinbyeo 0.0 18.5 42.4 85.1 0.0
mature Donghaebyeo 15.2 5.7 68.2 68.5 22.2
Mean 19.7 27.6 59.9 75.5 26.1

Table 9. Grain yield to treated with cold water different positions to rice varieties

. ] Grain yield/5 hill(g) a/d
Division Cultivars In-let (a) mid-let (b) Out-let (c) Control (d) (%)
Sobaegbyeo 20 32 40 74 27.0
Jinbuoelbyeo 18 18 34 80 22.5
Odaebyeo 22 36 70 126 17.5
Unbongbyeo 38 30 86 116 32.8
Kumobyeo 18 16 32 90 20.0
Jinbuchalbyeo 66 74 80 122 54.1
Sinunbongbyeo 22 32 48 124 17.7
Sangjubyeo 20 30 52 96 20.8
Early Dunnaebyeo 28 36 56 116 24.1
mature Jinmibyeo 8 6 8 48 16.7
Namweonbyeo 22 40 40 116 19.0
Sangsanbyeo 10 14 16 126 7.9
Sambaegbyeo 6 14 40 122 4.9
Samchenbyeo 18 26 74 112 16.1
Junghwabyeo 20 44 74 138 14.5
Undubyeo 52 53 100 34 61.9
Jinbubyeo 60 84 126 120 50.0
Mean 26 34.71 57 106 25.15
. Hwaseungbyeo 14 32 84 88 15.9
Medium Hwajinbyeo 4 8 14 120 3.3
Donghaebyeo 10 12 26 82 12.2
Mean 9 17 41 96.67 10.47
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Fig. 1. Regression and Correlation coefficients among culm
length and panicle exsertion to treated with cold water.
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Fig. 3 Discoloration value (1—9) of early and medium varieties
to seedling stage and tillering stage.
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Table 10. Discoloration value (1-9) of different varieties
to seedling stage and tillering stage

Discoloration value (1-9)

Division Cultivars - ——
Seedling stage Tillering stage
Sobaegbyeo 3 3
Jinbuoelbyeo
Odaebyeo
Unbongbyeo
Kumobyeo
Jinbuchalbyeo
Sinunbongbyeo
Sangjubyeo
Dunnaebyeo
Jinmibyeo
Namweonbyeo
Sangsanbyeo
Sambaegbyeo
Samchenbyeo
Junghwabyeo
Undubyeo
Jinbubyeo
Mean 2.3
) Hwaseungbyeo 5
I;/Ini(titl,llfen Hwajinbyeo
Donghaebyeo 1
Mean 3.7

Early
mature
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Table 11. Effect of cold water irrigation on yield components
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B A S FeEF] drEAE Table 12, 1334
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Culi No. of spikelets per panicle Percent ripened grain (%) 1000 grain weight (g)
HHvars Inlet Midlet Outlet Control| Inlet Midlet Outlet Control| Inlet Midlet Outlet Control
Sobaegbyeo 64 62 78 106 1.2 4.6 8.5 86.5 14.5 17.3 18.9 21.0
Odaebybyeo 61 68 76 95 1.9 9.5 9.4 89.8 16.3 17.0 18.5 23.2
Sangmibyeo 56 58 64 109 1.5 10.0 24.8 88.4 15.0 154 16.5 19.0
Joryeongbyeo 70 68 72 98 2.5 52.4 57.9 88.7 15.5 15.7 16.1 18.4
Mean 62.7 64.0 725 1020 1.8 19.1 25.1 88.3 15.3 16.3 17.5 20.4
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Table 12. Effect of cold water irrigation on the unhulled rice weight and percent of decreased

Cultivars Unhulled rice weight (kg/10a) Percent of decreased (%)
In let Mid let Out let Control In let Mid let QOut let Control
Sobaegbyeo 27 39 108 636 95 91 83 0
Odaehybyeo 22 68 132 733 97 90 82 0
Sangmibyeo 6 77 256 674 99 88 62 0
Joryeongbyeo 21 202 213 603 96 67 64 0
Mean 19 96.5 177.2 661.5 96.7 84 72.7 -

Table 13. Effect of cold water irrigation on the grain quality of rice

Cultivars Head rice (%) Green—kerneled rice (%) Imperfect rice kernel (%)
Inlet Midlet Outlet Control| Inlet Midlet Outlet Control| Inlet Midlet Outlet Control

Sobaegbyeo 68.8 74.9 82.8 93.5 28.4 19.7 8.1 0.4 2.8 54 9.1 6.2
Odaebybyeo 524 76.5 9.7 95.1 40.1 18.6 6.8 0.8 7.5 4.9 3.5 4.1
Sangmibyeo 56.4 74.8 77.7 90.9 36.6 23.0 17.6 2.0 7.0 2.2 4.7 7.1
Joryeongbyeo 53.1 67.7 82.1 94.1 34.5 28.2 12.7 2.8 3.7 4.1 5.2 3.1
Mean 57.6 73.4 83.0 93.4 34.9 22.3 11.3 1.5 5.2 4.1 5.6 51
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