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Mechanisms of Cold Injury and Cultural Practices
for Reducing Damage of Rice
Moon Hee Lee*, Nam Kyu Park* and Suk Hong Park**

ABSTRACT

The stability of rice cultivation in Korea is largely depended on climatic conditions, especially, low
temperature at the period of early growth stage and after heading. The improvement of cold tolerant
varieties and appropriate cultural practices in rice are very effective to minimize the cold damage. This
paper is summarized the mechanism and counterplans of cold injury of rice plants.

The paddy area having commonly cold injury in Korea is approximately 15,522ha in 1,709 sites on the
national scale. The cold damage at seedling stage in nursery bed appeared to poor germination, leaf
discoloration, dead seedlings and seedling rot ect.. At the vegetative stage, the decreased tiller number
due to poor rooting and the delayed heading caused by slow growth and panicle differentiation are
commonly showed. The cold injury at early reproductive stage appeared to the degeneration of spikelets
and rachis-branches, while that at meiosis stage showed to increased sterility due to poor development of
pollen and shortened panicle length with delaying heading, therefore the grain yield is largely decreased.
The cold damage at heading and ripening stages showed to poor pollination and fertilization, low panicle
exsertion, poor grain filling and finally grain quality became low.

To minimize the cold injury to rice plants by low temperature, following counterplans would be
recommonded ;

Improvement of the cold toelrant rice varieties for the regions of midmountains and alpines, Raising
healthy seedlings at upland nursery beds and by using of growth regulators such as ABA, Fuchiwang and
Tachiace. Soil improvement and orgainc matter application to reduce cold damage by increasing water and
fertilizer holding capacities in the paddy field having commonly cold water and in the place where cold
damage is regularly occurred. Appropriate fertilization for raising healthy rice plants to tolerate under
low temperature condition, Water management to increase water temperature in the paddy such as depth
watering, round channels and polyethylene tubes around the field. Establishment of the optimum cultivation
time of rice based on minimum, mean and maxium temperatures at different regions with appropriate

rice varieties.
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Table 1. Damaged area and yield loss in rice due to cold injury in Korea'”,
Year Area Yield loss Year Area Yield loss

(ha) (M/T) (ha) (M/T)

70 1,412 675 80 787, 998 1,588, 106
71 176, 175 25, 754 81 - -
72 14, 555 4,787 '82 - -
73 613 504 ‘83 1,215 869
74 1, 089 1, 659 ‘84 - -
75 1,112 70 ‘85 - -
‘76 9, 370 18, 248 ‘86 - -
77 1,737 1, 669 87 - -
78 - - 88 11, 706 -
79 - - - - -

* Statistical Yearbook of Agriculture, Forestry and Fisheries in 1988.

Table 2, Distribution of low temperature damaged area in Korea'”,

Location Kyon- Kan- Chun- Chun- Jun- Jun-  Kyon- Kyon- R
Classification ggi gwon gbuk  gnam  buk nam gbuk  gnam Jeju Total
Number (%) 64 527 152 65 236 40 369 255 1 1, 709
Area (ha) 1, 641 2,684 459 538 7, 505 264 2,772 1, 156 30 15, 522

* Statistical Yearbook of Agriculture, Foresty and Fisheries in 1987.
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Table 3, Effect of temperature on the germination
of rice variety®.

Rate of germmation (%)

Variety Temperature
10C 12C 15C 20C 27¢C
Japonica type 45 85 93 97 93
Tongil type 2 51 72 86 94
* Data were collected at 15days after incubation
in 10, 12 and 15C, and at 5days after

incubation in 20 and 27C, respectively.
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Fig. 1. Diagram of the delay type of cold injury.
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Table 4. Effect of temperature pretreatment at tillering stage on the photosynthesis of rice plants®.

Photosynthesis (mg. CO,/dm?/hr.)

Period of -
Variety pretreatment Temp. (day/night)
(day) 15/10°C 20/15C 25/20°C 30/25°C
Tongil 3 3.7 5.6 21.7 24.3
7 0 5.7 21.8 24.8
Jinheung 3 6.9 12.2 22.9 23.3
7 0 10.1 24.8 17.0
Table 5. Effect of different temperature treat- 100
ments for two weeks on dry weight and <
leaf area of rice plant®, 8 80r
Temperature Tongil Jinheung :: N
(day/night) Dry wt, Leaf area Dry wt. Leaf area = EGOL
T Q
T (g/pot) (cm?/pot) (g/pot) (cm*/pot) i_@
18/10 4.2 365 4.9 390 ¥4
23/15 5.9 413 7.2 501 g
28/20 6.8 558 7.7 592 £ 20 - 12°C, 6 days
33/25 9.0 819 7.9 837 &~ —o-127C, 4 days
O 11 4 1 i1 4
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Fig. 3. Diagram of the damage type of cold injury.
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Fig. 5. A newer hypothctical scheme on the causal sequence from cool temperature to sterility in rice
plants(a revision of the scheme by Nishiyama, 1970).
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Table 7. Varieties recommended in low tempera-
ture area'®’

Variety
Sobaekbyeo, Unbongbyeo,
Songjeonbyeo, Daeseungbyeo,
Chiagbyeo, Yeomyeongbyeo,

Location

Mountainous area
(>400m)

Sobaekbyeo, Dobongbyeo,
Boggwangbyeo, Odaebyeo,
Daeseungbyeo, Yeomyeongbyeo,
Chiagbyeo, Daegwangbyeo,
Gwanaghyeo, Daechangbyeo

Mid-mountainous area
(250-400m)

Table 8. The Minimum air temperature for trans-
planting with different seed bed type'®.

i o =
Type of seed bed inimum air temp. (C)

Japonica Tongil
type type
Protected upland nursery 13.5 24.5
Protected semi-irrigated
nursery 14.5 15.5
Irrigated nursery 15.5 16.5
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Table 9. Effect of growth regulactors on rate of

dead seedling under low temperature
condition (’88, CES).

12°C 28/12°C

Chemical (air) (air/water) Average
Control 90 % 789% 84%
Fuchiwang 20 5 13
Tachiace 0 0 0

Table 6. Number of promising lines under low water temperature treatment in different filled spikelet

ratios('88, CES).

Total no. Number of lines
of Filled spikelet ratio
lines None
heading 0% 1-20% 21-40% 41-60% 61-80% =81%
969 72 186 90 177 199 153 92
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Table 10. Effect of ABA analogue on cold
damage of rice seeding (88, IRRI) .

Survival rate in 29C

Tret.
1 day 2 day 3 day 6 day 8 day
%
Control 100 44 0 0 0
ABA 100 74 68 30 30

* Low temperature : 5°C, 5 days
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grain vield and ratio of filled spikelet
under low water(’80 CES).
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Fig. 10. Effect of nitrogen and phosphate on
grain yield under low water temperature
treatment (17°C) for 15 days at meiosi
stage ('80 CES).
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Fig. 12, Effect of irrigation water depth on grain
yield of rice in cold area (’83, Junbuk).
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Fig. 15. Diagram of the optimum cultivation time of rice based on temperature in Suweon, Korea
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