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Cultural Practices for Reducing Cold Wind Damage
of Rice Plant in Eastern Coastal Area of Korea

Seong Phil Lee* - Chil Yong Kim**

ABSTRACT : The eastern coastal area having variability of climate is located within Taebaek mountain
range and the east coast of Korea. It is therefore ease to cause the wind damages in paddy field during rice
growing season, The wind damages to rice plant in this area were mainly caused by the Fshn wind(dry and
hot wind) blowing over the Taebaek mountain range and the cold humid wind from the coast. The dry wind
cause such as the white head, broken leaves, cut-leaves, dried leaves, shattering of grain, glume discoloura-
tion and lodging, On the other hand the cold humid wind derived from Ootsuku air mass in summer cause such
symptom as the poor rice growth, degeneration of rachis brenches and poor ripening. To minimize the wind
damages and utilize as a preparatory data for wind injury of rice in future, several experiments such as the
selection of wind resistant variety to wind damage, determination of optimum transplanting date, improve-
ment of fertilizer application methods, improvement of soils and effect of wind break net were carried out for
§ years from 1982 to 1989 in the eastern coastal area. The results obtained are summarized as follows,

1. According to available statisical data from Korean meteorological services(1954-1989) it is apperent that
cold humid winds frequently cause damage to rice fields from August 10th to Septernber 10th, it is therefore
advisable to plan rice cultivation in such a way that the heading date should not be later than August 10th.

2. During the rice production season, two winds cause severe damage to the rice fields in eastern coastal
area of Korea. One is the Fohn winds blowing over the Taebaek mountain range and the other is the cold
humid wird form the coast. The frequency of occurrence of each wind was 25%.

3. To avoid damage caused by typhoon winds three different varieties of rice were planted at various areas,

4. In the eastern coastal area of Korea, the optimum ripening temperature for rice was about 22.2°C and
the optimum heading date wad August 10th. The optimum transplanting time for the earily maturity variety
was June 10th., medium maturity variety was May 20th and that of late maturity was May 10th by means of
growing days degree (GDD) from transplanting date to heading date,

5. 389% of this coastal area is sandy loamy soil while 28% is high humus soil. These soil types are very poor
for rice cultivation, In this coastal area, the water table is high, the drainage is poor and the water
temperature is low. The low water temperature makes it difficult for urea to dissolve, as a result rice growth
was delayed, and the rice plant became sterile. But over application of urea resulted in blast disease in rice
plants. It is therefore advise that Ammonium sulphate is used in this area instead of urea.

6. The low temperature of the soil inhibits activities of microorganism for phosphorus utilization so the rice
plant could not easily absorb the phosphorus in the soil. Therefore phosphorus should be applied in splits from
transplanting to panicle initiation rather than based application.

7. Wind damage was severe in the sandy loamy soil as compared to clay soils. With the application of

* B R HIRENE (Cyeongbug Provincial Rural Development Administration. Daegu 702-320, Korea)
** SRS (Yeongnam Crop Experiment station, RDA, Milyang 440~310, Korea)
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silicate, compost and soil from mointain area, the sand loamy soil was improved for rice grain colour and

ripening .

8. The use of wind break nets created a mocro-climate such as increased air, soil and water temperature

as well as the reduction of wind velocity by 30%. This hastened rice growth, reduced white head and glume

discolouration, improved rice quality and increased yield.

9. Two meter high wind break net was used around the rice experimental fields and the top of it. The

material was polyethylene sheets. The optimum spacing was 0,5Cmx0.5Cm, and that of setting up the wind

break net was before panicle initiation. With this set up, the field was avoided off th cold humid wind and the
Fohn. The yield in the treatment was 20% higher than the control.
10. After typhoon, paddy field was irrigated deeply and water was sprayed to reduce white head, glume

discolouration, so rice yield was increased because of increasing ripening ratio and 1, 000 grain weight,
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Table 1. Frequency of white head damage and cold injury in estern coastal area of Korea. (1979-1989) .

Wind Time of Influence Damage
Year Ig?l}lee pzzggil velocity ~ Humidity gale I?jegree of . Cold inj area
(m/sec) (%) occurrence amage  White head old injury (ha)
1979 IRVING Aug.18 8.5 50 Night High 0 16, 102
1981 AGNES Sept. 4 4.0 67 Day Low 0 -
1982 ELLIS Aug .28 4.0 56 Day Low 0 322
1983 FORRES Aug .14 7.5 65 Day Low 0 -
1984 HOLLY Aug 22 6.5 60 Day Low 0 -
1986 VERA Aug .28 13.0 54 Night High [4} 0 9, 620
1987 DINAH Aug .30 15.0 73 Day Low 0 -
Zz23aige e K =-Fol ﬁ/lﬁﬂL FE  HE AEEEY 4mel e HiEEHEE 25
EREBE ol ARELR Fooy FEWE OV BiIdod A BAHEES & 4N
RO hmESl o6 W TE, BATR S HEM MEclA LME Aheld 87 106 %
%) WEL AR 2a e HiFold. 9F 108 Alelgch. webA o] MAFANA LZ2 T

2. RBRASHBREBES] FRWES S
b RN RiBEMEY ERBESHE
Jid 73

HiEE A WEI sl olsl #iEd
RESITHER S st Ao HiEsye = EE
o o3 KBRKAE T Uk 200®

SREC] % #E BRI Eskel B #
EFx 2 ERE MAFZERI #40eR EH
o] AN KkSEEE doA O, TR B
gy, b %o £EM #HES % = Ao
2 °ELE=12‘;] 3}1;}__29,34,38)

KyEEe A3 ®BE FE FREHozZE A
#o] 5~6m/sec Bl lolz FiB 25.0C LIk, &
Bt 60% LT Aoz #iEsn
ol o} BEBESte] 19545E 48] 19804E7hA] 364ERS] SRR
BESHES 23 13 o] Al RiFEHE
2 He#pshd A BiE Sm/sec Lo TRE R4

134,37
Q) ] 293437

Gale frequent period
1Unsafe heading period

No gale period
L:Safe heading period "

-

a

®——@ Eastern coastal

HERE EHdEY RE BEEET T2 BY
5 EEY 5 JEE HENE 2eldhes 3~45E
<+ ERFIE KENAY KES Bigil A7z
HES Agistd e 8F 108 LETeR
A BRE HEE oBAIIEA] B 1K
ol #figo] " A el
v BEE SR vlske BR

RS EEEES AmE RIBEY &
vt o BEHEES PRERE EEFBAA #E
3 BEE SIS %k 29} o] gt X
HiggEHF BEE FEA7Iv vz s
KEWUEES YA A (Fohn)Hg e HAH
E7l o} KGEEE Yo 8, T, =4
W, Bk o £ABMEES FBAIY R
23z w2 KE =T B aRE
o BREEc RN RELE Follv Fib
BIRT HWAS BEEECT %ot £EFEE, T
B, BREE %o #HE/ HEss 2B &
£ 20, 25%\t "ok,
ol HifFol Al EA BAR HBHRHE
28 3, 27 4ollAl Bewbet 3ho] 250 DIEo R 4

=4,

] Yeongdug . 25ti . .
Z THOREES e mESA Fol miEME BEY Akt
§ Table 2. Variations of wind velocity, temperature
_g [ and humidity in different wind direction
: ¢ during rice crop season(1986-1989) .
g ™ i X _ Wind direction
s 2 -2 'C“:l“‘: stimes! Item East West South North
208 wind wind wind wind
222496273001 3 5 7 911131517 192123252729312 46 810 Temperature("C) 19 8 23 5 29 2 19 6
. A Seat- Humidity (%) 8 71 8 8l
Fig. 1. Frequency of gale between inland and Wind velocity (m/sec) 56 7.2 54 6.5
eastern coastal area of Korea (1954-1989) . Frequency (%) 25 20 25 10
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Fig. 3. Relationahips bewteen evaporation and dan-
gerous district causing the white head-
damage by Fohn in 1986.

Fig . 4. Ratio on the distribution patterns of rice
white head damage occurred by passing the
typhoon VERA in 1986.

Table 3. Variations of evapotranspiration rate by
the gale in rice plant.

Windless day Gale day
Organs Evapotranspir Index Evapotranspir Index
-ation rate -ation rate
(r/sec/m?) (%) (r/sec/m?) (%)
Spike 0.094 184 0.638 300
Leaf 0.079 155 0.220 103
Culm 0.051 100 0.213 100
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Table 4. Difference of climatic characteristic between inland and eastern coastal area(1983-1989) .

. L Month Total
tem ocation or
Apr. May Jun, Jul, Aug. Sep. Oct. mean
Ave. temp. (C) (ol 12.3 17.1 20.9 24.5 25.6 20.5 14.3 19.3
Y? -0.5 -0.4 -1.4 -0.6 -0.6 0.1 1.2 -0.3
Maxi, temp. (C) C 18.8 33.6 26.5 29.0 30.4 25.8 21.1 25.0
Y -1.8 -1.9 -2.6 -1.3 -1.4 -1.2 0 -1.5
Mini. temp. (C) C 5.6 10.3 15.6 20.6 21.4 15.7 8.4 13.9
Y 0.9 1.1 -0.4 -0.9 -0.4 1.0 2.0 0.5
Sunshine hour (hr) C 265 310 279 253 268 230 243 1,848
Y -41 -57 -91 ~72 -68 -64 -41 -434
Rainfall (mm) C 80 75 136 199 199 145 60 894
Y 6 -12 -11 -65 -16 9 13 -76
1 Chilgog (Inland)
2 Yeongdug (East coast)
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Table 5. Difference of water and soil temperature between inland and eastern coastal area (1983-1989) .

Item Location May Tan Month Tal. Aug, Mean
Ave. temp. (C) cy 19.4 20.8 25.5 23.8 22.4
Y2 -2.0 -1.4 -1.8 -0.6 -1.5

Maxi. temp(C) C 27.6 27.7 31.1 28.3 28.7
Y -0.3 -0.5 -1.9 -0.4 -0.8

Mini. temp.(C) C 10.5 14.3 20.4 21.3 16.6
Y -4.3 -5.3 -3.5 -1.7 -3.7

Soil temp. (C) C 18.3 21.2 23.7 22.6 21.5
Y -1.2 -1.7 -0.7 -1.2 ~1.1

Y Chilgog (Inland)
2 Yeongdug (East coast)
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Table 6, Agronomic traits and grain yield in both and east coastal areas.

Area Heading Culm No. of Spikelets  Ripened 1, 000 Milled Index
classification Region length  panicles per grain grain Rice yield

date (Cm) per hill panicle rate(%) weight(g) (kg/10a) (%)

Myeongju® 8.12 61 13.9 92 70 21.4 422 85

Central ~ Chuncheon® 8.2 71 13.7 107 79 21.6 497 100
Difference +10 -10 +0.2 -15 -9 -0.2 -75 -15

Yeongil" 8.14 71 16.0 113 79 21.0 537 92

Southern  Chilgog? 8.7 74 14.0 129 86 21.4 586 100
Difference +7 -3 +2.0 ~16 -7 —-0.4 ~49 -8

2 Coastal 2 Inland
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Fig. 6. Differences occurring wind damage according to the passing time typhoon.
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Table 8. Occurrence of white head according to
Nitrogen fertilizer application in 1979,

Nitrogen amounts Occurrence of white head

(kg/10a) Degree Ratio
(0-9) (%)

0 1 4.5

12 2 5.6

16 3 24.0

20 4 31.1
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Fig. 8. Varietal differences of foshn damage as
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et. al.)

Table 7. The ratio of yield decrease and wind damage according to heading date in 1979.

Ratio of Ratio of Ratio of

Time of typhoon white head discoloration yield-decrease

(%) head (%) (%)
6days after head 20 40 30
3days after head 40 30 60
Heading date 35 25 40
3days before heading 10 20 20
6days before heading <5 - <5
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Fig. 9. The relationship between the ratio of
ripened grain and the ratio of wind dam-
age.
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Fig. 10. The relationship between the ratio of 1000
grain weight and the ratio of wind dam-
age.
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Table 9. Relationship between degree of discoured
grains and yield loss in heading stage.

Item Ratio of discoured grains
Discoured above 1/3 20 40 60 80 90
Discoured above 1/2 10 20 45 65 80
Yield loss(%) 5 10 20 30 40
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Table 10. Percentage of leaf knifing damage in
association with leaf position by strong
wind (8.5m/sec), 1983.

Table 11, Change of yield index as affected by
knifing damage of rice leaf and stem by
strong wind (8.5m/sec), 1983.

Percentage of damage (%)

Damage Damage*

types time 0 10 15 20 30 40

Stem® 20 &gg) 01 98 % 90 -

Leaf? 20 égg) 01 - 98 97 95
100

0 g % 95 94 94

Damage Percentage of leaf damage (%)
N First Second 3rd  4th
tme® gy afer leaf  leaf leaf M€AD
20 2.9 25.1 4.9 2.2 8.8
40 1.2 9.4 2.9 1.6 2.9
Mean 2.1 17.3 3.9 1.9 5.9

* Days after transplanting
** Leaf no. from top

Y Jinjubyeo 2 Taebaegbyeo
* . Days after transplanting
{ ) : Rough rice(kg/10a)
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Table 12. Decrease of primary, secondary rachilla and number of glume by wind treartment .

Factor Primary rachilla Secondary No. of
glume Ratio
No. of No.of No.of Ratio No.of Ratio per

Plot rachilla glume rachilla glume spike
Non-treatment 8.8 48.7 11.3 100 28.7 100 77.4 100
Wind-treatment 0 8.9 49.7 1.1 98.2 28.9 97.2 76.6 99
treatment -3 8.3 45.5 10.8 95.6 26.9 93.7 72.4 94

~13 8.1 43.8 8.0 70.8 17.8 62.0 61.6 80

-23 8.7 44.9 8.7 77.0 19.9 69.3 64.8 84

-33 8.6 47 .4 10.1 89.4 25.4 88.5 72.8 94

Wind velocity : 12m/sec
* ! Days before heading
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Table 14. Polished rice yield of eight varieties at three transplanting Dates for three years in Uljin and Daegu.

Trans- Uljin Daegu
planting Variety
date 87 ’88 '89 Mean 87 88 '89 Mean
Unbongbyeo 503 384 459 449 344 354 344 347
Odaebyeo 488 386 455 443 404 365 423 397
Hwaseongbyeo 520 408 429 452 420 412 448 427
Palgongbyeo 502 381 414 432 416 476 486 459
May.25 Daechangbyeo 561 432 503 499 403 429 503 445
Donghaebyeo 494 407 407 436 407 461 513 460
Nagdongbyeo 445 417 409 424 408 439 519 455
Yeongdugbyeo 470 452 412 445 377 430 471 426
Mean 498 408 436 447 397 421 463 427
Unbongbyeo 509 393 420 441 313 352 412 359
Odaebyeo 445 435 398 426 375 375 460 403
Hwaseongbyeo 548 422 386 452 412 457 485 451
Palgongbyeo 442 399 380 407 411 494 528 478
Jun.5 Daechangbyeo 529 455 459 481 435 500 520 485
Donghaebyeo 477 408 386 424 423 460 500 461
Nagdongbyeo 445 403 375 408 430 461 501 464
Yeongdugbyeo 434 440 399 425 394 458 491 448
Mean 479 419 400 433 399 445 487 444
Unbongbyeo 541 412 404 452 351 354 436 380
Odaebyeo 473 426 374 424 386 412 471 423
Hwaseongbyeo 500 376 396 424 414 430 482 442
Palgongbyeo 368 363 353 361 466 451 483 467
Jun. 15 Daechangbyeo 505 440 433 459 437 509 500 482
Donghaebyeo 430 387 377 398 475 469 487 477
Nagdongbyeo 392 401 380 391 462 477 486 475
Yeogdongbyeo 366 424 358 383 435 485 510 476
Mean 447 404 384 412 428 448 481 452
600 Y=-0.2492.12+265.62X —5.892X2 Table 15, The optimum transplanting date of eight
r=0.4098** rice varieties estimated by growing
degree days(GDD) in Uljin and Daegu.
. Uljin Daegu
Vatiety x B A B
= 500 Unbongbyeo Jun.15 Jun.15 Jul. 3 Jul, 7
S Odaebyeo Jun. 9 Jun. 9 Jun.30 Jul. 5
= Hwaseongbyeo May 21 May 21 Jun.21 Jun.26
) Palgongbyeo May 17 May 17 Jun.19 Jun.24
ﬁ 400F Daechangbyeo  May 22 May 22 Jun.20 Jun.25

Donghaebyeo May 18 May 18 Jun.14 Jun.20
Nagdongbyeo May 12 May 12 Jun.13 Jun.18
Yeongdugbyeo May 13 May 13 Jun.11 Jun.16
A : Optimum transplanting date estimated by
300 mean air temperature
B : Optimum transplanting date estimated by the
meteorological value for good ripening

19 20 21 22 23 24 25 26
Mean air temperature(C)

Fig. 16, Relationships between mean air temperature
for 40 days after heading and rice yield.
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Table 16. Effect of ammonium sulfate in east coastal area.

Kind of No. of Spikelets Ripened Yield Index
panicles per grain
fertilizer per hill panicle ratio (%) (kg/10a) (%)
Urea 17.3 68 72.5 415 100
Ammonium
sulfate -19.3 76 72.0 449 108

Table 17. Variation of yield according to different phosphate application method.

Additional application Yield (kg/10a)
Basal 5*  30% Ear Heading Taebaegbyeo Jinjubyeo
application days davs forming Index Index
: y ¥ stage stage 81’82 Mean 81 ’82 Mean

100 - - - - 511 464 488 100 481 452 467 100
150 - - - - 552 495 524 107 535 450 493 106
70 30 - - - 553 485 510 106 515 455 485 104
70 - 30 - - 638 515 577 118 583 483 533 114
70 - - 30 - 580 538 559 115 533 507 520 111

70 - - - 30 565 516 541 111 524 456 490 105
* After transplanting
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Table 18. Effect of wind-break net on reducing
wind velocity (1983-1989)

Distance from
wind-break net

im 10m 20m 30m

[tem Control

Wind velocity 5.4 41 35 3.9 3.8
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FiEMR o2 B =3 e 50m BEggol Al
BE-E 50~60% HEAZIM o FRE AL
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Table 19. Effect of wind-break net on air, water and soil temperature (1983-1989) .
ltem Air temp. {C) Water temp. (C) tgn%g.
Maxi. Mini. Ave. Maxi. Mini. Ave. ()
Control 33.4 19.7 26.9 29.3 20.9 24.6 23.9
Wind-break net 34.2 20.4 27 .4 29.5 21.5 25.1 24.3
Difference +0.8 +0.7 +0.5 +0.2 +0.6 +0.5 +0.4
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Table 20. Rice growth and grain yield affected by installation methods of wind-break net. (1982-1984)

Installation methods Heading  Culm Panicles Apikelets Grain Yield Yield
date length per hill per pani- fertilizer (kg/10a) index

of wind-break nets (cm) (No.) cle(No.) (%)
control plot Aug.26 74.9 13.5 78 72.3 389 100
Installed plot with
wind-break net against Aug.24 81.6 14.7 87 78.6 440 113
cold wind from sea
Installed plot with
wind-break against Aug.24 82.2 14.6 91 79.2 431 111
westries
Installed plot with
wind-break against
cold wind from sea Aug.21 78.2 13.9 86 82.1 466 120
and westries
BERZE AR, o] el i’ﬁ‘iﬁﬂﬁkflr < 500k . w10 g
RES WEE A e REAA EEd sy ET w0 O u
e B WHoZ Azl ¥zz g 2
r;]- § 300

’ . S 200}

2) BHEME EEE e 2

BEADS] BEZ Aol WS D FB il = 100r
KiEY R o E@gaEe B, B, BER % Control 3x3 1x1 0.5%0.50.25%0.25
o HMERT PEhE BFEF Aol & 219 A s Size'of th;} — (Cm)'
W ORER o AR 29 EBAE Fig. 20. Yield variation as affected by different
e BiRMA X7 o EF o) {REs o] HiE mesh sizes of wind break net (1988-1989) .
7} 1~28 dmEleln, BE, wEME, HEHE
oo fREIME] EEESHA Em=Ecl. BhEM Zow PR HMHo FE & BEMET
REBEHB BERREE BESBEY 9%, HiEE AU ME Higel 712, A2 0.5%0.5cm>}
Bl 11%, MFH 209, HEEH 13% |RER 743 R Fotew, 10% BUCEERT 9
7} dolch. wetA o) el BHEME BRERAT BiEA SREAEC =2 HEWHEN BFRESER

BAe BAREST 22 EMAERSEGA 18)d
e Rel mRMyelst.
3) BhEMEel BIEME W BERER
B MET KES FED HRE 27 203

i

Bl KBS ARG KR =¥ 219 2o &
FrEEe) s BiRMIRERT BEY BRRE
o Adler HEHHAIZE EHRECAL
EEEOL WeHE Eel kol ot o

Table 21. Rice growth and grain vield affected installation stage of wind-break net in 1985.

Yield

Installation stage Heading Culm  Panicles Spikelets Grain Yield
of wind-break net date length  per hill per pani- fertility (kg/10a) index
(cm) (No.) cle (No.) (%)

Control Aug.23 80.6 13.1 82 58.0 332 100
Maximum tillering stage Aug.22 81.6 13.2 91 60.3 361 109
Panicle formation stage Aug.21 83.7 13.8 91 62.5 370 111
Booting stage Aug.21 82.6 13.6 88 63.4 397 120
Heading stage Aug.23 83.0 13.5 86 59.0 374 113
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Fig. 21. Yield variation as affected by number of seed-

lings per hill by the installation of wind
break net at farm paddy field (1986-1987) .
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Table 22, Effect of wind-break net on occurrence of dead leaves in 1986.

Leaf length(Cm)

Leaf weight

Item 1st.leaf % of 2nd.leaf % of % of
from top dead from top dead (g/hill) dead
leaves leaves leaves
Total Dead Total Dead Fresh Dead
Control 21.8 3.6 16.4 29.1 4.1 14.0 11.0 2.6 23.5
Wind-break 23.0 2.8 12.4 29.9 3.2 10.8 11.6 2.2 18.9
net
Table 23, Effect of the installation of wind-break net on rice quality in 1986.
Perfect Irregular Green Opaque Broken
Item kernel kernel kernel kernel kernel
(%) (%) (%) (%) (%)
Control 76.1 1.8 12.8 8.8 0.5
Wind-break net 85.4 0.6 9.7 3.8 0.4
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Table 24. Effect on the yield according as spraying the water after occurance of white head and glume

discoloration.

Wind Water Ratio of Yield (kg/10a) F-value
damage spray white head Milled rice Index (%)
White- Non 41 225 100 76.69**
head Treat 38 257 114 B
Glume- Non 49 341 100 8.61
discoloration Treat 42 370 109

Amount of water spray : 200! /10a
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