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Effects of Abscisic acid on Ozone Injury in Rice

Kim Joo Ryung*, Tae Kwon Son**, Jeong Hwan Cho*, and Sang Chul Lee*"

*Department of Agronomy, Kyungpook National University, Taegu 702-701, Korea
**Institute of Agricultural Science & Technology, Kyungpook National University, Taegu 702-701, Korea

ABSTRACT : This study was carried out to investigate
the effects of abscisic acid (ABA), three concentrations, on
growth, activities of antioxidant-related enzymes and grain
yield of two rice plants (Oryza sativa L. cv. Hwamyung-
byeo and cv. Namchunbyeo) exposed to ozone (0.150 ppm)
for 6 hours a day for 30 days. The leaf chlorophyll con-
tents, plant height, and tillering numbers were not shown
significant difference. But ABA 10> M treatment affects to
growth slightly. In all concentrations of ABA, superoxide
dismutase (SOD) activities were increased at tillering stage
of Namchunbyeo which was exposed to ozone. It is consid-
ered that the optimum concentration of ABA is 10~ M for
minimizing loss of grain yield loss.
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AN ti7} F 0, B FEAME A2 FFS
e, F2 A5 AxEe T3 B £33 A2y
Aol Fag F™(Heath, 1996), FF2 s 2o
LS A7, B AHES] Hulo] JEEE Frof 2
Eo] AL AAANTIL FEEFS TAAZE F Urh(Heagle,
1989). 717+ Ax=e] 02 F2 A2d Ayl 982
FAo TAA Hsle YeRA] ¢, 9717 A1FES] O,
2 7 A FelE doFitkPell and Dann, 1991).

AEL A, 12, 7Ax, HelE 2 o] L858 54 7
Egjg 87 z7oA deolhdr] el ] A e 712t
Ve, 7152 Bife d71edEde] AEAUE /Y

AV

o
-

KR
=

TCorresponding author: (Phone) +82-53-950-5713 (E-mail) Leesc
@knu.ac.kr <Received February 7,2002>

174

e A /Mg F23 A7) 7o]thWebb and Mansfield,
1992). 71 FEH gk AEe] AYHe A& A A
sleke] B4 s A, 7lekgol iyl edEded o
T A Ee] AL T8 98-S e AY AFEe] B
TE 3 UTHWolfenden and Mansfield, 1991). &8 713-%
ol A ol FFHER 0; F-Fe 71w ot 27
2 RIBIES Azl oEsh dutHoz AEA = SRR
AoA 71K S712 7l egede] oS MzdstA v
S8t B 5 3 UtHMcLaughlin and Taylor, 1981). 4]&
T EEQ] abscisic acid(ABAYE TEEEHAE W A9 B
€ AEA A STk AEHAE WA 2 AEolgi 9
FolX ABAE A & 79 FHLS doXivke AL ofn
Z 2424A QUk(Walton, 1980). 92| 79, ABASH &7 7]
Y2 2712 7133 o A geiA sled 2 387t o
S AR F Jrhs BI% ck(Darrall, 1989).

itEtE A Fotet 2 AEAUS] AserE ukew
A EA e F83% HE7|Zo] Em(Barnes and Pfirrmann,
1992), A8leta] whgo g 2] e A5t tlEe] oF
o] HExA o FFHERE o B vt AEEHE
superoxide(O;), singlet oxygen(O™), hydroxyl radical(-OH)
5o #AkAF (active oxygen species)ol] 28l AFalzlgo] 1}
B 308 BYET 9ltk(Saralabai et al., 1997). 8434t
AT QEL RS ZHF 3 sessol] 93l A, 7]
o= superoxide dismutase(SOD), ascorbate peroxidase(APX)
59 o8 71X &ika} B9 ascorbate I glutathione 52
Farsl Bgo] Qlom o] ZRE swessol] o8] EAE B4
258 Bl A2 HIFHo| 311} (Heath, 1996), ©]
W79 o= Ax FHAIZE 7] ' QIfiFog 4
F2EQ ABAE AElstd HEAYRES 0,9 AUS A
ZAeEA 0y S S7HA 00l tigh AES i &

U A
(SR |

o

m e

> oo

e, 7% 2ol vixle T B HEAW st



& B4 ske THsEA B 48e S,
ME 2wy

TUHES FEu e A UANEER S E A5
7ed oz RE R ol FAIBIN Tl Wagner pot(1/5000a)°]
3 HHE 1:19 HEE E3S uigEd oF F 159€
EE (B A 322 olAsglon, AHE N:P0s: KOS
102 F 15:10:8kge] 502 ALE 50%, ¢4k ZHES
g 7R AL, 3F 90d F FAE 50% FHIER Al
St} 1Ela E e oy 13 o) $83] Tk
om 7gt FeEle HEXNETA 8 ZAE wsich AlET
HiX= B wix) WMo dl¢or, @& open top
chamber WellA pot ¥1X1E wid vlte] FHA A sI3iH

2979 e&Ade F T 304 e F 159)E H
AE, #9719 L&A &5 10979] ¥ AAE e
Z aon, A2 EA ABAS 2 10°M, 10°M %
10°M9) FE2 QFXE 247 A JUAE F, Table 19
LT 9 24 ARE o83l 0.15 ppme] FEE F
6174 (10:00~16:00) 3087+ @& )3l

2LEXNY W] A5 "X ABAS FEFE golrr] 9
sl 2719k $47] FAIE 02X Sl 104 7+
L8 23 BEFE AR, GFLEETS oA
7+ 5 109 70422 chiorophylimeter(SPAD-502, Minolta,
Japanye )83l 3h 3WA o ATFolM 10em HE
Ao markings ¥ F 722 2L A A 454
-2 Yoshida(1972)% 0] L3 THy=0.1x+0.578, r=0.98**)
A%k ol wEht.

A
ohi] Slalod £Q719 +Y7lel] LEAT W B4 452
Fol S8 F FFTHREY 37 o)

R e
WYE L 5L BB FFS BUsI

ot 7] Qs EA7|9 7)o 2&2HHE AAsi] 15Y
e} 3044 He d, £

Table 1. Ozone generator and monitoring system .

Classification Function
Ozone generator
O; fumigated velocity 0~4 g/hrs.
Air volume 10 I/min.
Ozone measuring instrument
O measuring range 0.00~9.99 ppm

O; monitoring instrument In-2000 UV absorption analyzer

Chamber
Mode Open-top chamber
Dimension 200x100x150
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gt & 80°C WEare] HasiA] 4o o]&3itt. 2ES
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Table 2, Effect of ABA on plant height and tiller number in tillering stage of rice during 30days after ozone treatment .

Days after O; treatment

Variety Treatment 10 20 30
Ph.f(cm) Tiller(no.) Ph.(cm) Tiller(no.) Ph.(cm) Tiller(no.)
Hwamyeongbyeo Control 455 8.0 61.2 8.0 89.3 113
0; 41.9 7.7 50.8 8.0 87.6 12.0
ABA 10° M +O; 39.2 8.0 583 9.0 88.8 10.0
ABA 107*M + 04 432 7.3 59.2 8.0 84.2 10.3
ABA 10°M + O, 47.6 10.0 63.1 10.0 84.1 12.3
Mean 43.5 8.2 58.5 8.6 86.8 11.2
Namcheonbyeo Control 39.6 9.7 45.6 103 74.8 17.7
0O; 41.1 10.0 49.0 11.0 68.6 12.7
ABA 10° M+ 05 36.6 10.7 49.6 11.7 69.5 12.7
ABA 10 M + O, 403 9.7 49.9 10.3 72.3 11.0
ABA 10°5M+ 0, 40.5 9.7 49.1 9.7 69.7 113
Mean 39.6 9.9 48.6 10.6 71.0 13.1
TPh.; plant height.
LSD(5%)
— means between varieties (1.6) 0.7 a4 (1.3) 2.0) (ns)
— means between treatments within a variety (1.1) (ns) (1.3) (ns) 2.5) (1.2)
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oA 3087+ & Azl WiE 2 AAE A2ATIE= A
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Table 3. Effect of ABA on plant height and tiller number in booting stage of rice during 30days after ozone treatment .
Days after O; treatment
Variety Treatment 10 20 30
Ph.f(cm) Tiller(no.) Ph.(cm) Tiller(no.) Ph.(cm) Tiller(no.)
Hwamyeongbyeo Control 83.1 14.7 81.7 13.0 80.5 13.0
0s 81.9 16.3 83.3 14.0 834 14.0
ABA 10°M + O, 80.2 16.0 78.9 13.0 78.6 13.0
ABA 107*M + O, 81.1 16.0 80.9 14.7 81.1 14.0
ABA 10°M + 0, 81.0 153 80.2 14.0 80.1 14.0
Mean 81.5 15.7 81.0 13.7 80.7 13.7
Namcheonbyeo Control 79.1 21.7 78.8 16.7 77.7 16.0
O, 76.7 227 80.5 15.3 80.4 15.3
ABA 10°M + 0, 74.4 220 74.1 15.3 74.1 15.3
ABA 10°°M + 0,4 77.0 20.0 76.3 15.7 75.9 15.7
ABA 10°M + 03 78.6 19.3 80.2 14.0 79.5 14.0
Mean 77.2 21.1 78.0 154 7.5 15.3
P.h.; plant height.
LSD(5%)
— means between varieties 0.5) (1.9) 2.4 (ns) (ns) (ns)
— means between treatments within a variety (1.0) (ns) 2.9 (ns) 2.6) (ns)
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Fig. 1. Effect of ABA on chlorophyll content in tillering and booting
stage of rice during 30days ozone treatment. Bottom,
Hwamyeongbyeo; Upper, Namcheonbyeo; T. S., Tillering
stage; B. S., Booting stage.
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Table 4. Effect of ABA on yields and yield components in tillering stage of rice treated with 30days ozone treatment .

. Panicle Spikelet 100 grains Ripenin Yield
Variety Treatment (no./plant) (no.I/)panicle) wt%(rg) rafio(%)g (g/plant)

Hwamyeongbyeo Control 137 99.0 2.45 854 28.3
O3 11.3 97.0 236 72.9 18.8

ABA 10°M+ 0, 10.7 91.3 2.48 79.5 19.1

ABA 107*M+ 03 11.0 100.3 2.48 79.0 21.5

ABA 10°M + O, 153 90.7 2.43 75.5 25.5

Mean 124 95.7 2.44 78.4 22.7

Namcheonbyeo Control 173 123.0 243 63.9 332
Os 15.3 91.3 2.33 49.9 16.3

ABA 10°M+ 0, 17.7 101.7 2.37 56.4 239

ABA 107*M + O, 18.0 103.3 242 533 239

ABA 10°M +0; 18.7 103.3 2.33 65.0 294

Mean 174 104.6 2.38 577 25.3

LSD(5%)

— means between varieties 1.7 (ns) 0.04) 84 (ns)
— means between treatment within a variety 2.1) “.2) 0.04) 4.0) (4.6)
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Table 5. Effect of ABA on yields and yield components in booting stage of rice treated with 30days ozone treatment.

. Panicle Spikelet 100 grains Ripenin, Yield
Varicty Treatment (no./plant) (no.l/)panicle) wt%(r;) rago(%)g (g/plant)
Hwamyeongbyeo Control 163 80.0 2.50 84.9 27.7
O; 14.3 79.0 227 72.9 18.8
ABA 10°M+0;, 13.3 77.3 2.37 76.2 18.6
ABA 10*M+0; 147 83.0 2.24 75.5 20.7
ABA 10°M + O, 14.0 87.0 2.29 75.5 21.2
Mean 14.5 81.3 2.34 77.0 214
Namcheonbyeo Control 16.0 115.7 243 654 293
0Os 15.0 111.7 233 46.7 18.2
ABA 10°M+ O, 16.0 109.0 2.24 36.9 14.2
ABA 10°*M + 0, 14.7 107.0 2.37 53.8 20.1
ABA 10°M+ O, 14.3 121.0 2.33 61.8 24.9
Mean 15.2 112.9 2.34 529 21.3
LSD(5%)
— means between variety (ns) (11.0) (ns) (1.8) (ns)
— means between treatment within a variety (ns) (ns) (0.06) 3.6) 3.87)
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Table 6. Effect of ABA on superoxide dismutase activities in tillering and booting stage of rice leaves during 30days after O ; treatment.
(unit/g fw.)
Days after O; treatment
Variety Treatment 15 30
Tillering stage Booting stage Tillering stage Booting stage
Hwamyeongbyeo Control 990 133 495 251
O3 530 214 1000 363
ABA 10*M +0; 595 234 793 329
ABA 107*M + 05 568 232 1016 619
ABA 10°M + O 567 279 1086 705
Mean 650 219 878 453
Namcheonbyeo Control 499 216 471 571
O; 361 339 655 310
ABA 10°M+ 03 220 395 741 216
ABA 107 M+ O; 369 193 809 359
ABA 10°M+0; 430 217 806 296
Mean 376 272 696 351
LSD(5%)
— means between varieties (213) 309 (88) &7
— means between treatments within a variety (194) 35) 94) (50)
ABA®| A5 AR ZFE UehliE Table 65 2t} £ Bd719k #4719 Hell ABAE A Ag & &8 308
719] 2F A7 F 159719 A F FF5 EF & AT 7T AslzA APX 84E AR 23T Table 70Ith £
SolM dix=7ET SOD &4d0] Wold Zg & & 3len, 7l 2FL 1597 AT F APX #4E AR 2F4 B
ABA A EoMe E3H ABA 10°M HEE AQslie  E LEXTFEANAM 4ol S7lsld=d ABA 10°M A
BE OF USANC: SOD BHol Bok R B 4 9 oM: Eeis g BT OF USNRT B4o] ol
o 531 3B 9= ABA 10°M AH2olM, 28l & 2 AL B ok o|Z2 ABA 10°M Azl o3 B o
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Table 7. Effect of ABA on ascorbate peroxidase activities in tillering and booting stage of rice leaves during 30days after O ; treatment.

(mol/g fw.)
Days after O treatment
Variety Treatment 15 30
Tillering stage Booting stage Tillering stage Booting stage
Hwamyeongbyeo Control 14.5 11.8 3.39 11.2
0O; 22.1 8.8 291 8.6
ABA 10°M + O, 18.4 59 3.07 9.6
ABA 10*M + 03 213 11.1 3.73 8.8
ABA 107°M + O, 229 13.2 3.25 9.2
Mean 19.8 11.2 3.27 9.5
Namcheonbyeo Control 11.4 11.2 442 7.8
0O; 26.7 14.4 4.10 14.1
ABA 107° M + 04 22.2 11.7 335 9.4
ABA 107*M + O 315 14.1 393 11.7
ABA 10°M +O; 3L7 12.6 3.62 124
Mean 24.7 12.8 3.88 11.1
LSD(5%)
— means between varieties (1.0) (1.3) (ns) (1.5)
— means between treatments within a variety 1.7 (14) (ns) (1.2)

Table 8. Effect of ABA on guaiacol peroxidase activities in tillering and booting stage of rice leaves during 30days after O ; treatment.

(mol/g fw.)
Days after O, treatment
Variety Treatment 15 30
Tillering stage Booting stage Tillering stage Booting stage

Hwamyeongbyeo Control 54 2.45 1.73 1.35

0Os 10.4 4.50 5.20 1.65

ABA 10°M + O, 6.6 312 3.90 1.63

ABA 107*M + O3 10.2 3.29 6.08 1.83

ABA 10°M+0; 9.9 341 6.33 1.81

Mean 85 335 4.65 1.65

Namcheonbyeo Control 32 2.66 1.02 1.87

Os 11.0 2.62 8.04 341

ABA 107°M+ 0, 5.5 2.68 495 2.14

ABA 107*M + 05 11.9 2.68 9.02 3.38

ABA 10°M + 0, 10.6 2.34 8.90 4.02

Mean 84 2.60 6.39 297

LSD(5%)

— means between varieties (ns) (0.65) (0.96) 0.23)
— means between treatments within a variety 0.9) (0.30) (1.72) (0.33)

A7t oud 2EH2E BA HH AEH ARE ZHIY|
Azl 7158 #HHzld A AR ES FRERIA e
AL 7RI 9o ABA 2Ed 20 M E 7)Fe] 2
3tk &=l (Netting, 2000) ¥ HM= ABA 3o
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2E AT GPXe| E4S AurEH 1597 ¥ 30¢7H
LEAY BF BE 2 ATl Z4o] SRV F

T EF ABA 10°M HIA| LE o5 Hzld v <F

s E TBE
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Table 9. Effect of ABA on dehydroascorbate reductase activities in tillering and booting stage of rice leaves during 30days after O ;
treatment. (nmol/g fw.)
Days after O; treatment
Variety Treatment 15 30
Tillering stdge Booting stage Tillering stage Booting stage
Hwamyeongbyeo Control 1929 365 251 1008
0, 1757 590 105 923
ABA107°M+ 0, 1385 577 137 1017
ABA 107*M + 0, 1997 632 401 1290
ABA 107°M+0; 1684 896 198 1165
Mean 1750 612 218 1081
Namcheonbyeo Control 896 1057 197 1465
0O; 1443 696 234 1585
ABA 10°M+0; 1146 769 332 934
ABA 107*M+ 0, 1421 573 286 1302
ABA 10°M+0; 1540 527 388 1421
Mean 1289 724 287 1341
LSD(5%)
— means between varieties (198) ) (12) (185)
— means between treatments within a variety 134) (138) (58) (108)
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Table 10. Effect of ABA on monodehydroascorbate reductase activities in tillering and booting stage of rice leaves during 30days after O 3

treatment. (nmol/g fw.)
Days after O treatment
Variety Treatment 15 30
Tillering stage Booting stage Tillering stage Booting stage
Hwamyeongbyeo Control 204 955 93 293
Os 287 1283 214 249
ABA 10°M+0; 380 1823 128 245
ABA 10°*M+0; 337 2143 131 315
ABA 10°°M + 0, 312 2218 115 314
Mean 304 1684 136 283
Namcheonbyeo Control 283 979 85 169
0s 357 1646 124 261
ABA 107 M + O, 385 1722 181 318
ABA 10°*M +0; 344 1845 75 266
ABA 10°M +0; 267 1556 195 336
Mean 327 1550 132 270
LSD(5%)
— means between varieties (ns) (ns) (ns) (ns)
— means between treatments within a variety 59) Ca) (50) (52)
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Table 11. Effect of ABA on glutathione reductase activities in tillering and booting stage of rice leaves during 30days O ; treatment.

(nmol/g fw.)
Days after O; treatment
Variety Treatment 15 30
Tillering stage Booting stage Tillering stage Booting stage
Hwamyeongbyeo Control 219 208 121 242
Os 358 299 167 253
ABA 10°M +0;, 338 257 160 265
ABA 10*M+ 0, 371 301 148 286
ABA 107°M +0; 384 328 180 298
Mean 334 279 155 269
Namcheonbyeo Control 217 235 108 212
Os 361 237 202 277
ABA 10°M + 04 308 279 188 203
ABA 10°*M + 0 341 273 202 276
ABA 10°M+0; 379 236 214 252
Mean 321 252 183 244
LSD(5%)
— means between varieties ®) (ns) (ns) (ns)
— means between treatments within a variety 30) (38) 23) (ns)
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