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Effects of Air Pollition on Rice Plant Growth
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Abstract

The study was performed to investigate the effects of gaseous imission of sulfur dioxide and
hydrogen fluoride on the growth of rice plant under stressed field conditions. The plants were
cultivated in normal paddy fields where are 88 industrial plants operating with 285 smoke stacks
emitting pollutants.

There has been a number of reported studies (1, 3, 11, 19, 20) which deal with rice plant damages by
air pollution under a simulated exposure experimental condition. Furthermore, these experiments were
conducted to examine effects of a single pollutant on the plant. In korea, however, there is no study
reported in literature with respect to the in-situ dose-response relationship between rice plant reduction
in yields and air pollution. This study is specifically dealt with multiple effects of sulfur dioxde and
hydrogen fluoride on various plant growth indicators such as leaf damage, culm height, weight of grain,
panicles per hill, spikelets per panicle and percent fertility.

It appears that there is a good correlation between ambient concentrations of sulfur oxides and sulfur
contents found in leaves with an average correlation coefficient of 0.868 within a 1% significance
level. It is interesting to note that a better multiple correlation was found between percent leaf damage
and sulfur and fluoride contents found in leaf with a significance of 1% level. The yearly correlation
coefficient ranges from 0.963 to 0.987 with an average being 0.971. It is, therefore, believed that a
percent leaf damage may serve as a single indicator of pollutional damages to rice plant cultivating in
fields.

Regarding other factors relating to the diminution of rice plant growth in polluted atmosphere, it
appears that a significant correlation exists between these factors. For example, the percent leaf
damage is proved to be correlated to culm length and dry weight of grain with a 1% significance level
whereas T/R ratio has a good correlation with leaf damage within 5% significance level.

An evaluation of data observed has demonstrated that both panicles per hill and percent fertility are
significantly affected by air pollutants. As expected, hydrogen flucride has more effects than sulfur
oxide. It is, however, interesting to note that spikelets per panicles has slightly been affected while no

indication of effects on 1000-grain-weight has been observed. This may lead to a conclusion that a
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reduction in yield of rice under polluted field conditions may have more been caused by the diminution

of panicles per hill and percent fertility rather than by the diminution of spikelets per panicle and grain

weight.
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Table-1 Analytical Method of Pollutants in RiceLeaf and Air.

Items Methods Description
S Gravimetric Na.CO Na.O
(leaf) Sample a2 2 Dryin 4272 Biltrate
dsty fusion
BaCl, .. Ignite - .
HET Filtrate 800% . 1hr BaS0, weighing
F Electrode Sample + Na,C0; Soln. —= Dry & Iﬁéﬂte————NaOH Fusion ~—— Dissolve in H.O
(leaf) method Steam Distillation————Distil]ate——T—A—BIon Meter )
165C ph5.055
SOx . . SOx absorbed in K,CO4 paper; color developed with Barium chloranil acid spec-
. Colorimetric
(air) trophotometer at wave length, 530 #
(30 days)
wodoh, zel KRS SO;E Y XN SEE2
3. BR A EE PE HEREMEC A HENHR L 2L EES
Bl o] & FAEMBE KRS SO RS ud
3.1 oz fgsicl. 1ok AR HFERES] f55L

KES 6~88 Fty EMLH(SO,;) MELT R =+ EFRHARF)EEL —5 #ERE
E(S)ERS Fool 2o| —I HEREMIMS B Bl BB o322 ols HEREM
g Kol HERBEA A HHE B-CE B AF+ HF o] $8S% ¥x ¥ Aoz #lE
BELE A 19814 ) 1982F ¥ ol EHEB - Bl BHE §F 1~7, 18MES & B4RS
CE {FAsE 19835 0] 19845 ol v F-2 HES  Holx, =2 HEMB AT BEFR Bl

Table-2 Variation in Average Pollution Factors from June to August

Sife SO, (u g/day/100em?) | Sulphur in leaf ppm) Fluorine in leaf (ppm) %destroyed leaf

1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984 { 1981 1982 1983 1984

1 1024 977 945 513 | 3606 3360 3243 2470| 195 123 153 176 [ 19.8 15.9 13.5 161

2 1107 1026 875 583 | 3468 3562 2859 2589 | 113 113 162 157 [ 13.0 12.8 12.5 10.8

3 1217 963 943 467 | 3526 3290 3306 2505| 116 89 112 221 (13.3 1.5 10.9 151

4 1057 944 924 540 | 3730 2999 3210 2599 111 99 120 198 |13.4 10.5 13.3 12.9

5 1256 1257 1261 790 | 3356 3715 3480 2854 | 125 70 143 178 | 13.5 7.8 14.5 10.8

6 1619 1390 929 747 | 4022 3791 3319 2801| 157 135 215 249 (19.0 16.1 23.6 2L5

7 801 579 675 670 | 3114 2987 3202 2962| 131 259 363 181 (124 24.3 25.5 19.9

8 1282 1205 1354 800 | 3274 3812 3284 2555| 35 53 38 321 05 2.3 0.3 110

9 945 969 933 517 | 3308 3101 3310 2387 38 23 29 50 1.5 04 0.5 17

10 860 937 577 583 | 3146 3485 2742 2524 17 25 31 49 1.1 0.2 0.2 0.8

11 860 928 779 683 | 3170 3142 3274 2951| 21 46 28 45| 0.8 14 0.8 13

12 628 917 696 430 | 2771 3181 2811 2530 24 29 24 39| 0.3 08 0.2 0.9

13 381 700 569 407 | 2039 3211 2618 2351 17 27 18 20 0.0 00 00 0.0

14 630 419 455 157 | 2636 2708 2169 2129 17 17 20 271 0.1 0.2 00 0.0

15 840 1089 645 400 | 2724 3601 2447 2433 17 25 19 17| 0.5 0.4 0.0 0.6

16 933 701 369 293 | 3301 3426 2275 2388| 17 24 40 29 1.3 01 0.0 0.8

17 1199 910 635 413 | 3420 3263 2314 2229 16 25 50 54| 0.4 05 0.9 16

18 1526 1008 671 620 | 3579 3524 2690 2697 | 49 45 85 118 2.8 17 6.8 6.8

Con, 159 134 247 183 | 1726 2018 1955 2057 14 20 17 197 0.0 0.0 0.0 00
-l J. of the Korea Air Pollntion Res. Assoc. 1986




Note

Fig-2 Correlation coefficient between pollution factors (1981-1984)
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Table-3 Variation in Growth Characters at Milky Ripe Stage

Site Culm length (em) Shoot .dry wt, (g) Root dry wt, (g) Total dry wt. (g) R/T ratio
1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984
1 77.5 824 79.2 87.1/434.2 594.8 582.2 748.9|54.9 66.6 68.6 69.8]489.1 66l.4 650.8 818.7|12.6 11.2 118 9.3
2 82,7 86.2 86.4 8882|5084 629.9 652.4 775.7|62.4 64.5 66.7 70.8]570.8 694.4 719.1 846.5|12.3 10.2 10.2 9.1
3 82.2 80.2 87.7 90.1|685.4 633.1 708.2 778.3[63.7 67.9 67.6 66.3|749.1 701.0 775.8 844.6}| 9.3 10.7 9.6 8.5
4 8.6 850 86.6 882|5680 612.8 727.3 805.7|57.5 64.3 68.4 70.5|625.5 677.1 795.7 876.2]10.1 10.5 9.4 8.8
5 82.5 82.4 865 8877154 648.0 710.7 758.2]69.0 69.5 78.7 68.9)784.4 717.5 789.4 827.1| 9.7 10.7 1.1 9.1
6 78.3 77.4 73.4 825(269.0 534.6 501.9 580.8|44.3 53.7 62.5 67.6]313.3 588.3 564.4 648.4]16.5 10.1 12.5 116
7 76.0 67.2 67.2 67.2]486.3 312.3 482 1 285.7|57.1 34.4 57.3 37.5[543.4 346.7 539.4 323.2(11.7 11.0 119 131
8 94.5 856 91.8 100.4|724.6 654.3 812.7 860.6(68.2 68.6 824 82.8|792.8 722.9 895.1 943.4| 9.4 10.5 10.1 9.6
9 90.0 100.0 100.8 92.6]813.4 7819 792.5 812.7(80.1 81.4 78.7 752|893.5 863.2 871.2 887.7| 9.9 10.4 9.9 9.3
10 92.7 91.2 95.1 94.8(797.6 79.1 814.8 862.0|73.5 81.3 80.8 72.1|871.1 877.4 895.6 934.1| 9.2 10.2 9.9 84
1 101.5 86.9 99.8 88.2)823.6 690.0 827.4 782.1]8l.4 61.4 80,6 8139050 7514 9053 863.4] 9.9 89 9.8 10.4
12 93.8 928 99.4 102.5/809.3 734.5 819.2 849.9(84.8 73.1 80.3 84.H)894.1 807.6 899.5 933.9)10.5 10.0 9.8 9.9
13 100.3 104.3 104.8 103.6)889.2 878.1 864.9 877.5(89.4 87.3 88.6 92.4|978.6 965.4 953.5 969.9|10.1 9.9 10.2 10.5
14 95.1 94.8 102.5 101.4|858.5 8265 878.7 891.2{81.8 86.2 90.8 84.7|940.3 912.7 969.5 975.9] 9.5 10.4 10.3 9.5
15 97.4 10L.2 106.8 106.2)843.9 808.7 864.4 890.7|78.8 80.1 83.6 84.4|922.7 888.8 948.0 975.3| 9.3 9.9 9.7 9.5
16 100.2  92.9 100.4 99.5|853.5 875.5 846.2 862.8]88.8 88.1 86.5 81.8]942.3 963.6 932.7 944.6|10.4 10.1 10.2 9.5
17 95,7 87.4 105.7 97.3|878.1 767.8 860.1 857.4|84.7 72.5 88.6 79.2]|962.4 840.3 948.7 936.6] 9.7 9.4 10.3 9.2
18 87.8 822 B840 92.4§817.6 715.9 7529 798.9|76.7 66.1 77.3 69.1[894.3 7820 830.2 868.0{ 9.4 9.2 10.3 8.7
Con, 104.3 102.4 104.5 104.7)881.3 864.1 878 1 874.2}90.8 87.8 86.8 85.2]972.1 951.9 964.9 979.4]|10.3 10.2 9.9 9.8

BRAERLBREE H2B F 15 1986



Table- 4 Variation in Yield and it’s Components

Panicles/hill Spikelets/panicle % fertility W, of 1000 grains Yield (kg/10a )
1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984 [ 1981 1982 1983 1984 1981 1982 1983 1984

1 53 9.7 105 9.5163.7 760 745 89.3170.4 74.7 66.0 66.0]23.7 23.5 23.1 23.3|1357(26.1) 275.8(57.2) 254.6( 48.5) 287.7( 56.2)
2 8.0 1.4 11.3 138767 7.3 79.8 950|685 73.2 70.7 53.9(24 1 22,2 23.4 23.1[2055(39.5) 280,8(58.2) 320.5(611) 359.1( 70.2)
3 11.2 10.4 1.9 12.3]77.7 75.7 79.6 87.0|67.8 67.2 67.6 68.9]24.0 23.6 23.5 23.3|317.0(61.0) 269.8(55.9) 329. 2 62.8) 37L.4(72.6)
4 10.9 1.0 12.6 12.8|62.0 66.3 77.4 89.7[67.3 75. o. 76.0 63.5]23.3 22.7 23.9 23.2)243.7(46.9) 250.4( 51.9) .6(72.5) 368.8(721)
5 13.3 121 12,0 11.8(79.8 70.7 79.7 84.7(61.8 71.2 74.7 78.1124.4 23.3 24.1 23.01357.8( 615 303.5(62.9) 370.5(70.6) 395.1( 77.2)
6 6.2 81 9.6 11.6(56.7 780 723 90.7{61.9 69.0 54.7 62.8}24.4 23.6 23.5 23.7[124.7(24.0) 227.8(47.2) 182.2( 34.7) 326.6( 63.8)
7 7.9 58 7.9 50/66.0 6L.3 62.7 43.5[62.5 485 63.3 71.5[23.4 23.6 23.8 24.8|160.4(30.9) 103.6( 21.5) 150.7(28.7) 93 m,A 18.3)
8 14.0 13.1 14.5 13.7(89.0 66.0 83.8 89.9|69.7 71.2 78.7 81.1/22.6 24.0 23.6 23.8|420.1(80.8) 311.8( 64.6) 488.4(93.1) 470.7(92.0)
9 15,6 14.8 14.7 13.7]74.2 72.3 82.0 85.3]|71.3 74.7 76.3 72.7|23.0 24.3 24.3 23.3|410.4(79.0) 420.2( 87.1) 445.1( 84.8) 435.7( 85.2)
10 14.7 14.8 158 14.0(76.4 740 76.7 81.9|67.9 76.7 74.7 82.8|23.6 24.2 23.4 23.4]|412.3(79.3) 440.7( 91.3) 450.1( 85.8) 477.3( 93.3)
11 149 13.2 153 14,1(79.0 73.0 82.8 86.1|69.3 68.7 68.7 68.1]|23.7 22.8 23.4 23.5)427.4(82.2) 320.1( 66.3) 435.8(83.0) 413.2( 80.8)
12 159 13.8 156 15.5|78.0 66.7 76,7 89.5|68.5 74.3 70.7 72.1|23.3 24.0 23.9 23.6[439.1(84.5) 378.8(78.5) 440.1( 83.9) 504.5( 98.6)
13 16,4 17.7 14.9 15.2|79.7 72.0 90.7 85.3|78.5 76.1 72.3 77.8]23.5 24.8 "25.1 24.0(539.3(103.8) 512.6(106.2) 528.4(100.1) 513.8(100.4)
14 16.0 14.5 14.5 151837 743 89.2 86.6|63.6 79.6 78.3 77.7|24.2 24.1 24,1 23.9(460.0(88.5) 448.2( 92.9) 540.3(102.9) 509.5( 99.6)
15 136 16.7 14.4 151|84.3 687 88.6 831|726 73.6 757 78.8{23.2 24.2 24.5 24.2(434.9(83.7) 440.1(9L2) 512.4( 97.6) 514.2(100.5)
16 150 154 155 13.6|71.0 74.6 86.9 88.5]72.1 74.7 74.3 78.7{24.1 24.2 24.0 24.5(450.7( 86.7) 448.4( 92.9) 515.3( 98.2) 498.3( 97.4)
17 16.0 12.7 16.7 13.883.7 753 88.8 85.3|74.2 70.5 67.0 78.0|24.2 23.6 23.9 '24.0( 502 3( 96.6) 350.5( 72.6) 506.6( 96.5) 470.1( 9L9)
18 15.4 13.0 124 12.8{76.7 73.3 82.2 82.1/69.1 69.8 74.3 76.0|23.3 23.5 23.7 23.4(418.5(80.5) 348.0(72.1) 383.5(73.1) 400.8(78.3)
Con 16,1 159 156 15.4|78.1 75.8 90.9 81.2|76.7 75.9 70.8 78.4|24.8 24.4 24.4 24.5|519.7(100.0) 482.6(100.0) 524.9(100.0) 511.6(100.0)
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Table-5 Correlation between Growth Characters and Pollution Factors at Milky Ripe Stage

Culm length Shoot dry matter Root dry matter Total dry matter R/T ratio

1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984 | 1981 1982 1983 1984
S| —-%* NS ~&k% k| -—% NS -k k%] %% NS - k% _%%| -% NS ~-%k% -—-%*%x| NS NS NS NS
Jun, Fl-%% -—-%% _—%% -% ~%%k %%k %% =% —kk k% %k _*% ~k%k -—%kk k% % x % * k% NS
Dl %% —%% _%% _—sx|_%% _#%x _ %k _xk| k% _%% _&% _#*|_¥% _*% _%£% % |x* % x% NS
S| —%% NS —%k%k %% | -%% NS —&k% %% | %% NS —%k%k k% | -%k% NS -%k%x -—% NS NS NS NS
Jul, Fl-%% —%% _%% _—%%|-%% k% _—kk -—kk| k% k& %% &% | -k¥* %% %% %% %% *® *% NS
D) -%% —%k& _kk —k%k | -—kk _—%kk _—kk -—kk | —kk _—kk _%% _kk | —kk %k _—kk %%k | k% k% %% NS
S] NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS |NS NS NS NS
Aug | F| %% —#% _w% _me| %% _%x% k% _kk| %k _%k %%k %%k | %% k% _k%x -*%k| k% % % NS
D| -%% -—%% _—%% _—kk| -kk —%k %k -—%kk| k% -k _kk _kk| %%k k% -~k%x k%] k% * *% NS

* : Significance at the 5%level % % : Significance at the 1% level

Table- 6 Correlation between Yield, it's Components and Pollution Factors
Yield Panilces/hill Spikelets/panicle % fertilify 1000 grain wt.

1981 1982 1983 1984 1981 1982 1983 1984 1981 1982 1983 1984 1981 1982 1983 1984 | 1981 1982 1983 1984
S|-%% NS -%% -x%|_-% NS -—%% —%%|_-%% NS -%% NS |-*% NS NS -=* NS NS NS NS
Jun, Fj-%% -%% _-%% _% —%% k& %% % - % % NS —k% NS — % —-%% %% -%%x|{ NS -% NS NS
D|-%% %%k _ k% —kk| %% k% %k k%] %% NS -k % NS - % %%k % -] NS NS NS NS
S| -%% NS -*%% -x% -%% NS -%% -—=x - % NS -—-%% NS | -% NS NS NS | NS NS NS NS
Jul, |Fl-%% —%% _#% _%%|_%% _k% _#% _x|_k%k NS -—%% NS |-%% —%% —%% -%%[NS NS NS NS
D| %% _%% _%x% _%%|_%% —%kk %% _xk| %% NS -%% NS |-% —%% _%% _%%|NS -* NS NS
S| NS NS NS NS | NS NS NS NS NS NS -=* NS NS NS NS NS | NS NS NS NS
Aug. F|l-%% _—%% _—k%k -k | -%k%¥ —-kk %%k -—-kkx|_—%kx NS -k % NS§ NS — %% NS —-% NS NS NS NS
D|-%% -%%k _%% k% | -%% %% k& %k | k% NS — %% NS —%% -—k% %% -%*%|[NS -% NS NS

% Significance at the 5% level # % : Significance at ‘the 1% level
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