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Behaviors of Arsenic in Paddy Soils and Effects of
Absorbed Arsenic on Physiological and Ecological
Characteristics of Rice Plant

IV. Effect of As content in water culture on transpiration, stomatal
resistance, temperature and humidity in the leaves of rice plant

Min Hyo Lee,** Soo Kil H. Lim* and Bok Young Kim**

Summary

A water culture experiment was conducted to investigate the effect of As content in a culture
solution on the water status and growth of rice plants. Rice (Oryza sativa L. Line. Iri 316) seeds
were germinated in bentonite and cultivated there for 30 days. Rice seedlings were transplanted
into 3.5/ pots containing the culture solution on May 1, 1985 and allowed to grow without As
treatment for one month. Afterwards, they were grown in a culture solution maintaining the final
concentration of As, 0,1,5,10 and 15 mg/! renewing in the solution dissolved sodium arsenate
at intervals of 3 to 7 days. Plants were cultivated in the green house during the growing period
and harvested 60 days after As treatment.

The results obtained were as follows:

Transpiration of rice plants was decreased with the increase of the As level in the culture
solution. Stomatal diffusive resistance and leaf temperature increased with increase of As levels
though the humidity and the air flow rate in leaf decreased.

Air flow rate, transpiration and stomatal diffusive resistance showed a highly significant
correlation with As contents in shoots and roots of rice plants: Espally The air flow rate and
transpiration revealed a significantly higher correlation with As contents in the root than that in
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the shoot, but diffusive resistance showed adverse tendency.

High levels of As in the culture solution depressed plant height, no. of tillers, leaf width and

dry weight of plant remarkably. Typical symptoms of As toxicity were root discoloration, and

necrosis of leaf tips and margins, and leaf rolling during the sunny daytime were also another

symptoms.
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Table 1. Average content of various elements in tap water
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(unit : ppm)

pH Ca Mg K Na Fe

Mn Cu Zn Pb Cd As

6.7 8.91 2.89 0.94 10.5 0.16

0.03 0.002 1.65 0,003 0.002  0.002

Table 2. Changes in transpiration of rice plants with different As levels in nutrient solution

(unit : ml)
e ) Measg;gnent June
 As T
treatment (ppm) i 8 B 15 21 24 27 30 L

0 615 994 1,142 858 1,451 1,622

1 775 767 975 715 1, 206 1,351

5 680 774 973 678 993 1,025

10 641 600 906 562 800 648

15 625 884 303 217 213 225
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Table 3. The effect of As concentration in nutrient solution on the leaf water status of rice plants at the

50 days after arsenic treatment

As treatment Diffus. res. Transpiration Leaf temp. CUV temp. Humidity Flow
(ppm) (sec/cm) (ug/cm?/sec) °0) ) (%) (cm?/sec)
0 0.72 14. 54 33.3 34.7 . 61.8 0.627
1.16 9.23 34.5 35.6 58.2 0.383
5 4.82 4.74 37.5 37.3 50.5 0.219
10 5.79 3.95 38.0 37.6 50.0 0.182
15 20.6 1.21 38.7 38.2 48.0 0. 057
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Fig. 1. Changes in As contents of rice plant with different As levels in nutrient solution at 45 days after

transplanting.
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Table 4. Regression equations and correlation coefficients between leaf water status (Y) and As content

(X) in shoot and root

Part of plant

Regression equation

Correlation coefficient

Shoot Y, (Flow)=0. 000020 X2—0. 00602 X+0.50333 —0, 783%*
Y.(D.R.)=0. 000418 X240, 0115 X1, 72402 0. 970%*
Y (Transp.)=0. 00049 X—0, 14680 X-+11. 76491 —0, 784%*
Root Y, (Flow)=0. 0000003 X2—0. 000556 X0, 62683 —(, 905%*
Y,(D.R.)=0. 0000234 X2—0,011518 X0, 96278 0. 682k*
Y¢(Transp.)=—0. 0000019 X2—0.010776 X414, 4706 —0. 90F*k
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Fig. 2. Relationships between diffused resistance and K contents in shoots in 45 days after transplanting
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Table 5. Growth status of rice plant with different As levels in nutrient solution

Days after As treatment

As treatment 15(June 15) 30(July 1) 60(Harvest)
(ppm) o T
Height ~ No. of  Leaf width Height  No. of  Leaf width Straw Root
(cm) tiller (cm) (cm) tiller (cm) (g/plant)
0 54.4 11.0 1.02 62.6 20.8 1.31 47.5 10.7
1 47.0 10.7 1.01 60.3 17.3 1.26 39.3 11,7
5 44,0 8.7 1.05 55.7 13.7 1.13 19.2 7.0
10 41.2 8.0 1.0 44.3 7.0 1.04 5.4 2.5
15 37.3 6.7 0. 95 38.3 6.0 0.90 2.0 0.9
LSDG%) 9.2 1.7 0.07 9.9 4.7 0.09 5.2 0.8
(19%) 13.4 2.5 0.10 14. 4 6.9 0.14 7.5 1.2
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