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Abstract[JWe studied the folilar wiping effects of antioxidants (ascorbate, glutathione and sodium azide),
which effectively inhibited the chlorophyll bleaching or completely recorved the early stage of photosyn-
thesis of Panax ginseng C.A. Meyer, on photosynthesis, stomatal resistance, free sugar, starch, and
total saponin contents of ginseng under the excess light intensity (45 kLux) during 6 days. Ascorbate
and glutathione, endogenous antioxidant, recovered photosynehtsis and stomatal resistance, and reduced
the photoinhibition by the excess light intensity (45 kLux) on free sugar, starch and total saponin
contents. But sodium azide, exogenous 'O, quencher, showed negative effect. Therefore, we assumed
that carbohydrates and saponin metabolisms of ginseng by antioxidants (ascorbate, glutathione) were
normal. For the reduction of inhibition by excess light in ginseng a program for the higher activation
of antioxidants and antioxidative enzymes in ginseng leaf will be desirable.
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Table 1. Effects of ascorbate, glutathione (GSH) and sodium azide on the photosynthesis by various light intensity
in the intact ginseng. Scavengers/quencher were applied to the leaf by foliar wiping 3 hours before

the expouse to the light

Photosynthesis (mg CO, uptake-m *-s ')

GSH

Sodium Azide

6.830+ 0.210 (100.4)
6.749+ 0.009 ( 99.2)
6.789+ 0.013 ( 99.8)

6.792+ 0.254 (99.8)
6.542+ 0.056 (96.2)
6.712+ 0.110 (98.7)

6.421+ 0.631 ( 94.4)
6.094+ 0.056 ( 89.6)
5.767+ 0.521 ( 84.8)

4.542+0.214 ( 66.8)
3912+ 0321 ( 57.5)
34521 0.354 ( 50.7)

5399+ 0.465 ( 794)
4499+ 0.321 ( 66.1)
2.86310.098 ( 42.1)

3201+ 0.652 ( 47.0)
2.312+0.452 ( 33.9)
1.672+ 0.345 ( 24.5)

Days
Control Ascorbate
Control 6.801+ 0.351 (100.0)
1 6.840x 0.271 (100.5) 6.749+ 0471 ( 99.2)
10 kLux 3 6.953+ 0.018 (102.2) 6.871+ 0.235 (101.0)
5 6.748+ 0.564 ( 99.2) 6.708+ 0.542 ( 98.6)
1 5317+ 0.126 ( 78.2) 6.340+ 0.321 ( 93.2)
20kLux 3 4.908+ 0.568 ( 72.1) 5726+ 0.123 ( 84.2)
5 5.113+0.478 ( 75.1) 5.644+ 0.652 ( 83.3)
1 4908+ 0.135 ( 72.1) 6.176+ 0.165 ( 90.8)
30kLux 3 2.863+ 0.258 ( 42.1) 4.090+ 0.248 ( 60.1)
5 2.045+ 0.651 ( 30.0) 32721 0.146 ( 48.1)
1 4,704+ 0.128 ( 69.1) 5726+ 0.231 ( 84.2)
45kLux 3 2250+ 0.234 ( 33.0) 3.068+0.521 ( 45.1)
5 0.818+0.147 ( 12.0) 2.045+0.120 ( 30.1)

4908+ 0324 ( 72.1)
3477+ 0.561 ( 51.1)
1.309+ 0.387 ( 19.2)

3.114+ 0.651 ( 31.0)
0.614+0.169 ( 9.0)
ND

() :% Photosynthesis. ND : No detection.
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Table 2. Effects of ascorbate, glutathione (GSH) and sodium azide on the stomatal resistance by various light
intensity in the intact ginseng. Scavengers/quencher were applied to the leaf by foliar wiping 3 hours
before the expouse to the light

Stomatal Resistances (s-cm 1)

Days
Control Ascorbate GSH Sodium Azide
Control 5.957% 0.652 (100.0)
1 5936+ (0.324 ( 99.6) 5.990+ 0.321 (100.5) 5679+ 0.325 (112.0) 6.712+ 0.714 (112.6)
10kLux 3 7.436+ 0.614 ( 99.6) 6.354+ 0.125 (106.6) 7.1251 0.564 (119.6) 7.412+ 0.543 (124.4)
5 7.521+0.125 (126.0) 741110521 (124.4) 7.565+ 0.329 (126.9) 8.992+ (0.712 (150.9)
1 5946+ 0.312 ( 99.8) 5.346% 0.234 (140.0) 5.997+ 0.687 (151.0) 6.213+ 0912 (154.6)
20kLux 3 8.001£0.125 (134.0) 7.918+ 0.631 (132.9) 6.452+ 0.562 (108.2) 10812+ 0.356 (181.5)
5 8921+ 0.324 (149.7) 8.12310.821 (136.3) 8.247+0.632 (138.4) 11974+ 0.742 (201.0)
1 6.256+ 0.321 (172.1) 6.042+ 0961 (151.7) 5.872+ 0.863 (165.7) 7.176+ 0.512 (204.3)
30kLux 3 9.203+ 0.125 (154.4) 8.918+ 0.635 (149.7) 7.091+ 0.098 (119.0) 13.784+0.432 (231.3)
5 13421+ 0.148 (225.2) 10.013+ 0.542 (168.1) 9.711+ 0.632 (168.1) 14.964+ 0.513 (251.2)
1 6.667+ 0.256 (179.0) 5985+ 0.125 (167.6) 6.286+ 0.126 (139.1) 7.719+ 0.913 (247.0)
45kLux 3 9.894+ 0.478 (166.1) 9.001£0.631 (151.1) 11561+ 0.397 (194.1) 18.212%0.871 (305.7)
5 14.894* 0.351 (250.0) 11.001+ 0.120 (184.6) 12.561* 0.659 (210.8) ND.

( ):% Stomatal resistance. ND : No detection.

Table 3. Effects of ascorbate, glutathione (GSH) and sodium azide (NaN) on the free sugar, starch and saponin
contents by various light intensity in the intact ginseng. Scavengers/quencher were applied to the leaf

by foliar wiping 3 hours before the expouse to the light

Control 10 kLux 20 kLux 30 kLux 45 kLux

Control 2539+ 0.051 2547+ 0.061 25162 0.056 2498+ 0.045 2221+ 0.016

Fructose Ascorbate 2.829+0.064 2712+ 0.023 2641+ 0.095 2.359+ 0.044

(mg-g fw 1) GSH 3475+ 0.012  3.299+0.065 2.734+ 0.063 2412+ 0.062
Sodium Azide 2527+ 0112 2501+0.013  2.192+ 0.147 ND

Control 4598+ 0.056 4612+ 0.064 4819t 0.081 4.072+0.042 4.044+ 0.042

Glucose Ascorbate 4819+ 0.061 5749t 0.034 4.664*0.025 4.199+ 0.050

(mg-g fw 1) (GSH) 6.058+ 0.016 5.128+0.065 4.199+0.045  3.889+ 0.063
Sodium Azide 4587+ 0.071  4.601+0.042 3.879+0.017 ND

Control 3.897+0.023 3984+ 0.080 3498+0.019 3365+ 0.062 3.125* 0.046

Sucrose Ascorbate 3769+ 0.063 4255+ 0.064 4.012+0.042 2.555+ 0.036

(mg-g fw ") GSH 2312+ 0.046 4741+ 0.034 4.741£0.062 3.769% 0.041
Sodium Azide 3.884+0.081 3.2971£0.094 2991+ 0.127 ND

Control 9.019£0.124 9.019+0.052 8.983+0.091 8954+ 0.012 8.860+ 0.024

Starch Ascorbate 9.147+ 0064 9.121+0.083 9.082+ 0042 8964+ 0.046

(mg Glc+g fw 1) GSH 9.156+ 0.023  9.098+ 0.076  9.047t0.032  8.894+ 0.039
Sodium Azide 9214+ 0.074 7911+ 0.125 6.896+ 0.132 ND

Control 75981+ 1235 76.131+2.234 67.541+£3.652 60.125+ 1.249 56.142+ 2.586

Saponin Ascorbate 79.132+ 1321 78.130+ 2412 77351+ 2.641 77.431* 2.169

(mg-g fw 1) GSH 77112+ 2105 75.362%+ 1.325 7211512398 69.264+ 2.541
Sodium Azide 75147+ 2542 62531+ 2129 54.129+ 1.974 ND

ND : No detection.
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Fig. 1. Protective effects of ascorbate, glutathione (GSH) and sodium azide (NaNs) on the photosynthesis and
stomatal resistance by excess light intensity (45kLux) in the intact ginseng. Scavengers/quencher were
applied to the leaf by foliar wiping 3 hours before exposure to the light. Standard error: 5~7%.
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Fig. 2. Effects of ascorbate, glutathione (GSH) and so-
dium azide (NaN,) on the free sugar and starch
content by excess light intensity (45 kLux) in
the intact ginseng. Scavengers/quencher were
applied to the leaf by foliar wiping 3 hours
before exposure to the light. Standard error:
5~7%.
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Fig. 3. Effects of ascorbate, glutathione (GSH) and so-
dium azide (NaN;) on the saponin contents by
excess light intensity (45kLux) in the intact
ginseng, Scavengers/quencher were applied to
the leaf by foliar wiping 3 hours before expo-
sure to the light. Standard error: lower 5%.
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