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Abstract. Two chrysanthemum varieties, ‘ARTI-purple’ and ‘ARTI-queen’, were chronically irradiated with
doses of 30, 50, 70, and 100 Gy for four weeks in gamma-phytotron, a long term irradiation facility. We
investigated the growth, responses of antioxidant enzymes (ascorbate peroxidase, APX; catalase, CAT;
peroxidase, POD; superoxidase dismutase, SOD) and malondialdehyde (MDA) contents under different doses
of chronic-irradiation. The five plant growth measurements including plant height, number of leaves, internode
length, stalk diameter and leaf thickness were investigated immediately after four week irradiation. The plant
height (p < 0.001), internode length (p < 0.01), the number of leaves (p < 0.001) and stalk diameter (p <
0.05) were significantly decreased an increasing doses of gamma-ray. Among them, especially, the internode
length was remarkably decreased showing the RDsy (Reduction Dose 50) at approximately 65 Gy. The antioxidant
response after four weeks of recovery period, ascorbate peroxidase (APX) (p < 0.01), superoxide dismutase
(SOD) (p < 0.01) and peroxidase (POD) (p < 0.001) were significantly increased with an increasing dose
of gamma-ray. And malondialdehyde (MDA) (p < 0.01) contents showed the significant increase at the 70
and 100 Gy which means the oxidative stress was lasting for a considerable period. In this study, the 50
Gy irradiation as optimal dose showed higher growth than the RDsy, it also showed insignificant differences
on the antioxidant responses and MDA contents. However, the 100 Gy dose showed lower growth than RDsy.

Additional key words: ANOVA analysis, Chrysanthemum morifolium, gamma-phytotron, malondialdehyde,
reduction dose 50
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Fig. 1. Chronic irradiation of gamma-ray in the gamma-phytotron (A) and phenotypic variation in plant growth (B:" ARTI-purple’,
C: ‘ARTI-queen’) and leaf shape (D). Leaf area was reduced depending on the strength of irradiation (B, C, and D. from left

to right: 0, 30, 50, 70, and 100 Gy treatment).
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Table 1. Growths of two chrysanthemum cultivars treated with different doses of gamma-ray irradiation.

Cultivar Does Plant height Internode length Stalk diameter Leaf thickness No. of
treatment (cm) (cm) (mm) (mm) leaves
ARTI-purple 0 Gy 215 + 3.0° @ 15.94 + 0.3 a 420 £ 0.2 a 56 £ 05 a 146 £ 1.8 a
30 Gy 191 +19b 13.89 + 3.2 ab 3.77 £ 0.3 ab 6.7 £+ 09 a 13.3 £ 0.8 ab
50 Gy 164 + 1.7 c 1096 £+ 1.5 b 3.37 £ 0.1 bc 6.4 +20 a 12.2 + 0.9 bc
70 Gy 127 £ 1.7 d 650 £+ 14 ¢ 3.24 + 0.6 bc 6.0+ 04 a 113 +12c
100 Gy 64 +20e 274 £ 11d 293 + 04 c 6.6 + 0.3 a 6.3 +21cd
ARTI-queen 0 Gy 201 £ 34 a 19.27 £ 39 a 453 +10a 54 + 0.2 ab 152 + 24 a
30 Gy 19.3 + 1.8 a 18.75 £ 2.8 a 327 £+ 03 b 46 + 03 a 151+ 07 b
50 Gy 155 +23b 1085 + 22 b 299 +020b 49 +09 a 126 £ 0.7 b
70 Gy 122 +17c 6.48 + 2.1 bc 352 + 05 ab 6.6 + 2.0 ab 121+t 14 c
100 Gy 85+20d 5.35 + 1.5 bc 3.56 + 0.3 ab 71+09b 94 +20c
*Values are means * standard deviation (n = 10).
YMean separation within columns by Duncan’s multiple range test (p < 0.05).
Table 2. The activities of antioxidant enzymes by gamma-ray irradiation.
Cultivar Does APX activity CAT activity POD activit'y SOD activit.y
treatment (U/mg protein) (U/mg protein) (U/mg protein) (U/mg protein)
ARTI-purple 0 Gy 4.58 + 2.00% ab’ 0.64 + 0.18 ab 5,58 + 0.26 a 6.03 + 0.43 ab
30 Gy 1.37 £ 0.53 a 0.76 £ 0.19 a 723 + 064 b 472 + 0.28 bc
50 Gy 5.75 + 3.18 ab 0.35 £ 0.15 ab 10.25 + 0.87 ¢ 493 + 0.39 bc
70 Gy 845+ 130 b 022 + 0.10 b 13.75 + 042 d 7.02 £ 0.39 a
100 Gy 1112 £+ 6.67 b 0.24 £ 0.05 b 1532 + 139 e 433 + 144 c
ARTI-queen 0 Gy 542 £ 0.95 a 0.29 £ 0.17 a 591 £ 0.88 a 5.06 + 149 a
30 Gy 5.62 + 0.37 ab 043 £ 0.14 a 1012 £+ 1.74 b 4.07 + 1.05 a
50 Gy 5.67 + 3.64 ab 0.30 £ 0.04 a 1265 + 282 b 442 + 169 a
70 Gy 12.37 £+ 3.36 b 0.30 £ 0.07 a 17.27 + 153 ¢ 461+ 122 a
100 Gy 9.37 £ 0.12 bc 0.54 + 0.16 a 17.35 + 1.02 ¢ 495 + 0.17 a

“Values are means *

1.27

Y =0.003x + 0.457

MDA contents (nmol-g-' FW)

standard deviation (n = 3).
YMean separation within columns by Duncan’s multiple range test (p < 0.05).
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Fig. 2. MDA contents of two chrysanthemums. Asterisk indicates
that mean values were significantly different between the
treatments and the control (p < 0.05).
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Table 3. Results of ANOVA analysis between growth factors,
antioxidant enzymes and MDA contents.

F value (Significance)

Variable Absorbed dose  Cultivar Gy x ov
(Gy) (cv)
Plant height 157.43 1.44 3.97
Number of leaves 78.76 " 50517  6.20"
Leaf thickness 1.74 1.6 2.05
Internode length 41.94” 6.79 1.40
Stalk diameter 6.35 0.18 1.66
APX activity 6.59" 3.79 0.77
CAT activity 1.83 0.70 2.14
SOD activity 2.26" 445" 1.71
POD activity 65.38" 20197 147
MDA contents 13.15 " 10.25" 2.57

""" Significant differences at p < 0.05 or 0.01, 0.001, respectively.
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