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Radiation degraded carbohydrates such as chitosan, sodium alginate, carageenan,

cellulose, pectin, etc. were applied for plant cultivation. Chitosan (poly- )3 -D-glucosamine)

was easily degraded by irradiation and induced various kinds of biological activities such as

anti-microbacterial activity, promotion of plant growth, suppression of heavy metal stress on

plants, phytoalexins induction, etc. Pectic fragments obtained from degraded pectin also

induced the phytoalexins such as glyceollins in soybean and pisatin in pea. The irradiated

chitosan shows the higher elicitor activity for pisatin than that of pectin.

For the plant growth promotion, alginate derived from brown marine algae, chitosan

and ligno-cellulosic extracts show a strong activity. The hot water and ethanol extracts from

EFB and sugar cane bagasse were increased by irradiation. These extracts promoted the

growth of plants and suppressed the damage on barley with salt and Zn stress. The results

show that the degraded polysaccharides by radiation have the potential to induce various

biological activities and the products can be use for agricultural and medical fields.

1. INTRODUCTION

It is reported that the oligosaccharides from higher plant cell wall involved in capable

of signal transduction, defense responses against pathogens and synthesis of phytoalexins (1).

Low molecular weight carbohydrates and oligosaccharides are usually prepared by enzymatic

degradation of polysaccharides. Although these enzymes are useful and important in

preparing the degraded fragments, each enzyme catalyses only a limited reaction and

preparation of enzymes is sometimes very difficult. Radiation is one of the potent
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procedures for fragmentation of polysaccharides. Radiation generates various types of

degraded fragments by random scission. In this study, radiation degradation of various

carbohydrates and their effect on plants were investigated to improve the quality of natural

polymers by radiation for plant cultivation.

2. MATERIALS AND METHODS

2.1. Materials

Alginate, chitosan 10B and citrus pectin were purchased from Kishida Chemical Co.,

Japan, Katokichi Co. Ltd, Japan and Sigma Chemical Co., USA, respectively. Sugar cane

bagasse obtained from Okinawa, Japan, palm fibre obtained from Selangor, Malaysia and

sawdust offagus (commercial product) were dried and ground to pass 5 mm.

2.2. Radiation

Carbohydrate samples were irradiated by gamma-rays from Co-60 or an electron beam

(Radiation Dynamics Inc., RDI DYNAMITRON, USA, 3 MeV, 25 mA) in liquid state or in

solid state (powder form).

2.3. Growth test of plants

Rice (Oryza sativa ), soybean (Glycine max) and barley (Hordeum vulgare) were

mainly used for the experiments. Germinated seeds by immersion in water for three days at

27°C were sowed onto plastic net floating in plastic pots containing 1/2000-fold diluted

hyponex solution (Hyponex, Japan). After 9 days grown in green house, ten seedlings were

collected from each treatment, washed gently, air dried and finally dried in oven at 105°C for

12hr.

3. RESULTS AND DISCUSSION

3.1. Effect of radiation-degraded carbohydrates on plants growth

Radiation causes the cleavage of glycosidic link of polysaccharides, producing lower

fractions (2-4). Figure 1 shows the irradiation effect on molecular weight of alginate in

liquid state (4% solution) and in solid state. Using these degraded alginate, the effect of

growth-promotion of plant was tested under hydroponic cultivation condition. For rice,

degraded alginate from 4% alginate solution irradiated at 100 kGy (MW ca. 7000) impacts

remarkable effect on growth promotion (Fig. 2). Similar effect is also observed for alginate

powder irradiated at 500 kGy. The suitable range of degraded alginate concentration was 20
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Fig. 2 Effect of irradiated alginate

on rice growth

- 50 ppm. In case of peanut, dry matter of shoot significantly increased at 100 ppm of

degraded alginate treatment. Field test experiment is in progress and it is expected that the

increase of peanut yield will be obtained at harvesting time. Additionally, preliminary

results on field test of foliar spraying of degraded alginate on tea, carrot and cabbage with

concentration of 20 to 100 ppm, led the increase of productivity of ca. 15 to 40%. The

results suggest that foliar spraying degraded alginate at certain concentration causes

increasing in biochemical and physiological functions of plant that lead to increase in dry

matter.

Other carbohydrates such as chitosan and lignocellulose also show the similar

promotion effect on plant growth.

3.2. Suppression of heavy metals stress on plants by radiation degraded carbohydrates

Effect of chitosan irradiated at wide range of irradiation doses on plants was examined

showing chlorosis in various degrees at lower doses less than 50 kGy (Fig. 3). The chlorosis

was reduced or disappeared at higher doses (^ 70 kGy) and the stimulation of the plant

growth occurred at 100 kGy. Heavy metals such as vanadium (V) show the strong stress on

soybean, rice, wheat and barley seedlings, whose roots were clearly injured at 5 ppm V (in

VC13) in solution cultures. The seedlings of rice were critically damaged at ~ 1 0 ppm and

died completely at ~50 ppm. These damages were relatively reduced by application of

radiation degraded chitosan. The recovery of growth and reduction of V levels in seedlings
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Fig. 3 Effect of irradiated chitosan
on rice growth

Control Salt stress
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Fig. 4 Effect of extracts from oil palm
fibre on salt stress of barley

were obtained by the treatments with 100 and 200 ppm chitosan irradiated at 100 kGy in 1%

solution (Table 1). Thus, the chitosan irradiated at suitable doses could be suggested as

heavy metal eliminators in crop production.

Table 1. Effect of V and irradiated chitosan on plant growth

Treatment
V(ppm) + Chitosan(ppm)

0
0
0

10
10
10

0
100
200

0
100
200

Dry weight
wheat

Biomass
385 ± 42
544 + 47
540 ±39
229 ± 37
350 ± 35
392 ± 39

of seedlings (mg/10 plants)

%
100
141
140
59
91

102

rice
Biomass
190 ± 17
206 ±16
236 ± 30
143 ± 12
214 ± 18
210 ± 18

%
100
108
124
75

113
111

Seedlings of plants grown for 9 days under V stress with chitosan irradiated
at 100 kGy were measured.

Lignocellulosic materials were also degraded by radiation and the extracts from oil

palm fibre, sugar cane bagasse and sawdust oifagus were increased at 500 to 1000 kGy.

These extracts in hot water and ethanol show that the strong activity to suppress the heavy

metal and salt stress on plants. Figure 4 shows the effect of extracts from oil palm fibre on

suppression of salt stress on barley growth. Salt stress at 5 g/1 strongly inhibited the growth

of barley seedlings causing a lower biomass production (62.6%), smaller shoot height
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(69.8%) and root length (54.9%). The growth of plants suffering salt stress was improved

clearly with lignocellulosic extracts, especially 90 kGy irradiated extracts.

3.3 Antimicrobial activity of radiation-degraded chitosan

Antibacterial activity of irradiated chitosan was studied against Escherichia coli B/r.

Irradiation of chitosan at lOOkGy in dry state was effective in increasing the activity, and

inhibited the growth of E. coli completely (Fig. 5) (5). For anti-fungal activity, highly

deacethylated chitosan 10B (99% deacetylation) at low dose irradiation (75 kGy) was

effective. The sensitivities of Exobasidium vexans, Septoria chrysanthemum and Gibberella

fujikuroi for the irradiated chitosan were different and the necessary concentrations of

chitosan were 550, 350 and 250 a

g/ml, respectively. Wheareas, low

deacethylation chitosan (8B: 80%

deacetylation) and high dose | |

(500kGy) was effective for the plant |

growth. 1

These results show that the
001

0.00$
degraded chitosan by radiation have

the potential to induce the

antimicrobial activity for bacteria

and fungi and the products can be

used not only for agriculture but also

for medical fields.
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Fig. 5 Antibacterial activity of irradiated chitosan

3.4. Induction of phytoalexin by radiation-degraded pectin and chitosan

Pectic fragments prepared by irradiation and oligogalacturonan obtained by enzyme

digestion (endo-PG) of pectin induced glyceollins (a kind of phytoalexin). The pectic

fragments obtained by irradiation with 1000 kGy were the most effective for induction of

glyceollins and induced almost the same amount of glyceollins induced by endo-PG.

Pisatin, a phytoalexin induced in pea, was also effectively induced by irradiated pectin

and chitosan (Fig. 6). Induction of pisatin by pectic fragments prepared by irradiation was

lower than that of pectin-PGase. Chaitosan irradiated at 1000 kGy in solid state induced

much higher activity than the pectic fragments but decreased at 2000 kGy. These results

show that 1000 kGy is the optimum dose to obtain the effective fragments for induction of
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phytoalexins and a dose of more than 2000 kGy is too high to keep effective fragments.
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Fig. 6 Induction of pisatin in pea by irradiated pectin and chitosan
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