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Abstract

Effect of chitosan and radiation-degraded chitosan on rice seedlings of a Vietnam's original

variety was investigated. Potential of irradiated chitosan in plant tolerance for several stress

factors (salt, zinc, and vanadium) also was studied as well. Chitosan represented in hydroponic

medium clearly inhibited the growth of rice seedlings at concentrations arranging from 50

ppm. Radiation processing of chitosan with dose higher than 100 kGy reduced toxicity of

chitosan and the efficacy was of dose proportion. Rice plant of 203 origin was almost

normally grown in hydroponic solution containing chitosan that has been irradiated with dose

of 150 and 200kGy. Irradiated chitosan increased plant resistance to environmental stress

caused by vanadium (V); thereby the seedlings could be recovered completely, even gained in

biomass. This effect was not appeared when applied chitosan to rice in media contaminated by

zinc (Zn) and salt (NaCI). The selectness of irradiated chitosan on various stress factors partly

clarified the assistant action of chitosan in the vanadium intoxication because chelating with

metal ions could not be evaluated as main mechanism.

Keywords: chitosan, radiation degration, plant growth, environmental stresses,

stress resistance.
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1. Introduction

Our recent investigations on irradiated extracts from several kind of lignocellulosic wastes

indicated that certain substances could act as antagonists of auxin-induced growth on plants

[6]. These extracts also strongly inhibited the germination of seeds [5]. More interesting

results have been obtained when diluted solution of these extracts showed a promotional effect

on plant growth and a increased resistance of plant to environmental stresses [7,8].

Chitin/chitosan is the second most abundant polysaccharide in nature, next to cellulose. It has

an unusual combination of biological activity plus mechanical and physical properties, which

makes it an attractive specialty material. Recently, high dose radiation treatment of chitosan

aimed to create novel bio-active substances is receiving interest of researches, in which the use

as plant growth regulation substances and for increasing the plant tolerance in order to react to

environmental stresses has just been investigating. Increased inhibitory effect of low molecular

weight fragments derived from chitosan by high dose irradiation has been indicated in E.coli

[10]. Potential of irradiated chitosan in reducing intoxication of vanadium on plants also has

just studied recently [11]. Investigations in this field have significanty for not only enlarging

the utilization of chitosan, especially in agricultural production, but also for improving the

applications of radiation technology itself.

In this study, the influence of chitosan and irradiated chitosan on the growth at early stage of

rice plants, and potential of irradiated chitosan in regulation of plant resistance to some

environmental stresses such as salt, zinc and vanadium were investigated.

2. Material and Methods

Chitosan with above 80% deacetylation was provided by SIGMA (lot: 3?H 1327). The stock

solution of 1% chitosan was prepared in 0.5% acetic acid. Its pH then was adjusted to 6.0 by

2N NaOH. The solutions were irradiated with doses of 0, 50, 100, 150, 20GkGy. For

dosimetry we have used dichromate solution dosimeter. Average dose rate was 1.5kGy. If1.

Cultivation and plant growth evaluation: Rice variety of 203 origin was obtained from, Hanoi

Agricultural University. The germination and hydroponic cultivation technique using

HYTPGNEX solution 1:1000 (N: P: K - 8:12:6, Japan) were as described in previous study

[7,8], The fresh biomass was harvested after 11 days of growing in solution. Average biomass

of 20 biggest seedlings, shoot height, and root length were measured from 3 pots after drying

in air for 10 minutes.
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Three stress factors investigated here were salt (NaCI), zinc (ZnSO4) and vanadium (VCI3).

These stress factors were supplemented to hydroponic medium in the first day of the

cultivation. Irradiated chitosan also co-added to the medium at the same time with the stress

factors.

3. Results and Disusslon

3.1. Effect of chitosan on growth of rice seedlings:

HYPONEX nutritive solutions contained chitosan with concentration of 0, 50, 100, 150, 200

ppm were used for estimating the effect of chitosan on rice plant growth. Table 1 shows the

result from the investigated experiment. Evidently, chitosan did not created growth

promotional effect, on the contrary, it inhibited or intoxicated plants leading to biomass

reduction. The inhibitory effect was higher at increased concentrations of chitosan. In

comparison with Oryza saliva L var. Japonica in the same condition [11] we found that the

203-origin rice is more resistant to chitosan intoxication than japonica variety. Actually,

seedlings of Japonica growing on nutrient solution with 100 ppm chitosan could not survived

after 3 weeks.

Table 1: Effect of chitosan on the growth of rice seedlings

Measures Chitosan concentration (ppm)

50 100 150 200

Biomass 2191.4 ±46.8 1988.5 ±9.5

(mg)

Height of 166.7 ±2.9 131.7 ±2.8

shoot (mm)

Length of 71.7 ±2.9 63.3 ±2.9

root (mm)

1980.6 ±9.3 1949.2 ±46.7 1803.5 ± 10.1

128.7 + 2.8

56.7 ±2.5

126.7 ±2.9

56.7 ±2.6

123.3 ±2.9

53.3 ±2.9

Values are the average from three measure.
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Intoxication or inhibition of chitosan on plants growing in hydroponic medium may be caused

by reduction of metabolism due to stacking of chitosan molecules to epidermis cell wall of

roots. This mechanism was proposed for the antimicrobial activity by chitosan [15]. Tokura et

al [12] have reconfirmed the stacking of average-molecular-weight chitosan by the use of

fluorescein isothiocyanate labeled chitosan oligomers. By stacking of chitosan to the cell wall,

the effective growth inhibition of bacteria was assumed to be the prevention of delivery of

nutrition through cell wall. Because of electrolytic property, chitosan can chelate a variety of

mineral nutrients in solution leading to the clorosis that was clearly observed on plants where

chitosan at concentration higher than 100 ppm was supplied. The absorption of chitosan with

iron and other metals probably was the reasons. The inhibition of chitosan makes biomass

reduced, in which the root also under-grown. Because the concentration of 100 ppm chitosan

was suitable for evaluation of effect on growth of plant, we used only this concentration for

investigating its role in other functions in the next experiments.

3.2. Effect of irradiated chitosan on the growth of rice seedlings:

This experiment used nutrient medium containing irradiated chitosan at 100 ppm with doses of

50, 100, 150, 200 kGy. Thus, the experiments with the same concentration of chitosan, but

different in radiation dose was designed to evaluate effect of radiation treatment on the

toxicity of chitosan. The result was presented in Table 2. As expected, the result showed that

treatment with increased doses was able to reduce the inhibition of chitosan leading to better

growth of rice plants. In fact, seedlings were very slightly suffered influence of chitosan that

have been irradiated with dose of 150 and 200 kGy, while dose of 50 and 100 kGy nearly did

not reduced the inhibition. By comparison with Japanese variety of rice in studies by Tham et

al [11] and by ourshelf (unpublicated data) carrying out in the same condition, the results

from this study reconfirm the more chitosan - resistant property of the Vietnamese 203 origin

rice. As evidence, the use of irradiated chitosan solution even with dose of 400 kGy, but did

not reduce the inhibition the growth of Japonica rice plants at all.

The clorosis was reduced and even was not appeared at dose of 200 kGy, root also grown

better. Irradiation with high dose can break chitosan chains down to low-molecular-weight

oligomers, thereby the stacking of chitosan molecules to cell wall is reduced as proved by

experiment on bacteria [12]. In other way, the reduced chelating capacity of irradiated

chitosan with mineral nutrients probablely also allow their permeability to cytoplasm.
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Furthermore several chitosan-derived products formed by irradiation may act as regulators or

nutrients in plants.

Table 2: Effect of irradiated chitosan on the growth of rice seedlings

Measures Radiation close (kGy)

50 100 150 200

Biomass 1980.6 ±9.3

(mg)

Height of 128.7 ±2..8

shoot (mm)

Length of 56.7 ±2.5

root (mm)

1954.8 ±64.6 2071.0 ±53.7 2129.7 ±30.1 2181.6 ±58.8

123.3 ± 2 . 9

53.3 ±2.9

149.0 ±3.6 160.3 ±2.9

54.7 ±2.9 56.7 ±2.9

158.0 ±5.1

65.0 ± 0.9

Radiation treatment by gamma rays, 1% chitosan in 0.1% acid acetic.

3.3. Effect of irradiated chitosan on rice seedlings growing in salt-contaminated medium:

Growth process of rice seedlings was specially sensitive to the effect of salt, so that growth

rate and biomass production provide reliable criteria for assessing the degree of salt stress and

the ability of them to withstand it (Fig. 1). Biomass rapidly decreased at concentration of salt

lower than lg/1. In fact, rice seedlings could not recover to grow after 2 weeks suffering salt

stress at concentrations higher than 2 g/1. Higher concentrations leaded to necroses of roots,

leaf margins and shoot tips; the leaves became yellow and dry. The morphological changes

also occurred at concentration lower than 1 g/1: roots growth was inhibited, shoots were

stunted, and leaves were small. No changes were observed at 0.25 g/I.

Based on results obtained from investigation of salt at different concentrations on the plant

growth as above-mentioned, only salt concentration of 0.5 g/1 was selected to apply in the next

experiment on effect of chitosan supplement. Irradiated chitosan (150 kGy) at concentration of

100 ppm was added to medium on the same time with salt. The results were shown in Figure

2 that presented biomass of 11 days-old seedlings. In correspondence with the results as

known from above parts, biomass production in mediums separately contaminated with
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chitosan and salt also were lower than control samples growing in HYPONEX 1/1000.

Contrary to expect, the assistant action of irradiated chitosan on plants growing in medium

contaminated with salt was not observed. Even though, inhibitor}' effect was increased as an

additional impact of both stress factors.

The burden of high salt concentrations for plants is due to the osmotic retention of water and

to specific ionic effects on the protoplasm. Water is osmotically held in salt solution, so that as

the concentration of salt increases water becomes less and less accessible to the plant [3].

Irradiated chitosan is not able to chelate Na+ or Cl* for forming complexes that are not toxic on

plants. The present of irradiated chitosan did not alter the osmotic retention and specific ionic

effect, while stacking of chitosan in epidermis cell wall also occured. That explains why was

not appeared the assistant action. In previous study, we founded that the resistance or

recovery of rice and barley plants remarkably increased by supplementing irradiated extracts

from sugarcane bagasse, wood sawdust or oil palm fiber to salt-contaminated cultivation [8].

3.4. Effect of irradiated chitosan on rice seedlings growing in zinc-contaminated medium:

Figure 3 showed the influence of zinc on biomass production of 11 days old rice seedlings.

Rice plant of 203-origin variety was so sensitive to zinc that its concentration of 2fjM had

obviously influenced on plant growth. When zinc concentration exceeded 20 [jM, plant would

die after 2 weeks of cultivation. The clorosis frequently appeared on plant, even at the lowest

concentration of zinc applied in this experiment (2|xM). The Vietnamese 203-origin rice also

was higher resistant to zinc intoxication than Japanese Japonica rice.

Similar to contamination of salt we also investigated the effect of irradiated chitosan

supplemented to cultivation medium. Because of chelating with metals is the potential

property of chitosan, we have expected the assistant effect of irradiated chitosan on reducing

zinc toxicity. However, as the results presented in Figure 4, the assistant action was not

obtained. In addition, the inhibition increased when chitosan was supplemented to medium as

observed earlier with salt contamination.

3.5 Effect of irradiated chitosan on rice plants growing in vanadium-contaminated medium:

Results from investigation of iniuence of vanadium on rice seedlings are indicated in Fig. 5.

Vanadium at concentration arranging from 1.5 to 5 ppm did not inhibit plant growth. When

the contamination increased by concentration higher than 7 ppm, the inhibitory effect

appeared. At concentration of 20 and 30 ppm shoots were stunted, roots were very short and
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browned, whereas green leaves were maintained. Role of vanadium in plant growth has not

being clear. Some researchers suppose that vanadium may have a role of microelement in plant

as molybdenum. However, there is very little evidence for this supposition [13]. Most of

studies on vanadium applying on plant have founded toxic effect of this metal at low

concentration [2,13]. It probably is real evaluation if consider that together with inhibition

effect, vanadium can act as mineral nutrient in plant [16]. In this experiment, we obviously

observed both of actions of vanadium because at concentration below 7 ppm plants have

grown better. Although biomass was not increased, but a better growth was revealed by

verdancy on leaves and trunk.

To identify the assistant effect of irradiated chitosan, vanadium at concentration of 7 ppm and

at 15 ppm was supplemented to medium. As mentioned earlier, difference in inhibition

between these two concentrations was obvious, Results presenting in Figure 6 show that rice

plants informally grew in medium contaminated with vanadium at 7 ppm, but they could grow

well as 30.6% biomass gain when irradiated chitosan were added to medium. Even, in medium

strongly contaminated with 20 ppm vanadium, the supplementation of irradiated chitosan-also

made plants more resistant or to be well recovered. Biomass increased by 25 % from 1418.3

mg of vanadium-intoxicated alone.

Recently, the only one study on vanadium impact that related to irradiated chitosan [11] has

archived the results, to which we have similar ones in this study. As explanation for

mechanism, they supposed that chelating capacity of chitosan macromoleciiles with toxic

vanadium forming complexes, which can not be absorbed by plants, causes the effect. In our

study, the effect of zinc also was investigated besides of vanadium, but the assistant action of

irradiated cMtosan was not observed in plant growing in medium contaminated with zinc.

Thus, it is difficult to confirm the chelating role of cMtosan in supporting plants more resistant.

Moreover, the HYPONEX solution also contained mineral nutritive metals and the toxicity of

cMtosan is considered as due to its chelation with those mineral metals. Thereby, it is

impossible that irradiated chitosan posses a selective chelation with vanadium, but without

zinc or other mineral nutritive metals. Therefore, there is probably an another action

mechanism of irradiated chitosan because the assistant effect could not be observed or only

weakly appeared when using non-irradiated chitosan. Similar to attack by enzymes, short chain

cMtosan fragments (oligomes) and other products such as N-acetyl-D-glucozamine and D-

glucozamine are formed during high dose irradiation. The latter products was proved to play
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important physiological role in animal bodies [4], Growth promotion was observed on E. Coli

when applied low molecular-weight chitosan oligomers that has been prepared by nitrous acis

degradation [12]. Chitosan and its derivatives are known to show various biological activities

such as antifungal and antimicrobial properties and immunoadjuvant and phytoalexin elicitor

activities [1,14]. However, their role in plant resistance to environmental stresses has not

studied sufficiently that requiring more intensive investigations.

In previous study using extracts from iinocellulosic wastes we also obtained the assistant effect

on plant contaminated with vanadium [8]. The role of dictation in that experiment could not

be remarked because lignocellulosic solution did not contained specific chelating agents. In the

other hand, when using the same extracts from iignocellulose, intoxication action with not only

vanadium, but also zinc and salt NaCl, were reduced. In this experiment, the assistant effect of

irradiated ehitosan was observed only with vanadium, but not with zinc as well as salt.

Consequently, the diffence in stress factors variously influenced on assistant effect of irradiated

chitosan products.

4. Coiclusion

Radiation treatment of chitosan aimed to create novel biological properties including its use to

increase the plant resistance to stress factors is quiet new researching tendency that has been

starting recently. The results of this study confirmed that chitosan strongly inhibits the growth

of rice plants. The inhibition appears at concentration of 50ppm and higher. Gamma-

irradiation of chitosan with doses higher than IGOkGy reduce its toxicity..

Irradiated chitosan is able to promote plant resistance to environmental stress caused by

vanadium. Thereby rice plants can recover completely, even grow better compared to control.

However, the assistant effect of irradiated chitosan is not appeared when apply chitosan to

plants growing in media contaminated with zinc and salt. The selectness of irradiated chitosan

on various stress factors (salt, zinc, and vanadium) partly clarified the assistant action of

chitosan in the vanadium intoxication. The chelating with heavy metal ions could not regard as

a main mechanism of this process. Next studies are needed to explain the action mechanism of

chitosan on plant suffering to environmental stresses. The expecting achievements will

contribute to the application of chitosan in crop production.
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