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Abstract 
 
The application of radiation processed chitosan as plant growth promoter has been carried out in the 24 hectares of 
rice crops. For the field trial, a pilot scale production of oligochitosan was established using gamma irradiation for 
partial degradation of chitosan powder of DDA 90% and followed by gamma irradiation of aqueous solution of 3% 
irradiated chitosan powder in 2% lactic acids (3CL2). Radiation dose of 50 kGy was selected for initial degradation 
of chitosan powder and followed by 12 kGy irradiation of 3CL2. A viscosity average molecular weight of ~10,000 of 
oligochitosan was obtained and subsequently used in the field trial of MR219 type of rice seeds on 24 hectares of 
rice plots. The seedlings were carried out after the rice seeds were soaked 24hrs in water and 30 minutes in 200ppm 
oligochitosan. The rice plots that were sprayed with oligochitosan were found to have higher resistant towards blast 
diseases. Oligochitosan of 40ppm was found to be effective as fungicides and resulted in the increase of yield of rice 
seeds of about 5%.   
 
 
1. INTRODUCTION 
 

The oligosaccharides derived from depolymerization of polysaccharides through enzymatic hydrolysis 
have been reported to exhibit growth-stimulating activity like phytohormones that induce the promotion in 
germination, shoot and root elongation in variety of plants [1-3]. Radiation degraded polysaccharides also 
show similar effects as plant growth promoter. Radiation degraded alginate solution (4%) at 100 kGy has 
been shown to significantly enhance the growth of rice in hydrophonic system [4]. They showed that the 
suitable range of concentration of degraded alginate was between 20-100 ppm to impact 15-60% weight 
gain of rice and peanuts respectively. On the other hand, Tomoda et. al., showed that higher concentration, 
1000ppm of degraded alginate prepared by degradation of enzymatic lyases was required to obtain the 
optimum growth-promotion of barley roots. 

A similar study has been conducted by Relleve et.al., [5] using irradiated carrageenan for rice seedlings 
under non-circulating hydrophonic condition. The study showed that kappa carrageenan irradiated at 100 
kGy gave maximum weight gained. However, iota carrageenan exhibited less growth promoting 
properties than kappa carrageenan and required higher irradiation dose to degrade at approximately the 
same molecular weight as kappa carrageenan. Both of irradiated iota and kappa carrageenan have caused 
the disappearance of fungi growth on the roots of rice.   

In the case of irradiated chitosan (oligochitosan), it has been shown not only exhibit as plant growth 
promoter, but also exhibit highly anti-microbial activity. Irradiated chitosan either in solid state or in 
aqueous solutions are able to suppress the growth of various fungi strains and showed higher fungicidal 
effect than that of non-irradiated chitosan [6]. It has also been recognized as potent phytoalexin inducer 
(elicitor) to resist infection of diseases for plants.       
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The effects of radiation degraded polysaccharide on the growth promotion of plant is not well understood. 
However, radiation degraded polysaccharide can be control to certain size of molecular weight to produce 
oligosaccharides that are mobile and easy for uptake by the plant. Radiation has also been shown does not 
affect the functional groups of carrageenan (SO4-) and chitosan (NH2) but instead enhance the anti-
microbial activity of the oligosaccharides that improved the plant resistivity towards fungi attacked.          
In this paper, the production of radiation processed oligochitosan at a pilot scale will be described. The 
oligochitosan properties are established and some results on its application on rice crops are reported.    

 

2. MATERIAL AND METHOD 
  
Chitosan powder was purchased from China with the following properties, 90.6% of DDA, 10% water 
content and contain 0.1ppm As, 0.1ppm Cd, 0.8ppm Cu, 3.16ppm Ni and 0.1ppm Pb. Lactic acid (90%), 
NaOH solution (2M), Hydrogen Peroxide (30%) and Ethanol are all industrial grades and supplied by 
local companies.  
 
2.1. Production of oligochitosan 
 
A Co-60 plant of ~ 800 kCi was used to partially degrade chitosan powder at a dose of 50 kGy and dose 
rate of 2.51 kGy/hr. Subsequently, 3% of radiation degraded chitosan in 2% lactic acid solution was 
prepared as follows  
Chitosan powder (10% moisture):       45 kg 
Lactic acid (90%):          33 L 
Water:       1,500 L 
Hydrogen Peroxide (30%):    4.5 L 
NaOH soln. (2M):          15 L 
Ethanol:    750 L 
TOTAL VOLUME = 2307 L (1.95 % chitosan ~ 19,500ppm)   
 
The chitosan solution was then irradiated by using liquid (Natural Rubber Latex) gamma irradiator of an 
activity, 94,818 Ci. The cycle time for 1500 L solution (56 strokes x 15 min/stroke) is  ~14hrs for 12 kGy. 
Dose rate is 0.86 kGy/hr. 
   
2.2. Characterization of chitosan and oligochitosan 

The viscosities of 50 kGy irradiated chitosan powder solution and 12 kGy irradiated chitosan solution 
were determined at 3% chitosan solution in 2% lactic acid using spindle type viscometer model Brookfield 
DV II+.  

 
The irradiated chitosan was purified by adding 2.5% ammonium hydroxides until the pH reached 6.5. The 
precipitated oligochitosan washed with ethanol and air dried. Subsequently, the purified oligochitosan at 
concentration 1.0 g/l was prepared in acetic acid/ammonium acetate buffer solution (0.20M/0.15M at 25 
C) for intrinsic viscosity measurement using Ubbelohde viscometer capillary 531/10/I of Schott 
instrument, model AVS 440. Data of the viscosity average molecular weight was taken from the average 
of 3 measurements. pH of the solution were measured using pH meter Mettler Toledo.  

   
2.3. Germination of rice seeds 

Rice seeds of MR219 supplied by FELCRA (M) Berhad were used through out of this study. Three 
different treatments of rice seeds were performed namely: 

i. Rice seeds (~ 100 seeds) were soaked in water for 24 hrs as control (C). 
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ii. Rice seeds were soaked in water for 24 hrs and followed by soaking in 200ppm oligochitosan for 
15min , 30min, 60min, 90min and 120min.  

iii. Rice seeds were soaked in 200ppm oligochitosan for 15 min, 30min, 60min, 90min and 120min. 

Each sample was done in 3 replicates. The burnt-rice husk was used as the planting media in this 
experiment. All rice seeds were water sprayed 3 x a day for 5 days. No. of seeds germinated were counted 
and recorded every day.    

2.4. Field trail preparation of rice seeds 

Rice seeds, MR219 of 90 bags which is 1,800 kg (20 kg/bag) were supplied by FELCRA (M) Berhad. 
Eight Field Plots of 1.0 hectare size per plot were prepared in triplicates with a total size of 24 hectares as 
follows: 

i. T1 and T2 (3 replicates for each plot) as control and were soaked in VITA CAMBAH (local 
growth promoter) for 24 hrs, tossed for another 24 hrs before sowing to the fields. These rice plots 
were given pesticides treatment as the normal local practises.  

ii. T3, T4 and T5 (3 replicates for each plot) were soaked in water for 24 hrs, tossed for another 24 
hrs before sowing to the fields. These rice plots were sprayed with oligochitosan at concentration 
of 20ppm, 40ppm and 100ppm at interval of 42 days and 72 days of planting.  

iii. T6, T7 and T8 (3 replicates for each plot) were soaked in water for 24 hrs and followed by 
soaking in 200ppm oligochitosan for 30 min. Then, they were tossed for another 24 hrs prior to be 
sowing to the fields. These rice plots were sprayed with oligochitosan at concentration of 20ppm, 
40ppm and 100ppm at interval of 42 days and 72 days of planting.  

2.5. Collection of data from the field trial of rice crops 

From each plot of 1 hectare, 5 quadrants of 1 square meter each of rice crops were identified for data 
collections on physical growth, fungus diseases, yields and rice seeds characterization.  

 

3. RESULT AND DISCUSSION 

3.1. Pilot scale production of oligochitosan 

In the pilot scale production of oligochitosan, two step gamma irradiation were employed to suit the 
condition of Raymintex – latex gamma irradiator at Nuclear Malaysia. Currently, the latex gamma 
irradiator is set to deliver an irradiation dose of 12 kGy for natural rubber latex. Having this condition, the 
chitosan powder has to be partially degraded using another gamma irradiation plant at 50 kGy. The 
viscosities of chitosan powder (2% and 3% chitosan powder in 2% lactic acid) before and after irradiation 
are shown in Table 1.0. The viscosity of 3% chitosan in 2% latic acids after irradiation at 50 kGy is 
slightly higher than the viscosity of natural rubber latex and was selected for this study. The irradiated 
chitosan was in acidic condition and neutralized by using sodium hydroxide before being applied to the 
field as shown in Table 2.0.   
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TABLE 1. VISCOSITY COMPARISON OF DIFFERENT CHITOSAN 
CONCENTRATION BEFORE AND AFTER IRRADIATION AT 50 KGY.  

 
Formulation Dose (kGy) Viscosity (cPs) 

0  234.98 2CL2 
50 15.16 
0  315.26 3CL2 

50  35.5 
Latex 0 20.0 

 
TABLE 2. PH OF THE IRRADIATED CHITOSAN. 

 
Formulation pH at 

50 kGy 
pH at 12 
kGy 

Final pH of oligochitosan 
(adjusted with NaOH) 

3CL2 3.40 3.58 5.03 
 
In Table 3.0 and Fig. 1.0, the viscosity average molecular weight of irradiated chitosan dropped 
significantly, i.e. 55% from 81,574 to 36,564 when the irradiation dose increases from 25 kGy to 50 kGy. 
However, the drop in molecular weight is reduced to 9% when the irradiation dose further increases to 75 
kGy. Further increases in irradiation dose did not compensate the decrease in molecular weight of 
chitosan. Therefore, irradiation dose of 50 kGy was chosen to degrade the chitosan for further processing 
in the liquid formed using liquid gamma irradiator.    
 

TABLE 3. MOLECULAR WEIGHT OF CHITOSAN AND OLIGOCHITOSAN:  
PRE-IRRADIATION OF CHITOSAN POWDER AND OLIGOCHITOSAN AFTER 
IRRADIATION AT 12 KGY.  

 
Chitosan Powder 

Preirradiation 
Mw Mw after irradiation at 12 

kGy (3CL2 + 0.3%H2O2) 
0kGy 218 269 -
25kGy 81 574 12 684 
50kGy 36 564 10 453
75kGy 33 358 10 000
100kGy 32 219 6 657
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FIG. 1. Molecular weight of chitosan at various irradiation doses. 
 
After degradation of chitosan powder at 50 kGy, the chitosan was further degraded to produce small 
molecule of oligochitosan with the molecular weight 10,000 or below. In this process, the irradiation was 
carried out on degraded chitosan in the solution form, 3% chitosan in 2% lactic acid (3CL2) in the 
presence of 0.3% hydrogen peroxides. Table 3.0 shows the molecular weight of oligochitosan produced 
after the irradiation of 3CL2 made from chitosan powder at different doses. There was slight reduction in 
molecular weight of the oligochitosan (3CL2) after 12 kGy. The Mw of ologochitosan from degraded 
chitosan of 50 kGy and 75 kGy are not much different which is around 10,000.    

 

 
 
FIG. 2. MW of oligochitosan after 12kGy irradiation dose. 
 
3.2. Germination tests 
 
The objectives of germination test are to study the effect of oligochitosan on the rice seeds germination 
and to determine treatment and soaking period that can give significant result on rice seeds germination.  
 
Table 4.0 indicates that on day 1, rice seeds that were treated directly with 200ppm oligochitosan (III) and 
soak in water and followed by 200ppm oligochitosan (II) showed the highest results of germination, 
82.2% and 81.0% respectively compare to the other treatment with water only. Results on day 1 also 
showed that rice seeds which were soaked for 90 min in all treatments resulted in the smallest number of 
seed germination. However, on day 2 onward, rice seeds that were soak in water for 24 hrs and followed 
by soaking in oligochitosan (II) showed highest rate of germination. Therefore, 15 to 30 minutes soaking 
of rice seeds in oligochitosan after 24 hours soaked in water (II) is considered as the effective method to 
enhance the germination rate of rice seeds.  
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TABLE 4. GERMINATION TESTS ON RICE SEEDS.  

 

Treatment & 
Treatment 

period 

I 
Soak in 
water 
only 

II 
Soak in water (24 hours) 

followed by soak in 
Oligochitosan 200 ppm 

III 
Soak in 

Oligochitosan 200 
ppm only 

Germinated Seeds, % (Average) 
Day 1 

15 mins. 60.0 81.0 81.7 
30 mins 36.3 68.3 82.7 
60 mins 58.3 68.7 79.7 
90mins 59.7 44.7 68.7 

Day 2 
15 mins. 78.3 90.7 83.3 
30 mins 65.7 75.7 86.7 
60 mins 78.7 76.7 84.7 
90mins 76.7 56.0 80.0 

Day 3 
15 mins. 82.0 92.7 84.0 
30 mins 72.3 89.3 88.0 
60 mins 84.7 86.0 86.7 
90mins 81.3 75.7 85.7 

Day 4 
15 mins. 84.7 92.7 85.3 
30 mins 75.7 90.7 88.7 
60 mins 90.7 88.3 87.3 
90mins 86.7 79.0 86.7 

Day 5 
15 mins. 90.3 93.7 86.7 
30 mins 80.0 94.0 89.7 
60 mins 91.0 92.0 87.7 
90mins 90.0 80.7 90.3 

 
 
3.3. Blast disease infection 
 
The result of the effects of oligochitosan on blast diseases of rice crops is given in Table 5.0. Analysis of 
variance showed that there is not significant different found between the treatments at 45 days. R square 
value (Coefficient Determination) is high indicating that it follows the model that was used. The Critical 
Value (CV) is considerably low around 35%. From T test LSD showed that the oligochitosan treatment 
gave lower number of blast infection as compare to control. However, the effect of oligochitosan at 45 
days might not be strong enough to induce morphology and physiology of the plant to prevent biotic stress 
from outside.  
 
Analysis of variance on 72 days showed the probability of 0.075 where it is very close to 0.05. Therefore 
it is considered significant different between the treatments against the rice blast. T6, T5, T7 with 
oligochitosan treatment on seed and leaf have given the lower number of plant infection with blast, 
indicating that oligochitosan treatment has shown an effect to physiology of rice plant to prevent them 
from blast disease. 
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TABLE 5. OLIGOCHITOSAN EFFECTS ON RICE DISEASES – BLAST FUNGUS ON LEAVES AND 
PANICLES. 
 

RESULT 
DAY 107th  

TREATMENT & 
LOT NO. 

DESCRIPTION SCORE 
DAY 
45th 

DAY 
62nd 

DAY 
72nd LB PB 

T1 (Lot 505, 520, 
504) 

Average : Control 
(without fungicide & 
without oligochitosan) 

1 
3 
5 

31 
4 

0.3 
 

 24 
- 
- 

- 
- 
- 

1.3 

- 

T2 (Lot 511, 508, 
521) 

 

Average: Control (spray 
fungicide) 

1 
3 
5 
 

28 
1.7 
- 

 21 
4.3 
- 

- 
- 
- 

26.7 

- 

T3 (Lot 501, 510, 
524) 

Average: Spray 
oligochitosan on leaves 
(20 ppm) 
 

1 
3 
5 

35 
3 
- 

 39 
9 
- 

- 
- 
- 

6.7 

- 

T4 (Lot 502, 507, 
518) 

Average: Spray 
oligochitosan on leaves 
(40 ppm) 
 

1 
3 
5 

28 
0.7 
- 
 

 30 
3.7 
- 

- 
- 
- 

4.0 

- 

T5 (Lot 512, 513, 
503) 

Average: Spray 
oligochitosan on leaves 
(100 ppm) 
 

1 
3 
5 
 

30 
1.0 
- 

 6 
1.3 
0.7 

- 
- 
- 

2.7 

- 

T6 (Lot 515, 522, 
516) 

Average: Seed 
treatment with 
oligochitosan (200 
ppm) + spray 
oligochitosan on leaves 
(20 ppm) 
 

1 
3 
5 
 

41 
0.7 
- 

7 20 
0.7 
- 

- 
- 
- 

1.3 

- 

T7 (Lot 509, 506, 
519) 

Average: Seed 
treatment with 
oligochitosan (200 
ppm) + spray 
oligochitosan on leaves 
(40 ppm) 

1 
3 
5 

36 
2 
- 

10.3 
1.3 
- 

7 
0.7 
- 

- 
- 

- 

T8 (lot 514, 523, 
517) 

Average: Seed 
treatment with 
oligochitosan (200 
ppm) + spray 
oligochitosan on leaves 
(100 ppm) 
 

1 
3 
5 

26 
0.7 
- 

17 
0.3 
- 

34 
1.0 
- 

- 
- 
- 

1.3 

- 

Note : LB – Leaves Blast,  PB – Panicle Blast  
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FIG. 3. shows clearly the effects of oligochitosan on blast fungus at interval 45th, 72th and 107th days of planting.    
 
 
3.4. Growth promotion 
 
Rice seeds were harvested on the 112 days after planting. The total yield of rice seeds per plot of 
experiments were given in Table 6.0. T1 and T2 plots that have no oligochitosans but sprayed with and 
without fungicides and were used as controls. However, all plots were sprayed with pesticides depending 
on the conditions of the rice crops during the trial periods. On the other hands, the trial plots, T3 – T8 
were not sprayed with fungicides and only depend on oligochitosan to act as fungicides as well as growth 
promoter. During the trial periods, golden snails attacked and winds are the two mains phenomena that 
have affected certain plots and hence affected the yield of the rice crops. Table 5.0 indicates that highest 
yield of rice seeds is from the plot T4 and followed by the plot T7 in comparison with the control T1 and 
T2. The increase in yields is about 5.76% and 4.05% higher than control plot of T1 and T2 respectively. 
These increases are lower than what is expected which is around 10%.          
 
The yield for control T2 with fungicides is almost the same or lower than the yiled of plot that were 
treated with 40ppm oligochitosan and without fungicides, T4 and T7. This indicates that the fungicides 
treatment can be replaced by only using natural polymer of oligochitosan.  
 

TABLE 6. YIELDS OF RICE SEEDS AS PER TRIAL PLOTS. 
 

No. Plots Spraying 
with 
Oligo 
chitosan, 
ppm 

Average 
Yields, 

MT 

% increase/ 
decrease in 
Yields as 

compare to  
T1 

% increase/ 
decrease in 
Yields as 

compare to 
T2 

T1 Control - No Fungicides 
and No Oligochitosan 

- 6.08 100.00 -1.62 

T2 Control - With 
Fungicides and No 
Oligochitosan 

- 6.18 1.64 100.00 
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T3 Only Spraying with 
oligocitosan 

20 6.15 1.15 -0.49 

T4 Only Spraying with 
oligocitosan 

40 6.43 5.76 4.05 

T5 Only Spraying with 
oligocitosan 

100 5.91 -2.80 -4.37 

T6 Seed treatment with 
200ppm 

20 6.01 -1.15 -2.75 

T7 Seed treatment with 
200ppm 

40 6.23 2.47 0.81 

T8 Seed treatment with 
200ppm 

100 6.00 -1.32 -2.91 

 
 
4. CONCLUSION 
 
The above pilot scale production of oligochitosan has been established using a continuous gamma 
irradiation plant at Nuclear Malaysia. The parameters and conditions of the production of control 
molecular weight of oligochitosan have been determined. Oligochitosan with molecular weight of 10,000, 
at 40ppm was shown effective to act   as fungicides and enhance rice yields up to 5%. However, the above 
field trial was conducted during wet season and further study on the effectiveness of oligochitosan as plant 
elicitor and growth promoter will be carried out in a dry season.    
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