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“Mongkol Sukwattanasinittr, Akamol Klaikherdr, Kanokkarn Skulnee', Sei-ichi Aiba?

T Department of Chemistry, Faculty of Science, Chulalongkorn University,
“Pathumwan, Bangkok 10330, Thailand. (smongkol@chula.ac.th)
-1 Department of Organic Materials, Osaka National Research Institute (ONRI)
- — - 1-8-31, Midorigaoka, Ikeda, Osaka 563-8577 , Japan. (aiba@onri.go.jp)

- The chitosan was tested as a releasing device for the herbicide, 2,4-
dichlorophenoxyacetic acid (2,4-D). Releasing percentages over time of 2,4-D in water from
~films prepared from solutions of different ratios of the chitosan to 2,4-D were determined: -
By increasing the ratio—of the chitosan to 2,4-D from 1:1 to 20:1, the prepared films can’
control the rate of releasing of 2,4-D. The germination test on Pailionaceae seeds indicated
tFat all the prepared films totally inhibited the germination within 5 days similar to the results
when using only 2,4-D.- With the films of the chitosan to 2,4-D-ratio of 20:1, the significantly-
lower germination percentages in the third and forth dates were however observed. Scanning
’.electron—mlcroscop;: (SEM) showed that less 2,4-D crystallized at the film surface and
-smaller24-D-particle-appeared in the film of higher ratio of chitosan. Chitosan also assisted
in the adherence of 2,4-D on the seeds in the coating experiment resulting in a better
" inhibition of the gérmination comparing to when the only 2,4-D solution was used for

coating. - -
Releasing Test Film Test
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ABSTRACT

Releasing percentages over time of 2,4-D in water from films having different mole ratios
of the chitosan to 2,4-D were determined. The film prepared from a solution of chitosan and
2,4-D with the ratio of 20:1 can control the release of 2,4-D up to seven days. Scanning
electron microscope (SEM) showed that the films with higher ratio of chitosan have less 2,4-
D on their surface. All the prepared films totally inhibited the germination of mungbean
seeds (Phaseolus aureus Roxb.) within 5 days similar to the results obtained from pure 2,4-D.
With the mole ratio of chitosan to 2,4-D equal to 20:1, the film however gave significantly
lower germination percentages on the third and forth dates. In the germination test using a
seed coating technique, the lower germination percentages were observed when the solutions
of the mixture of 2,4-D and chitosan were used in place of the pure 2,4-D solution.
INTRODUCTION

Controlled release formulations are generally used to maintain effective local
concentration and minimize possible undesirable side effects of agrochemical. Synthetic
polymers [1, 2] and biopolymers [3, 4] such as lignin, cellulose, starch and chitin have been
used in controlled-release formulations for agrochemical [5]. Unlike in the controlled drug
release systems, chitosan has been much less studied in the controlled agrochemical release
systems [6] despite many beneficial effects of chitosan on plants have been claimed. We

report here a study of utilization of chitosan in controlled-release system for 2,4-D herbicide.
EXPERIMENTAL

Films with the mole ratios of chitosan to 2,4-D being 1:1, 3:1, 5:1, 10:1 and 20:1, were
prepared from the corresponding solutions of chitosan and 2,4-D in 1% AcOH in the
presence of Na;CO;3. The releasing tests were carried out by monitoring the concentrations of
2,4-D released into water (500 mL) from the films as a function of time. The 2,4-D
concentrations were determined by UV-Vis absorption at 248 nm using a calibration curve in
the concentration range of 10-150 ppm. The films with the mole ratio of 1:1, 3:1, 10:1 and
20:1 were tested for germination inhibition of mungbean seeds (Phaseolus aureus). The seeds
were placed between two sets of dampen tissue papers lying on a plastic plate covered with a
plastic bag. The numbers of germinated seeds were counted everyday for five days. For
comparison purpose, water, 2,4-D and chitosan film were also tested. The seed coating
experiments were performed in the similar fashion excepted for that the seeds were precoated
with a solution of chitosan (91 mg) or 2,4-D (125 mg) or chitosan (91 mg) + 2,4-D (125 mg)
in 1% AcOH (250 mL) containing Na,CO3 (60 mg) prior to the test.

RESULTS AND DISCUSSION :

The releasing curves of the films of the mixtures of chitosan and 2,4-D consisted of two
distinct regions (Figure 1a). The first region exhibited the fast release appearing within the
first two hours and the second region displayed the slow release occurring after two days.
The fast release should be corresponding to the dissolution of 2,4-D at the surface of the film.
The SEM micrographs of the films (Figure 2) confirmed this supposition as the films with



higher mole ratios of chitosan possessed fewer observable 2,4-D particles or crystals on their
surface. The film with the mole ratio of 1:1 released over 95% of its 2,4-D content within
two hours while the film with the mole ratio of 20:1 released only 20% of its 2,4-D content in
the first 2 hours and required seven days-to reach 95% release (Figure 1b). All the films

—could totally inhibit the germination of mungbean seeds within five days when they were
used at the level that 10 mg of 2,4-D presented in the films. There is an interesting note on
the third and fourth datesthat the films with higher mole ratio of chitosan showed higher
germination inhibition. We have not had a definite explanation for this observation yet. In
the seed coating experiment, chitosan improved the germination inhibition effect of 2,4-D by
about 20% when the seeds were precoated with the solution of chitosan and 2,4-D.
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Figure 1 (a) releasing cur#es from films of chitosan containing 2,4-D at different mole ratios and (b) results
from seed germination test for films of chitosan containing 2,4-D at different mole ratios -

) - - B —

’, o

Figure 2 SEM micrographsof the films prepared from solution with mole ratios-ofchitosan : 2,4-D being (a).
1:1, (®) 5:1and () 20:1 = — -

CONCLUSION . -
Films with higher-contents of chitosan can control the releasing of 2,4-D herbicide for

longer periods. Chitosan has no apparent negative effect on the activity of 2,4-D. Chitosan

can increase the adherence-ability of 2,4-D on the surface of the seeds in the seed coating test

resulting in higher inhibition-activity. We are now currently working on finding other forms
of the releasing device to reduce the amount of chitosan required for controlling the release.
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