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Changes in Attitudes to Nature in University Students 
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(Received: 13 January 2005; Accepted: 23 August 2005) 

 
Abstract 
Development of positive attitudes towards the environment is an important element in envi-
ronmental education. We investigated whether students at Deakin University who took the 
first year level unit SQE112 ‘Ecology and the Environment’ developed any changes in atti-
tudes to nature. Students completed a questionnaire before and after completing the unit of 
study. The questions provided information on six categories of attitudes towards wildlife. 
We found students who had taken SQE112 developed significantly more positive attitudes 
to wildlife in four of these categories (biocorrect, exploitation, natural stewardship and pest 
rights) but not in the categories controlled breeding and animal rights. In contrast, a control 
group of year one students showed no significant changes in attitudes to nature. Students 
who studied SQE112 had higher attitude scores initially than the control group, suggesting 
they were more positively disposed to the environment and chose a course which reflected 
this greater interest in environment. There were no significant differences in attitude change 
for students enrolled in SQE112 at metropolitan and regional campuses, although regionally 
based students initially had much lower scores on the exploitation scale. Our results are very 
similar to those found for USA students. 
Key Words: Environmental education, nature, student attitudes 
*Author for correspondence: Professor Robert L. Wallis, School of Ecology & Environment, 
Deakin University, Warrnambool, Victoria, 3280 Australia; E-mail: rob.wallis@deakin.edu.au

 
 
INTRODUCTION 
  Environmental education in the sense of edu-
cating for the environment involves development 
of appropriate attitudes towards the environment. 
Whilst measurement of students’ skill and knowl-
edge acquisition is reasonably straightforward, the 
measurement of attitude change is somewhat more 
problematic. 
 One subset of environmental attitudes which 

has received considerable attention recently relates 
to wildlife. For example, Purdy and Decker (1989) 
developed the Wildlife Attitudes and Values Scale 
which measured non-economic social values of 
wildlife. Results of this test have been successfully 
used to assist in planning and implementing man-
agement actions and in communicating manage-
ment needs to the public. Kellert and his col-
leagues have used questionnaires to categorise re-
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spondents’ attitudes to nature into nine categories 
which make up a typology of attitude scales (Kel-
lert 1980, Kellert 1996). 
 Recently Caro et al. (1994) surveyed students 
before and after they had taken a unit in Conserva-
tion Biology at the University of California to see 
if there had been changes in the students’ attitudes 
to nature. They modified Kellert’s nine category 
attitude scales of values pertaining to wildlife and 
assessed student attitudes in six categories. Caro et 
al. (1994) found statistically significant shifts in 
attitudes in four categories: biocorrect reflecting a 
biocentric view in which all life has equal value 
(Oelschlaeger 1991), exploitation where humans 
use wildlife to the detriment of the species and 
their habitats, natural stewardship - careful man-
agement to enhance animals’ survival and welfare, 
and pest rights -in which pest animals such as ants 
and mice have equal rights to other fauna. They 
found students showed no change in attitudes re-
lated to controlled breeding (use of animals in re-
search and leisure) and animal rights (animal lib-
eration and welfare issues). 
 SQE112 Ecology and the Environment is a 
popular year one unit at Deakin University which 
includes such topics as introductory ecology, his-
tory of the environmental movement, environ-
mental ethics, attitudes, law and economics, as 
well as case studies in environmental management. 
It is a core unit in several degree programs, includ-
ing those in Conservation Ecology, Park Manage-
ment, Environmental Management, Integrated 
Catchment Management, Eco-Communication and 
Environmental Engineering and is also taken by 
students as an elective. Traditional assessment in-
struments such as tests, practical exercises, com-
puter simulation exercises and debates can be used 
to assess student competencies, knowledge and 
skills. However, they cannot tell us if students 
have developed positive attitudes towards the envi-

ronment. We therefore surveyed students who took 
SQE112 (and those who did not as a control 
group) before and after they had done the unit. We 
also aimed to see if students who attended a re-
gional campus (Geelong) differed in their attitudes 
to nature from those who studied at the metropoli-
tan campuses in Melbourne. Finally, by using an 
adaptation of the survey used by Caro et al. (1994), 
we hoped to compare attitudes to nature of Austra-
lian and USA students. 
 
MATERIALS AND METHODS 
 Students voluntarily and anonymously com-
pleted a questionnaire (Appendix) in the first and 
last weeks of semester. The questions were modi-
fied from those used by Caro et al. (1994) to use 
Australian examples. We also reduced the number 
of questions to 25 (from 45) because of limitations 
in availability of access to the subjects. Respon-
dents answered each question in one of seven ways 
on a graded scale from strongly approve through to 
strongly disapprove (see Appendix). In a number 
of questions, answers were in the opposite order to 
see if there were students who simply responded 
with a  “strongly approve” to every question. 
 Each question was assigned to at least one of 
the six attitude scales used by Caro et al. (1994). 
Some questions assessed students’ views on a 
number of scales. For example, Q.8 asked:  

Toads are commonly used in Australian universities 

to teach principles of cardiac, pulmonary and neuro-

muscular physiology because amphibians are be-

lieved to provide ideal models. Toads are an intro-

duced pest species. Although teaching procedures are 

humane (the toad brain is destroyed), people argue it 

is an inappropriate use of living material. Do you 

support the continued use of "live" toads in teaching 

biology? 

 Responses to this question contributed to the 
overall score for four scales: biocorrect, exploita-
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tion, pest rights and animal rights. Table 1 shows 
the allocation of each question in the survey to the 
six attitude scales. 
 A ‘strongly approve’ response scored one 
point, ’approve’ two and so on to ‘strongly disap-
prove’ seven. For questions 10, 13, 16 and 25 the 
order was reversed. 
 More students completed the pre unit survey 
than the post unit survey. This was because of 
other clashing activities at the time of the last lec-

ture at Geelong. The sample sizes of valid ques-
tionnaires are given in Table 2. 
 Data were entered into an SPSS data file and 
checked for accuracy of data input, missing values, 
outliers and the normality of distribution including 
skewness and kurtosis. A reliability of measures 
test was conducted followed by a comparison of 
means using a one-way ANOVA and post hoc 
Scheffé test (Zar 1986). Reliability tests on the 
scales were performed using the unweighted

 
Table 1  Survey questions assigned to the six attitude scales 

Scale Questions in survey 
Biocorrect 1, 3, 5, 8, 9, 13, 17, 20, 23, 24 
Exploitation 2, 4, 5, 8, 12, 23, 24 
Natural Stewardship 4, 7, 10, 19, 25 
Pest Rights 6, 8, 14, 20, 22 
Controlled Breeding 15, 18, 23 
Animal Rights 5, 7, 8, 9, 11, 15, 16, 18 

 
Table 2  Sample sizes of completed questionnaires 

Student group Pre sample size Post sample size 
Control group 64 63 
Test group (those taking SQE112) 336 189 

Urban (Melbourne) 236 157 
Regional (Geelong) 100 32 

 
Cronbach’s alpha. This gives a multivariate meas-
ure of correlation across items in the scale which 
measures how tightly each subject is grouped in 
the various questions. Values in which α exceeds 
0.5 are required for sufficient reliability (Caro et al. 
1994). 
 
RESULTS AND DISCUSSION 
 All scales showed normal distributions with 
the exception of “Controlled Breeding” and “Natu-
ral Stewardship” which were slightly negatively 
skewed. The overall reliability co-efficient α was 
0.89 which indicates the different questions consis-
tently assessed the same attitude in respondents.  
 The mean scores for student responses in 

each of the six attitude scales are presented in Ta-
ble 3. 
 With the exception of “Controlled Breeding,” 
students taking SQE112 scored higher scores in 
each attitude scale than the control group in the pre 
survey. This is not surprising. It suggests that stu-
dents who enrol in such courses as Conservation 
Ecology and Environmental Management already 
have developed positive attitudes to the environment. 
The control group consisted of students enrolled in 
Media Studies (metropolitan) and in Mechanical 
Engineering and Mechatronics (Geelong). Perhaps 
the higher score for “Controlled Breeding” attitude 
scale in the control group (compared with the ex-
perimental group) is related to our only having
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Table 3  Mean scores for answers to the questions relating to the six attitude scales for those 
studying SQE112 (Treatment Group) and those not taking SQE112 (Control Group) 

Treatment Group Control Group Scale 
Pre Post Pre Post 

Biocorrect 4.32 4.46* 3.96 3.88 
Exploitation 4.44 4.64* 4.11 4.05 
Natural Stewardship 5.26 5.32* 4.83 4.90 
Pest Rights 3.53 3.72* 3.39 3.28 
Controlled Breeding 4.27 4.53 4.38 4.18 
Animal Rights 3.96 4.09 3.80 3.77 

* Mean Scores differ significantly between pre- and post- surveys for students who studied SQE112 
(p<0.05).   All other comparisons showed no significant differences in mean scores. 

 
Table 4. Mean scores for answers to the questions relating to the six attitude scales for those 

studying SQE112 at Melbourne (metropolitan group) and at Geelong (regional group). 

Metropolitan Group Regional Group Scale 
Pre Post Pre Post 

Biocorrect 4.40 4.45 4.13 4.67 
Exploitation 4.56 4.02 3.75 4.69 
Natural Stewardship 5.28 5.29 5.22 5.43 
Pest Rights 3.58 3.73 3.43 4.27 
Controlled Breeding 4.35 4.53 4.10 4.35 
Animal Rights 4.01 4.09 3.88 4.33 

 
three questions about humans breeding animals for 
our leisure and scientific pursuits. 
 Results from the ANOVA show the only sig-
nificant differences between pre and post groups (p 
< 0.05) were for the cohorts who studied SQE112 
(the treatment group) in the scales “Biocorrect,” 
“Exploitation,” “Natural Stewardship” and “Pest 
Rights.” Although the differences between mean 
scores for “Controlled Breeding” were large for 
both the treatment and the control groups, the very 
high variability in responses meant the differences 
were not significant. It is also of interest to note 
that whereas means scores for the treatment group 
all increased (although only significantly in four of 
the attitude scales), those of the controls decreased 
with the exception of “Natural Stewardship.” 

However, we should remember that none of the 
changes in attitude in the control group were statis-
tically significant. 
 Table 4 compares scores for SQE112 students 
studying in Melbourne (the metropolitan cam-
puses) and at Geelong (a regional campus). 
 Although some of the mean scores which 
changed over the 13 week semester looked greater 
for one cohort than for the other (e.g. for “Exploi-
tation” the mean score for the metropolitan group 
declined 0.54 whilst the mean score for the re-
gional group increased by 0.94), none of the dif-
ferences between the two groups was statistically 
significant. Indeed, the largest difference between 
scores for metropolitan and regional students was 
for the “Controlled Breeding” scale (F = 2.45)

which was not significant (p = 0.12). One interest-
ing difference, however, was in the pre unit survey 
of students in questions relating to exploitation of 
wildlife. Regionally based students scored signifi-

cantly lower on questions related to hunting, mul-
tiple use of forests and use of animals in research 
than their metropolitan counterparts. By the time 
they had finished the course, however, their views 
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were more similar. Pre unit scores for regional stu-
dents were lower than those of metropolitan stu-
dents in all categories, although again, the differ-
ences were not statistically significant at the 0.05 
level.  
 The results from Deakin students are similar 
to those from students attending the University of 
California. All of the attitude scales scores in-
creased after the US students had completed their 
course, but as with our study, only increases in the 
“Biocorrect,” “Exploitation,” “Natural Steward-
ship” and “Pest Rights” scales showed statistically 
significant rises (p < 0.05). The initial scores for 
each category were reasonably similar, with the 
Australian students having lower scores for the 
“Biocorrect” and “Exploitation” scales but higher 
scores for the “Controlled Breeding” and “Animal 
Rights” scales. 
 Caro et al. (1994) also investigated differ-
ences in scores for each of the attitude scales be-
tween men and women, between undergraduates 
and postgraduates taking the course, and between 
those students with a science background versus a 
non-science background. They found 
a) women enter the programs with more positive 

environmental attitudes than men, but by the 
end of the course these differences have disap-
peared; 

b) undergraduates had higher initial scores than 
postgraduates initially and demonstrated larger 
increases in score than postgraduates; 

c) students from non-science backgrounds had 
higher scores for the “Animal Rights” scale both 
before and after taking the unit. There were no 
differences in scores between the two student 
groups for the other five attitude scales. 

 Unfortunately, Caro et al. (1994) did not have 
a control group and thus it is possible other influ-
ences (besides their taking Conservation Biology) 
produced the increases in scores on attitudes to 

nature. 
 Our results suggest that students who take 
SQE112 Ecology and the Environment acquire 
more positive attitudes towards wildlife, when 
such attitudes are defined in terms of their adopt-
ing stronger biocentric attitudes. These in turn are 
defined in terms of students adopting attitudes 
which could be described as more positively bio-
correct, less exploitative, demonstrating more care 
about rights of animals, taking a greater responsi-
bility for nature and showing consideration for 
animals which have been bred for human use. We 
have also demonstrated that students who take this 
unit of study have more positive attitudes to nature 
initially than those who do not, and that there are 
no significant differences in changes in attitudes to 
nature after taking SQE112 for students from met-
ropolitan as opposed to regional campuses. Overall, 
the results are similar to those for students sur-
veyed in the USA. 
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APPENDIX 

Survey on Attitudes to Nature 
Recently an article was published in the journal Conservation Biology in which students at the University of California 
(Davis Campus) were surveyed on their attitudes towards nature before and after they had undertaken a course in Con-
servation Biology in year 3 or 4 of their course. The aim of the research was to see if students' attitudes to nature 
changed as a result of the course. 
 
We would like to undertake a similar study of first year students, before and after your year 1 Ecology & Environment 
unit. For each question please tick one of the following possible responses: 

• strongly approve 
• approve 
• mildly approve 
• indifferent 
• mildly disapprove 
• disapprove 
• strongly disapprove 

of the activity described. 
 
1. Cattle grazing in Australia's semi-arid rangelands is thought to have contributed to the reduction of biodiversity by 

cattle compacting soils, causing erosion, overgrazing, and competing with native fauna for food. However, cattle 
grazing has brought money and employment into 'unproductive' parts of the country. Do you approve of continued 
cattle grazing in semi-arid rangelands? 

 
2. Duck hunters claim their actions have prevented the loss of many wetland habitats in this State and that wetland 

fauna conservation has been enhanced as a result. Hunters also claim they cull birds which would otherwise die from 
other causes, and that waterfowl hunting is strictly controlled by wildlife authorities. Others, however, claim duck 
hunters frequently kill non-target protected wildlife, they sometime maim ducks and the birds suffer trauma and pain, 
and that lead-shot pollutes our wetlands. Do you approve of duck-hunting? 

 
3. Sometimes kangaroos become pests to landholders, destroying crops, breaking fences and competing with domestic 

stock for food and water. In such circumstances, officers from the Department of Conservation & Natural Resources 
inspect the situation and may issue permits for a number of kangaroos to be shot. The carcasses cannot be used for 
commercial gain. Do you approve of landholders being able to shoot 'problem' wildlife? 

 
4. The Victorian Government has recently approved applications for strip mining in a forest surrounded by farms and 

townships, despite protests by conservationists and residents that the forest's aesthetic and wildlife values will be af-
fected. Do you approve of mining in State Forests? 

 
5. Horse racing employs large numbers of people world-wide and is enjoyed by millions, but infrequently horses get 

injured and have to be destroyed. Do you agree with horse racing? 
 
6. The Rusden campus is built on many ant colonies, including the introduced Argentine ant. Ants frequently invade 

the classrooms and laboratories. A simple way of getting rid of the ants is to lay out boric acid which ants take to 
their nests. This kills the colony. Do you approve of killing ants? 
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7. Until new techniques are developed, it is vital to continue to use cats and dogs in biomedical research for the devel-
opment of new treatments. Former pets, now in the council pound (or Lost Dogs Home) are a cheap and easy source 
of material instead of breeding the animals specially for research. Do you approve of their use in this manner? 

 
8. Toads are commonly used in Australian universities to teach principles of cardiac, pulmonary and neuromuscular 

physiology because amphibians are believed to provide ideal models. Toads are an introduced pest species. Although 
teaching procedures are humane (the toad brain is destroyed), people argue it is an inappropriate use of living mate-
rial. Do you support the continued use of "live" toads in teaching biology? 

 
9. Dolphins that perform tricks for the public undergo extensive positive but also some negative reinforcement during 

their training. However, dolphins provide enjoyment for thousands of people each year. What is your view on keep-
ing dolphins in captivity so they can perform for the public? 

 
10. At Mount Hotham a road divides the habitat of the rare Mountain Pygmy Possum. Tunnels have been constructed 

under the road so possums can move between the divided portions of their habitat. Such access is essential for the 
conservation of the possums. It has been argued that construction of tunnels  be extended to other species in new ar-
eas, but this involves substantially increased costs to taxpayers. Do you approve of new tunnels? 

 
11. Zoos have roles in education, species conservation, research and entertainment. Yet zoos confine many wild-

caught animals. Do you support the idea of zoos? 
 
12. State forests are multiple use resources, in that they are used for timber production, water catchments, wildlife 

habitat hiking and other passive recreational pursuits. However, they are also used for mining, bee keeping, hunting 
and four wheel driving. Proponents of multiple use claim the long-term future of the forests is secure since they will 
"pay their way". Do you agree with multiple use of forests as described here? 

 
13. Styrofoam coffee cups and food containers produce chlorofluorocarbons when they degrade. These contribute to 

stratospheric ozone depletion. This ozone protects us from high energy radiation which can have serious deleterious 
environmental effects. A colleague goes out of his way to hassle your friends about using styrofoam cups whenever 
he sees them use them. He also refuses to buy food served in these containers. Do you approve of his actions? 

 
14. Ultraviolet lamps are used to attract and destroy insects (including moths) which cause annoyance at night. Do you 

approve of their use? 
 
15. Game birds are bred in Britain on farms and then released to moorland habitats in autumn so that hunters can shoot 

them. Hunting provides much needed income to the Scottish economy. Do you approve of these breed and release 
practices? 

 
16. Animal welfare groups illegally enter scientific laboratories to destroy equipment and release experimental animals. 

Do you support this practice? 
 
17. In the USA cheap beef in many hamburgers comes from cattle raised in Central and South America on lands which 

have been deforested for grazing. In order to increase hamburger consumption (at lower cost to consumers) the use of 
beef from these areas should be encouraged. 

 
18. Laboratory animals are bred for the purpose of medical and scientific research which has very important ramifica-

tions for our society. Do you support breeding animals (primates, dogs, rats) for this purpose? 
 
19. Wildlife recreation areas sometimes include lakes where many forms of water sports are popular. To stop lakes 

from filling up with weed and algae, which foul propellers, herbicides are used annually. However, this kills much of 
the aquatic flora and fauna in those lakes. Do you subscribe to this management policy? 

 
20. Common Brushtail Possums frequently live in roofs of suburban houses. They often annoy householders because 

of noise, stained ceilings and odour. Professional pest controllers trap possums, take them to the RSPCA which then 
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releases them to bushland. However, research indicates that most of these animals will die within one week, often 
painfully from predation or starvation. Do you approve of possums being trapped and released into the bush? 

 
21. The Dugong is a threatened species. In some indigenous cultures of northern Australia and Papua New Guinea 

great status is given to hunters who catch a Dugong and hunting these animals has great cultural significance. Do you 
agree that indigenous people should be allowed to continue to hunt Dugongs even though they are threatened with 
extinction? 

 
22. Smallpox was a disease which only affected humans. It caused hundreds of thousands of painful deaths up until the 

mid twentieth century when a campaign to eliminate it was established by the World Health Organization. The 
smallpox virus has now been eradicated worldwide but exists in two protected laboratories for scientific study. 
Would you support destroying the two remaining stocks of smallpox? 

 
23. Humans have been directing the breeding of dogs to achieve particular characteristics for many generations. For 

instance, border collies and kelpies have been bred to be working dogs, Labradors to be guide dogs, greyhounds for 
racing etc. Other breeds have been developed for their aggression (guard dogs) or show dogs with distorted features 
(such as bulldogs which acquire respiratory difficulties; one breed lacks fur completely). Do you approve of contin-
ued artificial selection in dogs by humans? 

 
24. In Queensland there is a ban on hunting crocodiles. However, people are occasionally attacked by crocodiles. The 

offending crocodile is usually hunted and shot to prevent further occurrences. Do you agree with this practice? 
 
25. Powerful Owls are Australia's largest owls; they are also declared rare species. A family of these owls lives at 

Warrandyte State Park using possums for food. It has been estimated the family needs about 275 possums a year. To 
alleviate predation pressure on this native wildlife, people have suggested park staff put "possum sized" chunks of 
meat in trees to provide alternative food sources for the owls. Do you agree with this suggestion? 
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Abstract 
The purposes of this research were to investigate the changes in the experimental skills and 
scientific ability of students as applied to a laboratory class in undergraduate course, and to 
examine the effects of teacher’s guidance on the experimental knowledge and ability of the 
students. The results of this study are as follows: (1) Almost all students had observed the 
cells and plant tissues as well as plant cell mitosis using a microscope at the secondary 
level. On the other hand, many students had not experienced during school some 
laboratory activities such as fish dissection, detection of human blind spot, and observation 
of the respiratory movement of fish gills. The effects on the students of those activities that 
were novel were greater than those of previously experienced activities. (2) The students 
evaluated their own skills and ability after performing the laboratory activities. As the post-
test score was significantly higher than the pre-test score for experimental skills, this 
laboratory class was shown to be effective in enhancing students’ experimental skills. (3) 
The contents and evaluation method of this laboratory class were validated through the 
performance of the students. “Biological Experiment for Junior High School Science 
Teachers” may helps students enhance their experimental skills and scientific ability 
necessary for teaching biology at the junior high school level. 
Keywords: Curriculum, experiment and observation, pre-service teacher, science skills 

and ability 
* Author for correspondence: Dr. Kiyoyuki Ohshika Department of Science Education, 

Hokkaido University of Education, Hokumoncho 9, Asahikawa 070-8621, JAPAN;  
Tel & Fax: +81-66-591311; e-mail: ohshika@asa.hokkyodai.ac.jp 

 
Introduction 
 The current junior high school curricula in 
Japan are based on the Course of Study revised in 
1998 (Ministry for Education, Science, sports and 
Culture 1998). In the Course of Study for junior 
high school, the importance of laboratory 
experiments and observations in science is clearly 

stated. Therefore, in current Japanese science 
education, the emphasis is on the laboratory 
experiment and observation. To implement these 
activities in schools, it is necessary for science 
teachers to equip themselves with experimental 
skills and scientific ability in science teaching 
sufficiently. 
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Effects of experimental course on skills and ability of students Ohoshika et al. 

 There are several previous studies about the 
value of experimantal skills and scientific 
knowledge in school science; such research has 
focussed on the analysis of implementation of 
experiments at a junior high school (Togashi et al. 
1995, Andoh 2004). Some other research has dealt 
with the investigation of the names of living things 
in biology textbooks (Mikami and Koizumi 1986, 
Mikami and Oka 1990). We also reported the 
insufficient experience of conducting experiments 
and observation in secondary school biology for the 
students in a pre-service science teacher course 
(Ohshika et al. 2005). Based on these studies it 
appeared that the students have limited experiences 
of biological experiments and observation in 
schools. 
 This research intends to find out what kinds of 
influence a “Biological Experiment for Junior High 
School Science Teachers” class can provide for 
students who aimed to teach science at a junior 
high school in order to help them enhance their 
experimental skills and ability necessary in the 
process of teaching/learning science.  
 

Laboratory Class 
 “Biological Experiment for Junior High 
School Science Teachers” is one of our laboratory 
classes that are prepared for students (mostly 
undergraduate students) who intend to get a licence 
to teach science at junior high schools. In this class, 
the students must acquire the experimental skills 
and scientific ability required for biology subjects 
at the junior high school level. 
 This laboratory class is composed of 15 
laboratory activities including orientation. The 
contents of activites are presented in Table 1. In this 
class, the students were able to carry out almost all 
areas of experiment and observation in junior high 
school biology. Basically, each experiment was 
performed as a group activity, but, microscopic 
observation was done individually. Each student’s 
activities were evaluated using three criteria: 
attendance, attitude and reports. The report should 
describe the objectives, materials and methods, 
results, disscussion and the way of application to 
teaching biology at schools, and then is added a 
table of self evaluation. The items of self evaluation 
are attitude, operation skills of experimental device,  
 

Table 1  The Content of Laboratory Class 
 

   Title Material 
1 Orientation  
2 Observing the Animal and Plant Cells 

How to Use a Microscopic  
Human cheek cells,  
Onion epidermal cells 

3 Microorganisms Microorganisms 
4 Structure and Function of Angiosperm Flower Angiosperm flowers 
5 Gymnosperm Frower Pinetree flower 
6 Plant Morphology: Leaf Structures and Stomata  
7 Plant Morphology: Stem and Root  
8 Cytoplasmic Streaming Tradescantia, Elodea 
9 Plant Mitosis Onion seedlings 
10 Arthropod Morphology Arthropods 
11 Fish Dissection Freshwater fish 
12 Detection of Blind Spot and  

Human Sensory Reaction Human 

13 Reaction of Digestive Enzyme Saliva, amylase 
14 Fish Respiration Killy fish 
15 Photosynthesis Elodea 
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style and mode of the report, results, disscussion 
and conclusion, and application to teaching at 
schools. Students were asked to do self-assesment 
from grade A to grade D for each item. Students 
were also asked to express and demonstrate their 
acquired biological knowledge and experimental 
skills and ability during carrying out each 
experiment.  
 
Methods 
 A questionnaire was administered to 47 
students who attended the “Biological Experiment 
for Junior High School Science Teachers” class in 
2004. The questionnaire was composed of two 
parts; the first one included questions about the 
contents of the laboratory class, the second one 
consisted of items for a pre-test and a post-test to 
evaluate the experimental skills and scientific 
ability of the students. The items for pre- and post-
test are shown in Table 2. The pre- and post-test 
were graded on five point scale. The scores of the 
pre- and post-test for the 47 students were analysed 
by a paired-sample t-test. 
 
Results 
  First, we examined the personal history of the 
students for their biology study in senior high 
schools. Nineteen students (40% of the 
respondents) had taken some senior high schiool 
biology courses (IA, IB, and II) (Ministry of 
Education, Science, Sports and Culture 1999), and 
the rest had not taken any of the courses (see Table 
3). We examined how often they had experienced 
experiments and observations in junior high school 
biology (see Table 4). About a half of the students 
had experienced performing experiments once a 
month and nearly a quarter of the respondents 
experienced performing experiments once a week. 
 The experiment items the students have first 
experienced in this laboratory class are shown in 
Table 5. The experiment items were classified into 
three categories: Plant, Animal and Microscopic 

Table 2  Questionnaire Item 
 

 Experimental knowledge  
1 General biological experiment 
2 Manipulation of a microscope for observation 
3 Experimental apparatus and devices 
4 Preparation and handling of reagents 
5 Handling of biological materials 
6 Saftey education in experiment 
 Experimental skill 
7 General biology experimental skill 
8 Handling of microscope for observation 
9 Experimental apparatus and devices 
10 Preparation and handling of reagents 
11 Handling of biological materials 
12 Saftey education in experiment 
13 Drawing skill for observation sketch 
14 Preparation skill for making tissue section 
15 Skill for animal dissection 
16 Ability for making experimental report 
 Biological knowledge 

17 Biological knowledge at the high school level 
18 Knowledge of animal (e. g., name, classification )
19 Knowledge of plant (e.g., name, classification ) 
20 Knowledge of animal rearing 
21 Knowledge of plant cultivation 
22 Knowledge of animal collection/distribution 
23 Knowledge of plant collection/distribution 
 
Table 3  Personal History on Senior High School 

Biology Course for Students (not re-
quired, covered in text) 

 Number Ratio (%)
Non-HS Biology 28 60 
HS Biology 19 40 

 
Table 4  Frequency of Experiment and Obser-

vation Experience in Junior High School 
Biology 

 
Frequency Number Ratio (%)

Always 3 6 
Once a week 12 24 
Once a month 25 49 
A few in a year 11 22 
None 0 0 

 
Observation. As a result, many students had not 
done the following experiments: fish dissection, 
detection of blind spot and human sensory reaction 
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Table 5  First Experience Item of Experiment in the 
Class 

 
Experiment item Ratio (%)
PLANT  
Angiosperm Flower Structure 9 
Gymnosperm Flower Structure 0 
Leaf / Stoma 13 
Root / Stem 9 
Photosynthesis 4 
ANIMAL  
Arthropods 21 
Fish Dissection 87 
Detecting Blind Spot 57 
Respiration 9 
Digestive Enzyme 13 
MICROSCOPIC OBSERVATION 
Microorganisms 23 
Cells 0 
Cytoplasmic Streaming 40 
Plant Mitosis 15 
 

 
 

General biolo

Manipulation

Experimenta

Preparation a

Handling of 

Saftey precau

Table 6  Items that impressed the students most 
in the class 

 
Experiment item Ratio (%)

PLANT  
Angiosperm Flower Structure 4 
Gymnosperm Flower Structure 19 
Leaf / Stoma 9 
Root / Stem 13 
Photosynthesis 13 
ANIMAL  
Arthropods 28 
Fish Dissection 66 
Detecting Blind Spot 64 
Respiration 70 
Digestive Enzyme 13 
MICROSCOPIC OBSERVATION  
Microorganisms 11 
Cells 0 
Cytoplasmic Streaming 45 
Plant Mitosis 13 
 

time, and respiratory movement of fish gills. Nearly 
a half of the students had no experience in 
observing cytoplasmic streaming, more than a 
quarter of the students had not observed the 
arthropods in science classes. On the other hand, all 
students had experienced observing the cells under 
a microscope in junior high school or senior high 
school. 
 Table 6 shows the experiment items that the 
students pointed out as three most impressive 

activities of this laboratory class. The most 
impressive one was fish dissection, followed by the  
detection of blind spot and human sensory reaction 
time, and then the observation of cytoplasmic 
streaming. No students selected the observation of 
gymnosperm’s flowers and cells. 
 Table 7-9 show the results of analysis pre- and 
post-test’ scores by a paired-sample t-test. The 
scores for all items of experimental knowledge and 
skills became higher in post-test than in pre-test. 

 

14 
Table 7  Analysis of Pre- and Post-Test Data about Experimental Knowledge 

means t S.D. p 
Post 3.72 gical eExperiment Pre 2.75 -6.94 .97 .00 

Post 4.23  of a microscope for observation Pre 3.47 -5.90 .89 .00 

Post 3.83 l apparatus and devices Pre 2.94 -6.10 1.01 .00 

Post 3.68 nd handling of reagents Pre 2.64 -7.32 .98 .00 

Post 3.61 biological materials Pre 2.51 -7.22 1.04 .00 

Post 3.89 tions in experiment -9.06 1.08 .00 
Pre 2.47 
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Table 8  Analysis of Pre- and Post-Test Data about Experimental Skill 
 

 means t S.D. p 
Post 3.75 General biology experimental skill Pre 2.72 -7.61 .92 .00 

Post 4.19 Manipulation of a microscope for observation Pre 3.38 -6.16 .90 .00 

Post 3.93 Experimental apparatus and device Pre 2.98 -6.04 1.08 .00 

Post 3.60 Preparation and handling of reagents Pre 2.57 -6.79 1.03 .00 

Post 3.70 Handling of biological materials Pre 2.59 -7.25 1.04 .00 

Post 3.72 Saftey education in experiment Pre 2.53 -8.06 1.01 .00 

Post 3.89 Drawing skill for obsercation sketch Pre 2.75 -6.30 1.25 .00 

Post 3.77 Preparation skill for making tissue section Pre 2.75 -5.72 1.23 .00 

Post 3.38 Skill for animal dissection Pre 1.92 -8.99 1.12 .00 

Post 3.79 Ability for making experimental report Pre 2.43 -7.22 1.29 .00 

 
Table 9  Analysis of Pre-and Post-Test Data about Biological Knowledge 

  
 means t S.D. p 

Post 3.49 Biology knowledge in high school level Pre 3.00 -3.44 .98 .00 

Post 3.17 Knowledge about animal (e.g., name, classification ) Pre 2.57 -4.80 .85 .00 

Post 3.11 Knowledge about plant (e.g., name, classification ) Pre 2.51 -4.95 .83 .00 

Post 2.78 Knowledge about animal rearing Pre 2.55 -1.44 1.06 .16 

Post 2.93 Knowledge about plant cultivation Pre 2.55 -2.19 1.17 .03 

Post 2.69 Knowledge about animal collection/distribution Pre 2.15 -3.14 1.18 .00 

Post 2.69 Knowledge about plant collection/distribution Pre 2.13 -3.32 1.16 .00 

 
There are also higher scores with significant 
differences in the items of biological knowledge 
except for the following two items: the knowledge 
about rearing laboratory animals and the 
knowledge about plant cultivation. 
 Table 10 shows the results of t-test between 
each item in the post-test. In the table, item number 
2 of the experimental knowledge and item number 
8 of experimental skill were significantly higher 

than the others. On the other hand, item number 15 
of experimental skills and item number 18-23 of 
biological knowledge, were significantly lower 
than the others. 
 
Disscussion 
 From the results of this study, the following 

confirmations were made: first, the participants of 
this laboratory class, had different backgrounds, 

Asian Journal of Biology Education Vol. 3 (2007)  15 



Effects of experimental course on skills and ability of students Ohoshika et al. 

some of them had taken biology in high schools, 
others had not. Therefore, it is recommended that 
we should offer adequate program for the junior 
high school pre-service teacher education to 
students having various backgrounds in biology. 
And, for the frequency of experience in performing 
experiment and observation, many students had 
chances over once a month in their junior high 
schools. Therefore, almost all students had some 
skills and ability for biological experiments 
basically. 
 Regarding biological experiments in junior 
high school, students had more experiences in 
observing plants and of microscopic observation 
than in observing animals as shown in Table 5. 
Experiments or observation on animals were not 
performed much by the students except for on 
digestive enzymes. From this result, it is 

considered that many students had not observed 
many animals in their high school days, and/or 
many biology teachers did not use animals in their 
teaching of biology in laboratories. For 
microscopic observation, many students had 
experience in observing the cell structure and plant 
cell mitosis. 
 In terms of creating the most impression, 
many students stated the experiments that dealt 
with fish dissecton, detection of blind spot and 
human sensory reaction time, and observation of 
cytoplasmic streaming had the greatest impact. 
From these results, many students are interested in 
more active and dynamic activities. We noted 
those students have no experience in such 
interesting laboratory activities although they had 
the wish to do so. In this way, many students are 
expecting more experiments and observation 

 
Tabel 10  t-Test between Each Questionnaire Item in Post-Test 

 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1  ＊＊      ＊＊       ＊   ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

2 ＊＊  ＊＊ ＊＊ ＊＊ ＊＊ ＊＊  ＊＊ ＊＊ ＊＊ ＊＊ ＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

3  ＊＊      ＊＊       ＊＊   ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

4  ＊＊      ＊＊ ＊         ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

5  ＊＊    ＊  ＊＊ ＊＊         ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

6  ＊＊   ＊   ＊  ＊  ＊   ＊＊   ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

7  ＊＊      ＊＊       ＊   ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

8 ＊＊  ＊＊ ＊＊ ＊＊ ＊ ＊＊  ＊＊ ＊＊ ＊＊ ＊＊ ＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

9  ＊＊  ＊ ＊＊   ＊＊  ＊＊ ＊    ＊＊  ＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

10  ＊＊    ＊  ＊＊ ＊＊         ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

11  ＊＊      ＊＊ ＊         ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

12  ＊＊    ＊  ＊＊       ＊   ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

13  ＊      ＊       ＊＊  ＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

14  ＊＊      ＊＊       ＊＊   ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

15 ＊ ＊＊ ＊＊   ＊＊ ＊ ＊＊ ＊＊   ＊ ＊＊ ＊＊  ＊    ＊＊ ＊＊ ＊＊ ＊＊

16  ＊＊      ＊＊       ＊   ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊

17  ＊＊      ＊＊ ＊    ＊     ＊ ＊ ＊＊ ＊＊ ＊＊ ＊＊

18 ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊  ＊＊ ＊   ＊＊ ＊ ＊＊ ＊＊

19 ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊  ＊＊ ＊   ＊＊  ＊＊ ＊＊

20 ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊     

21 ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊    ＊ ＊ 

22 ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊  ＊   

23 ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊ ＊＊  ＊   

＊ 0.05>ｐ>0.01  ＊＊ 0.01>ｐ  
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activities in the laboratory. Thus biology teachers 
need to use active experiments in their teaching. 
 For the skills and ability of the students to 
perform experiments, the scores for each item 
showed significant difference between pre- and 
post-tests. The guidance of the teachers and the 
contents of this class are considered to have 
produced these results. On the other hand, the 
items about biological knowledge do not have 
larger differences than those about experimental 
skills. 
 From Table 10, all students had increased 
knowledge and skills for microscopic observation. 
Because all students might have many chances to 
carry out this practice in junior high schools, they 
had more developed knowledge and skills about 
microscopic studies during a class. Thus, students 
had developed strong confidence in how to use the 
microscope and how to make microscopic 
specimens. 
 On the other hand, there is a significantly 
lower score of skills in animal dissection than the 
other experimental skills. For animal dissection 
many students had no experience in such activity, 
therefore, we considered that they had not 
developed the skills. 
 There is no relationship between biological 
experiment and knowledge in this class. We had 
thought that the basic laboratory skills and 
biological knowledge are important in conducting 
biological experiments. However, many students 
thought that biological knowledge was not that 
important. 
 
Conclusion 
 The importance of experimentation and 
observation is emphasized in the present Japanese 
Science Curriculum. However, the results of this 
study revealed that there is a problem that many 
students have less experienced in performing 
experiment and observation until high school. 
Therefore, the students must expose themselves to 

many experiments and observation activities for 
junior high school biology. The students can 
acquire more of these skills and ability in our 
laboratory class. As a result, pre-service students 
will have confidence and competency as science 
teachers. 
 From this study, we considered the neccessity 
of having adequate setting of items and contents of 
the class, and self evaluation system for report 
documents of the students. The results revealed 
that the self-evaluation system is useful for the 
students to confirm the necessary skills and ability 
on performing experiments or observation and 
making a report. 
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Abstract 
At Deakin University, first year Biology is one of the largest units and is taught at 
four campuses. At Warrnambool, Biology A (which runs in Semester 1) is taken by 
Science students taking three environmentally based courses as well as by Nursing 
students. This latter group of students takes Biology B in Semester 2. Here, we out-
line some of the features of the program including the web site and its associated 
interactive activities, the problems in teaching disparate groups of students in Biol-
ogy A and in teaching students where most are living away from home and many 
are mature age learners who have not studied science for a long time. 
Key words: Australia, biology teaching, first year students, tertiary level.  
*Author for correspondence: Dr. Anne M. Wallis, School of Ecology and Environment, 

Deakin University, Warrnambool, Victoria 3280. Australia  
E-mail: amwallis@deakin.edu.au 

 
 
Introduction 

Biology is one of the largest subjects 
taught at Deakin University and is taken by 
students who are enrolled in many different 
degree programs. As such it has to cater for 
students with different needs and backgrounds.  
Here, we outline the subject structure and some 
of its features including interactive web-based 
sites used to enhance student learning. As well 
we discuss issues in teaching first year Biology 
at Warrnambool, one of four campuses in 
which Biology is taught. Warrnambool is the 
most isolated of Deakin’s six campuses, being 
some 283 km west of Melbourne with a popu-
lation of around 28,000. 

 

The Subject Structure 
The year’s subject is divided into semester 

length units that comprise three modules each. 
In Semester 1, every student who takes Biol-
ogy enrols in Biology A that comprises three 
modules: 

1. Cell Biology  
2. Genetics and Heredity  
3. Animal Systems 

 In Semester 2, students who take Biology 
select three modules which most suit their 
needs. Students who are, for example, enrolled 
in a Bachelor of Conservation Ecology can 
take the elective Biology C that comprises 
Biological Diversity, Plant Systems and Ecol-
ogy. Nursing students, on the other hand, enrol 
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in these three modules: 
4. Physiological Control Systems  
5. Cardiovascular & Respiratory Systems  
6. Defence, Digestive & Urinary Systems 

 At the Warrnambool Campus, only Biol-
ogy A and B are offered. Biology A is taken by 
Nursing and Science students (for whom it is 
compulsory), but in Semester 2 only Nursing 
students enrol in first year Biology as science 
students take units which are designed specifi-
cally to meet their needs in ecology, ecophysi-
ology and diversity. 
 
First Year Biology Online 
 An interactive web site has been designed 
to assist students in their learning. Students 
enter the site (http://www2.deakin.edu.au/ 
biologya/) using a user name and password. 
The site provides access to the following sup-
port materials: 

 Unit details (content, lecturing staff, as-
sessment requirements etc.) 
 Unit schedule 
 Lecture notes for each lecture in rich text 
format 
 Quizzes for each lecture (multiple choice) 
 A set of Biology WWW links 
 Description of activities in The Biology 
Place 
The textbook for Biology A is Campbell, 

N. A., Reece, J. B. & Mitchell, L. G. (1999) 
Biology, 5th ed., The Benjamin/Cummings 
Publishing Company, Inc., Menlo Park. CA; 
Figure 1) 
 The textbook comes with an interactive 
CD-ROM which provides useful animations of 
conceptually difficult biological processes. For 
instance, we use it to demonstrate action po-
tential and nerve actions, muscle contraction 
(sliding filament hypothesis) and circulatory 
systems functioning. As well, the CD-ROM 

has many useful quizzes and explanatory notes. 
 The Biology Place (http://www.biology. 
com/home/home.html) provides additional re-
sources to assist students’ understanding of the 
material in biology. The site is produced by 
Peregrine Publishers and contains the follow-
in

ch (review and practice compo-

 (test bank of questions to aid 

laboratory exercises, 

scus-

Activities (resources to help 

 Board (questions, discussion 
group) 

 

g sections: 
 BioCoa
nents) 
 TestFlight
review) 
 LabBench (simulated 
interactive. Quizzes) 
 WebQuests (web-based tutorial di
sions showing real-life applications) 
 Learning 
learning) 
 Research & Reference (news articles) 
 Bulletin

Figure 1  Logo of The Biology Place, web site 
of the publishers of Biology 

 
 The LabBench is one facility we have used 
in Biology A at Warrnambool. Our technical 
staff had complained the practical activity in 
the prepared Biology A Manual was laborious 
to prepare and impractical to administer. We 
analysed the aims of the practical and found 
they did not include students actually acquiring 
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Figure 2  Enzyme Catalysis, a computer simulated practical experiment from 
LabBench in The Biology Place 

 
 
skills in the use of equipment (which are 
gained later); instead the main aim was in ex-
perimental design and data analysis. Hence we 
used the computer simulation Enzyme Cataly-
sis (Figure 2) this year instead of the hands-on 
practical activity and it was regarded as being a 
great success by the unit’s teachers. 
 Importantly the experiment has sections on 
lab safety as well as questions throughout on 
why certain procedures were being carried out.  
On average students took about 40 minutes to 
complete the exercise – a bit different to the 3 
hours the laboratory experiment took and 
which rarely produced meaningful data! 
 One of the laboratory exercises students in 
Biology A must undertake involves dissecting 
dead Cane Toads to identify internal organs 
and body structure. Each year we have students 
who object to this exercise on ethical grounds. 
An alternative web-based simulated frog dis-
section is used for these students (Figure 3). 
The address is http://curry.edschool.virginia. 
edu/go/frog/home.html.  
 The textbook for Biology B is Martini, F. 
H. (1998) Fundamentals of Anatomy and 
Physiology, 4th ed., Prentice-Hall, Upper Sad-
dle River, NJ. It also comes with a CD- ROM 

and its own web site http://cw.prenhall.com/ 
bookbind/pubbooks/martini4/. 
 

Figure 3  Photograph of liver of a frog taken 
from The Interactive Frog Dissection 

 
Biology in a Rural Campus 
 Some of our students who take Biology at 
Warrnambool enter University with poor 
school science backgrounds or are mature age 
learners who are returning to study after 
spending time in the workforce or at home 
caring for families. These students often feel 
unconfident about science. Nursing students in 
particular, sometimes query the relevance of 
some of the science they learn and only come 
to appreciate its significance late in their 
course. We have designed special tutorials to 
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help them overcome their apprehensiveness 
and pass rates are similar to those in classes of 
students at other campuses. Warrnambool is 
also where science students studying three en-
vironmentally-based courses enrol and these 
students sometimes express concern at having 
to study such a laboratory based program so 
early in their course. 
 
Problems with Teaching a Multicampus 
Program 
 We have identified a number of difficulties 
in teaching units in first year Biology which 
are common to four campuses: 
1. The need for common lectures and assess-

ment: It is argued that the program must be 
identical to ensure comparability of stan-
dards and to make it easy for students to 
move between campuses in their course.  
This creates difficulties, however, as stu-
dent needs differ.  Even teaching students 
majoring in marine biology and nursing in 
the same classroom is difficult as each ex-
pects to learn about examples relevant to 
their chosen field. Exams are identical and 
held simultaneously at the four sites. The 
need for common learning programs and 
assessment imposes restrictions which 
could result in a course which does not 
meet the requirements of any of the student 
cohorts.  

2. Resources: There is an assumption that each 
campus has access to the same teaching and 
learning resources, for example, practical 
materials. 

3. Centralized co-ordination: There is appro-
priate devolution of responsibility. 

4. Student characteristics: A higher propor-

tion of students studying at Warrnambool 
live away from home. At first year most 
choose to live in the student residences on 
campus. Anecdotal evidence suggests 
Melbourne-based students have greater ac-
cess to computers and hence to the Internet 
and Deakin’s own web site than Warrnam-
bool students. This is because of the high 
number of Australian homes which now 
have PCs and on line access. Student class 
attendance at Warrnambool is also per-
ceived by many to be lower than at Mel-
bourne. Some staff has explained this is re-
lated to parental influence, others have 
suggested the outdoor attractions (espe-
cially surfing) at Warrnambool lure stu-
dents away from the lecture rooms! A uni-
form curriculum has difficulty taking into 
account differences in student characteris-
tics. 

 Finally, in Australia we have seen a steady 
decline in senior secondary school enrolments 
in what might be termed the enabling sciences 
of Biology, Chemistry and Physics. Whilst 
certain applied sciences, such as Psychology 
and Health and Human Development, have 
been seen increases in student numbers (Psy-
chology is now the most popular science taken 
in the Victorian Certificate of Education – the 
final two years of secondary education), there 
has been an overall swing towards business 
and general education subjects and away from 
the traditional sciences. In the past we could 
confidently assume 90% of our year 1 Univer-
sity students taking Biology would have done 
Biology in their final year at school. We can no 
longer make this assumption. 
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Abstract 
The author has been researching effective ways of implementing biology education 
within compulsory education in Japan for many years.  To serve as a basic reference for 
this work, an investigation into the usage of biological terminology in compulsory edu-
cation science textbooks was performed.  The definition of “biological terms” used in 
this paper includes not only technical terms for biology, but also words related to biology 
that are also used in daily conversation. The investigation includes the generation of a 
comprehensive list of biological terms from all the approved, commercially-available 
science textbooks used in compulsory education, and notation of how many textbooks 
each of the terms is used in at each grade level (a maximum of six textbooks for ele-
mentary school or five for lower secondary school). This paper outlines the results of that 
investigation. 
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Introduction 
 Japan adopted the 6-3-3-4 education system 
immediately after World War II, and has used it 
since. Compulsory education is a total of nine 
years, consisting of six years of elementary 
school and three years of lower secondary school. 
During this period of compulsory education there 
is no independent subject “Biology,” and bio-
logical items are taught within the broader sub-
ject “Science.” Since 1992, Science itself is no 
longer taught in the first two grades of elemen-
tary school, only being taught in the third and 
higher grades. 
 The curriculum in Japanese elementary and 
lower secondary schools is specified by the 

Ministry of Education, Culture, Sports, Science 
and Technology in its Course of Study (Gakushu 
shido yoryo, national curriculum standards for 
elementary and secondary schools). Textbooks 
are normally prepared by private textbook pub-
lishers in accordance with these guidelines, and 
only those which are officially approved by the 
national authority are used in schools. At present, 
six series of science textbooks have been so ap-
proved for use in elementary school and five for 
use in lower secondary school.  
 The author has been researching effective 
ways of implementing biology education within 
compulsory education for many years. To serve 
as a basic reference for this work, an investiga-
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tion into the usage of biological terminology in 
compulsory education science textbooks was 
performed. The lowest grade covered in the in-
vestigation was necessarily the third grade, and 
as pupils at this level are still learning the lan-
guage itself, the definition of “biological terms” 
used here includes not only technical terms for 
biology, but also words related to biology that are 
also used in daily conversation. As a result, 
“terms related to biology education” would be 
more precise than “biological terms.” 
 The investigation includes the generation of 
a comprehensive list of related terms from all the 
approved, commercially-available science text-
books used in compulsory education, and nota-
tion of how many textbooks each of the terms is 
used in at each grade level. This paper outlines 
the results of that investigation.  
 
Method of Investigation 
Extraction of Biological Terms 
 The investigation covered all approved, 
commercially-available science textbooks used 
in compulsory education. At the elementary 
school level, all grades and units were covered, 
but because lower secondary schools have a vo-
cabulary considerably larger than that used in 
elementary schools, the investigation at the lower 
secondary school level was limited to units re-
lated to biology in four areas (physics, chemistry, 
biology and earth science). 
 Biological terms were extracted from these 
textbooks and classified into the following three 
groups: 

Group 1: Botanical names (species names, 
along with group and common 
names); this group includes fungi, 
algae and bacteria. 

Group 2: Zoological names (species names, 
along with group and common 
names); this group includes proto-
zoan. 

Group 3: General terms (other biological 
terms including vocabulary from 
daily conversation related to organ-
isms) 

 
Universality of extracted terms 
 The degree of universality was also deter-
mined for all extracted terms by counting the 
number of textbooks each appears in, and results 
were organized by school grade. 
 The method used to indicate universality for 
elementary school textbooks was slightly dif-
ferent from that used for lower secondary school 
textbooks. Elementary school textbooks are di-
vided by school grade, so there are four textbooks 
for 3rd grade to 6th grade in each series. At first, 
the universality of each term is expressed by 
numbers one through six, for each school grade, 
by counting how many of the six investigated 
textbooks it is used in. The sum of the universal-
ity ratings for each of the four school grades (3rd 
to 6th grades) was used to indicate universality of 
each term for the entire elementary school period. 
Theoretically, then, the maximum universality is 
24 (six points times four years).  
 For lower secondary schools, textbooks are 
not divided by school grade. Each term was as-
signed a universality of one to five, representing 
how many of the five investigated textbooks it 
was used in, and this value was also used to in-
dicate universality for the lower secondary 
school period.  
 
Results and Conclusions 
Compilation of Term Types 
 As indicated in Table 1, there were a total of 
434 biological terms in the elementary school 
science textbooks, specifically 81 botanical 
names, 114 zoological names and 239 general 
terms. Of these, however, only 118 terms were 
found in all six series of textbooks (universality 
of 6 or more). For the 118 terms with universality
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Table 1  The number of biological terms found in elementary school science textbooks 

Universality 
Biological Terms 

6 or more 5 4 3 2 1 Total 

Group 1 Botanical Names 11 0 3 6 9 52 81 

 Rate (%) (13.6) (0) (3.7) (7.4) (11.1) (64.2) (100) 

Group 2 Zoological Names 13 7 9 8 16 61 114 

 Rate (%) (11.4) (6.1) (7.9) (7.0) (14.0) (53.5) (100) 

Group 3 General Terms* 94 20 16 21 34 54 239 

 Rate (%) (39.3) (8.4) (6.7) (8.8) (14.2) (22.6) (100) 

 Totals 118 27 28 35 59 167 434 

 Rate (%) (27.2) (6.2) (6.5) (8.1) (13.6) (38.5) (100) 

 Cumulative Total 118 145 173 208 267 434  

*Breakdown of Group 3 

 6 or more 5 4 3 2 1 Total 

Botanical Terms 29 3 1 4 9 9 55 

Zoological Terms 44 14 12 14 21 42 147 

General Biological Terms 21 3 3 3 4 3 37 

Total 94 20 16 21 34 54 239 

 
of 6 or more, 11 were botanical names, repre-
senting 13.6% of all botanical names found; 13 
were zoological names (11.4%) and 94 were 
general terms (the largest group, at 39.3%). The 
total of 118 terms, in addition, only represents 
27.2% of all terms (434 in total).  
 For lower secondary school science text-
books (in the biology area), as indicated in Table 
2, there was a total of 1,083 terms found, con-
sisting of 224 botanical names, 331 zoological 
names and 528 general terms. Of these, 170 
terms were found in all textbooks (universality of 
5). 
 A breakdown of these 170 terms shows that 
20 were botanical names (8.9% of all botanical 
names), 21 zoological names (6.3%) and 129 
general terms (24.4%). For lower secondary 
schools, then, the 170 terms common to all 
textbooks represent 15.7% of all terms (1,083), 
indicating clearly that the degree of difference 

among textbooks is greater at the lower secon-
dary school level than at the elementary school 
level. 
 
Terms with High Universality 
 As discussed above, a total of over 1,500 
biological terms was found in the science text-
books used in compulsory education. A complete 
listing would demand far too much space, so 
terms with universality of four or greater in ele-
mentary and lower secondary school textbooks 
are shown in Tables 3 through Table 8, along with 
their respective universality ratings. The lists of 
botanical and zoological names (Tables 3, 4, 6 
and 7) have been generally sorted according to 
biological classification. The lists of general 
terms (Tables 5 and 8) have been divided into 
botanical, zoological and general groups.  
Elementary Schools 
 As indicated in Table 3, the botanical name  
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Table 2  The number of biological terms found in lower secondary school science textbooks 

Universality 
Biological Terms 

5 4 3 2 1 Total 

Group 1 Botanical Names 20 24 19 44 117 224 

 Rate (%) (8.9) (10.7) (8.5) (19.6) (52.2) (100) 

Group 2 Zoological Names 21 23 37 42 208 331 

 Rate (%)  (6.3) (6.9) (11.2) (12.7) (62.8) (100) 

Group 3 General Terms* 129 52 57 88 202 528 

 Rate (%) (24.4) (9.8) (10.8) (16.7) (38.3) (100) 

 Total 170 99 113 174 527 1083 

 Rate (%)  (15.7) (9.1) (10.4) (16.1) (48.7) (100) 

 Cumulative Total 170 269 382 556 1083  

 *Breakdown of Group 3 

 5 4 3 2 1 Total 

Botanical Terms 34 12 9 14 42 111 

Zoological Terms 77 31 34 50 108 300 

General Biological Terms 18 9 14 24 52 117 

Total 129 52 57 88 202 528 

 
with the highest universality in elementary school 
textbooks was “garden balsam.” Common terms 
to all textbooks were entirely names of sper-
matophytes. 
 For zoological names (Table 4), common 
terms in the invertebrate field to all textbooks 
were entirely names of insects. For vertebrates, 
“human being” (indicating the species) was the 
most common, followed by “medaka (or killi-
fish)”, with very few other terms featuring high 
universality. 
 For general terms at the elementary school 
level (Table 5), there were 33 botanical, 70 zoo-
logical and 27 general terms.  
Lower Secondary Schools 
 For botanical names in lower secondary 
schools (Table 6), there was one term common to 
all textbooks (universality of five), namely 
“bacteria” relating to Monera, one term “fungi” 
relating to Mycota, and 18 terms relating to 

spermatophytes, specifically three gymnosperms 
and 14 angiosperms. There were no terms relat-
ing to algae, bryophytes or pteridophytes.  
 For zoological names (Table 7), there were 
seven common terms related to invertebrates 
(invertebrates, amoeba, paramecium, earthworm, 
insects, springtail, water flea), and 14 related to 
vertebrates (including five class names such as 
“Mammalia”).  
 The general terms found (Table 8) in all 
lower secondary school textbooks consisted of 34 
botanical, 77 zoological and 18 general terms.  
 
Postscript 
 There is insufficient space to examine each 
of the indicated terms individually so the author 
omits detailed discussion. In general, there are far 
more specialized biological terms found in sci-
ence textbooks than for any other area, leading to 
a number of comments that the study of biology 
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in school is excessively dependent on rote 
memorization. Key questions, therefore, are 
which terms of this enormous vocabulary should 
be learned in compulsory education, and what 
type of curriculum is best suited to teaching them. 
The author hopes that this research may prove of 
some value in determining the answers to these 
questions. 
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Table 3  Botanical names in elementary school science textbooks with universality of four or greater 

Universality No. Classification English name Japanese name 
3rd 4th 5th 6th Sum

1 Dicotyledoneae balsamine/ garden bal-
sam hosenka 6 1 4 3 14 

2  dishcloth gourd hechima  6 5  11 

3  kidney bean ingenmame   6 5 11 

4  apple ringo  1 3 4 8 

5  cherry tree sakura  6  2 8 

6  potato jagaimo  2  6 8 

7  cabbage kyabetsu 6   1 7 

8  morning glory asagao 1  4 1 6 

9  pumpkin kabocha   5 1 6 

10  bottle gourd hyotan  2 2  4 

11  orange mikan 3 1   4 

12  sunflower himawari 1 1 1 1 4 

13 Monocotyledoneae corn tomorokoshi 2  6 3 11 

14  rice plant ine   2 5 7 

Table 4  Zoological names in elementary school science textbooks with universality of four or greater 

Universality No. Classification English name Japanese name 
3rd 4th 5th 6th Sum

    INVERTEBRATA 

1 Mollusca shellfish kai    5 5 

2 Arthropoda insect konchu 6 4 2 1 13 

3  beetle kabutomushi 5 1  6 12 

4  cabbage butterfly monshiro-cho 6   2 8 

5  locust batta 6 1  1 8 

6  migratory locust tonosama-batta 6 1   7 

7  butterfly cho 6    6 
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Table 4  (Continued) 

Universality No. Classification English name Japanese name 
3rd 4th 5th 6th Sum

8 Arthropoda swallow-tail. ageha 4 2   6 

9 (Continued) pill bug dangomushi    5 5 

10  bee mitsubachi   4  4 

11  cricket koorogi 3 1   4 

12  dragonfly tonbo 4    4 

13  emma field cricket emma-korogi 3 1   4 

14  praying mantis kamakiri 1 3   4 

    VERTEBRATA 

15 Pisces fish sakana   5 6 11 

16  medaka / killifish medaka   6 5 11 

17  crucian carp funa    4 4 

18  red medaka himedaka   3 1 4 

19 Amphibia frog / toad kaeru  4  1 5 

20 Reptilia dinosaur kyoryu    5 5 

21  (a kind of dinosaur) fukuiryu    4 4 

22 Aves bird tori 1 3 1 4 9 

23  swallow tusbame  5  1 6 

24  hen  / cock niwatori    5 5 

25 Mammalia human being / man hito 5 5 6 6 22 

26  rabbit / hare usagi 1   5 6 

27  cow / bull ushi    5 5 

28  horse uma   1 4 5 

29  Japanese antelope nihon-kamoshika    4 4 

Table 5  General terms in elementary school science textbooks with universality of four or greater 

Universality  No. Classification English  Japanese 
3rd 4th 5th 6th Sum

    BOTANICAL 
1 General plant shokubutsu 6 6 6 6 24 

2  tree ki 6 6 1 6 19 

3  grass kusa 5  3 5 13 

4  bush kusamura 5 4   9 

5  water plant mizukusa 2  5 1 8 

6  rice kome   3 2 5 

7  vegetable yasai   3 2 5 

8 Vegetative organ leaf ha 6 6 6 5 23 

9  fertilizer hiryo 4 3 6 6 19 
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Table 5  (Continued) 

Universality No. Classification English  Japanese 
3rd 4th 5th 6th Sum

10 Vegetative organ stem kuki 6 6 6 1 19 

11 (Continued) bud me 6 5 5 2 18 

12  root ne 6 2 6 1 15 

13  germination hatsuga   6 4 10 

14  branch eda 1 6  2 9 

15  sowing tanemaki 3 4 1  8 

16  seedling nae 1 1 5 1 8 

17  sprout mebae 3 2 2  7 

18  fallen leaf ochiba  3  3 6 

19  height of grass kusatake 2 1  1 4 

20 Reproductive organ fruit mi 5 6 6 3 20 

21  flower hana 6 6 6 1 19 

22  [flower] bud tsubomi 5 2 6  13 

23  seed tane 6 6 1  13 

24  seed shushi   6 4 10 

25  cotyledon shiyo 3 1 3 1 8 

26  petal hanabira 1  6  7 

27  female flower / 
pistillate flower mebana   6  6 

28  male flower /  
staminate flower obana   6  6 

29  pistil meshibe   6  6 

30  pollen kafun   6  6 

31  pollination jufun   6  6 

32  stamen oshibe   6  6 

33  nectar mitsu 2 2  1 5 

    ZOOLOGICAL 

34 General body karada 6 1 5 6 18 

35  animal dobutsu 2 5 4 6 17 

36  abdomen hara 6  4 1 11 

37  face kao 6 1 1 3 11 

38  head atama 6 1 3  10 

39  insect / bug / worm mushi 2 4  3 9 

40  thorax mune 6   2 8 

41  abdomen onaka  1 3 3 7 

42 Digestion & Absorption food [of animal] esa 5 4 4 2 15 

43  food tabemono 6 1 2 5 14 

44  mouth kuchi 4 2 2 6 14 

Asian Journal of Biology Education Vol. 3 (2007) 29



Biological Terms in Science Textbooks  Umeno 

Table 5  (Continued) 
Universality No. Classification English  Japanese 

3rd 4th 5th 6th Sum
45 Digestion & Absorption feces fun 5   4 9 

46 (Continued) anus komon    6 6 

47  colon / large intestine daicho    6 6 

48  digestion shoka    6 6 

49  small intestine shocho    6 6 

50  stomach ⅰ    6 6 

51  alimentary canal shokakan    5 5 

52  esophagus shokudo    5 5 

53  saliva daeki    5 5 

54  feces ben    4 4 

55  intestine cho    4 4 

56  tooth ha    4 4 

57 Respiration breathing iki 1 1  5 7 

58  gill era    6 6 

59  lung hai    6 6 

60  trachea kikan    6 6 

61  gill cover erabuta    5 5 

62  nose hana    5 5 

63 Circulation heart shinzo   5 6 11 

64  blood ketsueki   3 6 9 

65  blood vessel kekkan   2 4 6 

66  pulse myakuhaku   1 5 6 

67  stethoscope choshinki    6 6 

68  body temperature taion  1  4 5 

69  pulsation hakudo    4 4 

70 Sensation & Movement hand / arm / paw / ten-
tacle te 6 3 6 5 20 

71  eye me 6 2 5 1 14 

72  foot / leg /  paw / tentacle ashi 6 1 5 1 13 

73  finger / toe yubi 3  5 2 10 

74  arm ude   6 3 9 

75  feather / wing hane 6 3   9 

76  antenna shokkaku 6    6 

77  bone hone    6 6 

78  caudal fin obire    6 6 

79  odor nioi  1  5 6 

80  wrist tekubi    6 6 

81  finger tip yubisaki   1 4 5 
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Table 5  (Continued) 

Universality No. Classification English  Japanese 
3rd 4th 5th 6th Sum

82 Sensation & Movement call / cry  nakigoe 2 2   4 

83 (Continued) ear mimi  1 1 2 4 

84  skin hifu    4 4 

85 Development egg tamago 6 6 5 1 18 

86  breeding sodachi (-kata) 6 5 4 1 16 

87  larva yochu 6 4  4 14 

88  adult / imago seichu 6 4   10 

89  child / cub   kodomo 1 2 4 2 9 

90  pupa sanagi 6 3   9 

91  baby akachan  1 4  5 

92  birth tanjo   5  5 

93  mother hahaoya   5  5 

94  placenta taiban   5  5 

95  tadpole otamajakushi  5   5 

96  umbilical cord hesono-o   5  5 

97  uterus shikyu   5  5 

98  adult otona  3  1 4 

99  amniotic fluid yosui   4  4 

100  child / cub ko  2 2  4 

101  green caterpillar aomushi 4    4 

102 Ecology dwelling sumika 6 1  4 11 

103  migratory bird wataridori  4   4 
    GENERAL 

104 General life seikatsu 3 2 3 6 14 

105  living thing ikimono 1 5 2 1 9 

106  life seimei   5 2 7 

107  fossil kaseki    6 6 

108  hair ke 1  4 1 6 

109  life inochi  2 2 2 6 

110  life kurashi    4 4 
111  living thing seibutsu   1 3 4 

112 Nutrition nutriment yobun   6 6 12 

113  skin / bark kawa 6 1 3  10 

114  respiration kokyu    6 6 

115  absorption kyushu    5 5 

116 Development growth seicho 1 4 6 5 16 

117  development hassei   5 5 10 
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Table 5  (Continued) 

Universality No. Classification English  Japanese 
3rd 4th 5th 6th Sum

118 Development female mesu   4 1 5 

119 (Continued) male osu  1 4  5 

120  fertilized egg juseiran   4  4 

121 Instrument / Tool magnifying lens mushimegane 6 1 6 4 17 

122  microscope kenbikyo   6 6 12 

123  dissection microscope kaibo-kenbikyo   5 4 9 

124  gas detector kitai-kenchikan    6 6 
125  thermometer ondokei 6    6 

126 Substance carbon dioxide nisanka-tanso    6 6 

127  iodine solution yoso-eki    6 6 

128  nitrogen chisso    6 6 

129  oxygen sanso    6 6 

130  starch denpun    6 6 

Table 6  Botanical names in lower secondary school science textbooks with universality of four or 
greater 

No. Classification English name / Scientific name Japanese name Universality

1 Monera bacteria saikin(rui) 5 

2 Protista Closterium spp. mikazukimo 4 

3  Euglena spp. midorimushi 4 

4  Pinnularia spp. hanekeiso 4 

5 Mycota fungi kinrui 5 

6  mushroom kinoko 4 

7  mould kabi 4 

8 Spermatophyta seed plants / spermatophytes shushi-shokubutsu 5 

9 Gymnospermae gymnosperms rashi-shokubutsu 5 

10  cycad sotetsu 5 

11  ginkgo icho 5 

12  cryptomeria / Japanese cedar sugi 4 

13  pine tree matsu 4 

14 Angiospermae angiosperms hishi-shokubutsu 5 

15 Dicotyledoneae dicotyledons / dicots soshiyo-shokubutsu 5 

16 Choripetalae choripetalous plants ribenka (rui) 4 

17  camellia tsubaki 5 

18  chickweed hakobe 5 

19  pea endo 5 

20  rape aburana 5 
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Table 6  (Continued) 

No. Classification English name / Scientific name Japanese name Universality

21 Choripetalae shepherd’s-purse nazuna 5 

22 (Continued) beech buna 4 

23  cherry tree sakura 4 

24  fava bean / broad bean soramame 4 

25  balsamine / garden balsam hosenka 4 

26  Vicia angustifolia karasunoendo 4 

27 Sympetalae sympetalous plants gobenka (rui) 4 

28  azalea tsutsuji 5 

29  Erigeron philadelphicus harujion 5 

30  dandelion tanpopo 4 

31  Gnaphalium affine hahakogusa 4 

32  Taraxacum japonicum kansai-tanpopo 4 

33  Taraxacum officinale seiyo-tanpopo 4 

34  Taraxacum platycarpum kanto-tanpopo 4 

35  Veronica persica ooinunofuguri 4 

36 Monocotyledoneae monocotyledons / monocots tanshiyo-shokubutsu 5 

37  Commelina communis tsuyukusa 5 

38  Egeria densa ookanadamo 5 

39  onion tamanegi 5 

40  Tradescantia obiensis murasaki-tsuyukusa 5 

41  lily yuri 4 

42  Miscanthus sinensis susuki 4 

43  Poa annua suzumenokatabira 4 

44  rice plant ine 4 

Table 7  Zoological names in lower secondary school science textbooks with universality of four or 
greater 

No. Classification English name/ Scientific name Japanese name Universality

    INVERTEBRATA 

1 Invertebrata invertebrates musekitsui-dobutsu 5 

2 Protista amoeba ameba 5 

3  paramecium zorimushi 5 

4 Annelida earthworm mimizu 5 

5 Mollusca bladder snail sakamakigai 4 

6 Arthropoda insect konchu 5 

7  springtail tobimushi 5 

8  water flea mijinko 5 

Asian Journal of Biology Education Vol. 3 (2007) 33



Biological Terms in Science Textbooks  Umeno 

Table 7  (Continued) 

No. Classification English name/ Scientific name Japanese name Universality

9 Arthropoda (Continued) Asellus hilgendorfii mizumushi 4 

10  bee mitsubachi 4 

11  black fly buyu 4 

12  centipede mukade 4 

13  Japanese freshwater crab sawagani 4 

14  Mataeopsephemus japonicus hirata-doromushi 4 

15  pill bug dangomushi 4 

16  Protohermes grandis hebitonbo 4 

    VERTEBRATA 

17 Vertebrata vertebrates sekitsui-dobutsu 5 

18 Pisces fishes gyorui 5 

19  crucian carp funa 5 

20  medaka / killifish medaka 4 

21 Amphibia amphibian ryoseirui 5 

22  frog / toad kaeru 5 

23  common toad hikigaeru 4 

24  newt imori 4 

25 Reptilia reptiles hachurui 5 

26  lizard tokage 5 

27  snake hebi 4 

28  tortoise / turtle kame 4 

29 Aves birds chorui 5 

30  hawk taka 4 

31  hen / cock niwatori 4 

32 Mammalia mammals honyurui 5 

33  cat neko 5 

34  cheetah chita 5 

35  human being / man  hito 5 

36  Japanese monkey nihonzaru 5 

37  rabbit / hare usagi 5 

38  dog inu 4 

39  Iriomote wild cat iriomote-yamaneko 4 

40  lion raion 4 

41  mole mogura 4 

42  monkey saru 4 

43  rat / mouse nezumi 4 

44  squirrel risu 4 
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Table 8  General terms in lower secondary school science textbooks with universality of four or greater 

No. Classification English Japanese Universality

    BOTANICAL 

1 General plant shokubutsu 5 

2  tree ki 5 

3  bean / pea mame 4 

4  grass kusa 4 

5  water plant mizukusa 4 

6 Vegetative organ branch eda 5 

7  chloroplast yoryokutai 5 

8  epidermis hyohi 5 

9  fibrous root higene 5 

10  fibrovascular bundle ikansoku 5 

11  lateral root sokkon 5 

12  leaf ha 5 

13  main root shukon 5 

14  photosynthesis kogosei 5 

15  root  ne 5 

16  root hair konmo 5 

17  scale rinpen 5 

18  sprout mebae 5 

19  sieve tube shikan 5 

20  stem kuki 5 

21  stoma kiko 5 

22  transpiration josan 5 

23  vein yomyaku 5 

24  vessel dokan 5 

25  fallen leaf ochiba 4 

26  fiber / stripe / texture suji 4 

27  germination hatsuga 4 

28  netted venation mojomyaku 4 

29  parallel venation heikomyaku 4 

30  variegation fuiri 4 

31 Reproductive organ cotyledon shiyo 5 

32  female flower / pistillate flower mebana 5 

33  flower hana 5 

34  fruit kajitsu 5 

35  male flower / staminate flower obana 5 

36  ovary shibo 5 
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Table 8 (Continued) 

No. Classification English Japanese Universality

37 Reproductive organ ovule haishu 5 

38 (Continued) pistil meshibe 5 

39  pollen kafun 5 

40  pollination jufun 5 

41  seed shushi 5 

42  stamen oshibe 5 

43  stigma chuto 5 

44  anther yaku 4 

45  calyx gaku 4 

46  pinecone matsukasa 4 

    ZOOLOGICAL 

47 General animal dobutsu 5 

48  bird tori 5 

49  fish sakana 5 

50 Digestion & Adsorption alimentary canal shokakan 5 

51  anus komon 5 

52  bile / gall tanju 5 

53  colon / large intestine daicho 5 

54  digestion shoka 5 

55  esophagus shokudo 5 

56  food shokumotsu 5 

57  gall bladder tanno 5 

58  gastric juice ieki 5 

59  liver kanzo 5 

60  mouth kuchi 5 

61  pancreas suizo 5 

62  pancreatic juice suieki 5 

63  saliva daeki 5 

64  salivary gland daekisen 5 

65  small intestine shocho 5 

66  stomach i 5 

67  tooth ha 5 

68  villus jumo 5 

69  amylase amiraze 4 

70  digestive enzyme shokakoso 4 

71  digestive juice shokaeki 4 

72  fang / canine tooth  kenshi 4 
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Table 8 (Continued) 

No. Classification English Japanese Universality

73 Digestion & Adsorption feces fun 4 

74 (Continued) molar kyushi 4 

75  tongue shita 4 

76 Respiration alveolus haiho 5 

77  gill era 5 

78  lung hai 5 

79  trachea kikan 5 

80  breathing iki 4 

81  bronchus kikanshi 4 

82 Circulation artery domyaku 5 

83  blood ketsueki 5 

84  blood plasma kessho 5 

85  blood vessel kekkan 5 

86  capillary mosaikekkan 5 

87  circulation junkan 5 

88  erythrocyte sekikekkyu 5 

89  heart shinzo 5 

90  hemoglobin hemogurobin 5 

91  leucocyte hakukekkyu 5 

92  lymphatic vessel rinpakan 5 

93  tissue fluid soshikieki 5 

94  vein jomyaku 5 

95  arterial blood domyakuketsu 4 

96  blood platelet kesshoban 4 

97  pulmonary circulation hai-junkan 4 

98  systemic circulation tai-junkan 4 

99  valve [of vein] ben  4 

100  venous blood jomyakuketsu 4 

101 Excretion bladder boko 5 

102  excretion haishutsu 5 

103  kidney jinzo 5 

104  urine nyo 5 

105  ureter yunyokan 4 

106 Sensation & Movement backbone sebone 5 

107  bone hone 5 

108  brain no 5 

109  cochlea uzumakikan 5 
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Table 8 (Continued) 

No. Classification English Japanese Universality

110 Sensation & Movement drum membrane / tympanum komaku 5 

111 (Continued) ear mimi 5 

112  eye me 5 

113  foot / leg ashi 5 

114  iris kosai 5 

115  joint / articulation kansetsu 5 

116  motor nerve undo-shinkei 5 

117  muscle kinniku 5 

118  nerve shinkei 5 

119  nervous system shinkeikei 5 

120  nose hana 5 

121  odor / smell nioi 5 

122  reflex [of animal] hansha  5 

123  retina momaku 5 

124  sensory nerve kankaku-shinkei 5 

125  sensory organ kankaku-kikan 5 

126  skeleton kokkaku 5 

127  spinal cord sekizui 5 

128  unconsciousness muishiki 5 

129  arm ude 4 

130  caudal fin obire 4 

131  left eye hidarime 4 

132  lens [of eye] renzu  4 

133  pupil [of eye] hitomi 4 

134  right eye migime 4 

135  sense / sensation kankaku 4 

136  signal  [of nerve] shingo  4 

137  sinew / tendon ken 4 

138  wing tsubasa 4 

139 Development egg ran 5 

140  oviparity ransei 5 

141  tadpole otamajakushi 5 

142  viviparity taisei 5 

143  milk chichi 4 

144 Ecology body temperature taion 5 

145  carnivore nikushoku-dobutsu 5 

146  feather umo 5 

147  herbivore soshoku-dobutsu 5 
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Table 8 (Continued) 

No. Classification English Japanese Universality

148 Ecology (Continued) homeotherms ko'on-dobutsu 5 

149  poikilotherms hen'on-dobutsu 5 

150  shell kara 5 

151  bait / food esa 4 

152  breeding shiiku 4 

153  nest su 4 

154  scale uroko 4 

    GENERAL 

155 General company / set / group nakama 5 

156  grouping nakamawake 5 

157  life seikatsu 5 

158  living thing seibutsu 5 

159  human being ningen 4 

160  life seimei 4 

161 Nutrition absorption [of nutriment] kyushu  5 

162  body karada 5 

163  cell saibo 5 

164  nutriment yobun 5 

165  organ kikan 5 

166  particle tsubu 5 

167  respiration kokyu 5 

168  response hanno 5 

169  stimulus shigeki 5 

170  structure tsukuri 5 

171  surface hyomen 5 

172  wall kabe 5 

173  function hataraki 4 

174  hair ke 4 

175  plica hida 4 

176  salinity enbun 4 

177 Development etc. child / cub ko 5 

178  growth seicho 5 

179  harmful / injurious yugai 4 

180  offspring shison 4 

181  plankton purankuton 4 
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Abstract 
‘Choke Anan’ and ‘Nam Doc Mai’ mangoes were wounded and treated with one of 
two yeast antagonists (Candida sp. isolate ns 5 and ns 9) for 12 h before soaking with 
chitosan (0.25% and 0.5%) and followed by inoculation with the anthracnose patho-
gen Colletotrichum gloeosporioides.  Treated fruits were stored at 25°C for 7 days.  
The results revealed that anthracnose lesions decreased on fruit in whose wounds an-
tagonistic yeasts had been allowed to colonize before inoculation with the pathogen.  
The combination of antagonistic yeast with chitosan was more effective on the reduc-
tion of anthracnose incidence than yeast or chitosan alone.  Candida sp. ns 9 in com-
bination with 0.5% chitosan was the most effective in controlling anthracnose fruit rot 
in ‘Choke Anan’ and ‘Nam Doc Mai’ mangoes in which the average percentages of 
disease incidences were 6.7% and 13.3%, respectively, compared with 93.3% and 
100% infection in the control fruits.  As for fruits treated with hot water (55°C for 5 
min), the disease incidences in ‘Choke Anan’ and ‘Nam Doc Mai’ were 73.3% and 
86.7%, respectively. 
Key words: Antagonistic yeasts, anthracnose, Candida sp., chitosan, Colletotrichum 

gloeosporioides, mangoes 
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Introduction 
 The most serious postharvest disease develop-
ing worldwide in mango fruits is anthracnose 
caused by Colletotrichum gloeosporioides. Mango 
fruits suffer significant losses from anthracnose dis-
ease after harvest in Thailand. Postharvest applica-
tion of synthetic fungicides has been the main 

method used for controlling the disease. However, 
fungicide-treated product has become unaccept-
able to consumers and importing countries because 
of the risk of chemical residues (Sangchote 1998). 
In view of public concern on health risks and the 
possibility of pathogens developing resistance to 
fungicides, it is important to explore alternative 
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control procedures. Biological control of storage 
rot with antagonistic microorganisms holds the 
promise of providing an alternative to synthetic 
fungicides for the control of rot diseases in fruits 
and vegetables. Effective antagonists have been 
found in the epiphytic microflora (associated with 
the surfaces) of plants. We were particularly inter-
ested in finding antagonists that did not produce 
antibiotics as part of their mode of action. These 
antagonists would be more acceptable to the public 
as no potentially harmful antibiotics would be in-
troduced into the fruits. The treatment of fruits 
with antagonistic yeast is a promising alternative 
control of wound infection caused by rot patho-
gens during storage (Janisiewicz 1991). Antagonis-
tic yeast, Candida oleophila was shown to colo-
nize in wounds and reduce the rot development in 
apple fruits (Wilson et al. 1993, Mercier and Wil-
son 1994). In addition, this yeast cannot grow at 
human body temperature (37°C) and does not pro-
duce antibiotics so it is safe to use it to treat the 
fruits. In our research work, we found two isolates 
of epiphytic yeast derived from the surface of 
mango leaves collected from an organic orchard in 
Chiang Mai province, Thailand. These two yeast 
isolates were further tested on mango fruits for 
controlling anthracnose fruit rot. Both isolates re-
sulted in significant reduction of the rot. 
 Recently, several additives have been shown 
to augment the biocontrol activity of selected an-
tagonists. A combination of antagonist with CaCl2, 
nitrogenous compounds or a sugar analog, 2-
deoxy-D-glucose, was shown to increase the effec-
tiveness of the antagonists and reduce the micro-
bial population to the degree required to give effec-
tive control (McLaughlin et al. 1990, Janisiewicz 
1994, Wisniewski et al. 1995). Among the poten-
tial additives, chitosan (β-1,4-glucosamine poly-
mer) could be a useful additive to antagonistic mi-
croorganisms. Chitosan and its derivatives such as 
glycolchitosan and carboxymethylchitosan are 
known to form a semipermeable film and have an 

inhibitory effect on a number of pathogenic fungi 
and also induce host defense responses (Allan and 
Hadwiger 1979, El Ghaouth et al. 1994). Combin-
ing antagonistic yeasts with chitosan will make it 
possible to exploit the antifungal and eliciting 
properties of chitosan and the biological activity of 
the antagonists (El Ghaouth et al. 2000). In the 
present paper we report on the effect of the combi-
nation of two isolates of epiphytic yeasts with chi-
tosan on anthracnose fruit rot in mango fruits.  
 
Materials and Methods 
Fruit material and microorganisms 
 Mango fruits cv. ‘Choke Anan’ and ‘Nam 
Doc Mai’ were surface sterilized and individually 
wounded at 3 sites with sterilized needles (3 mm 
wide X 5 mm deep). The pathogen was isolated 
from infected mango fruits and checked for patho-
genesis ability by re-inoculation on mango fruits. It 
was identified as Colletotrichum gloeosporioides. 
Conidia suspension was prepared from 7-day-old 
cultures on potato dextrose agar (PDA) plate and 
adjusted to 106 conidia ml-1. The number of co-
nidia was determined with a haemocytometer. The 
biocontrol agents used in this study were two yeast 
strains (ns 5 and ns 9) isolated from mango leaves 
collected from an organic orchard in Chiang Mai 
province. These two yeasts were tentatively identi-
fied as being from the genera Candida by conven-
tional morphological methods. The inocula of two 
yeasts were prepared from 48 h-old nutrient yeast 
dextrose agar (NYDA) grown cultures, suspended 
in 50 ml of 0.05 M phosphate buffer and mixed by 
a Vortex mixer for 1 min. The yeast suspension 
was centrifuged at 10,000 rpm for 15 min, and the 
supernatant was discarded to collect precipitate. 
The concentration of yeast cells was adjusted to 
1.5 - 2.0 X 106 colony forming units per ml (CFU 
ml-1) using a spectrophotometer (absorbance of 
0.155 at 550 nm).  
Population dynamics of yeasts in wounds  
 The effect of chitosan on the survival of two 
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epiphytic yeast strains in mango wounds was de-
termined. Mango fruits were wounded as de-
scribed above, and each wound was inoculated 
with 40 µl of yeast cell suspension (ns 5 or ns 9) 
containing 0.5% chitosan and allowed to dry. 
Fruits were incubated in plastic trays at 25°C under 
humid conditions (95%). Individual fruit contain-
ing three wounds represented a single replicate in a 
randomized complete block design, and three rep-
licates were sampled at 0, 2, 4, 6, 8 and 16 days 
after inoculation. Tissue samples containing the 
wounds were removed with a cork borer (10 mm 
in diameter), individually homogenized in 5 ml of 
sterilized distilled water, mixed well by a Vortex 
mixer, serially diluted and plated in triplicate on 
NYDA medium. The plates were incubated at 
25°C for 48 h. Colonies were then counted and 
results were expressed as log10CFU per wound.  
Wound colonization by antagonistic yeasts and 
fungal pathogen  
 Wounds on mangoes were inoculated with 
each yeast isolate ns 5 or ns 9 for 12 h and fol-
lowed by inoculation with the fungal pathogen. 
Another treatment was interchanged in which 
wounds were inoculated with the pathogen for 12 
h followed by the yeast. The fruits were incubated 
at 25°C for 24 h. Then, wounded tissues (2-3 mm2) 
were excised from the treated fruits, immediately 
placed in 2.5% glutaraldehyde for 2 h, washed 
with 0.1 M phosphate buffer 2 times for 15-20 min, 
fixed with 1% Osmium for 2 h, washed with 0.1 M 
phosphate buffer 2 times, and dehydrated with an 
acetone series (for 20 min each). The samples were 
further dried by sublimation under high vacuum in 
a Critical Point Dryer. Dried tissue was mounted 
on an aluminium stud, coated with gold-palladium 
(Karabulat et al. 2002), and observed under a 
JEOL® JSM-6335F scanning electron microscope. 
Biocontrol assay 
 The experiment consisted of the following 
treatments: (1) The wounded fruits were inoculated 
with 20 µl of a conidia suspension of fungal 

pathogen at 106 conidia ml-1as the control. (2) The 
wounded fruits were dipped in sterilized distilled 
water at 55°C for 5 min, and challenge-inoculated 
with the pathogen. (3) The wounded fruits were 
soaked in 0.25% or 0.5% chitosan, and allowed to 
air dry before challenge-inoculation with the 
pathogen. (4) The wounded fruits were treated 
with 40 µl of a cell suspension of yeast ns 5 at 1.5 
X 106 CFU ml-1or yeast ns 9 at 2.0 X 106 CFU ml-1 
for 12 h, and challenge-inoculated with a conidia 
suspension of the pathogen. (5) The wounded 
fruits were treated with yeast ns 5 or ns 9 as de-
scribed above, followed by being dipped in 0.25% 
and 0.5% chitosan, and allowed to air dry before 
challenge-inoculation with the pathogen. Fruits 
were stored at 25°C under high humidity (95%) in 
enclosed plastic trays. Each treatment was applied 
to five replicates of five fruits each in each ex-
periment. The entire experiment was repeated 
twice. The percentages of disease incidence and 
severity were determined at 7 and 10 days after 
inoculation.  
 
Results  
 The growth rate of yeasts ns 5 and ns 9 were 
not influenced by chitosan. A similar growth pat-
tern of yeasts ns 5 and ns 9 was observed in mango 
wounds in a preliminary experiment (data not 
shown). The population sizes of yeasts ns 5 and ns 
9 increased continuously. The results showed that 
both antagonists could colonize and grow in 
mango wounds for a period of 8 days but thereafter 
decreased within 2 days (Fig. 1).  
 Electron micrographs revealed that both iso-
lates of antagonistic yeasts effectively colonized 
wounds of mango fruit. Furthermore, the yeasts 
could attach to the conidia and mycelia of anthrac-
nose pathogen when the yeasts were pre-
inoculated in the wound sites for 12 h and fol-
lowed by the pathogen (Figs. 2 and 3). 
 The addition of 0.25% and 0.5% chitosan in 
mango wounds enhanced significantly the efficacy 
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of the two epiphytic yeasts in controlling anthrac-
nose fruit rot in ‘Nam Doc Mai’ and ‘Choke Anan’ 
mangoes.  The combination of antagonistic yeast 
with chitosan was more effective in the reduction 
of anthracnose incidence than yeast or chitosan 
alone. In addition, the combination of yeast ns 9 
with 0.5% chitosan was more effective in control-
ling anthracnose symptoms than the other treat-
ments. Candida sp. ns 9 in combination with 0.5% 
chitosan was most effective in controlling anthrac-
nose fruit rot in ‘Choke Anan’ and ‘Nam Doc Mai’ 
mangoes in which the average percentages of dis-
ease incidences were only 6.7% and 13.3%, re-
spectively, when compared with 93.3% and 100% 
infection in the controls.  As for fruits treated with 
hot water (55°C for 5 min), the disease incidences 
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Figure 1  Population dynamics of two isolates of 
antagonistic yeast ns 5 and ns 9 in wounds 
on mango fruits. CFU: colony forming units. 
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Figure 3  Scanning electron micrographs showing the yeast ns 9 (Y) cells attached

(Cg) and mycelia (m) of C. gloeosporioides which was inoculated 12 h after the i
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were 73.3% and 86.7% in ‘Choke Anan’ and 
‘Nam Doc Mai’ mangoes, respectively, and these 
fruits showed visible symptoms of infection by the 
second day of storage similar to the control fruits 
(Tables 1 and 2). 
Discussion 
 The mechanism for biocontrol of the antago-
nistic yeasts (ns 5 and ns 9) has not been fully de-
termined. However, the competition mechanism of 
these antagonists against anthracnose pathogen 
appeared to be the principle mode of action 
whereas the production of antibiotic substances 
was not detected.  In the recent study carried out 
by El Ghaouth et al. (2000), the antagonistic yeast 
Candida saitoana was compatible with chitosan or 
chemically-modified chitosan. Chitosan was in-
hibitory to spore germination of major postharvest 
pathogens but showed no effect on the growth of C. 
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Table 1  Efficacy of yeast antagonists, chitosan or their combination for con-
trolling the severity of anthracnose lesions in ‘Choke Anan’ and ‘Nam 
Doc Mai’ mangoes 

Severity (%)* Treatment Choke Anan** Nam Doc Mai** 
Control 100 d 100 d 

Hot water 55°C, 5 min 86.33 c 80.80 c 

0.25% chitosan 59.67 b 51.69 ab

0.5% chitosan 56.59 b 52.53 b 

Yeast ns 5 54.26 b 62.66 b 

Yeast ns 9 51.69 ab 59.92 b 

Yeast ns 5 + 0.25% chitosan 50.13 ab 54.22 b 

Yeast ns 5 + 0.5% chitosan 47.29 a 45.15 a 

Yeast ns 9 + 0.25% chitosan 50.90 ab 51.69 ab

Yeast ns 9 + 0.5% chitosan 42.12 a 43.88 a 

Fruits were treated with hot water, 0.25% or 0.5% chitosan, yeast ns 5 or ns 9 cell suspension or 
the combination of yeast and chitosan 12 h before challenge-inoculation with conidia suspension 
of C. gloeosporioides. 
* Severity (%) = LdA/LdC X 100, where LdC is the average lesion diameter in control wounds 

inoculated with the pathogen and LdA is the average lesion diameter in wounds treated with 
antagonist prior to inoculation with a pathogen. 

**Within a column, values with the same letter are not significantly different at the P=0.01 lev-
els according to Duncan’s multiple range test. 

 
Table 2  Effectiveness of yeast antagonists, chitosan or their combination on 

anthracnose lesions in ‘Choke Anan’ and ‘Nam Doc Mai’ mangoes 
caused by C. gloeosporioides 

Disease Incidence (%)* Treatment 
Choke Anan** Nam Doc Mai** 

Control 93.3 d 100.0 e

Hot water 55°C, 5 min 73.3 d 86.7 d

0.25% chitosan 53.3 c 53.3 c

0.5% chitosan 40.0 b 40.0 b

Yeast ns 5 53.3 c 60.0 c

Yeast ns 9 46.7 c 40.0 b

Yeast ns 5 + 0.25% chitosan 33.3 b 33.3 b

Yeast ns 5 + 0.5% chitosan 26.7 b 26.7 b

Yeast ns 9 + 0.25% chitosan 20.0 b 33.3 b

Yeast ns 9 + 0.5% chitosan 6.7 a 13.3 a

Fruits were treated with hot water, 0.25% or 0.5% chitosan, yeast ns 5 or ns 9 cell suspension or 
the combination of yeast and chitosan 12 h before challenge-inoculation with conidia suspension 
of C. gloeosporioides. 
* Incidence (%) = number of rotten wounds / number of total wounds X 100. 
**Within a column, values with the same letter are not significantly different at the P=0.05 level 

according to Duncan’s multiple range test. 
 

reduce the availability of nutrient to a level that 
will not sustain the growth of the pathogen. This 
contention is supported by the fact that a fungal 
pathogen exposed to chitosan often displays signs 

of nutrient deprivation (Vero et al. 2002).  
 In conclusion, this study revealed that the 
biocontrol activity of these two isolates of epi-
phytic yeasts against anthracnose fruit rot in 
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mango caused by Colletotrichum gloeosporioides 
was enhanced significantly by the addition of chi-
tosan. The level of control conferred by the com-
bination of Candida sp. ns 9 and 0.5% chitosan 
was superior to that conferred by Candida sp. ns 5 
and 0.5% chitosan and appears to be due to addi-
tive interactions between the yeast and chitosan. 
Combining antagonistic yeasts with chitosan can 
be expected to provide better control of anthrac-
nose fruit rot than the use of biocontrol agent alone. 
Future research will explore the possibility of bio-
control enhancement using mixtures of antagonists 
or some additives and try to formulate them into 
commercial products. 
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Abstract 
Longan (Dimocarpus longan Lour. cv. Daw) is one of Thailand’s most important export 
fruits. This crop was confronted with a severe postharvest fungal rot disease problem. 
Examination of the surface appearance using a stereo-microscope showed that the fruit 
skin was rough and uneven. Under a scanning electron microscope, the surface of longan 
fruit consisted of scale and epidermal hairs, and in some areas the remnant of cuticle 
could be observed. Filamentous fungi were also observed. Many genera of fungi were 
isolated from the affected skin of harvested longans by a tissue transplanting method. 
These were Aspergillus, Cladosporium, Colletotrichum, Fusarium, Lasiodiplodia, Mucor, 
Penicillium Pestalotiopsis, Phomopsis, Rhizopus, Trichoderma, Verticillium and 7 uni-
dentified genera. Each of the fungal isolates was inoculated onto the pericarp of the fruit 
for pathogenicity determination. The pathogenic ability examination showed that Lasio-
diplodia and Pestalotiopsis, which were common molds found on the fruit skin, caused 
the most severe symptoms, e.g. the diseased fruit rotted rapidly. The most virulent isolate 
was identified as Lasiodiplodia theobromae based on its morphological characteristics 
and by DNA sequencing. 
Key words: filamentous fungi, fruit rot, Lasiodiplodia theobromae, Longan, scanning 

electron microscope 
* Author for correspondence: Mrs. Pitchayaporn Swanakood, Department of Biology, 
Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand; Tel: +66-
5394346, Fax: +66-53092259, e-mal: kaeo1@hotmail.com
 

 
Introduction 
 A number of Thai researchers studied both 
pre- and postharvest disease of longan cv. Daw 

and found many genera of fungi in infected fruits, 
such as Alternaria, Aspergillus, Botrytis, Cepha-
losporium, Chaetomium, Cladosporium, Colleto-
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trichum, Curvularia, Fusarium, Gloeosporium, 
Lasiodiplodia, Mucor, Nigrospora, Paecilomyces, 
Pestalotiopsis, Rhizoctonia, and Rhizopus (Tong-
dee 1988, Coates et al. 2003). There is no pub-
lished data on virulent isolates, which causes the 
most severe symptoms resulting the diseased fruit 
rotting rapidly. 
 
Materials and Methods 
 Mature fruits of longan cv. Daw were har-
vested from a commercial orchard in Chiang Mai 
province. All fruits were transported to the labora-
tory within one hour after harvesting.   
Anatomical Study 
 Pericarp surface anatomy was assessed using 
a stereomicroscope and a scanning electron micro-
scope (SEM, JEOL JSM-5910LV). Tissue samples 
were obtained from several fruits, sectioned into 
0.5 mm squares, and immersed into chilled 2.5% 
glutaraldehyde in 0.1 M phosphate buffer pH 7.2. 
The samples were washed with 0.1 M phosphate 
buffer pH 7.2, dehydrated using a graded acetone 
series and critical-point-dried. The tissues were 
mounted on copper stubs and spatter-coated with 
gold.  
Isolation of Pathogenic Fungi 
 Fungi were isolated from affected longan 
fruits. Tissue pieces from the edge of diseased peel 
or stem-end were surface sterilized in 1% sodium 
hypochlorite solution for 3-5 minutes and then 
placed on potato dextrose agar (PDA) plates. The 
plates were incubated at room temperature and 
observed on a regular basis.  The growing edges of 
any fungal colonies from the peel and stem-end 
pieces were then transferred aseptically to fresh 
PDA plates. 
Pathogenicity Tests 
 All of the isolated fungi were tested for their 
pathogenicity on postharvest longan fruits. The 
pathogenicity was determined by dipping healthy 
fruits in the spore suspension of each fungus or by 
placing a mycelium disc on healthy fruits. The in-

oculated longan fruits were incubated in a foam 
tray. The virulent isolates, which caused the most 
severe symptoms, were selected and stored on 
PDA slants. For the control group, the fruits were 
dipped in sterilized distilled water and placed in a 
foam tray. 
• Preparation for inoculation 
 Lasiodiplodia (a virulent isolate) was cultured 
on PDA plates. Inoculums were prepared in the 
form of mycelia discs of 0.5 cm in diameter. 
• Fruit inoculation 
 Prior to inoculation, the fruits were dipped 
into 70% (v/v) ethanol to reduce the epiphytic mi-
croflora. A stem-end and an area of unwounded 
fruit peel were inoculated with the mycelia discs 
mentioned above. Fruits inoculated in the labora-
tory were placed on a foam tray and incubated at 
25°C.  For the control group, the same procedure 
was performed, except PDA discs (0.5 cm in di-
ameter) were used instead of mycelia discs. 
Identification of Lasiodiplodia to species 
 Morphological characteristics of Lasiodiplo-
dia LP20 were studied under a light microscope 
and a SEM. Their mycelia were extracted for the 
DNA sequencing. The representative Lasiodi-
plodia sequences from the preliminary clades were 
used to obtain sequences from GenBank with a 
standard nucleotide-nucleotide BLAST search 
(Altschul et al. 1997). 
 
Results  
Anatomical structure 
 Study on the surface appearance using a ste-
reomicroscope showed that the fruit skin was 
rough and uneven (Fig. 1a). Under a SEM, the sur-
face of longan fruit consisted of scales and setae 
(Fig. 1b). In some areas remnants of cuticle could 
be observed (Fig. 1c). An abundance of microor-
ganisms, i.e., bacteria, yeasts and filamentous 
fungi, were observed on the fruit surface (Fig. 1c).  
Isolation of pathogenic fungi 
 Two hundred filamentous fungi were isolated.  
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Figure 1  Stereomicrograph and scanning electron micrographs of longan fruit surface. a: The fruit skin 

was rough and uneven, b: It consisted of scales and setae (Bar = 100µm), c: Filamentous fungi 
were observed on the fruit surface (cu: cuticle; Bar = 10µm). 

 

Table 1 The isolated fungi from the pericarp and stem-end of Dimocarpus 
longan Lour. cv. Daw fruits. 

Taxa Pericarp Stem-end 
Aspergillus  LK1 + + 
Aspergillus LP2 + - 
Cladosporium CM + - 
Collettotrichum LP1 + - 
Fusarium  LP3 - + 
Lasiodiplodia LP20 + + 
Mucor CM + - 
Penicillium  LK5 + - 
Pestalotiopsis LYLP + + 
Pestalotiopsis  LK4S - + 
Pestalotiopsis  HCM20S1  - + 
Pestalotiopsis HCM23P1 + - 
Pestalotiopsis  MLP + - 
Phomopsis  LK8 + + 
Rhizopus CM + - 
Trichoderma  LK9 - + 
Verticillium  LK11 + - 
Unidentified LK1 + - 
Unidentified LK2 + - 
Unidentified LK10 + - 
Unidentified LK13 + - 
Unidentified LK15 + - 
Unidentified LK18 + - 
Unidentified LK19 + - 

 
They were identified to 19 genera. Some fungal 
isolates (Table 1) were selected and tested for 
pathogenicity. 
Pathogenicity tests 
 Various molds grew well on longan fruits. 
However, only a few were able to cause necrotic 
lesions and rot the fruits (Table 2). Among these, 
Lasiodiplodia and Pestalotiopsis, were capable of 

causing the most severe symptoms and rotting the 
fruits rapidly. The most virulent isolate, Lasiodip-
lodia LP20, which was commonly isolated from 
the peel, was also indicated to be one of the most 
abundant pathogens of postharvest longan. Inocu-
lated with this mold, the fruit was darkened (result 
of tissue necrosis) and then thoroughly decayed in 
48 h at an ambient temperature (Fig 2). 
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Table 2  The pathogenicity of fungi isolated from Dimocarpus longan Lour. cv. 
Daw fruits 

Genera Inoculum Disease Rating* 
Aspergillus  LK1 Conidia 0 
Aspergillus LP2 Conidia 2 
Cladosporium CM Conidia 2 
Collettotrichum LP1 Conidia 3 
Fusarium  LP3 Mycelia 2 
Lasiodiplodia LP20 Mycelia 5 
Mucor CM Conidia 0 
Penicillium  LK5 Conidia 0 
Pestalotiopsis LYLP Conidia 4 
Pestalotiopsis  LK4S Conidia 4 
Pestalotiopsis  HCM20S1 Conidia 3 
Pestalotiopsis HCM23P1 Conidia 4 
Pestalotiopsis  MLP Conidia 4 
Phomopsis  LK8 Mycelia 2 
Rhizopus CM Conidia 0 
Trichoderma  LK9 Conidia 2 
Verticillium  LK11 Conidia 0 
Unidentified LK1 Mycelia 0 
Unidentified LK2 Mycelia 2 
Unidentified LK10 Mycelia 0 
Unidentified LK13 Mycelia 2 
Unidentified LK15 Mycelia 0 
Unidentified LK18 Mycelia 0 
Unidentified LK19 Mycelia 0 

*Disease rating means the degree of symptom which was observed on the fruit surface ranging 
from 0 to 5 48 hours after inoculation; 0 = no necrotic lesion, 5 = brown necrotic lesion of 
more than 2 cm in diameter. 

 

 

 
Figure 2  Disease symptoms on harvested fruits 48 h after being inoculated with L. 

theobromae LP20. Top: Uninoculated (control) fruits on which surface 
PDA discs only were placed. Bottom: Inoculated fruits on which surface 
L. theobromae LP20 mycelium discs were placed. 

 
Identification of Lasiodiplodia to species 
 LP20 grew well on PDA plates (The rate of 
increase in diameter was ~ 2-3 cm/d), but spored 
rarely on this medium. To induce sporulation, 

small pieces of sterilized grass leaf were scattered 
on the surface of the full-grown colony. The mold 
also sporulated well on potato dextrose broth (Fig. 
3). Young spores were hyaline and one-celled. Ma-
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ture spores were dark brown, thick walled and 
two-celled (Fig. 4). Inoculated peel observed under 
a SEM showed numerous hyphae (Fig. 5). Identi-
fication followed von Arx (1981) and Sutton 

(1980). By morphology studies, DNA sequencing 
and blast search, it came out that LP20 was Lasio-
diplodia theobromae. 
 

 

 
Figure 3 Colony growth of L. theobromae LP20. a) 1 day after inoculation on a potato dextrose 

agar (PDA) plate; b) 2 days after inoculation on a PDA plate; c) 2 days after placing 
pieces of sterile grass leaf on the culture of (b); d) 4 days after inoculation in potato dex-
trose broth 

 

団体会員  変更申

し込み 

 

全国大学生活協同組

     
Figure 4 Light micrographs of L. theobromae LP20. a) Conidia, conidiogenous cells and para-

physes of a pycnidium; b) Immature, hyaline, aseptate conidia; c) A mature, dark brown, 
septate conidium (arrow). 

 

      
Figure 5  Scanning electron micrographs of L. theobromae LP20. a) hypha on the exocarp of 

longan fruit observed 24 h after inoculation (Scale bar = 20µm); b) hypha in the endocarp 
of longan fruit observed 24 h after inoculation (Scale bar = 50 µm). 
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Discussion 
 Under a light microscope, various microor-
ganisms were found on the cuticular layer of the 
longan fruit surface. Many of them were hidden 
under epidermal hairs and in cicatrices. Isolation to 
pure culture by Suwanakood et al (2004) indicated 
that these microorganisms were yeasts, bacteria 
and molds. 
 The present research concentrated on molds 
because rot disease caused by mold was frequently 
reported to be the main problem of postharvest 
decay in longan fruits. In the present study, 19 
genera of mold were isolated from longan fruit 
surface. Only two genera; Pestalotiopsis and 
Lasiodiplodia were commonly found on both 
healthy and infected fruits. These fungal genera 
were reported to be common pathogens for longan 
and some other fruits both pre- and postharvest 
(Pandey and Dwivedi 1987, Jonnson et al. 1994, 
Sangchote and Saoha 1998). They cause severe 
symptoms and rot the fruits rapidly. Sardsud et al. 
(1998) reported that L. theobromae and Pestalo-
tiopsis were endophytic fungi of the longan tree. 
Suwanakood et al. (2004) found that Pestalotiopsis 
spp. were commonly found in healthy and rotten 
longan fruits.   
 As stated above, rot disease caused by mold 
is one of the most serious problems of exporting 
fresh longan fruits. Sulfur dioxide fumigation can 
completely stop the fruit decaying (Han et al. 1999, 
Tongdee 1994); however, its toxic residue remains 
a big problem (Udomchote 1994). The present 
study helped us to understand the main causal 
agents of longan fruit decay and the areas where 
they are hidden on the fruit surface. The study may 
possibly lead us to find alternative ways to control 
the pathogens. 
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Abstract 
One-day-old fresh longan fruits (Dimocarpus longan Lour. cv. Daw) were selected. The 
fruits were placed in 3-kg perforated plastic crates of commercial scale for each treatment. 
The treatments were: no pre-cooling, tap water immersion, pre-cooling with cold water 50, 
100 and 200 ppm chlorine and also without chlorine.  The cooling was for 10 min, and the fi-
nal temperature of longan fruits reached 5˚C. The effects of the hydrocooling treatments on 
the quality and decay of the fruits during storage at 5˚C and 93 % relative humidity (RH) for 
three weeks were determined. By pre-treatment with cold water plus 50 ppm chlorine, the 
longan fruits showed significantly decreased peel browning and fruit decay in comparison to 
no pre-cooling and tap water immersion treatments. With this treatment, the fruits maintained 
the highest L* value both of the inner and outer peel, soluble solids content (SSC) in flesh, 
high sensory evaluation and peel desiccation was prevented. Therefore, the treatment could 
extend the storage life of longan fruits. Pre-cooling with no chlorine did not prevent fruit de-
cay caused by fungi. Higher chlorine concentrations, 100 and 200 ppm, increased peel 
browning and fruit decay. Weight loss was not affected significantly by any treatments. 
Key words: Dimocarpus longan, hydrocooling, longan, post-harvest chlorine 
* Author for correspondence: Mr. Wittaya APAI Postharvest Technology Institute, Chiang 

Mai University, Chiang Mai 50200, Thailand, Tel: +66-5394346, Fax: +66-53092259, e-mail: 
wittayaapai@hotmail.com

 
Introduction 
 Fresh longans are one of the leading exported 
fruits in Thailand. There are two main post-harvest 
problems: (1) fruit rot during storage caused by 
fungi including yeast and bacteria as their flesh 
contains a lot of sugar and moisture, (2) peel 
browning caused by either browning enzymes, e.g., 
polyphenol oxidase - the enzymatic browning oc-
curs rapidly within 3-4 days at an ambient tem-
perature, or chilling injury after cold storage below 
5˚C (Boonyakiat et al. 2002). Sulfur dioxide fumi-

gation can solve both problems completely, but 
there have been numerous reports on toxic residues 
in humans as well as reactions in sensitive indi-
viduals and asthmatics (Tongdee 1994). Although 
some longan-importing countries, such as China, 
permit residual sulfur dioxide in longan flesh be-
low 50 ppm, most countries, e.g., the U.S.A., Ja-
pan, Australia, and others, do not accept its use 
under the Sanitary and Phytosanitary (SPS) regula 
tions of the WTO. As an alternative postharvest 
treatment, hydrocooling (pre-cooled with cold wa-
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ter) has been supported by a number of reports. 
After the fruits are pre-cooled with cold water at 0-
2˚C, they can be kept longer in cold storage with 
no change in color appearance of the fruit peel. 
The fruits maintain their freshness and low meta-
bolic and weight loss as well as low peel desicca-
tion (Chen et al. 1998). The present work was car-
ried out to obtain further supporting data for the 
effectiveness of hydrocooling on the postharvest 
maintenance of Thai longan. 
 
Materials and Methods 
Experimental Treatments 
 Harvested longan fruits (“A” grade) from a 
Chiang Mai orchard were placed in 3-kg 
perforated plastic crates. Cold water in a bulk type 
cooler was prepared at 0-2˚C with or without the 
addition of 50, 100 and 200 ppm of calcium 
hypochlorite solution (chlorine). The fruits were 
immersed in cold water for 10 minutes. The final 
temperature of the longan fruits reached nearly 5˚C 
which was measured with a thermocouple. They 
were, then, air-dried for 5-10 minutes, transferred 
into a cold storage room and kept at 5˚C and 93 % 
RH. Samples were taken every 7 days until their 
shelf life expired. 
Measurement of Fruit Responses 
 L*, a* and b* values of color of both the 

inner and outer peel of longan were measured by a 
colorimeter (Color Quest XE).  If the color of the 
object is black, the L* value = 0; if it is white, the 
value is nearly 100; if it is red, the a* value is plus; 
if it is green, the a* is minus; if it is yellow, the b* 
value is plus; and if it is blue, the b* is minus. 
 The amount of soluble solids content (SSC) 
in flesh was determined by a hand refractometer 
(ATAGO, Japan), and fruit firmness was measured 
by a hardness tester. 
 Sensory evaluation was performed for both 
the peel color and taste acceptability. Peel color 
was expressed by a five-scale measure: 1, 2, 3, 4 
and 5 for normal fruit, browning 1-25%, 26-50%, 
51-75% and 76-100%, respectively. Taste 
acceptability was expressed by hedonic scaling 
(Jiang and Li, 2001) separated into nine levels: 1, 2, 
3, 4, 5, 6, 7, 8 and 9, from extremely unacceptable 
to extremely acceptable. 
 Percent weight loss was determined as a per-
centage of the initial fruit weight. Decay percent-
age was calculated using the number of rotten 
fruits in each sample. 
 
Results 
 L*, a* and b* color values of both the inner 
and outer longan peel were measured after storage 
for 3 weeks (Table 1). The result showed that pre- 

Table 1  L*, a* and  b* values of both outer and inner longan peel after a three-week storage 

Outer peel Inner peel 
Treatment 

L* a* b* L* a* b* 
No pre-cooling 47.39d 7.31b 14.88c 59.93b 5.48a 24.6a

Tap water immersion (pH 7.08) 47.92cd 6.98b 14.62c 59.57b 5.47a 21.75bc

Pre-cooled with iced water, 
no chlorine (pH 6.56) 49.73abc 9.21a 26.03a 58.83b 3.79a 18.43d

Pre-cooled with iced water +  
50 ppm chlorine (pH 7.45) 50.41ab 9.17a 28.11a 70.85a 1.66b 20.20cd

Pre-cooled with iced water +  
100 ppm chlorine (pH 10.21) 51.51a 8.46a 20.54a 62.91ab 4.60a 24.28ab

Pre-cooled with iced water + 
200 ppm chlorine (pH 10.71) 48.82bcd 8.53a 19.97b 55.37b 5.89a 23.35ab
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Table 2  Soluble solids content (SSC), firmness, sensory evaluation (peel color and taste acceptability) 
scores, percent weight loss  and percent decay after a three-week storage at 5˚C, 93%RH 

Sensory evaluation scores 
Treatment SSC Firmness Peel color Taste 

Weight loss 
(%) Decay (%)

No pre-cooling 20.05 ab 1.01 a 2.8 cd 6.9 6.09 10 d

Tap water immersion 18.38 bc 0.73 b 2.9 bc 6.7 5.41 10 d

Pre-cooled with iced 
water plus no chlorine 19.77 abc 0.86 ab 3.3 a 6.6 6.81 20 c

Pre-cooled with iced 
water + 50 ppm chlorine 20.10 ab 0.81 b 2.5 d 7.0 6.14 10 d

Pre-cooled with iced 
water + 100 ppm chlorine 21.10 a  0.77 b 3.5 a 6.7 5.53 60 a

Pre-cooled with iced 
water + 200 ppm chlorine 18.01 c 0.52 b 3.2 ab 5.0 6.29 30 b

Note Values not labeled with the same symbol in the same column indicate significant differences (p<0.05). 

A 

 

B 

 

C 

Figure 1  Effect of chlorine concentration on peel color of longan fruits after a three-week storage at 5˚C, 
93%RH. (A) Pre-cooled with cold water + 50 ppm chlorine, (B) pre-cooled with cold water + 100 ppm 
chlorine, and (C) pre-cooled with cold water + 200 ppm chlorine. 
 
cooling plus 50 ppm chlorine maintained the high-
est L* values, which indicated the color lightness 
of both the inner and outer peels to be 50.41 and 
70.85, respectively. The values of a* and b* in the 
outer peel of 9.17 and 28.11, respectively, were 
also the highest. 
 The treatment also prevented peel desiccation, 
maintained both the amount of SSC in the flesh 
and high sensory evaluation scores, and extended 
the storage life of longan fruits (Table 2). Higher 
chlorine concentrations, 100 or 200 ppm, stimu-

lated fruit decay to 60% and 30%, respectively 
(Table 2), and increased peel browning (Fig. 1). 
 Although pre-cooling without chlorine re-
sulted in the same scores for L*, a* and b* values 
and for other measurements as those of pre-cooling 
with 50 ppm chlorine treatment, the treatment did 
not effectively prevent fruit decay caused by fungi, 
and resulted in 20% decay. Weight loss was not 
significantly affected by any treatments. 
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Discussion 
 Pre-cooling with cold water plus 50 ppm 
chlorine at pH 7.45 showed superior results after 
storage, such as the highest L* value (correspond-
ing to their peel color scores) and the lowest peel 
desiccation and decay. The treatment could extend 
the storage life of the fruits. This is because free 
chlorine in the form of hypochlorus acid (HOCl) in 
the cooling solution between pH 6.5-7.5 acts as a 
good disinfectant. It has been reported that about 
80% of free chlorine is in the hypochlorus acid 
form at pH 7 (Ritenour et al. 2002). Higher chlo-
rine concentrations, 100 or 200 ppm, raise pH lev-
els to 10.21 or 10.71 (Table 1) and cause increased 
peel browning and fruit decay (Fig. 1 and Table 2). 
Most of the free chlorine is hypochlorite ions (OCl-

) at a pH above 8, and the ions are less active as a 
disinfectant than hypochlorus acid (Brecht et al. 
1993, Ritenour et al. 2002). The rapid removal of 
heat from the longan fruits by hydrocooling and 
the consequent drop in fruit temperature to ap-
proximate the storage temperature reduces the va-
por pressure deficit (VPD) between the fruit and 
the surrounding air. The reduction of VPD, the 
driving force of water loss, causes a corresponding 
reduction in the rate of water loss from the fruit to 
the external environment, particularly during the 
initial part of cold storage (Joyce and Patterson 
1994). 
 Pre-cooling with cold water plus 50 ppm 
chlorine can keep longan fruits for three weeks on 
a commercial scale. However, this method was not 
as effective as sulfur dioxide fumigation. Further 
research is needed on the determination of the 
most effective pH range in chlorinated cold water 
to be used in hydrocooling.  
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Abstract 
Extracts from some edible mushrooms could supplement important substances for fruiting 
body formation of straw mushrooms. Crude extracts from young fruiting bodies of Pleuro-
tus ostreatus, Lentinula edodes and Agrocybe cylindracea were diluted and added to po-
tato dextrose agar (PDA) before sterilization. The supplemented agar plates were inocu-
lated with straw mushroom (Volvariella volvacea) agar plugs and the growth of the colony 
was measured after 3 and 7 days. The supplementation with the aqueous extract of P. 
ostreatus resulted in a faster growth and denser mycelia of the straw mushroom than that 
of the control or the other extract-supplemented media. Twenty ml each of the original so-
lution and the two dilutions (1:1 and 1:3) of the P. ostreatus extract was sprayed on the 
surface of moist cotton waste already fully colonized by straw mushroom mycelia. After 5 
days, the dilution of 1:1 significantly stimulated fruiting body formation. This dilution was 
applied 4 times to the colonized cotton waste substrates before primordial formation. Yield 
of early mature stage fruiting bodies increased over the control by a percentage of 40. The 
supplementation with the aqueous extract from P. ostreatus could help to induce fruiting 
bodies and increase the yield of straw mushrooms. 
Key words: Cultivation, edible mushrooms, fruiting body, Pleurotus ostreatus, Volvareilla 

volvacea. 
* Author for correspondence: Mr. Mungkorn Thevasingh, Department of Biology, Faculty of 

Science, Chiang Mai University, Chiang Mai 50200, Thailand; Tel: +66-5861359, Fax: +66-
53092259, e-mal: greenfusant@yahoo.com

 
Introduction 
 The straw mushroom (Volvariella volvacea) 
has long been known as a delicious food of nutri-
tious and economic value. It ranked fourth in 
mushroom production in Thailand (Panuthut 2001). 
However, its production cannot be increased to 

industrial scale because of inconsistent yield con-
trol. One problem learned from experience is in-
frequent fruitfulness even when genetic strain se-
lection is carried out and substrate ingredients and 
physical environments are intensively improved. 
 The formation of mushroom fruiting bodies is 
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the most dramatic expression of differentiation and 
morphogenesis that can be found among the fungi. 
The principal conditions that have been reported to 
trigger fruiting body development are mycelial 
aging, nutrient exhaustion (Niederpruem et al. 
1964), mechanical injury (Raper and Krogelb 1958, 
Leonard and Dick 1973), chemicals (Novak 1996) 
and natural substances, such as adenosine 3’,5’-
cyclic monophosphate (cyclic AMP), from fruiting 
bodies of Coprinus macrorhizus (Uno and Ishi-
kawa 1973). 
 The existence of natural “fruiting-inducing 
related substances” (FIS) has been proved by the 
stimulating effect of crude extracts obtained from 
imperfect fungi (Leonard and Dick 1968) or from 
higher fungi (Urayama 1969) on the induction of 
fruiting in higher fungi. Although these substances 
have demonstrated the same effects across differ-
ent fungal species, application in edible mush-
rooms is rare. 
 The concept of control in fruiting by FIS may 
be adapted to edible mushrooms. The application 
of an effective crude extract from an edible mush-
room to induce fruiting bodies in a different edible 
mushroom may be an alternative method of yield 
control. Furthermore, the application of natural 
extracts from edible mushrooms will be more ac-
ceptable to mushroom consumers and may allow 
production of edible mushrooms on a commercial 
scale. 
 
Materials and Methods 

Organism and inoculum 
 The straw mushroom, Volvariella volvacea, 
used in this study was obtained from the Biotech-
nology Research and Development Office, De-
partment of Agriculture, Thailand. This mushroom 
had been maintained on a potato dextrose agar 
(PDA) slant at 25°C. Culture plates prepared in 
petri dishes (9 mm in diameter) with 20 ml PDA 
were initially used for inoculation. Agar plugs of 4 

mm in diameter taken from the peripheral colony 
of a given straw mushroom culture on a PDA slant 
were inoculated on PDA plates. Inoculated plates 
were kept for 7 days at room temperature. 

Selection of effective crude extract in promoting 
growth of straw mushroom mycelia  
Preparation of crude extracts and test plates 
 Young edible mushrooms, i.e., Pleurotus 
ostreatus, Lentinula edodes and Agrocybe cyl-
indracea were homogenized separately with dis-
tilled water (500 g/l). The aqueous homogenates 
were centrifuged and their supernatants were ob-
tained. The aqueous extracts were further dried 
with a lyophilizer. Each lyophilized extract was 
dissolved in distilled water to make a 1% (w/v) 
solution, and 20 ml of the solution was added to 80 
ml of PDA before sterilization. Five replicates 
were prepared for each extract. 
Measurement of mycelial growth on PDA plate 
with extract supplement 
 To test the effect of each crude extract on 
mycelium growth, a V. volvacea agar plug was 
inoculated onto the center of each test plate. The 
growth of the mycelia was examined at 30±2°C. 
The colony diameter on each plate was measured 3 
and 7 days after inoculation. 

Bioassay of the effective crude extract for straw 
mushroom growth in cotton waste substrate 
The preparation of fermented cotton waste sub-
strate 
 Small pieces of cotton waste were soaked 
overnight in water. Then, to 98 g of the cotton 
waste, 2 g of lime (CAO) were added. The mixture 
was put into a wooden frame (90 x 90 cm) and 
piled up to approximately 70-90 cm in height. It 
was covered with a plastic sheet and placed out-
doors for two days for the cotton waste to ferment. 
Then, it was turned thoroughly by hand. Water 
was added when needed to maintain moisture con-
tent of 70% (150 g dried cotton waste: 350 ml wa-
ter). The substrate was piled up, covered again, and 
then further incubated for 2 days (Chang 1988). 
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Each 500 g of the fermented compost was packed 
in a polypropylene bag (15 cm x 30 cm), then ster-
ilized at 121°C for 60 min, and left for several 
hours to cool down to the desired inoculation tem-
perature (30±2°C). Straw mushroom on an agar 
disk (5 mm in diameter) was inoculated onto the 
top of the cotton waste substrate in each plastic bag 
and incubated at 30±2°C for 12 days. Five repli-
cates were prepared. 
Application of the effective crude extract and 
measurement of primordial formation 
 After the cotton waste substrate was fully 
colonized with straw mushroom mycelia (12 days) 
the plastic bag was removed from the lump of sub-
strate. The 1% (w/v) P. ostreatus crude extract 
solution mentioned above was diluted with dis-
tilled water to make 0.5% and 0.25% (w/v) solu-
tions. Twenty ml of each solution and of water 
(control) was sprayed on separate surface of the 
cotton waste substrate. They were incubated in a 
plastic container with 80-90% relative humidity at 
30±2°C under a light intensity of 1000 lux sup-
plied by fluorescent lamps with a 12 h photoperiod. 
The cultivation container was ventilated two times 
a day to keep aeration. Five days after treatment 
and incubation, the number of primordia (tiny but-
tons) was counted for each substrate lump. 
Measuring the effect of crude extract on straw 
mushroom yield 
 Twenty bags of 12 day-old colonized cotton 
waste (0.5 kg/bag) mentioned above were ran-
domly divided into control and treatment groups. 
Plastic bags were removed from the lumps of sub-
strate. The colonized cotton waste of the control 
group was sprayed with 20 ml of distilled water 
while that of the treatment group was sprayed with 
the 0.5% (w/v) P. ostreatus crude extract solution. 
All substrate lumps were, then, maintained in the 
conditions described above. After 10 days, the first 
harvest of mushrooms was done at an early mature 
stage. Fresh harvested mushrooms were weighed. 
Five days after each harvest, the same amount of 

water or the diluted crude extract solution was 
sprayed on each of the substrate lumps. Mushroom 
products were harvested until the fourth flush. The 
total weight of the harvested mushrooms was con-
sidered as yield and was equated to the biological 
efficiency (the yield of fresh mushroom/ dried 
weight of the substrate X 100). 
 
Results and Discussion 
 Young fruiting bodies of edible mushrooms 
(Pleurotus ostreatus, Lentinula edodes and Agro-
cybe cylindracea) were processed as described in 
Materials and Methods to obtain crude extracts. 
Table 1 shows the amount of crude extracts from 
each mushroom and percentages of yields. 
 The crude extracts from these young fresh 
mushrooms were tested for their bioactivity in in-
creasing straw mushroom growth 3 and 7 days 
after inoculation. The mean diameter of straw 
mushroom mycelial growth on P. ostreatus aque-
ous extract agar plate was larger than those on the 
agar plates of L. edodes extract, A. cylindracea 
extract and the control (Table 2). 
 
Table 1  The amount of crude extract and per-

centages of yield from each mushroom* 

Mushroom Crude extract 
(g) Yield (%)

Pleurotus ostreatus 5.04 1.10 
Lentinula edodes 8.93 1.78 
Agrocybe cylindracea 8.73 1.74 
* From 500 g wet weight of fresh mushrooms. 
 
Table 2  Mean diameters of straw mushroom my-

celial colony at 3 days and 7 days after 
inoculation 

Mean diameter of mycelial 
colony (mm) 

Type of crude extract
3 days after 
inoculation 

7 days after 
inoculation

Control (DW) 11.9 39.0 
P. ostreatus 33.5 54.5 
L. edodes 23.5 46.0 
A. cylindracea 12.0 43.0 
 

60  Asian Journal of Biology Education Vol. 3 (2007) 



Volvariella Fruiting Body Formation  Thevasingh et al. 

 
 
 
 
 
 
 
 
 
 
Fig

 
 
 
 
 
 
 
 
 
 
Fig

 
 
tica
ost
lial
con
cat
dir
199
tus
tion
 
ext
we
for
con
cre
com

Asi
ure 1 Colonies of straw mushroom observed 7 da
observed in a non-supplemented culture (lef
of P.ostreatus extract (right). 

 

A B 

ure 2  Straw mushroom fruiting bodies growing
ostreatus extract of different concentra
tract diluted 1/2, D: Extract non-diluted

Although the difference did not reach a statis-
lly significant level, the supplement with P. 

reatus aqueous extract also gave denser myce-
 growth compared with other treatments and the 
trol (Table 2 and Figure 1). A prior report indi-

ed that fruiting body formation is correlated 
ectly with mycelial biomass on substrate (Ohga 
2). For this reason, supplement with P. ostrea-

 extract was selected for the study on the induc-
 of straw mushroom fruiting body formation. 
The original solution (1%) of P. ostreatus 

ract and its two dilutions (0.5% and 0.25%) 
re tested for their ability to induce primordial 
mation of straw mushroom (compared with a 
trol, 20 ml of water). The original solution in-
ased the number of primordia insignificantly 
pared with the control. The number of primor-

an Journal of Biology Education Vol. 3 (2007)  
ys after inoculation. Loose colony of straw mushroom 
t) and dense colony from a culture with the addition 
 o
ti
.

C 

n cotton waste lumps after
ons. A: Control (DW), B: E
 

dia in 0.5% solution tr
higher compared with th
solution and non-dilute
Figure 2). 
 
 
Table 3  Effects of differ

tus crude extra
straw mushroom

Combination of aqueou
extract 

Water 
Aqueous extract diluted 1/
Aqueous extract diluted 1/
Aqueous extract 
A: The mean of five replica
treatment means were compar
Test. Values followed by the s
different for P = 0.05. 
 

ea
e

d

e
c
 p
s

4
2

t
ed
a

D 

supplementation with P. 
xtract diluted 1/4, C: Ex-

tment was significantly 
 treatments with 0.25% 

 solution (Table 3 and 

nt dilutions of P. ostrea-
t solution on inducing 
rimordial formation  

 Number of primordiaA 
± SE 

1.4 ± 0.24a

 3.8 ± 0.37b

 5.4 ± 0.81c

2.0 ± 0.31a

es; SE: Standard error. The 
 by Duncan’s Multiple Rang 

me letter are not significantly 

61 



Volvariella Fruiting Body Formation  Thevasingh et al. 

Table 4  Yield of straw mushroom fruit bodies in supplemented and non-supplemented culture on 
cotton waste lumps  

Yield of mushroom fruiting bodies (g) 
Treatment 

1st flush 2nd flush 3rd flush 4th flush Total 

Biological 
efficiency 

(%) 
Increase over 
control (%) 

Control 149 36 148 63 396a 24 0 
P. ostreatus extract 
diluted 1/2 197 90 164 100 551b 34 40 

a,b: Values with different letters in the same column were significantly different (P=0.038) 

 The straw mushroom has its highest protein 
content during the pinhead stage. The high protein 
content has the potential to result in vigorous 
growth and differentiation (Chang and Chan 1973). 
The straw mushroom is relatively inefficient in the 
utilization of biomass, being unable to consume 
more complex compounds in the substrate (Chang 
2004). On the other hand, P. ostreatus is a ligno-
cellulolytic mushroom that has the capability to 
digest various substances. The addition of organic 
supplements to substrate results in earlier fructifi-
cation and increases the mushroom yield (Royse et 
al. 1991). The readily prepared bioactive sub-
stances from P. ostreatus seemed to supplement 
protein and other nutritional factors for induction 
of primordial formation of the straw mushroom. 
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Figure 3  Cumulative yields of each flush in sup-
plemented and non-supplemented groups 

 The colonized cotton waste lumps (0.5 
kg/bag) were sprayed with either distilled water or 
0.5% crude extract solution. Mushroom fruiting 
bodies were harvested four times. The yield in 
each flush in the extract-supplemented group was 
higher than that of the non-supplemented group 
(Table 4). This led to higher total product weight in 
the treated group than in the control group. In the 
first flush from the extract-supplemented group, 
the mushroom yield was higher than in the follow-
ing flushes. Totally, the addition of P. ostreatus 
extract could increase the biological efficiency of 
the straw mushroom over that of the control by a 
level of 40% (Table 4). From Figure 3, the profile 
of cumulative yield in the extract-supplemented 
group also is steeper than in the non-supplemented 
group. 

 During the development of the straw mush-
room fruiting body, the requirement for protein is 
higher again in the elongation stage especially in 
pileus, volva and stipe (Chang and Chan 1973). 
Although cotton waste substrate has a protein con-
tent with a percentage of 10.63+ 0.05 (Silva et al. 
2002), the insufficiency of digestive enzymes in 
the straw mushroom might limit the utilization of 
proteins in the substrate. Supplementation of P. 
ostreatus extract could help to increase straw 
mushroom growth directly and indirectly. The P. 
ostreatus extract has a higher percentage of protein 
content (20.03 + 0.04) (Silva et al. 2002) than that 
of cotton waste. It can fulfill the protein require-
ment during rapid growth of fruiting bodies. Indi-
rectly, the extract contains bioactive enzymes that 
could digest the substrate to produce amino acid 
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molecules and nutritional factors essential for 
straw mushroom growth. When the number of 
fruiting bodies and the weight of each fruiting 
body were increased, total weight and product 
yield could be raised. 
 Furthermore, from the economic aspect, the 
oyster mushroom (P. ostreatus), as a source of 
effective extract, can be cultivated successfully 
over a wide range of geographical locations in 
natural conditions without any need for artificial 
temperature or humidity control (Basak et al. 
1996). Therefore, the abundant availability of P. 
ostreatus allows us to produce it easily and make 
the cost low. 
 
Conclusion 
 Aqueous extract of P. ostreatus contains 
ready available bioactive substances that can 
stimulate the growth and development of the straw 
mushroom. Furthermore, the extract can help to 
improve the primordial formation and product 
yield in straw mushroom cultivation. To fraction-
ate bioactive components in the aqueous extract 
and to carry out a bioassay to test their activities is 
necessary. 
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Abstract 
The diversity of macrofungi at Chiang Mai community forests and Doi Suthep-Pui 
National Park was investigated during October 1996 – November 1998 and November 
2003 – October 2004. Fungi were collected from 19 forest areas and identified. Two 
hundred and fifty eight species were found. They were ascomycetes of 30 species, 21 
genera, 12 families, 5 orders, and basidiomycetes of 228 species, 89 genera, 35 families, 
10 orders. The most prominent species of macrofungi found belonged to the families 
Boletaceae, Agaricaceae and Russulaceae comprising 43, 35 and 28 species respectively. 
A wild mushrooms database including its management program, Wild Mushroom 
Database Version 1.0, was developed by using the data related to the habitats and 
macroscopic and microscopic characteristics of wild mushrooms. This software will be 
used for managing the dried wild mushroom specimens in the Mushroom Herbarium, 
Biology Department, Faculty of Science, Chiang Mai University, Thailand. 
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Introduction 
 In Thailand, wild mushrooms are common 
only in the rainy season from June to October. All 
of the wild mushroom species are collected from 
community forests where they form symbiotic 
associations (ectomycorrhizae) and fruiting bodies 
with indigenous tree families, Dipterocarpaceae, 
Fagaceae, Pinaceae and Ulmaceae, in the region 

(Sanmee et al. 2003). They are collected by local 
people in remnant secondary stands of hillside 
forests and sold on the roadside at local, and at city 
markets. Although edible wild mushrooms were 
sold at higher prices than cultivated ones, Thai 
people prefer to consume them due to their flavour 
and texture (Sanmee et al. 2003). 
 Some poisonous wild mushrooms are almost 

Asian Journal of Biology Education Vol. 3 (2007)  65  

mailto:g4365352@cm.edu
s. mayama
テキスト ボックス


s. mayama
テキスト ボックス
Asian Journal of Biology Education, 2007https://doi.org/10.57443/ajbe.3.0_65 

s. mayama
テキスト ボックス




Chiang Mai Forest Wild Mushroom Database  Butkrachang et al. 

indistinguishable from edible species, so that the 
rate of illness and death from consuming the 
poisonous wild mushrooms increase every year 
(Bureau of Epidemiology, Department of Disease 
Control 2003) There are numerous well-known 
monographs on edible and poisonous species from 
Europe, North America and tropical Africa (Bas 
1969, Jenkins 1986), but they provided little 
information for Thailand. So, most of the local 
people know very little about poisonous wild 
mushrooms, and some people willingly destroy 
them at once, which caused lacking of information 
and obstructed their distribution in nature. 
 The aims of this research were:  
1. To investigate the diversity of wild mushrooms 

in Chiang Mai community forests and Doi 
Suthep-Pui National Park. 

2. To create a wild mushroom database and its 
management software for using it as a 

reference in the local area and as a sources of 
knowledge on edible and poisonous 
mushrooms for students and interested people. 

 
Materials and Methods 
 Nineteen forest areas in 5 community forests 
(San Kampheng, Mae Wang, Mae Rim, Mae Orn, 
and Doi Saket districts, Figure 1) and 14 forest 
areas in Doi Suthep-Pui National Park were 
surveyed from November 2003 to August 2004 
and October 1996 to November 1998, respectively. 
 Wild mushroom collectors who were 
experienced in collecting wild mushrooms in each 
study site were invited to have an interview and 
answer questionnaires, both of which were served 
to find out the number of wild mushroom species 
in each study site, and how the mushrooms were 
utilised by the local people. 

 

Figure 1  Chiang Mai community forests 
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Diversity of wild mushrooms in Chiang Mai 
community forests and Doi Suthep-Pui National 
Park in Chiang Mai, Thailand 
 Chiang Mai community forests and Doi 
Suthep–Pui National Park were selected as study 
areas according to the types of forest (mixed 
deciduous, dry dipterocarp, moist evergreen, hill 
evergreen, and dry evergreen/pine forest) and the 
sites recommended by the experienced mushroom 
collectors in each community. Each study site was 
investigated at least three times per month. Mature 
fruiting bodies of mushrooms were collected. The 
following information was recorded, i.e., species 
names of mushrooms found in each site, 
macroscopic and microscopic characteristics of 
fruiting body of each species, collected date, 
substratum, habitat, relative air humidity, soil 
moisture, air temperature, altitude, location, soil 
pH and light intensity at the ground level (Pegler 
1998). The collected specimens were identified 

and the classified by conventional morphological 
methods (Singer 1986). 
 
Wild mushrooms database of Chiang Mai 
community forests and Doi Suthep-Pui National 
Park 
 The recorded information of the diversity of 
wild mushrooms in Chiang Mai community forests 
and Doi Suthep–Pui National Park mentioned 
above for each species, such as the data related to 
its species, habitat, macroscopic and microscopic 
characteristics of fruiting body, was used to create 
the relational database (Figure 2 and 3) by using 
database management software, such as Microsoft 
Access, Microsoft Visual Foxpro and Microsoft 
SQL. The database management system program 
was developed and the end-user interface was 
designed by using Microsoft Visual Basic (Figure 
3). 

 

 
Figure 2  (A) A simple schema of information flow in the on-line wild mushroom database of Chiang 

Mai community forests; (B) A flowchart showing the procedure for input a mushroom data 
into wild mushroom database. 
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(Data input form)  
 
Figure 3  Relationship-diagram of relational data field (SP_CODE, in each database) for linking to raw 

data of wild mushroom database and the data input form for inputting raw data into the wild 
mushroom database. 

 

Results and Discussion 
 Table 1 shows common edible wild 
mushroom species in each local community forest 
which were served as food, and some others which 
were used to decorate the wood handicraft for 
home decoration. 

 The information obtained by questionnaires 
showed that most of the people who were 
interviewed were the members of community 
forests. They played an important role in forestry 
conservation. The forest served them with food 
resources (bamboo shoot, edible wild mushrooms 
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and herbs) for daily survival. Most of them knew 
edible, non-edible and poisonous mushroom 
species up to 40, 8 and 10, respectively. The local 
mushroom collectors avoided from collecting the 
poisonous species. They learnt these poisonous 
ones from their parents or from experienced senior 

neighbors. However, there are some reports in 
each year that people get sick or die by consuming 
the poisonous species. These people mistakenly 
collected the poisonous mushrooms since they 
look similar to the edible ones. 

 
Table 1  Prices of common edible and non-edible wild mushrooms in Chiang Mai community forests 

during June to September 2004 
 

 
 
Diversity of wild mushroom in Chiang Mai 
community forests and Doi Suthep – Pui 
National Park 
 Fifty-eight species of wild mushrooms were 
found and commonly known in the collected areas 
of Chiang Mai community forest during 
November 2003 to October 2004. The most 
prominent species of macrofungi found belonged 
to the families Agaricaceae and Russulaceae 
comprising 8 and 12 species respectively. In Doi 
Suthep-Pui National Park, there were 258 species 
of wild mushrooms found during October 1996 to 
November 1998. The most prominent species of 
macrofungi found belonged to the families 
Boletaceae, Agaricaceae and Russulaceae 

comprising 43, 35 and 28 species, respectively. All 
of them were the members of the basidiomycetous 
group. 
 The common species were Amanita 
hemibapha, Amanita princeps, Astrareus 
hygrometrius, Craterellus aureus, Craterellus 
odoratus, Heimiella sp., Lactarius glaucescens, 
Lactarius sp., Phaeogyroporus portentosus, 
Russula alboareolata, Russula cyanoxantha, 
Russula densifolia, Russula nigricans, Russula 
virescens, Russula xerampelina, and 
Termitomycetes sp. 
 In Doi Suthep-Pui National Park, wild 
mushrooms were found in mixed deciduous forest 
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(76%), dipterocarp forest (25%) and dry 
evergreen/pine forest (12%). While for Chiang 
Mai community forests, most (86%) of wild 
mushrooms were found in the mixed deciduous or 
dry dipterocarp forest. 

Wild mushrooms database of Chiang Mai 
community forests and Doi Suthep-Pui National 
Park 
 The wild mushrooms database (Figure 3) was 
created by combing the data on habitat and 
macroscopic and microscopic characteristics of 
each mushroom from the field study on the 
diversity of wild mushrooms in Chiang Mai 
community forests and Doi Suthep-Pui National 
Park. After inputting the raw data of each 
mushroom into the disk storage, a database 
management program was developed for 
managing the dried wild mushrooms in the 
mushroom herbarium. At present, this database has 
more than three hundred records of wild 
mushrooms: 58 records in Chiang Mai community 
forests and 258 records in Doi Suthep-Pui National 
Park. 
 As mentioned above, in Thailand, the 
information related wild mushrooms is insufficient 
and most of the local people know very little about 
the poisonous wild mushrooms so that the outputs 
from this research, such as the wild mushroom 
database software and reference book, will be 
distributed to the knowledge-based learning 
centers, schools and local libraries for preventing 
the local people from consuming the poisonous 
wild mushrooms. For the further work, we have a 
plan to set a training program related to wild 

mushroom conservation for Thai people. 
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Abstract 
A survey was conducted to categorize medicinal weeds which belong to family Acantha-
ceae and family Asteraceae found in Chonburi Province, Thailand. Places sampled in 12 
areas of 4 districts were residential areas, agricultural lands, plantations, uninhabited areas, 
along the seashore and some aquatic habitats.  In total, 25 species were cataloged belong-
ing to 20 genera in 2 families: in family Acanthaceae 7 genera, 11 species and in family 
Asteraceae 13 genera, 14 species. The medicinal characteristics of each species were 
studied in collaboration with traditional herbal medicine providers as well as by informa-
tion from historical articles. The frequency of occurrence and medicinal characteristics of 
the weeds are discussed. 
Keywords: Acanthaceae, Asteraceae, Chonburi, medicinal weeds, survey, Thailand 
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Introduction 
 Many researchers of the world have con-
ducted work on the medicinal plants, that have 
benefits for medical sciences, agricultural sciences 
and veterinary, etc. Those researchers have sur-
veyed medicinal plants from many areas of the 
world and have extracted compounds from these 
plants for inhibiting the growth of organisms and 
avoiding from vial infections. The plants for medi-
cine have been utilized for many diseases such as 
antipyretics, cardiovascular effect, gastrointestinal 
effect, pregnant tonic and treatment for postnatal 
symptoms, anti-emetic and treatment for epilepsies, 
etc. (Pantarod et al., 2001; Pichiansunthorn et al., 
1999). The medicinal plants have also been used 
for agricultural sciences against organisms such as 
insects, mites, ticks, nematodes and other inverte-

brates, fungi, bacteria, viruses and viroids. 
(Prayoonrat, 1993-2001; Kummee et.al., 2002; 
Panutat and Vatanyospaisain, 2002).  On the other 
hand, they could be as allelopathy with higher 
plants parasite and weed, etc. The use of medicinal 
plants instead of synthetic substances, which cause 
many problems for a man, animals and plants, may 
give benefit to the countries in tropical zone be-
cause the tropical zone has a lot of medicinal 
plants (Prayoonrat, 1993-2001; Simpson and 
Ogorzaly, 1986). 
 The diversity of distribution of medicinal 
plants in tropical zone is high including crop lands, 
forest, uninhibited areas, residential areas, road-
sides, seaside, watersides, water sources, etc. 
(Prayoonrat, 1993-2001). Surveys of weeds in 
Thailand have been done in rice fields and cotton 
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fields in cropland, but any survey on medicinal 
weeds in particular has never been carried out so 
far. Therefore, it should be surveyed of medicinal 
weeds in Chonburi province, Thailand. 
 
Methods 
 Twelve stations, about 25 km2 each, were 
established to represent the ecological sub-regions 
within four districts in Chonburi province.  These 
were at Ban-Bueng, Nong-Chak, Nong-Sum-Sak 
in Ban-Bueng district; Ta-Kam, Tung-Khang, 
Bang-Chang, Na-Ma-Toom, Phanut-Nikom in 
Phanut-Nikom district; Bang-Koa, Pan-Tong, 
Map-Pong in Pan-Tong district; and Bang-Phra in 
Sri-Ra-Cha district. 
 Medicinal weeds belonging to the families 
Acanthaceae and Asteraceae were surveyed in 
these stations including agricultural lands, nonagri-
cultural areas, residential areas, some aquatic habi-
tats, roadsides and mangrove forests. Plant samples 
were collected in plastic bags for making herbar-
ium specimens to make sure that the specimens 
should include complete parts of each plant (stems, 
roots, leaves, flowers and seeds). The specimens 
were kept as a dried form (herbarium) or in a 5% 
formalin solution (Prayoonrat, 1993-2001). Photo-
graphs were taken for all of the specimens in the 
field and of herbarium specimens. 
 After collecting these medicinal weeds, their 
scientific names were identified by using taxo-
nomic keys (Smitinand and Larsen, 1970-1998). 
The common names of these medicinal weeds and 
their local use as folk medicines were studied by 
interviewing a number of local people and nine 
traditional herbal medicine providers in those dis-
tricts. In addition, their local names and medicinal 
properties were searched in many publication re-
sources. 
 
Results and Discussion 
 Medicinal plants found were following 25 
species of 20 genera belonging to these two fami-

lies. 
Family Acanthaceae: 
Acanthus ebracteatus Vahl. (Figure 1) 
A. ilicifolius Linn. 
Andrographis paniculata Wall.ex Nees. 
Asystasia qangetica T. Anders. 
Barleria cristata Linn. 
B. lupulina Lindl. (Figure 2) 
B. prionitis Linn. (Figure 3) 
B. strigosa Willd. (Figure 4) 
Hygrophila erecta Hochr. 
Rhinacanthus nasutus (Linn.) Curz. (Figure 5) 
Ruellia tuberosa Linn.  
 

 

Figure 1  Acanthus ebracteatus Vahl. 

 
Figure 2  Barleria lupulina Lindl. 

 
Figure 3  Barleria prionitis Linn. 
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Figure 4  Barleria strigosa Willd. 

 
Figure 5  Rhinacanthus nasutus (Linn.) Curz. 

 

 

Figure 6  Ageratum conyzoides Linn. 

 
Figure 7  Eupartorium odoratum Linn. 

 

Figure 8  Xanthium strimarium Linn. 

Family Asteraceae (Compositae): 
Ageratum conyzoides Linn. (Figure 6) 
Blumea balsamifera DC. 
Eclipta prostrata Linn. 
Elephantopus scaber Linn. 
Emilia sonchifolia DC. 
Enydra fluctuans Lour. 
Eupartorium odoratum Linn. (Figure 7) 
Pluchea indica Less. 
Spilanthes acmella Murr. 
Synedrella nodiflora Gaertn. 
Vernonia cinerea Less. 
V. elliptica DC. 
Wedelia urticifolia DC. 
Xanthium strimarium Linn. (Figure 8) 

 
 Many medicinal weeds in these two families 
could be found in Chonburi province because there 
are diverse places, such as seaside, forests includ-
ing mangrove forests, agricultural areas and non-
agricultural lands.  The differences in physical en-
vironment of this region may result in such a dif-
ferent distribution of weed species and in the oc-
currence of various medicinal weeds (Prayoonrat, 
1993-2001; Anderson, 1995). 
 For the properties of medicinal weeds, there 
are a lot of research and recommendations of the 
local people and traditional herbal medicine pro-
viders.  In Chonburi province, there are a lot of 
traditional herbal medicine providers.  As these 
medicine providers could use many weeds to cure 
serious diseases and common diseases, they should 
search such plants in other places and extract some 
medicinal weeds to know their properties for drugs 
as well as carry out studies on plant and animal 
protection. 
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The 20th Biennial Conference of the AABE was 
held at Chiang Mai University, Chiang Mai, 
Thailand from 26 to 30 December, 2004.  The 
theme of the Conference was “Role of Modern 
Technologies in Biology Education.”  There 
were two plenary lectures, ten oral presentations 
and 19 poster presentations. In addition, two 
country reports from Korea and Japan were also 
presented. 
 
 
<Plenary Lecture> 

Bee Biology for Bio-education 

Siriwat Wongsiri 
Department of Biology, Chulalongkorn University 

Biology of the honeybee is the good subject for 
biology education in all level from elementary 
school to the university.  The honeybee group is a 
social insect that can survive in a wide range of 
environments because of its ability to store and 
preserve surplus food in the form of honey.  This 
surplus honey has been harvested by humans since 
ancient times.  Today, large-scale the manipula-
tion of honeybee colonies occurs in most parts of 
the world, providing honey, beeswax and other 
hive products.  Yet by far the greatest benefit of 
the honeybee is the pollination of a wide range of 
agricultural and horticultural crops.  The over-
view of honeybee biology, aims to give an insight 
into the biological concepts behind the practical 
techniques of apiculture and the other research 
from molecular biology level to the other advance 
biology especially in the Ethology (Behavior Sci-
ence) subject.  Prof. Karl von Frisch had received 
the Nobel Prize in the year 1973 in this field . 
Four of the nine species of honeybees; Apis cerana, 
A florea, A. andreniformis and A.dorsata are native 

to Thailand, Apis mellifera, the European honey-
bee, a commercial species, was first introduced 
into Thailand in the early 1940s for research pur-
poses at Chulalongkorn University.  Now, this 
species is preferred for beekeeping all over the 
world.  More than 100,000 colonies exist in the 
northern regions, and about 200,000 colonies exist 
throughout Thailand.  Honeybees gather their 
food, pollen and nectar, from flowers.  Pollen 
provides bees with the building blocks of life: 
amino acids, vitamins minerals and lipids (fats and 
their derivatives).  Nectar provides energy in the 
form of simple sugars, which are processed by the 
bees and stored in the hive as honey. 
Key words: Apis, biology education, ethology, 
honeybee. 
Professor Siriwat Wongsiri, Department of Biology, 
Chulalongkorn University, Bangkok 10330, THAI-
LAND 
 
 
<Oral Presentations> 

Genetic Literacy Education Programs 
Using the Internet  

Hiroshi Okuda 
Kashiwa Junior & Senior High School, 

Shibaura Institute of Technology 

Our school is specified as a SSH (Super Science 
High school) of the Ministry of Education, Culture, 
Sports, Science and Technology in Japan, and is 
performing the experiment program centering on 
life science to high school students (10th grade) 
this year. 
Genetic literacy educational program 
One of the SSH program’s aims is giving the ge-
netic literacy to students through the experiments 
using pGLO Bacterial Transformation Kit, Green 
Fluorescent Protein Purification Kit (BIO-RAD 
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Biotechnology ExplorerTM Kits), and the PCR 
(Polymerase Chain Reaction) method for Genetic 
diagnosis. 
Information educational program 
Our school has been giving each student a note-
book PC since they entered junior high school, 
and is focusing on information education. Re-
cently, they are now enjoying the spread of the 
Internet in Japan. The Websites using ADSL 
(Asymmetric Digital Subscriber Line) are com-
mon at many homes.  I made a SSH’s special 
Website on the Internet and this Website is used 
for the preparation of those experiments, and the 
review and the questions after an experiment 
was performed.  The newly developed programs 
mentioned above are reported. 
Key words: genetic literacy programs, information 
education program, Internet, Super Science High 
school. 
Mr Hiroshi Okuda, Kashiwa Junior & Senior High 
School, Shibaura Institute of Technology, 700 Masuo, 
Kashiwa, 277-0033, JAPAN; 
Email: okudahi@ka.shibaura-it.ac.jp
 

Recent Advances in Kinema Research 

Prabir K. Sarkar 
Microbiology Laboratory, Department of Botany, 

University of North Bengal 

Kinema is a non-salted, solid-substrate, natural 
fermented flavoursome food, traditionally con-
sumed by a large section of the people of eastern 
Himalayas.  It serves as a tasty low-cost protein 
complement to rice.  Kinema production is still 
largely a household art practiced in a crude manner.  
This fish or meat analogue is similar to Burmese 
chine pepoke, Thai thua-nao, Chinese schuidouchi, 
Korean chungkukjang, Japanese natto and West 
African dawadawa.  Fresh kinema of good quality 
has a nutty flavour accompanied by a smell of 
ammonia, a greyish brown colour and is semi-hard 
like raisins.  After a brief frying in oil, kinema is 
added with vegetables, spices, salt and a little 
amount of water to prepare a thick curry.  Bacil-

lus subtilis is the predominant microorganism in 
kinema, and also responsible for its production.  
The accompanying flora is probably opportunistic.  
A number of interesting changes occur during fer-
mentation of soybeans.  In monoculture fermen-
tation, the count of Bacillus cells increases from an 
initial log 5 per gram wet soybeans to log 10 after 
48 h at 37ºC.  This leads to a more desirable fer-
mentation compared with the natural fermentation.  
The pH drops from an initial 6.9 to about 6.4 after 
8 h and then rises to 8.6 at the end of fermentation, 
with a coincident increase in proteolytic activity.  
The free amino acid content of unfermented soy-
beans is only 0.2% of the total dry mass, but in-
creases 60-fold in kinema.  The major fatty acids 
are liberated during fermentation by microbial li-
pases.  The unsaponifiable soybean lipids in-
crease by 50-61% in kinema.  The B-group vita-
mins increase significantly.  Kinema contains no 
detectable soy oligosaccharides, which are a po-
tential cause of flatulence in humans.  Although 
commercial kinema often contains toxicogenic 
strains of bacterial contaminants, its culinary use in 
curries is safe.  For its wholesomeness, kinema is 
a prospective food item in the diet of people, par-
ticularly the vegetarians.  The results create a ba-
sis for improvement of processing technology to 
obtain reproducible high-quality kinema with ele-
vated nutrient level. 
Key words: Bacillus subtilis, eastern Himalayas, 
fermented food, kinema, nutrients analysis, soy-
bean. 
Professor Prabir K. Sarkar, Microbiology Laboratory, 
Department of Botany, University of North Bengal, 
Siliguri 734-430, INDIA 
Email: pksarkar@sancharnet.in
 

An Ideal Laboratory Experiment  
on Flower Initiation 

Hideto Tojo1 and Nobuyasu Katayama2 

1Shiraume High School; 2Department of Environ-
mental Sciences, Tokyo Gakugei University 

For a student laboratory exercise on flower initia-
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tion (floral development) under the topic of “Plant 
Growth and Its Regulation” in senior high school 
biology, we selected the Wisconsin Fast Plants 
(WFPs), the new varieties of rape (Brassica 
campestris or B. rapa) which have been developed 
by Professor Williams of the University of Wis-
consin, as our experimental material.  It has been 
reported that under the optimal conditions, the 
flower-opening of WFPs is observed 14 days after 
sowing, the height of a mature plant is very short 
(less than 20 cm) and the plant completes its life 
cycle within 5 weeks.  It seems that WFPs might 
be an ideal material, as a long-day plant, to study 
flower initiation.  So, we examined the effects of 
temperature, day length, light intensity and the 
plant hormone gibberellic acid (GA3) on the flower 
initiation of the WFPs.  When the plants were 
grown at different temperatures under continuous 
light, the days required for detecting a floral bud 
were dependent on the growth temperature being 
between 15°C and 35°C; the higher the tempera-
ture is, the faster the flower bud formation is.  In 
the temperature range examined flower bud could 
be detected within at least 9 days after sowing.  
The effects of day length on flower bud formation 
were examined at 15°C and 25°C.  The flower 
initiation was dependent on the day length at 15°C, 
but not at 25°C.  At 15°C, flower buds formed 9 
days after sowing under continuous light, while no 
flower bud was detected nearly 2 weeks after 
sowing under a short-day (L:D=8:16) condition.  
The intensity of light in a long-day treatment 
(L:D=16:8) from about 10 µmol·m-1·s-1 (ca. 1,500 
lux) to 100 µmol·m-1·s-1 (ca. 13,000 lux) at 15°C 
did not affect flower bud formation.  The flower 
initiation in the plants treated with 0.01 µg/mℓ 
GA3 was faster than in the non-treated plants.  
The results obtained in the present study reveal 
that by using the WFPs students can get clear re-
sults on flower initiation within shorter period than 
by using any other plant. 
Key words: Brassica campestris, day length, 
flower initiation, gibberellic acid, student labora-

tory, Wisconsin Fast Plants. 
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Effects of Vitamin B6 and Yeast Defi-
ciency on Nile Tilapia, Oreochromis 

niloticus Linn. 

Arunee Sommani and Nantaporn Mengkit 
Department of Biology, Faculty of Science, 

Silpakorn University 

Effect of Vitamin B6 and yeast deficiency on 
growth, mortality and deformities on Nile Tilapia 
Juvenile was studied.  Nile Tilapia Juvenile aver-
age weight 0.65 grams were fed by two experi-
mental diets.  The two diets were completely vi-
tamin control diet and yeast (formula 1 diet) and 
vitamin B6 and yeast free diet (formula 2 diet).  
These experiments were conducted within 8 weeks.  
The results showed that fish fed by formula 1 diet 
grew faster (p<0.05) than fish fed by formula 2 
diet.  Mortality of fish fed by formula 2 diet was 
significantly higher (p<0.05) than fish fed by for-
mula 1 diet obviously.  In the fourth week, the 
symptoms of fish fed by vitamin B6 and yeast free 
diet were similar to those reported in other fishes, 
fish showed lack of appetite, solitary, pronounced 
body color deformation and died after that. 
Key words: deformity, growth, mortality Nile Ti-
lapia, Vitamin B6, yeast. 
Author for correspondence: Professor Arunee Som-
mani, Department of Biology, Faculty of Science, 
Silpakorn University, Nakhonpathom, 73000 THAI-
LAND; Tel. 66-34-243-429 
 

Stomach Contents of Green Mussels, 
Perna viridis (Linnaeus, 1758)  

in Sriracha Bay, Chonburi Province 

Arunee Sommani and Kitisak Vithuravanich 
Department of Biology, Faculty of Science, 

Silpakorn University 

Stomach contents of green mussels (Perna viridis) 
at Sriracha Bay, Chonburi province were studied 
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from November 2003 to March 2004, Perna viridis 
samples were collected twice a month.  Stomach 
contents of a total of 200 samples were examined 
after collection.  Phytoplankton, zooplankton and 
detritus were found.  Phytoplankton was the main 
component.  There were 24 genera of phytoplak-
ton.  They were composed of 18 genera of dia-
toms, 5 genera of dinoflagellates and 1 genus of 
silicoflagellate.  The dominant phytoplankton in 
each month was Bacteriastrum, Coscinodiscus, 
Cyclotella, Navicula, Nitzschia, Prorocentrum, 
Pseudonitzchia, Tabellaria and Thalassionema.  
From this study, the highest phytoplankton was the 
first collection of November and the lowest phyto-
plankton was the second collection of March.  
They were 2,250 cells and 782 cells respectively.  
The diversity index of phytoplankton was highest 
in the second collection of January (3.35) and the 
lowest diversity index was in the second collection 
of November (3.00). 
Key words: green mussel, Perna viridis, phyto-
plankton, stomach contents, Thailand. 
Author for correspondence: Professor Arunee Som-
mani, Department of Biology, Faculty of Science, 
Silpakorn University, Nakhonpathom, 73000 THAI-
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Laboratory Exercise for Teaching  
Photosynthetic Characteristics of  

Seaweeds in Science Classes in Japanese 
Junior High Schools 

Yasuhiro Kanaizuka1, Kumiko Fujioka-Sasaki2, 
Nobuyasu Katayama3

1Ochiai Junior High School; 2Sekiguchidaimachi 
Elementary School; 3Department of Environmental 

Sciences, Tokyo Gakugei University 

We developed a laboratory exercise to allow junior 
high school students to understand the relation-
ships between the photosynthetic characteristics of 
seaweeds and their vertical distribution, which was 
reported on at the 18th AABE conference; the 
fronds of a red alga, Mastocarpus yendoi, and a 
green alga, Ulva pertusa, cultured under room 
conditions were used in the exercise.  In the pre-

sent paper, we report both on the teaching plans, 
including the above-mentioned exercise as a 
wet-lab or a dry-lab, and on the implementation of 
these plans in ordinary and advanced junior high 
school science classes for Year 9 over a seven-year 
period to see if students can carry out the exercise 
within one school hour and how well students can 
understand the contents they learned through the 
exercise.  In the advanced science classes, we 
asked students to measure the photosynthetic rate 
of either red alga or green alga under two different 
light colors, white light and green light.  Within 
one school hour, students could complete the 
measurements of photosynthetic oxygen evolution 
from one of the algae under the different light con-
ditions by means of the Productmeter.  In ordi-
nary science classes, students were given the raw 
data that were obtained both by the authors and by 
an advanced class and asked to draw graphs and 
analyze them.  Most students could accomplish 
the task and could find that the red alga can per-
form its photosynthesis under green light as well as 
under white light while the green alga cannot.  
These results indicate that the teaching plans made 
are effective to allow junior high school students to 
understand the relationships between the photo-
synthetic characteristics of seaweeds and their ver-
tical distribution. 
Key words: junior high school, laboratory exer-
cise, photosynthesis, seaweed, science class. 
Author for correspondence: Mr. Yasuhiro Kanaizuka, 
Ochiai Junior High School, 2-24-6 Shimo-ochiai, 
Shijuku, Tokyo 161-0033, JAPAN 
 

How to Plant Forest 
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Forest Restoration Research Unit, Biology Depart-
ment, Science Faculty, Chiang Mai University 

This paper reports on the recovery of biodiversity 
in experimental plots designed to test the frame-
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work species method of forest restoration in Doi 
Suthep- Pui National Park, Northern Thailand.  
The framework species method involves planting 
up to 30 indigenous forest tree species, carefully 
selected for their ability to accelerate natural forest 
regeneration.  Planted trees should restore forest 
structure and ecological functioning, whilst wild-
life attracted by the planted trees accelerate biodi-
versity recovery through seed dispersal, resulting 
in recruitment of non-planted tree species.  Bi-
monthly inspections of framework species plots, 
ranging in age from 6 years to recently planted 
revealed that 41 of the planted tree species pro-
duced wildlife resources, such as flowers or fruits, 
within 7 years, with 14 doing so in less than 3 
years.  Birds’ nests were recorded in 17 tree spe-
cies within five years after planting.  A total of 53 
bird species were observed using the planted trees 
as perching sites and for feeding on fruits, nectar 
and insects.  Erythrina subumbrans and Melia 
toosendan attracted the greatest diversity of bird 
species (28 and 24 species respectively).  Planting 
20-30 framework tree species in 10-rai plots each 
year, created a mosaic of different aged habitats 
which dramatically increased bird species richness 
at the landscape level, from about 30 species be-
fore planting began to 87 species at present.  Of 
these, 45 species were also recorded in the nearest 
patch of surviving forest, representing about a 63% 
recovery in the total expected bird community 
within 6 years.  Bird species most likely to dis-
perse seeds of nearby forest trees into planted plots 
included Blue-throated Barbet, Black-crested Bul-
bul, Black-headed Bulbul, Flavescent Bulbul, Ori-
ental White-eye and Japanese White-eye.  Me-
dium-sized mammals, which rapidly recolonized 
the plots included Hog Badger, Pangolin, Large 
Indian Civit, Barking Deer and Common Wild Pig.  
Live-trapping of rodents revealed the presence of 
Mus pahari, Rattus bukit, R.. exulans, R.. koraten-
sis, R.. rattus and R.. surifer. All rodent species 
were also present in the non-planted control plots, 
except R.. exulans and R.. koratensis, which were 

only recorded in planted plots 2-3 years old.  
Highest density of rodents was maintained in the 
non-planted control plots.  Since these species are 
mostly seed-predators, a reduction in their popula-
tion densities, following canopy closure in the 
planted plots, probably favours natural tree estab-
lishment.  During a survey of naturally establish-
ing trees, a total of 61 naturally establishing tree 
species (not including second generation seedlings 
of planted trees) were recorded in 6 year-old plots 
planted plots, compared with only 37 in control 
plots.  Therefore, tree planting, and the seed-dis- 
persing animals attracted by it nearly doubled the 
natural rate of tree species recruitment. 
Key words: biodiversity, Doi Suthep- Pui National 
Park, forest restoration, framework species method, 
Thailand. 
Author for correspondence: Dr. Stephen Elliott, For-
est Restoration Research Unit, Biology Department, 
Faculty of Science, Chiang Mai University, Chiang 
Mai 50200, THAILAND 
E-mail: forru@science.cmu.ac.th; Web: 
www.forru.org
 

Use of Euglena Beads (Immobilized 
Euglena) to Do Photosynthesis  

Exercises Easily 

Tsutomu Nagasawa1, Nobuyasu Katayama2 and 
Kazuyuki Mikami3 

1Graduate School (Environmental Sciences), Tokyo 
Gakugei University; 2Department of Environmental 
Sciences, Tokyo Gakugei University; 3Environmental 

Education Center, Miyagi University of Education 

Algae are important organisms as producers in an 
aquatic ecosystem. Therefore, learning their pho-
tosynthesis through practical activities is important 
for secondary students to understand the overall 
features of aquatic ecosystems. Generally, the iso-
lation and culture of microalgae need a lot of time 
and labor. In the case of Euglena, however, some 
simple culture methods have been developed. So, 
this alga is widely used in biology education. In 
the present study, to make the experiments on 
photosynthesis using a Euglena cell culture easier 
and more convenient, Euglena cells were immobi-
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lized in calcium alginate gel beads (We refer to 
these beads as “Euglena beads”). After culturing 
the Euglena beads for about 20 days, they turned 
green and had a photosynthetic rate which was 
high enough to complete the measurement of pho-
tosynthetic rate with the Productmeter in a senior 
high school laboratory exercise within one school 
hour. Moreover, continuing to culture the Euglena 
beads resulted in higher photosynthetic rates. The 
Euglena beads were used instead of water plants in 
the qualitative experiment on photosynthesis 
which is commonly carried out in junior high 
school science classes in Japan. A pH indicator, 
BTB solution, was used for detecting photosyn-
thetic CO2 consumption in the experiment. About 
300 Euglena beads, which looked dark green, were 
dipped in 20 ml of water containing the BTB solu-
tion and illuminated on an OHP. As a result, the 
color of the water changed from green to blue 
green in 30 minutes indicating that dissolved CO2 
was consumed. Therefore, it seems that the Eu-
glena beads cultured for more than 20 days and 
appearing dark green can be used for quantitative 
and qualitative experiments on photosynthesis at 
both junior high school and senior high school lev-
els. 
Key words: Euglena, immobilization, high school 
science, laboratory exercise, photosynthesis. 
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Katayama, Department of Environmental Sciences, 
Tokyo Gakugei University, Koganei, Tokyo 184-8501, 
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Three-Dimensional Structural Modeling 

of DNA Replication for  
A Study of Genetics 

Saethawat Chamsart, Chantra Indananda 
and Jintana Arunnopparat 

Department of Biology, Faculty of Science, 
Burapha University 

One of the problems in the classroom of teaching 
genetics is what students often find it hard to un-
derstand the lecturer’s explanation of genetics is-

sues.  One reason is the use of two-dimensional 
media i.e. drawing and diagram which are unable 
to help students visualize genetic images.  There-
fore, we designed to test whether a 
three-dimensional model helps students’ learning.  
A three-dimensional model of DNA replication 
was invented.  The model was constructed from 
materials i.e., plastic beads, plastic tubes, plastic 
plate, flannelette, and metal wire.  Different col-
our beads represented deoxyribose sugar and ni-
trogenous bases, different segmented-colour tubes 
represented phosphate and hydrogen bonds, and 
flannelette represented RNA primer.  They were 
all constituted to be a double helix DNA molecule 
with a “Y- shaped” replication fork.  Each strand 
of the double helix at the fork acted as the template 
for synthesis of a leading and a lagging strand of 
new DNA molecules.  This model was then tested 
with students in the Genetics classroom.  The 
result in the classroom demonstration showed that 
three-dimensional models enhanced student learn-
ing of a complicated structure in the study of Ge-
netics. 
Key words: DNA replication, double helix, Ge-
netics education, three-dimensional model. 
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Department of Biology, Faculty of Science, Burapha 
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Biological Terms in Science Textbooks 
Used in Compulsory Education in Japan 

Kunio Umeno 
Former professor, Nakamura Gakuen University 

The author has been researching effective ways of 
implementing biology education within compul-
sory education for many years.  To serve as a ba-
sic reference for this work, an investigation into 
the usage of biological terminology in compulsory 
education science textbooks was performed.  In 
Japan, Science is taught in the third and higher 
grades.  The lowest grade covered in the investi-
gation was necessarily the third grade, and as pu-
pils at this level are still learning the language it-
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self, the definition of “biological terms” used here 
includes not only technical terms for biology, but 
also words related to biology that are also used in 
daily conversation.  As a result, “terms related to 
biology education” would be more precise than 
“biological terms.”  The investigation includes 
the generation of a comprehensive list of related 
terms from all the approved, commer-
cially-available science textbooks used in compul-
sory education, and notation of how many text-
books each of the terms is used in at each grade 
level (a maximum of six textbooks for elementary 
school or five for lower secondary school).  This 
presentation outlines the results of that investiga-
tion.  
Key words: biological terms, compulsory educa-
tion, Japanese science textbooks, survey. 
Dr. Kunio Umeno, 2-93, Chikushi-ekimaedori, Chi-
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Pre-service Elementary Teachers and  

Its Educational Effects 
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Jae Young Kim2 and Kyoung Ho Kim3 

1Department of Science Education, Busan National 
University of Education; 2Department of Science 

Education, Seoul National University of Education; 
3Department of Science Education, Gongju National 

University of Education 

An outdoor biology education (OBE) program was 
developed for pre-service elementary teachers to 
improve their inquiry-based science teaching abil-
ity. A sample 160 students from a National Univer-
sity of Education in Korea participated the pro-
gram and completed questionnaire about biology 
teaching efficacy. The OBE program was executed 
for 3 days and 2 nights at Upo Wetland, the largest 
wetland in Korea. The OBE program was done by 
groups of 3 to 4 students for safety and efficiency 
of inquiry. The students chose their theme and spe-

cific methods or procedures to explore Upo Wet-
land’s ecosystem. Then, they collected a variety of 
data, including samples of living things, measures, 
and photography, and analyzed the data, drew con-
clusions, and present the results. The scientific 
inquiry activities used in the program included 
basic and integrated process skills of SAPA (Sci-
ence-A Process Approach). It was identified that 
the students’ self-efficacy on science and biology 
teaching were changed more positively after ex-
periencing the OBE program. 
Key words: education program development, 
outdoor biology, pre-service elementary teachers, 
science inquiry. 
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The Use of Learning Resources 
for Teaching Biology 

Wanida Tanaprayothsak, Orasa Choosakul 
and Napapunt Rueangstainton 

Department of Biology, The Institute for the Promo-
tion of Teaching Science and Technology (IPST) 

Education system in Thailand has recently changed. 
These changes necessitate revision of the national 
education curriculum which is a fundamental 
mechanism for the development of national educa-
tion quality.  The Ministry of Education (MOE) 
mandated changes specific to instructional process 
and announced the National Education Act (NEA) 
in 1999.  The heart of the NEA is “all learners are 
regarded as being most important.”  The NAE 
also includes an additional provision: “Lifelong 
education for all, continuous development of the 
bodies of knowledge and learning processes”  
The government will promote the running and es-
tablishment, of all types of lifelong learning re-
sources, namely: public libraries, museums, art 
galleries, zoological garden, public parks, botani-
cal gardens, science and technology parks, sport 
and recreation centres, data bases, and other 
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sources of learning. The Institute for the Promotion 
of Teaching Science and Technology (IPST) has 
realized the change of educational system and is 
concerned with teachers and students who are fac-
ing these rapid changes. IPST has formed a net-
work of teachers especially science and maths in 
175 education areas throughout Thailand to stimu-
late interests in science through well-planned ac-
tivities. The learning resources will support teach-
ers for their inquiry teaching, designing activity 
sheet based on the environment of their local edu-
cation area.  Students will benefit by using these 
various sources of learning and finally they will be 
able to enhance the scientific skill from their in-
vestigation as well as to appreciate the value of 
natural environment which really needs sustainable 
preservations.  
Key words: curriculum development, Institute for 
the Promotion of Teaching Science and Technol-
ogy, lifelong education, National Education Act, 
Thailand. 
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Development of Biotechnology 
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Creativity of the Science Gifted 

Kil Jae Lee1, Jeong Seon Lee1, Hyo Gwan Dong2, 
Hee Young Cha1, Sung Ha Kim1  

and Wan Ho Chung1 

1Department of Biology Education, 
Korea National University of Education 

2Hansung Science High School 

The purpose of this study is to develop biotech-
nology experimental modules for improving crea-
tivity and achievement of the science gifted.  The 
developed modules focused on learning cycle 
models that solve problems creatively in that the 
students lead to perceive problems rather than fol-
lowing the experimental process like a cookbook.  
The developed modules as a result of the study are 

‘extracting DNA,’ ‘constructing paper DNA 
model,’ ‘electrophoresis of DNA,’ ‘handling of the 
restriction enzyme to DNA.’  They were applied 
to the biology classes at a high school for the sci-
ence gifted, after dividing into the experimental 
group and the controlled group.  The results 
showed that the students’ creativity and achieve-
ment of the experimental group which was applied 
the developed modules were more effective than 
the controlled group (p<0.05).  The teachers and 
students who were experienced with the developed 
modules showed positive reflections to the ques-
tionnaire on the appropriateness and the effect of 
contents of the modules.  This study means a 
great deal in the view of being able to instruct the 
biotechnological contents as designing the experi-
mental modules that make students learn easily 
biotechnological concepts, improve their creativity 
and be provided for them to school science classes. 
Key words: biotechnology, creativity improve-
ment, experimental module development, high 
school. 
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Department of Biology Education, Korea National 
University of Education, Chungbuk 363-791, KO-
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1Department of Science Education, Busan National 
University of Education; 2Department of Science 

Education, Chuncheon National University of  
Education; 3Department of Biology Education, Korea 

National University of Education 

This study explored the teaching efficacy belief of 
preservice elementary teachers on biology in out-
door inquiry work.  Preservice teachers (N=68) 
enrolled in biology outdoor inquiry course com-
pleted questionnaires to be analyzed for which area 
they were apt to be hard and apt to be easy to teach 
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on biology at the beginning and the end of the 
course, and analyzed for what they changed during 
the course at the end.  Network analysis helps a 
qualitative data be analyzed more comprehensively 
and profoundly.  Results revealed that, at the be-
ginning of the course, many preservice elementary 
teachers had a thought that biological knowledge 
area was the most important, therefore they would 
try to have more biological knowledge, whereas at 
the end, some moved to science inquiry area, some 
to attitude area, but the portion of pointing out of 
knowledge as the most important thing for teach-
ing biology had also remained high.  Implications 
for research are discussed, and recommendations 
for educators and advisors are presented.  
Key words: preservice elementary teachers, net-
work analysis, outdoor inquiry course, teaching 
efficacy belief. 
Author for correspondence: Professor Chae Seong 
Lim, Department of Science Education, Busan Na-
tional University of Education, Busan 611-736, 
KOREA; Email: cslim@bnue.ac.kr 
 

Using “Avian Flu News” As An Inquiry 
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Classroom 

Suthipong Pongworn, Choosilp Attachoo, 
Theerapat Wechaprasit and 

Banarasi Sanitwong Na-Ayuthya 
Department of Biology, The Institute for the Promo-

tion of Teaching Science and Technology (IPST) 

For a long period of time, Thai citizens are in panic 
over the outbreak of “Avian Flu” across Thailand.  
It is the IPST responsibility in promoting and 
bringing science to the classroom.  Avian flu 
news is used as an inquiry lesson plan for the sec-
ondary biology classroom.  In the quest to make 
students understand the viral outbreak situation, 
five steps of inquiry model incorporated in this 
lesson plan will intrigue student perception and 
understanding.  The topic on cell context must be 
taught before starting this lesson.  We will use it 
as background knowledge, link it to viral context, 
and infer it to news meaningfully.  At the begin-

ning, we use the news headline as an engagement 
step to bring students into context we planned.  
Then, students will learn and compare cell and 
virus, answer questions / query in class, by using 
their background knowledge and the provided 
contents from teacher in exploration step.  After 
they have learned and discussed, the provided 
contents are also used in explanation step.  Next, 
from student resources about “Avian Flu Time 
Line,” “How to Protect Yourself from Avian Flu” 
and “Maps of world, Asia, and USA,” students will 
use these sources of information to analyze and 
find the pattern of outbreak, roughly, in elabora-
tion / extension step.  Finally, we use role-play 
and/or student poster to determine student’s out-
come in evaluation step-the step that we find out 
what students have learned from this lesson.  The 
aim of this pilot project is to create awareness and 
the application of the meaning of science context 
in the classroom to student’s daily life. 
Key words: avian flu news, five steps model, in-
quiry lesson plan, secondary biology. 
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For many years, the uses of 35 mm films either 
negative or slide have been a gold standard for 
photographic records in microbiological research 
and teaching.  However, advances in computer 
technology have caused a paradigm shift, and 
digital presentations are quickly becoming stan-
dard for academic presentations.  The rapid de-
velopment of digital photography has made dra-
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matic impact on the way of documentation and 
storage of biological information.  The ease of 
use and its versatility in producing good quality 
images at affordable price make digital photogra-
phy a convenient and preferable alternative to 
conventional 35 mm photography.  In this pres-
entation the basic principle of digital photography 
will be discussed, and the advantages and disad-
vantages of using digital photography and conven-
tional photography also emphasized.  
Key words: actinomycete, digital photography, 
microbiology education. 
Author for correspondence: Professor Wasu Pathom- 
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A Survey of Medicinal Weeds Family 

Acanthaceae and  
Family Asteraceae in Chonburi, Thailand 

Pragrom Prayoonrat 
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A survey was conducted to categorize medicinal 
weeds family Acanthaceae and family Asteraceae 
found in Chonburi Province, Thailand.  Places 
sampled on 12 areas in 4 districts were residential 
areas, agricultural lands, plantations, uninhabited 
areas, along the seashore and some aquatic habitats 
were also included.  The result of this survey on 
family Acanthaceae had 7 genera and 11 species 
and family Asteraceae had 13 genera and 14 spe-
cies. In total 25 species were cataloged belonging 
to 20 genera in 2 families.  The medicinal char-
acteristics of each weed species were studied in 
collaboration with traditional herb medicine pro-
viders as well as from historical manuscripts.  
Frequency of occurrence and medicinal character-
istics of the weeds are discussed. 
Key words: Acanthaceae, Asteraceae, medicinal 
weeds, survey, Thailand. 
Professor Pragrom Prayoonrat, Department of Biol-
ogy, Faculty of Science, Burapha University, Bang-

saen, Chonburi 20131, THAILAND 
Email: pragrom@buu.ac.th

 
Some Characteristics of A Potential 

Anti-microbial Producing Actinomycete 
Strain Isolated from Island Soil 

Rattanaporn Srivibool1, Morakot Sukchotiratana2 

and Shinji Tokuyama3 

1Biotechnology unit, Institute of Marine Science,  
Burapha University; 2Microbiology Section,  

Department of Biology, Faculty of Science, Chiang 
Mai University; 3Department of Applied Biological 

Chemistry, Faculty of Agriculture, 
 Shizuoka University 

Actinomycetes are gram-positive bacteria found 
mainly in soil which capable produce many of 
bioactive compounds especially antibiotics.  The 
actinomycetes antibiotics are not restricted to an-
tibacterial antibiotics but include antifungal, anti-
cancer and antiviral antibiotics.  An isolate of 
actinomycete strain SM17-1 isolated from Samae-
sarn island, Chantaburi was identified as Strepto-
myces sp. from morphological of hook, loop and 
spiral spore chains and chemical analysis of dia-
minopimelic acid of cell wall and sugar pattern of 
whole-cell hydrolysate studies which had L-DAP 
and had no characteristic sugar, respectively.  The 
strain showed potent anti-microbial activity against 
both gram-positive bacteria and fungi: Bacillus 
subtilis, Staphylococcus aureus, Micrococcus lu-
teus, Methicillin resistant Staphylococcus aureus 
(MRSA), Pichia dispora, Saccharomyces cere-
visiae, Debaryomyces hansenii and weak inhibi-
tion activity of Aspergillus niger.  For the bio-
chemical tests: nitrate was reduced, urease positive, 
esculin, and gelatin were degraded, but glucose 
was not fermented. Arabinose, D-mannose, 
D-mannitol, maltose, potassium gluconate, capric 
acid, adipic acid, malic acid, trisodium citrate and 
phenyl acetate could not be utilized, but glucose 
and N-acetylglucosamine were utilized.  Colonies 
on ISP2 medium were gray and the reverse was 
dark red.  The strain is one of promising Strepto-
myces spp. for newly anti-MRSA substances.  
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Peroxidase Production by Hairy Root 
Cultures of Some Vegetables 

Vilaiporn Boonyakitjinda and Vimol Kwankua 
Department of Biology, Faculty of Science, 

Silpakorn University 

Agrobacterium rhizogenes strains 15834, 8196, 
2659, A4, TISTR 510, and TISTR 511 were tested 
for ability to induce hairy roots on Chinese radish 
(Raphanus sativus L.), choysum (Brassica chinen-
sis L.) and Chinese amaranth (Amaranthus tricolor 
L.).  Surface-sterilized cotyledons and stems from 
sterile plantlets were immersed in a suspension of 
A. rhizogenes harboring pRi for 5, 10, 15 min and 
1, 2 hr. in the dark and then transferred to a solid 
Murashige and Skoog (MS) medium supplemented 
with 3% (w/v) sucrose and 0.5 mg/ml claforan, 
cultured at 25°C under 16 h light (3000 lux).  In 
all plants and by all strains of A. rhizogenes, the 
hairy roots emerging from the leaf explants 
showed more vigorous growth and extensive lat-
eral branches in the absence of phytohormones 
than those from the stems.  Hairy roots of Chi-
nese radish grew fastest.  Hairy roots from leaf 
explants were excised and transferred to hor-
mone-free liquid MS medium without claforan in 
complete darkness on a gyratory shaker.  The 
growth of hairy roots was recorded after 35 days.  
Different strains of A. rhizogenes performed dif-
ferently in the three cultures. TISTR 510, with the 
co-culture time of 15 minutes, caused the highest 
increase of hairy roots by having weight increased 
3.07 times of its initial weight which was 3 times 
of the control in Chinese radish.  However, strain 
2659 did the best in choysum and Chinese ama-
ranth.  The co-culture time in choysum was 2 
hours and the weight increased 7.05 and 3.75 times 

of its initial weight and the control, respectively.  
For Chinese amaranth, the 5-minute co-culture 
time and 5.02 and 4.44 times of weight increase 
were recorded.  Peroxidase activities (units/0.5 g 
fresh weight) were measured by spectrophotometer 
and were compared to the non-transformed con-
trols.  The highest increases of activities were 
1.75, 1.32 and 1.48 times by strains 8196, 2659 
and A4 in Chinese radish, choysum and Chinese 
amaranth, respectively.  It is suggested that the 
productivity of peroxidase could probably be en-
hanced by selecting the appropriate hairy root lines 
and by improving the culture medium composi-
tion. 
Key words: Agrobacterium rhizogenes, Chinese 
amaranth, Chinese radish, choysum, hairy root, 
peroxidase, transformation. 
Author for correspondence: Professor Vilaiporn 
Boonyakitjinda, Department of Biology, Faculty of 
Science, Silpakorn University, Nakhonpathom 73000, 
THAILAND; Email: bvilaiporn@hotmail.com 

 
Time Course of Changes in Blood  

Ammonia and Ammonia-N Excretion 
Rate in the Blue Swimming Crab, Por-

tunus pelagicus L. Subjected to Different 
Salinity Levels 

Nongnud Tangkrock-Olan1

and Ratsamee Ketpadung2 

1Department of Aquatic Science, Faculty of Science, 
Burapha University; 2Environmental Science Pro-

gram, Faculty of Science, Burapha University 

Changes in blood ammonia and ammonia-N excre-
tion rate of P. pelagicus were determined in salin-
ity levels of 25, 50, 75 and 100% SW after 0, 0.5, 1, 
3, 6, 12, 24, 48 and 96 hr exposure time. It was 
found that concentrations of blood ammonia in 
different salinities were positively increased in 
relation to time.  At 96 hr, the cumulative 
amounts of blood ammonia increased directly with 
salinity.  In 25% SW, blood ammonia increased 
rapidly after 1 hr and the concentration is highest 
at 12 hr exposure, then mortality occurred.  Am-
monia-N excretion rates increased with decreasing 
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salinities.  The highest and lowest ammonia-N 
excretion rates were 26.08 µg g-1 h-1 in 25% SW 
and 7.79 µg g-1 h-1 in 100% SW, respectively. 
Key words: ammonia-N excretion, blood ammo-
nia, blue swimming crab, Portunus pelagicus, sa-
linity. 
Author for correspondence: Professor Nongnud 
Tangkrock-Olan, Department of Aquatic Science, 
Faculty of Science, Burapha University, Chonburi 
20131, THAILAND; Email: nong-
nud@bucc.buu.ac.th 
 

Cryopreservation of 
Some Wild Orchid Seeds 

Vilaiporn Boonyakitjinda and Vimol Kwankua 
Department of Biology, Faculty of Science, 

Silpakorn University 

Seeds of four species of wild orchids, Aerides fal-
cata Lindl., Dendrobium cariniferum Rchb.f., 
Dendrobium heterocarpum Lindl. and Rhyn-
costylis retusa (L.) Blume, were preserved by de-
hydration technique using laminar air flow and 
silica gel prior to storage in liquid nitrogen at 
-196°C.  The dehydration periods were 30 min-
utes and 1, 2, 3 and 10 hours for the laminar air 
flow whereas 30 minutes and 1, 2, 3 and 25 hours 
were varied for 50 g silica gel.  The seeds were 
then stored in liquid nitrogen for 24 hours before 
being thawed in water bath at 25°C.  For survival 
tests, they were cultured on a solidified 
half–strength Vacin and Went medium at 25°C 
under the 16-hr photoperiod.  It was found that 
the survival rate (%) depended on the dehydration 
period as well as the orchid species.  All seeds, 
which were stored in liquid nitrogen without de-
hydration, did not survive when they were culti-
vated later.  The dehydration periods of 1, 2 and 3 
hours were considered appropriate for both tech-
niques since the % survival of A. falcata, D. 
cariniferum and D. heterocarpum seeds ranged 
from 50% to 100%.  However, this was not the 
case of R.. retusa of which the survival rate was 
highest at 50% after being dehydrated for 10 hours 

by laminar airflow or 25 hours by silica gel.  It 
should be noted that all viable seeds developed 
into green protocorms within one month, all of 
which developed into green shoots. 
Key words: cryopreservation, seed germination, 

seed survival, wild orchid. 
Author for correspondence: Professor Vilaiporn 
Boonyakitjinda, Department of Biology, Faculty of 
Science, Silpakorn University, Nakhonpathom 73000, 
THAILAND; Email: bvilaiporn@hotmail.com 
 
Culture of Aspergillus on Wheat Bran and 

Enzyme Experiments 
− Analysis of Produced α-Amylases − 

Tomoko KAGA1, Takshi KAWAGUCHI2

and Motoo ARAI2 

1Osaka Prefectural Kaizuka Senior High School; 
2Division of Applied Biological Chemistry, Graduate 
School of Agriculture and Biological Sciences, Osaka 

Prefecture University 

Three species of Aspergillus (Aspergillus oryzae, A. 
niger and A. sojae) were cultivated on the wheat 
bran and α-amylases were extracted from the cul-
ture. The enzymes were precipitated with ethyl 
alcohol and analyzed by zymography on na-
tive-PAGE.  The α-amylase activity bands were 
detected clearly on the gel by an iodine-starch re-
action. T he enzymes were immobilized in a cal-
cium alginate gel sheet, and the effects of tem-
perature on its starch-liquefying activity with io-
dine-starch reagent were studied.  The methods of 
cultivation on the wheat bran and precipitation of 
enzymes with ethyl alcohol do not require any ex-
pensive tool.  It is important for students to culti-
vate microbes, prepare some enzymes and analyze 
their enzymatic characteristics by themselves.  
Through these experiments, students increase their 
interest in experimenting on enzymes and learning 
the relationship between microbes and human life.  
So, a series of such experiments on enzymes are 
suitable as a teaching especially for inquiry and 
problem-solving activities in high school biology. 
Key words: Aspergillus, culture, enzyme experi-
ment, senior high school, inquiry and prob-
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Studies on the Shell Morphology of the 
Freshwater Snail Paludomus Swainson, 

1840 in the Kwae Noi and Kwae Yai River 
Watershed, Kanchanaburi, Thailand 

Duangduen Krailas, Napatsorn Notesiri, Tuenta 
Janecharat, Kampanat Tharapoom, Viroj 

Kitikoon and Suluck Ukong 
Department of Biology, Faculty of Science, 

Silpakorn University 

The freshwater snail of Paludomus Swainson, 
1840 collected from ten locations in the Kwae Noi 
river watershed and five locations in the Kwae Yai 
river watershed, Kanchanaburi, Thailand, was 
studied.  These Paludomus freshwater snails are 
distinguished by shape, size, shell color pattern, 
suture, body whorl sculpture, operculum and the 
other basal periphery.  All of them are dextral and 
the operculum is concentric with spiral.  The 
shells are elongated and subglobose in shape.  
The surface is smooth and covered with a 
brownish or greenish periderm. Most of them show 
pointed apex, deep suture, and narrow columella.  
However, the snails of Tao Dum stream, one of the 
ten survey locations in the Kwae Noi river water-
shed, are markedly different from the others in that 
they show eroded apex, shallow suture, and wide 
columella.  In addition, when the ratios of the 
length of body whorl / shell length and size index 
are analyzed using ANOVA tests, Tao Dum snails 
exhibits significant difference (P<0.05) in the size 
index.  Duncan multiple range test and Scheffe 

test further support the present findings. 
This work was supported by the Research and Develop-
ment Institue, Silpakorn University, Thailand and the 
TRF/BIOTEC Special Program for Biodiversity Research 
and Training grant BRT T_145038. 
Key words: freshwater snail, Paludomus, shell 
morphology, survey, Thailand. 
Author for correspondence: Professor Duangduen 
Krailas, Department of Biology, Faculty of Science, 
Silpakorn University, Nakhonpathom 73000, THAI-
LAND, Email: kduang@su.ac.th 
 

Cytogenetic Studies in Sanoe 
(Sesbania spp.) 

Vimol Kwankua and Supunyika Sengsai 
Department of Biology, Faculty of Science, 

Silpakorn University 

Cytogenetics studies have been undertaken in three 
species of Sanoe. They are Sesbania javanica, Ses-
bania speciosa and Sesbania rostrata. Root tip 
cells of Sesbania spp. were observed for karyotype 
pattern. In this study, Feulgen-stained squash 
method was the technique used for material prepa-
ration.  The samples of primary root meristems of 
Sesbania were taken during 9.00-12.00 am. Two 
kinds of pretreatment agents, 0.01%-0.10% colchi-
cines and 0.002-0.006 M 8-hydroxyquinoline, 
were used at 10-20oC for 1-5 hours. The result of 
the cytological procedure specifically suited to 
Sesbania spp. is shown in the table below. 
Key words: cytology, Feulgen-staining, karyotype 
analysis, sanoe, Sesbania 
Author for correspondence: Professor Vimol 
Kwankua, Department of Biology, Faculty of Science, 
Silpakorn University, Nakhonpathom 73000 THAI-
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Sesbania spp. Suitable time to 
take the sample 

Pretreatment condition  Chromosome 
number 

Karyotype pattern 

Sanoe kin dok 
Sesbania javanica 

9.30 am 0.004 M 8-hydroxy qui-
noline, 10-12oC, 4 hr 

2n = 2X = 12 L2
m + L2

sm +M2
m + M4

sm + S2
sm

Sanoe India 
Sesbania speciosa  

9.15 am 0.002 M 8-hydroxy qui-
noline, 10-12oC, 3 hr 

2n = 2X = 12 L2
sm +M4

m + M4
sm + S2

m

Sanoe African 
Sesbania rostrata 

9.30 am 0.002 M 8-hydroxy qui-
noline, 10-12oC, 2-3 hr 

2n = 2X = 12 L2
sm +L2

m  + M2
sm +M2

m + S4
m
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Primarily Study of Boletes Diversity in 
Doi Suthep-Pui National Park, 

Chiang Mai Province 

Sulichet Thongklam, Uraporn Sardsud 
Department of Biology, Faculty of Science, 

Chiang Mai University 

A survey on the diversity of boletes in Doi 
Suthep-Pui National Park was conducted during 
June 2003-July 2004.  The average temperature 
and humidity during that time was between 
18-27°C and 78-100%, respectively. Sixty speci-
mens of boletes were collected, examined and 
identified by using keys of Corner (1972), Ellis 
and Ellis (1990) and Moser (1983).  Boletes were 
most abundant between June to October during 
which temperature was 16-27°C, relative humidity 
was 82% and pH 4-6 in soil.  At the same period 
in 1997-1998, boletes were found belonging to two 
families, Boletaceae and Strobilom ycetaceae.  In 
family Boletaceae there were Boletus coccineina-
nus, B. fragrans, B. impolitus, B. magnificans, B. 
queletii, B. radicans, B. regius, B. retisporus, B. 
speciosus, Gyroporus castaneus, Leccinum cro-
cipodum, L. griseum, L. oxydabile, L scabrum, L. 
thalassinum, Pulveroboletus ravanelii, Rubinobo-
letus ballouii, Suillus granulatus, S. grevillei, S. 
placidus, Tylopilus humilis, T. nigerlimus, Xero-
comus moravicus and X. rubellus.  In the family 
Strobilomycetaceae, there were Boletellus 
emodensis, Porphyrellus porphyrosporus, Stro-
bilomyces mollis and S. strobilaceus.  In this in-
vestigation the boletes species were found less 
than the previous reports.  Eighteen species of 
boletes belong to 7 genera in the family Boletaceae 
and three species are from 3 genera of the family 
Strobilomycetaceae were found.  Phylogenetic 
relationship using ribosomal DNA sequences 
(rDNA) within the interested taxa of boletes will 
be analyses in future studies. 
Key words: Boletaceae, boletes diversity, Doi 
Suthep-Pui National Park, Strobilomycetaceae, 

survey, Thailand. 
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Wild Mushrooms Database of Chiang 
Mai Community Forests 

Sirisak Butchachang1, Ekkarat Boonchieng2, 
Morakot Sukchotiratana1, Abhinya Plikomol1 and 

Uraporn Sardsud1

1Microbiology Section, Department of Biology, Fac-
ulty of Science, Chiang Mai University, Chiang Mai 

50200, THAILAND 
2Department of Computer Science, Chiang Mai 

University, Chiang Mai 52000, THAILAND 

The diversity of macrofungi at Chiang Mai com-
munity forests and Doi Suthep-Pui National Park 
during October 1996 – November 1998 and No-
vember 2003 – October 2004 was investigated.  
The fungi were collected from 19 forest areas and 
identified. Two hundred and fifty eight species 
were found.  They were ascomycetes: 30 species, 
21 genera, 12 families, 5 orders, and basidiomy-
cetes: 228 species, 89 genera, 35 families, 10 or-
ders.  The most prominent species of macrofungi 
found belonged to the families Boletaceae, Agari-
caceae and Russulaceae comprising 43, 35 and 28 
species respectively.  Wild mushrooms database 
was developed by using the data related to the en-
vironmental habitat, macroscopic and microscopic 
characteristics of wild mushrooms for creating the 
relating database and database management pro-
gram (Wild Mushroom Database Version 1.0).  
This software is used for managing the dried wild 
mushrooms in the mushroom herbarium and it is 
more convenient in searching and learning. 
Key words: Chiang Mai community forests, Doi 
Suthep-Pui National Park, mushroom database, 
Thailand. 
Author for correspondence: Dr. Sirisak Butchachang, 
Microbiology Section, Department of Biology, Fac-
ulty of Science, Chiang Mai University, Chiang Mai 
50200, THAILAND; Email: 
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Optimization of Chitinase Production by 
Streptomyces MK6-16 

Saisamorn Lumyong and Plubplung Tepvitukkij 
Department of Biology, Faculty of Science, 

Chiang Mai University 

Chitinase production by Streptomyces sp. MK6-16 
was optimized by assessing activity over a range of 
culture conditions.  Synthesis of extracellular 
chitinase was induced by chitin.  Highest levels 
of enzyme activity were 1-29 units/ml, and a spe-
cific activity at 3.59 units/mg protein produced in 
the medium comprised of 1.5% ball-milled chitin, 
3% wheat bran, 0.2% MgSO4 7H2O, 0.1% 
KH2PO4, 0.01% FeSO4 and initial pH 6, using 
3.85% (v/v) seed inoculum.  Cultures were incu-
bated at 26- 29ºC with shaking at 200 rpm for four 
days. Optimum pH and temperature for chitinase 
activity were 5.0 and at 40ºC, respectively.  The 
enzyme hydrolysed colloidal chitin, ball-milled 
chitin, Shizophyllum commune cell wall and car-
boxymethyl cellulose but did not hydrolyse mal-
tose, cellobiose and p-nitrophenol-β-D-N-acetyl-  
glucosamine. After precipitation with 40% satura-
tion ammonium sulfate, the specific activity of 
chitinase increased about 2-fold compared with 
crude enzyme. 
Key words: chitinase production, enzyme charac-
teristics, optimization, Streptomyces. 
Author for correspondence: Professor Saisamorn 
Lumyong, Department of Biology, Faculty of Science, 
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A Preliminary Study on the Effects of 
Hydrocooling on Quality of Fresh Longan 

Fruit cv. Daw 

Wittaya Apai1, Vicha Sardsud2

and Uraporn Sardsud2

1Postharvest Technology Institute, Chaing Mai 
University; 2Department of Biology, Faculty of Sci-

ence, Chaing Mai University 

One-day old fresh longan fruit (Dimocarpus lon-
gan Lour. cv Daw) was used in our preliminary 

study.  The fruits were placed in 3 kg perforated 
plastic baskets of commercial scale for each treat-
ment.  The treatments were: no pre-cooling; tap 
water immersion; pre-cooled with iced water plus 
no chlorine, with iced water plus 50 or 100 or 
200ppm chlorine respectively; for cooling time of 
10 min until their final temperatures of longan fruit 
reached 5°C to determine the effects of hydro-
cooling treatments on quality and decay during 
storage at 5°C and 93% RH.  After three week 
storage the results indicated that iced water plus 
50ppm chlorine longan fruit treatment significantly 
decreased peel browning and decreased fruit decay 
in comparison with no pre-cooling and tap water 
immersion (the control).  Pre-cooling plus 50 
ppm chlorine which had maintained the highest L* 
value both inner and outer peel, prevented peel 
desiccation, maintained both total soluble solids 
(TSS) in flesh, sensory evaluation and extended 
storage life of longan fruit.  Higher chlorine con-
centration: 100 or 200ppm increased peel brown-
ing and fruit decay.  Pre-cool- ing with no chlo-
rine did not prevent fruit decay from fungi.  
Weight loss was not significantly affected by all 
treatments. 
Key words: fruit quality, hydrocooling, lon-
gan fruit, postharvest treatment. 
Author for correspondence: Professor Wittaya Apai, 
Postharvest Technology Institute, Chiang Mai Uni-
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Molecular Systematics of the Mag-
naporthaceae and Allied Genera Based on 

Cladistic Analyses of Partial SSU and 
LSU rDNA Gene Sequence 

Sutheera Thongkantha1, Rajesh Jeewon2, 
Saisamorn Lamyong1, Eric H.C. Mckenzie3

and Kevin D. Hyde2

1Department of Biology, Faculty of Science, Chiang 
Mai University; 2Centre for Research in Fungal Di-
versity, Department of Ecology and Biodiversity, The 

University of Hong Kong; 3Landcare Research, 
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The phylogeny of the Magnaporthaceae and allied 
genera were investigated using individual and 
combined analyses of 18S and 28S nuclear ribo-
somal DNA (rDNA) gene fragments.  DNA from 
18 taxa representing 6 genera from Magnaportha-
ceae were amplified and sequenced.  Additional 
sequences in this family from Gen-Bank were in-
cluded in analysis.  The data set (totally com-
prises 65 taxa) was analyzed phylogenetically us-
ing Bayesian and maximum parsimony.  The 
Magnaporthaceae form a monophyletic order con-
taining six major anamorph/ teleomorph genera, 
with 100% posterior probability in the Bayesian 
analyses and 93% maximum parsimony bootstrap 
support.  Members of Magnaporthaceae were 
found to constitute a monophyletic lineage and 
seem closely related with other taxa in Di-
aporthales, Ophiostomatales, and Sordariales. The 
phylogenetic relationships of fungi in this study 
were compared and discussed based on three data 
sets of 74 taxa of SSU, 65 taxa of SSU and 58 taxa 
of LSU. 
Key words: cladistic analyses, Magnaporthaceae, 
molecular systematics, phylogeny, rDNA se-
quence. 
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Thongkantha, Department of Biology, Faculty of 
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Microscopic Observation and 
Pathogenicity Determination of Common 
Molds on Postharvested Longan Fruit cv. 

Daw 

Pitchayaporn Suwanakood1, Vicha Sardsud2, 
Somsiri Sangchote3 and Uraporn Sardsud1

1Department of Biology, Faculty of Science, Chiang 
Mai University; 2Department of Plant Pathology, 
Faculty of Agriculture, Chiang Mai University; 

3Department of Plant Pathology, Faculty of 
Agriculture, Kasetsart University 

Longan (Dimocarpus longan Lour. cv. Daw) is 
among one of the important exported fruits in 
Thailand.  This crop confronting with a severe 

postharvest fungal rot disease problem.  Study on 
the surface appearance using stereo microscopy 
showed that the fruit skin rough and uneven.  
Under scanning electron microscope, the surface 
of longan fruit consisted of scale and epidermal 
hair, in some areas the remnant of cuticle could be 
observed.  The filamentous fungi were observed 
from fruit surface.  Many genera of fungi were 
isolated from healthy fruit skin of harvested lon-
gans by tissue transplanting method, such as, As-
pergillus, Cladosporium, Colletotrichum, Fusa-
rium, Lasiodiplodia, Mucor, Penicillium Pestalo-
tiopsis, Phomopsis, Rhizopus, Trichoderma, Verti-
cillium and 7 genera unidentified.  Each of the 
fungal isolate was inoculated onto the pericarp of 
the fruit for pathogenicity determination.  Patho-
genic ability showed that the common mold found 
on the fruit skin, Lasiodiplodia and Pestalotiopsis 
caused the most severe symptoms and rot the fruit 
rapidly, respectively.  The most virulent isolate 
was identified as Lasiodiplodia theobromae based 
on morphological characteristics and DNA se-
quencing. 
Key words: common molds, longan fruit, 
microscopic observation, pathogenicity. 
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Effect of Some Edible Mushroom Ex-
tracts on Fruiting Body Formation of 

Volvariella volvacea 

Mungkorn Thevasingh1, Vicha Sardsud2, 
UsaneeVinitketkumnuan3, Chaiwat Jatisatienr1

and Uraporn Sardsud1

1Department of Biology, Faculty of Science, Chiang 
Mai University; 2Department of Plant Pathology, 
Faculty of Agriculture, Chiang Mai University; 

3Department of Biochemistry, Faculty of Medicine, 
Chiang Mai University 

Young fruiting bodies of some edible mushrooms 
i.e., Pleurotus ostreatus, Lentinula edodes and 
Agrocybe cylindracea were homogenized sepa-

90  Asian Journal of Biology Education Vol. 3 (2007) 

mailto:t_sutheera@yahoo.com


Abstract of Papers presented at the 20th AABE Conference 

rately with distilled water, methanol and acetone 
(500g/l).  The aqueous extract was filtered 
through clean cheesecloth whereas the acetone and 
methanol extracts were concentrated by evapora-
tion using rotary evaporator.  The extracts were 
diluted to 1:10 with distilled water and added into 
potato dextrose agar (PDA) before sterilization.  
The plate agar medium was inoculated with myce-
lial plug of straw mushroom (Volvariella volvacea) 
obtained from the growing edge of 5 to7-day old 
colony on PDA, and incubated at 30±2°C.  Dur-
ing incubation, the growth of the colony on PDA 
was measured everyday for 7 days.  The results 
revealed that the aqueous extract of P. ostreatus 
gave faster growth of the straw mushroom than 
that of the control group and those grown on the 
other extract incorporated media.  Two fold serial 
dilutions of the aqueous extract from P. ostreatus 
were sprayed on the surface of moist cotton waste 
in plastic bags fully colonized with straw mush-
room mycelia (12-day old).  After 5 days of in-
cubation at 30±2°C, it was found that the extract: 
water (1:1) significantly stimulated fruiting body 
formation. 
Key words: edible mushroom extract, fruiting 
body formation, Pleurotus ostreatus, straw 
mushroom, Volvariella volvacea. 
Author for correspondence: Mr. Mungkorn 
Thevasingh, Department of Biology, Faculty of Sci-
ence, Chiang Mai University, Chiang Mai 50200, 
THAILAND; Email: Greenfusant@yahoo.com
 
 
<Country Reports> 
Current Situation of the Japanese Society 

of Environmental Education 

Hideo Kitano 
Department of Child Education, Faculty of Education, 

Soka University 

The Japanese Society of Environmental Education 
(JSEE) was established in May 1990 and we cele-
brated its 10th anniversary in 2000.  The object of 
this report is to give an overview and describe the 

present activities and perspectives of the JSEE.  
At the present time, the Law Concerning the En-
couragement of Willingness for Environmental 
Conservation and the Promotion of Environmental 
Education (Law No.130) has been in force since 
October 1, 2004 and a UN Decade of Education 
for Sustainable Development (UN DESD) will be 
initiated by the United Nations from 2005, so it 
appears of interest to introduce a brief history, as 
well as current activities and perspectives of the 
JSEE. 
Overview - A Brief History of the JSSE - 
Environmental education (EE) in Japan has origi-
nated from unfortunate pollution problems such as 
Minamata disease, Yokkaichi asthma, Itai-itai dis-
ease or Agano Minamata disease (2nd Minamata 
disease).  We called the EE during the period of 
high economic growth in the 1960s the pollution 
education or the nature-protection education.  In 
the latter half of the 1980s as the threat of envi-
ronmental problems was becoming globally ac-
knowledged and conservation issues were attract-
ing more attention, the importance of EE became 
increasingly recognized by foresighted educators, 
researchers and policy makers.  In response to 
this heightening environmental awareness, the 
JSSE, an academic organization, was founded in 
1990.  In corporation with other educational as-
sociations founded at that time and with many 
educational NPOs/NGOs, the JSEE helped in 
many kinds of EE programs and projects in Japan.  
These initiatives enabled EE to branch out in many 
directions.   A diversity of educational activities 
was established during the 1990s. The Ministry of 
Education, Science, Sports and Culture (MEXT) 
established a guideline for EE in 1991 leading to 
the introduction of EE in schools throughout the 
country.  EE is now becoming more common in 
schools, and environmental in-service training 
programs for teachers have begun. Information 
exchange networks connecting schools have been 
enhanced and expanded. At teacher training col-
lege research centers for EE have been created 
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which are examining interdisciplinary ideas and 
theories in cooperation with the society.  The Ba-
sic Environment Law, enacted in 1993, explicitly 
endorses the promotion of EE.  Public awareness 
of the importance of conservation along with ad-
ministrative support helped the increasing expan-
sion of EE in the 1990s.  More and more local 
governments have developed environmental mas-
ter plans, launched environmental learning centers, 
established training programs for future leaders 
and provided learning opportunities for the public.  
Now, we would like to introduce “Environmental 
education: a critical challenge for the 21st century,” 
“Goals of Environmental education” and “Aims of 
the JSEE” by referring to the brochure of the JSEE 
(March, 2002). 
Present Activities of the JSEE 
The number of members of the JSEE 
As a whole, during the 15-year period since 1995, 
the number of the members has a tendency to 
move toward increase. 
Financial situation of the JSEE 
At the present time, the membership fee is as fol-
lows: 

Membership categories Annual fee (yen)*

Regular member (Individual) 

Professional 5,000 (46.00)

Student 3,000 (28.00)

Group member (Corpo-
rate/Institutional) 

10,000 (92.00)

Supporting member (sponsoring  
organization) 

20,000 (184.00)

*US$ in parenthesis. US$ 1.00 = ¥ 109.00 (Oct. 20, 2004) 

Key Words: Japanese Society of Environmental 
Education. 
Professor Hideo Kitano, Department of Child Educa-
tion, Faculty of Education, Soka University, 1-236 
Tangi-Cho, Hachioji-Shi, Tokyo 192-8577, JAPAN; 
Email: hidekita@mz.hinocatv.ne.jp 
 
 

Development of Education Program on 
Biology Research Ethics in Korea: 

A Short Report 

Sang Wook Yi1, Eun Hee Cho2, Suk Young Hong3 
and Young-Mo Koo3 

1Department of Philosophy, College of Human  
Sciences, Hanyang University; 2Division of Science  

Education (Biology Education), College of Education, 
Chosun University; 3Department of Medical Humani-
ties and Social Sciences, University of Ulsan College 

of Medicine 

It has become more and more appreciated in South 
Korea that appropriate research integrity (encom-
passing not just moral sensitivity but also meth-
odological, social and legal sensitivity) is crucially 
needed in biology research, especially in the con-
text of (potentially) controversial biotech-related 
topics. This appreciation reflects into the fact that 
the Korea Science Foundation is now funding an 
interdisciplinary, three-year research of which 
main goals are developing and implementing a 
research ethics course for biology-major students 
(particularly at the graduate-level). Four scholars 
with complementary expertise (molecular biology, 
philosophy of science, bioethics, ethics education) 
are participating in the research, and the research is 
now in the middle of its first-year. 
The report explains the aims and objectives of this 
research, and introduces the core ideas of its first 
task, the internet-survey on research integrity of 
Korean biology researchers. Some preliminary 
results from the survey will be presented and dis-
cussed.  
Key words: biology research ethics, education 
program development, graduate level, Korea. 
Author for correspondence: Dr. Sang Wook Yi, De-
partment of Philosophy, College of Human Sciences, 
Hanyang University, 17 Haengdang-dong, Seong-
dong-gu, Seoul 133-791, SOUTH KOREA; 
Email: dappled@hanyang.ac.kr 
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Instructions to contributors for the Asian Journal of Biology Education 

 
The Asian Journal of Biology Education (Asian 
J. Biol. Educ.) is published electronically by the 
Asian Association for Biology Education 
(AABE). The Journal will be on the AABE web 
site:  
http://www.deakin.edu.au/~llauren/AABE/default.htm
 
Objectives of the Asian J. Biol. Educ. 
The main objectives of the Journal are as follows: 

 To publish proceedings of AABE conferences; 
 To comment on the current policy develop-
ments affecting the biology education, espe-
cially in the Asian-Pacific region; 
 To promulgate results of research into the 
teaching, learning and assessment of biology; 
 To present investigatory, experimental, and 
novel teaching/learning techniques suitable for 
use in teaching biology; 
 To update educators on the advances in biol-
ogy; 
 To review resources for teaching biology. 

 
The Journal attaches considerable importance to 
research which is applicable to educational prac-
tice. Articles relevant to primary, secondary, terti-
ary, vocational, adult, and continuing education 
will be considered. Authors should remember that 
the Journal has a wide-ranging and international 
readership hence all papers should contain a clear 
description of the settings to which they relate. 
The Journal seeks to publish  
1. Papers presented at the biennial conference of 

AABE. 
2. Papers submitted by authors. 
 
Categories 
Papers can be in four categories: 
1. Reviews: this category aims to provide a link 

between scientific research findings and the 
classroom. The aim is to provide teachers with 

up to date information on key areas. The re-
views should give a clear and concise summary 
of a biological or educational topic. Articles for 
this section are intended to review educational 
topics relevant to a biology curriculum. Arti-
cles based on biological topics or those of 
relevance to the management and design of 
curricula are also of interest. Theoretical or 
discussion papers which are intended to deal 
with key points relevant to biology education 
may be for this section. 

2. Research Reports: these will form the main 
body of the Journal and may be case studies 
into any aspect of education practice. Their 
importance will be introduced against the 
background of a critical review of the relevant 
literature. The methods and results will be de-
scribed along with both conclusions and im-
plications for future research and teaching 
practice. 

3. Practical Reports: this section aims to give 
practical advice. Papers should clearly describe 
a laboratory or classroom-based exercise or 
fieldwork which can be related to biological 
curriculum. The exercise described should 
have been trialled within an educational setting. 
This section may also include descriptions of 
other innovations and developments, such as 
the use of teaching aids and the implementation 
of software packages. The emphasis will be on 
the nature of the practice, a clear description of 
the implementation procedure, and an evalua-
tion of its success. The full papers are desirable 
to contain an abstract, introduction, methodol-
ogy (materials and methods), results, discus-
sion, and references. Authors are recommended 
to present details of the suppliers listed in the 
materials section. In addition to full practical 
report papers, “Practical Notes” will be ac-
ceptable. 
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Practical Notes are short articles which de-
scribe a novel teaching/learning aid are of in-
terest. Such manuscripts do not require an ab-
stract, and the demarcation between sections 
may not be clear. 

4. Country Reports: this section aims to give 
readers the latest information about science/ 
biology education in the Asian and neighboring 
countries.  

Abstracts of the papers presented by oral or 
poster at any AABE conference will be accepted. 
Other articles giving some information about bi-
ology education, teaching aids, printed and elec-
tronic references, etc. will also be accepted. In 
addition, papers which report on biological re-
search and have no relation to education will be 
categorized into this miscellaneous papers. These 
will generally not be refereed. 
 
Editorial organization and reviewing process 
The Editor-in-Chief is appointed by the Executive 
Committee of the AABE and has final responsi-
bility for all editorial decisions. The Editorial 
Board processes all manuscripts that are received. 
When a manuscript is received the Edi-
tor-in-Chief will first judge whether its content 
falls within the scope of the AABE Journal. 
Manuscripts that are simply to confirm previous 
work, are too highly specialized, or are felt not to 
be of interest to the general readership of the 
Journal will be returned without review. At least 
two members of the Editorial Board will be in-
volved in these decisions. After this preliminary 
review, the manuscript of a full paper categorized 
as “Reviews,” “Research Reports” or “Practical 
Reports” will be sent to two referees to ensure 
that the paper is applicable to any occasions of 
biology education and that the science and/or 
educational research is sound. The review process 
is completely anonymous. Referees are selected 
based on their competence in specialized areas of 
biology and education. If referees disagree, or if 
in the opinion of the Editor the paper has not been 

sufficiently considered, it will be sent to a mem-
ber of the Editorial Board to aid in arbitration. 
If the manuscript is returned for revision the au-
thor should reply to the specific recommendations 
in a covering letter stating how each point has 
been addressed. If any recommendations have 
been disregarded the reasons should be given. 
The revised manuscript should be returned to the 
Editor-in-Chief within 3 months, after which it 
will be considered a new submission and will 
undergo the full review process. 
 
Submission of manuscripts 
Manuscripts should be sent to The Editor-in-Chief, 
Asian Journal of Biology Education, Department of 
Environmental Sciences, Tokyo Gakugei University, 
Koganei, Tokyo 184-8501, Japan. E-mail: 
katayama@u-gakugei.ac.jp.  
We prefer to receive files by e-mail although we 
will accept FD and CD which must be formatted 
for Windows PC. We do not accept discs format-
ted for Macintosh. 

Formats 
We can accept: 

 Plain ASCII text (.txt) 
 Acrobat files (.pdf) 
 MS Word document (.doc) 
 HTML files (.html) 
 MS Excel spreadsheet documents (.xls) 

Preferred resolution is 300 DPI. 
Notice for Paper submission 

Authors should ensure that the paper meets the 
guidelines listed below for the preparation of 
manuscripts. Manuscripts should not exceed the 
number of pages, including Tables and Figures, 
given below: 
Review: 12 pages, Research report: 12 pages, 
Research note: 4 pages, Practical paper: 12 pages, 
Country report: 8 pages, Abstract of a paper pre-
sented at an AABE conference: 2 pages, Other 
articles: 2 pages.  
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Presentation of manuscripts 
All contributions must be in English and be as 
succinct as possible. They should not be under 
consideration by any other journal. Authors 
should emphasize the educational setting and the 
relevance to biology education in the 
Asian-Pacific region. Papers should contain a 
clear description of the context to which they re-
late, and should show the relevance of the results 
and insights in both their specific setting and in 
any general setting to which they may also relate.  
The paper should be typed on A4 pages using 
Times New Roman 12 point, about 70 characters 
per line and 35 lines per page. The margins 
should be 3 cm wide and pages numbered con-
secutively. 

Cover page layout 
The first page will be a cover sheet and should 
include: 
(1) A title which clearly describes the content of 

the manuscript; 
(2) The name(s) and affiliation(s) of the author(s) 

– the author for correspondence should be 
clearly indicated and his/her address, tele-
phone and fax numbers, and e-mail address 
should be shown in the footnote; 

(3) A running title of no more than 50 characters 
including spaces; 

(4) Up to five key words; 
(5) A brief description of the article (less than 

200 characters). 
The second page  

The second page should contain the title of the 
paper, and an abstract (no more than 200 words) 
in a full paper. In order to ensure anonymous and 
fair refereeing, the name(s) or affiliation(s) of the 
author(s) should not be indicated on the second 
and following pages.  
 

General notes 
Footnotes and appendices 
Footnotes are discouraged except the cover page, 
and all material should be placed in the main 

body of the text. If notes are required they should 
be numbered sequentially and placed at the end of 
the paper. Appendices may be used if they are 
essential to understand the manuscript. 
Units, symbols, abbreviations and nomenclature 
The International System of Units (SI) should be 
used throughout. All symbols or abbreviations 
should be defined when first used. Full stops are 
not used after unit symbols. For biological no-
menclature the use of scientific names is recom-
mended. If desired, the common name of the or-
ganism should be shown in parentheses after the 
recommended name. For chemical nomenclature 
the rules of the International Union of Pure and 
Applied Chemistry (IUPAC) should be followed.  

Tables 
Tables should be numbered consecutively. Each 
table with its heading and any footnotes should be 
on a separate page. It is desirable to indicate its 
approximate position in the manuscript by a mar-
ginal note. The table caption or heading should be 
self-explanatory. 

Figures 
Line drawings and photographs should be num-
bered consecutively. Each drawing should be on a 
separate sheet with the author’s name and figure 
number on the back or bottom of the sheet. Pho-
tographs should be similarly marked on the back 
with the top of the photographs indicated. Figure 
caption should be typed in numerical order on a 
separate page. It is desirable to indicate the ap-
proximate position of each figure by a marginal 
note in the manuscript. The journal will accept 
color pictures. Figures, where possible, should be 
sent electronically as well as hard copy. If you 
have any queries, please consult with the Edi-
tor-in-Chief.  
Line illustrations 
Figures, charts, graphs and drawings must be 
presented to a high professional standard. It is 
desirable to prepare these figures in the same 
scale to be printed. Full-size A4 figures may be 
accepted, but the size will normally be reduced to 
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one quarter or one half A4, depending on the 
level of detail present.  
Photographs 
These must be clear, good quality black and white 
or color prints. A drawing is preferable to a poor 
quality photograph. Any lettering required should 
be printed directly on the photograph by the au-
thor. The insertion of a scale on the photograph is 
preferable to a statement of magnification in the 
caption. Tables, figures and photographs should 
ideally be submitted electronically (scanned) ac-
companying the text. If the entire paper is being 
submitted electronically, then it is satisfactory to 
embed the tables, figures and photographs in the 
text where they should most naturally occur. 

References  
It is expected that the majority of the references 
will be easily accessible to a wide range of edu-
cators. References in the text should be given as 
follows: 
Gessner and Chauvet (1994) or (Gessner and 
Chauvet, 1994). Papers with three or more au-
thors should be cited as Kalikhman et al., 1995. 
When an author has published two or more pa-
pers in one year, the references should be distin-
guished by referring to Gessner (1994a) and 
Gessner (1994b), etc. Where more than one ref-
erence is given at the same point in the text, they 
should be listed chronologically. 
References at the end of the paper should be 
listed alphabetical order by the family names of 
the first authors and should include the author’s 
initials and the full title of the paper. Titles of 
journals must be given in full, followed by the 
volume number, and the first and last page num-
bers in full: 
Gessner, M. O. and Chauvet, E. (1994) Impor-

tance of stream microfungi in controlling 
breakdown rates of leaf litter. Ecology, 75, 

1807-1817. 
References to books and monographs should in-
clude in the order as follows: author or editor, 
year of publication, title of book, edition, chapter, 
and/or page reference (if desired), publisher and 
town of publication. For example:  
Dobson, M. and Frid, C. (1998) Ecology of 

aquatic systems. Addison Wesley Longman 
Ltd., Harlow. 

Eugster, C. H. (1995) History: 175 years of caro-
tenoid chemistry. In: Britton, G., 
Liaaen-Jensen, S. and Pfander, H. (eds.) 
Carotenoids Volume 1A: Isolation and 
analysis, pp. 1-12. Birkhäuser Verlag, Basel. 

Electronic/web-based resources should be in-
cluded in the reference list. These should include 
web name, address and date of access: 
Institute of Biology, http://www.iob.org, accessed 

20/10/01. 
 
Copyright 
When papers are accepted, authors are asked to 
assign copyright, in print or electronic form, to 
AABE. The association is then responsible for 
dealing with requests for printing or copying, and 
for protecting authors’ right. 
Authors must obtain written permission to use 
any material, which has been published elsewhere, 
in their articles. They also must include on their 
manuscripts any credits requested to the source. 
Photocopies of letters granting permission should 
be presented with submitted manuscripts. 
 
It should be noted that where potential authors 
feel they may have a topic which would be suit-
able for Asian J. Biol. Educ, advice and guidance 
is freely available from the Editor-in-Chief and 
the members of Editorial Board.  
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From the Editor 

From the Editor 
 
 
 First of all, I would like to apologize deeply 
for the delay in publishing the third volume of the 
Asian Journal of Biology Education. 
 This volume contains two research articles 
and two practical reports as well as six reports on 
biological resources from Thai members.  The 
abstracts of the papers presented at the 20th Bi-
ennial Conference of the AABE are also included.  
The conference was held at Chiang Mai Univer-
sity, Chiang Mai, Thailand, from the 26th to 30th 
of December, 2004. 
 Still, we have some papers and reports sub-
mitted from the AABE members and other con-
tributors.  In addition, we have the abstracts of 
papers presented at the 21st Biennial Conference 
of the AABE which was held at Kongju National 
University, Gongju, South Korea, from the 25th 
to 28th of October, 2006.  The themes of the 
conference were “Biology Education through 
Field Excursion” and “Recent Trends in Biology 
Education”.  Those papers and abstracts may be 
in the next issue which will be published soon. 

 The Editorial Board would like to ask 
AABE members and readers to submit their re-
search papers and practical reports to this journal.  
To prepare your manuscript, please refer to “In-
structions to Contributors for the Asian Jour-
nal of Biology Education” which appears in this 
volume. 
 In 2007, the members of the Editorial Board 
were changed as mentioned below.  Dr. Anne 
Wallis and Dr. Lagunzad took the place of Pro-
fessor Rob Wallis and Dr. Baby Angtuaco, re-
spectively.  Dr. Diong and Professor Morimoto 
became new Editorial Board members.  How-
ever, as the former members edited this volume, 
their names are mentioned on the cover page. 
 I am very thankful to Dr. Hideo Kitano and 
Professor Kazuyuki Mikami for their efforts in 
reviewing some of the manuscripts.  I am also 
grateful to Mr. John R. Cantillon for his help in 
preparing the final draft of the volume. 
 

Dr. Nobuyasu Katayama 
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