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Abstract. Singapore was very biodiverse before it became a British colony. The study of Singapore’s biodiversity began 
its academic roots when the University of Malaya (which later became the National University of Singapore) was set up, 
with the Botany Department being founded in 1949 and the Zoology Department in 1950. Over the years, education on 
plants and fungi in Singapore has been affected by policy changes and dwindling numbers of botanists and mycologists. 
There is concern about the widespread inability to identify plants and fungi and underappreciation of their importance—
a trend seen globally too. Suggestions on how to overcome these challenges include adjusting the curriculum, from pre-
school to university and beyond with continuing adult education. The teaching of Botany and Mycology involving the 
five senses may make these subjects more relatable. Botanical and mycological skills are crucial to jobs involving forest 
management, environmental conservation, food production, overcoming biodiversity loss and addressing the climate 
change crisis. As training takes time and attaining expertise will take even longer, those who are in the position to do 
something must act now. 
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INTRODUCTION 
 
Both plants and fungi provide numerous ecosystem services critical to the well-being of humankind and animals (Schaal, 
2019). Fungi are critical to a healthy forest ecosystem (Frac et al., 2018) as many plants live in symbiotic relationships 
with mycorrhizal fungi (Feijen et al., 2018). Unfortunately, plants and fungi lack locomotion, and blend with the rest of 
the backdrop of green and brown in nature when not flowering or producing mushrooms; they are therefore perceived as 
low in value and uninteresting, unlike, e.g., predators. Moreover, plants are so different from animals that humans, 
including introductory biology teachers, often overlook them (Wandersee & Schussler, 1999). Furthermore, the majority 
of the fungi are microscopic, with only certain phyla having members that produce mushrooms visible to the naked eye. 
The microscopic bodies of fungi and their ephemeral ‘seen today, disappear from view later’ nature makes them hard to 
find and study, thus fungi are often overlooked.  
 
‘Plant blindness’, a term coined by Wandersee & Schussler (1999), refers to the tendency for people to ignore plants or 
to devalue the role of plants in the environment. This term is not always well-received because of its ableist connotation. 
MacKenzie et al. (2019) prefered to ‘share plant love’ to create awareness, while Parsley (2020) created the term ‘plant 
awareness disparity’, which aligns closely with the original meaning of plant blindness but suggested that the disparity 
can be changed through education. The same is true for ‘fungus blindness’, which was used by Sheldrake (2020). 
Ignorance of both plants and fungi, however, has been made worse by local and global education systems not giving much 
coverage to both kingdoms Plantae and Fungi in their curricula. Botany as a degree appears to have not been offered in 
the UK since at least more than a decade ago (Drea, 2011; UCAS, 2022); instead, botany-related degrees and courses are 
usually available under the term ‘Plant Sciences’ (Jose et al., 2019), which may not necessarily include plant taxonomy 
nor train students with the skills to identify plants (Stroud et al., 2022). The situation is even more dire for Mycology, 
which was hosted traditionally in Botany departments. Such courses seem to have largely disappeared and only a few 
universities offer degrees concentrating on pathogenic fungi or plant pathology (e.g., see https://thebiologist.rsb.org.uk/
biologist-features/spotlight-on-mycology), which would likely ignore the majority of fungi that provide useful ecosystem 
services. If students have no prior exposure to plants and fungi in their growing up years and no opportunity to learn about 
them at the undergraduate level, it is no wonder that they will be ‘blind’ to plants and fungi in that they underappreciate 
their values and therefore have little interest in them. The lack of exposure at a younger age may also lead to lower 
enrolment into universities that do offer Botany degree courses, resulting in fewer researchers working on plants and 
fungi (Drea, 2011), and few being able to teach about them in the future. These students may eventually become policy 
makers or leaders in companies who do not value either biological kingdom.  
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The aim of this paper is to highlight how the teaching of Botany and Mycology has evolved over the years in Singapore, 
with a focus on tertiary education at the National University of Singapore and to propose actions that are needed to reverse 
the blindness to both kingdoms.  
 
 

HISTORICAL BACKGROUND OF HIGHER EDUCATION ON PLANTS AND FUNGI IN SINGAPORE 
 
Early colonial Singapore from the 1800s. When the British first arrived in 1819, the island of Singapore was lush with 
forests (Corlett, 1992). The rich diversity of flora and fauna was collected by Thomas Stamford Bingley Raffles, Alfred 
Russel Wallace, Henry Nicholas Ridley, as well as by other naturalists. The collected specimens were sent back to 
England and eventually ended up in the Museum of the Zoological Society of London (Bastin, 1990) or the herbaria of 
the Royal Botanic Gardens at Kew for plants and at Edinburgh for fungi. There has been no documentation of any 
organised education of the local populace about biodiversity under the early colonial government. 
 
From the University of Malaya to the National University of Singapore. In the early 1900s, when the colonial 
administration and the business community became more established, the main goals of education were to prepare those 
who could afford to attend schools to become lawyers, doctors, teachers and other professionals to meet the needs of the 
colony (Goh, 1997). The first medical institution, the Federated Malay States Government Medical School, was 
established in 1905 and subsequently renamed the King Edward VII College of Medicine (Lee, 2005).  
 
The Raffles College was established in 1928 to provide tertiary education in the arts and sciences. This College was later 
merged with the King Edward VII College of Medicine in 1949 to become a new entity, the University of Malaya. Two 
departments dedicated to studying and teaching the natural sciences were formed under the University of Malaya: the 
Botany Department headed by Professor R.E. Holttum in 1949, and the Zoology Department headed by Professor K.D. 
Duncan in 1950 (Matsudaira et al., 2017). The Singapore division of the University of Malaya was renamed the University 
of Singapore, which was eventually merged with the Nanyang University (not to be confused with the Nanyang 
Technological University of today) to become the National University of Singapore (NUS) in 1980 (Hor et al., 2000).  
 
After the Botany Department was set up in 1949, it actively undertook the teaching and training of local university 
students, producing Botany graduates who were well versed in tropical plants and fungi. Between 1949 and 1968, Botany 
was both offered as an undergraduate major subject and taught as a postgraduate course. Undergraduate courses taught 
under the Botany major were Taxonomy, Anatomy, Physiology, Ecology, Mycology and Cryptogamic Botany. Subjects 
were taught using local flora and there were field trips to Malayan forests and beaches. Staff and students developed close 
bonds during those rough-it-out field trips. Class sizes were extremely small: there were only two honours graduates from 
the founding cohort of ten students, who entered university straight after passing the Senior Cambridge examinations 
(equivalent to the O-Level examination of today, there was no A-Level examination then) (Lim, 1989). 
 
From 1969 to 1989, the student intake increased and they could graduate with a Bachelor of Science (B.Sc.) degree in 
three years. The number of students graduating with Honours in Botany ranged from three to seven in the 1960s, eight in 
the 1970s and 11–16 in the 1980s (Lim, 1989). Botany units were taught together with Zoology units under Biology A 
(organismal biology of plants and animals) and Biology B (functional and developmental of plants and animals) courses. 
Plant Taxonomy and Mycology were subsumed under Biology A. Lectures were under an hour but held twice a week and 
there were practical sessions weekly. Those best performing students in the third-year examinations would be offered a 
fourth year of study leading to B.Sc. with Honours. Botany, Zoology, Biochemistry, Chemistry, Applied Chemistry, 
Mathematics, Physics and Physiology were Honours courses. 
 
Many of the Botany graduates were employed by the Singapore Botanic Gardens and the Parks and Recreation 
Department, the predecessor of the National Parks Board (NParks), where they subsequently assumed senior roles and 
contributed to the development of Singapore as the Garden City. Other Botany graduates joined the teaching profession 
where they were able to share their passion and botanical knowledge with generations of school children.  
 
Contemporary organisational and curricular changes. Organisational changes subsequently took place for the Botany 
Department. In 1996, it merged with the Department of Zoology and formed the School of Biological Sciences. In 1998, 
this became the Department of Biological Sciences and Botany became a Plant Biology unit within the department.  
 
The emphasis on Botany became further diluted as the scope of undergraduate Biology education at the NUS broadened 
to include other departments. From 1995, courses became modular. Biology A and Biology B were replaced by Cell and 
Molecular Biology, Developmental and Systems Biology and Integrative and Organismal Biology. Botany was renamed 
Plant Biology, with many elective modules such as: Agrobiology, Cell and Molecular Biology, Economic Botany, 
Genetics (later Molecular Genetics), Horticulture (later Landscape Horticulture), Mycology, Plant Biochemistry, Plant 
Breeding, Plant Morphogenesis and Tissue Culture, Plant Pathology, Plant Physiology, Plant Systematics and 
Biogeography, Seed Biology, Tropical Ecology, Vascular Plants and Virology (including plant viruses). Students chose 
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modules that appealed to them and thus there may have been knowledge gaps. Modules might also have ceased to have 
been offered owing to a lack of students. 
 
From 2003 onwards, the Plant Biology major and most Botany-related modules were phased out. These included 
Mycology, Plant Systematics and Biogeography, Plant Pathology, Vascular Plants, Economic Botany, Agrobiology and 
Seed Biology. The remaining modules were restructured—Plant Physiology was merged with Animal Physiology and 
renamed General Physiology (and tentatively to be no longer taught from 2023 with the retirement of staff without any 
replacement). Plant Morphogenesis and Tissue Culture became Plant Growth and Development, and Landscape 
Horticulture was defunct before being reintroduced in the form of Tropical Horticulture. Plant Physiology was no longer 
taught as a module on its own after the last lecturer, Dr Ong Bee Lian, passed away in 2015. As the years went by, fewer 
and fewer plant science modules remained as staff retired without successors. These changes and the reduced emphasis 
on Botany-related modules impacted how the undergraduates and graduates viewed plants and fungi. 
 

IMPLICATIONS OF PLANT AND FUNGUS BLINDNESS 
 

When General Biology textbooks were written and mainly taught as a course by zoologists or high school teachers in the 
US, it likely diluted the learning of both Botany and Zoology and later created an imbalance of focus favouring Zoology 
(Wandersee & Schussler, 1999). Mycology suffers an even worse fate as millions of young people do not know what 
fungi are and university education is highly inadequate (Moore et al., 2006).  
 
The Botany/Plant Biology curricula in Singapore have changed over the years and this would have strong implications 
for the education of the young. While these changes followed a global trend to embrace new technologies and frontiers 
of science and to align with the economic developments of Singapore, they would have also shaped students’ perspectives 
and their views of plants when they become the next generation of teachers, administrators, leaders and policymakers. 
The lack of exposure to or experience with the living plants (and fungi) when young would shape their impressions years 
later and they would show scant interest in them (Hershey, 1996). As a result of schooling, upbringing, lack of exposure 
or awareness, people in Singapore would easily develop ‘plant blindness’ or ‘fungus blindness’. 
 
Blindness to these two kingdoms is detrimental to botanical and mycological literacy, education, and the pursuit for food 
sustainability, conservation, and sustainable development. An example of botanical illiteracy highlighted by Hershey 
(1996) was a Science journal paper written by Amato (1993). In it, Amato wrote that Gingko produced berries containing 
nuts. However, berries and nuts are in fact, two mutually exclusive categories of fruits; furthermore, fruits are produced 
by angiosperms, and not gymnosperms—of which Gingko is a member—which produce naked seeds and not fruits. A 
recent example of mycological illiteracy was displayed in a local news article, which mentioned that scientists from 
Singapore and Switzerland reported that fungal mycelium is rich in substances such as cellulose and chitin (Begum, 
2021). This is a fundamental misconception, as fungi do not have cellulose because they are not plants. 
 
The prevalence of plant and fungus blindness may have impacts on food security as societies may miss out on 
opportunities to increase food sources using plants and fungi. Although people seem to prefer a meat-based diet, based 
on food production and import volumes in Singapore (Singapore Food Agency, 2022), plants and fungi are critical for 
food security and balanced diets. To grow animals and fish for food, a lot of resources such as animal feed, water, 
antibiotics and land space are needed. Even with plant-based meats being new alternatives, crops such as soy, coconut, 
chickpeas, and other plant materials are still needed. Therefore, being able to differentiate and breed plants, understand 
their pests and diseases, and procure sustainable sources of fertilizers such as tapping on mycorrhizal fungi are critical to 
food production. There appears to be only one fungal-based product (mycoprotein) sold as a meat substitute in Singapore 
so far under the brand Quorn, but there are several sold elsewhere in the world (Barzee et al., 2021). However, more 
options should be made available soon, in view of the urgency regarding climate change. With more fungal-based food 
options, people may be more interested to learn more about fungi and invest in more research and development. Since 
there are millions of species of fungi, the potential is enormous. On the other hand, annually, over 250 people have died 
or become sick because they confused toxic plants for edible ones in France and numerous others in Hong Kong were 
accidentally poisoned by mushrooms (Whitworth, 2019). 
 
Lowered awareness of plants and fungi would also have implications for the conservation of species in these two 
kingdoms. Even for trained professionals, the setting of conservation policies is made more challenging because of 
difficulties in surveying and understanding the state of forests, which can range from an untouched primary forest to a 
human-encroached degraded forest on the other end of the spectrum, with many variations in between (Chazdon et al., 
2016). The quality of the regenerated (i.e., secondary) forest is much poorer than the original primary forest in supporting 
biodiversity (Lennox, 2018). Likewise, people unfamiliar with fungal biology may not know that deforestation reduces 
the presence of saprophytic fungi in favour of increasing pathogenic species (Shi et. al, 2019); likewise, for mycorrhizal 
fungi, once the host trees are lost, they, too, will follow suit. According to Balding & William (2016), animal conservation 
organisations receive more donations than plant conservation work. People outside of the botanical or mycological circles 
may not know that about 40% of plant species are likely threatened with extinction (Cheek et al., 2020) or may not 
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understand the lack of resources and challenges in plant conservation. For instance, the demand for agar wood (fungus-
infected wood of Aquilaria spp., Gyrinops spp., Gonystylus spp. and Wikstroemia spp.) is so high, it is illegally harvested 
to the point of extinction for some species. Conservation efforts have been too late for some species which have already 
become globally extinct (Plantations International, 2020). 
 
Increased appreciation for plants and fungi is sorely needed before we lose more forests and natural habitats that these 
organisms depend upon. Despite years of recognising the problem, environmental sustainability is still elusive (Howes, 
2017). While many scientists are concerned about loss of biodiversity and ecosystems (Millennium Ecosystem 
Assessment, 2005), this does not appear to be the case for those who have much to gain from clearing of forests, including 
taking the timber, or converting land to cultivate cash crops or for animal husbandry (Lai, 2021). The clearing of forests 
has not slowed, and soon, what is left behind may not be able to sustain the species remaining. There are too many people, 
overconsuming natural resources and generating too much waste, pollutants and carbon emissions. Tackling climate 
change too, cannot have any degree of success without involving the protection of biodiversity (Cannon, 2021). To tackle 
some of these problems, nature-based solutions such as planting trees have been proposed but they do not always work 
(The World Bank, 2022). Success is dependent on appropriate tree species selection and understanding plant growth and 
survival requirements (Long, 2020). Fungi do not appear to have been featured as part of nature-based solutions to date, 
but they should be: they are crucially important to the health of most plants as they act as living fertiliser, protect them 
from heavy-metal contaminated soil, pathogens and abiotic stress, and assist in carbon sequestration (Giovannetti, 2006; 
Khare et al., 2018; Zhang et al., 2018; Malyan et al., 2019). On the flip side, fungi may also be pathogenic to plants, 
animals or humans and there are not many curative options once disease strikes (Lips, 2016; Arafat et al., 2019; Fones et 
al., 2020; Olivares et al., 2021). Despite their importance, fungi receive very little research attention (Rodrigues & 
Nosanchuk, 2020), thus the solutions to many of the problems that plague the world will remain elusive. 
 
 

SUGGESTIONS FOR THE FUTURE 
 

The trend of plant and fungus blindness in Singapore must be reversed before the experienced botanists and mycologists 
retire and their knowledge and skills disappear with them. There needs to be opportunities for them to teach the next 
generation and to pass on their knowledge. They themselves too, must feel the need and urgency to do so and act by 
passing on their knowledge through writing, or recorded works such as videos. In this context, the limited number of 
universities that offer Botany and Plant Sciences at the undergraduate level is of concern. Students taking these modules 
are not likely to learn topics like plant identification, anatomy, or plant diseases in-depth. In recent years, the Department 
of Biological Sciences at the NUS has improved on the offering of Botany and Mycology-related modules, including 
Comparative Botany and Fungal Biology, and recently, Vegetation and Plant Diversity of Southeast Asia taught by staff 
from the National Parks Board, in an attempt to bridge the knowledge gap in Mycology and Botany, but this is still 
inadequate. Since there are strong concerns about climate change, food security, the conservation of plants, and a boom 
in interest in gardening and indoor plants owing to Covid-19 (Burke et al., 2022), Economic Botany, Seed Biology, and 
other topics on the relationship between plants and the environment need to be taught, together with training in thinking, 
processing and investigative skills (Uno, 2009). 
 
Not everyone is blind to plants or fungi. Some plant scientists or plant enthusiasts developed their interest from their 
childhood exposure growing up on farms, going on nature walks or through being inspired by teachers (Jose et al., 2019). 
Singapore does not have many farms but we can start with what we currently have. Teachers can be trained in plant and 
fungus identifications at the National Institute of Education. More plant and fungus guides or resources can help teachers 
identify what is found in their schools so that they can teach their students. Educators, starting from pre-school teachers 
onwards, can bring out the fascinating or useful aspects of plants (Frisch et al., 2010; Pany et al., 2019) and fungi to make 
the topic relatable to the younger generation of learners and help them overcome the nature deficit disorder which is also 
related to plant and fungus blindness. Exposing their young charges to the outdoors would also be good for the eyes as it 
may lower their risk of developing myopia (Turbert, 2020). Teachers can also share stories about plants and the origin of 
plant names to encourage their young charges to better relate to plants. Relating may be in the form of emotions, whether 
through awe or unforgettable (pleasant or unpleasant) experiences; may involve use of any of the five senses (auditory, 
sight, olfactory, tactorial and gustatory); or may be developed through experiential learning (e.g., growing plants in 
community gardens or within school compounds, small projects such as naming plants in the neighbourhood, taking part 
in guided field trips, cooking, conducting leaf and stem sectioning, plant pressing, playing plant-related games, taking 
videos or pictures). Since Singapore is known for its rich cuisines that use a lot of spices and plant materials, and with 
traditional medicines also strongly linked to the different cultures in Singapore, food and medicines can be an avenue for 
students to gain an interest in plants and fungi. If students are interested and can comprehend the subject matter, they then 
will have the motivation for self-learning and further reading (Ainley et al., 2002). 
 
Singapore’s education system should include more topics about the biodiversity of plants and fungi that involve the five 
senses, and this inclusion should start from young, continue through secondary and tertiary education, and to post-
university continuing adult education. “Nature on the Way to School” (Lindemann-Matthies, 2006) or something similar 
can be adapted according to Singapore’s context. The topics can be interspersed with abstract concepts already covered 
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at O-Level (photosynthesis, transport and reproduction) and A-Level (genetics and evolution). The advantage of doing so 
is that the students will not forget about the physical life forms they learned in primary school. Students also develop a 
sense of place (Gruenewald, 2003), a connection to the environment that they live in, which could extend to love and care 
for the estate, the country and a sense of belonging. If students have learnt well, by the time they reach university, they 
will still have strong recollections. Otherwise, having to teach fundamental concepts in university modules takes time 
away from higher-order learning and leads to information overload for the students. Learning does not have to stop upon 
graduation. Continuing education can be at the university or via public education, such as through biodiversity-related 
events, museum exhibitions or talks. Such hands-on, informal, bite-size sharing sessions are more digestible and easier 
for the young and old to appreciate (Green News.ie, 2018). 
 
Education and research are critical to creating awareness and an alternative way of harvesting something valuable from 
the forest without clearing it. This is urgently needed for regions such as Borneo, the Amazon, and Congo Basin that still 
have significant tracts of primary forests, as these are the last strongholds of biodiversity and carbon sinks (Lewis et al., 
2009; Phillips et al., 2017; Qie et al., 2017). Jobs that protect forests or alternative means of livelihood for the poor and 
the indigenous people are urgently needed so that they can earn a living without resorting to forest clearance to grow cash 
crops. Corporations like Cargill and Nestle are recognising that they cannot continue to clear huge tracts of forests to 
expand land to grow cash crops or rear livestock (Tompkins, 2021). In urban Singapore with its significant land use 
pressures, Environmental Impact Assessments (EIA) before construction will be required before land development (Tan, 
2021). However, the pool of local professionals who are key to conducting these assessments with plant surveys are few, 
and fewer and fewer people are able to identify plants (B. Tan, pers. comm.). Fungi are not even considered in any EIA 
in Singapore and this, with the exception of Chile (Hawksworth & Lizoň, 2015), also appears to be the case for other 
countries, including the UK (UK Parliament, 2022). 
 
Again, this reinforces the need to train undergraduates to have botanical and scientific literacy and the ability to identify 
plants or fungi, as well as increasing undergraduate research opportunities to hone their skills and eventually mastery at 
the professional level when they join relevant organisations. Singapore must have a local, continually renewed pool of 
botanists and mycologists to carry out identification work, teaching, research and consultancy if we want to be close to 
being self-sufficient in environmental management, edible food production and protection, and disease identification and 
management. Plants and fungi are our lifelines. We cannot afford to lose them and the skills to identify and study them. 
The urgency cannot be brushed aside. 
 
 

ACKNOWLEDGEMENTS 
 
To all the primary, secondary and pre-university teachers who taught me Science, you inspired me to be interested in 
different scientific disciplines. I am also grateful to the university professors who taught me different fields of biology. 
My special thanks to Hugh Tan Tiang Wah for teaching me Botany and Plant Anatomy. Ian Mark Turner, Tim Charles 
Whitmore (deceased), Ingo Nuss, Richard Corlett, Peter Lucas, A.N. Rao (deceased), Hsuan Keng (deceased), Gloria Lim 
(deceased), Hew Choy Sin, Tan Teck Koon, Wee Yeow Chin and many others, you made Biology so interesting that I 
want to share it with the young ones. Many thanks to all the administration and laboratory staff of Botany Department 
from 1986 to 1991 for supporting my undergraduate education. I sincerely appreciate Prakash Kumar who spent one 
whole morning to share with me the department’s history and many interesting stories. Grateful thanks to Sally Soh Siew 
Eng for digging up the courses taught from the late 1990s to 2000s; Ang Kwok Te and Choa Mei Chun Florence from 
Registrar for retrieving information from the archives on the hours and courses; Wee Yeow Chin for confirming courses 
taught in the early days of the Botany Department; Wong Sek Man for providing numerous contacts to trace the timetable 
of the University of Malaya; and Tan Bian who confirmed the shortage of EIA professionals in plants. Last but not least, 
I would like to thank the two anonymous reviewers for their constructive comments that have helped improve the 
manuscript. 
 
 

LITERATURE CITED 
 
Ainley M, Hidi S & Berndorff D (2002) Interest, learning, and the psychological processes that mediate their relationship. 

Journal of Educational Psychology, 94: 545–561. 
Amato I (1993) Sniffing out the origins of ginkgo-stink. Science, 261: 1389. 
Arafat Y, Tayyab M, Khan MU, Chen T, Amjad H, Awais S, Lin X, Lin W & Lin S (2019) Long-term monoculture 

negatively regulates fungal community composition and abundance of tea orchards. Agronomy, 9: 466–481. 
Balding M & Williams KJ (2016) Plant blindness and the implications for plant conservation. Conservation Biology, 30: 

1192–1199. 
Barzee TJ, Cao L, Pan Z & Zhang R (2021) Fungi for future foods. Journal of Future Foods, 1: 25–37. 
Bastin J (1990) Sir Stamford Raffles and the study of natural history in Penang, Singapore and Indonesia. Journal of the 

Malaysian Branch of the Royal Asiatic Society, 63: 1–25.  



Choong: Education of plants and fungi: an urgent call 

284 

Begum S (2021) Turning fungi into ‘bricks’ for construction. The Straits Times, 29 November 2021. https://www. 
straitstimes.com/singapore/environment/turning-fungi-into-bricks-for-construction (Accessed 30 Jan 2022). 

Burke R, Sherwood OL, Clune S, Carroll, R, McCabe PF, Kane A & Kacprzyk J (2022) Botanical boom: A new 
opportunity to promote the public appreciation of botany. Plants, People, Planet, 4: 326–334. 

Cannon JC (2021) Scientists call for solving climate and biodiversity crises together. Mongabay. https://news.mongabay
.com/2021/06/scientists-call-for-solving-climate-and-biodiversity-crises-together/ (Accessed 18 February 2021). 

Chazdon RL, Brancalion PHS, Laestadius L, Bennett-Curry A, Buckingham K, Kumar C, Moll-Rocek J, Vieira ICG & 
Wilson SJ (2016) When is a forest a forest? Forest concepts and definitions in the era of forest and landscape 
restoration. Ambio, 45: 538–550. 

Cheek M, Nic Lughadha E, Kirk P, Lindon H, Carretero J, Looney B, Douglas B, Haelewaters D, Gaya E, Llewellyn T, 
Ainsworth AM, Gafforov Y, Hyde K, Crous P, Hughes M, Walker BE, Forzza RC, Wong KM & Niskanen T (2020) 
New scientific discoveries: Plants and fungi. Plants, People, Planet, 2: 371–388. 

Corlett RT (1992) The ecological transformation of Singapore, 1819–1990. Journal of Biogeography, 19: 411–420. 
Drea S (2011) The end of the Botany degree in the UK. Bioscience Education, 17: 1–7. 
Feijen FAA, Vos RA, Nuytinck J & Merckx VSFT (2018) Evolutionary dynamics of mycorrhizal symbiosis in land plant 

diversification. Scientific Reports, 8: 10698–10705. 
Fones HN, Bebber DP, Chaloner, TM, Kay, WT, Steinberg G & Gurr J (2020) Threats to global food security from 

emerging fungal and oomycete crop pathogens. Nature Food, 1: 332–342. 
Frac M, Hannula SE, Belka M & Jędryczka M (2018) Fungal biodiversity and their role in soil health. Frontiers in 

Microbiology, 9: 1–9.  
Frisch JK, Unwin MM & Saunders GW (2010) Name That Plant! Overcoming plant blindness and developing a sense of 

place using science and environmental education. In: Bodzin A, Shiner Klein B & Weaver S (eds.) The Inclusion of 
Environmental Education in Science Teacher Education. Springer, Dordrecht, pp. 143–157. 

Giovannetti M, Turini A, Sbrana C, Avio L & Pietrageli B (2006) Mycorrhizal fungi in ecotoxicological studies. Soil 
impact of fungicides, insecticides and herbicides. Prevention Today, 2: 47–62. 

Goh TN (1997) Science education in Singapore: toward “fitness for use”. The Interdisciplinary Journal of Study Abroad, 
3: 25–29.  

Green News.ie (2018) National Biodiversity Week: The importance of biodiversity education. Green News.ie. https:// 
greennews.ie/national-biodiversity-week-educational-importance/ (Accessed 18 February 2021). 

Gruenewald DA (2003) Foundations of place: a multidisciplinary framework for place-conscious education. American 
Educational Research Journal, 40: 619–654.  

Hawksworth DL & Lizoň P (2015) Awards and Personalia. IMA Fungus, 6: A18–A22. 
Hershey DR (1996) A historical perspective on problems in botany teaching. The American Biology Teacher, 58: 340-

347. 
Howes M, Wortley L, Potts R, Dedekorkut-Howes A, Serrao-Neumann S, Davidson J, Smith T & Nunn P (2017) 

Environmental sustainability: a case of policy implementation failure? Sustainability, 9: 165–182. 
Jose SB, Wu C & Kamoun S (2019) Overcoming plant blindness in science, education, and society. Plants, People, Planet, 

9: 1–4.  
Khare E, Mishra J & Arora NK (2018) Multifaceted interactions between endophytes and plant: developments and 

prospects. Frontiers in Microbiology, 9: 2732–2743. 
Lai O (2021) 12 Major Companies Responsible for Deforestation. Earth.org. https://earth.org/major-companies-

responsible-for-deforestation/ (Accessed 18 February 2021). 
Lee YK (2005) The founding of the medical school in Singapore in 1905. Annals of the Academy of Medicine, Singapore, 

34: 4C–13C. 
Lennox GD, Gardner TA, Thomson JR, Ferreira J, Berenguer E, Lees AC, Nally RM, Aragão LEOC, Ferraz SFB, 

Louzada J, Moura NG, Oliveira VHF, Pardini R, Solar RRC, Mello FZV, Vieira ICG & Barlow J (2018) Second rate 
or a second chance? Assessing biomass and biodiversity recovery in regenerating Amazonian forests. Global Change 
Biology, 24: 5680–5694. 

Lewis SL, Lopez-Gonzalez G, Sonké B, Affum-Baffoe K, Baker TR, Ojo LO, Phillips OL, Reitsma JM, White L, 
Comiskey JA, Djuikouo KMN, Ewango CEN, Feldpausch TR, Hamilton AC, Gloor M, Hart T, Hladik A, Lloyd J, 
Lovett JC, Makana J-R, Malhi Y, Mbago FM, Ndangalasi HJ, Peacock J, Peh KS-H, Sheil D, Sunderland T, Swaine 
MD, Taplin J, Taylor D, Thomas SC, Votere R & Wöll H (2009) Increasing carbon storage in intact African tropical 
forests. Nature, 457: 1003–1006.  

Lim G (1989) Department of Botany: achievements and progress through the years. In: Tan BTG, Lim H & Phua KK 
(eds.) 50 Years of Science in Singapore. World Scientific, Singapore, pp. 161–173. 

Lindemann-Matthies P (2006) Investigating nature on the way to school: responses to an educational programme by 
teachers and their pupils. International Journal of Science Education, 28: 895–918. 

Lips KR (2016) Overview of chytrid emergence and impacts on amphibians. Philosophical Transactions of the Royal 
Society of London, Series B, Biological Sciences, 371: 20150465. 

Long EH (2020) The Demand for Tree Planting: An Over Idealized Quick-Fix or a Promising Nature-Based Solution? 
MSc Thesis, Utrecht University, 76 pp. https://studenttheses.uu.nl/handle/20.500.12932/38657 (Accessed 20 June 
2022) 

https://www.straitstimes.com/singapore/environment/turning-fungi-into-bricks-for-construction
https://www.straitstimes.com/singapore/environment/turning-fungi-into-bricks-for-construction
https://news.mongabay.com/2021/06/scientists-call-for-solving-climate-and-biodiversity-crises-together/
https://news.mongabay.com/2021/06/scientists-call-for-solving-climate-and-biodiversity-crises-together/
https://greennews.ie/national-biodiversity-week-educational-importance/
https://greennews.ie/national-biodiversity-week-educational-importance/
https://earth.org/major-companies-responsible-for-deforestation/
https://earth.org/major-companies-responsible-for-deforestation/
https://studenttheses.uu.nl/handle/20.500.12932/38657


NATURE IN SINGAPORE 2022 

285 

MacKenzie CM, Kuebbing S, Barak RS, Bletz M, Dudney J, McGill BM, Nocco MA, Young T & Tonietto RK (2019) 
We do not want to “cure plant blindness” we want to grow plant love. Plants, People, Planet, 1: 139–141. 

Malyan SK, Kumar A, Baram S, Kumar J, Singh S, Kumar SS & Yadav AN (2019) Role of fungi in climate change 
abatement through carbon sequestration. In: Yadav AN, Singh S, Mishra S & Gupta A (eds.) Recent Advancement in 
White Biotechnology Through Fungi. Fungal Biology. Springer, Cham, pp. 283–295. 

Matsudaira P, Hew CL & Lam TJ (2017) Chapter 12: Department of Biological Sciences. In: Tan BTG, Lim H & Phua 
KK (eds.) 50 Years of Science in Singapore. World Scientific, Singapore, pp. 187–198. 

Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-being: Synthesis. Island Press, Washington, 
DC, 155 pp. 

Moore D, Pöder R, Molitoris HP, Money NP, Figlas D & Lebel T (2006) Crisis in teaching future generations about fungi. 
Mycological Research, 110: 626–627. 

Olivares BO, Rey JC, Lobo D, Navas-Cortés JA, Gómez JA & Landa BB (2021) Fusarium wilt of bananas: a review of 
agro-environmental factors in the Venezuelan production system affecting its development. Agronomy, 11: 986– 
1008.  

Hor ATS, Lee HK & Lam Y (2000) Distinguished past, challenging future. In: Ong PP, Chan HSO, Lam Y (eds.) Old 
Memories… New Challenges: A Celebration of 70 Years of Commitment to Science. World Scientific, Singapore, 
pp. 38–51. 

Pany P, Lörnitzo A, Auleitner L, Heidinger C, Lampert P & Kiehn M (2019) Using students’ interest in useful plants to 
encourage plant vision in the classroom. Plants, People, Planet, 1: 261–270.  

Parsley KM (2020) Plant awareness disparity: a case for renaming plant blindness. Plants, People, Planet, 2: 598–601. 
Plantations International (2020) Saving Agarwood from Extinction. https://www.plantationsinternational.com/saving-

agarwood-extinction/ (Accessed 16 May 2022). 
Phillips OL, Brienen RJW & the RAINFOR collaboration (2017) Carbon uptake by mature Amazon forests has mitigated 

Amazon nations’ carbon emissions. Carbon Balance and Management, 12: 1. 
Qie L, Lewis SL, Sullivan MJP, Lopez-Gonzalez G, Pickavance GC, Sunderland T, Ashton P, Hubau W, Abu Salim K, 

Aiba S-I, Banin LF, Berry N, Brearley FQ, Burslem DFRP, Dančák M, Davies SJ, Fredriksson G, Hamer KC, Hédl 
R, Kho LK, Kitayama K, Krisnawati H, Lhota S, Malhi Y, Maycock C, Metali F, Mirmanto E, Nagy L, Nilus R, Ong 
R, Pendry CA, Poulsen AD, Primack RB, Rutishauser E, Samsoedin I, Saragih B, Sist P, Slik JWF, Sukri RS, Svátek 
M, Tan S, Tjoa A, van Nieuwstadt M, Vernimmen RRE, Yassir I, Kidd PS, Fitriadi M, Ideris NKH, Serudin RM, Lim 
LSA, Saparudin MS & Phillips OL (2017) Long-term carbon sink in Borneo’s forests halted by drought and vulnerable 
to edge effects. Nature Communications, 8: 1966.  

Rodrigues ML & Nosanchuk JD (2020) Fungal diseases as neglected pathogens: A wake-up call to public health officials. 
PLOS Neglected Tropical Diseases, 14: e0007964. 

Schaal B (2019) Plants and people: Our shared history and future. Plants, People, Planet, 1: 14–19. 
Sheldrake M (2020) Entangled Life: How Fungi Make Our Worlds, Change Our Minds and Shape Our Futures. Random 

House, New York. 368 pp. 
Shi L, Dossa GGO, Paudel E, Zang H, Xu J & Harrison RD (2019) Changes in fungal communities across a forest 

disturbance gradient. Applied Environmental Microbiology, 85: e00080-19. 
Singapore Food Agency (2022) Food Imports. https://www.sfa.gov.sg/docs/default-source/tools-and-resources/yearly-

statistics/food-imports.pdf (Accessed 18 February 2022). 
Stroud S, Fennell M, Mitchley J, Lydon S, Peacock J & Bacon KL (2022) The botanical education extinction and the fall 

of plant awareness. Ecology and Evolution, 12: e9019. 
Tan A (2021) Environmental impact assessments in S'pore to be further strengthened: Desmond Lee. The Straits Times, 

22 February 2021. https://www.straitstimes.com/singapore/environment/environmental-impact-assessments-to-be-
further-strengthened-desmond-lee (Accessed 18 February 2022). 

The World Bank (2022) What You Need to Know About Nature-Based Solutions to Climate Change. https://www. 
worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change 
(Accessed 20 June 2022). 

Tompkins L (2021) Hundreds of companies promised to help save forests. Did they? The Business Times, 5 December 
2021. https://www.businesstimes.com.sg/consumer/hundreds-of-companies-promised-to-help-save-forests-did-they 
(Accessed 18 February 2021). 

Turbert D (2020) Vision development: childhood. American Academy of Ophthalmology. https://www.aao.org/eye-
health/tips-prevention/children-vision-development (Accessed 20 June 2022). 

UCAS (2022) Course search. https://www.ucas.com/ (Accessed 20 June 2022). 
UK Parliament (2022) Fungi: Environmental Impact Assessment. Question for Department for Environment, Food and 

Rural Affairs UIN HL9108, tabled on 13 October 2020. https://questions-statements.parliament.uk/written-
questions/detail/2020-10-13/hl9108 (Accessed 18 February 2021). 

Uno GE (2009) Botanical literacy: What and how should students learn about plants? American Journal of Botany, 96: 
1753–1759. 

Wandersee JH & Schussler EE (1999) Preventing plant blindness. The American Biology Teacher, 61: 82–86. 
Whitworth J (2019) Death spurs plant warning in France; similar circumstance in Hong Kong. Food Safety News. 

https://www.foodsafetynews.com/2019/07/death-spurs-plant-warning-in-france-similar-circumstance-in-hong-kong/ 
(Accessed 21 June 2022). 

https://www.plantationsinternational.com/saving-agarwood-extinction/
https://www.plantationsinternational.com/saving-agarwood-extinction/
https://www.sfa.gov.sg/docs/default-source/tools-and-resources/yearly-statistics/food-imports.pdf
https://www.sfa.gov.sg/docs/default-source/tools-and-resources/yearly-statistics/food-imports.pdf
https://www.straitstimes.com/singapore/environment/environmental-impact-assessments-to-be-further-strengthened-desmond-lee
https://www.straitstimes.com/singapore/environment/environmental-impact-assessments-to-be-further-strengthened-desmond-lee
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change
https://www.businesstimes.com.sg/consumer/hundreds-of-companies-promised-to-help-save-forests-did-they
https://www.aao.org/eye-health/tips-prevention/children-vision-development
https://www.aao.org/eye-health/tips-prevention/children-vision-development
https://www.ucas.com/
https://questions-statements.parliament.uk/written-questions/detail/2020-10-13/hl9108
https://questions-statements.parliament.uk/written-questions/detail/2020-10-13/hl9108
https://www.foodsafetynews.com/2019/07/death-spurs-plant-warning-in-france-similar-circumstance-in-hong-kong/


Choong: Education of plants and fungi: an urgent call 

286 

Zhang H, Xu N, Li X, Long J, Sui X, Wu Y, Li J, Wang J, Zhong H & Sun GY (2018) Arbuscular mycorrhizal fungi 
(Glomus mosseae) improves growth, photosynthesis and protects photosystem II in leaves of Lolium perenne L. in 
cadmium contaminated soil. Frontiers in Plant Science, 9: 1156. 


