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Preface

As stated many times before the purpose of Orchid Biology, Reviews and 
Perspectives (OB) is to present reviews on all aspects of orchids. The aim is not to 
balance every volume, but to make a balanced and wide ranging presentation of 
orchids in the series as a whole. The chapters in this, the last volume of the series, 
range over a number of topics which were not covered before.

Singapore is justly famed for its orchids. They can be seen on arrival (or depar-
ture) in its modern, highly efficient and comfortable Changi Airport and on the way 
from it to town. Vanda Miss Joaquim, the first hybrid to come from Singapore 
became its National Flower. This natural hybrid can be seen on its currency, 
stamps, and public and private decorations. Many excellent breeders, starting with 
Prof. Eric Holttum who bred the first man made hybrid (Spathoglottis Primrose), 
produced numerous magnificent hybrids and won countless awards in Singapore 
and elsewhere. These hybrids served to enrich the country’s orchid mystique. In the 
opening chapter of this volume Dr. Teoh Eng Soon (Western style: Eng Soon Teoh), 
himself a prize winning orchid breeder, grower and author writes about some of the 
breeders who contributed to the Singapore orchid fame.

Prof. Hans Fitting was one of the best known plant physiologists of his time. As 
a young man he studied the effects of pollen on orchid flowers. His studies led him 
to become the first plant scientist to propose that plants produce hormones. Fitting 
assumed that pollen exerts its effects on flowers through a hormone which he 
named Pollenhormon. Some suggested that Pollenhormon was auxin. Fitting never 
accept this suggestion. Now it seems that the extract Fitting called Pollenhormon 
was probably a mixture of auxin and other substances. Dr. T. W. Yam and his 
coauthors describe Fitting’s work and draw conclusions which are based on modern 
plant physiology.

The bible is an important part of the lives of many people. It is regarded as 
absolute truth by the devout and studied by both believers and non believers. 
Orchids are not directly mentioned in the Bible, but several biblical plants have 
been described as being Orchidaceous. Professor Emeritus A. S. Dunn, an animal 
biologist who has studied both the Bible and the Talmud as an avocation and 
Professor Emeritus  J. Arditti, who asserts repeatedly that he only knows orchids, 
examine the question of orchids in the bible in their chapter.
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Food hairs play an important role in the biology of orchids. In chapter four Dr. 
K. L. Davis surveys their form and the effects they have on orchid diversification.

Pollen dispersal of orchids has been researched extensively and its consequences 
have been discussed widely. Prof. E. Pacini’s chapter is the first review on the subject.

Orchids have found their way into the arts, letters and even into music. K. E. 
Quinn discusses orchids in art in Chapter 6.

Vanilla is the only orchid grown as a plantation crop for human consumption. 
Its cultivation became possible only after the discovery of a hand pollination 
method. The question of who discovered the method is the subject of Chapter 7 by 
Professors J. Arditti, A. N. Rao and H. Nair.

Viruses which attack orchids are a major problem because they cause significant 
financial losses. Effective control of these viruses requires an understanding of their 
nature. Dr. Ajjikuttira and Prof. Wong provide such understanding in Chapter 8.

Appendixes in this series have always been practical in nature and intended to 
provide information which can be used directly by readers. The appendix in this 
volume is a list of more than 2000 books on orchids in several languages.

* * *

The founding editor, Joseph Arditti who guided all ten volumes conceived the idea 
of this series in during the late 1960s, started to collect and write chapters in the 
early 1970s and managed to get the first volume published in 1977. For a complete 
list of chapters and appendices please consult the closing pages of this volume).
Since its inception the statistics for the series are:

volumes, ten (including this one),
pages, approximately 4,500,
founding editor, Joseph Arditti,
co editors, Tiiu Kull (vols. 8, 9, 10), Alec M. Pridgeon (vol. 7), Kenneth 
 M. Cameron (vol. 9), Sek Man Wong (vol. 10),
chapters, 71,
appendixes, 10,
authors and contributors, ca 88 from 26 countries,
publishers, 5.

The founding editor retired from the University of California, Irvine, in 2001 and 
became Professor Emeritus, but continued his involvement with OB. He stated in 
the preface to volume IX that his involvement with the series will end with the 
present volume. As it turns out this, the tenth volume in the series will also be the 
last one. This series will be terminated with the present volume. The decision to 
terminate the series is firm but not irreversible. Anyone interested in continuing the 
series should contact Prof. Arditti with a detailed plan. All plans will be considered. 
We thank all those (too many to list) who helped us make this series a success.

Tiiu Kull, Tartu, Estonia
Joseph Arditti, Irvine, California, USA
Sek Man Wong, Singapore
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Introduction

Enough has been said about the scientists, explorers and the pioneering orchid 
enthusiasts who started collecting orchids in the 19th century, and due respect 
has been given to the people who started the Malayan Orchid Society which 
promoted orchids both as a hobby and as an export trade. I am full of admira-
tion for these people and do not begrudge the honors conferred on them (Teoh, 
1978). It follows that there should also be better information about the leaders, 
growers, collectors, breeders and adventurers who sustained the orchid interest 
in Singapore and Malaysia during the second half of the 20th century. Not eve-
ryone appreciates their role and it saddens me to observe how very soon they 
are forgotten. Without them we would not have the beautiful orchids that now 
grace our gardens, the thriving orchid societies in the region, and the orchid 
flower industry in the area. This is a contentious topic because one cannot be 
absolutely  comprehensive, and I admit that my selection in this chapter is 
personal.

Whampoa

Whampoa (Fig. 1-1), a Cantonese ship-chandler, the wealthiest Singaporean China-
man of the 19th century, was possibly the first person to grow orchids on a large 
scale in Singapore. He was a chosen representative of the Chinese residents and a 
member of the Agro-Horticultural Society. When the British government wanted to 
establish a new Botanic Garden he was persuaded to exchange the beautiful piece 
of undulating real estate which is now the present Singapore Botanic Gardens for a 
piece of low lying flat land at Serangoon Road. Here, Whampoa built a grand home 
which contained a magnificent Chinese garden. He was familiar with the senior 
officers in the Royal Navy and a friend of the merchantmen, so it was no surprise 
that he managed to collect all sorts of plants for his garden. He had Victoria regia 
growing in the pond, a gift from the King of Thailand (Teoh, 2006). Sadly, 
Whampoa’s Chinese garden has fallen victim to progress and there is no record that 
any of his orchids have managed to survive. Indeed the only orchid from the 19th 
century to remain in cultivation is a hybrid, Singapore’s very own Vanda Miss 
Joaquim, now its national flower. A number of books and articles have been pub-
lished on this orchid and Miss Agnes Joaquim is well celebrated (Alphonso, 1981; 
Phoon, 1981; Teoh, 1981, 1982, 2004; Hew, Yam, and Arditti, 2002, 2004; 
Dalpethado, 2004; Johnson, 2004; Arditti and Hew, 2007).
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Ridley

Henry Ridley, then director of the Botanic Gardens registered this hybrid for Miss 
Joaquim. The director made several collecting trips for orchid species and pub-
lished a volume on the Malayan species. He was also a great innovator. He cam-
paigned strenuously for the cultivation of Hevea braziliensis, a proposal taken up 
by Tan Chay Yan who is remembered by the famous Vanda hybrid named after him. 
Ridley is remembered as the “Father of Natural Rubber.” With the rising oil prices 
natural rubber is enriching the planters who have not replaced their rubber estates 
with other crops. Thus it is surprising that Henry Ridley never embarked on orchid 
hybridization when he was shown the hybrid by Agnes Joaquim in 1893.

Holttum

Hybrids constitute the backbone of orchid collections worldwide, and Singapore 
and Malaysia are no exceptions. Hybridization of orchids became a practical reality 
in Singapore when Hans Burgeff showed Eric Holttum, director of the Singapore 

Fig. 1-1. Whampoa.
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Botanic Gardens and later Professor of Botany at the university, how to achieve 
asymbiotic orchid seed germination in 1928 (Holttum, 1978). At that time there were 
few free flowering plants in the local gardens. Knowing that orchid flowers 
were long lasting on the plant, and inspired by the floriferousness of the remarkable 
Vanda Miss Joaquim, Holttum’s aim was to produce other orchid hybrids that 
would thrive and flower equally freely in the tropical lowlands. He achieved his first 
success with Spathoglottis. He named the hybrid Spathoglottis Primrose (plicata × 
aurea). From pollination to flowering took only 2 ½ years, in part assisted by the 
rapid ripening of the seed capsule at Penang Hill. Its F1 hybrid Spathoglottis 
Chrysops flowered in 17 months. However, crosses involving other genera which 
he made in Singapore took much longer to flower. But there were many lucky out-
comes which spurred him on. The first of the spider orchids, Aranda Deborah 
flowered 7 years after the seeds were sown. It proved to be a remarkably free flow-
ering hybrid, often carrying up to a dozen sprays with hundreds of flowers on a 
plant less than a meter tall. Over the course of the next two decades, by trial and 
error, outstanding stud plants were identified and others eliminated. This informa-
tion proved to be extremely useful to the breeders who commenced breeding 
orchids after World War II.

During the Japanese Occupation (1942–1945), the Singapore Botanic Gardens 
was renamed Syonan-to Botanic Gardens and Professor Hidezo Tanakadate was 
appointed as Administrative Head. Professor Kwan Koriba and Marquis Tokugawa 
also played a role in the administration of the Gardens. They were scholars and 
must be remembered for their indirect contribution to the Singapore orchids. 
They allowed Holttum and E.H.J. Corner to remain in the Gardens to continue 
their botanical research. During this period, orchid hybridization continued under 
the charge of S.P. Livingston who continued to sow seeds by substituting local 
seaweed for agar. The monthly reports of the Gardens noted the numbers of 
orchid seedlings unflasked; the number of seedlings moved from the glass house 
to the main orchid nursery; the number of pollinations undertaken and the number 
of fruits produced; and the number that contained viable seeds; the nature of the 
new crosses; and the new orchid hybrids which had flowered (Syunin and 
Holttum 1945). Among these new hybrids was a cross between Vanda dearei and 
Vanda sanderiana which flowered in February 1944: but the War was on, and the 
Gardens lost out to the famous Hawaiian breeder John Noa who called it Vanda 
Ellen Noa (Yeoh, 1978). Many of the crosses germinated have not been registered 
and one wonders what happened to the plants. Among these were an interesting 
cross between Spathoglottis plicata and Calanthe triplicata (it had been the long 
cherished hope of Holttum to bring these two genera together) and numerous 
Aranthera. The records state that in September 1944 (Japanese Occupation Year 
2604), some unflowered orchid seedlings were discarded: Presumably these were 
siblings of hybrid plants that flowered sometime ago, a case in point being the 
hybrid, Arachnis hookeriana × Arachnis flos-aeries which yielded free flowering 
progeny only with Arach. hookeriana var luteola and not with the standard 
Arach. hookeriana var. alba. George Alphonso who joined the Gardens in 1940 
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and Bajuri bin Sappan who came on board in 1937 continued to work there, but 
they did not seem to have been involved in the orchid program during the 
Japanese Occupation.

When Holttum was appointed to the chair of botany at the newly founded 
University of Malaya (located in Singapore) in 1949 the running of the Malayan 
Orchid Society fell on the local growers who rose to the responsibility. Nevertheless, 
it should not be forgotten that H.M. Burkill who succeeded as director of the 
Singapore Botanic Gardens gave his whole hearted support to the shows of 
the Malayan Orchid Society during his tenure in office and this support was 
 continued by George Alphonso and subsequent directors. Singapore was not so 
crowded in those days and life still proceeded at a leisurely pace. Orchids were 
highly prized, and every effort was made to grow them into specimen plants that 
could be displayed at the flower shows. Beautiful orchid gardens were the pride of 
the people who could afford them and who had the commitment, skill and patience 
to bring the plants to flower. Among them were the following:

Lee Kim Hong

Lee Kim Hong (western style: Kim Hong Lee; Fig. 1-2) was a pioneer in the 
Singapore orchid trade. He dealt in gold bullion and orchids were his hobby. 
However, he was astute enough to realize that business and orchids could combine 
in the Singapore of the 1950s. He encouraged the local farmers to strive for export 
quality so that their flowers would fetch a better price. He was a prolific breeder 
himself after World War II: Dr. Yeoh Bok Choon (western style: Bok Choon Yeoh) 
who compiled the List of Singapore-Malayan Orchid Hybrids up to 1963 said that 
Lee Kim Hong made more hybrids than anyone else. His name appears in the 
Hybrid Registry as “breeder’ up to 1960, after which it was replaced by Singapore 
Orchids, the company he co-founded with John Laycock. Together they and their 
wives established the beautiful Mandai Orchid Garden located at the heart of 
Singapore. The site was a gentle hillside, located within the water catchments area, 
near to a reservoir and it had the highest rainfall in Singapore. Amy Ede recalled 
that Lee Kim Hong did all the work: “Daddy (John Laycock) learnt a lot from him” 
(Elliott et al., 2005). Lee Kim Hong was a warm, generous and helpful person and 
up to the 1960s, one could always go up to the Mandai Orchid Gardens to consult 
him about growing orchids. Among those whom he taught was Madam Ong Siew 
Hong (western style Siew Hong Ong, Dr. Tan Wee Kiat’s [Kiat Wee Tan] mother) 
who also mastered the art of hybridization and raising orchids from seed. Dr. Kiat 
Tan contributed a warm reminiscence of his encounters with Lee Kim Hong while 
still a youngster in John Elliott’s Orchid Hybrids of Singapore, 1893–2003. 
According to Kiat, Kim Hong was mainly interested in primary hybrids – what 
characteristics were transmitted when two different looking flowers mix their 
genes: he was more the curious scientist rather than the gardener. Nevertheless he 
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grew a variety of garden plants and constructed, in his lifetime, the most beautiful 
orchid garden in Singapore.

In order to have total control of his breeding program, Lee Kim Hong mastered 
the process of raising orchids from seed. Singapore Orchids followed their own 
unique program and seldom ventured to follow the fashions of the day. Among Kim 
Hong’s unique contributions are the delicate Vandaenopsis (now renamed 
Paravanda) hybrids, in particular the delicate yellow Vandaenopsis Prosperitas (V. 
dearei × Pps. denevei), Vdnps. Patience (Pps. denevei × V. Rothschildiana.). His 
name is commemorated in the miltigeneric hybrids Leeara Lissom Lucy (Aranda 
Lucy Laycock × Vdps. lissochiloides) and Laycockara Lee Kim Hong (Arnps. Lee 
Siew Chin × Vdps. lissochiloides). Dr. Lee Siew Chin (Siew Chin Lee) is the daugh-
ter of Lee Kim Hong. All these crosses were originated and registered by Singapore 
Orchids.

Fig. 1-2. Lee Kim Hong (western style: Kim Hong Lee).
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Tan Hoon Siang

Orchid growing among Singapore’s populace took a tremendous setback during the 
World War II, and it was several years before the Society got back on its feet. To 
urge the members on, and provide the necessary leadership there was Tan Hoon 
Siang (Hoon Siang Tan; Fig. 1-3) who was elected president in 1956 (MOR, 1991). 
He was an ardent grower and breeder and insisted in growing his plants to perfec-
tion. His Aranda lowii earned one of the few Cultural Commendation Certificates 
ever granted by the MOS. The family tradition continues and his son, John Tan Jiew 
Hoe (Jiew Hoe John Tan) is president of the Singapore Gardening Society. John is 
an expert on begonias, and a staunch supporter of OSSEA.

Tan Hoon Siang’s principal claim to fame lies in having bred the famous Vanda 
Tan Chay Yan (V. JVB × V. dearei) which won a First Class Certificate (FCC) in 
1954 from the Royal Horticultural Society and set a trend for other strap leaf Vanda 
to be bred to the tetraploid V. Josephine van Brero (popularly referred to as JVB). 
Subsequently various clones of V. Tan Chay Yan received an Award of Merit (AM) 

Fig. 1-3. Tan Hoon Siang being presented to H.M. Queen Elizabeth at the Chelsea Flower 
Show,1963.
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from the Malayan Orchid Society. A rubber planter, Tan Hoon Siang was president 
of the Malayan Orchid Society when it made its successful bid at Chelsea to host 
the 4th World Orchid Conference in Singapore. Vanda Tan Hoon Siang (V. JVB × 
V. Somsri Pink) is a new spectacular bluish pink JVB hybrid named by Hoon 
Siang’s son, John after his father.

Yeoh Bok Choon

Dr. Yeoh Bok Choon (Bok Choon Yeoh; Fig. 1-4) was the State Surgeon for the 
southern Malaysian state of Johor which is the immediate neighbor of Singapore. 
The proximity of Johor allowed Bok Choon to attend almost all monthly meet-
ings of the MOS for a period of some 20 years. He was assigned the job of 
 commenting on the plants brought by members for display and a friendly monthly 
competition. The job suited him perfectly because Bok Choon was an avid orchid 
grower and promoter. He believed that orchids benefited from occasionally 

Fig. 1-4. Dr. Yeoh Bok Choon (Bok Choon Yeoh).
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imbibing some beer and he never ceased to talk about it (Yeoh, 1962). He has also 
written several articles on orchids and compiled a Handbook on the Orchid 
Hybrids of Singapore and Malaysia up to 1963 (Yeoh, 1962, 1963, 1978, 1981, 
1982). A highly respected judge of orchids, Bok Choon was known to be gener-
ous with points if he really liked a plant, but nonetheless, the other judges 
thwarted his effort to give several plants the coveted First Class Certificate during 
his 35 year tenure as a judge.

Nevertheless, he was an indomitable and the longest serving member of OSSEA. 
Yeoh Bok Choon was elected president of the MOS in 1962. He continued attend-
ing monthly meetings of the Society where he was generally the principal speaker 
until his final days.

He is remembered in the quadrigeneric genus, Bokchoonara which is constituted 
by the combination of Arachnis, with Paraphalaenopsis, Ascocentrum and Vanda. 
The hybrid Bokchoonara Khaw Bian Huat (registered in 1977) is outstanding and 
has an Award of Merit from OSSEA. Bok Choon also made a number of hybrids. 
He was fondest of his white (alba) Vanda Miss Joaquim, to which he gave the vari-
etal name John Laycock. It gained an Award of Special Mention at the 3rd WOC at 
Chelsea, England in 1960 (Yeoh, 1981).

Quek Kiah Huat (1923–1983)

Quek Kiah Huat (Kiah Huat Quek; Fig. 1-5) was one of the prime movers of 
Singapore’s orchid circle during its heydays from the 1950s to the 1970s. Attending 
the WOC at Chelsea as Vice-president of the MOS when the Society launched its 
successful bid for the 4th WOC, Kiah Huat took over the reins of the Society the 
following year, serving both as its president and Show Chairman. He was a born 
leader: friendly, affable, decisive, open to new ideas and generous. A second gen-
eration banker and rubber planter, he got along well with people from all walks of 
life, and got things done.

Organizing the large orchid shows to which Singapore has now become accus-
tomed was no small matter. It requires good team work, intensive planning, endless 
meetings, innumerable visits to orchid farms and amateur growers, lots of persua-
sion, days of landscaping work on site, registration, promotion, and generous fund-
ing. The unspoken understanding was that if things came to a head, Kiah Huat 
would underwrite the entire show. However, the Conference made a small profit 
allowing the MOS to make a donation to the Defense Fund during Confrontasi 
(Alsagoff, personal communication 1980). Professor Rapee Sagarik, long serving 
president of the Orchid Society of Thailand said that Kiah Huat played a large role 
in gaining world recognition for the orchids of Southeast Asia and he helped 
Thailand to move into the world orchid scene (Alphonso, 1983)

The 4th WOC marked a high point in the Society’s history. The massive orchid 
show at the Singapore Turf Club set a new standard for orchid exhibits. It show-
cased the result of a 35 year hybridization effort to put free-flowering, colorful, 
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long- lasting orchids into the tropical garden. The main attractions were the wide 
range of scorpion orchids, sparkling semi-terete and quarter terete Vanda, and 
Dendrobium all suited for export as cut flowers. The show inspired an interest in 
commercial orchid cultivation throughout the tropics, particularly in Malaysia and 
Thailand which became major suppliers of orchids to the cut flower industry. Kiah 
Huat took a back seat after the 4th WOC but the loss of many major supporters 
through repatriation and age necessitated his recall. Kiah Huat assumed the presi-
dency of the OSSEA, a post he retained until poor health required him to relinquish 
the post in1981- During this second term, OSSEA celebrated its 50th Anniversary 
with a spectacular show at the National Stadium and the publication of a commem-
orative volume on Orchids that featured its history. There was now a new range of 
orchids on show. The flowers were larger, substance much improved and the colors 
were deeper. There was also much evidence of selective clonal propagation spurred 
by the cut flower trade, although shoot tip cultures were yet to make their influence 
felt in the region. I had the privilege of working with Kiah Huat during this period 
and was much impressed by the way he held a team of very disparate personalities 
together.

Fig. 1-5. Quek Kiah Huat (Kiah Huat Quek).
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George Alphonso

In the Malayan Orchid Society, George Alphonso (Fig. 1-6) was the leading expert 
on orchid habitats. He was the protégé of Professor Eric Holttum and had collected 
widely in peninsular Malaysia, Singapore (including its offshore islands), Thailand, 
Borneo, Indonesia and Papua New Guinea. Cheang Kok Choy (Kok Choy Cheang), 
superintendent of the Penang Botanic Gardens who was an expert on Malaysian 
species often accompanied him on such expeditions, and once in 1960 he traveled 
in the company of Major R. Brewer and the troops of the Singapore Guard 
Regiment who were on a jungle exercise in Kedah. George was an invited speaker 
on orchid species of the region at several WOC but this gave no indication of his 
vast knowledge of their breeding potential. In fact, George was responsible for most 
of the hybrids registered under Singapore Botanic Gardens during the 1950s and 
1960s. Bajuri Bin Sappan who was the laboratory assistant from 1960–1969 
assisted with the hybridization work during the 1960s.

In the lead chapter of volume IV of this series which he wrote on the History 
of Orchidology in Southeast Asia, George laments the disappearance of numerous 

Fig. 1-6. George Alphonso.
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 beautiful species which he had once witnessed growing in abundance in their 
 natural habitats: Paphiopedilum niveum in the Langkawi islands, Habenaria 
carnea in the limestone hills of Perlis, Ascocentrum miniatum on roadside trees 
and Rhyncostylis retusa on Lagerstroemia trees in Perlis and Kedah, Vandopsis 
gigantea which grew on rocky outcrops, Paphiopedilum barbatum on the granite 
hills of Penang. Wild Arachnis hookeriana is now extinct in Singapore, while 
Dimorphis lowii, Phalaenopsis bellina and Vanda dearei are threatened with 
extinction in Sarawak, and Phalaenopsis gigantea in Sabah. Already in 1966, at 
the 5th World Orchid Conference at Long Beach, California, and again in 1980 
at the 9th WOC in Bangkok, he had stressed the importance of conserving such 
 species in an invited paper:

George Alphonso was born in Kuala Lipis, in his own words, “by the railway 
tracks” to Norbert Alphonso and Sanada Kuma, his Sri Lankan father and 
Japanese mother, whose names are remembered in the early orchid hybrids. His 
father worked for the Malayan Railway and was transferred to Singapore in 
1930. After finishing school George joined the Botanic Gardens which immedi-
ately sent him to Serdang, near Kuala Lumpur, for training. He worked for the 
Gardens during the Japanese Occupation where he was put in charge of plant 
propagation. With him were R.E. Holttum and E.J.H. Corner. In 1954, Holttum 
sent him to study horticulture at the Kew Botanic Gardens where he stayed for 
2 years, graduating with a diploma in horticulture. During the War three 
Bougainvillea hybrids flowered in the Gardens, and there was some buzz about 
one that looked promising. George brought back Bougainvillea var. poultonii 
from South Africa in 1956. For several decades it was the No. 1 Bougainvillea 
in Singapore. Today, the bougainvilleas are still an important garden and 
 roadside plant in Singapore.

George was appointed Curator at the Botanic Gardens in 1960 and put in 
charge of orchids and rose to the position of Acting Director Gardens in 1970. 
During the tenure of Director H.M. Burkhill at the Gardens, the Singapore 
Botanic Gardens contributed extensively in exhibition material and assistance by 
staff to the annual shows of the Singapore Gardening Society and the Malayan 
Orchid Society. George Alphonso was the Show Chairman for the massive 4th 
World Orchid Conference Show at the Singapore Turf Club in 1963, and after-
wards he continued to serve as Show Chairman until 1968. Under his supervision, 
Singapore Botanic Garden’s exhibits at the Singapore Orchid Shows and during 
the various Orchid Conferences in Singapore were spectacular. He has played an 
enormous role in promoting orchid cultivation in Singapore and in showcasing 
Singapore as a  premier orchid nation.

George was editor of the Malayan Orchid Review (Alphonso, 1981), a past 
president and Fellow of the Orchid Society of Southeast Asia, and a past president 
of the Singapore Gardening Society.

Syed Yusof Alsagoff named the quadrigeneric hybrid (Arachnis × Ascocentrum 
× Vanda × Vandopsis) Alphonsoara Gus for George Alphonso, Gus being the nick-
name of George Alphonso.
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Sum Lai Wah

Sum Lai Wah (Lai Wah Sum) was among the earliest commercial orchid cut flower 
growers. A past president of the Malayan Orchid Society, he was a gentleman, 
much admired by the local and foreign orchid enthusiasts, many of whom have 
fond memories of their encounters with this friendly, jovial grower. Lai Wah’s 
mother tongue was Cantonese and sometimes he had to struggle to appreciate the 
fine points of the English language; but he always tried. Thomas Aana, one of our 
old Hawaiian friends, told me that when Sum Lai Wah was showing her group 
around Malaya after the 4th World Orchid Conference in 1964, there was a member 
who was fond of cracking jokes. Now and then, perhaps half an hour after the joke 
was uttered, Lai Wah would suddenly burst out in laughter. He was a notable orchid 
figure in Singapore from 1955 to 1970.

Mak Chin On tells me that Lai Wah had a sharp eye for spotting potential cut 
flower types. The day before he died, when Mak visited him, Lai Wah held on to 
Mak’s hand and told him to concentrate on planting Oncidium Goldiana var. 
Golden Shower because he reckoned that there would always be a demand for its 
cut flower from Japan. To this day, almost four decades later, Oncidium Golden 
Shower is still a major export to Japan. Lai Wah’s enormous Sun Kee Nursery in 
Serangoon focused early on cut flowers – Dendrobium Louisa Dark, Den. Pacific 
Island, Aranda Peter Ewart, Aranda Hilda Galistan, Aranda Tay Swee Eng, 
Aranthera James Storie, Aranthera Anne Black, Vanda Ruby, and the famous 
Oncidium Golden Shower. When the land was acquired by the government, Lai 
Wah’s sons moved the nursery to Lim Chu Kang. However, the family’s interest in 
orchids died with Lai Wah and Sun Kee soon faded from the scene.

John Ede

John Anthony Moore Ede (Fig. 1-7) was born in England and lived in India for 11 
years before coming to Singapore in 1946 at the age of 34. He worked for the 
Cathay Organization for 16 years, was a member of the Legislative Assembly in the 
1950s, and served as a member of the Presidential Council for Minority Rights 
from 1973 to 1983.

Marriage to Amy Laycock, the only daughter of the famous John Laycock in 
1953 led him to the wonderful world of orchids with which he became deeply 
involved. When Laycock died in 1960, John Ede left the Cathay Organization to 
devote all his time to the Mandai Orchid Garden which he managed with Amy and 
Rosalind Lee. For decades, under their management Mandai was the best orchid 
garden this side of the Pacific. It was also a display and teaching garden for tropical 
plants. John Ede also continued Singapore Orchid’s selective breeding program 
started by Lee Kim Hong and John Laycock, breeding several awarded plants for the 
company. Vanda John Ede (V. Josephine van Brero × V. Adrienne) was a remarkably 
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attractive JVB hybrid and won several best in show at the Singapore Orchid Shows. 
His garden was a major participant at the Singapore orchid shows. When Singapore 
Orchids started exporting orchid flowers, Ede studied the control of flowering in 
Arachnis Maggie Oei and discovered that exactly 14 days after all inflorescences 
were removed, new stalks would burst through the leaf axils, taking 70 days to 
mature. He lost no time in sharing this information with other growers through an 
article in the Malayan Orchid Review. By outlining his methodology, he also taught 
the farmers how to time their flowering for the best sales returns or for an event.

A quadrigeneric hybrid registered by Singapore Orchids commemorates his 
name: Edeara has Arachnis, Paraphalaenopsis, Renanthera and Vandopsis.

Syed Yusof Alsagoff

His is one of the most illustrious names in Singapore orchids in the last 50 years. 
A linear descendent of the Prophet, Syed Yusof Alsagoff (Fig. 1-8) is also the scion 
of a family which had settled in Singapore before its founding by Sir Stamford 

Fig. 1-7. John Anthony Moore Ede.
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Raffles in 1819 (Elliott et al., 2005). The latter fact is not unexpected, given that 
Arab sailors and traders sailed between the Middle East and China for 2,000 years.

Yusof, as he is known to his friends, is the leading hybridizer of orchids in 
Singapore. He is the most prolific, with nearly 200 hybrids: he bred Mokara 
Zaleha Alsagoff which has the distinction of earning the only First Class Certificate 
ever awarded by the Orchid Society of Southeast Asia since it began granting 
awards in 1958. Many Awards of Merit and Highly Commended Certificates were 
awarded to his other hybrids. Today, Yusof’s Mokara Zaleha Alsagoff is the most 
outstanding yellow scorpion orchid in the Singapore garden, Aranda Noorah 
Alsagoff is the most outstanding mauve scorpion orchid, and Renanthera Kalsom 
is the favorite, floriferous red orchid (Teoh, 2005). Yusof bred orchids not only to 
please himself and the judges. He played an important role in the development of 
the cut flower market, and he is a pioneer in the production of compact orchids 
favored by flat dwellers.

These achievements were not wrought overnight. Yusof has been breeding 
orchids for more than 50 years. He registered his first hybrid in 1953. In 1967 he 
succeeded Bajuri bin Sappan as secretary to the Awards Committee of the Orchid 
Society of Southeast Asia and later he became its chairman. He had a sharp eye for 
quality, and was an extremely demanding judge – qualities which enabled him to 

Fig. 1-8. Syed Yusof Alsagoff.
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select the best parents for his hybrids (Alsagoff, 1968, 1988; Lim and Alsagoff, 
1989; Whang and Alsagoff, 1991).

Koh Keng Hoe

Koh Keng Hoe (Keng Hoe Koh) is as colorful as his orchids. He was fond of saying that 
when no one was interested in buying his orchids, they were only as valuable as grass. 
But then Keng Hoe had the knack of turning grass into a fistful of dollars. Much of his 
success can be attributed to his warm personality, friendliness, sincerity, superb  
story-telling skills, and an ability to point out the good points of any particular orchid.

Mischievous and not particularly inclined to rote learning, Keng Hoe was never-
theless a very intelligent man with a high emotional IQ. He had an inborn ability to 
entertain and make friends easily. He did not earn a university degree but his mar-
keting skills would be the envy of any MBA. He had an uncanny eye for good 
plants, remembered their names, parentage and progeny, and their history. In the 
mid-1950s Keng Hoe spent 6 months living with and learning from the Hawaiian 
orchid growers. At that time few Singaporeans had been to Hawaii. It was difficult 
to obtain foreign exchange for purchases in US dollars. Keng Hoe was quite unique 
in managing to import orchids from the leading Hawaiian hybridizers. Keng Hoe 
told Phoon Yoon Seng (Yoon Seng Phoon) that whenever he let out news of a new 
shipment he received enquiries throughout the day. There was lively bidding for 
these plants even before anyone had seen them. Collectors flocked to his home. 
Buyers would arrive at 11 pm to await a 2 am arrival. The boxes emptied within the 
hour. In those days, good plants could fetch a thousand Singapore dollars (at a time 
when mansions in good locations fetched only $10,000!) Keng Hoe bought two 
plants of an awarded Vanda Nellie Morley from George Ing of Hawaii for a 
Singapore collector. He paid $1,500 for a top cutting, and $2,500 for the mother 
plant. By comparison, a meter tall Vanda Tan Chay Yan was sold for $5,000.

The Korean War was heaping fortunes upon the rubber planters and merchants 
by sending rubber prices from the previous low of 99 cents per kg to $6.60 per kg. 
Their happiness was doubled by the ownership of the finest orchids which only the 
rich could enjoy, and made them the envy of their friends. Koh Keng Hoe played 
the important role of concert master by introducing quality plants into Singapore 
and encouraging the interest in orchids. Although he profited from the transactions, 
Keng Hoe treated everyone equally, whether or not they could afford his plants, and 
whether or not they bought anything from him.

This attitude paid off handsomely in the early 1980s when the orchid craze had 
died down in Singapore, in parallel with the stock market collapse. One day an 
African woman walked into his nursery. As usual, Keng Hoe bid her welcome and 
offered her a drink. Then he started chatting with her. He thought that she was a new 
resident, but it turned out that she was the First Lady in an African nation who wanted 
to introduce orchid cultivation into her country. Keng Hoe had no problem getting her 
the best cut flower orchid plants from Singapore because everyone was desperate to 
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sell at that time. He spent 6 weeks in the African nation delivering the technology 
transfer with the plants. He was unprepared for the awesome sight of the presidential 
gardens which was said to be as large as the Singapore Botanic Gardens.

After the 1970s, Keng Hoe’s sales have been based mainly on his own hybrids. An 
early success was Aranthera Beatrice Ng which was a breakthrough when it yielded 
a yellow clone which earned an AM and a Silver Medal at the Fourth World Orchid 
Conference in Singapore in 1963. Another, red clone also earned an Award of 
Merit.

Several of his outstanding Dendrobium crosses play important roles as cut flow-
ers and as stud plants for other cut flower hybrids.

Wong Leong Fatt

Wong Leong Fatt (Leong Fatt Wong) is the only local breeder who has won the 
Eric Holttum Gold Medal (awarded to the breeder of an FCC or AM plant scoring 
the highest number of points for the year) twice, in 2 consecutive years; in 1967 
for Aranda Hee Nui var. Khoo AM/OSSEA (Arach. Ishbel × V. Eisenhower) 
(Teoh, 2005: 316) and in 1968 for Aranda Chrisitine var. Pang Gan (Arach. hooke-
riana × V. Hilo Blue) (MOR, 1969: 80–81). Aranda Christine var. Singapore 
received an AM from the American Orchid Society in 1980.

Leong Fatt is probably best remembered as the breeder of the fabulous Aranda 
Christine whose several clones were so sought after during the Christine craze of 
1972. In actual fact, only the Christine #1 form met the criteria of a good cut flower 
although Christine #80, which should be called var. Prachaub after its given varietal 
name when it received an Award of Merit from OSSEA, was the most beautiful 
(MOR 9, 1969). Its flowers were large, with broad petals, well arranged on a long 
upright rachis, and were of an even purple. It is not free flowering, but it is 
amphidiploid and has produced almost 60 fine hybrids well into the 21st century, 
including the second generation Aranda Baby Teoh and Aranda Multico Deluxe 
and the award winning Mokara Mak Chin On var. Maryland AM/OSSEA and Mkra 
Chark Kuan var. Yellow Bird AM/AOS.. Second generation progeny from Aranda 
Christine appeared from 1988 onwards.

The several clones of Aranda Christine (#1, #9, #27, Prachaub, #999) were all 
very different to the extent that one might think they were of dissimilar parentage. 
Christine #1 carried smaller flowers that were pink with dark purple spots, very 
pleasing either outdoors in the sun or under fluorescent light. It was grown on an 
extensive scale by many farms to meet demand right up to the late 1980s.

Leong Fatt was active in the orchid scene of the 1960s and 1970s, working 
through Seng Heng Nursery which was located at Thomson Road. Realizing the 
potential of Aranda as orchid cut flowers, he bought up what was available of 
Aranda Wendy Scott around 1962 and took them to a hillside farm in his hometown 
of Penang where he began to propagate them using chicken manure and other stim-
ulants. The plants grew rapidly. Multiplication was rapid. I visited him in 1963 and 



18 E.S. Teoh

was quite impressed by his growing technique. Unfortunately, a genetic change 
occurred in the plants causing their flowers to lose the soft blue color. Another 
problem was Penang’s distinct dry season from November to February making it 
unsuitable as a place to produce cut flowers since demand is greatest from 
December to February.

Chong Chok Chye

Chok Chye Chong was a hobbyist grower but he was a breeder of considerable 
repute during the 1960s. Owning an unusual plant of Aranda Lily Chong which 
won an AM/MOS in 1962, he bred the famous Aranda Tay Swee Eng (Aranda Lily 
Chong × V. Piha Moon) which garnered an AM/OSSEA and two HCC/OSSEA 
(MOR, 1969, 9: 80–81). The improvement in form without loss of substance in 
this second generation Aranda ushered in the new trend in breeding forward with 
Aranda.

How Yee Peng

How Yee Peng (Yee Peng How; Fig. 1-9) hails from a farming family. He started 
growing orchids at Kings Road and when I came to know him in the mid-1960s 
he was busy propagating Aranda Wendy Scott, the first reliable, blue, popular, 
cut flower Aranda. He was a modest man and has remained so through all these 
years despite his numerous, remarkable achievements. Yee Peng is systematic, 
neat, clear in his mind about his goals when making a hybrid and is skilled in 
culture techniques. His opportunity came in the mid-1960s when he obtained a 
plant of the tetraploid Vanda Dawn Nishimura as a gift from Soh Kim Kang. It had 
been brought over from Bangkok by Devan, Kim Kang’s top landscaper. The Vanda 
was bred to all the proven scorpion orchid parents and  produced numerous out-
standing hybrids for How Yee Peng for more than 20 years. Among them are the 
following:

Aranda How Yee Peng (Aranda Tay Theng Suan × Dawn) with three Awards of 
Merit, best hybrid in 1975, earning Yee Peng the Eric Holttum Gold Medal: Aranda 
Neo Hoe Kiat (Arachnis Maggie Oei × Dawn); Aranda Etsuko Nishio (Arachnis Ishbel 
× Dawn) earned an HCC/OSSEA in 1986; 1981 Aranda Multico Deluxe(Aranda 
Christine × Dawn): Rntda Soh Kim Kang (Ren. storiei × Dawn); Aranda Yee Peng 
Dawn (Aranda Yee Peng × Dawn); Lewisara Blue Moon (Lwsra Chittivan × 
Dawn); Vascostylis Blue Queen; Vasco Tham Yuen Hae × Dawn; Bokchoonara 
Looi Eng San (Bkch Khaw Bian Huat × Dawn); Mokara Soo Chee ( (Mkra Chark 
Kuan × Dawn); V Koh Chong Joo (Joaquim × Dawn); Vascostylis Looi Eng San 
(Vasco. Than Yuen Hae × V. Dawnchild); V. Atsuko Johmori (JVB × Dawnchild); 
V. Soeryadjaya (Dawn × Emma van Deventer), etc.



1 Unsung Heroes of the Singapore-Malaysian Orchid World (1951–2000) 19

Fig. 1-9. How Yee Peng (Yee Peng How).

His son Wai Lai has continued using V. Dawn Nishimura to produce Ascda 
Children’s World in 1999 further bred to Aerides lawrenceae to produce Christierara 
Nadeswari Desha.

Syed Yusof Alsagoff was also given some pollen of V. Dawn Nishimura by Kim 
Kang from which he bred the big flowered blue Aranda Noorah, Aranda Wong Bee 
Yeok (Aranda Lily Chong × Dawn), Aranda Ang Hee Seng. (Arach. Maroon 
Maggie × Dawn), Trevorara Ursula Holttum (Arachnopsis Eric Holttum × Dawn), 
and Vandaenopsis Yunus Alsagoff.

Soh Kim Kang

Kim Kang Soh was famous for his exhibits at the orchid shows of the late 1960s and 
early 1970s. To ensure that he would emerge as Best Exhibitor in the Show, he dis-
patched experts to source the best plants that were in bloom, not only in Singapore 
but in Malaysia and Thailand as well. Then he spared no expense in acquiring them. 
Coupled with the fact that the famous landscapist and orchidist, Deewan Raggardee 
came with the plants, Kim Kang’s landscape exhibits were a sight to behold.
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In 1969 he exhibited Aranda Christine “Prachaub” (bred by Wong Leong Fatt) 
and the second generation Aranda Tay Swee Eng (bred by Chong Chok Choy), both 
of which won an Award of Merit. Shortly thereafter, orchid growers in Singapore 
went crazy over these plants, and like Kim Kang, they too were willing to pay hand-
somely for top cuts or keikis.

Because of his willingness pay a good price for desirable plants, Kim Kang man-
aged to acquire a few outstanding stud plants along with the attractive hybrids that 
were only good for the shows. Vanda Dawn Nishimura produced many outstanding 
hybrids for breeders who were friends of Soh Kim Kang. When his interest was at 
its height, Kim Kang undertook a difficult expedition into the mangrove swamps of 
Sarawak with Yap Kim Fatt and How Yee Peng to study the habitat of the newly 
discovered Paphiopedilum linii (Yap, Soh, and How, 1967).

To a large extent, Kim Kang’s fascination with orchids grew out of his love for 
his Thai wife, Prachaub whose name is borne by the awarded clones of a dozen 
orchids. To the regret of the local orchid circle, Kim Kang lost interest in orchids 
after he lost his wife. However, his stud plants which were inherited by How Yee 
Peng continue to produce outstanding hybrids.

Mak Chin On

A master at plant propagation, Mak Chin On (Chin On Mak; Fig. 1-10) made mul-
tiple, significant contributions to the Singapore landscape, in addition to his role in 
the orchid cut flower industry. He is responsible for introducing the majestic 
Bismarkia nobilis palms that line the approach to Singapore’s Changi Airport. His 
vast collection of 55 species of palm runs into the hundreds for many varieties. Mak 
(his friends generally do not call him Chin On) has propagated a deep liver-red 
clone of Eugenia to add color to the roadside. He is almost solely responsible for 
introducing the yellow rain tree (Samanea samaan) into the Singapore landscape. 
Although the first yellow rain tree was thriving at the entrance to the famous  
birth-quake, Kandang Kerbau Hospital during the 1960s, no one noticed its 
 potential (perhaps because they were distracted by the 40,000 annual births at the 
hospital), until Mak started propagating the plant from seed in the 1990s. Today his 
rain trees produce spectacular stands of gold amidst the deep greens in the gardens, 
golf-courses and road-sides.

Mak Chin On has grown orchids since 1961, and by 1964 he had already per-
fected a way of obtaining 50 plantlets from a single plant of Aranda Wendy Scott. 
When Leong Fatt began mopping up all the Aranda Wendy Scott after the 4th 
World Orchid Conference in 1963 Mak sold off his plants and with the new found 
capital he gave up his teaching job and started a small nursery in Kok Nam Lane. 
He bought some plants of Aranda Christine from Leong Fatt and began propagating 
them in this new nursery. When the Aranda Christine craze hit Singapore in the late 
1960s Mak already owned a large stock of the orchid and he could obtain more than 
a dozen plants from the single plant in a matter of months. Meanwhile, the buoyant 
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Fig. 1-10. Mak Chin On (Chin On Mak).

stock market lifted orchid prices. At the height of the Christine craze, a cutting of 
his Christine #80 fetched Mak more than a month’s salary. The craze died when the 
stock market plummeted in 1973. By then, Mak had chosen a beautiful piece of 
sloping land in Ponggol to start his new orchid nursery. It faced the Straits of Johore 
and a strong breeze blew over the land every day.

Mak set himself two goals – first, to increase the supply of desirable hybrids for 
the cut flower industry; secondly to make new hybrids which met the criteria for a 
cut flower. To achieve his first goal, he bought two scorpion hybrids of Vanda Dawn 
Nishimura from their breeder, Syed Yusof Alsagoff. One he named after his mother, 
Aranda Wong Bee Yeok (Bee Yeok Wong). The other was named for his mother-
in-law, Aranda Ang Hee Seng (Hee Seng Ang). He raised mericlones of awarded 
plants from both crosses and sold batches to various nurseries. The two Aranda 
hybrids have maintained their status as excellent garden or cut flower orchids.

Only about a dozen of Mak’s own hybrids have been registered, but among them 
there are two outstanding Dendrobium and two Mokara. Den. Mary Mak (Den 
Theodore Takaguchi × Den May Neal) has yellow green flowers (it is named after 
his first wife Mary) of good form and substance and has been mericloned. Dendrobium 
Mak See (See Mak) which was named after his father has a contrasting deep purple 
lip with green tepals and is very striking. Mak won the Eric Holttum Gold Medal 
with Mokara Mak Chin On (MOR, 1981, 15:32), and at one time he had an acre of 
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these plants in continuous bloom at Ponggol, but sadly they were wiped out when 
someone introduced a weed-killer into his watering system. They are featured in the 
endpaper of Teoh Eng Soon’s A Joy Forever published by Times in 1982.

Mak had many friends among the Thai growers which gave him the opportunity 
to understand the hybrids that they favored. He imported and propagated three 
hybrids of Cattleya (the white Lc. Hawaiian Wedding Song, the mauve Blc. Pink 
Diamind and the yellow with red-lip. Blc. Alma Kee) which can be depended upon 
to thrive and bloom freely in Singapore. He grew many outstanding species plants. 
The spectacular flowering of Coelogyne rochussenii in his Seletar farm (10 pots 
bearing a total of some 25,000 flowers) was documented by Peter O’Byrne in the 
Vol. 25/1995 issue of the Malayan Orchid Review.

Mak played a big role in the Orchid Society of South East Asia during the dec-
ades when he served on its Committee from 1966–1985. He was a Vice-President 
for several years. He could be depended to contribute hundreds of assorted orchid 
cut flower whenever the Society needed to send a shipment for an Orchid Show 
somewhere in the world. Mak took care of everything, including packing and ship-
ment, without any cost to the Society. He is well known to all the prominent orchi-
dists in the region, both local and foreign.

When he was forced by Singapore’s rapid urbanization to move his nursery from 
Ponggol to Seletar, and thence to Lim Chu Kang on the opposite side of the island 
in the short course of 20 years, Mak decided to stop growing orchids altogether, and 
to switch to foliage plants. Orchid prices tumbled during the last decade of the 20th 
century because the scarcity of land led to small private gardens or no garden at all, 
and there was also the onslaught of cheap mericlones initially from Thailand and 
subsequently from Taiwan. When a rogue company attempted to corner the market 
by dumping cut orchids below production cost, the prices of orchid cut flowers also 
declined. It never recovered. Mak stopped growing orchids in 1997. He stopped 
exporting them in 2000. Given the high cost of rent, labor and water, and the 
orchids demand for constant attention and frequent replanting, fiercely competitive 
pricing from Bangkok, the move that Mak took ensured his survival as a nursery-
man. But it was a hard blow for orchids. Ironically some of his own orchid hybrids 
which he had given to Thai friends are now among the successful Dendrobium cut 
flowers from Bangkok.

Perhaps when he feels more secure, he might be persuaded to take up orchid 
growing again, even if only as a hobbyist. Mak and the founding editor of Orchid 
Biology, Reviews and Perspectives, Professor Joseph Arditti have been good friends 
for over 25 years. Because of that volume III of this series is dedicated to him.

Mok Choi Yew

Mok Choi Yew (Choi Yew Mok) was the first person to combine Ascocentrum with 
Aranda, not because he wanted to miniaturize but because he loved the free flower-
ing input from the Ascocentrum. He attached his surname to the resultant hybrid 
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Fig. 1-11. David Lim.

and called it Mokara. Such trigeneric hybrids are now making the scene in the cut 
flower trade, while Mokara Zaleha Alsagoff won the first and only FCC ever con-
ferred by OSSEA

C.Y. Mok has bred orchids for several decades and is locally famous for having 
bred the spectacular white terete Vanda Poepoe var. Diana, HCC/MOS and Phala-
enopsis Mok Choi Yew which became a stepping stone for many outstanding 
Phalaenopsis hybrids.

David Lim

David Lim (Fig. 1-11) is very much a do-it-yourself man. As such he was more 
successful in producing Phalaenopsis hybrids than in turning a profit when he ran 
his own two hectare orchid nursery in Seletar. He has registered 55 phalaenopsis 
hybrids. Lim bred Phal. Amber Delite by crossing an outstanding Phal. Teoh Tee 
Teong with a fine form of Phal. amboinensis, which hybrid won Best Plant at the 
Penang Orchid Show and for David, the coveted OSSEA’s Eric Holttum Gold 
Medal for 1987 (MOR, 1988). Phal. Teoh Tee Teong produced several fine hybrids 
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for David, such as Phal. Singapore Swing (× violacea), Phal. Toto Han (× Phal. 
Golden Buddha), and Phal. How Yee Peng (× Phal. Ambonosa). He authored a 
paper on Phal. amboinensis, one of his favorite stud species and coauthored a 
paper on breeding with Yusof Alsagoff (Lim, 1982; Lim and Alsagoff, 1989.) 
David is an accomplished photographer and maintains an excellent photographic 
record of his studs and hybrids. David Lim served on the Committee and on the 
Awards Panel of OSSEA for many years during the 1970s and 1980s but has now 
taken a back seat.

Phoon Yoon Seng

Phoon Yoon Seng (Yoon Seng Phoon; Fig. 1-12) knows as much about the orchids 
of Singapore as any expert today. He has served on the Committee of the Orchid 
Society of South East Asia for nearly 40 years and was editor of its monthly bulletin 
and Chairman of the Panel of Judges for many years. Phoon has contributed numer-
ous articles and photographs to the Malayan Orchid Review (Phoon, 1981, 1989, 
1995, 1996, 1997, 1999a, b, 2002). His original love was Paphiopedilum but today 
he has a collection of outstanding specimens of numerous genera. A retired school 

Fig. 1-12. Phoon Yoon Seng (Yoon Seng Phoon).
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principal, Yoon Seng is nevertheless a very modest man and has never pushed 
 himself forward for higher office.

Au Yong Nang Yip

Au Yong Nang Yip (or NangYip Au Yong) of Sarawak (Fig. 1-13) is already 
immortalized by Eric Hansens’ sensational characterization of his outlook and per-
sonality. However, he is included here because of his important contributions to the 
appreciation of Bornean orchids rather than any fascination over his capabilities. 
His orchids are regularly featured at Orchid Shows in Singapore and the region over 
many decades. His most famous plant is an extraordinarily clear yellow Vanda 
dearei that is perfectly round with overlapping tepals of excellent shape, size and 
substance. However, his collection is vast and includes old hybrids that he acquired 
at great cost from Singapore and fine clones of Phalaenopsis and Paphiopedilum 
native to Sarawak. His knowledge of these plants is encyclopedic. He plays an 
important role in promoting awareness and love for the orchids of Sarawak and has 
contributed to the setting up of a civic nursery and public garden in Kuching where 
flowering orchids are on regular display.

Fig. 1-13. Au Yong Nang Yip (or Nang Yip Au Yong) of Sarawak.



26 E.S. Teoh

Anthony Lamb

Anthony Lamb (Fig. 1-14) is an authority on the orchids of Sabah. He set up the 
Tenom Orchid Centre which is a showcase for the orchids of the state. Following 
his studies at Cambridge and the University of the West Indies, he went to Sabah 
in 1962 to commence a career in agriculture in the Tawau area. His professional 
career involved oil palm and cocoa but his wider interest covered many aspects of 
agriculture as well as conservation. He made surveys for the World Wild Life Fund 
for Nature and the Sabah Parks and he is a member of the IUCN Orchid Specialist 
Group Species Survival Commission. He is celebrated for his knowledge of Sabah 
orchids but is also an expert on rhododendrons, hoya, gingers and pitcher plants. 
He has many publications on orchids and other subjects and participates in many 
international shows and seminars as judge and speaker (Lamb, 1978, 1985, 1993; 
Verme ulen and Lamb, 1988). He was elected an OSSEA Fellow at the 17th World 
Orchid Conference in Shah Alam, Malaysia in 2002.

Fig. 1-14. Anthony Lamb.
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Ooi Leng San

I came to know Ooi Leng San (Leng San Ooi) in 1964 when I was in charge of 
Butterworth Hospital. At that time he already had a large collection of cattleyas 
which were not the most free flowering orchids in the equatorial lowland but they 
certainly were the hardiest. Ooi Leng San also grew Vanda and Ascocenda which 
were among the most popular orchids at that time. He owned a huge piece of land 
and a kiln that made bricks and pottery, the latter a welcome tie-up with his orchid 
interest. Ooi Leng San’s interest inspired his son, Michael to develop an interest in 
orchids, and it is Michael who eventually became a well respected orchid expert in 
Peninsular Malaysia. Father and son established a fine collection of popular local 
species and bred with them – Phalaenopsis (in particular P. violacea), Paphiopedelum, 
Bulbophyllum, and Grammatophyllum, The Phal. Penang series are line bred from 
the better strains of P. violacea which include the alba strain and they are being 
incorporated into some of the Taiwanese breeding programs. Michael’s son will 
continue their family tradition of caring for the native orchids and their hybrids.

Cheah Kheng Cheong

Isolated at Malim Nawar near the city of Ipoh Cheah Keng Cheong (Keng Cheong 
Cheah) led in Phalaenopsis hybridization in Perak and his name appeared fre-
quently in the hybrid register during the 1960s. The state is home to Phalaenopsis 
violacea and Vanda hookeriana. Kheng Cheong’s pioneering work played an 
important role in promoting orchid cultivation in the state which remains a centre 
for Phalaenopsis breeding in Malaysia.

Lum Hon

Lum Hon (Hon Lum) is the sole proprietor of Lum Chin Orchid Nursery in Malaysia. 
He made numerous hybrids which are important to the cut flower industry and also 
bred the 1991 Eric Holttum Gold Medal Winner, Christieara Christie Low. The 
Chinese educated Lum Hon is shy and reclusive, but he is generous with his orchids.

The Ladies

Before 1980, Asian women in Singapore and Malaysia preferred to work behind the 
scene, and seldom sought to be recognized in their own right. The same is not true 
of their European sisters who gained suffrage a century earlier. Thus, the orchid 
circle was familiar with Gracia Lewis and Wendy Scott who both played major 
roles in the Malayan Orchid Society while the local women remained in the back-
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Fig. 1-15. Gracia Lewis.

ground although they did much of the work with their husbands’ collections and in 
supporting and running the Orchid Society.

Gracia Lewis

Gracia Lewis (Fig. 1-15) was well known in her own right having spoken at the 3rd 
and 4th WOC: She is the breeder of many excellent early hybrids. In her case, her 
husband Max, is the one who takes a back seat although he was an active member 
of the MOS. He was a real gentleman who believed that his wife should have the 
limelight. Nevertheless, Max served on the Committee of the Malayan Orchid 
Society and took on the onerous task of Chairman of the Organizing Committee for 
the 4th WOC held in Singapore in 1963. During the 1950s and 1960s, the MOS, 
and later OSSEA, held their monthly meetings at the premises of Frazer & Neave, 
of which Max was then managing director. Being not a rich organization, the orchid 
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society needed gracious organizations to allow the use of their premises for free to 
hold its monthly meetings.

Gracia Lewis maintained a large garden of fine orchids and won two FCC from the 
RHS at the 1954 Chelsea Flower Show for Vanda Tan Chay Yan, var. Pride of Malaya 
and Vanda Rothschildiana var Doo. Between 1959 and 1967, ten of her plants won an 
Award of Merit from MOS/OSSEA. These are truly remarkable achievements. The 
Vdnps. Patience var Francine was Lee Kim Hong’s hybrid raised by Singapore Orchids. 
Gracia herself bred 23 hybrids, some of which were registered by Singapore Orchids 
Ltd., after Gracia returned to England (Elliot et al., 2005). Among the best known are 
Aranthera Gracia Lewis (Arnth. Mohamed Haniff × Ren storiei); the clone Burong 
Merah which was granted an Award of Merit by MOS in 1964 is perhaps the largest of 
the Arantheras: and Aerides Max Lewis (A, odorata × jA. arkiana).

Wendy Scott

Ronald Scott (Fig. 1-16) was the Managing Director and later Chairman of the 
Straits Times Press, a president of the Malayan Orchid Society and its staunch 
 supporter. With Wendy as the editor of the Malayan Orchid Review, Ronald took 

Fig. 1-16. Ronald Scott and Sum Lai Wah (right).
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care that the magazine was well produced and in color as soon as color printing 
became available. The high quality of the Malayan Orchid Review played an impor-
tant role in gaining worldwide recognition for the Malayan Orchid Society. Ronald 
and Wendy also helped the Society mount its exhibits at various World Orchid 
Conferences.

One of the earliest and most successful cut flower scorpion orchid is the lovely 
mauve Aranda Wendy Scott (Arach. hookeriana × V. Rothschildiana) (Fig. 1-17). 
It has an Award of Merit from the Royal Horticultural Society and the Malayan 
Orchid Society.

Fig. 1-17. Aranda Wendy Scott (Arach. hookeriana × V. Rothschildiana).
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Rosalind Lee

Rosalind Lee is the wife of Lee Kim Hong who founded Singapore Orchids Ltd. 
and started the lovely Mandai Gardens of Singapore Orchids together with John 
Laycock. She and Amy Ede (Fig. 1-18) assisted their husbands in setting up and 
maintaining the beautiful orchid landscapes of Mandai which were a prime 
tourist attraction from the 1960s to the 1990s. The ladies were also responsible 
for collecting, packing and shipping the pioneering orchid exports of the 1960s. 
When the Malayan Orchid Society appealed for orchids to mount their display 
with 1,600 sprays at the 1960 Chelsea Flower Show to back their bid to host the 
4th World Orchid Conference in Singapore, they ended up receiving 2,400 
sprays from 45 well wishers in Singapore and Malaya. Rosalind and her hus-
band Lee Kim Hong, confident after their successful trial in sending cut orchids 
around the world and finding the flowers still fresh when they arrived back in 
Singapore, undertook the packing which ended up in 35 cartons and 4 wooden 
boxes. At the London end, Amy and John Ede and the G.H. Addisons received, 
unpacked and treated the flowers. Only two sprays were discarded while 1,606 
sprays were included in the exhibit. This MOS Exhibit of orchid cut flowers 
received a Gold Medal and the Queen complimented the MOS on their exhibit. 

Fig. 1-18. Amy Ede and Rosalind Lee.
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It consisted of 60 sprays of Arachnis Maggie Oei, 370 Aranda hybrids of 
 various colours, 180 red Aranthera hybrids, 20 Renanthera, 390 terete, semi-
teret and quarter terete Vanda that included Vanda Miss Joaquim and Vanda Tan 
Chay Yan, 70 strap leaf Vanda hybrids, 450 Dendrobium, 60 Spathoglottis and 
Oncidium Goldiana var. Golden Shower, and 6 Rhynchostylis retusa of which 3 
were of the alba form. A beautiful photograph of this exhibit is featured in the 
MOR Vol 6/1, 1961.

Amy Ede

Amy Ede and Rosalind Lee (Fig. 1-18) worked almost as a pair assisting their 
 husbands John and Kim Hong with the care of Mandai Orchid Gardens, its breed-
ing program and the raising of their own hybrids, and the handling of cut orchids 
for export. Interest in Singapore orchids as cut flowers had emerged after the 1957 
Chelsea Flower Show and with improvement in air travel, this was a window of 
opportunity for the local growers who hitherto had only been able to supply outlets 
in Singapore, Peninsular Malaya and Hongkong. Lee Kim Hong and John Ede 
urged local growers to strive for the quality required for export (MOR 6/1: 16–17, 
1960). Singapore Orchids handled their produce. In the early days, gift parcels of 
exotic orchids to England, the USA, South Africa and Europe, peaking at Christmas, 
formed the mainstay of orchid exports from Singapore. Amy Ede took charge of 
Mandai Gardens for many years after the retirement of Lee Kim Hong and Rosalind 
and the demise of John Ede. Mandai Gardens was bought over by Heah Hock Heng 
in 2004.

Singapore Orchids had their own breeding program which stood apart from 
other Singapore breeders. They used their own stud plants and generally they do not 
repeat or line breed from crosses made by other breeders.

Ong Siew Hong

Madam Ong Siew Hong (Siew Hong Ong) was the wife of Tan Chee Tong 
(Chee Tong Tan), a distinguished orchid grower and breeder of Vanda and 
Dendrobium during the 1950s and 1960s. They raised many awarded plants which 
bear the varietal name, Siew Hong, and Dr. Yeoh Bok Choon ranked the Siew Hong 
variety of V. Tan Chay Yan as one of the loveliest. It was awarded the Best Vanda 
Cut Flower at the 2nd World Orchid Conference in Hawaii.

They contributed excellent cut flowers for the Society’s exhibits at various inter-
nal shows. In their family the orchid tradition continues: Ong Siew Hong and Tan 
Chee Tong are the parents of Dr. Tan Wee Kiat.
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Madam Yong

Madam Yong, the mother of Yong Kok Wah (Kok Wah Yong) was one of the most 
skillful commercial orchid growers during the 1960s and 1970s. Having undergone 
an operation to remove kidney stones, her husband was only permitted to entertain 
friends while she did all the work looking after a two hectare orchid farm and daily 
harvesting the orchid for export. Her green Den. Yong Kok Wah was the unchal-
lenged green Dendrobium in the 1970s and it is the parent of many important com-
mercial Dendro bium produced in Singapore and Thailand. Her secret was the 
constant use of dilute matured porcine manure and a modest amount of a slow release 
fertilizer.

It will be noticed that I have not included extensive discussions of Professor Eric 
Holttum, John Laycock, Emile Galistan and Dr. Tan Wee Kiat in my list because 
these four names are already world famous and they will forever be associated with 
the orchids of Singapore. I have also not mentioned Peter O’Byrne, Dr. Yam Tim 
Wing (Tim Wing Yam) Dr. John Elliott, Peggy Tan, Wendy Chew, Law Moi Hwa 
(Moi Hwa Law) and others who are active in the contemporary orchid scene 
because their contributions will be best summed up at a later date.

Glossary

AM. Award of Merit. This is awarded by 
a panel of experts of an orchid society 
to recognize the excellence of a spray 
of flowers of an orchid hybrid. Some 
societies insist that the awarded 
hybrid should excel both parents.

Amphidiploid. A doubling of the chro-
mosome number in a heterogenous 
genome.

FCC. First Class Certificate. The high-
est floral quality award given by an 
orchid society. This ranks above the 
Award of Merit.

HCC. Highly Commended Certificate is 
an intermediate award given by an 
expert panel of an orchid society to a 
hybrid that is outstanding but jut fall-
ing short of the standard of an Award 
of Merit. On a different  occasion this 

hybrid may or may not produce a 
flower spray of a higher standard.

Line breeding. A series of crosses or 
hybridizations that keeps reintroduc-
ing the genetic material of a desirable 
parent, either in part or in whole.

MOS. Malayan Orchid Society, founded in 
1928 an headquartered in Singapore.

OSSEA. Orchid Society of Southeast 
Asia was the new name adopted by 
the Malayan Orchid Society when 
Singapore separated from Malaysia 
in 1965

Polyploid. A plant possessing more than 
the normal two sets of paired 
chromosomes.

Tetraploid. Possessing four sets of 
chromosomes.

WOC. World Orchid Conference.
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Introduction

A tropical orchid, Vanilla (Fig. 2-1D) was first brought to Europe in 1510 by 
the Spanish as a perfume (Lawler, 1984). Clusius (Fig. 2-1A) published what 
may be the first notice about it in his Theatrum Botanicum (Fig. 2-1A). The first 
plant may have reached England in 1739 (Lawler, 1984). Bletia verecunda (now 
a synonym of Bletia purpurea, Fig. 2-1F) was the first tropical orchid cultivated 
in England (Lawler, 1984). A plant received by Peter Colinson (Fig. 2-1B) from 
the Bahamas in 1731 was cultivated by Admiral Sir Charles Wager (Fig. 2-1G). 
Even before that a North American “Ladyes Slipper” (Fig. 2-1C) was reported 
to have been brought from North America and drawn by Sydney Parkinson 
(Parkinson, 1640; Lawler, 1984). A number of other orchids were brought to 
Europe between the 1640s and 1800. Still, tropical orchids remained a mystery 
and a source of fascination even as late as the 1860s when Darwin became 
interested in orchid pollination while vacationing at Torquay on the Devon 
coast with his daughter Henrietta. Once he became interested in orchids, 
Darwin was not satisfied with his own observations on British orchids. He read 
widely and corresponded extensively with a remarkable German botanist in 
Brazil, Fritz Müller (Fig. 2-2).

Fritz Müller

It is not uncommon for scientists to be progressive and free thinkers, disagree with 
established ideas, clash with autocratic regimes and run afoul of dogma. Galileo’s 
(1564–1642) clash with the Church is probably the best known such conflict. In the 
Soviet Union those who disagreed with Trofim Lysenko (1898–1976), a charlatan 
who managed to pervert genetics under the banner of Marxism, ended in the Gulag 
and suffered or perished (Medvedev, 1971). The French revolution beheaded 
Antoine Lavosier (1743–1794) and the cultural revolution sent many “bourgeois” 
scientists to learn from the peasants. And, in the Germany of the 1852 it was not 
wise to disagree with Otto von Bismark (1815–1898), the Iron Chancellor.

Johann Friedrich Theodor ‘Fritz’ Müller (1821 or 1822, Thuringia, Germany-
1897, Blumenau, Brazil; Fig. 2-2) began to question religion and became an atheist 
in 1846. He refused to take the medical oath in Germany at the time because it 
included the words “so help me God.” Müller was also a supporter of the Prussian 
revolution in 1848 and held views which were too liberal for the regime. Therefore 
he had to leave the country (W. F. H. B, 1897). He left in 1852, settled in Brazil and 
reported on his numerous observations in journals and in an extensive correspondence 
with several scientists in Germany and Charles Darwin.

Müller became an early convert to the theory of evolution and in 1864 wrote his 
book Für Darwin (Fig. 2-2A) in which he used Brazilian crustaceans to support 
Darwin’s views. He also corresponded extensively with Charles Darwin (Fig. 2-2C) 
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Fig. 2-1. The first orchids in Europe and persons associated with them. A. Charles l’Écluse, 
Carolus Clusius or Clusius (1526–1609) who published the first botanical notice of Vanilla and 
the cover of his Theatrum Botanicum. B. Peter Colinson (1694–1768). C. Cypripedium acaule, 
one possible “sort of our Ladyes Slipper” (Parkinson, 1640) from North America. D. Vanilla 
flower. E. Sydney Parkinson (c.1745–1771). F. Bletia verecunda flower. G. Sir Charles Wager 
[(1666–1743); (A, B, D, E and G, J. Arditti’s collection; B, Wikipedia; C, courtesy Charles 
Cleland; D, J. Arditti; F, T. W. Yam).
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about orchids. Some of his letters and reports dealt with the effects of orchid pollen 
(Fig. 2-3B, 2-3D–2-3I) on flowers (Müller, 1868, 1886; Darwin, 1904; for a review 
see Avadhani et al., 1994) which Darwin described in The Variation of Animals and 
Plants Under Domestication, volume 2 as being “injurious and poisonous.” Darwin 
seems to have accepted Müller’s views and this lead to their wider acceptance. 
Müller’s writings about orchids are very interesting and deserve a separate treatment. 
They will not be discussed in this chapter.

Fig. 2-2. Johann Friedrich Theodor ‘Fritz’ Müller (1821–1897) in Brazil during different stages 
of his life (Moeller, 1920, Wikipedia).
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Fig. 2-3. “For Darwin,” Darwin and orchid pollinia. A. Cover of an English translation of Fritz 
Müller’s book Für Darwin. B. Stanhopea pollinarium. C. Charles Darwin. D. Phalaenopsis pollinia. 
E. Cymbidium pollinarium. F. Catasetum pollinarium. G. Oncidium pollinarium. H. Masdevallia 
glandulosa pollinia. I. Cattleya pollinia. (A, facsimile of Muller’s 1869 Facts and Arguments for 
Darwin; B, D–F, I, J. Arditti; C, J. Arditti’s collection; G, H, courtesy Lotte and Thomas).

Hans Fitting

The “theory that [was] very common in the older German literature on pollination 
biology, namely that the pollinia of many exotic orchids act like a poison during 
cross-pollination” attracted the attention of Hans Fitting (Fig. 2-4) in 1907 who 
also read a letter by Müller to Darwin dated 1 January 1867 which “elaborates on 
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the toxicity of the orchid pollinia” [the statements in quotes are from a letter dated 
10 November 1969 by the late Hans Fitting to Joseph Arditti (J.A.) translated by 
Hubert Kurzweil (H.K.); Appendix 1].1 He obtained a travel grant and visited the 
Bogor Botanical Gardens in Indonesia to study the phenomenon.2

Johannes Theodor Gustav Ernst ‘Hans’ Fitting (Fig. 2-4) was born on 23 April 
1877 in Halle a. d. Salle, Germany, the son of Herman Fitting a Professor of Law 
and his wife Clara (maiden name Merkel). At the age of nine young Hans declared 
that he will become a “Blumenprofessor” (Professor of Flowers). After attending 
gymnasium (1886–1895) and university in Halle (1895–1896) he served in the 
military (1896–1897). In January of 1900 Fitting became a doctoral student under 
H. Graf zu Solms-Laubach (1842–1915) and was granted a degree summa cum 
laude (Halbsguth, 1962, 1974). Due to lung disease Fitting had to take time off 
work and spend the first half of 1901 in the mountains.

After recovering Fitting worked with Wilhelm Pfeffer (1845–1920) in Leipzig3 
for a year (fall 1901–1902). He accepted a position under Professor Herman 
Vöchting (1847–1917) in Tübingen in October 1902 and remained there until the 
fall of 1907 when a Deutschen Reichs tropical stipend made it possible for him to 
travel until June 1908 and visit Sri Lanka (then Ceylon) and Java (specifically the 
Bogor Botanical Gardens). At Bogor Fitting carried out numerous experiments 
often as early as 06:00 and sometimes even earlier. Fitting seems to have enjoyed 
his stay in Bogor because he inquired about the gardens with interest and concern 
sixty years later in one of the letters1 to J. A.

1 In advanced age and suffering from heart problems when he wrote three letters to JA in longhand. 
They are dated 2 November 1969, 10 November 1969 and 10 December 1969. The letters include 
many details and citations and are very clear. Prof. Fitting clearly enjoyed being remembered and 
reminisced about work he did 61 years in the past with obvious pleasure.

Professor Kenneth V. Thimann recalled meeting Fitting at the 1935 Botanical Congress in 
Amsterdam and wrote that “he was in good form and gave a talk, not about pollination…he must 
have been 60 years old at the time, but was very lively” (letter by Prof. Kenneth V. Thimann to 
J. A. dated 27, January 1971).

The late professor Frits W. Went, the discoverer of auxin, wrote about Fitting that he “was…an 
indefatigable digger of facts which he published in incredible detail…but somehow, he always 
missed the boat.” In “his work on the transmission of the phototropic stimulus…he failed to notice 
that most of his results were due to leakage across a wound gap…I was not impressed with his sci-
entific reasoning…Every botanist had assumed that the stomata of desert plants would be closed, but 
Fitting…found that they were wide-open. His explanation was…‘of course they should be open, 
otherwise the leaves could not photosynthesize. He did not even mention the opposite argument that 
they should be closed to conserve water” (letter dated 19 June 1974 by Prof. F. W. Went to J. A.).

Mrs. Sigrid Fitting provided photographs and details about Professor Fitting after his death.
All letters and photographs are part of the reprints collection J. A. donated to the Singapore 

Botanic Gardens.
2 The names of orchids employed by Fitting in his experiments which are used in this chapter are 
those he included in his papers. Currently accepted names are listed in Appendix 2.
3 There is an indirect connection to orchids in Fitting’s association with Pfeffer. Prof. Lewis 
Knudson’s used Pfeffer’s solution in the research which lead to his first solution (Knudson B) for 
the asymbiotic germination of orchid seeds.
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On returning from Indonesia Fitting was appointed Associate (Extraordinarius) 
Professor at the University of Strasbourg.4 He assumed the position in the summer 
of 1908 and carried out additional research on orchids there. In March–April 1910 

Fig. 2-4. Hans Fitting during various stages of his life. A. In mid life. B. In 1969. C. Teaching 
in the greenhouse, University of Bonn. D. In 1970 shortly before his death. E. Photograph from 
about the time he went to Bogor. Signature is from later with 1877 indicating year of birth.

4 We thank Dr. Wolfgang Zierau, Institute of Solid State Theory, Westfälische Wilhelms 
Universität, Muenster, Germany for explaining the mysteries of German university titles.
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Fitting left Strasburg for a 2.5 months study tour of Algerian Sahara. After that he 
accepted a position as Associate (Extraordinarius) Professor at the University of 
Halle and remained there until the fall of 1911. He left Halle to become Full 
Professor at the Colonial Institute in Hamburg and Director of the State Botanical 
Garden in the same city. While in Halle Fitting must have spent time in pursuits 
other than botany because he married Sigrid Meyer, the daughter of a University of 
Halle official in the summer of 1911. They had two daughters and three sons. All 
sons served in the military during World War II. The youngest, Rudolf, a lieutenant 
in an anti tank armored unit was killed between 15 and 16 of October 1943 in 
Volturno, Southern Italy.5

In 1912 Fitting was appointed to succeed Eduard Strasburger (1844–1912)6 
as Full Professor (Ordinarius) at the University of Bonn. This was one of the 
most prestigious botanical professorships in Germany and Fitting further 
increased its prestige. He remained at the University of Bonn for the rest of his 
life, became one of the best known plant physiologists in Germany at that time, 
retired on 1 October 1946 and was Professor Emeritus for the rest of his life.

World War II was not kind to Fitting and his wife. As already mentioned they 
lost one son in Italy. In addition, their house was destroyed during an air raid. The 
botanical institute was also damaged by a bomb. After the war, the University was 
reopened in the fall of 1945 with Fitting as Dekan (academic head) of the 
Mathematics and Natural History Faculty. His lack of the support for the Nazi 
regime and the saving of his Jewish colleague V. Simon served him in good stead 
during the postwar years (Halbsguth, 1974).

Fitting rebuilt his house in 1952 and remained in relatively good health until 
1962. He had a heart attack then (his age was 85), but survived it. He died on 6 July 
1970 at 93. When one of us (J. A.) initiated research on post pollination phenomena 
of orchid flowers in the late 1960s it did not seem reasonable to assume that 
Professor Fitting was still alive. As a result J. A. failed to visit Prof. Fitting on his 
trip to Germany in 1968. When the late Professor Erich L. Nuernbergk informed 
J. A. that Fitting was alive, Miss Brigitta H. Flick, J. A.’s technician at the time visited 
and photographed him in 1969 (Fig. 2-4B).

5 Professor Erich Nuernbergk, an opponent of the Nazi regime in Germany, told one of us (J.A.) 
that Fitting also opposed the Nazis and helped Jewish colleagues (one of them being V. Simon) 
escape to safety. Fitting described himself as not being politically active, but a member of the 
Deutschen Volkspartei (according to Dr. Zierau this party which existed during the Weimar 
Republic in Germany was conservative and pro monarchy, but not pro Nazi).
6 Eduard Strasburger was the first botanist to fix tissues and stain them and to describe meiosis and 
mitosis between 1877 and 1885. He coined the terms phototaxis, cytoplasm, nucleoplasm, 
prophase, metaphase, anaphase, plasmodesmata, haploid and diploid.



Fitting’s Research on Pollination and Developmental Physiology 
of Orchid Flowers

The “Tropen (or Buitenzorg) Stipendium des Deutschen Reiches” (Halbsguth, 
1962, 1974) made it possible for Fitting to engage in research at the Bogor (then 
Buitezorg) Botanical Gardens in Indonesia from September or November 1907 
until June 1908 (Halbsguth, 1962, 1974). While in Bogor the 30 years old Fitting 
(Fig. 2-4E) carried out a total of 79 numbered experiments (some simple and con-
sisting of one part and others multi part and elaborate), and many more that were 
mentioned but had no numbers (Fitting, 1909a, b). He described his experiments in 
great detail. At present his descriptions would be considered to be excessive, excru-
ciatingly ponderous and tedious. Many of the details he provided are simply unnec-
essary. On the other hand the details about how he worked provide an insight into 
the mind of an influential plant physiologist and explain why Fitting became so 
well known during his life-time. In addition to being a resourceful and clever inves-
tigator Fitting was also a very hard worker. To carry that many experiments in the 
relatively short time he had, Fitting often started to work at 06:00 and worked 
10–12 h a day 7 days a week.

Pollination and Other Applications to Stigmas

Despite being familiar with both Müller’s and Darwin’s writings Fitting established 
his own baselines (Table 2-1). He carried out his experiment with several orchid 
species (Figs. 2-5–2-9) probably for two reasons. One reason may have been his 
intent to determine whether the effects of pollen were universal or at least wide-
spread in the Orchidaceae or limited to a few species. The second reason was prac-
tical: Even at the Bogor Botanical Gardens there was often a shortage of flowers of 
a single species (Fitting, 1909a, b). For this reason he also had to use a single flower 
for some experiments (i.e., there were no replications).

He pollinated flowers (self, cross, geitonogamous and xenogamous) and 
observed that in most cases pollination caused swelling of the ovary and gynoste-
mium not long after the application of pollen to the stigma and shortened the life 
span of the flowers. Exceptions were flowers of: (1) Liparis latifolia (Fig. 2-8E) 
which did not wilt after six days (Table 2-1), (2) Cymbidium sanguinolentum (now 
Cymbidium chloranthum) which did not exhibit pronounced wilting, and (3) 
Phalaenopsis violacea (Fig. 2-8C) which yellowed, closed (Table 2-1) and under-
went major changes (Fig. 2-6F) and, as shown by recent research (Tran et al., 
1995), producing chlorophyll and probably becoming photosynthetic.

Fitting emasculated flowers of Rhynchostylis retusa (Table 2-1) and reported 
that changes were slower to occur than after pollination. This is in line with our 
current knowledge about the induction of post pollination phenomena and floral 
senescence in orchid flowers (Avadhani et al., 1994). He also made cuts in the 
gynostemium (Fig. 2-7H) and reported that the flower did not wilt even after 2 weeks 
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Fig. 2-5. Post-pollination hyponasty of lateral petals and floral aging in Phalaenopsis amabilis. 
A. Unpollinated flower. B–I. Post-pollination phenomena. J. Sand in stigma of emasculated 
gynostemia. K. Sand in stigma of an intact gynostemium. L. Sand. (J and K are computer-generated 
simulations). Explanation of symbols: co, column (gynostemium), ds, dorsal sepal; la, labellum 
(median petal); lp, lateral petal; ls, lateral sepal; ov, ovary (source: J. Arditti; some of the pictures 
were taken in Changi Airport, Singapore where one of the terminals was decorated with hundreds 
of Phalaenopsis plants).
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Fig. 2-6. Post-pollination phenomena in Phalaenopsis flowers. A-E. Senescence of perianth. 
D. Swelling of ovary. E. Greening and swelling of gynostemium. F. Phalaenopsis violacea. 1 
unpollinated flower; 2–5 changes following pollination. Explanation of symbols: co, column 
(gynostemium), ds, dorsal sepal; la, labellum (median petal); lp, lateral petal; ls, lateral sepal; 
ov, ovary (Photographs and montage by J. Arditti).
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Fig. 2-7. Rhynchostylis retusa, a species used by Hans Fitting in his experiments. Explanations 
are on the figure itself (A, B, T. W. Yam, C–E, Fitting’s papers).
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Fig. 2-8. Orchids used by Hans Fitting in his experiments. A. Dendrobum antennatum. 
B. Cymbidium sanguinolentum. C. Phalaenopsis violacea. D. Cymbidium finlaysonianum. 
E. Liparis latifolia. F. Coelogyne pandurata. G. Oncidium incurvum. H. Vanda tricolor. 
I. Coelogyne asperata. J. Phalaenopsis esmeralda. (A–C, F–J, T. W. Yam and J. Arditti; D, E, 
courtesy Eric Hunt).
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Fig. 2-9. Aerides odorata and Aerides falcatum. A. Front view of flower of Aerides odorata. 
B. Front of column of Aerides odorata showing detached pollinia inside anther cap. C. Column and 
ovary of Aerides odorata: a, front view of untreated gynostemium; b, side view of untreated ovary 
with labellum; c, front view of swollen gynostemium following application of pollen extract to 
stigma; d, side view of ovary with labellum following application of pollen extract to stigma. 
D. Side view of flower of Aerides odorata. E. Inflorescence of Aerides odorata. F. Pollinarium of 
Aerides falcatum (A, D, E, T. W. Yam and J. Arditti; B, F, courtesy Heinz Schneider; C, Fitting, 1909).
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(Table 2-1). This is surprising since the cuts can be expected to evolve wound eth-
ylene which would cause senescence. Removal of the gynostemium (Fig. 2-7C, F) 
also did not cause floral senescence (Table 2-1). It is possible that in both cases (Fig. 
2-7C, F, H) the cuts were not severe enough to induce copious ethylene evolution. 
That this may be the case is suggested by the fact that crushing the gynostemium 
(Fig. 2-7G) did bring about senescence (Table 2-1).

For reasons which he did not explain, Fitting applied aqueous solutions of potas-
sium nitrate (10% KNO

3
) and amylase to stigmas of Rhynchostylis retusa. Both 

were without effect (Table 2-1). However when he applied an aqueous solution of 
“diastase [amylase]” to stigmas of two flowers of Cymbdium finlaysonianum both 
closed slightly after 5 days and abscised. Fitting did not explain the reasons for the 
different responses of the two species and they remain unclear. On the face of it 
there are no reasons why potassium nitrate should induce floral senescence and post 
pollination phenomena. The starch-hydrolyzing enzymes may have induced the 
slight stigmatic closure by breaking down starch reserves to glucose which raised 
the sugar levels inside cells. This in turn probably brought about water influx which 
caused the swelling that lead to stigmatic closure.

In a letter (to J. A.) about Hans Fitting, Prof. Frits W. Went1 (Fig. 2-25C) wrote 
that “he was too much steeped in the ‘stimulus’ [the German word Reizung is a 
rough equivalent] concept.” Fitting must have been concerned with Reizung even 
while in Bogor because he placed sand in stigmas of Aerides odorata, Coelogyne 
asperata, Coelogyne pandurata, Cymbidium finlaysonianum, Cymbidium sangui-
nolentum (now Cymbidium chloranthum), Dendrobium antennatum, Dendrobium 
superbum (now Dendrobium anosmum), Liparis latifolia, Oncidium incurvum, 
Phalaenopsis amabilis (Fig. 2-5D, 2-5J–L), Phalaenopsis esmeralda (now 
Phalaenopsis pulcherrima), Phalaenopsis violacea, Rhynchostylis retusa (Fig. 2-7) 
and Vanda tricolor (Table 2-1). He probably used what he described as “sand” 
without any additional details and also river sand to determine whether a purely 
physical stimulus would have any effects. The sand caused wilting in some flow-
ers, but had no effects on Cymbidium sanguinolentum and Liparis latifolia which 
also did not wilt after pollination (Table 2-1). River sand caused wilting in 
Rhynchostylis retusa, but not if it was acid washed (Table 2-1). However, both 
washed and unwashed river sand caused wilting in both Coelogyne species and 
Phalaenopsis amabilis.

These findings suggest that Cymbidium sanguinolentum and Liparis latifolia 
flowers may be incapable of ethylene production, but this speculative suggestion 
requires experimental confirmation. The different effects of acid washed and 
unwashed sand on Rhynchostylis retusa on the one hand and on both Coelogyne 
species and Phalaenopsis amabilis on the other are more difficult to explain. If 
the acid somehow rounded off edges in the sand and blunted them thereby caus-
ing the sand not to injure the stigma and not to bring about ethylene production 
the effects should have been the same on both species. The same would be true 
if the acid removed injurious substances or heavy metals which could cause 
ethylene evolution. Differential sensitivity of the species seems to be the only 
remaining explanation.
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Wounding

The possibility that sand exerted its effects by wounding the stigma lead to a 
series of experiments in which Fitting wounded gynostemia and stigmas in sev-
eral places and in different ways (Fitting, 1909a, b). He also removed portions of 
gynostemia (Fig. 2-10: Table 2-2).

Wounding or damaging the stigma in any way brought about wilting of the 
perianth, senescence and shortened the life span of flowers (Fitting could not have 
known that the wounds induced ethylene production). The exceptions were:

● Wounds in the lower or middle part of the stigma (Table 2-2). This suggests that 
not all parts of the stigma can produce ethylene or produce enough of the gas to 
bring about senescence. The rostellum is known to be capable of producing large 
amounts of ethylene (for a review see Avadhani et al., 1994). Fitting’s findings 
show that the upper parts of the stigma which are close to the rostellum have a 
similar capability.

● Wounded stigmas of Aerides odorata flowers (Fig. 2-9) which is surprising 
because pollination does bring about senescence of these blossoms (Table 2-2).

● Flowers of Armodorum sulingi (Fig. 2-11B), Dendrobium macrophyllum (Fig. 
2-11A, 2-11D), Renanthera maingayi (now a synonym of Arachnis ×main-
gayi, Fig. 2-11C) and Trichoglottis geminata (Fig. 2-11E) all of which are 
fleshy. These flower also remained fresh and did not change following pollina-
tion. Not enough information is available at present regarding post pollination 
phenomena in fleshy orchid flowers to allow speculations regarding Fitting’s 
findings with these species.

The effects of wounding are easy to explain at present: Wounding brought about 
the production of ethylene which induced senescence and other post-pollination 
phenomena (for a review see Avadhani et al., 1994). In those early days of plant 
physiology Fitting could not have known, let alone suggest the involvement of 
ethylene despite the fact that its effects on pea seedlings were already known 
(Neljubov, 1901). At a time when even solid substance, but soluble plant hor-
mones were yet to be discovered the existence of a gaseous hormone would have 
been impossible to imagine. However, the facts are that Fitting observed both 
auxin and ethylene effects.

Killed Pollinia and Pollen Extract

Even if the wounding experiments were an aspect or an extension of Fitting’s inter-
est in “stimulus” or “Reizung” his interests were wider and very advanced for his 
time. He decided to determine the effects of dead pollinia killed by submerging 
them in chloroform or boiling water and subjecting them to steam (Figs. 2-13–2-15; 
Table 2-3; Fitting, 1909a, b).
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Fig. 2-10. Experimental treatments of Phalaenopsis amabilis gynostemia. A. Wounding or 
scratching stigma with forceps. B. Scratching or wounding stigma with needle. C. Removing all 
of gynostemium above the stigma (b) and leaving only the base (a) in place. D. Crushing gynos-
temium with forceps. E. Peeling epidermis from dorsal surface of gynostemium with “Starnadel.” 
F. “Starnadel.” G. Removing tip (b) from intact gynostemium above stigma leaving the rest (a) in 
place. H. Wad of paper or cotton in stigma. I. Removing tip (b) from gynostemium without anther 
cap and pollinia above stigma leaving the rest (a) in place. J. Gynostemium removed. Explanation 
of symbols: a, base or lower portion; b, top or tip; f, forceps; n, needle (J. Arditti and computer 
generated using a digital photograph).
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Fig. 2-11. Orchids used by Hans Fitting in wounding experiments. A. Dendrobium macrophyllum, 
B. Armodorum (Arachnanthe) sulingii. 1. Plant in bloom. 2. Cross-section through gynostemium 
and stigma: left, before pollination; right, a few days after pollination. 3. Front view of gynostem-
ium: a, before pollination; b, seven days after pollination with living pollen; c, seven days after 
pollination with steam-killed pollen. C. Arachnanthe clarkei. D. Dendrobium macrophyllum. 
E. Trichoglottis geminata (Fitting, 1909; C, T. W. Yam and J. Arditti; E, courtesy Eric Hunt).

Flowers pollinated with pollinia which were submerged in chloroform for 
30 min exhibited phenomena which were the same as those which are brought about 
by live pollen. Onset of such phenomena was also equally rapid (Table 2-3). The 
phenomena were reduced in intensity following pollination with pollen which was 
soaked in chloroform for 1 h (Table 2-3).
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A B C

D

E
F

G
H

Fig. 2-12. Species Hans Fitting used in wounding experiments. A. Intact flower of Phalaenopsis 
cornu-cervi. B. Flower of Phalaenopsis cornu-cervi without gynostemium. C. Vanda insignis. 
D. Dendrobium wardianum. E. Calanthe veratrifolia. F. Oncidium flexuosum. G. Dendrobium 
superbum inflorescence. H. Flower of Dendrobium superbum without gynostemium (A, J. Arditti 
and T. W. Yam; B, the flower in A altered with Photoshop; C, T. W. Yam; D, J. Arditti; G, H, 
Orchid Album published in 1882).
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Fig. 2-13. Orchids used by Hans Fitting in experiments with live and dead pollinia and pollen 
extracts. A. Phalaenpsis amabilis. B. Stanhopea. C. Parts of Stanhopea flower. D. Coelogyne 
swaniana. Explanation of symbols: ac, anther cap; ds, dorsal sepal; gy, gynostemium; la, labellum; 
lp, lateral petal; ls, lateral sepal; ov, ovary; pm, pollinarium; po, pollinia; sp, stipe; st, stigma; vi, 
viscidium (A, the late Dr. Djunaidi Gandawijaja; B, C, D, J. Arditti and T. W. Yam).
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Fig. 2-14. Killing and extracting pollen. A. Pollen being killed and extracted with boiling water. 
B. Pollinia being extracted with cold water. C. Drying and extracting pollen extract. D. Steam-killing 
pollinia. E. Pollinia immersed in chloroform, F. Filter paper wad in stigma. G. Filter paper wad. 
H. Drop in stigma (A–H, prepared with a graphic program using separate images; C, The round 
plate-like objects are actually watch glasses which is what Fitting actually used; E, The chloroform 
bottle is old enough to be similar to the one Fitting may have had at his disposal; F, H, J. Arditti).
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Fig. 2-15. Orchid used by Hans Fitting in experiments with inter- and intra specific pollination 
as well as with live and dead pollinia A. Phaius amboinensis. B. Corymborkis veratrifolia. 
C. Paphiopedilum glaucophyllum (compiled by J. Arditti).

Fitting’s choice of killing agent was fortunate because IAA and the ethylene 
precursor, 1-aminocyclopropane-1-carboxylic acid (ACC) are not soluble or nearly 
insoluble in chloroform (Fig. 2-14E). This near insolubility may explain the differ-
ent effects of pollinia which were soaked in chloroform for 30 or 60 min. Fitting 
gave no reasons for choosing chloroform, but since auxin was not known at the time 
it is clear that he did not make his choice on the basis of solvent/solubility charac-
teristics. Had he chosen ethyl alcohol (which is usually more easily available and 
therefore would seem to be a more obvious choice) Fitting’s result would have been 
different because auxin is ethanol soluble. Soaking the pollinia in ethanol would 
have extracted the auxin and ACC and rendered the pollen ineffective. This would 
have changed Fitting’s findings and perhaps altered the course of his experiments.

Steam-killed pollinia (Fig. 2-14D) were as effective as live pollen (Table 2-3). 
However pollen killed by keeping it in boiling water (Fig. 2-14A; Table 2-3) did not 
bring about post-pollination phenomena. The reason for this is the solubility of 
auxin in hot water. This solubility is limited, but the exposure time was probably 
long enough to dissolve sufficient auxin from the pollen to render it ineffective. 
After these experiments Fitting concentrated and dried the extracts in watch glasses 
(Fig. 2-14C), extracted and/or redissolved them in several solvents and applied the 
resulting solutions to stigmas as drops (Fig. 2-14H) or in wads of filter paper (Fig. 
2-14F, G; Table 2-3). A number of the extracts induced post pollination phenomena 
(Table 2-3). Cold water extracts (Fig. 2-14B) had a similar effect (Table 2-4). 
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These extraction and redissolving experiments (Fitting, 1909a) showed (Table 2-5) 
that the active principle could be extracted by water and ethanol.

The extraction experiments suggested to Fitting that the effects of pollen are due 
to a chemical and this lead him to test a number of substances (Table 2-6; Fitting, 
1909a). Fitting did not give any reasons for selecting the substances he tested. The 
selection of substances (Table 2-6) makes no sense at present and may not have 
been logical even in 1907. Therefore it is possible that he simply used whatever was 
easily available to him in Bogor at the time. Of the substances he used only 5% 
sucrose had an effect (Table 2-6) on a single flower of Phalaenopsis amabilis. This 
effect is hard to explain and one is tempted to invoke a dictum which may not have 
been unfamiliar to Fitting: Ein Versuch, kein Versuch (one experiment, no experi-
ment). One possible explanation is that the sucrose acted as an osmoticum which 
caused an influx of water into the stigma and gynostemium.

Inter-Specific and Inter-Generic Pollination

Fitting’s carried out all of his initial work by pollinating flowers with pollen of the 
same species. After that he studied the effects of pollinia of one orchid species on 
the stigmas of another and found that intra and inter taxon pollination had the same 
effects (Table 2-7). This is not surprising at present, but must have been a new and 
interesting finding at the time. Fitting’s finding that some extracts of vegetative 
organs and a floral segment brought about post pollination phenomena (Table 2-8; 
Fitting, 1909a) must have been puzzling. At present these effects can be explained 
by the presence in the extracts of: (1) auxin and/or its precursors, and/or (2) ethyl-
ene precursors and/or substances which can induce its production.

Effects of Pollen of Non-Orchidaceous Plants

Having established that orchid pollinia have the same effects regardless of whether 
flowers are pollinated with: (1) their own pollen (i.e., self pollinated), (2) pollen from 
another flower of the same species, (3) pollen from flowers of other orchid species, 
(4) pollen from other orchid genera. Fitting took the next logical step. He determined 
whether pollen from several non-Orchidaceous plants (Fig. 2-16; Table 2-8) had the 
same effects as orchid pollinia. What he found was that the non-Orchidaceous pollen 
caused orchid flowers to wilt and senescence (all effects of ethylene), but did not 
bring about swelling of the gynostemium and stigmatic closure (both are auxin 
effects). What this means is that non-Orchidaceous pollen can induce ethylene evolu-
tion but does not contain any or enough IAA to bring about auxin effects. This is not 
surprising in view of the fact that orchid pollinia contain very high auxin levels (for 
a review see Avadhani et al., 1994), perhaps higher than in any other pollen.
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Fig. 2-16. Plants whose pollen was applied to orchids by Hans Fitting. A. Eucharis grandiflora 
Planch., Amarillidaceae. B. Alpinia hookeriana, Zingiberaceae. C. Hedychium sp., Zingiberaceae. 
D. Canna sp., Cannaceae showing anther. E. Hibiscus rosa-sinensis, Malvaceae (A, Lemaire, 
1854; B, courtesy Aoki Shigenobu, Maebashi, Japan; C, E, J. Arditti; D, courtesy The Digital 
Flora of Texas).
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Effects of the Location of Pollen Insertion

Fitting placed the pollen in stigmas in his initial experiments (Tables 2-1–2-8). 
In another series of experiments (Fig. 2-17; Table 2-9) he placed living and 
dead quarter pollinia sections inside gynostemia. Both the living and dead sec-
tions induced swelling of gynostemia and ovaries, stigmatic closure and wilting 
of the flowers regardless of where they were placed. Induction of these post-
pollination phenomena is an indication that auxin and ACC diffused from the 
pollen section and that there was ethylene evolution. The latter could have been 
caused by auxin from the pollinia, the wounding of the gynostemium which 
must have been caused by the insertion of the sections, or ACC which diffused 
from the pollen.

The rostellum is a major site of ethylene evolution in pollinated orchid flowers 
(see Avadhani et al., 1994 for a review). Therefore it is not surprising that a pollin-
ium section placed below it caused post-pollination phenomena.

A pollinium section placed in a stigma following removal of the stigmatic fluid 
also brought about post-pollination phenomena which are induced by auxin or eth-
ylene. The latter is not surprising since removal of the fluid may have injured the 
stigma and caused ethylene evolution. Auxin-induced phenomena are more diffi-
cult to explain because movement of the hormone from the pollen section to the 
stigma requires a fluid. One possible explanation is that the stigma produced new 
fluid following the removal. Another possibility is that moisture from stigmatic 
cells facilitated diffusion of auxin from the pollen. It is also possible that Fitting did 
not remove all the fluid from the stigma.

These experiments were followed by studies of the nature of the active principle 
and lead Fitting to suggest that the active substance in orchid pollinia was a hor-
mone (Table 2-5) which came to be known as Pollenhormon (Fitting, 1909a, b, c, 
1910, 1911, 1912, 1921, 1936).

Fitting’s experiments required a very large number of flowers. Even in Bogor he 
could not find enough flowers of any one orchid and used many species (Tables 
2-1–2-4). He liked to work with Phalaenopsis (Figs. 2-5, 2-6, 2-10) and Cymbidium 
(Fig. 2-8) because the flowers are large and the phenomena are easy to observe. On 
his return to Germany he repeated some of the experiments with another large-
flowered orchid with easily observable post-pollination phenomena, Cattleya 
(Fitting, 1910). After his experiments with Cattleya (Figs. 2-15, 2-18, 2-19) Fitting 
seems to have lost interest in orchids and pursued other avenues of research. He 
never worked with orchids again although he did mention them in several papers 
(Fitting, 1911, 1912, 1921, 1936).

One reason why Fitting abandoned orchids suggested by Professor Frits 
Warmolt Went (1903–1990) is that “he was too much steeped in the ‘stimulus’ 
concept” (letter dated June 19, 1974 to J. A.). Because of that Went concluded 
that Fitting’s “work on orchid pollination, which could easily have led to an 
explosion on plant hormone work, did not have any lasting effect.” In a way Went 
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Fig. 2-17. Approximations of where Fitting placed pollinia quarters in gynostemia. The pollinia 
quarters were placed on the outside of the gynostemia in this illustration so that they and their 
approximate locations can be seen. Fitting placed them inside where they would not be visible 
except in sections. A. One quarter of living pollinium inserted deep into stylar canal without dis-
turbing the stigma. B. One quarter of steam-killed pollinium inserted deep into stylar canal down 
to the region of the attachment of perianth segments. C. One quarter of steam-killed pollinium 
inserted just below the rostellum (only the lower portion of the quarter pollinium is showing). 
D. Stigmatic fluid removed from stigma. E. One quarter of steam-killed pollinium placed in 
stigma following removal of the stigmatic fluid. F. Intact unpollinated gynostemium. G. Intact 
pollinarium. H. Pollinarium with one quarter of a pollinium removed. I. One quarter of a pollinium 
(Computer generated from existing images by J. Arditti).
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was right because: (1) save for one paper from Japan (Morita, 1918), (2) a short 
period of work (eight papers) in Germany by Friedrich Laibach (1885–1967; Fig. 
2-25) and his associates (1930–1934, see below), (3) research on ovulation 
(Heslop-Harrison, 1957; Magli, 1958; Dolcher, 1961a, b, 1967) which was only 
tangentially related to his research, and (4) several references in the first book on 
plant hormones (Went and Thimann, 1937), Fitting’s work on orchids lay almost 
forgotten until one of us (J. A.) became interested in post-pollination phenomena 
of orchids (for a review see Avadhani et al., 1994).

Fig. 2-18. Cattleya flower and its parts (Photographs and montage by J. Arditti).
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Fig. 2-19. Post-pollination phenomena in Cattleya (Guarianthe) flowers as Hans Fitting proba-
bly observed them. (source: the photographs were taken as part of research on post-pollination 
phenomena in orchid flowers in J. Arditti’s laboratory; for a review see Avadhani et al., 1994).

In a conversation with one of us (J. A.) Went indicated that he did not make a 
connection between Fitting’s research and his own work with Avena coleoptiles 
which led to the discovery of auxin. This is easy to understand because there is no 
obvious connection between the bending of coleoptiles and swelling of gynostemia 
and wilting of flowers. The connection was established only after auxin was discov-
ered and its effects were studied extensively.

Ovary Swelling and Greening of Perianth

Post-pollination phenomena in orchid flowers are expressed in the: (1) perianth 
(sepals and petals) which move, senesce, and change color and structure and/or func-
tion, (2) gynostemium which swells, (3) stigma which closes, and (4) ovary which 
swells while the ovules develop internally. Fitting observed and describes all of these 
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and attempted to determine if one can be induced without the other, especially 1–3 
(Tables 2-1–2-9). However, he was also interested in the swelling of the ovary 
(4 above) and the effects of pollen on it. To study this effect he pollinated flowers 
with living and dead pollen (Table 2-10) and concluded that pollinia can cause swell-
ing of ovaries in some flowers, but not in others and that pollen tubes may be 
required for an ovary to swell. These conclusions were not entirely accurate (for a 
review see Avadhani et al., 1994).

Confirming Experiments

Fitting’s experiments with Cattleya, Odontoglossum and Zygopetalum and 
European orchid flowers (Figs. 2-20, 2-21) on his return from Bogor involved pol-
lination with their own and each other’s living and dead pollen. The results of 
these experiments confirmed his findings in Bogor. Zygopetalum mackayi flowers 
exhibited phenomena similar to those of Phalaenopsis violacea in that perianth 
segments turned green and persisted on the fruit (Fig. 2-12, 2-13). It is reasonable 
to assume that the green segments carry out photosynthesis. Other studies carried 
out by Fitting in Strasbourg were designed to characterize the active principle in 
orchid pollen. They were physiological and chemical in nature, ahead of their time 
and modern (Table 2-11).

Classification of Phenomena

After concluding his experiments in Strasburg, Fitting separated the pollination 
induced phenomena into four categories and listed the factors which bring about or 
affect them (Table 2-12, 2-13). This classification is still valid at present, but it has 
been augmented by research since then (for a review see Avadhani et al., 1994).

Hormone

Fitting apparently read widely and seems have been familiar with literature on 
subjects other than plants because he knew of a suggestion by the British physi-
ologist Ernest Starling (1866–1927) that substances he called hormones affect 
development in animals (Table 2-14). He concluded correctly that “the active 
substances in pollinia are hormones” (Fitting, 1910; Table 2-14). Pollenhormon, 
became a name associated with the hormone in orchid pollen. More recent 
research showed that Fitting was only partially right because orchid pollen con-
tains (Fig. 2-24D) more than one hormone. It does contain a high concentration 
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Fig. 2-20. European orchids used by Hans Fitting in his experiments in Strasbourg. 
A. Gymnadenia conopea. B. Orchis latifolia. C. Platanthera bifolia D. Orchis fusca. E. Orchis 
morio (sources: A–C, Schulze, 1894; D, Corrrevon, 1899).
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Fig. 2-21. Tropical and European orchids used by Hans Fitting for his experiments in Strasburg. 
A. Orchis maculata. B. Odontoglossum crispum. C. Cattleya trianei. D. Zygopetalum mackayi 
[sources: A, Schulze, 1894; B, a collection of lithographs from the 1800s owned by J. Arditti; C, 
D, plates 5504 (1865) and 2748 (1827) respectively from the Curtis Botanical Magazine].
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of auxin (Fig. 2-24B), but it also contains ACC (Fig. 2-24C). There is also evi-
dence that orchid pollen contains gibberellins and cytokinins (for a review see 
Avadhani et al., 1994).

Kôichi Morita and Japanese Orchids

If Fitting’s research on orchid pollination generated any interest it was not enough 
to spur research by others for a number of years. However, eight years after his last 
research paper on orchid pollinia (Fitting, 1910) a Japanese investigator, Kôichi 
Morita (we could find no information about him) published a paper describing 
research which repeated and extended Fitting’s experiments with Cymbidium virens 
Lindl and other Japanese orchids (Morita, 1918; Fig. 2-22, 2-23, Tables 2-15, 2-16). 
He reported that pollination extended the life span of Cymbidium virens (this name 
was introduced by Reichenbach and referred erroneously to C. virescens Lindl., 

Table 2-11. Treatments and/or factors which bring about and/or affect post pollination phenom-
ena in orchids (Fitting, 1909a)a.

Phenomena Factors which affect it and/or induce phenomena

I.  Premature aging 
of flower (i.e., 
reduced life span)

Sand in the stigma; saliva in the stigma of Rhynchostylis; dead pol-
len from the species being treated or another species; alcohol 
soluble and alcohol insoluble fractions of aqueous pollen extract; 
dead pollen extracted with water several times in Phalaenopsis 
violacea; dead or living pollen of Hedychium (Zingiberaceae), 
Hibiscus (Malvaceae) and Impatiens (Balsaminaceae) in 
Phalaenopsis

Gynostemium extract, 5% sucrose and wounding of the gynoste-
mium and/or stigma in Phalaenopsis amabilis

II.  Stigmatic closure 
and swelling of the 
gynostemium

Living or dead orchid pollinia from the species being tested or other 
orchids selected at random; alcohol soluble fraction of 
water extract of pollinia; living or dead pollinia of Hibiscus 
(Malvaceae)

III.  Swelling of 
the ovary

Dead pollinia or pollen extract cannot cause swelling of the 
ovary in Cymbidium finlaysonianum. Coelogyne swaniana, 
Phalaenopsis amabilis, Phalaenopsis cornu-cervi, Phalaenopsis 
violacea and brought about only limited swelling in Aerides odo-
rata, Arachnanthe sulingi and Rhynchostylis retusa. Only when 
inserted very deep in the stylar canal and close to the ovary did 
dead pollen cause some swelling

IV.  Greening of the 
perianth

This occurs only in some species and is caused by living pollen

a  The orchid names in this table are those used by Hans Fitting. Please see Appendix 2 for updated 
nomenclature.
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the correct name now is C. goeringii var goeringii) flowers (Table 2-17). This is 
interesting because if pollination extends the life span of flowers it is usually by 
causing the perianth to turn green and persist on the fruit. In this case Morita 
reported that the flowers wilted eventually. Morita also obtained additional infor-
mation regarding the solubility of the active principle and the effects of a number 
of substances. (Table 2-15). His approach was innovative because it was quantita-
tive since he measured the elongation of the gynostemium (Fig. 2-24A) whereas 
Fitting’s reports were only descriptive in this respect.

Relating Pollenhormon to Auxin

Despite Fitting’s and Morita’s efforts the identity of the active principle (or prin-
ciples) in pollen was not established. The reasons could be the: (1) lack of appro-
priate technology, (2) fact that Fitting and Morita were ahead of their time, 
(3) state of plant physiology which had yet to include the hormone concept, and 
(4) lack of continued interest (both Fitting Morita did not publish any additional 
papers on the subject). The discovery of auxin by Frits Warmolt Went (18 May 
1903–15 May 1990) in 1926 (Went, 1926, 1990) changed all that by: (1) firmly 
establishing the hormone concept in plant physiology (Went and Thimann, 1937), 
(2) providing the means to assay and quantify auxin (Fig. 2-26A, 2-26B, 2-26D), 

Table 2-14. Fitting’s proposal that plants produce hormones (Fitting, 1910) with comments by 
the authors of this review between brackets.

Original German English (free) translation

Starlinga … [mentioned but not cited, but 
see below] hat für das Tier vorgeschla-
gen alle derartigen Stoffe, die im eigenen 
Stoffwechsel des Organismus erzeeugt, ohne 
Nahrugsstoffe zu sein als Reizstoffe die 
Enwicklung oder sonstige Lebenstätigkeit 
des Organismus beeinfluseen mit dem 
Namen Hormone (von ó□µάω ich reize, rege 
an) zu bezeichnen. Ich möchte vorschlagen, 
diesen Terminus auch für die Pfanzen zu 
verwenden … In diesem Sinne also wären 
wohl die Reizstoffe der ungekeimten 
Pollinien echte Hormone

Starlinga [see below] suggested for animals 
substances which are not nutrients and func-
tion as stimuli for development or other life 
functions. He named them hormones (from 
ó□µάω to stimulate, to activate). I would like 
to suggest the same term for plants … In this 
sense the stimulating [i.e., active] substances 
in the pollinia are true hormones. [This is the 
first use of “hormone” relative to plants]

a Ernest Starling (1866, London-1927, on a ship near Kingston, Jamaica), An English physiologist is 
credited with coining the term hormone (from the Greek horman which means to set in motion) in 
The Croonian Lectures on the chemical correlation of the functions of the body which were 
delivered at the Royal College of Physicians and subsequently published in the Lancet (2: 339–341, 
1905). Actually the term was suggested to him by the Cambridge Physiologist, William B. Hardy 
(1864–1934) during a visit to his laboratory.
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Fig. 2-22. Some of the orchids used by Kôichi Morita in his experiments. A. Goodyera repens. 
B. Calanthe discolor. C, E. Spiranthes australis. D. Gymnadenia cucullata. (sources: A, C, 
J. Arditti’s collection; B, Botanical Register 26: plate 55, 1840; D, E, Correvon, 1899).

and (3) spurring further research (for a review of early research on auxin see Went 
and Thimann, 1937).

The identity of the active principle was established by Friedrich Laibach (1885–
1967; Fig. 2-5D) and his associates (Laibach, 1930, 1932, 1933a, b; Laibach and 
Kornmann, 1933; Laibach and Maschmann, 1933; Mai, 1934; Maschmann and 
Laibach, 1993). They used Went’s Avena coleoptile bioassay (Fig. 2-26, Tables 
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Fig. 2-23. Several of the orchids used by K. Morita for his experiments. A. Epipactis falcata. 
B. Epipactis thunbergii. C, F. Epipactis erecta. D. Cymbidium virens. E. Epipactis papillosa 
(A, C, E, F, J. Arditti’s collection; D, plate 8151 from Curtis Botanical Magazine, vol. 135, 
1907).

2-18, 2-19) and showed that Fitting’s Pollenhormon had the same effects as auxin 
and its content in pollinia of different orchids is not the same (Fig. 2-26). They also 
demonstrated that its solubility in hot and cold water is different (Fig. 2-6). Actual 
determinations of auxin in orchid pollinia have shown that some orchids contain as 
much as 100 μg IAA g pollen−1 (R. Müller, 1953). This may be the highest or at 
least one of the highest concentrations of auxin in any plant tissue.
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Table 2-16. Koichi Morita’s experiments on the effects of pollination on the life span of 
Japanese orchids (Morita 1918)a.

Life span (days)

Species Unpollinated Pollinated Remarks

Calanthe discolor 14 10 There was no swelling of gynostemia 
or closing of stigmas in any of 
these orchids. However the ovary 
enlarged

Cymbidium virens 14–25 30–40
Epipactis erecta 8–10 7
Epipactis falcata 8–12 8–12
Epipactis papillosa 7 7
Epipactis thunbergii 7–10 7–10
Goodyera repens 8–10 7
Gymnadenia cucullata 8–10 7
Platanthera yatabei 7–10 7–10
Spiranthes australis 10 5
a The orchid names in this table are those used by Koichi Morita. Please see Appendix 2 for 
updated nomenclature.
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Fig. 2-24. Pollination effects on the gynostemium in Cymbidium virens following pollination and 
hormones which are present in orchid pollen. A. Elongation (graph) and swelling (line drawings) 
of the gynostemium of Cymbidium virens. B. Auxin, 3-Indoleacetic acid. C. 1-Aminocyclopropane-
1-carboxylic acid (ACC), precursor of ethylene. D. Phalaenopsis pollinia, highly magnified 
(A, plot based on data from Morita, 1918 and drawings by Emma Web who was a technician in 
J. Arditti’s laboratory at the time; B,C, computer generated; D, J. Arditti).
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Fig. 2-25. Students of auxin. Friedrich Laibach (1885–1967) before or during (A) and after (B) 
World War II. C. Frits W. Went (A, courtesy the late Mrs. Sigrid Fitting; B, part of a group pho-
tograph taken at the First International Symposium on Arabidopsis Research, 21–24 April, 
Göttingen, Germany, courtesy Elliot M. Meyerowitz, California Institute of Technology; see also 
Meyerowitz, 2001; C, courtesy the late F. W. Went).
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Fig. 2-26. Avena coleoptile assays. A. Diagrammatic representation of the assay. B. An early 
assay at the California institute of Technology in Pasadena. Laibach probably used similar assays. 
C. Assay of auxin content in pollinia of several orchids. D. Standard curve for auxin levels. 
E. Comparison assays of hot and cold water extracts of Vanda tricolor pollinia (A, B, Went and 
Thimann, 1937 (this is a classic volume and the first book on the subject by the discoverer of 
auxin, the late Frits W. Went and one of the early workers in the area who became a very promi-
nent and influential American plant physiologist, the late Kenneth V. Thimann; the illustrations 
were taken from a copy owned by J. Arditti which is autographed by both authors; C, E, graphs 
based on data by Laibach; E, modern version of a graph in Went and Thimann, 1937).



126 T.W. Yam et al.

Ta
bl

e 
2-

18
. 

Fr
ie

dr
ic

h 
L

ai
ba

ch
’s

 (
18

85
–1

86
7)

 e
xp

er
im

en
ts

 o
n 

th
e 

na
tu

re
 o

f 
Fi

tti
ng

’s
 P

ol
le

nh
or

m
on

 (
L

ai
ba

ch
, 1

93
0,

 1
93

2,
 1

93
3a

, 1
93

3b
; L

ai
ba

ch
 a

nd
 K

or
nm

an
n,

 
19

33
; L

ai
ba

ch
 a

nd
 M

as
sc

hm
an

n,
 1

93
3;

 M
ai

, 1
93

4;
 M

as
ch

m
an

n 
an

d 
L

ai
ba

ch
, 1

93
3)

a .

E
xp

er
im

en
t n

um
be

r
D

es
cr

ip
tio

n 
of

 e
xp

er
im

en
t a

nd
 it

s 
re

su
lts

L
ai

ba
ch

’s
 c

on
cl

us
io

ns
C

ur
re

nt
 e

xp
la

na
tio

n

L
ai

ba
ch

 u
se

d 
th

e 
te

rm
 W

uc
hs

st
of

f 
(g

ro
w

th
 s

ub
st

an
ce

) 
an

d 
de

fi
ne

d 
as

 “
N

on
 n

ut
ri

tio
na

l 
su

bs
ta

nc
es

, w
id

el
y 

di
st

ri
bu

te
d 

in
 p

la
nt

s 
an

d 
an

im
al

s 
w

hi
ch

 c
an

 p
ro

m
ot

e 
th

e 
el

on
ga

tio
n 

of
 A

ve
na

 c
ol

eo
pt

ile
s 

(s
ee

 a
ls

o 
Ta

bl
e 

2-
14

).
 H

e 
us

ed
 F

. W
. W

en
t’s

 (
19

03
–1

99
0)

 A
ve

na
 c

ol
eo

pt
ile

 m
et

ho
d 

to
 a

ss
ay

 f
or

 th
e 

pr
es

en
ce

 a
nd

 a
ct

iv
ity

 
of

 g
ro

w
th

 s
ub

st
an

ce
s 

(L
ai

ba
ch

, 1
93

2)
1 2 3 4 5

Fi
ve

 p
ai

rs
 e

ac
h 

of
 C

at
tle

ya
 s

p.
 a

nd
 C

oe
lo

gy
ne

 m
as

sa
ng

ea
na

 w
er

e 
su

sp
en

de
d 

in
 0

.5
 m

l o
f 

w
at

er
 f

or
 1

5 
m

in
. A

ft
er

 th
at

 b
ot

h 
th

e 
w

at
er

 a
nd

 th
e 

po
lli

ni
a 

w
er

e 
m

ix
ed

 w
ith

 0
.5

 m
l 

of
 3

%
 a

ga
r. 

W
he

n 
th

e 
ag

ar
 s

ol
id

ifi
ed

 it
 w

as
 c

ut
 in

to
 s

m
al

l 
cu

be
s,

 e
ac

h 
co

nt
ai

ni
ng

 a
 p

ol
lin

iu
m

. T
he

se
 c

ub
es

 w
er

e 
as

sa
ye

d 
w

ith
 s

ix
 c

ol
eo

pt
ile

s,
 fi

ve
 o

f 
w

hi
ch

 w
hi

ch
 b

en
t 2

5–
40

°.
 T

he
 

cu
be

 w
as

 n
ot

 a
tta

ch
ed

 w
el

l t
o 

th
e 

on
e 

w
hi

ch
 d

id
 b

en
d

C
ub

es
 r

em
ai

ni
ng

 f
ro

m
 e

xp
er

im
en

t 1
 w

er
e 

liq
ue

fi
ed

 in
 a

 w
at

er
 

ba
th

, t
he

n 
th

e 
ag

ar
 w

as
 a

llo
w

ed
 to

 s
ol

id
if

y 
ag

ai
n,

 c
ut

 in
to

 
cu

be
s 

an
d 

as
sa

ye
d 

as
 b

ef
or

e.
 A

ll 
si

x 
co

le
op

til
es

 b
en

t 1
5–

25
°

Fi
ve

 p
ai

rs
 o

f 
po

lli
ni

a 
fr

om
 C

at
tle

ya
 s

p.
 w

er
e 

us
ed

 to
 p

re
pa

re
 a

ga
r 

cu
be

s 
as

 in
 e

xp
er

im
en

t 1
 e

xc
ep

t t
ha

t s
om

e 
co

nt
ai

ne
d 

po
lli

ni
a 

an
d 

so
m

e 
di

d 
no

t. 
Si

x 
cu

be
s 

w
ith

 p
ol

lin
ia

 a
nd

 a
n 

eq
ua

l n
um

be
r 

w
ith

ou
t w

er
e 

as
sa

ye
d 

w
ith

 A
ve

na
 c

ol
eo

pt
ile

s.
 B

en
di

ng
 o

f 
po

lli
ni

a 
w

as
 a

s 
fo

llo
w

s:
 C

ub
es

 w
ith

 p
ol

lin
ia

: 1
5°

, 1
0°

, 1
8°

, 
28

°,
 2

6°
, 5

° 
[A

ve
: 1

7°
]. 

C
ub

es
 w

ith
ou

t p
ol

lin
ia

: 2
0°

, 1
3°

, 3
0°

, 
32

°,
 1

3°
, 2

8°
 [

A
ve

: 2
2.

7°
]

Po
lle

n 
of

 H
ib

is
cu

s 
sy

ri
ac

us
 a

nd
 H

ib
is

cu
s 

sc
hi

zo
pe

ta
lu

s 
w

as
 

us
ed

 to
 p

re
pa

re
 a

ga
r 

cu
be

s 
as

 in
 e

xp
er

im
en

t 1
. T

he
 e

xt
ra

ct
s 

w
er

e 
as

sa
ye

d 
w

ith
 f

iv
e 

co
le

op
til

es
 e

ac
h 

w
ith

 b
en

di
ng

 b
ei

ng
 

15
–2

0°
 a

nd
 2

0–
30

° 
re

sp
ec

tiv
el

y
Po

lle
n 

of
 A

no
da

 c
ri

st
at

a,
 M

al
va

ca
e 

w
as

 a
ss

ay
ed

 a
nd

 f
ou

nd
 to

 
ca

us
e 

ve
ry

 li
m

ite
d 

be
nd

in
g

T
he

 s
ub

st
an

ce
 w

hi
ch

 c
au

se
s 

be
nd

-
in

g 
of

 A
ve

na
 c

ol
eo

pt
ile

s 
ca

n 
be

 
ex

tr
ac

te
d 

ea
si

ly
 f

ro
m

 p
ol

lin
ia

 
w

ith
 w

at
er

H
ib

is
cu

s 
po

lle
n 

co
nt

ai
ns

 g
ro

w
th

 
su

bs
ta

nc
e

T
hi

s 
sp

ec
ie

s 
co

nt
ai

ns
 v

er
y 

lit
tle

 
gr

ow
th

 s
ub

st
an

ce

L
ai

ba
ch

 s
ee

m
s 

to
 h

av
e 

ig
no

re
d 

th
re

e 
po

ss
ib

ili
tie

s:
 (

1)
 n

ot
 a

ll 
of

 th
e 

ac
tiv

e 
su

bs
ta

nc
e 

w
as

 e
xt

ra
ct

ed
, 

(2
) 

th
er

e 
m

ay
 h

av
e 

be
en

 tw
o 

su
b-

st
an

ce
s,

 o
ne

 w
hi

ch
 w

as
 e

xt
ra

ct
ed

 
w

ith
 th

e 
w

at
er

 a
nd

 a
no

th
er

 w
hi

ch
 

w
as

 n
ot

, a
nd

 (
3)

 th
er

e 
m

ay
 h

av
e 

al
so

 b
ee

n 
an

 in
hi

bi
to

r 
w

hi
ch

 w
as

 
no

t e
xt

ra
ct

ed
 f

ro
m

 th
e 

po
lli

ni
a

(c
on

tin
ue

d)



2 Pollination Effects on Orchid Flowers 127

6
Po

lli
ni

a 
(7

5 
m

g)
 o

f 
se

ve
ra

l o
rc

hi
ds

 (
Va

nd
a 

tr
ic

ol
or

, 
C

oe
lo

gy
ne

 m
as

sa
ng

ea
na

, C
oe

lo
gy

ne
 s

pe
ci

os
a,

 a
nd

 
P

ha
la

en
op

si
s 

am
ab

il
is

) 
w

er
e 

ex
tr

ac
te

d 
as

 f
ol

lo
w

s:
 (

1)
 

Su
sp

en
de

d 
in

 2
5 

m
l 7

0%
 e

th
an

ol
 u

nd
er

 n
itr

og
en

 a
t 7

0°
 C

. 
(2

) 
A

ft
er

 f
ilt

ra
tio

n 
th

e 
po

lli
ni

a 
w

er
e 

ex
tr

ac
te

d 
in

 th
e 

sa
m

e 
m

an
ne

r 
fo

r 
a 

se
co

nd
 ti

m
e.

 (
3)

 T
he

 a
lc

oh
ol

 w
as

 r
em

ov
ed

 
fr

om
 th

e 
co

m
bi

ne
d 

fi
ltr

at
es

 u
nd

er
 n

itr
og

en
, 4

0°
 C

 a
nd

 p
re

s-
su

re
 o

f 
15

 m
m

 m
er

cu
ry

. (
4)

 W
ha

t r
em

ai
ne

d 
w

as
 a

n 
aq

ue
ou

s 
ex

tr
ac

t w
hi

ch
 w

as
 a

ci
di

fi
ed

 w
ith

 1
.5

 m
l 2

N
 a

ce
tic

 a
ci

d 
an

d 
ex

tr
ac

te
d 

fo
ur

 ti
m

es
 w

ith
 5

0 
m

l a
liq

uo
ts

 o
f 

pe
ro

xi
de

 f
re

e 
et

he
r. 

(5
) 

Fo
llo

w
in

g 
th

is
 th

e 
et

he
r 

w
as

 s
ha

ke
n 

th
re

e 
tim

es
 

w
ith

 1
0 

m
l a

liq
uo

ts
 o

f 
2.

5%
 s

od
iu

m
 c

ar
bo

na
te

. (
6)

 T
he

 c
ar

-
bo

na
te

 s
ol

ut
io

n 
w

as
 a

ci
di

fi
ed

 w
ith

 a
ce

tic
 a

ci
d 

an
d 

sh
ak

en
 

w
ith

 f
ou

r 
50

 m
l a

liq
uo

ts
 o

f 
et

he
r. 

(7
) 

A
ft

er
 2

 h
 d

ry
in

g 
w

ith
 

so
di

um
 s

ul
fa

te
 th

e 
et

he
r 

w
as

 e
va

po
ra

te
d 

un
de

r 
ni

tr
og

en
 

an
d 

th
e 

re
si

du
e 

w
as

 s
to

re
d 

in
 a

 d
es

ic
ca

to
r. 

(8
) 

To
 a

ss
ay

 th
e 

re
si

du
e 

it 
w

as
 d

is
so

lv
ed

 in
 0

.6
 m

l w
at

er
 a

nd
 0

.5
 m

l o
f 

th
is

 
so

lu
tio

n 
w

as
 m

ix
ed

 w
ith

 0
.5

 m
l o

f 
3%

 a
ga

r. 
H

al
f 

of
 th

is
 w

as
 

cu
t i

nt
o 

cu
be

s 
an

d 
as

sa
ye

d 
w

ith
 s

ev
en

 A
ve

na
 c

ol
eo

pt
ile

s.
 

B
en

di
ng

 w
as

 1
5°

, 2
0°

, 1
0°

, 8
°,

 0
°,

 2
5°

, 1
0°

 [
A

ve
: 1

2.
6]

T
he

 g
ro

w
th

 f
ac

to
r 

ha
s 

th
e 

sa
m

e 
ch

ar
ac

te
ri

st
ic

s 
as

 th
e 

su
bs

ta
nc

e 
is

ol
at

ed
 b

y 
K

ög
l a

nd
 H

ag
en

 
Sm

it

K
ög

l a
nd

 H
ag

en
 S

m
it 

is
ol

at
ed

 a
ux

in
 

(b
ut

 th
er

e 
is

 m
or

e 
to

 th
is

 s
to

ry
)

7
A

no
da

 c
ri

st
at

a 
po

lle
n 

(5
00

 m
g)

 w
as

 e
xt

ra
ct

ed
 a

s 
in

 
ex

pe
ri

m
en

t 6
. R

es
ul

ts
 o

f 
th

e 
as

sa
ys

 w
er

e 
ne

ga
tiv

e
E

xp
er

im
en

ts
 7

–1
0 

sh
ow

 p
ol

le
n 

of
 o

rc
hi

ds
 a

nd
 M

al
va

ce
ae

 c
on

-
ta

in
 a

 s
ub

st
an

ce
 w

hi
ch

 c
an

 b
e 

ex
tr

ac
te

d 
w

ith
 h

ot
 w

at
er

 a
nd

 
w

hi
ch

 c
an

 in
du

ce
 s

w
el

lin
g 

of
 

th
e 

gy
no

st
em

iu
m

 a
nd

 s
tig

m
at

ic
 

cl
os

ur
e.

 S
ub

st
an

ce
(s

) 
ex

tr
ac

te
d 

fr
om

 a
ni

m
al

 o
rg

an
s 

w
hi

ch
 c

au
se

 
be

nd
in

g 
of

 A
ve

na
 c

ol
eo

pt
ile

s 
ca

n 
al

so
 b

ri
ng

 a
bo

ut
 s

w
el

lin
g 

of
 th

e 
gy

no
st

em
iu

m
 in

 tr
op

ic
al

 o
rc

hi
ds

T
hi

s 
ex

pe
ri

m
en

t i
s 

no
t i

m
pr

es
si

ve
 

fo
r 

se
ve

ra
l r

ea
so

ns
 n

ot
 th

e 
le

as
t 

of
 w

hi
ch

 is
 th

e 
la

ck
 o

f 
a 

co
tto

n 
w

ad
 o

nl
y 

co
nt

ro
l. 

In
 f

ac
t i

t i
s 

po
s-

si
bl

e 
to

 a
sk

 if
 th

e 
ex

pe
ri

m
en

t w
as

 
ne

ce
ss

ar
y

8
Va

nd
a 

tr
ic

ol
or

 8
 S

ep
t 1

93
2 

10
:0

0 
O

ne
 f

lo
w

er
 s

el
f 

po
lli

na
te

d 

T
hr

ee
 f

lo
w

er
s 

un
tr

ea
te

d
C

ot
to

n 
w

ad
s 

im
pr

eg
na

te
d 

w
ith

 
ex

tr
ac

t o
f 

gu
in

ea
 p

ig
 li

ve
r 

pl
ac

ed
 in

 s
tig

m
as

 o
f 

th
re

e 
fl

ow
er

s

10
  S

ep
t 1

93
2 

10
:0

0 
G

yn
os

te
iu

m
 s

w
ol

le
n 

an
d 

ye
llo

w
. L

ip
 

ye
llo

w
, S

tig
m

a 
cl

os
ed

U
nc

ha
ng

ed
Sl

ig
ht

 c
ol

or
 c

ha
ng

es
.

G
yn

os
te

m
iu

m
 s

lig
ht

ly
 

sw
ol

le
n,

 S
tig

m
a 

sl
ig

ht
ly

 
cl

os
ed

(c
on

tin
ue

d)  



128 T.W. Yam et al.

(c
on

tin
ue

d)

C
ot

to
n 

w
ad

s 
w

et
te

d 
w

ith
 ta

p 
w

at
er

 p
la

ce
d 

in
 s

tig
m

a 
of

 
on

e 
fl

ow
er

U
nc

ha
ng

ed

9
A

ga
r 

bl
oc

ks
 f

ro
m

 e
xp

er
im

en
t 6

 w
er

e 
pl

ac
ed

 in
 s

tig
m

as
 o

f 
P

ha
la

en
op

si
s 

am
ab

il
is

 f
lo

w
er

s
(a

) 
 12

 S
ep

t 1
93

2:
 B

lo
ck

s 
pl

ac
ed

 
in

 s
tig

m
as

 o
f 

tw
o 

fl
ow

er
s

13
  S

ep
t 1

93
2:

 S
tig

m
as

 
ha

lf
 c

lo
se

d
14

  S
ep

t 1
93

2:
 S

tig
m

a 
fu

lly
 

cl
os

ed
. G

yn
os

te
m

iu
m

 
so

m
ew

ha
t s

w
ol

le
n 

an
d 

tu
rn

in
g 

ye
llo

w
. P

er
ia

nt
h 

w
ilt

in
g

13
  S

ep
t 1

93
2:

 F
lo

w
er

 
un

ch
an

ge
d

14
  S

ep
t 1

93
2:

 F
lo

w
er

 
st

ar
te

d 
to

 w
ilt

, 
gy

no
st

em
iu

m
 b

ec
am

e 
ye

llo
w

is
h,

 b
ut

 d
id

 n
ot

 
sw

el
l, 

st
ig

m
a 

op
en

IA
A

 w
as

 p
re

se
nt

 in
 th

es
e 

bl
oc

ks
. 

N
o 

ag
ar

 o
nl

y 
co

nt
ro

ls

(b
) 

 12
 S

ep
t 1

93
2:

 C
ot

to
n 

w
ad

 
sa

tu
ra

te
d 

w
ith

 w
at

er
 s

ol
u-

bl
e,

 e
th

er
 in

so
lu

bl
e 

fr
ac

tio
n 

fr
om

 e
xp

er
im

en
t 6

 p
la

ce
d 

in
 

st
ig

m
a 

of
 o

ne
 f

lo
w

er

T
hi

s 
ex

tr
ac

t p
ro

ba
bl

y 
in

du
ce

d 
so

m
e 

et
hy

le
ne

 e
vo

lu
tio

n 
N

o 
co

nt
ro

ls

(c
) 

 12
 S

ep
t 1

93
2:

 O
ne

 f
lo

w
er

 
w

as
 s

el
f-

po
lli

na
te

d
Fl

ow
er

 w
as

 w
ilt

in
g,

 g
yn

o-
st

em
iu

m
 w

as
 tu

rn
in

g 
ye

llo
w

 a
nd

 w
as

 v
er

y 
sw

ol
le

n.
 S

tig
m

a 
w

as
 

cl
os

in
g

(d
)  1

4 
Se

pt
 1

93
2:

 C
ot

to
n 

w
ad

s 
sa

tu
-

ra
te

d 
w

ith
 c

hi
ck

en
 li

ve
r w

er
e 

pl
ac

ed
 in

 s
tig

m
as

 o
f t

w
o 

flo
w

er
s

16
  S

ep
t 1

93
2:

 S
tig

m
a 

ha
lf

 c
lo

se
d

W
hy

 w
as

 th
is

 e
xp

er
im

en
t c

ar
ri

ed
 

ou
t?

Ta
bl

e 
2-

18
. 

(c
on

tin
ue

d)
.

E
xp

er
im

en
t n

um
be

r
D

es
cr

ip
tio

n 
of

 e
xp

er
im

en
t a

nd
 it

s 
re

su
lts

L
ai

ba
ch

’s
 c

on
cl

us
io

ns
C

ur
re

nt
 e

xp
la

na
tio

n



2 Pollination Effects on Orchid Flowers 129

10
(a

) 
 12

 S
ep

t 1
93

2 
12

:0
0:

 C
ot

to
n 

w
ad

s 
sa

tu
ra

te
d 

w
ith

 e
xt

ra
ct

s 
as

 s
ho

w
n 

be
lo

w
 w

er
e 

pl
ac

ed
 

in
 s

tig
m

as
 o

f 
tr

ee
 f

lo
w

er
s

14
  a

nd
 1

5 
Se

pt
 1

93
2:

 
Sl

ig
ht

 s
w

el
lin

g 
of

 th
e 

gy
no

st
em

ia
 o

f 
al

l n
in

e 
fl

ow
er

s

N
o 

dr
y 

co
tto

n 
an

d 
so

lv
en

t o
nl

y 
co

nt
ro

ls

E
th

er
 s

ol
ub

le
 p

ol
le

n 
ex

tr
ac

t.
W

at
er

 s
ol

ub
le

 f
ra

ct
io

n 
of

 
et

he
r 

so
lu

bl
e 

ex
tr

ac
t

W
at

er
 s

ol
ub

le
 f

ra
ct

io
n 

of
 e

th
er

 
in

 s
ol

ub
le

 e
xt

ra
ct

(b
) 

 13
 S

ep
t 1

93
2:

 O
ne

 f
lo

w
er

 
se

lf
-p

ol
lin

at
ed

14
  S

ep
t 1

93
2:

 G
yn

os
te

m
iu

m
 

ve
ry

 s
w

ol
le

n
(c

) 
 14

 S
ep

t 1
93

2:
 F

lo
w

er
s 

w
er

e 
tr

ea
te

d 
as

 li
st

ed
 b

el
ow

C
ot

to
n 

w
ad

s 
im

pr
eg

na
te

d 
w

ith
 

liv
er

 e
xt

ra
ct

 w
er

e 
pl

ac
ed

 in
 

st
ig

m
as

 o
f 

tw
o 

fl
ow

er
s

14
  S

ep
t 1

93
2:

 
G

yn
os

te
m

iu
m

 s
lig

ht
ly

 
sw

ol
le

n

W
er

e 
th

e 
liv

er
 e

xt
ra

ct
 e

xp
er

im
en

ts
 

ne
ce

ss
ar

y?

A
ga

r 
bl

oc
k 

co
nt

ai
ni

ng
 li

ve
r 

ex
tr

ac
t w

as
 p

la
ce

d 
in

 th
e 

st
ig

m
a 

of
 o

ne
 f

lo
w

er
C

ot
to

n 
w

ad
 w

et
te

d 
w

ith
 ta

p 
w

at
er

 w
as

 p
la

ce
d 

in
 th

e 
st

ig
m

a 
of

 o
ne

 f
lo

w
er

20
  S

ep
t 1

93
2:

 
G

yn
os

te
m

iu
m

 v
er

y 
ve

ry
 s

w
ol

le
n

N
o 

ch
an

ge

It
 is

 p
os

si
bl

e 
th

at
 P

ol
le

nh
or

m
on

 
an

d 
W

uc
hs

st
of

f (
a 

w
or

d 
us

ed
 

at
 th

e 
tim

e 
fo

r 
au

xi
n)

 a
re

 o
ne

 
an

d 
th

e 
sa

m
e 

su
bs

ta
nc

e

R
ea

so
na

bl
e 

co
nc

lu
si

on

N
o 

dr
y 

co
tto

n 
w

ad
 c

on
tr

ol

a  T
he

 o
rc

hi
d 

na
m

es
 in

 th
is

 ta
bl

e 
ar

e 
th

os
e 

us
ed

 b
y 

L
ai

ba
ch

 a
nd

 h
is

 a
ss

oc
ia

te
s.

 P
le

as
e 

se
e 

A
pp

en
di

x 
2 

fo
r 

up
da

te
d 

no
m

en
cl

at
ur

e.

  



130 T.W. Yam et al.

Ta
bl

e 
2-

19
. 

Fr
ie

dr
ic

h 
L

ai
ba

ch
’s

 (
18

85
–1

86
7)

 a
nd

 E
rn

st
 M

as
ch

m
an

n’
s 

ex
pe

ri
m

en
ts

 o
n 

th
e 

na
tu

re
 o

f 
W

uc
hs

st
of

f 
(g

ro
w

th
 s

ub
st

an
ce

) 
in

 o
rc

hi
d 

po
lli

ni
a 

(L
ai

ba
ch

 
an

d 
M

as
ch

m
an

n,
 1

93
3a

).

E
xp

er
im

en
t n

um
be

r
D

es
cr

ip
tio

ns
 o

f 
ex

pe
ri

m
en

ts
 a

nd
 th

ei
r 

re
su

lts
L

ai
ba

ch
’s

 c
on

cl
us

io
ns

C
ur

re
nt

 e
xp

la
na

tio
n

T
hi

s 
pa

pe
r 

re
po

rt
s 

on
 la

rg
e 

nu
m

be
r 

of
 e

xp
er

im
en

ts
 s

om
e 

of
 w

hi
ch

 r
ep

ea
t p

re
vi

ou
s 

w
or

k 
ye

t a
ga

in
. T

he
re

fo
re

 o
nl

y 
so

m
e 

of
 th

e 
ex

pe
ri

m
en

ts
 w

ill
 b

e 
su

m
m

ar
iz

ed
 in

 th
is

 ta
bl

e
Po

lli
ni

a 
w

er
e 

ex
tr

ac
te

d 
by

 m
ac

er
at

in
g 

th
em

 in
 w

at
er

 a
nd

 k
ee

pi
ng

 th
e 

m
ix

tu
re

 a
t 7

0°
C

 f
or

 1
5–

30
 m

in
. T

he
 s

ol
id

 m
at

er
ia

l w
as

 s
ep

ar
at

ed
 f

ro
m

 th
e 

liq
ui

d 
th

ro
ug

h 
ce

nt
ri

fu
ga

tio
n 

or
 f

ilt
ra

tio
n.

 A
ss

ay
s 

w
er

e 
ca

rr
ie

d 
ou

t a
s 

de
sc

ri
be

d 
in

 T
ab

le
 2

-1
5 

(L
ai

ba
ch

, 1
93

2)
Se

ve
ra

l A
ve

na
 a

ss
ay

s
E

xt
ra

ct
 w

as
 in

co
rp

or
at

ed
 in

 a
ga

r 
bl

oc
k 

an
d 

as
sa

ye
d 

w
ith

 W
en

t’s
 

A
ve

na
 c

ol
eo

pt
ile

E
xt

ra
ct

s 
ca

us
ed

 b
en

di
ng

 
(F

ig
. 2

-2
4,

 2
-2

6)
W

uc
hs

st
of

f c
on

te
nt

 in
 o

rc
hi

d 
po

lli
ni

a 
is

 h
ig

he
r 

th
an

 in
 a

ny
 o

th
er

 p
la

nt
 

as
sa

ye
d 

up
 to

 th
at

 ti
m

e

T
hi

s 
m

ay
 b

e 
st

ill
 tr

ue

A
ss

ay
s 

of
 p

ol
lin

ia
 

an
d 

ex
tr

ac
ts

D
ea

d 
po

lli
ni

a 
an

d 
ex

tr
ac

ts
 w

er
e 

ap
pl

ie
d 

to
 s

tig
m

as
 o

f 
th

ei
r 

ow
n 

or
 d

if
fe

re
nt

 o
rc

hi
ds

T
he

 r
es

ul
ts

 c
on

fi
rm

ed
 th

e 
pr

es
en

ce
 o

f 
W

uc
hs

st
of

f 
in

 p
ol

lin
ia

T
he

se
 r

ep
et

iti
on

s 
of

 o
f 

ex
pe

ri
m

en
ts

 
w

hi
ch

 w
er

e 
re

pe
at

ed
 s

ev
er

al
 ti

m
es

 
be

fo
re

 m
ay

 n
ot

 h
av

e 
be

en
 n

ee
de

d
Se

ve
ra

l e
xt

ra
ct

io
ns

 o
f 

W
uc

hs
st

of
f f

ro
m

 p
ol

lin
ia

 s
ho

w
ed

 th
at

 th
e 

su
bs

ta
nc

e 
w

as
 s

ol
ub

le
 in

 w
at

er
, e

th
an

ol
, a

ce
to

ne
 a

nd
 e

th
er

 
an

d 
w

as
 a

ci
di

c 
in

 n
at

ur
e.

 B
as

ed
 o

n 
th

is
 a

nd
 o

th
er

 f
in

di
ng

s 
th

e 
co

nc
lu

si
on

 w
as

 th
at

 th
e 

su
bs

ta
nc

e 
ha

s 
th

e 
sa

m
e 

ch
ar

ac
te

ri
s-

tic
 a

s 
au

xi
n

O
rc

hi
d 

po
lli

ni
a 

do
 c

on
ta

in
 a

ux
in

, b
ut

 
L

ai
ba

ch
 m

ay
 h

av
e 

ex
tr

ac
te

d 
m

or
e 

th
an

 o
ne

 s
ub

st
an

ce
Ir

ra
di

at
io

n 
w

ith
 U

V
 li

gh
t (

31
3–

36
5 

nm
) 

ha
d 

no
 e

ff
ec

t o
n 

th
e 

ex
tr

ac
t

D
ry

in
g 

po
lli

ni
a 

un
de

r 
ill

um
in

at
io

n 
an

d 
th

e 
da

rk
 d

id
 n

ot
 r

ed
uc

e 
th

e 
ac

tiv
ity

 o
r 

th
ei

r 
ex

tr
ac

t
Av

en
a 

co
le

op
til

e 
as

sa
ys

 a
nd

 e
xp

er
im

en
ts

 w
ith

 P
ha

la
en

op
si

s 
fl

ow
er

s 
sh

ow
ed

 th
at

 th
e 

W
uc

hs
st

of
f w

as
 a

ls
o 

pr
es

en
t i

n 
po

lle
n 

tu
be

s
L

ai
ba

ch
 a

nd
 M

as
ch

m
an

n 
re

ac
he

d 
th

e 
fo

llo
w

in
g 

co
nc

lu
si

on
s 

on
 th

e 
ba

si
s 

of
 th

ei
r 

ex
pe

ri
m

en
ts

:
T

hi
s 

is
 to

 b
e 

ex
pe

ct
ed

1.
 A

ll 
ex

tr
ac

ts
 w

hi
ch

 c
au

se
d 

be
nd

in
g 

of
 A

ve
na

 c
ol

eo
pt

ile
s 

al
so

 in
du

ce
d 

sw
el

lin
g 

of
 g

yn
os

te
m

ia
, 

an
d 

co
nv

er
se

ly
 e

xt
ra

ct
s 

w
hi

ch
 d

id
 n

ot
 c

au
se

 b
en

di
ng

 h
ad

 n
o 

ef
fe

ct
s 

on
 g

yn
os

te
m

ni
a

2.
 T

he
 g

ro
w

th
 in

du
ce

d 
by

 th
e 

ex
tr

ac
ts

 w
as

 to
 in

cr
ea

se
 in

 c
el

l s
iz

e,
 n

ot
 c

el
l d

iv
is

io
n

3.
 T

ra
ns

po
rt

 o
f 

th
e 

gr
ow

th
 s

ub
st

an
ce

 w
as

 m
ai

nl
y 

ba
si

pe
ta

l w
ith

 v
er

y 
lit

tle
 o

f 
it 

m
ov

in
g 

up
w

ar
ds

 
or

 s
id

ew
ay

s
4.

 T
he

 a
ct

iv
e 

pr
in

ci
pl

e 
is

 s
ol

ub
le

 in
 w

at
er

, e
th

an
ol

, a
ce

to
ne

 a
nd

 e
th

er
. I

t i
s 

in
so

lu
bl

e 
in

 a
lip

ha
tic

 
an

d 
ar

om
at

ic
 o

rg
an

ic
 s

ol
ve

nt
s.

 T
he

 s
ub

st
an

ce
 is

 a
ci

di
c.

 I
t c

an
 b

e 
re

m
ov

ed
 w

ith
 e

th
er

 f
ro

m
 

so
di

um
 b

ic
ar

bo
na

te
 s

ol
ut

io
n 

an
d 

af
te

r 
ac

id
if

ic
at

io
n 

fr
om

 th
e 

ba
si

c 
aq

ue
ou

s 
ph

as
e

5.
 O

xi
da

tio
n 

w
ith

 h
yd

ro
ge

n 
pe

ro
xi

de
 r

ed
uc

ed
 o

r 
el

im
in

at
ed

 th
e 

ac
tiv

ity
 o

f 
th

e 
su

bs
ta

nc
e

6.
 P

ro
lo

ng
ed

 h
ea

tin
g 

at
 1

00
°C

 [
an

d 
al

so
 a

ut
oc

la
vi

ng
 f

or
 1

0 
m

in
 a

t 1
30

°]
 d

oe
s 

no
t r

ed
uc

e 
or

 
el

im
in

at
e 

th
e 

ac
tiv

ity
 o

f 
th

e 
su

bs
ta

nc
e

A
n 

au
xi

n 
ef

fe
ct

Po
la

r 
tr

an
sp

or
t i

s 
a 

ch
ar

ac
te

ri
st

ic
 o

f 
A

ux
in

IA
A

 h
as

 s
im

ila
r 

ch
ar

ac
te

ri
st

ic
s



2 Pollination Effects on Orchid Flowers 131

Conclusions

There can be no question that the Pollenhormon is the auxin indoleacetic acid 
(IAA; Fig. 2-24B) or a mixture of hormones which included IAA. It is also possible 
that Fitting’s extracts contained ACC (Fig. 2-24C). Had Fitting continued to work 
with orchids he may have discovered auxin. Some of the pollen effects he reported 
are known at present to be induced by ethylene. In 1901 the Russian plant physiolo-
gist Dimitry Neljubov (1879–1926) showed that ethylene affected the growth of 
pea seedlings (Neljubov, 1901), but it was too much of a stretch in 1909 to connect 
abnormal growth of pea seedlings and wilting of orchid flowers. Even had he made 
the connection there was no technology at the time that would have allowed Fitting 
to measure ethylene evolution by pollinated orchid flowers.

In summary, there can be no question that Fitting introduced the term “hormone” 
into plant science (Table 2-14). Fitting even had auxin in his extracts, but did not 
discover it because he stopped his orchid research too soon. Frits W. Went discov-
ered auxin.
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Appendix 1

Letters from Prof. Hans Fitting to Prof. Joseph Arditti
Translated and annotated by Dr. Hubert Kurzweil

Comments are between brackets.
The letters are part of a reprint collection donated by Prof. Arditti to the 

Singapore Botanic Gardens.

Bonn, 2 Nov 1969

Dear Dr. Arditti,

Many thanks for the reprint of the extremely interesting paper ‘Effects of Auxin’ by 
you and Mr. Robert L. Knauff, and your equally valuable friendly letter of 23rd 
Oct 1969. In both of these you acknowledged in an unusually friendly and 
appreciative way my own orchid work, which I have done many years ago. This 
was indeed very good for me, now that I am 93 years of age!

Unfortunately I cannot send you the reprints that you requested as already for a few 
years I have not got any left, and also because I had to give up my scientific work.

I wish you great success with the continuation of your research,

With my best wishes,

H. Fitting

I hope that you can read my letter; already for some time I am no longer allowed 
to use the typewriter!!

Bonn, 10th November 1969
Dear Dr. Arditti,

This is my reply to your very friendly letter of 12th Nov. 1969 [two days after he 
wrote this one?; one of these two dates must be wrong] in which you ask “what 
made you observe the orchid flowers”? While I was preparing my lectures on 
pollination biology (1903–1907) as a ‘Privatdozent’ at the University of 
Tübingen, I was very much interested in a theory that is very common in the 
older German literature on pollination biology, namely that the pollinia of many 
exotic orchids act like a poison during cross-pollination! At the time I was not 
able to find out who first proposed this theory! A long time after my trip to the 
tropics (namely in about 1920), I got to know volume II (1921, letters) of the 
new edition of Fritz Müller’s “Work, letters and life” (newly published by Alfred 
Müller, 1915–1921, in three volumes). Müller lived in Brazil for a long time, 
wrote several important publications on pollination biology and is the founder of 
the “biogenetic rule” [“biogenetic law”]. I am sure you know about him (bioge-
ography by E. Loens, Berichte der Deutschen Botanischen Gesellschaft 15, 
1897). In volume II (which contains his letters) there is a very important letter, 



2 Pollination Effects on Orchid Flowers 135

written on 1st January 1867 and addressed to Charles Darwin!! It provides the 
solution to my above-mentioned mystery!! On pages 104–128 he elaborates on 
the toxicity of the orchid pollinia! In view of your own orchid work you should 
definitely read this important letter! According to my notes (unfortunately 
these are not very clear), Fr. Müller reported in 1886 something similar in 
male flowers of Catasetum [I don’t know what he means with “(gleich mir, 
1920)”; this could mean that Fitting observed the same in 1920]. This was also 
published it in Verhandlungen des Botanischen Vereins der Provinz Brandenburg, 
1886, volume 28, page IV (I don’t know if this is also written in his letters in 
1921). But what is this apparent “poison” all about? This was the starting point 
for my orchid research in 1907 and 1908 in Buitenzorg! Unfortunately I did not 
mention this in my first orchid publication in 1909a, as I thought that the appar-
ent toxicity of orchid pollinia was already well-known in Germany at the time! 
The result of my Buitenzorg work: Mueller’s poison is obviously my pollen 
hormone!! [Pollenhormon]

In 1930 and the following years Laibach confirmed that β – Indolylessigsäure (IES 
[English IAA]) – that was discovered long time after 1907/08 – triggers the 
postfloral development of the orchids with all of its consequences, just like my 
pollen hormone also does! But to date there has not been exact chemical proof 
that my pollen hormone actually is the IAA!! As we have seen repeatedly in the 
meantime,β – Indolylessigsäure (IAA) causes so many different reactions that 
one should not be surprised that it also acts similar to my pollen hormone. The 
exact proof, that my pollen hormone is actually IAA would obviously be very 
difficult. Therefore I do not really support ………………….. ‘convincion’ [there 
is one word illegible; could be “Ihre” = your], that the pollen hormone and 
“Auxin” are the same. And besides: what actually is the so-called “Auxin” chemi-
cally? A few years ago a Dutch colleague, in a publication in Acta Botanica 
Neerlandica (unfortunately I forgot the volume and the page number!), inserted a 
big question mark after “Auxin”!

On a personal level I can assure you that I very much enjoyed my orchid work in 
1907/08 in the magnificent Buitenzorg Botanical Garden (as you say, it has 
“inspired” me); and also, that the substantial German Buitenzorg-scholarship 
which was awarded to me in 1907 (= 6,000 German Mark!!) was put to good use 
for our beautiful Scientia Amabilis. So I returned to Europe in 1908 with the 
great feeling, that I had done something really worthwhile with this substantial 
scholarship, both important and valuable, namely that I had discovered the first 
plant hor….. [cut off, I suppose he means hormone].

I will be especially grateful to receive, as already promised, your article on 
“Fitting’s pollen hormones”, which I will certainly be very happy about and 
which I regard as a great honour.

I hope that you can read my bad but age-related hand-writing ………….. [partly cut 
off; maybe he means “Writing”] is very difficult and gives me lots of pain! 
My heart is weak and requires constant medical supervision!!

With friendly regards,
………………….
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Postscriptum: Please do not take the following comment for immodest! It is rather 
important [in this sentence there is one word which I cannot read]!. My Danish 
colleague P. Boysen-Jensen said to me in Copenhagen in 1950, that my orchid 
publication (1909a) has inspired him to study the chemical conductivity of the 
phototropic impulse in Pfeffer’s Institute in Leipzig and inspired by the same 
(see also the historical notes on p. 21–23 in P.B. Bell’s book “Darwin’s biologi-
cal work etc.”; Cambridge; 1959). And Boysen-Jensen’s short, but deservedly so 
widely accepted work inspired Went to his great work on the Auxins, which you 
appreciate so much with reason.

10th December 1969

Dear Dr. Arditti,

Many thanks for your friendly letter of 1st December. I was motivated by this letter 
to read carefully through all of my orchid publications once again. Therefore I 
can now give you additions to my earlier letters! Making these additions was 
rather difficult as I have been suffering from heart problems for several years 
(but the diagnosis of my doctors is only ‘age-related heart’). Therefore I am 
allowed only to go on short walks of 1/2–3/3 [maybe he means 3/4] hours. 
Unfortunately I can no longer visit the library at the university to look at old and 
current literature, as my home is situated in the southern part of Bonn, far away 
from the Institute of Botany and the library; and I had to sell my own very large 
library in 1952. Therefore, when replying to queries, I have to rely on my mostly 
superficial notes and on my aging memory.

But I would like to draw your attention to a few important questions!

Question I. How I got my results in Bogor is actually already contained on pages 
1–2 of my paper in 1909a, if you read it carefully!!: namely through detailed 
description of the postfloral processes and their causes. At first I did not deal 
with the so-called “poison” of the great Fritz Müller which you can see from the 
fact that in all of my papers in 1909a, 1909b, 1910 I never mentioned Müller’s 
“poison” and pointed out that this poison is apparently my pollen hormone. {I 
only mentioned Hans Winkler’s paper of 1905 briefly (see Fitting, 1909a, p. 69) 
where he refers to the pollen “poison”}. Therefore the toxicity of the pollinia 
was only a very minor problem of my work, and it was quite a coincidence that 
I found the pollen hormone in the course of my developmental-physiological 
studies; but I have discovered it!!, simply through systematically and well 
thought-through experimenting.

Question II. From where and since when did botany in Germany know about the 
“toxicity” of pollinia? To answer this question you should read Fritz Müller’s 
paper carefully (cited in my paper in 1909a; 1868, p. 629ff.), maybe he mentions 
the “poison”. The thick book of Kerner von Marilaun (1895), that I have recently 
looked through carefully, does not make any mention of Fritz Müller’s orchid 
work and his “poison”; did he not know about them??
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Comment: Fritz Müller’s paper in Verhandlungen des Botanischen Vereins der 
Provinz Brandenburg, 1886, volume 28, also seems to be mentioned in his work 
“Work, letters and life” on page 471 (my own rather superficial note says 8th 
May 1886, probably it refers to a letter of Fritz Müller??).

Question III. Who suggested that the pollen hormone and the much later discovered 
Indolylessigsäure (IAA) are probably the same? (I prefer the term IAA over the 
ambiguous term “Auxin” = growth hormone). This was of course Laibach and 
his students! At least they were able to show that IAA has got the same effect 
on orchid flowers as the pollen extract.

Question IV. But is that the proof, that my pollen hormone is actually the same as 
IAA? If I understood your paper of 1969 correctly, you showed that the postfloral 
processes consist of partial processes which are in their principle (partly chemi-
cally) actually quite different from IAA (I was not able to read any of the papers 
that you cited in 1969, and therefore do not know their contents). Therefore 
I repeat what I said already earlier, namely that we need exact chemical proof that 
the pollen hormone indeed contains IAA! Laibach has not done this! Of course 
I don’t know if you would agree with me. Perhaps one should look through the 
papers of Laibach and his students again carefully; but I don’t think that one would 
find something important.

[there is something missing,]

…………..; I have not got them here – my reprint collection is at the Institute of 
Botany!!

I was most intrigued by your mention that you will go to Bogor soon! What will 
be the garden (and the primitive institute), now after the Dutch have left Java?? 
– I wish you all the best for this wonderful trip!!

At last some literature from my notes:
I. Dolcher, Tullio. 1961. Relazioni ormonali nello sviluppe dell’ovario delle 

Orchidee. Nuovo giornal botan. ital. 68(1–2): 213–215.
II. Dolcher, Tullio. 1961. Azione delle auxine in segmenti isolati dell’ asse floral. 

Nuovo giornal botan. ital. 68(1–2): 216–219.
I have not read any of these two papers, and therefore do not know what their 
content is!

With best wishes,
Hans Fitting

Comments in brackets are by the translator.
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Appendix 2

Plant Names Used in this Chapter

Plant names used in the chapter are listed in this appendix. Currently accepted 
names are listed in bold face. Names follow largely the World Checklist of Monocotyledons 
(The Board of Trustees of the Royal Botanic Gardens, Kew. Published on the 
Internet; http://www.kew.org/wcsp/monocots/ accessed 16 October 2006).

Orchids

Aerides falcata Lindl. & Paxton
Aerides odorata Lour.
Arachnanthe clarkei (Rchb. f.) Rolfe = Esmeralda clarkei Rchb. f.
Arachnanthe sulingi (Blume) Benth. = Armodorum sulingi (Blume) Schltr.
Armodorum sulingi (Blume) Schltr.
Bletia verecunda (Salisb.) R. Br. = B. purpurea (Lam.) DC.
Calanthe discolor Lindl.
Calanthe × veitchii Hort.
Calanthe veratrifolia (Willd.) R. Br. ex Ker Gawl. = C. triplicata (Willemet) 
Ames
Catasetum sp.
Cattleya labiata Lindl.
Cattleya trianae Linden & Rchb. f.
Coelogyne asperata Lindl.
Coelogyne massangeana Rchb. f.
Coelogyne pandurata Lindl.
Coelogyne speciosa (Blume) Lindl.
Coelogyne swaniana Rolfe
Corymbis disticha (Breda) Lindl. = Corymborkis veratrifolia (Reinw.) Blume
Corymborkis veratrifolia (Reinw.) Blume
Cymbidium finlaysonianum Lindl.
Cymbidium sanguinolentum Teijsm. & Binn. = C. chloranthum Lindl.
Cymbidium virens Rchb. f., sphalm. for C. virescens Lindl. = C. goeringii (Rchb. f.) 
Rchb. f. var. goeringii
Cypripedium acaule Aiton
Dendrobium antennatum Lindl.
Dendrobium crumenatum Sw.
Dendrobium fimbriatum Hook. var. oculatum Hook. = D. fimbriatum Hook.
Dendrobium macrophyllum A. Rich.
Dendrobium superbum Rchb. f. = D. anosmum Lindl.
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Dendrobium wardianum R. Warner
Epipactis erecta (Thunb.) Sw. = Cephalanthera erecta (Thunb.) Blume
Epipactis falcata (Thunb.) Sw. = Cephalanthera falcata (Thunb.) Blume
Epipactis palustris (L.) Crantz
Epipactis papillosa Franch. & Sav.
Epipactis thunbergii A. Gray
Eulophia macrostachya Lindl. = E. pulchra (Thouars) Lindl.
Goodyera repens (L.) R. Br.
Gymnadenia conopsea (L.) R. Br.
Gymnadenia cucullata (L.) Rich. = Neottianthe cucullata (L.) Schltr.
Liparis latifolia Lindl. = Stichorkis latifolia (Lindl.) Pfitzer
Masdevallia glandulosa Königer
Odontoglossum crispum Lindl.
Oncidium flexuosum Lodd.
Oncidium incurvum Barker ex Lindl.
Oncidium sphacelatum Lindl.
Oncidium sphegiferum Lindl. = O. divaricatum Lindl.
Orchis fusca Jacq. = O. purpurea Huds.
Orchis latifolia L. = Dactylorhiza incarnata (L.) Soó subsp. incarnata
Orchis maculata L. = Dactylorhiza maculata (L.) Soó
Orchis mascula (L.) L.
Orchis morio L.
Paphiopedilum argus (Rchb. f.) Stein
Paphiopedilum barbatum (Lindl.) Pfitzer
Paphiopedilum boxallii (Rchb. f.) Pfitzer = P. villosum (Lindl.) Stein var. boxallii 
(Rchb. f.) Pfitzer
Paphiopedilum callosum (Rchb. f.) Stein
Paphiopedilum glaucophyllum J.J. Sm.
Paphiopedilum lathamianum, name not traced
Phaius amboinensis Blume = P. terrestris (L.) Ormerod
Phalaenopsis amabilis (L.) Blume
Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.
Phalaenopsis esmeralda Rchb. f. = P. pulcherrima (Lindl.) J.J. Sm.
Phalaenopsis regnieriana Rchb. f.
Phalaenopsis violacea H. Witte
Platanthera bifolia (L.) Rich.
Platanthera yatabei Maxim. [nom. nud.]
Renanthera × maingayi (Hook. f.) Ridl. = Arachnis × maingayi (Hook. f.) Schltr.
Rhynchostylis retusa (L.) Blume
Spathoglottis filuata, name not traced
Spiranthes australis (R. Br.) Lindl. = S. sinensis (Pers.) Ames
Stanhopea insignis Frost
Trichoglottis geminata (Teijsm. & Binn.) J.J. Sm.
Vanda insignis Blume
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Vanda tricolor Lindl.
Vanilla sp.
Zygopetalum mackayi Hook. = Z. maculatum (Kunth) Garay

Other Plants

Alpinia hookeriana Valeton (Zingiberaceae) = A. latilabris Ridl.
Anoda cristata Schltdl. (Malvaceae)
Begonia geogensis (Begoniaceae), name not traced
Brassica campestris L. (Brassicaceae) = B. rapa L.
Canna sp. (Cannaceae)
Eucharis x grandiflora Planch. & Linden (Alliaceae)
Hedychium sp. (Zingiberaceae)
Hibiscus rosa-sinensis L.(Malvaceae)
Hibiscus schizopetalus (Mast.) Hook. f. (Malvaceae)
Hibiscus syriacus L. (Malvaceae)
Hyacinthus orientalis L. (Asparagaceae)
Impatiens rodgrigesi (Balsaminaceae), name not traced
Narcissus jonquilla L. (Alliaceae)
Prunus mume Siebold. & Zucc. (Rosaceae)
Salix thunbergiana (Salicaceae) = S. gracilistyla Miq.
Thea japonica (Theaceae) = Camellia japonica L.
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Introduction

Only 100–130 plants are mentioned in the Bible, some in general terms such as 
“thorns,” “thistles,” “briars”, “grass,” and similar vegetation (Blackman, 1983; 
Felix, 1974a; Musselman, 2005; Souvay, no date). Others are mentioned by specific 
names such as “shoshana” (which has been interpreted to mean “lily,” but in present 
day Hebrew is used for “rose” as is the term “vered”), “shoshanat ha’amakim” 
(identified as Lilium candidum), “havazelet ha-Sahron” (Pancratum maritimum) 
and grape vines. There are over 525 references to trees in the Bible of which 22 can 
be recognized at present (Musselman, 2003). They include cedars of Lebanon, 
 carobs, apples, almonds, date palms, figs and others (Musselman, 2003). Of these 
the date palm, fig, olive, pomegranate and tamarisk are also mentioned in the Koran 
(Musselman, 2003). Some biblical plant names have been applied to several species 
at present. An example of this is “lily” which may be a red tulip (Tulipa), anemone, 
white madonna lily (Lilium candidum), hyacinth (Hyacinthus orientalis) and crocus 
(the genus Crocus; Hepper, no date). Orchids are most probably not mentioned in 
the Bible. However, various biblical scholars of both the new and old testaments 
have claimed that some plants which are mentioned in the Bible are orchids.

One book about the plants of the Bible does not even mention orchids 
(Henslow, 1906). Another has stated that “although there are 70 kinds of orchids 
native to the Holy Land, it is not probable that Jesus’ listeners were at all 
acquainted with their dust-like seeds. These apparent dust motes probably would 
not have been  recognized as seeds” (Moldenke and Moldenke, 1952; for physical 
characteristics of orchid seeds see Arditti and Abdul Ghani, 2000). The view of 
an American orchid expert (Ames, 1942) is that “there is not any indication of the 
use of orchids by the Hebrews either for medicine or decorations. This is not 
strange because the country of the Bible people was not an orchid country.” Still, 
a number of writers have  suggested that other plants, even if they are referred to 
by their own names, are Orchidaceous in nature (Chatin, 1868; Sugaya, 1999; for 
reviews see Lawler, 1984). The logic behind these suggestions is neither obvious 
nor clear. It is actually strained and even contrived. Two of the attributions seem 
to be due to misunderstandings.

Aaron’s and Moses’s Staffs

Orchis purpurea Huds (Figs. 3-1C and 3-2C) has ovoid tubers and numerous short 
and thick roots. It has three to six leaves which are oblong or oblong-lanceolate, 
bright, grey-green, glabrous and shiny. They are 10–22 cm long and 2–5 cm wide. 
The inflorescence is robust, round, solid, 20–40 cm and 60–90 cm tall. Flowers are 
numerous, unscented, 15–20 mm in size, with a dark red, helmet like dorsal sepal 
and a pale reddish labellum with darker spots. This widely distributed species is 
found in the British Isles, Bulgaria, Caucasus, Czech Republic, Crimea, Denmark, 
Egypt, France, Greece, Hungary, Israel, Italy, probably Jordan, Netherlands, 
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Northwest Africa, Poland, Portugal, Romania, parts of Russia, Slovakia, and Spain 
(Schulze, 1894; Camus, Bergon, and Camus, 1908; Keller and Schlechter, 1928; 
Camus and Camus, 1929; Godfery, 1933; Hayek, 1933; Summerhayes, 1968; 
Danesch and Danesch, 1969; Täckholm and Drar, 1969; Füller, 1972; Landwehr, 
1977; Sezik, 1984; Hossain and El-Gadi, 1985).

A suggestion that “the rods of Moses and Aaron (Exodus 4:2, 17, 20; Numbers 
17:2–10) have been identified as Orchis purpurea Huds” (Lawler, 1984) seems to 
be based on a misunderstanding. Flora Magica (Teirlinck, 1930)1 presents several 
passages which refer to Aaron’s rod (pp. 162–163) and on subsequent pages (163–164) 
lists several plants which have vernacular names that include the words “rod of 
Aaron.” This list includes Orchis purpurea (which Flora Magica presents incor-
rectly as Orchis purpurea L. rather than the correct Orchis purpurea Huds.). Flora 
Magica does not suggest that Aaron’s staff or rod (Fig. 3-3F) was made of Orchis 
purpurea. It merely lists this species as having a common name which involves the 
words “Aaron’s rod.”

Even if Flora Magica did suggest that Aaron’s rod was made of Orchis  purpurea, 
the suggestion would make no sense for two reasons. First, even if the inflorescence 
of Orchis purpurea is robust, it is still herbaceous and not rigid and hard enough to 

Fig. 3-1. Three Orchis species. A. Orchis sancta. B. Neotinea maculata (Satyrium maculatum). 
C. Orchidspurpurea (A, Camus and Camus, 1929; B, Godfery and Godfery, 1933; C, Schulze, 1894).

1 We thank Dr. Barbara Gravendeel of the Netherlands for obtaining for us copies of the relevant 
pages from Flora Magica and translating passages from it.
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be used as a rod or staff. Second, Egyptian paintings show that their staffs and rods 
were as long as the height of a human being or longer (Fig. 3-3A, 3-3E, 3-3G, and 
3-3H) whereas inflorescences of Orchis militaris are at most 90 cm tall (Schulze, 
1894; Camus et al., 1908; Keller and Schlechter, 1928; Camus and Camus, 1929; 
Godfery, 1933; Hayek, 1933; Summerhayes, 1968; Danesch and Danesch, 1969; 
Täckholm and Drar, 1969; Füller, 1972; Landwehr, 1977; Sezik, 1984; Hossain and 
El-Gadi, 1985).

An argument in favor of the idea that Aaron’s rod may have been or was made 
of Orchis purpurea could be that the inflorescence axis is “round, solid,  glabrous, 

Fig. 3-2. Drawings of two orchids. A, B. Netinea maculata (Satyrium maculatum). C. Orchis 
purpurea (Hossain and El-Gadi, 1985; Camus et al., 1908).
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Fig. 3-3. Egyptian (A-E, G, H) and Aaron’s (F) staffs 
(A, http://www.besttreasurehunts.com/popup_image.php/pID/84; 
B, http://www.touregypt.net/featurestories/priest2.jpg;
C, http://showcase.netins.net/web/ankh/niankh.jpg
D, http://www.symbolworld.org/learning/history/egypt/egypt-syms_files/sebek.gif; 
E, http://www.directfromegypt.com/2004/misc_items/14_elgana_s.jpg; 
F, http://www.metmuseum.org/collections/images/ep/images/ep50.70.L.jpg; 
G, http://www.ancientegypt.co.uk/life/explore/images/fiegrain.jpg; 
H, http://www.albanyinstitute.org/exhibits/Images/permanent/coffindetail.cat.web.JPG).
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pale green below, angular, channeled and often dark dull purple above, sometimes 
with lines of green cells like a pattern on a snake’s skin” (Godfery, 1933 with 
emphasis added). If this is what Aaron’s rod looked like, it may have appeared as a 
snake to Pharaoh and his attendants. But then if this is the case, one could argue that 
the rods of Pharaoh’s attendants were also made or could have been made of Orchis 
purpurea. And if all rods were made of Orchis purpurea, how did Aaron’s orchid eat 
the Pharaoh’s attendants’ orchids? There are no known cannibalistic orchids. Given 
these facts and considerations the only possible conclusion is that Orchis purpurea 
is not referred to in the Bible.

Mustard Seeds versus Orchid Seeds

Orchid seeds (Figs. 3-4–3-7) are very light and small and produced in very large 
numbers (up to 4,000,000 per fruit have been counted). They are the smallest 
known seeds. The longest orchid seed, that of the neotropic species Epidendrum 
secundum is 6.0 mm long. It is 120 times longer than the shortest seed which is only 
0.05 mm long and produced by the New Caledonian Anoectochilus imitas. The 
“widest” (the “width” is actually a diameter) orchids seeds, those of the New 
Guinean Dendrobium insigne (0.9 mm) an the South East Asian (Cambodia, Laos, 
Malaysia, Thailand, Vietnam). Galeola nudifolia (0.93 mm) seeds are 90 times 
“wider” than the “thinnest” ones which are the Gastrodia (a genus found in 
Australia, China, East Asia, Japan, Korea, New Zealand) type and measure 0.01–
0.1 mm. Weight of only a few orchid seeds is known: 0.4–90 μg. Orchid embryos 
are even smaller and lighter. As a result the air space inside orchid seeds is 0.4–97% 
of the volume inside the seed coat. Because of that orchid seeds can float in the air 
or water for extended periods and travel distances as long as 2,000 km (for a review 
see Arditti and Abdul Ghani, 2000).

Mustard seeds are spherical, yellow, brown or white in color, 1.6–3 mm long, 
1.2–2.1 mm wide, and weigh approximately 4 mg (Fig. 3-7). They are larger than 
the average orchid seed, solid without large air space and do not float like the seeds 
of orchids. In fact there is absolutely no physical resemblance between mustard and 
orchid seeds. Still, there is a statement that “it has been suggested that mustard seed 
of Jesus’ parables may have been orchid seed (Moldenke and Moldenke, 1952).” 
The relevant passages in the Bible are:

Then he said, “To what shall we liken the kingdom of God? Or, with what parable shall we 
picture it? (Mark 4:30) “It is like a mustard seed, which when it is sown on the ground, is 
smaller than all of the seeds on earth (Mark 4:31 with emphasis added).

In another parable he said to them: “The kingdom of heaven is like a mustard seed, which 
a man took, and sowed in his field (Matthew 13: 31) “Which indeed is the least of all the 
seeds; but when it is grown it is greater than the herbs and becomes a tree, so that the birds 
of the air come and nest in its branches. (Matthew 13:32 with emphasis added).

The logic behind the suggestion “that the mustard seed of Jesus’s parables may 
have been orchid seed” (for a review see Lawler, 1984) seems to be that if the New 
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Fig. 3-4. Ripe orchid fruit with mature seeds (A) and (B) a single seed (Courtesy W. P. Armstrong).

Testament states that mustard has “smaller than all seeds on earth” then the actual 
reference must be to orchids seeds because they are the smallest in the world. To 
put it differently, the tortured logic seems to be that since the Bible (new and/or old 
testaments) cannot be wrong, mustard must mean orchid.

Not all biblical botanists accept this argument. Some agree that “surely the mus-
tard seed was not really the smallest because the seed of the black orchid is smaller 
as already noted in medieval times by e.g., Albertus Magnus. But the mustard seed 
was in Jewish tradition proverbial for smallness” (Medema and Musselman, no 
date). There is no reference to Magnus’s observation that the seeds of the “black 
orchid” are smaller than those of orchids. The references to the “proverbial 
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 smallness” are Matthew 17:20 (“… if you have faith as a mustard seed…”) and 
Sura 21, 48 in the Koran. In other words, the Bible (in this case Matthew 17:20) is 
used to provide proof for itself. The argument seems circular.

More logical suggestions are that: 1) “the seed of both black and white mustard 
is similar in size, about 1.0–3.0 mm (⅛ in.) so it is not the smallest seed, but it is 
the smallest seed of those which ‘you plant in the ground’” (Medema and 
Musselman, no date). This argument which makes sense, does not attempt to claim 
that “mustard” means “orchid.” It merely points to the fact that mustard has the 
smallest seeds among the crops cultivated by farmers in biblical times and lands, 
and 2) “… the seeds of Brassica [nigra] are small, and were probably the smallest 
seeds known to the common country folk comprising Jesus’ audience in Galilee, 
yet they are far from being ‘the least of all seeds’…. Mustard was probably a com-
monly cultivated garden herb in Jesus’ day, as it is still in the Orient, for its oil. Its 
seeds would, therefore, be very familiar to country folk” (Moldenke and Moldenke, 
1952).

Altogether it is reasonable to assume that both Mark and Matthew meant “mus-
tard” rather than “orchid” when they said or wrote “mustard.” Suggestions that 
“mustard” meant “orchid” have no basis in science, fact and biblical scholarship. In 
fact it seems that just as with the rod of Aaron, the suggestion that the reference to 
mustard seed was actually to orchid seeds is due to a misunderstanding by botanists 
who are not Bible experts and students of the Bible who are not plant scientists.

Fig. 3-5. Paintings and drawings of orchid seeds (Arditti and Abdul Ghani, 2000).
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Fig. 3-6. Orchid seeds and embryos. A. Longitudinal section through a seed showing embryo and 
inclusions in its cells: starch (dark spots) and oil droplets (translucent grayish-white spots). 
B. Longitudinal section through Laeliocattleya (Lc) embryo. C. Laeliocattleya (Lc) flower. 
D. Scanning electron microscope photograph of seed showing location of embryo. E. Embryo 
being colonized by a fungus. F. Fungus pelotons in orchid seed cells (A, B, E, drawings from 
Burgeff, 1936; C, D, Joseph Arditti (scanning electron microscope photograph by technician 
Allison Oliva), “embryo” and montage, computer generated).

Dudaim

At one time or another the Hebrew word Dudaim was considered to be:

• Banana (Fig. 3-8C, 3-8D, and 3-8F) for no apparent reason. This view is no 
longer held or espoused by biblical botanists.

• A melon, either Cucumis melo or Citrullus vulgaris (at one time) or (currently) 
Citrullus lanatus (Figs. 3-8E, 3-9A, B, C, E, and F; Henslow, 1906; Moldenke and 
Moldenke, 1952; Musselman, 2005; Souvay, no date), because of a melon 
named Cucumis dudaim by Linnaeus. This view has also been discarded.

• Love-apple (Fig. 3-8) or mandrake, Mandragora officinarum or Mandragora 
autumnalis (Figs. 3-9A, D, and 3-10G–3-10J) because that is how the Hebrew 
word was translated (Hertz, 1975). The fruit is described or illustrated as being 
red or “the size of a large plum, quite round, yellow and full of soft pulp. The 
fruit is still considered in the East as a love- charm. This explains Rachel’s intent 
to obtain it” (Hertz, 1975; Figs. 3-8–3-10). The Greek word is μανδραγqρας.
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Fig. 3-7. Mustard and orchid seeds. A, L, N–P. Mustard seeds. These seeds vary in color from 
dark brown (K) to yellow (O), light yellow (M) and gray (N). They measure about 1.6–3 mm in 
diameter with 2 mm being most common. Mustard seeds are solid and not balloon-like. Orchid 
seeds are ballon-like. Air space inside the seed coat (testa) can be as high as 90%. B. Light micro-
scope photograph of an orchid seed. C–G, J. Scanning electron microscope photographs of orchid 
seeds. H, K, M. Scanning electron microscope photographs of individual cells of seed coats of 
orchid seeds. The walls of some seed coats are smooth, others are reticulated. I. Ripe fruit and 
mature seeds (A, L, N–P. World Wide Web; B, I, courtesy Markus and Martin Axelsson, Sweden; 
C, E, G, courtesy Tea Meula, OARDC, Ohio State University; D, F, H, J, K, M, Allison Oliva, a 
technician in J. Arditti’s laboratory at the time).
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Being often fasciated (Figs. 3-9A, 3-10D, and 3-10H), the mandrake root resembles 
a human form, especially the lower portion of the body. The resemblance to humans 
was often exaggerated and elaborated upon in herbals (Fig. 3-10G, I, and J). In Roman 
times it was believed that humans who uprooted these plants died. Therefore dogs were 
tied to the plants and made to pull them out (Fig. 3-10I). These dogs were believed to 
die after that. It was also believed that the plants shrieked as they were being pulled out. 
Shakespeare immortalized this belief in Romeo and Juliet as:

Shrieks like the mandrake torn out of the earth,
That living mortals hearing them run mad.

For reasons which are neither given nor buttressed by citations or justified in any 
way, two sources assert that mandragores (i.e., dudaim) are salep (Fig. 3-10), a 
drink or pudding, that is made from orchid tubers:

Dudaim de la Bible, demandé par Rachel à Lia, représenté pour les uns par les bulbes de 
l’Orchis sancta [Fig. 3-1A] ou du Satyrium maculatum [Fig. 3-1B] de la Palestine, pour 

Fig. 3-8. Mandrake. A. Plant showing leaves and root. B. An ancient apothecary making a man-
drake preparation. C. Fanciful medieval representation of mandrake leaves, fruits and man-like 
root. D. Leaves and flowers. E. Leaves, flowers, fruits and bifurcated root.
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Fig. 3-9. Several representations of Dudaim. A. Dudaim as Mandrake. B. Dudaim being brought to 
Leah. C, D, F. Dudaim as banana. E. Dudaim as melom (Dutch books from the 1700s and 1800s).

d’auitres par le Salep, par les fruits du Cucumis dudaim ou odoratissimus de l’Inde et de 
la Perse…” In free translation “Dudaim of the Bible that is requested by Rachel of Leah is 
for some the bulbs of Orchis sancta [Fig. 3-1A] or of Satyrium maculatum [Fig. 3-1B], but 
according to others for the fruits of Cucumis dudaim or Cucumis odoratissimus from India 
or Persia (Chatin, 1868).

… les madragores, (les dudaim) de la Bible sont du Salep…” which translates into “the 
mandragores (the dudaim) of the bible are salep” (Sugaya, 1999; an e-mail request for 
clarification or citation, elicited no reply from Dr. Sugaya).
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Fig. 3-10. Different interpretations of Dudaim. A-C, E, F. Cucumis melo, a melon. D, G-I. 
Mandrake. J. Dioscorides receiving a Mandrake root from the Goddess of Discovery (A, C, John 
D. Byrd, Mississippi State University, www.forestryimages.org; D, World wide web; B, Digital 
Flora of Texas; E, F, Larry Allain @ USDA-NRCS PLANTS Database and USDA; G, J, Gunther, 
1968; H, Henslow, 1906; I, Herbal of Apuleius Barbarus).
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One possible, even if far fetched, explanation for suggesting that dudaim are salep 
(Fig. 3-10), may be found in Genesis 30: 15–16 (Hertz, 1975): “And Reuben went 
in the days of wheat harvest, and found mandrakes in the field, and brought them 
unto his mother Leah. Then Rachel said to Leah: ‘Give me, I pray thee, of thy son’s 
mandrakes’ (14). And she said unto her, ‘It is a small matter that thou hast taken 
away my husband? and wouldest thou take away my son’s mandrakes also?’ and 
Rachel said, ‘Therefore he shall lie with thee to-night for thy son’s mandrakes” 
(15). “And Jacob came from the field in the evening and Leah went out to meet him, 
and said: ‘Thou must come in unto me; for I have surely hired thee with my son’s 
mandrakes.’ And he lay with her that night” (16).

These verses confirm that in Biblical times as well as later, mandrake was con-
sidered to have sexual and/or aphrodisiac attributes. And, since some orchid roots 
or tubers are used to make salep (Fig. 3-11), it is possible that the writers cited 
above (Chatin, 1868; Sugaya, 1999) or at least one of them assumed that dudaim 
refers to orchids. The offering of dudaim to “my beloved” in the Song of Solomon 
7:14 also suggests an association with sex. If only one writer made this assumption, 
it was probably the earlier one (Chatin, 1868) and this lead to the later statement. 
Interestingly, Genesis 30: 14–16 also shows that marital and family relations and 
intrigues during biblical times were not all that different from those at present.

As with Aaron’s rod and mustard seeds, it seems that the assumption that 
dudaim are orchids was made not because of any biblical writings, but due to incor-
rect assumption and logic by relatively modern writers.

Post Biblical Jewish Writings

Volume XIII of the Encyclopedia Judaica has a table of plants mentioned in the 
Bible and the Babylonian Talmud (a code of law developed by rabbis working in 
the academies of Babylonia between c. 220 CE and c. 500 CE; Fig. 3-1), and the 
Jerusalem Talmud (developed by rabbis living in Israel between c. 200 CE and 
c. 375 CE). Both Talmuds discuss and elaborate the Mishnah, an earlier compilation 
of legal oral traditions dating back to c. 200 BCE and first redacted in 200 CE. The 
Mishnah of the Jerusalem Talmud is, however, often not the same as that found in 
the Babylonian Talmud. The above Encyclopedia Judaica table contains no men-
tion of Orchis sp. in the Hebrew Bible, but does refer to a plant called khalbetzin 

 in two Mishna references (Sheviith 7:1 and 7:2); khalbetzin is described in 
the Encyclopedia Judaica reference as “flower with edible bulb” (Felix, 1974b). 
This description can apply to any biblical root crop (but in this case not to potatoes 
since they are native the New World).

Contrary to the Encyclopedia Judaica list the term khalbetzin does not appear in 
Sheviit 7:1 of the Babylonian and the Jerusalem Talmuds. Khalbetzin is found, 
however, in Mishna 7:2 of both Talmuds, but is given different translations. In a 
translation of the Jerusalem Talmud (The Talmud of the Land of Israel),  khalbetzin 
is listed as an orchid (Avery-Peck, 1991). In the Babylonian Talmud, however, 
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Fig. 3-11. Salep. A. Name (upper left) of orchid (upper right) and description (bottom) of salep 
in a handwritten Turkish book by Mahmet Ali published in 1691–1692 and entitled Tercüme-i 
Cedide Fil-Havasil Müfrede. “The plant is called Testiculu di canis (dog testicles) in Latin, 
Hüsyet-ül kelb (dog testicles) and It Kesesi (dog testicles) in Turkish [Husye=kese=testicolo=test
icle; kelb=it=canis=dog]. First it warms the body. Second, it increases sexual prowess and 
strengthens sexual organs when blended with honey and sugar. The plant occurs in two forms, 
male and female. The male plants is used by men and the female is used by women. European 
doctors use different methods for blending. Fresh roots are usually fermented in aqueous medium 
after they are cleaned. They distill the mixture after fermentation is completed. The distillate is 
blended with other drugs and used in the form of pills. Dunceli, a European doctor praises these 
pills. Those who want to learn the composition of these pills should refer to Dr. Dunceli’s book. 
Alternately those interested can refer to the pills chapter in the book Jewels of Medicine which 
was translated into Turkish by Dr. E.E. Sezik. The pills described here are made of salep which is 
a holy substance” (translation by Dr. Eczaci Ekrem Sezik from Sezik, 1984). B. Salep collectors 
in the Turkish province of Muğla digging for tubers. C. Orchis tubers for sale in the Milas Bazaar, 
Turkey. D. Tubers being boiled. E. Washing tubers, F, G. Boiling tubers in the Turkish province 
of Kastamonu. The cleaned tubers are submerged in milk or buttermilk and boiled like potatoes 
(Courtesy Dr. E. E. Sezik).
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khalbetzin is  translated as an asphodel (Asphodelus, Liliaceae). Jastrow’s dictionary 
of the Babylonian and the Jerusalem Talmud and the Misha translate khalbetzin 
as Ornithogalum (Jastrow, 1975) which also belongs to the Liliaceae, not the 
Orchidaceae.

No reason is given by Avery-Peck for the identification of Khalbetzin as an 
orchid (Avery-Peck, 1991). “Flower with an edible bulbs” is too broad a statement 
to justify identification of any plant which had bulb, tubers, corm or swollen roots. 
Also, among the few orchids whose tubers (“bulbs”) are reported to have been eaten 
are Gastrodia elata and several Cymbidium species (Lawler, 1984) neither of which 
is found in the Middle East. Orchis tubers are used to prepare salep (Fig. 3-10) in 
the Middle East, but are not eaten as such (Lawler, 1984; Sezik, 1984). Even if 
khalbetzin is an orchid it should be noted that the tractate Sheviith in the Mishna 
(Blackman, 1983) is an expansion of biblical laws rather than a part of the Bible. 
In the extensive index to the Soncino Hebrew-English Babylonian Talmud (Slotski, 
1990) there is no reference to orchids.

Conclusion

There is no evidence that orchids are mentioned on the Bible despite the fact that 
there are several native species in the Holy Land (Dafni, 1981).

Dedications

For Doris Dunn, Ph.D., and Jonathan and David.–A.S.D. 
For Liza and Stuart Krassner because of Jonathan.–J.A. 
Both of us have sons named Jonathan.
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Introduction

Orchids are renowned for their diverse and often elaborate pollination strategies 
(van der Pijl and Dodson, 1969; van der Cingel, 2001). Some reward pollinators 
with food (e.g., nectar, food-hairs and oils), floral fragrances and other compounds 
such as resin-like substances and wax (van der Pijl and Dodson, 1969; Dressler, 
1990, 1993; van der Cingel, 2001) and these rewards, in turn, reinforce pollinator 
foraging behaviour (van der Pijl and Dodson, 1969; Proctor and Yeo, 1975; 
Dressler, 1990; Proctor, Yeo, and Lack, 1996; van der Cingel, 2001). Many, how-
ever, produce no rewards whatsoever, and here attraction by mimicry and deceit 
tend to predominate (Porsch, 1908; van der Pijl and Dodson, 1969; Ackerman, 
1984; Neiland and Wilcock, 1998, 2000; van der Cingel; 2001). In fact, some one-
third of orchid species attract potential pollinators solely by deceit (Ackerman, 
1984) and it is thought that deceptive pollination evolved from reward-mediated 
pollination systems (Ackerman, 1986). The former may involve complex mimicry 
strategies such as food-fraud, pseudocopulation and pseudoantagonism (van der 
Pijl and Dodson, 1969; Dressler, 1990; van der Cingel, 2001) and once attracted to 
the flower by olfactory and visual cues, the precise configuration of the floral parts, 
the presence of honey guides and tactile stimuli provided by floral hairs and papil-
lae ensure that orientation of the insect upon the flower is optimal for pollination.

Although the rewardless condition is common amongst orchids, a significant 
number of species, nonetheless, produce food rewards (van der Pijl and Dodson, 
1969; Dressler, 1990, 1993; van der Cingel, 2001). Many angiosperm families 
reward pollinators with pollen (Proctor and Yeo, 1975; Proctor et al., 1996). 
However, that of epidendroid orchids is bound within pollinia and is thus inacces-
sible to foraging insects (van der Pijl and Dodson, 1969; Dressler, 1990, 1993; van 
der Cingel, 2001). Even so, floral, food rewards such as nectar, food-hairs and floral 
oils play an important role in the successful pollination of many orchids (van der 
Pijl and Dodson, 1969; Proctor and Yeo, 1975; Dressler, 1990; Proctor et al., 1996; 
van der Cingel, 2001) and their effectiveness in the attraction of pollinators has 
been convincingly demonstrated for a number of species (Dafni and Ivri, 1979; 
Inoue, 1986; Johnson and Bond, 1997; Johnson and Nilsson, 1999; Neiland and 
Wilcock, 1994, 1998, 2000; Smithson, 2002). Moreover, they have been shown to 
be potent even in small quantities (Ackerman, Rodriguez-Robles, and Meléndez, 
1994) and Neiland and Wilcock (1998) have reported that species that offer rewards 
often double their chances of developing fruit and seed. However, reward production 
and the subsequent processes of fruit- and seed-maturation are costly both in terms 
of materials and energy expenditure and this may outweigh the benefits (Southwick, 
1984; Pyke, 1991; Ackerman et al., 1994; Meléndez-Ackerman, Ackerman, and 
Rodriguez-Robles, 2000 and references therein). Despite the cost, floral rewards, nev-
ertheless, generally confer evolutionary advantage.

Although primitive orchid species reward pollinators with pollen (Kocyan and 
Endress, 2001; Sugiura, Miyazaki, and Nagaishi, 2006), nectar is the most common 
food reward in Orchidaceae and, in some species this is secreted by trichomes. 
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Thus, floral food-hairs can conveniently be divided into four main categories: pro-
tein- or starch- containing trichomes including pseudopollen that are nibbled or 
gathered by insect pollinators (Janse, 1886; Porsch, 1905, 1906; Beck, 1914; van 
der Pijl and Dodson, 1969; Davies and Winters, 1998; Davies, Winters, and Turner, 
2000; Davies, Roberts, and Turner, 2002; Davies, Turner, and Gregg, 2003a; Davies 
and Turner, 2004a, b, c; Matusiewicz, Stpiczyńska, and Davies, 2004; Davies and 
Stpiczyńska, 2006), resin-secreting trichomes (Porsch, 1905; von Kirchner, 1925; 
Macpherson and Rupp, 1935; van der Pijl and Dodson, 1969; Roberto Vásquez and 
Dodson, 1982; Davies et al., 2002, 2003a; Davies, Turner, and Gregg, 2003b; 
Davies and Turner, 2004a; Flach et al., 2004; Matusiewicz et al., 2004; Davies and 
Stpiczyńska, 2006; Davies, Stpiczyńska and Turner, 2006), oil-secreting, trichomal 
elaiophores (Vogel, 1974; Buchmann, 1987; Toscano de Brito, 2001; Mickeliunas, 
Pansarin, and Sazima, 2006) and nectar-secreting trichomes such as those lining the 
nectar spurs of Aeranthes arachnites (Thouars) Lindl., A. grandiflora Lindl. 
(Roberts, 2001), Platanthera bifolia L. (Stpiczyńska, 1997), P. chlorantha (Custer) 
Rchb. (Stpiczyńska, 2003; Stpiczyńska et al., 2005) and Gymnadenia conopsea (L.) 
R. Br. (Stpiczyńska and Matusiewicz, 2001). This fourth category, however, lies 
beyond the scope of this paper.

Food-Hairs and Pseudopollen

The development of food-hairs (including pseudopollen) in orchids represents a 
major stride in their evolution. Pseudopollen is a mealy material superficially resem-
bling pollen and is produced as food-hairs become detached or fragment to form 
individual or small groups of cells. It is significant that flowers that produce pseudo-
pollen tend to lack nectar (van der Pijl and Dodson, 1969) and, with the exception 
of some notable examples such as members of the Maxillaria grandiflora (Humb., 
Bonpl. & Kunth) Lindl. and Maxillaria lepidota Lindl. alliances, fragrance percepti-
ble to humans (Flach et al., 2004; Singer et al., 2006). Moreover, a mentum, possibly 
a vestigial nectary spur, is usually present in pseudopollen-producing and rewardless 
species of Maxillaria Ruiz & Pav., indicating that pseudopollen may have replaced 
nectar as the main reward and that the production of nectar preceded the rewardless 
condition in that genus (Davies et al., 2003a). Indeed, Davies et al. (2005) estimate 
that some 56% of Maxillaria spp. are  rewardless, 16–23% produce pseudopollen, 
13% produce wax or a viscid, resin-like material rich in lipids and aromatic amino 
acids and only 8% produce nectar.

Food-hairs, including pseudopollen-forming hairs, usually occur upon the label-
lum (Figs. 4-1–4-13). They contain rich reserves of food, mainly protein, and are 
gathered or nibbled by insects. Of those orchid species that offer food rewards, 
most offer one type only. In some cases, however, several types of food reward may 
occur in a single species. For example, Maxillaria violaceopunctata Rchb.f. and 
M. lepidota produce both food-hairs and a resin-like substance (Davies et al., 
2003a; Matusiewicz et al., 2004) and food-laden papillae and viscid material have 
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Figs. 4.1–4.13. Examples of food-hairs and pseudopollen in orchids. Fig. 4-1: Labellum of 
Polystachya foliosa (Hook.f.) Rchb.f. (sect. Polystachya Rchb.f.) showing uniseriate, moniliform, 
 pseudopollen-forming hairs. Scale bar = 100 μm. Fig. 4-2: Labellar  surface of Maxillaria johni-
ana Kraenzl. (M.  grandiflora (Humb., Bonpl. & Kunth) Lindl. alliance) with similar pseudopol-
len-forming hairs. Scale bar = 100 μm. Fig. 4-3: Detail of above showing uniseriate, moniliform 
trichomes consisting of ellipsoid cells. Scale bar = 25 μm. Fig. 4-4: Transmission electronmicro-
graph of section through trichome cell of Maxillaria sanderiana Rchb.f. (M. grandiflora (Humb., 
Bonpl. & Kunth) Lindl. alliance) showing cluster of amyloplasts containing starch grains (A) and 
amorphous protein body (P). Scale bar = 2.5 μm (by kind permission of the editor of The Annals 
of Botany). Fig. 4-5: Labellar surface of Maxillaria ochroleuca Lodd. ex Lindl. (M. splendens 
Poepp. & Endl. alliance) showing few-celled trichomes that are said to be gathered by a species 
of Trigona. Scale bar = 100 μm. Fig. 4-6: Uniseriate, moniliform trichomes of Maxillaria dis-
color (Lodd. ex Lindl.) Rchb.f. (M. discolor (Lodd. ex Lindl.) Rchb.f. alliance). These are said to 
be collected by the stingless bee Trigona fulviventris. Scale bar = 50 μm. Fig. 4-7: Labellar food-
hairs of Polystachya cultriformis (Thouars) Spreng. (sect. Cultriformes Kraenzl.). Scale bar = 
50 μm. Fig. 4-8: Labellar surface of Polystachya maculata P.J. Cribb (sect. Cultriformes Kraenzl.) 
showing 2–4-celled, labellar hairs with clavate terminal cells. Scale bar = 250 μm. Fig. 4-9: Detail 
of above. Scale bar = 100 μm. Fig. 4-10: Clavate, labellar food-hairs of Polystachya campy-
loglossa Rolfe (sect. Affines Kraenzl.). Scale bar = 25 μm. Fig. 4-11: Unicellular, pseudopollen-
forming, labellar hairs of Eria ridleyi Rolfe (sect. Mycaranthes Rchb.f.). These, eventually, become 
detached from the labellar surface. Scale bar = 25 μm. Fig. 4-12: Similar labellar hairs in Eria 
paniculata Lindl. (sect. Mycaranthes Rchb.f.). Scale bar = 25 μm (by kind permission of the editor 
of The Annals of Botany). Fig. 4-13: Detail of labellar hair of Eria oblitterata (Blume) Rchb.f. 
(sect. Mycaranthes Rchb.f.) showing presumed wax deposits towards apex. Scale bar = 10 μm (by 
kind permission of the  editor of The Annals of Botany).

also been reported for M. acutifolia Lindl. and M. tenuibulba E.A. Christenson 
(Davies and Turner, 2004a).

Terminology

In recent years, there has been much debate over the terms ‘food-hairs’ and ‘pseu-
dopollen’. Lindley (1842), in his description of Eria paniculata Lindl., based upon 
the Latin diagnosis of Wallich (1830), referred to ‘a line of fine white powder 
formed all along the middle of the lip’ consisting of ‘pyriform bodies…of the same 
nature as those which occur on Polystachya’ (cited in Beck, 1914). He goes on to 
say ‘They are in fact extremely short hairs of one joint tapering to the base; in 
appearance they resemble fine powdery dust’. Perhaps the first to compare the 
appearance of individual food-hair cells with pollen grains, however, was Janse 
(1886). Whilst Janse  simply referred to such trichomes as ‘Haare’, the title of his 
paper ‘Imitirte Pollenkörner bei Maxillaria sp.’ clearly implies imitation or mim-
icry. Subsequent German literature (e.g., Porsch 1905) refers to food-laden hairs as 
‘Futterhaare’ but by 1914, Beck in his thorough work on the pseudopollen of Eria 
Lindl., was already interchangeably using the terms ‘Futterkörper’ (food bodies), 
‘Pollennachahmung’ (counterfeit pollen), ‘Scheinpollen’ (pollen look-alike) and 
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‘falscher Pollen’ (false pollen). Thus, the various equivalents of the term ‘pseudo-
pollen’ were probably at first simply used to describe the pollen-like appearance of 
the labellar hairs to the human eye, much in the same way that the term ‘farina’ was 
used to describe their flour-like consistency. When ‘pseudopollen’ is used in this 
way, the prefix ‘pseudo’ can be loosely translated as ‘like’, ‘resembling’ or ‘similar 
to’. However, recently, the term ‘pseudopollen’ has increasingly taken on its 
 alternative meaning of ‘false pollen’ thus implying mimicry and deceit. As a result, 
some authors such as Singer and Koehler (2004) have expressed their dissatisfac-
tion with the term since, rather than merely describing the appearance of the tri-
chomes, it infers that visiting insects are actually deceived into collecting them as 
though they were pollen. Singer and Koehler (2004) argue that since bees system-
atically visit, pollinate and gather the labellar  trichomes of Maxillaria brasiliensis 
Brieger & Bicalho throughout the whole  flowering period, the trichomes are some-
how used during the life cycle of the pollinator. They claim that pollination here 
contrasts markedly with that found in truly deceptive orchids in that the latter are 
usually pollinated over short periods and  generally  display low fruit set. Singer 
(2002, personal correspondence), in referring to M. brasiliensis and Polystachya 
concreta (Jacq.) Garay & H.R. Sweet, states that Trigona bees ‘visited all available 
flowers and filled their corbiculae with trichomes. This behaviour was observed for 
several days and in two different locations (whereas) bees which pollinate deceptive 
orchids clearly learn (within a few days) that the flowers are rewardless and stop 
their visits’. As a result, Singer and Koehler propose that the term ‘pseudopollen’ 
be abandoned. Lately, so-called ‘pseudopollen’ has been described from the anther 
connective of several members of the Theaceae (Tsou, 1997) and the use of this 
same term to describe structures morphologically unrelated to food-hairs has the 
potential to cause further confusion. Nevertheless, on balance, the continued use of 
‘pseudopollen’ is favoured, not only for historical reasons but also because, regard-
less of whether it actually deceives pollinators, it so aptly describes the farinaceous, 
pollen-like appearance of the trichomes.

The terms ‘food-hairs’ and ‘pseudopollen’ have often been used interchangea-
bly. The former is a generic term, the latter more specific. Based on our current 
understanding, it is proposed that we clearly distinguish between these structures 
as follows: Food-hairs are epidermal trichomes. They always contain food materi-
als and are gathered or nibbled by visiting insects. Many structures formerly 
described as food-hairs have been shown, on further investigation, to be food-
laden papillae (Davies and Turner, 2004a). However, the distinction between 
papillae and hairs is not always clear and is often simply a matter of degree (Esau, 
1965; Davies and Stpiczyńska, 2006). In fact, it is now known that pseudopollen-
forming trichomes of certain species (e.g., Maxillaria sanderiana Rchb.f. and rep-
resentatives of Eria sect. Mycaranthes Rchb.f.) actually develop from labellar 
papillae (Beck, 1914; Davies et al., 2000; Davies and Turner, 2004c). Unless 
gnawed by insects, food-hairs that do not produce pseudopollen tend to remain 
attached to the labellum. By contrast, pseudopollen is a farinaceous, pollen-like 
material that is usually formed as particular types of food-hair, during the course 
of their development, either become detached from the labellar surface or 
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 fragment. The complete hair, individual cells or chains or clusters of cells may be 
gathered by insects. It is not, however, always easy to establish whether trichomes 
naturally become detached from the labellum as they mature and so, in the absence 
of unequivocal evidence that this is the case, trichomes otherwise resembling 
pseudopollen-forming hairs and  containing food are perhaps best referred to as 
‘food-hairs’.

Equally important is that distinction be made between pseudopollen and labellar 
trichomes or other labellar structures often loosely referred to as ‘pseudopollen’ but 
best termed ‘pseudostamens’. Whereas true pseudopollen resembles pollen and 
usually rewards pollinators, pseudostamens resemble a tuft of stamens and serve to 
attract insect visitors. Pseudostamens are said to occur in Arethusa bulbosa L., 
Calopogon tuberosus (L.) Britton, Sterns & Poggenb., Pogonia ophioglossoides 
(L.) Ker Gawl. (Thien and Marcks, 1972), Calypso bulbosa (L.) Oakes (Gumprecht, 
1977), Maxillaria camaridii Rchb.f., M. pulchra (Schltr.) L. O. Williams (Davies 
and Turner, 2004a), Dendrobium delacourii Guillaumin (K.L. Davies, 2005, 
unpublished data) and possibly Cleistes divaricata (L.) Ames (Gregg, 1982, 1984, 
1991a, b). Singer and Koehler (2004) have suggested that the labellar hairs of M. 
camaridii, which, incidentally, are not easily detached (Davies and Turner, 2004a), 
may also be harvested by insect visitors.

Of course, not all labellar hairs are food-hairs and the latter are distinguished 
on morphological grounds and in that they contain elevated levels of food sub-
stances. Such hairs are often squat (Fig. 4-7) or moniliform (Figs. 4-1–4-3, 4-6) 
with relatively short and wide or rounded cells, whereas others may have swollen 
tips (Figs. 4-8–4-13). Furthermore, not all hairs gathered by insects are floral in 
origin, nor seemingly contain food materials. For example, Singer (2002, per-
sonal correspondence) has observed the stingless bees Trigona and Partamona 
spp. (Meliponini) collecting trichomes from the stems of nectariferous, terrestrial 
orchids such as Aspidogyne Garay and, based solely upon the ease with which 
they become detached, Davies and Turner (2004c) have speculated that the pecu-
liar, branched hairs found on the pedicellate ovary and the abaxial surface of the 
perianth of species of Eria sect. Mycaranthes may also be collected by insects 
and possibly used for nest-building.

Food-hairs, then, by definition, are floral trichomes and/or papillae that contain 
elevated concentrations of foods such as protein, starch and lipids (Porsch, 1905; 
van der Pijl and Dodson, 1969; Davies et al., 2000, 2002 2003a; Davies and Turner, 
2004a, b, c). Pseudopollen, on the other hand, is formed when a particular type of 
food-hair fragments or becomes detached from the labellum.

Occurrence of Pseudopollen

Pseudopollen conforming to the above definition has so far been recorded for 
 surprisingly few genera (Table 4-1). These include Maxillaria Ruiz & Pav. (Janse, 
1886; Porsch, 1905; van der Pijl and Dodson, 1969; Davies and Winters, 1998; 
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Davies et al., 2000, 2003a; Davies and Turner, 2004a), Polystachya Hook. (Porsch, 
1906; Beck, 1914; Davies et al., 2002) and Eria (Beck, 1914; Davies and Turner, 
2004c), as well as a small number of individual species such as Dendrobium 
unicum Seidenf. (Kjellsson and Rasmussen, 1987; Davies and Turner, 2004b). 
Other taxa reported to produce pseudopollen include Gastrodia sesamoides R. Br. 
(Jones, 1981, 1985), Cephalanthera austiniae (A. Gray) A. Heller (van der Cingel, 
2001) and Sobralia liliastrum Lindl. (Romero, 1998). Nevertheless, it is speculated 
that many more orchid species produce food-hairs or pseudopollen since the diverse 
nature of these structures may well mean that, in the past, many types have gone 
unnoticed (Davies and Turner, 2004b).

Trichome Morphology

Food-hairs, including pseudopollen, show great diversity of form. In certain spe-
cies of Polystachya and in Eria sect. Mycaranthes (Beck, 1914; Davies et al., 
2002; Davies and Turner, 2004c), they may be unicellular and clavate (Figs. 4-11–
4-13). Alternatively, they may be uniseriate and 2- to few-celled as in other species 
of Polystachya (Figs. 4-7–4-10; Davies et al., 2002) or multicellular as in some 
species of Maxillaria (Figs. 4-2–4-3, 4-6; Davies et al., 2000; 2003a; Davies and 
Turner, 2004a), Polystachya sect. Polystachya Rchb.f. (Fig. 4-1; Porsch, 1906; 
Beck, 1914; Davies et al., 2002) and Dendrobium unicum. (Kjellsson and 
Rasmussen, 1987; Davies and Turner, 2004b). Moniliform hairs predominate 
amongst members of the Maxillaria grandiflora alliance (Figs. 4-2–4-3), 
Maxillaria discolor (Lodd. ex Lindl.) Rchb.f. alliance (Fig. 4-6), Maxillaria lepi-
dota alliance and members of Polystachya sect. Polystachya (Fig. 4-1; Janse, 
1886; Porsch, 1905, 1906; Beck, 1914; van der Pijl and Dodson, 1969; Davies and 
Winters, 1998; Davies et al., 2000, 2002, 2003a; Davies and Turner, 2004a) and 
these become detached or fragment forming individual or short chains of cells. 
The labellar hairs of the M. splendens Poepp. & Endl. alliance are much smaller 
and comprise a few elongated cells only (Fig. 4-5; Davies and Winters, 1998; 
Davies et al., 2000, 2003a; Davies and Turner, 2004a). Peculiar trichomes, com-
prising a stalk and a multicellular ‘head’ occur upon the labellum of Dendrobium 
unicum and these ‘heads’ break up into multicellular clusters called ‘granulae’. 
Certain species of Xylobium Lindl. and Teuscheria Garay also bear moniliform 
hairs but it is not known whether they contain foods (Davies and Stpiczyńska, 
2006). Vogel (1979) has argued that such hairs, even if devoid of food, can still 
attract pollinators by mimicry. Pseudopollen is also said to occur in the closely 
related Rudolfiella aurantiaca (Lindl.) Hoehne (Braga, 1977) but Davies and 
Stpiczyńska (2006) failed to find it. Singer (2006, personal correspondence), 
instead, identified putative elaiophores in this species and oil has been recorded 
from the callus and lateral lobes of the labellum of Rudolfiella picta (Schltr.) 
Hoehne (K.L. Davies, 2006, unpublished data).



170 K.L. Davies

Development of Pseudopollen

Hitherto, the development of pseudopollen has been studied in detail only for 
Maxillaria sanderiana Rchb.f. (Davies et al., 2000). In this species, uniseriate, 
moniliform hairs develop from obpyriform labellar papillae. Each cell of the mon-
iliform trichome contains a large, centrally placed, homogeneous, protein body 
which, on the basis of its profile, is thought to have intravacuolar origins (Fig. 4-4). 
This is enclosed by parietal cytoplasm containing a nucleus, mitochondria, plastids, 
dictyosomes, endoplasmic reticulum (ER) and small oil bodies. The basal cell 
undergoes repeated cell division and this results in the formation of a moniliform 
trichome. At first, numerous plasmodesmata maintain the cytoplasmic continuity of 
adjoining cells but these, together with the primary pit fields, become occluded as 
the individual trichome cells mature. The protein body enlarges and gradually dis-
places the cytoplasm. Eventually, dictyosomes and ER disappear and the plastids 
differentiate and form amyloplasts containing starch grains and plastoglobuli, but 
few lamellae. By now, the cell wall is  distinctly lamellate. Finally, dissolution of the 
middle lamella results in the  separation of the trichome cells.

Food Content and Ecology

According to earlier accounts, food-hairs contain aleurone grains, oil droplets 
(Porsch, 1905) or starch (van der Pijl and Dodson, 1969). Aleurone grains, by defini-
tion, have two components; a proteinaceous substrate with a crystalloid body (protein 
crystal) and a globoid body (double phosphate of calcium and magnesium with an 
organic radical; Esau, 1965). Porsch (1905), for example, reported aleurone grains, in 
Maxillaria rufescens Lindl. However, Davies and Turner (2004a) were unable to ver-
ify the claim although they did in fact detect protein, starch and oil droplets in that 
species. Indeed, recent histochemical studies have, in general, failed to confirm the 
presence of aleurone grains, in the stricter sense of the term, in Eria, Maxillaria and 
Polystachya spp. (Davies et al., 2000, 2002, 2003a; Davies and Turner, 2004a, c). 
Thus, it is probable that the term ‘aleurone’ was formerly used loosely instead of 
‘protein body’. Nevertheless, it has not been possible to eliminate totally the possibil-
ity that the food-hairs of some species do indeed contain true aleurone grains. For 
example, on one occasion, a single protein body with associated spheroidal, appar-
ently crystalloid body and spherical, lipid globules was observed for food-hairs of 
Maxillaria villosa (Barb. Rodr.) Cogn. (Davies et al., 2003a).

The main food material found in orchid food-hairs, such as those of Maxillaria 
spp., is protein (Davies et al., 2000, 2003a; Davies and Turner, 2004a). Typically, this 
occurs as a discrete, homogeneous, protein body containing elevated concentrations of 
aromatic amino acids (Davies et al., 2000, 2003a; Davies and Turner, 2004a). The 
protein body is thought to have intravacuolar origins and is probably formed as water 
is withdrawn from the vacuole (Buttrose, 1963; Davies et al., 2000). Food-hairs of 
some orchid species lack obvious protein bodies and here, aromatic amino acids are 
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usually distributed throughout the cytoplasm. This occurs in Polystachya (Davies et al., 
2002) and Eria (Davies and Turner, 2004c). The food-hairs of a significant number of 
orchids also contain amyloplasts (Davies et al., 2000, 2002, 2003a; Davies and Turner, 
2004a, b, c). However, it would appear that the amount of starch they contain can vary 
even between individuals of a single species and this is probably related to develop-
ment. Moreover, in Maxillaria acutifolia and M. tenuibulba, starch grains are more 
concentrated within the larger, clavate papillae found along the median, longitudinal 
axis of the labellum than in peripheral papillae (Davies and Turner, 2004a). Although 
the papillae do not become detached from the labellar surface, it is nonetheless possi-
ble that they are nibbled by visiting insects. Dendrobium unicum is atypical in that the 
main food reward is starch not protein and each cell of the granula contains a single 
starch grain that occupies almost its entire volume (Davies and Turner, 2004b). Food-
hairs and pseudopollen of some Maxillaria (Davies et al., 2000, 2003a; Davies and 
Turner, 2004a) and Polystachya spp. (Davies et al., 2002), as well as D. unicum 
(Davies and Turner, 2004b), also contain lipid droplets but their paucity and small size 
would indicate that these are unlikely to be important as food rewards.

Small, stingless bees (Meliponini) such as species of Melipona, Partamona, 
Plebeia, Tetragonisca and Trigona are considered to be the main pollinators of 
Maxillaria spp. (Singer and Cocucci, 1999; Roubik, 2000; Singer and Koehler, 
2004). Although several early observations indicated that food-hairs and pseudo-
pollen of Maxillaria spp. are gathered by insect pollinators (Dodson and Frymire, 
1961; Dodson, 1962; van der Pijl and Dodson, 1969), there has been, in the absence 
of unequivocal evidence, a tendency to dismiss these reports as unreliable (e.g., 
Roubik, 2000). Recently, however, Singer (2004, personal correspondence; Singer 
and Koehler, 2004) has reported species of Trigona systematically visiting, polli-
nating and gathering the labellar hairs of Maxillaria brasiliensis and M. ochroleuca 
Lodd ex Lindl. (Fig. 4-5). Singer has also reported Trigona fulviventris both polli-
nating and gathering moniliform, pseudopollen-forming trichomes (Fig. 4-6) from 
the flowers of M. discolor (Lodd. ex Lindl.) Rchb.f. (Singer, 2004, personal corre-
spondence) and a species of Trigona gathering ‘trichomes’ (presumably the large, 
clavate, starch-laden papillae) ‘from the median region of the lip’ of M. rufescens 
(Singer et al., 2004). The halictid bee Dialictus aff. creberrimus has also been 
observed both pollinating and gathering starchy pseudopollen from the nectarless 
flowers of Polystachya flavescens (Lindl.) J.J. Sm. (Goss, 1977), whereas a small 
xylocopid bee (Exoneura sp.) is known to pollinate and gather pseudopollen from 
the labellar callus of Gastrodia sesamoides (Jones, 1981, 1985).

Morphology of food-hairs and the chemical composition of the food that they 
contain probably play an important part in pollinator selection. Wasps, for example, 
do not consume pollen (Duncan, 1929 – cited in Proctor and Yeo, 1975) and are 
thus unlikely to gather pseudopollen. Similarly, the nutritional value of starch 
alone, as in D. unicum (Davies and Turner, 2004b), is probably insufficient nourish-
ment for solitary bees but may supplement the diet of eusocial bees that have access 
to other food sources (Roubik, 2004, personal correspondence). Most food-hairs 
and papillae are abundant in protein, but this is probably available only to those 
insect visitors with chewing mouthparts. Many trichomes contain more than one 
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type of food and may, thus, have the potential to reward more than one species of 
pollinator (Davies et al., 2000).

Trichomal Secretion of Resin-Like and Waxy Materials

The labellar papillae of some orchid genera secrete a viscid, resin-like material. These 
genera include Maxillaria (Porsch, 1905; van der Pijl and Dodson, 1969; Davies et 
al., 2003a, b; Davies and Turner, 2004a; Flach et al., 2004; Matusiewicz et al., 2004; 
Singer et al., 2006), Polystachya (Davies et al., 2002), Xylobium, (Davies and 
Stpiczyńska, 2006), Cymbidium Sw. (Macpherson and Rupp, 1935; Davies et al., 
2006) and Eria (von Kirchner, 1925). A similar secretion occurs in Teuscheria 
wageneri (Rchb.f.) Garay but it is not certain whether it has nutritive value (Davies 
and Stpiczyńska, 2006). Generally, however, these secretions are rich in lipids and 
aromatic amino acids (Davies et al., 2003b; Davies and Turner, 2004a) and further 
analysis (Flach et al., 2004) has shown that triterpenoids (cycloartenol derivatives) 
form the main component. Unlike floral oil, which is typically secreted by well-
defined elaiophores, these secretions are usually produced by poorly-defined areas of 
the labellum. Orchids that produce labellar, resin-like secretions usually lack pseudo-
pollen and fragrance but all three characters are present in M. lepidota (Matusiewicz 
et al., 2004) and both secretion and moniliform hairs occur in Teuscheria wageneri 
(Davies and Stpiczyńska, 2006) and some members of the Maxillaria discolor alli-
ance (Davies et al., 2003a).

To date, the secretion of resin-like material has been studied at the cellular level 
only for Maxillaria cf. notylioglossa Rchb.f., since re-determined as M. divaricata 
(Barb. Rodr.) Cogn. (Davies et al., 2003b). Here, secretory, obpyriform papillae occur 
along the median, longitudinal axis of the labellum. These papillae are nucleate, their 
dense cytoplasm containing mitochondria with well-developed cristae, an extensive 
system of smooth endoplasmic reticulum (SER) and spherical lipid bodies. These 
lipid bodies may be associated with the SER or occur as plastoglobuli within plastids. 
As they increase in size, they develop an electron-transparent core yet their margins 
remain strongly osmiophilic. By now, the plastid envelope has ruptured and lipid bod-
ies are released into the cytoplasm where they become associated with the plasmale-
mma and outer, tangential cell wall. This wall is permeable and lacks ectodesmata but 
at regions of greatest secretory activity, the epidermal cuticle is usually thinner than 
elsewhere. Resin-like material is secreted onto the epidermal surface and the lipid 
bodies it contains coalesce, the  viscid film finally obscuring the micromorphological 
topography of the labellum.

Similar secretions can be found in the closely related Maxillaria acuminata 
Lindl. (Davies et al., 2003b). They also occur in M. violaceopunctata, M. villosa, 
M. nasuta Rchb.f. (Davies et al., 2003a) and M. brasiliensis (Flach et al., 2004), – all 
members of the M. discolor alliance, as well as amongst members of the M. rufes-
cens alliance such as M. acutifolia, M. tenuibulba (Davies and Turner, 2004a) and 
M. hedwigae Hamer & Dodson (Singer et al., 2004). Singer and Koehler (2004) have 
noted labellar, resin-like material in M. equitans (Schltr.) Garay, and Flach 
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et al. (2004) in M. friedrichsthalii Rchb.f. The cell walls of bicellular food-hairs of 
M. reichenheimiana Endres & Rchb.f. and M. pseudoreichenheimiana Dodson also 
selectively stain for lipid with alcoholic Sudan III solution (Davies and Turner, 
2004a). Maxillaria cerifera Barb. Rodr. and M. notylioglossa Rchb.f., species which 
are related to M. divaricata and M. acuminata, on the other hand, secrete wax 
(Porsch, 1905; van der Pijl and Dodson, 1969; Senghas, 1993; Singer and Koehler, 
2004; Davies et al., 2003b; Flach et al., 2004) and dangling strings of wax are also 
produced by bicellular glands along the sepal margins of Pleurothallis schiedei 
Rchb.f. (Pridgeon, 1992). Flaky deposits of presumed wax occur on the apices of 
food-laden, pseudopollen trichomes of species of Eria sect. Mycaranthes and this is 
curious since waxy pseudopollen is not recorded elsewhere (Davies and Turner, 
2004c). This substance, too, may perhaps function as a supplementary reward 
thereby contributing towards pollinator selection. Alternatively, it may simply pro-
tect the trichomes from desiccation or, by reducing wettability, aid their dispersal.

Although resin-like material and wax are clearly secreted by morphologically 
similar papillae in Maxillaria, it is unlikely that the latter compound has nutritive 
properties and, as a result, a number of authors (e.g., van der Pijl and Dodson, 1969; 
Endress, 1994; van der Cingel, 2001) have proposed that both these secretions are 
used as ‘bee glue’ for building and repairing nests or sealing cells. Others, however, 
claim that the resin-like material has nutritive value (Davies et al., 2003a, b, 2006) 
and is perhaps gathered and ingested by insects. Again, the evidence for this is scant. 
However, Flach et al. (2004) have reported Meliponini gathering material secreted 
by the labella of Maxillaria spp. and Macpherson and Rupp (1935) have observed 
the stingless bee Trigona hockingsii gnawing at viscid material produced along the 
median axis of the lip of Cymbidium iridifolium A. Cunn. ex Lindl. (syn. C. madi-
dum Lindl.), whereas Braga (1977) reported the vespid wasp Stelopolybia cf. pal-
lipes gathering similar material from the callus of Maxillaria pendens Pabst.

Despite differences in the ways insects are thought to utilize these compounds, 
gas chromatography-mass spectrometry and nuclear magnetic resonance (NMR) 
analysis have revealed remarkable similarities between resin-like material and wax 
in Maxillaria. Here, the waxy material consists mainly of 3β-hydroxy-cycloart-24-
en-26-al (Flach et al., 2004). Comparison of the resin-like and waxy, labellar 
secretions of M. friedrichsthalii, and M. cerifera, respectively, have also revealed 
that they both contain a similar cycloartenol derivative that is absent from M. bra-
siliensis. Conversely, the labellar secretion of this last species contains a cycloar-
tenol derivative that is not present in that of M. friedrichsthalii and 
M. cerifera (Flach et al, 2004). Clearly, our understanding of the role of these 
 epidermal structures and the secretions they produce is still far from complete.

Trichomal Elaiophores

Many orchids, most notably Oncidiinae (sensu Chase et al., 2003; Chase, 2005), 
reward potential pollinators with oil. This is produced in floral glands termed elaio-
phores and these may be of two types; trichomal elaiophores (oil-secreting hairs) 
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and epithelial elaiophores (oil-secreting epidermal cells; Vogel, 1974). Production 
of floral oils in orchids is considered polyphyletic and is thought to have evolved at 
least five times in Oncidiinae alone (Silvera, 2002). Oils gathered by bees (Apidae) 
are either mixed with pollen and fed to developing larvae (Michener, 2000) or used 
in the nest to seal and waterproof cells (Endress, 1994; Silvera, 2002 and references 
therein). However, field observations are often difficult to interpret. For example, 
Porsch (1906) reported that hairs upon the inner surface of the labellar pouch of 
European Cypripedium calceolus L. were licked or nibbled by Andrena bees. 
However, the subsequent studies of Ziegenspeck (1936) showed that the hairs did 
not contain food. More recently, van der Cingel (2001) suggested that they may 
secrete oils, but as yet, there is no reliable evidence that insects feed upon them, 
whereas Nilsson (1978) speculated that they may retain pheromones from visiting 
bees or, owing to their highly light-refractive properties, somehow stimulate photo-
active behaviour in insects.

Unlike Cypripedium calceolus, flowers of certain representatives of Cranichidinae 
Lindl. (Dressler, 1993), Satyriinae Schltr. (Garside, 1922), Coryciinae Benth. 
(Buchmann, 1987; Steiner, 1989, 1993; Pauw, 2006), Bulbophyllinae Schltr. (Pohl, 
1935; van der Cingel, 2001) and Oncidiinae (sensu Chase et al., 2003; Chase, 2005) 
are known to secrete oils and these are gathered by insects (van der Pijl and 
Dodson, 1969; Buchmann, 1987; Dressler, 1990; Singer and Cocucci, 1999; van 
der Cingel, 2001; Silvera, 2002; Stpiczyńska, Davies, and Gregg, 2007). For exam-
ple, Dressler (1993) observed oil secretion in Ponthieva racemosa (Walter) C. Mohr 
(Cranichidinae) and Garside (1922) described the pollination of Satyrium bicallo-
sum Thunb. (Satyriinae) by fungus-gnats and proposed that these insects lick the 
oily secretion produced by short, unicellular hairs at the base and sides of the spurs. 
Trichomal elaiophores also occur in Disperis spp. (Coryciinae; Buchmann, 1987) 
and here, the flowers are pollinated by specialized, oil-collecting, Rediviva bees 
(Steiner, 1989, 1993). It is the labellar callus, however, that secretes the non-volatile 
oil in the closely related genus Ceratandra Eckl. & F. A. Bauer and this secretion 
contains a complex set of lipids. Ceratandra atrata (L.) T. Durand & Schinz and 
C. bicolor Sond. ex Bolus are pollinated by the oil-gathering bee Rediviva gigas, 
whereas C. grandiflora Lindl. is pollinated by beetles (Steiner, 1998). Pterygodium 
alatum (Thunb.) Sw., P. caffrum (L.) Sw., P. catholicum (L.) Sw., P. volucris (L.f.) 
Sw., Corycium orobanchoides (L.f.) Sw. and Disperis bolusiana Schltr. ssp. bolusi-
ana are all pollinated by female Rediviva peringueyi (Pauw, 2006). In each case, oil 
is secreted by the lip appendage, a structure referred to by Kurzweil et al. (1991) as 
‘the most bizarre floral structure known in the orchids’. In  P. catholicum, floral oil 
is contained within narrow, vertical grooves on the abaxial surface of the lip 
appendage and these lead into channels which run vertically inside the lip append-
age to half its length. Both grooves and channels are lined with secretory cells that 
correspond to epithelial elaiophores (Vogel, 1974). Tarsal segments 2–5 of the front 
legs of Rediviva peringueyi bear plumose hairs which absorb the floral oil 
(Whitehead and Steiner, 2001) and, although this is not consumed by the adult 
insect, it is fed to the larvae (Vogel, 1974; Cane et al., 1983; Vinson et al., 1997). 
Representatives of Bulbophyllinae such as Bulbophyllum macranthum Lindl., 
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B. lobbii Lindl. and B. campanulatum Rolfe also produce floral oil (Pohl, 1935; van 
der Cingel, 2001) and, given the enormity of Bulbophyllum Thouars, some species 
are very likely to have trichomal elaiophores.

Buchmann (1987), who studied the Ornithocephalus ‘group’ (Oncidiinae sensu 
Chase et al., 2003; Chase, 2005), found that 50 species of Ornithocephalus Hook. and 
four species of Zygostates Lindl. (formerly Ornithocephalinae) have elaiophores. In 
Ornithocephalus, these are mainly of the trichomal type and occur upon the labellum 
although, in some, they are found upon the column or other parts of the flower 
(Toscano de Brito, 2001). The pollinators are mainly species of Paratetrapedia with 
P. testacea pollinating O. avicula Rchb.f. (now O. ciliatus Lindl.) and O. cf. patenti-
lobus C. Schweinf. in Peru, whereas P. calcarata pollinates O. bicornis Lindl. and O. 
powellii Schltr. in Panama (van der Cingel, 2001; Toscano de Brito, 2001). Trichomal 
elaiophores also commonly occur upon the labellar callus and petals of Zygostates 
(Toscano de Brito, 2001). Often, as in Phymatidium falcifolium Lindl., the labellar, 
trichomal elaiophores are capitate. They may occur at the base of the lip as in 
Hintonella mexicana Ames, upon the callus as in Chytroglossa marileoniae Rchb.f. 
or, as in Platyrhiza quadricolor Barb. Rodr., at the base of the lip and upon the tabula 
infrastigmatica. In the monotypic Dunstervillea mirabilis Garay, hairs, thought to be 
trichomal elaiophores and lining the spur, closely resemble labellar hairs found in the 
monotypic Papillilabium beckleri (F. Muell. ex Benth.) Dockr. (Sarcanthinae Benth; 
Toscano de Brito, 2001). Recently, Chase and co-workers (2003, 2005) have shown 
that the former Ornithocephalinae Schltr. is nested within a more broadly defined 
Oncidiinae and the occurrence of elaiophores within this latter subtribe may be prone 
to parallelisms (Singer et al., 2006). Trichomal elaiophores also occur upon the apex 
of the labellum and base of the column of Grobya amherstiae Lindl. (Catasetinae 
sensu Chase et al., 2003) and, in this species, floral oils are gathered by the pollinator 
Paratetrapedia fervida (Mickeliunas et al., 2006).

Since epithelial elaiophores are more common than trichomal elaiophores 
(Singer et al., 2006), research to date has inevitably concentrated on those species 
of Oncidiinae that possess the former and many of these, such as Oncidium Sw., 
Ornithophora Barb. Rodr. and Sigmatostalix Rchb.f., are pollinated by oil-gathering 
bees (Dressler, 1990; Singer and Cocucci, 1999; van der Cingel, 2001) such as 
Tetrapedia (Buchmann, 1987; Singer and Cocucci. 1999) and Centris spp. The flo-
ral oil of members of the ‘Gomesa clade’ such as Baptistonia echinata Barb. Rodr., 
Oncidium longicornu Mutel, O. truncatum Pabst, O. kautskyi Pabst, O. hookeri 
Rolfe, O. welteri Pabst, O. amictum Lindl., O. trulliferum Lindl., O. cornigerum 
Lindl., O. pubes Lindl. and Ornithophora radicans (Rchb.f.) Garay & Pabst is 
characterized by the presence of diacylglycerols in which the acetyl group is invari-
ably in position 1 of the glycerol moiety and the fatty acid located in position 2. The 
long-chain fatty acid has either hydroxyl or acetoxy groups at position 3 and 7. 
The same is true of Phymatidium tillandsioides Barb. Rodr. (syn. Phymatidium 
 falcifolium Lindl.) and Zygostates lunata Lindl. (Reis et al., 2000, 2003, 2006) 
although, remarkably, that of P. delicatulum is composed largely of linear hydrocar-
bons (Reis et al., 2006). The major component of the floral oil of Ornithophora 
radicans is (2S, 3’R, 7’R)-1-acetyl-2-(3’, 7’-diacetoxy-eicosanoyl)-glycerol 
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(Reis et al., 2003) and acylglycerols are thought also to occur in the floral oils of 
Oncidium loefgrenii Cogn. and Gomesa R. Br. (Singer, 2006, personal corre-
spondence). The oils of certain other members of the ‘Gomesa clade’ such as 
Oncidium enderianum auct. and related taxa also contain diacylglycerol derivatives 
but here, the compounds are not exuded (Reis et al., 2000).

Species such as Trichocentrum stipitatum (Lindl.) M. W. Chase & N. H. Williams, 
(Silvera, 2002), Oncidium compressicaule Withner, O. guianense (Aubl.) Garay, 
O. haitiense Leonard & Ames, O. osmentii Withner and O. quadrilobum 
C. Schweinf. (Dod, 1976; now assigned to the genus Tolumnia Raf.) mimic the flow-
ers of New World, vinaceous Malpighiaceae. These vines have floral, epithelial 
elaiophores whose secretion consists of 8-acetoxy-substituted free fatty acids with a 
carbon-chain length of C

14 
– C

20
. Female Centris spp. scrape the flower surface with 

their tarsi and transfer the oil to the rear legs. The intoxicated bees then carry it to 
brood cells where it is fed to larvae (Vogel, 1974, 1990; van der Cingel, 2001). 
Tetrapedia diversipes has also been seen gathering oil and pollinating the flowers of 
O. paranaense Kraenzl. (Singer and Cocucci, 1999), whereas species of Tetrapedia 
have been observed pollinating O. pumilum Lindl. and visiting flowers of Gomesa 
recurva R. Br. (Singer, 2006, personal correspondence). Epithelial elaiophores have 
also been observed for Lockhartia Hook. (Oncidiinae), Rudolfiella aurantiaca 
(Maxillariinae sensu lato – formerly Bifrenariinae Dressler; Singer, 2006, personal 
correspondence; Singer et al., 2006), and R. picta (K. L. Davies, 2006, unpublished 
data), whereas putative elaiophores have also been noted upon the labellum of 
Grobya galeata Lindl. (Catasetinae sensu Chase et al., 2003) and many species of 
Cyrtopodium R. Br. (Catasetinae; Singer et al., 2006).

Interestingly, chemical analysis of Tetrapedia nests have revealed the presence of 
two important compounds, namely, 3,7-dihydroxy-eicosanoic acid (Tetrapedic acid 
A) and 3,7-dihydroxy-docosanoic acid (Tetrapedic acid B) – chemicals that could 
equally have been derived from Oncidiinae or Malpighiaceae (Singer et al., 2006)

Evolution of Food-Hairs and Food-Hairs 
as Taxonomic Characters

Food-hairs, it would seem, gradually replaced nectar as the main pollinator reward 
in orchids and flowers that offer rewards were, in turn, replaced by rewardless 
types (van der Pijl and Dodson, 1969; Vogel; 1979; Davies et al., 2003a). The most 
common type of epidermal papilla found amongst angiosperms, including the 
labella of Orchidaceae, is the conical papilla, characterized by its wide base, con-
cave, lateral walls and rounded tip (Kay, Daoud, and Stirton, 1981; Davies and 
Winters, 1998; Davies et al., 2003b, 2006; Davies and Turner, 2004a). Obpyriform 
papillae, such as those that secrete resin-like material and waxes (Davies et al., 
2003b), those containing abundant starch (Davies and Turner, 2004a), as well as 
those destined to become food-hairs (Davies et al., 2000), are ultimately derived 
from these, whereas moniliform, pseudopollen-forming trichomes, as found in 
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some Maxillaria spp., probably evolved from simple, uniseriate, multicellular hairs 
(Davies et al., 2003a).

Epidermal structures such as the stomatal apparatus, trichomes and glands have long 
been used as characters in orchid taxonomy (Pridgeon, 1993). Consequently, one would 
expect food-hairs, including pseudopollen, to be equally useful. However, the occur-
rence of almost identical food-hairs in unrelated genera on different continents is indica-
tive of parallelism. For example, the pseudopollen-forming, moniliform hairs of the 
Neotropical genus Maxillaria and members of the largely African genus Polystachya 
sect. Polystachya are virtually indistinguishable even though these taxa are mainly pol-
linated by Meliponini and halictid bees, respectively (Davies and Winters, 1998; Davies 
et al., 2000, 2002, 2003a; Davies and Turner, 2004a). Moreover, this type of hair also 
occurs in Xylobium latilabium and Teuscheria wageneri (Maxillariinae sensu lato) and 
may have arisen in response to similar pollination pressures (Davies and Stpiczyńska, 
2006). Owing to the prevalence of parallelism, especially in the case of Maxillarieae, a 
number of authors have warned against the use of pollination-related characters in tax-
onomy (Benzing, 1986; Stern, Judd, and Carlsward, 2004; Dathe and Dietrich, 2006; 
Davies and Stpiczyńska, 2006). Even so, some types of labellar hairs may yet prove 
useful in this respect. Toscano de Brito (2001), for example, considers the morphology 
and position of trichomal elaiophores in the Ornithocephalus ‘group’ taxonomically 
valuable. Furthermore, laterally-compressed, paddle- or lollipop-shaped, non-food tri-
chomes are common upon the labella of Xylobium spp. but have not yet been found in 
any other members of Maxillariinae sensu lato and, although food-hair diversity in 
Polystachya generally does not reflect currently accepted infra-generic relationships 
based upon gross vegetative and floral morphology, moniliform, pseudopollen-forming 
hairs in the genus are seemingly restricted to Polystachya sect. Polystachya (Davies et 
al., 2002). It would thus appear that the value of floral food-hairs as taxonomic charac-
ters depends largely upon the taxon under consideration.

Conclusions

Given the morphological diversity of orchid food-hairs, it is very likely that many 
types have been overlooked in the past, especially in genera where they were not 
expected to occur. What is certain is that the development of food-hairs, in particular 
pseudopollen, represents a major stride in the evolution of orchids. Inevitably, there 
remain large gaps in our understanding of food-hairs and those insects that gather 
them or their secretions. With few exceptions, we are currently unable to relate 
named food-hair foragers to particular orchid taxa and thus, unable to appreciate fully 
the significance of diverse food-hair morphology in pollinator selection. Although on 
occasion Meliponini have been observed gathering pseudopollen, we still do not 
know for certain whether this material is actually ingested or how it is used by the 
insect or colony, nor why starch is the main food reserve in the pseudopollen of some 
species whereas in the majority, it is protein. It is also important to consider the tim-
ing and duration of anthesis and how this is related to the life-cycle and behaviour of 
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the pollinator and activity of the colony as well as the cost of food-hair production, 
both in terms of materials and energy expenditure. Meliponini are thought to gather 
wax from the labella of some Maxillaria spp. (Flach et al., 2004), but why they should 
need to do so remains a mystery since these stingless bees, like honey bees, can make 
their own wax, whereas euglossine bees and halictid bees neither make wax nor use 
it for nest building (Roubik, 2004, personal correspondence).

Clearly, much still remains to be discovered about food-hairs and this can best 
be achieved by an integrated, multidisciplinary approach involving anatomical and 
morphological studies of the flower, entomological field work and biochemistry. 
Without such collaboration, the full significance of orchid food-hairs and the evo-
lutionary advantage that they confer will continue to elude us.
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Glossary

Abaxial surface The morphological under surface of a leaf, petal etc.
Aleurone grain  A protein substrate comprising a protein crystal and globoid 
 body, the latter component rich in calcium and magnesium.
Amyloplast A plastid involved in the storage of starch.
Aromatic amino acid  Amino acids (components of protein) with a ring-like 
 molecular structure, e.g., tryptophan.
Capitate Having a swollen, knob-like or pin-head-like tip.
Clavate Club-like.
Dictyosome The botanical name for the Golgi apparatus; an organelle 
 involved in secretion.
Ectodesmata Plasmodesmata connecting the cell to the exterior.
Elaiophore An oil-secreting gland. They may be oil-secreting hairs 
 (trichomal elaiophores), or oil-secreting epidermal cells 
 (epithelial elaiophores).
Endoplasmic reticulum  Stacks of interconnecting, parallel lamellae involved 
 (ER)  in synthesis. Rough endoplasmic reticulum (RER) bears 

ribosomes and is involved in the synthesis of protein, 
whereas smooth endoplasmic reticulum (SER) lacks 
ribosomes and synthesizes lipids. ER is characteristic of 
secretory cells.

Epidermal Relating to the epidermis, the outermost layer of a plant 
 which bears hairs, cuticle, stomata, glands etc.
Food-hairs  Epidermal hairs that contain relatively high concentra-

tions of food materials, mainly protein but sometimes 
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 starch. They may be nibbled or gathered by potential 
 insect pollinators.

Labellum A modified petal often referred to as the ‘lip’. It is often 
 more colourfully marked than the other petals and forms 
 a landing platform for insect pollinators.
Lamellae Arrays of membranous sacs.
Lamellate Layered.
Lipids A class of organic compounds that includes fats, oils and 
 waxes.
Mentum  A chin-like structure formed by the tepals and resem-

bling a short, blunt nectar spur.
Mitochondria Ovoid organelles involved in cell respiration and energy 
 production.
Moniliform hairs Multicellular hairs where the cells are arranged like a 
 string of beads.
Nucleus A relatively large organelle containing genetic material 
 as DNA and involved in the co-ordination of cellular 
 activities.
Obpyriform Bluntly pear-shaped.
Osmiophilic Staining intensely with osmium tetroxide.
Papillae Small, nipple-like projections arising from epidermal cells.
Parallelism  Where two or more unrelated species have evolved 

 independently but in a similar manner.
Parietal Peripheral; around the edges.
Pheromones In this context, sex attractants. These compounds, unlike 
 hormones, are secreted into the environment by insects 
 to attract mates.
Plasmodesmata Narrow strands of cytoplasm that pass through pits in 
 walls between adjacent cells. They allow cytoplasmic 
 continuity and transfer of substances from cell to cell.
Plastid A spherical or ovoid organelle. Some like chloroplasts 
 contain chlorophyll and photosynthesize. Others like 
 chromoplasts in petals and fruit contain yellow, orange 
 or red carotenoids and attract insect pollinators or animals 
 that aid seed dispersal, respectively. Amyloplasts contain 
 starch; proteoplasts, protein and elaioplasts, oil.
Plastoglobuli Lipid bodies within plastids.
Polyphyletic Derived from more than one ancestral species.
Pseudoantagonism Aggressive attacks by bees against flowers which they 
 are thought to perceive as trespassers on their territory.
Pseudocopulation A pollination strategy where a male insect attempts to 
 copulate with a flower resembling the female of the species.
Pseudopollen Food-hairs that resemble pollen and are gathered by 
 insects. Some, seemingly lack food contents and may 
 attract pollinators by mimicry.
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Pyriform Pear-shaped.
Sensu lato In its broad sense.
Sensu In the sense of.
Trichome A hair.
Uniseriate  In reference to a multicellular hair in which the cells are 

arranged in single file.
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Introduction

Male and female reproductive organs vary widely in angiosperms, due to the number 
of ovules per ovary and the number of pollen grains in pollen dispersal units (PDUs), 
a term used to indicate the different ways in which ripe pollen is  presented for 
dispersal (Pacini, 1997). Pollen may travel as a single grain, or en masse, as a compound 
pollen (Knox and McConchie, 1986).

Pollen forms aggregates by various means: (i) viscous fluids derived from 
 tapetum activity and/or degeneration; (ii) filaments derived from tapetum activity, 
composed of sporopollenin and continuous with pollen exine; (iii) threads derived 
from other anther parts; (iv) common walls, i.e., contiguous pollen grains derived 
from the same meiocyte or from close meiocytes which share a wall (Pacini and 
Franchi, 1999; Hesse, Vogel, and Halbritter 2000).

The PDU is often a systematic character. Only one type of PDU is present in many 
angiosperm families. Orchidaceae have different PDU, some are unique, others are 
present in other groups (Pacini and Franchi, 2000). One type, the pollinium, was rec-
ognized by early 19th century by plant embryologists such as Reichenbach (1852) 
and Hofmeister (1861).

There are several descriptive papers on the ontogenesis and ripe pollen of the more 
common PDU type in Orchidaceae (Williams, 1970, 1972; Williams and Broome, 
1976; Newton and Williams, 1978; Ackerman and Williams, 1980, 1981; Yeung, 
1987a, b, c; Clifford and Owens, 1990; Zavada, 1990; Brown and Lemmon, 1991; 
Pandolfi, Pacini, and Calder 1993; Pandolfi and Pacini, 1995; Freudestein and 
Rasmussen, 1997). Few of these studies consider all the different PDU types and com-
pare them with other reproductive features (Wolter and Schill, 1986; Schill and Wolter, 
1986; Zee and Siu, 1990; Johnson and Edwards, 2000; Pacini and Hesse, 2002).

Orchids have several reproductive peculiarities, both on the male and female 
side, and some specific terms related to different aspects of reproductive parts are 
typical of this family (see the glossary). Some of these features probably originated 
as an adaptation of male and female parts to an increase in the number of grains 
contained in the PDU. Wolter and Schill (1986) presented a survey on orchid PDU 
from an ultrastructural point of view. In the present series of volumes (no. IV) there 
is another essay by Yeung (1987a) devoted to embryology and general aspects of 
orchid reproduction. The present author and different co-workers have written 
papers on PDU types, germination, and biological consequences (Pacini and 
Franchi, 1996, 1999, 2000; Pacini and Hesse, 2002; Pandolfi et al., 1993; Pandolfi 
and Pacini, 1995) which inspired the present review.

Types of Pollen Dispersal Units

On the basis of the number of aggregated pollen grains and sticking modalities, 
Pacini and Franchi (1998) recognized 13 PDU types in Angiosperms: ten in mono-
cots (Pacini and Franchi, 2000) and eight in orchids (Pacini and Hesse, 2002), four 
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Fig. 5-2. Light micrograph of part of a 
Pterostylis plumosa anther at late micro-
spore stage. Ornamented reticulate exine is 
present only in the outer part of the tetrad, 
Auramine O.

of which are typical of this group. Orchidaceae is the Angiosperm family with the 
greatest number of PDU types.

Monad pollen is the starting point for all PDU types in orchids which form in 
two steps. The first is common to many other angiosperms families, that is, the 
passage from monad to tetrad pollen (Pacini and Franchi, 1998). The second step 
is more complex and articulated because it gives rise to different cytological mech-
anisms of tetrad combinations to form different PDU types with a high number of 
pollen grains. Schill, Dunnenbaum, and Neyer (1992) reported that the number of 
pollen grains in a pollinium range from 40,000 and 4 million.

Pollen usually loses water before dispersal to slow down the metabolism in 
response to contact with the environment (Pacini and Hesse, 2004). Full metabolism 
is restored after rehydration on the stigma. This complex process of water loss and gain 
is called harmomegathy (Pacini, 1990) and interferes with pollen aggregation; in fact 
monads have a furrow and accomodate changes in water content, whereas in PDUs 
consisting of many thousands of pollen grains, harmomegathy becomes impossible.

Orchid PDU types differ due to: (a) different types of gluing material derived 
from tapetum degeneration, i.e. a pollenkitt or elastoviscin; (b) monad or tetrad 
grains; (c) different ways of tetrads cohesion by common walls to form the massu-
lae; (d) massulae or a more compact units; (e) the harmomegathic capacity of the 
grains. A short description and scheme of the different PDU types in orchids and 
some examples from the literature may be found in Figs. 5-1–5-6.

Fig. 5-1. Light micrograph of part of a 
Pterostylis plumosa anther at late micro-
spore stage. Microspores are still in the 
position of the tetrad and different types of 
tetrads are recognizable. tetrahedric (T) 
and square (S). Intine has already formed 
and the furrow is oriented inwardly with 
respect to the tetrad. Microspore cytoplasm 
contains starch grains (amyloplasts); PAS.
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Fig. 5-5. Scanning electron micrograph of the 
androecium of Ophrys insectifera with two 
soft pollinia composed of a few dozen of 
 massulae partially enclosed by the anther, two 
spherical  viscidia are at the base of the  pollinia 
enabling the pollinia to be taken by 
 pollinators.

Fig. 5-4. Light micrograph of ripe pollen 
grains of Paphiopedilum villosum engulfed in 
elastoviscin. Pollen grains have a furrow and 
generative cell is spherical, Toluidine blue.

Fig. 5-3. Scanning electron micrograph of 
Cypripedium calceolus pollen grains 
engulfed in elastoviscin.
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Monad Pollen with Pollenkitt

Monad pollen grains have an aperture (Fig. 5-1) of the furrow type (Punt et al., 
1994), exine is reticulate (Fig. 5-2) and partially covered in pollenkitt (Fitzgeral 
et al., 1994, Fig. 13). In the case of Pterostylis plumosa (Pandolfi et al., 1993) the 
microspores of each tetrad persist in their relative position until anther opening 
(Figs. 5-1 and 5-2). PDUs of this type have been described in Apostasia, Neuwiedia 
(Kocyan and Endress, 2001), Pterostylis plumosa (Pandolfi et al., 1993), and 
P. concinna (Fitzgeral et al., 1994). This type of PdU is the commonest in the 
angiosperms and also the most primitive because pollenkitt is a primitive character 
and its absence is secondary (Pacini and Hesse, 2004).

Monad Pollen Grouped by Elastoviscin

The pollen grains have an aperture and are engulfed in elastoviscin (Fig. 5-3), an 
extremely viscous fluid, like chewing gum, found in different parts of orchid 
anthers in almost all the subfamilies of the Orchidaceae. It is homologous to pol-
lenkitt (Wolter and Schill, 1985a, 1986, Table 5-1). This fluid is more abundant 
than pollenkitt because the pollen grains are totally engulfed in it (Fig. 5-3) and 
not in contact one with another as occurs when there is pollenkitt. Unlike pol-
lenkitt, elastoviscin is not removed by non-osmicated fixative (Fig. 5-4). 
Elastoviscin is a product of degeneration of the tapetum cytoplasm and its main 

Fig. 5-6. Scanning electron micrograph of 
a pollinarium of Orchis pyramidalis with a 
viscidium connected to the pollinia by a 
stipe.
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component, as in the case of pollenkitt, are spherosomes (Wolter, Seufertet, and 
Schill, 1988). Examples of this PDU may be found in Cypripedium acaule 
(Burns-Balogh and Hesse, 1988, Fig. 5-6), Cypripedium calceolus, Paphiopedilum 
villosum (Figs. 5-3 and 5-4) and Apostasia wallachii (Schill and Wolter, 1986, 
Figs. 5-1 and 5-2). Exine of Apostasia wallachii is reticulate whilst that of 
Cypripedium acaule and C. calceoulus is smooth; this means that for contrast 
elastoviscin viscosity, pollen-elastoviscin adhesion is higher in Apostasia than in 
Cypripedium because of the irregular exine surface.

Isolated Tetrads

From the examples in the literature, it is not possible to recognize pollen gluing 
material but it must be present because orchids are always entomophilous and tet-
rads must stick together and to insect bodies (Pacini, 2000). There are only two 
examples: Epipactis microphylla (Dressler, 1981, Fig. 3.22) and Bletilla striata 
(Wolter and Schill, 1986, Fig. 105). In Epipactis there is only one aperture per grain 
and it is of the furrow type.

Aggregated Pollen Tetrads

There is only one example: Cleistes divaricata (Gregg, 1991), and no data on the 
presence of furrows or other harmomegathic device. It is not clear how the tetrads 
stay together, but a separate category seems likely because the tetrads are not com-
pletely free but united by an unknown sticky fluid. This PDU is also characterized 
by the possibility of dispensing loosely aggregated tetrads on different pollinators, 
a process facilitated by certain floral structures (Gregg, 1991).

Group of Tetrads United Externally by a Thin Layer of Callose: 
Soft Pollinium Type A

The only example is Polystachia pubescens (Schlag and Hesse, 1993). No data are 
available on the presence of apertures or harmomegathic devices.

Tetrads Grouped by Elastoviscin: Soft Pollinium Type B

This PDU type is typical of Neottia nidus-avis (Buchner and Weber, 2000) and 
seems to be present in other Neottioideae (Yeung, 1987a). The pollinium is mealy 
and its tetrad content can be deposited on different stigmas. However, from these 
two papers it is not possible to understand if furrows or other harmomegathic 
devices are present.
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Tetrads Grouped by Common Walls to Form a Massula: 
Soft Pollinium C

Tetrads forming the massulae of the pollinium are tightly packed with few, very 
reduced intercellular spaces (Fig. 5-6). Massulae are commonly pear shaped with 
the pointed part attached to the caudicle which is continuous with the stipe which 
bears the viscidium at one pole (Fig. 5-6). The external shape of the pollinium 
varies from spherical to pear-shaped (Schill and Pfeiffer, 1977; Johnson and 
Edwards, 2000).

Because they are loosely attached to the caudicle the massulae of a pollinarium 
can be dispersed on different stigmas depending on movements of the pollinator 
during reiterated visits to flowers. This PDU type is present in Spiranthoideae, 
Orchidioideae and Epidendroideae (Wolter and Schill, 1986) and also in Vandoideae 
according to Johnson and Edwards (2000). Harmomegathic devices are absent 
because the tetrads are  compacted. Pollinia of this type remain protected in the 
anther until an insect touches the viscidium (Fig. 5-5). Only then is the pollinarium 
is removed from the flower.

The variations in this PDU type may concern wall structure: (a) exine is present 
around all the tetrads with some differences between inner and outer tetrads as in 
Epidendrum scutella (Cocucci and Jensen, 1969; Dressler, 1981, Fig. 3.22.f); (b) 
exine is present only on the outside of pollen grains of external tetrads (Figs. 5-7 
and 5-8) as in Epidendrum ibaguense (Yeung, 1987b) and Loroglossum hircinum 
(Pandolfi et al., 1993). Possible variations are the presence of one or two viscidia. 
If there is only one, the two pollinia are kept together by the pollinator, as in 
Loroglossum hircinum (Fig. 5-6). If there are two it means that each pollinium may 
be dispersed separately by one or two visitors, as in Pleurothallis eumecocaulon 
(Stenzel, 2000) and Ophrys insectivora (Fig. 5-5).

Tetrads Grouped in a Compact Pollinium

There are four flat pollinia per pollinarium (Fig. 5-9). Exine is present only on the 
external surface of the outer tetrads. Harmomegathic devices are absent because of 
compact structure. This type of PDU is collected in one flower and completely 
deposited in another. It occurs in Calypso bulbosa (Proctor and Harder, 1995).

A similar structure is present in the dicot family Asclepiadaceae, but there are 
fewer grains per pollinium than in orchid pollinia, and external shape is totally dif-
ferent (Dannenbaum and Schill, 1991).

Consistency of the Different PDU Types

Wolter and Schill (1985b) drew up a table of four pollen forms for orchids, a kind 
of simplification of our PDU, and their presence in the subfamilies. PDU types 
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Fig. 5-8. Light micrograph of part of a ripe soft pollinium of Ophrys sphegodes. Exine is thick 
in the outer tangential walls of external microspores of outer tetrads and is reduced in radial and 
inner tangential walls. It is absent from inner microspores.

Fig. 5-7. Light micrograph of part of a ripe soft pollinium of Ophrys sphegodes. Few spaces are 
present between tetrads, PAS.

quite well respect the taxonomy of orchids, i.e., early orchids such as the  subfamily 
Apostasioideae and early members of the Cypripedioideae, Spiranthoideae, and 
Orchidoideae have monad pollen and more evolved ones, such as the Epidendroideae 
and Vandoideae, only have different types of pollen presentation.

Soft pollinia types A, B and C and monad pollen grouped by elastoviscin are 
typical mechanisms of orchids (Pacini and Franchi, 2000).
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Anther Pollen Structure and PDU Types

Orchid PDU types influence anther structure. For example, the position of the 
mechanical layer and the wall thickening pattern are different in monad pollen and 
pollinia because of different types of pollen exposure. Freudestein (1991) reported 
different types of endothecial thickenings in orchids with different PDU types. Wall 
thickenings are different because in early orchids pollen is exposed inside the open 
anther, whilst in those having a pollinium, only part is exposed and visible from 
 outside (Fig. 5-5), because the anther does open completely.

Some features related to the anther are considered in relation to PDU type in the 
following chapter.

Tapetum and Locular Fluid

Tapetum type is an embryological feature often with taxonomical significance 
(Davis, 1966) and the different types seem adaptations to certain pollination fea-
tures (Pacini, 1997). Notwithstanding their different PDU types orchids always 
have a secretory tapetum, but may differ in walls persistence/disappearance and the 
products resulting from tapetal degeneration. In fact when the PDU is a monad, as 
in Pterostylis plumosa, tapetal cells loose their inner and radial walls (Pandolfi 
et al., 1993) as commonly occurs in angiosperms (Pacini, 1997), but these walls 
persist in Cochlioda rosea and Stenoglottis longifolia (Wolter and Schill, 1986, 

Fig. 5-9. Scanning electron micrograph of a compact pollinium of Cattleya sp. having flat shape 
and a long viscidium.
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Figs. 48 and 51) which have a pollinia as PDU type. Tapetal cells in angiosperms 
lose their walls to improve release of nutrients inside the loculus (Pacini, 1997). 
Persistence of tapetal cell walls in orchids with pollinia and the extreme reduction 
of locular fluid can be considered neotenic characters (Figs. 5-10–5-13) because 
both represent arrest at an early developmental stage and are present in early land 
plants, such as mosses.

In Pterostylis plumosa and orchids with monad pollen the locular space begins 
forming during meiotic prophase, as in many angiosperms, but grows less then in 
angiosperm (Pandolfi et al., 1993). This feature, too, can be considered neotenic.

The locular fluid is extremely reduced in the case of pollinia because of tetrad 
and massula packaging. This means that the transfer of nutrients from the tapetum 
to pollen developing in an anther must be efficient and very uniform. In such 
crowded loculi with so few spaces, nutrient translocation is facilitated by cytomic-
tic channels between the microspores of the same tetrad, as in Polystachia pubes-
cens (Schlag and Hesse, 1992, Fig. 5-10), and contiguous tetrads (Fig. 5-10). 
Because these channels, all the microspores of a loculus behave synchronously as 
a syncytium until the channels are sealed off after the first mitosis, pollen begins to 
ripen (Heslop-Harrison, 1968).

All tapetal cells have nutritive functions and degenerate producing pollenkitt and 
elastiviscin. This happens when PDU is monad with pollenkitt and monad pollen is 
grouped by elastoviscin. In the case of soft pollinium C and compact pollinium, 
instead, elastoviscin of the stipe, caudicle and viscidium are formed by non tapetal 
specialised cells while tapetal cells only have a nutritive function, degenerating 
without producing any residue.

Fig. 5-10. Electron micrographs of a develop-
ing pollinium of Orchis purpurea. A cytomictic 
channel (asterisk) between two microspores of 
the same tetrad at late microspore stage.
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Fig. 5-11. Electron micrographs of a devel-
oping pollinium of Orchis purpurea. 
Synchronous pollen mitosis in grains next 
to the caudicle (C).

Fig. 5-12. Electron micrographs of a devel-
oping pollinium of Orchis purpurea. Part of 
an outer tetrad at maturity. Exine is present 
only in the external part of the tetrad. The 
generative cell is spherical in shape, contains 
a plastid (P) similar to those of the vegeta-
tive cell.
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Tetrad Types

Tetrad shape is a systematic character in angiosperm families (Davis, 1966) and is 
derived from the spatial orientation and relative positions of the two second meiotic 
division spindles (Brown and Lemmon, 1991). Orchidaceae have all six possible types: 
tetrahedral, decussate, square, rhomboidal, T-shaped, and linear, which have different 
tree dimensional shapes (Yeung, 1987a). The presence of all these tetrad types has a 
meaning in orchids with pollinia because their different shapes enable more compact-
ness and smaller intertetrads spaces (Fig. 5-7). The percentages of the various tetrad 
types differ according to position: inside the pollinium, all the types are encountered; 
on the surface linear tetrads, disposed radially, are more common (Yeung, 1987a). The 
presence of different tetrad types in species with monad  pollen, such as Loroglossum 
hircinum (Figs. 5-1 and 5-2), is apparently less understandable (Pandolfi et al., 1993), 
but from an evolutive point of view, features such as reduced locular fluid volume ena-
ble the formation of different types of pollinia (Pandolfi et al., 1993).

Mechanisms of Tetrad Adhesion in Developing Pollinia 
and During Transport

Pollinia are the most complex type of compound pollen, because the tetrads are 
kept together by various mechanisms. Yeung (1987a) discussed four types of 

Fig. 5-13. Light micrograph of part of a 
Loroglossum hircinum pollinium 24 h after 
pollination. Tetrads are loosely arranged and 
a pollen tube has formed in the space. 
Generative cell now has the classical spindle 
shape.
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mechanism responsible for tetrad aggregation. Here they are reported with some 
specific additions: (1) persistence of the callosic wall of the pollen mother cell; (2) 
persistence and or modification of certain intertetrad and intratetrad cytomictic 
channels (Fig. 5-10) enabling synchronous development (Fig. 5-11); (3) common 
and/or continuous exine and or intine (Figs. 5-7 and 5-8); (4) reduced increase in 
size of developing pollen grains irrespective of PDU type (Paldolfi et al., 1993); (5) 
the presence of tetrads of different types allowing more compact packaging; (6) the 
presence of intine bridges between contiguous tetrads formed as a consequence of 
cytomictic channel closure.

These adhesion mechanisms between tetrads are established during anther 
development. They mainly act during removal and transport. Few massulae are lost 
during collection by the pollinator and during the pollinator visits to different 
 flowers. The tetrads of each massula stay together until deposited on a stigma. 
Strong adhesion between tetrads could subsequently be very negative because tet-
rads forming a massula must come apart to create space for pollen tube emission 
(Pandolfi and Pacini, 1995).

Pollen Wall Modifications Aperture and Increase in Number 
of Pollen Grains per PDU

Pollen wall structure and stratification change according to PDU types. Burns-
Balogh (1983) proposed a theory on exine evolution in the Orchidaceae which 
reflects the different PDUs, though she did not consider this characteristic. 
Regular individual intine and exine are present around monad pollen. Different 
degrees of wall fusion appear with different PDU tetrad types. In the case of 
pollinia, wall structure varies according to the position of the tetrads in the pol-
linium. In orchids such as Loroglopssum hircinum (Pandolfi and Pacini, 1995), 
exine is only present on the outside of massule and not in a uniform layer but 
as a plaque for each microspore (Fig. 5-8). In Epidendrum scutella (Cocucci 
and Jensen, 1969) and E. ibaguense (Yeung, 1987b, c) ornamented exine is only 
present at the periphery of the pollinium and a foot layer is present in all tet-
rads. Orchis purpurea only has reduced exine on external tetrads (Fig. 5-12). 
Zavada (1990) described wall organization in some significant types of 
pollinia.

An aperture of the furrow type is present in monad pollen grains (Figs. 5-1 and 
5-2) such as those of Pterostylis plumosa (Pandolfi et al., 1993) and cypripedioid 
orchids (Burns-Balogh and Hesse, 1988), but apertures are absent in more complex 
PDUs. The absence of a pore in ripe pollen means that the site for pollen tube 
emergence is determined only after pollen lands on the stigma. Studying 
Loroglopssum hircinum pollen germination, Pandolfi and Pacini (1995) observed 
that the site for pollen tube emission only became evident when the pollinium 
crumbled and a space was created between tetrads (Fig. 5-13).
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PDU and Fossil Records

Although the exine of orchid pollen consists of the biopolymer sporopollenin, 
which has high biological and chemical resistance and fossilizes under special 
environmental conditions, orchid pollen is rarely encountered in the fossil record 
(Moore, Webb, and Collison, 1991). The reasons for this absence are essentially 
three: (1) orchids are almost exclusively entomophilous and produce little pollen; 
(2) their distribution is scattered, not crowded like weeds; (3) their pollen, espe-
cially if the PDU is a pollinium, produces loose and disorganized fossil debris 
(Wolter and Schill, 1985a). Only orchids with monads and tetrads can leave  fossils 
resembling the original pollen, but they are similar to those of other monocots 
(Zavada, 1983).

Pollen Volume and Vacuolisation

Besides the reduced space of the loculus, there are also reduced volume increases 
of pollen during its development; these features are not specific to pollinia of dif-
ferent types but present throughout the family, are necessary for pollen packaging. 
Volume increase is only threefold in orchids whereas in the other angiosperms is 
from eleven fold to twenty fold (Pandolfi et al., 1993). This means that pollen 
growth is reduced as initial investment for reproduction. Pandolfi et al. (1993) were 
the first to notice that orchid pollen has a smaller volume than that of other 
angiosperms, irrespective of the PDU type. They also noticed reduced vacuoliza-
tion during pollen development. Vacuolisation causes pollen to increase in volume 
of pollen (Pacini, 1994). Vacuoles are formed by different mechanisms but disap-
pear due to formation of new cytoplasm and/or storage of carbohydrate or lipid 
reserves. Vacuoles with translucent content containing water and solutes are not 
found in ripe angiosperm pollen, except in orchids (Fig. 5-12). The presence of 
vacuoles in ripe pollen is another neotenic trait (Fig. 5-10–5-13).

Irrespective of orchid PDU type, extensive vacuolisation and increase in volume 
always occur before pollen tube emission (Pandolfi and Pacini, 1995).

Pollen Carbohydrate Reserves

Starch accumulates, once or twice during pollen development, and ripe pollen may 
be starchy or starchless (Franchi et al., 1996). Data on starch reserves are only 
available for a limited number of orchid species. Ripe pollen of Pterostylis plumosa 
(Pandolfi et al., 1993) contains few small starch grains. The amount of starch was 
greater just before pollen ripening, though completely absent in ripe Loroglossum 
hircinum pollen (Pandolfi and Pacini, 1995). The proportion of starch stored during 
orchid development is certainly much less than in other angiosperms because it is 
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proportional to the low increase in volume. If ripe pollen is devoid of starch 
reserves it does not mean that carbohydrate reserves are missing: instead of in amy-
loplasts, they are stored in the cytoplasm (Franchi et al., 1996).

Pollen Presentation

Pollen presentation is a term used to indicate the way in which pollen is presented to 
dispersing agents (Pacini and Hesse, 2004). Pollen dispersal units of orchids are pre-
sented in different ways. Pollen is exposed in the fully opened anther when in monads 
and tetrads, irrespective of the adhesive material. When the PDU is a pollinium, pres-
entation occurs inside the slightly opened anther (Fig. 5-5). As a consequence pollina-
tors become charged with monad but must touch the viscidium in the case of different 
types of pollinium. A kind of vertical closed lip of the anther enables delivery of the 
pollinium when the pollinator accidentally touches the viscidium. The pollinium may 
decompose into massulae especially if the pollinium is collected several days after 
flower opening. The viscidium prevents contact between pollinator and pollen. It is 
so sticky that it adheres even to smooth surfaces.

Anthers such as those of Cleistes divaricata with tetrads covered by an unknown 
glue (Figs. 5-1–5-6) have mechanisms allowing pollen tetrads to be dispersed in 
different doses and at different times by the shaking caused by insects visiting the 
flower (Gregg, 1991). This mechanism is very similar to that of poricidal anthers 
of the Ericaceae and Violaceae (Faegri and van der Pijl, 1979).

The presence of a mechanical layer in different parts of the anther and different 
patterns of wall thickening allows total or partial opening of anthers of orchids with 
different PDU types (Freudestein, 1991).

Monad pollen is rarely lost during anther opening and exposure because it is 
firmly stuck with pollenkitt or elastoviscin (Fig. 5-14). When the PDU is a pollin-
ium, slight loss of water occurs during the long male receptivity, causing detach-
ment of some massulae from the caudicle and partial break up of the pollinium; this 
movement and the position of the stigma beneath the anther may sometimes lead to 
self-pollination. These phenomena were reviewed by Catling (1990).

Generative Cell and Paternal Inheritance

The generative cell of angiosperm pollen generally attains the classic spindle shape 
after the first haploid mitosis (Tanaka, 1993). Irrespective of the PDU type, orchid 
pollen always have a spherical generative cell (Pandolfi et al., 1993; Pandolfi and 
Pacini, 1995; Schlag and Hesse, 1992). Spherical generative cells may need less 
energy for their maintenance during the long pollen exposure (Pandolfi and Pacini, 
1995). By the time the generative cell of orchids has entered the pollen tube, it is 
spindle shaped (Fig. 5-13).
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The presence of a plastid inside the generative cells of ripe Orchis purpurea 
pollinia, reported here for the first time (Fig. 5-12), cannot be considered an exception, 
because paternal plastid transmission has been reported in some orchids as Catasetum 
discolor, Epidendrum scutella and Phaius tankervillae at least (Sears, 1980).

Developmental Arrest in the Different PDU Types 
and Pollen Longevity

Footitt and Cohn (2001) coined the term developmental arrest to indicate a peculiar 
physiological state in which the development of animals and plants is arrested 
because the cycle of the plant is concluded and/or to survive to some environmental 

Fig. 5-14. Scheme of anthers of two extreme orchids from development to pollen exposure. 
Orchid anthers represented by horizontal lines; locular fluid represented by oblique lines is present 
only in orchids with monad pollen (Modified from Pacini and Hesse, 2002).
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stress. The authors approached the problem from a biomolecular point of view. 
In both types of organisms arrest occurs by slowing of metabolism, and formation 
of some protective molecules.

Pollen is in an arrested developmental state to avoid damage during the passage 
in the atmosphere, but the degree of this arrest varies in orchids according to PDU 
type and the possibility of losing or gaining water. Pollen longevity is also linked 
to PDU type and it seems to depend on different factors: water content, carbohy-
drate reserves, microenvironment of the flower and pollen presentation mechanisms 
(Nepi, Franchi, and Pacini, 2001).

Unlike seed water content, pollen water content is a neglected physiological char-
acter. Partially dehydrated pollen (PDP), was recently defined as pollen with less than 
30% at shedding and partially hydrated pollen (PHP) with a water content more than 
30% (Nepi et al., 2001). More recently PDP was regarded as similar to orthodox 
seeds, and PHP as similar to recalcitrant seeds (Franchi, Nepi, and Pacini, 2002). This 
difference divides pollen physiology into two categories, PDP, namely orthodox pol-
len, survives desiccation better and PHP, namely recalcitrant pollen, cannot be stored 
or subjected to severe dehydration. PDP has furrows and other devices allowing vol-
ume decrease before dispersal and volume increase on the stigma. PHP is devoid of 
furrows.

Monad pollen of orchids, whether with pollenkitt or elastoviscin, is PDP and has 
a furrow allowing harmomegathic changes in volume and water content (Figs. 5-1–
5-6). Pollinia of different types contain PHP because it does not undergo processes 
of dehydration or rehydration. These opposite processes would cause compression 
and/or distortion of pollen and cytoplasmic damage. Dehydration would cause 
compression of grains, especially those inside the massula. Rehydration would 
cause distortion, especially of external grains. We do not know if the two types of 
PDU with tetrads united by different substances and soft pollinia A and B have 
furrows or other mechanisms allowing harmomegathic changes (Figs. 5-1–5-6).

Pollen water content is known for few orchid species having type C pollinia and 
nothing is known for other PDU types. Franchi et al. (2002) listed water contents 
for six species and described the case of Stanhopea tigrina, in which pollen water 
content decreases during presentation.

The vegetative cell cytoplasm of pollen of a mature pollinium has another 
 peculiar feature, namely small vacuoles even in the ripe stage (Fig. 5-12). This 
means that their developmental arrest is not as deep and intense as in other seed 
plants. Anther protection and vacuoles in ripe pollen suggest that a supply of water 
keeps the grains of a pollinium inside the anther wet during presentation. This is 
only a hypothesis and needs to be tested.

The presence of large amounts of sucrose and polysaccharides in the pollen cyto-
plasm is responsible for its longevity (Speranza, Calzoni, and Pacini, 1997). Pollen 
with a high water and sucrose content survive desiccation better than those with a low 
sucrose content (Dafni and Firmage, 2000). The pollinium of Stanhopea tigrina has 
95.6 μg mg−1 sucrose, which is high compared to other species with long-lived pollen 
(Nepi et al., 2001 and our unpublished data). The water content is 56.8% at onset of 
anthesis, decreasing to 34.3% after 1 week (our unpublished data). The fact that the 
pollinium is partially protected inside the anther, as well as the high sucrose content 
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and other devices, probably protect it from invasion by bacteria and moulds. Despite 
the long presentation and high water content, pollinia are rarely infested by these 
organisms.

Pollen longevity seems to be due both to water and to carbohydrate content 
(Pacini, 1996; Speranza et al., 1997; Dafni and Firmage, 2000). The latter authors 
reported the longevity, in field conditions, of three orchid species having pollinia: 
Gymnadenia conopsea, Dactylorhiza maculata and D. purpurella to be 37, 40 and 
51 days respectively. Stigma receptivity, that is proportionally shorter, is also 
reported.

One of the advantages of PHP is to emit a pollen tube a few minutes after land-
ing on the stigma, by virtue of shorter rehydration time (Franchi et al., 2002). This 
is not the case with orchids because tube emission takes more than 24 h in 
Loroglossum hircinum (Pandolfi and Pacini, 1995). The reason for this delay 
springs from the fact there is no space for pollen tube growth in a ripe pollinium. 
They may only grow when inter tetrad spaces are formed (Pandolfi and Pacini, 
1995). This means that the PHP of massulate orchids is not adapted for fast germi-
nation but rather for PDUs with large number of grains. The case of orchids also 
confirms that PDP is the primitive condition and PHP is more evolved. Gymnosperm 
pollen is almost exclusively PDP.

Borba and Semir (1999a, b) and Singer (2002) demonstrated that in some species 
of the genus Bulbophyllum and in Trigonium obtusum the slight loss of water that 
occurs in pollinia during dispersal allows them to fit into the stigma cavity. This 
mechanism is intended to avoid self and intraspecific pollination because pollinaria 
have different shape.

Female Part Adaptations According to PDU Types

Owing to the different orchid PDU types and their exposure mechanisms, the 
female counterpart has some adaptations. The stigma surface is papillated and there 
is a style in Neuwedia, Apostasia and those Apostasioideae having monad pollen 
(Kocyan and Endress, 2001). The stigma is a cavity having a shape matching that 
of the pollinium and the style is absent in the Oncidiinae (Dannenbaum, Walter, and 
Schill, 1989; Clifford and Owens, 1990). The stigma must differ according to PDU 
type because monad pollen can be deposited without any special disposition. 
Pollinia, especially of the compact type, need a defined and steric disposition to fill 
the stigma cavity.

The pollinium may contain hundreds of thousands of grains, but the female 
investment is reduced because ovules consist of few cells and the female gameto-
phyte is not developed yet at pollination, at least in species having different types 
of pollinia. Most of female investment only occurs after receipt of the pollinium. 
Pollen tubes therefore await complete development of the female gametophyte. 
This may take as long as 3 months, as in Epidendrum scutella (Cocucci and Jensen, 
1969).
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PDU and Pollen Load

In many angiosperms there is a positive correlation between the number of pollen 
grains per anther and the number of ovules per ovary; this seems a rule with few 
exceptions and is named pollen/ovule ratio (Cruden, 1977; Pacini and Franchi, 
1998). The higher the number of pollen dispersal units having different male 
sources falling on the stigma, the greater the possibility of a fruit having seeds with 
different paternity; in this case, male competition increases. Vice versa, if the ovary 
contains many ovules, female competition increases, especially when the number 
of pollen grains falling on the stigma decreases.

In angiosperms male competition occurs during pollen development, rehydra-
tion and germination (Ottaviano and Mulcahy, 1989). It has a genetic basis and also 
depends on chance, especially when pollen lands on the stigma, e.g., some grains 
rehydrate quickly because they are in contact with the stigma surface and others 
later because they are not in contact. In orchids having the pollinium as PDU, com-
petition is extremely reduced during pollen development because of the presence of 
cytomictic channels. When they close, after the first haploid mitosis, the grains 
become separate and independent and competition becomes possible. In orchids 
having monads or tetrads, male competition is as in other angiosperms, i.e., 
 continuous throughout development.

In monad pollen (PDP) the process of rehydration is long, but competition is 
strong, especially if the number of ovules per ovary is low and few pollen grains land 
on the stigma. Competition in orchids with pollinia is reduced because the number 
of pollen grains in a pollinium is not so different from the number of ovules in the 
ovary, i.e., the pollen to ovule ratio is close to one (Pacini and Franchi, 1998, 1999).

Pollen Load and Paternity

The consequences of pollination are different depending on whether insects trans-
port monad pollen or a pollinia. If monad pollen is glued with pollenkitt, it can be 
dispersed on a higher surface of the stigma because of the low viscosity of this glu-
ing material. In the case of monad pollen glued by elastoviscin, the high viscosity 
of this fluid keeps grains together if devices enabling pollen smearing are not 
present.

The evolution of the different PDU in orchids leads to the transfer of all the pol-
len of a flower to another flower. For this transfer only a single visit by a pollinator 
is needed. When a pollinator transports a type C pollinium (mealy) there are two 
possibilities: the whole pollinium is deposited on the stigma of another flower, or 
the massulae of the pollinium are dispersed on different flowers. In the case of 
compact pollinia the whole pollinarium, composed of four pollinia, is deposited on 
the stigma. The result of these different doses of pollen is differences in paternity 
and competition of male gametophytes. The greater the number of pollen grains 
having different sources, the greater the competition among grains. Nevertheless, 
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male competition in orchids seems less than in species having only one ovule per 
ovary (Pacini and Franchi, 1999).

Proctor and Harder (1994) experimentally modified pollen load in three spe-
cies of orchids with different types of PDU: Cypripedium calceolus (monad with 
elastoviscin), Amerorchis rotundifolia (mealy pollinia) and Calypso bulbosa 
(compact pollinia). Pollen load influenced the seed number/ovary in Calypso but 
not in Cypripedium and Amerorchis; the number of ovules/ovary was not 
considered.

Neotenic and Changing Characters in Orchid PDU Evolution

Neoteny is a term used in biology to indicate the persistence of juvenile characters 
in the adult stage. The involvement of this biological feature has been invoked in 
the success of angiosperms (Takhtajan, 1976). Orchids have different types of juvenile 
characters, like seed dispersed with embryo at globular stage consisting of few 
cells, i.e. arrested at an early stage of development. However neoteny also occurs 
in some anther characters (Table 3) in Pacini, and Hesse. Some of these features are 
typical of higher orchids, i.e., those with a pollinium, others, such as reduced pollen 
volume or a spherical generative cell in ripe pollen, are present in lower and higher 
orchids and were therefore necessary for the passage from individual pollen grains 
to the pollinium. Other features, like pollen dispersed with a high water content or 
vacuoles and tapetal cell wall persistence, are primitive characters because observed 
in early land plants (Figs. 5-10–5-13) as in spores of Bryophyta and certain 
Pteridophyta (Pacini, Franchi, and Hesse, 1985).

Animals Commonly Involved in Orchid PDU Dispersal 
and Inherent Problems

The different PDU types of orchids and devices enabling their dispersal make 
orchid pollen available for dispersal by different types of animals. Pollenkitt, 
 elastoviscin and the viscidium do not have the same physicochemical features/
properties and do not attach in the same amount to the pollinator body. Powdery 
pollen, covered in pollenkitt, typical of almost all zoophilous angiosperms, adheres 
to insect hairs, mammals fur and birds feathers. Viscidia and elastoviscin may 
adhere to smooth surfaces as bird bills, ants, and smooth parts of insects such as 
eyes, proboscis mouth parts and legs (Johnson and Edwards, 2000). Animals are 
attracted to flowers for nectar by scent (Gerlach and Schill, 1991) and also by 
deception (Dafni, 1987; Nilsson, 1992).

Orchids have exclusively zoophilous pollen dispersal, though Borba and Semir 
(1999a, b) reported that air currents at a particular speed are necessary for pol-
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lination to occur in Bulbophyllum and this is achieved trapping on insect in the 
flower column.

Viscidia and stipes enables transfer of pollinia without contact with the body of 
dispersing animals. This is important when pollinia are dispersed by Hymenoptera 
like bees and ants because pollen is known to be damaged by secretions of these 
animals (Beattie et al., 1985; Harris and Beattie, 1991). These secretions kill mould 
spores and bacteria, preventing their growth in the humid nests of these social 
insects. Because the number of orchid plants per unit area and flowers per plant is 
small, pollinia are transported for long periods of time before being deposited on a 
stigma. The pollinium is generally carried about 1–3 mm from the animal body 
minimising the effects of these glandular secretions.

Conclusions and Further Work

This review concerns the different types of PDU in orchids, their consequences for 
the female part and the reproductive steps after to pollination. It also considers 
neotheny in the light of reproductive features.

The concept of pollen dispersing units is quite recent and nobody had hitherto 
recognised all these types of PDUs in orchids or in a single family (Pacini and 
Hesse, 2002). The passage from tetrad pollen to the different types of pollinia is 
not yet clear and more studies are necessary to know the different steps leading 
to the different types of soft pollinia and hence to compact ones. Nor is clear the 
passage from PDP to PHP. On the female side it will be important to know 
whether the number of ovules increases with increasing number of grains per 
PDU. Another step that needs to be elucidated is the passage from pollenkitt to 
elastoviscin, as well as the chemical composition. The repercussions of diversi-
fication of PDU on the pistil is another interesting topic for future research.

A completely new line of research could be phytogeography in relation to 
PDUs, i.e., where species with primitive and more evolved forms of PDU are 
situated geographically. While there are many papers on the mechanisms of 
attraction of insects and dispersal of pollen, few experimental studies have been 
done on pollen longevity during presentation and dispersal. Pollinia are not 
exposed but are visible from through the stomium that may vary in width accord-
ing to the species. The morpho–physiological aspects of this aperture are almost 
unknown. The same type of characters are unknown in apomictic and cleistoga-
mous species. Another problem deserving attention is water content and carbo-
hydrate composition in the different PDU, any variations during pollen 
presentation and any mechanisms to keep pollinia moist while awaiting dispersal 
in the anther.
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Glossary

Callose. A polysaccharide, polymer of glucose, present as a  molecular 
 filter to  separate cells having different fates, such as tetrads, 
in the male and female lines, and pollen tubes from the 
female tract.

Caudicle. A mealy and often elastic protuberance where the massulae 
composing a pollinium adhere. It is a part of the pollen mass 
and is produced within the anther. It is continuous with the 
stipe.

Developmental 
arrested state.

A feature of the whole organism or of dispersing part of 
organisms, such as pollen and seeds. Development is arrested 
due to physico-chemicals modifications to metabolism.

Elastoviscin. A highly viscous fluid only described in some Asclepiadaceae 
and Orchidaceae, i.e., two families which evolved the same 
pollen dispersal units independently (Wolter and Schill, 
1986; Dannenbaum and Schill, 1991).

Female receptivity. The period in which pollen is able to germinate on the 
stigma and to fertilize. It is determined by applying fresh 
pollen to stigmas at different times after flower opening.

Furrow. External infolded part of the pollen grain where exine is 
reduced or even absent. Here intine is thicker. Poral intine is 
exposed during development but closes during partial dehy-
dration of anther and pollen.

Harmomegathy. A feature typical of many types of pollen, namely the ability 
to decrease in volume preliminary to the state of arrested 
development and to increase in volume on the stigma on rehy-
dration with the water supplied by the female part. This 
change in volume is made possible by one or more furrows.

Locular fluid. The fluid conveying the substances produced by the mother 
plant and transformed by the tapetum. It composition 
changes with developmental stage. It is reabsorbed and/or 
evaporated to allow pollen presentation and dispersal. 
Locular fluid is abundant in species having monad and tet-
rad pollen and extremely reduced in species with pollinia.

Loculus. The cavity where pollen develops. In orchids it may be more 
or less crowded depending on the PDU type.

Male competition. Competition between male gametes or gametophytes. Its 
strength depends on PDU type and number of ovules per 
ovary.

Massulae. Aggregates of few tens of tetrads joined to the caudicle to 
form a pollinium.
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Mechanical layer. An external layer of the anther, normally consisting of cells 
dead at maturity, containing species-specific wall thicken-
ings. Passive movements of these cells generated by inter-
anther tensions and/or water loss cause anther opening and 
pollen presentation.

Meiocyte. A cell undergoing the meiotic process.

Monad pollen. Pollen dispersed in a single grains.

Neoteny. Maintenance of a juvenile characteristic in the adult stage.

Pollen longevity. The mean life of a pollen grain of a species. Water content, 
carbohydrate reserves and the possibility of carbohydrate 
inter-conversion determine the length of this physiological 
character. It is measured by observing whether pollen is via-
ble at different times after flower opening.

Pollen viability. The percentage of viable pollen grains in a population. Pollen 
viability is commonly detected by observing whether or not 
the plasma membrane is permeable to dye, assuming that only 
viable grains have a permeable plasma membrane.

Pollen presentation. The way in which pollen is are exposed for dispersal.

Pollenkitt. The product of tapetal degeneration deposited on pollen 
before anther opening. It contains lipids, carotene and other 
substances and imparts stickiness, color, smell, etc. to 
pollen.

Pollinarium. The anther-derived container of pollen dispersal units.

Pollinium. A compact and coherent mass of pollen grains, usually 
consisting of massulae, i.e. few tens of tetrads clumped 
together and attached to a caudicle.

Rostellum. A flower part that separates anther from stigma.

Spherosomes. Vesicles containing lipidic reserves originating from bleb-
bing of smooth endoplasmic reticulum.

Sporopollenin. A chemically and biologically resistant, elastic substance 
consisting of a mixture of carotene and carotenoid esters and 
constituting the exine, i.e. the external wall of pollen and 
spores of land plants.

Stipe. A non-viscid linear part connecting pollinia to viscidium.

Tapetum. Part of the inner anther, consisting of secretory cells, that 
nourishes and regulates pollen development. It degenerates 
producing pollenkitt or elastoviscin.

Viscidium. (plural Viscidia). Sticky external part of orchid anther with 
pollinium-like PDU, responsible for anther adhesion to 
insect body.
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Technical Appendix

Simple Cytological Methods for the Study of Orchid Pollen

Methods for the study of orchid PDUs do not differ from those used to study pollen 
of other families (Nepi and Franchi, 2002), however here we present some methods 
to be used for peculiar orchids features. In my opinion the best results are achieved 
when various microscopical methods are used and coupled with biochemical meth-
ods to revealing some common plant molecules.

Pollen Water Content

Pollen water content can be measured if it is possible to collect enough pollen to 
weigh on an analytical balance. Thirty milligrams is the minimum quantity. 
Keeps the pollen at 110°C until constant weight. The percentage of water content 
is  determined by the formula (FW-DW) × 100/FW where FW is fresh weight and 
DW is dry weight.

Pollen Volume and Hydration Status

Monad pollen of orchids is dispersed in a partially dehydrated state; the degree of 
dehydration and how they rehydrate are observed by comparing their morphology 
and volume in immersion oil, namely the dry state, and after full rehydration in 
water. Rehydration can be followed under the microscope and volume calculated 
with the formula 4/3πr3, if spherical, where r is the radius or 4/3πa2b if oval, where 
a and b are transverse and longitudinal semiaxes. This observation can be coupled 
with water content for the sake of completeness and to demonstrate changes in vol-
ume and shape.

Number of Grains per Anther or Pollinium

The number of pollen grains per anther, pollinium or massula can be used to obtain 
the pollen to ovule ratio, or to see intraspecies differences.

If pollen grains are in monads or tetrads, ripe anthers must be placed in a vial 
containing a fluid that removes pollenkitt. Ethanol is commonly used to speed the 
process and to facilitate pollen release. The vial is sonicated for a few minutes. Rinse 
with water and adjust the volume to a known quantity. Check whether the anther is 
empty under a stereomicroscope. Drop a known volume from the vial into a haemo-
cytometer, count the different squares and calculate the total number of grains.
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A special method was developed by Schill et al. (1992) who determined the 
number of pollen grains in a pollinium by reconstruction from serial sections.

Light Microscopy

This classical technique can be used routinely for morphological and developmen-
tal studies, it gives good results especially if coupled with histochemistry. I recom-
mend staining sections with dyes which give good demonstrative images, as well 
as information about the chemical composition of walls, presence of vacuoles, 
reserve material etc.

Histochemistry

Ideally histochemistry should be carried out on fresh material to limit chemical 
alteration of the material. Nepi and Franchi (2000) described the best common 
methods to fix and embed anther and pollen, as well as the application of many 
histochemical tests. The most widely used and useful tests are reported in Table 5.1 
with appropriate comments for orchid pollen.

Pollen viability

To measure pollen longevity it is necessary to know whether the pollen is able to 
fertilize. There are direct and indirect methods, with different accuracies, speeds 
and applications. The most widely method used is the FCR (fluoro-chromatic-
reaction) because it is easy and the results are similar those obtained by in vitro 
germination (Heslop-Harrison, Helsop-Harrison, and Shivanna, 1984; Dafni and 
Firmage, 2000). Place 10 ml sucrose solution (from 5% to 30% according to the 
species) in a transparent vial, add fluorescein diacetate (20 mg in 10 ml acetone) 
slowly until persistent cloudiness of the solution. Disperse pollen to test in a drop 
of this solution, cover with a cover slide and observe by fluorescence microscope 
using a violet exciter filter transmitting a beam of violet-blue light. Grains with 
golden yellow fluorescence are considered viable because their membrane is per-
meable to the dye. Dead grains are not fluorescent or have faint fluorescence. 
Observation and count must be quick, no longer than 10 min, because the fluores-
cence fades.

This method does not give any problem when the PDU is a monad or a tetrad. 
Pollinia must be crumbled to observe the fluorescence of the single grains.
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Scanning Electron Microscopy

Scanning electron microscopy is widely used for morphological, taxonomical and 
other studies. Problems arise from artifacts due to water loss and distortion during 
preparation or in the vacuum during observation. It is therefore necessary to check 
shape with a stereo microscope and/or in immersion oil.

Transmission Electron Microscopy

Transmission electron microscopy is useful to reveal submicroscopic details,  especially 
if the aim is to follow the development of a structure. However, the research must 
be coupled with conventional histochemical tests and/or immunohistochemistry.
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Orchids in Western Art

Unlike the rose or the lily, the orchid does not have a long history of representation 
in western art. While botanical illustrators depicted varieties of the flower as early 
as the ninth century (with earlier manuscripts probably lost; Jacquet, 1994), its first 
non-scientific appearance was late in the Middle Ages, and it was seen rarely there-
after until the nineteenth century. Today it still remains an unusual, but not unknown 
subject choice for artists.

In the South Netherlandish tapestry The Unicorn in Captivity (Fig. 6-1, 
Appendix), which dates to about 1495–1505, the mythological horned creature is 
surrounded by plants that include a wild orchid (Jacquet, 1994). The unicorn may 
represent a contented bridegroom, symbolically encircled by the bonds of matri-
mony (the fence). The vegetation, including the pomegranate, bistort, and orchid, 
were all associated with fertility, thus underscoring the theme of marriage (Barnet 
and Wu, 2005).

Flowers in European art at this time were typically symbolic and usually tied to 
Christian or earlier mythological iconography; they were not painted as independent 
subjects. A white lily, for example (also seen in the unicorn tapestry), was frequently 
used in compositions depicting the Virgin Mary, where it alluded to her purity, a 
general meaning the flower had acquired in antiquity (Hall, 1979). The orchid, how-
ever, did not have a religious connection, rather, its association with fertility dates 
back to the fourth century B.C. and came from its name, based on orchis, the Greek 
for testis, which referred to the plant’s testiculate bulbs in certain species (Reinikka, 
1995). The root, not the flower, was used medicinally as a curative or an aphrodisiac 
throughout the Middle Ages and well into the Renaissance. The orchid’s form, 
name, and function thus became responsible for its sexual connotation and this 
meaning may have contributed to the paucity of its representation.

In the seventeenth century Dutch artists began to paint flowers as still life sub-
jects for their own sake, celebrating the introduction of new species, most notably 
tulips, to Europe at this time. Luscious bouquets showcased the exoticism, rarity, 
and, by inference, the expense of the subject in combinations that could not be 
achieved naturally. The tulip, for example, a spring flower, would be displayed with 
early summer roses, or a hollyhock, which bloomed later still. Painters also adjusted 
the actual size of the flowers to suit their compositions. In a general sense flowers 
retained a symbolic meaning, representing the fleeting nature of life. Scholars have 
also explored the possible connotations of individual blossoms.

New species of orchids also made their way to Europe beginning in the seventeenth 
century, but slowly and sporadically. Artists do not seem to have responded to them 
in the same way as they responded to other flowers and they seldom appear in still lifes, 
although admittedly, it is sometimes difficult to identify every blossom in a given com-
position. One exception is Lilies, Irises, Tulips, Roses, Orchids, Primroses, Peonies and 
other Flowers in a Sculpted Vase Decorated with the Figures of Amphitrite and Ceres, 
with a Branch of Flowers, a Stag Beetle and other Insects painted in the 1620s by the 
Flemish artist Jan Brueghel the Younger (Fig. 6-2, Appendix). In this opulent floral still 



6 A Rare Beauty: The Orchid in Western Art 221

life in the Dutch tradition, Brueghel delighted in the number and variety of the flow-
ers as well as the rich play of color. The individual blossoms are subordinate to the 
whole, but the orchids are visible to the left of center in the arrangement.

Although in the seventeenth century interest in the orchid in Europe began to shift 
from a vehicle for a broad range of loosely medicinal uses to scientific study and aes-
thetic appreciation, the great popularity of the orchid really began in the nineteenth 
century with the serious cultivation of the plant (Reinikka, 1995). In England, the 
Royal Botanical Gardens and the Horticultural Society of London, as well as several 
commercial entities helped to establish the groundwork for what would become 
known as “orchidomania.” William Cattley’s successful experiments in 1818 with the 
blooming of the plant that would become his namesake, the Cattleya labiata, were 
also a catalyst for the rise in enthusiasm for the orchid; the extraordinary beauty and 
large size of the blossoms of this species held special appeal for collectors and bota-
nists, but also for the culture at large (Pridgeon, 1992; Reinikka, 1995).

Numerous botanical tomes not only contributed to advancing the serious study 
of orchids, but also to furthering the interest of the public. A wave of orchid books 
appeared throughout the nineteenth century and included John Lindley’s Genera 
and Species of Orchidaceous Plants (London, 1830–1840) as well as his Folia 
Orchidacae (London, 1852–1859), James Bateman’s Orchidaceae of Mexico and 
Guatemala (London, 1837–1843) and Second Century of Orchidaceous Plants 
(London, 1867), Charles Darwin’s Various Contrivances by which British and 
Foreign Orchids are Fertilized by Insects (London, 1862), and Edward Rand’s 
Orchids. A Description of the Species and Varieties Grown at Glen Ridge, near 
Boston (New York, 1876). Accurate and beautifully drawn illustrations by profes-
sional botanical artists accompanied many of these publications, continuing the 
tradition that dated back to antiquity. Women such as S. A. Drake (active 1818–
1847) and Augusta Withers (active 1829–1865), who was “Flower Painter in 
Ordinary to Queen Adelaide,” specialized in orchids (Robinson, 1999). Withers 
produced the images for Bateman’s Orchidacae of Mexico and Guatemala and 
exhibited her studies at the Royal Horticultural Society.

In spite of its immense popularity, however, the orchid remained little known as 
a subject for non-scientific nineteenth-century artists. Quite possibly, its traditional 
association with sexuality in an age when floral symbolism became widely used 
prevented artists from featuring them. If mentioned in the widely-distributed diction-
aries of flower meanings at all, the orchid was obliquely referred to as “a belle” 
(Stebbins, 2000). They thus appear only occasionally in the work of a handful of 
painters. George Henry Hall (1825–1913), for example, an American who trained in 
Europe and produced still lifes and figurative subjects, included orchids in a single 
work, Still Life with Flowers (1868, Fig. 6-3, Appendix). Influenced by the seven-
teenth-century Dutch tradition, Hall’s composition similarly features a profusion of 
blooms of differing species rich in color and varying in size, shape, and texture that, 
according to one scholar, emphasize “God’s natural handiwork” (Gerdts, 1981).

Known primarily as an animal painter and for his images of the American west, 
New York artist William Jacob Hays (1830–1875) executed a series of flowers stud-
ies toward the end of his career that included orchids (Fig. 6-4, Appendix). His oil 
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sketches (preliminary works done in preparation for possible finished composi-
tions) mostly date to the late 1860s and early 1870s and are related to the illustra-
tions in botanical books, showing flowers at the various stages of blossoming 
usually identified by their Latin names, but cut off from their natural habitat (Keyes, 
1984). The cultivation of orchids had reached the United States in the 1830s in 
Boston and had spread throughout the northeast in both private and commercial 
greenhouses and specimens would have been available to Hays. Additionally, Hays 
may even have grown orchids in his own conservatory (Keyes, 1984). Hays’ studies 
have a richness of color and delicacy of modeling beyond their scientific accuracy. 
In 1871 he used these sketches as the basis for the unusual Bouquet of Orchids, a 
unique work in his oeuvre (Fig. 6-5, Appendix). Like Dutch still life painters, Hays 
used a variety of orchids that would not grow or bloom together in their natural 
habitats. It has been suggested that this lush display of blossoms may have been 
commissioned by an orchid collector (Stebbins, 2000).

The sole artist for whom orchid subjects were a specialty was Martin Johnson 
Heade (1819–1904), one of the most inventive American painters. In a career that 
spanned seven decades, he worked equally on landscapes, marines, and still lifes, 
producing unique compositions—evocative salt marsh scenes, dramatic thunder-
storms at the shore, and exquisite, jewel-like combinations of tropical flowers and 
hummingbirds. The latter may be his most original contribution to American art.

Born in rural Pennsylvania, Heade trained in the late 1830s with folk artist 
Edward Hicks, best known for his many versions of the Peaceable Kingdom. Over 
the next two decades, Heade traveled around the United States, eking out a living 
making portraits. In 1858 he moved to New York City, where he met many of the 
painters of the Hudson River School, considered the first group of indigenous land-
scape artists in the United States. At this time, Heade began to turn to subjects other 
than portraiture, developing his own approach to both landscape and still life. 
In 1863 he traveled to Brazil, the first of three trips he made to Central and South 
America. He would later visit Nicaragua in 1866 and Colombia, Panama, and 
Jamaica in 1870. The motivation for the first trip was to research hummingbirds; 
Heade planned to produce a book based on the studies he made there which he 
would call The Gems of Brazil. The book was never published, but Heade used the 
material first for small paintings of the birds, and then for innovative compositions 
of the hummingbirds in exotic settings with native flowers, mostly orchids.

Heade’s paintings of orchids and hummingbirds were a wholly new approach to 
the subject. Although ornithological illustrators had combined birds with flowers, 
and, in some instances had used landscape backgrounds, Heade integrated the hum-
mingbirds and orchids into a believable (although not necessarily specific) tropical 
setting. Unlike earlier artists, he furthermore painted both the birds and the flowers 
accurately and to scale (Quinn, 1999). He did, however, take liberties with the specific 
hummingbirds and orchids he used in each composition; often the birds and flowers 
are indigenous to different parts of the world and would not be found together in their 
native habitats. The result was a different kind of art under the influence of science.

Many nineteenth-century artists showed a growing interest in the scientific 
world, but for Heade ornithology had been a lifelong pursuit. In Forest and Stream, 
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the hunting and fishing magazine known today as Field and Stream to which Heade 
contributed regularly beginning in 1880, he wrote “From early boyhood I have been 
almost a monomaniac about hummingbirds” (“Didymus” [M. J. Heade] 1892). His 
decision to produce a book on them resulted from this passion; the choice to study 
them in Brazil can probably be attributed to his friendship with the Reverend James 
Cooley Fletcher, who had been first a missionary there, later secretary of the United 
States legation in Rio de Janeiro (Stebbins, 2000). Heade had met the well-connected 
Fletcher before he left for South America and Fletcher helped him once he arrived 
in Rio. In 1857 Fletcher had penned Brazil and the Brazilians, the best guidebook 
of its day. He also may have introduced the artist to Louis Agassiz, thus expanding 
Heade’s acquaintances in the scientific world.

Although Heade’s first orchid and hummingbird paintings date to 1871, he had 
likely seen orchids in the wild on this 1863 trip. In the unpublished manuscript for 
his book, The Gems of Brazil, probably begun around this time, he theorized that 
the shape of the beaks of certain hummingbirds was adapted to feed from “cup-
shaped” orchids (Martin Johnson Heade papers, no date). In his preparation for his 
own publication and through his associates, Heade had become well-versed in the 
writings of Alexander von Humboldt, Louis Agassiz, Charles Darwin, and James 
Cooley Fletcher, all of whom described the flowers in their publications. Thus, his 
introduction to orchids as a subject came through his study of hummingbirds.

Still, one has to wonder what prompted Heade to showcase orchids most often 
with the hummingbirds. He had initially experimented with other flowers. In 1862 
he painted a tiny composition of a single bird with a nasturtium and later that dec-
ade he featured North American ruby throats with branches of apple trees in full 
bloom. The series of small format hummingbird paintings related to the Gems of 
Brazil project sometimes included flowers, but in supporting roles and not orchids. 
The birds that Heade ultimately combined with orchids were tropical species, there-
fore, given his interest in science, he likely chose the orchids to enhance the realism 
of his works, even though the specific birds and flowers in a given composition 
might not be native to the same place. Heade also had the tendency to gravitate 
towards subjects that other artists avoided. In landscape, he produced some 150 
modest and largely anonymous, but delicately luminous salt marsh scenes while 
other American painters focused on grand and readily recognizable natural land-
marks such as Niagara Falls or Yosemite. That flower artists avoided orchids may 
have intrigued Heade. Most important for Heade, though, was the visual impact of 
the orchid and hummingbird combination: the flowers and birds play off each other 
in rich orchestrations of hues and Heade could create endless iterations of them.

Almost sixty orchid and hummingbird paintings by Heade are known today 
(Stebbins, 2000). As noted, the earliest are signed by the artist and dated 1871 in his 
hand. He continued to produce them for the rest of his career – the last in 1902. 
Many lack inscriptions by Heade, but style helps to determine their chronology. 
In general, in the earlier compositions Heade experimented with the number and types 
of birds and orchids, often choosing brilliantly colored examples of each. He estab-
lished the general format of the compositions in his first efforts: flowers and birds 
are presented in the foreground, seeming large and detailed, but in fact painted to 
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scale (Quinn, 1999). Placement varies. Initially, birds and flowers seem almost awk-
ward, as if cut out and pasted in; they exist independently of each other. In Cattleya 
Orchid and Three Brazilian Hummingbirds (Fig. 6-6, Appendix) dated 1871, for 
example, the blossom is twisted in what seems like an unnatural manner at the left 
and the birds create a separate vignette at the right. The green and pink hues of the 
birds above the nest, a male and female amethyst woodstar (Calliphlox amethystina), 
contrast to the warmer tones of the red-tailed comet (Sappho sparganura) at the 
lower right. The vivid plumage of this larger bird is also juxtaposed to the subtler 
color of the pink orchid. In the earliest experiments, Heade delighted in the brilliance 
of each of his subjects, featuring them equally but distinctly in the painting.

Heade’s compositions gradually became more integrated as the artist worked 
toward harmonizing the colors and unifying the relationships between his subjects. 
This is foreshadowed in Cattleya Orchid and Three Brazilian Hummingbirds with 
the deep pink neck feathers of the male amethyst woodstar echoing the lighter pink 
of the flower, thus drawing them together. As Heade continued to develop his theme 
over the next decade, he chose birds and flowers of similar hues. In The Pink 
Orchid (Fig. 6-7, Appendix; about 1875–1990), the two birds – a male amethyst 
woodstar at the left and a male Peruvian sheartail (Thaumastura cora) at the right – 
are close in color. Not only do the pinks and greens of the birds complement the 
large Cattleya labiata, but the centered arrangement of plant, buds, and blossoms 
leads the eye easily to the creatures on the right. Flowers and birds relate more 
gracefully in position and are chromatically connected. Even the detail of the clus-
ter of tiny pink orchids at the far left, Dendrobium stratiotes, accentuates Heade’s 
overall color scheme. The result is a more natural, if not more scientifically accu-
rate view of the tropical microcosm.

The Cattleya labiata appeared in over forty-five of Heade’s orchid and humming-
bird paintings, making it by far his favorite species. In three known canvases he used 
the Cattleya dowiana and in five others the Laelia purpurata, the national flower of 
Brazil. Dendrobium stratiotes appear in a handful of compositions, but in a support-
ing role usually along with the Cattleya labiata, as in The Pink Orchid. In a single 
instance he included the Aerides odorata Lour., also with a Cattleya labiata.

Although Heade did not date any of the canvases in which either the Cattleya 
dowiana or the Laelia purpurata are featured, based on the evolution of his style 
they belong to the decade or so of his mature orchid and hummingbird pictures 
beginning about 1875 (Stebbins, 2000). In general, these paintings show the same 
concern for visual harmony that is evinced in The Pink Orchid. In Orchids and 
Hummingbird (Fig. 6-8, Appendix), for example, the deep magenta of the labellum 
of the two Cattleya dowiana blossoms is repeated in the shimmering neck of the 
amethyst woodstar, pulling the three subjects together. Likewise, the hues of the 
interior of the Laelia purpurata in Two Hummingbirds above a White Orchid (Fig. 
6-9, Appendix) is picked up in the throat of the male amethyst woodstar.

No two orchid and hummingbird paintings are exactly alike, but Heade used the 
same orchid “models” over and over again in his compositions. In five dozen works, 
six different Cattleya labiata blossoms appear; the full bloom in The Pink Orchid 
was Heade’s preference as it appeared in some twenty. The same two Cattleya 
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dowiana and the identical Laelia purpurata occur in each of the paintings showcas-
ing those species (three and five respectively). Apparently Heade worked from stud-
ies of flowers, leaves, and birds that he made in oil paint on unstretched canvas; these 
are strikingly similar to the sketches made by William Jacob Hays, who had a studio 
in the same building as Heade in New York City and may have influenced the older 
artist (Stebbins, 2000). A group of Heade’s oil sketches survives, but not for every 
flower and unfortunately not for any of the six different Cattleya labiata in the fin-
ished paintings (see Stebbins, 2000). The Laelia purpurata, though, that Heade 
included in five compositions is the flower on the right of Study of Laelia Purpurata 
and Another Flower (Fig. 6-10, Appendix; the Cattleya labiata on the left was not 
used in any of the extant canvases). Not only is the shape and coloring of the orchid 
the same, but the size of each of the flowers corresponds exactly as curators and 
conservators at the Museum of Fine Arts, Boston have determined by carefully mak-
ing tracings of a selection of Heade’s blossoms. This would seem to indicate that 
Heade somehow repeatedly transferred the flower from the oil sketch, but examina-
tion of both the sketches (where they exist) and the finished works reveal no evi-
dence of traditional methods such as pouncing (a process in which the design to be 
transferred is placed over the surface where the image is desired. Holes are pricked 
through the outline of the design and chalk or charcoal powder is rubbed through, 
creating a dotted drawing below. If Heade used this method, the extant sketches 
would show indication of pricking and they do not; Fulton, et al., 2002).

Recent research into the working methods of another nineteenth-century 
American artist, Fitz Henry Lane, has revealed a possible method of transfer for 
Heade’s sketches, the optical device known as a camera lucida (Quinn, Kelberlau, 
and Woodword, 2006). Patented in England in 1807 by William Wollaston, the 
camera lucida consists of a prism attached to a movable arm that can be clamped 
onto a table. Looking through the prism the artist sees whatever is in front of him 
reflected onto a support such as paper or canvas below, which then can be easily 
traced. Compact and portable, the camera lucida was used for original work, such 
as accurately reproducing a landscape onto paper while sketching outdoors, but it 
could also be an aid in the enlargement, reduction, and one-to-one copying of 
designs. For the latter, the sketch to be transferred would be placed in front of the 
camera lucida at the same distance as the surface onto which the sketch was to be 
copied on the table below. Unlike pouncing, transferring in this manner does not 
affect the surface of the original sketch, which could explain why there is no 
marked evidence of a transfer method in Heade’s work.

Heade’s finished paintings are completely different from anything produced in 
western art – part still life and part landscape. Although he used his sketches for the 
flowers in his paintings, unlike William Jacob Hays, in the finished oils, he reinte-
grated the orchids into a seemingly natural habitat. Scholars have suggested that 
Heade may have been influenced by the recently published theories of Charles 
Darwin, including natural selection (Foshay, 1980; Foshay, 1981, 1984; Novak, 1995). 
Although Heade does not write about Darwin in any of his articles or personal 
 letters, there is no doubt that he was aware of the controversial material, given his 
circle of associates and his own research into ornithology and botany (Stebbins, 



226 K.E. Quinn

2000). Whether he consciously intended the flower and hummingbird paintings to 
relate to Darwin’s writings is unknown; up to a point the birds and flowers illustrate 
the theory of natural selection successfully, although Heade was not completely 
true to nature in that in some cases the choices of birds and flowers would not be 
found together in the wild. At the very least, science informed Heade’s work, but 
the science was used as a tool towards an artistic end.

Heade’s last dated orchid composition was painted in 1902. Although he enjoyed 
some success in his long career, Heade’s orchids seemed to have had little impact on 
subsequent artists and the flower returned to its status as an unusual subject choice in 
the late nineteenth century in spite of its popular use in bouquets, as a lapel ornament, 
and even in jewelry (Davies, 1991; Loring, 1987). French painter Gustave Caillebotte 
(1848–1894), who raised orchids among other exotic plants, painted floral still lifes 
periodically, but much less often than his Impressionist colleagues and he seldom 
featured the orchid (Distel et al., 1994). In about 1893, however, he executed two sets 
of four canvases for the panels of doors in his own dining room; the subject was a 
view of his greenhouse including orchid plants, an unusual image of orchid cultiva-
tion (Fig. 6-11, Appendix). Occasionally, still life artists such as Paul de Longpré 
(1855–1911) or Charles Storer (1817–1907) worked with orchids. These two artists 
must have carefully studied the flowers since they also provided illustrations for 
botanical publications. Their compositions most often fluctuated between traditional 
floral arrangements and the scientific approach. Storer, a Boston artist, studied 
orchids in the late 1880s at the Langwater collection in North Easton, Massachusetts, 
at the Ames family estate and provided a single illustration for Henry Sander’s 
Reichenbachia (1888–1892; Ferry, 2006). Some years later, he painted Still Life of 
Orchids in an Urn (1900; Fig. 6-12, Appendix), a more typical Victorian floral com-
position that relates back to seventeenth-century Dutch works.

An atypical example of a painter who worked with orchids in both traditional 
still life compositions and in landscape, German artist Ernst Papf (1833–1910) 
trained in Dresden, but immigrated to Brazil in 1867. Papf’s arrival in Brazil does 
not overlap with Martin Johnson Heade’s first South American trip, but it is possible 
that he knew Heade’s work. In the 1890s Papf painted a group of tropical views that 
included orchids and other flowers in natural settings as in Fleurs Exotiques (1895; 
Fig. 6-13, Appendix). These are rare in that they recall Heade’s orchid and hum-
mingbird compositions. Unlike Heade’s close ups, however, Papf’s blooms are 
given some distance and featured less prominently, becoming part of a more pure 
landscape.

In the twentieth century, orchids continued to appear sporadically and for the 
most part they were subjected to an artist’s interest in formal issues: color, line, or 
shape and, in many instances, degrees of abstraction. Emil Nolde (1867–1956), a 
German Expressionist who experimented with color, for example, painted the 
flower in a group of watercolors. In Orchids and Anemones with Bronze Idol (Fig. 
6-14, Appendix), the orchids have taken on the heightened hues of the anemones 
and are recognizable only by their shape. Nolde exploited the fluidity of the water-
based medium allowing the pigments to overlap and bleed into each other and 
avoided any attempt to recreate the modeling of the flowers. In a pen and ink 
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 drawing, Henri Matisse (1869–1954), who was also known for his experiments 
with color, but with a different approach than Nolde, pared the orchid down to an 
elegant outline (Fig. 6-15; Appendix). American photographer Edward Weston 
(1886–1958), was known for his series of still lifes of peppers and shells, but he 
seldom worked with flowers. He made negatives of an orchid only one time during 
his career in 1931 (Fig. 6-16, Appendix). The flower had been given to him (and 
for Weston, cost was very much an issue). His interest in its form is made explicit 
in the entry he wrote in his journal, “The orchid…was not so easy to do: too per-
fect—like trying to photograph a cathedral…I could spend a whole day or several 
days with it, could do something—in fact I have several negatives of much interest, 
but know there is so much more I could do, for it has possibilities far beyond a lit-
eral recording. I made several negatives in the tin funnel, direct sunlight, giving all 
the orchid’s exotic quality, and a couple close up, more direct, powerful, abstract as 
it were: these latter are in the spirit I would go on with, given time. I don’t know 
where I will attain another orchid!” (Weston, 1973). In Orchid, Weston closed in on 
the flower, centered it, and cropped it at the edges so that it fills the composition. 
While it is on the one hand recognizable as an orchid, it is also a series of abstract 
shapes – arcs and curves – tinged with diffused light.

Unlike Edward Weston, Georgia O’Keeffe (1887–1986) painted flowers through-
out much of her lifetime, especially in the 1920s. Beginning in 1919 she did series of 
calla lilies, irises, petunias, poppies, and a wide range of other species. Like Weston, 
however, the orchid was a rarity in her oeuvre, and she produced only two known 
images of them—later, in 1941 (Lynes, 1999). Both Narcissa’s Last Orchid (Fig. 6-
17, Appendix) and An Orchid (Fig. 6-18, Appendix) were executed in pastel, a 
medium which O’Keeffe had first used in the 1910s. Typically, as she worked with a 
subject O’Keeffe would experiment with the juxtaposition of contrasting color, as 
seen in the white blossom against the tones of pink and brown in Narcissa’s Last 
Orchid. In other compositions, though, including An Orchid, she limited her palette 
to explore the subtle variations of a single color, in this case white mixed with delicate 
touches of yellow and green. O’Keeffe also shifted the point of view of the flowers 
she studied, often closing in tightly and enlarging them. The resulting image can be 
almost abstract, as with An Orchid. She wrote of her subject, “A flower is relatively 
small. Everyone has many associations with a flower—the idea of flowers…Still—in 
a way—nobody sees a flower—really it is so small—we haven’t time…So I said to 
myself—I’ll paint what I see—what the flower is to me but I’ll paint it big and they 
will be surprised into taking time to look at it.” (Lynes, 1999). The blossom was a 
vehicle for her experiments with color and composition, but it was also important to 
O’Keeffe that she present her still life in what she hoped was a new context.

Although she protested, beginning early in her career critics made Freudian 
interpretations of O’Keeffe’s work, particularly noting sexual associations. Perhaps 
the longstanding sexual connotation of the orchid itself kept O’Keeffe from pursu-
ing it further as a subject to avoid the obvious connection. Her friend, Charles 
Demuth, however, directly sought the visual parallels between orchids and sexual 
imagery. In discussing one of Demuth’s works, the poet William Carlos Williams 
stated, “In my painting of orchids which Charlie did – the one called Pink Lady 
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Slippers (1918) he was interested in the similarity between the forms of the flowers 
and the phallic symbol, the male genitals” (Farnham, 1971). In addition, Demuth 
explored the color relationships of his subject, as in the watercolor Wild Orchids 
(Fig. 6-19, Appendix) where he sketched the flower in graphite and then carefully 
worked with pinks, reds, and violets varying the density of the medium on the 
paper, but also flattening the form of the flower. Similarly, later in the century 
Robert Mapplethorpe (1946–1989) would explore both the sensuality and the for-
mal qualities of orchids in a series of photographs he made in the 1980s.

Contemporary artist Judy Cotton has embraced orchids as a subject on a number 
of different levels. She was first attracted to them in 1989 for their visual qualities. 
She found them “clear cut yet lush” and enjoyed the “sometimes complex yet sen-
sual nature of their structure and how you have to unravel it when you draw them” 
(Cotton, 2007). In Orchids (1992; Fig. 6-20, Appendix) this sense of disentangling 
and simplifying the plant’s form is seen in the intricate outline silhouetted against 
the rich, but neutral background.

Additionally, around this time Cotton was recovering from a serious illness and 
she related to the orchid as a living thing, for her they “seemed to speak to me about 
regeneration, recovery, possibility, survival” (Cotton, 2007). In the mid-1990s, 
Cotton, who has explored a wide range of subjects over the course of her career, 
discovered the work of Martin Johnson Heade. This encounter led to another direc-
tion in her work and a refocus on orchids. Using Heade’s compositions as a point 
of departure, she took details of his work and integrated them into her own innova-
tive conceptions. In Fugue for MJH (2003; Fig. 6-21, Appendix), the flowers and 
birds from Two Fighting Hummingbirds with Two Orchids (1875; Fig. 6-22, 
Appendix) are merged with an abstract pattern of swimming pool water reflections, 
as if seen below the surface. At the upper left, Cotton added a vignette from 
Thunder Storm on Narragansett Bay (1868) in completely contrasting colors, jux-
taposing two of the subjects – still life and seascape – for which Heade was known, 
but which are now seen in a completely different and original way.

For the most part, the orchid has made infrequent appearances in Western art. Artists 
may have avoided them for a variety of reasons: early on, their lack of a religious asso-
ciation, later their sexual symbolism, or possibly overall, even the challenge of captur-
ing the range and subtlety of their color and form. Discovering orchids in an artist’s 
oeuvre is like encountering them in the wild – an unexpected, yet beautiful surprise.
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Appendix: List of Original Illustrations

Since Orchid Biology Reviews and Perspectives cannot publish color illustrations 
and because black and white photographs will not do justice to the original works 
we have chosen not to include illustrations in this chapter. We are listing the loca-
tions of the works for those who may have an opportunity to visit the venues where 
they are displayed. Ownership, copyright, permissions and availability of illustra-
tions are also reasons why illustrations could not be published.

Fig. 6-1. South Netherlandish
The Unicorn in Captivity, 1495–1505
Wool warp, wool, silk, silver, and gilt wefts
Metropolitan Museum of Art, Gift of John D. Rockefeller Jr., 1937 (37.80.6)
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Fig. 6-2. Jan Brueghel the Younger
Lilies, Irises, Tulips, Roses, Orchids, Primroses, Peonies and other Flowers in a Sculpted Vase 
Decorated with the Figures of Amphitrite and Ceres, with a Branch of Flowers, a Stag Beetle and 
other Insects, 1620
Oil on panel
With Christie’s, New York, January 27, 2000, lot 79

Fig. 6-3. George Henry Hall
Still Life with Flowers, 1868
Oil on canvas
Private collection

Fig. 6-4. William Jacob Hays
Four Orchids, 1870
Oil on canvas
Courtesy of Berry Hill Galleries, New York.

Fig. 6-5. William Jacob Hays
Bouquet of Orchids, 1871
Oil on fabric
Private collection

Fig. 6-6. Martin Johnson Heade
Cattleya Orchid and Three Brazilian Hummingbirds, 1871
Oil on wood
National Gallery of Art, Washington, D.C., Gift of The Morris and Gwendolyn Cafritz Foundation, 
1982.73.1

Fig. 6-7. Martin Johnson Heade
The Pink Orchid, 1875–1890
Oil on canvas
Private collection

Fig. 6-8. Martin Johnson Heade
Orchids and Hummingbirds, 1875–1883
Oil on canvas
Museum of Fine Arts, Boston, Gift of Maxim Karolik for the M. and M. Karolik Collection of 
American Paintings, 1815–1865, 47.1164.

Fig. 6-9. Martin Johnson Heade
Two Hummingbirds above a White Orchid, 1875–1890
Oil on canvas
Amon Carter Museum, Fort Worth, Texas, 1981.33

Fig. 6-10. Martin Johnson Heade
Study of Laelia Purpurata and Another Flower, about 1870
Oil on canvas (unstretched)
Saint Augustine Historical Society, Saint Augustine, Florida.

Fig. 6-11. Gustave Caillebotte
Four paintings designed to decorate a door in the dining room, Petit Gennevilliers, about 1893
Clockwise:

 a. Orchids: Cattleya and Anthurium
 b. Cattleya and Anthurium
 c. White-Flowered Orchids
 d. Cattleya and Red-Flowered Plants
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Introduction

Vanilla planifolia, “the ice cream orchid” (Ecott, 2004), is the only orchid (Fig. 
7-1A–I) grown as an edible plantation crop. The plant is a vine which produces 
long green fruits (they are capsules, not beans as they are usually referred to) that 
change color to brown (Fig. 7-2) and develop their well known aroma following 
curing. To produce fruits Vanilla flowers (Fig. 7-3) must be pollinated. In the natu-
ral habitat this is accomplished by male and female euglossine bees (Hagsater et al., 
2005). When Vanilla plants were taken to Europe and cultivated in greenhouses 
they did not produce fruits because their pollinators were not present.

Vanilla seems to have been introduced into Europe “prior to 1739” and “probably 
in 1510” (Childers, Cibes, and Medina, 1959). By 1807 it was cultivated in 

Fig. 7-1. Vanilla. A, B. Front view of upper part of gynostemium (column). C, D. Portion of 
stem. E, F. Front and side view of gynostemium tip. G. Flower. H. Seeds. I. Ovules. J. Natural 
pollinator, Mexican Melipona bee (A–D, Delteil, 1897; E, F, Delteil, 1874; G, Deleil, 1897; H, I, 
de Vriese, 1856).
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Paddington, England (Childers, Cibes, and Medina 1959). After that cultivation 
became more widespread, but large scale commercial production of Vanilla, though 
of interest (Anonymous, 1855b), was not possible, the major reason being the failure 
of the plants to set fruit (Nolan, 1942; Childers et al., 1959). Introduction of Melipona 
bees (Fig. 7-1J), the natural pollinator (Beck, 1912) from Mexico was to no avail.

Vanilla

The genus Vanilla consists of 107 species, 54 of which are found in tropical 
America (Pridgeon et al., 2003). Best known of these is Vanilla planifolia, the 
source of the spice vanilla (Anonymous, 1894; Hart, 1894; Wigman, 1931; HWJ, 

Fig. 7-2. Vanilla capsules. A. Immature (green). B. Various stages of ripening (light green, yel-
low, brown). C. Mature (ripe) and brown (Computer generated after Bouriquet, 1954).
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1940; Nolan, 1942; Narodny, 1947; Childers and Cibes, 1948; Correll, 1953). One 
of the first written references to Vanilla is by Bernardino de Sahagún, a Franciscan 
friar who went to Mexico in 1529 and wrote Historia General de las Cosas de 
Nueva España in the Aztec language. It was translated into Spanish in 1829–1830 
(Correll, 1953). Another early reference seems to be in the Badianus Codex (Fig. 
7-4), a herbal written by Juan Badianus and an Indian convert named Martinus de 
la Cruz. The herbal was written in 1552 and refers to Vanilla by its Aztec name, 
tlilxochitl in describing its medicinal properties (Ecott, 2004).

Charles l’Écluse (Clusius, 1526–1609; Fig. 7-5A), Professor at the University of 
Leiden who received plants from Hugh Morgan (pharmacist to Queen Elizabeth I of 
England) was the first to write botanically about Vanilla calling it Lobus oblongus 
aromaticus in his Exoticorum Libri Decem which was published in 1605 (De Vriese, 
1856; Rolfe, 1895, 1896; Lawler, 1984; Jacquet, 1994; Pridgeon et al., 2003). Father 

Fig. 7-3. Vanilla flower (photograph by J. Arditti and T. W. Yam).
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Fig. 7-4. Vanilla illustration in the Badianus Codex which dates back to 1552.



238 J. Arditti et al.

Charles Plumier (1646 or 1648–1704; Fig. 7-5B), a Franciscan monk and a botanist 
was the first to use the generic name Vanilla. The name is a Latinization of vainilla 
the dimunitive for vaina and means “little pod” in Spanish (Delteil, 1874, 1884, 1897, 
1902).

Vanilla planifolia is found in Oaxaca, Quintana Roo, and Yucatán in Mexico from 
sea level to 1.2 km altitude in mixed forests and swampy thickets (Wiard, 1987). It is 
also found in Florida, the West Indies, Central America, and South America as far 
south as Paraguay (Wiard, 1987). The plants are vines which climb on trees and can 
be up to about 25 m long. Leaves are succulent and elliptical, 9–23 cm in length and 
2–8 cm in width. In Mexico the plant flowers from mid-February until the first part of 

Fig. 7-5. Persons associates with Vanilla. A. Charles l’Écluse (Clusius). B. Edmond Albius as 
adult. C. Father Charles Plumier. D. Joseph Neumann. E. Young Edmond Albius (A, C, D, J. 
Arditti collection; B, Lithograph by Roussin, ca 1863 from Wikipedia; E, computer enhanced 
after Ecott, 2004).
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June. The inflorescences are 15–20 long racemes which arise from leaf axils. They 
bear approximately 20 yellowish green flowers which measure as much as 5 cm across. 
Their labella are 1.5 cm wide. Gynostemia are ca 3 cm long. The fruit, a capsule not a 
bean, reaches a length of 25 cm and a diameter of 1.5 cm. They are green, but become 
dark brown after curing (Anonymous, 1855b; Correll, 1953; Wiard, 1987).

Hand-Pollination of Vanilla

In nature orchids are pollinated by vectors, mostly insects, which are usually highly 
specific. There are very few, if any, common or non specific pollinators. Wind 
 pollination is not known to occur. Parthenocarpy is known, but not common. 
Unpollinated flowers live for various periods, but eventually wither and abscise. 
When Vanilla plants were taken from their native habitats to other areas their 
 pollinators remained behind and the plants did not set fruit. Therefore, large scale 
cultivation of Vanilla as a plantation crop became possible only after the discovery 
of hand-pollination (Fig. 7-6). The discovery seems to have been made, perhaps 
independently, several times.

Belgium

Vanilla was first taken to Belgium by Mr Parmentier d’Enghien (Morren, 1838–
1839). Its flowers were successfully hand-pollinated for the first time at the Liege 
Botanical Gardens in 1836 by Charles Morren (Figs. 7-7 and 7-8; Morren, 1838; 
Poiteau, 1838; De Visiani, 1845; Anonymous, 1855a, b; van Gorkom, 1884; Delteil, 
1884, 1902; Anonymous, no date-c) who was generally interested in hybridization 
(Mn, 1845a, 1945b) of orchids (Morren, 1827, 1829, 1848) and other plants (Morren, 
1839b). There is no mention of orchid pollination, germination and hybridization in 
an earlier paper by him (Morren, 1829). Six years later he reported pollinating a 
flower which opened on 16 February 1836; the fruits ripened 1 year later (Morren, 
1837a, b, 1838, 1838–1839, 1839a, 1850; Berlése, 1837). During a lecture to the 
Institute de France, Morren showed a fragment of a vine bearing three fruits 
(Childers et al., 1959).

Scion of a family which left Ireland during the reign of Henry the Eighth (Morren, 
1860; Anonymous, 1869), Charles François Antoine Morren (05 March 1807,  Gand-
17 December 1858, Liége) was the son of Charles Ignace François Morren (1773–
1837), a medical officer in the army and Marie Catherine Pole (?-1810). His mother 
died when he was 3 years old and he was raised by his grandparents (Anonymous, no 
date-a), or uncle (Morren, 1860; Anonymous, 1869; Crépin, 1899). He graduated 
from the l’Athénée Royal de Bruxelles on 14 August 1825 summa cum laude and 
proceeded to the University of Gand where on 1 August 1826 he was promoted to 
Candidate in Mathematics and Natural History. Morren received his doctorate in 
1829. In 1831 he was appointed Professor of Physics at the University of Gand. 
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He married Marie Verrasselt in 1833. They had five children, one of whom Edouard 
Morren (Fig. 7-7G) followed his father as Professor of Botany at the University of 
Liége (Morren, 1856; Lawalrée, 1974; Anonymous, no date-f). Charles Morren was 
appointed as extraordinary professor (roughly equivalent to Associate Professor in 
the American system) at the University of Liége in 1835 and advanced to the ordi-
nariat (i.e., Full Professor) in 1837. He was elected to the Royal Academy of Belgium 
in 1938.

Morren was very active and published a large number of scholarly papers (for lists 
see Morren, 1860; Anonymous, 1869). He was also the editor-in chief of l’Horticulteur 
Belge from 1833 until 1836, Annales de la Société d’Agriculture et de Botanique de 
Gand between 1845 and 1849, Journal d’Agriculture Pratique starting in 1848 and 
ending in 1855, and Belgique Horticole for the period of 1851–1855.

Fig. 7-6. Hand pollination of Vanilla (Delteil, 1874).
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Fig. 7-7. The Morren family. A. Professor Charles Mores and his signature. B. The Morren fam-
ily crest. C. Bust of Charles Morren. D, E, H. Grave of Charles and Edouard Morren. F. Charles 
Ignace François Morren, Professor Charles Morren’s father. G. Professor Edouard Morren (A-E, 
F, No date-a; G, No date-f).



242 J. Arditti et al.

France

Joseph Neumann (1800–1858) at the Muséum National d’Histoire Naturelle Jardin 
des Plantes is credited with discovering the process in 1830 (Anonymous, 1855a; 
Delteil, 1874, 1884, 1897, 1902; Beck, 1912). He reported that of 11 flowers pro-

Fig. 7-8. Students of Vanilla. A, B. Johannes Elias Teijsman memorial garden at the Bogor 
Botanical Gardens in Indonesia. C. Tim Ecott. D. Johannes Elias Teijsman (A, B, photographs by 
Joseph Arditti; C, dust jacket of Ecott, 2004; D, Archives of the Bogor Botanical Garden, courtesy 
of the director, Dr. Irawati).
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duced (apparently in 1837) at the Museum National d’Histoire Naturelle in Paris, 
three set fruit without pollination (Neumann, 1838). The plants flowered again in 
1838 and 1839. They were hand-pollinated at that time and produced fruits (Neumann, 
1838, 1841a, b; De Visiani, 1845). According to some reports, Neumann first polli-
nated Vanilla in France in 1830 (Delteil, 1884, 1902; van Gorkom, 1884). These 
reports have been questioned on two very reasonable grounds (Busse, 1899). First, 
this would have been a great discovery at the time and it is unlikely that Neumann 
would have waited 8 years to publish it. Secondly, the French were trying to pollinate 
Vanilla in Reunion, and it seems unlikely that it would have taken 10 years for this 
important discovery to reach their Indian Ocean dependency. Another point to con-
sider is that Neumann seems to have made a habit of seeking to establish priority for 
discoveries others made and reported (Neumann, 1838, 1841a, 1841b, 1844), by 
describing earlier successes by himself which cannot be verified (for reviews see 
Arditti, 1984, 1992).

Indonesia

Vanilla was first taken to Java in1812 (de Vriese, 1856) and for a second time in 
1840 by a Dr.[no initial given] Pierot (Teijsman, 1850, 1858). The plant flowered 
several years after being introduced, but set no fruits following the first bloom. This 
was attributed to the fact that the flowers dropped because of rain. However, it is 
also possible that they simply senesced and abscised because they were not polli-
nated. Interestingly, fruits of Vanilla albida Bl. and Vanilla aphylla Bl. from Java 
were described and illustrated in 1832 (Blume, 1832). However, in the case of 
Vanilla planifolia Andr. only the flowers were described and illustrated. This sug-
gests that either the pollinators of Vanilla albida and Vanilla aphylla, even if present 
near the Vanilla planifolia plants, were not attracted to their flowers or could not 
pollinate them, or that in 1835 artificial pollination of Vanilla planifolia was 
unknown.

Subsequently, Vanilla planifolia flowers were pollinated successfully on 2 July 
1852 by Graaf (initial not given) van den Bosch (Anonymous, 1852). They were 
also hand-pollinated by Johannes Elias Teijsman (1898–1882) and Simon Binnendijk 
(1821–1883) in Buitenzorg (Bogor) and produced fruits in or after 1850 (Teijsman, 
1850, 1858; van Gorkom, 1884; Busse, 1899) and 1852 (van der Pant, 1852). These 
papers give no details regarding the method of hand-pollination or its origins. 
Therefore, it is not clear whether hand-pollination was discovered independently in 
Indonesia or if Morren’s or another method discovered elsewhere was employed. 
However, according to another report (de Candolle, 1847), M. Falk, the Dutch 
ambassador in Bruxelles, provided details regarding the method used in Liege not 
long after a naturalist from the Royal Museum in Leyden named Pierot left for Java 
in 1840 for the purpose of introducing Vanilla there. If so, Pierot may have 
 introduced Morren’s method into Indonesia.
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Reunion

Pierre-Henri Philibert, captain of the Le Rhône took Vanilla to Reunion (or Ile de 
Bourbon) from the French colony Cayenne in French Guiana in 1817, 1818 or 1819 
(Focard, 1862; Legras, 1867–1868; Delteil, 1884, 1902; Bouriquet, 1954; Ecott, 2004). 
Captain Philibert (1774, Saint-Denis, Reunion-1824, France) was the fourth son of 
Pierre Nicholas Jacquin Philibert a marine commissioner. His wife was Augustine 
Thérèse Lheureux. In 1819 he became captain of the Le Rhône with the task of bring-
ing useful plants from Cayenne. He was accompanied by a botanist named Perotet 
(Legras, 1867–1868 lists him as M. Perrotet, but the M. stands for “Monsieur” which 
is the French word for Mister and is not an initial). And, according to the Feuille 
Habdoma daire of 7 July 1819 Vanilla was one of the most interesting plants Philibert 
brought from Cayenne to Reunion (Legras, 1867–1868). The plants were probably 
Vanilla pompona (Ecott, 2004). Philibert and Perotet went on a second mission to find 
Vanilla the following year, this time to the Philippines (Ecott, 2004). They found 
Vanilla vines “… in the middle of a virgin forest, … climbing among the branches of 
an enormous bamboo thicket” (Ecott, 2004), collected many plants and brought them 
to Reunion. These plants may have been Vanilla planifolia. They were planted in two 
estates but all of them died (Ecott, 2004). Vanilla planifolia plants which finally 
thrived came to Reunion in 1822 from the Jardin des Plantes in Paris. These plants 
were descendants of those that were first grown in Britan (Ecott, 2004).

According to the British journalist Tim Ecott (Ecott, 2004) a planter named 
Ferréol Bellier-Beaumont had a 20-year-old Vanilla vine which failed to bear fruit 
in a plantation named Belle-vue near the city of Sainte-Suzanne. According to 
Ecott, early one morning in 1841, when Bellier-Beaumont was walking in his plan-
tation with a young slave named Edmond (who was later given the surname 
Albius), he saw two fruits on the vine. Edmond told his master that he pollinated 
the flowers. Bellier-Beaumont did not believe Edmond at first. When a second 
flower showed signs of being pollinated and Edmond again claimed to have done 
the pollinating Bellier-Beaumont demanded to be shown how it was done. Edmond 
did. This story is romantic and there are suggestions that it may or may not be 
entirely accurate (Delteil, 1874; Busse, 1899; Arditti, 1971, 1984).

An early edition of a book on Vanilla by A. Delteil (page 12 of the 1874 edition 
according to Busse, 1899) reports that a Mr Perottet arrived in Reunion in 1839 and 
described Morren’s pollination method which was published in Belgium in 1837 
(Morren, 1837a) and in Paris in 1837 (Morren, 1837b) and 1838 (Morren, 1838). 
The account of Edmond Albius and his discovery appeared only in later editions of 
Delteil’s book (Busse, 1899; Delteil, 1902), and there were questions whether 
Albius, an uneducated slave, could have discovered how to pollinate Vanilla. 
Consequently, some (Busse, 1899) found it easier to believe that Perottet intro-
duced Vanilla pollination to Reunion. They may be wrong.

Tim Ecott devoted considerable time and effort to tracing Edmond’s origins and 
history. He unearthed many details which lay forgotten in the island’s Archives 
Départementales and reported them in his excellent book on Vanilla (Ecott, 2004) 
which is a fascinating read. The only logical conclusion that can be drawn from 
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Ecott’s report and findings is that Edmond Albius discovered Vanilla pollination 
independently and on his own.

There is absolutely no reason to believe that Albius could not have figured out 
all by himself how to pollinate the flowers. And, since Ecott’s search through the 
archives certainly seems to have been thorough his report should be accepted as 
definitive. If so there can be very little doubt that Albius discovered the pollination 
process on his own. On the other hand, in absolute terms and in the mind of scien-
tists who are skeptical and questioning by nature a possibility still remains that 
Albius somehow became aware of Perotet’s description of Morren’s method with-
out telling anyone and used or adapted it. The Albius story is fascinating, but the 
mystery may never be fully solved and some degree of uncertainty will remain 
despite Tim Ecott’s interesting and largely convincing findings. However, even with 
that two facts are certain:

1. Edmond Albius made possible the Vanilla industry in Reunion and elsewhere.
2. The statement, “The reluctance of some experts to concede that lesser mortals 

were capable of research and hybridisation [sic, the correct spelling at least in the 
U. S. is hybridization] is not new. When Edmond Albion [sic, the correct spelling 
is Albius], a black slave on Reunion Island, developed his simple but very effective 
way of pollinating the Vanilla [sic, it should have been Vanilla] orchid in 1841, the 
experts were incredulous…” (Wright, 2000), bears no relation to reality and is 
only indicative of an agenda driven anti-expert, combative, chip-on-the-shoulder 
attitude by its ill informed author. Experts were not “incredulous.” They only 
sought proof, as they always do, that a report is accurate and based on facts. Once 
proof became available the story was accepted even if questions may have 
remained in the minds of some (for reviews see Arditti, 1971, 1984, 1992; Ecott, 
2004) simply because scientists tend be cautiously skeptical (good examples of 
this skepticism are the use, even at present, of terms like “cell theory” and “theory 
of evolution” notwithstanding the overwhelming evidence in favor of referring to 
each as an established fact or even a law). If scientists were not skeptical by nature 
the Piltdown man fraud would have been accepted as fact, Trofim Lysenko’s char-
latan genetics may have gone unchallenged, Paul Kaemmerer’s rediscovery of 
Lamarckian inheritance with the midwife toad would not have been found to be 
fraudulent, John Heslop-Harrison’s introduction of alien sedges into the Hebridean 
Island of Rum would have remained undiscovered and Martin Fleishmann’s and 
Stanley Pons’s cold fusion claims would not have been found as irreproducible 
and retracted (these are only a few examples, there are many more).

Padua Botanical Garden

A Vanilla plant flowered for the first time at Padua Botanical Garden in 1833. This 
plant continued to produce flowers over the years. Pollination was accomplished 
and a mature fruit was obtained in 1842 by Professor Roberto de Visiani (1800–
1878), Dr. Giuseppe Clementi and Chief Gardener Carlo Caslini (Busse, 1899; 
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De Visiani, 1845). Despite being reported within a relatively short time their 
method did not attract much attention and was not used practically.

Guadeloupe

A pharmacist “de 1re classe de la marine” named Dupois discovered a method of 
Vanilla pollination on the French island of Guadeloupe (Delteil, 1884, 1902 does 
not give an initial). His method utilized scissors to perform a cut which allowed 
the pollen to drop into the stigma. He reported his method to the president of the 
Agricultural Chamber in Reunion. This method was considered to be cumbersome 
and of no practical value (Delteil, 1884, 1902).

Final Thoughts

The question of who discovered hand-pollination of Vanilla may never be answered 
to everyone’s satisfaction and competing claims could be debated for a long time. 
But, this does not really matter. The possibility that several persons in different 
parts of the world discovered the process independently of each other is very real 
and not hard to accept. Regardless of who made the discovery there can be no 
 question that Albius’s method made the Vanilla industry possible in Reunion and 
other French dependencies or Francophone islands like Madagascar, Seychelles, 
and Tahiti (still the major sources of vanilla). Interestingly, vanilla production never 
became equally important in British dependencies and colonies and English speak-
ing countries, despite several efforts to establish it. This is an intriguing question 
which may well be more difficult to answer than who discovered hand-pollination 
of Vanilla flowers.
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Dedication

To the memory of my late friend of 30 years, Soediono (1931–2006) of Jakarta and 
Solo, Indonesia and Horizon Towers West in Singapore. He (an Indonesian who 
used only one name as is common in Indonesia) liked to describe himself as a 
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country boy (which suited me just fine because I think of myself as a peasant), but 
was never out of place in even the most sophisticated establishments, among the 
superb orchids he grew with his wife, Noes and in the modern laboratory he 
designed, built and operated with her.– Joseph Arditti
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Distribution

Cymbidium mosaic virus (CymMV) and Odontoglossum ringspot virus (ORSV)

Economic Significance and Incidence of CymMV and ORSV

Many members of the orchid family produce flowers in diverse shapes and exotic col-
ours. These valuable flowers are a major product of the cut flower industry in Thailand, 
Singapore and other South-east Asian countries. The world market for tropical orchid 
cut flowers is estimated to be worth about S$180 million. Singapore is the second larg-
est exporter of tropical orchid cut flowers (Yearbook of Statistics, Singapore, 1996). 
About 80 different hybrids of the major genera of orchids are cultivated in Singapore.

The orchid industry is affected by reduction in flower yield and quality caused 
by various pests and diseases. Of more than 50 viruses infecting orchids, 
Cymbidium mosaic virus (CymMV) and Odontoglossum ringspot virus (ORSV) 
are reported to be the most prevalent and economically important (Zettler et al., 
1990). Both these viruses have been known for more than 50 years (Jensen and 
Gold, 1951). CymMV was first found in the Cymbidium species of orchids 
(Jensen, 1950), and was also known as orchid mosaic virus or Cymbidium black 
streak virus (Francki, 1970). ORSV was first found infecting Odontoglossum 
grande (Jensen and Gold, 1951), and was known as the orchid strain of Tobacco  
mosaic virus (TMV) (Kado, van Regenmortel, and Knight, 1968). Both these 
viruses have attained a world-wide distribution. In Singapore, the occurrence of 
CymMV infection in orchids is higher than that of ORSV (Wong et al., 1994). 
Prevalence of these two orchid viruses results in significant economic losses to 
the orchid industry caused by stunted growth and reduction in flower size and 
quality. Studies of these two viruses at the molecular level will help alleviate the 
impact of these viruses on the orchid industry.

Host Range and Symptomatology

The natural hosts for CymMV and ORSV are the monocotyledonous orchids. 
Among the orchids, some of the cultivars susceptible to CymMV are those belong-
ing to the species of Cymbidium, Cattleya, Epidendrum, Laelia, Laeliocattleya, 
Oncidium, Phalaenopsis, Vanda, Vanilla fragrans and Zygopetalum. CymMV 
causes sunken chlorotic or necrotic patches on the leaves. In infected plants, the 
flowers become deformed and exhibit colour breaking symptoms. Cymbidium spe-
cies (sp.), Datura stramonium and Nicotiana sp. are commonly used to propagate 
CymMV. Some orchids infected by ORSV are Odontoglossum grande, Cymbidium, 
Cattleya, Dendrobium, Epidendrum and Zygopetalum. ORSV also infects Beta 
vulgaris, Cassia occidentalis, Chenopodium amaranticolor, C. quinoa, Datura 
stramonium, Gomphrena globosa and Nicotiana sp. ORSV causes mottles, streaks, 
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stripes, mosaics or ringspots on the leaves. Infected flowers show ringspots and 
colour breaking. However, these viruses can infect plants without showing obvious 
foliar and floral symptoms.

In addition to orchids and other genera mentioned above, CymMV and ORSV are 
able to systemically infect a number of other plant species. Some of the plants they 
infect are indicated in Table 8-1. Of these, a common systemic host is the Solanaceous 
plant, Nicotiana benthamiana. Intermittent white lines on the leaves are typical symp-
toms of CymMV infection in these plants. Mild mosaics on leaves and distortion of 
emerging leaves are usual symptoms of ORSV in N. benthamiana.

Mode of Transmission

CymMV and ORSV are transmitted mechanically by inoculation of infected sap 
and contaminated cutting tools, equipment and potting media. These relatively heat 
stable viruses are able to retain infectivity for long periods in plant sap (Francki, 
1970; Wisler, Zettler, and Sheehan, 1986). They are not transmitted by vectors or 
seeds (Namba and Iishi, 1971). CymMV and ORSV may be transmitted by con-
taminated pollen (Hamilton and Valentine, 1984; Hu et al., 1994).

Table 8-1. Species of plants susceptible to CymMV and ORSV infection.

CymMV ORSV

Cassia occidentalis 
Cassia tora 
Cattleya
Chenopodium amaranticolor 
Chenopodium quinoa  
Cucumis sativus 
Cymbidium 
Datura stramonium 
Epidendrum
Gomphrena globosa 
Laelia 
Laeliocattleya 
Nicotiana benthamiana 
Oncidium
Oryza sativa
Phalaenopsis 
Tropaeolum majus 
Vanda 
Vanda fragrans
Zinnia elegans 
Zygopetalum

Beta vulgaris
Cassia occidentalis
Chenopodium amaranticolor
Chenopodium quinoa
Cymbidium alexanderi
Gomphrena globosa
Nicotiana clevelandii
Nicotiana glutinosa
Nicotiana benthamiana
Nicotiana tabacum
Odontoglossum grande
Tetragonia tetragonioides
Zinnia elegans
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Molecular Structure and Composition

CymMV belongs to the potexvirus group of viruses. Potato virus X (PVX) is the 
type member of this group. Viruses of this group are typically flexouous and fila-
mentous, and the particles are 450–550 nm long (Francki, 1970). CymMV particles 
measure 480 nm in length and 13 nm in width. CymMV has a positive sense single-
stranded (ss) RNA genome that is capped at the 5’-terminus and polyadenylated at 
the 3’-terminus. CymMV genomic RNA is 6227 nucleotides (nt) in length, exclud-
ing the poly (A) tail at the 3’-terminus (Wong et al., 1997). As is with all potexviruses, 
the CymMV genome consists of five open reading frames. They are the RNA-
dependent RNA polymerase (RdRp) gene, the triple gene block (TGB) comprising 
of three overlapping genes and a coat/capsid protein (CP) gene (Fig. 8-1).

The RdRp gene (nt 73–4326) produces a 160 kilo Dalton (kDa) protein with 
three conserved domains: the methyltransferase domain (nt 73–975), the putative 
NTP-binding domain (nt 2049–2583) and the core binding domain (nt 3355–4101) 
(Wong et al., 1997). There is a six-nt intergenic region between the ORFs 1 and 2. 
ORFs 2, 3 and 4 overlap each other, are constituted by the TGB (nt 4333–5478) that 
is considered to be the movement protein (MP) gene (Fig. 8-3). The MP gene 
encodes three proteins of 26, 13 and 10 kDa respectively (Wong et al., 1997). TGB 
1 (nt 4333–5022) contains the NTP-binding helicase motif (nt 4420–4446). A con-
sensus sequence PXXGDXXHXXPSGGXYXDGTKXXXY is seen in the TGB 2 
gene (nt 5115–5189). This sequence is also seen in other potexviruses and the car-
laviruses. TGB 3 contains a high level of variability (Wong et al., 1997). The CP 
gene constitutes ORF 5 (nt 5480–6152) and is responsible for encapsidation of the 
viral RNA. N-terminus of the CP displays high level of variability and often results 
in low serological cross-reactivity in potexviruses (Chia, Chan, and Chua, 1992a).

ORSV belongs to the tobamovirus group. This virus produces particles that are 
rigid and rod-shaped, and are approximately 18 × 300 nm with a central hollow core 
that is 4 nm in diameter (Webster and Granoff, 1994). This virus has a ss positive 
sense RNA genome, which has a cap structure at the 5’-terminus but is not polya-
denylated at the 3’-terminus. The Singapore isolate of ORSV (ORSV-S1) has a 
genomic RNA that is 6609 nt long (Chng et al., 1996) and encodes four genes: the 
126/183 kDa RdRp at nt 63–3401/4901, the 33 kDa MP gene at 4,807–5,718 and 
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Fig. 8-1. Schematic representation of the genome of CymMV.
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Fig. 8-2. Schematic representation of the genome of ORSV.
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Fig. 8-3. Genome organization and translational strategy of CymMV. Open rectangles represent 
ORFs. UTR denotes untranslated region. Colored bars indicate proteins synthesized from the 
respective ORFs with their molecular weights. Drawing is not to scale.

the 18 kDa CP gene at nt 5721–6197 (Fig. 8-2). The 126 and 183 kDa proteins of 
the RdRp are  translated from the same ORF, with the latter being produced by the 
readthrough of a leaky amber stop codon of the 126 kDa protein at nt 3399 (Fig. 8-4). 
Three functional domains have been identified in the RdRp of ORSV-S1. The first 
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domain, the  putative methyltransferase (MTase, Habili and Symons, 1989), has four 
distinct conserved motifs (I-IV) (Alonso et al., 1991) located at aa 72–287 (Chng 
et al., 1996) and may be responsible for the MTase activity that is required for cap 
formation. The second is the helicase domain at aa 820–1074 (Chng et al., 1996) 
with six conserved motifs (I-VI) (Habili and Symons, 1989; Evans, Haley, and 
Roth, 1985; Gorbalenya and Koonin, 1989). The third is the polymerase domain 
defined by a GDD consensus sequence and contains four conserved motifs (A-D) 
from aa 1372–1503 (Chng et al., 1996).

The 33 kDa MP gene (nt 4807–5718) overlaps with the 3’-terminus of the RdRp 
by 94 nt and is required for cell-to-cell movement of the virus (Ryu and Park, 
1995a). A putative origin of assembly (Oa) of ORSV-S1 is located within the MP 
gene. The secondary structure of the Oa has been determined to possess two loops 
and a XXG repeat motif which are necessary for binding and initiation of assembly 
of the coat protein (Turner, Joyce, and Butler, 1988; Chng et al., 1996).

CP gene (18 kDa) of ORSV begins only two nt downstream of the MP and 
extends from nt 5721–6197. In ORSV-S1, this gene reveals three highly conserved 
RNA-binding motifs (Chng et al., 1996).

The 5’-untranslated region (UTR) is 62 nt long and contains three copies of 
ACAATTAC direct repeats and eight copies of CAA or ACA triplets in the W 
region. Containing 412 nt, the 3’-UTR is characterized by a tRNA-like structure 
and three consecutive homologous regions (Chng et al., 1996).

Research on CymMV and ORSV includes extensive studies on molecular biol-
ogy of these two viruses. This chapter focuses on various previously published 
molecular biology work and where available, comparisons in similar contexts to 
other plant viruses.
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CP
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gRNA1

gRNA2
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183-kDa
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Fig. 8-4. Genome organization and replication strategy of ORSV. Open rectangles represent 
ORFs. UTR denotes untranslated regions. Colored bars represent proteins synthesized. Drawing 
is not to scale.
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Important Molecular Aspects of CymMV and ORSV

● Synthesis of full-length cDNA clones
● Molecualar methods applied to the detection of CymMV and ORSV
● Studies of mutations in the RdRp
● Sequence variability in the CP genes
● Regeneration of trangenic orchids harbouring the genes of CymMV and ORSV
● Complementation of cell-to-cell and long-distance movement
● Synergism between CymMV and ORSV

Synthesis of Full-Length cDNA Clones

Biologically active cDNA clones help us in the understanding of the molecular 
biology of RNA viruses, since modifications at the DNA level can be transcribed 
into viral RNA in vitro or in vivo. A complete viral sequence is required to produce 
biologically active cDNA clones. Usually, a cDNA is constructed by reverse tran-
scribing the viral RNA into a ss DNA using a primer hybridizing to the 3’ end of 
the viral sequence. The viral RNA is then eliminated, and the single-stranded 
DNA is converted to a double-stranded form by cDNA synthesis with a second 
primer that hybridizes to the 5’ end of the viral RNA. The second primer usually 
carries the sequence for an RNA polymerase promoter fused to the viral sequence. 
A full-length viral cDNA clone may be inserted between the CaMV 35S promoter 
and the NOS gene (Weber, Haeckel, and Pfitzner, 1992).

A full-length cDNA clone encoding the genome of ORSV was syntheized and 
placed adjacent to a bacteriophage T7 RNA polymerase promoter (Yu and Wong, 
1998a).

Capped in vitro transcripts proved highly infectious when inoculated on seed-
lings of Oncidium Gower Ramsey and N. benthamiana. Infectivity of a representa-
tive clone, designated pOT2 caused a disease phenotype identical to that produced 
by parental viral RNA. Full-length cDNA clones of CymMV were synthesized 
using the population cloning strategy (Yu and Wong, 1998b). Capped in vitro tran-
scripts synthesized from the full-length cDNA fused to T7 RNA polymerase promoter 
were infectious.

Molecular Methods Applied to the Detection of CymMV 
and ORSV

Diagnosis of virus infections based on visual observation is unreliable as many 
infected orchids may not display symptoms. The application of serological methods 
like enzyme-linked immunosorbent assay (ELISA) is cumbersome and less sensitive 
when compared to molecular methods. The earliest molecular method applied to the 
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detection of CymMV and ORSV was carried out using DNA probes and tissue prints 
(Chia et al., 1992b), the polymerase chain reaction (PCR) (Lim et al., 1993; Ryu and 
Park, 1995b; Barry et al., 1996). The method was used to detect CymMV and ORSV 
individually, and had to be therefore done twice to detect both CymMV and ORSV.

To be able to detect both viruses simultaneously, a single pair of common primers 
that could amplify both CymMV and ORSV viral sequences with equal efficiency 
was devised, based on overlapping alignments, secondary structures, possible prim-
ing sites and annealing temperatures (Seoh, Wong, and Zhang, 1998). These prim-
ers were used to detect CymMV and ORSV simultaneously by touch-down 
reverse-transcription PCR (TD/RT-PCR), making routine indexing of these two 
viruses more cost-effective in tissue culture before mass propagation. TD-PCR 
reduces the chances of mispriming and prevents the formation of spurious bands, 
therefore increasing the yield of the desired product since the annealing tempera-
ture starts several degrees above the calculated optimal annealing temperature, and 
is gradually lowered in subsequent cycles (Roux, 1995; Don et al., 1991).

Simultaneous quantitation of CymMV and ORSV was also carried out by 
TaqMan® real-time RT-PCR, a detection technique whose novelty lies in the fact 
that it combines RT-PCR with fluorescent detection. By this method, a quantity as 
low as 104 copies or 5 fg each of CymMV and ORSV could be detected simultane-
ously with either the RdRp or CP gene as the target (Eun, Seoh, and Wong, 2000). 
Taqman® probes were synthesized, each targeting the RdRp and CP genes of 
CymMV and ORSV. The reporter dye FAM (6-carboxyfluorescein) was used to 
label the 5’ terminus of probes specific to CymMV, while TET (tetrachloro-6-
carboxyfluorescein) was used for ORSV probes. In a more cumbersome method, 
digoxigenin (DIG)-labelled cRNA probes were used for the detection of CymMV 
and ORSV in orchids (Hu and Wong, 1998). This assay could detect 50 and 250 pg 
of purified CymMV and ORSV RNA, respectively. As little as 30 mg of N. bentha-
miana infected leaves was sufficient to provide detection. CymMV and ORSV 
were detected at 3,125 and 625 times dilution of leaf extracts, respectively. A novel 
fluorescence-based nucleic acid detection technique that consists of a probe termed 
a molecular beacon, was also used to detect CymMV and ORSV simultaneously 
(Tyagi and Kramer, 1996; Eun and Wong, 2000). Molecular beacons are ss nucleic 
acid molecules with a stem-loop conformation. Four molecular beacons specific to 
the RdRp and CP genes of CymMV and ORSV were designed. This technology 
was successfully applied to detect 0.5 ng of viral RNA of both orchid viruses simul-
taneously in 100 mg of coinfected Oncidium leaves.

Studies of Mutations in the RdRp

There is a high degree of similarity in the amino acid (aa) sequences of the puta-
tive RdRp of tobamoviruses and the putative RdRp of other animal and plant 
RNA viruses, with three distinct domains being conserved (Habili and Symons, 
1989; Kramer and Argos, 1984; Rozanov, Koonin, and Gorbalenya, 1992). 
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Mutations in the RdRp domains that disable virus replication have been studied 
in Brome mosaic virus (BMV) (Kroner et al., 1989), PVX (Longstaff et al., 1993) 
and TMV (Ogawa et al., 1991). The helicase domain of the TMV RdRp has been 
shown to induce necrosis in N-gene-carrying tobacco even in the absence of virus 
replication (Abbink et al., 1998). Changes in different regions of the RdRp can 
alter symptom expression (Bao et al., 1996; Goregaoker, Lewandowski, and 
Culver, 2001; Shintaku et al., 1996), synthesis of subgenomic RNA (Watanabe 
et al., 1987), cell-to-cell movement (Hirashima and Watanabe, 2001) and host 
resistance responses (Hamamoto et al., 1997a, b).

In the ORSV, of six full-length clones of ORSV-S1 tested for infectivity during 
generation of full-length clones, one designated as pOT1 was not infectious (Yu, 1999). 
This mutant was found to contain a single nucleotide difference in the RdRp at nt 
211 that led to an amino acid (aa) substitution at aa 50, resulting in the aa being 
changed from the normal phenylalanine in infectious clones to serine in the non-
infectious clone. Nucleotide 211 is located outside the three conserved RdRp 
domains of the methyltransferase, helicase and polymerase.

The first 101 aa residues of the RdRp of 12 tobamoviruses were compared with 
those of ORSV-S1. It was found that the phenylalanine at aa 50 was conserved 
among all the viruses (Wang et al., 2004). Upon further characterization, it was 
found that it was not the nucleotide, but the amino acid change that was responsible 
for the inability of pOT1 to replicate. Minus-strand RNAs were not detected in 
mutants with a substitution for phenylalanine at aa 50. Identical results in TMV 
suggested that phenylalanine at aa 50 may play an important role in replication in 
all tobamoviruses. Complementation of a full-length mutant OT1 was demon-
strated in a co-infected local lesion host, a systemic host and protoplasts by replica-
tion-competent mutants, suggesting that ORSV contains no RNA sequence 
inhibitory to replication in trans.

Sequence Variability in the CP Genes

Viruses retain their genetic structure during replication, altering only to a very 
minor degree, thus giving rise to variants. Lack of a proof-reading mechanism in 
DNA viruses cause the variation during replication (Steinhauer, Domingo, and 
Holland, 1992). Mutant forms may carry random mutations as compared to the 
parent strain, or they may be restricted to particular regions of the genome. These 
variations provide the basis for virus evolution. Viruses have extremely high evo-
lutionary capacities, which have enabled them to parasitize all known groups of 
organisms and constantly broaden their host range. Mutation and recombination 
produces variants that can be distinguished on morphological, biological and sero-
logical lines. When the variants can be grouped based on their differences in epide-
miology, serology and the host range, they are referred to as distinct strains 
(Matthews, 1991). A single virus particle gives rise to a local lesion, from which 
new mutants can appear. It is therefore highly likely that a virus culture actually 
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consists of more than one strain. The concept is described by the term quasispecies 
(Domingo et al., 1995; Eigen, 1993, 1996; Holland, DeLaTorre. and Steinhauer, 
1992; Moya and Garcia-Arenal, 1995) which was introduced to reflect the nature 
of RNA virus populations. The quasispecies concept predicts that a virus isolate 
rather than being a single RNA sequence is a mixture of mutant sequences that 
average around a consensus sequence. In any population, biological selection acts 
on the quasispecies to allow variants with improved fitness to arise, survive and 
dominate. These variations make it possible to classify the viruses. In some viruses 
such as Banana bunchy top virus (Wanitachacorn, Harding, and Dale, 2000), 
Prunus necrotic ringspot virus (Vaskova, Petrizk, and Karesova, 2000), Ryegrass 
mosaic virus (Webster et al., 1999) and Citrus tristeza virus (Ayllon et al., 2001), it 
has been possible to classify the isolates into different groups based on geographic 
origin and pathogenicity. In Carnation mottle virus (Canizares, Marcos, and Pallas, 
2001) and Alfalfa mosaic virus (AlMV) (Parrella et al., 2000), definite co-variations 
at specific amino acids (aa) in the CP genes allowed the classification of geographi-
cally distinct virus isolates. Similarly, Pea seed-borne mosaic virus isolates from 
Pakistan could be placed into three different subgroups based on the differences in 
aa at 12 positions in the CP gene (Ali and Randles, 2001). Geographically distinct 
isolates of Rice yellow mottle virus showed differences in pathogenicity that could 
be associated with changes of aa in CP gene (Pinel et al., 2000).

There have been previous reports of variability studies in the sequences of potex-
viruses and tobamoviruses. In a comparative study of the CP sequences of eight 
potexviruses infecting different host ranges, an overall similarity in aa composition 
was observed, with variation of structurally important aa such as lysine, arginine, 
leucine and proline (Short and Davies, 1987). This could not lead to classification 
of the viruses. Members of the genus Tobamovirus have been shown to be geneti-
cally stable. A highly stable population maintaining its diversity through time has 
been reported in Pepper mild mottle virus (Rodriguez-Cerezo, Moya, and Garcia-
Arenal, 1989). In a comparison of Tobacco mild green mottle virus (TMGMV) iso-
lates infecting Nicotiana glauca from Australia, California and Spain, sequence 
similarity was reported, and no variable regions could be identified. (Fraile et al., 
1996). An Australian isolate of TMGMV infecting Nicotiana glauca showed no 
increase in genetic diversity over a 90-year span (Fraile et al., 1997).

Genetic heterogeneity of the capsid protein genes of CymMV and ORSV and 
the possible occurrence of variability in isolates from different geographical loca-
tions was investigated in orchid samples of different genera infected with CymMV 
and ORSV (Ajjikuttira et al., 2002). Isolates were obtained from Korea, Singapore 
and Taiwan. All CymMV isolates from Korea and Singapore possessed a CP com-
prised of 223 aa in contrast to three previously published sequences (CyK3, SI and 
KI) that possessed a coat protein gene comprised of only 220 aa. These three 
sequences produced markedly different aa at the C-terminal of the CP. Among the 
Singapore isolates studied, 89.1–99.7% homology was exhibited at the nt level, and 
93.2–100% homology was observed at the aa level. This meant that the isolates 
were very similar, and no particular pattern of variability was seen. Although 
co-variations were observed, it was not possible to separate the isolates studied 
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into definitive groups due to the presence of additional random variations in the aa 
sequence throughout the CP gene of CymMV. The Singapore isolates showed a 
homology of 88.3–98.9% when compared with previously published aa sequences 
of CymMV infecting orchids in Thailand (Srifah, Loprasert, and Rungroj, 1996).

All the CP sequences of ORSV possessed a length of 158 aa, similar to that of 
previously published sequences. The N-terminal sequence of the CP was more 
conserved than the C-terminal. There were no distinct regions of variability in any 
of the sequences. Sequence identity matrices showed 97.4–99.3% homology 
between the Singapore isolates at the nt level and 96.2–99.3% at the aa level. At the 
nt level, the Korean isolates showed 96.6–99.7% homology. At the aa level, homol-
ogy varied between 96.2–100%. The isolates from Taiwan showed 99.5–99.7% 
homology at the nt level and 98.7–99.3% homolo  gy at the aa level. The percentage 
nt and aa sequence homology among all the isolates varied from 95.5–100% and 
93–100%, respectively. These results indicated low genetic variability in the CP 
gene sequences of ORSV infecting orchids from different geographical areas. 
The isolates did not cluster according to hosts or geographic origin.

Regeneration of Transgenic Orchids

The success of biolistic techniques has made gene delivery into intact plant tissues 
a reliable process with many significant applications in plant biology. For success 
with this method, several parameters such as material and size of particles used in 
delivery, various means used to adsorb DNA to the particles, coating procedures 
and velocity of the particles need to be carefully considered. In addition, the effi-
ciency of gene transfer is also associated with the target tissue. All these factors 
cumulatively make biolistic transformation cumbersome. Nevertheless, this method 
has been widely used to transform both monocotyledonous and dicotyledonous 
plant species. Transformation of orchid cultivars by this method has also been 
 successful (Chia et al., 1994; Nan and Kuehnle, 1995; Kuehnle and Sugii, 1992; 
Yang et al., 1999).

Genetic transformation mediated by Agrobacterium has been successful among 
dicotyledonous plants and is gradually being extended successfully to monocotyle-
donous plants. Some economically important monocotyledonous species success-
fully transformed by this method are wheat (Cheng et al., 1997) and rice (Ranineri 
et al., 1990). Few reports are available on the successful Agrobacterium-mediated 
transformation of orchids. In the first of such reports, Dendrobium protocorms har-
bouring the reporter gene, GUS were produced (Nan and Kuehnle, 1998). 
Transformation of Dendrobium with the orchid DOH1 antisense gene was achieved 
by Agrobacterium-mediated transformation (Yu, Yang, and Goh, 2001).

Since this widely used gene transfer method could have a useful impact, we 
explored the possibility of producing transgenic Dendrobium Sonia harbouring the 
capsid protein genes of CymMV and ORSV. We followed the previously published 
protocol used for Dendrobium Madame Thong-In, but were largely unsuccessful in 
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obtaining transformed lines. We attribute this to the continued necrosis of the cul-
tured explants that led to bacterial infection that prevented the healthy growth of the 
explants. We therefore conclude that for Dendrobium Sonia, minimal necrosis of 
the explant must be achieved alongside maximal co-cultivation to improve the 
probability of generating successful transformants with this gene transfer method. 
Future genetic transformation studies by this method when successfully achieved 
in the orchid Dendrobium Sonia could have a tremendous economic potential.

Synergism

Multiple virus infections are commonly seen in the plant kingdom. Doubly or mul-
tiply infected plants show symptom intensification in the host plants. The phenom-
enon of severity of symptoms and higher amounts of virus accumulation of one or 
both viruses involved is referred to as synergism. Many synergistic interactions 
involving a potyvirus with other unrelated viruses have been described. Potyvirus 
associated synergisms include the Cauliflower mosaic virus (Khan and Demski, 
1982), PVX (Rochow and Ross, 1955) and Cowpea mosaic virus (Anjos, Jarlfors, 
and Ghabrial, 1992). In these synergisms, the intensification of disease symptoms 
is due to the increased accumulation of the non-potyvirus component, with the level 
of the potyvirus remaining unchanged (Rochow and Ross, 1955; Calvery and 
Ghabrial, 1983; Goldberg and Brakke, 1987; Vance, 1991). Not all potyvirus 
related synergisms follow this pattern. In Peanut Mottle Virus, mixed infections 
with either Tomato spotted wilt virus (Hoffmann, Geske, and Moyer, 1998) or Bean 
pod mottle virus (Anjos et al., 1992), no synergism was observed. Enhanced poty-
viral accumulation was observed (Karyeija et al., 2000) while reduction of potyvi-
rus has been reported (Poolpol and Inouye, 1986) in mixed infections with another 
virus. Of the potyviral synergisms, the PVX- Potato virus Y (PVY) synergism in 
tobacco has been well characterized (Rochow and Ross, 1955; Damirdagh and 
Ross, 1967; Goodman and Ross, 1974b; Vance et al., 1995). Doubly infected plants 
show severe vein clearing, necrosis of the first systemic leaf and increased accumu-
lation of PVX. This synergism occurs by expression of the 5’ proximal sequence 
encoding P1, helper component-proteinase and a fraction of P3 (the P1/HC-Pro 
sequence) of the potyviral genome (Vance et al., 1995). Mutational studies on the 
P1/HC-Pro sequence have shown that the amino-terminal ‘zinc-finger’ domain of 
HC-Pro is dispensable for induction of synergistic disease and transactivation of 
PVX multiplication, while regions within the central domain of HC-Pro are essen-
tial for both these responses (Shi et al., 1997). The central domain of HC-Pro medi-
ates the suppression of posttranscriptional gene silencing (PTGS) (Anandalakshmi 
et al., 1998; Brigneti et al., 1998; Kasschau and Carrington, 1998). These results 
suggest that the two phenomena may be linked. The P1/HC-Pro sequence of poty-
viruses also enhances the pathogenicity and accumulation of TMV and CMV 
(Pruss et al., 1997). In a molecular characterization of the synergism between PVX 
and either PVY or TEV in N. benthamiana and N. tabaccum, neither PVX coat 
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protein nor PVX (+) strand RNA accumulation increased in double  infections 
although severe synergism was observed in symptom expression in N. benthamiana 
(Gonzalez-Jara et al., 2004). PVX CP levels in tobacco co-infected with PVY or 
Tobacco etch virus (TEV) were much higher than in plants infected with PVX 
alone. Tobacco plants co-infected with PVX and TEV did not develop synergistic 
symptoms as severe as the PVX and PVY combination, although a slight stunting 
was observed when compared with plants singly infected with either TEV or PVX. 
These findings therefore suggested that the relationship between viral titre enhance-
ment and synergism in the PVX/potyvirus infection is host dependent. In the syn-
ergism between Cucumber mosaic virus (CMV) and the potyviruses, Zucchini 
yellow mosaic virus (ZYMV) and Watermelon mosaic virus (WMV), enhanced 
accumulation of CMV occurred (Wang et al., 2002). Co-infection of zucchini 
plants with the M strain of CMV (M-CMV) and the potyvirus Zucchini yellow 
mosaic virus strain A (ZYMV-A) allowed M-CMV to exhibit severe synergism in 
pathology (Choi et al., 2002). Infection of zucchini squash by M-CMV and an 
attenuated strain of ZYMV (ZYMV-AG) showed a milder symptom in pathology. 
Both ZYMV-A and ZYMV-AG facilitated the long-distance movement of M-
CMV that is inhibited in some cultivars of zucchini squash. Synergistic interactions 
between a potyvirus and cucumovirus led to resistance breakage in double infec-
tions (Wang et al., 2004). Resistance to CMV in cucumber cv. Delila was broken 
by co-infection with the potyvirus ZYMV. The resistance breakage was accompa-
nied by an increase in CMV RNA (+ and −) and capsid protein, with no increase in 
the level of accumulation of ZYMV. Resistance breakage was not accompanied by 
an increase in symptoms beyond those induced by ZYMV itself. Since increase of 
viral RNA and capsid protein accumulation were shown to occur without a corre-
sponding increase in disease development, it has been suggested that virus accumu-
lation and disease development are regulated by different host genes in CMV-resistant 
cucumber plants. In the synergistic interaction of Maize cholorotic virus (MCMV) 
and Wheat streak mosaic virus (WSMV), a potyvirus, the RNA concentrations of 
both the viruses were increased in mixed infections (Scheets, 1998). Synergism of 
geminiviruses infecting cassava cause symptoms more severe than in plants inocu-
lated with either of African cassava mosaic virus or East African cassava mosaic 
virus alone (Fondong et al., 2000; Pita et al., 2001).

Synergism has been observed between potexvirus and tobamovirus in double 
infections (Goodman and Ross, 1974a; Taliansky et al., 1982a). Symptom severity 
in plants doubly infected with CymMV and ORSV has been reported (Lawson and 
Brannigan, 1986; Hadley, Arditti, and Arditti, 1987). Double infections of CymMV 
and ORSV resulted in severe mosaic symptoms with necrotic streaks (Pearson and 
Cole, 1991). These co-infections cause several diseases in orchids, showing more 
pronounced symptoms than single infections of either virus alone. Symptoms in 
orchids include mottling, colour breaking, ridging, thickening, curling and distor-
tion of flowers, and abnormal growth and stunting of plants in Cattleya, Cymbidium, 
Odontoglossum, Phalaenopsis and Oncidium, and Renanthera. The molecular 
details of RNA accumulation in this double infection have not been determined. 
The increase in symptoms may be related to accumulation of either or both viruses. 
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In an orchid protoplast system, co-electroporation of CymMV and ORSV RNA 
resulted in enhancement of replication of both viruses when compared to singly 
electroporated protoplasts (Hu et al., 1998). This indicates that CymMV-ORSV 
synergism is caused by an enhancement of RNA replication.

In preliminary experiments to investigate this synergism, we merely mixed 
crude sap extracts of CymMV infected plants with those of ORSV infected plants 
and inoculated the mixture onto healthy N. benthamiana plants. Plants inoculated 
with crude sap extracts from single infections of CymMV or ORSV alone served 
as controls. It was observed that plants with mixed viral infections displayed inten-
sified synergistic symptoms when compared to the milder symptoms seen in single 
infections of CymMV or ORSV alone. In the ORSV RNA accumulation experi-
ment, the genomic RNA of ORSV was clearly detected in both single and double 
infections at 9 dpi. However, at 7 dpi, very small amounts of ORSV genomic RNA 
were detected in double infections. This result pointed to the fact that an accelera-
tion of ORSV RNA accumulation was a likely feature of this synergism. A similar 
phenomenon was noticed in the synergism between Panicum mosaic virus (PMV) 
and Satellite Panicum mosaic virus (SPMV) where, in double infections of these 
viruses SPMV showed an acceleration of systemic transport than in single infec-
tions of SPMV alone (Scholthof, 1999). The study of RNA accumulation of 
CymMV in singly versus doubly infected tissues revealed that in both infections, 
the CymMV RNAs were detected in vivo at 12 dpi. Densitometric scans of the blots 
revealed that in single infections, CymMV genomic RNA was accumulated to a 
greater extent than in double infections on the first detection day itself (12 dpi). 
Subsequently, at 18 and 21 dpi the titer of CymMV genomic RNA in single infections 
were higher than in double infections. In virus preparations from equalized quantities 
of plant tissues subjected to transmission electron microscopy, there were far more 
ORSV viral particles in doubly infected preparations than in singly infected ones. 
Further, it became evident that the coat proteins of either CymMV or ORSV or both 
are involved in determining the synergism. In vitro transcripts of the infectious 
cDNA clone of ORSV (pOT2) were inoculated on transgenic plants carrying the 
CymMV CP transgene and observed against non-transgenic plants inoculated with 
the same in vitro transcripts. Transgenic ORSV CP plants inoculated with in vitro 
transcripts of the infectious cDNA clone of CymMV (p18Cy13) showed no symptoms 
of synergism. Transgenic CymMV CP plants inoculated with in vitro transcripts of 
pOT2 showed symptoms of synergism similar to those of double inoculations. 
Starting at 12 dpi, the uppermost leaves exhibited curling of the leaves, accompanied 
by dark-green islands that progressed over time to the lower leaves. In due course, 
the systemic leaves of the plants began showing intensified symptoms of synergism 
with dark-green islands and leaf shape distortion as observed on most of the sys-
temic leaves. Hence the genomic RNA accumulation profiles of the CymMV CP 
transgenic plants that showed synergistic symptoms when inoculated with pOT2 
were studied. The genomic RNA accumulation profile was similar to that of ORSV 
accumulation in double inoculations. More ORSV RNA was detected in CymMV 
CP transgenic plants than in non-transgenic plants inoculated with in vitro tran-
scripts of pOT2. When plotted on a histogram, the  average peak density of ORSV 
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in test plants was very similar to the ORSV titer in doubly inoculated tissues. Since 
the values on the histogram were very similar, it is highly indicative that the 
CymMV CP plays a crucial role in the synergism, and could be responsible for the 
enhancement in the levels of ORSV RNA and the intensification of symptoms. 
In the synergism between PMV and SPMV, the SPMV CP was shown to be inducer 
of severe chlorosis characteristic of the synergism (Qiu and Scholthof, 2001). 
To understand plant viral synergisms, two mechanisms have been proposed (Goldberg 
and Brakke, 1987; Rochow and Ross, 1955). A perturbation of normal cellular 
regulation may cause a synergism by inducing a higher concentration of virus in 
each cell, or alternatively an increase in the number of infected cells may occur 
during the synergism due to the relaxation of cell-type specificity facilitating cell-
to-cell movement. It would be of interest to assess the mechanism underlying the 
synergism between CymMV and ORSV.

Complementation of MP and/or CP genes

The structural organizations of CymMV and ORSV differ considerably, since they 
belong to unrelated taxonomic groups. The main distinction in the gene organiza-
tion lies in the difference in the MP. In both CymMV and ORSV, the MP gene 
product performs the function of cell-to-cell movement of the virus, while the prod-
uct of the CP gene allows for long-distance movement. While the ORSV MP is 
expressed from a single ORF, and produces a single product, the MP of CymMV 
produces three gene products expressed from the TGB. Despite structural differ-
ences in the organization of MPs, complementation of MP function has been 
noticed between unrelated groups of plant viruses (Atabekov and Taliansky, 1990; 
Ziegler-Graff, Guilford, and Baulcombe, 1991; Taliansky et al., 1993; Fuentes and 
Hamilton, 1991; Richins et al., 1993). The best studied examples of heterologous 
virus complementation are those involving the TMV MP in relation to other viral 
MPs. The MP of TMV is known to support the cell-to-cell movement of Red clover 
necrotic mosaic virus (RCNMV) (Giesman-Cookmeyer et al., 1995), Cucumber 
mosaic virus (CMV) (Cooper et al., 1996), Barley stripe mosaic virus (BSMV) 
(Solovyev et. al., 1996), PVX (Morozov et al., 1997) and Bean necrotic yellow vein 
virus (BNYVV) (Lauber et al., 1998). The functional equivalence of the MPs of 
TMV and RCNMV was studied using several approaches- creation of a chimeric 
virus in which the TMV MP gene was replaced by the RCNMV MP gene, comple-
mentation of movement-defective viruses by MP genes expressed in transgenic 
plants and helper virus complementation of movement-defective viruses. In all 
these experiments, the MPs of both TMV and RCNMV were able to provide cell-
to-cell movement function to the heterologous movement-defective virus (Giesman-
Cookmeyer et al., 1995). The movement protein of TMV supported the cell-to-cell 
spread, but not systemic transport of a movement defective CMV (Cooper et al., 
1996). In a different set of experiments, it was later concluded that the TMV MP 
had the ability to support the cell-to-cell as well as long-distance movement of a 
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 movement defective CMV (Rao, Cooper, and Deom, 1998). In the same work, it 
was reported that neither the TMV MP nor RCNMV MP was able to rescue the 
defective cell-to-cell and long-distance movement of a movement-defective variant 
of BMV, but the RCNMV MP was able to complement the cell-to-cell, but not 
long-distance movement of Cowpea chlorotic mottle virus (CCMV). When the 
BSMV TGB coded MP was replaced with the 30-KDa MP of TMV, the hybrid 
virus was able to produce cell-to-cell infection in a host-dependent manner, but was 
however, unable to produce systemic infection (Solovyev et al., 1996). The cell-to-
cell movement of a 25 kDa MP-defective full-length cloned PVX genome was 
restored by co-inoculation with 35S constructs containing the MP cDNAs of either 
of the tobamoviruses, TMV or Tomato mosaic virus (ToMV) (Morozov et al., 
1997). The TMV MP could substitute for all the three TGB proteins of BNYVV, 
but the transcomplemented movement was less than that observed in the natural 
situation (Lauber et al., 1998).

The hordeivirus γb protein that is cysteine rich, has a putative zinc finger 
motif, possesses RNA-binding activity in vitro, and may influence hordeivirus 
gene expression, (Agranovsky et al., 1992; Donald and Jackson, 1994; Gustafson 
et al., 1987; Petty et al., 1990a; Petty, Donald, and Jackson, 1994) is dispensible 
for virus replication and affects infection phenotypes in barley (Hordeum vul-
gare) and Chenopodium amaranticolor (Petty et al., 1989; Petty, Edwards, and 
Jackson, 1990b). This protein is implicated in seed transmissibility of hordeivi-
ruses (Edwards MC, 1995) and constitutes a virulence determinant (Donald and 
Jackson 1994; Petty et al., 1994). The potyviral HCpro is a protein known to sup-
press RNA silencing and stimulates viral genome amplification and long-distance 
movement (Kasschau and Carrington, 2001). Transgenically expressed PVA 
HCpro rescued defective long-distance movement of a gb gene deletion mutant 
(BSMVdel gb) in N. benthamiana. The data indicated that the long-distance 
movement functions of potyviral HCpro are specifically complementary to the 
hordeivirus gb protein and that the complementary functions can be provided in 
trans (Yelina et al., 2002).

Functional complementation of Potexvirus-Tobamovirus genes has been 
reported. Cell-to-cell movement of PVX is complemented efficiently by 
 tobamoviruses (Taliansky, 1982a, b, c; Morozov et al., 1997; Atabekov et al., 1999). 
Cobombardment of plant tissues with MP deficient, GUS gene tagged PVX and 
cloned TMV MP gene showed that the TMV MP was functionally able to substitute 
the PVX MP (Morozov et al., 1997). The MP of Sunn hemp mosaic virus (SHMV) 
can substitute functionally for the PVX MP and CP (Atabekov et al., 1999).

Whilst most studies aim to dissect the movement protein complementarity 
between unrelated plant viruses, the coat protein genes have also been the focus of 
several complementation studies. In a majority of plant viruses, the movement of 
viral RNA between cells is supported by the movement protein(s), but in some 
viruses the coat protein is a primary determinant of cell-to-cell movement. Cell-to-
cell movement is successfully accomplished by viruses when the movement pro-
teins interact with the plasmodesmata and transfer the viral RNA into the 
neighbouring cells. For successful long-distance movement, the virus must move 
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through the vascular system of the plant and into the uninoculated leaves and mul-
tiply, thus causing a systemic infection. Since functional coat proteins are essential 
for long-distance movement in several plant viruses, complementation studies 
focused on coat protein genes play a major role in understanding the long-distance 
movement function and possible enhanced movement abilities caused by 
complementation.

Groundnut rosette virus (GRV), like all other umbraviruses, does not code for a 
coat protein, but moves efficiently from cell to cell and long distance. In this virus, 
the protein encoded by ORF3 can functionally replace the coat protein of TMV for 
long-distance movement (Ryabov, Robinson, and Taliansky, 1999). A chimeric 
TMV with a replacement of the CP gene by GRV ORF3 was able to move rapidly 
through the phloem, and complement long-distance movement of another CP-defi-
cient TMV derivative expressing the gene encoding the gene encoding the green 
fluorescent protein. It was therefore concluded that the GRV ORF3 protein repre-
sents a class of trans-acting long-distance RNA movement factors, and is a non-
structural protein that can complement long-distance movement of an unrelated 
viral RNA.

A TMV-based vector Av., deficient in long-distance movement and limited to 
locally inoculated leaves because of the lack of native TMV coat protein was able 
to move systemically when Alfalfa mosaic virus (AlMV) coat protein was cloned 
into it (Spitsin et al., 1999). N. benthamiana and N. tabacum MD609 are both sys-
temic hosts for TMV and AlMV, while Spinacia oleracea is systemically infected 
by only AlMV. The expression of AlMV CP in Av. directed by the subgenomic 
promoter of TMV CP permitted the systemic infection of S. oleracea with chimeric 
TMV, extending the host range of TMV. This report showed that complementation 
studies can lead to alteration of host range.

In transgenic plants expressing PVY CP, a PVX CP-deficient mutant (C-terminal 
truncation) was able to move cell-to-cell but not long-distance, suggesting that the 
CPs of potex- and potyviruses display complementarity in the viral movement 
process (Fedorkin et al., 2000). However, a deletion mutant of PVX CP was not 
able to move from cell to cell. Since trans-encapsidation of the PVX RNA by the 
potyviral CP was not observed here, the movement of the PVX CP by the PVY CP 
was thought to occur by a hitherto unexplained mechanism other than CP substitu-
tion. In transient co-expression experiments, the cell-to-cell movement of the PVX 
CP mutant lacking the C-terminal amino acid residues was rescued by potyvirus 
CPs and CPs of beet yellows closterovirus. These viruses could not however rescue 
the movement of a deletion mutant of PVX CP (Fedorkin et al., 2001). This indi-
cated that a movement determinant within the PVX CP outside the C-terminal part 
could not be complemented by the heterologous CPs. These two mutants of PVX 
were also rescued by the CP of spherical cocksfoot mottle sobemovirus and TMV 
MP. The C-terminal mutant PVX CP could not be complemented by a TMV MP 
with an internal deletion, suggesting that the excluded region of the TMV MP 
(which includes a number of overlapping functional domains important for cell-to-
cell transport) provides and activity complementing movement functions required 
by the C-terminal region of the PVX CP.
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CMV and BMV require the CP and 3a movement protein for cell-to-cell move-
ment, while CCMV does not. In bombardment-mediated transcomplementation stud-
ies, coexpression of CMV 3a and CP, but neither protein alone, complemented the 
defective movement of Tomato mosaic virus (ToMV) and PVX (Tamai et al., 2003).

Various approaches have been used to study the phenomenon of heterologous 
complementation of virus movement. The MP function was retained in a chimeric 
virus in which the native MP was replaced by the MP of a related virus (De Jong 
and Ahlquist, 1992; Solovyev et al., 1996). Co-bombardment of plant tissues with 
expression vectors carrying the movement-deficient virus and the MPs also produced 
complementation (Morozov et al., 1997). Co-inoculation of movement-deficient 
virus with the complementing virus (Taliansky et al., 1982a, b, c) or with replicons 
expressing the heterologous viral MP (Lauber et al., 1998) has been a successful 
strategy to study complementation between unrelated viruses.

How do the orchid-infecting CymMV and ORSV compare with the above situa-
tions? In contrast to most of the complementation cited above, CymMV and ORSV 
are known to naturally coinfect a common group of host plants- the monocotyledo-
nous orchids. CymMV and ORSV show reciprocal complementation in cell-to-cell 
movement of movement protein genes (Ajjikuttira, Loh, and Wong, 2005). In the 
study which was carried out using the transgenic plant approach, complementation 
between the coat protein genes were also examined. ORSV CP could support the 
long-distance movement of CymMV RNA. Encapsidation of CymMV RNA with 
ORSV CP nor CymMV CP expression was detected, indicating this CP comple-
mentation was occurring by a mechnism other than encapsidation. Systemic move-
ment of an ORSV CP-deficient mutant was not supported by CymMV CP, 
indicating that this phenomenon of CP complementation was not reciprocal. These 
studies confirmed that complementation of MPs and CPs of CymMV and ORSV 
facilitates movement of these viruses in plants.

Future Challenges

Development of viral vectors to express foreign genes: To express foreign genes 
in plants, vectors with additional viral subgenomic promoters have been con-
structed (Dawson et al., 1989). Attempts to express foreign genes in plants were 
largely unsuccessful due to either failure to infect plants (Joshi, Joshi, and Ow, 
1990) or loss of long distance movement (Ahlquist, French, and Sacher, 1988; 
Takamatsu et al., 1987, 1990). Failure to infect plants resulted from the deletion of 
the added sequences or failure of systemic transport of these vectors. It was hypoth-
esized that the recombination between two repeated subgenomic promoter 
sequences in the viral constructs caused the failure (Dawson et al., 1989). Therefore 
a new approach using duplication of a heterologous subgenomic mRNA promoter 
was adopted, which proved successful (Donson et al., 1991). Tobamoviruses had 
been used earlier to produce heterologous proteins. TMV has been used to express 
Leu-enkephlin in tobacco protoplasts (Takamatsu et al., 1990) and the bacterial 
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chloramphenicol acetyltransferase gene in inoculated tobacco leaves (Takamatsu et 
al., 1987; Dawson et al., 1989). A hybrid viral RNA, designated TB2 constructed 
from two tobamoviruses (TMV-U1 and odontoglossum ringspot virus) was able to 
move systemically with two bacterial sequences- neomycin phosphotransferase and 
dihydrofolate reductase inserted independently (Donson et al., 1991). Hybrid 
RNAs containing both TMV-U1 and the inserted bacterial gene sequences were 
encapsidated by the ORSV coat  protein, and were transmitted and amplified on 
passaging to subsequent plants. Using a similar approach, in our lab, we aim to 
characterize the subgenomic promoter of CymMV by adopting the PVX duplicated 
heterologous promoter approach.

Expression of non-viral genes in plants: Using plant viruses as vehicles, expression 
of non-viral genes in plants has been achieved (Scholthof, Scholthof, and Jackson, 
1996; Yusibov et al., 1999; Gopinath et al., 2000). The ease with which RNA viruses 
can be manipulated in vitro through the reverse genetics approach and the high levels of 
expressed proteins obtained makes this method a more preferred one when compared 
to the use of the transgenic plant approach. Viruses that have been manipulated and 
used as viral vectors include the TMV (Yusibov et al., 1999), Cowpea mosaic virus 
(Dalsgaard et al., 1997), tomato bushy stunt virus (Joelson et al., 1997) and AlMV 
(Yusibov et al., 1997). Using TMV, efforts have been made to express a Leuenkephalin 
peptide (Takamatsu et al., 1990), an angiotensis-I- converting enzyme inhibitor pep-
tide (Hamamoto et al., 1993), a 13 aa sequence of the murine zona pellucida ZP3 
epitope (Fitchen, Beachy, and Hein, 1995) and a malarial epitope (Turpen et al., 1995). 
Recently, Nocistatin, a heptadecapeptide isolated from the bovine brain that appears 
to be a potential candidate for blocking ‘neuropathic pain’ was expressed from ORSV 
(Lim et al., 2002). A chimeric ORSV was constructed by fusing 17 aa of mouse 
nocistatin (mNST) to the C-terminal of the CP gene to yield ORSV-mNST. Expression 
of the mNST peptide was demonstrated by immuno-transmission electron micros-
copy, western blot, mass spectrometry and radioimmunoassay. The mNST was main-
tained in the chimera through six passages. The mNST peptide could be effectively 
cleaved and purified from the chimeric ORSV CP. This is a pioneering report of a 
successful attempt in obtaining a complete peptide with no additional aa sequence after 
 expression and purification through the use of ORSV as a vector. Currently this is 
limited to very small peptides, and future challenges lie in successfully obtaining 
expression of larger peptides.

Development of virus-resistant transgenic orchids resistant to CymMV and 
ORSV: We have discussed earlier our efforts to generate transgenic Dendrobium 
Sonia harbouring the CP genes of CymMV and ORSV. We have also made efforts to 
find the conserved regions of the CP genes that would maximize our chances of pro-
ducing transgenic orchid cultivars resistant to CymMV and ORSV of different geo-
graphical locations. Although there are reports of transgenic orchids being produced 
on a laboratory scale, there still remains the need for development of a protocol for 
large scale production of transgenic plants that would be resistant to infection of 
CymMV and ORSV from different geographical distributions of the world.
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Two private libraries, Benjamin Singer’s (which he donated to the American Orchid 
Society) and Joseph Arditti’s (its future is yet to be decided, it may be donated to 
an academic or scientific institutions or sold), served as primary sources for this 
list. However other sources were also used. The use of multiple sources increased 
the number of books which are listed but may have introduced errors or 
 imperfections for following reasons.

One and the same book may have been listed under different names 
erroneously.

Names of authors may have been misspelled.
When books have more than one author, the order of authors may have been 

 presented differently in different lists and/or one or more names may have been 
omitted, added or misspelled.

A book may have been published under different names in more than one country.
Books are sometimes published by one publisher in one country and another in a 

different one.
Spelling errors in different lists
Translations
Different editions
Lack of information
Conventions used in spelling names like “de” and “van.”
Erroneous assumptions regarding Chinese surnames. The Chinese traditions is to list 

surname first, as for example, Yam Tim Wing which may end up incorrectly as 
Wing, Y. T. in some lists compiled in the West and correctly as T. W. Yam in 
others.

Only the last names of some authors are listed.
Some entries listed as books may in fact be no more than reprints.
Several lists did not provide all relevant information about a book (dates of 

 publication and names of publishers, for example).
In some cases we could check the accuracy or a listing and make appropriate 

 corrections or find missing information and add it. However in many instances 
this was not possible and listings are incomplete.

When what seemed to be the same book appeared under several “identities” in 
 different sources all are included in this list because we deemed multiple listings 
preferable to omission.

On the whole this list is far from perfect, but it we hope that it will prove to be 
useful.
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Author(s) Date Title and publisher

Abraham, A., and P. 
Vatsala

1981 Introduction to orchids. 533 pp., numerous color 
and B&W photographs and line drawings. 
Tropical Botanic Gardens and Research 
Institute, Trivandrum, India.

Ackerman, J. D. 1995 An orchid flora of Puerto Rico and the Virgin 
Islands. Memoirs of The New York Botanical 
Garden Volume 73, New York Botanical 
Garden, Bronx, New York. 203 pp., 96 line 
drawing plates.

Acuna, G. J. A 1938 Catalogo Descriptivo de las Orquideas Cuba.
Adams, P. B. (ed.) 1988 Reproductive biology of species orchids, 

principles and practice. School of Botany, 
University of Melbourne, Parkville, Australia 
and the Orchid Species Society of Victoria. 
93 pp., line drawings, maps, color 
photographs.

Adams, P. B., and S. 
D. Lowson

1995 Dendrobium kingianum: A unique Australian 
orchid. Central Queensland University Press, 
Rockhampton, Queensland, Australia. 197 
pp., 199 color photographs, numerous maps.

Addison, H. 1961 Malayan orchid hybrids, 1st supplement. 
Government Printing Office, Singapore. 
93 pp., numerous B&W photographs, one 
color photograph. See also Henderson and 
Addison, 1959.

Ageenko, V. 1887 Notes about some Crimean orchids. Trudi 
Saint-Peterburgskogo obschestva 
estestvoispitateley. 18(1). (In Russian.)

Agnes, R. 1994 Brazilian orchids in focus
Ahundov, G. F., J. 

M. Isaev, L. I. 
Prilipko, and R. 
J. Rzazade

1952 Orchidaceae. Pages 240–271. In: Flora of 
Azerbaijan. 2. Baku. (In Russian.)

Aiton, W. 1813 Gynandria. Pages 185–227. In: A catalogue 
of plants cultivates in the Royal Botanic 
Garden, Kew or Hortus Kewensis Volume 
5. Longman, Hurst, Rees, Orme and Brown, 
Paternoster Row, London.

Akhalkatsi, M., 
M. Kimeridze, 
S. Künkele, R. 
Lorenz, and M. 
Mosulishvili

2003 Diversity and conservation of Georgian orchids. 
40 pp., with color photographs. Tbilisi. (In 
Georgian and English.)

Albertis, C. and A. 
Albertis

1985 Wild orchids of Crete.

Alcorn, A. R. W. 
(F.) and M. S. C. 
Hallett

No date Lycaste orchids, cultivation and hybridization. 
No publisher listed. Published in Australia. 
59 pp., numerous color photographs.
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Alekhin, A. A., N. 
B. Gaponenko, 
and V. G. Sobko

2003 Orchids of Far East. Kiev. pp. 1–203, 65 line 
drawings. (In Ukrainian.)

Alessandrini, A., and 
A. Busetto

1985 Le orchidee spontanee dell’Emilia-Romana. 
Grafis Edizioni, Casalecchio di Reno, Italy, 
149 pp., 58 plates of color paintings and 
B&W drawings each.

Alkimos, A. 1988 The orchids of Greece (in Greek).
Allan, B., P. Woods, 

and S. Clarke
1993 Wild orchids of Scotland. HMSO, Edinburgh. 

135 pp., with numerous color photographs, 
line drawings and maps.

Allen, C. 1996 North American native terrestrial orchids propa-
gation and production, conference proceed-
ings March 16 & 17, 1996. North American 
Native Orchid Conference, 14320 Poplar Hill 
Rd., Germantown, MD 20874. 116 pp., B&W 
photographs.

Allen, P. H., and D. 
O. Allen

1953 The orchids of Panama. Reprinted a softcover 
book from The Orchid Journal, Volume II, 
pp. 20–67, 104–108, 181–185, 212–216, 
259–263,319–323, 362–368, with numer-
ous B&W photographs and 41 plates of line 
drawings.

Allikas, G., and N. 
Nash

2000 Orchids. Thunder Bay Press, San Diego, CA. 
176 pp., numerous color photographs.

Allikas, G., and N. 
Nash

2004 A pocket guide to orchids. Book Sales. 256 pp.

Allikas, G., and N. 
Nash

2005 The world’s most beautiful orchids. Thunder Bay 
Press, San Diego, CA. 448 pp., numerous 
color photographs.

Allorge, F., and L. 
Blaringhem

1937 Volume publié a la mémorie de Julien Costantin 
1857–1936. Masson et Cie, Éditeurs, Paris. 
469 pp., numerous B&W photographs and 
line drawings.

Alocock, J. 2006 An enthusiasm for orchids. Oxford University 
Press, Oxford.

Alrich, P. 1991 Orchids on stamps
American Orchid 

Society
1990–1991 Commercial orchid growers directory. 44 pp.

Ames, B. 1959 Drawings of Florida orchids. Botanical Museum 
of Harvard University, Cambridge, MA. 190 
pp., numerous line drawings.

Ames, O. No date Orchidaceae in Flora of Costa Rica. Pages 
197–306, Field Museum of Natural 
History–Botany Volume 18.

Ames, O. 1910 The genus Habenaria in North America. 1979 
reprint by Earl M. Coleman, Stanfordville, 
NY with an introduction by L. A. Garay. 288 
pp., 79 line drawings by Blanche Ames.
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Ames, O. 1948 Orchids and retrospect. Botanical Museum of 
Harvard University, Cambridge, MA. 172 
pp., numerous line drawings.

Ames, O. 1905–1922 Illustrations and studies of the family 
Orchidaceae. Houghton, Mifflin and 
Company, Boston, MA (Vols. I and II), 
Merrymount Press, Boston, MA (Vols. III 
and VII).

Ames, O. 1905–1922 Studies in the Family Orchidaceae I–VII
Ames, O. No date Orchidaceae in Flora of Costa Rica. Pages 

197–306 Field Museum of Natural History–
Botany Volume 18.

Ames, O. 1924 An enumeration of the orchids of the United 
States and Canada. American Orchid Society, 
Boston, MA.

Ames, O. 1936 The genus Epidendrum in the Unites States and 
middle America. Botanical Museum, Harvard 
University, Cambridge, MA. 233 pp.

Ames, O., and B. 
Ames

1975 Orchids at Christmas. Botanical Museum of 
Harvard University. 50 pp., ca. 13 line draw-
ings and several B&W photographs.

Ames, O., and D. S. 
Correll

1952, 1953, 1965 Orchids of Guatemala, volumes 1 (Fieldiana: 
Botany, Vol. 26, No. 1, pp. xiii+1–395, line 
drawing Figs. 1–107), 2 (Fieldiana: Botany, 
Vol. 26, No. 2, pp. 399–72, line drawing 
Fig. 108–198) and supplement by D. S. 
Correll (Fieldiana: Botany, Vol. 31, No. 7, 
pp. 177–221, line drawing Fig. 53).

Ames, O., and E. 
Quisumbing

1931–1936 New or Noteworthy Philippine Orchids I–VI

Ames, O., and E. 
Quisumbing

1931, 1932 New or noteworthy Philippine orchids, I. 
The Philippine Journal of Science 44 (4): 
369–383, plates 1, 2 (color)-16 (B&W) and 
New or noteworthy Philippine orchids, I. 
The Philippine Journal of Science 47 (2): 
197–219, plates 1, 32 (color)-29 (B&W).

Ames, O., and C. 
Schweinfurth

1923–1930 Schedulae Orchidianae volumes 1–10. Lawrence 
Press, Boston, MA.

Anderson, F. J. 1979 An illustrated treasury of cultivated flowers. 
Crown Publishers, New York. 104 pp., 50 
color plates.

Anderson, F. J. 1979 An illustrated treasury of orchids. Abbeville 
Press Publishers, New York. 157 pp., 73 
colored plates.

Anderson, F. J. 1979 An illustrated treasury of orchids. Crown 
Publishers, New York. 104 pp., 50 color 
plates.
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Anderson, J. F. 1981 Orchids. Aberville Press, New York. 112 pp., 
numerous color photographs.

Andreev, L. N., A. S. 
Demidov, B. N. 
Golovkin, E. S. 
Smirnova, G. V. 
Porubinovskaya, 
T. K. Kriulinov, 
M. M. 
Serebryanii, 
V. G. Shatko, 
and M. G. 
Vahrameeva 
(eds.)

1988–1987 Ohrana I kultivirovanie orhidei. Abstracts of 
the All-Union Symposium, Main Botanical 
Garden, USSR Academy of Sciences, 
February 1987. Moscow. (In Russian.) 84 pp.

Angel, H. 1977 British wild orchids. Jarrold & Sons, Ltd., 
Norwich, UK.

Anonymous 1856 Russian flora. Russian Orchids. Zhurnal 
Sadovodstva. 1: 155–159. (In Russian.) 
Probably the first publication about orchids 
in Russia.

Anonymous No date Meristerm tissue culture–A selection of articles 
from the American Orchid Society Bulletin. 
72 pp., numerous line drawings and B&W 
photographs.

Anonymous 1965 or earlier Orchid culture in Victoria. Victorian Orchid Club 
of Australia, Glen Iris, Victoria, Australia. 
28 pp.

Anonymous 1974 Modern methods in propagation, hybridizing and 
culture of orchids. Prague, Chechoslovakia.

Anonymous 1976 Orchids. Countryside books/A. B. Morse 
Company, Barrignton, IL, USA. 48 pp., 17 
B&W photographs, one line drawing, 26 
color photographs (including front and back 
covers).

Anonymous 1977 Cultivation and mericloning of Malaysian 
orchids. Mardi manual No: 1 (1975), KDN 
19705. Malaysian Agricultural Research and 
Development Institute (MARDI) Serdang, 
Selangor. 75 pp., 24 color and 23 B&W 
photographs.

Anonymous 1977 The Philippines recommends for orchids. 
University of the Philippines, Los Baños. 99 
pp., numerous line drawings and B&W and 
color photographs.

Anonymous 1978 Lanhua, a collection of color photographs of 
Chinese cymbidiums.
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Anonymous 1978 Ninth world orchid conference activities booklet. 
No pagination, numerous B&W and color 
photographs.

Anonymous 1978 Proceedings of the Symposium of the 
Symposium on Orchidology, Singapore 1978. 
Published by the Orchid Society of South 
East Asia (Singapore). 101 pp., numerous 
illustrations.

Anonymous 1979 Export of orchids [from] Thailand, Singapore 
and Malaysia. An internal report for the 
Ceylon Tobacco Company, Sri Lanka.

Anonymous 1979 Hawaiian orchids. 14 pp., 23 color illustra-
tions. A small book. Boom Books, Hilo Bay, 
Hawaii.

Anonymous 1981 Native orchids in Melbourne, revised edition. 
Australasian Native Orchid Society (Victorian 
Group). 56 pp., numerous line drawings.

Anonymous 1984 Australasian native orchid society, 21st anniver-
sary workshop.

Anonymous 1984 Introduction to orchids. South Florida Orchid 
Society. Mimeograph. 51 pp.

Anonymous 1986 Handbook on orchid pests and diseases. 
American Orchid Society, Delray Beach, FL. 
108 pp., numerous B&W and color 
photographs.

Anonymous 1990 First Australasian native orchid conference and 
show. Announcement.

Anonymous 1990 La Reunion, ile de vanille. Ocean Editions, Saint 
André, Reunion Island. 144 pp., B&W and 
color photographs.

Anonymous 1992 Iconography of wild and cultivated orchids 
in China. ISBN 957–531–185-X. 140 pp., 
numerous color photographs.

Anonymous 1995 Orchid pests and diseases. American Orchid 
Society, Delray Beach, FL. 118 pp., numer-
ous B&W and color photographs.

Anonymous 1997 11th European orchid congress, Geneva. 
Lectures program.

Anonymous 2000 Paphiopedilum in Taiwan II. Taiwan 
Paphiopedilum Society. 144 pp., numerous 
color photographs.

Anonymous 2001 First International orchid conservation congress 
announcement.

Anonymous 2003 First international conference on neotropical 
orchidology. Announcement, program, etc.

Anonymous 2003 Protection and cultivation of orchids. 
Proceedings of International Conference, 6–8 
October 2003. Kharkov. 89 pp. (In Russian 
and Ukrainian.)
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Anonymous No date A folio of paintings of European orchids. 
Brücke-Verlag, Kurt Schmersow, Hildesheim.

Anonymous No date Cultivo de orquideas. Sociedad Colombiana de 
Orquideologia. 48 pp., B&W photographs in 
the text, color photographs on the cover.

Anonymous No date Enjoyment of orchids. American Orchid Society. 
66 pp., Line drawingsn and B&W photo-
graphs.

Anonymous No date Meristem tissue culture. A collection of articles. 
American Orchid Society, Del Ray Beach, 
FL. 72 pp., numerous B&W photographs.

Anonymous No date Orchid publications on microfiche. 
Interdocumentation Company AG, Zurich 
Switzerland. 12 pp.

Anonymous No date Singapore orchids. Singapore Trade 
Development Board. 66 pp., numerous color 
photographs.

Anonymous No date List of hybrid cymbidiums. San Diego Orchid 
Society. 

Anonymous No date Mitteleuropäische orchideen. Carl Zeiss, 
Oberkochen/Würt, Germany. 12 color slides.

Anonymous 1967 Your first orchids and how to grow them. Oregon 
Orchid Society. 96 pp., line drawings, color 
and B&W photographs.

Anonymous 1874 The cultivation of South Australian native 
orchids. Mimeograph. 19 pp.

Anonymous 1886 The report of the orchid conference held at South 
Kensington on May 12th and 13th, 1885. The 
Journal of the Royal Horticultural Society, 
Vol. 7, No. 1, 155 pp. Original.

Anonymous 1886 The report of the orchid conference held at South 
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Journal of the Royal Horticultural Society, 
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See Napier, 1985.

Anonymous 1904 Hand list of orchids cultivated in the Royal 
Botanic Gardens, Kew, 2nd ed. Her Majesty’s 
Stationary Office. 230 pp.

Anonymous 1904 Hand-list of orchids cultivated in the Royal 
Botanic Gardens. His Majestry’s Stationary 
Office, London. 229 pp.

Anonymous 1960 Orchids. Oswald Wolff (Publishers) Ltd., 
London. 6 pp., 10 color plates. Book measure 
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Anonymous 1964 10th Western orchid congress. A collection of 
announcements and reports.

Anonymous 1964 Orchid culture. American Orchid Society. 63 pp., 
B&W photographs and line drawings.
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Anonymous 1965 Orchids in your home. Pages 12–15, 5 color 
 photographs in The Bridge, Lloyd Brothers, 
Inc., Hoechst Co., Cincinnati, OH.

Anonymous 1967 Special issue: Calanthe. Shinkashi Magazine. 
62 pp., numerous B&W and color 
 photographs.

Anonymous 1969 Orchids of Thailand. Thai Export Bulletin No. 7. 
Board of Export Promotion, Bangkon. 26 pp., 
color photographs..

Anonymous 1971 Orchid culture. American Orchid Society. 80 pp., 
color photographs.

Anonymous 1904 Hand list of orchids cultivated in the Royal 
Botanic Gardens, Kew, 2nd ed. Her Majesty’s 
Stationary Office. 230 pp. 

Anonymous 1972 Las orquideas y su conservacion. Publication No. 
2, Comite Latinoamericano de orquideologia. 
20 pp., bilingual English and Spanish.

Anonymous 1974 An orchidist’s glossary. American Orchid 
Society. Botanical Museum Harvard 
University. 95 pp., numerous B&W photo-
graphs.

Anonymous 1986 Handbook on orchid culture. American Orchid 
Society. West Palm Beach, FL. 92 pp., color 
photographs.

Anonymous 1993 Growing orchids. American Orchid Society. 136 
pp., numerous color photographs.

Anonymous 1996 Guide to the AOS. 41 pp. American Orchid 
Society, Palm Beach.

Anonymous 1997 1st BIMP EAGA Orchid Congress, Davao, 
Philippines. Orchid Society of Davao. 66 pp., 
numerous B&W and color photographs.

Anonymous 1997 The orchids of Bruce & Grey. Bruce and 
Grey Plant Committee (Owen Sound Field 
Naturalists), Stan Bown Printers Limited, 
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drawings, 48 color photographs.

Anonymous 1876 or so Orchids and their cultivation. Pages 905–988 and 
full page color paintings from The Practical 
Gardener bound into a book.
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Botanical Gardens, Kew. Her Majesty’s 
Stationary Office. Two volumes (225 and 347 
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Anonymous 1955–1956 Beginner’s handbook – XIII. Building your 
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pp. 67–203.
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Anonymous 1955–1956 Beginner’s handbook – XXV. Miscellaneous 
genera for the hobbyist. American Orchid 
Society, pp. 204–281.

Anonymous 1990–1991 American Orchid Society Yearbook. 36 pp. 
American Orchid Society, Palm Beach.

Anonymous No date Collection of color photographs of Calanthe. 
Variations in spring blooming Calanthe. 
Garden Life Magazine. Seibundo Synkosya. 
(In Japanese.) 200 pp., numerous color 
photographs.

Anonymous No date Western [Tropical] orchid dictionary. (In 
Japanese.) 332 pp., numerous B&W and 
color photographs and line drawings.

Anonymous No date Orchids. Ukrainian SSR Ministry of Municipal 
Services, Kiev. Folded poster.

Anonymous (ed.) 1985 Proceedings of the 4th ASEAN Orchid 
Conference. Philippine Council for 
Agriculture and Resources Research and 
Development. Ministry of Agriculture and 
Food and the Ministry of Foreign Affairs, 
Philippines. 225 pp.

Anonymous (ed.) 1930 Centenaire de Lamarck. Archives du Muséum 
National d’Histoire Naturelle Ser 6, Vol. 6, 
pp. 1–73, numerous black and illustrations.

Anonymous (ed.) 1968 Voprosyi biologyi i ecologyi dominatov i edifi-
catorov rastitelnyih soobchtev (Questions of 
biology and ecology of dominant plant commu-
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186. Ministry of Education RSFCR, USSR.

Anonymous (ed.) 1974 Orchid evaluation course, 2nd ed. South Florida 
Orchid Society, Miami. 75+viii pp., few line 
drawings.

Anonymous (ed.) No date Handbook of orchid culture. Santa Barbara 
International Orchid Show, Inc. 52 pp., 
numerous line drawings and B&W 
illustrations, some color.

Anonymous (ed.) 1937 Monja Blanca (Lycaste skinneri alba). Flor 
Nacional de Guatemala. Publicaciones de la 
Secretaria de Educacion Publica, Guatemala. 
A collection of poems, songs and other 
outpourings about the National Flower of 
Guatemala. Xerocopy, 95 pp.

Anonymous (ed.) 1969 An orchidist’s lexicon, 1st printing. Oregon 
Orchid Society, Inc. 73 pp., one map.

Anonymous (ed.) 1975 The First ASEAN Orchid Congress, Report 
of the Congress. Ministry of Agriculture, 
Ministry of Foreign Affairs and Kasetsart 
University, Bangkok, Thailand, January 
17–21, 1975. 284 pp., mimeographed pages.
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Anonymous (ed.) 1980 Proceedings of the Second ASEAN Orchid 
Congress, April 6–10, 1977. Published by the 
Indonesian Orchid Society and the Ministry 
of Agriculture, Republic of Indonesia. 127 
pp., line drawings and color photographs.

Anonymous (ed.) 1986 21st annual conference, Tropical Queensland 
Orchid Council, Townsville. Townsville 
Orchid Society.

Anonymous (ed.) 1986 Brochures relative to the 6th ASEAN Orchid 
Congress in Bangkok.

Anonymous (ed.) 1987 Proceedings of the World Orchid Hiroshima 
Symposium, Post-conference of the 12th 
World Orchid Conference, Hiroshima, Japan, 
March 23–25, 1987. Hiroshima Botanical 
Garden168 pp., maps, line drawings, B&W 
and color photographs.

Anonymous (ed.) 1994 Handbook of the ninth ASEAN orchid con-
gress, 25 February–2 March 1994, Manila, 
Philippines, 99 numbered pages and about as 
many unpaginated.

Anonymous (ed.) 2004 Proceedings of the 8th Asia Pacific orchid con-
ference (APOC 8), Tainan, Taiwan, March 
6–8, 2004. 640 pp., line drawings, B&W and 
color photographs with a 78 page abstracts 
publication and 32 page program.

Anonymous (ed.) ca 1969 Meristem tissue culture. A collection of articles. 
American Orchid Society, Delray Beach, 
FL. $15.

Anonymous (ed.) Date? Cymbidium kanran in Tosa. Tosa Orchid Society, 
Kohchi Prefercture, Japan. 290 pp., numerous 
color photographs. (In Japanese.)
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P. M. Hall, T, 
Stephenson, J. A. 
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R. B. Ullman

1930, 1947, 1956, 
1957

A collection of articles on British orchids in 
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Appleby, T. 1861 The orchid manual, for the cultivation of stove, 
greenhouse, and hardy orchids, 1st ed. 
Journal of Horticulture and Cottage Gardener, 
London. 92 pp., line drawings.

Arana, C. B. 1962 Las orquideas: Como propagarlas. Extension 
Service, University of Puerto Rico, Rio 
Piedras, Puerto Rico. 16 pp., photographs, 
line drawings.
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Volume I. Cornell University Press, 
Ithaca, NY

Arditti, J. (ed.) 1982 Orchid Biology: Reviews and Perspectives, 
Volume II. Cornell University Press, 
Ithaca, NY

Arditti, J. (ed.) 1984 Orchid Biology: Reviews and Perspectives, 
Volume III. Cornell University Press, 
Ithaca, NY

Arditti, J. (ed.) 1987 Orchid Biology: Reviews and Perspectives, 
Volume IV. Cornell University Press, 
Ithaca, NY

Arditti, J. (ed.) 1990 Orchid Biology: Reviews and Perspectives, 
Volume V. Timber Press, Portland, OR

Arditti, J. 1992 Fundamentals of Orchid Biology, Wiley-
Interscience, New York.

Arditti, J. (ed.) 1994 Orchid Biology: Reviews and Perspectives, 
Volume VI. Wiley-Interscience, New York.

Arditti, J. and R. 
Ernst

1993 Micropropagation of Orchids. Wiley-
Interscience, New York

Arditti, J., and Alec 
M. Pridgeon 
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1997 Orchid Biology: Reviews and Perspectives, 
Volume VII. Kluwer Academic Publishers, 
Dordrecht/Boston, MA/London

Argus, G. W., Hess, 
W. J., and J. L. 
Strothers

2002 Flora of North America north of Mexico. Oxford 
University Press, New York and Oxford. 723 
pp., numerous maps.

Arnold, P. 1994 Orchids. Rizzoli International Publications, Inc., 
New York. Numerous line drawings and color 
photographs.

Arosemena, A., C. 
de Jurado, R. 
Estrada, and M. 
Konanz

1988 Orchids from the Coast of Equador. Associación 
Ecuatoriana de Orquideologia, P. O. Box 
1033, Guaquil, Ecuador. Bilingual Spanish 
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Asociacion 
Risaraldense de 
Orquideologia

1993 Las orquideas, guia practica para su cultivo.

Assavaphiches, C. No date Beautiful orchids.
Attwood, J. T. 1989 Orchids of Costa Rica, part 1. Icones Plantarum 

Tropicarum Fascile 14, Plates 1351–1400. 
Marie Selby Botanical Garden, Sarasota, FL.

Atwood, J. T., and 
D. E. Mora de 
Retana

1999 Flora Costaricensis, Family #39 Orchidaceae: 
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and Oncidiinae. Fieldiana, Botany New 
Series No. 40. 183 pp., 51 line drawing 
plates.

Au Yong Nang Yip No date Notable orchids of Borneo. 3 page mimeograph.
Aulisi, A. C. 1997 Cattleya luedemanniana y sus variedades.
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Aulisi A. C, and E. 
Foldats

1989 Monography of the Venezuelan cattlleyas and 
its varieties. Published by Carlo Aluisi, 
Venzuela.191 pp., numerous line drawings 
and color photographs.

Author ? 1976 The native orchids of Japan. S+S Publishing Co., 
Tokyo. 195 pp., numerous color photographs. 
Book measures 37.5 × 26 cm.

Author ? 1980 Orchid, part II. Geibun Mooks, Japan. 198 pp., 
numerous B&W and color illustrations, some 
line drawings.

Author ? 1981 Excellent orchids. Geibun Mooks, Japan. 150 
pp., numerous B&W and color illustrations, 
some line drawings.

Author ? 1982 Beautiful orchids. Geibun Mooks, Japan. 178 
pp., numerous B&W and color illustrations, 
some line drawings.
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Author(s) ? 1986 An introduction to the cultivation of 476 popular 
orchids. Shufunotomo Co., Ltd. 176 pp., 
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Vietnama. Russian Academy of Sciences, 
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Natural Sciences and Technology, Published 
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et al. (eds.)

1990 Vascular plants synopsis of Vietnamese flora. 
Nauka Publishing House, Leningrad (St. 
Petersburg). 199 pp.

Averyanov, L., P. 
Cribb, K. L. 
Phan, and T. H. 
Nguyen

2003 Slipper orchid of Vietnam. Timber Press, 
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Averyanova
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Vietname National University Publishing 
House, Hanoi. 101 pp., 11 line drawing fig-
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Backhouse, G., and 

J. Jeanes
1995 The orchids of Victoria

Bailes, C. 1986 The Eric Young Orchid Foundation souvenir 
guide. Eric Young Orchid Foundation, Jersey. 
40 pp., line drawings and color photographs.
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Government Printer, Brisbane.
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Phalaenopsis, Pholidota, Phragmipedium, 
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Baker, M. L., and C. 
O. Baker
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Balis, J., and A. 
Lawalrée

1961 L’Orchidée en Belgique. Bibliothéque Albert I, 
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Ball, A. V. 1965 Studies of the South African species of 
Eulophia. Journal of South African Botany, 
Supplementary Volume V. 248 pp., 43 maps.

Ball, J. S. 1978 South Africa epiphytic orchids.
Banerji, M. L. 1978 Orchids of Nepal. Today & Tomorrow’s Printers 

& Publishers, New Delhi. 130 pp., 54 line 
drawing figures.

Banerji, M. L., and 
P. Pradhan

1984 The orchids of Nepal-Himalaya. J. Cramer, 
Vaduz, Germany. 534 pp., 247 line draw-
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Banks, D. 2003 Handy pocket guide to orchids
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Banks, D. P. 1999 Tropical orchids of Southeast Asia. Periplus 
Editions (HK) Ltd. 64 pp., numerous color 
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Sebastianapolis. Vol I: 302+XVI pp.; Vol II: 
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Bark, D. 2006 Wildwachsende orchideen.
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Iconographie des Orchidees.
Barretto, G. D’A., 

and J. L. Y. Sate
1980 Hong Kong orchids. Urban Council, Hong Kong. 
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photographs.
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Publication 1365. iii + 24 pp., line drawings.

Bartolini, L. 1996 Le orchidee della Valle Camonica
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Bateman, J. 1979 Hundert orchdeen. Harenberg Kommunikation, 
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James Ridgway & Sons. Facsimile edition 
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chapters about early stages of orchid 
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and E. Launert

1980 Orchideenatlas. Verlag Eugen Ulmer, Stuttgart. 
475 pp., numerous line drawings and color 
photographs. (In German.)

Bechtel, H., P. Cribb, 
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Neuchatel, Switzerland. 326 pp., 20 B&W 
and 30 color illustrations.

Bernard, N. 1916 L’Évolution des plantes. Librairie de Félix 
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